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图 1-4：一个 3D 网格；遵循知识共享署名 -相同方式共享 3.0 未本地化版本协议使用

图 1-5：3D 变换——平移、旋转和缩放
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图 1-6：一个 4×4 变换矩阵（http://www.songho.ca/opengl/gl_transform.html）；经许可进行了修改
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图 1-7：相机、视口和透视（http://obviam.net/index.php/3d-programming-with-android-projections-
perspective/）；经许可进行了修改

图 4-2：Three.js 中基于样条的挤出



图 4-3：Three.js 实现基于路径的挤出形状

图 4-8：Three.js 标准网格材质类型——Basic (unlit)、Phong 和 Lambert



图 4-9：凹凸贴图

图 4-12：定向光、点光源、聚光灯和环境光



图 4-16：使用延迟渲染的逐像素光线处理

图 5-1：Ellie Goulding's Lights——一个用程序动画创建的音乐可视化项目；图片由 Hello Enjoy 提供



图 5-2：线性插值；转载已被许可

图 5-6：一个 B 样条曲线，由 Wojciech mula 提供（遵循知识共享 CC0 1.0 通用公共领域贡献协议使用）



图 5-8：样条动画的坐标帧；切线、法向量和副法线分别用蓝色（向前）、绿色（向上）和红色（向右）

箭头来表示；图片由 Cedric Bazillou 提供，经许可进行了修改

CSS 3D

图 6-8：使用 CSS 过渡来进行属性动画
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Canvas

图 7-2：Canvas API 的功能

图 11-5：预览工具显示场景中所有对象的边界框
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ሞഄٷሀܾๆ౎ڦ૦๏ዐǈWeb 3D रຍ݀ڦቛײࡗ૦ঢ়൸ችă1994 ౎ǈVRML ሼԥ视ྺ

ସᄽহድణڦႎ႓ǈڍ໲ፌዕሞڼᅃْࢻ૴ྪಟ఑ዐ݀ቛׯକԝ૗ዷୁ Web ਸ݀रຍڦ

໹ă2000࠰ ౎ፑᆸǈShockwave 3D ፕྺႎᅃپԢ๴ඤಷڦरຍǈሼ๬཮ᆅڞᆴဥਸ݀হ

କڟă඗ܸ߫߀ڦ 2004 ౎ǈኄၜरຍᄺཞᄣԥಙചକă2007 ౎ǈႵె၄ํဣཥĐܾڼට

ิđ（Second Life）גሁ੔र௃体کؑݔڦฉକĖฆᄽዜ਽ėހڦ面ǈܸٗဴഐକᅃׇႎڦ

Đ3D ڦටิđዐܾڼට்ፀନĐڦᆛܸઠނᅪາఫᄣǈڦĊĊኟසጴ面ฉۯđሏܡ୻ںཱི

କڟăܸں௷ኳڦሰႵࣙظᇒǈ๬཮ሞྪஏ๘হዐڜ 2010 ౎ǈႵె๘হ对ට்ઠຫᅙঢ়

փምႎးǈၩݯኁ்߸ںܠᅈડม঍ᆴဥࢅ๮ऐᆴဥઠ஢ፁ໱்ڦၩരᇏૂႴ൱ăᅃݛ

面ǈኄ੗ᅜຫ๟ᅃ૶ڦز฿Өǈٗڍଷᅃݛ面ઠຫǈኄᄺ๟对 Web 3D रຍڦᅃဣଚؼ଀ă

ᅃ߲݆ၙڦࡻ੗ీႴᄲ้ڦ׊࢔ݯࡼक़ઠํ၄ǈڍ໲ਨփࣷڹןၩྨăሞ Web ฉํ၄ 3D
ڦ࿢்ዐ؜ڥ๬ǈ৽ీ׈ڦփৈৈኸఫၵራ೺ڍ૦๏ĊĊԈઔ࣮ࠥేړ౒ᄺ๟සُă߁ڦ

ᅃၵට（ਨ࿮ঐӍኮᅪ）ᅃ኱ۼኪၬڦ૙౒ǖ3D ኻ๟ᅃዖ௃体ႚ๕ă࿮ஃే๟ᆩ໲ઠظ

ॺٷ႙ܠටሞ၍ᆴဥǈ࣏๟ᅃ߲੗঍ࣅڦࢻბੜॲǈईኁ๟ഄ໱ૌ႙ڦᆌᆩǈ3D ኻ๟ඟ

ၟ໎ໜጣᆩࢽኸ๖ሏڦۯଷᅃዖݛ๕ă໯႞ႎᅃ៓ڦپબഗਸ݀ኁ்ዕᇀᅪ๎ڟକኄᅃ

ǈժደॷॽۅ Web ៓બഗྫ޷௃体ਸ݀平໼ླྀၠݛڦ৊ǈԈઔํ၄କᅃୁڦᆘॲे໏ڦ཮

ႚ៺කࢅᅃ体ڦࣅ཮ၟׯࢇॐࠓă०ܸჾኮǈ3D ઠକǈ൩သ࠹໲ă

Ԩກॽ঻ถظॺጞ面ࢅᅎۯยԢ៓બഗׂ܋೗प 3D ᆌᆩ໯Ⴔڦ၎࠲႑တǈഄዐࣷ๑ᆩ

၄៓پબഗዐᅙঢ়ኧڦ׼ᅃၵरຍǖWebGLĂCanvas ༶Ԉઔࣆڦ߃ࡥCSS3ăԨກ ࢅ

JavaScript ႠీĂᅎ܋ۯਸ݀ᅜतߛႠీ Web ยऺǈժศ෇঄঴କᅃၵీၳׂิߛ༵ࠕ୲

ॺظᆌᆩ઀ॐᅜतഄ໱ڦǖThree.jsĂTween.jsĂႎੰࢅਏ߾ڦ 3D ాඹڦ੗჋߾ਏă

࿢ڼڦᅃԨກĖWebGL ෇ோኸళė（WebGL Up and Runningǈhttp://shop.oreilly.com/product/ 
0636920024729.do） ܁ڦኁࣷ݀၄ǈԨກڦമबቤࢅฉᅃԨກాڦඹᆶփณዘ۠ǈኄ๟

փ੗Ն௨ڦăമबቤڦႹాܠඹۼ๟ྺକ߁ຎࢅᆅڞǈසࡕுᆶኄबቤࣆڦǈईႹྺକ

ૌ࢔ฉᅃԨກࢅമबቤੂഐઠ࠶ሹ஺ຫǈ৑࠶ฉᅃԨກăփڦ࿢ྜ܁ံڥԨກే࣏ۮ܁

ຼǈڍฉᅃԨກ܁ڦኁ࣏๟ీٗኄबቤዐइൽڟᅃၵሞฉᅃԨກዐுᆶ༵तڦ႑တă৽໙

๟঻ถႠቤবǈᄺԲڼᅃԨກ߸ྺศ෇ăܸമෙቤኮాڦࢫඹǈࣷڼࢅᅃԨກྜඇփཞă

ĖWebGL ෇ோኸళėኼሞྺ܁ኁ༵ࠃᅃၜᄺႹᆶۅସට࿇ਕڦႎरຍڦ෇ோ঻ถăሞ࿢ੂ
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ઠǈ໲ईܠईณඍ݄रຍฉڦჹ৉Ⴀǈ໲ڦፕᆩሞᇀۅ඘܁ኁ对ბသኄோႎरຍڦඤ൧ă

සేࡕሞྜ܁ĖWebGL ෇ோኸళėኮࢫǈׂิକბသኄோरຍڦ႗඀ǈఫ஺࿢ڦణڦ৽

ඹǈᅜํ၄ٗਏԢాڦศ෇߸ࠃኁ༵܁面ྺݛ७ଇํࢅሞᇀٗ૙ஃڦణڦକăܸԨກڟٳ

ᅃၵํ७ঢ়ᄓڟኈኟظॺׂ೗प 3D ᆌᆩ܉ࡗڦă

目标读者

Ԩກ面ၠ׈๬ገၠ 3D ਸ݀ڦᆶ Web ਸ݀ঢ়ᄓڦਸ݀ኁǈᄲ൱܁ኁຄဒ HTMLĂCSS ࢅ

JavaScriptǈժ዁ณຄဒ jQueryă3D ཮ႚईݛࣃۯ面ڦঢ়ᄓࣷ对ለ܁Ԩກ࢔ᆶӻዺǈేڍ

ժփᅃۨᄲ๚ံਏԢኄݛ面ڦएإăԨກ༵ࣷࠃ 3D ෇ோኪ๎ǈժࣷ঴๥ກዐࣷᆩڦ面ݛ

౒ă߁एԨڦڟ

组织结构

Ԩກྺݴଇ߲ևݴă

ኪ๎ǈ༑༪إǈएݴᅃևڼ 3D ཮ႚਸ݀၎֫ڹڦ࠲ HTML5 API रຍǈԈઔࢅ WebGLĂ

Canvas ࢅ CSS3ă

ڼ • 1 ቤ঻ถ 3D ᆌᆩਸ݀ࢅ 3D ཮ႚࢃڦ႐߁౒ă

ڼ • 2 ቤڼڟ 5 ቤศ෇༑༪एᇀ WebGL ႐ࢃ߃ࡥǈײՊڦ API ᅜत Three.js ࢅ

Tween.js ኄଇ߲཮ႚࣃۯࢅਸ݀׉ڦᆩਸᇸੰă

ڼ • 6 ቤჺ৯ CSS3 ዐᆩᇀظॺ 3D ᄻ面༬ၳࢅহ面ڦႎ༬Ⴀă

ڼ • 7 ቤ঄ຎ 2D Canvas APIǈᅜतසࢆሞฎڦ܋گ平໼ฉᆩ໲ઠఇె 3D ăࡕၳ

ǈᆌᆩਸ݀रຍă৊෇ਸ݀ํ቟ዷ༶ǈԈઔݴևܾڼ 3D ాඹࠓڦॺĂ๑ᆩᆌᆩ઀ॐࠓॺ

ڟႾǈᅜतॽᆌᆩևຈײ HTML5 ᅎۯ平໼ă

ڼ • 8 ቤ߃ࡥ 3D ాඹ߳ڦዖࠓॺݛ๕ǈԈઔยऺ฾ᆩᇀࠓॺ 3D ఇ႙߾ڦࣃۯࢅਏ

࿔ॲ߭๕ăࢅ

ڼ • 9 ቤጣዘ঻ถසࢆ๑ᆩਸ݀઀ॐઠ༵ืᆌᆩਸ݀ၳ୲ǈժጣዘ঻ถକ ViziĊĊᅃ

߲ᆩᇀਸ݀੗ްᆩ 3D ፇॲڦਸᇸ઀ॐă

ڼ • 10 ቤڼࢅ 11 ቤศ෇঻ถକबዖૌ႙ڦ 3D ᆌᆩڦਸ݀ǈٗཚࡗᅃ߲੗঍ࢻ࿿体

ઠ੦዆ڦۯࢻࢅࣃۯ०ڇᆌᆩǈټڟ৛ඓ߳ࢅࡵڞዖ঍ࢻ对象ްڦሗ 3D ࣍ৣă

༶ăࣆ࠲၎ڦፕဣཥዐਸ݀3Dᆌᆩ֡ࢅยԢۯᅎڦHTML5׼ኧپ12ቤ༑༪କሞႎᅃڼ •

排版约定

Ԩກ๑ᆩକူଚಇӲሀۨă

• 楷体 

՗๖ႎຍᇕă
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 ੻ጴ体（constant width）ڪ •

՗๖ײႾೌ܎ǈᅜतኟ࿔ዐ؜၄ڦՎଉĂࡧຕఁĂຕ਍ੰĂຕ਍ૌ႙Ă࣍ৣՎଉĂ

ᇕਔ࠲ࢅ॰ጴڪă

 ੻ጴ体（constant width bold）ڪٚे •

՗๖ᆌ޿ᆯᆩࢽ๼෇ڦంସईഄ໱࿔Ԩă

• ၽ体ڪ੻ጴ体（constant width bold） 

՗๖቞࿋ޙǈഄాඹᆌړԥᆩࢽጲۨᅭڦኵईฉူ࿔ਦۨڦኵ໯༺࣑ă

཮Ք՗๖ᅃӯጀऻă޿

本书的示例文件

ే੗ᅜٗ GitHub ฉူሜԨກڦ໯ᆶ๖૩پஓǈྪ኷๟ǖ

https://github.com/tparisi/Programming3DApplications

ጀᅪǈేڥཚࡗᅃ߲ Web ኱থ๑ᆩݥ๖૩ǈܸݴևٷڦ࿚Ԩກݡခഗઠޜ file:// URL ሞ

ጞ面ฉٶਸ໲்ăኄ๟ᆯᇀ JavaScript ጨᇸ࿔ॲǈ૩සڦྔܮஓዐेሜକᅃၵپ JPEG ई

PNG ߭๕ڦ཮ೌ࿔ॲǗᆯᇀ WebGL Ҿඇఇ႙ዐੵڦᇘݡ࿚Ҿඇ၌዆ǈኄၵጨᇸ࿔ॲՂႷ

ཚࡗ HTTP ٗ Web ă܋બഗ៓ڟ๼دခഗޜ

࿢ሞ MacBook ฉሏႜକᅃ߲ՔጚԨںӲ LAMP ࣍ৣǈփేࡗႴᄲᆩڦڟৈৈ๟ LAMP ڦ

ᅃևీࠀݴĊĊၟ Apache ኄᄣڦ Web ऐഗฉጎକڦేࡕခഗăईኁසޜ Pythonǈేᄺ੗

ᅜ૧ᆩ Python ాዃڦ SimpleHTTPServer ఇ੷ઠഔۯᅃ߲ Web 口ۨشခഗǈ๑ᆩంସႜޜ

࿋ڟ examples ణ୤ǈ඗ࢫ๼෇ǖ

python -m SimpleHTTPServer

ኄᄣే৽੗ᅜཚࡗ http://localhost:8000/ ኄ߲ں኷ઠݡ࿚Ԩກڦ๖૩କăසࡕထྭइൽ߸ܠ

࿚ݡǈ൩׼रຍኧڦ面ݛᇀኄ࠲ Linux Journal ྪበ（http://www.linuxjournal.com/content/
tech-tip-really-simple-http-server-python）ă

๖૩࿔ॲ༵ࠃକԨກዐظॺڦඇևᆌᆩྜڦኝӲԨǈԈࡤሏႜ໲்໯Ⴔڦ໯ᆶ࿔ॲăሞగ

ၵ๖૩ዐǈేႴᄲံူሜᅃၵڦྔܮጨᇸǈ૩ස 3D ఇ႙ጨᇸǈ֍ీኟඓںሏႜ໲்ăਏ

体൩ֱለ๖૩ߵణ୤ዐڦ README ࿔ॲă

ጀᅪǈԨກዐԈڦࡤႹܠጨᇸ๴ڟӲ඄၌዆ă໲்ظڦፕኁ๲඄࿢ॽഄፕྺ

ԨກՊײ๖૩ኧ׼ǈڍৈ੗ᆩᇀኄᅃᆩ཰ăසేࡕထྭॽኄၵپஓᆩᇀഄ໱

ణڦǈᆮഄ๟ሞేڦᆌᆩዐ๑ᆩኄၵپஓǈఫ஺ేႴᄲጲႜइൽኄၵጨᇸڦ

Ⴙ੗ǈ对ᇀగၵጨᇸǈే੗ీႴᄲࠔݯ޲சഄႹ੗ኤă
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使用示例代码

Ԩກ๟ᄲӻేྜ߾ׯፕڦăᅃӯઠຫǈසࡕԨກ༵ࠃକ๖૩پஓǈే੗ᅜӝ໲ᆩሞేײڦ

Ⴞई࿔ڗዐăేݥأ๑ᆩକٷ࢔ᅃևپݴஓǈޏሶ࿮Ⴔ૴ဣ࿢்इڥႹ੗ăԲසǈᆩԨກ

݀ݴႹ੗ǈၨ๳ईڥႾ৽࿮Ⴔइײႀᅃ߲܎ஓೌپब߲ڦ O’Reilly ཮ກڦ๖૩࠼ಎሶႴᄲ

इڥႹ੗ǗᆅᆩԨກዐڦ๖૩پஓ࣮ٴ࿚༶࿮ႴइڥႹ੗ǈॽກዐٷଉپڦஓׂڦేڟݣ

೗࿔ڗዐሶႴᄲइڥႹ੗ă

࿢்࢔ထྭڍժփഽ዆ᄲ൱ేሞᆅᆩԨກాඹ้ेฉᆅᆩຫ௽ăᆅᆩຫ௽ᅃӯԈઔກఁĂ

ፕኁĂ؜Ӳมࢅ ISBNăԲසǖĐProgramming 3D Applications with HTML and WebGL by 
Tony Parisi (O’Reilly). Copyright 2014 Tony Parisi, 978-1-449-36296-6.đ

සేࡕਥڥጲम对๖૩پஓڦᆩ݆؜גକฉຎႹ੗ྷݔڦǈ࣌ᆓేཚࡗ permissions@
oreilly.com ᇑ࿢்૴ဣă

Safari® Books Online
Safari Books Online（http://www.safaribooksonline.com）๟ᆌሏܸ

परຍۥӲ๘হ؜ႚ๕ڦ视ೕࢅă໲ཞ้ᅜ཮ກ࠷ຕጴ཮ກڦิ

ጆᄽፕ೗ăरຍጆॆĂ෉ॲਸ݀ටᇵĂWebڦฆခፕॆࢅ ยऺ

฾Ăฆခට๗ظࢅᅪጆॆڪǈሞਸቛۙჺĂ঴ਦ࿚༶Ăბသࢅණኤಢჟ้ǈۼॽ Safari 
Books Online 视ፕइൽጨଙڦ๯჋ർڢă

对ᇀፇኯཷ体Ăአުऐ߲ࢅࠓටǈSafari Books Online ۨڦଳऄࢅࢇዖׂ೗ፇ߳ࠃ༵

ॏ֧୼ăᆩࢽ੗ཚࡗᅃ߲ྜీࠀԢڦຕ਍ੰॠ໭ဣཥݡ࿚ O’Reilly MediaĂPrentice 
Hall ProfessionalĂAddison-Wesley ProfessionalĂMicrosoft PressĂSamsĂQueĂPeachpit 
PressĂFocal PressĂCisco PressĂJohn Wiley & SonsĂSyngressĂMorgan KaufmannĂIBM 
RedbooksĂPacktĂAdobe PressĂFT PressĂApressĂManningĂNew RidersĂMcGraw-HillĂ

Jones & BartlettĂCourse Technology ᅜतഄ໱बๆॆ؜Ӳมڦฉഥዖ཮ກĂಢჟ视ೕࢅኟ

๕؜Ӳኮമڦກߡăᄲକ঴ Safari Books Online ႑တǈ࿢்ྪฉ见ăܠ߸ڦ

联系我们

൩ӝ对Ԩກڦೠॏࢅ࿚༶݀؜ߴӲมă

ெࡔǖ

O’Reilly Media, Inc.
1005 Gravenstein Highway North
Sebastopol, CA 95472

ዐࡔǖ

ԛ৙๨ဇ׭൶ဇ኱ோళٷন 2 ေٷఀׯࡽ C ፗ 807 ๪（100035）
ӎટ૧रຍጧკ（ԛ৙）ᆶ၌ິࠅ
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O’Reilly ႑တǈԈઔਿဃ՗Ă๖࠲၎ڦԨກڟᆶጆຌྪᄻǈే੗ᅜሞఫܹቴۼ௅ᅃԨກڦ

૩پஓᅜतഄ໱႑တăԨກྪڦበں኷๟ǖ

http://oreil.ly/program-3d-apps-html5-webGL

对ᇀԨກڦೠஃࢅरຍႠ࿚༶ǈ൩݀ໃۉጱᆰॲڟǖbookquestions@oreilly.com

ᄲକ঴߸ܠ O’Reilly ཮ກĂಢჟੜײĂࣷᅱࢅႎ࿕ڦ႑တǈ൩ݡ࿚ᅜူྪበǖ

http://www.oreilly.com

࿢்ሞ Facebook ኷සူǖhttp://facebook.com/oreillyںڦ

൩࠲ጀ࿢்ڦ Twitter ༀǖhttp://twitter.com/oreillymediaۯ

࿢்ڦ YouTube 视ೕں኷සူǖhttp://www.youtube.com/oreillymedia

致谢

Ԩກ๟Ⴙܠට౮૰ڦ঳ࡕǈഄዐփ݄Ⴙܠኪఁට๗ڦӻዺࢅኧ׼ă๯ံ࿢ၙᄲߌႇ

O’Reilly Պडڦă࿢ܓཷ Mary Treseler ๟ᅃఁକփഐڦঞଁǈ໳ӻዺ࿢ᆌ对କܾڼԨກظ

ፕײࡗዐڦႹܠ཈቟ăԨກڦႀፕݯࢾକॽ近ᅃ౎้ڦक़ĊĊኄሞࢻ૴ྪ݀ቛዐ੗ᅜ໙๟

ాڦກ߀Ⴊںްݒփໜጣरຍ݀ቛڥዐ࿢փײࡗक़କĊĊኟᅺසُǈሞႀፕ้܎ᅃڦ׊࢔

ඹǈᅜ஢ፁ܁ኁڦႴ൱ăߌႇ Mary ሞُײࡗዐ࿮ᇑ୿Բڦఱ႐ࢅኧ׼ăरຍՊड Brian 
Anderson ॺᅱǈዺ૙Պडڦଉᆶᆩٷକࠃ༵ײୁࢅࠓ঳ڦଉ้क़ྺԨກٷݯࢾ Meghan 
Connolly ሞॽ࿢ڦ Word ᇱߡገ࣑ྺ O’Reilly रຍăڦዐቛ၄କ৛ቡײࡗڦӲ߭๕؜

࿢࣏ᄲߌႇ Ray CamdenĂRaffaele CeccoĂMike Korcynski ࢅ Daniel Smith ྺԨກ໯ፔ؜ڦ

෥ڦरຍอለă໱்ၘဦڦೠஃӻዺ࿢ൣ״କႹ߁ܠ౒ǈ๑ڥ๖૩ײႾ߸ेྜ฀ăཞᄣዘ

ᄲڦ๟໱்ओटݒڦᆌǈኄԍኤକ࿢对ႀፕ֌ଙڦኟඓ๑ᆩă

ກዐڦႹాܠඹภतظॺ 3D ཮ႚ၎ײڦ࠲Ⴞăሞُ࿢ᄲၠ࿢ڦᅝຍኸڞ TC Chang ዂᅜ࿮

৑ߌڦघǈ໱ӻዺ࿢ྜׯକڼ 10 ቤڼڟ 12 ቤዐቛ๖ڦ Futurgo ݥăኄ࿮ᅑ๟Ԩກכ౒߁

ᅝຍॆ்ăేڦࡕׯፕ߾ڦႇሎႹ࿢ሞԨກ๖૩ዐ๑ᆩ໱்ߌă࿢࣏ᄲۅᅃ߲ଋڦణܡ׉

੗ᅜሞ README ᅜत௅߲๖૩ڦ HTML ࿔ॲࢅ JavaScript ࿔ॲዐቴၘڟဦڦᅝຍॆఁڇă

ሞُ༬՚ߌႇ TurboSquid ሴට޶׼रຍኧڦ Christell Gauseǈܠઅ໱ݯڦ႐౮૰ǈ࿢֍ڥ

କڟ TurboSquid ᅝຍॆ்ڦ๲඄ǈ๑ڥ໱்ظڦፕڥࡕׯᅜ๑ᆩሞԨກዐă

࿢்࢔႞ሏڟڥںକ 3D Web ਸ݀ኁม൶ڦഽ૰ኧ׼ăߌႇ Three.js ڦႠظਸڦ໯ፔܓཷ

๔ටظፕǈᆮഄ๟ഄ߾ Ricardo Cabello (Mr.doob)ăGoogle ڦ Ken Russell ࢅ Brandon Jones
๟๘হՔጚڦ WebGL ࿚༶ǈྺ࿢঴ڦ࿢ٴ࣮ں๟৽໙ም஬ǈ໱்ᄺࣷఱ႐ڍ၄ኁǈํڦ

๥କ API ยऺݛ๕ڦᇹᆯǈժݴၛକ࿄ઠरຍ݀ڦቛၠݛăأକ WebGLǈCSS 3D ࢅ 2D 
canvas ᄺิऐղղăDavid DeSandroĂKeith Clark ࢅ Kevin Roast ሞኄၵଶᇘ৊ႜକ཭೦Ⴀ

ᆷࡻڦă࿢࣏ᄲྺ࿢ࡕׯڦሎႹ࿢ᆅᆩ໱்ںჺ৯ǈժ൐੄਼ڦ Don Olmstead ঢࡻǈ໱ब

౎മࢅ࿢৊ႜڦᅃဣଚยऺ༪ஃፌዕྺۏק Viziǈ࿢ڦႎ 3D ਸ݀઀ॐăኄ߲઀ॐሞԨກ

ዐ቞਍କዘᄲں࿋ă

ፌࢫᄲߌႇ࿢ॆڦටă࿢ሞႀፕԨກڦཞ้࣏ፔጣඇኰ߾ፕǈُྔ࣏ᄲᆌ޲ഄ໱ᅃၵ๚൧ǈ

ሞُ೺क़໱்՗၄؜କटڦٷఱ႐ăMarina ࢅ Lucianǈ࿢വే்ᅃ्߲೺ǈईኁຫෙ्߲೺ă
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࿢்ิऄሞ 3D ๘হዐăට்ڦሏۯĂາ੊ߌࢅ๴ۼ๟ 3D ăڦ

ຕ௃体๟ܠٷ 3D ڦׯԥቛ๖ሞ平面ೡటฉăऺ໙ऐิ׉໲்ཚ࠶ǈ৑ڦ 3D ཮ၟፇׯକ

ڦሞႵెࠕခ๑࿢்ీޜ཮ںᆖǗሞ၍ۉࣃۯ 3D ࣍ৣዐ༑໭ణںڦǗܠٷຕۉጱᆴဥǈ

փ࠶๟ሏႜሞጆᆩᆴဥऐฉ࣏๟๮ऐฉǈۼ๟ᆩ 3D ៺කڦǗ৽૶ႎ࿕ۼ 3D କǖྺକࣅ

ሞ 24 ၭ้ۯࡐխڦ؜ႎ࿕ዐဌᆅᄅ൰ǈब౎മெࡔᆶ၍ۉ视ႎ࿕（CNN）ڦᅃ࿋ݴဆ฾

ሞႵెׇৠዐ๮࿸ፁࣂڦښऒׇ面ǈසৃሞᆶ၍ೕڦڢխ؜ዐᅙঢ়ິ੣见࠹ă

ऺ໙ऐ 3D ཮ႚڦ૦๏੗ᅜጕ໓ڟ 20 ๘ु 60 ౎پǈबऺࢅࢭ໙ऐԨวڦ૦๏ᅃᄣ׊ă໲

ԥݘ࠽ᆌᆩᇀײ߾ĂঞᇣĂಢჟĂॺዾĂূබĂၨ๳Ă๨ׇĂձ֒Ăᇏૂ߲߳ڪଶᇘăሼ

ঢ়ǈ3D ཮ၟኻీᆩऺ܋ߛ໙ऐဣཥٲದӆڦࡍ෉ॲઠ៺කǈܸඁࡗๆ౎ዐǈኄዖ൧઄ᅙ

඗߀Վăසৃǈ໯ᆶऺڦ໙ऐࢅᅎۯยԢٲۼሜକ 3D ཮ႚت૙ᆘॲǈ೵ཚ዇ీ๮ऐฯ዁

ᆶጣԲๆ࿵౎മڦጆᄽ཮ႚ߾ፕበ߸ྺᆫႯڦ཮ႚت૙ీ૰ă߸ዘᄲڦ๟၄پ Web ៓બഗ

ᄺኧ׼କ 3D ៺කǈ၎Բඁࡗӆڦࡍ 3D ጆᆩ៺ක෉ॲǈ៓બഗ၂඗߸೵Փǈ߸ᅟᇀइൽǈ

ժ൐࣏๟௨ڦݯă

཮ 1-1 ቛ๖କᅃ߲ఁྺĐ100 000 StarsđڦĂएᇀ៓બഗਸ݀ሏႜڦ 3D ᆀࢋဣݧႜఇెײ

Ⴞڦਆևăే੗ᅜᆩ຋Քජᆀڢ面 1 ჉ገኝ߲႓ဣǈᅜतేੂ࠵ٷݣ໯ߌ႗඀ڦ႓体ă௅੓

႓႓ߵۼ਍ഄ视႓ڪ 2 Քധฉ้ǈՔധڟ຋Քᅎړჿ෥ઠ៺කǈժᆩՔധጀ௽ഄཚᆩఁăࢅ

࿔ጴǈ៓ڦฉ֫ޝऍۅएӥ੔َཉăྼڦ႓体޿ǈቛ๖֫ޝऍඪᅪՔധ၂๖ۅଋ၂๖ăߛ

બഗࣷሞႎՔധᄻ૛ٶਸَཉ૾থă100 000 Stars ៺කڦǈԈઔெૢ࡫体ᄓସටኒࢻ঍ڦ

ጀ 1ǖᆀڢ໯ሞڦዷ平面ăᆀࢋဣׯᇵස࢛႓Ăפүሊतഘ体ڪǈਨٷևۼݴ对ݴں׬քሞኄ߲平面ڦଇ

֨ăĊĊᅳኁጀ

ጀ 2ǖኸ֪࠵ኁᆩ඾ᄅ໯ੂڦڟ႓体ଋ܈ăĊĊᅳኁጀ
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କׯणں௴ԝৠᅼૂǈժേڦ࿀ࢢࢅࣃۯ؋Ăஞࡕၳ 2D ᆩࢽহ面ă

图 1-1：由 Google 创建的 100 000 Stars 项目（http://workshop.chromeexperiments.com/stars/）；

图片由 Google 提供

100 000 Stars ๟ Google ຕ਍ᅝຍၭፇڦᅃ߲ํᄓႠၜణǈణڦሞᇀኤ௽ Chrome ៓બഗڦ

ຕ៓ܠৃړरຍඐժփ๟ǖ໲एᇀԥڦ໲໯ᅈડڍǈڦኄ߲ၜణ๟ํᄓႠ࠶૰ă৑ీ޷ݿ

બഗ໯ኧڦ׼ HTML5 ༬Ⴀă႓ဣࢅ႓体ཚࡗ WebGL ํ้៺කǈኄ๟ᅃၜႎڦኧ׼ᆘॲ

3D े໏៺කڦ཮ႚՔጚǗՔധཚࡗ CSS3 ዐڦ 3D Վ࣑ઠํ၄ᇑ႓体ڦ࿋ዃ对ᆌǗܸ֫ޝ

ᇑ 3D ాඹ੗ᅜ࿮ފ঳ࢇǈሶ๟ᆯᇀ໯ᆶڦևॲۼԥ៓બഗཥᅃ঴ဆྺᄻ面ᇮ໎ઠቛ၄ă

ब౎മǈૌຼ 100 000 Stars ኄᄣڦ体ᄓኻీᆩԨںਜ਼ڦ܋ࢽႚ๕ઠํ၄ǈᆩࢽႴᄲူሜಕ

ڦଉٷݯࡼਏǈժ߾ਸ݀ڦ໙ऐฉǈܸਸ݀ኁ்Ⴔᄲ๑ᆩްሗऺںԨڟҾጎԈժҾጎڦٷ

้क़ূࢅബઠํ၄໲ă၄ሞǈ໲੗ᅜᆩਸᇸ௨߾ڦݯਏࢅ Web Քጚरຍቝሞ៓બഗዐظ

ॺăُྔǈኻᄲ०ںڇዘႎेሜᄻ面ǈే৽ీ૬नੂڟፌ近ڦ߸ႎǈཚࡗ URL ሞඪںࢆ

ऍۅ੗ᅜेሜ႑တǈۼݛ 3D ࣍ৣዐ૾גڦথ࣏੗ᅜݡ࿚߸ܠ႑တă

Ԩກ๟࠲ᇀසࢆ૧ᆩ၄៓پબഗڦഽీࠀٷઠظॺሞ၍੗视ࣅᆌᆩăഄዐᅃၵᆌᆩ੗ᅜੂ

ፕدཥ 3D ׂ೗ްڦਗ਼ǈྺޮڦܠ߸߃ਜ਼ࢽᅜतবูׯԨܸ๑ᆩ៓બഗरຍઠ৊ႜዘࠓă

ܸᆯᇀோ५ڦইگǈ߲߳ଶᇘڦၩݯ႙ᆌᆩᄺڥᅜ๑ᆩ 3D रຍઠࠓॺĊĊԈઔߢ࠽Ăׂ

೗ᆐၨĂਜ਼ࢽኧ׼ĂঞᇣĂಢჟĂ୫ᆴĂᆴဥĂᇏૂǈڪڪĊĊኄܠ஺ସට႗ݺƽ 3D ྺ

঍ࢻ体ᄓټઠକႎ܈ྼڦǈڥᅮᇀᇑ Web रຍڦ঳ࢇǈඇ๘হڦට்၄ሞۼ੗ᅜൎวߌں

๴ኄڼෙ߲ྼ܈ă

100 000 Stars ๟঍ࢻ๕௃体݀ቛڦ૰ፕǈ໲ظڦፕኁኮᅃ Michael Chang ྺኄ

߲ၜణႀକᅃڦࡻ࢔ݻӄ૩ݴဆăසࡕထྭକ঴߸࠲ܠᇀኄ߲ၜణਸ݀ڦ๚

൧ǈ൩ݡ࿚ http://www.html5rocks.com/en/tutorials/casestudies/100000stars/ă
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1.1　HTML5：新型的视觉媒介

HTML ራᅙփၟፌ؛ఫᄣኻኧৢ׼ༀᄻ面Ă՗༵ࢅڇ঍Ӏ౧ă21 ๘ु؛ǈ៓બഗཚࡗ

Ajax रຍ๑ڥᄻ面ీࠕਆևۯༀ߸ႎǈܸ༵ٗࠃକ߸ेڦ޷ݿ঍ࢻă඗ܸᆩ Ajax ൎ࣑ᄻ

面ڦਏ体ݛ๕๔ዕ๴၌ᇀ HTML ࢅ CSS ೦ኄၵ၌዆ǈ৽ٶਸ݀ኁထྭࡕ཮ႚ༬Ⴀăසڦ

ՂႷ๑ᆩᅃၵ៓બഗ௃体֭ॲǈ૩ස Flash ࢅ QuickTimeă

ኄ๟ 21 ๘ुڦ؛೵Փጒ઄ǈܸ近ब౎൧઄ᅙঢ়߀Վăኄ้܎೺ǈႹ៓ܠબഗሞ݀ቛײࡗ

ዐደօኧ׼କ HTML5ăᆶକ HTML5ǈ៓બഗ৽ྺׯᅃ߲ీࠕሏႜްሗᆌᆩڦ平໼ǈኄၵ

ᆌᆩሞࢅీࠀႠీฉ਩੗ᢧெԨںᆌᆩăHTML5 ๟ HTML ՔጚࡀٷڦఇႪ۩ǈԈઔᇕ݆

ڦ૙Ăႎൣڦ JavaScript ᇕჾ༬Ⴀࢅ APIĂᅎ܋ۯኧ׼ᅜत཭೦Ⴀܠڦ௃体ኧ׼ăHTML5
平໼ࢃڦ႐๟ᅃဣଚံ৊ڦ཮ႚरຍǈԨກॽዘۅ঄ຎኄၵ཮ႚरຍă

• WebGLǈ๑ڥ JavaScript ኧ׼ᆘॲ 3D े໏៺කăWebGL एᇀ OpenGLǈबࢭ໯ᆶڦ

PC ׼ኧۼબഗ៓܋ WebGLǈܸሁઠሁڦܠᅎ៓܋ۯબഗᄺਸ๔ኧ׼ WebGLă

• CSS3 3D Վ࣑Ă平ᅎᅜत੗ᅜኧߛ߸׼पᄻ面ၳڦࡕᆩࢽጲۨᅭ୳৥ăঢ়ඁࡗࡗब౎

ቛǈCSS݀ڦ ၄ሞᅙঢ়ኧ׼ᆘॲ 3D े໏៺කࣃۯࢅă

• Canvas 元素ࢅ၎ᆌڦ 2D ࣼ཮ APIă៓બഗ೵Փኧ׼ኄ߲ JavaScript ڦ APIǈ໲๑ڥਸ

݀ኁ੗ᅜሞᅃ߲ DOM ᇮ໎ฉࣼ዆ඪᅪ཮ႚă৑࠶ Canvas ๟ᅃ߲ 2D ࣼ཮ APIǈڍසࡕ

๑ᆩᅃၵ JavaScript ǈ໲ᄺ੗ᅜᆩᇀ៺කࣆڦੰ 3D ׼ĊĊሞփኧࡕၳ WebGL ࢅ CSS3 

3D ԥፕྺ׉平໼ฉǈኄཚڦ 3D ៺කپ༻ڦ঴ਦݛӄă

ኄၵरຍ߳ᆶഄᆫଝࢅ๢ᆩׇৠǈ໲்ሞࠓॺ 3D ੗视ࣅ঍ײࡗڦࢻዐࣩ݀ጣ߳ጲڦፕᆩă

዁ᇀ৯৩ᄲ჋ስనᅃዖǈేႴᄲጹࢇ੊୯ݛܠ面ڦᅺ໎ĊĊేၙᄲࠓॺ๊஺ǈႴᄲኧ׼న

ၵ平໼ǈႠీ࿚༶ǈڪڪăਉ૩ઠຫǈසేࡕᄲਸ݀ᅃ߲ਏᆶߛዊଉ཮ၟڼڦᅃට׬พऍ

ᆴဥǈැփ঺ዺ WebGL వํ၄ăᆼईኁేሞྺగ߲视ೕྪ࢔૰ǈኄॽీڦ࿚཮ႚᆘॲݡ

በਸ݀ᅃ߲ᆶ඀ۙڦ໼ഗহ面ǈԈઔړമ视ೕ໫୼཮Ă࣑ೕڦڢ჉ገၳࡕǈᅜत视ೕ剪ड

ൎ࣑क़ဤڦდࢾሯۅ༬ၳăሞኄׇ߲ৠူǈCSS3 ࣷ๟ظሰᆫႯ体ᄓڦଆࡻ჋ስă

ጺܸჾኮǈĐHTML5đኄ߲߁౒对ܠٷຕਸ݀ኁܸჾኸڦ๟ᅃဣଚरຍࢅ

ՔጚǈԈઔᅙঢ়ԥྤྼྪ૴௑（W3C）֑భժԥ໯ᆶ៓બഗኧڦ׼Քጚǈ

ᅜत໚ுᆶׯڟٳຄՔጚڍ܈ײڦᅙঢ়ԥ៓બഗݘ࠽ኧڦ׼༬Ⴀă࣏ᆶස

WebGL ኄૌᅙঢ়ׯຄࢅ࿘ۨǈڍփᆯ W3C Քጚăڦ૙࠶

1.1.1　浏览器平台

HTML5 ྺ Web ቛǈ݀ڦ၎ᆌڟڥબഗഄ໱༬Ⴀᄺ៓ݥ཮ႚरຍǗ඗ܸǈැڦ޷ݿઠକټ

ኄၵ཮ႚरຍॽࡹ࿮ᆩ࿴ኮںăᆮഄ๟ᅜူ༵तڦबۅǈ໲்ྺኈኟڦ HTML5 ૴ྪࢻ޷

ᆌᆩิׂڦ೬平କڢୟă

• JavaScript 虚拟机性能的提升

WebGL Canvas 2D ࢅ ๟ۼ JavaScript ڦ APIǈJavaScript ਦۨକᆩኄၵ܈ஓሏႜ໏پڦ

रຍํ၄ࢅࣃۯڦ঍ڦࢻሏႜ໏܈ăब౎മǈJavaScript ႵెऐڦႠీ๟ 3D रຍํᆩ
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ᅜ঴ਦăڥኄ߲࿚༶ڥǈ๑ื༵ڦፆҹǈܸසৃႵెऐႠీٷᅃڦࣅ

• 图像合成速度的提升

៓બഗ޶ሴॽᄻ面ฉڦᇮ໎੺໏ׯࢇ៺කժՆ௨փՂᄲڦዘࣼăໜጣᄻ面ฉాڦඹ߸े

๟࠶视ਥᇮ໎ĊĊփڦቛǈԈઔ对໯ᆶ݀ڦٷ࢔面ᆶକݛׯࢇༀǈ៓બഗሞ཮ၟۯ 2D
࣏๟ 3DĊĊ๑ᆩ 3D ᆘॲे໏៺කă

• 动画支持

requestAnimationFrame() پ༻ຕ๟ࡧ setInterval() ࢅ setTimeout() ઠൻڦࣃۯۯႎࡧ

ຕăኄ߲ႎ݆ݛ๑ڥਸ݀ኁీࠕᅜ៓ࢅબഗຘႎᄻ面ᇮ໎ཞօڦຘႎೕ୲ઠ߸ႎ canvas
ᇮ໎ࣼڦ཮ాඹǈኄื༵ںٷٷକႠీǈժݞኹକࣼ཮֘ᆖ 3 ăิׂڦ

HTML5 ៓ બ ഗ ཞ ้ ᄺ ኧ ׼ ܠ ၍ ײ Պ Ă（Web Workers）ײ ඇ ມ ߾ TCP/IP ཚ ႑

（WebSockets）ĂԨںຕ਍٪ڪئႎ༬Ⴀǈ૧ᆩ໲்ǈਸ݀ኁڥᅜࠓॺ๘হपڦ Web ᆌᆩă

ኄၵ༬Ⴀᅜत WebGLĂCSS3 3D ࢅ Canvasǈ঳ࢇഐઠ象ኙጣᅃ߲߫ంႠڦႎ平台ǈ໲ྺ

ඪऺࢆ໙ऐࢅยԢ༵ࠃሞ၍ڦ੗视ࣅᆌᆩă

཮ 1-2 ቛ๖କ Epic Games ڦਸ݀ܓཷ Epic Citadel ᆴဥڦᅃ߲֪๬ӲԨǈ໲ሏႜሞ Firefox
៓બഗዐăEpic Citadel ๑ᆩ WebGL ઠ៺ක཮ၟǈ඗ܸኄ߲ᆴဥڦম؜՗၄ǈ࣏๟ᆌࡃړ

཭೦Ⴀ݀ቛăኄ੼ᆴဥ๑ᆩକڦᇀᆴဥᆅ൤ࠀ Epic બഗӲ៓ڦ၄ํܓཷ Unreal ᆅ൤ǈኄ

੼ᆅ൤๟ԨںӲڦ Unreal ᆅ൤ሞ Web ᅎኲǈ๑ᆩڦ܋ Emscripten Պᅳഗ 4（https://github.
com/kripken/emscripten/wiki）ࢅ asm.js（ᅃ߲ႎ֫ڹڦᆫײࣅႾण）ઠํ၄ă៓બഗᆩࢽ

ኻႴሞں኷ત๼෇ᅃ߲ URLǈ৽੗ᅜݡ࿚៺ක৛ଆڦඇೡᆴဥǈᆴဥڦຘႎ୲੗ᅜڟٳ௅

௱ 60 ኡ（60 fps）ڦ຤ጚǈ࿮ႴҾጎǈኻႴेڦ܌࢔ሜ้क़ă

图 1-2：运行在 Firefox 中的 Epic Citadel 测试版，一个使用 WebGL 和 asm.js 实现、刷新率达到 60 
fps 的网页游戏；图片由 Epic Games 团队提供

ጀ 3ǖࣼ཮֘ᆖǖhttp://en.wikipedia.org/wiki/Visual_artifactăĊĊᅳኁጀ

ጀ 4ǖ੼੗ᅜॽ C++ ׯஓՊᅳپ JavaScript ՊᅳഗăĊĊᅳኁጀڦஓپ
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1.1.2　浏览器支持情况

ሞԨກႀፕ้ǈ3D ༬Ⴀժுᆶԥ߳ዖ៓બഗྜඇኧ׼ăփཞ៓બഗڦኧ׼൧઄٪ሞဦྲ

ăۅबڦԲডዘᄲ؜Ⴤቤব৊ႜၘဦ༪ஃǈ၄ሞံଚࢫᇀኄၵ࿚༶ǈ࿢்ॽሞ࠲ᅴăֶڦ

• ໯ᆶڦጞ面៓બഗۼኧ׼ WebGLăྲ෉ᇀ 2013 ౎౎ڹሞ IE11 ዐኧ׼ WebGLă໚඗ኄ

ᅙঢ়஌ࢫᇀഄ໱៓બഗ׍ฆǈփੂࡗഐઠྲ෉ࣷტ໏ߋฉă

• बࢭ໯ᆶڦᅎ៓܋ۯબഗۼኧ׼ WebGLǖᅎۯӲ Chrome（Android）ĂᅎۯӲ Firefox
（Android ࢅ Firefox OS）ĂAmazon Silk（Kindle Fire HDX）ĂIntel ႎ֡ፕဣཥڦ TIzenĂ

BlackBerry 10ăᅎۯӲ Safari ᅜᅃዖ๴၌ݛڦ๕ኧ׼ WebGL（ৈሞ iAds ઀ॐዐ）ă

• ໯ᆶ៓ڦબഗࢅᅎۯ平໼ۼኧ׼ CSS 3D Վ࣑ăܸ CSS ጲۨᅭ୳৥ৈৈԥጞ面Ӳ

ChromeĂጞ面Ӳ SafariĂᅎۯӲ SafariĂBlackBerry 10 ᅜํᄓႠݛڦ๕ኧ׼ǈIE ࢅ

Firefox ਩փኧُ׼༬Ⴀă

၂඗ǈణമ៓બഗ对 3D ༬Ⴀڦኧ׼ժுᆶڟٳፌॅጒ઄ǈ඗ܸ໲๟ໜጣ Web ᆌᆩኄ߲ଶ

ᇘڦ႗ഐܸ݀ቛڦă៓બഗग़ඹႠ࿚༶ၠઠྺටᐰթǈໜጣ HTML5 ༬ႠᅜतยԢ֡ࢅፕ

ဣཥݧڦ໏݀ቛǈኄ߲൧઄ժுᆶ߀ڟڥ฀ăኵڥҾ࿏ڦ๟ǈԨںᆌᆩڦਸ݀Ă֪๬Ăև

ຈ݀ࢅք߸ઓవǈ၎Բኮူ Web ਸ࣏݀໙ڦࡻăኄ৽๟ 21 ๘ु Web ਸ݀ኁڦ၄ጒă

සࡕኄၵՔጚۼԥኧ׼କǈఫ஺໯ᆶپஓۼኻႴႀᅃْ৽ႜă඗ܸǈ၄ጒժ

๬đăۙتሏႜđǈܸ๟ĐᅃْՊႀǈໜت๟ĐᅃْՊႀǈໜݥ

1.2　3D图形的基础知识

Ԩব঻ถ 3D ཮ႚࢃڦ႐߁౒ࢅຍᇕăසేࡕৈৈᆶ 2D Canvas ࣼ཮ࣃۯࢅਸ݀ঢ়ᄓǈ൩

ᆶేࡕԨກăසح࠻౒ॽ߁౒ǈኄၵ߁ڦࡗةᅃၵ้क़ඁຄဒేᅜྫுᆶথࢾ 3D ई

OpenGL ਸ݀ڦ၎࠲ঢ়ᄓǈఫ஺੗ᅜཌࡗԨቤǈ኱থ৊෇ူᅃቤă

1.2.1　什么是3D
़඗ేధഐኄԨກǈ৽ຫ௽ే዁ณ对࿢໯๑ᆩڦĐ3D ཮ႚđ（3D graphics）ኄ߲ຍᇕᆶए

Ԩڦණኪă඗ܸྺඓԍే对ኄ߲߁౒ᆶፁൣࠕညڦණ๎ǈ࿢்ઠੂੂ໲ኟ๕ۨڦᅭăᅜူ

๟ྼएӥ੔ฉĐ3D ऺ໙ऐ཮ႚđ（3D computer graphics）ڦཉణ（http://en.wikipedia.org/
wiki/3D_computer_graphics）ǖ

3D ऺ໙ऐ཮ႚ（၎对 2D ऺ໙ऐ཮ႚܸჾ）๟๑ᆩෙ߲ྼ܈ઠ՗๖बࢆຕ਍（ཚ׉๑

ᆩڳਸ਼ܹፖՔဣ）ժॽഄ٪ئሞऺ໙ऐዐǈᆩᇀऺ໙ࣼࢅ዆ׯೡటฉ 2D ཮ၟڦᅃૌ཮

ႚăኄૌ཮ႚ੗ԥ٪ئഐઠپໜ้៓બǈᄺ੗ᆩᇀํ้၂๖ă

ኄ߲ۨᅭ੗ቛਸྺब߲ևݴǖ(1) ຕ਍๑ᆩෙྼፖՔဣཥ՗๖Ǘ (2) ໲ፌዕԥࣼ዆（渲染）

ྺᅃ߲ 2D ཮ၟ（ኟසేሞऺ໙ऐ၂๖ഗฉੂڦڟఫᄣ）Ǘ (3) ໲ኧ้ํ׼၂๖ǈनړ 3D ຕ
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਍ᆯᇀࣃۯईᆩ֡ࢽፕ݀ิ߀Վࢪ้ڦǈ཮ၟ੗ᅜሞएԨ࿮ჽڦ׿൧઄ူ߸ႎ៺කăፌࢫ

ᅃۅ๟ظॺ঍ࢻ๕ᆌᆩ࠲ڦ॰ă໲׉ݥዘᄲǈᅜ዁ᇀ٣ิକᅃ߲ॏኵຕๆᅢெᇮڦĂዂ૰

ᇀ݀ቛኧ้ํ׼ 3D ៺කڦ཮ႚጆᆩᆘॲׂڦᄽăၟ NVIDIAĂATIĂQualcomm ኄၵິࠅ

ᏈᏈኁǈ对໲்ǈేईႹራᆶܺ࿕ăڦ๟ኄ߲ଶᇘۼ

3D ཮ႚժփᅈડᇀၟࡆग൰Ă֡ጻ߇ኄၵ༬๺ڦ๼෇ยԢǈኄሞฉ࿔ۨڦᅭዐுᆶ༵तǈ

ࢅ၂๖ยԢǈ૬体ᄅ৥ڦዘᄲă໲ᄺփᅈડᇀ༬๺׉ݥཞᄣڍ OmniMax ோࡍӆڦᆖᇾۉ

೑ۼփ๟ՂႴڦă3D ཮ႚཚ׉ԥ៺කሞ 2D 平面ڦ၂๖ยԢฉăړ඗ኄժփ๟ຫ 3D ཮ႚ

փీԥቛ๖ྺ੗ᅜᆩ૬体ᄅ৥ڦੂ࠵૬体཮ၟǈईኁ๟ሞ૬体ۉ视ڦೡటฉխݣĊĊኻ๟

ຫǈኄփ๟ՂႴڦă

3D ՊײႴᄲཚ׉ Web ਸ݀ኁቨ࿥ڦኪ๎ᅜྔڦႎኪ๎ࢅरీăփࡗኻᄲბࣷᅃۅ෇ோኪ

๎ᅜतბࣷ๑ᆩኟඓ߾ڦਏǈ࿢்ڦბသ৊ቛ৽ࣷ׉ݥტ໏ăԨቤথူઠॽጣዘ঄঴ 3D
ՊڦײएԨ߁౒ǈኄၵ߁౒ࣷح࠻ඇກăԨቤ对ኄၵ߁౒ڦຫ௽ժփඇ面（ᆶၵກጆோၘ

ဦں঄঴କኄၵ߁౒）ǈৈࠃ෇ோăසేࡕᆶ 3D Պײঢ়ᄓǈྜඇ੗ᅜཌ዁ڼ 2 ቤ ă

1.2.2　3D坐标系

සేࡕຄဒ 2D ਸ਼ܹፖՔဣǈ૩සڳ HTML ࿔شڦڗ口ፖՔဣǈఫ对 x ࢅ y ᅭᅃۨࡤڦ

փఔิăኄၵ 2D ፖՔۨᅭକ <div> Քധሞᄻ面ዐڦ࿋ዃǈᅜतႵెࣃԴईࣃຘሞ HTML 
Canvas ᇮ໎ዐࣼڦ཮࿋ዃă3D ࣼ཮ǈኟසే໯ଙǈ๟݀ิሞ 3D ፖՔဣཥዐڦăሞኄ߲ဣ

ཥዐǈᅃ߲ڦྔܮፖՔ z ԥᆩᇀ௮ຎศ܈（नᅃ߲࿿体ࣼ዆ڦ࿋ዃਐ૗ೡటڦ远近）ኄ߲

ፖՔဣཥස཮ڦ౒ăԨກ๑ᆩ߁ 1-3 ໯๖ǖx ዡᄂ຤平ၠݛჽฦ（ٗፑڟᆸ）ǈy ዡᄂؽ኱

ჽฦǈzၠݛ ዡኟၠݛኸၠೡటྔăසేࡕຄဒ 2D ፖՔဣཥ߁ڦ౒ǈఫ஺૙঴ഐ 3D ፖՔ

ဣཥઠᆌ޿ᄺփઓవă

图 1-3：一个 3D 坐标系统（https://commons.wikimedia.org/wiki/File:3D_coordinate_system.svg）；

遵循知识共享署名 -相同方式共享 3.0 未本地化版本协议使用
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ጀᅪǈWebGL ڦ y ዡኟၠݛᆯش口ၠݛူڦฉǈܸ 2D Canvas API ࢅ CSS

Վ࣑ዐڦ y ዡኟၠݛሶ๟ᆯฉܸူڦă໚඗ኄ࢔ሧǈփࡗ࿢்੗ᅜٗዐੂ؜

ଇዖरຍ׶دڦǖWebGL एᇀሀۨ y ዡၠฉدڦཥ཮ႚՔጚǈܸ Canvas ࢅ

CSS ๟एᇀ HTML ፖՔဣ y ዡၠူڦሀۨĊĊHTML ኄ߲ሀۨሶઠᇸᇀڦ

ራ೺شڦ口ဣཥፖՔݛӄăසేࡕᄲሞᅃ߲ၜణዐཞ้๑ᆩኄଇዖरຍǈఫ

৽ڥᅃ኱ጀᅪኄዖ൶՚ă႞ࡻሞኄଇዖरຍዐ z ዡၠݛڦ๟ᅃዂڦǈփ඗੗

৽߸஑ݑକă

1.2.3　网格、多边形与顶点

ࣼ዆ 3D ཮ႚ݆ݛڦᆶܠ࢔ዖăڟణമྺኹǈፌ׉ᆩ݆ݛڦ๟网格（mesh）ăᅃ߲ྪ߭ཚ׉

ᆯᅃ߲ईܠ߲ܠՉႚ೔থܸׯǈܸኄၵܠՉႚ๟ᆯۨᅭକ 3D ੣क़࿋ዃ（x, y, z ፇ）ڦ顶点

（vertice）ࠓሰ؜ઠڦăሞྪ߭ዐǈፌ׉ᆩܠڦՉႚ๟ෙঙႚ（ᆯෙ߲ࠓۅۥሰܸׯ）຺ࢅ

Չႚ（ᆯ຺߲ࠓۅۥሰܸׯ）ă3D ྪ߭ཚ׉०׬模型（model）ă

཮ 1-4 ௮ࣼକᅃ߲ 3D ྪ߭ăศ෥၍ཉ؜ુࠎፇ຺ڦ߭ྪׯՉႚǈۨᅭ؜ට૽ڦႚጒă（ሞ

ፌዕ៺ක؜ઠڦ཮ၟዐǈేॽփࣷੂڟኄၵ၍ཉǈ໲்ኻ๟֖੊၍ă）ྪ߭ۅۥዐڦ xĂyĂ
z ຌႠৈৈۨᅭକྪ߭ڦႚጒǈܸྪ߭࠵ྔڦ༬Ⴀǈස෥֒ࢅ௽Ӂڪǈሶᆯഄ໱ຌႠઠۨ

ᅭăူ面ǈ࿢்ઠ०ںڇ༪ஃኄၵຌႠă

图 1-4：一个 3D 网格；遵循知识共享署名 -相同方式共享 3.0 未本地化版本协议使用（另见彩插图

1-4）
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1.2.4　材质、纹理与光源

أ xĂyĂz ኄब߲ۅۥ࿋ዃ႑တຌႠኮྔǈ࣏ᆶᅃၵഄ໱ຌႠԥᆩઠ௮ຎྪ߭࠵ྔڦǈԈ

ઔ०ڦڇ෥֒ຌႠްࢅሗݒڦพĂ௽ӁڪຌႠăే࣏੗ᅜ๑ᆩᅃ߲ई߲ܠ࿋཮ઠ՗๖ྔ࠵

႑တǈኄཚ׉ԥྺ׬纹理映射（texture map）ǈई०׬纹理ă߲ڇ࿖૙੗ᅜ኱থۨᅭྔ࠵ᄣ

๕（ኟසᅃቧ཮ၟԥᆇሞ T Ⴠฉఫᄣ）ǈᄺ੗ᅜᇑഄ໱࿖૙঳ࢇഐઠํ၄ްሗࡕၳڦǈස

՗面ӈཫĂڦ࠼ᄆพڪăሞܠٷຕ཮ႚဣཥዐǈྪ߭࠵ྔڦຌႠཥ׬材质（material）ă֌

ዊڦቛ၄ཚ׉ᅈડᇀᅃ߲ई߲ܠ光源（light）ڦ٪ሞǈኄၵ࠼ᇸۨᅭକᅃׇ߲ৠԥቷଋڦ

ఇ๕ă

཮ 1-4 ዐڦටཀྵਏᆶጭ෥ڦ՗面֌ዊǈᅃ߲ٗఇ႙ፑՉ݀࠼ڦ؜ᇸሰׯକఇ႙ڦ௽Ӂၳࡕă

ጀᅪǈӁևሞ૽ڦᆸ֨ă

1.2.5　变换与矩阵

࿋ዃۨᅭକኝ߲ڦፖՔۅۥ 3D Վᅃ߲ྪ߭ሞ߀ထྭేړ࿋ዃăڦ߭ྪ 3D 视཮ዐڦ࿋ዃ

Ⴤ׼ሞ৊ႜ߭ྪړକǈᆮഄ๟ݑ࿋ዃǈ၂඗໿஑ڦۅۥՎ௅߲߀ںᄲᅃ߲߲ࡕǈසࢪ้ڦ

ຕܠăྺُǈࢪ้ڦࣃۯ 3D ဣཥኧ׼变换（transform）֡ፕǈनሎႹ๑ᆩ၎对࿋ዃሏ໙

ઠᅎ߭ྪۯǈܸݥՓ૦໯ᆶۅۥժඓํ߀Վ໲்ڦ࿋ዃຕኵăՎ࣑ሎႹే໫ݣĂ჉ገᅜत

平ᅎ（ᅎۯ）ᅃ߲៺ක߭ྪڦࡻǈܸ࿮Ⴔํाඁ߀Վ໯ᆶڦۅۥຕኵă

཮ 1-5 ௮ࣼକ 3D Վ࣑֡ፕǈሞኄׇ߲ৠዐ࿢்੗ᅜੂڟෙ߲૬ݛ体ăኄෙ߲૬ݛ体ྪ߭

ਏᆶཞᄣۅۥڦຕኵăړᅎۯĂ჉ገࢅ໫ࢪ้ڦ߭ྪݣǈ࿢்ժுᆶํाඁႪڦۅۥ߀

ኵǈܸ๟ᆌᆩକՎ࣑ăፑՉࢤ෥ڦ૬ݛ体ԥၠፑ平ᅎକ຺߲ڇ࿋܈׊（x ዡฉڦ -4）ǈժ

ྷජ໲ጲวڦ x ዡࢅ y ዡ৊ႜକ჉ገă（ጀᅪǈ჉ገኵڇڦ࿋๟弧度ǈኄ߲ڇ࿋ॽሞڼ 4 ቤ

ዐ߸ၘဦںຫ௽ă）ᆸՉઢ෥ڦ૬ݛ体ԥၠᆸ平ᅎକ຺߲ڇ࿋܈׊ǈժሞෙ߲ྼ܈ฉݣۼ

କٷ 1.5 Ԡăዐक़୴෥ڦ૬ݛ体ுᆶ৊ႜඪࢆՎ࣑ă

图 1-5：3D 变换——平移、旋转和缩放（另见彩插图 1-5）
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3D Վ࣑ཚ׉ᆯᅃ߲变换矩阵（transformation matrix）ઠ՗๖ǈኄ๟ᅃ߲Ԉࡤᅃፇᆩᇀऺ໙

ገ࣑ۅۥࢫ࿋ዃڦຕኵڦሏ໙ଉăਨܠٷຕ WebGL Վ࣑ᆩᅃ߲ 4×4 矩阵ઠ՗๖ĊĊᅃ߲

Ԉࡤ 16 ߲ຕጴڦĂ4 ႜ 4 ଚྼܾڦຕፇă཮ 1-6 ቛ๖କᅃ߲ 4ġ4 ਈንڦքਆă平ᅎԥ٪

ሞᇮ໎ئ m12Ăm13Ăm14 ዐǈݴ՚对ᆌ xĂyĂz 平ᅎኵăxĂyĂzڦ ሞᇮ໎ئ٪ኵݣ໫ڦ

m0Ăm5Ăm10 ዐ（ਈንڦ对角线）ă჉ገኵ٪ئሞ m1 ࢅ m2（x ዡ）ǈm4 ࢅ m6（y ዡ）ǈm8 ࢅ

m9（z ዡ）ዐăᆩኄ߲ਈንඁױᅃ߲ෙྼၠଉǈՍ੗ڟڥՎ࣑ڦࢫኵă

+X

m0
m1
m2
m3

左 (X)
轴 轴 轴

m4
m5
m6
m7

上 (Y)

m8
m9
m10
m11

前(Z)

m12
m13
m14
m15

平移

+Y

+Z

图 1-6：一个 4×4 变换矩阵（http://www.songho.ca/opengl/gl_transform.html）；经许可进行了修改（另

见彩插图 1-6）

සࢅేࡕ࿢ᅃᄣ๟၍ႠپຕҺࡻኁǈఫేࣷਥڥᆩਈንઠ௮ຎՎ࣑߁ڦ౒၎ړඹᅟথ๴ă

৽໙փ๟ᄺփᆩ಄ǈᆩᇀࠓॺԨກ๖૩߾ڦਏںࡻ࢔ۼᆆ֠କᇑኄၵਈን֡ፕ၎ڦ࠲ဦ

বǖేኻႴᅜ平ᅎĂ჉ገĂ໫ڦݣ኱߁࠵౒ઠت૙ײႾ৽ႜă

1.2.6　相机、透视、视口与投影

௅߲៺කׇڦࡻৠۼႴᄲᅃ߲ࠃᆩׇੂֱࢽৠۅִ࠵ڦă3D ဣཥዐཚ׉๑ᆩ相机

（camera）߁ڦ౒ઠ௮ຎኄ߲ۅִ࠵ă၎ऐۨᅭକᆩࢽ၎对ᇀׇৠڦ࿋ዃၠוࢅǈ໲ਏԢ

၄ํ๘হዐ၎ऐڦຌႠǈස视野（field of view）؅٫ڦǈ໲ۨᅭକ透视（perspectiveǈन

远ڦت࿿体ੂഐઠԲডၭ）ă၎ऐ߳ڦዖຌႠጹࢇഐઠǈ༵ࠃକ 3D ׇৠፌዕሞ 2D 视口

（viewport）ฉڦ៺ක঳ࡕǈ视口๟ᆯ៓બഗش口ई canvas ᇮ໎ਦۨڦă

၎ऐཚ׉ᆩᅃ对ਈንઠ՗๖ăڼᅃ߲ਈንۨᅭ၎ऐڦ࿋ዃၠݛࢅǈૌຼՎ࣑ਈን（见മ

࿔）ă߲ܾڼਈንጆோᆩᇀ՗๖၎ऐڦ 3D ፖՔڟ视口ڦ 2D ࣼ዆੣क़ፖՔڦገ࣑ǈྺ׬投

影矩阵（projection matrix）ă࿢৽ኪڢǖ༪ᄋڦຕბᆼઠକă඗ܸǈ၎ऐਈንڦဦবሞܠ

ຕ߾ਏዐᅙঢ়ԥںࡻ࢔ᆆ֠ഐઠǈᅃӯઠຫǈేኻႴ对ጚĂಆฝᅜत៺කă

཮ 1-7 ௮ຎକ၎ऐĂ视口ࢅཪ视ڦएԨ߁౒ăፑူঙᆶᅃ߲ᄅ৖཮Քǈ໲پ՗၎ऐڦ࿋ዃă

ኸၠᆸ֨ࢤڦ෥ၠଉ（ሞ཮ዐԥՔጀྺ x ዡ）՗๖၎ऐڦኸၠăઢ෥ڦ૬ݛ体๟ 3D ׇৠ

ዐڦ࿿体ǈ୴෥ࢤࢅ෥ڦਈႚݴ՚๟近剪裁平面（near clipping plane）ࢅ远剪裁平面（far 
clipping plane）ăኄଇ߲平面ۨᅭକᅃ߲ 3D ੣क़ጱणྷݔڦǈཚ׬视锥体ई视见体（view 
volume ई view frustum）ăኻᆶ࿋ᇀ视见体ዐڦ࿿体֍ࣷԥኈኟ៺කڟೡటฉă近剪裁平面

཮ၟăڦઠ؜ፌዕ៺කڟᇀ视口ǈሞኄ૛ǈ࿢்ࣷੂၳڪ
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Field of view

Viewport (near clipping plane)

View frustum

X

Y

Z

Far clipping plane

Objects
视口（近剪裁平面）

视野 视见体

对象

远剪裁平面

图 1-7：相机、视口和透视（http://obviam.net/index.php/3d-programming-with-android-projections-
perspective/）；经许可进行了修改（另见彩插图 1-7）

၎ऐ׉ݥഽٷǈ໲ٗߵԨฉۨᅭକִ࠵ኁࢅ 3D ׇৠኮक़࠲ڦဣǈժྺኄ߲࠲ဣ༵ࠃକ၄

ۉሰظ࿋ዃǈ੗ᅜڦՎ၎ऐ߀ༀۯࡗ࿴ഗǖཚڦକഽᆶ૰ࠃ዆ፕኁ༵ࣃۯă၎ऐᄺྺߌํ

ᆖӯࡕၳڦժ੦዆ഄႼ๚߭ޅă

1.2.7　着色器

ྺକ៺ක؜ᅃ߲ྪ߭ڦፌዕ཮ၟǈਸ݀ኁႴᄲጚඓۨᅭۅۥĂՎ࣑Ă֌ዊĂ࠼ᇸᅜत၎ऐ

๟සࢆ၎ࢻፕᆩժፌዕิׯ཮ၟڦăܸڅ׶ኄ߲߾ፕڦǈ๟着色器（shader）ăጣ෥ഗ（ᆼ

໙݆ă཮ڦೡటฉڟཨᆖۅஓǈ໲ํ၄କॽྪ߭ၟ໎پᇸ܎ጣ෥ഗđ）๟ᅃײĐ੗Պྺ׬

ႚᆘॲీࠕ঴ဆۅۥĂ࿖૙ᅜतഄ໱۫ڦ֫ڹဇǈڍժփీت૙֌ዊĂ࠼ᇸĂՎ࣑ᅜत၎

ऐăኄၵߛपڦ঳ࠓᆯጣ෥ഗײႾઠت૙ăጣ෥ഗཚ׉๑ᆩૌ C पᇕჾՊႀǈժԥՊߛڦ

ᅳׯ੗ᅜԥ཮ႚت૙ڇᇮ（GPU）ኴႜپڦஓă

໯ᆶڦ၄ऺپ໙ऐࢅยԢۼದԢକ཮ႚت૙ڇᇮǈᅃ߲܀૬ᇀ CPU Ăጆڦ

ோᆩᇀ 3D ཮ႚ៺කتڦ૙ഗăԨກዐ༪ஃڦዷᄲ 3D Պײरຍۼᅜ GPU ٪

ሞྺമ༵ă

ጣ෥ഗྺײႾᇵڦມ๮ጀ෇କหആڦ૰ଉǖ঺ዺጣ෥ഗǈײႾᇵ੗ᅜ৛ጚں੦዆௅ᅃ߲ၟ

ǈൻࡕ视ਥၳڦᆖ༬ၳዐఫၵସටಆӄঢਨۉટ࿻ࡻጣۯ௅ᅃْ཮ၟ៺කăጣ෥ഗൻࢅ໎

៺කăໜጣ้ํڦጱᆴဥዐۉپጣ၄ۯᆖǈൻۉࣃۯጣĐCGđۯ Web ៓બഗ对ጣ෥ഗڦ

ኧ׼ǈ࿢்ڦ WebGL ᆌᆩၳࡕฯ዁੗ᅜᢧெፌۉڦࡻጱᆴဥăܸ૧ᆩጣ෥ഗǈ࿢்ᄺڥ

ᅜ߸ںࡻ੦዆ᄻ面ዐ CSS ᇮ໎ڦቛ၄ࣃۯࢅă

཮ 1-8 ቛ๖କᅃ߲๑ᆩ੗Պײጣ෥ഗ៺කڦ WebGL ຤հఇెӄ૩ăԶհږᄤĂ࠼ᆖሂۯǈ
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԰ኈڥ৚ටǈܸ൐ే࣏੗ᅜํ้ںᇑׇৠ৊ႜ঍ࢻǈ৑࠶໲๟Ⴕెڦă༵ႝᅃူǖኄ੗๟

ሞᅃ߲ Web ៓બഗዐሏႜڦƽ

图 1-8　使用可编程着色器渲染的 WebGL 水波模拟，创作者 Evan Wallace（http://madebyevan.
com/webgl-water/）；转载已被许可

କأ WebGLǈ঺ዺ CSS 自定义滤镜（CSS Custom Filter）ኄၜํᄓႠڦरຍǈएᇀጣ෥ഗ

ํ၄ڦ༬ၳཞᄣ੗ᅜᆌᆩᇀ DOM ᇮ໎ă࠲ᇀኄᅃۅǈ࿢்ሞڼ 6 ቤዐॽࣷၘဦ༪ஃă

ᅜူଚਉକᅃၵᇑጣ෥ഗ၎ڦ࠲रຍۅǈ࿢்ॽሞԨກዐ঄ຎă

• WebGL ࢅ CSS ጲۨᅭ୳৥ۼ๑ᆩ OpenGL ES ጣ෥ᇕჾ（GLSL ES）ۨᅭڦጣ෥ഗăሞ

WebGL ዐՊႀጣ෥ഗྺࢅ CSS Պႀጣ෥ഗփ໿ᅃᄣǈڍएԨڦՊײᇕჾ๟ཚᆩڦă

• ሞ WebGL ዐǈ࿿体ڦ៺කࣼ዆ᅈડᇀጣ෥ഗăසࡕுᆶ༵ࠃጣ෥ഗǈईኁՊᅳईेሜ

ጣ෥ഗٱ؜ײࡗǈሶ໯ᆶ࿿体ۼ࿮݆ࠀׯ៺කă

• ሞ CSS3 ୳৥ዐǈጣ෥ഗ๟੗ದዃڦăړጣ෥ഗԥᆩઠۨᅭ CSS3 ୳৥ࢪ้ڦǈ໲ԥ׬

ྺ自定义滤镜ă

• 2D Canvas APIփኧ׼੗Պײጣ෥ഗăසٶేࡕ໙ᆩ 2D CanvasፕྺWebGLڦইपݛӄǈ

ڼǈሞۅᇀኄᅃ࠲ஓ૛面ጲमํ၄ኄ༫ऐ዆ăپሞڥ 7 ቤዐॽᆶၘဦຫ௽ă

ጣ෥ഗٗగዖᅪᅭฉઠຫپ՗କᅃཉბသ൸၍ǈేႴᄲბသႎڦ༬ႠᅜतᅃோႎڦՊײᇕ

ჾǈኄႴᄲٷݯࡼଉڦ৛૰ăසేࡕਥڥኄ໿੗಄କǈ՚څ႐ǈᆶႹୁܠႜڦਸᇸੰ߾ࢅ

ਏ੗ࠃ჋ስǈසُᅃઠǈే৽࿮Ⴔඁ࠲ጀఫၵड़෦ڦጣ෥ഗਏ体ํ၄ဦবăฯ዁ሞేڦ

3D Պײኰᄽิხዐǈే૶ᅃႜ GLSL ࿢ॺᅱే࣏๟๬๬ੂǈኄࡗ࿮ႴՊႀĊĊփۼஓپ

ᄣᅃઠǈే৽੗ᅜ对՚ටຫేፔࡗኄॲ๚ઞă

ᇀ࠲ 3D ཮ႚएాإඹڦ঻ถ዁ُ঳ຐăກዐ༵तڦ௅ዖरຍڦਏ体ํ၄ࣷ୼ᆶփཞǈڍ

๑ᆩࢆबቤዐǈ࿢்ॽศ෇ჺ৯සڦăሞথူઠڦ๟ᅃዂۼ౒߁ڦ႐ࢃ WebGLĂCSS3 ࢅ

Canvas 2D ઠظॺ 3D ాඹժํ၄ 3D ăࣃۯ
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WebGL：实时3D渲染

WebGL ๟ Web 3D ཮ႚڦՔጚ APIǈ໲๑ڥሏႜሞ៓બഗዐڦ JavaScript ݴ؊Ⴞᄺ੗ᅜײ

૧ᆩ 3D ៺කᆘॲڦഽీٷ૰ăሞ WebGL ڦᆘॲे໏ࠃ၄ኮമǈྺ༵؜ 3D 体ᄓǈਸ݀ኁ

ኻీ঺ዺ៓બഗ֭ॲईՊႀႴᄲᆩူࢽሜҾጎڦԨں෉ॲă

৑࠶ WebGL փຌᇀ HTML5 ׼ຕኧܠٷਨڍՔጚǈݛ࠳ HTML5 ׼ኧۼબഗ៓ڦ

WebGLĊĊኟසኧ׼ Web WorkersĂWebSockets ժ࿄ԥڪ W3C रຍڦፕྺՔጚ֑భݛ࠳

ᅃᄣăᄲၙॽ៓બഗٶሰׯᅃୁڦᆌᆩ平໼ǈ3D ๟փ੗ईඍڦևݴǈኄ๟ GoogleĂAppleĂ

MozillaĂMicrosoftĂ AmazonĂOperaĂIntelĂBlackBerry ă๎ࠌڦਸ݀ኁ்ິࠅٷ߳ڪ

ዷୁڦጞ面៓બഗࢅਨܠٷຕ๮ऐ៓બഗۼኧ׼ WebGL1ăWebGL ᅙঢ়੗ᅜሏႜሞૌຼᇀ

ዺยԢĂޤĂऺ໙ऐࣅຕӥྤ໼ยԢฉăԈઔᆴဥĂຕ਍੗视ڦऐഗࠅӸࢅᆩऐഗॆڦే

3D ๑ᆩକܠႹڦଭ๳ႜᄽሞాࢅᆇٶ WebGL रຍྪڦበᄺሞರղ݀ቛă

WebGL ๟ᅃ༫ࣼ֫ڹ཮ APIǖ໲ཚࡗ঴ဆຕ਍ࢅጣ෥ഗንଚ 2 ઠ৊ႜࣼ዆ă໲փၟ 2D 
Canvas API ఫᄣਏᆶހ܈ߛጎڦ঳ࠓǈኄ੗ీࣷସသ࠹ 2D ཮ႚথ口ڦටڟߌઓउăփࡗ

ڦਸᇸܠ࢔ JavaScript ਏԈඟਸ݀ኁ੗ᅜᆩ߾ǈኄၵ݆ݛጎހڦपߛे߸କࠃ༵ۼਏԈ߾

ᇑ֡ፕدཥ཮ႚੰ߸ྺথ近ݛڦ๕ઠ֡ፕ WebGL ڦ APIă໚඗ᆶକኄၵ߾ਏԈǈ3D ਸ݀

ᄺ࣏๟ᆶᅃۨڦవ܈ǈڍ዁ณ૧ᆩ໲்ǈ对 3D ਸ݀ு๊஺ঢ়ᄓڦට੗ᅜԲডݛՍں෇ோǈ

ܸᆶঢ়ᄓڦ 3D ਸ݀ኁᄺ੗ᅜবูٷଉ้क़ă

ጀ 1ǖ ሞԨກႀፕ้ǈiOS ฉڦ Mobile Safari ࣏փኧ׼ WebGLǈኄ๟߲࢔ჹዘڦ࿚༶ă໯႞૧ᆩగၵ๢ದ

ਏԈǈ࿢்੗ᅜॽएᇀ߾ HTML5 ࢅ WebGL ᆌᆩሞںԨׯԈٶႾײڦ iOS 平໼ฉሏႜĂჺ৯ǈ࠲ᇀ

ኄ߲࿚༶ǈሞڼ 12 ቤዐࣷᆶၘဦڦຫ௽ă

ጀ 2ǖ ንଚǈኸಇׯႜࢅଚڦຕბᇮ໎ăਈን৽๟ᅃዖۆ႙ڦንଚႚ๕ǈُࠝت൐੗ᅜ०ڇ૙঴ྺᅃ߲ຕ

਍ / ጣ෥ഗܾྼຕፇăĊĊᅳኁጀ
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ྺକඟ܁ኁ对 WebGL ᆶ߲एԨᆇ象ǈԨቤॽ०ڇ঻ถ WebGL ă໚඗࿢்ሞإए֫ڹڦ

Ԩກዐ๑ᆩ߾ڦਏԈ੗ᅜඟేփՂඁ࠲ጀኄၵ֫ڹဦবǈڍକ঴ኄၵ߾ਏԈ๟एᇀ๊஺ࠓ

ॺڦᄺ׉ݥዘᄲă໯ᅜǈඟ࿢்ٗ WebGL ࢅ౒߁႐ࢃڦ API ਸ๔ბသă

ኟසփኧ׼Ⴙܠ HTML5 ႎ༬Ⴀᅃᄣǈేۉڦస੗ీᄺփኧ׼ WebGLăዷୁ

ጞ面៓બഗዐǈᅃև៓ݴબഗኻᆶԲডႎڦӲԨ֍ኧ׼ WebGL（૩ස IE ኻ

ᆶ IE11 तഄኮڦࢫӲԨ֍ኧ׼ WebGL）ă࣏ᆶᅃၵ઻ऐഗڦ཮ႚت૙ഗփ

ኧ׼ 3D ᆘॲे໏ǈሞኄၵ઻ऐഗฉǈ៓બഗࣷ኱থ࠲Կ WebGLăසၙేࡕ

କ঴ేڦణՔऐഗĂยԢई៓બഗ๟ޏኧ׼ WebGLǈ൩ݡ࿚ http://caniuse.

com/ǈ॰෇ĐWebGLđ࠲॰ጴ৊ႜ໇໭ǈई኱থݡ࿚ኄ߲૾থǖhttp://

caniuse.com/#search=WebGLă

2.1　WebGL基础

WebGL ႚሞءڦ 2006 ౎ᆯ Mozilla ฾ײ߾ڦ Vladimir Vukićević༵؜ăVladimir Vukićević
๬཮ظॺᅃ༫ᆩᇀ Canvas ᇮ໎ڦ 3D ࣼ཮ APIǈፕྺᅙᆶڦ 2D Canvas API કቛă໱एڦ

ᇀ OpenGL ES（ሞᅎ܋ۯ཮ႚଶᇘᅙঢ়၎ړ೵तڦ API Քጚ）ยऺକኄ༫้࣏ړԥྺ׬

Canvas 3D ڦ APIăڟ 2007 ౎ǈMozilla ࢅ Opera ڦ՚ํ၄କ߳ጲ៓બഗฉݴ Canvas 3D
ӲԨă

2009 ౎ǈઠጲ OperaĂApple ᅜत Google ഄ໱֖ᇑኁᇑڦ Vukićević ॺକظཞࠌ WebGL
ፕፇ૯ຌᇀ߾ፕፇǈኄ߲߾ Khronos Group ǈKhronos Groupܓཷ ጣࢺྼ࣏ܓཷ OpenGLĂ

COLLADA ᅜतഄ໱ᅃၵేईႹᅙঢ়ܺຄీၘڦՔጚăසৃ Khronos ධ඗ሞीჄྼࢺ

WebGL ՔጚăVukićević ඪڅ WebGL ၭፇ޶ሴට኱ڟ 2010 ౎ǈኮࢫ Google ڦ Kenneth 
Russell থ༺କ໱ă

ᅜူ๟ઠጲ Khronos ྪበڦ WebGL ௮ຎǖݛ࠳

WebGL ๟ᅃ༫௨ݯĂੵ平໼ڦ APIǈ໲ሞ HTML ዐᅜ 3D ࣼ཮ฉူ࿔ڦႚ๕ํ၄କ

OpenGL ES 2.0 对象ఇ႙（Document Object ModelǈDOM）থڗ࿔ڦ֫ڹǈժᅜీࠀڦ

口ڦႚ๕ॽਸ݀থ口ԓ୞؜ઠă໲๑ᆩ OpenGL ጣ෥ഗᇕჾ GLSL ESǈժ൐੗ᅜᇑᄻ面

ฉڦഄ໱ాඹ（੗ᅜڦ֫ݴႚ๕۠ेሞ 3D ࣼ཮൶ᇘڦฉݛईူݛ）࿮ފබࢇă໲׉ݥ

๢ᆌᇀ๑ᆩ JavaScript Պײᇕჾࠓॺڦ 3D Web ă׼બഗྜெኧ៓پༀᆌᆩǈժॽԥ၄ۯ

ኄ߲ۨᅭԈઔब߲ᄲۅǈူ面࿢்ઠݴ՚ຫ௽ă

• WebGL 是一套 API。໲ཚࡗᅃ༫ጆோڦ JavaScript Պײথ口ઠۙᆩǈփၟ HTML ఫᄣ

Քऻă3Dڦټ޹ᆶټ ៺කᇑ 2D ࣼ዆ཞᄣ๑ᆩ Canvas ᇮ໎ઠፕྺࣼ཮ฉူ࿔ǈਸ݀ኁ

ཚࡗ对 JavaScript API ᆩǈሞۙڦ Canvas ዐํ၄ 3D ాඹࣼڦ዆ă๚ํฉǈ对 WebGL
থ口ݡڦ࿚๟ཚࡗ၄ᆶ Canvas ᇮ໎ዐڦ 3D ጆᆩࣼ཮ฉူ࿔ઠํ၄ڦă

• WebGL 基于 OpenGL ES 2.0。OpenGL ES ๟׊৳ᅜઠڦ 3D ៺කՔጚ OpenGL ᅃ߲ڦ

๢ದݛӄăES ՗Đഴ෇๕ဣཥđ（embedded system）ǈኄ՗๖໲ጆᆩᇀၭ႙ऺ໙ยԢǈپ

ᆮഄ๟๮ऐࢅ平ӱۉసăOpenGL ES ๟ྺ iPhoneĂiPad ࢅ Android ๮ऐ༵ࠃ 3D ཮ႚ៺



WebGL：实时3D渲染   ｜   15

කీ૰ڦՔጚথ口ăWebGL ยऺኁ்ණྺǈएᇀڦ OpenGL ES ߸ၭڦᆘॲ቞ᆩଉǈ੗

ᅜ߸ݛՍࠃ༵ںᅃ༫ཥᅃڦĂੵ平໼ੵ៓બഗڦĂᆩᇀ Web ڦ 3D APIă

• WebGL 可以与其他 Web 页面元素相结合。WebGL ੗ᅜᅜڦ֫ݴႚ๕ዃᇀഄ໱ᄻ面ా

ඹڦฉݛईူݛă3D canvas ੗ᅜ቞਍ᄻ面ڦᅃևݴईኝ߲ᄻ面ǈ໲ᄺ੗ᅜԥԈࡤሞԥ

ยዃକ z-index ຌႠڦ <div> ᇮ໎ዐăኄᅪ࿆ጣే੗ᅜ๑ᆩ WebGL ઠࠓॺ 3D ཮ႚǈܸ

๑ᆩే໯ຄဒڦ HTML ༬Ⴀઠࠓॺഄ໱ᄻ面ᇮ໎ǈժॽ໲்（ཚ៓ࡗબഗ）࿮ފፇࢇ

ሞཞᅃ߲ᄻ面ฉቛ๖ߴᆩࢽă

• WebGL 为创建动态 Web 应用而生。WebGL ሞยऺײࡗዐ৽੊୯ڟକྪஏد๼ڦႴᄲă

໲๔ᇀ OpenGL ESǈڍ໲े෇କႹܠᇑ៓બഗ๢ದڦ༬Ⴀă໲๑ᆩ JavaScript Պႀǈժ

൐对 Web ăࡻᆷړխ၎د

• WebGL 是跨平台的。WebGL ੗ᅜሏႜሞඪᅪ֡ፕဣཥฉǈ࿮ஃ๟๮ऐĂ平ӱۉస࣏

๟໼๕ۉసă

• WebGL 是免费的。ኟස໯ᆶڦਸݣ Web ՔጚఫᄣǈWebGL ੗ᅜ௨ݯ๑ᆩăுᆶටࣷ

ᅺྺే๑ᆩକ WebGL ܸᄲ൱ేኧ޲Ӳ඄ݯᆩă

ChromeĂFirefoxĂSafari ᅜत Opera ׼ኧࢅሰኁ்ྺ݀ቛظڦ WebGL ཨ෇କዚڦܠጨᇸă

ઠጲኄၵ៓બഗਸ݀ፇײ߾ڦ฾்ཞᄣᄺ๟ WebGL ՔጚፇኯڦዘᄲׯᇵăWebGL Քጚڦ

݀ቛ৊ײ对 Khronos ၭፇڦඇ体ׯᇵਸݣǈཞ้ᄺᆶ对ࠅዚਸڦݣᆰॲፇăԨກ޹ڦ୤ዐ

ဦ႑တăၘڦጨᇸ࠲ഄ໱Քጚ၎ࢅକᆰॲፇࠃ༵

2.2　WebGL API
WebGL एᇀׯຄڦ཮ႚ APIĊĊOpenGLăWebGL ๔ᇀ 20 ๘ु 80 ౎پ఍೺ǈሞঢ়૦କઠ

ጲྲ෉ڦ DirectX କྺׯǈࢫ৪ኛྰၾڦ 3D ཮ႚՊײ࿮੗ኛᅱڦႜᄽՔጚă

ڦ໯ᆶڍ OpenGL ӲԨۼփ৑၎ཞăփཞ平໼ĊĊԈઔ໼๕ۉసĂۉ视ऐऐ࢈ۥĂ዇ీ๮

ऐᅜत平ӱۉసĊĊਏᆶփཞڦ༬Ⴀǈᅺُኍ对փཞ平໼ڦ OpenGL ӲԨᄺᆯُ݀ቛഐ

ઠăOpenGL ES ๟ኍ对ऐࢅ࢈ۥ዇ీ๮ऐኄૌၭ႙ยԢڦ OpenGL ӲԨǈᅺُǈ໲ྺׯକ

WebGL ႐ă໲ၭܸ৛ǈኄփৈᅪ࿆ጣ໲੗ᅜ኱থԥ៓બഗํ၄ǈ߸ᅪ࿆ጣփཞࢃ૙ၙڦ

៓બഗڦਸ݀ኁۼ੗ᅜݛ࢔Սںሞ៓બഗዐํ၄对 WebGL ሞᅃ੼៓બڥǈܸٗ๑׼ኧڦ

ഗዐՊႀ֪๬ڦ WebGL ᆌᆩ੗ᅜ኱থሏႜሞଷᅃ੼៓બഗዐă

WebGL ڥ৛േǈኄ๑׉ݥ WebGL ᆌᆩڦਸ݀ኁ்Ⴔᄲፔ߸߾ڦܠፕă3D ׇৠԨวփਏ

Ԣ DOM ঳ࠓ 3ǈᄺுᆶᇱิኧڦ׼ᆩᇀेሜबࢆ཮ႚڦࣃۯࢅ 3D ࿔ॲ߭๕Ǘأକब߲֫ڹ

ဣཥ๚ॲᅜྔǈ3D canvasڦ ժփਏԢాॺڦ๚ॲऐ዆（૩සǈۅేړऍׇৠዐڦగ߲࿿

体ࢪ้ڦǈኄ߲࿿体ժփࣷ݀ة຋Քۅऍ๚ॲ）ă对ᅃӯڦ Web ਸ݀ኁઠຫǈWebGL ᅪ࿆

ጣ۸ോڦბသ൸၍ࢅႹܠఔิ߁ڦ౒ă

ᆶႹܠਸᇸپڦஓੰ੗ᅜඟ WebGL ਸ݀Վڥփఫ஺ઓవǈኟස jQuery ई Prototype.js 对ᇀ

ཥد Web ਸ݀ڦᅪᅭఫᄣĊĊኄ߲ԲᇝईႹԲড֢ٚăሞথူઠڦबቤ࿢்ࣷၘဦ঻ถኄ

ጀ 3ǖ੗ᅜ૙঴ྺ 3D ׇৠዐ߲ڇڦ࿿体փਏԢڦ܀ڇ࿔ڗ঳ࠓǈनኝ߲ canvas ዐࣼڦ཮ాඹԥ视ྺᅃ߲ኝ

体ăĊĊᅳኁጀ
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ၵੰăփࡗ၄ሞ࿢்ံઠ०ڇକ঴ᅃူڦ֫ڹ WebGLǈ৑࠶ሞేڦၜణዐే੗ీփࣷᆶ

ऐࣷඁՊႀኄၵڦ֫ڹ WebGL ăڦتࡻ๟ᆶࡃ၄ऐ዆ǈጺํڦࢫକ঴ᅃူᆅ൤ԝڍஓǈپ

2.3　WebGL应用剖析

ຫڹڟǈWebGL ৽๟߲ࣼ཮ੰǈૌຼ 2D canvas ఫᄣǈ๟ԥ໯ᆶኧ׼ HTML5 બഗ໯៓ڦ

ኧڦ׼ଷᅃዖ canvasă๚ํฉǈWebGL ᄺ๑ᆩକ Canvas ᇮ໎ઠፕྺሞ៓બഗᄻ面ฉࣼ዆

3D ཮ႚڦඹഗă

ྺକሞᄻ面ዐ៺ක WebGLǈᅃ߲ᆌᆩ዁ณᆌړኴႜᅜူօየǖ

ॺᅃ߲ظ (1) Canvas ᇮ໎Ǘ

(2) इൽ Canvas ᇮ໎ዐࣼڦ཮ฉူ࿔Ǘ

视口Ǘࣅ๔؛ (3)

Ǘ؋࣐ڦ（ຕ਍ۅۥ๟׉ཚ）៺කຕ਍ځࡤԈ߲ܠॺᅃ߲ईظ (4)

ਈንǗڦሶࡀೡట੣क़ገ࣑ڟ؋࣐ۅۥᅭ߲ۨܠॺᅃ߲ईظ (5)

ጣ෥ഗǗڦ၄ࣼ዆໙݆ํ߲ܠॺᅃ߲ईظ (6)

(7) ๑ᆩ߳ၜ֖ຕ؛๔ࣅጣ෥ഗǗ

(8) ࣼ ዆ă

ူ面࿢்ᆩᅃၵ๖૩ઠຫ௽ኄ߲ୁײă

2.4　一个简单的WebGL示例

ྺକຫ௽ WebGL API Ⴞǈሞײڦڇ०׉ݥፕऐ዆ǈ࿢்ઠՊႀᅃ߲߾एԨڦ canvas ฉࣼ

዆ᅃ߲ӣ෥ኟݛႚă࿔ॲ Chapter 2/example2-1.html ዐᆶኄ߲๖૩ྜڦኝپஓǈࣼ዆঳ࡕ

ස཮ 2-1 ໯๖ă

图 2-1：使用 WebGL 绘制的一个正方形
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Ԩবٷևݴ๖૩ڦଳߌઠᇸᇀ Learning WebGL（http://learningwebgl.com/）

ฉڦੜײăLearning WebGL ᆯ Giles Thomas ǈۅጨᇸበڦ෥؜૬ǈ๟ᅃ߲ظ

໲༵ࠃକᅃဣଚბသ WebGL ᇀ࠲በ࣏ยᆶྪ޿ăײঞڦ WebGL ႎᆌᆩڦ

ዜ਽ǈ੗ࠃໜ้କ঴ WebGL ፌႎ݀ڦቛၠۯă

2.4.1　Canvas元素和WebGL绘图上下文

໯ᆶڦ WebGL ៺කิ݀ۼሞᅃ߲上下文（context）ዐǈኄ๟ᅃ߲༵ࠃକྜኝ WebGL API
ڦ DOM 对象ăኄ߲঳ࠓᇑ HTML5 Canvas ᇮ໎༵ࠃ 2D ࣼ཮ฉူ࿔ڦఇ๕၎ཞăၙᄲሞ

ᄻ面ዐ֭෇ WebGL ॺᅃ߲ظగ߲࿋ዃڦඹǈ๯ံႴᄲሞᄻ面ฉాڦ <canvas> Քധǈइൽ

ᇑഄ၎ڦ࠲ DOM 对象（੗ᅜ๑ᆩ document.getElementById()）ǈժइൽኄ߲ DOM 对象ڦ

WebGL ࣼ཮ฉူ࿔ă

૩ 2-1 ቛ๖କසٗࢆ canvas DOM ᇮ໎ዐइൽ WebGL ࣼ཮ฉူ࿔ăgetContext() ׼ኧ݆ݛ

ଇዖ՗๖ฉူ࿔ id "ຕǈ"2d֖زޙጴڦ ֖ຕᆩᇀइൽ 2D Canvas ࣼ཮ฉူ࿔（ሞڼ 7 ቤ঄

ຎ）ǈ"webgl" ई "experimental-webgl"（ড઻ӲԨ៓ڦબഗ）ᆩᇀइൽ WebGL ࣼ཮ฉူ

࿔ăႎ៓ڦબഗཞ้ग़ඹ "experimental-webgl" ࢅ "webgl" ֖ຕăሞ๖૩پஓዐ࿢்๑ᆩ

"experimental-webgl"ǈᅜඓԍ໲ీࠕग़ඹփཞӲԨڦኧ׼ WebGL બഗă៓ڦ

例 2-1：ٗ canvas ዐइൽ WebGL ࣼ཮ฉူ࿔

 function initWebGL(canvas) { 
 
    var gl = null; 
    var msg = "Your browser does not support WebGL, " + 
        "or it is not enabled by default."; 
    try 
    { 
        gl = canvas.getContext("experimental-webgl"); 
    }  
    catch (e)  
    { 
        msg = "Error creating WebGL Context!: " + e.toString(); 
    } 
 
    if (!gl)  
    { 
        alert(msg); 
        throw new Error(msg); 
    } 
 
    return gl;  
 }

ጀᅪ๖૩ዐڦ try/catch ዘᄲǈᅺྺగၵ៓બഗǈईኁగၵ׉ݥஓ੷ă໲پ

៓બഗڦ৹ӲԨժփኧ׼ WebGLăन๑៓બഗኧ׼ WebGLǈ៓બഗሏႜڦ

ᆘॲยԢᄺᆶ੗ీᆯᇀ໿৹ܸ࿮݆༵ࠃ WebGL ࣼ཮ฉူ࿔ăܸࠤฉຎॠ֪

ӄ（૩ස๑ᆩएᇀݛऐेሜইप้ڦړஓీӻዺేሞ๢پ 2D canvas ៺කڦ

ă؜ཽںӄ）ǈईኁ዁ณᆫჯݛ
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2.4.2　视口

ٗేړ canvas ዐइൽڟᅃ߲ WebGL ࣼ཮ฉူ࿔้ǈႴᄲۨᅭᅃ߲ࣼ዆൶ᇘڦਈႚՉহă

ሞ WebGL ዐǈኄ߲ਈႚՉহԥྺ׬视口（viewport）ăሞ WebGL ዐǈยዃ视口׉ݥ०ڇǈ

ኻႴۙᆩࣼ཮ฉူ࿔ڦ viewport() ǈኟස૩݆ݛ 2-2 ዐఫᄣă

例 2-2：ยዃ WebGL 视口

function initViewport(gl, canvas) 
{ 
    gl.viewport(0, 0, canvas.width, canvas.height); 
}

ጀᅪኄ૛ڦ gl 对象๟ᆯฉ面ۨᅭڦ initWebGL() ăሞኄ૛ǈ࿢்ॽኝ߲ڦׯຕิࡧ canvas
൶ᇘۨۼᅭྺ WebGL 视口ăڦ

2.4.3　缓冲、缓冲数组和类型化数组

၄ሞ࿢்ᅙঢ়ڟڥକࣼځڪ዆ڦ WebGL ࣼ཮ฉူ࿔ăڟణമྺኹǈ࿢்໯ፔڦ๚൧ࢅሞ

2D Canvas ฉࣼ዆཮ႚ໯ႴڦጚԢ߾ፕժுᆶٷܠ൶՚ă

WebGL एᇀ图元（primitive）৊ႜ཮ၟࣼ዆ă໯࿍཮ᇮǈ๟ኸփཞૌ႙ڦएԨबࢆ཮ႚă

WebGL ٪๑ᆩଇዖႚ๕׉཮ᇮૌ႙ǈཚڦᆩ׉၍ăෙঙႚ๟ፌࢅۅ཮ᇮԈઔෙঙႚĂڦ

ႚڦ三角形条带（triangle strip）4ă཮ᇮᅜຕፇࢅ（ෙঙႚڦئ٪ᅜຕፇႚ๕）ǖෙঙႚणئ

๕٪ئຕ਍ǈኄ߲ຕፇԥྺ׬缓冲（buffer）ǈࣼځ዆ۅۥڦຕ਍ሞ࣐؋ዐԥۨᅭă

૩ 2-3 ቛ๖କසྺࢆᅃ߲ڇ࿋（1ġ1）ኟݛႚظॺ؋࣐ۅۥăഄ঳ࡕሞᅃ߲Ԉ࣐ۅۥࡤ

ڦຕ਍؋ JavaScript 对象ዐ࣮ݓǈԈઔۅۥ঳܈׊ڦࠓ（ሞኄ߲๖૩ዐǈ՗๖ۅۥ xĂy
ࢅ z ኵڦ௅ፇຕ਍ᆩෙ߲ۅޝຕઠ٪ئ）ǈࣼځ዆ۅۥڦຕଉǈࣼ዆ኄ߲ኟݛႚ้໯๑ᆩ

ᅭକᅃፇ૶ۨټăᅃ߲ෙঙႚཉټ཮ᇮૌ႙ĊĊሞኄ߲๖૩ዐǈ࿢்๑ᆩକෙঙႚཉڦ

Ⴤڦෙঙႚǈമෙ߲ۅۥ՗๖ڼᅃ߲ෙঙႚǈࢫჄڦ௅߲ෙঙႚۼᇑമᅃ߲ෙঙႚࠌᆩ

ഄଇ߲ۅۥă

例 ຕ਍؋࣐ۅۥॺظ：2-3

 ຕ਍ۅۥႚݛኟڦॺᆩᇀࣼ዆ࠓ //
function createSquare(gl) { 
    var vertexBuffer; 
    vertexBuffer = gl.createBuffer(); 
    gl.bindBuffer(gl.ARRAY_BUFFER, vertexBuffer); 
    var verts = [ 
         .5,  .5,  0.0, 
        -.5,  .5,  0.0, 
         .5, -.5,  0.0, 
        -.5, -.5,  0.0 
    ]; 
    gl.bufferData(gl.ARRAY_BUFFER, new Float32Array(verts), gl.STATIC_DRAW); 
    var square = {buffer:vertexBuffer, vertSize:3, nVerts:4, 

ጀ 4ǖෙঙႚཉټ๟ᅃዖཚࡗዘް૧ᆩۅۥຕ਍ઠუ໫ຕ਍体ओݛئ٪ڦ๕ǈ࠲ᇀኄዖ٪ݛئ๕ǈ൩֖ቷྼ

एӥ੔َཉ http://en.wikipedia.org/wiki/Triangle_stripăĊĊᅳኁጀ
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        primtype:gl.TRIANGLE_STRIP}; 
    return square; 
}

ጀᅪૌ႙ Float32Arrayăኄ๟ᅃዖ៓બഗጆோྺ WebGL ᆅ෇ڦႎຕ਍ૌ႙ăFloat32Array

๟ᅃૌ缓冲数组（ArrayBuffer）ǈᄺྺ׬类型化数组（typed array）ă໲๟ᅃዖᅜܾ৊዆ݛ

๕٪ڦئ JavaScript ૌ႙ăే੗ᅜᆩᇑݡ࿚೵ཚຕፇ၎ཞݛڦ๕ઠݡ࿚ૌ႙ࣅຕፇǈݡڍ

࿚ૌ႙ࣅຕፇڦ໏܈߸੺ǈాڦݯࡼ٪ᄺ߸ၭăᆯᇀ๑ᆩܾ৊዆ຕ਍٪ئǈ໲்๟঴ਦ

Ⴀీ೟ৡڦ૙ၙ٪ݛئӄăૌ႙ࣅຕፇ੗ᅜԥ೵Փ๑ᆩ（փৈৈሞ WebGL ዐ）ǈڍ໲๟

ᅺ WebGL ֍ԥᆅ෇៓બഗڦă࿢்੗ᅜሞ Khronos ፇኯྪڦበ（https://www.khronos.org/
registry/typedarray/specs/latest/）ฉቴڟૌ႙ࣅຕፇڦፌႎݔࡀă

2.4.4　矩阵

ሞࣼ዆ኟݛႚኮമǈ࿢்๯ံᄲظॺᅃ对ਈንăᅃ߲ਈንᆩᇀۨᅭኟݛႚሞ 3D ፖՔဣཥ

ዐڦ࿋ዃ（၎对ᇀ၎ऐ）ǈኄ߲ਈንԥྺ׬模型 -视图矩阵（ModelView matrix）ǈᅺྺ໲

ཞ้Ԉࡤఇ႙ਈን（ఇ႙࿋ዃ）ࢅ视཮ਈን（၎ऐ࿋ዃ）ڦ႑တăሞ࿢்ڦ๖૩ዐǈ࿢

்ᄂጣ z ዡၠݛ޶对ኟݛႚ৊ႜକ平ᅎ（नॽ໲ᅎڟۯਐ૗၎ऐ -3.333 ںڦ܈׊࿋ڇ߲

投影矩阵（projection matrix）ǈጣ෥ഗ๑ᆩ໲ઠኴႜٗྺ׬ਈንԥ߲ܾڼ5ă（ݛ 3D ੣क़ፖ

Քڟ 2D 视口ࣼ዆੣क़ፖՔڦገ࣑ăሞኄ߲๖૩ዐǈཨᆖਈንۨᅭକᅃ߲ 45 ཪڦঙ视野܈

视၎ऐ（සྮేࡕକ๊஺๟ཪ视ཨᆖǈ൩࣮ࠥڼ 1 ቤ）ă

ሞ WebGL ዐǈਈንᅜૌ႙ຕፇႚ๕٪ڦئᅃፇຕጴઠ՗๖ă૩සᅃ߲ 4ġ4 ਈን๑ᆩ

ᅃ߲Ԉࡤ 16 ߲ᇮ໎ڦ Float32Array 对象ઠ՗๖ăྺକ߸ݛՍ؛ں๔ࣅਈንࢅ৊ႜਈን

ሏ໙ǈ࿢்ॽ๑ᆩᅃ߲ঢ glMatrix ਸᇸੰ（https://github.com/toji/gl-matrix）ǈኄ߲ੰڦ

ᆯ၄ඪ Google ڦ฾ײ߾ Brandon Jones Պႀăਈን؛๔پڦࣅஓස૩ 2-4 ໯๖ăglMatrix
ਈንཥᅃᅜڦ mat4 ૌ႙ઠ՗๖ǈཚࡧ׍߾ࡗຕ mat4.create() ઠظॺਈን对象ăࡧຕ

initMatrices() ॺକఇ႙ظ - 视཮ਈንࢅཨᆖਈንǈժᆩඇਆՎଉ modelViewMatrix ࢅ

projectionMatrix ઠ٪ئኄଇ߲ਈንă

例 ఇ႙ࢅཨᆖਈንࣅ๔؛：2-4 -视཮ਈን

var projectionMatrix, modelViewMatrix; 
 
function initMatrices(canvas) 
{ 
 ၎ऐڦᅃ߲࿋ᇀ(0, 0, -3.333)ࡤॺᅃ߲ఇ႙-视཮ਈንǈԈظ //    
    modelViewMatrix = mat4.create(); 
    mat4.translate(modelViewMatrix, modelViewMatrix, [0, 0, -3.333]); 
 
 ཨᆖਈንڦঙ视野܈ॺᅃ߲45ظ //    
    projectionMatrix = mat4.create(); 
    mat4.perspective(projectionMatrix, Math.PI / 4, 
        canvas.width / canvas.height, 1, 10000); 
}

ጀ 5ǖ ሞ 3D ཮ႚت૙ዐǈړ၎ऐڦ࿋ዃԥᅎ้ۯǈײႾํा৊ႜتڦ૙๟ߵ਍ړമۨᅭڦ၎ऐ࿋ዃඁ对ኝ

ׇ߲ৠ৊ႜ平ᅎǈ૩ස၎ऐ࿋ᇀ [0, 0, 3] ࿋ዃ้ǈํ ाฉࣷԥت૙ྺኝׇ߲ৠ৊ႜକ [0, 0, -3] 平ᅎăڦ

ĊĊᅳኁጀ
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2.4.5　着色器

ׇৠࣼ዆ڦጚԢ߾ፕᅙঢ়ֶփܠକăথူઠ࿢்ᄲ৊ႜ዁࠲ዘᄲ؛ڦ๔࣍ࣅবǖጣ෥ഗă

ኟසံമ໯༵ڦࡗڟǈጣ෥ഗ๟ᅃ܎๑ᆩ GLSL（ᅃዖૌ C Ⴞǈײ܌०ڦपᇕჾ）Պႀߛڦ

໲ۨᅭକ 3D 对象ํۅ໎ၟڦाࣼ዆ڟೡటฉݛڦ๕ăWebGL ᄲ൱ਸ݀ኁྺ௅߲ࣼځ዆ڦ

对象༵ࠃᅃ߲ጣ෥ഗăᅃ߲ጣ෥ഗ੗ᅜᆌᆩᇀ߲ܠ对象ǈᅺُሞํाᆌᆩዐǈኝׇ߲ৠཚ

ႚጒฉްᆩ໲ăࢆबڦຕǈ੗ᅜሞփཞ֖ڦยዃփཞࡗጣ෥ഗăཚڦᅃ߲ཥᅃࠃኻႴ༵׉

ᅃ߲ጣ෥ഗཚ׉ᆯଇ߲ևݴፇׯǖ顶点着色器（vertex shader）ࢅ片段着色器（fragment 
shaderǈᆼ׬ pixel shaderǈၟ໎ጣ෥ഗ）ăۅۥጣ෥ഗ޶ሴॽ࿿体ڦፖՔገ࣑ྺ 2D ၂๖൶

ᇘዐڦፖՔǗೌ܎ጣ෥ഗ޶ሴऺ໙ገ࣑ڦ໎ၟۅۥڦࡻፌዕჿ෥๼؜ǈഄएᇀჿ෥Ă࿖

૙Ă࠼ቷĂ֌ዊڪຕኵ๼෇ă࿢்०ڇ๖૩ዐۅۥڦጣ෥ഗԈۅۥࡤ࿋ዃ vertexPosĂఇ

႙ - 视཮ਈን modelViewMatrix ᅜतཨᆖਈን projectionMatrix ຕኵǈኄၵຕኵᇑ๼෇ڦ

ຕኵ঳ऺࢇ໙ǈࠓॺ؜ፌዕڦĂ平ᅎۅۥڦࡻຕ਍ǈܸೌ܎ጣ෥ഗሶ०ںڇ๼؜ยۨڦࡻ

ӣ෥ă

ሞ WebGL ዐǈ؛๔ࣅጣ෥ഗႴᄲ৊ႜᅃဣଚօየǈԈઔॽ܀૬ڦ GLSL ᇸپஓೌ܎Պᅳ

ᅃഐժॺ૬૾থă૩ڟ 2-5 ଚ؜କጣ෥ഗپஓǈඟ࿢்ઠཚ܁ኄپ܎ஓă๯ံۨᅭᅃ߲ޤ

ዺࡧຕ createShader()ǈኄ߲ࡧຕۙᆩ WebGL ጣ෥܎ೌࢅጣ෥ഗۅۥઠՊᅳ݆ݛڦࠃ༵

ഗڦᇸپஓă

例 2-5：ጣ෥ഗپஓ

    function createShader(gl, str, type) { 
    var shader; 
    if (type == "fragment") { 
        shader = gl.createShader(gl.FRAGMENT_SHADER); 
    } else if (type == "vertex") { 
        shader = gl.createShader(gl.VERTEX_SHADER); 
    } else { 
        return null; 
    } 
 
    gl.shaderSource(shader, str); 
    gl.compileShader(shader); 
 
    if (!gl.getShaderParameter(shader, gl.COMPILE_STATUS)) { 
        alert(gl.getShaderInfoLog(shader)); 
        return null; 
    } 
 
    return shader; 
}

GLSL ᇸپஓᅜ JavaScript ጴڦزޙႚ๕ۨᅭǈ٪ئሞඇਆՎଉ vertexShaderSource ࢅ

fragmentShaderSource ዐǖ

    var vertexShaderSource = 
 
        "    attribute vec3 vertexPos;\n" + 
        "    uniform mat4 modelViewMatrix;\n" + 
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        "    uniform mat4 projectionMatrix;\n" + 
        "    void main(void) {\n" + 
 + "ኵ\nۅۥڦՎ࣑ࢅཨᆖࡗঢ়࣮ݓ //        "        
        "        gl_Position = projectionMatrix * modelViewMatrix * \n" + 
        "            vec4(vertexPos, 1.0);\n" + 
        "    }\n"; 
 
    var fragmentShaderSource = 
        "    void main(void) {\n" + 
 + "ӣ෥\n؜ჿ෥ǖ๔ዕ๼ڦۅ໎ၟ࣮ݓ //    "        
        "    gl_FragColor = vec4(1.0, 1.0, 1.0, 1.0);\n" + 
        "}\n";

GLSL ڦሞඇਆՎଉዐئ٪ஓᆯپ JavaScript ጴࠃ༵زޙăኄᆶۅ༪ᄋǈᅺ

ྺ࿢்փڥփᆩेࡽઠ૶থփཞႜǈઠԍኤپஓ߭๕ăፕྺ༺ݛپӄǈ࿢்

੗ᅜ֑ᆩံሞྔև࿔Ԩ࿔ॲዐۨᅭጣ෥ഗǈ඗ࢫᆩ Ajax ๕ઠेሜኄ߲ݛڦ

࿔ॲăईኁ࿢்ᄺ੗ᅜظॺᆆ֠ڦ DOM বۅǈ඗ࢫӝپஓႀሞ DOM বۅ

ႚڦڇஓዐ๑ᆩକኄዖፌ०پ࿔ԨాඹዐăྺକՍᇀຫ௽ǈ࿢்ሞ๖૩ڦ

๕ăړኈኟՊႀپஓࢪ้ڦǈే੗ᅜ჋ስഄ໱߸ᆫჯݛڦ๕ă

ǈ࿢்ႴᄲۙᆩׯԥՊᅳྜݴև߲߳ڦጣ෥ഗړ WebGL ዐڦ gl.createProgram()Ă

gl.attachShader() ᅜत gl.linkProgram() ࿢்ႴᄲࢫႾዐăໜײ܎ཞᅃڟॽ໲்૾থ݆ݛ

ۙᆩ gl.getAttribLocation() ࢅ gl.getUniformLocation() ຕइൽࡧ GLSL ߳ڦႾዐۨᅭײ

߲Վଉڦਔդǈܸٗ੗ᅜᆩ JavaScript ዐۨᅭڦຕኵઠ؛๔ࣅኄၵՎଉă6 initShader() ࡧ

ຕۨڦᅭසူǖ

        var shaderProgram, shaderVertexPositionAttribute, 
            shaderProjectionMatrixUniform, 
            shaderModelViewMatrixUniform; 
 
        function initShader(gl) { 
 
            // ेሜժՊᅳೌۅۥࢅ܎ጣ෥ഗ 
            var fragmentShader = createShader(gl, fragmentShaderSource, 
                "fragment"); 
            var vertexShader = createShader(gl, vertexShaderSource, 
                "vertex"); 
 
            // ॽ໲்૾থڟᅃ܎ႎײڦႾዐ 
            shaderProgram = gl.createProgram(); 
            gl.attachShader(shaderProgram, vertexShader); 
            gl.attachShader(shaderProgram, fragmentShader); 
            gl.linkProgram(shaderProgram); 
 
            // इൽኸၠጣ෥ഗ֖ຕڦኸኍ 
            shaderVertexPositionAttribute = 
                gl.getAttribLocation(shaderProgram, "vertexPos"); 

ጀ 6ǖኄ૛௮ຎڦ๟ॽ GLSL ዐڦՎଉገ࣑ྺ JavaScript Վଉײࡗڦǈٗ ܸ๑ڥ JavaScript ੗ᅜၠ GLSL Վڦ

ଉጀ෇ᅃၵದዃ֖ຕăĊĊᅳኁጀ
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            gl.enableVertexAttribArray(shaderVertexPositionAttribute); 
 
            shaderProjectionMatrixUniform = 
               gl.getUniformLocation(shaderProgram, "projectionMatrix"); 
            shaderModelViewMatrixUniform = 
               gl.getUniformLocation(shaderProgram, "modelViewMatrix"); 
 
 
            if (!gl.getProgramParameter(shaderProgram, 
                gl.LINK_STATUS)) { 
                alert("Could not initialise shaders"); 
            }  
        }

2.4.6　绘制图元

၄ሞǈ࿢்ᅙঢ়ྺࣼ዆ኟݛႚፔࡻକඇևڦጚԢ߾ፕĊĊ࿢்ظॺକࣼ཮ฉူ࿔Ǘยዃକ

视口Ǘ؋࣐ۅۥĂਈንࢅጣ෥ഗᄺۼᅙظॺ؛ࢅ๔ࣅăူ面࿢்ۨᅭᅃ߲ࡧຕ draw()ǈᆩ

໲ઠࣼ዆࿢்ሞฉ࿔ዐቛ๖ڦࡗఫ߲ኟݛႚăඟ࿢்ઠཚ܁ኄ߲ࡧຕă

๯ံǈdraw() ݆ݛքǈࣃ๕ൣ੣କኝ߲ݛڦ؊෥ԝৠག࢒ຕᅜࡧ gl.clearColor() ॽ࢒෥

ยྺړമࣃքڦĐൣ੣đჿ෥ăኄ߲݆ݛၻ຺֖߲ټຕǈݴ՚پ՗ RGBA（RedĂGreenĂ

BlueĂAlpha）ჿ෥ݴ຺߲ڦଉăጀᅪ WebGL ڦ RGBA ኵ๟ᆩ 0.0 ڟ 1.0 ຕઠۅޝڦྷݔ

՗๖ڦ（ኄᇑᆩ 0~255 ڦኝຕ՗๖ڦ Web ჿ෥ኵփᅃᄣǈ૩සሞ CSS ዐ）ăgl.clear()

๑ᆩۨᅭڦĐൣ੣đჿ෥ઠĐൣ੣đWebGL 颜色缓冲（color buffer）ǈन GPU ၂٪ዐᆩ

ᇀ៺කೡటฉၟ໎ڦۅ൶ᇘă7ǷWebGL ๑ᆩܠዖૌ႙ڦ缓冲（buffer）ઠ৊ႜࣼ዆ǈԈઔ

ჿ෥࣐ࢅ؋ᆩᇀศ֪܈๬ڦ深度缓冲（depth buffer）ă࠲ᇀศ؋࣐܈ǈ࿢்ॽሞူᅃবᇎ

ᅜຫ௽ăǹ

ഄْǈdraw() ࡗǈยۨକ཮ᇮࣼ዆؋࣐ڦ཮ฉူ࿔ࣼڟຕ਍ӿۨ؋࣐ۅۥڦႚݛຕॽኟࡧ

૴ă࠲ڦਈንᇑጣ෥ഗኮक़ࢅຕ਍؋࣐ۅۥጣ෥ഗǈժॺ૬ڦዐॽᄲ๑ᆩײ

ፌࢫǈ࿢்ۙᆩ WebGL ڦ drawArrays() ႚăWebGLݛຕઠࣼ዆ኄ߲ኟࡧ ཚدࡗ෇ڦ཮ᇮ

ૌ႙֖ຕࢅ཮ᇮۅۥڦຕଉ֖ຕǈժ঳ࢇኮമᇨยڦഄ໱ຌႠ（ۅۥĂਈንĂጣ෥ഗ）ઠ

ă૩ࡕ዆঳ࣼڦፌዕڟڥ 2-6 ቛ๖କኝ߲ୁײă

例 2-6：ࣼ዆پஓ

function draw(gl, obj) { 
 
    // ൣ੣ԝৠ（๑ᆩ࢒෥ག؊） 
    gl.clearColor(0.0, 0.0, 0.0, 1.0); 
    gl.clear(gl.COLOR_BUFFER_BIT); 
 
    // ยዃࣼځ዆؋࣐ۅۥڦ 
    gl.bindBuffer(gl.ARRAY_BUFFER, obj.buffer); 
 
    // ยዃځᆩڦጣ෥ഗ 
    gl.useProgram(shaderProgram); 

ጀ 7ǖኸॽჿ෥࣐؋ዐڦ໯ᆶጴবۼยྺኸۨڦĐൣ੣đჿ෥ăĊĊᅳኁጀ
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    // ॺ૬ጣ෥ഗ֖ຕኮक़࠲ڦ૴ۥǖ  ཨᆖ/ఇ႙ਈንࢅۅ
    gl.vertexAttribPointer(shaderVertexPositionAttribute, 
        obj.vertSize, gl.FLOAT, false, 0, 0); 
    gl.uniformMatrix4fv(shaderProjectionMatrixUniform, false, 
        projectionMatrix); 
    gl.uniformMatrix4fv(shaderModelViewMatrixUniform, false, 
        modelViewMatrix); 
 
    // ࣼ዆࿿体 
    gl.drawArrays(obj.primtype, 0, obj.nVerts); 
 }

ዕᇀǈ࿢்ྜׯକኝ߲ࣼ዆ୁײăײႾኴႜڦ঳ࡕ๟ᅃ߲ࣼ዆ሞ࢒෥ԝৠฉڦӣ෥ኟݛ

ႚǈසኮമ཮ 2-1 ໯๖ڦఫᄣă

2.5　创建3D几何体

ฉ面ࣼ዆ڦኟݛႚ๟ᅃ߲৑੗ీ०ڦڇ WebGL ๖૩ă၂඗໲փሹ஺ీᆅഐేڦ႗඀ǈฯ

዁࣏փ๟ 3D ႚǈ࿢்ᅙঢ়Պႀକॽ近ݛକࣼ዆ኄ߲ኟྺ࠶ĊĊ৑ڦ 200 ႜپஓăܸํ၄

ཞᄣၳڦࡕ 2D Canvas ࣼ዆پஓܠۥኻႴ 30 ႜፑᆸăሞኄᅃۅฉǈWebGL ၎对ഄ໱ࣼ཮

API ுᆶ၂๖؜ᆫ๞ăڍ՚ጣथǈ၄ሞ࿢்ઠᆩ WebGL ፔᅃၵᆶ඀ڦ๚൧ĊĊኈኟڦ 3D
ࣼ཮ăྺକڟڥᅃ߲Ԉࡤփཞჿ෥ڦ 3D ૬ݛ体ǈ࿢்Ⴔᄲሞኟݛႚڦएإฉेᅃၵ၍ཉǈ

ྺُ࿢்ॽ对ጣ෥ഗࣼࢅ཮ࡧຕፔᅃၵၭۯ߀ă࿢்࣏ᄲྺኄ߲૬ݛ体ेฉᅃ߲०ۯڦڇ

໲ă཮ִ࠵ඁ܈ǈᅜՍ߲ٗ߳ঙࣃ 2-2 ቛ๖କᅃ߲჉ገዐ૬ݛ体ڦೡటপ཮ă

图 2-2：一个包含不同颜色的立方体
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ྺକظॺࢅ៺කኄ߲૬ݛ体ǈ࿢்ॽ߀৊ኮമڦ๖૩پஓă๯ံǈ࿢்ॽᆩᇀظॺኟݛႚ

ڦຕ਍ăഄْǈ࿢்ॽ๑ᆩᇑኮമփཞ؋࣐ڦ体ݛॺ૬ظᆩᇀྺ߀ຕ਍؋࣐ڦ WebGL ࡧ

ຕઠኴႜࣼ዆ײࡗă࿔ॲ Chapter 2/example2-2.html ዐԈࣼࡤ዆૬ݛ体ྜڦኝپஓă

૩ 2-7 ቛ๖କ૬ݛ体؋࣐ڦยዃײࡗǈ໲Բࣼ዆ኟݛႚپڦஓᄲްሗᅃၵă૬ݛ体ᆶ߸ܠ

ຕ਍ǈժॽ໲؋࣐ۅۥॺظჿ෥ă๯ံǈ࿢்ڦ面ยዃփཞڦǈժ൐࿢்ॽྺփཞۅۥڦ

ሞՎଉئ٪ vertexBuffer ዐă

例 ஓپڦ؋໭ᆅ࣐ࢅ体Ăჿ෥ݛ૬ࣅ๔؛：2-7

// ྺ֒෥ڦ૬ݛ体ࠓॺۅۥĂჿ෥ࢅ໭ᆅຕ਍ 
function createCube(gl) { 
 
 ຕ਍ۅۥ //    
    var vertexBuffer; 
    vertexBuffer = gl.createBuffer(); 
    gl.bindBuffer(gl.ARRAY_BUFFER, vertexBuffer); 
    var verts = [ 
       // ኟ面 
       -1.0, -1.0,  1.0, 
        1.0, -1.0,  1.0, 
        1.0,  1.0,  1.0, 
       -1.0,  1.0,  1.0, 
 
       // ԝ面 
       -1.0, -1.0, -1.0, 
       -1.0,  1.0, -1.0, 
        1.0,  1.0, -1.0, 
        1.0, -1.0, -1.0, 
 
 面ۥ //       
       -1.0,  1.0, -1.0, 
       -1.0,  1.0,  1.0, 
        1.0,  1.0,  1.0, 
        1.0,  1.0, -1.0, 
 
 面ڹ //       
       -1.0, -1.0, -1.0, 
        1.0, -1.0, -1.0, 
        1.0, -1.0,  1.0, 
       -1.0, -1.0,  1.0, 
 
       // ᆸ面 
        1.0, -1.0, -1.0, 
        1.0,  1.0, -1.0, 
        1.0,  1.0,  1.0, 
        1.0, -1.0,  1.0, 
 
       // ፑ面 
       -1.0, -1.0, -1.0, 
       -1.0, -1.0,  1.0, 
       -1.0,  1.0,  1.0, 
       -1.0,  1.0, -1.0 
       ]; 
    gl.bufferData(gl.ARRAY_BUFFER, new Float32Array(verts), gl.STATIC_DRAW);
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ഄْǈظॺჿ෥ຕ਍ǈྺ௅߲ۅۥยዃᅃ຺߲ᇮ෥ǈժॽഄ٪ئሞՎଉ colorBuffer ዐă

faceColors ຕፇዐ๟ᅃဣଚۨᅭڦࡻ RGBA ჿ෥ኵă

        // ჿ෥ຕ਍ 
        var colorBuffer = gl.createBuffer(); 
        gl.bindBuffer(gl.ARRAY_BUFFER, colorBuffer); 
        var faceColors = [ 
            [1.0, 0.0, 0.0, 1.0], // ኟ面 
            [0.0, 1.0, 0.0, 1.0], // ԝ面 
 面ۥ // ,[1.0 ,1.0 ,0.0 ,0.0]            
 面ڹ // ,[1.0 ,0.0 ,1.0 ,1.0]            
            [1.0, 0.0, 1.0, 1.0], // ᆸ面 
            [0.0, 1.0, 1.0, 1.0]  // ፑ面 
        ]; 
        var vertexColors = []; 
        for (var i in faceColors) { 
            var color = faceColors[i]; 
            for (var j=0; j < 4; j++) { 
                vertexColors = vertexColors.concat(color); 
            } 
        } 
        gl.bufferData(gl.ARRAY_BUFFER, new Float32Array(vertexColors), 
            gl.STATIC_DRAW);

ፌࢫǈ࿢்ᄲظॺᅃૌႎ႙؋࣐ڦĊĊ索引缓冲（index buffer）ǈᆩᇀ٪ۅۥئຕ਍ڦ໭

ᆅă࿢்ॽኄၵຕ਍٪ئሞՎଉ cubeIndexBuffer ዐăኮ໯ᅜኄ૛ᄣፔǈ๟ᅺྺ࿢்ॽሞ

߸ႎڦࡗ draw() ૙ᆯڦෙঙႚăኄᄣፔڦԨวઠۨᅭ໯ᆶۅۥݥण໭ᆅܸۅۥຕዐ๑ᆩࡧ

๟ǖ3D बࢆ཮ႚྫྫپ՗କ૶ჄހԿڦ൶ᇘǈ׉׉ۅۥ߲ڇᆯ߲ܠෙঙႚࠌၛǈܸ໭ᆅ

৆ٙăे߸ئ٪Ն௨ຕ਍ዘްǈସຕ਍ࠕీ؋࣐

        // ໭ᆅຕ਍（ۨᅭࣼځ዆ڦෙঙႚ） 
        var cubeIndexBuffer = gl.createBuffer(); 
        gl.bindBuffer(gl.ELEMENT_ARRAY_BUFFER, cubeIndexBuffer); 
        var cubeIndices = [ 
            0, 1, 2,      0, 2, 3,    // ኟ面 
            4, 5, 6,      4, 6, 7,    // ԝ面 
 面ۥ //  ,11 ,10 ,8     ,10 ,9 ,8            
 面ڹ // ,15 ,14 ,12   ,14 ,13 ,12            
            16, 17, 18,   16, 18, 19, // ᆸ面 
            20, 21, 22,   20, 22, 23  // ፑ面 
        ]; 
        gl.bufferData(gl.ELEMENT_ARRAY_BUFFER, new Uint16Array(cubeIndices), 
            gl.STATIC_DRAW); 
 
        var cube = {buffer:vertexBuffer, colorBuffer:colorBuffer, 
            indices:cubeIndexBuffer, 
                vertSize:3, nVerts:24, colorSize:4, nColors: 24, nIndices:36, 
                primtype:gl.TRIANGLES}; 
        return cube; 
    }

ྺକࣼ዆૬ݛ体ڦჿ෥ǈኄၵჿ෥ՂႷԥߴڿدጣ෥ഗă૩ 2-8 ቛ๖କ߀৊ڦࢫጣ෥ഗپ

ஓăጀᅪेٚپڦஓႜǖ࿢்ำ௽କᅃ߲پ՗ۅۥჿ෥ڦຌႠăُྔ࿢்࣏Ⴔᄲำ௽ᅃ߲
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GLSL ዐڦ varying ՎଉĊĊvColorǈ໲ᆩᇀॽ௅߲ڦۅۥჿ෥႑တٗۅۥጣ෥ഗڟڿد

ڦຕ਍ۅۥ߀߸ժփደ߲ڦࡗ၄؜ጣ෥ഗăᇑኮമ܎ೌ uniform Վଉ（૩ස࿢்ራံ༪ஃ

ਈን）փཞǈvaryingڦ Վଉپ՗ጣ෥ഗࣷྺ௅߲ۅۥደ߲๼؜փཞڦኵăሞኄ߲๖૩ዐǈ

࿢்ॽ٪ئሞ vertexColor Վଉዐڦჿ෥࣐؋ຕ਍๼෇ڟՎଉ vColor ዐăೌ܎ጣ෥ഗ኱থ

๼؜ vColor ዐڦᇱ๔ჿ෥ኵă

例 2-8：ᆩᇀ៺කټჿ෥ኟݛ体ڦጣ෥ഗپஓ

 var vertexShaderSource = 
 
    "    attribute vec3 vertexPos;\n" + 
    "    attribute vec4 vertexColor;\n" + 
    "    uniform mat4 modelViewMatrix;\n" +  
    "    uniform mat4 projectionMatrix;\n" + 
    "    varying vec4 vColor;\n" + 
    "    void main(void) {\n" + 
 + "ኵ\nۅۥڦཨᆖࢅՎ࣑ࡗঢ়࣮ݓ //        "    
    "        gl_Position = projectionMatrix * modelViewMatrix * \n" + 
    "            vec4(vertexPos, 1.0);\n" + 
    "        // Output the vertexColor in vColor\n" + 
    "        vColor = vertexColor;\n" + 
    "    }\n"; 
 
var fragmentShaderSource = 
    "    precision mediump float;\n" + 
    "    varying vec4 vColor;\n" + 
    "    void main(void) {\n" + 
 + "ӣ෥\n؜ჿ෥ǖ๔ዕ๼ۅ໎ၟ࣮ݓ //    "    
    "    gl_FragColor = vColor;\n" + 
    "}\n";

සࡕৈৈᆩᇀยዃڇᅃڦჿ෥ǈኄپ܎ஓੂഐઠᄺႹᆶࡗۅᇀްሗăڍᅃ߲

ްሗڦጣ෥ഗĊĊ૩සᅃ߲ํ၄କ࠼ቷఇ႙ڦጣ෥ഗǈईኁᅃ߲ํ၄କ֥

ፌዕ෥֒ኮമǈࣷ对؜ĊĊሞ๼ڪڪጣ෥ഗǈڦༀ࿖૙ۯĂ຤面ں vColor

৊ႜႹڦྔܮܠሏ໙ت૙ă࿮ᅑǈጣ෥ഗ༵ࠃକഽڦٷ视ਥీ૰ǈڍ๟ኟස

Ben Parker ăٷǈሴඪሁٷఁჾ໯ຎĊĊీ૰ሁڦ

၄ሞ࿢்ਸ๔Պႀᆩᇀࣼ዆پڦஓǈස૩ 2-9 ໯๖ăྺକࣼ዆Բኟݛႚ߸ྺްሗڦ૬ݛ体ǈ

࿢்Ⴔᄲፔᅃၵփཞڦ๚ă๖૩پஓዐेٚڦևݴՔ௽କኄၵۯ߀ă๯ံǈ࿢்ᄲਸഔศ

ڥ๬ǈ๑֪܈ WebGL ੗ᅜӀศ܈ಇႾઠࣼ዆ 3D ࿿体ăޏሶǈWebGL ॽ࿮݆ԍኤॽĐሞ

മݛđڦ面Ӏቷ࿢்ڦᇨ೺ࣼ዆ሞഄ໱面ڦമݛǈĐമݛđࢅĐݛࢫđڦ面ࣷंၫሞᅃഐă

（ස࠲ੂੂၙࡕԿศ֪܈๬ࣷ݀ิ๊஺๚ǈኻႴጀ๥ۖఫႜپஓăేධ඗ࣷੂڟ૬ݛ体ڦ

ևݴ面ǈڍփྜኝă）

ഄْǈ࿢்ᄲॽኮമᅙঢ়ሞ createCube() ཮ฉူࣼڟӿۨ؋໭ᆅ࣐ࢅჿ෥ڦࡻॺظຕዐࡧ

࿔؋࣐ڦăፌࢫǈ࿢்ۙᆩ WebGL ݆ݛ gl.drawElements() ܸփ๟ gl.drawArray() ઠࣼ዆

ᆩ໭ᆅ࣐؋ઠ՗๖ڦ཮ᇮ႑တă
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例 ஓپ体ࣼ዆ݛ૬ڦࢫ߀߸：2-9

function draw(gl, obj) { 
 
    // ൣ੣ԝৠ（๑ᆩ࢒෥ག؊） 
    gl.clearColor(0.0, 0.0, 0.0, 1.0);  
    gl.enable(gl.DEPTH_TEST);  
    gl.clear(gl.COLOR_BUFFER_BIT  | gl.DEPTH_BUFFER_BIT); 
 
    // ยዃځᆩڦጣ෥ഗ 
    gl.useProgram(shaderProgram); 
 
     // ॺ૬ጣ෥ഗ֖ຕኮक़࠲ڦ૴ۥǖ  ཨᆖ/ఇ႙ਈንࢅۅ
     // ยዃ࣐؋ 
    gl.bindBuffer(gl.ARRAY_BUFFER, obj.buffer); 
    gl.vertexAttribPointer(shaderVertexPositionAttribute, 
        obj.vertSize, gl.FLOAT, false, 0, 0); 
    gl.bindBuffer(gl.ARRAY_BUFFER, obj.colorBuffer); 
    gl.vertexAttribPointer(shaderVertexColorAttribute, 
        obj.colorSize, gl.FLOAT, false, 0, 0); 
    gl.bindBuffer(gl.ELEMENT_ARRAY_BUFFER, obj.indices); 
 
    gl.uniformMatrix4fv(shaderProjectionMatrixUniform, false, 
        projectionMatrix); 
    gl.uniformMatrix4fv(shaderModelViewMatrixUniform, false, 
        modelViewMatrix); 
 
    // ࣼ዆࿿体 
    gl.drawElements(obj.primtype, obj.nIndices, gl.UNSIGNED_SHORT, 0); 
}

2.6　添加动画

සࡕထྭੂڟ૬ݛ体ڦ 3D ڦփ๟ᅃ߲ৢኹܸࡕၳ 2D ཮ၟǈ࿢்Ⴔᄲඟ໲ۯഐઠă၄ሞǈ

࿢்ઠྺኄ߲૬ݛ体ཁेᅃ߲ජፖՔዡ჉ገڦ०ࣃۯڇăپڦࣃۯஓස૩ 2-10 ໯๖ăሞࡧ

ຕ animate() ዐǈ૬ݛ体ᅜ࿵௱ዓྺዜ೺ྷජᇨံۨᅭڦ჉ገዡ rotationAxis ჉ገă

animate() ᆯ ଷ ᅃ ߲ ࡧ ຕ run() თ ࣍ ۙ ᆩǈ ໲ ۙ ᆩ ᅃ ߲ ႎ ڦ ៓ બ ഗ ࡧ ຕ

requestAnimationFrame() ઠ׼Ⴤൻࣃۯۯăኄ߲ࡧຕሞ௅ْ៓બഗዘࣼᄻ面ۙࢪ้ڦ

ൽᅃ߲࣮ۙࡧຕă（࠲ᇀኄ߲ࡧຕᅜतഄ໱ࣃۯ၎ڦ࠲रຍǈࢫჄڦቤব૛ᆶ߸ၘဦ

ຫ௽ă）௅ْڦ animate() ࡧ޿ฉᅃْۙᆩࢅമ้क़ړ໙ऺࣷۼǈ໲ࢪ้ڦຕԥۙᆩࡧ

ຕ้ڦक़ኮक़ֶڦኵǈժॽഄ٪ئሞՎଉ deltat ዐǈ඗ߵࢫ਍໲ऺ໙؜ፕᆩᇀਈን

Վଉ modelViewMatrix ජ܈໏ڦ体ᅜ௅࿵௱ᅃංݛ๟૬ࡕ঳ڦஓኴႜپă܈჉ገঙڦ

rotationAxis ჉ገă

例 2-10：ྺ૬ݛ体ཁेࣃۯ

var duration = 5000; // ࡹ௱(ms) 
var currentTime = Date.now(); 
function animate() { 
    var now = Date.now(); 
    var deltat = now - currentTime; 
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    currentTime = now; 
    var fract = deltat / duration; 
    var angle = Math.PI * 2 * fract; 
    mat4.rotate(modelViewMatrix, modelViewMatrix, angle, rotationAxis); 
} 
 
function run(gl, cube) { 
 
    requestAnimationFrame(function() { run(gl, cube); }); 
    draw(gl, cube); 
    animate(); 
}

2.7　使用纹理映射

࿖૙ᆙพ๟࿢்ሞԨቤᄲბသڦፌࢫᅃ߲ WebGL API ༬Ⴀă纹理映射（texture map）ǈई

०׬纹理ǈ๟ኸޮ߃बࢆ体՗面၂๖ڦ࿋཮ăWebGL ዐ๑ᆩ Image DOM ᇮ໎ፕྺ࿖૙ຕ

਍ڦᇸǈኄ՗๖ǈኻႴ०߀߸ںڇ Image ᇮ໎ڦ src ຌႠǈే৽੗ᅜॽ Web ཮ၟ߭๕ǈ૩

ස JPEG ࢅ PNGǈፕྺ WebGL ཌྷ཮କă

WebGL ࿖૙ժփᅃۨᄲᅜ཮ၟ࿔ॲྺᇸઠࠓॺă2D canvas ᇮ໎ᄺ੗ᅜፕྺ

࿖૙ڦᇸǈ૧ᆩኄ߲༬Ⴀǈ࿢்੗ᅜ๑ᆩ 2D Canvas ࣼ཮ API ሞ 3D ࿿体ڦ

՗面ࣼ዆཮ӄǗ࿖૙ฯ዁࣏੗ᅜᅜ Vedio ᇮ໎ፕྺᇸઠࠓॺǈᅺُే੗ᅜሞ

ᅃ߲ 3D ࿿体ڦ՗面խݣ视ೕă࠲ᇀۯༀ࿖૙ీڦ૰ǈሞڼ 11 ቤᆶ߸ၘဦڦ

ຫ௽ă

࿢்ॽമ面ڦ჉ገ૬ݛ体๖૩ྺ߀๑ᆩ࿖૙ᆙพܸݥ՗面෥֒ăස཮ 2-3 ໯๖ă

图 2-3：一个使用了纹理映射的立方体
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ኄ૛Ⴔᄲ༵ႝ߳࿋܁ኁǈසేࡕ኱থሞ࿔ॲဣཥ૛ມऍٶਸ࿖૙ᆙพپڦஓ

๖૩ᄻ面ǈ໲๟࿮݆ኟ׉ሏႜڦă໲Ⴔᄲᆩᅃ߲ Web ခഗઠेሜǈᅺྺޜ

࿢்ٗᅃ߲ JPEG ࿔ॲዐሜ෇࿖૙ǈኄ๟ᆯᇀ WebGL Ҿඇఇ႙ዐੵڦᇘݡ

࿚Ҿඇ၌዆ǈ࿢்Ⴔᄲሏႜᅃ߲ Web ࡗ኱থཚݥခഗܸޜ file:// URL ઠݡ࿚

ኄ߲࿔ॲăጺڦઠຫǈԨກዐܠٷڦຕ૩ጱۼႴᄲཚࡗ Web ࿚ăݡခഗઠޜ

࿢ሞ MacBook ฉሏႜକᅃ߲ՔጚԨںӲ LAMP ࣍ৣǈփేࡗႴᄲᆩڦڟৈ

ৈ๟ LAMP ĊĊၟీࠀݴᅃևڦ Apache ኄᄣڦ Web ऐڦేࡕခăईኁසޜ

ഗฉጎକ Pythonǈేᄺ੗ᅜ૧ᆩ Python ాዃڦ SimpleHTTPServer ఇ੷ઠഔ

ᅃ߲ۯ Web ڟ口ۨ࿋شခǈ๑ᆩంସႜޜ examples ణ୤ǈ඗ࢫ๼෇ǖ

    python -m SimpleHTTPServer

ኄᄣే৽੗ᅜཚࡗ http://localhost:8000/ ኄ߲ں኷ઠݡ࿚Ԩກڦ๖૩କăසࡕ

ထྭइൽ߸࠲ܠᇀኄݛ面ڦरຍኧ׼ǈ൩ݡ࿚ Linux Journal ྪበ（http://bit.

ly/linuxjournal-http-python）ă

ኄ߲๖૩ྜڦኝپஓሞ࿔ॲ Chapter 2/example2-3.html ዐă૩ 2-11 ቛ๖କेሜ࿖૙پڦஓă

๯ံǈ࿢்ۙᆩ gl.createTexture() ઠظॺᅃ߲ႎڦ WebGL ࿖૙对象ă඗ࢫॽኄ߲࿖૙

对象ڦ image ຌႠยྺᅃ߲ႎظॺڦ Image 对象ăፌࢫǈॽኄ߲ Image 对象ڦ src ຌႠย

ྺᅃ߲ JPEG ࿔ॲڦୟ০ĊĊሞኄ߲๖૩ዐǈ࿢்ेሜକᅃ߲ 256ġ256 ႚݛኟڦ WebGL
ݛ࠳ LOGOĊĊփࡗ๯ံ࿢்ᄲྺ཮ၟڦ onload ๚ॲጀ֩ᅃ߲๚ॲت૙ײႾǈᅜՍሞ཮ၟ

ेሜྜԹࢪ้ڦ对 WebGL ࿖૙对象ፔᅃၵت૙ă

例 2-11：ٗ཮ၟظॺᅃ߲࿖૙ᆙพ

 var okToRun = false; 
 
  function handleTextureLoaded(gl, texture) { 
      gl.bindTexture(gl.TEXTURE_2D, texture); 
      gl.pixelStorei(gl.UNPACK_FLIP_Y_WEBGL, true); 
      gl.texImage2D(gl.TEXTURE_2D, 0, gl.RGBA, gl.RGBA, gl.UNSIGNED_BYTE, 
          texture.image); 
      gl.texParameteri(gl.TEXTURE_2D, gl.TEXTURE_MAG_FILTER, gl.NEAREST); 
      gl.texParameteri(gl.TEXTURE_2D, gl.TEXTURE_MIN_FILTER, gl.NEAREST); 
      gl.bindTexture(gl.TEXTURE_2D, null); 
      okToRun = true; 
  } 
 
  var webGLTexture; 
 
  function initTexture(gl) { 
      webGLTexture = gl.createTexture(); 
      webGLTexture.image = new Image(); 
      webGLTexture.image.onload = function () { 
          handleTextureLoaded(gl, webGLTexture) 
      } 
 
      webGLTexture.image.src = "../images/webgl-logo-256.jpg"; 
  }
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ሞ onload ๚ॲࡧ࣮ۙڦຕ handleTextureLoaded() ዐǈ࿢்ፔକူ面ኄၵ๚൧ă๯ံǈ࿢

்ۙᆩ gl.bindTexture() ຕઠኸۨࡧ WebGL ሞࢫჄࣼ዆ײࡗዐॽᄲ๑ᆩڦ࿖૙ăԥኸۨ

ڟዐิၳǈ኱ײࡗኝ߲ࣼ዆ڦჄࢫ࿖૙ॽሞڦ gl.bindTexture() ምْԥۙᆩĊĊሞࡧຕڦ

఍࿂ǈ࿢்ॽӿۨ࿖૙ยዃྺ੣ǈᅜݞኹሞࢫჄ֡ፕዐᅪྔ߸߀࿖૙٪ئ൶ᇘాڦඹă

ഄْǈ࿢்ۙᆩ gl.pixelStorei() ڦۅገ໯ᆶ࿖૙ၟ໎݋ຕઠࡧ y ፖՔኵăኮ໯ᅜႴᄲ৊

ႜኄ߲֡ፕǈ๟ᅺྺሞ WebGL ዐǈ࿖૙ፖՔဣڦ y ዡ๟ؽ኱ၠฉڦǈܸሞ Web ཮ၟԨว

ፖՔဣዐǈyڦ ዡ๟ؽ኱ၠူڦă

gl.pixelStorei() ጴజڦຕఁዐࡧ i ՗整型数（integer）ǈWebGLپ ຕࡧڦ

ంఁ֖ݔࡀቷ OpenGLǈཚ׉ᅜᅃ߲ጴజࢫጘઠՔ๎ࡧຕ֖ຕڦૌ႙ă཮ၟ

ᅜኝ႙ຕፇݛڦ๕٪ئ（RGB ई RGBA ჿ෥）ǈᅺُԥՔ๎ྺ iă

၄ሞ࿢்ۙᆩ texImage2D() ڟ཮ၟຕ਍ް዆ڦࡻઠॽेሜ݆ݛ WebGL ࿖૙对象ዐăኄ

ຕǈే੗ᅜֱለ֖ڦबዖփཞૌ႙׼ኧ݆ݛ߲ WebGL ॺփཞૌ႙ظ๑ᆩ໲ࢆକ঴සݔࡀ

ڼ࿖૙ăሞኄ߲๖૩ዐǈ࿢்ሞڦ 0 ॺକᅃ߲ظ֫ 2D ࿖૙ĊĊᅃ߲࿖૙ዐ੗ᅜԈࡤփཞ

֫पڦ࿖૙ǈኄ߲रຍԥྺ׬ mip-mappingǈ࿢்ॽሞࢫ面৊ႜ঻ถĊĊኄ߲࿖૙֑ᆩକ

RGBA ჿ෥ఇ๕ǈ٪ئሞᅃ߲࿮ࡽޙጴব（unsigned byte）ຕፇዐă

࿢்࣏Ⴔᄲยዃ࿖૙ࡗ୳჋ၜǈኄၵ჋ၜᆩᇀ੦዆཮ၟໜ远近࿋ዃٷݣ໫ၭ้ڦ࿖૙ၟ໎

ჿ෥ऺ໙ăሞ࿢்ڦ๖૩ዐǈ࿢்๑ᆩକፌ०ࡗڦڇ୳ยዃĊĊgl.NEARESTǈኄ߲ยዃڦ

֧୼๟ཚࡗ໫ݣ཮ၟԨวઠ؜ڥ࿖૙ၟ໎ڦۅჿ෥ăሞኄ߲ยዃူǈ࿖૙ሞுᆶԥ܈ࡗ

໫ڦݣമ༵ူੂഐઠၳ࣏ࡕփٱǈࡗڍ近װࣷ（ٷݣ）ت၄੷ጒࡕၳࣅ໎ၟࢅǈܸࡗ远

ăWebGLࡕၳࣂփ平ࢅ၄਒؃װࣷ（໫ၭ）ت ୳ీ૰ǖgl.LINEARࡗକଷྔଇዖ࿖૙ࠃ༵

๟๑ᆩ၍Ⴀ֭ኵ݆ݛڦઠت૙ٷݣǈ๑ࢫٷݣڥ࿖૙ڦ视ਥၳࡕ߸े平ࣂǗgl.LINEAR_

MIPMAP_NEAREST ᆩᇀཁे mip-map ăࣂ࿖૙ੂഐઠ߸平ڦ࿿体ت远ڥ୳ǈ๑ࡗ

ၙᄲߌ๴ gl.NEAREST ᇸ࿔ॲ߀࿋ዃăႪڦ体ݛ๬ۙኝ૬׈ǈ੗ᅜۅඍڦ୳ࡗ Chapter 2/
example2-3.html ڼڦ 47 ႜǈႪ߀૬ݛ体 z ፖՔڦኵ（ړമྺ -8）ǈۙኝ૬ݛ体ڦ远近ă

     mat4.translate(modelViewMatrix, modelViewMatrix, [0, 0, -8]);

๬ॽ׈ -8 ྺ߀ -4ăړ૬ݛ体߸े੍近ۅִ࠵ǈే੗ᅜڟִ࠵૬ݛ体ڦ࿖૙௽၂Վ໎ၟڥ

କ（཮ࣅ 2-4）ă

၄ሞም׈๬ॽ -8 ׯ߀ -32ăړ૬ݛ体远૗ࢪ้ۅִ࠵ǈ੗ᅜੂڟ࿖૙؜၄କ௽၂ڦ਒؃

（཮ 2-5）ă
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图 2-4：gl.NEAREST 过滤——近处物体上的纹理变得像素化

图 2-5：gl.NEAREST 过滤——较远物体的纹理出现锯齿
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၄ሞǈ࿢்ᅙঢ়ยዃࡻକඇևڦ࿖૙჋ၜǈժۙᆩ gl.bindTexture() മӿۨړઠൣ੣݆ݛ

ǈ࿢்ॽඇਆՎଉࢫ࿖૙ăፌڦ okToRun ኵยྺڦ trueǈᅜُཚኪ run() ຕ࿖૙ᅙঢ়ጚࡧ

Ԣ৽Ⴣǈࣼ཮ײႾ੗ᅜਸ๔ሏႜକă

ஓǈᅜپஓǈጣ෥ഗپॺظڦ؋ǖ࣐߀߸৊ႜݴഄ໱ևڦஓپᅃᄣǈ࿢்࣏Ⴔᄲ对׉ྫၟ

तጣ෥ኵڦยዃپஓă๯ံǈ࿢்ॽظॺჿ෥࣐پڦ؋ஓ༺࣑ྺظॺ࿖૙࣐پڦ؋ஓă纹

理坐标（texture coordinate）ᆩໜۅۥຕ਍ᅃཞۨᅭڦĂ[0, 1] ຕઠ՗๖ăۅޝᅃ对ڦాྷݔ

ኄ对ۅޝຕ对ᆌ࿋཮ฉڦ xĂy ೋᅎଉǈኟසူ面ጣ෥ഗپڦஓዐ໯ቛ၄ڦఫᄣă对࿢்ڦ

૬ݛ体ઠຫǈ࿖૙ፖՔኵ׉ݥ०ڇǖ࿢்ӝኝቧ࿖૙ݴ՚ཌྷڟ૬ݛ体ڦ௅߲՗面ฉǈᅺُ

૬ݛ体௅߲面ڦገঙፖՔടࡻ对ᆌ࿖૙཮ၟڦገঙፖՔǈස [0, 0]Ă[0, 1]Ă[1, 0] ई [1, 1]ă
ጀᅪǈኄၵ࿖૙ፖՔኵڦຩႾᇑ؋࣐ۅۥዐۅۥڦຩႾ๟၎对ᆌڦă૩ 2-12 ቛ๖କظॺ࿖

૙ፖՔ࣐پڦ؋ஓă

例 2-12：࿖૙ᆙพ૬ݛ体ظ؋࣐ڦॺپஓ

   var texCoordBuffer = gl.createBuffer(); 
    gl.bindBuffer(gl.ARRAY_BUFFER, texCoordBuffer); 
 
    var textureCoords = [ 
      // ኟ面 
      0.0, 0.0, 
      1.0, 0.0, 
      1.0, 1.0, 
      0.0, 1.0, 
 
      // ԝ面 
      1.0, 0.0, 
      1.0, 1.0, 
      0.0, 1.0, 
      0.0, 0.0, 
 
 面ۥ //      
      0.0, 1.0, 
      0.0, 0.0, 
      1.0, 0.0, 
      1.0, 1.0, 
 
 面ڹ //      
      1.0, 1.0, 
      0.0, 1.0, 
      0.0, 0.0, 
      1.0, 0.0, 
 
      // ᆸ面 
      1.0, 0.0, 
      1.0, 1.0, 
      0.0, 1.0, 
      0.0, 0.0, 
 
      // ፑ面 
      0.0, 0.0, 
      1.0, 0.0, 
      1.0, 1.0, 
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      0.0, 1.0, 
    ]; 
    gl.bufferData(gl.ARRAY_BUFFER, new Float32Array(textureCoords), 
        gl.STATIC_DRAW);

࿢்࣏ᄲॽ๑ᆩ෥֒ڦጣ෥ഗ߸ྺ߀๑ᆩ࿖૙ڦጣ෥ഗăሞۅۥጣ෥ഗዐǈ࿢்ۨᅭକᅃ

߲ఁྺ texCoord ෇ǈᅜतᅃ߲دኄ߲Վଉࡗຕ਍ཚۅۥຌႠՎଉǈۅۥڦ varying ૌ႙

Վଉ؜๼ڦ vTexCoordǈᆩᇀၠೌ܎ጣ෥ഗ๼ڦۅۥ߲߳؜႑တăೌ܎ጣ෥ഗ๑ᆩ࿖૙ፖ

Քፕྺ࿖૙ᆙพຕ਍ڦ໭ᆅǈ࿖૙ፖՔཚࡗ uniform Վଉ uSampler Ⴞă࿢்ۙᆩײ෇د

GLSL ຕࡧ texture2D() ٗ࿖૙ዐൽ໎ၟڥ႑တǈԈઔ֑ᄣഗࢅᅜ (x, y) ႚ๕٪ڦئ 2D ۥ

ஓස૩پጣ෥ഗڦࢫ߀߸࿋ዃăۅ 2-13 ໯๖ă

例 2-13：࿖૙ᆙพ૬ݛ体ڦጣ෥ഗپஓ

  var vertexShaderSource = 
 
      "    attribute vec3 vertexPos;\n" + 
      "    attribute vec2 texCoord;\n" + 
      "    uniform mat4 modelViewMatrix;\n" +  
      "    uniform mat4 projectionMatrix;\n" +  
      "    varying vec2 vTexCoord;\n" + 
      "    void main(void) {\n" + 
 + "ኵ\nۅۥڦཨᆖࢅՎ࣑ࡗঢ়࣮ݓ //        "      
      "        gl_Position = projectionMatrix * modelViewMatrix * \n" + 
      "            vec4(vertexPos, 1.0);\n" + 
      "        // Output the texture coordinate in vTexCoord\n" + 
      "        vTexCoord = texCoord;\n" + 
      "    }\n"; 
 
  var fragmentShaderSource = 
      "    precision mediump float;\n" + 
      "    varying vec2 vTexCoord;\n" + 
      "    uniform sampler2D uSampler;\n" + 
      "    void main(void) {\n" + 
 + "ӣ෥\n؜ჿ෥ǖ๔ዕ๼ڦۅ໎ၟ࣮ݓ //    "      
      "    gl_FragColor = texture2D(uSampler, vec2(vTexCoord.s, vTexCoord.t));\n" + 
      "}\n";

ྺକॽ࿖૙ཌྷڟ࿢்ڦ૬ݛ体ฉǈ࿢்ፌ࣏ࢫᄲ对ࣼ዆ࡧຕፔᅃၵၭႪ߀ă૩ 2-14 ቛ๖କ

Ⴊپڦࢫ߀ஓă࿢்ॽยዃჿ෥࣐پڦ؋ஓ༺࣑ྺยዃ࿖૙࣐پڦ؋ஓǈժॽ޿࿖૙ยྺ

཮ฉူ࿔ăࣼڟമ࿖૙ǈӿۨړ

例 ࿖૙ᆙพຕ਍ڦ዆໯Ⴔࣼࣅ๔؛：2-14

    gl.vertexAttribPointer(shaderTexCoordAttribute, obj.texCoordSize, gl.FLOAT, 
        false, 0, 0); 
    gl.bindBuffer(gl.ELEMENT_ARRAY_BUFFER, obj.indices); 
 
    gl.uniformMatrix4fv(shaderProjectionMatrixUniform, false, projectionMatrix); 
    gl.uniformMatrix4fv(shaderModelViewMatrixUniform, false, modelViewMatrix); 
 
    gl.activeTexture(gl.TEXTURE0); 
    gl.bindTexture(gl.TEXTURE_2D, webGLTexture); 
    gl.uniform1i(shaderSamplerUniform, 0);
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2.8　小结

Ԩቤ঄ຎକසࢆ๑ᆩ WebGL API ৊ႜ཮ႚ៺කă࿢்କ঴କՊႀᅃ߲ WebGL ᆌᆩڦए

ԨୁײǈԈઔظॺࣼ཮ฉူ࿔Ă视口Ă࣐؋ĂਈንĂጣ෥ഗࢅ཮ᇮࣼڦ዆ă࿢்ბသକස

ॺظࢆ 2D ࢅ 3D बࢆ཮ႚժᆩჿ෥ࢅ࿖૙ઠག؊໲்ă࿢்࣏ฎྲ঺ዺକਸᇸੰ glMatrix
ࢅ RequestAnimationFrame.jsǈ໲்ۼ๟ WebGL ਸ݀׉ڦᆩएԨੰă

၂඗ǈڟణമྺኹ࿢்থڦڟة WebGL ǈ࿢்ࢫԨቤኮྜ܁ăሞڦ໬ݏ׉ݥ๟ײՊ֫ڹ

ᅙঢ়੗ᅜՊႀᅃၵฎྲްሗڦĂԈઔჿ෥ࢅ࿖૙ڦबࢆ཮ႚǈ৑ُྺ࠶੗ీႴᄲՊႀຕӥ

ႜپஓăኄ༵ࠃକഽీڦٷ૰ĊĊే੗ᅜ৛ဦ֡ںፕೡటฉڦ௅ᅃ߲໎ၟࢅۅۥǈᅜସට

᫙ణڦᆘॲे໏ڦ໏܈৊ႜă඗ܸ๑ᆩ WebGL ፕă߾ڦዘݏଉٷஓႴᄲپথ口ઠՊႀ֫ڹ

Քጚڦยऺኁ்֑ᆩକဎึپஓ؅٫ઠ࣑ൽ߸ഽీٷ૰ڦາୟăWebGL ڦ API ၭܸ०ڇǈ

ኄ৽๑߾ܠ߸ڥፕ஌ሞକᆌᆩਸ݀ኁวฉă

සేࡕ๟ᅃఁঢ়ᄓڦ޷ݿᆴဥई཮ႚਸ݀ኁǈժ൐ထྭ߸ںࡻቨ੦ᆌᆩڦႠీࢅ༬Ⴀǈ

ఫ஺኱থ๑ᆩ WebGL API 对ేઠຫᄺႹ๟ፌڦࡻ჋ስăසేࡕኟሞਸ݀ڦᆌᆩ对៺ක

ᆶ༬՚ڦႴ൱ǈ૩ස཮ၟت૙ᆌᆩई 3D ॺఇ߾ਏǈఫ஺ేᆌ޿ศ෇ںჺ৯ WebGL ዐڦ

metal रຍăᆼईႹǈేႴᄲਸ݀ᅃၵ߸ڦ֫ۥᆌᆩǈ૩සຣᄺփထྭྺକظॺᅃ߲૬ݛ

体ܸዘްႀఫ຺ๆႜ၎ཞپڦஓǈሞኄْ߲֫ฉేྜڥඇ੍ጲमǈేႴᄲ૙঴ࢅ੦዆௅

ᅃႜپஓă

৑࠶සُǈසܠٷࢅేࡕຕටᅃᄣ对 3D ժփ๟༬՚ຄဒǈఫ஺ేᆌ޿ᅜᅃዖԲ WebGL 
API Ԩว߸ߛपހڦጎݛ๕ઠՊႀᆌᆩǈ૩ස๑ᆩᅃၵ၄߾ڦׯਏă๚ํฉኄၵ߾ਏᅙঢ়

٪ሞǖᆶႹܠएᇀ WebGL बቤᅃᅃ঻ถ໲்ăڦ面ࢫ๑ᆩă࿢்ॽሞࠃᆫႯਸᇸੰ੗ڦ
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࿢்ሞฉᅃቤቛ๖କ WebGL Պڦײഽݏࢅٷ໬ăWebGL ሎႹే๑ᆩ GPU ඇևీڦ૰

ઠظॺெૢ้ํڦ៺කĂڦࣃۯټ Web ᄻ面ă඗ܸසేࡕထྭᆩኄၵፌएڦإ API ඁፔ

ᅃၵସට৚༒ڦ๚ǈఫ஺ేॽႴᄲٷ؜޲ଉڦ౮૰ǈժደႜՊႀ໯Ⴔׯڦӥฉഥႜپஓă

ሞኄ߲ᅜ੺ྺዷڦ Web ٷॺᆌᆩă面对ၜణႴ൱ǈࠓᆩᇀࢇ๕၂඗փ๢ݛڦǈኄᄣپ้

ڼڦׯዺੰઠ༵ืਸ݀ၳ୲ǈईኁ๑ᆩ၄ޤڦॺጲमظਸ݀ኁ面ଣጣଇ߲჋ስǖڦຕܠ

ෙੰݛă

ܸ੗ᆩᇀޤዺቛਸ WebGL ਸ݀ڼڦෙੰݛཞᄣᆶܠ࢔ǈ࿳ᆟዃᅑǈThree.js（http://threejs.
org/）๟໲்ዐڦଶڞኁăThree.js ॺظڦ࠵କᅃ༫०ᅟ൐኱ࠃ༵ 3D ཮ႚዐ׉见࿿体ݛڦ

ӄă໲๑ᆩକႹܠፌॅํ७ڦ཮ႚᆅ൤रຍǈ໏࢔܈੺ă໲࣏ాዃକܠዖૌ႙ڦ对象ݛࢅ

Ս߾ڦਏǈ׉ݥీࠀഽٷăThree.js ๟ྂ࠶ሞ GitHub ฉڦਸᇸၜణժ൐ྼࢺଆࡻǈႹܠፕ

ኁۼሞၠኄ߲ၜణࠋ၅پஓă

Three.js ᅙঢ়ྺׯ WebGL ਸ݀ڦ๚ํ჋ስăేሞࢻ૴ྪฉీੂܠٷڦڟຕ WebGL ᆫႯా

ඹۼ๟๑ᆩ Three.js ઠࠓॺڦǈԈઔ Google ڦ 100 000 Stars（见ڼ 1 ቤ）ǈᅜतႹܠ੗ᅜ

ཚࢻࡗ૴ྪݡ࿚޷ڦڟ঍ظ܈ߛࢅࢻႎڦমፕă

3.1　使用Three.js创建的代表性项目

၄ৃፌྺ࠽ටኪڦ WebGL ၜణఎࡗᇀ RO.MEĐ3 Dreams of Blackđ（http://www.ro.me/）, 
໲๟ۉᆖ዆ፕට Chris Milk ᇀ 2011 ౎ሞ Google ๕ᅼૂፕࢻᅃ߲঍ڦॺظӻዺူڦ฾ײ߾

೗ăኄ๟ Danger Mouse ࢅ Daniele Luppi ፕǈժᄥ൩ࢇ Jack White ࢅ Norah Jones ᆷ൧֖ᇑ

ጆडڦ ROME ዐߤڦ൸ĐBlackđڦᅼૂᆖೌǈ见཮ 3-1ă
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图 3-1：RO.ME“3 Dreams of Black”，由 ROME 专辑中的歌曲“Black”衍生的交互式音频体验

RO.ME ๟ᅃ߲ྜኝڦႵె๘হǈᆩࢽ੗ᅜጲᆯں੦዆၎ऐ视ঙᅜतྫׇৠ૛ཁे࿿体ǈཞ

้ᄺ੗ᅜੂڟഄ໱ᆩࢽཁेڦ࿿体ăኄ߲ၜణ๑ᆩ Three.js ਸ݀ǈ໲ظሰକሞ้ړઠຫ཭

೦Ⴀڦ WebGL ሰظৠศጣ෥ഗǈᆩᇀڦࢵ࿿体ఇتĂ远ࣅ࿿体෍تǈԈઔᆩᇀ๑近ࡕၳ

ෘᥐᤱ߭ޅࣃۯ视ਥၳڦࡕෘᥐᤱ（toon）ጣ෥ഗǈኲයႜྺǈᅜतۅሊဣཥăසࡕထྭ

କ঴߸ܠ RO.ME ԝڦࢫरຍǈ൩ݡ࿚ཷڦܓၜణዷᄻ（http://www.ro.me/tech/）ă

ٗ௔ࣙۉᆖݠڟኈႀํǈ৑ྜࡕၳ࠶ඇփཞǈڍ Three.js ሞኄၵ WebGL ၜణࠓڦॺዐഐ

ፕᆩă঺ዺڦዘᄲڪକཞڟ Three.jsǈට்੗ᅜظሰׂ؜೗पڦ੗视ࡕၳࣅă཮ 3-2 ዐڦइ

ঃഛכದዃӄ૩ᆯܓཷࡔڤ Plus 360 Degrees ჉ገׇৠǈٗᅃဣଚ৛ଆࢽॺǈ໲ሎႹᆩظ

ڦࣅႠ߲؜ሰظ୾໹ǈܸٗࢅՎഄཱጎჿ෥߀ఇ႙ǈժጲᆯڦఇ႙ዐ჋ስጲमဠ࣌כഛڦ

ഛכăૌຼڦഛכದዃᆌᆩܠ౎മᅙঢ়٪ሞǈฯ዁࣏ᆶ๑ᆩ flash ਸ݀Ăሏႜሞ៓બഗዐڦ

ӲԨǗ৑࠶සُǈኄ߲ᄇ๖ׂڦ೗ॏኵ࣏๟远远ߛᇀඁࡗ࿢்ሞࢻ૴ྪฉੂڦڟఫၵă৛

ዂڦഛכဦবఇ႙ǈ๑ᆩ࣍ৣཌྷ཮ઠఇెݒพǈेฉ࠼ቷࢅᅽᆖǈፇׯࢇକݠ܈ߛኈڦ视

ਥၳࡕĊĊኄڦඓ๟߲׉ݥସට৚༒ڦ঍ࢻ๕ᆌᆩă

Three.js փৈ෽׊៺කํ࿿ǈሞቛ๖؏象߁౒ݛ面ᄺີࡹփෑă཮ 3-3 ቛ๖କኄݛ面ڦᅃ߲

৚ටӄ૩ǈᅃ߲ፕྺ Google ํᄓၜణظॺڦඇ൰ၭ႙࿴ഗ঍ᅟຕ਍੗视ࣅၜణăኄ߲ఁ

ྺ Small Arms Imports/Exports ࡗגၜణቛ๖କڦ 100 口൧؜ࢅ՗ၭ႙࿴ഗ৊口پ՚ݴ߲ྤ

઄ڦຕ਍ۅǈժ๑ᆩჿ෥Ă၍ཉࡕၳ࠼݀ࢅሞᅃ߲ں൰ఇ႙ฉ૶থࢅՔጀ໲்ǈᆩᅜ՗௽

1992 ڟ 2010 ౎क़ၭ႙࿴ഗĂൟ࿴ഗᅜतڑᄱሞ 250 ঍ᅟ൧઄ăኄၵڦ൶ኮक़ںࢅॆࡔ߲

၍ཉྪڦׯࠓஏൣںؤቛ๖କ႑တǈժ൐视ਥၳࡕସටኒ࡫ă
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图 3-2：汽车配置和可视化，作者是 Plus 360 Degrees

图 3-3：小型武器进出口情况，由 Google Ideas 创建的实验性项目（http://www.chromeexperiments.
com/detail/arms-globe/）

Three.js ժփ๟ᅃ߲دཥᅪᅭฉڦᆴဥᆅ൤（ฎၘࢫຎ）Ǘ৑࠶සُǈ໲࣏๟੗ᅜፕྺᆴဥ

ᆅ൤֫ڹڦኧ׼ă࿢்੗ᅜሞ໲ኮฉࠓॺᆴဥᆅ൤ǈժሞُएإฉਸ݀؜փڦٱᆴဥăྺ

କၠ Wipeout ࢅ F-Zero ဣଚᆴဥዂ৤ǈThibaut Despoulain ਸ݀କ HexGLĊĊᅃ߲࿄ઠ໿

੣ԝৠڦ৪໏ᆴဥăHexGL ਏᆶׂڦߛ࢔೗ॏኵǈ໲Ԉઔ݀ࡕၳ࠼Ă૭ጱဣཥĂ对ॺዾ࿿

ă཮ࡕኝ体၂๖ၳڦ၍ǈᅜतྜெࢵఇۯሏڦॺࠓ៺කरຍࢫ៺කĂ૧ᆩߌኈํڦኻذࢅ

3-4 ቛ๖କ HexGL ăࡕाၳํڦ
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图 3-4：HexGL，一个未来感、快节奏的竞速游戏，由 Thibaut Despoulain 使用 HTML5、 JavaScript
和 WebGL 创建

3.2　Three.js概览

Three.js ڦፕኁ๟ә෗ஆఫڦ Ricardo Cabello MiguelǈईႹే߸ຄဒ໱ڦଷᅃ߲ࢬ׬

Mr.doob（࿢ுߎ࿚ኄ๟ྺ๊஺）ăThree.js ᆯ Mr.doob ራ೺（近ๆ౎മ）ሞ 3D ፕ೗ਸ݀

ቛ๖ࣷ（ৃཀට்׬ኮྺ࢒ਜ਼கઙ຿）ฉڦፕ೗݀ቛܸઠăሞ၄ᆶ߾ਏۼփీ஢ፁႴ൱ڦ

൧઄ူǈMr.doob ਸ๔ਸ݀ጲम߾ڦਏǈኄ༫߾ਏᅃਸ๔๟ᆩሏႜሞ Adobe Flash 平໼ฉ

ڦ ActionScript Պႀڦăब౎ࢫ Google ChromeĂڦၳߛ JavaScript ᅜत HTML5 ᅃᅃׇکǈ

Mr.doob Սॽ໱ڦჺ৯ገᅎڟକ៓બഗኄ߲ႎڦ平໼ฉăኮࢫሞ 2010 ౎ǈThree.js କăิڐ

Three.js ᅃ߲ӲԨ๑ᆩڼڦ SVG ࢅ 2D Canvas ៺කăሞُब߲ሆࢫ WebGL ݀քକǈThree.
js Սਸ๔ᅎኲڟ WebGL ฉ৊ႜࢫჄਸ݀ăኄኈ๟߲጑ਉǈڍ Mr.doob 对ُ՗๖Đժփవ

ํ၄đǈᄺႹ๟ᅺྺ໱ᅙঢ়एᇀ WebGL Պႀକഄ໱ଇ߲៺කഗӕăٗఫ้ਸ๔ǈThree.js
ደॷഽྜࢅٷ฀ǈժፌዕظྺׯॺ WebGL 3D ᆌᆩڦፌୁႜ჋ስă

࿢჋ስएᇀ Three.js ઠՊႀԨກዐڦ๖૩ǈժփৈৈ๟ᆯᇀ໲ୁ׉ݥႜڦᇹࠤĊĊ৑࠶ኄ

ᄺ๟ᅃևݴᇱᅺă๯ံǈ࿢ሞၜణਸ݀ዐ๑ᆩକ໲ǈժ൐׉ݥဠ࣌ăഄْǈٗڦీࠀঙ܈

ઠຫǈ࿢ණྺ໲๟ణമፌྜ฀ڦ WebGL ੰăምْǈ໲ᆶႹࢃܠ႐پڦஓࠋ၅ኁǈኄԍኤ

କ໲๔ዕీํࢅࠕाڦၜణথࡆăፌࢫǈ໲׉ݥඹᅟฉ๮ĊĊ๚ํฉǈᅟᆩႠ๟໲ፌڦٷ

ᆫۅăփࡗᆶᅃۅ൩ऻዿǈThree.js ኻ๟ዚܠ WebGL ੰዐڦᅃ߲ǈే࣏ᆶഄ໱ڦ჋ስǗස

փ੗ăሞԨກዐేॽࣷ׈ᄺ࿄ੰڦ๮Պႀᅃ߲ጲमۯǈࣆڦၜణႴᄲǈईኁేᇼᅪڦేࡕ

ደօၘဦںକ঴ Three.jsǈ၄ሞ࿢்ံ؜ߴᅃ߲ߕٷă

• Three.js 隐藏了 WebGL 渲染中的底层细节。Three.js ०ࣅକ WebGL API ဦবǈॽڦ

3D ׇৠ՗๖ྺྪ߭Ă֌ዊĂ࠼ڨ（न཮ႚਸ݀ኁ׉ᆩ߳ڦዖ对象ૌ႙）ă
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• Three.js 非常强大。Three.js փৈৈ๟ WebGL ੗ᆩᇀᆴဥਸܠጎǈ໲ాዃକႹހᅃ߲ڦ

݀ĂࣃۯĂᄇ๖Ăຕ਍੗视ࣅĂॺఇ߾ਏᆌᆩ׉ݥڦᆶᆩڦఇ႙对象ǈ࣏༵ࠃକᆩᇀ༬

๺ၳࢫڦࡕ៺කऐ዆ăأକ໲Ԩวీڦ૰ǈThree.js ࣏ᆛᆶڦ޷ݿ๖૩ǈే੗ᅜሞేڦ

ၜణዐ๑ᆩኄၵ๖૩پڦஓă

• Three.js 非常易用。Three.js ڦ API एᇀᆷࢅࡻᅟბڦ૙౒ยऺăໜੰ༵ڦࠃႹܠ๖૩

෇ோăںࡻ߸ӻዺేࠕీ

• Three.js 运行速度很快。Three.js ֑ᆩକ 3D ཮ႚڦፌॅํ७ǈ़ԍኤକߛႠీǈᆼփᅺ

ُဎึ੗ᆩႠă

• Three.js 非常稳定。໲ԈྜࡤԢٱڦဃॠֱĂᅴࢅ׉੦዆໼য়ߢǈඟਸ݀ኁ੗ᅜጚඓں

߶ጷײႾ࿚༶ă

• Three.js 支持交互。WebGL փਏԢᇱิڦ჋ዐኧ׼ǈኄᅪ࿆ጣే࿮݆इൽڟ຋Քঢ়ࡗ

କړമׇৠዐڦన߲࿿体ăThree.js ߸ڥՎࢻᆌᆩཁे঍ྺڥǈ๑׼ኧڦକ对჋ዐࠃ༵

े०ڇă

• Three.js支持数学计算。Three.jsԈࡤഽٷᅟᆩڦ 3Dຕბሏ໙对象ǈසਈንĂᆙพၠࢅଉă

• Three.js 内置第三方文件格式支持。ే੗ᅜ૧ᆩ Three.js ٪থ口ሜ෇ᅜ࿔Ԩ߭๕ڦࠃ༵

ڦ؜ڞਏ߾ॺఇڦĂᆩୁႜڦئ 3D ఇ႙ăThree.js ᄺۨᅭକጲमጆຌڦ JSON ৊ܾࢅ

዆ 3D ఇ႙࿔ॲ߭๕ă

• Three.js 是面向对象的。ਸ݀ኁएᇀยऺᆫଆڦ JavaScript 对象Պႀپஓǈܸփ๟ৈৈ

ඁۙᆩᅃၵࡧຕă

• Three.js 是可扩展的。࿮ஃేထྭྺ Three.js ཁेᅃၵ༬Ⴀǈ࣏๟ۨᅭጲम߲ڦႠࣅ

Three.jsǈۼ๟׉ݥ०ڦڇ๚ăසࡕ၄ᆶڦຕ਍߭๕ኧ׼࿮݆஢ፁేڦႴ൱ǈఫ஺ే੗

ᅜྺ༬ۨڦຕ਍߭๕Պႀ၎ᆌ֭ڦॲă

• Three.js 包含 2D Canvas、SVG、CSS 的渲染引擎。৑࠶ WebGL ᅙঢ়ୁ׉ݥႜǈڍ

໲ժ࿄ԥ໯ᆶ៓ڦબഗኧ׼ǈኄ՗๖对గၵᆌᆩઠຫǈWebGL ժփ๟ፌڦࡻ჋ስă႞

ࡻ Three.js ࣏੗ᅜ๑ᆩ 2D Canvas ࢅ SVG ᇮ໎ઠ៺කٷևాڦݴඹăړሏႜ࣍ৣփኧ

׼ 3D Canvas ӄăThree.jsݛইपڦକᅃ߲ᆫჯࠃஓ༵پڦǈኄྺేࢪ้ڦ ධ඗੗ᅜᆩ

ઠ៺කࢅՎ࣑ CSS ᇮ໎ǈ࿢்ॽሞڼ 6 ቤ对ُ৊ႜၘဦຫ௽ă

Ⴔᄲ༵ႝڦॆٷ๟ǈThree.js ᄺᆶᅃၵփ෽ڦ׊๚൧ăԲݛຫǈThree.js ժփ๟ᅃ߲ᆴဥᆅ

൤ă໲ඍ݄ᅃၵᆴဥᆅ൤໯Ⴔ׉ڦᆩ༬ႠǈසߢࠅಈĂཀྵၟĂᆶ၌ጒༀऐᅜत࿿૙ᆅ൤ă

Three.js ᄺுᆶՊႀܠට૴ऐᆴဥ໯Ⴔాڦዃྪஏኧ׼ăేႴᄲएᇀ Three.js ጲႜࠓॺ໲ǈ

ई๟ኝࢇഄ໱ጆᆩپڦஓੰăཞ้ Three.js ᄺփ๟ᅃ߲ᆌᆩ઀ॐǈ໲փਏԢᅃ߲઀ॐᆌᆶ

๑ᆩਸ݀ࢆቤবዐ࿢்ॽደօ঄ຎසڦჄࢫሏႜთ࣍ऐ዆ăሞࢅ૙تҾጎĂႂሜĂ๚ॲڦ

઀ॐઠবูਸ้݀क़ǈժՆ௨ሞ௅߲ၜణዐۼዘްํ၄ᅃ༫၎ཞڦऐ዆ăፌࢫǈThree.js
ᄺփ๟ᅃ߲ਸ݀࣍ৣǈሞ Three.js ዐժ࿄Ԉࡤᆩᇀظॺྜኝ 3D ᆌᆩڦणׯਸ݀߾ਏă

ᄺ৽๟ຫǈأକᅜฉኄၵ Three.js փ෽ڦ׊๚ᅜྔǈ࿢்੗ᅜ৑൧ઠႌง໲ڦᆫۅǖᅃ߲

ྺ៓બഗยऺڦĂߛႠీĂీࠀഋඇĂᅟᆩڦ 3D ៺කᆅ൤ă໲׉ݥഽٷăူ面ඟ࿢்ઠ

ᆅ൤ăڦٷօණ๎ኄ߲ഽ؛
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3.2.1　初始化Three.js
සేࡕထྭ๑ᆩ Three.js ઠਸ݀ేڦၜణǈ๯ံႴᄲٗ GitHub ฉइൽ໲ڦፌႎپஓԈǈၜ

ణں኷๟ https://github.com/mrdoob/three.js/ăేړॽኝ߲پஓ֞ੰް዆ူઠኮࢫǈ੗ᅜሞ

࿔ॲॄዐቴڟ JavaSript ࿄უ໫ӲԨڦႾԈײ build/three.jsă（࿔ॲॄዐ࣏ᆶײႾԈڦუ໫Ӳ

Ԩ build/three.min.jsǈే੗ᅜሞၜణྜ঳݀քࢪ้ڦ๑ᆩ໲ă৑࠶සُǈ࿢࣏๟ॺᅱేሞჺ

৯Ԩກ๖૩ࢪ้ڦ๑ᆩ࿄უ໫ڦӲԨǈᅜՍᇀۙ๬ă）ཞ้ᄺփᄲඁ߀Վ src ࿔ॲॄူڦణ

୤঳ࠓă৑࠶ Three.js ڦ GitHub ֞ੰዐཞ้Ԉࡤକ࿔ڗᄻ面ǈڍኄৈৈ๟ᅃၵ׉ݥएڦإ

ຫ௽ǈ໯ᅜేႴᄲԍ׼ᇱᆶڦణ୤঳ࠓǈᅜԍኤኟඓڦᆅᆩă

Ԩກዐ๑ᆩڦ Three.js ӲԨ๟ revision 58（r58）ăMr.doob तഄཷܓᅃ኱ೕ

ڦ๟ፌႎӲԨڦሜူేࡕႎӲԨǈᅺُස߸ںݏ Three.jsǈԨກዐڦగၵ๖

૩੗ీ࿮݆ኟඓሏႜăԨກዐڦඇև๖૩پஓ܀ۼ૬ᆅᆩକᅃ߲ r58 ӲԨڦ

Three.js ޭԨǈ޿࿔ॲ੗ᅜሞణ୤ libs/three.js.r58/ ዐቴڟă

3.2.2　Three.js工程结构

ྺକຄဒ Three.jsǈ࿢்Ⴔᄲࢾᅃၵ้क़ઠକ঴໲ڦڦణ୤঳ࠓĂ࿔ࢅڗ๖૩ăኄ૛面Ԉ

क़ઠӝኄၵ۫ဇ้ۅᅃࢾ၎႑࿢ǈࡗஓକǈփپăేᅃۨथጣၙᄲਸ๔Պႀܠ࢔ဇ۫ڦࡤ

ੂᅃՓǈᆮഄ๟ example ణ୤ူాڦඹăేփࣷڦࣰࢫă

ူ面࿢்ઠٷዂຫ௽ᅃူኝ߲ڦײ߾࿔ॲణ୤঳ࠓă

• build/

Three.js უ໫ӲԨăThree.jsࢅణ୤ǈԈઔ࿄უ໫ӲԨ؜ஓ๼پኝၜణྜڦ ๑ᆩ Google 
Closure ৊ႜՊᅳ݀քǈՊᅳڦࡻ๼؜࿔ॲԈྜࡤኝڦ Three.js ஓپஓǈ໲ᆯփཞپੰ

ణ୤ူڦᇸپஓՊᅳܸׯăසేࡕփຄဒ Closure ժ൐ထྭକ঴߸࠲ܠᇀ໲ڦ႑တǈ൩

࿚ݡ http://code.google.com/closure/compiler/ăጀᅪǈేժփႴᄲምْኴႜ Three.js Պڦ

ᅳ݀քײࡗăසేࡕժփၙت૙Պᅳ݀ք၎ڦ࠲๚൧ǈఫ஺ኻႴ኱থ๑ᆩ build ణ୤ዐ

Պᅳڦࡻ three.js ई three.min.jsă

• docs/

ኄ߲ణ୤Ԉࡤᅜ HTML ߭๕Պႀྜڦኝ API ࿔ڗă໚඗ኄݻ࿔ڗժփၘဦǈڍ዁ณ໲

ྺຄဒኝ߲ੰ༵ࠃକᅃڦࡻ࢔ݻยऺ߁ຎă

• editor/

Three.js ॺظਸ݀କᅃ߲ᆩᇀܓཷ 3D ׇৠڦՊडဣཥăሞԨກႀፕ้ǈኄ߲߾ਏชت

ᇀਸ݀೺ǈ࣏փీኈኟᆩᇀׂ೗ăేڍᆌ޿႑ඪ Mr.doob ໱ᅃ߲៓ߴ૰ǖᅺྺኻᄲํڦ

બഗࢅᅃ߲࿔ԨՊडഗǈ৽ுᆶ໱փ׈ߎ๬۫ڦဇƽ

• examples/

ኄ߲ణ୤Ԉࡤबӥ߲๖૩ăኄၵ๖૩ޮ߃କ Three.js ǈԈઔࡕၳࢅዖ༬Ⴀ߳ڦ CanvasĂ

CSS ࢅ WebGL ៺කഗڦ๑ᆩݔ૩ăഄዐᅃၵ๟०ڦڇĐरຍᄇ๖đǈᆩᇀቛ၄ᅃၵۆ

႙ڦ༬ႠǗଷᅃၵሶ๟ጹࢇሏᆩକ߳ૌ༬Ⴀڦ৛႐ٷፕă൩ݯࢾᅃၵ้क़ઠ៓બ௅ᅃ߲



Three.js——一款JavaScript3D引擎   ｜   41

๖૩ᅜतለ܁໲்پڦஓǈኄ๟ేຄဒժଶ୼ Three.js ഽڦీࠀٷፌॅ཰০ă

• src/

ኝ߲ੰپڦஓ࿔ॲణ୤ăኄ๟ᅃ߲ްሗڦ࿔ॲຏ঳ࠓǈٷዂฉ੗ᅜྺݴଇ߲ևݴǖࢃ

႐ࢅકቛăࢃ႐ևݴԈઔዷᄲڦ༬Ⴀणࢇǈኄ๟ Three.js ੗ሏႜڦएإă༜ැኄևݴඍ

฿ǈేॽ࿮݆๑ᆩ Three.js ઠ៺කׇৠăકቛևݴԈٷࡤଉᆶᆩڦ༬ႠǈԈઔǖాዃڦ

बࢆႚጒǈස૬ݛ体Ă൰体ࢅᇶዹǗࣃۯ၎ڦ࠲ཚᆩࡧຕǗᅜत཮ೌेሜૌăేྜඇ੗

ᅜएᇀ Three.js ၂඗ժփᇼᅪኄ஺ፔăᅺُǈ໚඗ຌᇀકేڍॺኄၵ۫ဇǈࠓ႐ጲႜࢃ

ቛևݴǈڍ໲்ఐණԈࡤሞՊᅳ๼ྜڦ؜ኝੰ࿔ॲዐă

• utils/

ኄ߲ణ୤Ԉ߳ࡤዖ߾ਏǈԈઔᆩᇀՊᅳუ໫ݥࢅუ໫ӲԨੰ࿔ॲڦ Google Closure গ

Ԩǈᆩᇀॽ߳ዖ 3D ࿔ॲ߭๕ገ࣑ྺ Three.js JSON े߸Ⴤॽࣷࢫ）৊዆࿔ॲ߭๕ܾࢅ

ၘဦຫ௽）ڦ࿔ॲገ࣑ഗǈ࣏༵ࠃକᆩᇀٗॺఇ෉ॲ؜ڞ Three.js ߭๕࿔ॲ֭ڦॲǈස

Blender ࢅ Mayaă

3.3　一个简单的Three.js程序

၄ሞే对 Three.js ᆌړᅙঢ়ᆶକᅃ߲ٷዂฉڦକ঴ǈ๟้ࢪਸ๔ۯ๮ՊႀײႾକă࿢்ڦ

ڦփీምณڥॏኵĊĊ၎对ᇀሞณڦቛ๖ኄ߲ੰںؤൣॆٷᅃ߲๖૩ᅪሞၠڼ WebGL API
ฉਸܸ݀ჾă

࣮ᅬᅃူฉᅃቤڦ࿖૙ᆙพ૬ݛ体ǈሞኄ૛ǈ࿢்ॽምᅃْํ၄໲ǈڍኄْ࿢்๑

ᆩ Three.jsă໯Ⴔڦ Three.js ஓස૩پ 3-1 ໯๖ǈྜኝڦ੗ሏႜپஓ੗ᅜሞ Chapter 3/
threejscube.html ࿔ॲዐቴڟă

例 3-1：ᆩ Three.js 体ݛॺᅃ߲࿖૙ᆙพ૬ظ

<script type="text/javascript"> 
 
   var renderer = null, 
   scene = null, 
   camera = null, 
   cube = null; 
 
   var duration = 5000; // ms 
   var currentTime = Date.now(); 
   function animate() { 
 
       var now = Date.now(); 
       var deltat = now - currentTime; 
       currentTime = now; 
       var fract = deltat / duration; 
       var angle = Math.PI * 2 * fract; 
       cube.rotation.y += angle; 
   } 
 
   function run() { 
       requestAnimationFrame(function() { run(); }); 
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           // ៺කׇৠ 
           renderer.render( scene, camera ); 
 
           // ྺူᅃኡࣃۯ჉ገ૬ݛ体 
           animate(); 
 
   } 
 
   $(document).ready( 
           function() { 
 
               var canvas = document.getElementById("webglcanvas"); 
 
 canvasዐڟॺThree.js៺කഗժॽഄཁेظ //               
               renderer = new THREE.WebGLRenderer( 
                 { canvas: canvas, antialias: true } ); 
               // ยዃ视口؅٫ 
               renderer.setSize(canvas.width, canvas.height); 
 
 Three.jsׇৠڦॺᅃ߲ႎظ //               
               scene = new THREE.Scene(); 
 
               // ཁेᅃ߲၎ऐᅜՍִ࠵ኝׇ߲ৠ 
               camera = new THREE.PerspectiveCamera( 45, 
                 canvas.width / canvas.height, 1, 4000 ); 
               scene.add(camera); 
 
 ৠዐׇڟ体ժॽഄཁेݛ૬ڦॺᅃ߲࿖૙ᆙพظ //               
               // ๯ံǈظॺ࿖૙ᆙพ 
               var mapUrl = "../images/webgl-logo-256.jpg"; 
               var map = THREE.ImageUtils.loadTexture(mapUrl); 
 
               // ഄْǈظॺᅃ߲एإ֌ዊǈد෇࿖૙ᆙพ 
               var material = new THREE.MeshBasicMaterial({ map: map }); 
 
               // থጣǈظॺ૬ݛ体बࢆႚጒ 
               var geometry = new THREE.CubeGeometry(2, 2, 2); 
 
               // ഄْǈॽबࢆႚጒࢅ֌ዊኝڟࢇᅃ߲ྪ߭ዐ 
               cube = new THREE.Mesh(geometry, material); 
 
               // ॽྪ߭ᅎڟۯᇑ၎ऐᆶᅃ܎ਐ૗ڦ࿋ዃǈժִ࠵ၠוኁൡၽ 
               cube.position.z = -8; 
               cube.rotation.x = Math.PI / 5; 
               cube.rotation.y = Math.PI / 5; 
 
               // ፌࢫǈॽྪ߭ཁेׇڟৠዐ 
               scene.add( cube ); 
 
               // ഔۯሏႜთ࣍ 
               run(); 
           } 
    ); 
 
</script>
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ኄ૛ࢅࣃۯڦሏႜთ࣍پஓᇑڼ 2 ቤዐپڦஓๆݴ၎ຼǈኻᆶᅃၵၭڦՎࣅǈฎࢫም঴

๥ăሞኄ߲ӲԨዐǈԲড၂ዸڦՎࣅ๟૬ݛ体ׇৠظڦॺǖሞኮമ๑ᆩକ WebGL Քጚ

API କথ近ݯࡼஓዐǈྺํ၄ኄ߲Ⴔ൱ǈ࿢்پڦ 300 ႜپஓǈ඗ܸሞ๑ᆩ Three.js ๖ڦ

૩ዐǈ࿢்ৈৈႴᄲ 40 ႜپஓăኄ૛ڦ jQuery ready() ࣮ۙፕᆩᇀኝ߲ᄻ面ăሞኄ૛߸体

၄କኄ߲༬Ⴀăጺڦઠຫǈኄ๟ᅃ߲೵ཚڦ०ڇ๖૩ǈڍ዁ณٗኄ߲๖૩ዐ࿢்੗ᅜਸ๔

ၙ象සࠓࢆॺඇ面ڦᆌᆩǈኟස࿢்ሞԨቤਸཀྵ໯见ڦࡗఫၵᅃᄣăඟ࿢்ઠၘဦݴဆኄ

߲๖૩ă

3.3.1　创建渲染器

๯ံǈ࿢்Ⴔᄲظॺᅃ߲渲染器（render）ăThree.js ๑ᆩ֭ॲ๕ڦ៺කဣཥă࿢்੗ᅜ

๑ᆩփཞڦ API ઠ៺ක၎ཞׇڦৠǈ૩ස对ཞᅃׇ߲ৠǈ࿢़்੗ᅜ๑ᆩ WebGL API
ઠ៺කǈᄺ੗ᅜ๑ᆩ 2D Canvas API ઠ៺කăሞኄ߲๖૩ዐǈ࿢்ظॺକᅃ߲ THREE.

WebGLRenderer 对象ǈժد෇ଇ߲֖ຕઠ对ഄ৊ႜ؛๔ࣅǖcanvasǈኟසጴ面ฉڦᅪາǈپ

՗ HTML ࿔ॲዐڦ <canvas> ᇮ໎Ǘantialias Քऻǈᆩᇀߢኪ Three.js ਸഔएᇀᆘॲڦ多

重采样抗锯齿（multi-sample antialiasingǈMSAA）֧୼ăੇ਒؃჋ၜᆩᇀ๑៺කڦ࿿体Չ

ᇹ平ࣂǈՆ௨װ၄਒؃ăThree.js ๑ᆩኄၵ֖ຕઠࠓॺᅃ߲ WebGL ࣼ཮ฉူ࿔ǈժॽኄ߲

ࣼ཮ฉူ࿔ཁेڟ៺කഗ对象ዐă

؅٫ยዃྺڦǈ࿢்ॽ៺කഗࢫ៺කഗኮࡻॺظ canvas 对象ڦڦ੻ߛࢅǈኄᇑڼ 2 ቤዐۙ

ᆩ gl.viewport() ઠยዃ视口֡ڦ؅٫ፕ๟ڦၳڪă៺කഗڦඇևยዃኻႴଇႜپஓǖ

 canvasዐڟॺThree.js៺කഗժॽഄཁेظ //            
            renderer = new THREE.WebGLRenderer( 
              { canvas: canvas, antialias: true } ); 
 
            // ยዃ视口؅٫ 
            renderer.setSize(canvas.width, canvas.height);

3.3.2　创建场景

ഄْǈ࿢்ཚظࡗॺᅃ߲ THREE.Scene 对象ઠظॺᅃ߲场景（scene）ăኄׇ߲ৠ๟ Three.js
཮ႚ֫प঳ڦࠓፌ֫ۥă໲Ԉࡤഄ໱ڦඇև཮ႚ对象ă（ሞ Three.js ዐǈ对象ᅜ޴ -ጱ֫प

঳ڦࠓႚ๕٪ሞă࿢்ฎࣷࢫ对ُ৊ႜ߸ၘဦڦຫ௽ă）

၄ሞ࿢்ᆶକᅃׇ߲ৠǈ࿢்ॽྺኄׇ߲ৠཁेଇ߲对象ǖᅃ߲相机（camera）ࢅᅃ߲网

格（mesh）ă၎ऐۨᅭକ࿢்ִׇ࠵ৠڦ࿋ዃǖሞኄ߲๖૩ዐǈ࿢்ඟ၎ऐཕାሞ໲ڦఐ

ණ࿋ዃǈनׇৠፖՔဣཥڦᇱۅăሞኄ૛࿢்ۨᅭକᅃ߲ THREE.PerspectiveCamera ૌ႙ڦ

၎ऐǈժᆩ຺߲֖ຕઠ؛๔ࣅ໲ăኄ຺߲֖ຕݴ՚๟ǖ45 ԲĂፌ近平面ߛ视野ঙĂ੻ڦ܈

࿋ዃፖՔኵăሞڦፌ远平面ࢅ Three.js ᅃ߲ཪ视ཨᆖਈׯॺࠓևǈኄၵ֖ຕࣷԥᆩઠాڦ

ንǈᆩᇀॽ 3D ׇৠ៺කڟ 2D ࣼ཮平面ฉă（සేࡕփऻڥ၎ऐĂ视口ࢅཨᆖ๟๊஺କǈ

൩ڼڟ࣮݋ 1 ቤڦ཮ႚएాإඹă）

ᆩᇀظॺׇৠࢅཁे၎ऐپڦஓཞᄣๆݴ०লǖ
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 Three.jsׇৠڦॺᅃ߲ႎظ //             
             scene = new THREE.Scene(); 
 
             // ཁेᅃ߲၎ऐᅜՍִ࠵ኝׇ߲ৠ 
             camera = new THREE.PerspectiveCamera( 45, 
               canvas.width / canvas.height, 1, 4000 ); 
             scene.add(camera);

၄ሞ๟้ࢪӝྪ߭ཁेׇڟৠዐକăᅃ߲ྪ߭Ԉઔᅃ߲बࢆႚጒ（geometry）ࢅᅃ߲材质

（material）ă࿢்๑ᆩ Three.js ాዃڦ CubeGeometry 对象ઠظॺᅃ߲ 2ġ2ġ2 体ă֌ݛ૬ڦ

ዊᆩᇀۨᅭසࢆ៺ක࿿体ڦ՗面ăሞኄ߲๖૩ዐ࿢்ۨᅭକᅃ߲ MeshBasicMaterial ૌ႙

֌ዊă࿢்ॽᅃቧڦ૙تࡕቷၳ࠼ټĂփڦڇ֌ዊǈኄ๟ᅃ߲ፌ०ڦ WebGL logo ཮ೌڦ

ፕྺ࿖૙ᆙพ๑ᆩሞ૬ݛ体ฉă࿖૙ᆙพǈᆼ׬࿖૙ǈ๟ᆩઠ՗๖ 3D ྪ߭ఇ႙՗面ຌႠ

ઠׂิࢇፇࡗ๟ۨᅭᅃ߲՗面ჿ෥ǈܸ໲்ᄺ੗ᅜཚ݆ݛ๑ᆩڦڇ࿋཮ă࿖૙ᆙพፌ०ڦ

ްሗࡕၳڦǈ૩සӈཫई࠼ߛă

WebGL ڦ࠲କᅃဣଚ࿖૙၎ࠃ༵ APIǈժ༵ࠃକዘᄲڦҾඇ༬Ⴀǈ૩සሞ࿖૙๑ᆩዐ对ੵ

ᇘݡ࿚ڦ၌዆ăସට႗ڦݺ๟ǈThree.js ڦڇ०׉ݥକᅃ߲ࠃ༵ APIǈኄ߲ API ੗ᅜᆩઠ

ेሜ࿖૙ǈժՍ૧ںॽഄࢅ֌ዊ৊ႜ঳ࢇă࿢்ۙᆩ THREE.ImageUtils.loadTexture() ઠ

ٗ཮ೌ࿔ॲेሜ࿖૙ǈժཚࡗ֌ዊࠓሰ้د෇ڦ map ֖ຕॽڦڟڥ࿖૙ࢅ֌ዊ঳ࢇഐઠǖ

 ৠዐׇڟ体ժॽഄཁेݛ૬ڦॺᅃ߲࿖૙ᆙพظ //             
             // ๯ံǈظॺ࿖૙ᆙพ 
             var mapUrl = "../images/webgl-logo-256.jpg"; 
             var map = THREE.ImageUtils.loadTexture(mapUrl); 
 
             // ഄْǈظॺᅃ߲एإ֌ዊǈد෇࿖૙ᆙพ֖ຕ 
             var material = new THREE.MeshBasicMaterial({ map: map });

ሞኄ૛ǈThree.js ๚൧ă໲ॽڦஓፔକᅃဣଚپ֫ڹڦ JPEG ཮ೌۅ໎ၟڦᆙพڟ૬ݛ体௅

߲՗面ڦኟඓ࿋ዃฉǖ཮ೌ़ுᆶԥઙฦޮ߃ኝ߲૬ݛ体ǈ௅߲面ฉڦ཮ೌᄺுᆶڛہई݋

ገăኄੂഐઠժுᆶ๊஺ٷփକڦă඗ܸ࿢்࣮ࠥമᅃቤǈසࡕᆩ WebGL ǈ࿢݆ݛᇱิڦ

்ႴᄲՊႀٷଉپڦஓઠԍኤኟඓڦᆙพǈڍ๑ᆩକ Three.jsǈ࿢்৽ኻႴڦ܌܌बႜپஓă

ፌࢫ࿢்ظॺ૬ݛ体߭ྪڦăڟኄ૛࿢்ᅙঢ়ࠓॺକबࢆႚጒĂ֌ዊࢅ࿖૙ă࿢்ॽ໲்

ኝڟࢇᅃ߲Վଉఁྺ cube ڦ THREE.Mesh 对象ฉăሞॽഄཁेׇڟৠമǈ࿢்ॽ૬ݛ体ย

ዃሞ၎ऐݛࢫӗ߲ڇ࿋ڦ܈׊࿋ዃฉǈኟස࿢்ሞڼ 2 ቤڦ๖૩ዐ໯ፔڦఫᄣǈփཞڦ๟

၄ሞ࿢்փՂሞ面对ఫၵݏ໬ڦਈንऺ໙ǈኻႴ०ںڇยዃ૬ݛ体ڦ position.z ຌႠăཞ

้࿢்ॽ૬ݛ体ၠੂ࠵ኁၠݛൡၽକᅃ߲ঙ܈ǈᅜՍ੗ᅜੂൣ૬ݛ体ۥڦ面ǈኄኻႴยዃ

૬ݛ体ڦ rotation.x ຌႠ৽੗ᅜፔڟă඗ࢫ࿢்ॽኄ߲૬ݛ体ཁेׇڟৠዐăࡻକƽ៺ක

ׇৠ໯ႴڦᅃൎۼጚԢ৽Ⴣă

             // ॽྪ߭ᅎڟۯᇑ၎ऐᆶᅃ܎ਐ૗ڦ࿋ዃǈժִ࠵ၠוኁൡၽ 
             cube.position.z = -8; 
             cube.rotation.x = Math.PI / 5; 
             cube.rotation.y = Math.PI / 5; 
 
             // ፌࢫǈॽྪ߭ཁेׇڟৠዐ 
             scene.add( cube );
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3.3.3　运行循环的实现

๖૩ᅃᄣǈ࿢்Ⴔᄲ๑ᆩڦฉᅃቤࢅ requestAnimationFrame() ຕઠํ၄ᅃ߲ሏႜთ࣍ăࡧ

փํࡗ၄ڦဦব୼ᆶփཞăሞኮമڦӲԨ૛ǈ࿢்ڦ draw() Ăยዃ៺ක؋ຕႴᄲยዃ࣐ࡧ

ጒༀĂൣ੣视口Ăยዃጣ෥ഗࢅ࿖૙ǈڪڪă๑ᆩ Three.jsǈ࿢்ኻႴڦ܌܌ᅃႜپஓǖ

renderer.render( scene, camera );

඗پࢫஓੰࣷӻేت૙ഄᇆڦ๚൧ăሞ࿢ੂઠǈ৽ኄॲ๚Ԩวǈᅙঢ়ፁᅜྺׯ჋ᆩ Three.
js ૙ᆯăڦ

ፌࢫ࿢்ᄲቛ๖ڦ๟ॽ૬ݛ体჉ገᅃ߲ঙ܈ǈᅜՍీൣੂںࡻ߸ࠕ໲ڦ 3D ঳ࠓăᆶକ

Three.jsǈኄཞᄣ׉ݥ०ڇǖኻႴॽ rotation.y ຌႠยዃྺႎڦ჉ገঙ܈ǈThree.js ֫ڹڦ

ڦ૙໲ăሞူᅃْሏႜთ࣍ኴႜت๮ඁۯਈንሏ໙ǈܸփᆩ࿢்ጲमڦ࠲૙၎تஓ৽ࣷپ

()ǈrenderࢪ้ ڦຕࣷ๑ᆩႎࡧ y ჉ገኵǈܸٗ૬ݛ体ࣷ׼Ⴤ჉ገăᅜူ๟ animate() ࢅ

render() ਏ体ํ၄ǖڦຕࡧ

    var duration = 5000; // ms 
    var currentTime = Date.now(); 
    function animate() { 
 
        var now = Date.now(); 
        var deltat = now - currentTime; 
        currentTime = now; 
        var fract = deltat / duration; 
        var angle = Math.PI * 2 * fract; 
        cube.rotation.y += angle; 
    } 
 
    function run() { 
        requestAnimationFrame(function() { run(); }); 
 
            // ៺කׇৠ 
            renderer.render( scene, camera ); 
 
            // ྺူᅃኡࣃۯ჉ገ૬ݛ体 
            animate(); 
    }

঳ࡕස཮ 3-5 ໯๖ǈ๟փ๟࢔ຄဒǛ
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图 3-5：使用 Three.js 创建的纹理映射立方体

3.3.4　为场景添加光照

૩ 3-1 ࣼ዆କᅃ߲࿢்ీظࠕॺڦፌ०ڦڇ Three.js 3D ׇৠăేڍ੗ీᅙঢ়ጀᅪڟǈሞ

ኄ߲๖૩ዐǈࣼ዆؜ઠڦ 3D ૬ݛ体ੂഐઠժփๆݴĐ3Dđăړ඗ǈሞ૬ݛ体჉ገࢪ้ڦǈ

࿢்ཚ߲߳ࡗ面ฉڦ࿖૙੗ᅜٚ୼؜ੂں૬ݛ体ڦႚጒăڍኝׇ߲ৠዐඍ฿କᅃ߲࢔ዘᄲ

ᅺ໎ǖ௽Ӂăํ้ڦ 3D ៺කዐସට৚༒ڦᅃۅ๟ǖే੗ᅜ๑ᆩ࠼ڨઠٶሰᅃ߲࿿体՗面

Ӂևăස཮ࢅ௽ևڦ 3-6 ໯๖ǈ၄ሞ૬ݛ体߲߳ڦ面ᆶକൣညڦՉᇹǈኟසేሞ၄ํ๘হ

ዐੂڦڟ 3D ࿿体ᅃᄣă࿢்ཚׇၠࡗৠዐཁे࠼ڨઠํ၄ኄᅃۅă

࿢ሼঢ়๬཮ሞڼ 2 ቤڦ૩ጱዐཁे࠼ڨăُྺڍ࿢Ⴔᄲዘႀ܎ೌࢅۅۥጣ෥ഗǈժՊႀٷ

ଉپڦஓᆩᇀ߸ႎ؋࣐ۅۥຕ਍ǈኄ၂඗ժփኵڥǗ้ړǈ࿢ሞኇጡ๟ޏᆌ޿ષิݯంඁ

Պႀࠟڦ࠰ WebGL ๚൧ăᆶକڦڇஓǈৈৈྺକํ၄සُ०پ Three.jsǈኄ०኱փࣨعݯ

ኮ૰৽੗ᅜํ၄ă࿢்ৈৈႴᄲႎሺबႜپஓăੂੂ૩ 3-2 ే৽ኪڢକăُӲԨྜڦኝᇸ

ஓ੗ᅜሞپ Chapter 3/threejscubelit.html ዐቴڟă
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图 3-6：Three.js 立方体，带灯光，使用 Phong 着色方法

例 3-2：ᆩ Three.js ྺ૬ݛ体ཁे࠼ቷ

// 添加用于突出显示物体的定向光 
var light = new THREE.DirectionalLight( 0xffffff, 1.5); 
 
// 将灯光放置在场景外，指向原点 
light.position.set(0, 0, 1); 
scene.add( light ); 
 
 ৠዐׇڟ体ǈժॽഄཁेݛ࿖૙ᆙพ૬ڦ௽Ӂټॺᅃ߲ظ //
// ๯ံǈظॺ࿖૙ᆙพ 
var mapUrl = "../images/webgl-logo-256.jpg"; 
var map = THREE.ImageUtils.loadTexture(mapUrl); 
 
// 其次，创建一个Phong材质来展示明暗效果，传入纹理映射参数 
var material = new THREE.MeshPhongMaterial({ map: map });

ेٚ၂๖ڦևݴ՗௽କኝ߲ײࡗă๯ံǈ࿢்ྫׇৠዐཁेᅃ߲࠼ڨă࠼ڨᄺ๟ׇৠዐڦ

ᅃૌ࿿体ǖظేړॺ໲்ժॽ໲்ཁेׇڟৠዐ้ǈ໲்ڦኵॽԥᆩઠ៺කഄ໱࿿体ăሞ

ኄ߲๖૩ዐǈ࿢்๑ᆩକᅃ߲定向光（directional light）ăኄ๟ᅃຐઠጲ༬ۨڦၠݛ平ႜ࠼

၍ăThree.js ᆩᇀࠓॺۨၠڦ࠼ᇕ݆（ሞ࿢ੂઠ）ᆶݒྵۅ኱ਥǖేႴᄲۨᅭڦ࠼ڨ࿋ዃǈ

ᅜतቷพڦ࿋ዃ（ఐණ࿋ዃ๟ᇱۅǈูتُܸࠤ୼କኄᅃօ）ă඗ࢫ Three.js ཚࡗᆩ࠼ڨ࿋
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ዃ३ඁቷพ࿋ዃઠऺ໙ၠݛڦ࠼ၠۨ؜ăሞ࿢்ڦ๖૩ዐǈٗ࠼ڨೡటڦ (0, 0, 1) ࿋ዃ

ኸၠ (0, 0, 0)ǈन኱พ࿋ᇀᇱۅ࿋ዃڦ૬ݛ体ă

ྺକੂࡕၳڦ࠼ڨڟǈ࿢்Ⴔᄲፔᅃၵ๚൧ă࿢்ᆩᅃ߲ Phong ֌ዊپ༺କฉᅃ߲๖૩ዐ

๑ᆩڦएإ֌ዊăሞ Three.js ዐǈᅃ߲࿿体සࢆԥቷଋǈփڍᅈડᇀཁेׇڟৠዐ࠼ڨڦǈ

ཞ้ᅈડᇀ໲ጲวڦ֌ዊૌ႙ăPhong ֌ዊૌ႙ํ၄କᅃ߲०ੂڍڇഐઠ׉ݥ԰ኈڦጣ෥

ఇ႙ǈ०׬ Phong 着色法ǈ໲ڦႠీ׉ݥᆫႯă࿢்၄ሞ੗ᅜੂൣ૬ݛ体ڦՉᇹକǖၠו

؜ቛ၄ںՉᇹൣညڦ面ሶੂഐઠԲডӁǈ௽Ӂ঍হڦ࠼ڨ面ੂഐઠ߸௽ଋǈܸԝၠڦ࠼ڨ

ଇ߲面ڦ၎঍تă࠲ᇀ࠼ቷ࣏ᆶ߸۫ڦܠဇǈڍఫၵ๟߸ྺएాڦإඹǈ࿢்ࣷሞူᅃቤ

߸ၘဦں༑༪࠼ቷ߁ڦ౒ă၄ሞ዁ณ࿢்ظॺକᅃ߲໯࿍ڦĐኈํၳࡕ 3D ఇ႙đǈৈ๑ᆩ

ᅃᄻڦ JavaScript ஓăپ

Phong ጣ෥݆ᆯெࡔᆲ໱ٷბڦಣၗޅ（Bui Tuong Phong）݀௽ăPhong ໙

݆ሞ้ړ๟ံ׉ݥ৊ڦǈܸසৃᄺ๟Ⴙܠ៺කᆌᆩڦᅃ߲Քጚ៺කݛ๕ǈ

ᆮഄ๟ሞํ้៺කዐǈᅜኧڦၳߛ׼ኈํ௽Ӂऺ໙ăසၙࡕକ঴߸࠲ܠᇀ

Phong ጣ෥݆ڦ႑တǈ൩ݡ࿚ഄྼएӥ੔َཉ（http://en.wikipedia.org/wiki/

Phong_shading）ă

3.4　小结

Ԩቤ࿢்঻ถକ Three.jsǈፌୁႜڦएᇀ WebGLĂᆩᇀࠓॺ 3D Web ᆌᆩڦਸᇸ߾ਏԈă

࿢்ႌงକᅃၵ๑ᆩ໲ࠓॺڦସට৚༒ײ߾ڦǈٗํᄓႠۉۯࢻڦᆖǈۉڟጱฆခڦ੗视

ă࿢்ٗࣅ GitHub ฉइൽକኝ߲ڦײ߾ፌႎᇸپஓǈժ०៓ںڇબକ໲ăፌࢫǈ࿢்ཚ

ॏኵǖᆩᇱิڦઠټႾઠቛ၄ኄ߲ੰײڦڇՊႀᅃၵ०ࡗ WebGL ՊႀڦႴᄲबӥپஓڦ

ᅃײ܎Ⴞǈ๑ᆩ Three.js ኻႴबๆႜ৽੗ᅜํ၄ăُྔǈThree.js ඟ࿢்ڥᅜएᇀྜ฀ڦ

3D ཮ႚ߁౒ࢅຄဒڦ面ၠ对象߭ޅઠ߾ፕă

Ԩቤٷዂ঄ຎକ Three.js ๟සेࢆ੺࿢்ڦਸ݀໏ڦ܈ǈሞথူઠڦबቤዐǈ࿢்ॽਏ体

କ঴ Three.js ăీࠀٷഽڦ
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Three.js中的图形和渲染

ሞԨቤዐǈ࿢்ॽ体ᄓ Three.js ྺࣼ዆཮ႚࢅ៺කׇৠ༵ٷڦࠃଉ༬Ⴀăසేࡕ对 3D Պ

ஓپକׯᅃ߲߲ྜేࡕ๟සڍగၵዷ༶ే࿮݆கฉ૙঴ăڦᆶ੗ీԨቤዐ࢔փຄဒǈ࣏ײ

๖૩ǈፌዕ৽੗ᅜںࡻ࢔๑ᆩ Three.js ᆌᆩăڦሰᆫႯظ૰ઠీڦ

Three.js ᆶጣڦ޷ݿ཮ႚဣཥǈኄᅃݛ面๟๴ڟକܠ࢔ኮമڦ 3D ཮ႚੰڦഔ݀ǈଷᅃݛ面

ઠᇸᇀ໲ڦፕኁ்ڦঢ়ᄓăThree.js କට்对ࠃ༵ 3D Չႚྪܠ༬Ⴀǈᅜतᆩڦஓੰ೺ྭپ

ڦॺࠓ߭ 2D ࢅ 3D बࢆ཮ႚǈԈ֫ࡤप঳ࠓ࿿体ࢅՎׇ࣑ڦৠ཮ၟǈ֌ዊĂ࿖૙࠼ڨࢅǈ

ํ้ᅽᆖǈਸߴݣᆩۨࢽᅭڦ੗Պײጣ෥ഗǈᅜतᅃ߲੗ᆩᇀߛप༬๺ၳڦࡕĂኧܠ׼ཚ

ଳऄ៺කဣཥăڦ៺කरຍ׿ჽࢅڢ

4.1　几何图形和网格

Բഐ኱থ๑ᆩ WebGL API ઠ߾ፕǈ๑ᆩ Three.js বูକ࿢்ᆩᇀٷٷՍ૧ሞᇀ໲ٷᅃڦ

ڼक़ă࣮ၙᅃူ้ڦႚጒࢆॺबࠓ 2 ቤᆩᇀࠓॺᅃ߲०ڦڇ૬ݛ体तഄ࿖૙ཌྷ཮پ܎ٷڦ

ஓǈ้ړ࿢்๑ᆩକ WebGL ஓઠॽኄၵຕپዐǈ࿢்࣏ႴᄲՊႀᅃၵײࡗǈሞࣼ዆؋࣐

਍ገᅎڟ WebGL ዆ăThree.jsࣼڦ੣क़ዐǈᅜՍ৊ႜኈํ٪ాڦ बڦׯକᅃဣଚ၄ࠃ༵

ႚጒࢆबڦႚጒԈઔᇨዃࢆઠăኄၵब؜ፕዐ঴৸߾ڦ໬ݏႚጒ对象ǈॽਸ݀ኁٗኄၵࢆ

（ස૬ݛ体ࢅᇶዹ）Ăୟ০ࣼ዆ႚጒĂ2D फ؜बࢆ体ǈᅜतᆩࢽ੗કቛڦएૌǈᅜࠃ࿢்

ጲᆯཁेጲۨᅭڦबࢆႚጒăူ面ඟ࿢்ઠ༑༪໲்ă

4.1.1　预置的几何形状类型

Three.js ᇶዹǗࢅ体Ă൰体ݛ૬体ǈ૩ස૬ڦڇႚጒăԈઔ०ࢆ见ब׉ڦዃాܠକႹࠃ༵

ᅃၵԈࡤ߸ްሗՎଉڦႚጒǈԈઔएإႚጒᅜतएᇀୟ০ڦႚጒĂᇶ࣍ࢅ౨঳Ǘ៺කሞ
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3D ੣क़ዐڦ 2D ႚጒǈ૩සᇶĂਈႚࢅᇶ࣍Ǘฯ዁࣏Ԉઔٗ 2D ࿔ጴऺ໙ገܸࣅઠڦ 3D
फ؜࿔ጴႚጒăThree.js ཞ้ኧࣼ׼዆ 3D ࠓ੗ᅜ๑ᆩᅃႜۼຕኄૌႚጒǈేܠ၍ăࢅۅ

ሰࡧຕ࢔ඹᅟظںॺ؜ઠǈഄዐగၵ੗ీႴᄲۙኝᅃၵ୼ྲްሗ֖ڦຕǈᅜतՊႀᅃۅۅ

ஓăپ

සࡕထྭൎํ体ᄓ Three.js ᇨዃڦबࢆႚጒǈ൩ሏႜ Three.js ၜణዐڦ examples/webgl_
geometries.htmlǈස཮ 4-1 ໯๖ă๖૩ዐڦ௅߲ྪ߭对象Ԉࡤᅃ߲پ՗ᅃૌాዃڦबࢆႚጒ

ૌ႙ڦႚጒǈᅜतᅃ߲ቛ๖޿ႚጒ࿖૙ፖՔऺ໙ݛ๕ڦ࿖૙ཌྷ཮ă࿖૙ཌྷ཮ઠጲ PixelCG 
Tips and Tricksǈኄ๟ᅃ߲ᆫႯऺڦ໙ऐ཮ႚኸᆅঞײበۅăኝׇ߲ৠᆩᅃ߲຤平࠼ڨቷ

ଋǈᅜቛ๖௅߲࿿体ڦጣ෥ݛ๕ă

图 4-1：Three.js 内置几何形状演示。图中从左到右，从前到后依次为：球体、二十面体、八面体、

四面体；平面、立方体、圆、环、圆台；车床、圆环、环面纽结、三维坐标系和方向矢量

4.1.2　路径、形状和挤出

Three.js ዐڦୟ০（Path）ૌĂႚጒ（Shape）ૌࢅफ؜बࢆ体（ExtrudeGeometry）ૌ༵

体ă཮ࢆब؜ॺफظ൸၍ઠࡗ๕ǈ૩සཚݛׯ཮ႚิࢆबڦଳऄܠକႹࠃ 4-2 ቛ๖କᅃ߲

एᇀᄣཉ၍ڦफ؜ႚጒăၙᄲํִ࠵ाၳࡕǈ൩ٶਸ Three.js ၜణዐڦ examples/webgl_
geometry_extrude_shapes.htmlăईኁଷᅃ߲૩ጱǈeamples/webgl_geometry_extrude_splines.
htmlǈኄ߲๖૩ሎႹే჋ስ߳ዖᄣཉࡧຕઠิׯफ؜ႚጒǈժ༵ࠃକᆩᇀֱੂ൸၍ႚጒڦ

ሏۯ၎ऐăᄣཉᇑफڦ؜঳ࢇ๟ᆩᇀࠓॺᆶऐႚጒڦዘᄲरຍǈ࿢்ॽሞڼ 5 ቤ对ُ৊ႜ

ၘဦຫ௽ă
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图 4-2：Three.js 中基于样条的挤出（另见彩插图 4-2）

Shape ૌ࣏੗ᅜᆩᇀظॺ 2D 平面ႚጒईኁएᇀኄၵႚጒڦ 3D फ؜ă्ยేᆶᅃ߲ 2D ܠ

Չႚຕ਍ੰڦ（૩සں૙Ӳ཮Չᇹई๐ଉᅝຍႚጒ）ǈే੗ᅜ׉ݥ०ںڇ૧ᆩ Three.js ࠃ༵

ڦ Path ૌॽኄၵຕ਍ڞ෇ڟ Three.js ࣍ৣዐăPath ૌཞ้༵ࠃକᅃၵ०ڦڇୟ০ࣼ዆ࡧ

ຕǈ૩ස moveTo() ࢅ lineTo()ǈᆶ 2D ࣼ཮ਸ݀ঢ়ᄓڦටᅃۨ对ኄၵࡧຕ׉ݥຄဒ（एԨ

ฉǈኄ๟ᅃ༫ాዃᇀ 3D ࣼ཮ੰዐڦ 2D ࣼ཮ API）ăྺ๊஺ᄲኄᄣፔ఼Ǜఫ๟ᅺྺසేࡕ

ᆶᅃ߲၄ڦׯ 2D ႚጒǈఫ஺ే੗ᅜ૧ᆩ໲ઠظॺᅃ߲٪ሞᇀ 3D ੣क़ዐڦ平面ྪ߭ǖ໲

੗ᅜᇑഄ໱ 3D ࿿体ཞᄣݛڦ๕（平ᅎĂ჉ገĂ໫ݣ）৊ႜՎ࣑Ǘ໲੗ᅜ૧ᆩ֌ዊઠ৊ႜ

ࣼ዆ǈժၟׇৠዐڦഄ໱࿿体ᅃᄣԥቷଋࢅጣ෥ăే࣏੗ᅜ对໲৊ႜफ؜ǈܸٗظॺᅃ߲

एᇀ 2D ྔ୾ખڦኈኟڦ 3D ႚጒă

examples/webgl_geometry_shapes.html ዐڦᄇ๖ǈස཮ 4-3 ໯๖ǈںࡻ࢔ቛ๖କ Three.js ڦ
ኄᅃీ૰ă࿢்੗ᅜੂेڟ૧ޟ౅ჱዝڦ୾ખĂᅃၵ०ܠڦڇՉႚǈᅜत༬๺ႚጒǈස႐

ႚ૽ၲࢅăኄၵႚጒݴ՚ᅜܠዖݛ๕ࣼ዆ǈԈઔ平面 2D ྪ߭Ăफ؜ժཁेକൎঙڦ 3D
ྪ߭ǈᅜत၍ཉĊĊ໯ᆶኄၵۼ๟ᆯएᇀୟ০ڦຕ਍ಋิܸઠă
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图 4-3：Three.js 实现基于路径的挤出形状（另见彩插图 4-3）

4.1.3　几何形状基础类

Three.js ᇨዃڦबࢆ体ૌ႙ಋิጲ THREE.Geometry（src/core/Geometry.js）एૌăేᄺ੗ᅜ

૧ᆩኄ߲एૌઠՊႀేጲमڦबࢆႚጒăူ面࿢்ઠੂᅃੂᇨዃबࢆႚጒڦᇸپஓǈᅜՍ

对ኄၵૌසํࢆ၄बࢆႚጒᆶ߲ٷዂڦକ঴ăबࢆႚጒૌپڦஓ٪ݣሞ Three.js ణ୤ײ߾

ڦူ src/extras/geometries/ ࿔ॲॄዐăྺକ߸ںࡻຫ௽ǈ࿢்ઠ៓બᅃူഄዐᅃ߲Բড०ڇ

࿿体ǈTHREE.CircleGeometryࢆबڦ ஓă૩پ၄ํڦ 4-1 ଚ؜କኄ߲࿿体ڦ၎پ࠲ஓǈጺ

ăޗೊڦକᅃᄻݯࡼࠌ

例 4-1：Three.js ᇶႚबࢆ体پஓ

/** 
 * @author hughes 
 */ 
 
THREE.CircleGeometry = function ( radius, segments, thetaStart, thetaLength ) { 
 
    THREE.Geometry.call( this ); 
    radius = radius || 50; 
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    thetaStart = thetaStart !== undefined ? thetaStart : 0; 
    thetaLength = thetaLength !== undefined ? thetaLength : Math.PI * 2; 
    segments = segments !== undefined ? Math.max( 3, segments ) : 8; 
 
    var i, uvs = [], 
    center = new THREE.Vector3(), centerUV = new THREE.Vector2( 0.5, 0.5 ); 
 
    this.vertices.push(center); 
    uvs.push( centerUV ); 
 
    for ( i = 0; i <= segments; i ++ ) { 
 
        var vertex = new THREE.Vector3(); 
        var segment = thetaStart + i / segments * thetaLength; 
 
        vertex.x = radius * Math.cos( segment ); 
        vertex.y = radius * Math.sin( segment ); 
 
        this.vertices.push( vertex ); 
        uvs.push( new THREE.Vector2( ( vertex.x / radius + 1 ) / 2, 
            ( vertex.y / radius + 1 ) / 2 ) ); 
 
    } 
 
    var n = new THREE.Vector3( 0, 0, 1 ); 
 
    for ( i = 1; i <= segments; i ++ ) { 
 
        var v1 = i; 
        var v2 = i + 1 ; 
        var v3 = 0; 
 
        this.faces.push( new THREE.Face3( v1, v2, v3, [ n, n, n ] ) ); 
        this.faceVertexUvs[ 0 ].push( [ uvs[ i ], uvs[ i + 1 ], centerUV ] ); 
 
    } 
 
    this.computeCentroids(); 
    this.computeFaceNormals(); 
 
    this.boundingSphere = new THREE.Sphere( new THREE.Vector3(), radius ); 
 
}; 
 
THREE.CircleGeometry.prototype = Object.create( THREE.Geometry.prototype );

THREE.CircleGeometry ຕሞࡧሰࠓڦ xy 平面ฉิׯକᅃ߲平面ᇶႚǗኄ՗๖޿ႚጒዐڦ໯

ᆶڦ z ኵۼԥยׯ 0ăኝ߲໙݆ࢃڦ႐๟ᆩᇀऺ໙ኄᄣᅃ߲ႚጒۅۥڦຕ਍پڦஓǈኄ܎

ᅃ߲ڼሞࡤஓԈپ for თ࣍ዐǖ

    vertex.x = radius * Math.cos( segment ); 
    vertex.y = radius * Math.sin( segment );

๚ํฉǈኄ߲ 3D ᇶႚ๟ᆯྷජዐ႐჉ገܠڦขෙঙႚࠓॺܸڦׯăෙঙႚڦຕଉሁܠǈ
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ᇶዜăස཮ڦࣂ࠼ᇶႚ৽߸থ近ᇀڦઠ؜ሰࠓ 4-4 ໯๖ă

图 4-4：由三角形组成的 THREE.CircleGeometry

ڦ࿋ዃۅۥॺକᇶዜظᅃ߲თ࣍体ৈڼ x ࢅ y ፖՔă၄ሞ࿢்Ⴔᄲྺ௅߲ෙঙႚظॺᅃ߲

面片（faceǈनܠՉႚ）对象ǈ面ೌ对象ᆯෙ߲ۅۥፇׯǖۨ࿋ᇀᇱڦۅዐ႐ۅǈᅜतᇶ

ዜฉڦଷྔଇ߲ۅă߲ܾڼთ࣍৊ႜକኄᅃօ߾ፕǈժॽิڦׯຕ਍ག؊ڟ this.faces ຕ

ፇዐă௅߲面ೌ对象Ԉࡤ this.vertices ຕፇዐڦෙ߲ۅۥຕ਍ǈݴ՚ᅜ໭ᆅຕ v1Ăv2Ă

v3 ઠ՗๖ăጀᅪǈv3 ኵ๔ዕྺڦ 0ǈኄپ՗٪ئሞ this.vertices ࿋ዃۅᇱڦᅃ߲ᇮ໎ڼ

ຕ਍ă（࣮ᅬڼ 2 ቤڦ WebGL ဦবǈ࿢்ሼঢ়๑ᆩ gl.drawElements() ઠࣼ዆ෙঙႚ݆ݛ

Ⴞଚǈෙঙႚۅۥڦຕ਍ᅜ໭ᆅຕፇڦႚ๕٪ئăሞኄ૛࿢்ํ၄କཞᄣڦ๚൧ǈփࡗኄ

ၵဦবԥ Three.js （ጎഐઠକăހ

࿢்࣏ᆌ޿ጀᅪڟǈ௅߲თ࣍ዐۼԈࡤକᅃ߲ဦবǖ࿖૙ፖՔऺڦ໙ăWebGL Ԩวժփ

ኪڢසࢆॽ࿖૙཮ೌฉۅ໎ၟڦᆙพ߲߳ڟෙঙႚฉǈݥأ࿢்ߢ໕໲ᆌ޿සࢆፔăᇑ

࿢்ࠓॺۅۥኵݛڦ๕ૌຼǈኄଇ߲ for თ࣍ཞ้ࠓॺକ࿖૙ፖՔǈᆼ׬ UV 坐标（UV 
coordinates）ǈժॽኄၵຕ਍٪ئሞ this.faceVertexUVs ዐă

࣮ᅬᅃူǈ࿖૙ፖՔ๟ྺ௅߲ۨۅۥᅭڦᅃ对ۅޝຕǈཚ׉ൽኵྷݔ๟ 0 ڟ 1ăኄၵኵ对

ᆌ࿋཮ຕ਍ฉڦ xĂy ೋᅎଉǗጣ෥ഗࣷ૧ᆩኄၵຕ਍ٗ࿋཮ฉइൽၟ໎႑တă࿢்ऺ໙മ

ଇ߲ۅۥ࿖૙ፖՔݛڦ๕ऺࢅ໙ഄۅۥፖՔຕ਍ݛڦ๕ๆݴૌຼǈۼ๑ᆩକ჉ገঙڦ܈ᇆ

၀ઠऺ໙ x ኵǈኟ၀ઠऺ໙ y ኵăփཞኮتሞᇀ࿖૙ፖՔཚأࡗᅜᇶڦӷ০ኵઠॽኵ၌ۨ

ሞ [0..1] ࿖૙ፖՔǈሞڦ࿋ዃۅ཮ႚᇱࢆĂ对ᆌबڦۅۥෙ߲ڼăඇևෙঙႚాྷݔ 2D
཮ၟฉڦ၎ᆌ࿋ዃ๟཮ၟڦዐ႐ۅ (0.5, 0.5)ă
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ఫ஺ UV ᅭ๟๊஺఼Ǜጴజࡤڦ U ࢅ V ՗ᅃቧپ՚ݴ 2D ࿖૙཮ೌڦ຤平ዡ

኱ዡǈᅺྺؽࢅ XĂY ࢅ Z ᅙঢ়ԥᆩઠ՗๖࿿体 3D ፖՔဣཥዐڦෙዡăၙ

ᄲ对 UV ፖՔ体ဣࢅ UV ᆙพ（UV mapping）ᆶ߸ڦܠକ঴ǈ൩ݡ࿚ഄྼए

ӥ੔َཉ（http://en.wikipedia.org/wiki/UV_mapping）ă

ሞࢅۅۥ UV ຕ਍ጚԢࡻኮࢫǈThree.js Ս੗ᅜਸ๔ጚԢ৊ႜबࢆႚጒڦ៺කăTHREE.

Circle ֡ࣅ৳׼ຕ৊ႜࡧዺޤڦࠃႚጒएૌ༵ࢆፕᆩ๟঺ዺबڦஓپڦتຕ঳࿂ࡧሰࠓ

ፕăcomputeCentroids() ڟ๕ઠቴݛڦժऺ໙平਩࿋ዃۅۥඇևڦႚጒࢆՓ૦बࡗຕཚࡧ

ႚጒڦबࢆዐ႐ۅă

computeFaceNormals() ׬法向量（normal vectorǈ०ڦዘᄲǈᅺྺ࿿体׉ݥ normal）ਦۨ

କ࿿体සࢆԥጣ෥ă对ᅃ߲平面ڦᇶႚઠຫǈ௅߲面ೌၠ݆ڦଉؽۼ኱ᇀबࢆႚጒԨวă

computeFaceNormals() ཚऺࡗ໙؜ઠؽڦ኱ᇀፇׯᇶڦ௅߲ෙঙႚ໯ඓۨڦ平面ၠڦଉઠ

ۨᅭᇶၠ݆ڦଉă面ೌཚ׉ԥ௮ࣼྺᅃ߲平面ᅽᆖఇ๕៺කڦෙঙႚǈස཮ 4-5 ໯๖ă

Normal

Vertex 1

Vertex 0

Vertex 2

⊩৥䞣

3ۅۥ

1ۅۥ

2ۅۥ

图 4-5：面片通常以一个平面阴影渲染的三角形来表示

ፌࢫǈࠓሰࡧຕྺ࿿体؛๔ࣅᅃ߲Ԉྷ࢈ǈሞኄ߲๖૩ዐǈԈྷ࢈๟ᅃ߲൰体ǈԈྷ࢈ሞ

่ൽĂ჋ዐᅜत཮ႚ៺කᆫࣅዐഐڟዘᄲፕᆩă

4.1.4　用于优化网格渲染的BufferGeometry
Three.js ፌ 近 ᆅ ৊ କ ᅃ ૌ ఁ ྺ THREE.BufferGeometry ڦ ᆫ ࣅ Ӳ ब ࢆ ႚ ጒăTHREE.

BufferGeometry ॽຕ਍ᅜૌ႙ຕፇݛڦ๕٪ئǈኄবูକᆩᇀت૙ JavaScript ຕጴૌ႙ຕ

ፇྔܮڦਸၨăኄ߲ૌᄺ੗ᅜݛ࢔Սںᆩᇀׇৠԝৠࢅኧዹۅۥڪኵփࣷ݀ิ߀Վժ൐փ

ࣷሞׇৠዐᅎۨࠦڦۯ࿿体ฉăසేࡕඓۨᅃ߲࿿体๟ࠦۨڦǈఫ஺ే੗ᅜྺഄظॺᅃ߲

THREE.BufferGeometry 对象ǈThree.js ࣷ৊ႜᅃဣଚڦᆫࣅઠ੺໏៺කኄૌ࿿体ă

邮

　电
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4.1.5　从建模软件包中导入网格数据

ᆌᆩժփڦǈ࿢்ࢪຕ้ܠࡗႚጒăփࢆॺबظஓઠپᆩࢆణമྺኹ࿢்ᅃ኱ሞჺ৯සڟ

኱থ๑ᆩՊݛײ๕ઠࠓሰबࢆႚጒǈܸ๟኱থሞײႾዐሜ෇ᆩጆᄽڦॺఇ෉ॲ（૩ස 3ds 
MaxĂMaya ࢅ Blender）໯ࠓॺڦ 3D ఇ႙ă

Three.js ᅃ߲ेሜྪੂ࠵ຕăူ面࿢்ઠࡧༀৢڦሜఇ႙࿔ॲेࢅକᅃဣଚᆩᇀገ࣑ࠃ༵

֌ዊăሏႜࢅႚጒࢆ๖૩ǈԈઔഄबڦ߭ Three.js ڦణ୤ူײ߾ examples/webgl_loader_
obj_mtl.html ࿔ॲǈేࣷੂڟ཮ 4-6 ໯๖ڦఇ႙ă

图 4-6：从 Wavefront OBJ 格式文件中加载的网格数据

ኄ૛௮ࣼڦఴႠႚ象ཚࡗ Wavefront OBJ ߭๕（࿔ॲࢫጘ .OBJ ）ڦ࿔ॲڞ෇ăኄ๟ᅃ߲

ୁႜڦĂएᇀ࿔Ԩڦఇ႙߭๕ǈႹܠॺఇ෉ॲۼኧ؜ڞ׼ኄዖ߭๕ڦ࿔ॲăOBJ ߭๕࿔

ॲ०ܸڇᆶ၌ǈ໲ৈৈԈࡤबࢆႚጒڦຕ਍ǖۅۥĂ݆ၠଉࢅ࿖૙ፖՔăWavefront ਸ݀

କଷᅃዖᆩᇀ٪ئ֌ዊຕ਍ڦದ༫࿔ॲ߭๕ MTLǈᆩᇀॽ֌ዊࢅ OBJ ߭๕ڦఇ႙ຕ਍

৊ႜ࠲૴ă

Three.js ᆩᇀ OBJ ߭๕（Ԉࡤ֌ዊ）ेڦሜഗپஓ࿋ᇀ examples/js/loaders/OBJMTLLoader.
jsăฎྲჺ৯ᅃူ໲߾ڦፕऐ዆ǈే৽ࣷ݀၄ǈThree.js ڦ࿔ॲेሜഗ๑ᆩᇨዃڦ geometry
ૌࢅ shape ૌॽሜ෇ڦ OBJ ߭๕࿔ॲገ࣑ྺ Three.js ዐڦ THREE.Geometry बࢆႚጒ对象ǈ

MTL ߭๕ገ࣑ഗॽ MTL ߭๕ڦ࿔ॲገ࣑ྺ Three.js ੗ᅜ๎՚ڦ֌ዊ߭๕ăิڦׯबࢆႚ

ጒ对象ࢅ֌ዊ对象ፌዕԥኝڟࢇᅃ߲ THREE.Mesh 对象ዐǈժཁेׇڟৠă

Three.js ֌ዊࢅႚጒࢆକ对बࠃକेሜഗ๖૩ăഄዐగၵ߭๕ኻ༵ࠃዖ࿔ॲ߭๕༵ܠྺ
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ڼă࿢்ॽሞࣃۯࢅ࠼ڨଷᅃၵ੗ీ߸ྺްሗǖԈઔኝׇ߲ৠĂ၎ऐĂڍǈ׼ኧڦ 8 ቤ

对ኄၵ߭๕（ᅜतᆩᇀՊड໲்߾ڦਏ）৊ႜၘဦຫ௽ǈڼ 8 ቤዷᄲ঄ຎظॺాඹ߳ڦ

ዖ཰০ă

Three.js ሞ๖ࡤஓዐǈܸ๟Ԉپੰڦ႐ࢃሞࡤຕ࿔ॲेሜഗժփԈܠڦࠃ༵

૩࿔ॲዐăేႴᄲሞేڦၜణ࿔ॲዐଷႜᆅ෇ेሜഗ࿔ॲăݥأ༬՚ጀ௽ǈ

ኝ߲ࢅሶኄၵेሜഗޏ Three.js ၜణ๑ᆩཞᄣڦਸᇸႹ੗ኤǈే੗ᅜጲᆯں

๑ᆩ໲்ă

4.2　场景图和空间变换的层级结构

WebGL ժுᆶᇱิڦ 3D ׇৠ߁౒ǈ໲ৈৈ༵ࠃକॽ཮ၟࣼ዆ࣃڟքฉڦएإ APIăׇৠ

ăThree.jsࠃᆯᆌᆩጲႜ༵׉ཚࠓ঳ڦ एᇀׯຄڦ场景图（scene graph）߁౒ۨᅭକᅃ߲঳

ڦئ٪ࠓဣ֫प঳࠲ጱ޴՗ᅃ߲ᅜپఇ႙ăׇৠ཮ڦৠׇࣅࠓ 3D ࿿体णࢇǈׇৠ཮ߵڦ

বۅཚ׉ᆩ root Վଉઠ՗๖ăᆌᆩٗߵবۅਸ๔ںࡃڿ៺කׇৠڦ௅߲ጱ֫पă

4.2.1　利用场景图来管理复杂场景

ׇৠ཮ሞ՗๖ਏᆶ֫प঳ްڦࠓሗ࿿体้༬՚ᆶᆩăၙ象ᅃ߲ऐഗටĂᅃଈכǈईኁᅃ߲

໿ᄞဣăኄၵ࿿体ۼԈࡤᅃဣଚڦևॲĊĊ຺ካĂ୾ጱĂ࿐႓ĊĊኄၵևॲۼԈࡤጲᆶڦ

ႜྺăׇৠ཮ཞ้ሎႹኄၵ࿿体ӀႴԥړፕݴ૗ڦፇॲईྜኝڦፇࢇઠت૙ăኄփৈৈ๟

ዘᄲڦ变换层级（transform hierarchy）ྺ׬କᅃၜԥࠃՍ૧ǈ໲ཞ้༵ڦፇኯฉࠓᇀ঳؜

ీ૰ǈሞኄ߲体ဣዐǈᅃ߲࿿体ڦጱ࿿体ी׶କ֫޴पڦՎ࣑႑တ（平ᅎĂ჉ገĂ໫ݣ）ă

೉සǈేړ๑ᆩࣃۯ੦዆ᅃଈၭഛڦכఇ႙ᄂ༬ۨࡆगሏࢪ้ڦۯǈၭഛڦכኝ体ᄂࡆग

ሏۯǈܸၭഛڦכ୾ጱཞ้ሞ჉ገăཚࡗॽ୾ጱยዃྺၭഛכዷ体ڦጱᇮ໎ǈే੗ᅜሞే

ዷ体ሞכǈܸ୾ጱᄺॽ߶ໜၭഛۯगሏࡆᄂጣכ੦዆ၭഛںༀۯஓዐپڦ 3D ੣क़ዐᄂཞ

ᄣࡆगሏۯǗే࿮Ⴔଷႜྺ୾ጱՊႀᄂࡆगሏࣃۯڦۯǈኻႴยۨ໲்ڦ჉ገࣃۯă

Đ཮đኄَ߲ڦ๑ᆩǈ对ᇀ Three.js ৛ඓăሞݴৠ཮ઠຫժփๆׇڦ 3D ៺ක

ዐǈׇৠ཮ཚ׉ԥ՗๖ྺᅃ߲ᆶၠ࿮࣍཮（Directed Acyclic GraphǈDAG）ă

ሞኄዖຕ਍঳ࠓዐǈবۅᅜ޴ጱ࠲ဣ٪ئǈඪࢆᅃ߲࿿体ۼ੗ీཞ้ᆛᆶܠ

पᇮ໎ăሞ޴߲ Three.js पᇮ໎ă޴ৠ཮ዐǈᅃ߲࿿体ኻీཞ้ᆛᆶᅃׇ߲ڦ

৑؜࠶ᇀरຍຍᇕཥᅃڦ੊୯ǈThree.js ٗڍᅃ߲Đ཮đǈྺ׬ԥࠓप঳֫ڦ

߸ጚඓڦঙ܈ઠຫǈኄ๟ᅃ߲ຏ঳ࠓăසࡕထྭइ࠲ܠ߸ڥᇀຕბᅪᅭฉ

/एӥ੔َཉ（https://en.wikipedia.org/wikiྼڦ႑တǈ൩֖੊၎ᆌڦĐ཮đڦ

Directed_acyclic_graph）ă

4.2.2　Three.js中的场景图

Three.js ዐፌएԨڦ对象ૌ႙๟ THREE.Object3D（Three.js ڦణ୤ူײ߾ src/core/Object3D.js
࿔ॲ）ă໲๟໯ᆶ੗见࿿体（සྪ߭Ă၍ཉĂ૭ጱဣཥ）ڦएૌǈཞ้ᄺ๟ׇৠ཮֫प঳
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एԨᄲ໎ăڦፇኯࠓ

௅߲ Object3D 对象ۼԈࡤ໲ጲวڦՎ࣑႑တǈኄၵ႑တݴ՚٪ئሞ position（࿋ዃǈन平

ᅎ）Ărotation ࢅ scale ຌႠዐăཚࡗยዃኄၵຌႠǈే੗ᅜᅎۯĂ჉ገࢅ໫ݣ၎ᆌڦ࿿

体ăසࡕኄ߲࿿体Ԉپࢫࡤ（ጱᇮ໎ᅜतጱᇮ໎ڦጱᇮ໎）ǈپࢫᄺॽी׶ኄၵՎ࣑ăස

ኝ߲ࡗՎ࣑۠ेิၳǈՎ࣑ཚڦपᇮ໎޴Վ࣑ǈఫ஺ኄ߲Վ࣑ॽᇑڦཞ้ਏԢጲमپࢫࡕ

֫प঳ڿد֫֫ࠓă࿢்ઠੂᅃ߲૩ጱă཮ 4-7 ቛ๖କᅃ߲׉ݥ०ڦڇՎ࣑֫पǖcube ๟

cubeGroup ǗsphereGroupپࢫ኱থڦ ᄺ๟ cubeGroup ᄺ৽๟ຫǈ໲๟）پࢫ኱থڦ cube ڦ

ᅃ߲Ⴂھᇮ໎）Ǘܸ sphere ࢅ cone ๟ۼ sphereGroup ăپࢫڦ

Three.js

图 4-7：Three.js 场景图和变换层级

ཚेࡗሜ๖૩࿔ॲ Chapter 4/threejsscene.html ઠሏႜኄ߲๖૩ăేࣷੂڟ཮ዐڦ૬ݛ体

（cube）Ă൰体（sphere）ࢅᇶጔ（cone）ݴ՚ሞ჉ገăే੗ᅜᆩ຋Քۅऍాඹ൶ᇘઠ჉ገኝ

ׇ߲ৠǈईኁׇཱྀۯৠူࣂڦݛ੷ઠ对ኝׇ߲ৠ৊ႜ໫ݣă

૩ 4-2 ቛ๖କ๑ᆩՎ࣑֫प঳ࠓઠظॺ֡ࢅፕׇৠ཮ڦ၎پ࠲ஓăዘᄲپڦஓႜᆩٚ

体Ք௽ă๯ံǈ࿢்ཚظࡗॺᅃ߲ Object3D 对象 cubeGroup ઠ؛๔ࣅኝׇ߲ৠăኄ߲

对象ॽፕྺኝׇ߲ৠ཮ߵڦăໜࢫ࿢்ॽ૬ݛ体（cube）ྪ߭ᅜतଷᅃ߲ Object3D 对

象 sphereGroup ཁेڟ cubeGroup 对象ዐă൰体（sphere ）ࢅᇶጔ（cone）ԥཁेڟ

sphereGroup 对象ዐăཞ้࿢்ॽᇶጔ（cone）ฎྲྫฉ౴କᅃၵĊĊཚࡗยዃ໲ڦ

position ຌႠă
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඗ࢫ࿢்Ⴔᄲยዃኄၵ࿿体ࣃۯڦǖሞ animate() ړǈڟຕዐǈ࿢்੗ᅜੂࡧ sphereGroup

对象჉ገࢪ้ڦǈ໲ాևڦ൰体ᄺཞ้ሞ৊ႜጲገăᇶጔጲว჉ገڦཞ้ሞ੣क़ዐྷජ൰

体ࠅገăጀᅪሞ௅߲ࣃۯኡڦՎࣅዐǈ࿢்ժுᆶྺ൰体ڦጲገࢅᇶጔࠅڦገ܀ڇՊႀپ

ஓǈኄଇ߲࿿体ۼጲۯी׶କ޴पᇮ໎ sphereGroup 对象ڦՎ࣑ຕ਍ăૌຼںǈํ၄ኝ߲

ኝׇ߲ৠڦ჉ገࢅ໫ݣ঍ࢻᄺ׉ݥ०ڇǖኻႴยዃ cubeGroup 对象ڦ rotation ࢅ scale ຌ

ႠǈኄၵՎ࣑ሞ Three.js ዐ৽ࣷጲۯஶಟǈፕᆩᇀ໲پࢫڦᇮ໎ă

例 4-2：ᅃ߲ԈࡤՎ࣑֫पׇڦৠ

function animate() { 
 
        var now = Date.now(); 
        var deltat = now - currentTime; 
        currentTime = now; 
        var fract = deltat / duration; 
        var angle = Math.PI * 2 * fract; 
 
        // ජyዡ჉ገ૬ݛ体 
        cube.rotation.y += angle; 
 
        // ྷජഄፖՔyዡ჉ገ൰体ݴፇ 
        sphereGroup.rotation.y -= angle / 2; 
 
        // ྷජഄፖՔxዡ჉ገᇶጔ（ၠമࡐ݋） 
        cone.rotation.x += angle; 
    } 
 
        function createScene(canvas) { 
 
 canvasዐڟॺThree.js៺කഗժॽഄཁेظ //        
        renderer = new THREE.WebGLRenderer( { canvas: canvas, antialias: true } ); 
 
        // ยዃ视口؅٫ 
        renderer.setSize(canvas.width, canvas.height); 
 
 ॺᅃ߲Three.jsׇৠظ //        
        scene = new THREE.Scene(); 
 
        // ཁेᅃ߲၎ऐᅜՍִ࠵ኝׇ߲ৠ 
        camera = new THREE.PerspectiveCamera( 45, canvas.width / canvas.height, 
            1, 4000 ); 
        camera.position.z = 10; 
        scene.add(camera); 
 
        // 创建一个用于容纳所有物体的分组 
        cubeGroup = new THREE.Object3D; 
 
        // ཁेᅃ߲၎ऐᅜՍִ࠵ኝׇ߲ৠ 
        var light = new THREE.DirectionalLight( 0xffffff, 1.5); 
        // ॽݣ࠼ڨዃሞׇৠྔǈኸၠᇱۅ 
        light.position.set(.5, .2, 1); 
        cubeGroup.add(light); 
 
        // ྺ૬ݛ体ظॺᅃ߲ټ࿖૙ڦPhong֌ዊ 
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        // ๯ံǈظॺ࿖૙ཌྷ཮ 
        var mapUrl = "../images/ash_uvgrid01.jpg"; 
        var map = THREE.ImageUtils.loadTexture(mapUrl); 
        var material = new THREE.MeshPhongMaterial({ map: map }); 
 
 ႚጒࢆ体बݛॺ૬ظ //        
        var geometry = new THREE.CubeGeometry(2, 2, 2); 
 
        // ഄْǈॽ֌ዊࢅबࢆႚጒኝڟࢇᅃ߲ྪ߭ዐ 
        cube = new THREE.Mesh(geometry, material); 
 
        // ॽྪ߭ၠִ࠵ኁൡၽ 
        cube.rotation.x = Math.PI / 5; 
        cube.rotation.y = Math.PI / 5; 
 
        // ॽ૬ݛ体ྪ߭ཁेݴڟፇዐ 
        cubeGroup.add( cube ); 
 
        // ྺ൰体ظॺᅃ߲ݴፇ 
        sphereGroup = new THREE.Object3D; 
        cubeGroup.add(sphereGroup); 
 
        // ॽ൰体ݴፇᅎڟۯ૬ݛ体ࢫڦฉݛ 
        sphereGroup.position.set(0, 3, -4); 
 
 ႚጒࢆॺ൰体बظ //        
        geometry = new THREE.SphereGeometry(1, 20, 20); 
 
        // ॽ֌ዊࢅबࢆႚጒኝڟࢇᅃ߲ྪ߭ዐ 
        sphere = new THREE.Mesh(geometry, material); 
 
        // ॽ൰体ྪ߭ཁेݴڟፇዐ 
        sphereGroup.add( sphere ); 
 
 ႚጒࢆॺᇶጔबظ //        
        geometry = new THREE.CylinderGeometry(0, .333, .444, 20, 5); 
 
        // থጣॽ֌ዊࢅबࢆႚጒኝڟࢇᅃ߲ྪ߭ዐ 
        cone = new THREE.Mesh(geometry, material); 
 
        // ॽᇶጔᅎڟۯ൰体ڦฉݛǈժࢅ൰体ԍ׼ᅃۨਐ૗ 
        cone.position.set(1, 1, -.667); 
 
        // ॽᇶጔྪ߭ཁेݴڟፇዐ 
        sphereGroup.add( cone ); 
 
        // ၄ሞॽݴፇཁेׇڟৠዐ 
        scene.add( cubeGroup ); 
    } 
 
    function rotateScene(deltax) 
    { 
        cubeGroup.rotation.y += deltax / 100; 
        $("#rotation").html("rotation: 0," + cubeGroup.rotation.y.toFixed(2) + ",0"); 
    } 
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    function scaleScene(scale) 
    { 
        cubeGroup.scale.set(scale, scale, scale); 
        $("#scale").html("scale: " + scale); 
    }

4.2.3　平移、旋转和缩放的表示

ሞ Three.js ዐǈՎ࣑๟ཚࡗ 3D ਈንऺ໙ઠํ၄ڦǈ໯ᅜ࢔ጲ඗ǈObject3D Վ࣑ᄲ໎๑ڦ

ᆩෙྼၠଉ՗๖ǖ࿋ዃ（position）Ă჉ገ（rotation）ࢅ໫ݣ（scale）ăposition ᅭࡤڦ

௽၂ǖxĂy׉ݥ ࢅ z ᄲ໎ݴ՚ۨᅭକ࿿体ڟᇱڦۅ࿋ዃೋᅎăscale ǖ࠵኱׉ݥᅭᄺࡤڦ

xĂy ࢅ z ᇮ໎ݴ՚ᆩᇀ՗๖࿿体ሞෙ߲ྼ܈ฉڦ໫܈ײݣă

rotation ᅭႴᄲฎྲ঴๥ᅃူǖxĂyࡤڦब߲ᄲ໎ڦ ࢅ z ڦ՚՗๖࿿体ྷජ၎ᆌፖՔዡݴ

჉ገ܈ࢷǗਉ૩ઠຫǈ(0, Math.PI / 2, 0) ՗๖࿿体ྷජጲวڦ y ዡ჉ገକ 90 ă（ጀᅪ܈

჉ገঙ܈ᆩ܈ࢷઠ՗๖ǈ2πڪ܈ࢷᇀ 360 ๕ĊĊ๑ᆩྷජݛ՗๖ڦăኄዖ჉ገ႑တ（܈ xĂ
yĂz ෙዡڦ჉ገঙ܈ઠፇࢇ՗๖ኝ߲࿿体჉ገݛڦ๕ĊĊԥྺ׬欧拉角（Euler angle）ă࿢

ၙǈMr.doob ኮ໯ᅜ֑ᆩ౹ઙঙઠፕྺఐණڦ՗๖ݛ๕ǈ๟ᆯᇀኄዖݛ๕׉ݥ኱࠵ժ൐Ս

ᇀت૙Ǘ৑࠶සُǈሞํ७ዐ౹ઙঙኄዖ՗๖ݛ๕࣏๟ࣷᇜऺܠ࢔ڟ໙ت૙ฉڦ࿚༶ǈ໯

ᅜ Three.js ཞ้ኧ׼๑ᆩ຺ᇮຕઠ՗๖჉ገăኄ๟൶՚ᇀ౹ઙঙڦଷᅃዖ჉ገ՗๖ႚ๕ǈ

၎对ܸჾǈ໲ႴᄲՊႀ߸پܠஓઠت૙჉ገሏ໙၎ڦ࠲๚ခă຺ᇮຕ׉ݥ৛ඓǈ֡ڍፕഐ

ઠժփ኱࠵ă

ሞ Three.js ాևǈ௅߲ Object3D ዘፄံܠਈንăᆛᆶڦዖՎ࣑႑တ߳ݣ٪ᆶᅃ߲ᆩᇀ׼ۼ

ᇮ໎ڦ࿿体ںࡃڿᆩፄံᇮ໎ڦՎ࣑ਈንઠױጲวڦՎ࣑ਈንǈܸٗڟڥጲวፌዕڦՎ࣑

঳ࡕǗᄺ৽๟ຫǈThree.js ሞ௅ׇْৠ៺කۼࢪ้ڦՓ૦ኝׇ߲ৠ཮（ຏ঳ࠓ）ڦᄾবۅ

ઠऺ໙௅߲࿿体ڦՎ࣑ਈንăThree.js ྺ Object3D 对象ۨᅭକᅃ߲ matrixAutoUpdate ຌႠǈ

ኄ߲ຌႠԥยྺړ false ස࠶ԥ্ኹă৑（पᇮ໎Վ࣑޴׶ीۯጲ）ႜྺڦǈฉຎࢪ้ڦ

ُǈኄ߲༬Ⴀ࢔ᆶ੗ీࣷᆅ݀ᅃၵആڦ࠰ bug（Đྺ๊஺࿢ࣃۯڦփຘႎକǛđ）ǈ໯ᅜ൩৉

ั๑ᆩ໲ă

4.3　材质

࿢்ሞ WebGL ᆌᆩዐੂڦڟ੗见ႚጒ׼ۼᆶᅃၵᆩઠ՗๖ྔڦ࠵ຌႠǈසჿ෥Ăጣ෥ݛ

݆ᅜत࿖૙（࿋཮）ăසࡕ๑ᆩڦ֫ڹ WebGL API ઠࠓॺኄၵຌႠǈ࿢்ႴᄲጲႜՊႀ

GLSL ጣ෥ഗپஓǈኄႴᄲ၎对ߛपڦՊײरേǈ৽໙ేႴᄲظॺڦৈৈ๟ፌ०ڦڇ视ਥ

ă໯႞ࡕၳ Three.js ᇨံྺ࿢்ጚԢࡻକ GLSL ጎሞ材质（material）对象ዐăހஓǈժپ

4.3.1　标准网格材质

࣮ᅬᅃူǈWebGL Ⴔᄲਸ݀ኁ༵ࠃᅃ߲੗Պײጣ෥ഗǈᆩᇀ௅߲࿿体ࣼڦ዆ăే੗ీᅙ

ঢ়ጀᅪڟକǈሞԨቤዐǈ዁ৃྺኹ࿢்ժுᆶ༵तඪࢆᇑ GLSL ጣ෥ഗᇸپஓ၎ాڦ࠲

ඹăᇱᅺሞᇀǈThree.js ᅙঢ়ྺ࿢்ᇨံՊႀࡻକĐਸၒनᆩđڦጣ෥ഗپஓǈኄၵጣ෥
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ഗپஓᅜᅃ߲ᇨዃڦ GLSL ăࠃႚ๕༵ڦஓੰپ

ઠํ၄ǈ֌ዊ๟ᅃ߲ݴᅃևڦॽጣ෥ഗፕྺ֌ዊ׉ਏཚ߾ॺఇڦႜୁࢅৠ཮ੰׇڦ႙ۆ

ۨᅭକ 3D ྪ߭Ăۅईኁ၍ᇮྔ࠵ຌႠڦ对象ǈኄၵྔ࠵ຌႠԈઔჿ෥（color）Ăཪ௽܈

（transparency）ᅜत݀࠼（shininess）ă֌ዊ࣏Ԉࡤ（ᄺ੗ᅜփԈࡤ）࿖૙ཌྷ཮ǈኄ๟ᅃ߲

ቷ႑တǈ੗ీ࣏Ԉઔ၎ऐ࠼ڦຕ਍Ăׇৠۅۥڦ߭ྪࢇ࿋཮ă֌ዊຌႠ঳ڦ࿿体՗面߃ޮ

࿋ዃ႑တࢅഄ໱ඇਆຌႠǈઠਦۨ௅߲࿿体ڦፌዕ៺කၳࡕă

Three.js କᇨዃૌࠃ༵ MeshBasicMaterialĂMeshPhongMaterial ࢅ MeshLambertMaterial ઠ

ኧ׉׼ᆩڦ֌ዊૌ႙ă（Mesh മጘ՗๖ኄၵ֌ዊૌ႙੗ᅜᆩᇀྪ߭对象ă၎对ںǈഄ໱ૌ

႙ڦ对象ǈස၍ཉ对象ࢅ૭ጱ对象ǈᄺᆶഄ၎ᆌڦ๢ᆩ֌ዊૌ႙ăֱੂ Three.js ڦူ src/
materials ణ୤ǈᅜକ঴ፌႎڦ֌ዊणࢇă）ኄၵ֌ዊૌ႙๑ᆩෙዖዸఁڦ֌ዊरຍઠํ၄ă

• unlit（又称 prelit）

ڦ៺කăׇৠ࠵ྔڦຌႠࣷԥᆩᇀ࿿体܈ཪ௽ࢅ๑ᆩኄዖ֌ዊૌ႙้ǈৈ࿖૙Ăჿ෥ړ

ईኁࣼ዆࿮Ⴔްሗጣ෥ၳࡕ៺කၳ߭ޅփׂࣷิᆖၚăኄ๟ᆩᇀՌ平࠵ྔڦቷ对࿿体࠼

໙ժᇨံऺࢇ֌ዊ঳ࢅቷ႑တ࠼ਨॅ֌ዊૌ႙ăኄዖ֌ዊ对ᅙঢ়ॽڦႚጒࢆबڇ०ڦࡕ

๼ڟ؜࿖૙ዐ（૩ස๑ᆩ 3D ॺఇ߾ਏظॺժ๑ᆩକ࢞ಢཌྷ཮）ڦ൧઄ཞᄣ๢ᆩǈᅺྺ

ُ้࿿体ࡕၳ࠵ྔڦ࿮Ⴔᆯ៺කഗምْ৊ႜऺ໙ă

• Phong 着色法

ኄዖ֌ዊ༵ࠃକᅃ߲०ܸڇᆫႯݠڦኈߛڦ߭ޅႠీጣ෥ఇ႙ă໲ᅙঢ়ྺׯტ໏ܸ०Ս

ăᆩ݆ݛᆌᆩᄺ࣏ሞ๑ᆩኄዖጣ෥ࢅᆴဥܠǈཞ้Ⴙ݆ݛࡀ׉ڦࡕ၄௽Ӂ视ਥၳํں

Phong ጣ෥݆៺කڦ࿿体ࣷሞ࠼၍኱থቷพݛںڦ၂๖࠼ߛ൶ᇘ（৥面ݒพ）ǈ࿿体՗

面ڦଋ܈ໜ߳࠼ڟۅᇸڦਐ૗ׂิປ३ǈܸԝ࠼൶ᇘࣷԥ៺කྜׯඇ࢒Ӂࡕၳڦă

• 朗伯反射（Lambertian reflectance）

ሞ Lambert ጣ෥݆ዐǈ࿿体ྔڦ࠵௽Ӂփໜִ࠵ኁ视ঙ߀ڦՎܸ߀Վă໲׉ݥ๢ࢇᇀᆩ

ઠ՗၄ሊࣷڪܤ஦ݒพٷև࠼ݴ၍ڦ࿿体ǈईኁၟሆ൰ኄૌਏᆶݒߛพ୲（՗面ݒพ࠼

࿐႓ăڦ（௽ଋ׉ݥ

ሏႜԨກ๖૩ዐڦ Chapter 4/threejsmaterials.htmlǈే੗ᅜ߸኱ߌں࠵๴ Three.js ֌ዊڦփ

ཞૌ႙ăሞස཮ 4-8 ໯๖ڦᄻ面ዐǈቛ๖କᅃ߲ټሆ൰՗面࿖૙ཌྷ཮ڦĂԥቷଋڦ൰体ă

ሆ൰๟ᆩᇀ௮ࣼ߳֌ዊૌ႙ֶᅴڦਨॅ໎֌ă૩සۅऍڇ჋Ӏ౧ǈሞ Phong ࢅ Lambert ֌
ዊक़ൎ࣑ǈ对Բ࿿体๑ᆩ Lambert ጣ෥݆ݛ၎Բ๑ᆩ Phong ጣ෥ੂ݆ݛഐઠ๟ࢇ߸ޏ૙

କăُྔ๑ᆩ Basic（unlit）ጣ෥ഗǈִ࠵ৈৈ๑ᆩ࿖૙៺කܸփ੊୯࠼ቷڦ൧઄ူ൰体ڦ

ă࠵ྔ

ݛพჿ෥ۨᅭକ࿿体ሞᅃ߲ݒ஦ڦă֌ዊࡕഄၳִ࠵ჿ෥ǈڦพݒ৥面ࢅพݒՎ஦߀๬׈

ၠฉీݒพܠณઠጲ࠼ᇸ࠼ڦ၍ǈԈઔۨၠ࠼Ă࠼ۅᇸࢅ਋ڨ࠼（࿢்ࣷሞူᅃবዐၘဦ

༪ஃኄၵ࠼ڨૌ႙）ă৥面ݒพჿ෥ᇑׇৠظׯࢇ࠼ڨॺ؜࿿体՗面ኟ对࠼ᇸ࠼ߛۅۥڦ

ৈৈሞ๑ᆩକ࠼ߛă（ጀᅪ৥面ࡕၳ Phong ֌ዊڦമ༵ူิၳǈഄ໱ૌ႙ڦ֌ዊփኧ׼৥

面ݒพჿ෥ă）ُྔǈ׈๬࠲Կ࿖૙ཌྷ཮ǈే੗ᅜ߸኱ִ࠵ں࠵ኄዖ֌ዊሞ०ڇ൰体ฉׂ

ዖᆖၚăࢆኄၵยዃ对၍઀៺කׂิକִ࠵჋Đwireframeđ჋ၜઠࠎǈࢫăፌࡕၳڦิ
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图 4-8：Three.js 标准网格材质类型——Basic (unlit)、Phong 和 Lambert（另见彩插图 4-8）

4.3.2　使用多重纹理增添逼真效果

ฉ面ڦ๖૩ቛ๖କ֌ዊ๟සࢆᆩᇀۨᅭᅃ߲࿿体ڦ࠵ྔڦăThree.js ۼຕ֌ዊૌ႙ܠٷڦ

ኧ׼๑ᆩܠዘ࿖૙ઠྺ࿿体ظॺ߸԰ኈࡕၳڦăሎႹሞᅃ߲֌ዊዐ๑ᆩ߲ܠ࿖૙ǈईኁຫ

Չႚઠ՗๖࿿ܠܠ߸๑ᆩࢇӄĊĊದݛኈऺ໙ݠڦԨׯگᅃ߲ࠃᅪ཮ሞᇀǈ༵ڦዘ࿖૙ܠ

体ǈई๑ᆩڢܠ៺ක߾Ⴞઠتްݒ૙࿿体ݛڦӄăኄ૛༵ࠃକᅃၵ૩ጱǈᆩᇀቛ๖ Three.
js ኧ׉ڦ׼见ܠዘ࿖૙ཌྷ཮रຍă

凹凸贴图ă凹凸贴图（bump map）ᆩᇀ༺پ࿿体՗面ၠ݆ڦଉઠྺ՗面༵ࠃӈཫڦ视ਥ

૙ăਉ૩ઠຫǈᅃ߲ኵྺت෥֒႑တઠ৊ႜݥܸ܈ߛፕړ႑တԥ໎ၟڦă࿋཮ࡕၳ 0 ၟڦ

ኟၠೋᅎăཚڦኵ੗ᅜᆩઠ՗๖၎对࿿体՗面ڦଭݥೋᅎǈܸᅃ߲ࢆ՗ுᆶ৊ႜඪپۅ໎

ڦຕኵ႑တܠ߸ئ٪Ă੗ᅜڦӣ࿋཮੗ᆩᇀবูႠీਸၨǈܸྜኝ࢒ڦڢཚڇǈ׉ RGB
ཚڢ࿋཮ሶ੗ᅜᆩઠ՗๖߸ڦܠဦবă๑ᆩ࿋཮ઠپ༺ 3D ၠଉڦᇱᅺ๟࿋཮߸৆ٙǈժ

൐ྺጣ෥ഗాևپஓ༵ࠃକᅃ߲ᆩᇀऺ໙ኟ࿋ᅎ݆ݛڦၳߛ߸ڦăٶਸ๖૩࿔ॲ example 
Chapter 4/threejsbumpmap.htmlǈํाߌ๴ᅃူӈཫཌྷ཮ࡕၳڦǈස཮ 4-9 ໯๖ăٶਸ / ࠲
Կሆ൰ڦ࿖૙ǈժ߀Վ஦ݒพࢅ৥面ݒพჿ෥ઠִ࠵փཞࡕၳڦǈేᄺႹᅙঢ়ጀᅪڟǈ৑

ࠃሹ஺ຫǈӈཫཌྷ཮ྺཁेኈํဦব༵࠶փڍă ࡕၳڦ੯ǈ໲ᄺ੗ీׂิփॅ׉ݥࡕၳ࠶

କᅃ߲ׯگԨ݆ݛڦă
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图 4-9：凹凸贴图（另见彩插图 4-9）

ሞ Three.js ዐ๑ᆩӈཫཌྷ཮׉ݥ०ڇăኻႴሞ THREE.MeshPhongMaterial ้ڦࣅ๔؛ሰഗࠓ

ڦ෇֖ຕدॽࢪ bumpMap ຌႠยዃྺᅃ߲ᆶၳ࿖૙न੗ǖ

material= new THREE.MeshPhongMaterial({map: map, 
  bumpMap: bumpMap });

法向量贴图ă法向量贴图（normal map）༵ࠃକᅃ߲ీࠕԲӈཫཌྷ཮ቛ၄߸ܠဦবݛڦ๕ǈ

࿮Ⴔ๑ᆩ߸ܠڦܠՉႚă၎Բӈཫཌྷ཮ǈ݆ၠଉཌྷ཮ڦ体ओ߸ٷǈ对ऺ໙Ⴀీڦᄲ൱ᄺ߸

ڟଉ႑တՊஓၠ݆ۅۥڦፕᇱ૙๟ॽํा߾ڦă݆ၠଉཌྷ཮ߛ RGB ߭๕࿋཮ڦຕ਍ዐǈ

ኄཚࣷ׉Բ၎ᆌۅۥ߭ྪڦຕ਍ᆶ߸ݴڦߛՐ୲ăጣ෥ഗॽ݆ၠଉ႑တ࠼ࢅቷऺ໙（Ԉ

ઔጹتࢇ૙ړമڦ၎ऐ࠼ࢅᇸ႑တ）၎঳ࢇፌዕ៺ක؜࿿体࠵ྔڦဦবăٶਸ๖૩࿔ॲ

Chapter 4/threejsnormalmap.htmlǈֱੂ݆ၠଉཌྷ཮ํڦाၳࡕă݆ၠଉ࿋ᇀ཮ 4-10 ᆸူڦ

ঙăጀᅪں൰ఇ႙࡛ڦӚ႑တ୾ખăٶਸ / ںྺࢆԿ݆ၠଉཌྷ཮ઠ对Բ݆ၠଉཌྷ཮๟ස࠲

൰ఇ႙༵ࠃဦবڦǗేࣷ৚༒ᇀ൶൶ᅃ߲࿋཮৩ీྺස൰体ኄᄣ०ڦڇఇ႙༵ࠃසُኮܠ

ဦব႑တăڦ
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图 4-10：使用法向量贴图的地球

ሞ Three.js ዐ๑ᆩ݆ၠଉཌྷ཮ཞᄣๆݴ०ڇăኻႴሞࠓሰ THREE.MeshPhongMaterial 对象ڦ

࿖૙ፕྺڦǈॽᅃ߲ᅙᆶࢪ้ normalMap ຌႠದዃد෇न੗ǖ

Material = new THREE.MeshPhongMaterial({ map: map,  
  normalMap: normalMap });

环境贴图ă环境贴图（environment map）ྺ๑ᆩഄ໱࿖૙ઠ༵ืኈํࠃ༵܈କଷᅃዖ཰

০ă࣍ৣཌྷ཮ఇెକ࿿体对ዜྷ࣍ৣݒڦพǈܸփ๟ၟӈཫཌྷ཮ࢅ࿖૙ཌྷ཮ఫᄣኼሞྺ࿿

体՗面ཁे߸ڦܠኈํဦবă

ਸٶ Chapter 4/threejsenvmap.html ֱੂ࣍ৣཌྷ཮ڦ๖૩ăሞాඹ൶ᇘཱྀጅ຋Քઠ჉ገׇৠǈ

ईኁ๑ᆩ຋Քࡐ୾对ׇৠ৊ႜٷݣ໫ၭăጀᅪ൰՗面ڦ཮ၟװ၄ྺ໲ዜྷཀ੣ԝৠڦཌྷ཮

（ස཮ 4-11）ă๚ํฉǈ໲ժுᆶኈኟ৊ႜኄᄣتڦ૙ǈኝׇ߲ৠڦԝৠᆯᅃ߲૬ݛ体ాڦ

֨՗面ׯࠓǈܸ൰体ኻ๟०ںڇॽᆩᇀׇৠԝৠڦ࿖૙ၟ໎៺කڟጲวڦ՗面ฉăਧ്ሞ

ᇀǈᆩᇀ൰体՗面ڦ֌ዊ๟ᅃ߲立方体纹理（cube texture）֌ዊǖኄ๟ᅃ߲ᆯୃ߲փཞڦ

࿋཮ፇڦׯĂ੗ᅜሞ૬ݛ体ాևႚׯᅃ߲૶Ⴤ཮ၟၳڦࡕ࿖૙ཌྷ཮ăኄ߲༬๺ڦ૬ݛ体֌

ዊԥᆩᇀࠓॺᅃ߲ཀ੣ඇৠڦԝৠăֱੂ images/cubemap/skybox/ ࿔ॲዐڦփཞ࿔ॲǈକ

঴ኄׇ߲ৠ๟සࢆԥࠓॺ؜ઠڦăᆯᇀ֑ᆩକ૬ݛ体࿖૙ǈኄዖૌ႙ৣ࣍ڦཌྷ཮ԥྺ׬立

方体环境映射（cubic environment mapping）ă
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图 4-11：立方体环境贴图，具有逼真场景背景和反射效果

ሞ Three.js ዐ๑ᆩ૬ݛ体࿖૙Բ๑ᆩӈཫཌྷ཮ई݆ၠଉཌྷ཮ᄲฎྲްሗᅃၵǈ๯ံǈ࿢

்Ⴔᄲظॺᅃ߲૬ݛ体࿖૙ǈܸݥ೵ཚڦ࿖૙ă࿢்Ⴔᄲ๑ᆩ Three.js ݆ݛඇਆڦ

ImageUtils.loadTextureCube()ǈཚدࡗ෇ୃ߲փཞ཮ၟڦ URL ઠظॺኄ߲࿖૙ă඗ࢫǈ

࿢்ሞظॺ MeshPhongMaterial 对象ࢪ้ڦॽ envMap ֖ຕยዃྺ޿࿖૙对象ă࿢்࣏ኸۨ

କݒพ୲（reflectivity）ڦኵǈᆩઠۨᅭ૬ݛ体࿖૙ሞ࿿体៺ක้ԥ࿿体՗面֌ዊĐݒ

พđ܈ײڦăሞኄ߲૩ጱዐǈ࿢்ኸۨକฎྲٷᇀఐණኵ 1 ኵǈᅜՍඟ࣍ৣཌྷ཮ੂഐઠڦ

߸௽၂ၵă

      var path = "../images/cubemap/skybox/"; 
 
      var urls = [ path + "px.jpg", path + "nx.jpg", 
                   path + "py.jpg", path + "ny.jpg", 
                   path + "pz.jpg", path + "nz.jpg" ]; 
 
      envMap = THREE.ImageUtils.loadTextureCube( urls ); 
      materials["phong-envmapped"] = new THREE.MeshBasicMaterial( 
         { color: 0xffffff, 
           envMap : envMap, 
           reflectivity:1.3} );

ྺକ๑໲߸ཌྷ近ᇀኈํࡕၳڦǈ࿢்࣏Ⴔᄲፔᅃၵ๚൧ă࿢்Ⴔᄲॽݒพ࿋཮ࢅዜྷ࣍

ৣ৊ႜӿۨăྺُ࿢்ظॺକᅃ߲天空盒（skybox）ǈኄ๟ᅃ߲ా面ཌྷ཮ڦԝৠ૬ݛ体ǈ

๑ᆩକཞᄣڦ࿋཮཮ၟǈᆩᇀࠓॺᅃ߲ཀ੣ඇৠăኄԨวႴᄲݏ׉ݥሗ߾ڦፕǈփࡗ໯

႞ Three.js Քጚ֌ዊڦକాዃأኄॲ๚൧ăׯຕઠӻዺ࿢்ྜࡧዺޤڦକాॺࠃ༵ BasicĂ

Phong ࢅ Lambert ᅜྔǈThree.js ሞඇਆՎଉࡤǈԈੰڦକᅃ߲ጣ෥ഗࠃ༵࣏ THREE.

ShaderLib ዐă࿢்๑ᆩ૬ݛ体（cube geometry）ઠظॺᅃ߲ྪ߭ǈժ๑ᆩੰዐᇨံۨᅭ

࿖૙ǈઠ៺ක૬ڦᆩᇀ࣍ৣཌྷ཮֍ߑ֌ዊă໲๑ᆩ࿢்ڦ体ݛĐcubeđጣ෥ഗઠፕྺ૬ڦ

ևăాڦ体ݛ
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          // 创建天空盒 
          var shader = THREE.ShaderLib[ "cube" ]; 
          shader.uniforms[ "tCube" ].value = envMap; 
 
          var material = new THREE.ShaderMaterial( { 
 
              fragmentShader: shader.fragmentShader, 
              vertexShader: shader.vertexShader, 
              uniforms: shader.uniforms, 
              side: THREE.BackSide 
 
          } ), 
 
          mesh = new THREE.Mesh(new THREE.CubeGeometry( 500, 500, 500 ), material); 
          scene.add( mesh );

4.4　光源

ᇸቷଋ࠼ 3D ׇৠዐڦ࿿体ăThree.js ۨᅭକܠዖాዃ࠼ڦᇸૌ႙ǈኄၵ࠼ᇸૌ႙对ᆌॺఇ

ᇸૌ႙ᆶ定向光（directional light）Ă࠼ڦᆩ׉ᇸૌ႙ăፌ࠼ڦഄ໱ׇৠ཮ੰዐۨᅭࢅਏ߾

点光源（point light）Ă聚光灯（spotlight）ࢅ环境光（ambient light）ă

• 定向光

ํ၄କᅃૌׂิۨၠ平ႜ࠼ڦ࠼ᇸăኄૌ࠼ᇸுᆶ࿋ዃ႑တǈኻᆶၠݛĂჿ෥ࢅഽ܈႑

တă（๚ํฉǈሞ Three.js ૛面ǈۨၠ࠼๟Ԉࡤᅃ߲࿋ዃ႑တڦǈփࡗ໲ৈৈԥᆩઠ঳

኱ਥݒ௽ժྵߛăኄ၂඗๟ᅃ߲ժփၠݛڦ၍࠼ଷᅃ߲ၠଉĊĊణՔ࿋ዃĊĊઠऺ໙ࢇ

๕ǈ࿢ထྭݛ૙تڦ Mr.doob （Ⴊް໲ăࠕჄీࢫ

• 点光源

Ԉࡤ࿋ዃ႑တǈڍփԈၠݛࡤ႑တă

• 聚光灯

ཞ้ਏԢ࿋ዃၠݛࢅ႑တăཞ้໲்༵ࠃକᆩᇀۨᅭ਋ాڨ࠼ᇶጔྔࢅᇶጔ؅٫（ঙ

ຕă֖ڦ远ਐ૗ܠቷଋࠕຕǈᅜतۨᅭ໲்ీ֖ڦ（܈

• 环境光

ுᆶ࿋ዃǈᄺுᆶၠݛă໲਩ሌںཨพᇀኝׇ߲ৠă

໯ᆶڦ Three.js ڦཚᆩ׼ኧۼᇸૌ႙࠼ intensity ຌႠǈ໲ۨᅭକ࠼ᇸڦഽ܈Ăჿ෥ࢅ

RGB ኵă

ഐઠǈᆩઠۨᅭ࿿体ࢇຌႠ঳ڦ༬ۨ֌ዊࢅኵڦᆖၚǈ໲்ڦ૙对ׇৠتᇸጲวժுᆶ࠼

ፌዕڦ视ਥቛ๖ၳࡕăMeshPhongMaterial ࢅ MeshLambertMaterial ۨᅭକᅜူຌႠă

• color

ᆼ׬஦ݒพჿ෥（diffuse color）ǈ໲ۨᅭକ࿿体๟සݒࢆพઠጲᅃ߲ၠݛฉڦ࠼ڦ（૩

සۨၠ࠼Ă࠼ۅᇸࢅ਋ڨ࠼）ă
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• ambient

࿿体对࣍ৣݒڦ࠼พ܈ײă

• emissive

ኄ߲֌ዊຌႠۨᅭକᅃ߲࿿体ጲว݀ڦ࠼ჿ෥ǈࢅኝׇ߲ৠ࠼ڦᇸ࿮࠲ă

MeshPhongMaterial ֌ዊཞ้ኧ׼ᅃ߲৥面ݒพ（specular）ჿ෥ຌႠǈኄ߲ຌႠׇࢅৠڨ

ăࡕၳ࠼ߛڦۅۥڦᇸ࠼ၠו࿿体؜ॺظǈࢇ၎঳࠼

࣮ᅬᅃူǈMeshBasicMaterial ֌ዊࣷࢮ୼໯ᆶڦ࠼ڨᆖၚă

཮ 4-12 ቛ๖କᅃ߲๑ᆩ Three.js ਸٶᄓăํ࠼ڨڦॺظૌ႙࠼ڨ Chapter 4/threejslights.
html ሏႜኄ߲๖૩ăኄׇ߲ৠԈ຺߲ࡤփཞૌ႙࠼ڨڦĂ࢒ӣ࿖૙ڦԝৠ平面ࢅෙ߲كӣ

ڨՎ௅߲߀ںༀۯ෥ഗ੦ॲ่ڦᄻ面ฉࡗăే੗ᅜཚࡕၳڦ࠼ڨ体ǈᆩઠቛ๖փཞࢆबڦ

Կăሞాඹ൶࠲ॽࣷԥྜඇ࠼ڨ෥ǈఫ஺ኄ߲࢒ჿ෥ยྺڦ࠼ڨӝᅃ߲ేࡕჿ෥ăසڦ࠼

ᇘཱྀጅ຋Քઠ჉ገኝׇ߲ৠǈժ࠼ڨִ࠵对ఇ႙փཞևݴሰڦׯᆖၚă

图 4-12：定向光、点光源、聚光灯和环境光（另见彩插图 4-12）

ူ面ኄپ܎ஓቛ๖କڦ࠼ڨยዃă࿋ᇀׇৠമڦݛӣ෥ۨၠ࠼ቷଋକबࢆ体മڦݛӣ෥

൶ᇘăઢ෥࠼ۅڦᇸٗݛࢫቷଋ࿿体ఇ႙Ǘጀᅪ࿿体ںݛࢫӱฉڦઢ෥൶ᇘăཚۨࡗᅭ

spotLight.target.position ຌႠǈ୴෥ڦ਋ڦڨ࠼ጔ体େቸକ੍近ׇৠമںڦݛӱ൶ᇘă 
ፌࢫǈ࣍ৣ࠼平਩ׇྺںৠዐڦ໯ᆶ࿿体༵ࠃକณଉڦଋ܈ă๑ᆩ੦ॲઠ߸߀ยዃǈժٗ

߲߳ঙִׇ࠵܈ৠǈᅜ߸኱ں࠵କ঴߳ૌ߳࠼ڨጲᅜत۠ेഐઠׂิࡕၳڦă

 ৠዐׇڟཁे࠼ڨॺժॽ໯ᆶظ //    
    directionalLight.position.set(.5, 0, 3); 
    root.add(directionalLight); 
 
    pointLight = new THREE.PointLight (0x0000ff, 1, 20); 
    pointLight.position.set(-5, 2, -10); 
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    root.add(pointLight); 
 
    spotLight = new THREE.SpotLight (0x00ff00); 
    spotLight.position.set(2, 2, 5); 
    spotLight.target.position.set(2, 0, 4); 
    root.add(spotLight); 
 
    ambientLight = new THREE.AmbientLight ( 0x888888 ); 
    root.add(ambientLight);

ኄ૛ፔ߲ᆷ൧༵๖ǈࢅ WebGL ዐڦഄ໱۫ဇᅃᄣǈ࠼ڨ๟ᅃ߲ྜඇටྺظ

ሰ߁ڦ౒ăWebGL ኻీت૙࣐ࢅ؋ጣ෥ഗǗਸ݀ኁႴᄲཚࡗՊႀጣ෥ഗپ

ஓઠࡕၳ࠼ڨׯࢇăThree.js ૰ččీ࠼ڨࢅ֌ዊڦٷഽڦକସටኒ৚ࠃ༵

ᆮഄ๟ేړᅪ๎ڟኄၵྜඇ๟ཚࡗ JavaScript ඗ǈසړăࢪ้ڦஓઠՊႀپ

ࡕ WebGL ுᆶ༵ݡࠃ࿚ GPU ॽ࿮݆ํ၄ăۼ૰ǈኄၵీڦ

4.5　阴影

ᅃ኱ᅜઠǈยऺ฾ۼ๑ᆩᅽᆖઠᆐሰ߸ेኈํڦ视ਥၳࡕăཚ׉ኄၵᅽᆖۼ๟࿁ሰڦĂ

ᇨ៺කࡕၳڦǈᅎׇۯৠዐ࠼ڨڦईኁᅎټۯᅽᆖڦ࿿体ǈࣷۼ೦࣋ኄዖၳࡕă඗ܸǈ

Three.js ኧߵ׼਍ړമࢅ࠼ڨ࿿体ڦ࿋ዃ৊ႜํ้ᅽᆖ៺කă

Chapter 4/threejsshadows.html ዐڦ๖૩ᄇ๖କසࢆሞׇৠዐሺेํ้ᅽᆖăස཮ 4-13ǖ࿋

ᇀںӱฉݛĂׇৠമڦݛ਋ڨ࠼๑࿿体ሞں面ฉׂิକᅽᆖăጀᅪᅽᆖ๟සࢆໜጣ૬ݛ体

ᅽᆖ๟ᆩᇨ៺ක࿁ࡕăසۯӱሏںӱ჉ገ้ǈᅽᆖժுᆶ߶ໜںړăཞ้ǈڦࣅ჉ገՎڦ

ሰڦǈఫ஺໲ࣷĐቕđሞںӱฉǈժ൐փࣷໜጣ૬ݛ体ڦ჉ገܸՎࣅăཚࡗ੦ॲઠ߸ڨ߀

ăڦࣅༀՎۯࢆᅽᆖ๟සִ࠵ǈઠڨ࠼ยዃǈᆮഄ๟਋࠼

图 4-13：使用聚光灯和阴影贴图营造实时阴影
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Three.js ๑ᆩᅃၜఁྺ阴影贴图（shadow mapping）ڦरຍઠኧ׼ᅽᆖၳࡕă៺කഗࣷྺᅽ

ᆖཌྷ཮ԍ٪ᅃቧڦྔܮ࿖૙ǈ៺කഗࣷॽᅽᆖ൶ᇘ៺කڟኄ߲࿖૙ዐǈժሞೌ܎ጣ෥ഗዐ

ॽഄᆩᇀׯࢇፌዕڦ཮ၟăܸࠤǈሞ Three.js ዐਸഔᅽᆖႴᄲᅜူօየă

(1) ሞ៺කഗዐਸഔᅽᆖཌྷ཮ă

(2) ሞ࠼ڨዐਸഔᅽᆖժยዃ၎֖࠲ຕăTHREE.DirectionalLight ࢅ THREE.SpotLight ଇዖ

ૌ႙ۼኧ׼ᅽᆖă

(3) ยዃనၵ࿿体ׂࣷิࢅথ๴ᅽᆖă

ඟ࿢்ઠੂੂኄၵօየሞپஓዐ๟සํࢆ၄ڦă૩ 4-3 ዐᆩٚ体ߛଋپڦஓቛ๖କሞ

createScene() ஓăپڦᆩᇀ៺කᅽᆖڦຕዐཁेࡧ

例 4-3：Three.js ዐڦᅽᆖཌྷ཮

 var SHADOW_MAP_WIDTH = 2048, SHADOW_MAP_HEIGHT = 2048; 
 
 function createScene(canvas) { 
 
 canvasዐڟॺThree.js៺කഗժॽഄཁेظ //    
    renderer = new THREE.WebGLRenderer( { canvas: canvas, antialias: true } ); 
 
    // ยዃ视口؅٫ 
    renderer.setSize(canvas.width, canvas.height); 
 
    // 开启阴影 
    renderer.shadowMapEnabled = true; 
    renderer.shadowMapType = THREE.PCFSoftShadowMap; 
 
 ॺThree.jsׇৠظ //    
    scene = new THREE.Scene(); 
 
    // ཁेᅃ߲၎ऐᅜՍִ࠵ኝׇ߲ৠ 
    camera = new THREE.PerspectiveCamera( 45, canvas.width / canvas.height, 
        1, 4000 ); 
    camera.position.set(-2, 6, 12); 
    scene.add(camera); 
 
 ፇݴڦॺᅃ߲ᆩᇀඹభ໯ᆶ࿿体ظ //    
    root = new THREE.Object3D; 
 
    // ཁेᅃ߲၎ऐᅜՍִ࠵ኝׇ߲ৠ 
    directionalLight = new THREE.DirectionalLight( 0xffffff, 1); 
 
 ৠዐׇڟཁे࠼ڨॺժॽ໯ᆶظ //    
    directionalLight.position.set(.5, 0, 3); 
    root.add(directionalLight); 
 
    spotLight = new THREE.SpotLight (0xffffff); 
    spotLight.position.set(2, 8, 15); 
    spotLight.target.position.set(-2, 0, -2); 
    root.add(spotLight); 
 
    spotLight.castShadow = true; 
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    spotLight.shadowCameraNear = 1; 
    spotLight.shadowCameraFar = 200; 
    spotLight.shadowCameraFov = 45; 
 
    spotLight.shadowDarkness = 0.5; 
 
    spotLight.shadowMapWidth = SHADOW_MAP_WIDTH; 
    spotLight.shadowMapHeight = SHADOW_MAP_HEIGHT; 
 
    ambientLight = new THREE.AmbientLight ( 0x888888 ); 
    root.add(ambientLight); 
 
 ፇڦॺᅃ߲ᆩᇀඹభ൰体ظ //    
    group = new THREE.Object3D; 
    root.add(group); 
 
 ॺᅃ߲࿖૙ཌྷ཮ظ //    
    var map = THREE.ImageUtils.loadTexture(mapUrl); 
    map.wrapS = map.wrapT = THREE.RepeatWrapping; 
    map.repeat.set(8, 8); 
 
    var color = 0xffffff; 
    var ambient = 0x888888; 
    // ཁेᅃ߲ፕྺ平面ںڦ面ǈᅜՍ߸࠼ڨִ࠵ںࡻ 
    geometry = new THREE.PlaneGeometry(200, 200, 50, 50); 
    var mesh = new THREE.Mesh(geometry, new THREE.MeshPhongMaterial({color:color, 
        ambient:ambient, map:map, side:THREE.DoubleSide})); 
    mesh.rotation.x = -Math.PI / 2; 
    mesh.position.y = -4.02; 
 
    // ॽྪ߭ཁेݴڟፇዐ 
    group.add( mesh );  
    mesh.castShadow = false;  
    mesh.receiveShadow = true; 
 
 ႚጒࢆ体बݛॺ૬ظ //    
    geometry = new THREE.CubeGeometry(2, 2, 2); 
 
    // ඗ࢫॽबࢆႚጒࢅ֌ዊኝ߭ྪڟࢇዐ 
    mesh = new THREE.Mesh(geometry, new THREE.MeshPhongMaterial({color:color, 
        ambient:ambient}));  
    mesh.position.y = 3;  
    mesh.castShadow = true;  
    mesh.receiveShadow = false; 
 
    // ॽྪ߭ཁेݴڟፇዐ 
    group.add( mesh ); 
 
    // ॽྪ߭ڟࣅ৳׼ՎଉዐᅜՍ对ഄ৊ႜ჉ገ֡ፕ 
    cube = mesh; 
 
 ႚጒࢆॺ൰体बظ //    
    geometry = new THREE.SphereGeometry(Math.sqrt(2), 50, 50); 
 
    // ඗ࢫॽबࢆႚጒࢅ֌ዊኝ߭ྪڟࢇዐ 
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    mesh = new THREE.Mesh(geometry, new THREE.MeshPhongMaterial({color:color, 
        ambient:ambient}));  
    mesh.position.y = 0;  
    mesh.castShadow = true;  
    mesh.receiveShadow = false; 
 
    // ॽྪ߭ཁेݴڟፇዐ 
    group.add( mesh ); 
 
 ႚጒࢆॺᇶጔबظ //    
    geometry = new THREE.CylinderGeometry(1, 2, 2, 50, 10); 
 
    // ඗ࢫॽबࢆႚጒࢅ֌ዊኝ߭ྪڟࢇዐ 
    mesh = new THREE.Mesh(geometry, new THREE.MeshPhongMaterial({color:color, 
        ambient:ambient})); 
    mesh.position.y = -3; 
 
    mesh.castShadow = true; 
    mesh.receiveShadow = false; 
  
    // ॽྪ߭ཁेݴڟፇዐ 
    group.add( mesh ); 
 
    // ၄ሞॽݴፇཁेׇڟৠዐ 
    scene.add( root ); 
 
}

๯ံǈ࿢்ཚࡗยዃ renderer.shadowMapEnabled ྺ true ժॽഄ shadowMapType ຌႠย

ዃྺ THREE.PCFSoftShadowMap ઠਸഔᅽᆖăThree.js ኧ׼ෙዖૌ႙ڦᅽᆖཌྷ཮໙݆ǖएإ

（basic）Ă PCF ( percentage close filtering）ࢅ PCF soft shadowsă௅ዖ໙݆ۼԲമᅃዖ߸থ

近ኈํၳࡕǈڞࣷڍዂްሗڦ܈ฉืࢅႠీူڦইă׈๬ሞኄ߲๖૩ዐॽ shadowMapType

ྺ߀ኵڦ THREE.BasicShadowMap ࢅ THREE.PCFShadowMap ઠֱੂၳࡕǈᅽᆖڦዊଉሞگዊ

ଉڦยۨူࣷ௽၂ইگăڍසׇڦేࡕৠް׉ݥሗǈఫ஺ే৽ڥཚࡗইگዊଉݛڦ๕ઠ༵

ืႠీă

থူઠǈ࿢்Ⴔᄲྺ਋ڨ࠼ਸഔᅽᆖă࿢்ॽഄ castShadow ຌႠยዃྺ trueăཞ้࿢்

Ⴔᄲยዃ Three.js ໯Ⴔڦഄ໱ब߲֖ຕăThree.js ཚ࠼ڨٗࡗ࿋ዃᆅᅃཉཚࡗణՔ࿿体ڦพ

၍ݛڦ๕ઠ៺කᅽᆖăٗԨዊฉຫǈ໲ॽ਋ׯړڨ࠼ଷᅃዖૌ႙ڦĐ၎ऐđઠت૙ă໯ᅜ

࿢்Ⴔᄲยዃᅃၵૌຼ၎ऐยዃ֖ڦຕǈԈઔ近ࢅ远裁剪平面ᅜत视野ă近ࢅ远裁剪平面

਍ঢ়ᄓߵኵă视野ڦยዃକᅃ߲Բডၭۼ؅٫ǈ໯ᅜ࿢்ྺ໲்ڦ࿿体ࢅኵൽਦᇀׇৠڦ

ઠยዃă࿢்࣏ᄲྺᅽᆖยዃᅃ߲Ӂ܈ኵǈThree.js ఐණڦ 0.5 对ኄ߲ᆌᆩઠຫࢇ࢔๢ăໜ

ǈ࿢்Ⴔᄲยዃࢫ Three.js ᅽᆖཌྷ཮ٷڦ؅٫ၭຌႠăᅽᆖཌྷ཮๟ᅃ߲ڦྔܮ࿋཮ǈጆோ

ᆩᇀ៺කᅽᆖڦӁ൶ᇘժፌዕࢅ௅߲࿿体ፌዕڦ៺ක཮ၟंࢇă࿢்ॽ SHADOW_MAP_WIDTH

ࢅ SHADOW_MAP_HEIGHT ኵยྺڦ 2048ǈԲ Three.js ఐණڦ 512 ᄲߛăኄॽ༵׉ݥࠃ平ڦࣂ

ᅽᆖǗኄ߲ኵሁၭǈׂิڦᅽᆖ৽ࣷװ၄ሁڦܠ਒؃ă׈๬Ⴊ߀๖૩ዐڦኄ߲ኵઠֱੂگ

ăڦᆖၚᅽᆖዊଉࢆᅽᆖཌྷ཮๟සڦՐ୲ݴ

ፌࢫǈ࿢்Ⴔᄲߢ໕ Three.js నၵ对象ׂิࢅথ๭ᅽᆖăThree.js ఐණ़փׂิᄺ߭ྪڦ
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փথ๭ᅽᆖǈ࿢்Ⴔᄲ௽ඓยዃăሞኄ߲๖૩ዐǈ࿢்ထྭॽෙ߲बࢆ体ڦᅽᆖཨںڟ

ӱฉǈ඗ںࢫӱথ๭ኄၵᅽᆖǈ໯ᅜǈ࿢்ॽںӱڦ mesh.castShadow ຌႠยዃྺ falseǈ

mesh.receiveShadow ຌႠยዃྺ trueǗॽ૬ݛ体Ă൰体Ăᇶጔڦ mesh.castShadow ຌႠย

ዃྺ trueǈmesh.receiveShadow ຌႠยዃྺ falseă

ፌڦࢫፌࢫǈ࿢்ထྭᅽᆖڦഽ܈ໜጣ਋࠼ڦڨ࠼၍ഽ܈ՎܸࣅՎࣅă඗ܸǈThree.
js ࠼ڨኝăํाฉǈ໲ᅈડᇀܸۙࣅՎ܈၍ഽ࠼ໜۯժփࣷጲࢪ้ڦᅽᆖཌྷ཮ሞ៺කڦ

ڦ shadowDarkness ຌႠăᅺُڦ࠼ڨړჿ෥ԥᆩ߀ࢽՎࢪ้ڦǈ࿢்Ⴔᄲ๮ඁۯ߸ႎ

shadowDarkness ஓቛ๖କپ܎ኄڦኵăথူઠڦ setShadowDarkness() ၄ǈ໲एᇀํڦຕࡧ

ᇸ࠼ RGB ኵڦ平਩ኵઠऺ໙ᅽᆖڦӁ܈ăేړॽ਋ڦڨ࠼ჿ෥ۙӁ้ǈࣷ݀၄ᅽᆖᄺໜ

ጣՎڏକă

    function setShadowDarkness(light, r, g, b) 
    { 
        r /= 255; 
        g /= 255; 
        b /= 255; 
        var avg = (r + g + b) / 3; 
 
        light.shadowDarkness = avg * 0.5; 
    }

ํ้ᅽᆖ๟ WebGL ੗视ࣅ体ᄓዐڦᅃၜหആڦሺഽरຍǈܸ Three.js ੗ᅜ

ӻዺ࿢்߸ݛՍํں၄໲ă඗ܸǈ໲๟ᆶپॏڦă๯ံǈᅽᆖཌྷ཮๟ଷᅃዖ

ૌ႙ڦ࿖૙ཌྷ཮ǈ໲Ⴔᄲ߸ڦܠ၂٪ă对ᇀᅃ߲ 2048ġ2048 ᅽᆖཌྷ཮ǈڦ

࿢்Ⴔᄲڦྔܮ 4 MB ၂٪੣क़ă๬๬ੂే๟ࠕీޏᆩ߸ၭڦ؅٫ᅽᆖཌྷ཮

ઠၙేڟٳᄲࡕၳڦăܸ൐ǈሞగၵ཮ႚยԢฉǈ૗ೡ៺කᅽᆖཌྷ཮੗ీࣷ

ᆅ෇߸تܠ૙ਸၨǈܸٗ၂ዸইگኡ୲ăᅺُేᆌړ৉ัں๑ᆩኄ߲༬Ⴀă

൩ခՂፔࡻፁڦࠕႠీݴဆǈժሞႴᄲڦ൧઄ူইपڟᅃ߲࿮Ⴔํ้ᅽᆖڦ

ӄăݛ

4.6　着色器

Three.js ాዃକᅃ༫ഽڦٷ֌ዊणࢇă໲்ۼ๟एᇀੰዐᇨዃڦ GLSL ጣ෥ഗઠํ၄ڦă

ኄၵጣ෥ഗ੗ᅜᆩઠኧ׉׼见ڦጣ෥Ⴔ൱ǈස unlitĂPhong ࢅ LambertăڍईႹ࣏٪ሞ࢔

ຌڦᄣܠዖܠǈ੗ᅜ๑ᆩࡕၳڦዖૌܠ੗ᅜํ၄࿮၌ړઠຫǈ֌ዊᆌڦႴ൱ăጺڦ՚ܠ

Ⴀǈ੗ᅜኧ׼ඪᅪްሗํڦ၄ăਉ૩ઠຫǈᅃ߲ᆩᇀఇెڦۯ֥عޅጣ෥ഗǈ੗ీႴᄲኧ

ຌႠăڦၠޅࢅ໏ޅǈᅜतۙኝ܈௢ࢅ܈ߛڦኝ֥ۙ׼

ໜጣऺ໙ऐ཮ႚ݀ڦቛǈᅜतܾඁࡗๆ౎၎࠲ଶᇘׂీॏኵื༵ڦ（ٗਸ๔ۉྺڦᆖ዆ፕ

ྺׯ๬ǈܸ๟׈ڦሏᆩᇀํ้视ೕᆴဥ）ǈጣ෥रຍփም๟ᅝຍׂ೗ڦઠࢫڟǈࡕ೺ၳࢫ

କᅃ߲ཚᆩײڦႾ࿚༶ăᄽহ૴ࢇഐઠظॺକᅃၜ੗Պڢ࠶ڦײरຍǈྺ׬可编程着色器

（programmable shader）ǈܸփ๟׈๬ᇨ֪௅ዖ੗ీڦ֌ዊຌႠፇࢇǈժԈࡤሞሏႜ้ᆅ൤

ஓዐăጣ෥ഗሎႹਸ݀ኁ๑ᆩૌپڦ C ᇕჾՊႀํ၄ۅۥप໎ၟࢅपްڦሗၳࡕǈժՊᅳ
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੗ᅜሞׯ GPU ዐሏႜپڦஓă๑ᆩ੗Պײጣ෥ഗǈਸ݀ኁ੗ᅜظॺߛ؜ႠీĂ܈ߛ԰ኈ

ઠă؜ݣ၌዆ዐ঴ڦఇ႙࠼ڨࢅ֌ዊڦǈٗᇨዃࡕ视ਥၳڦ

4.6.1　ShaderMaterial类：编写你自己的着色器代码

GL ጣ෥ᇕჾ（GLSL）๟ྺ Open GL ࢅ OpenGL ES ਸ݀ڦᅃዖጣ෥ഗᇕჾ（WebGL API
ăGLSL（إएڦ ᇸپஓཚࡗ WebGL ฉူ࿔对象༵݆ݛڦࠃઠՊᅳժሞ WebGL ዐኴႜǈ

Three.js ᆆ֠କ GLSL ఇ๕৊ႜਸ݀ă对ᇀڦဦবǈሎႹ࿢்჋ስ࿮ႴՊႀጣ෥ഗ֫ڹڦ

ᆌᆩႴᄲᅃၵᇨዃૌ႙ዐுᆶڦ࿢்ࡕසڍăࠕ֌ዊૌ႙ᅙঢ়ፁڦᆌᆩઠຫǈᇨዃڦຕܠ

ǈThree.jsࡕၳڦࠃ༵ ᄺሎႹ࿢்๑ᆩ THREE.ShaderMaterial ઠ৊ႜۨ዆ڦࣅጣ෥ഗઠ݀ă

཮ 4-14 ቛ๖କ ShaderMaterial ᆌᆩڦᅃ߲๖૩ăኄ߲๖૩੗ᅜሞ Three.js ڦణ୤ူײ߾

examples/webgl_materials_shaders_fres nel.html ࿔ॲዐቴڟǈ໲ᄇ๖କᅃ߲ Fresnel ጣ෥ഗă

Fresnel ጣ෥ഗᆩᇀఇె࠼၍ࡗح຤ࢅի૱ڪཪ௽঻ዊׂ้ิݒڦพࢅችพၳࡕă

图 4-14：Fresnel 着色器提供了高度逼真的反射和折射效果

Fresnel ጣ෥ഗ（܁ፕĐfre-nelđ）ᅜ Fresnel Effect（ݤౝܻၳᆌ）ంఁăኄ

߲ၳᆌڦፌራऻ୤؜ጲ݆ࡔ࿿૙ბॆӎࠟຯۡ • ० •  ౝܻ（Augustin-Jeanݤ

Fresnelǈ1788Ċ1827）ăݤౝܻཚࡗჺ৯࠼ሞփཞ঻ዊዐدڦխǈ༵؜କհ

࿚ݡ႑တǈ൩ڦܠ߸૙ஃăထྭइൽۯ online 3D rendering glossary（http://

www.3drender.com/glossary/fresneleffect.htm）ă

๖૩ዐڦยዃپஓӀᅜူୁظײॺକᅃ߲ ShaderMaterial 对象ǖ๯ံ໲ް዆କ

FresnelShader ఇӱ对象ዐڦ uniform（֖ຕ）ኵĊĊ௅߲ጣ෥ഗํ૩ۼႴᄲ໲ጲวڦຕ਍



Three.js中的图形和渲染   ｜   75

ޭԨĊĊժॽ GLSL ᇸஓፕྺ֖ຕ܎ೌࢅۅۥߴدጣ෥ഗăሞ؛๔ׯྜࣅኮࢫǈThree.js
ࣷጲتۯ૙ጣ෥ഗڦՊᅳ૾ࢅথǈժॽ JavaScript ຌႠӿۨڟ uniform ၎ᆌኵฉăڦ

                var shader = THREE.FresnelShader; 
                var uniforms = THREE.UniformsUtils.clone(shader.uniforms ); 
 
                uniforms[ "tCube" ].value = textureCube; 
 
                var parameters = { 
                   fragmentShader: shader.fragmentShader, 
                   vertexShader: shader.vertexShader, 
                   uniforms: uniforms }; 
 
                var material = new THREE.ShaderMaterial( parameters );

Fresnel ጣ෥ഗڦ GLSL ᇸپஓස૩ 4-4 ໯๖ăኄ܎ᇸپஓ੗ᅜሞ Three.js  ڦణ୤ူײ߾
examples/js/shaders/FresnelShader.js ࿔ॲዐቴڟăኄ߲ጣ෥ഗپஓᆯ Three.js ၅ኁࠋऄሂڦ

Branislav Ulicny（߸ྺට໯ኪڦ๟໱ڦ᨟׬ AlteredQualia）༵ࠃăඟ࿢்ཚ܁ኄپ܎ஓǈ

ઠੂੂኄ߲ጣ෥ഗ๟සํࢆ၄ڦă

例 4-4：ྺ Three.js Պႀڦ Fresnel ጣ෥ഗ

/** 
 * @author alteredq / http://alteredqualia.com/ 
 * Based on Nvidia Cg tutorial 
 */ 
 
THREE.FresnelShader = { 
 
    uniforms: { 
 
        "mRefractionRatio": { type: "f", value: 1.02 }, 
        "mFresnelBias": { type: "f", value: 0.1 }, 
        "mFresnelPower": { type: "f", value: 2.0 }, 
        "mFresnelScale": { type: "f", value: 1.0 }, 
        "tCube": { type: "t", value: null } 
 
    },

THREE.ShaderMaterial ዐڦ uniforms ຌႠኸۨକ Three.js ሞጣ෥ഗԥ๑ᆩ้ࣷߴد WebGL
ᅪڦኴႜᅃْăኟසጴ面ฉۼ（܎ೌ）໎ၟࢅۅۥஓࣷ对௅߲پኵă࣮ᅬᅃူǈጣ෥ഗڦ

າఫᄣǈጣ෥ഗዐڦ uniform ຌႠڦኵփࣷໜጣڦۅۥൎ࣑ܸ߀ՎǗ໲்Ԩዊฉ๟ፕᆩᇀ

ඇև࢛ۨڦ໎ၟࢅۅۥඇਆՎଉăኄ߲๖૩ዐڦ Fresnel ጣ෥ഗۨᅭକᆩᇀ੦዆ݒพ୲ࢅ

ችพ୲ڦ uniform ຌႠ（૩ස mRefractionRatio ࢅ mFresnelScale）ă໲࣏ྺ૬ݛ体࿖૙ۨ

ᅭକᅃ߲ uniform ຌႠǈፕྺኝׇ߲ৠڦԝৠăૌຼᇀ࿢்മ面ბသڦࡗ૬ݛ体࣍ৣᆙพǈ

ኄ߲ጣ෥ഗᄺ๑ᆩକॽ૬ݛ体ᆙพၟ໎៺කڟ՗面ઠఇెݒพݛڦ๕ă඗ܸ๑ᆩኄ߲ጣ෥

ഗǈ࿢்փৈৈ੗ᅜੂٗڟ૬ݛ体ᆙพݒพ໎ၟڦǈ࣏੗ᅜڟִ࠵ችพ၄象ă

4.6.2　在Three.js中使用GLSL着色器代码

၄ሞ޿ઠยዃ܎ೌࢅۅۥጣ෥ഗକǈ๯ံ๟ۅۥጣ෥ഗǖ
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    vertexShader: [ 
 
        "uniform float mRefractionRatio;", 
        "uniform float mFresnelBias;", 
        "uniform float mFresnelScale;", 
        "uniform float mFresnelPower;", 
 
        "varying vec3 vReflect;", 
        "varying vec3 vRefract[3];", 
        "varying float vReflectionFactor;", 
 
        "void main() {", 
 
            "vec4 mvPosition = modelViewMatrix * vec4( position, 1.0 );", 
            "vec4 worldPosition = modelMatrix * vec4( position, 1.0 );", 
 
            "vec3 worldNormal = normalize( mat3( modelMatrix[0].xyz, ", 
            "    modelMatrix[1].xyz, modelMatrix[2].xyz ) * normal );", 
 
            "vec3 I = worldPosition.xyz - cameraPosition;", 
 
            "vReflect = reflect( I, worldNormal );", 
            "vRefract[0] = refract( normalize( I ), worldNormal, ", 
            "    mRefractionRatio );", 
            "vRefract[1] = refract( normalize( I ), worldNormal, ", 
            "    mRefractionRatio * 0.99 );", 
            "vRefract[2] = refract( normalize( I ), worldNormal, ", 
            "    mRefractionRatio * 0.98 );", 
            "vReflectionFactor = mFresnelBias + mFresnelScale * ", 
            "    pow( 1.0 + dot( normalize( I ), worldNormal ), ", 
            "    mFresnelPower );", 
 
            "gl_Position = projectionMatrix * mvPosition;", 
        "}" 
 
    ].join("\n"),

๟ᆩፕڦዷ૰ă໲๑ᆩ၎ऐ࿋ዃᅜतఇ႙（ሞኄ߲๖૩ዐኸڦஓ๟ኄ߲֌ዊپጣ෥ഗۅۥ

՗๖ഘಟႚጒڦ൰体）ዐ௅ᅃ߲ڦۅۥ࿋ዃ႑တઠऺ໙؜ᅃ߲ၠၠݛଉǈᆩᇀऺ໙௅߲ۥ

ڦጣ෥ഗዐ܎ೌࢅۅۥችพဣຕăጀᅪሞࢅพݒڦۅ varying ำ௽ăᇑ uniform ૌ႙ڦՎ

ଉփཞǈvarying ૌ႙ڦՎଉሞ௅߲বۅዐࣷۼԥऺ໙ǈ඗ۅۥٗࢫጣ෥ഗ܎ೌڟڿدጣ෥

ഗăཚࡗኄዖݛ๕ǈۅۥጣ෥ഗ੗ᅜ๼؜ຕኵాڟዃڦ gl_Position Վଉዐǈܸኄ๟໲ዷ

ᄲ߾ڦፕă对 Fresnel ጣ෥ഗઠຫǈvarying ๼ڦ؜๟ݒพࢅችพဣຕă

Fresnel ڦ࿢்ሞኄ૛ுᆶੂ见ܠጣ෥ഗ࣏๑ᆩକႹۅۥ varying ࢅ uniform Վଉǖ

modelMatrixĂmodelViewMatrixĂprojectionMatrix ࢅ cameraPositionă ኄ ၵ Վ ଉ ๟ ᆯ

Three.js ᇨံۨᅭڦǈժጲڟڿدۯ GLSL ՊᅳഗăኄၵኵփႴᄲǈईኁຫփᆌ޿ᆯጣ෥

ഗڦՊႀኁ၂๕ำ௽ă

• modelMatrix（uniform）

ఇ႙（ྪ߭）ڦ๘হՎ࣑ਈንăኟසሞ 4.2 বዐ໯༪ஃڦఫᄣǈኄ߲ਈንሞ௅ᅃኡࣷۼ

ԥ Three.js ऺ໙؜ઠǈᆩᇀ՗๖࿿体ሞ๘হ੣क़ዐڦ࿋ዃ႑တăሞኄ߲ጣ෥ഗዐǈ໲ԥ
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ᆩઠऺ໙௅߲ۅۥሞ๘হ੣क़ዐڦ࿋ዃă

• modelViewMatrix（uniform）

ᆩᇀ՗๖௅߲࿿体ሞ၎ऐ੣क़ዐڦ࿋ዃՎ࣑႑တǈᄺ৽๟ሞፖՔဣዐ၎对ᇀ၎ऐڦ࿋ዃ

（ኵڦችพࢅพݒ૩සሞኄ߲ጣ෥ഗዐᆩᇀඓۨ）ኵڦ࠲၎ऐ၎ࢅǈኄ对ᇀऺ໙ၠݛࢅ

༬՚ݛՍă

• projectionMatrix（uniform）

ᆩᇀऺ໙࿢்ຄဒٗڦ၎ऐ੣क़ڟೡట੣क़ڦ 3D ڟ 2D ᆙพăڦ

• cameraPosition（uniform）

ᆯ Three.js ෇ăدۯ࿋ዃǈጲڦǈ՗๖၎ऐሞ๘হ੣क़ዐࢺྼ

• position（varying）

ఇ႙੣क़ዐۅۥڦ࿋ዃă

• normal（varying）

ఇ႙੣क़ዐၠ݆ڦଉ႑တă

ኄ߲ۅۥጣ෥ഗ࣏๑ᆩକాዃڦ GLSL ຕࡧ reflect() ࢅ refract()ǈᆩઠएᇀ၎ऐၠݛĂ

݆ၠଉࢅችพ୲ઠऺ໙ݒพࢅችพၠଉ႑တă（ᆯᇀኄၵࡧຕሞ৊ႜස Fresnel ࠼ኄૌײݛ

၍ऺ໙้׉ݥᆶᆩǈ໯ᅜԥፕྺ GLSL ᇕჾాڦዃࡧຕă）

ፌࢫǈጀᅪ Array.join() ೔ሞᅃഐăኄزޙஓጴپڦጣ෥ഗۅۥ๑ᆩǈ໲ԥᆩઠॽڦຕࡧ

ቛ๖କଷᅃዖ೔থ๑ᆩ GLSL Պႀڦጣ෥ഗپஓ׊ڦጴڦزޙᆶᆩ݆ݛă࿢்๑ᆩ join()

ăޙ૶থزޙႜժཁेጴ࣑ت঳࿂ڦஓዐ֭෇ႎႜǈܸփ๟ሞ௅ᅃႜپຕઠሞࡧ

ٗኄ૛ഐǈೌ܎ጣ෥ഗ߾ڦፕ৽׉ݥ०ڇକă໲๑ᆩۅۥጣ෥ഗऺ໙ݒڦ؜พ୲ࢅችพ

୲ڦኵǈઠ໭ᆅڟཚࡗ uniform Վଉ tCube ჿ෥ኵăኄ߲Վଉ๟ڦ体࿖૙ฉݛ૬ڦ෇د

samplerCube ૌ႙ڦǈsamplerCube ૌ႙๟ᅃዖᆩᇀت૙૬ݛ体࿖૙ڦ GLSL ૌ႙ă࿢்

๑ᆩ GLSL ຕࡧ mix() ઠंࢇଇዖჿ෥ǈࠓॺ؜ፌዕ໎ၟڦ႑တժॽഄ๼ئ٪؜ሞాዃڦ

gl_FragColor Վଉዐă

    fragmentShader: [ 
 
        "uniform samplerCube tCube;", 
 
        "varying vec3 vReflect;", 
        "varying vec3 vRefract[3];", 
        "varying float vReflectionFactor;", 
 
        "void main() {", 
 
            "vec4 reflectedColor = textureCube( tCube, ", 
            "    vec3( -vReflect.x, vReflect.yz ) );", 
            "vec4 refractedColor = vec4( 1.0 );", 
 
            "refractedColor.r = textureCube( tCube, ", 
            "    vec3( -vRefract[0].x, vRefract[0].yz ) ).r;", 
            "refractedColor.g = textureCube( tCube, ", 
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            "    vec3( -vRefract[1].x, vRefract[1].yz ) ).g;", 
            "refractedColor.b = textureCube( tCube, ", 
            "    vec3( -vRefract[2].x, vRefract[2].yz ) ).b;", 
 
            "gl_FragColor = mix( refractedColor, ", 
            "    reflectedColor, clamp( vReflectionFactor, ", 
            "    0.0, 1.0 ) );", 
 
        "}" 
 
    ].join("\n") 
 
};

থ近ኈ׉ݥକᅃ߲؜ǈᅺྺ໲๼ڦڥኄ๟ኵڍፕǈ߾ܠ࢔ጣ෥ഗੂഐઠႴᄲڦࣅॺۨ዆ظ

ํ๘হ࠼ڦბఇెၳࡕăܸ Three.js ӻ஬ྜׯକഄ໱ڦऐႁ߾ፕĊĊ߸ႎ௅߲࿿体ڦ๘হ

ਈንǈጕጷ၎ऐǈᇨۨᅭႹܠ GLSL ՎଉǈՊᅳ૾ࢅথጣ෥ഗپஓĊĊྺ࿢்ูူକٷଉ

Ս൐ဌᆅටăᆶକኄ߲઀ॐǈే੗ᅜൟݛڥፕՎ߾ਸ݀ڦጣ෥ഗڥ๬้क़ǈ๑ۙࢅਸ݀ڦ

຿׈๬Պႀేጲमڦጣ෥ഗă࿢ॺᅱٗ Three.js ๖૩ዐ༵ڦࠃ Fresnel ഄ໱ጣ෥ഗਸ๔ăࢅ

Three.js ဇă۫ڦܠ׉ݥڟኄၵ๖૩੗ᅜბࡗ༬ၳǈཚڦዖփཞૌ႙ܠକࠃ༵

4.7　渲染

ኄᅃቤ࿢்๑ᆩକ Three.js ዐ݆ݛܠ࢔ڦઠփื༵܏ኈํ܈ǈٗ०ڦڇबࢆႚጒڟ֌ዊĂ

࿖૙Ăࢅ࠼ڨᅽᆖǈፌዕ๑ᆩ GLSL Պႀକ࿢்ጲमڦጣ෥ഗă௅ᅃօǈ࿢்ۼԲฉᅃօ

ᅃօǖ៺කăࢫ࿢்ֶ࣏ፌڍ཮ႚǈڦߌሰକ߸ਏኈํظ

Three.js 3D ׇৠ੦዆ڦፌዕ๼؜๟៺කሞ៓બഗ Canvas ᇮ໎ฉڦ 2D ཮ၟă࿮ஃ๟๑ᆩ

WebGLǈ࣏๟ 2D Canvas ࣼ཮ APIǈᅞई๟ཚ߀߸ࡗ CSS ઠ๑ڥᇮ໎ሞᄻ面ฉᅎۯǈۼ

࿮࠲৆ᄲǗ࿢்ڦፌዕణۼڦ๟ࣼ዆ၟ໎ۅă࿢்჋ስ WebGLǈኻ๟ᅺྺ໲ਏᆶߛႠీă

๑ᆩഄ໱रຍǈ࿢்ईႹీํ၄ཞᄣڦ视ਥၳࡕǈڍႠీ࿮݆থ๴ă໯ᅜ࿢்ঢ়׉჋ስ

WebGLă

ᄺ৽๟ຫǈनՍ๑ᆩକ WebGLǈ࿢்ሞਏ体៺ක཮ၟࢪ้ڦᄺᆶܠ࢔჋ስă૩සǈAPI
ሎႹ࿢்჋ስ๟ޏ๑ᆩ深度缓冲（Z-buffering）៺ක（ኄ๟ᅃዖཚࡗሞᆘॲዐ๑ᆩڦྔܮ

ăڦरຍ）ăኄ๟੗჋ڦ႑တǈᅜํ၄ኻࣼ዆ׇৠዐፌമ面ၟ໎܈ศڦ࿿体ئ٪੣क़ઠئ٪

සࡕ࿢்ுᆶഔᆩศ؋࣐܈ǈ࿢்ڦᆌᆩሶႴᄲጲमت૙࿿体ڦಇႾǈኄ੗ీႴᄲศ෇ڟ

面ೌप՚ăኄདഐઠ࢔஑ݑǈڍሞగၵᆌᆩׇৠူǈ࿢்ईႹടടႴᄲኄ஺ፔăኄৈৈ๟

࿢்对ᇀ៺කڦᅃ߲੗჋ၜă

Three.js ڦă๑ᆩాॺڇ०े߸ڥ૙Վت཮ႚڦإएڥዔ๟๑؛ยऺڦ WebGL ៺කഗǈਸ

݀ኁ࿮Ⴔݯࢾ໿ܠ৛૰৽੗ᅜظॺ؜ᆴဥप՚ڦ཮ႚၳࡕăኟස࿢்ሞമ面ڦ๖૩ዐ໯

ॺ៺කഗǈยዃ视口؅٫ǈᅜतۙظօየઠํ၄ǖڦڇᅜူ०ࡗఫᄣǈኄ੗ᅜཚڦڟੂ

ᆩ render() ڍຕăࡧ Three.js ሎႹ࿢்ፔ߸ڦܠ๚൧ǈ໲༵ࠃକీࠕ੦዆ WebGL ៺֫ڹ

කୁీڦײ૰ăཚࡗॽኄၵీ૰঳ߛࢇपڦ៺කरຍǈ૩සتࢫ૙Ăڢܠ៺කᅜतჽ׿៺

කǈ࿢்੗ᅜظॺݠ܈ߛኈࡕၳڦă
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4.7.1　后处理和多道渲染

ᆶ้ࢪǈᅃْ៺කժփࠕăᅃׇ߲ৠঢ়׉Ⴔᄲཚْܠࡗ៺කઠظॺߛዊଉڦĂኈํڦ཮

ၟăኄၵ܀૬ڦ៺කፌዕሞᅃ߲ԥྺ׬多道渲染（multipass rendering）ײୁڦዐڟׯࢇᅃ

ഐǈׂิፌዕڦ཮ၟăႹڢܠܠ៺ක݆ݛ๑ᆩ后处理（post-processing）रຍǈईኁཚࡗ཮

૙रຍઠ༵ื཮ၟዊଉăتၟ

៺කሞํ้ڢܠࢅ૙تࢫ 3D ៺කዐሁઠሁୁႜǈᅺُ Three.js ސ߾ڦٷ࢔କࢾፕኁڦ

ઠኧ׼໲ă཮ 4-15 ቛ๖କᅃ߲৛ဦܸิڦۯ๖૩ǈ໲๑ᆩ Three.js ૙Պႀǈፕኁ๟تࢫ

AlteredQualiaăेሜ examples/webgl_terrain_dynamic.html ࿔ॲă጑ౕڦ࠵ඖሞ࿽Ṱ࠼ץڦ

ዐݧሁആࣙںڦ՗ăكڇएᇀሯำײႾิںڦׯႚժփፁᅜସටᆇ象ศਗ਼ǈׇ޿ৠ༬՚๑

ᆩକڢܠ៺ක߾ႾǈԈઔ๑ᆩ bloom ጣ෥݆ઠഽۙᄞ࠼ሞץ࿽ዐڦ஦พၳࡕǈᅜत๑ᆩߛ

ຯ୳৥ඟׇৠׂิൟྲఇࢵઠሺഽׇৠྷݳৢౢڦă

图 4-15：动态地形程序示例，使用多道后处理工序渲染。程序由 AlteredQualia 提供；鸟儿由

Mirada 提供（来自 RO.ME fame）

Three.js تࢫڦ૙ᅈડᇀᅜူ༬Ⴀă

• ཚࡗ THREE.WebGLRenderTarget 对象ኧ׼多重渲染目标（multiple render target）ăཚܠࡗ

ዘ៺කణՔǈׇৠ੗ᅜԥْܠ៺කڟ૗ೡ࿋཮ฉǈժڟׯࢇፌዕڦ཮ၟዐă（ᇸ࿔ॲǖ

src/renderers/WebGLRenderTarget.jsă）
• THREE.EffectComposer ૌํ၄କᅃ߲ڢܠ៺කთ࣍ăኄ߲对象Ԉࡤᅃ߲ई߲ܠ渲染工序

（render pass）对象ǈ໲்ࣷԥᅈْۙᆩઠ৊ႜׇৠ៺කă௅ᅃ߾ڢႾۼᆛᆶݡ࿚ኝׇ߲

ৠᅜतฉᅃ߾ڢႾت૙ׂิڦ཮ၟຕ਍ڦ඄၌ǈܸٗ৊ᅃօဦࣅ཮ၟă

THREE.EffectComposerǈᅜत๑ᆩ໲ઠํ၄ڢܠ៺කڦ๖૩ǈ੗ᅜሞ Three.js ڦణ୤ዐײ߾

examples/js/postprocessing/ ࢅ examples/js/shaders/ ࿔ॲॄዐቴڟă៓બኄၵణ୤ǈేॽࣷ݀
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၄ᅃ߲تࢫ૙༬ၳڦԐੰă

4.7.2　延迟渲染

࿢்ምઠੂੂଷᅃዖ៺ක݆ݛǖ延迟渲染（deferred rendering）ăኟසഄఁǈኄዖ݆ݛ኱ڟ

ཚࡗփཞڦઠᇸऺ໙؜ፌዕڦ཮ၟ঳ࡕǈ֍ӝኄ߲঳ࡕ៺කڟ WebGL canvas ฉăᇑڢܠ

៺ක׼Ⴤ៺කᅃׇ߲ৠǈփ߀܏৊཮ၟǈፌዕް዆ڟ WebGL canvas ዐփཞǈჽ׿៺කሞ

ຕ਍ǈժሞথူઠࡕ໙঳ऺڦઠ๭णጣ෥ഗ（৽๟࿖૙ཌྷ཮）؋࣐߲ܠ๑ᆩକ܎๔঩؛

໙ీऺࢅ੣क़ئ٪ݯࡼ׉ݥ๕ݛઠऺ໙ၟ໎ኵǈኄዖࡕ঳ڦ๭ण܎๔঩؛ዐǈ๑ᆩ܎঩ڦ

૰ǈڍ໲ᄺ੗ᅜظሰ܈ߛኈํࡕၳڦǈᆮഄ๟对ᇀ࠼၍ࢅᅽᆖتڦ૙ă֖见཮ 4-16ă

图 4-16：使用延迟渲染的逐像素光线处理（另见彩插图 4-16）

4.8　小结

Ԩቤޮాڦ߃ඹ࠽׉ݥǈภतକ Three.js ࢆ៺කీ૰ă࿢்କ঴କසࢅ཮ࣼݴևٷڦࠃ༵

๑ᆩᇨዃڦबࢆႚጒૌઠظॺ 3D ૬ݛ体Ăྪ֖߭ࢅຕڦࣅफ؜཮ႚă࿢்༪ஃକ Three.js
ዐᆩᇀፇኯްሗׇৠׇڦৠ཮ࢅ੣क़Վ࣑֫प঳ࠓă࿢்ൕ๮ํ७କ֌ዊĂ࿖૙࠼ڨࢅă

ፌࢫǈ࿢்କ঴କ੗Պײጣ෥ഗߛࢅपڦ៺කरຍǈසتࢫ૙ࢅჽ׿៺ක๟සื༵ࢆ੗视

ăThree.jsڦ܈ײኈํڦࣅ ॽഽڦٷ཮ႚت૙༬Ⴀᅜ०ڇᅟᆩڦੰڦႚ๕༵؜ࠃઠăኄၵ

ీ૰঳ࢇ WebGL ඇևڦڟၙࠕ࿢்ీ؜ॺظࠕీࢭ࿢்बڥᇱิీ૰ǈ๑ڦ 3D ੗视ࣅ

ăࡕၳ
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3D动画

ڦǈৢༀࢫᅜࣃۯ཮ၟăᆶକڦՎೡటฉ߀ᅪ࿆ጣໜጣ้क़ࣃۯ 3D ׇৠ৽ᆶକิంă৑

๚ኻᆶڦᄲ঴ਦࣃۯ๕ǈፌዕǈݛڦ౒ฉ对࿚༶ॺఇ߁रຍᅜतٗڦࣃۯ੗ᆩᇀܠ࢔ᆶ࠶

ᅃॲǖඟၟ໎ᅎۯă

WebGL Ԩวժுᆶ对ڦࣃۯᇱิኧ׼ă৑࠶සُǈWebGL API ሎႹ࿢்ᅜ܈໏ࢅ૰ీڦ

ٳߛ 60 ኡ௅௱ڦೕ୲៺කްሗڦ཮ႚժႪ߀໲்ǈժሎႹ࿢்ᅜܠዖݛ๕ํ၄ 3D ాࣃۯ

ඹă঳ࢇ၄៓پબഗ对ሏႜ้ॐ߀ڦࠓ৊ǈኄၵࣃۯ੗ᅜᇑᄻ面ฉڦഄ໱ᇮ໎࿮ފබࢇă

Վ߀੗ᅜᆩᇀࣃۯ WebGL ׇৠዐڦඪᅪᇮ໎ǖՎ࣑ĂबࢆႚጒĂ࿖૙Ă֌ዊĂࢅ࠼ڨ၎

ऐă࿿体੗ᅜᅎۯĂ჉ገĂฦ໫ईᄂࡆगሏۯǗबࢆႚጒ੗ᅜྖ൸Ă౦൸ईኁՎׯഄ໱ႚ

ጒǗ࿖૙੗ᅜᅎۯĂ໫ݣĂ჉ገۯࡐࢅǈईኁໜጣኡՎࣅႪ߀ഄၟ໎ۅǗ֌ዊჿ෥Ă৥面

Վጲวჿ෥Ǘ၎ऐ੗ᅜ߀ᅜतۯ੗ᅜ෻ຮĂᅎ࠼ڨǗࣅ੗ᅜໜጣ้क़Վۼڪ܈Ăཪ௽࠼ߛ

ᅎۯĂ჉ገઠظॺૌຼۉᆖࡕၳڦăࣃۯᆶ࿮၌ڦ੗ీă

ሞԨቤዐǈ࿢்ࣷჺ৯ܠዖࣃۯरຍǈᅜतᆩᇀํ၄໲்߾ڦਏੰࢅăኄၵरຍएᇀۉᆖ

ăWebGL׼ຕბஃኤኧڦ७ǈժᆯჹ߭ํڦ౎ܠጱᆴဥႜᄽۉࢅ ዐࣃۯڦ๟ᅃ߲݀ቛዐ

๑ᆩăThree.jsࢇंڦӄݛዖփཞܠ༑໭ภतڦଶᇘǈ໯ᅜ࿢்ڦ ૙تںࡻ࢔ࠕକీࠃ༵

ևݴ๑ᆩׇৠ߾ࣃۯڦਏă࿢்ᄺࣷჺ৯ଷᅃ߲ਸᇸੰĊĊTween.jsăTween.js ๟ᅃ߲ၭ

േᅟᆩڦĂᆩᇀظॺ०ੰڦ܉ࡗڇă඗ܸኄၵ࣏远远փፁǈසڦేࡕᆌᆩๆްݴሗǈఫే

੗ీႴᄲظॺేጲमࣃۯڦᆅ൤ă

ॺظ WebGL ౒ࣷሞԨቤዐ৊ႜၘဦ঻ถă߁౒ǈኄၵ߁߲ܠඹภतᅜူᅃ߲ईాࣃۯ

• ๑ᆩ requestAnimationFrame() ઠൻۯሏႜთ࣍ă

• ሞ௅ْሏႜთ࣍ኴႜࢪ้ڦǈᅜՊݛײ๕߀Վ੗视࿿体ڦຌႠăኄ๢ᆩᇀظॺ०ۯڦڇ

ईഄ໱ຌႠ੗ᅜ՗๖ྺၠݛ࿋ዃĂڦፖՔዡ჉ገăሞᅃ߲࿿体߲ڇǈස๑ᅃ߲࿿体ජࣃ
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ڦڇઠຫǈኄ๟ፌ०ڦᆶᆩăጺ׉ݥຕ้ǈኄၜरຍᄺࡧڦᇀగ߲Վଉ（૩ස้क़）࠲

๑ᆩׇৠăڦᆶ၌׉ݥ໲ৈ၌ᇀڍरຍํ၄ǈࣃۯ

• ๑ᆩ补间（tween）ઠํ၄ຌႠٗᅃ߲ኵڟଷᅃ߲ኵڦ平ࣂՎࣅăցक़׉ݥ๢ࢇᆩઠํ

၄ᅃْႠڦ०ࡕၳڇ（૩සǈॽᅃ߲࿿体ٗᅃ߲࿋ዃᄂ኱၍ᅎڟۯଷᅃ߲࿋ዃ）ă

• ๑ᆩ关键帧（keyframe）ǈ໲ڦຕ਍঳ࠓ՗๖କᅃဣଚᄂ้क़ዡಇଚڦ૗ොኵǈժԈࡤ

ᅃ߲ᆩᇀิׯ平ڦࡕၳࣂ插值（interpolate）ऺ໙ᆅ൤ă࠲॰ኡ๢ᆩᇀ平ᅎĂ჉ገĂ໫

ڦॺᅃဣଚظዐࣃۯ॰ኡሎႹ࿢்ሞᅃْ࠲ăࣃۯإएڦຌႠڦڇ०ڪᅜत֌ዊჿ෥ݣ

   ă܉ࡗْڇڦଷᅃ߲ኵڟᅃ߲ኵٗ׼ǈܸփ๟ၟցक़ఫᄣኻኧ܉ࡗ
• ᄂ路径（pathǈᆩۨࢽᅭڦ൸၍ई၍܎）ᅎۯ࿿体ǈएᇀࠅ๕ईᇨۨᅭڦୟ০ຕ਍ઠظ

ॺްሗڦᆶऐሏࡕၳۯă

• ๑ᆩ变形目标（morph target）ǈཚࡗኝࢇᅃဣଚ၎܀ࢻ૬ڦႚጒǈํ ၄对बࢆႚጒڦՎႚă

ኄ๟ᅃၜߛपڦᆩᇀ՗၄面և՗൧ई׉ݥ०ڦڇට࿿ڦࣃۯरຍă 
• ๑ᆩ蒙皮（skinning）ઠएᇀሏࠡڦۯỞ对बࢆႚጒ৊ႜՎ࣑ăኄ๟ํ၄ට࿿ࢅࣃۯഄ

໱ްሗႚጒڦࣃۯᆫံ჋ስă

• ๑ᆩ着色器（shader）ઠໜጣ้क़߀Վۅۥ࿋ዃ໎ၟࢅኵăగၵ้ࢪǈᅃ߲໯Ⴔࣃۯڦ

๑ᆩࡻपईၟ໎प৊ႜऺ໙ǈኄၵऺ໙ፌۅۥएᇀࡻፌࡕၳ GLSL ઠํ၄ăጣ෥ഗཞ้

੗ᅜᆩᇀഄ໱रຍߛڦႠీํ၄ǈ༬՚๟Վႚࢅ௏ೄǈසࡕᆩ CPU ઠت૙ǈࣷࡼ׉ݥ

໙ăऺݯ

ሞᅃ߲ᆌᆩዐǈཚࣷ׉๑ᆩኄၵ݆ݛዐڦᅃዖᅜฉǈईኁ๟ඇևă对ᇀ௅ၜरຍᆌ޿ᆌᆩ

ᇀన߲ਏ体ׇڦৠǈժுᆶᅃ߲ᆘႠۨࡀڦǈ৑࠶ഄዐగၵ对ᇀ༬ׇۨڦৠࣷ߸ेࢇ๢ă

ཚ׉रຍڦ჋ስൽਦᇀׂ೗੊୯Ǘ૩සǈසׯܓཷڦేࡕᇵዐுᆶยऺ฾ǈఫ஺ᆯᅃ߲ײ

Ⴞᇵઠ๑ᆩپஓิࣃۯׯᄺႹࣷ߸ඹᅟăഄ໱้ࢪǈ໲ൽਦᇀ߲ටೋࡻă3D ๟ᅝຍࣃۯ

ăࢇ঳ڦײ߾ǈᄺ๟ิׂᇑࢇፇڦ੔ბࢅ

5.1　使用requestAnimationFrame()来驱动动画

ሞമ面ڦቤবዐ࿢்ᅙঢ়କ঴ڟසࢆ๑ᆩ requestAnimationFrame() ઠኧ׼ᆌᆩڦሏႜთ

࣍ǈኄ๟ᅃ߲ Web ៓બഗ໯ኧڦ׼Բডႎڦ APIă

requestAnimationFrame() ࡗ๟ǈඟཚڦยऺణڦ JavaScript ڦۯஓൻپ Web ᆌᆩీࠕᆶ

ᅃዂĂ੗੍ڦ视ਥၳࡕăԈઔ DOM ᇮ໎ՎࣅĂքਆۙኝĂ๑ᆩ CSS ǈईए߀ᄣ๕Ⴊڦ

ᇀ Canvas ࢅ WebGL ኄᄣࣼڦ཮ API ()཮ႚărequestAnimationFrameڦॺظ ፌራ؜၄ሞ

Firefox 4 ዐǈժፌዕԥඇև៓બഗ໯থ๴ăMozilla ڦ Robert O’Callahan ᇱံ๟ྺକლቴᅃ

ዖԍኤ៓બഗాॺၳࡕ（ස SVG ई CSS ڦࢽᇑᆩ（܉ࡗ JavaScript ă݆ݛڦஓཞօپ

ٗമǈWeb ᆌᆩ๑ᆩ定时器（timer）ઠ੦዆ᄻ面ాඹࣃۯڦǈཚࡗ setTimeout() ई

setInterval() ኄଇ߲ࡧຕăໜጣ Web ᆌᆩਸ๔Ԉࡤ߸ްሗࢅࣃۯڦ঍ࢻǈኄዖ݆ݛ௽၂

ሦᇜକᅜူᅃၵ࠲॰࿚༶ă

• ้ۨഗᅜยዃ࢛ۨڦࡻ（ई৑੗ీথ近）क़߰ઠۙᆩ࣮ۙࡧຕǈ࿮ஃ๟ޏ๟ࣼ዆཮ႚڦ

ፌॅ้ऐă

• ሞ้ۨഗ࣮ۙዐኴႜڦ JavaScript क़ዡཞօ（ස้ࣃۯڦஓ࿮݆ᇑഄ໱៓બഗऺ໙ׂิپ
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SVG ई CSS ă（܉ࡗ

• ࿮ஃᄻ面ईՔധᄻ๟ޏ੗见ǈई៓બഗش口๟ޏԥፌၭࣅǈ้ۨഗࣷۼԥዘްኴႜǈኄ

ࣷሰׯയሞࣼڦ཮ጨᇸષݯă

• JavaScript ᆌᆩپஓփኪڢ၂๖ഗڦຘႎ୲ǈ໯ᅜ໲ኻీዷں࠵ยۨऺ้ഗक़ኵă૩ස

ॽഄยዃྺ 1/24 ௱ǈఫ஺๑ᆩ 60 Hz ຘႎ୲၂๖ഗڦᆩࢽॽ࿮݆ߌ๴ڦ׏ୁڟ视ਥၳ

ॽኄ߲ኵยዃྺేࡕǗසࡕ 1/60 ௱ǈఫ஺ሞຘႎ୲ডڦگ၂๖ഗฉǈే৽ݯࡼକྔܮ

ڦ CPU ጨᇸઠࣼ዆ᆦ远փࣷԥ၂๖ాڦඹă

requestAnimationFrame() ԥยऺઠ঴ਦᅜฉ໯ᆶ࿚༶ă࣮ᅬᅃူമबቤڦ૩ጱǈ࿢்ڦሏ

ႜთ࣍ૌຼᇀᅜူኄዖႚ๕ǖ

    function run() { 
 
         // ൩൱ူᅃኡࣃۯ 
          requestAnimationFrame(run); 
 
         // ഔࣃۯۯ 
         animate(); 
 
         // ៺කׇৠ 
         renderer.render( scene, camera );

ጀᅪǈۙᆩ requestAnimationFrame() ้ுᆶد෇้क़ኵă࿢்ுᆶኸۨ៓બഗሞగ߲ਏ体

้क़ईक़้߰ۙᆩ࿢்ࣼࢅࣃۯڦ዆پஓǈ࿢்ኻߢ໕໲在页面再次呈现的时候调用ăኄ

๟้ऺࢅഗ࠲ڦ॰൶՚ă๑ᆩକኄዖݛ๕ǈ៓બഗ৽ీሞ໲ాևዘࣼዜ೺ۙࢪ้ڦᆩᆩࢽ

બഗ࣏៓ړᆩăۙڦݏईփೕݏᅃǈ៓બഗ੗ᅜӀቷ໯Ⴔ৊ႜೕڼăتࡻஓăኄᆶब߲پ

ᆶፁڦࠕ੣ှ้क़้ǈ໲੗ᅜ๬ጣ༵ߛኡ୲ઠߋฉ၂๖ഗڦຘႎ୲ă၎ݒǈසࡕᄻ面ईՔ

ധᆆ֠କǈईኝ߲៓બഗፌၭࣅକǈ໲੗ᅜ३ณ࣮ۙࡧຕڦኴႜْຕǈᆫۉࣅసईยԢڦ

ጨᇸ๑ᆩăܾڼǈ៓બഗ੗ᅜ಼ଉت૙ᆩࣼࢽ཮֡ፕǈܸٗ३ณࣼ዆ೡటْڦຕǈবูጨ

ᇸăڼෙǈሞ requestAnimationFrame() ዐኴႜڦ໯ᆶࣼ዆پஓፌዕࣷᇑഄ໱ࣼ཮֡ፕ（Ԉ

ઔ៓બഗాևڦ）৊ႜ合成（composite）ăፌዕׂิ߸平ࣂĂ߸੺໏Ă߸ڦၳߛᄻ面ࣼ዆

तࣃۯă

5.1.1　在你的应用中使用requestAnimationFrame()

ኟසፌ近Ⴙܠएᇀ HTML5 ༬Ⴀڦਸ݀ᅃᄣǈrequestAnimationFrame() փᅃۨࣷԥ๨面

ฉඇև៓બഗڦ໯ᆶӲԨኧ׼ǈ৑࠶ኧ׼໲៓ڦબഗᅙঢ়ሁઠሁܠăཞ้ǈሞ໲ٗᅃ߲

៓બഗํڦᄓႠీࠀኈኟ݀ቛڟ W3C ॺᅱڦ࿘ۨӲԨײࡗڦዐǈ߳៓બഗራ೺ํ၄ۼڦ

๟ኄ߲ࡧຕټڦຳᆶമጘӲԨă႞ࡻ࿢்੗ᅜ๑ᆩᅃ߲ᆯ Google ฾ײ߾ Paul Irish ॺظ

ڦ polyfillăپஓස૩ 5-1 ໯๖ǈేᄺ੗ᅜሞԨກڦ๖૩࿔ॲ libs/requestAnimationFrame/
RequestAnimationFrame.js ዐቴڟኄپ܎ஓă໲ࣷ׈๬ሞ໯ᆶ៓બഗӲԨዐლቴኄ߲ࡧຕڦ

ኟඓఁํ׬၄ǈසࡕቴփڟǈሶጲۯইपڟ௅௱ 60 ኡڦ setTimeout() ӄăݛ

例 5-1：RequestAnimationFrame polyfillǈᆯ Paul Irish ࠃ༵

/** 
 * ᅜੵ៓બഗݛ๕༵ࠃrequestAnimationFrame 
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 * http://paulirish.com/2011/requestanimationframe-for-smart-animating/ 
 */ 
 
if ( !window.requestAnimationFrame ) { 
 
    window.requestAnimationFrame = ( function() { 
 
        return window.webkitRequestAnimationFrame || 
        window.mozRequestAnimationFrame || 
        window.oRequestAnimationFrame || 
        window.msRequestAnimationFrame || 
        function( /* function FrameRequestCallback */ callback, 
            /* DOMElement Element */ element ) { 
 
            window.setTimeout( callback, 1000 / 60 ); 
        };  
 
    } )(); 
 
}

ᆶၵ܁ኁईႹփ໿କ঴ polyfill ኄَ߲ڇǈ໲๟ኸᆩپஓ（ཚ׉๟ JavaScript）

ઠํ၄៓બഗዐுᆶ༵ీࠀڦࠃăpolyfill ཚ׉ᆩሞփኧ׼ႎీࠀईํᄓႠ

฾ײ߾ࡔᆯᆈَڇ઻ӲԨ៓બഗዐăኄ߲ڦీࠀ Remy Sharp ࡕăස؜༵

ၙକ঴߸࠲ܠᇀኄ߲ڦَڇԝৠतઠᇸǈ൩៓બ Sharp //:ձਜ਼࿔ቤ（httpڦ

remysharp.com/2010/10/08/what-is-a-polyfill/）ă

requestAnimationFrame() ஓኮമ৽൩൱କپࢽ॰๟ඓණేሞኴႜഄ໱ᆩ࠲ᅃ߲ڦሏᆩࠀׯ

ူᅃኡǈኟසራံ࿢்ሞቛ๖ڦࡗሏႜთ࣍پஓೌ܎ዐ໯ፔڦఫᄣăኄ对ᅴت׉૙׉ݥዘ

ᄲăසేࡕሞࡧ࣮ۙࣃۯຕዐൻڦేۯኝ߲ 3D ᆌᆩǈܸپஓሞ൩൱ူᅃኡኮമׂิକᅃ

߲ᅴ׉ǈేڦኝ߲ᆌᆩ৽ࣷࠬۖă඗ܸසేࡕሞፔഄ໱๚൧ኮമံ൩൱କူᅃኡǈఫ஺዁

ณ࣏੗ᅜԍኤײႾ׼ڦჄሏႜăन๑ഄ໱ևิׂݴକٱဃǈᆌᆩڦᅃևݴᄺ࣏ీ߾ࠕፕժ

ዘࣼᇮ໎ă

5.1.2　requestAnimationFrame()和性能

৑࠶ requestAnimationFrame() 对ࣃۯႠీᆶ૧ǈڍᄺႴᄲၭ႐๑ᆩăස៓ࡕબഗ௅௱ 60
ْۙᆩే࣮ۙڦǈేႴᄲԍኤኄ߲࣮ۙኻႴݯࢾ 16 ڥਥࣷࢽሶᆩޏक़ǈ้ڦ௱ई߸ณࡹ

ᆌᆩ฿ඁକၚᆌăᅺྺڦే 16 ཮ࣼڦǈ໯ᅜేՂႷ৑੗ీ३ณ֡ፕǈኻፔՂႴ܌࢔௱ࡹ

Ⴊ߀ăᆫႯڦ 3D ᆌᆩईႹႴᄲ੊୯঳ࢇ๑ᆩ้ۨഗĂworker ᅜत CSS Վ࣑ᇑࣃۯڪ܉ࡗ

रຍǈઠํ၄৑੗ీଳ௺Ăഽٷतگጨᇸ቞ᆩࡕၳڦă

requestAnimationFrame() ੗ᅜຫ๟ HTML5 ᆅ৊ڦᅃ߲ፌዘᄲڦ༬Ⴀă࠲ᇀ

ኄ߲ࣆ༶ǈԨবኻፔକٚ׉ݥ୼ڦ༑༪ăᆶܠ࢔ᆫႯڦሞ၍ጨᇸ੗ࠃ࿢்߸

࿔ቤĂڦ࠲ଉ၎ٷڟຕఁઠ໇໭ǈేࣷቴࡧକ঴໲ăሞྪஏฉ๑ᆩኄ߲ںࡻ

ԝৠጨଙĂᆅڞ࿔ቤĂ༵๖ࢅਧ്ǈᅜत对ഄํ֫ڹ၄ڦ঴๥ă
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5.1.3　基于帧的动画和基于时间的动画

ራ೺ऺ໙ऐࣃۯဣཥၳݠକኮമۉᆖዐڦरຍǈ૶Ⴤሞೡటฉቛ၄ৢༀ཮ၟ（සࡕ๟

ሞएᇀ๐ଉڦ཮ႚዐǈఫ৽๟ײႾิڦׯᅃဣଚ๐ଉ཮）ă௅߲ኄᄣڦ཮ೌԥྺ׬ᅃ帧

（frame）ă૦๏ฉǈۉᆖ๟ᅜ௅௱ 24 ቧ཮ೌڦ໏܈ಆฝݣࢅᆙڦǈ໯ᅜ帧率（frame rate）
ྺ௅௱ 24 ኡăኄ߲໏܈ሞگଋۉڦူ܈ᆖೡటዐፁࠕକăڍ๟ǈሞऺ໙ऐิࣃۯׯत 3D
ᆴဥڦ๘হǈ࿢்ీִࠕਥࢅ体ࣷݴߛ߸ڟՐ୲ڦ٪ሞǈڟߛ 30 ኡ௅௱Ă60 ኡ௅௱ई߸

ဣཥǈ૩සࣃۯܠසُǈႹ࠶ă৑ߛ Adobe Flashǈፌਸ๔֑ᆩକ 24 ኡ௅௱ڦ໏܈ǈᅺ

କǈFlashࣅକăణമǈኄ߲ኡ୲Վ࠹ਸ݀ኁᅙঢ়သࣃۯڦཥدྺ ੗ᅜፌߛኧ׼ 60 ኡ௅

௱ǈڍ૗ොኡ߁ڦ౒ᅈ඗ሞăኄዖॽࣃۯፇኯྺᅃဣଚ૗ොኡڦፔ݆ԥྺ׬基于帧的动画

（frame-based animation）ă

एᇀኡࣃۯڦᆶᅃ߲ჹዘڦඍۅǖᅺྺࠦۨକਏ体ڦኡ୲ǈ໯ᅜࣃۯ฾੗ᅜඓԍࣃۯփࣷ

Բᇨံยዃڦኡ୲ߛǈनՍۉస੗ᅜኧڦߛ߸׼ኡ୲ăኄ对ۉᆖઠຫுᆶ࿚༶ǈᅺྺ၎࠲

ᆘॲሞኝ߲ᄽহۼ๟ᅃዂڦă඗ܸǈሞऺ໙ऐࣃۯዐǈႠీࣷᅺྺยԢڦՎࣅᆶֶٷ࢔

՚ăසظేࡕॺڦ๟ 24 ኡ௅௱ࣃۯڦǈۉేڍసೡటڦຘႎ୲ྺ 60 Hzǈే৽฿ඁକᇱԨ

੗ᅜੂܠ߸ڦڟဦবǈᅜत߸ୁڦ׏խݣ体ᄓă

ଷᅃዖԥྺ׬基于时间的动画（time-based animation）ڦरຍ঴ਦକኄ߲࿚༶ăሞएᇀ้

क़ࣃۯڦዐǈᅃဣଚ๐ଉ཮ႚ૶থڟ༬้ۨڦक़ۅฉǈܸփ๟ሞᅙኪኡ୲ူڦగၵਏ体

ኡăᅺُǈऺ໙ऐ੗ᅜ၂๖ኄၵ཮ೌǈժሞഄዐे෇֭ኵǈ৑੗ీߛೕں၂๖ፌڦࡻ཮ೌ

ǈሞ௅ْሏႜთࣃۯڦ૩ጱዐǈ࿢்๑ᆩକएᇀ้क़ڦăሞኮമቤব܉ࡗڦࣂतፌ平ࡕၳ

࣍ዐǈanimate() ă܈क़ֶǈժ๑ᆩ໲ඁऺ໙჉ገঙ้ڦമᅃኡኮक़ࢅമኡړຕऺ໙କࡧ

Ԩቤतথူઠबቤڦ໯ᆶ૩ጱۼ๑ᆩएᇀ้क़ࣃۯڦă໯ᅜ৑࠶ኡ（frame）ኄَ߲ڇሞ

requestAnimationFrame() ఁڦ׬ፌࢫǈڍ໲ཞᄣ๢ᆩᇀएᇀ้क़ࣃۯڦă

5.2　使用程序更新属性的方式来构建动画

ణമྺኹǈሞڟ WebGL ׇৠዐഔۯᅃ߲ڦࣃۯፌ०ݛڇ๕๟Պႀپஓǈሞሏႜთ࣍௅ْ

ኴႜࢪ้ڦ߸ႎగ߲࿿体ڦຌႠኵă࿢்ሞമ面ڦቤবዐᅙঢ়ੂࡗ၎ᆌڦ๖૩ă࿢்ཚࡗ

ڦ体ݛ૬߀߸ rotation.y ຌႠઠ჉ገڼ 3 ቤዐڦ Three.js ૬ݛ体ăᄺ৽๟ຫǈሞ௅ᅃኡዐ

࿢்ۯༀںႪ߀କ࿿体ජ y ዡڦ჉ገঙ܈ăඟ࿢்ዘ࿒ᅃူኄپ܎ஓǖ

    var duration = 5000; // ms 
    var currentTime = Date.now(); 
    function animate() { 
 
        var now = Date.now(); 
        var deltat = now - currentTime; 
        currentTime = now; 
        var fract = deltat / duration; 
        var angle = Math.PI * 2 * fract; 
        cube.rotation.y += angle; 
    }

Վଉ durationĂcurrentTimeĂnow ࢅ deltat ᆩᇀऺ໙एᇀ้क़ڦ჉ገࣃۯ၎࠲ኵăሞኄ
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߲๖૩ዐǈ࿢்೺ྭ૬ݛ体ᅜ࿵௱ዓ჉ገᅃዜڦ໏୲ජ y ዡ჉ገă௅ْऺ໙؜ઠڦঙ܈ኵ

（angle Վଉ）๟ኝ߲჉ገڦײࡗᅃ߲ݴଉǈኄ߲ଉࣷԥેेڟ૬ݛ体ړമڦ rotation.y ຌ

Ⴀฉă࣮ၙᅃူǈ჉ገሞ Three.js ዐ๟ᅜ܈ࢷǈनڇ࿋ᇶฉڦਐ૗ڦႚ๕ઠ՗๖ڦǗᄺ৽

๟ຫǈMath.PI * 2 ᇀ჉ገᅃዜ（360ڪ ă（܈

ኄ߲߁౒੗ᅜჽฦׇߴڟৠዐڦඪᅪ۫ဇཁेࣃۯǖ࿋ዃĂ჉ገĂ໫ݣĂ֌ዊჿ෥Ăཪ௽

๑ᆩࡗǖཚڦኮྔǈ໲ํाฉ๟ྜඇཚᆩُأăڪڪǈ܈ JavaScript ஓઠ߸ႎຌႠǈ࿢پ

்੗ᅜ৊ႜඪᅪऺڦ໙߸ႎăຕბࠅ๕ĂքܻஇडĂཥऺኵĂຕ਍ୁĂํ้ߌدഗ๼෇ڪ

रຍǖڦᆶᆩ׉ݥଶᇘઠຫ๟ᅃၜࣅຕ਍੗视ࢅăᅺُኄ对੔ბࣼ཮ࣃۯۯ੗ᅜᆩઠൻۼ

໲੗ᅜᆩᇀ௮ࣼ໿ᄞဣĂ࿿૙ࢅײࡗጲ඗၄象ǈᄺ੗ᅜᆩઠቛ၄้Ⴞ႑တĂཥऺݴဆĂں

૙ຕ਍Ăྪበୁଉᅜतഄ໱ۯༀڦຕ਍ൻڦۯ႑တă໲ሞᅼૂ੗视ࣅኄૌऄೣڦᇏૂႠᆌ

ᆩظڦॺዐᄺᆶ؜෥՗၄ă

཮ 5-1 ௮ࣼକ Ellie Goulding’s Lights ິࠅ૙پยऺࢻ঍ڦࡔગ๘হǈኄ๟ᅃ߲ᆯᆈ࠽ڦ

Hello Enjoy ਸ݀ڦ WebGL ᅼૂ੗视ࣅၜణăኄ߲ၜణᅙঢ়݀քକ၎ړᅃ้܎क़ǈڍ໲ᅈ

඗੗ᅜ໙ፕᅃ߲׉ݥᆶ؋ऍ૰ڦፕ೗ă࠼ڨ঍༺௽௶ǈᡩ႓࿂ڨሞׇৠዐ௮ࣼጣ൸၍ǈ֒

෥ڦᇶ൰ໜჿ෥Վ࣑ࢮᆆࢮ၄ǈ༑ቷކڨ੿ں჉ገǈ຤ڰႚڦഘ൰ٗ࿵֒ഐںڦޚ面ฉቢ

Ⴞײ๟ᆯۼࡕၳڦ视ਥฺᄑǈժ൐໯ᆶڦবಆăኄ๟ᄢᄅڦ৆ໜጣᅼૂۼĊĊ໯ᆶኄၵݣ

ऺ໙؜ઠڦă

图 5-1：Ellie Goulding’s Lights——一个用程序动画创建的音乐可视化项目；图片由 Hello Enjoy 提供（另

见彩插图 5-1）

૩ 5-2 ቛ๖କኄ߲੗视ڦࣃۯࡕၳࣅᅃևپݴஓăኄ߲ᆌᆩڦ update() ሞ௅ْሏႜთ݆ݛ

࣍ኴႜۼࢪ้ڦԥۙᆩăᆌᆩᅈْ对ׇৠዐڦ௅߲对象ۙᆩ update() ஓೌپڦăူ面݆ݛ

ઠጲ܎ LIGHTS.StarManager.update() ă႓႓ԥ៺ࣃۯڦᆩᇀ੦዆ԝৠ႓႓݆ݛǈኄ߲݆ݛ

කྺᅃ߲ THREE.ParticleSystem 对象ዐڦ૭ጱඖăᆩٚ体Քپڦ؜ஓႜቛ๖କ௅߲႓႓ڦ

RGB ჿ෥ኵ๟සࢆໜጣ้क़ܸՎڦࣅǈᅜतཚࡗᅃ߲ປ३ᅺጱࢅൽᇆሏ໙ޙ（%）ઠظሰ
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ăࡕၳڦ෻ຮ؜

例 5-2：বಆࣃۯĊĊEllie Goulding’s Lights ܎ஓೌپڦ

update: function() { 
 
    var stars = this.stars, 
        deltaTime = LIGHTS.deltaTime, 
        star, brightness, i, il; 
 
    for( i = 0, il = stars.length; i < il; i++ ) { 
 
        star = this.stars[ i ]; 
 
        star.life += deltaTime; 
 
        brightness = (star.life * 2) % 2; 
 
        if( brightness > 1 ) 
            brightness = 1 - (brightness - 1); 
 
        star.color.r = 
        star.color.g = 
        star.color.b = (Math.sin( brightness * rad90 - rad90 ) + 1) * 4; 
    } 
 
    this.particles.__dirtyColors = true; 
},

৑࠶ᅜՊݛײ๕ํ၄׉ݥࣃۯڦଳऄࢅഽٷǈڍ໲ڦਆ၌Ⴀධ඗փඹࢮ视ă໲Ⴔᄲ๮ྺۯ

௅߲ၳࡕՊႀپஓǈᅺُසࡕᄲ৊ႜܠዖփཞૌ႙࿿体ࣃۯڦǈॽࣷ׺׉ݥ૰ăཞᄣǈ၎

Բഄ໱ຕ਍ൻ݆ݛڦۯǈසցक़࠲ࢅ॰ኡ（ฎࢫॽࣷ঄ຎኄၵ߁౒）ǈ໲ᄺ߸ྺްሗăፌࢫǈ

໲ॽײႾᇵܸփ๟ᅝຍॆӦሞକํ၄ၳ࠲ڦࡕ॰࿋ዃǈܸظፕ૙ၙڦ视ਥၳࡕኄၜ߾ፕईႹ

߸๢ࢇᅝຍॆઠፔăփ࠶ሹ஺ຫǈՊํײ၄ࣃۯڦᅈ඗๟ᅃ߲ྺׇৠཁेଳڦࡕၳۯĂ੺

໏ܸ०ڦڇᆫႯݛӄǈํ၄ࡕၳڦᄺ੗ᅜๆݴ৚ටǈኟස Ellie Goulding’s Lights ዐఫᄣă

5.3　使用补间来进行动画过渡

ႹࡕၳࣃۯܠԲഐᆩײႾሞ௅ْሏႜთ࣍ዐऺ໙߸ႎǈ߸๢ࢇᆩᅃ߲ຕ਍঳ࠓઠ՗๖ăᆌ

ᆩ༵ࠃᅃဣଚኵ้ࢅႾǈᅜतᅃ߲ᆩᇀऺ໙௅ኡຌႠኵڦᆅ൤ăኄዖຕ਍ൻྺ׬݆ݛڦۯ

补间（tweening）ă

ցक़ኸڦ๟ऺ໙ᅃ对ኵዐक़֭෇ڦഄ໱ຕኵײࡗڦăᆶକցक़ǈࣼࣃۯ዆ኁኻႴ༵ڦࣃۯࠃ

ഐ๔ኵࢅ঳ຐኵǈᆩᇀ้ࣃۯक़ײࡗዐڦዐक़ኵ（ցक़）ᆯᆅ൤ጲऺۯ໙ิׯăցक़๟ํ၄

ᆯᅃ߲ጒༀൎ࣑ڟଷᅃ߲ጒༀڦᅃْႠ०ྜڦࣃۯڇெ჋ስǈසۅऍ຋Քᅎۯᅃ߲࿿体ă

5.3.1　插值

ցक़ཚࡗᅃၜԥྺ׬插值（interpolation）ڦຕბरຍઠํ၄ă֭ኵኸڦ๟एᇀᅃ߲Քଉ๼

෇（ස้क़ईݴຕኵ）ઠऺ໙ଇ߲ኵኮक़ڦᅃ߲ኵă཮ 5-2 ௮ࣼକ֭ኵă对ᇀඪᅪኵ A ࢅ
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Bǈᅜतᅃ߲ 0 ࢅ 1 ኮक़ݴڦຕ uǈ֭ኵ P ੗ᅜཚࠅࡗ๕ A + u * (B - A) ऺ໙؜ઠă对ᇀ

཮ 5-2 ዐڦ๖૩ǈ࿢்੗ᅜੂ֭ڟኵ P(u) = 0.4ăኄ๟ፌ०ڦڇĂԥྺ׬线性插值（linear 
interpolation）֭ڦኵ݆ݛǈᅺྺᆩઠऺ໙֭ኵ঳ࡧڦࡕຕ཮ၟ੗ᅜ௮ࣼྺᅃཉ኱၍ăഄ໱

߸ްሗ֭ڦኵࡧຕǈසᄣཉ（ᅃૌ൸၍）ܠࢅၜ๕ǈཞᄣԥݘ࠽ᆩᇀࣃۯဣཥዐă࿢்ฎ

ăࣃۯڦॽࣷକ঴एᇀᄣཉࢫ

图 5-2：线性插值；转载已被许可（另见彩插图 5-2）

֭ኵԥᆩઠऺ໙ 3D ࿋ዃĂ჉ገĂჿ෥ĂՔଉኵ（૩සཪ௽܈）ڦڪցक़ă对ᇀᅃ߲Ԉ

ኵǈ૩සڦݴևׯፇ߲ܠࡤ 3D ၠଉǈ၍Ⴀ֭ኵցक़ཚऺࡗ໙௅ᅃ߲ݴଉڦցक़ܸڟڥă

૩සǈ对ᇀٗۅ A (0, 0, 0) ۅڟ B (1, 2, 3) ڦ 3D ၠଉ ABǈएᇀ u = 0.5 ኵ֭ڦ P ྺ

(0.5, 1, 1.5)ă

5.3.2　Tween.js库
ጲႜํ၄०ڦڇցक़๟׉ݥඹᅟڦ๚ă৑࠶සُǈేړႴᄲݥ၍Ⴀ֭ڦኵࡧຕǈईኁഄ

໱ၟڏ෇ / ሗକăేްڥǈ࿚༶৽Վ้ࡕၳڦดࢾኄૌ（؜໏৊෇ǈ३໏ཽेࣃۯ）؜ڏ

Ⴔᄲᅃ߲၄ੰڦׯǈܸࠓݥሰጲमڦցक़体ဣăTween.js ๟ᅃ߲ୁႜڦਸᇸցक़ཚᆩੰǈ

ፕኁ๟ Soledad Penadésă໲ԥᆌᆩሞႹୁܠႜڦ WebGL ዐǈԈઔײ߾ RO.MEĂWebGL 
Globe ᅜत Mine3DĊĊঢ়ڇۆටᆴဥ Minesweeper ڦ Web Ӳă

࿔ॲ Chapter 5/tweenjstweens.html ዐڦ๖૩Ԉࡤᅃ߲ᆩᇀ֪๬ Tween.js ߳ၜ჋ၜڦ෭࢈ă

཮ 5-3 ๟๖૩ڦপ཮ă෭࢈૧ᆩ Tween.js ྺᅃ߲՗面ཌྷ཮ڦ૬ݛ体ཁे߳ዖՎ࣑ǖ࿋ዃĂ

჉ገĂ֌ዊჿ෥ᅜतཪ௽܈ă෭࢈হ面༵ࠃକᆩᇀۙኝցक़้ࢅ׊ჽ้（ցक़ਸ๔ኮമཕ

੷Ăᆩᇀഔᆩࣂڦ（क़้ڦܙ / ্ᆩ߳ዖցक़ްڦ჋઀ǈᅜतᅃ߲ᆩᇀࠎ჋ցक़๟ޏთ࣍

჋ၜǈ࿢்ॽሞူᅃবᇎᅜຫ௽ăڦຕࡧۯ჋ၜăُྔ࣏ᆶᅃ߲ᆩᇀ੦዆࣐ڦ（Ⴤዘް׼）

ే੗ᅜۙኝփཞڦ჋ၜઠੂੂ໲்๟ස߀ࢆՎၳڦࡕă
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图 5-3：利用 Tween.js 控制过渡动画

Tween.js અܠǈժ൐ڇ०׉ݥᇕ݆ڦᅟᆩă໲׉ݥ JavaScript ᇕჾԨวܠڦༀႠǈ࿢்੗

ᅜ૧ᆩएԨ၎ཞࡧڦຕۙᆩݛ๕对ඪࢆຌႠ৊ႜႪ߀ă໲࣏๑ᆩକૌຼ jQuery ๕ۙᆩ૾ڦ

ᇕ݆ǈ๑ڥኝ߲՗ٳ๕ੂഐઠๆݴ०লăඟ࿢்ઠੂੂ૩ 5-3ǈ໲ቛ๖କ playAnimations()

ᅃ߲ցक़ă݀ةຕ৽ԥۙᆩઠࡧǈኄ้߲ࣅᅃ߲ຌႠ݀ิՎړǈ௅ݴᅃևڦஓپຕࡧ

例 5-3：ᆩᇀׂิ࿋ዃڦࣃۯ Tween.js ஓپ

            positionTween = 
 
                new TWEEN.Tween( group.position ) 
                 .to({ x: 2, y: 2, z:-3 }, duration * 1000) 
                .interpolation(interpolationType) 
                .delay( delayTime * 1000 ) 
                .easing(easingFunction) 
                .repeat(repeatCount) 
                .start();

ኄ߲࿋ዃցक़ᆯᅃ߲ׯࠓ૾݆ݛă

ሰഗࠓ • new TWEEN.Tweenă໲Ⴔᄲᅃ߲֖ຕǈኄ߲֖ຕ՗๖ԈࡤႴᄲ৊ႜցक़ڦຌႠڦ

对象ă

• to()ă໲Ⴔᄲᅃ߲ۨᅭցक़ణՔຌႠኵڦ JavaScript 对象ǈᅜतᅜࡹ௱ྺڇ࿋ۨᅭڦց

क़้׊ă

• interpolation()ǈᅃ߲ᆩᇀۨᅭ֭ኵૌ႙ڦ੗჋݆ݛă໲ڦఐණኵ๟၍Ⴀ֭ኵ（TWEEN.

Interpolation.Linear）ǈᅺُሞ๑ᆩ၍Ⴀ֭ኵࢪ้ڦǈኄ߲ۙᆩ੗ᅜู୼ă

• delay()ǈᅃ߲ᆩᇀሞցक़ਸ๔ኮമ֭෇ჽڦ׿੗჋݆ݛă

• easing()ǈᅃ߲ᆩᇀۨᅭ࣐ࡧۯຕ（ሞူᅃবຫ௽）ڦ੗჋݆ݛă

• repeat()ǈ ᅃ߲ᆩᇀۨᅭցक़ዘްْຕڦ੗჋݆ݛ（ఐණྺ 0）ă



90   ｜   第 5 章

• start()ǈਸ๔ցक़ă

ጀᅪኄၵ݆ݛᄺ੗ᅜݴਸۙᆩă௅߲ցक़ĊĊ࿋ዃĂ჉ገĂ֌ዊჿ෥ᅜतཪ௽܈ĊĊۼ੗

ᅜཚࡗૌຼݛڦ๕ยዃăTween.js ሞᇀేኻႴၠتኮٷഽڦ to() ຌႠڦࣅՎิׂࠃ༵݆ݛ

ኵǈܸ࿮Ⴔ对象ڦ໯ᆶຌႠኵă૩සᅃ߲ৈ߀Վජ y ዡڦ჉ገኵڦ჉ገցक़ǈ੗ᅜཚࡗස

ူႚ๕ઠࠓॺǖ

             rotationTween = 
 
                 new TWEEN.Tween( group.rotation ) 
                  .to( { y: Math.PI * 2 }, duration * 1000) 
                 .interpolation(interpolationType) 
                 .delay( delayTime * 1000 ) 
                 .easing(easingFunction) 
                 .repeat(repeatCount) 
                 .start();

ցक़ԥظॺժഔۯኮࢫǈ࿢்Ⴔᄲඓԍ Tween.js ሞ௅߲ࣃۯኡዐࣷۼ߸ႎăኄᅃօᆯᆌᆩ

Ԩว޶ሴኴႜǈᅺُ࿢்ሞ run() ஓǖپຕዐཁेକူ面ኄႜࡧ

            TWEEN.update();

Tween.js ሞాևྼࢺକᅃ߲ඇևሏႜዐցक़对象ڦଚ՗ǈժᅈْۙᆩ໲்ڦ update() ݛ

݆ăupdate() ऺ໙ঢ়้ڦࡗक़ǈժߵ਍࣐ࡧۯຕĂჽ้ࢅዘް჋ၜǈፌዕऺ໙؜ሞ to()

ǈᆩڦڇຌႠăኄ๟ᅃ߲ெૢĂᆫჯܸ०࠲മኵǈժॽഄޯᇎ၎ړڦຌႠኵڦዐኸ݆ۨݛ

ᇀظॺຌႠՎݛڦࣅӄă๑ᆩኄ߲ݛӄǈ࿢்࿮Ⴔምሞ௅ᅃኡዐ๮ۯ߸ႎຌႠኵă

5.3.3　缓动

ᆯᇀ࿿体๔ዕ৊ႜሌ໏Վࣅǈ๑ᆩ၍Ⴀ֭ኵڦएإցक़ׂࣷิᅃ߲ॻᆘܸփጲ඗ࡕၳڦă

ጲ඗হዐڦ࿿体ሏۯᇑُྜඇփཞǈ໲்ڦሏټۯᆶ࠹ႠĂۯଉĂे໏܈ǈڪڪăᆶକ

Tween.jsǈ࿢்৽੗ᅜ૧ᆩాዃڦ缓动（easing）ĊĊᆌᆩᇀցक़ਸ๔ࢅ঳ຐ঩ݥڦ܎၍Ⴀ

ਏă໲࣏੗߾ᆫႯڦցक़ੂഐઠ߸ྺኈํڦేڥ๟๑ۯցक़ă࣐ڦॺ߸ጲ඗ظຕĊĊઠࡧ

ᅜᆩᇀሞᆌᆩዐுᆶኝࢇ࿿૙ᆅ൤ڦ൧઄ူǈ近ຼںఇెᅃၵ࿿૙ၳࡕă

ۯၜ๕࣐ܠఁጴఫᄣǈڦăኟස໲்ࡕၳڦຕǈժጀᅪ໲்ࡧۯփཞ࣐ڦዐ࢈๬ցक़෭׈

ຕࡧ QuadraticĂCubicĂQuartic ࢅ Quintic ຕઠࡧ࿵ْࢅĂෙْĂ຺ْْܾࡗ՚՗๖ཚݴ

ํ၄࣐ࡕၳۯăܸഄ໱࣐ࡧۯຕ༵ࠃକኟ၀հĂڑཌᅜतၳࣟڑᆌă௅߲࣐ࡧۯຕ਩੗ᆩ

ᇀ࣐ۯ৊෇（ցक़ڦਸ๔঩܎）Ă࣐؜ཽۯ（ցक़ڦ঳ຐ঩܎）ǈईኁଇኁۼԈઔă

ኵă૩ڦक़้߀ፕ๟Ⴊ֡ڦຕํा৊ႜࡧۯ࣐ 5-4 ቛ๖କ࣐ࡧۯຕ TWEEN.Easing.Cubic ڦ

๼෇๟ᅃ߲ڦຕࡧۯஓăኄ߲࣐پ [0..1] ኵᇘฉڦຕኵ（૩සኝ߲ցक़้ڦ׊ᅃ߲ݴଉ）ă

ኄ૛ڦ๼෇ k ሞ࣐ࡧۯຕዐԥ৊ႜକෙْ௣ت૙ăᄺ৽๟ຫǈ๼෇ڦ k ኵሁၭǈ࣮ݓኵ৽

ࣷ߸ၭăփࡗǈړ k ڟٳኵڦ 1 ้ǈ࣮ݓኵᄺ๟ 1ă

例 5-4：Tween.js cubic ຕࡧۯ࣐

 Cubic: { 
 
    In: function ( k ) { 
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        return k * k * k; 
 
    }, 
 
    Out: function ( k ) { 
 
        return --k * k * k + 1; 
 
    }, 
 
    InOut: function ( k ) { 
 
        if ( ( k *= 2 ) < 1 ) return 0.5 * k * k * k; 
        return 0.5 * ( ( k -= 2 ) * k * k + 2 ); 
 
    }  
 
 },

Tween.js ຕएᇀࡧۯ࣐ڦ Robert Penner（http://www.robertpenner.com/index2.

html）ሞݛࣃۯ面ڦ৛ဦࡕׯă໲்༵ࠃକܸݘ࠽ഽײݛۯ࣐ڦٷǈԈઔ၍

ႠײݛĂْܾײݛĂ຺ْײݛĂኟ၀ࢅײݛኸຕײݛăPenner ԥٗᇱࡕׯڦ

๔ڦ ActionScript ӲԨገ࣑ྺ߳ዖᇕჾڦӲԨǈԈઔ JavaScriptĂJavaĂCSSĂ

C++ ࢅ C#ǈժԥኝࢇ৊ jQuery ཚᆩፇॲዐăࣃۯڦ

ኟස࿢்ڦڟੂ֍ݛఫᄣǈցक़׉ݥ๢ࢇᆩᇀظॺ०ڇժ൐ੂഐઠጲ඗ࡕၳڦăTween.
js ࣏ሎႹేॽփཞ૾ࣃۯڦথഐઠፇׯ߸ްሗࣃۯڦă৑࠶සُǈేړਸ๔ظॺްሗڦ

৽ಋฉࣃۯ॰ኡ࠲ǈࢪӄăኄ้ݛ঴ਦڦᆶᅃ߲߸ཚᆩࠕǈᅃۨထྭీࢪ้ڦଚܓࣃۯ

ᆩׇକă

5.4　使用关键帧来实现复杂动画

ցक़׉ݥ๢ᇀᆩઠظॺ०ࡕၳ܉ࡗڦڇă߸ްሗࣃۯڦཚࡗ๑ᆩ࠲॰ኡǈॽցक़߁ڦ౒ฉ

ืକᅃْ߲֫ă࠲॰ኡࣃۯԈઔᅃဣଚڦኵǈᅜत੗ీ߳փ၎ཞڦኵᇑኵኮक़ڦक़้߰

क़ǈܸݥኸۨᅃ对ڇኵઠ৊ႜցक़ăጀᅪ关键帧动画（key frame animation）ኄ߲ຍᇕཞ้

ᆩᇀएᇀኡڦဣཥࢅएᇀ้क़ڦဣཥǈኄ๟एᇀኡڦဣཥڦᅍା࿿ă

้ڦᅃ߲ኵଚ՗ăኵଚ՗՗๖ሞ၎ᆌ॰ࢅǖᅃ้߲क़（॰）ଚ՗ׯፇݴ॰ኡຕ਍ᆯଇև࠲

क़ࣷۅԥ๑ᆩڦຌႠኵǗࣃۯဣཥएᇀᅃ对॰ኮक़ڦक़้߰क़ኵऺ໙ցक़ă

ူ面پڦஓೌ܎（ઠጲᅃ्߲ၙࣃۯڦᆅ൤）ቛ๖କᅃ߲࠲॰ኡኵ֑ᄣ๖૩ǈኄၵຕ਍๟

ᆩᇀॽᅃ߲࿿体࿋ዃ໻ߛժॽഄᅎڟۯ远૗၎ऐڦ࿋ዃࣃۯڦăሞᅃ௱ײࡗڦዐǈ࿿体ሞ

മ 1/4 ௱ዐၠฉᅎۯǈሞࢫ 3/4 ௱ዐ׼Ⴤၠฉᅎۯժၠ远૗၎ऐڦ࿋ዃᅎۯăࣃۯဣཥሞ

മ 1/4 ௱ዐࣷऺ໙ۅ (0, 0, 0) ۅڟ (0, 1, 0) ኮक़ڦցक़ǈܸሞ฻ᇆڦ 3/4 ௱ዐࣷऺ໙ۅ (0, 1, 
0) ۅڟ (0, 2, 5) ኮक़ڦցक़ă
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var keys = [0, 0.25, 1]; 
var values = [[0, 0, 0], 
               [0, 1, 0), 
          [0, 2, 5] 
              ];

ኵ໙֭ڦኵ໙݆ኄᄣ߸ްሗ֭ڦएᇀᄣཉ׼၍Ⴀ֭ኵ໙݆ǈᄺኧڦڇ०׼ኧࣃۯ॰ኡ࠲

݆Ǘ࣑ჾኮǈ՗๖࠲॰ኡڦຕ਍ۅ੗ᅜԥੂፕᅃ߲၍Ⴀࡧຕ཮ၟฉۅڦǈᄺ੗ᅜԥੂፕᅃ

߲߸ްሗࡧڦຕ（සෙْᄣཉ）ڦ཮ၟă৑࠶ցक़࠲ࢅ॰ኡ֑ۼࣃۯᆩକ֭ኵǈڍ໲்ኮ

क़٪ሞଇ߲ዷᄲڦփཞۅǖ࠲॰ኡࣃۯ੗ᅜԈࡤଇ߲ᅜฉڦኵǈփཞ࠲॰ኡኮक़้ڦक़क़

߰੗ᅜփཞăኄ๑ڥ߸ഽڥࡕၳڦٷᅜํ၄ǈժඟࣃۯ฾੗ᅜ߸ںࡻ੦዆ࣃۯă

5.4.1　Keyframe.js——一个简单的帧动画通用库

ሞბသ࠲॰ኡڦࣃۯ๖૩ኮമǈ࿢்Ⴔᄲ๯ံණ๎ᅃ߲ᆩᇀኧ׼ኄၜरຍੰࣃۯڦă

Tween.js ཚࡗᆩܓࣃۯଚپ༺०࠲ڦڇ॰ኵ对ઠኧ࠲׼॰ኡࣃۯă৑࠶සُǈ࿢࣏๟ණ

ྺኄᄣڦᇕ݆ᆶۅ஑ݑăܸ൐ሞ Tween.js ዐǈేᄺ࿮݆߀Վ૶Ⴤ࠲॰ۅኮक़้ڦक़क़߰ă

Three.js ํाฉ༵ࠃକాዃڦĂኧ࠲׼॰ኡࣃۯڦૌǈڍኄժփ๢ᆩᇀ੺໏๮ႀᅃၵ؛प

෇ڞ׼ǈ໲ዷᄲᆩઠኧࡕၳڦ JSONĂCOLLADA ᅜतഄ໱߭๕ڦ࿔ॲăᅃӯઠຫǈ࠲॰

ኡాඹԨ޿ᆯ 3ds MaxĂMaya ई Blender ኄૌՊड߾ਏ኱থऺ໙ิׯǈܸݥ๮ۯՊႀăڍ

๟සࡕᆶᅃ߲੗ᅜඟײႾᇵݛՍںॽᅃၵ०࠲ڇ॰ኡ૶থሞᅃഐڦ཰০ǈᄺ๟མփڦٱă

ᆯᇀቴփࢇڟ๢ڦĂᆩᇀ WebGL ཚᆩੰǈڦӄǈ࿢Պႀକᅃ߲ጲमݛ॰ኡ঴ਦ࠲०ᅟڦ

Keyframe.jsă

Keyframe.js ጒༀ（ਸ๔ĂཕኹĂთ࣍இडࣃۯă໲ํ၄କଇ߲ૌǖᅃ߲ᆩᇀ੦዆ڇ०׉ݥ

ૌڦ（ڪ KeyFrameAnimatorǈᅜतᅃ߲ᆩᇀऺ໙ଇ߲࠲॰ኡኮक़ڦցक़ڦૌ Interpolatoră

ణമኄ߲ੰኻఐණኧ׼၍Ⴀ֭ኵăփࡗ Keyframe.js ሎႹײႾᇵ༵ࡧۯ࣐ࠃຕǈྺُ࿢்

੗ᅜ঺ᆩ Tween.js ዐํ၄ڦᆫႯڦ Penner ਸ࿔ॲٶǈܸ࿮Ⴔዘް݀௽୾ጱăײݛ Chapter 
5/keyframeanimation.htmlǈํाੂ࠵ Keyframe.js ᅃ߲ස཮ڟăేࣷੂࡕၳڦ 5-4 ዐڦপೡ

໯๖ڦᄻ面ă࿢்੗ᅜੂڟᅃ߲远ᄝஶ၃ײࡗڦǖᅃ߲ၒጱໜጣྲྀथڦ຤ୁฉူഐޚǈཀ

੣ࢮ௽ࢮӁǈᇨ๖ጣԓޅᇐनॽڟઠăᆸՉڦ੦዆面ӱሎႹే߀Վ้ࣃۯक़क़߰Ăਸഔ /
თ࣍ăޏ჋๟ࠎǈᅜतࣃۯڦԿփཞ࠲

૩ 5-5 ቛ๖କᆩᇀ੦዆ၒጱپڦࣃۯஓă๯ံǈ࿢்ظॺᅃ߲ KF.KeyFrameAnimator 对象ǈ

ժᆩኄၵ֖ຕઠ؛๔ࣅ໲ǖ๟ޏთ࣍Ă׊้ࣃۯ（ᅜࡹ௱ྺڇ࿋）Ă࣐ࡧۯຕ（঺ᆩକ

Tween.js ǈᅜतޯᇎ（ڦ interps ֖ຕڦᅃ߲࠲॰ኡ֭ኵणࢇăኵڥጀᅪڦ๟ǈᇑ Tween.
js փཞǈኄ૛࠲ڦ॰ኡࢅኵ๟ଚ՗ǈܸփৈৈ๟ຕኵ对Ǘُྔǈփཞ࠲॰ኡኮक़ڦक़߰

ᄺ๟փཞڦăߵ਍࿋ዃ֭ኵ（target:group.position）ၘڦ൧ǈၒጱሞ้ਗ਼ t = 0 ڟ t = 

0.2 ኮक़ၠፑമݛሏႜǈ඗ࢫტ໏࣮ݓഐ๔ۅ（t = 0.2 ڟ 0.25）ǈሞኄኮࢫ໲ტ໏৐෇຤

ዐ（t = 0.25 ڟ 0.375）ăሞ t = 0.5 ้ਗ਼ǈ໲࣮ڟ຤面ժ஥஥ူק（t = 0.5 ڟ 0.9）ǈፌ

ሞࢫ t = 1.0 ᇱ๔࿋ዃăጀᅪሞڟۯ้ࣤ Keyframe.js ዐǈ้क़ۅԥ՗๖ྺኝ߲׊้ࣃۯ

๔ዕሞྷݔൽኵڦଉǗᄺ৽๟ຫǈ໲்ݴᅃ߲ڦ 0 ڟ 1 ኮक़ǈᅺُᅃ߲ࣃۯኡኈኟ้ڦक़

ᇀǖڪ܈׊

time = tġduration
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图 5-4：使用关键帧创建复杂动画

࣏ᆶᅃ߲ᆩᇀ჉ገ֭ڦኵႾଚǈᆩઠ੦዆ၒጱྷජ x ዡڦൡၽăጀᅪኄֶ߲ኵႾଚࢅᆩᇀ

੦዆࿋ዃڦႾଚᆶփཞ࠲ڦ॰ኡຕଉǗኄ๟ᆶၳڦǈժ൐੗ᅜຫ๟ᅃ߲༬Ⴀă࿋ዃࢅ჉ገ

࿢்Ⴔᄲାᅪ࣐ࢫ࿮Ⴞăፌे߸ࡕၳۯሏڥႚ๕ǈ๑ڦሞᅃၵೋֶ٪ׯᅪԥยऺࠤࣃۯڦ

ຕࡧۯ TWEEN.Easing.Bounce.InOut ଛܸփߪॽᇱԨࡕႠၳڑڦࠃຕ༵ࡧۯ෇ǈኄ߲࣐ेڦ

ၹۙڦ平ᅎࢅ჉ገၳںࡻ࢔ࡕ঳ࢇକഐઠǖၒጱሞ຤ዐྜெںฉူࣤ؜ۯ၄ăፌࢫǈ࿢்

ኻႴۙᆩ start() ăࣃۯኝ߲ۯຕઠഔࡧ

例 5-5：ၒጱ࠲ڦ॰ኡࣃۯ

    if (animateCrate) 
    { 
        crateAnimator = new KF.KeyFrameAnimator; 
        crateAnimator.init({ 
            interps: 
                [ 
                    { 
                        keys:[0, .2, .25, .375, .5, .9, 1], 
                        values:[ 
                                { x : 0, y:0, z: 0 }, 
                                { x : .5, y:0, z: .5 }, 
                                { x : 0, y:0, z: 0 }, 
                                { x : .5, y:-.25, z: .5 }, 
                                { x : 0, y:0, z: 0 }, 
                                { x : .5, y:-.25, z: .5 }, 
                                { x : 0, y:0, z: 0 }, 
                                ], 
                        target:group.position 
                    }, 
                    { 
                        keys:[0, .25, .5, .75, 1], 
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                        values:[ 
                                { x : 0, z : 0 }, 
                                { x : Math.PI / 12, z : Math.PI / 12 }, 
                                { x : 0, z : Math.PI / 12 }, 
                                { x : -Math.PI / 12, z : -Math.PI / 12 }, 
                                { x : 0, z : 0 }, 
                                ], 
                        target:group.rotation 
                    }, 
                ], 
            loop: loopAnimation, 
            duration:duration * 1000, 
            easing:TWEEN.Easing.Bounce.InOut, 
        }); 
        crateAnimator.start(); 
 
    }

຤面ࢅԓޅᇐࣃۯڦᄺ੗ᅜᆩૌຼ݆ݛڦઠت૙ǈڍഄ໱ۼࣃۯփႴᄲ๑ᆩ࣐ࡧۯຕăᅃ

ॽ຤面ྷජںڇኻႴ०）ۯᆩઠ๑຤面ฉူሏࣃۯ߲ x ዡ჉ገ）Ǘଷᅃ߲ࣃۯᆩᇀظሰ຤

面հۯǈ໲Ԩዊฉ๟ཚࡗยዃ࿖૙ᆙพڦೋᅎኵ（offset ຌႠ）ઠĐۯࡐđ࿖૙ܸํ၄

ॺظࡗᆩᇀཚࣃۯǗ࣏ᆶᅃ߲ڦ RGB ኵ֭ڦኵઠ੦዆෻࠼ă

ኄ߲๖૩ቛ๖କ࠲॰ኡ๟සظࢆॺ؜Բ Tween.js ໯ኧڦ׼एԨ܉ࡗ߸ᆶ඀ࡕၳڦă࠲॰ኡ

ցक़ăሞํाᆌᆩዐǈڦፇॲຩْยዃփཞक़߰ࣃۯඹᅟԥ՗๖ྺ॰ኵຕፇǈܸٗሎႹ࢔

ፕă߾ኄၵׯਏઠྜ߾ڦǗ๚ํฉǈᅝຍॆ்ࣷ๑ᆩጆᄽࣃۯॺኄૌظඁۯณ๮࢔Ⴞᇵײ

ኄ๟ਸ݀ްሗၳڦࡕᆫံ჋ስǈᆮഄ๟ภतްሗ࿿体้ǈኄ๟ူᅃবᄲ༪ஃڦዷ༶ă

5.4.2　使用关键帧创建关节动画

（૩ස჉ገ）ۯሏں对象ᇱ߲ڇ୼੗ᅜᆩᇀሞׇৠዐ๑֧ࣃۯڦణമྺኹǈ࿢்༪ஃڟ

ईॽഄᅎڟۯഄ໱࿋ዃǈڍሞՎ࣑֫पޤڦዺူǈ໲்ᄺ੗ᅜᆩઠظॺްࢇ࿿体ዐްڦ

ሗሏۯă

्ย࿢்ၙᄲظॺᅃ߲ጽۯժࣩ๮ڦऐഗටă࿢்Ⴔᄲᅜ֫प঳ࠓઠፇኯኄ߲ऐഗටڦఇ

႙ǖऐഗටڦว体ԈࡤฉӷวူࢅӷวǈฉӷวԈઔ๮Յࢅ൹߅ǈ๮ՅԈઔฉՅူࢅՅǈ

ེࢅ๮Յڦǈ࿢்੗ᅜඟऐഗටࣃۯև࿋ยዃڦժሞኟඓࠓॺ֫प঳ࠓںኟඓࡗăཚڪڪ

रຍǈڦࣃۯ体ཁेࢇዷ体ǈժྺ߳पፇׯ૗ොևॲፇࢇઠ঳ࠓप঳֫ࡗഐઠăኄၜཚۯ

ԥྺ׬关节动画（articulated animation）ă

Three.js ᄇ๖ăेሜࣃۯব࠲ڦࡻ׉ݥକᅃ߲ࠃ๖૩ዐ༵ڦ Three.js ๖૩࿔ॲڦ examples/
webgl_loader_collada_keyframe.htmlǈేࣷੂڟᅃ߲ቛ๖ԭాևࠓሰࣃۯڦఇ႙ăໜጣԭఇ

႙ڦ჉ገǈ໲ਸ๔ጎದָࢅ঴ጲวǈԓ୞߳؜ዖևॲǈස݅ோĂೌۈĂ؃୾Ăዡ׶ፗĂஅ

ພڪǈኄၵևॲፇׯକԭă௅߲ևॲۼᆶጲวࣃۯڦ܀ڇǗ৑࠶සُǈ঺ዺ Three.js Վڦ

࣑֫पǈ௅߲ևॲሞ৊ႜഄጲวࣃۯڦօየǈසٶਸ / Կǈᅜतॽᅃ߲ևॲ֭෇ଷᅃ߲࠲

ևॲ้ڪǈۼ੗ᅜཞ้߶ໜഄፄံᇮ໎ሏۯă཮ 5-5 ቛ๖କኄ߲ԭă
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图 5-5：关节动画——使用关键帧和变换层级展示泵的内部工作（使用 Kuda 的开源编辑系统创建的

COLLADA 模型，Kuda 项目主页地址为 https://code.google.com/p/kuda/）

ኄ߲ԭఇ႙ཚࡗ COLLADA ࿔ॲ߭๕ेሜ（.dae ࿔ॲࢫጘ）ǈኄ๟ᅃ߲एᇀ XML ࿔ڦ

Ԩ߭๕ǈᆩᇀ௮ຎ 3D ాඹăCOLLADA ੗ᅜᆩઠ՗๖ڦ܀ڇఇ႙ईኝׇ߲ৠǈժኧ׼

֌ዊĂ࠼ڨĂ၎ऐࣃۯࢅă࿢்փٶ໙໿ศ෇ںକ঴ኄၵဦবǈփࡗᆶᅃۅႴᄲକ঴ǈ

COLLADA ዐ࠲ڦ॰ኡຕ਍ੂഐઠૌຼူ面ኄ߲ઠጲԭఇ႙࿔ॲ（examples/models/collada/
pump/pump.dae）ాڦඹೌ܎ǖ

<animation id="camTrick_G.translate_camTrick_G"> 
  <source id="camTrick_G..." name="camTrick_G..."> 
    <float_array id="camTrick_G..." count="3">0.04166662 ... </float_array> 
    <source id="camTrick_G..." name="camTrick_G..."> 
    <float_array id="camTrick_G..." count="3">8.637086 ... </float_array>

COLLADA ዐڦ <animation> ᇮ໎ۨᅭକᅃ߲ࣃۯăଇ߲ <float_array> ጱᇮ໎ݴ՚ۨᅭ

କ॰ࢅኵǈኄၵ॰ኵԥᆩᇀ੦዆ᅃ߲ఁྺ camTrick_G ڦ࿿体ڦ x ኵՎ࣑ă॰ኵᅜ௱ྺڇ࿋

՗๖ăሞኝ߲ 7.083 33 ௱ײࡗڦዐǈcamTrick_G ᄂࣷڦ x ዡٗ 8.637 086 ᅎڟۯ 0ăሞኄଇ

॰ኡኮक़࣏ᆶᅃ߲࿋ᇀ࠲߲ 6.5 ௱࠲ڦت॰ኡǈ໲对ᆌڦ x ኵྺ 7.794 443ăᅺُኝ߲ࣃۯ

ዐǈሞਸ๔ڦ 6.5 ௱ǈ࿿体ڦ x Վ࣑ᅜ࣐׉ݥ஥ڦ໏܈৊ႜǈໜࢫሞ฻ူڦ 0.583 33 ௱૛

੺໏ྜׯኝ߲ࣃۯăሞኝ߲ COLLADA ࿔ॲዐǈૌຼڦፕᆩᇀԭఇ႙߲߳ևॲ࿿体ࣃۯڦ

ᇮ໎࣏ᆶܠ࢔（ጺࠌ 74 ߲）ă

૩ 5-6 ቛ๖କ๖૩ዐᆩᇀยዃپڦࣃۯஓೌ܎ăኄ߲๖૩๑ᆩକ Three.js ాዃڦ THREE.

KeyFrameAnimation ૌࢅ THREE.AnimationHandler ૌăTHREE.KeyFrameAnimation ૌํ၄କ

ཚᆩ࠲ڦ॰ኡࣃۯૌ႙ǈᆩᇀኧ׼ COLLADA .࿔ॲ߭๕ăTHREEڦࣃۯࡤഄ໱੗ᅜԈࢅ

AnimationHandler ๟ᅃ߲ڇ૩ǈᆩᇀ࠶૙ᅃ߲ࣃۯଚ՗ǈժሞᆌᆩڦሏႜთ࣍ዐԍኤ໲்

ஓ੗ᅜሞپڦႎă（ኄၵૌ߸ڦ Three.js ၜణ࿔ॲڦ src/extras/animation ణ୤ူቴڟă）
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例 ࣅ๔؛：5-6 Three.js ࣃۯ॰ኡ࠲ڦ

                 var animHandler = THREE.AnimationHandler; 
 
                for ( var i = 0; i < kfAnimationsLength; ++i ) { 
 
                    var animation = animations[ i ]; 
                    animHandler.add( animation ); 
 
                    var kfAnimation = new THREE.KeyFrameAnimation( 
                          animation.node, animation.name ); 
                    kfAnimation.timeScale = 1; 
                    kfAnimations.push( kfAnimation ); 
 
                }

๖૩ሞፌዕۙᆩ௅߲ڦࣃۯ play() ()ኮമǈ࣏Ⴔᄲ৊ႜᅃၵยዃăplayࣃۯຕઠሏႜࡧ

Ⴔᄲଇ߲֖ຕǖᅃ߲თ࣍（loop）Քኾࢅᅃ߲੗჋ڦਸ๔้क़（ఐණኵ 0 ՗๖૬नਸ๔）ǖ

animation.play( false, 0 );

ኄ߲๖૩ቛ๖କ࠲॰ኡࣃۯ๟සࢆ঳ࢇՎ࣑֫पઠظॺްሗ࠲বၳڦࡕă࠲বࣃۯཚ׉ԥ

ࣃۯ௏ೄۯᄺ๟ᆩᇀൻࣃۯব࠲ǈݴ面ևࢫڦă඗ܸሞԨቤإएڦࣃۯሰऐႁ对象ࠓፕړ

ᅺ໎ăڦՂփ੗ณڦỞࠡڦူ

ഄ໱ໜࢅ Three.js ࿔ॲ߭๕ेሜഗᅃᄣǈCOLLADAڦࠃ༵ ժփ๟ࢃ႐پஓ

Ԉڦᅃևݴǈܸ๟ໜ๖૩༵ࠃăThree.js COLLADA ेሜഗڦᇸپஓ੗ᅜሞ

࿔ॲ examples/js/loaders/ColladaLoader.js ዐቴڟăCOLLADA ߭๕ॽࣷሞڼ 8

ቤዐၘဦ༪ஃă

5.5　使用曲线和路径创建平滑自然的运动

ǈ࿢ࠓप঳֫ࢅࣃۯব࠲ࢇ঳ࡗăཚ܉ࡗڦ՗๖ᅃဣଚਏԢփཞ้क़क़߰ࢇ๢׉ݥ॰ኡ࠲

்੗ᅜظॺްሗڦ঍ࢻă৑࠶සُǈ዁ৃྺኹ࿢்ڦੂ࠵๖૩ۼ၂׉ݥڥऐႁࢅට߾ǈኄ

๟ᆯᇀ໲்ۼ๑ᆩକ၍Ⴀ֭ኵڦᇹࠤă၄ํ๘হ؊஢କ൸၍ǖഛכᄂྖ൸ڢڦୟႜ๓ǈݧ

ऐᄂጣྖ൸ࡵڦ၍ݧႜǈጱڑᄂಙ࿿၍ۖ஌ǈڪڪă๬཮ᆩ၍Ⴀ֭ኵඁఇెኄၵǈኻׂࣷ

ࡗۅຕᆌᆩઠຫǈኄᆶܠٷ对ᇀڍă࿢்੗ᅜ๑ᆩᅃ߲࿿૙ᆅ൤ǈࡕ঳ڦӱĂփጲ඗ٸิ

ዘକăగၵ้ࢪ࿢்ኻႴظॺᅃ߲ੂഐઠጲ඗ڦᇨۨᅭࣃۯǈܸ࿮Ⴔྺఇె࿿૙༬ၳܸࡼ

໙ăऺݯ

ᆩ׉ዐፌࣃۯăۅᅃၵڦă໲ᄺ੗ᅜԥੂፕ൸၍ฉࣃۯ॰ኡຕ਍փਆ၌ᇀᆩઠ௮ຎ၍Ⴀ࠲

ྺ׬൸၍ăԥڦ૶Ⴤࣂ࠼൸၍๟样条曲线（spline curve）ĊĊᅃዖڦ B ᄣཉ൸၍ڦగૌ

ᄣཉ൸၍ԥںݘ࠽ᆌᆩᇀऺ໙ऐ཮ႚዐǈᅺྺ໲்੗ᅜ၎对੺໏ںԥऺ໙؜ઠă࿢்ᆩᅃ

߲ຕ਍ۅणۨࢇᅭ B ᄣཉ൸၍ڦएԨႚጒǈժሞُएإฉཁेᆩᇀۙব൸၍ႚጒڦ控制

点（control point）ă཮ 5-6 ዐᆩ࢒෥ۅՔ௽କ०ڇ B ᄣཉ൸၍ڦ੦዆ۅăසేࡕ๑ᆩၟࡗ

Adobe Illustrator ኄૌڦጆᄽࣼ཮ײႾǈఫ੝ۨ对ᆩᇀႪ߀ᄣཉႚጒڦ੦዆׉ݥۅຄဒă
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图 5-6：一个 B 样条曲线，由 Wojciech mula 提供（遵循知识共享 CC0 1.0 通用公共领域贡献协议使用）

（另见彩插图 5-6）

Բഐ०ڦڇ၍Ⴀ֭ኵǈᄣཉ֭ኵ߸ྺްሗǈᄣཉ֭ኵܠၜ๕ૌຼᇀ Tween.js ዐڦఫၵ࣐

൸၍ăሞԨກዐ࿢்փ对ڦࣂ平؜ઠऺ໙ۅຕኵڦ॰ኵଇ֨࠲ຕํ၄ǈժ๑ᆩ࿋ᇀࡧۯ

ᄣཉ൸၍ፔၘ׉ݥဦڦ঴๥ă཮ 5-7 ኱ں࠵ቛ๖କᄣཉ൸၍๟ස߾ࢆፕڦǖྺକऺ໙؜

൸၍ฉۅ P1 ۅࢅ P2 ኮक़֭ڦኵǈ࿢்ཞ้Ⴔᄲ૧ᆩ੦዆ۅ P0 ࢅ P3 ઠऺ໙؜ᅃ߲ᄣཉ

൸၍ฉڦኵă

P0
P1

P2
P3

t=0.0 t=1.0

图 5-7：样条插值；经许可进行了修改

ᄣཉ൸၍ᆶܠ࢔ዖǈԈઔ B ᄣཉĂෙْԞ෗ܻᄣཉᅜत Catmull-Rom ᄣཉ

（ᅜࣃۯཀ֍ĂPixar ๔ටظڦ Ed Catmull ఁጴంఁ）ăCatmull-Romڦ ᅺഄԲ

Ԟ෗ܻ൸၍߸ेඹᅟࠓॺऺࢅ໙ڦ༬ୁܸۅႜഐઠăThree.js କᅃ߲ాࠃ༵

ዃڦĂ๑ᆩକ Catmull-Rom ֭ኵ໙݆ࣃۯڦૌăਏ体੗ᅜֱੂ Three.js ᇸ࿔

ॲ src/extras/animations/animation.jsă

࣏ᆶႹܠᆫႯڦሞ၍ Catmull-Rom ঞײǈԈઔ http://flashcove.net/795/cubic-

spline-generation-in-as3-catmull-rom-curves/ /http://www.mvps.org/directx ࢅ

articles/catmull/ă
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ᄣཉࣃۯཚ׉Ⴔᄲཞ้ऺ໙ࢅၠݛ࿋ዃă૩සǈසేࡕႴᄲ๑గ߲࿿体ᄂᅃཉ൸၍ิۯׯ

ăۯࡐࢅገྖĂൡၽڦഐઠ߸ጲ඗ǈేႴᄲཞ้੦዆໲ੂײࡗۯኝ߲ሏڥǈఫ஺ྺକ๑ࣃ

ኄ৽Ⴔᄲሞ௅߲ۼۅዘႎऺ໙࿿体ၠݛڦă཮ 5-8 ௮ࣼକኄ߲ײࡗă对ᇀ൸၍ڦ௅߲ۅǈ

࿢்ۼႴᄲऺ໙ഄ切线（tangent）Ă法向量（normal）त副法线（binormal）ăཚໍںຫǈൎ

၍๟Ք๖କ൸၍ၠݛǈժࢅ൸၍ኻሞᅃ߲ۅฉ၎঍ڦ኱၍ă݆ၠଉኸڦ๟ؽ኱ᇀ൸၍ၠݛ

（तൎ၍）ڦ၍ཉăޭ݆၍๟ଷྔଇཉ၍֮ڦओăኄෙ߲ၠଉׯࠓକԥྺ׬ TNB 帧֖ڦ੊

ኡǈ໲ۨᅭକᅃ߲࿿体ໜୟ০ሏၠݛڦۯă

图 5-8：样条动画的坐标帧；切线、法向量和副法线分别用蓝色（向前）、绿色（向上）和红色（向右）

箭头来表示；图片由 Cedric Bazillou 提供，经许可进行了修改（另见彩插图 5-8）

ሞ Three.js _ਸ࿔ॲ examples/webglٶ૩ጱăڦۯໜୟ০ሏڦࡻ׉ݥ๖૩ዐᆶᅃ߲ڦࠃ༵
geometry_extrude_splines.htmlǈඓԍӀ౧ Camera Spline Animation View ᇀਸഔ（ON）ت

ጒༀǈ৽੗ᅜੂڟස཮ 5-9 ໯௮ࣼࣃۯڦă၎ऐᄂጣ近ڦتᄣཉ൸၍׼Ⴤ߀Վ໲ڦ࿋ዃࢅ

ࢅஓઠऺ໙ํ้ᄣཉ֭ኵپࡗǈཚڦۯႾൻײăኄ߲๖૩๟ၠݛ TNB ኡăڍ໲ྜඇ੗ᅜ

ᆩᅃ߲੗ްᆩڦୟ০߶ໜ（path-following）ࣃۯૌઠٶԈă

图 5-9：沿路径做动画的相机

p2

p1

p3
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5.6　使用变形目标来创建人物和面部动画

ࢆबڦՎ࿿体Ԩว߀Ⴔᄲ࣏ࣃۯܠႹڍ࿿体ǈۯ๢ᆩᇀሞׇৠዐᅎ׉ݥࣃۯব࠲ࢅ॰ኡ࠲

ႚጒăᆩᇀํ၄ኄૌၳڦࡕፌ׉ᆩ݆ݛ๟变形目标动画（morph target animation）ǈ०׬变

形ăՎႚ๑ᆩएᇀ֭ڦۅۥኵઠ߀Վྪ߭ۅۥڦăཚ׉ǈྪ߭ڦۅۥᅃ߲ጱणतഄ໭ᆅᅃ

ഐǈԥړፕनॽᆩሞցक़ዐڦ变形目标（morph target）٪ئഐઠăՎႚణՔ߳ۅۥኵኮक़

Վႚăڦۅۥକྪ߭ׯǈፇࣃۯڦኵǈᅜत๑ᆩକኄၵ֭ኵ֭ڦ

ՎႚణՔᆮഄ๢ࢇᆩઠ՗၄面ևǈᅜतഄ໱փඹᅟᆩ௏ೄࣃۯ（ሞူᅃবዐࣷຫ௽）ઠ՗

๖޷ݿڦဦবă໲்׉ݥ৆ٙǈժ൐փႴᄲᆯႹܠ面ևࠡཀྵፇ܈ߛڦׯ৛ဦࠡڦỞăُ

ྔǈ໲ሎႹࣃۯ዆ፕටᇵٗۅۥप՚ᅜۙኝྪ߭ݛڦ๕ઠظॺ߳ዖ՗൧ă཮ 5-10 ௮ࣼକස

ዜྷ൶ࢅକ口ևࡤ๟ᆯᅃ߲Ԉۼǈၲྲࢅሰ面և՗൧ă௅߲՗൧ǈසਟፊظ๑ᆩՎႚઠࢆ

ᇘۅۥڦणࢇઠ՗၄ڦă

图 5-10：面部变形；遵循知识共享署名 -相同方式共享 3.0 未本地化版本协议使用

Վႚփৈৈ੗ᅜᆩᇀ՗၄面ևăThree.js ॺኝ߲ঙ෥ࠓᅃၵ๖૩๑ᆩՎႚઠڦణ୤ዐײ߾

ă཮ࣃۯڦ 5-11 ௮ࣼକᆩՎႚઠ৊ႜڦࣃۯঙ෥ăኄၵঙ෥ఇ႙ᆯ id Software ڦ MD2 ߭

๕ڦᇸ࿔ॲ༵ࠃăMD2 ߭๕๟ᅃዖୁႜڦएᇀՎႚ߭ڦ๕ǈ໲ԥᆩᇀ id Software ڦິࠅ

ᆴဥ（ස Quake II）ዐڦ྘ॆঙ෥ࣃۯăMD2 ࿔ॲሞኄ૛ԥገ࣑ׯ Three.js JSON ࿔ॲ߭

๕（ሞڼ 8 ቤຫ௽）ă
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图 5-11：用变形目标创建的角色动画；模型由 MD2 格式转换成 Three.js JSON 格式（“Ogro”角色

由 Magarnigal 提供）

ेሜ࿔ॲ examples/webgl_morphtargets_md2_control.htm ઠੂ࠵ኄၵࣃۯăేࣷੂڟႹܠԩ

ጜںገۯժྫज़Ӿፑᆸቧྭ࠰ڦ࿿（ogre）ঙ෥ă॰ಎฉڦ WSAD ॰੗ᅜ੦዆ঙ෥ሞׇৠ

ዐಞۯǈժٗ੣ှࣃۯൎ࣑ڟጽࢅۯገྖܓࣃۯڦଚăၳ׉ݥࡕኈํă

ਸ࿋ᇀٶ examples/models/animated/ogro/ogro-light.js ڦ MD2 ࿔ॲǈߌ๴ᅃူՎႚ对象ຕ਍

๟๊஺ᄣڦăሞڼ 18 ႜፑᆸǈేࣷੂڟසူਸཀྵڦ JSON ຌႠǖ

"morphTargets": [ 
{ "name": "stand001", "vertices": [0.6,-2.7,1.5,-5.5,-3.3,-0.6 ...

ྜኝڦຕ਍቞਍କܠ࢔ႜăՎႚణՔ（morphTargets）ຕፇዐڦ௅߲ᇮ໎ۼ๟ᅃ߲܀ڇ

.࿋ዃ߳փ၎ཞăThreeڦۅۥڍǈۅۥඇևڦ࿿ྪ߭࠰ࡤԈۼՎႚణՔǗ௅߲ՎႚణՔڦ
js ཚࡗՓ૦ఇ႙ణՔणࢇǈ๑ᆩ֭ۅۥኵઠၹۙᅃ߲ణՔူڟᅃ߲ڦՎࣅăሞ THREE.

MD2CharacterComplex ૌ（Three.js ๖૩࿔ॲ examples/js/MD2CharacterComplex.js）ዐǈే

੗ᅜቴྺڟ MD2 ঙ෥ेሜĂยዃᅜतཁेپڦࣃۯஓă

Ԩ๖૩๑ᆩᅃ߲ᆯ Klas（᨟׬ OutsideOfSocietyǈhttps://twitter.com/oosmoxie-

codeǈ ෌๗঍ࢻਸ݀ཷܓ North Kingdom ਏǈ߾ᆫႯሞ၍ڦᇵ）Պႀׯᅃఁڦ

ॽ MD2 ߭๕ڦ࿔ॲገ࣑ྺ Three.js ߭๕ڦ࿔ॲăၙକ঴߸࠲ܠᇀኄ߲ገ࣑

ഗڦ႑တǈ൩ݡ࿚ Klas .ձਜ਼࿔ቤ（http://oos.moxiecode.com/blog/indexڦ

php/2012/01/md2-to-json-converter）ă

5.7　使用蒙皮来构建角色动画

ሞ՗၄ᆶऐ࿿ڍăڪڪĂऐഗǈכ෥ǈၟऐഗටĂഛ؜׉ݥሞ՗၄࿮ิం࿿体้ࣃۯব࠲



3D动画   ｜   101

体ሏࢪ้ڦۯሶժփ૙ၙăྲޅዐᄩᄿڦኲ࿿ǈԮԮཌཌۯڦ࿿ǈᅜतཌ࿸ڦට்ǈ໯ᆶ

ኄၵۼภतྪ߭ڦबࢆႚጒՎࣅǖካ体ڦ౦ۯǈೄڦޒჽቛǈक඾ڦ๭໫ăేबࢭփ੗ీ

ᆩ࠲বڦࣃۯఇ๕ઠںࡻ࢔ఇెኄၵ๚࿿ăᅺُ࿢்ገၠଷᅃၜԥྺ׬蒙皮动画（skinned 
animationǈskinning）ڦरຍǈኄၜरຍᆼԥྺ׬骨骼动画（skeletal animation）ǈई单网格

动画（single mesh animation）ă

௏ೄࣃۯภत对ྪ߭（ईኁຫǈ௏ೄ）ฉړڦമۅۥ৊ႜํ้Վ࣑ăࣃۯᆯᅃ߲ԥྺ׬骨

骼（ईኧॐ）࠲ڦব࿿体֫प঳ࠓઠൻۯăࠡỞৈৈԥᆩፕڦࣃۯೄူऐ዆ǈ࿢்փࣷሞ

ೡటฉੂڟ໲ăࠡỞڦՎࣅǈᅜत௮ຎࠡỞՎࣅ๟සࢆᆖၚ௏ೄྪ߭ฉփཞ൶ᇘྔܮڦຕ

਍ǈࠌཞൻۯ௏ೄࣃۯă཮ 5-12 ௮ࣼକᅃ߲०ࠡڦڇỞतഄ၎ڦ࠲௏ೄă

๕ॽࠡཀྵፇኯഐઠăኟݛڦ๴ߌ࠵኱ࠕᅜేీࠓăᅃ߲֫प঳ׯǈࠡỞᆯࠡཀྵፇ࠰փആࡹ

සఫ๯઻ߤ૛໯ڦאఫᄣǖগࠡ૶থེࠡڟǈེࠡ૶থڟဓࠡ߃ǈڪڪă࠲ࢅবࣃۯૌ

ຼǈᅃ߲ࠡཀྵڦՎ࣑ᄺࣷᆖၚഄጱ֫पă඗ܸ࠲ࢅবࣃۯփᅃᄣڦ๟ǈࠡỞ๟փ੗见ڦă

ࠡỞዐڦ௅ࠡߵཀྵ߭ྪࢅۼฉڦᅃ߲ۅۥणࢇत௅߲၎ڦۅۥ࠲融合权重（blend weightǈ
ᆼ׬顶点权重ǈvertex weight）၎࠲૴ăබࢇ඄ዘۨᅭକ௅ࠡߵཀྵᇑ၎࠲ڦۅۥ࠲૴܈ײă

௅߲ۼۅۥ੗ᅜ࠲૴ࠡߵܠཀྵǈᅺُ௅߲ۅۥፌዕڦ࿋ዃၠݛࢅᆯ໯ᆶ࠲૴ࠡཀྵڦՎ࣑ǈ

ঢ়߳ጲ඄ዘت૙ࢅڦࢫઠਦۨăኄདഐઠڦඓް࢔ሗă௏ೄܠࣃۯຕ้ۼࢪ๟๑ᆩՊड߾

ਏܸփ๟๮ظۯॺڦă໲்ภतڦ໙݆ཞᄣް׉ݥሗǗړമǈਨܠٷຕࣃۯ้ํڦᆅ൤ሞ

੗ీڦ൧઄ူࣷۼ૧ᆩ GPU ઠऺ໙௏ೄࣃۯǈԈઔ Three.jsă

图 5-12：一个包含皮下骨骼的角色网格，适合用蒙皮动画来表现——来自 Frank A. Rivera 创建的一

个蒙皮教程
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ਸٶ Three.js ࿔ॲڦణ୤ူײ߾ examples/webgl_animation_skinning.htmlǈํाੂ࠵௏ೄۯ

ݥǈ野౥ࣷᅜੂഐઠࣃۯऍਸ๔ۅăࡕၳڦኈํܠႹڟִ࠵๖૩ăేࣷሞ野౥ఇ႙ฉڦࣃ

ǈස཮ۯಞںፕሞᇱۯڦጲ඗׉ 5-13 ໯๖ă

图 5-13：在 Three.js 中使用了蒙皮的网格动画；野牛模型来自 RO.ME

ඟ࿢்ઠ܁ᅃ܁ኄ߲๖૩ڦևپݴஓǈᅜକ঴ Three.js ๟සํࢆ၄௏ೄڦă๯ံǈ࿢்

ཚظࡗॺᅃ߲ THREE.JSONLoader 对象ǈժۙᆩഄ load() ઠेሜ野౥ఇ႙ăኄ߲ૌ݆ݛ

ٗ Three.js JSON ߭๕ڦ࿔ॲዐॽఇ႙ेሜ৊ઠăኄ߲߭๕Ԉࡤକ௏ೄ႑တᅜतबࢆႚ

ጒ႑တă

                var loader = new THREE.JSONLoader(); 
                loader.load( "obj/buffalo/buffalo.js", createScene );

load() ᆩă૩ۙࢫׯຕǈ໲ࣷሞ࿔ॲԥူሜժ঴ဆྜࡧຕ๟ᅃ߲࣮֖߲ܾۙڼڦ 5-7 ቛ๖

କ࣮ۙࡧຕ createScene() ă؜ஓႜᅜٚ体Քپڦ࠲ஓǈ၎پݴᅃևڦ

例 5-7：ᆩᇀሞ࿔ॲेሜྜࢫׯยዃ௏ೄࡧ࣮ۙڦࣃۯຕ

    function createScene( geometry, materials ) { 
 
        buffalos = []; 
        animations = []; 
 
        var x, y, 
            buffalo, animation, 
            gridx = 25, gridz = 15, 
            sepx  = 150, sepz = 300; 
 
        var material = new THREE.MeshFaceMaterial( materials ); 
 
        var originalMaterial = materials[ 0 ]; 
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        originalMaterial.skinning = true; 
        originalMaterial.transparent = true; 
        originalMaterial.alphaTest = 0.75; 
 
        THREE.AnimationHandler.add( geometry.animation ); 
 
        for( x = 0; x < gridx; x ++ ) { 
 
            for( z = 0; z < gridz; z ++ ) { 
 
                buffalo = new THREE.SkinnedMesh( geometry, 
                        material, false ); 
 
                buffalo.position.x = - ( gridx - 1 ) * sepx * 0.5 + 
                    x * sepx + Math.random() * 0.5 * sepx; 
 
                buffalo.position.z = - ( gridz - 1 ) * sepz * 0.5 + 
                    z * sepz + Math.random() * 0.5 * sepz - 500; 
 
                buffalo.position.y = 
                    buffalo.geometry.boundingSphere.radius * 0.5; 
                buffalo.rotation.y = 0.2 - Math.random() * 0.4; 
 
                scene.add( buffalo ); 
 
                buffalos.push( buffalo ); 
 
                animation = new THREE.Animation( buffalo, "take_001" ); 
                animations.push( animation ); 
 
                offset.push( Math.random() ); 
 
            }

createScene() ሏႜᅃ߲თ࣍ǈཚेࡗሜ৊ઠڦᅃ߲बࢆႚጒઠظॺ野౥ྪ߭ํ߲ܠڦ૩ă

ጀᅪኄ૛ظॺ߭ྪڦૌ႙ǖሞኄ૛࿢்ժுᆶظॺሞኮമڦ๖૩ዐ໯ຄဒڦ THREE.Meshǈ

ܸ๟๑ᆩକᅃዖփཞ߭ྪڦૌ႙ĊĊTHREE.SkinnedMeshăኄ߲ૌ႙ሞ Three.js ዐࣷཚࡗᅃ

߲ᆩᇀሞ GPU ฉኴႜ௏ೄڦࣃۯ༬๺ۅۥጣ෥ഗઠ៺කǈᅜื༵ڟٳႠీڦణڦă

createScene() ࣏ ๑ ᆩ କ Three.js ా ዃ ڦ ۯ ࣃ ૌ THREE.Animation ࢅ THREE.Animation 

HandlerăTHREE.Animation ํ၄କཚᆩ࠲ڦ॰ኡࣃۯǈሞ௏ೄࣃۯዐǈ໲ԥᆩᇀൻࠡۯỞ

ăTHREE.AnimationHandlerࣃۯ ๟ᅃ߲٪ئକׇৠዐ໯ᆶࣃۯǈժԍኤ໲்ሞᆌᆩሏႜთ

࣍ዐփ܏߸ႎڇڦ૩ă࿢்ࡧ࣮ۙڦຕ๯ံཚۙࡗᆩ THREE.AnimationHandler.add()ǈၠ

ഄد෇बࢆႚጒࣃۯڦຕ਍ǈઠॽࣃۯຕ਍े෇تࣃۯ૙ײႾܓଚăໜࢫǈኄپ܎ஓྺ௅

߲野౥ํ૩ظॺକᅃ߲ THREE.Animation 对象ǈॽ๑ᆩՎଉ buffalo ઠࢅ野౥ํ૩ڦئ٪

ጲ JSON ࿔ॲఁྺ take_001 ૴ഐઠă࠲ࣃۯڦ

ሞ؛ࣃۯ๔ׯྜࣅኮࢫǈ࿢்ਸ๔խݣ໲்ăኄ߲ᆌᆩཚࡗሞ຋Քۅऍ้ۙᆩࡧຕ

startAnimation() ઠխࣃۯݣăස૩ 5-8 ዐǈstartAnimation() თ࣍ݡ࿚ࣃۯຕፇǈժۙ

ᆩຕፇዐ௅߲ᇮ໎ڦ play() ໜऐ้क़ೋڦᇎକᅃ߲߳փ၎ཞޯۼࣃۯă໲࣏ྺ௅߲݆ݛ

ᅎǈᆩᅜՆ௨ኄၵۯ࿿ۯڦፕྜඇཞօă
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例 5-8：խݣ௏ೄࣃۯ

    function startAnimation() { 
 
       for( var i = 0; i < animations.length; i ++ ) { 
 
           animations[ i ].offset = 0.05 * Math.random(); 
           animations[ i ].play(); 
       } 
 
       dz = dstep; 
       playback = true; 
 
    }

සేࡕ对ኄ૛ڦ JSON ႗඀ǈఫ஺੗ᅜֱੂ࿔ॲߌဦবڦ๕߭ࣃۯ examples/obj/buffalo.jsă
ሞኝ߲࿔ॲዐֱቴຌႠ bonesĂskinWeights ࢅ skinIndices ઠੂੂࠡỞຕ਍๟සࢆ՗๖ڦǗ

ֱቴຌႠ animationǈ໲Ԉࡤକᆩᇀ੦዆ࠡỞ࠲ڦࣃۯ॰ኡ֫प঳ࠓăํ֫ڹ၄۫ڦဇݥ

ǈժ൐ܠ׉ Three.js ሞُएإฉཁेକႹܠኵǈܸժփৈৈ๟ᅃ߲๑ᆩ GPU ऺ໙ڦĂएᇀ

ጣ෥ഗڦ௏ೄํ၄ă

5.8　使用着色器来进行动画

๟੗ᅜᆩۼ௏ೄǈࢅ॰ኡĂցक़࠲रຍǈ૩සڦࡗ၄ሞྺኹǈ࿢்ሞԨቤዐ໯ჺ৯ڟ

JavaScript ઠํ၄ڦǈփేࡗᄺ੗ᅜ๑ᆩ GLSL ੗Պײጣ෥ഗઠํ၄ᆘॲे໏ڦӲԨă

Three.js ዐࣃۯڦཞ้๑ᆩଇዖ֧୼ǖك JavaScript ॰ኡဣཥǈᅜतፕྺ࠲ڦ Three.js ాዃ

֌ዊ（ස Phong ࢅ Lambert）ڦጣ෥ഗپஓڦᅃևํܸݴ၄ڦՎႚࢅ௏ೄăස߭ྪࡕዐԈ

ڦຕ਍（๑ᆩമ面໯௮ຎڦՎႚࢅ௏ೄࡤ THREE.SkinnedMesh ई THREE.MorphAnimMesh）ǈఫ

஺ Three.js ࣷ๑ᆩኄၵ႑တઠऺ໙ႎۅۥڦ࿋ዃă

සేࡕ对 Three.js ዐ௏ೄࢅՎႚၘڦဦپஓᆶ႗඀ǈٶਸ Three.js  ᇸ࿔ॲڦ

src/renderers/WebGL Shaders.js ժሞഄዐ໇໭ĐskinđࢅĐmorphđǈփࡗ࿢ॺ

ᅱేཞ้ศ෇କ঴ GLSL ᇕჾԨวᅜत Three.js ዐڦጣ෥ഗํ၄ăසీేࡕ

ăڦᆶॏኵࢅᆶᅪᅭ׉ݥᆶศ෇କ঴ǈኄॽ๟ۼ面ݛ对ኄଇࠕ

କ੗ᅜᆩأ GPU ઠํ၄௏ೄኮૌཚᆩरຍڦႠీᆫࣅǈ࿢்࣏੗ᅜՊႀ GLSL ஓઠํپ

၄ඪᅪࡕၳڦăᄺႹ࿢்ၙᄲظॺᅃ߲հ࠼෻࡛ڦۯᄝ՗面ǈઠఇెհષհݒڦ࠼้ۯพ

كă࿢்੗ᅜᆩں֥ڦۯӦޅॺໜظችพǗᆼईႹ࿢்ၙᄲࢅ JavaScript ஓઠํ၄ኄၵپ

๟ڍǈࡕၳ GLSL ߸๢ࢇᆩઠ֡ፕࡀٷఇࢅۅۥڦ཮ၟຕ਍֖ᇑऺڦ໙ăThree.js ၜణ࿔

ॲዐ༵ࠃକᅃ߲ᆫႯڦएᇀጣ෥ഗࣃۯڦ๖૩ăٶਸ๖૩࿔ॲ examples/webgl_shader_lava.
htmlǈేࣷੂڟᅃ߲࣐࣐჉ገڦĂ՗面๟ୁۯභჼڦᇶ࣍ႚǈස཮ 5-14 ໯๖ă
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图 5-14：使用 GLSL 创建的熔岩动画效果；着色器代码由 TheGameMaker 提供 （http://irrlicht.
sourceforge.net/forum//viewtopic.php?t=21057）

ጲۨᅭࡤᅃ߲Ԉࡗஓཚپࣃۯභჼڦۯୁ GLSL ڦஓپ THREE.ShaderMaterial Վଉઠํ

၄ăඟ࿢்ઠੂੂă૩ 5-9 ቛ๖କยዃ ShaderMaterial ܠஓăႹپڦ uniform Վଉԥد

෇ጣ෥ഗăᇑํ၄ࣃۯ၎ڦ࠲ዘᄲՎଉԈઔ้क़（time）ࢅଇ߲࿖૙ᆙพǈtexture1 ࢅ

texture2ăฎڟੂࣷేࢫǈৈᆩኄෙ߲֖ຕǈेฉᅃۅᆯຕጴ༵ڦࠃ༬๺ၳࡕǈ৽ظॺକ

ᅜ्୺ኈۯୁڦභჼă

例 ࢅॺᇶ࣍ྪ߭ظ：5-9 ShaderMaterial

    uniforms = { 
 
       fogDensity: { type: "f", value: 0.45 }, 
       fogColor: { type: "v3", 
         value: new THREE.Vector3( 0, 0, 0 ) }, 
       time: { type: "f", value: 1.0 }, 
       resolution: { type: "v2", 
         value: new THREE.Vector2() }, 
       uvScale: { type: "v2", 
         value: new THREE.Vector2( 3.0, 1.0 ) }, 
       texture1: { type: "t", 
         value: THREE.ImageUtils.loadTexture( 
           "textures/lava/cloud.png" ) }, 
       texture2: { type: "t", 
         value: THREE.ImageUtils.loadTexture( 
           "textures/lava/lavatile.jpg" ) } 
 
    }; 
 
   uniforms.texture1.value.wrapS = 
     uniforms.texture1.value.wrapT = THREE.RepeatWrapping; 
   uniforms.texture2.value.wrapS = 
     uniforms.texture2.value.wrapT = THREE.RepeatWrapping;
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၄ሞ໯ᆶڦ uniform ದዃᅙঢ়৽Ⴣǈ࿢்੗ᅜጣ๮ظॺጣ෥ഗ֌ዊକă࿢்Ⴔᄲྺࠓሰࡧ

ຕ༵܎ೌࢅۅۥࠃጣ෥ഗپஓăጀᅪူ面ᆩᇀྜׯኄॲ๚ڦरຍǖ࿢்๑ᆩ HTML ዐڦ

<script> ᇮ໎ઠ٪ݣ GLSL ᇸپஓǈժݡ࿚ script ڦ textContent ຌႠઠइൽ GLSL ࿔

Ԩă对Բᅃူ࿢்ኮമੂڦڟጣ෥ഗ๖૩ă๑ᆩኄ߲݆ݛǈ࿢்੗ᅜᅜ߸኱পକݛڦړ๕

ઠՊႀጣ෥ഗپஓǈܸ࿮Ⴔ๑ᆩገᅭ࣑ႜޙઠ૶থܠႜ࿔Ԩጴزޙăฎࢫ࿢்ॽੂڟਏ体

ڦ GLSL ஓăپ

                    var size = 0.65; 
 
                    material = new THREE.ShaderMaterial( { 
 
                        uniforms: uniforms, 
                        vertexShader: document.getElementById( 
                          'vertexShader' ).textContent, 
                        fragmentShader: document.getElementById( 
                          'fragmentShader' ).textContent 
 
                    } );

ໜࢫ࿢்ظॺᅃ߲ਏԢ THREE.ShaderMaterial ֌ዊڦᇶ࣍ྪ߭ǈժॽഄཁेׇڟৠዐă

                    mesh = new THREE.Mesh( 
                      new THREE.TorusGeometry( size, 0.3, 30, 30 ), 
                        material ); 
                    mesh.rotation.x = 0.3; 
                    scene.add( mesh );

ጣ෥ഗ໙݆ൣ׉ݥညă໲๑ᆩକଇ߲࿖૙ᆙพǈᅃ߲ᆩᇀ༵ࠃएڦإභჼჿ෥ࢅ视ਥၳ

视ਥၳڦۯୁׯǈᅜႚۯ࿖૙ཁेඡإઠᇸǈᆩᇀ对एڦǈଷᅃ߲ሊ࿖૙ፕྺĐሯำđࡕ

ăଇ߲࿖૙ස཮ࡕ 5-15 ໯๖ă

图 5-15：用于熔岩和噪声的纹理映射

ڦጣ෥ഗۅۥ GLSL ǈ֖见૩ڇ०׉ݥஓپ 5-10ăᇑܠٷຕጣ෥ഗᅃᄣǈ໲๑ᆩఇ႙视཮

ਈንࢅཨᆖਈንઠױฉۅۥǈॽഄᆙพڟೡట੣क़ǈժॽኄ߲ኵ๼ڟ؜ᅃ߲ాዃڦ GLSL
Վଉ gl_Position ዐăሞُኮമǈ࿢்ۨᅭକᅃ߲ varying ֖ຕĊĊvUvăኄ๟௅߲ڦۅۥ

࿖૙ፖՔǈۅۥጣ෥ഗၠೌ܎ጣ෥ഗ๼؜ኄ߲ኵ（࿢்ฎࢫॽࣷੂڟ）ǈ܎ೌࠃጣ෥ഗࢫ

Ⴤऺ໙๑ᆩăኄ߲ጣ෥ഗ࣏ሎႹ๼෇ᅃ߲໫֖ݣຕǈᆩઠ੦዆࿖૙ፖՔڦ໫ݣă
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ኟසኮമ༵ڦڟǈGLSL ᇸپஓഴ෇ሞᅃ߲ <script> ᇮ໎ዐǈᅺُ࿢்੗ᅜሞுᆶᆅࢅࡽ

࣑ႜޙኄૌ߅ඡڦ൧઄ူୁں׏ለ܁ኄၵپஓăኄ૛ڦਧ്ሞᇀ࿢்๑ᆩକᅃ߲փཞڦগ

Ԩૌ႙Քധǈሞኄ߲૩ጱዐ࿢்๑ᆩକ x-shader/x-vertexă៓બഗ࿮݆๎՚ኄ߲ૌ႙Ǘ࿢

்ᆩ໲ઠ՗௽ኄփ๟ᅃ߲ JavaScript ᇕჾগԨă

例 5-10：ഴ෇ሞ HTML<script> ᇮ໎ዐۅۥڦጣ෥ഗپஓ

    <script id="vertexShader" type="x-shader/x-vertex"> 
 
        uniform vec2 uvScale; 
        varying vec2 vUv; 
 
        void main() 
        { 
 
            vUv = uvScale * uv; 
            vec4 mvPosition = modelViewMatrix * vec4( position, 1.0 ); 
            gl_Position = projectionMatrix * mvPosition; 
 
        }  
 
    </script>

ፕă૩߾ڦݴևٷକڅ׶ஓپጣ෥ഗ܎ೌ 5-11 ቛ๖କኄپ܎ஓăሞۨᅭକ对ᆌ JavaScript
ዐ֖ຕڦ uniform ֖ຕኮࢫǈ࿢்ۨᅭକᅃ߲ varying ֖ຕĊĊvUvǈᆩᇀ೅ದઠጲۅۥጣ

෥ഗڦ๼؜ă

例 5-11：एᇀጣ෥ഗࣃۯڦዐ܎ೌڦጣ෥ഗپஓ

    <script id="fragmentShader" type="x-shader/x-fragment"> 
 
        uniform float time; 
        uniform vec2 resolution; 
 
        uniform float fogDensity; 
        uniform vec3 fogColor; 
 
        uniform sampler2D texture1; 
        uniform sampler2D texture2; 
 
        varying vec2 vUv;

ူ面๟ೌ܎ጣ෥ഗڦዷᄲپஓă໲ڦᄲۅሞᇀ texture1ǈनሊ࿖૙ǈ໲ԥᆩፕሯำڦઠ

ᇸǈઠ对ٗ texture2（භჼ࿖૙）इൽჿ෥ኵڦ࿖૙ፖՔׂิൟྲඡۯă（GLSL ຕࡧ

texture2D() ཚࡗᅃ߲ڦۨߴ 2D ࿖૙ፖՔٗ࿖૙ዐइൽჿ෥ຕ਍ă）ཚࡗॽሯᅼ࿖૙ፖՔ

ೋᅎ（૩සڦǈժे෇ᅃၵೞঢ়ᄓඓۨױമຕኵ၎ړࢅ 1.5, -1.5）ǈ࿢்੗ᅜၳڦۯୁڟڥ

ڦԥԍ٪ሞాዃࢫჿ෥ኵፌڦۅăၟ໎ࡕ GLSL Վଉ gl_FragColor ዐă

void main( void ) { 
 
                vec2 position = -1.0 + 2.0 * vUv; 
 
                vec4 noise = texture2D( texture1, vUv ); 
                vec2 T1 = vUv + vec2( 1.5, -1.5 ) * time  *0.02; 
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                vec2 T2 = vUv + vec2( -0.5, 2.0 ) * time * 0.01; 
 
                T1.x += noise.x * 2.0; 
                T1.y += noise.y * 2.0; 
                T2.x -= noise.y * 0.2; 
                T2.y += noise.z * 0.2; 
 
                float p = texture2D( texture1, T1 * 2.0 ).a; 
 
                vec4 color = texture2D( texture2, T2 * 2.0 ); 
                vec4 temp = color * ( vec4( p, p, p, p ) * 2.0 ) + 
                    ( color * color - 0.1 ); 
 
                if( temp.r > 1.0 ){ temp.bg += clamp( temp.r - 2.0, 0.0, 100.0 ); } 
                if( temp.g > 1.0 ){ temp.rb += temp.g - 1.0; } 
                if( temp.b > 1.0 ){ temp.rg += temp.b - 1.0; } 
 
                gl_FragColor = temp;

କă඗ܸǈጣ෥ഗ࣏ሺेକᅃ߲࿽ၳ（fog effect）ăԍ٪ሞׯ৽ྜࡕභჼၳڦۯኄ૛ǈୁڟ

gl_FragColor ዐڦኵፌዕࣷࢅᅃ߲ᆯၠጣ෥ഗد෇ڦ fog ֖ຕऺ໙؜ઠڦ࿽ၳኵंࢇǈڥ

ڦዃాڟ؜ჿ෥ኵǈժ๼ڦፌዕ໎ၟ؜ GLSL Վଉ gl_FragColor ዐăڟኄ૛ǈኝ߲ײࡗ৽

঳ຐକă

                float depth = gl_FragCoord.z / gl_FragCoord.w; 
                const float LOG2 = 1.442695; 
                float fogFactor = exp2( - fogDensity * fogDensity * depth * 
                    depth * LOG2 ); 
                fogFactor = 1.0 - clamp( fogFactor, 0.0, 1.0 ); 
                gl_FragColor = mix( gl_FragColor, 
                    vec4( fogColor, gl_FragColor.w ), fogFactor ); 
 
            }  
  
        </script>

ፌࢫǈሞ࿢்ڦሏႜთ࣍ዐཚࡗփ܏߸ႎ߳ၜኵઠൻࣃۯۯăThree.js ඟኄၜ߾ፕՎݥڥ

ၠۯጲۼǗ໲ሞ៺කഗ௅ْ߸ႎ้ڇ०׉ GLSL ጣ෥ഗڿدඇևڦ uniform ኵă࿢்Ⴔᄲ

ፔڦৈৈ๟ሞ JavaScript ()ஓዐยዃኄၵຌႠăሞኄ߲๖૩ዐǈrenderپ ࣃۯຕሞ௅߲ࡧ

ኡኴႜࣷۼࢪ้ڦԥۙᆩăጀᅪᆩٚ体Քپڦ؜ஓႜă

                function render() { 
 
                    var delta = 5 * clock.getDelta(); 
 
                    uniforms.time.value += 0.2 * delta; 
 
                    mesh.rotation.y += 0.0125 * delta; 
                    mesh.rotation.x += 0.05 * delta; 
 
                    renderer.clear(); 
                    composer.render( 0.01 ); 
 
                }
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փ੗ޏණǈՊႀኄᄣᅃ߲ࣃۯႴᄲԲডڦߛᅝຍ຤平ă࿢்փৈৈႴᄲბသၘဦڦ GLSL
ᇕ݆ాࢅዃࡧຕǈ࣏Ⴔᄲቨ࿥ᅃၵศӎऺڦ໙ऐ཮ႚ໙݆ăڍ๟සేࡕᆶኄݛ面ڦҺࡻǈ

໲ࣷඟే׉ݥᆶׯ৽ߌăࢻ૴ྪฉᆶڦܠ׉ݥ႑တᅜतᆶᆩڦ๖૩ǈ੗ᅜӻዺే෇ோă

5.9　小结

ኟස࿢்໯ੂڦڟǈሞ WebGL ዐ๑ 3D ాඹۯഐઠ݆ݛڦᆶܠ࢔ăٗԨዊฉઠຫǈኄၵ

ຕࡧબഗ៓ڦᆯႎࣃۯ requestAnimationFrame() ઠൻۯǈኄ߲ࡧຕ๑ڥᆩࢽ੗ᅜሞኝ߲

ᄻ面ዐ৊ႜํ้ཞօࣼ዆ăُྔǈྺକൻࣃۯۯǈ࿢்ᆶٗ०ްڟڇሗܠڦዖ჋ስǈൽਦ

ᇀၙᄲํ၄ࡕၳڦăాඹ੗ᅜཚࡗደኡᆩײႾႪ߀ઠׂิࣃۯǈᄺ੗ᅜ๑ᆩᅃၵຕ਍ൻۯ

߸ڥઠइࢇୟ০߶ጷ঳ࢅ॰ኡ࠲ॽࡗ௏ೄă࿢்੗ᅜཚࢅ॰ኡĂՎႚ࠲๕ǈසցक़Ăݛڦ

ጲ඗ڦሏࡕၳۯă࿢்࣏੗ᅜ๑ᆩጣ෥ഗઠሞ GPU ዐ৊ႜాඹࣃۯǈᅜํ၄߸ڦܠ੗ీă

ᆩᇀ WebGL ჋ስă඗ܸኄᅪ࿆ጣڦჄ߸ႎǈժுᆶᅃ߲ፌዕඓۨ׼ሞۼੰࢅਏ߾ڦࣃۯ

٪ሞႹܠ੗ీႠǈᄺᅪ࿆ጣณକႹܠቱҹǈܸኄᄲߌႇ JavaScript ਸᇸăࢅ
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മबቤቛ๖କසࢆ๑ᆩ WebGL ઠظॺ৚ටڦĂᆘॲे໏៺කڦ 3D ࿿体Ăׇৠࣃۯࢅă

৑࠶ WebGL ਆ၌ǈఫ৽๟ేփీॽඪڦሞԨກႀፕ้໲ᅈ඗٪ሞᅃ߲एԨڍǈٷഽ׉ݥ

ᅪڦ HTML ాඹፕྺᅃ߲࿖૙ᆙพڟᅃ߲ 3D ࿿体ڦ՗面ăසేࡕထྭྺᄻ面ฉڦᇮ໎ཁ

े࿢்ሞമबቤዐੂڦڟ 3D ǈႴᄲ๑ᆩଷᅃၜࡕၳ HTML5 ႎरຍǖCSS3ăڦ

ᆶକ CSS3ǈ߲ڇᇮ໎ईኝ߲ᄻ面ۼ੗ᅜཚࣃۯࡗĂ཮ೌ୳৥ǈᅜत 2D ई 3D Վ࣑Վิڥ

ڦহ面ࢽᆩ࠵኱ࢅدჇߢ࠽ᆴဥĂڇॺ߳ዖ߳ᄣᆩᇀ०ظ࿢்੗ᅜڥഐઠăኄၵ༬Ⴀ๑ۯ

3D ăWebGLࡕၳ ዁ณႴᄲएԨڦ 3D Պײኪ๎ժቨ࿥ᅃ߲ස Three.js ኄᄣੰڦǈܸ၎Բ

ኮူ๑ᆩ CSS3 ሶኻႴକ঴ՔധĂCSS ڦएԨࢅ JavaScriptǈईႹ࣏Ⴔᄲၟ jQuery ኄૌ઀

ॐڦᅃޤۅዺăኄඟ CSS3 ਸ݀Բڦ WebGL ߸े०ڇǗ඗ܸǈਸ݀ኁኻీݡ࿚៓બഗా

ዃڦ༬Ⴀă࣑ਔࣆຫǈ3D CSS ᅜဎึഽࢅٷଳऄႠઠ࣑ൽକ०ڇᅟᆩă

CSS3 ڦ 3D ༬Ⴀᇸᇀ Apple ፌྺ؛ഄࢃ႐ࣃۯ઀ॐՊႀڦ 3D Վ࣑ǈ໲ኧ׼କස iOS ཀ

ഘᆌᆩዐڦೡటገ࣑（ස཮ 6-1）ኄૌ၄ৃୁႜڦᆩࢽহ面ၳࡕăCSS3 ዐڦ 3D ӄፌݛ

ᆯ؛ WebKit ਸ݀ཷܓሞ 2009 ڟ 2010 ౎क़༵؜ǈժԥ Apple ڦ Safari ๯ْᆌᆩᇀܓཷ

๨ׇǈᆩሞ Mac OS ࢅ iOS 平໼ฉăኄၵ༬Ⴀໜࢫԥ Chrome ֑ᆩǈժፌዕྺ໯ᆶ៓ڦ

બഗ׍ฆ֑భă
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图 6-1：iOS 天气应用中的屏幕转换

ྺ HTML ᇮ໎ཁे 3D ૰ǈྺీڦࡕၳ Web ᄻ面ాඹਸഔକཞᄣڦ੗ీႠă཮ 6-2 ቛ

๖କ Snowstackǈᅃ߲ᆯ Safari /ᄇ๖（http://www.satine.org/research/webkitڦਸ݀ܓཷ
snowleopard/snowstack.html）ăSnowstack ๟ᅃ߲๑ᆩك HTMLĂ3D CSS ࢅ JavaScript ॺظ

๕៺කᅃ߲ݛڦǈ໲ᆩᇀᅜཪ视ੰࡕቷೌֱੂ视ਥၳڦ Flickr ၩတܓଚăᆶକ Snowstackǈ
ᆩࢽ੗ᅜ๑ᆩ॰ಎฉၠݛڦ॰ઠ੦዆៓બᅃ߲ੂຼ࿮৑ڦቷೌٍጇ഻ăኄ߲ᆌᆩ੗ᅜሞ໯

ᆶ៓ڦબഗࢅยԢዐሏႜă໚඗ Snowstack Ԩวڦඓ๟ᅃ߲׉ݥᆶरຍࡤଉڦᄇ๖ǈڍ໲

ኼሞ๑ᆩ 3D CSS ઠ对࡛ଉ႑တ৊ႜ੗视៓ࢅࣅબă

图 6-2：Snowstack，一个基于 CSS3 的 3D 照片查看器

Ⴙܠਸ݀ኁྺظॺظႎڦ Web ాඹܸჺ৯ 3D CSSăأକ०ྺںڇ平面ٍጇཁेՎ࣑ኮ

ྔǈᅃၵײႾᇵၙ؜କසࢆᆩኄၜरຍઠఇెྜኝڦ 3D ࿿体ǈ࿢்ሞԨቤࢫ面ॽࣷੂڟǈ
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ᆶටฯ዁ںڊٷ๑ᆩ 3D CSS ઠࠓॺକᅃ߲ڼᅃට׬พऍᆴဥڦᇱ႙ƽ 3D CSS ࣏ీᇑ

WebGL ঳ࢇ๑ᆩǈࢫኁᆩᇀت૙ኈํڦ 3D ៺කඪခǈܸമኁᆩᇀޮ߃ईኝࢇᆩࢽহ面ڦ

HTML ᇮ໎ă

CSS3 ๟ሎႹྫᄻ面ᇮ໎ฉཁेۯༀၳڦࡕᅃဣଚՔጚăԨቤ߃ࡥକܠዖᆩᇀظॺ 3D ࡕၳ

ڦ CSS रຍă

• CSS 变换

ፕᆩᇀኝ߲ᇮ໎ڦ 3D ֡ፕ（平ᅎĂ჉ገĂ໫ݣ）ă

• CSS 过渡

ໜ้क़Վࣅፕᆩᇀ CSS ຌႠڦ०ڇՎࣅăසցक़（ሞฉᅃቤ༪ஃࡗ）ᅃᄣǈCSS ܉ࡗ

ăࡕၳڦᆩᇀᅃْႠࢇ๢׉ݥ

• CSS 动画

ໜ้क़ፕᆩᇀ CSS ຌႠްڦሗၳࡕǈ๑ᆩ࠲॰ኡຕ਍ă

6.1　CSS变换

3D CSS ਸ݀ࢃڦ႐๟๑ᆩ CSS Վ࣑ઠ֡ፕᄻ面ᇮ໎ీڦ૰ăCSS Վ࣑ݔࡀ（http://www.
w3.org/TR/css3-transforms/）پ՗କኮമ๑ᆩକ CSS ڦ 3D ࢅ 2D Վᄻ面ᇮ໎࿋߀ፕሞ߾

ዃĂ჉ገĂ໫ݣᅜतഄ໱ྔ࠵ຌႠฉڦ൵ཞă໲்๑ᆩՎ࣑֡ፕઠ߃ހኄၵຌႠǈܸݥ०

ڦڇ left/top ࢅ width/height ຌႠă

ඟ࿢்ઠްသᅃူǈ3D ཮ႚ๑ᆩᅃ߲ෙྼڦፖՔဣཥǈ໲֑ᆩକڼෙ߲ፖՔዡ z ઠ՗๖ਐ

૗ೡట࿋ዃڦ远近ǈ਍ُظॺକศߌ࠵ڦ܈ă཮ 6-3 ௮ࣼକᆩᇀ CSS ڦ 3D ፖՔဣཥăጀ

ᅪǈᇑڦࡀ׉ 3D ဣཥփཞǈy ዡڦኟܸူၠၠݛփ๟ၠฉăኄ๟ྺକࢅ Web ៓બഗᄻ面

ڦ口ፖՔဣዐ๑ᆩشࢅ 2D xy ဣཥԍ׼ᅃዂă

图 6-3：CSS 的 3D 坐标系统，y 轴正方向指向下（改编自 http://bit.ly/wikimedia-3d-coordinate；遵

循知识共享署名 -相同方式共享 3.0 未本地化版本协议使用）
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6.1.1　使用3D变换

ే੗ᅜၟኸۨഄ໱ CSS ᅃᄣ๑ᆩຌႠઠኸۨ CSS 3D Վ࣑ăCSS3 ՔጚዐۨᅭକႹܠᆩᇀ

Վ࣑ᇮ໎ڦຌႠă࿢்ံઠੂᅃ߲๖૩ă཮ 6-4 ௮ࣼକԥޯᇎփཞՎ࣑ڦෙ߲ᇮ໎ǖ平ᅎĂ

჉ገࢅ໫ݣă

CSS 3D

图 6-4：CSS 3D 变换——平移、旋转和缩放

ኄ߲๖૩ڦᇸپஓ੗ᅜሞ࿔ॲ Chapter 6/css3dtransforms.html तഄᆅᆩڦ CSS ࿔ॲ css/
css3dtransforms.css ዐቴڟă૩ 6-1 ቛ๖କۨᅭڼᅃ߲ DIV ᇮ໎پڦஓೌ܎ǈ໲ԥޯᇎକᅃ

߲ 3D Վ࣑ă

例 ټ：6-1 CSS 3D Վ࣑ڦᇮ໎

<div id="card1" class="container perspective"> 
    <div class="legend"> 
    Translate 
    </div> 
    <div class="code">{translateX(20px) translateY(20px) translateZ(-100px);}</div> 
    <div class="cardBorder"> 
        <div class="card translate"> 
          <p>This element is translated.</p> 
          <img width=96 height=96 src="../images/HTML5rawkes.png"></img> 
          <p>Transformed elements can contain anything: text, images, 
             divs, tables...</p> 
        </div> 
    </div> 
</div>

ٚ体ጴ՗௽କፕᆩᇀዐक़ڦ DIV ᇮ໎ڦଇ߲ૌǖcard ࢅ translateăcard ૌۨᅭକᄻ面ฉ

ෙ߲Đਸ਼ೌđڦཚᆩຌႠǈ૩සํ၍Չ઀Ăཨᆖᅜतᇶঙătranslate ૌۨᅭକ 3D Վ࣑ă

૩ 6-2 ቛ๖କኄଇ߲ૌڦ CSS ۨᅭǈᅜत cardBorderǈࢫኁᆩᇀۨᅭਸ਼ೌ޴ᇮ໎ۅڦ၍Վ

ଉǈᅜ՗௽ுᆶཁेՎ࣑ຌႠڦᇮ໎ڦᇱ๔࿋ዃă၄ሞ࿢்੗ᅜሡ้ࢮ୼ኄ߲ำ௽ዐڦ –

moz-transform-style ຌႠă໲்ڦፕᆩ๟ԍኤኄၵ༬ၳሞ Firefox ៓બഗዐᄺ੗ᅜኟ׉ሏ

ႜǈ࿢ࣷሞူᅃব࠲ᇀཪ视ڦ঄ຎዐၘဦ঴๥ኄ߲ຌႠă

例 6-2：ۨᅭକᅃ߲平ᅎՎ࣑ڦ CSS
.cardBorder { 



114   ｜   第 6 章

    position: absolute; 
    width: 100%; 
    height: 80%; 
    top:30%; 
    border:1px dotted; 
    border-radius:0 0 4px 4px; 
    -moz-transform-style: preserve-3d; 
} 
 
.card { 
    position: absolute; 
    width: 99%; 
    height: 99%; 
    border:1px solid; 
    border-radius: 4px; 
    box-shadow: 2px 2px 2px; 
    -moz-transform-style: preserve-3d; 
} 
 
.translate { 
    -webkit-transform: translateX(20px) translateY(20px) translateZ(-100px); 
       -moz-transform: translateX(20px) translateY(20px) translateZ(-100px); 
         -o-transform: translateX(20px) translateY(20px) translateZ(-100px); 
            transform: translateX(20px) translateY(20px) translateZ(-100px); 
}

translate ૌཚࡗยዃ໲ڦ transform ຌႠઠኸۨᅃ߲ CSS 3D Վ࣑ăሞኄ߲๖૩ዐǈᇮ໎

ሞ x ࢅ y ՚平ᅎକݴฉၠݛ 20 ၟ໎ǈժᄂ z ዡၠݛ޶ᅎۯକ 100 ၟ໎（ၠೡటా֨）ăጺ

ઠຫǈే੗ᅜ๑ᆩڦ transformǈཚࡗॽᅜူᅃ߲ई߲ܠ变换方法（transform method）ፕ

ᆩᇀᇮ໎ઠظॺՎ࣑ăأକ平ᅎǈCSS ࣏ኧ׼჉ገࢅ໫ݣǈඪᅪڦਈንՎ࣑ǈᅜतཪ视ཨ

ᆖăCSS 3D Վ࣑݆ݛස՗ 6-1 ໯๖ă

表6-1：CSS 3D变换方法

方　　法 描　　述

translateX(x) ᄂ x ዡ平ᅎ

translateY(y) ᄂ y ዡ平ᅎ

translateZ(z) ᄂ z ዡ平ᅎ

translate3d(x,y,z) ᄂ xĂyĂz ෙዡ平ᅎ

rotateX(angle) ජ x ዡ჉ገ

rotateY(angle) ජ y ዡ჉ገ

rotateZ(angle) ජ z ዡ჉ገ

rotate3d(x,y,z,angle) ජ xĂyĂz ෙዡ჉ገ

scaleX(x) ᄂ x ዡ໫ݣ

scaleY(y) ᄂ y ዡ໫ݣ

scaleZ(z) ᄂ z ዡ໫ݣ

scale3d(x,y,z) ᄂ xĂyĂz ෙዡ໫ݣ

matirx3d(...) ᆩ 16 ߲ຕኵۨᅭඪᅪڦ 4ġ4 Վ࣑ਈን

perspective(depth) ۨᅭཪ视ཨᆖڦศ໎ၟ܈ኵ



CSS3：高级页面效果   ｜   115

๑ᆩࡗ๕৊ႜՎ࣑ǈཚݛڦෙ߲ਸ਼ೌᅜૌຼڼࢅ߲ܾڼ CSS ዐۨᅭڦ rotate ࢅ scale ૌǖ

.rotate { 
    -webkit-transform: rotateY(30deg); 
       -moz-transform: rotateY(30deg); 
         -o-transform: rotateY(30deg); 
            transform: rotateY(30deg); 
} 
 
.scale { 
    -webkit-transform: scaleX(1.25) scaleY(.75); 
       -moz-transform: scaleX(1.25) scaleY(.75); 
         -o-transform: scaleX(1.25) scaleY(.75); 
            transform: scaleX(1.25) scaleY(.75); 
}

჉ገኵ੗ᅜԥኸۨྺঙ܈Ă܈ࢷई百分度（gradianǈᇶዜڦ 1/400）ǈ૩ස 90degĂ1.57rad

ई 100gradă໫ݣኵ๟ᆩᇀױሞ௅߲ዡฉڦՔଉ（नᅃ߲ுᆶ৊ႜࡗ໫ڦݣᇮ໎ሞ௅߲ዡ

ฉڦ໫ݣኵۼ๟ 1）ă

ጀᅪ៓બഗຳᆶമጘሞ CSS ዐڦ๑ᆩ（૩ස –webkit-transform）ăኄ对ੵ

៓બഗኧ׼๟Ղᄲڦǈᅺྺ CSS Վ࣑ሞࡻब౎้ڦक़૛ۼԥፕྺํᄓႠڦ

༬Ⴀઠኧ׼ăኄኈ஑ݑǈڍႹܠ CSS ༬ႠۼႴᄲཚࡗኄᄣཁेമጘݛڦ๕

ઠ๑ᆩǈܸਸ݀ኁ்ᄺᅙঢ়သ࠹କت૙໲்ăසేࡕ对ኄၵዘް߾ڦፕߌ

ਏǈ૩ස߾ڦᄣ๕՗ׯิۯǈఫ஺੗ీႴᄲᅃ߲੗ᅜጲݑᄋڟ LESS（http://

lesscss.org/）ǈઠ๑ڥኄၜ߾ፕփఫ஺ས੮ă౾ܻྺକ०লǈሞ࿢்ڦ๖૩ዐ

࿢ูࣷ୼ۖኄၵ៓બഗຳᆶമጘǈڍ൩ခՂඓԍሞేپڦஓዐ๑ᆩ໲்ă

CSS ኧ׼ᅃ߲ڦྔܮຌႠǈtransform-originǈኄ߲ຌႠሎႹਸ݀ኁኸۨՎ࣑ڦᇱۅăኄ

߲ຌႠڦఐණኵ๟ 50% 50% 0ǈनፖՔဣڦዐ႐ۅăཚ߀ࡗՎኄ߲ຌႠǈే੗ᅜඟ࿿体

ྷජݥዐ႐ۅ჉ገătransform-origin ੗ᅜ๑ᆩඪᅪڦ CSS ೋᅎڇ࿋ઠኸۨǈස leftĂ

centerĂrightĂ%ǈईኁᅃ߲ CSS ਐ૗ኵ（ၟ໎Ăᆈ٫Ăem ੣क़ǈڪڪ）ă

6.1.2　添加透视

ేᆌ޿ᅙঢ়ጀᅪڟǈሞฉ面ڦ๖૩ዐૌ perspective ፕᆩᇀ௅߲֫ۥ DIV ᇮ໎ă࿮ஃ๑փ

๑ᆩཪ视ཨᆖǈేۼ੗ᅜᆌᆩ CSS 3D Վ࣑ǈ৑࠶๑ᆩཪ视ཨᆖࣷ๑ੂࡕၳڥഐઠ߸ସට

஢ᅪă

ሞ CSS3 ዐۨᅭཪ视ཨᆖ׉ݥ०ڇă૩ 6-3 ቛ๖କᆩᇀۨᅭཪ视ڦ CSSă

例 6-3：CSS ཪ视ຌႠ

.perspective { 
    -webkit-perspective: 400px; 
       -moz-perspective: 400px; 
         -o-perspective: 400px; 
            perspective: 400px; 
} 
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.noperspective { 
    -webkit-perspective: 0px; 
       -moz-perspective: 0px; 
         -o-perspective: 0px; 
            perspective: 0px; 
}

࿢்ۨᅭକᅃ߲ CSS ૌĊĊperspectiveǈઠᆩᇀ࿢்ထྭᆌᆩཪ视ཨᆖڦᇮ໎ă࿢்

ڟ՗ٗ视口平面پኵڦࠃ༵ xy 平面（z=0）ڦਐ૗ăཪ视੗ᅜ๑ᆩඪᅪڦ CSS ਐ૗ڇ

࿋ઠۨᅭǖၟ໎ĂۅĂᆈ٫Ăem ੣क़ǈڪڪăኄ߲ CSS ࿔ॲ࣏ۨᅭକଷᅃ߲ૌĊĊ

noperspectiveǈᆩᇀൣأᇮ໎ฉᇱံ੗ీټᆶڦཪ视ăኄ߲ૌዐڦཪ视ኵԥยྺఐණኵ 0ă

৑࠶ CSS ཪ视ڦဦবࢅ WebGL ዐڦཪ视ժփ၎ཞǈڍ໲்߁ڦ౒๟ᅃዂ

ڼڟ࣮݋ኪ๎ǈ൩ڦ面ݛႴᄲዘ࿒ᅃူኄేࡕăසڦ 1 ቤǈఫ૛ᆶၘဦڦ

༪ஃă

ྺକ߸ںࡻቛ၄ཁेକཪ视ࢅுᆶཁेཪ视ڦᇮ໎ڦ൶՚ǈඟ࿢்ઠੂᅃ߲૩ጱăٶਸ๖

૩࿔ॲ Chapter 6/css3dperspective.htmlăేࣷੂڟଇ߲ਸ਼ೌăፑՉڦਸ਼ೌཁेକཪ视ǈܸᆸ

Չڦுᆶăଇኁኮक़ྸڦᅃ൶՚ሞᇀ๟ޏ๑ᆩକ CSS perspective ຌႠǗଇ߲ਸ਼ೌྷۼජ

y ዡ჉ገକ 30 ၠݛᇮ໎ੂഐઠৈৈ๟ሞ຤平ڦ൧઄ူǈᆸՉڦă඗ܸǈሞுᆶ๑ᆩཪ视܈

ฉԥუՌକǈܸփ๟჉ገăස཮ 6-5 ໯๖ă

CSS 3D −

图 6-5：CSS 变换和透视——左边的元素有透视，右边的元素则没有（HTML5 Rawkes Logo 由 Phil 
Banks 提供）

ే࣏੗ᅜ๑ᆩ՗ 6-1 ዐ௮ຎڦ perspective() Վ࣑ࡧຕॽཪ视ᆌᆩᇀᇮ໎ă඗ܸǈሞํा

ᆌᆩዐǈేፌ࣏ࡻ๟๑ᆩଇ߲փཞڦຌႠઠݴ՚՗๖ཪ视ኵࢅՎ࣑ኵăޏሶǈሞ௅ْ߀Վ

ഄ໱Վ࣑ࡧຕኵࢪ้ڦǈే੗ీۼႴᄲዘႎॽཪ视ኵᆌᆩڟᇮ໎ฉă
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6.1.3　创建变换层级

CSS 3 ሎႹ 3D Վ࣑ཚࡗ DOM 对象֫पी׶ăᅃ߲ټ 3D Վ࣑ڦᇮ໎੗ᅜ჋ስी׶ईփी

Վ࣑ǈਏ体ൽਦᇀڦഄፄံᇮ໎׶ transform-style ຌႠڦኵă

཮ 6-6 ௮ࣼକ transform-style ๟සࢆᆩᇀظॺᅃ߲Վ࣑֫पڦă௅߲ਸ਼ೌ（card）ᇮ

ජྷۼ໎ y ዡ჉ገକ 30 ૬ྷජ܀ᆶᅃ߲ۼă௅߲ਸ਼ೌ܈ y ዡ჉ገକ 30 ጱਸ਼ೌڦ܈

（childCard）ăጀᅪፑՉڦጱਸ਼ೌਐ໲޴ڦᇮ໎平面჉ገକ 30 ڦጱਸ਼ೌᇑ໲ڦǈܸᆸՉ܈

ᇀཞᅃ平面ฉăتᇮ໎޴

CSS 3D −

图 6-6：使用 CSS 创建 3D 变换层级

๖૩پஓ੗ᅜሞ࿔ॲ Chapter 6/css3dhierarchy.html ࢅ css/css3dhierarchy.css ዐቴڟăHTML
ۨᅭକଇ߲एԨ၎ཞڦ DOM ᇮ໎֫पǈྸᅃڦ൶՚ሞᇀڼᅃ߲ਸ਼ೌ๑ᆩକ hierarchy ૌǈ

๑ᆩକଷᅃ߲ঢ߲ܾڼܸ nohierarchy ૌăڦ

<div id="hierarchy1" class="container perspective"> 
    <div class="legend"> 
    With Hierarchy 
    </div> 
    <div class="code">{transform-style: preserve-3d;}</div> 
    <div class="cardBorder"> 
        <div class="card hierarchy rotate"> 
          <p>This element is a parent.</p> 
          <img width=96 height=96 src="../images/HTML5rawkes.png"></img> 
          <p></p> 
            <div class="childCard rotate"> 
            <div class="code">{rotateY(30deg);}</div> 
                <p>This element is a child.</p> 
            </div> 
        </div> 
    </div> 
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</div> 
 
<div id="hierarchy2" class="container perspective"> 
    <div class="legend"> 
    Without Hierarchy 
    </div> 
    <div class="code">{transform-style: flat;}</div> 
    <div class="cardBorder"> 
        <div class="card nohierarchy rotate"> 
        <p>This element is a parent.</p> 
        <img width=96 height=96 src="../images/HTML5rawkes.png"></img> 
          <p></p> 
            <div class="childCard rotate"> 
              <div class="code">{rotateY(30deg);}</div> 
              <p>This element is a child.</p> 
            </div> 
        </div> 
    </div> 
</div>

ૌ hierarchy ࢅ nohierarchy ڦ CSS ۨᅭසူǖ

.hierarchy { 
     -webkit-transform-style: preserve-3d; 
        -moz-transform-style: preserve-3d; 
          -o-transform-style: preserve-3d; 
             transform-style: preserve-3d; 
} 
 
.nohierarchy { 
     -webkit-transform-style: flat; 
        -moz-transform-style: flat; 
          -o-transform-style: flat; 
             transform-style: flat; 
}

transform-style ຌႠথ๴ଇ߲ኵǖflat（ఐණ）ǈኄ߲ኵኸۨକپࢫ DOM ᇮ໎փࣷᆌᆩ

ᇮ໎ăཚپࢫՎ࣑ᆌᆩᇀڦ໕៓બഗॽฉपᇮ໎ߢՎ࣑Ǘpreserve-3dǈኄ߲ኵࣷڦᇮ໎޴

ሞኝ߲ᆌᆩዐ๑ᆩࡗ preserve-3Dǈᆌᆩ੗ᅜظॺᅃ߲ 3D ࿿体ڦศ֫܈पǈᆮഄሞ঳ࢇକ

Ԩቤ໯ຎڦଷྔଇၜरຍڦ൧઄ူă

៓બഗग़ඹႠয়ߢǖሞԨবڼڦᅃ߲๖૩ዐǈ࿢்ᅃԴࡗټକ card ࢅ

cardBorder ڦ CSS ૌۨᅭዐڦᅃ߲ဦবǈ໲்ۼԈࡤසူᇕਔǖ

-moz-transform-style: preserve-3d;

၂඗ Firefox ៓બഗժփၟएᇀ WebKit બഗఫᄣॽ៓ڦ transform-style ຌ

Ⴀ֫֫دխူඁăేՂႷྺ௅ᅃ߲پࢫᇮ໎၂๕ںኸۨ໲ǈޏሶփৈጱᇮ

ӄ๟ॽݛՎ࣑ࣷ฿ၳǈཪ视ᄺԥ্ᆩକă঴ਦڦ໎ DOM ֫पዐ௅߲ڦپࢫ

transform-style ຌႠۼยྺ preserve-3dăኄ໚඗࢔஑ݑǈڍ๟Ղᄲڦă

ኄዖ൧઄ፌ࣋ڦևݴሞᇀ௅߲៓બഗ对ኄ߲ᇕਔڦ঴๥ۼփ৑၎ཞă၂඗

IE10 ৽ྜඇփኧ׼ኄ߲༬Ⴀǈփࡗ IE11 ዐࣷሺे对໲ڦኧ׼ă
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6.1.4　控制背面渲染

ሞدཥڦ 3D ៺කዐǈړᅃ߲ܠՉႚԝၠִ࠵ኁ้ǈ៺කဣཥ੗ᅜ჋ስ၂๖ईփ၂๖ܠ޿

Չႚڦ背面（backface）ǈኄൽਦᇀਸ݀ኁڦยዃăCSS3 Վ࣑ཞᄣ༵ࠃକኄၜీ૰ăසࡕ

ᅃ߲ᇮ໎჉ገ዁ԝ面וമǈ໲ࣷएᇀ backface-visibility Վ࣑ຌႠઠਦۨ๟ޏ၂๖ă

CSS3 ԝ面៺ක对ᇀࠓॺມ面࿿体׉ݥዘᄲă्ย࿢்ၙᄲظॺᅃ߲ૌຼ཮ 6-1 ௮ࣼڦ iOS
ཀഘᆌᆩዐڦೡట݋ገࡕၳ܉ࡗăఫ஺ظॺኄᄣᅃ߲ၳࡕǈႴᄲ࿢்ၭ႐ںፇኯՔധǈᅜ

तኟඓںᆌᆩ backface-visibilityă཮ 6-7 ௮ࣼକሞํाዐසࢆ๑ᆩኄၜरຍă

CSS 3D −

图 6-7：使用背面可见属性来创建双面物体

ਸ࿔ॲٶ Chapter 6/css3dbackfaces.html ઠํाੂ࠵ԝ面៺කࡕၳڦăᄻ面ฉᆶ຺߲ਸ਼ೌă

ฉ面ᅃႜ๟ଇ߲ڇ面ڦਸ਼ೌǈݴ՚ᅜԝ面੗见ࢅԝ面փ੗见ڦఇ๕៺කăፑฉڦਸ਼ೌ჉ገ

ǈ܈ঙڦኁִ࠵ԝ对ڟਸ਼ೌ჉ገڦ๕៺කǗᆸฉݛڦǈժᅜԝ面੗见܈ঙڦኁִ࠵ԝ对ڟ

ժᅜԝ面փ੗见ݛڦ๕៺කăጀᅪǈ࿢்੗ᅜੂڟፑฉڦਸ਼ೌǈڍ࿔ጴĐFRONTđ๟ࡗݒ

ઠڦǈܸᆸฉڦਸ਼ೌփ੗见ă

ሞူ面ᅃႜ࿢்੗ᅜੂڟଇ߲ມ面ڦਸ਼ೌǈཞᄣݴ՚ᅜԝ面੗见ࢅփ੗见ݛڦ๕៺කă
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ଇ߲࿿体ཞᄣԥ჉ገڟԝ对ִ࠵ኁڦঙ܈ă඗ܸǈኄଇ߲ਸ਼ೌۨۼᅭକᅃ߲Ԉࡤ࿔ጴ

ĐBACKđྔܮڦᇮ໎ǈᆩઠገၠִ࠵ኁǈᅜఇెມ面ڦ࿿体ăፑူڦਸ਼ೌਸഔକԝ面੗

见ǈժยዃକᅃ߲ 0.8 ࿔ጴĐFRONTđăڦገ݋ڟ՗面ੂࡗኵǈ໯ᅜ࿢்੗ᅜཪ܈ཪ௽ڦ
၎ݒǈᆸူڦਸ਼ೌ࠲Կକԝ面੗见ǈᅺُਸ਼ೌԝ对ִ࠵ኁڦᅃ面（ĐFRONTđ面）ԥᆆ֠

କăᆸူڦਸ਼ೌቛ๖କᆩᇀఇెມ面࿿体ڦኟඓरຍǈඟ࿢்ઠੂੂ໲پڦஓă

૩ 6-4 ቛ๖କኄ߲ᄻ面ڦ HTML ࡗᇮ໎ཚڦஓăԝ面੗见پ backface ૌઠۨᅭǈԝ面ᆆ

ࡗᇮ໎ཚڦ֠ nobackface ૌઠۨᅭăྺକظॺူ面ᅃႜڦມ面ਸ਼ೌǈ࿢்ํाฉႴᄲظॺ

ଇ߲ਸ਼ೌᇮ໎ǖݴ՚ᆩᇀኟ面ࢅԝ面ăᆸူڦਸ਼ೌཚࡗॽ nobackface ૌࢅഄ໱ૌፇࢇഐ

ઠǈظॺକᅃ߲࿮ஃనᅃ面ִ࠵ၠוኁۼ੗ᅜኟ׉၂๖ڦਸ਼ೌă

例 ڦॺᅃ߲ມ面ࠓ：6-4 HTML ᇮ໎

<div id="backface1" class="container perspective "> 
    <div class="legend"> 
    One-Sided, Visible 
    </div> 
    <div class="code">{backface-visibility: visible;}</div> 
    <div class="cardBorder"> 
        <div class="card backface frontside"> 
        FRONT 
        </div> 
    </div> 
</div> 
 
<div id="backface2" class="container perspective "> 
    <div class="legend"> 
    One-Sided, Hidden 
    </div> 
    <div class="code">{backface-visibility: hidden;}</div> 
    <div class="cardBorder"> 
        <div class="card nobackface frontside"> 
        FRONT 
        </div> 
    </div> 
</div> 
 
<div id="backface3" class="container perspective "> 
    <div class="legend"> 
    Two-Sided, Visible 
    </div> 
    <div class="code">{backface-visibility: visible;}</div> 
    <div class="cardBorder"> 
        <div class="card backface frontside"> 
        FRONT 
        </div> 
        <div class="card backface backside"> 
        BACK 
        </div> 
    </div> 
</div> 
 
<div id="backface4" class="container perspective "> 
    <div class="legend"> 
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    Two-Sided, Hidden 
    </div> 
    <div class="code">{backface-visibility: hidden;}</div> 
    <div class="cardBorder"> 
        <div class="card nobackface frontside"> 
        FRONT 
        </div> 
        <div class="card nobackface backside"> 
        BACK 
        </div> 
    </div> 
</div>

૩ 6-5 ቛ๖କ࿔ॲ css/css3dbackfaces.css ዐڦᄣ๕ำ௽ă๯ံǈ࿢்ۨᅭକੂഐઠ੗ీᆶ

ၵྵݒ኱ਥڦ frontside ࢅ backside ૌăfrontside ᆩᇀۨᅭਸ਼ೌڦኟ面ǈփࡗኄ߲๖૩

๟ྺକຫ௽ԝ面ڦ៺කࡀሶǈ໯ᅜ࿢்ඟਸ਼ೌජ y ዡ჉ገ 210 ִ࠵ၠוഄԝ面ڥઠ๑܈

ኁă၎对ǈਸ਼ೌڦԝ面၎对ִ࠵ኁᆶᅃ߲ 30 ၎ֶࡻട܈჉ঙăᆯᇀ჉ገঙڦ܈ 180 ǈ܈

໯ᅜਸ਼ೌڦມ面ੂഐઠ๟۠ሞᅃഐڦă঳ࢇᆩᇀᆆ֠ԝ面ڦ nobackface ૌǈ࿢்ڟڥକᅃ

߲සᆸူਸ਼ೌྜڦெມ面ਸ਼ೌănobackface ૌॽ backface-visibility ຌႠยዃྺ hiddenǈ

ᅜڟڥ೺ྭࡕၳڦă

例 6-5：ᆩᇀظॺມ面࿿体ڦ CSS ำ௽

.frontside { 
    -webkit-transform: rotateY(210deg); 
       -moz-transform: rotateY(210deg); 
         -o-transform: rotateY(210deg); 
            transform: rotateY(210deg); 
            line-height:160px; 
            font-size:40px; 
            color:White; 
            background-color:DarkCyan; 
            border-color:Black; 
            box-shadow:2px 2px 2px Black; 
} 
 
.backside { 
    -webkit-transform: rotateY(30deg); 
       -moz-transform: rotateY(30deg); 
         -o-transform: rotateY(30deg); 
            transform: rotateY(30deg); 
            line-height:160px; 
            font-size:40px; 
            color:White; 
            background-color:DarkRed; 
            border-color:Black; 
            box-shadow:2px 2px 2px Black; 
            opacity:0.8; 
} 
 
.backface { 
    -webkit-backface-visibility: visible; 
       -moz-backface-visibility: visible; 
         -o-backface-visibility: visible; 
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            backface-visibility: visible; 
} 
 
.nobackface { 
    -webkit-backface-visibility: hidden; 
       -moz-backface-visibility: hidden; 
         -o-backface-visibility: hidden; 
            backface-visibility: hidden; 
}

6.1.5　CSS变换属性汇总

Ԩব߃ࡥ CSS ᆩᇀྺڦࠃ༵ HTML ᇮ໎ཁे 3D Վ࣑ຌႠă՗ڦࡕၳ 6-2 对ኄၵຌႠ৊ႜ

କࣹጺă

表6-2：CSS变换属性

属　　性 描　　述

transform ๑ᆩᅃ߲ई݆ݛ߲ܠઠ༵ࠃՎ࣑（见՗ 6-1）

transform-origin ኸۨ໯ᆶՎ࣑ڦᇱۅ（ఐණǖ50%, 50%, 0）

perspective ኸۨᆩ CSS ਐ૗ڇ࿋՗๖ڦཪ视ศ܈（ఐණǖ0 = ࿮ཪ视）

perspective-origin ኸۨ xy ፖՔဣዐཪ视ڦၩ฿ۅ

transform-style ኸۨᅃ߲ 3D ᇮ໎پࢫڦᇮ໎๟ᅜ平面࣏๟ 3D ఇ๕៺ක

backface-visibility ኸۨᅃ߲ԝ对ೡటڦ 3D ᇮ໎๟ޏԥ៺ක

ኟස࿢்ੂڦڟఫᄣǈCSS Վ࣑༵ࠃକᅃ߲ྺᄻ面ᇮ໎ཁे 3D ཰০ăCSSٷഽڦࡕၳ Վ

࣑ሞ঳ࣃۯࢅ܉ࡗࢇઠظॺۯༀၳࣷࢪ้ڦࡕ߸ेഽٷă

Ԩবዐڦ๖૩ڟڥକ David DeSandro ٶĐ24 Waysđ（૩සǈۅዸఁձਜ਼በڦ

ڦವᆷేۯ 24 ዖٷڦ（݆ݛ૰ኧ׼ăDavid ੄਼ںሎႹ࿢对໱߾ڦፕࡕׯ৊

ႜ߀Պă֖੊໱ྪበฉڦ๖૩ᅜतഄ໱࿔ቤǈକ঴߸࠲ܠᇀ CSS 3D ႑တăڦ

6.2　CSS过渡

CSS ăCSSࣅՎںሎႹຌႠໜ้क़ॷ৊܉ࡗ ڦࡗڟૌຼᇀ࿢்ሞฉᅃቤዐੂ׉ݥ܉ࡗ

Tween.js ڦዺႠޤࢆǈփႴᄲඪڦ๟៓બഗాዃࡕցक़ă඗ܸǈኄၵၳڦ JavaScript ੰă

CSS ڦຕܠ੗ᅜᆩᇀ࣏܉ࡗ CSS ຌႠࣃۯǖwidthĂpositionĂcolorĂz-indexĂopacity ǈڪ

ሞᇀ๑ᆩۅጀ࠲ڦኄ૛࿢்ڍ CSS ઠํ၄ 3D ຌႠࣃۯڦă

एԨڦ CSS ᇕ݆සူǖ܉ࡗ

transition : property-name duration timing-function delay-time;

߳ၜຌႠࡤڦᅭසူă

• property-name

॰ጴ࠲ǈ׬ຌႠఁڦᆌᆩ܉ࡗ all ՗๖܉ࡗॽᆌᆩᇀඇևׂิՎڦࣅຌႠǈܸ࠲॰ጴ
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none ՗๖܉ࡗॽփᆌᆩᇀඪࢆຌႠă

• duration

ᅜ௱ईࡹ௱ྺڇ࿋้ڦक़ኵǈኸۨ׊้܉ࡗă

• timing-function

ᆩᇀڦࣃۯ܉ࡗցक़ࡧຕఁă໲੗ᅜ๟ linearĂeaseĂease-inĂease-outĂease-in-

out ई cubic-bezier ዐڦඪᅪᅃዖă

• delay-time

ኸۨ܉ࡗਸ๔ኮമ้ڦځڪक़܈׊（ᅜ௱ईࡹ௱ྺڇ࿋）ă

transition ํाฉ๟຺߲܀૬ڦ CSS ຌႠڦ०ႀǈኄ຺߲ຌႠݴ՚๟ transition-

propertyĂtransition-durationĂtransition-timing-function ࢅ transition-delayăඟ࿢

்ཚࡗᅃ߲๖૩ઠੂੂ໲்๟ස߾ࢆፕڦăٶਸ࿔ॲ Chapter 6/css3dtransitions.htmlǈස཮

6-8 ໯๖ă࿢்੗ᅜੂڟଇ߲ਸ਼ೌăۅऍഄዐඪᅪᅃ߲੗ᅜॽഄ݋ገڟଷᅃ面ǈኄ૛๑ᆩ

କฉᅃব঻ถڦມ面रຍă݋ገ׼܉ࡗჄକଇ௱้ڦक़ǈӵໜൟྲڦॷ෇ॷ؜ăਸ਼ೌڦჿ

෥ᄺཞ้ᆯᇱԨڦӁ൞෥（DarkCyan）Վྺূࣜ෥（Goldenrod）ă඗ܸǈፑՉڦਸ਼ೌჿ෥

ໜጣ݋ገܸײࡗՎࣅǈܸᆸՉڦਸ਼ೌჿ෥ሶሞ݋ገ঳ຐ߀֍ࢫՎă

CSS 3D

图 6-8：使用 CSS 过渡来进行属性动画（另见彩插图 6-8）

ူ面ڦ HTML ዷڦԝ面ăଇ߲ਸ਼ೌࢅኟ面ڦ๕ۨᅭକ௅߲ਸ਼ೌݛڦஓᆩૌຼپ

ᄲ൶՚ሞᇀፑՉڦਸ਼ೌ๑ᆩକ CSS ૌ easeAll2sec ܸᆸՉڦਸ਼ೌ๑ᆩକ CSS ૌ

easeTransform2secColor5secDelayă࿢்ฎࢫॽࣷੂڟኄଇ߲ૌپڦஓă

<div id="transition1" class="container perspective "> 
    <div class="legend"> 
    All Properties 
    </div> 
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    <div class="code">transition:all 2s;</div> 
    <div class="cardBorder"> 
        <div id="front1" 
          class="card nobackface frontside clickable easeAll2sec"> 
        FRONT 
        </div> 
        <div id="back1" 
          class="card nobackface backside clickable easeAll2sec">  
        BACK 
        </div> 
    </div> 
</div> 
 
<div id="transition2" class="container perspective "> 
    <div class="legend"> 
    Individual Properties 
    </div> 
    <div class="code">transition:transform 2s, 
          background-color 5s linear 2s;</div> 
    <div class="cardBorder"> 
        <div id="front2" 
class="card nobackface frontside clickable easeTransform2secColor5secDelay">  
        FRONT 
        </div> 
        <div id="back2" 
class="card nobackface backside clickable easeTransform2secColor5secDelay"> 
        BACK 
        </div> 
    </div> 
</div>

ă࿢்ᆩۯऍ๚ॲઠൻۅᆯ຋Քࡕၳ jQuery ઠྺ௅߲ਸ਼ೌڦኟ面ࢅԝ面ཁेۅऍၚᆌت

૙ײႾă໲๑ᆩᅃ߲քܻኵઠጕጷਸ਼ೌړമ၂๖ڦ๟నᅃ面ǈժߵ਍Ⴔᄲཁेईᅎأ flip

ࢅ goGold ૌăflip ๑ਸ਼ೌ჉ገକ 180 ǈgoGold܈ ॽჿ෥ยዃྺূࣜ෥（Goldenrod）ăසࡕ

ுᆶยዃ CSS ǈ໲்৽ࣷٗᅃ߲ጒༀໜ้क़ࢫኮ܉ࡗᆶକڍ૬नิၳǈࣷࣅǈኄၵՎ܉ࡗ

平ںࣂՎڟࣅଷᅃ߲ጒༀă

<script type="text/javascript"> 
 
    var front1 = true; 
    var front2 = true; 
    $(document).ready( 
            function() { 
                $('#transition1 .clickable').click(function(){ 
                    // alert("Clicked"); 
                    if (front1)  
                    {  
                $('#front1').addClass('flip'); 
                $('#back1').addClass('flip'); 
                $('#front1').addClass('goGold'); 
                $('#back1').addClass('goGold'); 
            }  
            else  
            { 
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                $('#front1').removeClass('flip'); 
                $('#back1').removeClass('flip'); 
                $('#front1').removeClass('goGold'); 
                $('#back1').removeClass('goGold'); 
            } 
 
            front1 = !front1; 
        }); 
 
        $('#transition2 .clickable').click(function(){ 
            if (front2)  
            { 
                $('#front2').addClass('flip'); 
                $('#back2').addClass('flip'); 
                $('#front2').addClass('goGold'); 
                $('#back2').addClass('goGold'); 
            }  
            else  
            { 
                $('#front2').removeClass('flip'); 
                $('#back2').removeClass('flip'); 
                $('#front2').removeClass('goGold'); 
                $('#back2').removeClass('goGold'); 
            } 
 
            front2 = !front2; 
        }); 
 
      } 
 
    ); 
 
</script>

ኄ߲๖૩ڦ CSS ஓ੗ᅜሞ࿔ॲپ css/css3dtransitions.css ዐቴڟǈ૩ 6-6 ଚ؜କኄၵپஓă

ਸ਼ೌڦኟ面ࢅԝ面ᆯૌ frontside ࢅ backside ዐۨᅭڦփཞ჉ገঙ܈ઠඓۨǈ঳ࢇૌ

flipǈ໲்ཚࡗ჉ገ 180 ገਸ਼ೌăgoGold݋ઠ܈ ૌᆩᅜՎ࣑ᇮ໎ԝৠჿ෥ྺূࣜ෥ăᆩٚ

体Քڦ؜ଇ߲ૌۨᅭକଇ߲փཞ܉ࡗڦăeaseAll2sec ຌႠཁڦࣅǖ໲ྺ໯ᆶՎڇ०׉ݥ

ेକᅃ߲Ԉࡤൟྲॷ෇ॷ؜（๑ᆩఐණڦ ease ኵ）Ă้ྺ׊ଇ௱܉ࡗڦă

easeTransform2secColor5secDelay ሶްሗᅃၵă໲ํाฉԈࡤଇ߲܉ࡗǈᅃ߲ᆩᇀՎ࣑ܸ

ଷᅃ߲ᆩᇀԝৠ෥ǈ໲்ᆩ߰ࡽۺਸăՎ࣑܉ࡗڦᇑ easeAll2Sec ዐྜڦඇ၎ཞǈ๟ᅃ߲

Ԉࡤൟྲॷ෇ॷڦ؜ଇ௱้܉ࡗڦ׊ăԝৠჿ෥܉ࡗڦሶྜඇփཞǖ໲๟ᅃ߲ሞଇ௱ዓڦ

ཕାኮࢫ֍ਸ๔ኴႜڦĂ׼Ⴤ 5 ௱ڦ၍Ⴀჿ෥֭ኵǈ๑ᆩକ܉ࡗຌႠ（transition）ڼڦ

຺߲֖ຕǈdelay timeă

例 6-6：ۨᅭ CSS ܉ࡗ

.frontside { 
    -webkit-transform: rotateY(0deg); 
       -moz-transform: rotateY(0deg); 
         -o-transform: rotateY(0deg); 
            transform: rotateY(0deg); 
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...  
} 
 
.backside { 
    -webkit-transform: rotateY(180deg); 
       -moz-transform: rotateY(180deg); 
         -o-transform: rotateY(180deg); 
            transform: rotateY(180deg); 
...  
} 
 
.frontside.flip { 
    -webkit-transform: rotateY(-180deg); 
       -moz-transform: rotateY(-180deg); 
         -o-transform: rotateY(-180deg); 
            transform: rotateY(-180deg); 
} 
 
 
.backside.flip { 
    -webkit-transform: rotateY(0deg); 
       -moz-transform: rotateY(0deg); 
         -o-transform: rotateY(0deg); 
            transform: rotateY(0deg); 
} 
 
.goGold { 
    background-color:Goldenrod; 
} 
 
.easeAll2sec { 
    -webkit-transition:all 2s; 
       -moz-transition:all 2s; 
         -o-transition:all 2s; 
            transition:all 2s; 
} 
 
.easeTransform2secColor5secDelay { 
    -webkit-transition:-webkit-transform 2s, background-color 5s linear 2s; 
       -moz-transition:-moz-transform 2s, background-color 5s linear 2s; 
         -o-transition:-o-transform 2s, background-color 5s linear 2s; 
            transition:transform 2s, background-color 5s linear 2s; 
}

Ԩবৈৈภतକ CSS ೄறăሞۅᅃڦ܉ࡗ Microsoft CSS ਸ݀ጆॆ Kirupa 

Chinnathambi .ձਜ਼ฉ（http://www.kirupa.com/html5/all_about_css_transitionsڦ

htm）ǈᆶᅃೊ࠲ᇀኄ߲ຌႠڦᆫႯ࿔ቤă

ॺظ࿢்ၙᄲࡕăසࡕၳْڇڦڇॺ०ظৈ၌ᇀڍǈ݆ݛڇ०ڦࡕॺၳظ๟ᅃ߲ᆩઠ܉ࡗ

ްሗܓڦଚࢅთ࣍ǈఫ஺Ⴔᄲ๑ᆩଷᅃၜ CSS3 रຍǖCSS ăࣃۯ
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6.3　CSS动画

CSS କᅃ߲Բࠃ༵ࣃۯ CSS ڦӄăၟฉᅃቤ঻ถݛࣃۯڦඇ面ྺ߸܉ࡗ 3D ᅃࣃۯ॰ኡ࠲

ᄣǈCSS ຕĂჽ้ᅜतთ࣍ăඟ࿢ࡧۯĂ࣐׊้ࣃۯຌႠઠ੦዆ࢅ॰ኡ࠲૧ᆩᅃဣଚࣃۯ

்ઠੂੂᅃၵ๖૩ă

ਸ࿔ॲٶ Chapter 6/css3danimations.htmlăేࣷੂڟෙ߲ਸ਼ೌăۅऍ໲்ઠ݀ةփཞࣃۯڦ

（཮ 6-9）ăፑฉڦਸ਼ೌ৊ႜକᅃ߲०ྷڦڇජ y ዡ჉ገࣃۯْڇڦăᆸฉڦਸ਼ೌዘް৊ႜ

ፑᆸࣤࣃۯڦۯăူڦݛਸ਼ೌĐݧđഐઠժၠᆸᅎۯǈሞᅎײࡗۯዐ๔ዕྷජ y ዡ჉ገă

CSS 3D

图 6-9：CSS 3D 动画

ᆩᇀظॺڦࣃۯ CSS ڦ॰ኡຕ਍࠲ॺظǖᅃ߲ᆩᇀݴଇ߲ևྺݴ CSS ڦஓ੷پ @keyframe

ຌႠăܠႹڦᇮ໎ฉ߲ڇሶǈᅜत੗ۨᅭᇀࡀ

• animation-name

ᅃ߲ᆯ @keyframe ᇸăڦ॰ኡຕ਍࠲ఁጴǈᆩᇀፕྺڦࢇ॰ኡण࠲ڦሶۨᅭࡀ

• animation-duration

ኸۨ׊้ڦࣃۯǈᅜ௱ईࡹ௱ྺڇ࿋ă

• animation-timing-function

ǈ੗ᅜ๟׬ຕఁࡧۯ࣐ڦࣃۯ॰ኡ࠲ linearĂeaseĂease-inĂease-outĂease-in-out

ई cubic-bezier ዐڦඪᅪᅃ߲ă

• animation-delay

ኸۨࣃۯਸ๔മڦځڪᅃ้܎क़（ᅜ௱ईࡹ௱ྺڇ࿋）ă
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• animation-iteration-count

ኸۨࣃۯխْڦݣຕăఐණྺ 1ă࠲॰ጴ infinite ᆩᇀۨᅭᆦ৳თ࣍ࣃۯڦă

• animation-direction

ਦۨࣃۯ๟ኟၠĂ࣏ၠݒ๟ኟၠݒ঍༺խݣă੗჋ڦኵᆶ normal（ኟၠ）Ăreverse（ݒ

ၠ）Ăalternate（ኟၠݒ঍༺）ǈᅜत alternate-reverse（ኟၠݒ঍༺ǈံၠݒխݣ）ă

࿢்੗ᅜᆩ CSS ຌႠ०ႀ animation ॽമ面໯ᆶڦຌႠၟူ面ኄᄣ঳ࢇഐઠǖ

animation: name duration timing-function delay iteration-count direction;

཮ 6-9 对ᆌ๖૩ڦ CSS ஓ੗ᅜሞ࿔ॲپ css/css3danimations.css ዐቴڟă૩ 6-7 ቌ୤ቛ๖ڦ

କഄዐڦዘᄲೌ܎ă࿢்๑ᆩ @keyframe ሶࡀ kfRotateY ࢅ kfRotateMinusY ઠยዃ࠲॰ኡ

ǈkfShake（჉ገڦኟ面ڟԝ面ᅜतٗԝ面ڟ՚ᆩᇀਸ਼ೌٗኟ面ݴ） ᆩᇀࣤࣃۯڦۯǈkfFly

ᆩᇀݧၖࣃۯڦă࿢்ྺ௅߲ݴࣃۯ՚ۨᅭକփཞڦૌǈ๑ᆩକփཞ֖ڦຕăanimRotateY

ࢅ animRotateMinusY ૌۨᅭକඟᇮ໎ජ y ዡ჉ገڦ࿮၌၍Ⴀ֭ኵࣃۯăኄၵۼࣃۯཚࡗ०

॰ኡຕ਍ઠۨᅭă࠲ڦ঳ຐጒༀڟ՗๖ٗਸ๔ጒༀڦڇ

kfShake ૌሶ߸ްሗᅃၵǖ໲๑ᆩକݴ՚࿋ᇀ 0%Ă25%Ă50% ࢅ 100% ้ਗ਼࠲຺߲ڦ॰ኡ

ຕ਍ǈઠۨᅭ x ࢅ y 平ᅎǈᅜतྷජڦฉၠݛ z ዡڦ჉ገăፌࢫǈkfFly ૌ߸ྺްሗǈ໲ሞ

ࢅຕǈժ֑ᆩକኟၠࡧෙْԞ෗ܻ֭ኵڦ॰ኡዐۨᅭକᅃဣଚ平ᅎǈ๑ᆩକᅃ߲ጲۨᅭ࠲

ăkfFlyݣ঍༺խڦၠొ ৈৈۨᅭକᇮ໎ݧڦႜୟ০Ǘ໲ኮ໯ᅜ՗၄؜Đಆۯ؇Ӿđڦ视

ਥၳࡕǈ๟ᅺྺᇮ໎ԥۅऍ้ཁेሞᇮ໎ኟ面 / ԝ面ڦ animRotateY ૌࢅ animRotateMinusY

ૌăᅺُǈํाฉڹևڦਸ਼ೌᆌᆩକഴ༫ࣃۯă

例 ڦࣃۯ॰ኡ࠲ॺظ：6-7 CSS ำ௽

@-webkit-keyframes kfRotateY { 
  from { 
    -webkit-transform: rotateY(0deg); 
  } 
 
  to { 
   -webkit-transform: rotateY(360deg); 
  }  
} 
 
.animRotateY 
 { 
  -webkit-animation-duration: 2s; 
  -webkit-animation-name: kfRotateY; 
  -webkit-animation-iteration-count: infinite; 
  -webkit-animation-timing-function:linear; 
} 
 
@-webkit-keyframes kfRotateMinusY { 
  from { 
    -webkit-transform: rotateY(-180deg); 
  } 
 
  to { 
   -webkit-transform: rotateY(180deg); 
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  }  
} 
 
.animRotateMinusY 
 { 
  -webkit-animation-duration: 2s; 
  -webkit-animation-name: kfRotateMinusY; 
  -webkit-animation-iteration-count: infinite; 
  -webkit-animation-timing-function:linear; 
} 
 
@-webkit-keyframes kfShake { 
  0% { 
    -webkit-transform:translate3d(0, 0, 0) rotateZ(0deg); 
  } 
  25% { 
    -webkit-transform: translate3d(0, -20px, 0) rotateZ(20deg); 
  } 
  50% { 
    -webkit-transform: translate3d(0, 0, 0) rotateZ(-20deg); 
  } 
  100% { 
    -webkit-transform: translate3d(0, -20px, 0) rotateZ(-20deg); 
  }  
} 
 
.animShake  
 { 
  -webkit-animation-duration: .5s; 
  -webkit-animation-name: kfShake; 
  -webkit-animation-iteration-count: infinite; 
  -webkit-animation-timing-function:ease-in-out; 
} 
 
@-webkit-keyframes kfFly { 
  0% { 
    -webkit-transform:translate3d(0, 0, 0); 
  } 
  25% { 
    -webkit-transform: translate3d(100px, -100px, 20px0); 
  } 
  50% { 
    -webkit-transform: translate3d(200px, -200px, 40px); 
  } 
  100% { 
    -webkit-transform: translate3d(400px, -300px, 20px); 
  }  
} 
 
.animFly  
 { 
  -webkit-animation-duration: 2s; 
  -webkit-animation-name: kfFly; 
  -webkit-animation-iteration-count: 2; 
  -webkit-animation-timing-function:cubic-bezier(0.1, 0.2, 0.8, 1); 



130   ｜   第 6 章

  -webkit-animation-direction:alternate; 
}

ేᄺႹᅙঢ়ጀᅪڟǈanimRotateY ࢅ animRotateMinusY ዐڦ animation-iteration-count ຌ

Ⴀۼԥۨᅭྺ infiniteǈ඗ܸፑฉڦਸ਼ೌৈৈ჉ገକᅃْăኄ๟ᅺྺ jQuery ஓሞᅃْխپ

ă（ஓپڦ؜ᆩٚ体Ք）ࣃۯཕኹକࢫݣ

    $('#front1').click(function(){ 
        $('#front1').addClass('animRotateY'); 
        $('#back1').addClass('animRotateMinusY'); 
        setTimeout(function(){ 
            $('#front1').removeClass('animRotateY'); 
            $('#back1').removeClass('animRotateMinusY'); 
 
        }, 2000); 
        } 
    );

ኄၵૌยऺྺ࿮၌თ࣍ǈ๟ྺକްᆩሞփཞࡕၳࣃۯڦฉǈ૩ස໲்ᇑ animFly ૌ঳ࢇ

ሞںॽ໲்ۨᅭྺ࿮၌თ࣍ǈ࿢்੗ᅜൟ຿ࡗăཚࢪ้ڦ JavaScript ዐ੦዆໲்ڦਸ๔

ཕኹăࢅ

6.4　挑战CSS的极限

ظă඗ܸኄၵरຍཞᄣᄺ੗ᅜᆩઠۯᅎڦ๖૩ዷᄲणዐᇀ平面࿿体ڦణമྺኹǈԨቤዐڟ

ॺᆫႯڦ 3D ᆩࢽহ面ᇮ໎ᅜतՎ࣑ၳࡕǈڍ๟໲்ᇑ၄ৃڦᆴဥࢅഄ໱ඇ 3D ᆌᆩၳڦ

ՉহăԨቤ฻ڦਐ૗ăनՍසُǈᅃၵਸ݀ኁධ඗ሞ๬཮કቛኄၜरຍڦኮक़࣏ᆶᅃۨࡕ

ॽ঄ຎ࿢்৯৩੗ᅜᆩݴևڦူ CSS3 ڦ஺ᄣ๊؜ॺظ 3D ăࡕၳ

6.4.1　渲染3D物体

ሞമ面ڦबবዐ࿢்ੂڟǈྺକظॺມ面ڦՌ平࿿体ǈ࿢்Պႀକᅃၵ HTML ࢅ CSS پ

ஓăྺକظॺټศڦ܈࿿体ǈස૬ݛ体ǈ࿢்ॽڦܠ߸ݯࡼ৛૰ăႹܠ CSS3 ၎ڦ࠲በۅ

ቛ๖କ࠲ᇀසํࢆ၄ኄၵၳڦࡕᆫႯ๖૩ă཮ 6-10 ௮ࣼକᅃ߲ 3D ጱǈኄ߲࢈Ⴕెׂ೗ڦ

ፕ೗ᆯࡔڤਸ݀ኁ Dirk Weber ྺ໱ڦ HTML5 ਸ݀በۅ http://www.eleqtriq.com ॺăኄظ

ᆖƽڛڦǈժ੗ᅜ჉ገă໲ฯ዁ᆶႵెڹࢅۥĂଇ֨ĂࢫጱਏᆶമĂ࢈߲
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图 6-10：用 CSS 创建的可旋转 3D 物体（http://www.eleqtriq.com/2010/11/natural-object-rotation-
with-css3-3d/）

Codrops（ᅃ߲ Web ยऺࢅਸ݀ձਜ਼ǈhttp://tympanus.net/codrops/）ཷܓ৊ᅃօྊቛକኄ

ॺକᅃ߲ظ౒ǈ໱்߁ڦጱ࢈߲ 3D ඹǈాڦກዐ܁面ઠለހਸٶႵెກढቛ๖ăే੗ᅜڦ

࣏੗ᅜ݋ᄻăස཮ 6-11 ໯๖ă



132   ｜   第 6 章

图 6-11：3D 虚拟书籍展示（http://tympanus.net/codrops/2013/01/08/3d-book-showcase/）

ڦॺኄૌྜኝظ 3D ࿿体Ⴔᄲྺ௅߲面ظॺᅃ߲ई߲ܠ HTML ᇮ໎ǈժۨᅭႹܠ CSS ૌǈ

ཚ࣏׉Ⴔᄲᅃၵᆩᇀஇड੦዆ڦ JavaScriptă໲׉ݥઓవǈڍኄၵ౮૰ڦ঳ࡕ๟ኵڦڥă

ੂੂኄ૛޹ࢅ୤ዐஆଚڦ CSS 3D በۅăኄၵበۅዐܠڦຕበۼۅጲᆯݴၛ໲்ڦᇸپஓǈ

ኄྺ࿢்ڦ CSS 3D ăۅഐڦࡻ࢔କᅃ߲ࠃፕ༵ظ

6.4.2　渲染3D环境

६ᇀ CSS 3D एԨฉ๟एᇀ对ਈႚ࿿体֡ڦፕઠํ၄ڦǈ໲ੂഐઠփ໿੗ీԥᆩઠظॺ

วଣഄৣڦᆴဥ࣍ৣăܸସටవᅜዃ႑ڦ๟ǈᆈࡔਸ݀ኁ Keith Clark ፔڟକǈ໱๑ᆩ

JavaScript ࢅ CSS 3D Վ࣑ǈظॺକᅃ߲Ӂڼڦ߭ޅ࢒ᅃට׬พऍᄇ๖ă঳ࡕස཮ 6-12
໯๖ă
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图 6-12：用 CSS 3D 和 JavaScript 构建的第一人称射击演示（http://blog.keithclark.co.uk/creating-
3d-worlds-with-html-and-css/）

Clark ፕ೗ቛ๖କڦ CSS3 ੂഐઠփ੗ీํ၄ڦᅃၵ༬Ⴀǈฯ዁࣏Ԉઔ 3D Վ࣑ă

• 3D 几何体

CSS ৈৈ੗ᅜ֡ፕਈႚăڍ๟ړ࿢்ᅪ๎ڟኈኟڦ 3D ៺කဣཥཚ׉ᄺ๟एᇀॽ߲ܠ平

面ܠՉႚĊĊཚ׉๟ෙঙႚईኁ຺ՉႚĊĊፇׯࢇ߸ްሗڦႚጒઠ֡ፕ้ǈኄᅃۅժ

փీྺ׬ਆ၌ăཞᄣǈ࿢்੗ᅜ૧ᆩ PNG ཮ೌઠፕྺ຺߲ڇՉႚዐڦ alpha ཚڢቼቸǈ

Չႚăᆶକኄଇ߲༬ႠǈClarkܠڦਏᆶ߳ዖ剪ൎႚጒ؜ॺظܸٗ ৽੗ᅜ૧ᆩ CSS ઠظ

ॺᇶརĂഷኧĂพऍኁڦ๮ևǈᅜतഄ໱ݠኈڦ 3D बࢆ体ă

• 相机、导航和碰撞

CSS ኧ׼एԨڦཪ视ǈڍ Clark ၎ऐǈཞڦᅃ߲Ⴕెۯ਍॰ಎ๼෇ํ้ᅎߵࢆକස؜ၙ

้ཚࡗॽ྘ॆڦ࿋ዃཨᆖڟ 2D ຤平面ฉǈժᇑᅃ߲๮߾዆ፕڦ 2D ཮৊ႜԲডઠ܈ߛ

ऺ໙ಸጐă

• 灯光和阴影

CSS փኧ׼ᇮ໎ڦቷ௽ăྺକظॺݠኈ࠼ڦቷఇ႙ǈClark Ⴔᄲࠓॺ௅຺߲Չႚၠ݆ڦ

ଉǈሞ JavaScript ዐظॺႵె࠼ڦᇸǈሞᅃ߲ <canvas> ᇮ໎ዐ૗ೡ៺ක࿖૙ᆙพǈॽഄ

՗面ăڦ၍ቷଋ࠼ᅃ߲ԥ؜ॺظǈઠࢇ࿖૙ᆙพंإएࢅ

Ⴙܠਸ݀ኁժփᇼᅪஶ၃ඁၟ Keith Clark ᅃᄣ৊ႜఫ஺ްሗ߾ڦፕăၟኄᄣৣ࣍ڦසࡕ๑

ᆩ WebGL ૌຼࢅ Three.js ኄᄣੰڦઠٲॺǈࣷ׉ݥ०ڇă৑࠶සُǈኄ߲ၜణධ඗๟ᆩ

ᇀቛ၄ CSS3 ీ૰ڦĂ׉ݥᆫႯڦӄ૩ჺ৯ăසࡕထྭକ঴߸ܠ႑တǈ൩֖见 Keith Clark
对ኄ߲ၜణڦຫ௽（http://keithclark.co.uk/articles/creating-3d-worlds-with-html-and-css/）ă
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6.4.3　使用CSS自定义滤镜来实现高级着色器效果

గၵ៓બഗ๬ᄓႠںሎႹਸ݀ኁ๑ᆩ GLSL ጣ෥ഗᇕჾઠॽඪᅪڦ 3D ፕᆩᇀࡕၳ CSS ᇮ

໎ăኄၜᆯ Adobe ဣཥਸྊڦरຍԥྺ׬ CSS ጲۨᅭ୳৥（৹ྺ׬ CSS ጣ෥ഗ）ă཮ 6-13
ቛ๖କሞཁे CSS ጲۨᅭ୳৥Đ඼ዥđၳࡕኮമࢅኮڦࢫ DOM ᇮ໎ࡕၳڦăړ຋Քሞᇮ

໎ฉᅎ้ۯǈጣ෥ഗײႾ౦൸କፇׯᇮ໎၂๖ਈႚڦবۅǈ๑ۅۥሞ้܌क़ాׂิሏۯǈ

኱ڟ໲்ੂഐઠၟᅃቧዥәәڦኽă࠲ᇀ๑ᆩ CSS ጲۨᅭ୳৥ǈፌኵڥጀᅪݛںڦሞᇀǈ

ኄ߲ DOM ᇮ໎ాڦඹ๟Քጚڦ HTMLǖᅃၵټᄣ๕ڦ࿔ጴǈᅜतᅃቧ཮ၟăCSS ጲۨᅭ

୳৥ሎႹ Web ਸ݀ኁ؊ݴ૧ᆩ၄ᆶڦ HTML ኪ๎ǈظॺႎڦဌᆅᄅ൰ڦ঍ࡕၳࢻă

图 6-13：揉皱着色器，一个 CSS3 自定义滤镜；由 Altered Qualia 提供（http://alteredqualia.com/
css-shaders/crumple.html/）

CSS ጲۨᅭ୳৥๑ᆩକ GLSL ጣ෥ഗᇕჾڦᅃ߲ጱण（GLSL ES）ă໲एԨฉࢅ WebGL ዐ

๑ᆩڦ GLSL ES ၎ཞǈڍᆶᅃၵ׉ݥဦྲֶڦᅴă؜ᇀҾඇႠ੊୯ǈփሎႹ CSS ጲۨᅭ

୳৥኱থݡ࿚ᄻ面ᇮ໎ฉ໎ၟڦჿ෥Ǘ၎ݒǈ୳৥Ⴔᄲऺ໙؜ᅃ߲ंࢇ෥֒ǈ໲ፌዕॽፕ

ᆩᇀణՔၟ໎ǈᆩᇀऺ໙؜ፌዕڦჿ෥ăُྔǈ៓બഗ࣏ᅜඇਆՎଉڦႚ๕༵ࠃକᅃၵᇨ

ۨᅭڦኵǈසᆯᇮ໎ڦՔጚ CSS 3D ຌႠ（ኮമ࿢்༪ஃࡗ）ۨᅭڦ 3D Վ࣑ਈንăଷᅃ

߲ዘᄲֶڦᅴ๟ CSS ጲۨᅭ୳৥๟੗჋ڦǈܸሞ WebGL ៺කዐጣ෥ഗሶ๟ՂႴڦă

ጀᅪ CSS ጲۨᅭ୳৥࣏๟ᅃ߲ํᄓႠڦ༬Ⴀǈ໲ৈৈԥగၵ៓બഗኧ׼ă

ሞԨກႀፕ้ǈኄ߲༬Ⴀ࣏ᆶԥߥዃླڦ၃ǈᅺྺగၵට߸ൡၠᇀॽ DOM

ᇮ໎ፕྺ࿖૙ᆙพኝڟࢇ WebGL Քጚዐǈܸኄၜ߾ፕᄺൽڥକ၎ڦړ৊

ቛăሞُ೺क़ኄၜ༬Ⴀධԥ Chrome ໯ኧ׼ǈే੗ᅜཚࡗᅃ߲༬๺ڦంସ

ႜ（--enable-css-shaders）ઠਸഔ໲ǈईኁሞᆩࢽೋࡻยዃዐഔᆩ CSS

ጣ෥ഗă



CSS3：高级页面效果   ｜   135

6.4.4　用Three.js来渲染CSS 3D
नՍሞ 2014 ౎ǈႹ៓ܠબഗධ඗փኧ׼ WebGLǈԈઔ iOS ฉڦ Mobile SafariăᅺُႹܠ

ॺظरຍઠڦ࿢்Ⴔᄲ๑ᆩইपࢪ้ 3Dăኟසኮമ࿢்ᅙঢ়ੂڦڟఫᄣǈCSS3 ๟ഄዐᅃ

߲჋ስă඗ܸएᇀ CSS ઠ৊ႜศڦ܈ 3D ਸ݀Ⴔᄲ؜޲ܠ࢔હۯǈྫྫྺକظॺब߲ 3D
对象ǈ৽Ⴔᄲٷଉڦ CSS ૌࢅ HTML ᇮ໎ă

ፌ近ǈMr.doob ਸ๔ጣ๮ྺ Three.js ॺᅃ߲एᇀظ CSS ៺කဣཥăThree.jsڦ ፌ؜෥ڦᅃۅ

ሞᇀ໲੗ᅜ๑ᆩփཞ៓ڦબഗरຍઠ৊ႜ៺කăThree.js ࠃǈ໲༵ڦ๟֭ॲ๕ࠓ៺කॐڦ

କాዃڦ WebGLĂ2D CanvasĂSVG ᅜत CSS ៺කഗă

Three.js ڦ CSS ៺කഗ๑ᆩ CSS Վ࣑ઠ对࿿体৊ႜ平ᅎĂ჉ገᅜत໫ݣǈ໲๟ॽ঍ࢻ๕

ᄻ面ᇮ໎ᆙพڟ 3D ੣क़ዐڦ૙ၙݛӄăස཮ 6-14 ዐ௮ࣼକᅃ߲঍ࢻ๕ڦᇮ໎ዜ೺՗ă՗

ڦీࠀ๟ᅃ߲ਏԢྜኝۼᇮ߭ڇ௅߲ڦ߭ DIV Քധǈᅺُ໲੗ᅜᆩ HTML ઠ៺කժ๑ᆩ

CSS ઠཁेᄣ๕ăCSS ៺කഗ๟ྺਈႚĂ޷࿔Ԩ࿿体ظॺظႎႠքਆڦᆫႯ჋ስă

图 6-14：一个交互式的元素周期表，用 Three.js 创建，使用 CSS 3D 变换渲染（http://mrdoob.
github.io/three.js/examples/css3d_periodictable.html）

6.5　小结

Ԩቤჺ৯କᆩᇀظॺ 3D બഗాዃ៓ڦࡕၳ CSS3 ຌႠǖCSS Վ࣑ĂCSS ᅜत܉ࡗ CSS ۯ

๑ᆩࢆକසڟăేକ঴ࣃ CSS Վ࣑ઠॽ 3D 平ᅎĂ჉ገࢅ໫ݣᆌᆩᇀᇮ໎ǈժ๑ᆩईփ๑
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ᆩཪ视ઠ៺ක໲்Ǘཚࡗ DOM ֫प঳ࠓઠدխ 3D Վ࣑Ǘ੦዆ᅃ߲ᇮ໎ڦԝ面៺කă࿢

்๑ᆩ CSS ǈժ๑ᆩࡕၳࣃۯڦڇॺକ०ظ܉ࡗ CSS ăࡕၳڦॺକ߸ްሗظࣃۯ

CSS3 ॺظକᆩᇀࠃ༵ 3D ᆩࢽহ面ᇮ໎ࢅՎ࣑ၳڦࡕഽీٷ૰ǈڍ໲ժփ๢ࢇᆩઠࠓॺ၄

ৃᆴဥࢅഄ໱཮ႚ௢ण 3D ᆌᆩࡕၳڦăٗڍଷᅃݛ面ઠຫǈኄၵၳ׉ݥࡕඹᅟظॺǗ໲

்੗ᅜཚࡗ CSS ᅜณଉޤ JavaScript Ǘፌڦ๕ઠํ၄Ǘ໲்๟ੵ平໼Ăੵ៓બഗݛڦஓپ

ዘᄲڦ๟ǈ໲்๟៓બഗాዃڦ༬Ⴀǈኄ՗๖ే࿮Ⴔྺํ၄ኄၵၳࡕᆅ෇ੰڦྔܮăሞट

ณຕ൧઄ူǈၙړᄲ཈቟ CSS3 ڦଉٷट၌้ǈ࿢்੗ᅜ๑ᆩڦ JavaScript रേईᆅ෇ૌ

ຼ Three.js ኄᄣ੗ᅜᆩ CSS3 ઠ៺කੰڦă
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Canvas：通用2D绘图

ፌዕǈ3D ཮ႚᄲࣼ዆ڟ 2D ๑ࡕཪ视ၳࢅ܈సĂ平ӱᅜत๮ऐăศۉ平面ยԢฉǈԲසڦ

໲்ੂഐઠၟڥ 3Dǈ๑ڥగၵ࿿体ੂഐઠԲড近ĂగၵੂഐઠԲড远ăසࡕ࿢்ထྭ 3D
ాඹ๟঍ࢻ๕ڦǈఫ஺៺ක໏܈৽Ⴔᄲፁࠕ੺ǈ዁ณ௅௱ 30 ኡǈፌࡻ௅௱ 60 ኡă

WebGL ࢅ CSS3 ๑ᆩ GPU（၄ऺپ໙ऐࢅഄ໱ยԢዐጆோᆩઠت૙཮ႚڦᆘॲ）ઠํ၄

3D ํ้៺කă৑࠶ 3D ᆘॲे໏对ᇀ঍ࢻ๕ 3D ཮ႚઠຫटഄዘᄲǈڍ໲ժփ๟ՂႴڦă

๑ᆩ෉ॲ៺කཞᄣ੗ᅜظሰ؜ସට৚༒ڦ 3D 体ᄓă对ᇀ Web ᆌᆩઠຫǈ෉ॲ៺කᅪ࿆ጣ

๑ᆩ Canvas 2Dǈᅃ߲ሞ៓બഗዐ׉见ڦ 2D ཮ႚࣼ዆ APIă

ሞగၵׇৠူǈ࿢்Ⴔᄲ੊୯๑ᆩ Canvas 2D ܸփ๟ WebGLăᅃዖׇৠ๟ǈ৑࠶ WebGL
ǈᆮഄ๟׼平໼໯ኧۯႀፕԨກ้໲ժுᆶԥ໯ᆶᅎڍ೵तǈ࢔ iOS ڦ Safari ዐ 1ăሞኄၵ

平໼ฉǈ࿢்੗ᅜ๑ᆩ Canvas 2D ፕྺইपݛӄǈ৑࠶ኄ஺ፔ੗ీࣷᆖၚႠీईဎึࣃ

ዊăଷᅃዖׇৠ๟ǈ࿢்੗ీႴᄲኧۉ׼ଉᆶ၌ڦยԢǈԲසగၵ዇ీ๮ऐڦ GPU ׉ݥ

ॺᅃظक़ă࣏ᆶᅃዖׇৠ๟ǈ࿢்ၙᄲ้ࡵჄ׊෉ॲ៺කઠჽكǈ໯ᅜ࿢்Ⴔᄲ๑ᆩۉࡼ

߲०ڦڇ 3D ǈ๑ᆩࡕၳ WebGL ᆶۅ෫चᆩ౥ژǈܸ CSS ᆼփࠕഽٷăኄၵׇৠ߸๢ࢇ

๑ᆩ Canvas 2D ઠൽپ WebGLă

ሞԨቤዐǈ࿢்ॽჺ৯සࢆ๑ᆩ Canvas API ઠ៺ක 3Dǈᅜतසࢆ඄࢚Ⴀీࡕၳࢅă࿢்

࣏ࣷჺ৯ᅃၵت૙ 3D ຕბࢅ៺කڦਸᇸੰǈኄၵੰీඟ࿢்ጆጀᇀਸ݀ᆌᆩă

7.1　Canvas基础

೛ࡕሞ 2004 ౎๯ံᆅ෇ Canvasǈྺକሞ Dashboard ፇॲࢅ Safari ៓બഗዐኧߛ׼पহ面

ब౎ዐǈ໲ԥڦքăሞথူઠࣃཚᆩڦᅃ߲ࣼ዆཮ႚࠃፔ݆๟༵ڦਸ݀ă໲ڦ Mozilla ڦ

ጀ 1ǖiOS 8 ዐᅙঢ়ኧ׼ăĊĊᅳኁጀ
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Gecko ᆅ൤Ăഄ໱एᇀ WebKit ᆅ൤៓ڦબഗ（ස Chrome）໯ኧ׼ǈፌዕ೵तڟ໯ᆶኧ׼

HTML5 平໼ăࢅબഗ៓ڦ

ኮമࢅ Web Քጚዐࣼ዆ 2D ๐ଉ཮ႚڦ DOM ᇮ໎त SVG փཞǈCanvas ժுᆶሞՔധዐ

କᅃ߲ࠃႚጒᇮ໎ǈ໲༵ڦᅃဣଚࠦۨࠃ༵ API ઠඟ JavaScript ਸ݀ኁඪᅪࣼ዆ࢅག؊߳

ዖ཮ႚǈԈઔ኱၍Ă൸၍ĂܠՉႚࢅ࿔Ԩăܸ൐փཞᇀ DOM ࢅ SVGǈCanvas ๑ᆩକૌຼ

WebGL ࡤৠ཮ዐժுᆶԈׇڦఇ႙ăሞ៓બഗײࡗڦ Canvas ᇮ໎ాևాڦඹǈ໯ᅜᆌᆩ

ՂႷྼࡻࢺ໲ాևڦ对象ࣼࢅ዆֡ፕǈᅜՍሞዘࣼࢪ้ڦ๑ᆩ（Բසሞࣃۯዐ）ă

ඇ面ჺ৯ Canvas API ࢅକ૙঴ྺڍǈؑݔڦକԨກ؜ג 3D ၎ڦ࠲ Canvas ࣼ཮ǈ࿢்Ⴔ

ᄲ०ڇ঻ถᅃူ໲ڦएإኪ๎ă

7.1.1　Canvas元素和2D绘图上下文

HTML5 ۨᅭକᅃ߲ႎڦ DOM ᇮ໎ǖ<Canvas>ǈ໲ॽᄻ面ዐڦᅃ߲൶ᇘۨᅭྺ੗ࣼ዆ڦă

Canvas ᇮ໎ૌຼᇀ཮ၟᇮ໎ǖే੗ᅜ๑ᆩՔധظॺ໲ǈईኁ๑ᆩ DOM ዐڦ document.

createElement() APIăظړॺࢫࡻǈే੗ᅜ๑ᆩ CSS ઠ੦዆ Canvas ᇮ໎ڦᄣ๕ǈԲසย

ዃՉ઀ĂྔՉਐĂ࿋ዃڪǈฯ዁๑ᆩ܉ࡗཁेࡕၳࣃۯă

Canvas ᇮ໎ৈৈำ௽କᄻ面ዐڦగ߲൶ᇘᆩઠࣼ཮ăሞࣼ཮ࢪ้ڦǈేႴᄲཚࡗ上下文

（context）对象ࣼ዆ǈኄ߲对象༵ࠃକࣼ཮ڦ APIă对ᇀ Canvas ࣼ཮ǈ࿢்Ⴔᄲ๑ᆩ 2D
ฉူ࿔对象ǈܸփ๟ሞമबቤዐᆩᇀڦ WebGL ࣼ཮ڦ 3D ฉူ࿔对象ă

૩ 7-1 ቛ๖କසظࢆॺᅃ߲ Canvas ᇮ໎ժࣼ዆ᅃ߲ӣ෥ኟݛႚăሞ style Քധዐǈ࿢்ྺ

Canvas ᇮ໎ኸۨକ࢒෥ڦԝৠăሞ <body> Քധዐǈ࿢்ظॺକᅃ߲ᅜၟ໎ྺڇ࿋ኸۨߛ

੻ڦ <canvas> Քധăሞᄻ面 domready ࡗǈ࿢்ཚࢪ้ڦ id ൽڥ Canvas ᇮ໎ǈ඗ࢫཚࡗ

canvas.getContext("2d") इ2 ڥD ฉူ࿔对象ăړइڥฉူ࿔ࢫǈ࿢்ॽ໲ڦ fillStyle

ຌႠยዃྺӣ෥ǈ඗ۙࢫᆩ context.filleRect()ǈد෇ xĂy ፕྺፑฉঙڦፖՔۅǈᅜत

੻ǈઠག؊ᅃ߲ਈႚ൶ᇘăࢅߛ

例 7-1：एԨ Canvas ࣼ཮๖૩

<html> 
<head> 
<meta http-equiv="Content-Type" content="text/html; charset=UTF-8"> 
<title>Programming 3D Applications in HTML5 and WebGL &mdash;  
       Basic Canvas Example</title> 
 
</head> 
 
<style> 
    #basicCanvas { 
        background-color:Black; 
    } 
</style> 
<body> 
 
<canvas id="basicCanvas" width=500 height=500></canvas> 
 
</body> 
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<script src="../libs/jquery-1.9.1/jquery-1.9.1.js"></script> 
<script type="text/javascript"> 
 
    $(document).ready( 
            function() { 
 
                var canvas = document.getElementById("basicCanvas"); 
                var context = canvas.getContext("2d"); 
                context.fillStyle = '#ffffff'; 
                context.fillRect(125, 125, 250, 250); 
            } 
    ); 
 
</script> 
</html>

၂๖঳࢔ࡕᄅຄǈ൩ੂ཮ 7-1ă

图 7-1：使用 Canvas API 绘制一个正方形

ๆݴ०ڇӕă໲ᇑڼ 2 ቤڼࢅ 3 ቤڦ૩ጱੂഐઠၟ࢔ǈ඗ܸ໲ኻᆩକबႜ JavaScript ஓپ

（࿢ኮമຫࡗሞᄻ面ዐࣼ዆ 2D ཮ႚ࣏ᆶ߸०݆ݛڦڇǈ࿢փ๟ਸ྘ၲڦ）ăኄ߲૩ጱپڦ

ஓ੗ᅜሞ Chapter 7/canvasbasic.html ዐቴڟă

7.1.2　Canvas API的功能

Canvas 2D ฉူ࿔༵ࠃକᅃ߲एᇀ࠼ቆڦ APIăᄺ৽๟ຫǈࣼ዆๟एᇀၟ໎ڦ（ܸփ๟ഄ

໱཮ႚဣཥዐڦ๐ଉ཮ǈස SVG）ăසࡕᆌᆩႴᄲएᇀش口ٷၭ໫ݣ཮ႚǈ໲Ⴔᄲ๮تۯ

૙ă2D Canvas ڦ API ۙᆩ੗ᅜྺݴᅜူबዖă
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• 形状绘制

ਈႚĂܠՉႚᅜत൸၍ႚጒǈ੗ᅜ๟ག؊ڦईኻᆶՉ઀ă

• 直线和路径绘制

၍܎Ăࢷ၍ࢅԞ෗ܻ൸၍ă

• 图像绘制

ઠጲ཮ၟᇮ໎ईഄ໱ Canvas ࿋཮ຕ਍ăڦڪ

• 文本绘制

ག؊ई௮Չ࿔Ԩǈ๑ᆩߵ਍ CSS ᄣ๕ۨᅭڦ࿔ԨຌႠઠ੦዆࿔Ԩă

• 填充或描边

๑ᆩ CSS ᄣ๕ࢅॷՎڪઠག؊ई௮Չă

• 变换

2D Վ࣑ǈԈઔ平ᅎĂ჉ገĂ໫ݣᅜतඪᅪڦ 3ġ3 Վ࣑ਈንă

• 合成

੦዆ႎࣼ዆ڦ཮ႚࢅᅙᆶڦ Canvas ాඹසࢇंࢆă

཮ 7-2 ၂๖କۙᆩ߳ዖ Canvas API ਈႚĂᅃ߲௮ڦ؊ᅃ߲གڟă࿢்੗ᅜੂࡕၳڦࢫీࠀ

ՉڦਈႚĂག؊त௮Չڦ࿔ԨĂᅃ߲ག؊ܠڦՉႚ（ෙঙႚ）Ăᅃ߲ག؊൐௮ՉڦԞ෗ܻ൸

၍Ăᅃ߲࿋཮Ăᅃ߲๑ᆩ࿋཮ઠ৊ႜ平೬ڦᇶႚĂᅃཉች၍ǈᅜतᅃ߲ॷՎག؊ڦਈႚă

Canvas

图 7-2：Canvas API 的功能（另见彩插图 7-2）
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૩ 7-2 ቛ๖କኄ߲૩ጱዐڦ JavaScript ஓ（࿔ॲሞپ Chapter 7/canvasfeatures.html）ǈྺକ

०ࣅ࿢்ู୼କഄ໱Քധևݴă

例 7-2：ၘဦڦ Canvas ࣼ཮๖૩

function init() 
{ 
    image1 = new Image; 
    image1.src = '../images/parisi1.jpg'; 
 
    image2 = new Image; 
    image2.onload = function() 
    { 
        imagepattern = context.createPattern(image2, "repeat"); 
    } 
 
    image2.src = '../images/ash_uvgrid01.jpg'; 
 
    gradient = context.createLinearGradient(250,0,350,0); 
    gradient.addColorStop(0,"green"); 
    gradient.addColorStop(1,"blue"); 
} 
 
function run() 
{ 
    requestAnimationFrame(run); 
    draw(canvas, context); 
} 
 
$(document).ready( 
        function() { 
 
            canvas = document.getElementById("features"); 
            context = canvas.getContext("2d"); 
            init(); 
            run(); 
        } 
);

๯ံǈሞᄻ面 domready ቴֱࢪ้ڦ Canvas ᇮ໎ժइڥ 2D ฉူ࿔对象ǈ඗ۙࢫᆩ init()ǈ

ፌۙࢫᆩ run()ărun() एᇀ requestAnimationFrame() ઠํ၄ሏႜთ࣍ăࢅኮമڦኻࣼ዆

ᅃْڦ૩ጱփཞǈኄْ࿢்փ܏৊ႜዘࣼă࿢்ኄ஺ፔᆶଇ߲ᇱᅺǖ(1) ኄ๟߸ࢇޙኈํ

Canvas ᆌᆩڦ঳ࠓǈᅺྺాඹగၵ้ࣷࢪᆶࣃۯई၎ᆌڦᆩ֡ࢽፕǗ(2) ኄ૛ሞగၵኡዐ

Ⴔᄲኄ஺ፔǈᅺྺ࿢்Ⴔᄲॠ֪཮ၟ๟ޏᅙঢ়ेሜྜԹă࿢்Ⴔᄲڟڪ཮ၟेሜྜԹࢫ֍

ࣼ዆ǈਏ体ဦবࣷځॽ৊ႜ঻ถă

init() ǈሞᆸူঙࡕॺକଇ߲཮ၟᇮ໎ǈᅃ߲ፕྺ࿋཮ాඹǈଷᅃ߲ᆩፕॷՎၳظຕࡧ

ǈྺُǈሞेሜ཮ၟമཁࡕၳ؊ॺକᅃ߲གظ࿋཮߲ܾڼਈႚዐ৊ႜ平೬ă໲࣏एᇀڦ

ेକᅃ߲ onload ๚ॲت૙ഗăonload ๑ᆩฉူ࿔ڦ createPattern() ॺ平೬ăظຕઠࡧ

createPattern() ᆩăۙీ֍ׯ཮ၟेሜྜڟڪ࿋཮ຕ਍ǈ໯ᅜ࿢்ՂႷڦႴᄲᆶၳ݆ݛ

run() ምۙᆩጲमǗথጣǈࢪ้ڦຕํ၄କሏႜთ࣍ă๯ံǈ໲ඟ៓બഗሞူْ߸ႎዜ೺ࡧ

໲ۙᆩ draw() ઠํ၄ࣼ཮ădraw() ஓසူ໯๖ǖپڦ
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function draw(canvas, context) 
{ 
    context.clearRect(0, 0, canvas.width, canvas.height); 
 
    context.save(); 
    context.translate(50, 0); 
 
 ၭਈႚڦ؊෥གࢤ //    
    context.save(); 
    context.fillStyle = '#ff0000'; 
    context.fillRect(25, 25, 100, 50); 
    context.restore(); 
 
    // ศઢ෥௮Չڦၭਈႚ 
    context.save(); 
    context.strokeStyle = 'DarkBlue'; 
    context.strokeRect(250, 25, 100, 50); 
    context.restore(); 
 
    // ག؊࿔Ԩ 
    context.save(); 
    context.lineWidth = 1; 
    context.fillStyle = 'Black'; 
    context.font = '30px sans-serif'; 
    context.fillText('Fill', 50, 125); 
    context.restore(); 
 
    // 对࿔ጴ৊ႜ௮Չ 
    context.save(); 
    context.lineWidth = 1; 
    context.strokeStyle = 'Orange'; 
    context.font = 'italic 2em Verdana'; 
    context.strokeText('Stroke', 250, 125); 
    context.restore(); 
 
    // ᅃ߲ෙঙႚ 
    context.save(); 
    context.beginPath(); 
    context.fillStyle = 'Yellow'; 
    context.moveTo(75, 150); 
    context.lineTo(25, 225); 
    context.lineTo(125, 225); 
    context.lineTo(75, 150); 
    context.fill(); 
    context.closePath(); 
    context.restore(); 
 
    // ᅃཉག؊ڦԞ෗ܻ൸၍ 
    context.save(); 
    context.beginPath(); 
    context.strokeStyle = 'Green'; 
    context.fillStyle = 'LightBlue'; 
    context.moveTo(300,150); 
    context.bezierCurveTo(225,175,275,225,275,225); 
    context.bezierCurveTo(350,250,350,225,350,225); 
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    context.bezierCurveTo(350,175,300,175,300,150); 
    context.stroke(); 
    context.fill(); 
    context.closePath(); 
    context.restore(); 
 
    // ᅃ߲࿋཮ 
    if (image1.width) 
    { 
        context.save(); 
        context.drawImage(image1, 11, 250, 128, 128); 
        context.restore(); 
    } 
 
    // ᅃ߲ᆩ࿋཮ག؊ڦᇶ 
    if (image2.width) 
    { 
        context.save(); 
        context.strokeStyle = 'DarkGray'; 
        context.fillStyle = imagepattern; 
        context.beginPath(); 
        context.arc(300, 314, 64, 0, 2 * Math.PI, false); 
        context.scale(.5, .5); 
        context.fill(); 
        context.stroke(); 
        context.closePath(); 
        context.restore(); 
    } 
 
    // ᅃཉች၍ 
    context.save(); 
    context.strokeStyle = "rgb(128, 0, 255)"; 
    context.beginPath(); 
    context.lineWidth = 3; 
    context.moveTo(25, 450); 
    context.lineTo(75, 425); 
    context.lineTo(150, 475); 
    context.stroke(); 
    context.closePath(); 
    context.restore(); 
 
    // ᅃ߲ॷՎག؊ 
    context.save(); 
    context.fillStyle = gradient; 
    context.fillRect(250, 425, 100, 50); 
    context.restore(); 
 
    context.restore(); 
}

draw() ຕ၂๖କࡧ Canvas 2D API ăۅ༬Ⴀǈኄ૛࿢ॽഽۙᅜူबܠႹڦ

• context.clearRect() ԥᆩઠൣأ canvas ዐాڦඹăසࡕுᆶ໲ǈ཮ႚࣷփ܏ሞኮമڦ

ኡฉ۠ेă

• context.translate() ԥᆩઠᅎۯ໯ᆶໜࣼࢫ዆ڦ࿿体ڦ࿋ዃǈ໲ڦኵࣷཁेڟ໯ᆶഄ
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໱ࣼ཮֡ፕዐă

• ጀᅪڟ context.save() ࢅ context.restore() ࣼ߀ሎႹਸ݀ኁሞႪ݆ݛ๑ᆩăኄଇ߲ڦ

཮ጒༀമԍ٪ጒༀǈժሞࣼ዆঳ຐް࣬ࢫă໲ࣷԍ٪Վ࣑Ă௮Չࢅག؊ᄣ๕Ăጴ体Ă၍

๟੗ᅜԥాഴۙᆩۼ݆ݛጒༀă៓બഗ๑ᆩᅃ߲ቝઠԍ٪ኄၵጒༀǈ໯ᅜኄၵڪ܈੻܎

ᆶӻዺăᅃӯ൧઄ူǈ࿢்փထྭᅃ߲ࣼ཮֡׉ݥ࿿体ڦࠓă໲对ᇀࣼ዆ਏᆶْ֫঳ڦ

ፕᆖၚଷᅃ߲ࣼ཮֡ፕă඗ܸǈႴᄲጀᅪኄ߲֡ፕࣷټઠᅃۨڦႠీਸၨǈ໯ᅜሞ๑ᆩ

໲்ࢪ้ڦႴᄲၭ႐ă

• beginPath() ࢅ closePath() ୟ০ăCanvasڦ൸၍ࢅሎႹ࿢்ጲۨᅭች၍݆ݛ କᅃࢺྼ

߲ႵెڦԴ࿋ዃǈ࿢்ཚࡗ moveTo()ĂlineTo() ࢅ bezierCurveTo() ኄၵ݆ݛઠ੦዆໲ă

beginPath() ጒༀǈܸڦዘዃԴ݆ࣷݛ closePath() ፌਸ๔ۙࢅ࿋ዃڦമԴړሶॽ݆ݛ

ᆩ moveTo() ้Դڦ࿋ዃ૶ഐઠă

• ཮ၟࣼڦ዆๟ཚࡗ context.drawImage() ઠྜڦׯă࿢்Ⴔᄲځڪ཮ၟेሜྜࢫ֍ీࣼ

዆໲ǈܸኄཚ֪ࡗ๬཮ၟڦ੻܈փྺଭઠಒ܏ădrawImage() ٷڦຕ੗ᅜᅜ཮ၟԨวࡧ

ၭઠ৊ႜࣼ዆ǈईኁཚدࡗ෇ڼࢅ຺ڼ࿵߲֖ຕઠ੦዆໲ڦ੻ߛǈܸٗ৊ႜ໫ݣă཮ၟ

ཞᄣ੗ᅜԥᆩઠ平೬࿿体ǈ࿢்ڪ image2 ेሜྜۙࢫᆩ context.createPattern() ઠظ

ॺ平೬ၳࡕăཚࡗ໲ิڦׯ平೬对象ࣷԍ٪ڟ imagepatternՎଉዐǈ඗ࢫᆩઠ平೬ᇶႚă

ኄ߲૩ጱኻภत Canvas 2D ཮ႚࣼ዆ڦևݴ APIǈ໲࣏ᆶഄ໱ٷଉీࠀڦă๑ᆩ Canvas ៺
කᆶ໲ጲमڦႠీ࿚༶तፌॅํ७ǈڍ໲ᅙঢ়؜גକԨກؑݔڦă൩֖੊Ԩກ޹୤ઠକ঴

Canvas API ഄ໱႑တăڦ

7.2　使用Canvas API来渲染3D
മ面࿢்ბသକ Canvas 2D API ኪ๎ǈ၄ሞ࿢்੗ᅜਸ๔༪ஃ๑ᆩ໲ઠ៺කإएڦ 3D ဣ

ཥ้ڦ࿚༶ă৑࠶ᆶܠዖ݆ݛǈٷڍևݴ෉ॲ៺කํڦ၄ۼఇݠକᆘॲ៺කୁײǈံॽټ

ჿ෥ڦෙঙႚĂ၍ཉĂٗۅఇ႙（对象）੣क़Վ࣑ڟೡట੣क़ǈ඗ࢫም৊ႜࣼ዆ă

๑ᆩ 3D ᆘॲे໏ࢪ้ڦǈ࿢்ᆩ GLSL ጣ෥ഗپஓઠ৊ႜऺ໙ǈ໲ᆶഽాڦٷॺࡧຕǈ

ժ൐Պᅳྺሞ GPU ዐኴႜ֫ڹڦऐഗஓăڍසࡕுᆶ 3D े໏ᆘॲǈ࿢்৽Ⴔᄲံሞ

JavaScript ዐํ၄ኄၵऺ໙ǈ඗ࢫምӝฉࡻჿ෥൐Վ࣑ڦࢫࡻ࿿体ཚࡗ Canvas API ৊ႜፌ

ዕ៺කăኄၵऺ໙Ԉઔྼࢺ 3D बࢆ体ĂՎ࣑Ă࠼၍Ăጣ෥ǈᅜतॽ 3D ࿿体ཨᆖڟ 2D 视

口ฉăฉຎ߾ፕႴᄲٷଉऺڦ໙ǈनՍሞߛႠీڦऐഗฉᄺᆶڅ޶ٷ࢔ǈܸਸ݀ኁ໯ݯࡼ

స૰৽߸ᆩփ༵କăڦ

෉ॲ៺කഗཚࣷ׉ፔᅜူब߲߾ፕă

• 变换三角形ǈॽෙঙႚٗ࿿体੣क़Վ࣑ڟೡట੣क़ăኄႴᄲױᅜब߲ਈንǈਏ体视ׇৠ

ܠ߸ෙঙႚٗ๘হ੣क़（्ยுᆶഄ໱ڦฉǈ໲Ⴔᄲॽ࿿体܈၌گăሞፌܸۨ܈ሗްڦ

ڦೡటڟཪ视ཨᆖॽ໲Վ࣑ࡗཚࢫ၎ऐ੣क़ǈ඗ڟՎ࣑）Վ࣑ڦ 2D ੣क़ă

• 将三角形进行着色ǈኄႴᄲߵ਍ਏ体ڦ֌ዊઠۨăසࡕภत࠼ቷǈၠ݆ۅۥଉ࠼ࢅᇸۼ

Ⴔᄲభ෇৊ઠă๑ᆩ Canvas 2D API Ⴔᄲۯༀิׯ࿖૙ईॷՎઠظॺ࠼၍ၳࡕǈኄࣷݥ

ࡼ׉ CPUăසࡕ֌ዊᆶ࿖૙ǈ֌ዊ࣏Ⴔᄲ৊ႜࡗ୳Ăཪ视Ⴊኟᅜतഄ໱֡ፕઠඟ໲ੂ

ഐઠ平ࢅࣂ԰ኈăᆮഄ๟࢔వํ၄ํ้Ⴊኟཪ视ࡗࢅ୳ăేॽࣷሞူ面ڦ૩ጱዐ݀၄ǈ
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ᆌᆩዐڦ࿖૙ֶᅴٷ׉ݥă

• 将三角形进行排序ǈएᇀ໲ࢅ视口ڦਐ૗ăྺକඟ࿢்ׇڦৠੂഐઠኟඓǈ੍视口മ面

ෙঙႚăሞᆘॲे໏ဣཥዐ๑ᆩ深度ڦ面ࢫ៺කሞമ面ǈᄺ৽๟ຫᄲቼዿ޿ෙঙႚᆌڦ

缓存（depth bufferǈᄺԥྺ׬ z 缓存）ઠํ၄ǈ໲߶ጷ௅߲ၟ໎ۅᇑ၎ऐڦਐ૗ăศ܈

ۅઠऻ୤ኄ߲٪࣐܈ăሞ௅߲ፖՔฉᆶჿ෥࣐٪ǈཞ้ᄺᆶศڦჿ෥࣐٪๟ժଚࢅ٪࣐

૗၎ऐڦਐ૗ǈ៺කഗࣷሞࣼ዆ၟ໎ڟۅჿ෥࣐٪֪ࢪ้ڦ๬໲ăසࡕኄ߲ၟ໎ۅԲኮ

മሞศ࣐܈٪ዐऻ୤ڦ࿋ዃ߸近ǈ৽ࣼ዆໲Ǘසࡕփ๟ǈ৽փࣼ዆ă෉ॲ៺කबۼࢭு

ᆶศ࣐܈٪ǈᅺྺ໲໿቞ా٪କǈܸ൐ऺ໙ׯԨߛ࢔ăፕྺ༺پǈ໲்֑ᆩෙঙႚಇႾ

ǈۅዐ႐ࢇणڦ჋ስෙঙႚࣷ׉ཚۅăኄ߲܏࿋ዃઠ৊ႜಒڦۅਈႚగ߲ࡗǈཚ݆ݛڦ

փࡗᄺ੗ᅜ๑ᆩፌ近ईፌ远ڦ z ኵǈኄ૛ժுᆶՔጚڦፔ݆ă对ෙঙႚ৊ႜಇႾ๟෉ॲ

៺කዐፌᆖၚႠీڦևݴǈేࣷ݀၄ኝ体ਈႚڦຕଉਦۨକేڦႠీă

न๑ᅃ߲ߛዊଉڦ෉ॲ៺කํ၄঴ਦକ໯ᆶፆڔሞ໲മ面ڦ࿚༶ǈݒ਒؃៺ක（对࿿体ڦ

Չᇹ৊ႜ平تࣂ૙）࣏๟࢔వཚࡗ෉ॲํ้ፔڦڟǈ໲Ⴔᄲْܠ៺කᅃ߲࿿体ईኝׇ߲

ৠă๑ᆩ mipmapping ׉ݥԨׯ໙ऺڦ୳ࡗ୳（bilinear filtering）ઠ对֌ዊ৊ႜࡗມၠႠࢅ

࿖૙ੂഐઠ֢ٚ൐੓૭ጒ௽၂ă൩ੂ཮ڦዂ෉ॲ៺කڞǈኄߛ 7-3 ૩ጱăܸ൐ǈ࿋཮གڦ

૩සǈ对）܈໏ڦ؊ CSS sprite ઠຫ）ሞ෉ॲ៺කዐ远Բᆘॲዐ஥ă

图 7-3：基于软件渲染的纹理映射；转载已被许可

ଷྔǈෙঙႚಇႾ໚඗ሞᆶၵׇৠူ੗ᅜ༺پศ࣐܈٪ǈڍሞഄ໱ׇৠူࣷᆶ௽၂࿚༶ă

૩සǈړଇ߲ෙঙႚዘ۠ࢪ้ڦǈுᆶ݆ݛڦࡻ对໲்৊ႜಇႾă൩ੂ཮ 7-4ǈٗ၎ऐڦ视
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ঙੂǈෙঙႚ B ़ሞෙঙႚ A മ面ᄺሞෙঙႚڦ A 面ăᅃ߲෉ॲ៺කಇႾ໙݆ՂႷ჋ࢫڦ

ስన߲ෙঙႚሞമ面ǈ ᅜُྜඇቼዿଷᅃ߲ෙঙႚă঳ࡕ৽๟ǈړ࿿体၎对၎ऐᅎ้ڦۯ

ᆘॲ៺කዐᆦ远փࣷ݀ิăڦ٪࣐܈ઠईԥᆆ֠ǈኄሞ๑ᆩศ؜ෙঙႚཌڟੂܻ౾ǈేࣷࢪ

图 7-4：三角形的深度排序——三角形 A 的一部分比三角形 B 更靠近相机，但三角形 B 同样也有一

部分比三角形 A 更靠近相机，所以没有好的解决方案（图像来自 MSDN 关于深度排序的

文 章 http://blogs.msdn.com/b/shawnhar/archive/2009/02/18/depth-sorting-alpha-blended-
objects.aspx；转载已被许可）

࿢்੗ᅜੂڟǈሞీᆩᆘॲ៺කࢪ้ڦ๑ᆩ෉ॲ៺කժփ๟ᅃ߲૙ၙݛڦӄăइڥ၎ཞڦ

视ਥၳࡕतႠీन๑ᆶ੗ీǈᄺ׉ݥઓవă඗ܸ৑࠶ᆶႹాܠሞڦ၌዆ǈڍᅈ඗ᆶၵସට

৚༒ڦ౮૰ඁ๑ᆩ 2D Canvas API ઠظॺߛႠీ 3D ăࡕၳ

ब౎മǈᆈڦࡔ Jean dArc ॺକᅃ߲៓બظ Quake 3 ഗǈ໲๟एᇀੂֱڦ཮ںਸ਼࠲ 2D 
Canvas ă཮ڦ 7-5 ၂๖କ໲ڦপ཮ăే੗ᅜݡ࿚ http://www.zynaps.com/site/experiments/
quake.html ઠ׈๬ăႠీሞডႎڦԴऻԨฉ੗ᅜথ๴ǈ৑࠶࿖૙ᅺྺுᆶࡗ୳ੂഐઠ੓૭

ጒ௽၂ǈ࣏ڍ๟࢔փڦٱăኄኮമ๟ Chrome ํᄓዐᆩᇀቛ๖ 2D Canvas ీ૰ڦ૩ጱǈሞ

໲ਸ݀ࢪ้ڦ WebGL ࣏远փୁႜă৑࠶၄ሞ໲ڦዘᄲᅪᅭᅙঢ়ྺׯ૦๏ǈڍ໲ቛ๖କ

Canvas ీፔڦ๚൧ࢅ෉ॲ៺කरຍڦഽٷă

图 7-5：使用 2D Canvas API 渲染的 Quake 3 地图查看器（http://www.zynaps.com/site/experiments/
quake.html）；转载已被许可
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7.3　基于Canvas渲染的3D库

සኮമ༪ஃڦఫᄣǈ๑ᆩ Canvas ઠ៺ක 3D ᆶႹܠरຍ࿚༶ăྺକ׈๬঴ਦ໲ǈ؜၄କब

߲ੰǈԈઔ K3D（https://launchpad.net/canvask3d）ĂCango3D（http://arc.id.au/Canvas3DGra- 
phics.html）ĂNihilogic（http://www.nihilogic.dk/labs/canvas3d/） ᅜ त Three.js（https://github.
com/mrdoob/three.js/）ăሞԨবዐǈ࿢்ॽჺ৯໲்ዐڦଇ߲ǖK3D ࢅ Three.jsă

7.3.1　K3D
K3D ᆯᆈڦࡔ Kevin Roast（http://www.kevs3d.co.uk/dev/ǗTwitter ቭࡽ @kevinroast）໯ظ

ॺăKevin ๟ᅃ߲ UI ਸ݀ኁࢅ཮ႚҺࡻኁă৑࠶ K3D ࣏ሞਸ݀ራ೺ǈுᆶ Three.js ఫᄣ

ăٱփ׼ኧڦǈ对ᇀጣ෥ᇑ࿖૙ࡻ࢔໲ସටᆇ象ศਗ਼ăਏ体ઠຫǈ໲Ⴀీڍǈీࠀڦ޷ݿ

཮ 7-6 ቛ๖କ Asteroids [Reloaded] পೡǈ໲๟ᅃ੼एᇀڦ K3D ํ၄ڦঢ়ۆᆴဥăጀᅪڟჼ

็ฉ平ڦࣂጣ෥Ă࠼၍ǈᅜतߛ৛ဦڦ࿖૙ă

图 7-6：Asteroids [Reloaded]，一款基于 K3D 的 3D 游戏，使用 2D Canvas API 进行绘制（http://
www.kevs3d.co.uk/dev/asteroids/）

एᇀኮമሞ K3D ฉ߾ڦፕǈKevin ၄ሞ对 K3D ৊ႜକዘႀǈਸ݀କ Phoria（http://www.
kevs3d.co.uk/dev/phoria/）ăPhoria ᇀਸت໲ᅈ඗ڍत߸ྺཚᆩǈీࠀڦٷഽ߸ࠃ౷༵ࣷ׶

݀ራ೺ǈణമ໲ڦ૩ጱ࣏远փࠕဌᆅටă
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7.3.2　Three.js的Canvas渲染

़඗࿢்๑ᆩ Three.js ઠਸ݀Ԩກዐڦഄ໱૩ጱǈ੊୯๑ᆩ໲ઠፔएᇀ෉ॲڦ 3D ៺කᄺ

๟࢔ጲ඗ڦǈᆮഄ๟සࡕዷᄲణՔ๟对փኧ׼ WebGL ӄă๑ᆩݛ平໼ਸ݀ইपڦ Three.
jsǈ࿢்੗ᅜሞᆶཉॲ๑ᆩ WebGL ๑ᆩࢪ้ڦ WebGLǈሞுཉॲࢪ้ڦ๑ᆩ Canvasǈܸ

ኄփႴᄲႪ߀໿پܠஓă৑ٗ࠶ 3D ៺කൎ࣑ڟ 2D ៺කժփ๟ྜඇཪ௽ڦǈేႴᄲႀब

ႜپஓઠ؊ݴ๑ᆩ Canvas ៺කీࠀڦǈڍኄၵپஓփፁࠬ؃ă

Three.js ๑ᆩକ៺ක֭ॲڦॐࠓǈժጲټକ੗ᅜ኱থ๑ᆩڦ 2D Canvas ៺ක

ഗăኄժփସට৚ആǈᅺྺ Three.js ፌራ๟एᇀ Mr.doob ៺ක Flash 2D ཮

ႚ߾ڦፕǈ໯ᅜ๑ᆩ HTML5 Canvas ៺කഗ๟ᅃ߲ጲ඗ڦገՎă๚ํฉǈ

Canvas ៺කഗ࣏Բ WebGL ៺කഗ߸ራํ၄ă

Three.js ዐᆶᅃܑٷएᇀ Canvas ᆶबࡗփဌᆅටăփۼݴևٷ๟ǈ໲்ڦփ႞ڍ૩ጱăڦ

߲ኵڥሞኄ૛༵ᅃူăሞ Three.js ၜణڦᇸ࿔ॲዐǈٶਸ examples/canvas_geometry_earth.
htmlǈස཮ 7-7 ໯๖ăేࣷੂڟᅃ߲ټ࿖૙ᆙพڦ჉ገں൰ă໲ժփԲ WebGL ӲԨ೏ڦ

ଋǈ࣏ڍ๟࢔փڦٱăేፌ௽၂ִਥڦڟᆌ޿๟൰体փ๟ྜඇںകࢇǗኄ৽๟ຫǈுᆶ໿

൰ఫ஺ੲސܻߛժփၟ࠶ෙঙႚՉᇹă৑ڟੂࢪ้ڦਈႚઠࣼ዆໲ăే੗ᅜሞ჉ገڦܠ

ቧǈڍ໲࣏๟Բড֢ٚăᇱᅺ৽๟ෙঙႚಇႾăేՂႷ੦዆ෙঙႚڦຕଉǈᅺྺศ܈ಇႾ

ෙঙႚ๟ᅃ߲ፌณ O(NlogN) ᅪ࿆ጣಇႾ߸஥ăܠ߸ፕǈ໯ᅜෙঙႚ֡ڦ

图 7-7：使用 Three.js 的 Canvas 渲染器绘制的纹理映射地球

Canvas ៺ක࢔๢ࢇᆩઠፔ०ڦڇ 3D ඇৠ཮ăሞኄ૛࿢்ॽ༪ஃ៺ක 12 ߲ෙঙႚ（૬ݛ体

ాևᆶୃ߲面ǈ௅߲面Ⴔᄲ៺කଇ߲ෙঙႚ）ǈ໯ᅜෙঙႚຕଉժփ๟߲࿚༶ăٶਸ Three.
js ૩ጱዐڦ examples/canvas_geometry_panoramas.html ઠֱੂ 3D ඇৠၳࡕǈස཮ 7-8 ໯
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๖ă๑ᆩ຋Քઠ჉ገׇৠǈࡵڞഐઠ࢔平ࣂǈܸ൐ඇৠၳੂࡕഐઠփٱă

图 7-8：使用 Three.js 的 Canvas 渲染器绘制的全景图

Three.js ڦ Canvas ៺කཞᄣ෽ࣼ׊዆ٷଉ०ڦڇ 2D ڦՉႚǈසՌ平ܠ 2D ݣՉႚǈӦܠ

ሞ 3D ੣क़ዐăኄ๟ᅃ߲ظॺૌຼ૭ጱࣃۯኄᄣࢾดᄻ面ၳ݆ݛࡻڦࡕă཮ 7-9 ቛ๖କᅃ

߲૩ጱ（ᇸ࿔ॲ examples/canvas_particles_random.html）ǈړ຋Քሞೡటዐᅎࢪ้ڦۯǈᆶ

1000 ߲ໜऐڦ૭ጱሞ߶ጣۯăኄၵႚጒ๟Ռ平ڦǈڍ໲்ሞ 3D ੣क़ዐᅎۯăၙ象ᅃူǈ

සࡕ๑ᆩ CSS 3D Վ࣑ઠํ၄ኄ߲ၳࡕǈ1000 ๑ᆩڍă޶ᇮ໎ࣷඟ៓બഗփਾዘڦ૬܀߲

Canvas ৽࢔ൟ຿କǈܸएᇀ Three.js ৽߸ඹᅟظॺକă

图 7-9：使用 Three.js Canvas 渲染器渲染的 1000 个粒子动画



150   ｜   第 7 章

1. 如何使用Three.js的Canvas渲染器

ඟ Three.js ๑ᆩ Canvas ௴ᆶഄ໱ྲ࣏ڍ៺ක对象ăڦॺᅃ߲փཞૌ႙ظǈኻႴᄲڇ०࢔

૩ጱăሞഄዐǈ࿢்ࣷ༑໭ᅃၵڦڇፕăඟ࿢்ੂᅃ߲०֡ڦ Three.js Canvas ៺කഗࢅ

WebGL ៺කഗሞቛ๖ၳࢅࡕႠీฉڦփཞăፌࢫǈ࿢்ࣷሞํा૩ጱዐ֪๬ăሞኄኮമ

ᄇ๖ڦ૩ጱۼփࠕኈํǈ߸ၟ๟रຍᄇ๖ăඟ࿢்׈๬ཚܠࡗՉႚఇ႙त࿖૙ઠظॺᅃၵ

ਏ体ڦĂૌຼᆴဥڦ཮ႚă

཮ 7-10 ቛ๖କ๑ᆩ Three.js Canvas ៺කഗઠ዆ፕᆴဥࡕၳڦă໲๟ᅃ߲ᆩઠೠࠚ视ਥዊଉ

ਸ࿔ॲٶഗăሞ៓બഗዐੂֱڇ०ڦኡ୲ࢅ Chapter 7/threejscanvasmodel.htmlǈేࣷੂڟ

ሞᅃ߲०ڇ႓੣ԝৠฉ࣐஥჉ገڦෙ່໿੣ذăే੗ᅜ๑ᆩ຋Քઠ჉ገׇৠǈ๑ᆩࡐ୾ઠ

ऍۅࡗ໫ၭăే੗ᅜཚࢅٷݣ Animate ް჋઀ઠਸ๔ࢅཕኹࣃۯăኄ߲૩ጱ࣏ሎႹేൎ࣑

๑ᆩ Canvas त WebGL ઠ৊ႜԲডăඟ࿢்ံઠჺ৯ Canvas ӲԨăڦ

图 7-10：使用 Three.js 的 Canvas 渲染器来渲染模型；太空船模型来自 Turbosquid（http://www.
turbosquid.com/FullPreview/Index.cfm/ID/499274），作者是 gentlemenk（http://www.tur 
bosquid.com/Search/Artists/gentlemenk）

ጀᅪፑฉঙڦኡ୲ǈ໲تᇀ 20~23fpsăසేࡕཕኹࣃۯժׇٷݣৠǈඟᅃ່໿੣ٗذ视野

ዐၩ฿ǈేࣷ݀၄ኡ୲ࢮ඗ሺेڟକ 30fps ፑᆸăే੗ᅜም׈๬ඟ视野ዐኻ฻ူᅃ່໿੣

କڟǈేࣷ݀၄ኡ୲ذ 50fps ፑᆸǈฯ዁ 60fpsăኄൣညᄇ๖କ࿢்ኮമ༵ڦڟෙঙႚಇ

Ⴞ࿚༶ăᅺྺ Three.js ڦ Canvas ៺කഗுᆶศ࣐܈٪ǈ໯ᅜ໲Ⴔᄲ৊ႜෙঙႚಇႾăሁܠ

ǈThree.jsࢪ้ڦذኻੂ见ᅃ່ڟٷݣ࿢்ڍă܈ಇႾ໏ڦෙঙႚᅪ࿆ጣሁ஥ڦ ں௽ٓ࢔

ॽഄ໱࿿体ࢮ୼（༲أ）ۖକǈ໯ᅜ໲்փႴᄲ৊ႜෙঙႚಇႾăኄၵ໿੣ذఇ႙࢔ۼ०

ሀٷǈ௅߲ᆯڇ 1200 ߲ෙঙႚፇׯăኄ对ᇀ၄پᆴဥઠຫժփܠǈ໯ᅜኄ߲૩ጱຫ௽କ



Canvas：通用2D绘图   ｜   151

࿢்๑ᆩ Canvas ៺ක้ႴᄲবሀܠՉႚڦ๑ᆩࢆڟዖ܈ײă၄ሞઠੂੂ໲ڦ֌ዊă໿੣

ዖևॲǗ඗ܸǈ࿢்߳ڦዐذቷଋ໿੣޿ᇸǈ໲ᆌ࠼ԥቷଋକǈܸ൐ׇৠ࣏ᆶᅃ߲ۨၠذ

ժுੂڟఫ߲ၳࡕăThree.js ੗ᅜᆌᆩᅃၵ࠼ᇸǈ࢔ۼࡕၳڍएإǈ࿢்ժுᆶੂڟ࿿体

՗面ฉڦࣂ࠼ጣ෥ၳࡕăే੗ᅜ׈๬ᅃူ Three.js ዐڦഄ໱ Canvas ࠼ࢅǈઠੂੂ֌ዊࡕၳ

ᇸీፔڥሹᄣă

2. 比较Canvas渲染器和WebGL渲染器

၄ሞ࿢்ൎ࣑៺කഗઠ৊ႜԲডǈۅऍ WebGL ჋઀Ӏ౧ઠ๑ᆩڇڦ WebGL ઠ៺කׇৠă

ස཮ 7-11 ໯๖ă视ਥ对Բ׉ݥ௽၂ăሞ WebGL ӲԨዐǈ࿖૙ੂഐઠ࢔平ࣂǈᆮഄ๟࿿体

ሞ远ࢪ้ڦتǈܸሞ Canvas ӲԨዐ੓૭ጒ௽၂ăՉᇹݒڦ਒؃ᄺԲ Canvas ӲԨ߸े平ࣂă

ፌᆅටጀణֶڦ՚๟࠼ቷǈ࿢்੗ᅜൣ࠼ၠۨڟੂںؤᇸټઠߛڦଋၳࡕǈܸኄሞ Canvas
ӲԨዐ๟ுᆶڦăܸሞႠీݛ面ǈੂੂኡ୲ేࣷ݀၄नՍ໯ᆶ໿੣ۼذሞׇৠዐǈ໲ᅈ඗

࿘ۨԍ׼ሞ 60 fpsăኄժփସට׺৚ǈᅺྺ Three.js ኻႴፔ࢔ณ߾ڦፕăሞׇৠዐኻᆶณ

ຕब߲࿿体ǈܠՉႚຕଉփܠ൐࿖૙०ڇăबࢭ໯ᆶऺڦ໙ۼ๟ሞᆘॲዐྜڦׯ（ᄺ৽๟

ຫǈሞ Three.js WebGL ៺කഗాڦ GLSL ጣ෥ഗپஓዐ）ă

图 7-11：使用 Three.js WebGL 渲染器渲染的太空船

৑࠶ኄၵईႹੂഐઠ௮ࣼକᅃޗ๑ᆩ Canvas ፔ 3D ᆴဥڦਊෟࣃ面ă࿢்ሞ०ׇڦڇৠူ

৽ڟٳକኡ୲ڦट၌ǈ๑ڥ࿢்փڥփ对视ਥዊଉྉၹăڍኄ๟ԙ࠵ዷᅭ݆ੂڦăٗଷᅃ

߲ঙ܈ฉຫǈ࿢்ీࠕኻ๑ᆩ JavaScript ৽ሞᄻ面ዐظॺକฉഥ߲ټ࿖૙ڦෙঙႚǈኄᅙ

ঢ়࢔ସටঐӍକăසࡕ࿢்ਸ݀०ڦڇᆴဥǈժ൐੗ᅜظॺᅃዖሞਆ၌ཉॲ（૩සܠگՉ

ႚࢅᇨ៺කڦူ（࠼ᅝຍ߭ޅǈཞᄣ੗ᅜፔ؜ସට৚༒ڦ๚൧ă



152   ｜   第 7 章

ኻႴᄲबႜپஓ৽ీඟ Three.js ๑ᆩ Canvas ៺කഗăူ面ኄ߲૩ጱڦᇸஓ੗ᅜሞ Chapter 
7/threejscanvasmodel.html ዐቴڟă૩ 7-3 ஓپڦஓăጀᅪٚ体Քጀپڦॺ៺කഗظକ؜ߴ

ႜǈ࿢்ظॺକᅃ߲ THREE.CanvasRenderer ૌ႙ڦ对象ǈܸփ๟ WebGL ៺කഗă

例 ॺظ：7-3 Three.js Canvas ៺කഗ

function createRenderer(container, useCanvas) 
{ 
    if (useCanvas) { 
        renderer = new THREE.CanvasRenderer( {  } ); 
    } 
    else { 
        renderer = new THREE.WebGLRenderer( { antialias: true } ); 
    } 
 
    container.appendChild( renderer.domElement ); 
 
    // ยዃ视口ٷၭ 
    renderer.setSize(container.offsetWidth, container.offsetHeight); 
}

ᅃڋ Canvas ៺කഗظॺࢫࡻǈ࿢்৽ీᅜࢅ WebGL ၎ཞݛڦ๕ઠ៺කǖ

        // ៺කׇৠ 
        renderer.render( scene.scene, scene.camera );

对ᇀ०ڦڇ๑ᆩǈኄඓํ๟࿢்ྸᅃႴᄲ߸ڦ߀ᅃႜپஓăڍሞኄ߲૩ጱዐǈ࿢்࣏Ⴔᄲ

ፔଷྔᅃ߲๚൧ăThree.js ඟ࿢்੗ᅜཚࡗĐ܈ࡗđࣼ዆ෙঙႚ݆ݛڦઠํ၄०ڦڇՉᇹ

փڍăتࢇފڦ዆ᅃ߲ၟ໎ǈᆩઠᆆ֠ෙঙႚक़ࣼܠۼࢪ้ڦፔ݆๟ሞࣼ዆ڦ਒؃ǈ໲ݒ

႞ڦ๟ǈ࿢்փీሞ៺කഗዐยዃᅃ߲ antialias Քऻ（ሞ WebGL ዐ࿢்੗ᅜኄ஺ፔ）ǈ

ܸႴᄲሞ௅ᅃ߲֌ዊฉยዃăኄႴᄲሞఇ႙ेሜࢫՓ૦໲ڦ֌ዊǈ඗ࢫยዃ overdraw ຌႠ

ྺ trueăֱੂ૩ 7-4ă࿢்ሞ௅߲ఇ႙ेሜྜࢪ้ڦׯยዃକᅃ߲࣮ۙࡧຕăኄ߲࣮ۙࡧ

ຕࣷۙᆩఇ႙ዐڦ traverse() ዺޤڦă࿢்پࢫڦ࿚௅ׇ߲ৠ཮ዐݡࢫ৊ႜՓ૦ǈ඗݆ݛ

ຕࡧ processNodes() ံ֪๬对象๟ޏ๟ᅃ߲ྪ߭ǈසࡕ๟ࣆڦǈ৽ยዃྪ߭ฉڦ overdraw

ຌႠăኄ߲߾ڦྔܮፕᆶۅ஑ݑǈڍጺڦઠຫႴᄲፔڦ๚൧࣏๟փڦܠăኄଇتႪ߀৽๟

๑ᆩ Canvas ࢅ WebGL ៺කྸڦᅃ൶՚ă

例 7-4：Փ૦ׇৠዐڦ֌ዊ

function processNodes(n) 
{ 
    if (n instanceof THREE.Mesh) 
    { 
        n.material.overdraw = true; 
    } 
} 
 
function handleSceneLoaded(data, parent) 
{ 
    // ॽྪ߭ཁेݴڟፇዐ 
    parent.add( data.scene ); 
    data.scene.traverse(function(n) { processNodes(n) }); 
}
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7.4　小结

Ԩቤၘဦຫ௽କසࢆ๑ᆩ 2D Canvas API ઠํ၄ 3D ෉ॲ៺කă໯ᆶڦ HTML5 ៓બഗۼኧ

׼ Canvas APIăሞ०ڇ঻ถକ Canvas API ᅃڦǈ࿢்ჺ৯କ෉ॲ៺කዐࠦᆶࢫీࠀ዆ࣼڦ

ၵ࿚༶ǈԈઔՎ࣑Ăጣ෥ࢅศ܈ಇႾă࿢்ბသକएᇀ Canvas ڦ 3D ੰǈ༬՚๟සࢆ๑ᆩ

Three.js ڦ Canvas ៺කഗઠ༺پ WebGLăኄ૛面ᆶႹܠችዔǈᆮഄ๟Ⴀీࢅ视ਥԍኈݛ

面ăCanvas ڦକᅃ߲੗ႜࠃ༵ WebLG ๑ᆩׇৠူǈ੗ڦĂᆶ၌ڇӄǈᆮഄ๟ሞ०ݛپ༻

ᅜ๑ᆩ໲ઠፕྺփኧ׼ WebGL 平໼ฉڦইपݛӄă
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3D内容制作流程

ሞ Web ݀ቛڦራ೺ǈසేࡕኪڢසࢆႀՔധǈే৽๟ Web ాඹظڦॺኁă้ړுᆶ

Dreamweaver ኄૌ໯见न໯ڦڥՊडഗǈᄺுᆶ PhotoShop ኄૌൎ཮߾ਏăሞ้ړǈWeb
ాඹظॺڦਨٷև߾ݴፕۼᆯײႾᇵઠྜׯĊĊܸఫ้߲೺ڦ Web ᄺടടݒᆙ؜କኄ߲༬

෥ăࢫઠǈ෉ॲਸ݀ฆ்݀քକظॺ Web ాඹڦጆᄽՊड߾ਏăړኄၵ߾ਏୁႜഐઠኮ

पݯକၩڟ体ᄓዕᇀ༵ืڦ૴ྪࢻኰሴǈڦॺాඹظഐڅ׶ยऺ฾்ᄺደॷࢅǈᅝຍॆࢫ

຤平ăڦ

WebGL ਸ݀ኟሞঢ়૦ࢅራ౎ Web ૌຼڦᄇՎă޿रຍፌራ؜၄ڦब౎ዐǈాඹ๟ᆯײႾ

ᇵ૧ᆩ࿔ԨՊडഗ๮߾Պႀظॺڦǈईኁ๑ᆩీࠕቴڦڟገ࣑ഗॽഄ໱ 3D ߭๕ాڦඹገ

࣑ྺ WebGL ໯ኧ߭ڦ׼๕ăසࡕቴփڟ၄ڦׯገ࣑߾ਏǈఫ஺ྺକྜׯၜణǈే੗ీႴ

ᄲጲႜՊႀᅃ߲ă

႞ሏڦ๟ኄዖ൧઄ኟሞ੺໏ገՎăThree.js ഄ໱ࢅ WebGL ੰሞڞ෇ጆᄽ߾ਏظॺڦ 3D ా

ඹኄݛ面՗၄ڥሁઠሁഽٷăᄽহ࣏ഋ႐ၹ૰ظॺକጆࠃ Web ๑ᆩڦ 3D ࿔ॲ߭๕Քጚă

໚඗ٗኝ体ઠຫఇ๕ᅈ৹Բডᇱ๔ǈڍ对Բब౎മǈWebGL ాඹڦਸ݀੗ᅜຫᅙঢ়ٗٚ

ሁăੵڦđپĐ൞ཟ้ڦਏ߾କၠ዁ณᆶ੗ᆩׯđྜپĐ็ഗ้ڦݣ

Ԩቤ߃ࡥକ Web 3D ాඹڦਸ݀ୁײă๯ံǈ࿢்ࣷཚબాඹظॺײࡗڦăසేࡕ对 3D
体କ঴၄ৃٷᆶᆩăഄْ࿢்ࣷ׉ݥඹ对ేઠຫࣷాݴፕփຄဒǈఫኄևظ WebGL ၜణ

ዐ๑ᆩୁڦႜॺఇ߾ࣃۯࢅਏǈժศ෇ჺ৯ፌ๢ࢇᆩᇀ Web ਸ݀ڦ 3D ࿔ॲ߭๕ဦবăፌ

ǈ࿢்ࣷბသ๑ᆩࢫ Three.js ၜణፔጚԢăڦჄቤবࢫਏॽኄၵ࿔ॲेሜ৊ઠǈྺ߾ཚᆩڦ

8.1　3D内容创建过程

3D ాඹظڦॺภतᅃဣଚ܈ߛጆᄽڦࣅბ੔ă3D ಢჟڦݘ࠽ኝ߲ኰᄽิხႴᄲڦፕኁ߾
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ᅜत对ްሗظፕ߾ਏڦײୁࢅศ෇૙঴ăᅃఁ 3D ᅝຍॆཚ׉Ⴔᄲ޶ሴ໯ᆶڦ๚൧ǈԈઔ

ॺఇĂ࿖૙ᆙพᅜतࣃۯăڍᆶ้ࢪǈᆮഄ๟ሞԲডڦٷၜణዐǈට்ࣷ৊ႜ߾ݴă

3D ాඹظڦॺሞݛܠ࢔面ᇑ๑ᆩ Photoshop ई Illustrator ઠظॺ 2D ᅝຍፕ೗၎ૌຼăڍ

3D ࢅፕظ 2D ᅝຍፕ೗ظڦॺᆶᅃၵԨዊฉڦփཞăनՍే๟ᅃఁरຍටᇵǈٶేړ໙ਸ

݀ᅃ߲ 3D ၜణࢪ้ڦǈፌ࣏ࡻ๟对ԥڞ෇ڟၜణዐాڦඹײࡗ؜ׂڦᆶᅃۨڦକ঴ăࣉ

ጣኄ߲ణڦǈඟ࿢்ઠੂੂ 3D ాඹظॺײࡗዐڦएԨօየă

8.1.1　建模

ሞ 3D ఇ႙ظڦፕዐǈཚံ׉ᆯᅝຍॆࣼ዆ᅃ߲֥཮ă඗ࢫ๑ᆩॺఇ෉ॲԈॽ֥཮ገ࣑ྺ

3D ຕጴ՗၄ăఇ႙ཚ׉ᆩ 3D ๑ᆩ֌ዊࢫ၍઀཮ઠࣼ዆ǈ඗ࡗՉႚྪ߭ઠ՗๖ǈ๯ံཚܠ

ઠጣ෥ăኄ߲ײࡗԥྺ׬ 3D 建模（3D modeling）ăጆோٗ๚ኄၜ߾ፕڦටԥྺ׬建模师

（modeler）ă཮ 8-1 ௮ࣼକᅃ߲ᆯ Autodesk 3ds Max ఇ႙ă࿢்੗ᅜ຺߲ٗࢰְڇ०ڦॺظ

փཞڦ视཮޿ִ࠵ఇ႙ǖۥևĂፑՉĂമ面ࢅཪ视཮ă

图 8-1：3ds Max 中的 3D 建模，有顶部、左边、前面和透视图四个视图；图片版权为 Autodesk 所有，

来自维基百科词条（http://en.wikipedia.org/wiki/File:3dsmax_2010_800px.png）

8.1.2　纹理映射

纹理映射（texture mappingǈᄺྺ׬࿖૙ཌྷ཮）ǈᄺԥྺ׬ UV 映射（UV mappingǈᄺྺ׬

UV ཌྷ཮）ǈ๟ॽظॺڦࡻ 2D ໎֌ቛਸ޹ጣڟ 3D ࿿体՗面ฉײࡗڦăॺఇ฾ཚࣷ׉ጲम

৊ႜ࿖૙ᆙพǈڍሞԲডڦٷၜణዐǈཌྷ཮ኄၜኰሴ੗ీࣷԥ؜ݴࣄઠǈᆯጆோڦ贴图师

（texture artist）ઠ޶ሴă࿖૙ᆙพᅃӯᆯాॺሞॺఇ෉ॲԈዐڦ੗视߾ࣅਏઠޤዺྜׯă
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ኄૌ߾ਏඟཌྷ཮฾੗ᅜཚࡗ੗视ݛڦࣅ๕ॽ 2D ࿖૙཮߭ྪࢅዐ࠲ۅۥڦ૴ഐઠժᇨબၳ

ă཮ࡕ 8-2 ௮ࣼକ࿖૙ᆙพă཮ڦፑՉ๟࿖૙Ǘ঳ࢇ视཮ሞᆸူݛǈ੗ᅜੂڟ཮ೌຕ਍ޮ

኱ਥǈኻ၂๖କݒྵۅ࿖૙཮քਆᆶڦăጀᅪፑՉݛሞᆸฉࡕ࿋ዃฉǗᇨબၳڦۅۥሞ߃

ӷՉ૽ăኄ๟ᅺྺ对ᇀኄ߲࿖૙ᆙพઠຫǈፑᆸ૽๟ᅃᄣڦăኄ߲֧୼ሎႹཌྷ཮฾ሞডၭ

ဦবăܠ߸ઠሺेݴഄ໱ևڦຕ਍ǈժ൐๑ᆩ཮ೌڦܠ߸ݣ੣क़૛ڦ

图 8-2：纹理映射——一个 2D 图像包裹并映射到一个 3D 物体的表面；图片由 Simon Wottge 提供

（http://www.simonwottge.com/?cat=13）

8.1.3　动画

ॺظ 3D Բྫྫࣃۯ॰ኡ࠲ᄺ੗ᅜटഄްሗǈኄൽਦᇀඪခԨวăڇ०࢔੗ᅜײࡗڦࣃۯ

ড०ڇǈ዁ณٗ૙ஃฉઠຫ๟ኄᄣڦăহ面੗ీࣷవᅜ๑ᆩ൐视ਥฉሗ୺ăᅃ߲࠲॰ኡՊ

डഗǈ৽ၟ཮ 8-3 Autodesk Maya ቛ๖ڦఫᄣǈԈࡤᅃ༫้क़ዡ੦዆ഗ（ሞ Maya ևڹ口ش

๑ᆩਈႚߛଋևݴ）ǈ໲ሎႹ动画师ሞ视཮ዐᅎۯई߀Վ࿿体ǈ඗ࢫሞ้क़ዡฉۅऍઠظ

ॺ࠲॰ኡă࠲॰ኡ੗ᅜᆩઠ߀ՎՎ࣑Ă჉ገĂ໫ݣǈฯ዁๟࠼၍त֌ዊຌႠăࣃۯړ฾Ⴔ

ᄲሞ࠲॰ኡዐۨᅭ߲ܠຌႠڦՎ้࣑ǈ໱Ⴔᄲሞ้ࣃۯक़ዡฉሺेڢࡆڦྔܮăࣃۯ฾ሞ

হ面ዐཚݛڦܑ۠ࡗ๕ಇଚኄၵڢࡆǈኄࣷڞዂ视ਥฉंڦ୺ă

对ᆶ௏ೄڦঙ෥৊ႜࣷࣃۯഡภ߸߾ڦܠፕăሞ੗ᅜߴঙ෥ยዃࣃۯമǈႴᄲံظॺᅃဣ

ଚࠡڦỞǈᄺԥྺ׬骨架（rig）ăࠡॐਦۨକ௏ೄ߶ໜࠡỞᅎ߳ڦ้ۯዖ༬Ⴀăظॺࠡॐ

ăׯ฾ྜࣃۯڦᆯփཞ׉तࠡॐঢ়ࣃۯڦǈঙ෥ڦ๟Ⴔᄲጆᄽरേײࡗڦ
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图 8-3：Maya 的动画时间轴工具，具有对变换、旋转、缩放及其他属性变换的关键帧的控制；图片

来 自 UCBUGG Open Course Ware（http://ucbugg.github.io/learn.ucbugg/introduction-to-
maya/）

8.1.4　技术美工

࿢்੗ీுၙڟՊײᄺ๟ాඹظॺऄڦۯᅃևݴǈڍሞ 3D ਸ݀ଶᇘǈ໲ཚ׉๟ăްሗڦ

༬๺ၳࡕǈԲසగၵጣ෥ഗࢫࢅ೺रຍت૙ǈႴᄲᆶঢ়ᄓײڦႾᇵઠྜׯăሞᆴဥࣃۯࢅ

技术美工（technical artist）ई技术总监（technical director）ઠፔăߴፕԥ঍߾૛ǈኄၵິࠅ

对ᇀኄၵኰ࿋ժுᆶᅃ߲ኟ๕ۨڦᅭǈሞኄଇ߲ኰ࿋क़ᄺுᆶჹ߭ڦ൶՚ăߵڍ਍ఁጴઠ

ಒ܏ǈरຍጺ॔ཚ׉๟߸ጨศࢅᆶঢ়ᄓڦටăरຍጺ॔ႴᄲႀগԨĂߴঙ෥ظॺࠡॐĂႀ

ገ࣑ײႾઠॽᅃዖ߭๕ገׯଷᅃዖ߭๕Ăํ၄༬๺ࡕၳڦĂਸ݀ጣ෥ഗǈ࣑ਔࣆઠຫ৽๟

໯ᆶఫၵ对ᇀ视ਥยऺ฾ઠຫ໿ࡗᇀरຍ߾ڦࣅፕăኄ๟܈ߛᆶॏኵڦरీǈ对ᇀႹׂܠ

೗ઠຫǈᅃ߲ڦࡻरຍጺ॔ॏኵ૶׭ă

ᅺྺरຍጺ॔ዷᄲ੍ႀپஓྺิǈ໱்໯๑ᆩ߾ڦਏཚ׉๟࿔ԨՊडഗăڍ๟ǈ၄ሞᆶၵ

ᆶ඀ڦ੗视ࣅਸ݀߾ਏࠃਸ݀ጣ෥ഗࢅ༬๺ၳࡕ๑ᆩăഄዐኮᅃ๟ ShaderFusionǈᅃ߲ፌ

近ሞ Unity ᆴဥᆅ൤ዐ݀քڦ੗视߾ࣅਏăShaderFusion ሎႹਸ݀ኁཚۨࡗᅭٗᅃ߲࿿体

ຕ਍ୁઠਸ݀ڦ๼෇（૩සჿ෥ईችพ）ኮक़ڦଷᅃ߲࿿体ڟ（Բස้क़ई࿋ዃ）؜๼ڦ

ጣ෥ഗă໲ڦহ面ස཮ 8-4 ໯๖ă
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图 8-4：ShaderFusion（http://www.shaderfusionblog.com/），一个 Unity3D 引擎中的可视化着色器

编辑器

8.2　3D建模和动画工具

Ԩব࿢்঻ถ 3D ยऺ฾ᆩઠظॺాඹୁڦႜ߾ਏă़ᆶدཥڦጞ面෉ॲׂ೗ǈీࠕ஢ፁ

փཞْ֫ڦᆩࢅࢽरీǗᄺᆶႎ؜၄ੂڦഐઠᆶമৠڦएᇀ HTML5 ਏǈഄዐ߾ခޜሊڦ

ᆶၵޜခ๟௨ڦݯǈܸᆶၵཚ׉Ⴔᄲ௅ሆݯ޲ăፌࢫǈยऺ฾࣏੗ᅜٗᅃၵሞ၍ྪበူሜ

ᅙ٪ሞڦఇ႙ࣃۯࢅǈઠ঺ᆩഄ໱ཞႜ߾ڦፕࡕׯă

8.2.1　传统3D软件

ǈ3Dࢪ้ݴևٷ ాඹظॺ๟ሞ数字内容创建（Digital Content CreationǈDCC）工具ዐྜ

ă3D DCCڦׯ ᆩᇀॺዾยऺĂᆴဥਸݘ࠽ଶᇘǈ၄ሞԥײ߾ࢅᆖ዆ፕۉ၄ሞ؜ਏፌራ߾

݀Ăৢༀᅝຍ៺කत߸ܠଶᇘă੗ᅜӝኄၵ෉ॲૌԲྺ 3D ଶᇘڦ Adobe Photoshopă໲்

ሞ Web ׂ೗ୁײዐ቞਍କૌຼڦ࿋ዃǖፕྺፌ໎؛֌ڦઠᇸǈժԥ৊ᅃօገ࣑Ăᆫࢅࣅण

ᄻ面ዐăڟׯ

3D DCC ඗၄ሞएԨฉ๟ٗਸ݀ړ）ጎ෉ॲđ࢈ᆌᆩǈईኁঢĐںԨڦ๟֡ፕဣཥ׉ਏཚ߾

ኁྪڦበฉူሜڦ）ă3D DCC ბသ൸ڦ۸ോࢅহ面ࢽᆩڦਏႴᄲጆᄽरీǈժ൐ᆶްሗ߾

၍ăࡻၩတ๟ሁઠሁڦܠຕጴยऺ฾ሞბၯतራ೺ኰᄽಢჟዐ৽ਸ๔ბသኄၵ߾ਏକăၟ
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Photoshop ڦጂ׉ ጆॆᅃᄣǈໜጣేڦ 3D ၜణփ݀܏ቛǈᆶঢ়ᄓڦ 3D ยऺ฾ࣷྺׯ Web
ᅃᇵăڦዐܓཷ

3D DCC ڦݯǈٗྜඇ௨ٷ࢔ॏֶ߭՚ڦਏ߾ Blenderǈڟ௅߲Ⴙ੗ٳߛݯबഥெᇮׂڦ

೗ǈස Autodesk ڦ 3ds Max ࢅ Mayaăኄၵ߾ਏཚࣷ׉Ԉࡤᅃ༫ཚᆩీࠀڦǈԈઔॺఇĂ

ཌྷ཮ĂࣃۯǗ඗ܸǈᆶၵׂ೗ጆ߿ኄၵଶᇘዐڦగᅃၜăٷևݴ 3D DCC ෇ڞਏాዃକ߾

ഗ؜ڞࢅഗǈీڞࠕ෇؜ڞࢅ࿢்ࣷځॽࣷ঻ถڦՔጚ߭๕ă໲்࣏ᆶగၵႚ๕ڦ੗ྊቛ

ႠǈԲසᇱิ（एᇀ C++ पᇕჾগԨઠՊႀ֭ॲǈᅜሺഽহ面ǈ༵ߛࠃSDKǈईኁ༵（ڦ

ăڪ࿔ॲ߭๕ڦႎ؜ڞጲۨᅭ៺කǈࠃ

থူઠ对ݘ࠽๑ᆩڦॺఇत߾ࣃۯਏ৊ႜ঻ถǈేᄺႹࣷሞਸ݀ WebGL ၜణࢪ้ڦᆩڟ

໲்ăԨቤࢫ面ǈ࿢்ࣷჺ৯සࢆॽ໲்ዐڦᅃၵणڟׯ WebGL ాඹظॺୁײዐă

1. Autodesk 3ds Max、Maya以及MotionBuilder
ፖ஌ሞेዝ฽ઙܻ᫇ڦ Autodesk ዆ሰฆǈڦ೗ׂࣃۯॺఇतڦǈ๟๨ׇฉෙ߲ፌୁႜິࠅ

໲்ݴ՚๟ǖ3ds MaxĂMaya ࢅ MotionBuilderăMotionBuilder ዷᄲᆩᇀঙ෥ࣃۯǈ3ds 
Max ࢅ Maya ሶ๟ඇీڦ 3D ਏă3ds Max߾ ࢅ Maya ሞݛ߃ޮీࠀ面࢔ૌຼǈ໯ᅜ对ᇀႎ

ටઠຫ࢔వ჋ስᆩన߲ă၄ᆶᆩࢽዷᄲߵ਍ጲमڦဠࡻĂ߾ፕୁڦײೋڪࡻᅺ໎ઠ৊ႜ჋

ስă໲்ኮक़ᆶᅃ߲ڦٷ࢔൶՚৽๟ Maya ੗ᅜሏႜሞ Windows ࢅ Mac ฉǈܸ 3ds Max ኻ

ኧ׼ Windowsăኄෙׂ߲೗ీۼ๼؜ Autodesk ཚᆩ߭๕ǖFBXăڦິࠅ

ྺ๊஺ Autodesk ࣷᆶසُܠ၎ຼׂڦ೗Ǜ߁ٷๆ౎മǈኄ߲ິࠅᆶࠔۅ࿿

੿ǈசူକܠ࢔৪ኛׂ೗ǈٗ Alias Systems சူକິࠅ Mayaǈٗ Kaydara

சူକ MotionBuilderăMotionBuilder ዷᄲᆩሞঙ෥ࣃۯฉǈܸഄ໱ଇׂ߲

೗ሶᆶ၎ཞీࠀڦăሞ Tom’s Hardware ྪበฉᆶᅃೊాඹ؊ํڦ࿔ቤ对 3ds 

Max ࢅ Maya ৊ ႜ କ Բ ড（http://www.tomshardware.com/forum/247220-49-

maya）ă

Autodesk 口ă໲்ش؜ڑଉ੦ॲĂ视཮ĂຌႠՊडഗतٷহ面ǈᆶࢽᆩڦਏᆶጣްሗ߾ڦ

๟ྜኝ 3D ਸ݀ዐĐ߾ፕበđૌ႙ׂڦ೗ăহ面ཚ׉ፌਸ๔๟ၟ཮ 8-1 ڦ 3ds Max পೡఫ

ᄣ຺߲ڦ视཮ǈᄺ੗ᅜ๭໫ڟ཮ 8-5 May প཮ఫᄣڇڦᅃׇৠ视཮ăኄၵׂ೗ڦཚᆩీࠀ

Ԉઔ֌ዊՊडഗĂظॺएԨबࢆ体߾ڦਏતĂࣼ዆ࢅՊडྪ߭߾ڦਏĂ้ࣃۯक़ዡ߾ਏĂ

៺ක֭ॲĂጣ෥ഗՊडഗǈڪڪă

Autodesk ߁ٷǖ௅ׂ߲೗ڦਏ๟ྺጆᄽට๗ۨॏ߾ڦ 3000~4000 ெᇮăິࠅཞ้࣏༵ࠃକ

एᇀ۩ለڦॏ߭ǈᅜतኍ对ბิࢅბသኁڦӲԨă
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图 8-5：Autodesk Maya，一个完整的 3D 建模及动画套件；图片版权为 Autodesk 所有，来自维基

百科词条（https://en.wikipedia.org/wiki/File:Autodesk_Maya_2013_SP2_Extension_x64_
on_Win8.png）

2. Blender

Blender（http://www.blender.org/）๟ᅃ߲௨ݯĂਸᇸ൐ੵ平໼ڦ 3D ਏă໲੗ᅜሏ߾ፕظ

ႜሞዷୁ֡ڦፕဣཥฉǈᅜ GNU GPL（General Public LicenseǈཚᆩࠌࠅႹ੗ኤ）ၹᅱڦ

๕๲඄ăBlenderݛ ๟ᆯࢁન෉ॲਸ݀ኁ Ton Roosendaal ǈ໲ᆯڦॺظ Blender एূࣷྼ

ᆐ૧ႠፇኯăBlenderݥᅃॆڦનࢁǈኄ๟ࢺ ڦă໲ࢽᆶଇӥྤᆩऺࠚႜǈएূࣷୁ׉ݥ

ᆩࢽᆶยऺ฾ײ߾ࢅ฾ǈٗᄽᇆҺࡻኁ / ბิڟጆᄽप՚ۼᆶă

ၟ 3ds Max त Maya ఫᄣǈBlender ਏતत੦ॲǈժӵໜ߾视཮Ă߲ܠহ面ްሗǈᆶࢽᆩڦ

ጣ۸ോڦბသ൸၍ă໯ᅜ৑࠶๟௨ڦݯǈ໲ժփ๢ࢇᅪኾԋෑڦටă৑࠶සُǈBlender
对 Web ਸ݀ኁܸჾ๟ᅃ߲ᆶဌᆅ૰ڦ჋ስǈᆶᅜူब߲ᇱᅺă

• ໲๟௨ݯă

• ໲๟ਸᇸڦă

• ໲੗ᅜ๑ᆩ Python ৊ႜકቛă

• ໲ኧڞ׼෇ܠ؜ڞࢅዖ࿔ॲ߭๕ǈԈઔ 3ds MaxĂOBJĂCOLLADA ࢅ FBXăThree.js

ਸ݀ኁᄺਸ݀କᅃ߲ٗ Blender ڟ؜ڞ Three.js JSON ߭๕߾ڦਏ（Ԩቤࢫ面ࣷ঻ถ）ă

3. Trimble SketchUp
ᅃ߲ዐप 3D DCC ਏ๟߾ SketchUp（ݛ࠳ঢ݆๟ Trimble SketchUp）ǈ໲๟ᅃ߲ᅟᇀ๑ᆩڦ

3D ॺఇ߾ਏǈ੗ᆩᇀॺዾॐࠓĂײ߾ǈᆶ้ᄺᆩᇀᆴဥਸ݀ă

SketchUp ᆶ඀ă໲ፌਸ๔ᆯ࢔૦๏ڦ @Last ෉ॲິࠅᇀ 1999 ౎ਸ݀ǈࢫઠڟڥକ Google 
Earth ጀᅪǈ໱்एᇀڦܓཷ @Last ǈGoogleࢫፕਸ݀କᅃ߲ဣཥ֭ॲăܸ߾ڦ ሞ 2006
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౎๭ࠔକ @Lastăܠ౎ઠǈSketchUP ԥླྀྺ࠽ Google Earth ዐᆩظࢽॺ 3D ॺዾतںՔڦ

ਏăSketchUp߾ ࣏ᆶᅃ߲ᢂ௉ྪበĊĊ3D Warehouseǈᅃ߲ᆯᄽᇆظፕኁฉݴࢅدၛ 3D
ఇ႙ڦሞ၍֞ੰă2012 ౎ǈGoogle ਦཽۨ؜ঢ়ᆐᆩׯิࢽ 3D ాඹڦ၎࠲ᄽခǈ඗ࢫॽ

SketchUp ஜߴକ Trimble Navigationǈᅃॆ࿋ᇀेዝڦ GPS ဣཥ዆ሰฆăTrimble ीჄ݀ք

SketchUp ࢺྼࢅ 3D Warehouseǈڍ໲փምᆩઠྺ Google Earth ඹăాׯิ

SketchUp ሏႜሞ໯ᆶ平໼ฉă໲ڦॏ߭ࢇ࢔૙ǈጆᄽӲ߁ٷ 500 ெᇮă࣏ᆶᅃ߲ኍ对ᄽᇆ

ᆩྜڦࢽඇ௨ݯӲăSketchUp ᅺᅟᇀ๑ᆩܸԥຄኪǈ໲๑ᆩକएᇀ၍ཉࣼ዆݆ݛڦઠॺ

ఇǈኄ对ॐࠓ฾ײ߾ࢅ฾࢔ᆶᆩăSketchUp ਏᆶᆫႯڦ COLLADA ૰（൩ֱੂీ؜ڞ 8.3
বዐڦĐCOLLADAǖຕጴጨᇸ঍࣑߭๕đ）ǈ໯ᅜ໲੗ీ๟ WebGL ਸ݀ᅃ߲փڦٱ჋ስă

SketchUp ੗ᅜٗ໲ྪݛ࠳ڦበ（http://www.sketchup.com/）ฉူሜă

4. Poser

Smith Micro ڦ Poser ๟ᅃ߲ዐपঙ෥߾ࣃۯਏăၟ SketchUp ఫᄣǈ໲ڦॏ߭ፁࠕဌᆅටǈ

ܸ൐ణՔᆩࢽ๟ᄽᇆాඹظፕኁăPoser ᆶጣ኱ڦ࠵ᆩࢽহ面ઠ对ঙ෥৊ႜጩ๞Ӧۯࢅݣ

࿿ঙ෥ǈᅜतۯࢅට࿿ڦኝཌྷ཮ྜټఇ႙ĂࠡॐĂࡻᅙঢ়ॺࡤǈԈੰڦٷă໲ᆶᅃ߲ಕࣃ

ᅃဣଚԝৠׇৠĂڢਏĂሜ体Ă၎ऐ࠼ࢅቷยዃăPoser ੗ᅜᆩઠظॺ၎ೌӯኈํৢڦༀ

៺කࣃۯ้ํࢅăPoser হ面൩ֱੂ཮ࢽᆩڦ 8-6ă

图 8-6：Poser 的用户界面（http://poser.smithmicro.com/）；图片来自 Smith Micro Software 公司

ሞ໯ᆶ༪ஃڦࡗ෉ॲ૛ǈPoser ኵڥᅃ༵ڦ๟໲ڦਸ݀ཷٗܓ COLLADA ࿔ॲ߭๕݀ቛ
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ࢅओट࣏ܓॺǈཞ้ኄ߲ཷظڦᇑ໲֖ںओट࢔೺ǈ৽؛ Khronos ፇኯࢇፕਸ݀ႎڦՔ

ጚǖglTFǈ࿢்ॽሞԨቤࢫ面৊ႜ༪ஃăPoser ᅃዖీׯړሢཞǈӝ໲࢔对Քጚ߭๕ܓཷ

ඟ 3D ాඹݘ࠽ڟڥኧݛڦ׼๕ǈᆮഄ๟ሞ Web ࣍ৣዐăSmith Micro ጺ॔ײ߾पߛڦ Uli 
Klumpp ৽ሞ WebGL ዐ๑ᆩ Poser ຫକᅜူኄࣆ܎ǖ

ኧ׼ WebGL Ⴔᄲ௮ࣼට体ႚ๕ۼᆌᆩժுᆶ๊஺փཞǈڦഄ໱߭๕׼ኧࢅᆌᆩڦ

（ई௽ඓݥڦට体ႚ๕）ăWeb ยऺ฾ٗ 20 ๘ु 90 ౎پ৽ਸ๔๑ᆩ Poser ઠኤ௽ኄᅃ

ڦփሞتକᅃ߲࿮ڥă໱்ዕᇀइۅ 3D ాඹቛ๖ׇ໯ǈܸ Poser ਎ాڦٷඹੰᅙঢ়

ጚԢࡻକă

8.2.2　基于浏览器的集成环境

HMTL5 त૸ॏሊऺ໙؜ڦ၄ྺႎڦ DCC ׯणڦਏĊĊएᇀ៓બഗ߾ 3D ਸ݀࣍ৣĊĊڦ

ײՊࢻৠքਆĂ঍ׇڍॺǈظਏዐ߾ںԨڦڟᅈ඗ሞኮമ༵ࣃۯࢅሰକཉॲăॺఇظิڐ

ࢅ Web ݀ք੗ᅜሞ៓બഗহ面ዐ৊ႜă

एᇀ៓બഗࠃ༵ৣ࣍ڦକᇑ໲்ڦጞ面对๮փᅃᄣ܀ڦ༬༬Ⴀă๯ံǈ၂඗ǈ໲փႴᄲူ

ሜǗഄْǈ໲்Ԩว৽๟ᆩ WebGL ਸ݀ڦǈ໯ᅜ੗ᅜ༵ࠃᇑևຈࡕၳࢫᅃᄣڦ໯见न໯

ఇ๕ǈሎႹਸ๔๑ڦݯॏ߭ǈժ๑ᆩሺኵ๭ڦᆶဌᆅටࣷ׉ਏཚ߾ڦăएᇀ៓બഗৣ࣍ڥ

ᆩࢪ้ڦ௨ݯǈኻᆶړਸ݀ኁ৊ႜฆᄽࢪ้ڦࣅ֍๭ݯǈԲසਸ݀ᅃ߲ཷܓၜణǈईኁ๑

ᆩڦ࿔ॲ٪ࡗגئᅃۨฉ၌ăኄ๟ᅃ߲ඇႎ൐փ܏Վ߫ڦଶᇘǈ໯ᅜਸ݀ኁ੗ᅜ೺ځሞথ

ူઠڦब౎૛ᅃ߲ Web ఇ๕तॏ߭ăݯჄ๭׼ڦ߭ޅ

1. Verold

Verold Studio ๟ᅃ߲ൟଉप 3D ঍ాࢻඹ݀ք平໼ǈᆯ࿋ᇀܠ୿ڦܠ Verold ਸ݀ă໲փິࠅ

Ⴔᄲᅈડ֭ॲǈ੗ᅜ๑ᆩ०ڦڇ JavaScript API ৊ႜકቛǈᅺُᄽᇆҺࡻኁĂბิĂ઻฾Ă

੗视ࣅཚ႑ጆᄽටᇵᅜत Web ๨ׇටᇵ੗ᅜ०ںڇॽ 3D ڦ໱்ڟׯඹणాࣃۯ Web ዐă

ڦ႙ۆ Verold Ⴔᄲᅃ߲ײፕୁ߾ CG ยऺ฾ฉد၎ڦ࠲ጨଙ（3D ఇ႙ĂࣃۯĂ࿖૙）ڟ

ᅃ߲ Verold ၜణዐăၹཞ߾ਏ੗ᅜᆩઠ༵ࠃጨଙݒڦઍǗՊड߾ਏ੗ᅜᆩઠॺ૬֌ዊतጣ

෥ഗǈժքዃׇڟৠ / ǈWebࢫ஢ᅪࡕ对ጨଙยዃ঳ܓཷړਸ਼ዐă࠲ ยऺ฾੗ᅜ؜ڞᄣ૩

ࢅৠǈ࿮ஃ๟ᇑਸ݀ኁׇܠ࢔ࢇ๢ײፕୁ߾ణՔᄻ面ዐăኄ߲ڟஓپ CG ยऺ฾ፖሞᅃഐǈ

࣏๟远ײၹፕǈᅞई๟ᆶၵׇৠူڦጨଙ๟சઠܸڦփ๟ጲमਸ݀ۼڦႜăVerold Studio
হ面ස཮ࢽᆩڦ 8-7 ໯๖ăጀᅪ໲एᇀ៓બഗڦ०লยऺǈኄᇑدཥްሗڦ DCC ׯਏႚ߾

း௽对Բă

Verold ੗ᅜํ้ၹፕՊडĂ၍ฉ݀քᅜतࠌၛాඹǈਸഔକ 3D ၜణਸ݀ڦႎݛ๕ăઠੂ

๔ටतظੂ CTO Ross McKegney ຫ݆ǖڦ

ᅃ߲๑ᆩ Verold Studio ӄ૩๟ࡻڦ Swappz Interactive ăSwappzິࠅ ྺĐඨኁหࡄǖՎዖ

ڦ࠲༬՚ǈ໲்੗ᅜԥ၎ۅሰ྘ਏăኄၵ྘ਏᆶظ೗ಈڪđܓđĐઢ৛ଳđĐ੤ୄ቟پ้

ᅎۯᆴဥĐ෢௮đ৊ඁăSwappz ሞਸ݀ײࡗዐ๑ᆩକ Veroldǈᆩઠԍኤੵৣڦঙ෥ยऺ

฾तࣃۯڦںړ฾ኮक़ీࠕ၎ݒࢻઍĂྺጺິࠅ၂๖৊܈Ăٗ Nickelodeon ๑ᆩڥइິࠅ

ጨᇸڦႹ੗ǈᅜतፌዕړᆴဥጚԢ݀ࡻքࢪ้ڦǈॽᆴဥጨᇸᆩሞᆴဥླྀྪ࠽በฉă
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图 8-7：Verold Studio（http://www.verold.com）

2. Sketchfab
ଷᅃૌሞ၍ 3D ခă3Dޜڦၛݴժدକฉࠃਏ༵߾ ยऺ฾੗ᅜฉدबዖ߭๕ڦ 3D ఇ

႙ǈ๑ᆩ WebGL ઠሞ၍ᇨબݴࢅၛăኄഄዐਸ݀ፌྜ฀ڦ๟ Sketchfab（http://sketchfab.
com/）ǈ໲ᆯ࿋ᇀә૔ܓཷڦਸ݀ǈཷظܓ๔ටᆶ Cédric PinsonĂAlban Denoyel ࢅ Pierre-
Antoine PassetăSketchfab ๟ᅃ߲ํ้݀քࠌࢅၛ঍ࢻ๕ 3D ఇ႙ڦሞ၍ޜခǈ໲փႴᄲ֭

ॲăኻႴۅऍबူǈยऺ฾৽੗ᅜฉدᅃ߲ 3D ఇ႙ྪڟበฉǈइڥᅃ܎ HTML ஓǈ໲پ

੗ᅜഴ෇ڟഄ໱ݛںǈቛ၄ࢪ้ڦ๑ᆩ Sketchfab ခઠ৊ႜ៺කăޜڦࠃ༵

Sketchfab ኧ׼बዖᇱิڦ 3D ߭๕ǈᅜतٷևݴጣ෥ഗǈԈઔ݆ၠଉཌྷ཮Ă৥面ݒพĂӈ

ཫཌྷ཮Ă஦ݒพڪăSketchfab ཞᄣ༵ࠃକᅃ߲֌ዊՊडഗǈඟยऺ฾ీࠕሞ៓બഗዐํ้

ۙኝጣ෥ഗࢅ៺කၳࡕă໲࣏ਸ݀କዷୁԨں DCC ഗǈఇ႙੗ᅜ኱থٗՊड؜ڞڦਏ߾

ਏ（Բස߾ Maya）ዐ؜ڞǈኄᄣࣷ߸ݛՍၵăSketchfab ๯ᄻස཮ڦ 8-8 ໯๖ăᄻ面ዐዷ

ᄲ൶ᇘڦ཮ၟํाฉ๟ Sketchfab ੰዐڦᅃ߲ఇ႙ǈ๑ᆩକ WebGL ៺කă

3. SculptGL
ᆯᇀ 3D ៺කࢅᆩࢽহ面ڦ၌዆ǈब౎മਸ݀ሞ៓બഗዐ৊ႜ 3D ॺఇ߾ڦਏ๟փ੗ၙ

象ڦăڍ၄ሞᆶକ HTML5 ࢅ WebGLǈኄ߲ၙ݆৽ምփࣚڐକăStephane Ginier ਸ݀କ

SculptGLǈᅃ߲एᇀ Web ޅ໒ۓĂڦڇॺ०ظᅟᆩǈ੗ᆩઠڇਏǈഄহ面०߾体ॺఇํڦ

ఇ႙ăSculptGLڦ߭ ๟௨ݯ൐ਸᇸڦǈ੗ᅜሞ GitHub ฉቴڟǈں኷๟ https://github.com/
stephomi/sculptglăSculptGL ੗ᅜܠ؜ڞዖ߭๕ǈժ੗኱থ݀քڟ Verold ࢅ Sketchfab ฉă

SculptGL হ面ස཮ڦ 8-9 ໯๖ă
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图 8-8：Sketchfab 网站（http://sketchfab.com/）允许内容创建者上传并分享可以实时浏览的 3D 模型

图 8-9：SculptGL（http://stephaneginier.com/sculptgl/），一个基于浏览器的开源 3D 模型工具

4. Shadertoy
ૌຼ JSFiddle（http://jsfiddle.net/）ఫᄣڦ Web ฉڦĐ෭ၒ߾ਏđሁઠሁୁႜăJSFiddle
ሎႹਸ݀ኁሞ៓બഗዐ֪๬پஓǈժํ้ᇨબၳࡕă६ᇀُǈՂ඗ᄺࣷᆶටਸ݀ᆩᇀ

WebGL ڦਏăShadertoy（https://www.shadertoy.com/)）๟ᅃ߲एᇀ៓બഗ߾ૌຼ෭ၒڦ

๬֪ࢅਏǈ໲੗ᅜՊႀ߾ஓپ GLSL ጣ෥ഗă໲Ԉઔ෭ၒࢅሞ၍ม൶ăᅃڋᅃ߲ጣ෥ഗ

Պႀྜׯժ֪๬ཚࡗǈ໲৽੗ᅜԥ༵঍ڟ Shadertoy ྪበฉࠃට݀၄ժ๑ᆩăኄ๟ᅃ߲ბ

သ GLSL ጣ෥ഗՊႀݛࡻڦ๕ǈే੗ᅜఇݠഄ໱ට߾ڦፕăړᅃ߲ጣ෥ഗਸ݀ࢫࡻǈే੗
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ᅜཚࡗ Shadertoy ྪበઠݴၛǈईኁॽ GLSL ᆌᆩᇸஓዐă཮ڦేڟஓް዆پ 8-10 ቛ๖କ

Shadertoy ࢻ঍ڦஓՊड઀Ăᅃ߲჋ስጣ෥ഗઠᇸپহ面ǈ໲Ԉઔᅃ߲ํ้ᇨબ઀Ăᅃ߲ڦ

๕཮Քă

图 8-10：Catacombs——一个使用过程纹理的 Shadertoy 实验（https://www.shadertoy.com/view/
lsf3zr）

8.2.3　3D内容仓库和现成素材

ժփ๟໯ᆶටۼᆶ 3D ॺఇڦ֍ీǈժ൐ᆯᇀၜణᇨ໙้ࢅक़ڦ၌዆ǈ࿢்࿮݆ᅃူጱቲ

ڦٱሞ࣏ᆶփࡻටăڦ๢ࢇڟ 3D ాඹሞ၍ጨᇸǈૌຼᇀ 3D ӲԨڦĐ剪ཌྷ཮णđăఇ႙ࢅ

ాඹԈڦॏ߭ٗ௨ڟݯबӥฯ዁बഥெᇮփڪǈዊଉᄺഥֶྤ՚ăᆶၵظፕኁሎႹ࿮၌዆

ڦխد๲඄Ⴙ੗ǈᆮഄ๟ਸ݀ሞ၍ੂֱࡻࡻ๑ᆩǈܸᆶၵሶᆶ໯၌዆ăጀᅪڦ Web ᆌᆩă

ྺକߴኄԨກظॺ 3D ాඹǈ࿢்๑ᆩକႹܠփཞሞ၍ጨᇸڦఇ႙ǈଚਉසူă

• The Trimble 3D Warehouse（http://sketchup.google.com/3dwarehouse/）

3D Warehouse ፌራᆯ Google ਸ݀ǈᆩᇀኧ׼ᄽᇆҺࡻኁฉد๘হॺዾںࢅՔڦ

SketchUp ఇ႙ǈժሞ Google Earth ዐՔጀ໲ڦ࿋ዃăTrimble ๭ࠔ SketchUp ޜǈኄ߲ࢫ

ခփምᆩᇀ Google Earthǈڍᅈ඗๟ᅃ߲ᆫႯڦᅙ៺කॺዾࢅഄ໱ 3D ࿿体ڦዘᄲઠᇸă

• Turbosquid（http://www.turbosquid.com/）

Turbosquid ૬ᇀׯ 2000 ౎ǈ๟Ԉׯࡤഥฉྤ߲ఇ႙ڦᅃୁྪበǈኄၵఇ႙ᆩሞࣃۯĂ

ᆴဥतॺዾॐࠓዐăႹܠఇ႙ܠڦՉႚຕଉྺณईዐǈ对ᇀํ้៺කत Web ๢ᆩă࢔

• Renderosity（http://renderosity.com/）

Renderosity ૬ᇀׯ 1998 ౎ǈ๟ᅃ߲ܠᄣڦࣅม൶ǈᆶႹܠ 2D ࢅ 3D ᅪጆॆăኄ߲ظڦ

ྪበᆶႹܠఇ႙ࢅ࿖૙ă໲ዷᄲጆጀᇀᆩᇀᇨ៺කৢༀ཮ၟܠߛڦՉႚఇ႙ǈܸփ๟ᆩ

ᇀํ้៺කܠگڦՉႚఇ႙ă
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• 3DRT.com

3DRT ๟ᅃ߲ჹ৉ڦሞ၍ฆیǈ໲ᆶᆩᇀํ้ᆴဥत Web ዊଉߛڦ 3D ໎֌ăኄ߲ྪበ

փՍᅓǈۼਏत࣍ৣఇ႙ăኄၵఇ႙ڢՍጆᄽට๗ֱቴঙ෥Ăሜ体Ăݛፇኯႚ๕੗ᅜڦ

ăߛዊଉڍ

8.3　3D文件格式

ኄၵ౎؜၄କႹܠ 3D ࿔ॲ߭๕ǈڟܠ࿮݆ሞኄ૛ඇև঻ถྜăᆶၵ 3D ߭๕๟గ߲ 3D ෉

ॲጲमᆩڦǈᆶၵ߭๕๟ᆩᇀሞ߲ܠ෉ॲक़঍࣑ຕ਍ڦăᆶၵ߭๕๟ຳᆶڦǈᄺ৽๟ຫԥ

గ߲ິࠅई෉ॲ׍ฆྜඇ੦዆ǈᆶၵሶ๟ᆯᅃ߲߾ᄽၭፇਸ݀ڦਸݣՔጚăᆶၵ߭๕๟ए

ᇀ࿔Ԩڦǈ໯ᅜ੗܁ǈᆶၵሶྺକবู੣क़๑ᆩܾ৊዆߭๕ă

3D ࿔ॲ߭๕ᆶෙዖݴૌǖఇ႙߭๕ǈᆩᇀ՗๖߲ڇఇ႙Ǘ߭ࣃۯ๕ǈᆩᇀ࠲ڦࣃۯ॰ኡ

Ă၎ऐĂࠓఇ႙ĂՎ࣑֫प঳߲ܠڦኝׇ߲ৠǈᅜतഄዐࡤ๕ǈԈ߭ీࠀঙ෥ۨᅭǗඇࢅ

ࢇჺ৯๢ۅ๕ǈժዘ߭ڦă࿢்ࣷჺ৯௅ዖૌ႙ࣃۯᇸत࠼ Web ᆌᆩ߭ڦ๕ă

8.3.1　模型格式

ڦఇ႙߲ڇ 3D ߭๕ঢ়׉ᆩઠሞփཞڦ 3D ෉ॲዐ঍࣑ຕ਍ăԲසٷևݴ 3D ෉ॲڞీۼ෇

؜ڞࢅ OBJ ߭๕（থူઠࣷ঻ถ）ăᅺྺ໲ᇕ݆०ڇ൐ీࠀԲডณǈ໯ᅜኧ׼໲࢔ඹᅟǈ

ᅺُୁ࢔ႜă඗ܸǈኄᄺ๑ڥ໲໯ኧీࠀڦ׼փܠă

1. Wavefront OBJ

OBJ ࿔ॲ߭๕ᆯ Wavefront ᅃఇ႙߭๕ă໲ڇڦݘ࠽ፌ׼ਸ݀ǈ໲๟ᄽহፌራᄺ๟ኧິࠅ

ăWavefront（Ă݆၍तཌྷ཮ፖՔۅۥᆶ）体ࢆब׼ǈኻኧڇ०׉ݥ ࣏ᆅ෇କᅃ߲ޤዺڦ

MTL（Material Template Libraryǈ֌ዊఇӱੰ）߭๕ઠኧߴ׼ఇ႙޹ฉ֌ዊă

૩ 8-1 ቛ๖କᅃ߲एԨڦ OBJ ࿔ॲǈ໲๟ٗঢ়ڦۆĐ໿੣ᅖđఇ႙ዐቌ୤؜ઠڦăኄ߲

ఇ႙࿢்ሞࢫ面ڦቤবࣷ๑ᆩ Three.js ेሜ৊ઠ（ၳࡕ见཮ 8-12）ăOBJ ࿔ॲत၎پ࠲ஓ

ሞ models/ball_chair/ball_chair.obj ዐǈඟ࿢்ੂੂ໲ڦᇕ݆ăഄዐ # ጴޙᆩፕጀ๥ۨহޙă

ኄ߲࿔ॲԈࡤᅃဣଚڦำ௽ăڼᅃ߲ำ௽๟ᆅᆩ໲໯࠲૴ڦ֌ዊੰ MTL ࿔ॲă඗ۨࢫᅭ

କब߲बࢆ体ăኄ߲ቌ୤၂๖କᆩᇀۨᅭఁྺ shell ڦຕ਍ǈ໲๟໿੣ᅖݴᅃևڦ对象ڦ

ྔ੕ă࿢்ཚࡗ௅ႜᅃཉ႑တݛڦ๕ǈ๑ᆩۅۥ࿋ዃĂ݆၍तཌྷ཮ፖՔຕ਍ઠۨᅭኄ߲ྔ

੕ăথူઠ๟面ڦຕ਍ǈཞᄣ๟௅߲面ᅃႜă௅߲面ۅۥڦཚࡗૌ႙ྺ v/vt/vn ෙ߲ຕڦ

ઠۨᅭǈഄዐ v ๟ۅۥ࿋ዃຕ਍ǈvt ๟࿖૙ፖՔຕ਍ǈܸ vn ๟݆ۅۥ၍ຕ਍ă

例 8-1：ᅃ߲ Wavefront OBJ ߭๕ڦఇ႙

# 3ds Max Wavefront OBJ Exporter v0.97b - (c)2007 guruware 
 
# File Created: 20.08.2013 13:29:52 
 
mtllib ball_chair.mtl 
# 
# object shell 
# 
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v  -15.693047 49.273174 -15.297686 
v  -8.895294 50.974277 -18.244076 
v  -0.243294 51.662109 -19.435429 
... ഄ໱ۅۥ࿋ዃ႑တ 
vn -0.537169 0.350554 -0.767177 
vn -0.462792 0.358374 -0.810797 
vn -0.480322 0.274014 -0.833191 
... ഄ໱ၠ݆ۅۥଉ႑တ 
vt 0.368635 0.102796 0.000000 
vt 0.348531 0.101201 0.000000 
vt 0.349342 0.122852 0.000000 
... ഄ໱࿖૙ፖՔ႑တ 
g shell 
usemtl shell 
s 1 
f 313/1/1 600/2/2 58/3/3 597/4/4 
f 598/5/5 313/1/1 597/4/4 109/6/6 
f 313/1/1 598/5/5 1/7/7 599/8/8 
f 600/2/2 313/1/1 599/8/8 106/9/9 
f 314/10/10 603/11/11 58/3/3 600/2/2 
... ഄ໱面ೌۨᅭ

໿੣ᅖޤዺڦ֌ዊۨᅭሞ models/ball_chair/ball_chair.mtl ኄ߲ MTL ࿔ॲዐă໲ڦᇕ݆ݥ

ǈ见૩ڇ०׉ 8-2ăᅃ߲֌ዊཚࡗ newmtl ᇕਔઠۨᅭǈ໲Ԉࡤକ๑ᆩ Phong ጣ෥ڦᅃၵ

֖ຕǈԈઔݒ࠼ߛพჿ෥ࢅဣຕ（KsĂNs ࢅ Ni พჿ෥（Kd）Ă࣍ৣჿ෥ݒ॰ጴ）ǈ஦࠲

（Ka）Ă݀࠼ჿ෥（Ke）ࢅ࿖૙ཌྷ཮（map_Ka त Map_Kd）ăMTL ዐڦ࿖૙ཌྷ཮ঢ়ࡗब౎݀ڦ

ቛǈԈઔକӈཫཌྷ཮Ăዃ࣑ཌྷ཮Ă࣍ৣཌྷ཮तഄ໱ૌ႙ڦ࿖૙ăሞኄ߲૩ጱዐǈshell ࿖૙

ኻۨᅭକ࣍ৣཌྷ཮ࢅ஦ݒพཌྷ཮ă

例 8-2：OBJ ߭๕ڦ֌ዊۨᅭ

newmtl shell 
    Ns 77.000000 
    Ni 1.500000 
    Tf 1.000000 1.000000 1.000000  
    illum 2 
    Ka 0.000000 0.000000 0.000000 
    Kd 0.588000 0.588000 0.588000 
    Ks 0.720000 0.720000 0.720000 
    Ke 0.000000 0.000000 0.000000 
    map_Ka maps\shell_color.jpg 
    map_Kd maps\shell_color.jpg 
...

2. STL
ଷᅃ߲एᇀ࿔Ԩڦ०ڇڇᅃఇ႙߭๕๟ STL（StereoLithography）ǈ໲ԥਸ݀ᆩᇀ 3D ဣཥ

੺໏ᇱ႙Ă዆ሰᄽतڦ 3D ᆇăSTLٶ ߭๕Բ OBJ ߸०ڇăኄ߲߭๕ኻኧۅۥ׼बࢆǈփ

ኧ݆׼၍Ă࿖૙ፖՔत֌ዊă૩ 8-3 ቛ๖କᅃၭ܎ STL ࿔ॲپஓǈ໲ઠጲ Three.js ᅃڦ

߲૩ጱ（examples/models/stl/pr2_head_pan.stl）ă੗ᅜٶਸ Three.js ዐڦ examples/webgl_
loader_stl.html ઠֱੂ໲ሏႜ้ڦᄣጱăSTL ๟एᇀ WebGL ਸ݀ሞ၍ 3D ٱփڦᆇᆌᆩٶ

߭๕ǈᅺྺ໲ీ኱থ݀ڟ 3D ੺ă܈ᆇยԢฉăଷྔǈ໲ඹᅟेሜǈ൐៺ක໏ٶ
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例 8-3：STL ࿔ॲ߭๕

solid MYSOLID created by IVCON, original data in binary/pr2_head_pan.stl 
  facet normal -0.761249 0.041314 -0.647143 
    outer loop 
      vertex -0.075633 -0.095256 -0.057711 
      vertex -0.078756 -0.079398 -0.053025 
      vertex -0.074338 -0.088143 -0.058780 
    endloop 
  endfacet 
... 
endsolid MYSOLID

STL ๟සُ०ୁࢅڇႜǈGitHub ᅙঢ়ሺेକ኱থֱੂ໲ڦኧ׼（https://

github.com/blog/1465-stl-file-viewing）ă ኄ ߲ ֱ ੂ ഗ ๟ ๑ ᆩ Three.js ए ᇀ

WebGL ਸ݀ڦă

STL ߭๕ڦरຍဦব੗ᅜ֖੊ྼएӥ੔（http://en.wikipedia.org/wiki/STL_% 

28file_format%29）ă

8.3.2　动画格式

മ面ᅃব௮ຎ߭ڦ๕ኻీᆩઠ՗๖ৢༀఇ႙ຕ਍ăٷڍևݴ 3D ᆌᆩዐాڦඹሞೡటฉۼ

๟ࣷڦۯ（नԥࣃۯକ）ăᆶबዖጆோᆩઠ՗๖ۯༀఇ႙߭ڦ๕ǈԈઔएᇀ࿔Ԩ（ᅺُ对

Web ᆷڦ（ࡻ MD2ĂMD5 त BVH ߭๕ă

1. id Software动画格式：MD2和MD5
ే้ࣷփ้ሞ Web ฉੂڟᆩᇀ id Software ႜᆴဥୁڦ DOOM ࢅ Quake ጆᆶ߭๕ăMD2ڦ
त໲ࢫჄڦ MD5 ߭๕ǈ๟ᆩઠۨᅭঙ෥ڦࣃۯăኄ߲߭๕ԥ id Software ໯੦዆ǈ໱்࢔

ራ৽ࠅքକኄ߲߭๕ݔࡀڦǈժ൐ᆶႹ߾ܠਏኧڞ׼෇໲்ă

MD2 ߭๕๟ྺ Quake II ۥएᇀڦՎႚణՔํ၄ࡗৈཚ׼ǈ๟ᅃዖܾ৊዆߭๕ă໲ኧڦॺظ

ሞࢅăMD5（փᄲࣃۯঙ෥ڦۅ Web ዐݘ࠽๑ᆩेڦ௢ොଚࡧຕĐၩတቌᄲđ໙݆౬ं

କ）๟ྺ Quake III ਸ݀ڦǈ໲ᆅ෇କ௏ೄࣃۯǈժ൐๟एᇀ࿔Ԩڦ੗߭܁๕ă

MD2（http://tfc.duke.free.fr/coding/md2-specs-en.html）ࢅ MD5（http://tfc.duke.free.fr/coding/
md5-specs-en.html）ڦݔࡀ၎࠲࿔ڗ੗ᅜሞྪฉቴڟă

ᄲሞ WebGL ᆌᆩዐ๑ᆩኄၵ߭๕ǈ࿢்੗ᅜጲमՊႀᅃ߲ेሜഗઠ኱থ܁ൽ໲்ǈई

ኁසࡕ๑ᆩ Three.js ఫᄣੰڦǈ࿢்੗ᅜ๑ᆩገ࣑߾ਏăසࡕॽ MD2 ࿔ॲገׯ JSON ߭

๕ǈ໲ੂഐઠ৽ၟڼ 5 ቤዐڦ૩ጱఫᄣǈස཮ 5-11 ໯๖ă੗ᅜٶਸ࿔ॲ examples/webgl_
morphtargets_md2_control.htm ࣮ࠥᅃူǈੂᅃੂ໲ڦᇸஓǈేࣷ݀၄ेሜࢅ঴๥ MD2 ࿔

ॲႴᄲፔႹܠ๚൧ă

Three.js ժுᆶሞ໲ڦ૩ጱዐԈࡤ MD5 ਏ੗ᅜ߾ሞ၍ገ࣑ڦٱᆶᅃ߲փڍሜഗăेڦ

ॽ MD5 ገׯ Three.js JSON ߭๕ǈ໲๟ᆯ Klas（OutsideOfSociety）ਸ݀ڦǈKlas ৽ኰ

ᇀ෌ྪڦۆஏິࠅ North Kingdom（Find Your Way to OZ ăᄲֱੂᅃ߲ገ࣑（ܓਸ݀ཷڦ

ఇ႙ǈ੗ᅜඁڦࢫ Klas _ਸኄ߲૾থ（http://oos.moxiecode.com/js_webgl/md5ٶձਜ਼ăڦ
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example/）ǈే੗ᅜੂڟᅃ߲׉ݥ৛ဦ࠰ڦ࿿ఇ႙ǈ੗ᅜ੦዆໲߀Վबዖփཞڦጩ๞ࣃۯă

සࡕᄲገ࣑ేጲमڦ MD5 ࿔ॲǈ੗ᅜٶਸኄ߲૾থ（http://oos.moxiecode.com/js_webgl/
md5_converter/）ǈ໲ሎႹేཱྀጅᅃ߲ MD5 ࿔ॲشڟ口ዐǈ඗ࢫ๼؜ JSON پஓă

2. BVH：动作捕捉数据格式

动作捕捉（motion capture）๟ᅃዖऻ୤࿿体ሏݛڦۯ๕ǈ໲ሞ዆ፕට体ݛࣃۯ面ୁ׉ݥ

ႜăሞۉᆖĂࣃۯĂਬ๚तሏۯᆌᆩዐݘ࠽๑ᆩăۯፕվጛڟڥକਸᇸ߭๕ݘ࠽ڦኧ׼ǈ

ഄዐԈઔ Biovision Hierarchical Data（BVH）ăBVH ᆯ Biovision ਸ݀ǈᆩᇀ՗๖ට体ິࠅ

ăBVHۯሏڦ ໲ă؜ڞࢅ෇ڞ׼ਏኧ߾ܠ࢔ႜǈ໲एᇀ࿔Ԩǈᆶୁ׉ݥ

ਸ݀ኁ Aki Miyazaki ፔକᅃ߲ॽ BVH ຕ਍ڞ෇ڟ WebGL ᆌᆩዐڦራ೺׈๬ă໱ڦ BVH 
Motion Creator ๟ᅃ߲एᇀ Web ڦ BVH ᇨબ߾ਏǈ໲Ԩว๟एᇀ Three.js ਸ݀ڦǈස཮

8-11 ໯๖ă঺ዺኄᅃ߾ਏǈ๑ᆩኁ੗ᅜฉد BVH ࿔ॲǈᇨબ໲ሞ०ڇঙ෥ฉࡕၳࣃۯڦă

图 8-11：BVH Motion Creator（http://www.akjava.com/demo/bvhplayer/），一个 BVH 格式的预览

工具

8.3.3　全功能的场景格式

՗๖ኝ߲׼౎ઠǈᄽহਸ݀କबዖՔጚ߭๕ઠኧܠ 3D ׇৠǈԈઔ߲ܠఇ႙ĂՎ࣑֫प঳

ǈᅜत໯ᆶሞࣃۯࢅᇸ࠼Ă၎ऐĂࠓ 3ds MaxĂMayaĂBlender ኄᄣඇڦీࠀ෉ॲዐظሰ

କڟڥरຍ࿚༶ǈबዖ߭๕٪ऄକူઠժڦሗްڦ঴ਦځဇăጺኮǈኄᅈ৹๟ᆶ۫ڦઠ؜

Վǈᅺྺ߀ਆ๞੗ీࣷᆶ໯ڍ๑ᆩăݘ࠽ WebGL Ⴔ൱ǈᆮഄ๟Ⴔᄲሞᆌᆩक़ڦକႎۯټ

ዘᆩຕ਍ăԨবዐǈ࿢்ࣷჺ৯बዖሞ WebGL ዐᆶ੗ీ๑ᆩ߭ڦ๕ă

1. VRML和X3D
Ⴕె၄ํՔऻᇕჾ（Virtual Reality Markup LanguageǈVRML）๟ፌ؛ᆩᇀ 3D Web ࿔Ԩڦ

߭๕ǈ໲ᇀ 1994 ౎ᆯ݀௽ॆࢅ૙ஃॆ Mark PesceĂࠢࡂ཮ႚິࠅ（Silicon Graphics）Open 
Inventor ෉ॲཷׯڦܓᇵǈᅜत࿢໯ፇڦׯၭፇظॺăVRML ሞ 20 ๘ु 90 ౎پঢ়૦କब
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Ⴤ߭๕एᇀࢫڦă໲׼ኧڦᆐ૧ፇኯՔጚၹࣷݥକᄽহᅜतᅃ߲ڟڥǈپ۞ْ XMLǈሞ

21 ๘ु؛ਸ݀؜ઠǈఁྺ߀׬କ X3Dă৑࠶ኄၵ߭๕ሞ Web ᆌᆩዐᅙঢ়փምݘ࠽๑ᆩǈ

໲்ă؜ڞࢅ෇ڞ׼ਏᅈ඗ኧ߾ຕఇ႙ܠٷڍ

VRML ࢅ X3D ۨᅭକྜኝׇڦৠĂࣃۯ（࠲॰ኡĂՎႚत௏ೄ）Ă֌ዊĂ࠼ᇸǈฯ዁࣏ᆶ

গԨࣅକڦĂਏᆶႜྺڦ঍ࢻ๕࿿体ă૩ 8-4 ቛ๖କ X3D ᇕ݆ǈ໲ظॺକᅃ߲ټᆶࢤ෥

૬ݛ体ׇڦৠǈړ຋Քۅऍࢪ้ڦǈ໲ࣷජጣ y ዡፔ 2 ௱ዓڦ 360Ń჉ገăX3D 体Ăࢆबڦ

ႜྺतۼࣃۯሞᅃ߲ XML ࿔ॲዐǈ኱࠵൐੗܁Ⴀࡻă኱ৃڟཀǈ࣏ுᆶᅃ߲ਸڦݣ 3D
࿔ॲ߭๕੗ᅜᆩසُ०ࢅڇᆫெڦᇕ݆ํ၄ཞᄣీࠀڦ（࿢৽ጲஜጲੲକ）ă

例 8-4：X3D 体ࣷ჉ገݛ෥૬ࢤࢪ้ڦऍۅړ૩ጱǈڦ

 <?xml version="1.0" encoding="UTF-8"?> 
<!DOCTYPE X3D PUBLIC "ISO//Web3D//DTD X3D 3.0//EN" 
  "http://www.web3d.org/specifications/x3d-3.0.dtd"> 
<X3D profile='Interactive' version='3.0' 
  xmlns:xsd='http://www.w3.org/2001/XMLSchema-instance' 
    xsd:noNamespaceSchemaLocation = 
    ' http://www.web3d.org/specifications/x3d-3.0.xsd '> 
<head> 
 <-- XML meta႑တڦX3D࿔ॲྺتُ --!> ...
</head> 
<!-- 
ۨᅭ（DEF）বۅ໭ᆅǖࣃۯ（Animation）, ۅऍഗ（Clicker）, ้क़၍（TimeSource）, Վ࣑ਈን（XForm） 
--> 
<Scene> 
<!-- XForm ROUTE: [ٗAnimation.value_changedڟrotation ] --> 
<Transform DEF='XForm'> 
<Shape> 
<Box/> 
<Appearance> 
<Material diffuseColor='1.0 0.0 0.0'/> 
</Appearance> 
</Shape> 
<!-- Clicker ROUTE: [ٗtouchTimeڟTimeSource.startTime ] --> 
<TouchSensor DEF='Clicker' description='click to animate'/> 
<!-- TimeSource ROUTEs: 
[ٗClicker.touchTimeڟstartTime ] [ٗfraction_changedڟAnimation.set_fraction ] --> 
<TimeSensor DEF='TimeSource' cycleInterval='2.0'/> 
<!-- Animation ROUTEs: 
[ٗTimeSource.fraction_changedڟset_fraction ] 
[ٗvalue_changedڟXForm.rotation ] --> 
<OrientationInterpolator DEF='Animation' key='0.0 0.33 0.66 1.0' 
keyValue='0.0 1.0 0.0 0.0 0.0 1.0 0.0 2.1 0.0 1.0 0.0 4.2 0.0 1.0 0.0 0.0'/> 
</Transform> 
<ROUTE fromNode='Clicker' fromField='touchTime' toNode='TimeSource' 
  toField='startTime'/> 
<ROUTE fromNode='TimeSource' fromField='fraction_changed' 
  toNode='Animation' toField='set_fraction'/> 
<ROUTE fromNode='Animation' fromField='value_changed' toNode='XForm' 
  toField='rotation'/> 
</Scene> 
</X3D>
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VRML ๕ࢻยऺ体၄କ঍ڦ 3D ཮ႚڦႹ࠲ܠ॰߁౒ǈᅺُǈేईႹࣷණྺ໲๢ࢇ WebGL
๑ᆩăڍ๟ǈኄ߲߭๕๟ሞ JavaScript ࢅ DOM ၄ܠǈժ൐ራᇀႹڦ၄മยऺ؜ுᆶ࣏ۼ

ৃኟሞ๑ᆩڦᆘॲे໏࠲॰༬Ⴀăएᇀኄᅃۅǈᅈ࿢߲ටറ见ǈVRML/X3D କǈփም้ࡗ

๢ํࢇा๑ᆩăփࡗǈ໲૛面ᆶႹܠ੗ᅜ঺६ڟ WebGL ዐ݆ၙڦă

ܠ၄କႹ؜౎ઠǈܠ VRML ࢅ X3D ߭๕ాڦඹăڦࡔڤ Fraunhofer ჺ৯໯࣏ሞीჄ

X3D ॺକظჺ৯ǈժڦ X3DOMǈᅃ߲๑ᆩ WebGL ၂๖ X3D ాඹੂֱڦഗă߸࠲ܠᇀ

X3DOM ࿚ݡ႑တǈ੗ᅜڦ http://www.x3dom.org/ă

VRML（http://www.web3d.org/standardsvrml/）ࢅ X3D（http://www.web3d.org/standardsx3d/）ࡀڦ

ăڟ੗ᅜሞྪฉቴݔ

2. COLLADA：数字资源交换格式

2005 ౎ፑᆸǈVRML ਸ๔၂ڥᆶၵר৹କǈᆯԈઔ Sony Computer EntertainmentĂAlias 
Systems ࢅ Avid Technology ሞాڦᅃၵິࠅፇׯକᅃ߲ၭፇǈᅃഐਸ݀ᅃ߲ 3D ຕጴጨᇸ

߭๕ǈᆩᇀሞᆴဥࢅ঍ࢻ๕ 3D ᆌᆩዐ঍࣑ຕ਍ă໭౅ڦ Rémi Arnaud ࢅ Mark C. Barnes
ଶڞਸ݀କኄ߲߭๕ǈంఁྺ COLLADA（COLLAborative Design Activity）ăሞڼᅃӲࡀ

କߴਸ݀ᅎ঍ڦǈኄ߲Քጚࢫׯྜ׼ኧິࠅ࠲त၎ݔ Khronos ፇኯǈݥ޿ᆐ૧Ⴀፇኯ࣏ਸ

݀କ WebGLĂOpenGLǈᅜतഄ໱཮ႚᆘॲत෉ॲ API ăݔࡀڦ

COLLADA ࢅ X3D ᅃᄣǈ๟ᅃ߲एᇀ XML ዖܠ๕ǈ੗ᅜ՗๖ኝׇ߲ৠᅜत߭ీࠀඇڦ

փཞૌ႙ڦबࢆ体Ă֌ዊĂࣃۯत࠼ڨăࢅ X3D փཞڦ๟ǈCOLLADA ణՔփ๟ํڦ

၄ᅃ߲Ԉࡤႜྺतሏႜ้ᇕᅭĂ面ၠፌዕᆩ߭ڦࢽ๕ă๚ํฉǈ໲ժுᆶ௽ඓڦरຍణ

Քǈܸ๟๬཮ྜኝԍ٪ٗ 3D ෉ॲዐ੗ᅜ๼ڦ؜໯ᆶ႑တǈ๑ڥ໲੗ᅜԥࢫჄڦ෉ॲ๑

ᆩǈईኁԥᆴဥᆅ൤तਸ݀࣍ৣڞ෇ǈ඗ࢫևຈڟፌዕڦᆌᆩዐă໲ڦዷᄲၙ݆๟ǈᅃڋ

COLLADA ԥᄽহݘ࠽থ๴ǈ߳ዖ DCC ഄ໱ጲۨᅭ߭ྺ؜ڞฆ৽փႴᄲՊႀ֭ॲ׍ਏ߾

๕ǈኻᄲኧྺ؜ڞ׼ COLLADAǈ૙ஃฉඪࢆഄ໱෉ॲڞీۼ෇ă

૩ 8-5 ቛ๖କᅃ߲ COLLADA ׇৠڦևپݴஓǈ࿢்ॽሞԨቤࢫ面๑ᆩ Three.js ेሜ໲ă

ኄ૛०ڇ঄঴ᅃူǈCOLLADA ࿔ॲ঳ڦࠓब߲༬ۅኵڥᅃ༵ă๯ံǈ໲๟ᅜੰڦႚ๕

ઠፇኯ঳ڦࠓǈኄၵੰᆶփཞڦૌ႙ǈԲස཮ೌĂጣ෥ഗࢅ֌ዊăኄၵੰ๯ံሞ XML
ዐ৊ႜۨᅭǈ඗ࢫԥഄ໱Ⴔᄲڦևݴᆅᆩ（Բස֌ዊۨᅭዐ๑ᆩڦ཮ೌ）ăഄْǈጀᅪ

໲ࣷ၂๕ำ௽ᅃၵࡧຕǈܸኄၵࡧຕཚ׉൧઄ူۼԥੂፕాዃࡧຕǈԲස Blinn ጣ෥ഗă

COLLADA փ对ጣ෥ഗࢅ៺කఇ႙ፔඪ्ࢆยǈ໲ኻ๟٪ئኄၵ႑တǈඟଷᅃ߲߾ਏధڟ

ኄၵ႑တࢫምඁፔ၎ᆌتڦ૙ăথጣǈ࿢்݀၄ྪ߭ۅۥຕ਍՗๖ྺᅃဣଚૌ႙ྺ float_

array 体त֌ዊ（๑ᆩࢆबڦᆅᆩକമ面ۨᅭࡗᇮ໎ăፌዕǈཚڦ XML ዐڦ instance_

geometryĂbind_material त instance_material ᇮ໎）ǈኄၵྪ߭ፇጎׯକᅃ߲ᆩࢽ੗见ڦ

ׇৠă

例 8-5：COLLADA ࿔ॲڦ঳ࠓǈԈઔᄣԨੰĂबࢆ体तׇৠ

<?xml version="1.0"?> 
<COLLADA xmlns="http://www.collada.org/2005/11/COLLADASchema" 
  version="1.4.1"> 
    <asset> 
        <contributor> 
            <authoring_tool>CINEMA4D 12.043 COLLADA Exporter 
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            </authoring_tool> 
        </contributor> 
        <created>2012-04-25T16:44:59Z</created> 
        <modified>2012-04-25T16:44:59Z</modified> 
        <unit meter="0.01" name="centimeter"/> 
        <up_axis>Y_UP</up_axis> 
    </asset> 
    <library_images> 
        <image id="ID5"> 
            <init_from>tex/Buss.jpg</init_from> 
        </image> 
          ... <!-- ഄ໱཮ೌۨڦᅭ --> 
    </library_images> 
    <library_effects> 
        <effect id="ID2"> 
            <profile_COMMON> 
                <technique sid="COMMON"> 
                    <blinn> 
                        <diffuse> 
                            <color>0.8 0.8 0.8 1</color> 
                        </diffuse> 
                        <specular> 
                            <color>0.2 0.2 0.2 1</color> 
                        </specular> 
                        <shininess> 
                            <float>0.5</float> 
                        </shininess> 
                    </blinn> 
                </technique> 
            </profile_COMMON> 
        </effect> 
        ... <!-- ഄ໱୳৥ۨڦᅭ --> 
    <library_geometries> 
        <geometry id="ID56"> 
            <mesh> 
                <source id="ID57"> 
                    <float_array id="ID58" count="22812">36.2471 
9.43441 -6.14603 36.2471 11.6191 -6.14603 36.2471 9.43441 -9.04828 
36.2471 11.6191 -9.04828 33.356 9.43441 -9.04828 33.356 11.6191 
-9.04828 33.356 9.43441 
          ... <!-- ྪ߭ۨᅭڦഄᇆևݴ --> 
... 
    <!-- ᅜব֫ۅप঳ڦࠓႚ๕ۨᅭׇৠ --> 
    <library_visual_scenes> 
        <visual_scene id="ID53"> 
                <node id="ID55" name="Buss"> 
                    <translate sid="translate">5.08833 -0.496439 
-0.240191</translate> 
                    <rotate sid="rotateY">0 1 0 0</rotate> 
                    <rotate sid="rotateX">1 0 0 0</rotate> 
                    <rotate sid="rotateZ">0 0 1 0</rotate> 
                    <scale sid="scale">1 1 1</scale> 
                    <instance_geometry url="#ID56"> 
                        <bind_material> 
                            <technique_common> 
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                                <instance_material 
                                symbol="Material1" target="#ID3"> 
                                    <bind_vertex_input 
                                            semantic="UVSET0" 
                                            input_semantic="TEXCOORD" 
                                            input_set="0"/> 
                                </instance_material> 
                            </technique_common> 
                        </bind_material> 
                    </instance_geometry> 
                </node> 
         ... <!-- ഄᇆׇڦৠۨᅭ -->

ঢ়ࡗକ؛ิڐ೺ڦ܈ߛඤ൧त׍ڦݘ࠽ฆኧࢫ׼ǈ对 COLLADA ਸ๔ປཽକăٗ׼ኧڦ

߁ٷ 2010 ౎ਸ๔ǈୁႜ DCC ཕኹକăፌ近ǈࢭਸ݀बڦॲ֭ڦኄ߲߭๕؜ڞਏዐ߾

COLLADA ᆼԥዘႎዘ视ഐઠǈዷᄲᇱᅺ๟对 WebGL Ⴔ൱ĊĊWebGLڦ׼ኧڦ ዐඍ݄

ాዃڦ࿔ॲ߭๕（ࢫ面ࣷ߸ၘဦں঻ถ）ăໜ؜ࢫ၄କᅃ߲ႎڦਸᇸၜణ OpenCOLLADA
（https://www.khronos.org/collada/wiki/OpenCOLLADA）ǈ໲Ԉઔକኧ׼ 3ds Max त Maya 
2010 ౎ᅜࢫӲԨ߾؜ڞڦਏǈీ߅؜ڞ৫ժग़ඹڦ COLLADA ߭๕ă

৑࠶ሺഽ对 COLLADA ߭๕ڦኧ׼对ᇀ 3D ాඹ዆ፕୁײ๟ᅃتࡻٷǈڍ໲ᆶ߲࿚༶ăኟ

ස࿢்ሞമ面૩ጱዐੂڦڟǈCOLADA ຕ਍ܠ߸٪ăኄ߲߭๕๟ยऺᆩઠԍ׊ර׉ݥ

঴ဆăᅺُࢅǈܸփ๟ྺକ੺໏ူሜڦ Khronos ፇኯਸ๔ਸ݀ᅃ߲ႎ߭ڦ๕ǈ़ԍାକ

COLLADA ዐڦᆫႯ༬ႠĊĊీྜඇ՗๖ڦ޷ݿ 3D ৠǈᆼཞ้੊୯କׇࣃۯ Web ๼࿚د

༶ǈኄ߲߭๕๟ glTFă

3. glTF：一个用于WebGL、OpenGL ES及OpenGL应用的新格式

ໜጣ WebGL ઠକᅃ߲Ⴔᄲټደॷୁႜǈ໲ڦ Web ਸ݀ኁ঴ਦڦ࿚༶ǈఫ৽๟සٗࢆ 3D 
DCC ڟ႑တڦኝྜ؜ڞਏዐ߾ WebGL ᆌᆩዐăૌຼ OBJ ఫᄣڇڦᅃྪ߭࿔Ԩ߭๕ፁᅜ՗

๖ᅃ߲࿿体ǈڍ໲փԈׇࡤৠ཮঳ࠓĂ࠼ᇸĂ၎ऐतࣃۯăCOLLADA ๟ڍ฀ǈྜీࠀڦ

࿢்ሞമ面ᅃবዐੂڟǈ໲࢔ර׊ǈܸ൐໲๟ XML ߭๕ڦǈႴᄲٷଉ CPU ऺ໙ઠ঴ဆժ

ገׯ੗ᅜԥ WebGL ៺කڦຕ਍঳ࠓă࿢்Ⴔᄲᅃ߲৆ٙĂ๢ࢇ Web ๕ǈ໲ሞ៺කമ߭ڦ

ኻႴᄲ৊ႜፌณتྔܮڦ૙ǈૌຼ 3D ଶᇘڦ JPEG ߭๕ă

ሞ 2012 ౎ဲڦཀǈFabrice Robinet（ఊྂஆઙײ߾฾ĂKhronos COLLADA ፕፇዷဝ） ਸ߾
๔ਸ݀ᆛᆶ COLLADA ڦీࠀ 3D ߭๕ǈ໲Բ COLLADA ߸৆ٙǈܸ൐߸๢ࢇ WebGLă
ፌਸ๔ኄ߲ၜణԥྺ׬ COLLADA2JSONǈ໲݆ၙڦ๟ॽԩዘڦ XML ᇕ݆ገׯൟଉपڦ

JSONăُٗᅜࢫǈ໲ਸ๔ጽฉକຌᇀጲम݀ڦቛڢୟăKhronos COLLADA ഄڦፕፇዐ߾

໱ׯᇵᄺे෇৊ઠକǈԈઔ࿢ĂCOLLADA ሰኁظڦ Remi Arnaudǈᅜत Patrick Cozzi（ݞ

ᇟ෉ॲࠃᆌฆ AGI ࣅᆫࢅገ࣑ںڇፕٗ०߾ڦ฾）ă࿢்ײ߾ڦ COLLADA ߭๕ǈՎׯ

କٗཀྵยऺᅃዖႎ߭ڦ๕ǈᆩᇀएᇀ OpenGL ڦ Web तᅎۯᆌᆩăᇀ๟ glTF（Graphics 
Library Transmission Formatǈ཮ႚੰد๼߭๕）ิڐକă

glTF ᅜ COLLADA ๕ăCOLLADA߭ڦ໲๟ᅃዖඇႎڍǈۅ݀؜༬Ⴀྺీࠀඇڦ ༬Ⴀڦ

ԥᆩፕኧࢆ׼ዖ཮ႚ༬Ⴀ֖ڦ੊ǈڍဦবሶྜඇփཞăglTF ๑ᆩ JSON ઠ௮ຎׇৠ঳ࠓत

Ă݆၍Ăჿۅۥຕ਍ǈԲසڦǈ๑ᆩܾ৊዆߭๕ઠ௮ຎၘဦ（ᇸ࠼ࢅԲස၎ऐ）႑တ֫ߛ

෥ࣃۯࢅăglTF ڟ৊዆߭๕ԥยऺྺీ኱থेሜܾڦ WebGL ዐ（Բස؋࣐ڦ Int32Array
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ࢅ FloatArray ኄᄣڦૌ႙ຕፇ）ăेሜᅃ߲ glTF ࿔ॲײୁڦ੗ᅜ०ںڇ௮ຎසူǖ

ڦڇൽᅃ߲०܁ (1) JSON Ԉጎ࿔ॲǗ

(2) ཚࡗ Ajax ेሜྔևܾ৊዆࿔ॲǗ

ॺᅃၵૌ႙ຕፇǗظ (3)

(4) ۙ ᆩ WebGL ࣼ዆ాඹ݆ݛڦઠ៺කă

঴ဆࢅ໲Բူሜڍăۅ඗ǈํाฉኄᄣੂഐઠ߸ްሗᅃړ XML ࿔ॲĂॽ JavaScript Number

ૌ႙ገׯૌ႙ຕፇܠၳߛକăglTF ੗ᅜԍኤ࿔ॲ体ओၭ൐ेሜ໏܈੺ǈኄၵۼ๟ظॺߛႠ

ీ Web तᅎۯᆌᆩዐ࠲ڦ॰ᅺ໎ă

૩ 8-6 ቛ๖କᅃ߲ۆ႙ glTF ׇৠڦ JSON ᇕ݆ǈኄׇ߲ৠ৽๟ዸఁڦ COLLADA ღఇ႙ă

ጀᅪǈ໲ڦᇕ݆঳ࠓૌຼ COLLADAǈ๯ံ؜၄ڦ๟ੰǈሞፌۨࢫᅭׇৠ཮ڦ঳ࠓǈ૛面

ࣷᆅᆩኄၵੰăڍᄺ৽ኻᆶኄၵ၎ཞኮتକăglTF ูۖକሏႜ้ݥՂႴڦ႑တǈൽܸپኮ

ཚۨࡗᅭ঳ࠓઠඟ WebGL ࢅ OpenGL ES ੺໏ेሜăglTF ۨᅭକຌႠ（ۅۥ࿋ዃĂ݆၍Ă

ჿ෥Ă࿖૙ፖՔၘڦ（ڪဦ႑တǈኄၵ႑တᆩᇀሞ੗Պײጣ෥ഗዐ៺ක࿿体ă๑ᆩኄၵຌ

Ⴀ႑တǈglTF ᆌᆩ੗ᅜසํ៺කඪᅪྪ߭ǈनՍ໲ጲमுᆶްሗڦ֌ዊဣཥă

କأ JSON ࿔ॲǈglTF ࣏ࣷᆅᆩᅃ߲ईئ٪߲ܠକ޷ݿຕ਍（Բසྪ߭ۅۥڦࣃۯࢅຕ

਍）ܾڦ৊዆࿔ॲ（ࢫጘ๟ .bin）ǈኄၵܾ৊዆࿔ॲዐڦຕ਍঳ࠓԥྺ׬缓冲（buffer）ࢅ

缓冲视图（buffer view）ă๑ᆩኄዖݛ๕ǈ࿢்੗ᅜୁ๕ူሜĂሺଉူሜǈईኁᅃْႠेሜ

glTF ాඹǈኄൽਦᇀᆌᆩႴ൱ă

例 8-6：glTF JSON ࿔ॲ߭๕ڦ૩ጱ

{ 
    "animations": {}, 
    "asset": { 
        "generator": "collada2gltf 0.1.0" 
    }, 
    "attributes": { 
        "attribute_22": { 
            "bufferView": "bufferView_28", 
            "byteOffset": 0, 
            "byteStride": 12, 
            "count": 2399, 
            "max": [ 
                96.1799, 
                163.97, 
                53.9252 
            ], 
            "min": [ 
                -69.2985, 
                9.92937, 
                -61.3282 
            ], 
            "type": "FLOAT_VEC3" 
      }, 
 ຌႠۅۥ୼ഄ໱ูتُ ...
        "bufferViews": { 
            "bufferView_28": { 
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                "buffer": "duck.bin", 
                "byteLength": 76768, 
                "byteOffset": 0, 
                "target": "ARRAY_BUFFER" 
            }, 
            "bufferView_29": { 
                "buffer": "duck.bin", 
                "byteLength": 25272, 
                "byteOffset": 76768, 
                "target": "ELEMENT_ARRAY_BUFFER" 
            } 
        }, 
        "buffers": { 
            "duck.bin": { 
                "byteLength": 102040, 
                "path": "duck.bin" 
            } 
        }, 
        "cameras": { 
            "camera_0": { 
                "aspect_ratio": 1.5, 
                "projection": "perspective", 
                "yfov": 37.8492, 
                "zfar": 10000, 
                "znear": 1 
            } 
        }, 
... ഄ໱ߛप࿿体, ස֌ዊ࠼ڨࢅ 
... ፌࢫ๟ׇৠ཮（scene graph） 
    "nodes": { 
        "LOD3sp": { 
            "children": [], 
            "matrix": [ 
               ... ਈንຕ਍ 
            ], 
            "meshes": [ 
                "LOD3spShape-lib" 
            ], 
            "name": "LOD3sp" 
        },

৑࠶ glTF ยऺڦዘۅ๟ྺ OpenGL କᅃ؜ยऺኁ࣏๟ፔڍຕ਍߭๕ǈڦၳߛࢅ৆ٙࠃ༵

ችዐǈԍାକڦۨ DCC ՂԢݴևڦॺظਏ໯߾ 3D ຕ਍ǈԲසࣃۯĂ၎ऐ࠼ࢅᇸăړമӲ

Ԩڦ glTF（1.0）ኧ׼ᅜူ༬Ⴀă

• 网格

ăྪ߭ሞׯएᇮፇࢆब߲ܠՉႚྪ߭ᆯᅃ߲ईܠ JSON ࿔ॲዐۨᅭǈ඗ࢫᆅᆩᅃ߲ईܠ

߲Ԉۅۥࡤຕ਍ܾڦ৊዆ຕ਍࿔ॲă

• 材质和着色器

֌ዊ੗ᅜ՗๖ྺڦ֫ߛཚᆩ঳ࠓ（BlinnĂPhongĂLambert）ǈईኁሞ GLSL ጣ෥ഗۅۥ

ጣ෥ഗዐํ၄ǈፕྺྔև࿔ॲԥ܎ೌࢅ glTF ࿔ॲᆅᆩă
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• 光源

ཚᆩ࠼ᇸૌ႙（ۨၠ࠼Ă࠼ۅᇸĂ਋࠼ৣ࣍ࢅڨ࠼）ǈ੗ᅜሞ JSON ࿔ॲዐᆩ֫ߛ঳ࠓ

՗๖ă

• 相机

glTF ۨᅭକཚᆩڦ၎ऐૌ႙ǈԲසཪ视၎ऐࢅኟ঍၎ऐă

• 场景图结构

ׇৠ๑ᆩᅃ߲֫प཮ઠ՗๖ǈᆶႹܠবۅ（नྪ߭Ă၎ऐ࠼ࢅᇸ）ă

• 变换层级

ׇৠ཮ዐڦ௅߲বۼۅᆶᅃ߲࠲૴ڦՎ࣑ਈንă௅߲বۼۅ੗ᅜԈࡤጱবۅǈጱবۅी

Վ࣑႑တăڦۅব޴׶

• 动画

glTF ۨᅭକᆩઠ՗๖एᇀ࠲॰ኡĂ௏ೄतՎႚڦࣃۯຕ਍঳ࠓă

• 外部媒体

཮ೌࢅ视ೕ੗ᅜᆩፕ࿖૙ཌྷ཮ྔڦև࿔ॲǈ๑ᆩ URL ઠᆅᆩă

glTF ၜణ৑࠶๟ሞ Khronos ፇኯڦሢዺူਸ݀ڦǈڍ໲ྜඇࠅਸǈሎႹඪࢆටࠋ၅پஓă

ሞ GitHub ዐᆶᅃ߲ᇸஓ֞ੰǈഄዐԈࡤକ੗ᅜᆩੂֱڦഗĂ૩ጱतݔࡀԨวăglTF ܓཷ

႑ڦތ૙౒๟ీࠀႴᄲံሞپஓዐํ၄ǈ඗ࢫ֍ႀݔࡀڟዐăܓཷ޿ᅙঢ়ਸ݀କ຺߲܀૬

ڦ glTF ֱੂഗǈഄዐᅃ߲੗ᅜሞ Three.js ዐ๑ᆩ（࿢்ࣷځॽੂڟ）ăၙᄲइൽ߸ܠ႑တǈ

൩ݡ࿚ Khronos glTF ዷᄻ（http://gltf.gl/）ăڦ

4. Autodesk FBX
࣏ᆶᅃ߲ඇׇీࠀৠ߭๕ኵڥᅃ༵ǈ዁ณᄲຩټ঻ถᅃူăFBX ߭๕๟ᅃዖ࿔Ԩ߭๕ǈ

ຌᇀࡃ Autodesk ăፌራ໲ᆯິࠅ Kaydara ਸ݀ǈᆩᇀ MotionBuilder ዐăAutodesk ๭ࠔ

Kaydara ೗ዐ๑ᆩׂ߲ܠڦǈ໲ਸ๔ሞ໲ࢫ FBX ߭๕ă৽ኄᄣǈFBX Վׯକ Autodesk ׂ

೗（3ds MaxĂMaya ࢅ MotionBuilder）ాև঍࣑ຕ਍ڦՔጚă

FBX ๟ᅃ߲߭޷๕ǈኧ׼Ⴙܠ 3D ഄ໱߭๕փཞǈFBXڦԨቤ঻ถࢅຕ਍ૌ႙ăࣃۯࢅ ๟

ຳᆶڦǈԥ Autodesk ྜඇ੦዆ăAutodesk Պႀኄ߲߭๕ڦ࿔ڗǈժ༵ࠃ C++ ࢅ Python ڦ

SDK ઠ܁ႀ FBX ࿔ॲăڍኄၵ SDK Ⴔᄲׂ೗Ⴙ੗ኤǈᆶၵ੗ీࣷࡍ࢔ăణമᆶᅃၵփ๑

ᆩ SDK ਸ݀ڦ FBX ਏǈԲස߾؜ڞ෇ڞ Blenderǈڍփൣؤኄᄣ๑ᆩሞ FBX ๲඄ၹᅱዐ

๟݆ࢇޏă

ᅺྺኄ߲߭๕๟ຳᆶڦǈܸ൐Ⴙ੗ၹᅱఇࢵǈ໯ᅜፌࡻփ๑ᆩ FBXăڍଷᅃݛ面ǈ໲๟

ሞᄽহ߾ॖۥਏዐ໯๑ᆩ׉ݥڦഽڦٷरຍǈᅺُኵڥᅃੂăၙᄲइൽ߸ܠ႑တǈ൩ݡ࿚

FBX ዷᄻ（http://www.autodesk.com/products/fbx/overview）ăڦ

8.4　加载3D内容到WebGL应用中

࣏ऻڥ WebGL ኻ๟ᅃ߲ࣼ཮ੰӕǈ໲ాևժுᆶܠՉႚྪ߭Ă֌ዊĂ࠼ᇸᅜतਸ݀ኁሞ

3D ཮ႚዐᆩڦڟඪ֫ߛࢆ঳߁ڦࠓ౒ăWebGL ኻኪڢෙঙႚࢅຕბǈᅺُ WebGL ுᆶ
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ጲमڦ࿔ॲ߭๕ժփആ࠰ăܸ൐໲ᄺுᆶ对Ԩቤኮമ঻ถڦ໯ᆶ߭๕ాڦॺኧ׼ăྺକॽ

3D ࿔ॲेሜڦేڟ Web ᆌᆩዐǈేႴᄲጲमՊႀپஓǈईኁ๑ᆩ၎ੰڦ࠲ă

ኵߛڥ႗ڦ๟ǈThree.js ᆶႹेܠሜ׉见߭๕ڦ๖૩پஓǈԈઔ OBJĂSTLĂVRML ࢅ

COLLADA ǈᆶၵेሜഗٷ࢔ஓǈ໲்ኮक़ֶ՚پஓৈৈኻ๟๖૩پኄၵेሜഗࡗăփڪ

ॳ጑ǈᆶၵሶփྜ฀൐ᆶඍ။ăThree.js׉ݥ ࣏ۨᅭକኍ对໲ጲमڦ࿔ॲ߭๕ă໲๑ᆩକ

एᇀ JSON ࢅǈኄ܈ሜ໏ेื༵ࢅည࿔Ԩ߭๕ǈ࣏๑ᆩକܾ৊዆࿔ॲઠუ໫体ओൣڦ glTF
ૌຼă໲ฯ዁࣏ᆶᅃ߲एᇀ࢔ JSON ኄ߲߭๕ࡗኝׇৠ߭๕ăփྜڦ࿿体߲ܠࡤĂీԈڦ

࣏๟ํᄓႠڦǈሞ࿢ੂઠ໲࣏փీሞኟ๕ׂ೗ዐ๑ᆩă

ॽ޿ຫǈేᆌ܌ࣆ׊ WebGL ዐڦ 3D ాඹ዆ፕୁړײፕᅃׇ༑၃ă৑࠶࿢்ፌዕࣷٳڟ

ణںڦǈڍሞኄཉୟฉᆶႹܠ൸ችࢅᅪྔăඟ࿢்ਸ๔ኄ߲༑၃ӕǈሞԨቤڦ฻ᇆևݴǈ

࿢்ॽࣷჺ৯සࢆ๑ᆩ Three.js ॽాඹेሜڟ WebGL ᆌᆩዐă

8.4.1　Three.js JSON格式

Three.js ࢅ࿔ॲ߭๕ǈ໲ڦ႐Ԉዐۨᅭକጲमࢃ OBJ ࢅڍૌຼǈᆩᇀेሜྪ߭ăీࠀ OBJ
փཞڦ๟ǈኄ߲߭๕๟एᇀ JSON ྺںՍݛ࢔ీࢫǈ໯ᅜ໲঴ဆڦ Three.js ๑ᆩă

ሞԨກՊႀࢪ้ڦǈ࣏ுᆶܠณ߾ਏኧ؜ڞ׼ Three.js JSON ߭๕ăThree.js ႀକᅃ߲ܓཷ

Blender ؜ڞႴᄲٗ߳ዖփཞ߭๕ేࡕ๕ă๚ํฉǈසݛڦഗǈ໯ᅜኄ๟ᅃ߲੗ႜ؜ڞڦ

ڟ Three.js JSONǈኄ๟ᅃ߲փݛڦٱ๕ǈᅺྺ Blender ኧڞ׼෇ܠዖ߭๕ăසేࡕփဠ࣌

ᆩ Blenderǈଷᅃዖݛ๕๟๑ᆩ OJB ࿔ॲઠገ࣑ăThree.js ᆶᅃ߲ॽ OBJ ࿔ॲገׯ Three.js 
JSON ߭๕߾ڦਏǈ໲๟ᆩ Python ႀڦǈ࿢்ሞူ߲૩ጱዐࣷᆩڟ໲ă

ਸԨກ๖૩࿔ॲٶ Chapter 8/pipelinethreejsmodel.htmlăే੗ᅜੂڟᅃ߲ঢ়ڦۆ໿੣ᅖఇ႙ǈ

৽๟ᅃ߲ዐक़ᆶ߲ۈٷጱڦ୹ႚᅖጱă๑ᆩ຋Քፑ॰ઠ჉ገఇ႙ǈ๑ᆩࡐ୾ईఄةӱઠݣ

໫ၭǈස཮ٷ 8-12 ໯๖ă

图 8-12：一个 Wavefront OBJ 格式的文件，转成了 Three.js JSON 格式，并通过 THREE.JSONLoader

进行加载；这个经典的球形椅子模型来自 Turbosquid（http://www.turbosquid.com/
FullPreview/Index.cfm/ID/761919），由 Luxxeon（http://luxxeon.deviantart.com/）创建
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ኄׇ߲ৠዐڦᅽᆖ࠼ࢅ၍ۼ๟ࠦۨڦǈᆩઠ༵ࠃᅃ߲ڦੂࡻԝৠǈڍఇ႙ۼઠጲ OBJăٗ

Turbosquid ူሜኄ߲ெ௴ڦఇ႙ࢫǈ࿢ཚࡗሏႜ OBJ ገ࣑߾ਏઠظॺీԥ Three.js ेሜڦ

JSON ࿔ॲă

ገ࣑߾ਏሞ Three.js ၜణڦ utils ጱణ୤ူăሏႜසူంସઠ৊ႜఇ႙ገ࣑ǖ

python <path-to-three.js>/utils/exporters/convert_obj_three.py -i ball_chair.obj  
-oball_chair.js

໲ࣷ๼؜ ball_chair.js ࿔ॲăඟ࿢்ੂੂ࿔ॲڦ JSON ᇕ݆ǈ૩ 8-7 ๟໲ڦևپݴஓăሞᅃ

ၵ௮ຎӲԨࡽतഄ໱႑တڦᇮຕ਍ࢫǈ৽๟ాඹևݴă๯ံǈᆶᅃၵ֌ዊۨڦᅭă໲்ੂ

ഐઠᆌ࢔޿ຄဒǈᅺྺ๟ٗ OBJĂMTL ࿔ॲገ࣑ࡗઠڦǈ࿢்ሞ૩ 8-2 ዐᅙঢ়঻ถࡗăሞ

ఫኮࢫ๟ྪ߭ۨᅭǈ቞਍କ࿔ॲٷڦևాݴඹăࡹ࿮ᅑ࿚ǈኄၵ JSON ຕፇۨᅭକۅۥ࿋

ዃĂ݆၍Ă࿖૙ፖՔᅜत面ೌăᅃڋ Three.js ᆶକ JSON ዐڦኄၵ႑တǈ໲৽ీൟ຿៺ක

࿢்മ面ੂ߭ྪڦڟă

例 8-7：Three.js JSON ߭๕ڦ૩ጱ

{ 
 
    "metadata" : 
    { 
        "formatVersion" : 3.1, 
        "sourceFile"    : "ball_chair(blender).obj", 
        "generatedBy"   : "OBJConverter", 
        "vertices"      : 12740, 
        "faces"         : 12480, 
        "normals"       : 13082, 
        "colors"        : 0, 
        "uvs"           : 15521, 
        "materials"     : 4 
    }, 
 
    "scale" : 1.000000, 
 
    "materials": [   { 
    "DbgColor" : 15658734, 
    "DbgIndex" : 0, 
    "DbgName" : "shell", 
    "colorAmbient" : [0.0, 0.0, 0.0], 
    "colorDiffuse" : [0.588, 0.588, 0.588], 
    "colorSpecular" : [0.72, 0.72, 0.72], 
    "illumination" : 2, 
    "mapAmbient" : "shell_color.jpg", 
    "mapDiffuse" : "shell_color.jpg", 
    "opticalDensity" : 1.5, 
    "specularCoef" : 77.0 
    }, 
 
... ഄ໱֌ዊۨᅭ 
 
    "vertices": [-1.569305,4.927318,-1.529769,-0.889529, 
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... ഄ໱ۅۥຕ਍ 
 
    "morphTargets": [], 
 
    "morphColors": [], 
 
    "normals": [-0.53717,0.35055,-0.76718,-0.46279,0.35837, 
 
... ഄ໱݆ၠଉĂჿ෥ࢅ࿖૙ፖՔຕ਍ 
 
    "faces": [43,312,599,57,596,0,0,1,2,3,0,1,2,3,43,597 
 
... ഄ໱面ೌຕ਍ 
 
}

၄ሞඟ࿢்ੂੂेሜኄ߲ఇ႙پڦஓăThree.js ժுᆶጲټఇ႙ֱੂഗǈ໯ᅜ࿢்Ⴔᄲጲ

मਸ݀ăڍ໲׉ݥඹᅟ（዁ณ对ᇀਸ݀ᅃ߲०ڦڇఇ႙ֱੂഗઠຫ）ă࿢்ॽӝኄ߲૩ጱ

ڦᇸĂԝৠत၎ऐ੦዆࠼ሜఇ႙ǈଷᅃ߲ยዃԈઔेࢅॺׇৠظǈᅃ߲ڇஓൣپଇ߲ׯݴ

ׇৠ࣍ৣăׇৠظॺेࢅሜఇ႙پڦஓස૩ 8-8 ໯๖ă

例 8-8：ेሜᅃ߲ Three.js JSON ߭๕ڦఇ႙پڦஓ

function loadModel() { 
    // ൰ႚᅖጱఇ႙ᆯLuxxeon༵ࠃ 
    // http://www.turbosquid.com/FullPreview/Index.cfm/ID/761919 
    // http://www.turbosquid.com/Search/Artists/luxxeon 
    // http://luxxeon.deviantart.com/ 
 
    var url = "../models/ball_chair/ball_chair.json"; 
 
    // ୹ႚᅖጱఇ႙ᆯLuxxeon༵ࠃ 
    // http://www.turbosquid.com/FullPreview/Index.cfm/ID/738230 
    // http://www.turbosquid.com/Search/Artists/luxxeon 
    // http://luxxeon.deviantart.com/ 
    // var url = "../models/egg_chair/eggchair.json"; 
 
    var loader = new THREE.JSONLoader(); 
    loader.load( url, function( geometry, materials ) {  
        handleModelLoaded(geometry, materials) } ); 
 
} 
 
function handleModelLoaded(geometry, materials) { 
 
 面֌ዊܠڦॺᅃ߲ႎظ //    
    var material = new THREE.MeshFaceMaterial(materials); 
    var mesh = new THREE.Mesh( geometry, material  ); 
 
    // ਸഔᅽᆖ 
    mesh.castShadow = true; 
 
    // සࡕ࿿体ఇ႙փሞዐ႐ǈॽഄᅎڟᇱۅ 
    geometry.computeBoundingBox(); 
    center = new THREE.Vector3().addVectors(geometry.boundingBox.max,  
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        geometry.boundingBox.min).multiplyScalar(0.5); 
    mesh.position.set(-center.x, 0, -center.z); 
    scene.add( mesh ); 
 
    // एᇀबࢆႚጒ؅٫ڦቴڟᅃ߲ࢇ๢ڦ၎ऐ࿋ዃ 
    var front = geometry.boundingBox.max.clone().sub(center); 
    //camera.position.set(0, geometry.boundingBox.max.y / 2,  
        geometry.boundingBox.max.z * 8); 
    camera.position.set(0, front.y, front.z * 5); 
 
    if (orbitControls) 
        orbitControls.center.copy(center); 
} 
 
function createScene(container) { 
 
 Three.jsׇৠڦॺᅃ߲ႎظ //    
    scene = new THREE.Scene(); 
 
    // ཁेᅃ߲၎ऐǈᅜՍ࿢்ִ࠵ኝׇ߲ৠ 
    camera = new THREE.PerspectiveCamera( 45, container.offsetWidth /  
        container.offsetHeight, 1, 4000 ); 
    camera.position.z = 10; 
    scene.add(camera); 
 
 ࠼ڨ //    
    createLights(); 
 
 面ں //    
    if (addEnvironment) 
        createEnvironment(); 
 
    // ఇ႙ 
    loadModel(); 
}

๯ံǈcreateScene() ڦॺକᅃ߲੣ظຕࡧ Three.js ׇৠǗ඗ࢫǈཚޤࡗዺࡧຕ（࿢்ࣷځ

ॽࣷ঻ถ）ǈ໲ظॺᅃ߲၎ऐǈᅜत࠼ᇸࢅԝৠă࣏ऻڥ஘ǈኄၵڇᅃఇ႙߭ڦ๕๟փԈ

ॺ໲்ăظǈ໯ᅜ࿢்Ⴔᄲጲमڦᇸ࠼ࢅ၎ऐࡤ

থူઠǈ࿢்ۙᆩ loadModel() ຕઠेሜఇ႙ă໲๑ᆩକࡧ Three.js ాॺڦૌ THREE.

JSONLoaderǈኄ߲ૌࣷॽ঴ဆڦࢫࡻ JSON ገׯ੗ᅜ๑ᆩڦ Three.js बࢆ体ă࿢்ۙᆩेሜ

ഗڦ load() ڦǈ֖ຕ๟ఇ႙݆ݛ URL ຕࡧຕă࣮ۙࡧᅃ߲࣮ۙࢅ handleModelLoader() ׶

঴ဆࠀׯፕăሞ߾ڦକณଉڅ JSON ǈThree.jsࢫ ࡧ࣮ۙڦ对象ժۙᆩ࿢்ࢆॺକᅃ߲बظ

ຕă඗ࢫႴᄲ࿢்ઠظॺ֌ዊǈ࿢்๑ᆩ༬๺ڦ֌ዊૌ႙ THREE.MeshFaceMaterialăኄ߲

֌ዊԈࡤକबዖ֌ዊǖJSON ߭๕ኧ׼ሞबࢆ体ڦ௅ᅃ面ۼ๑ᆩփཞڦ֌ዊă࿢்๑ᆩ࣮

ॺظփཞ֌ዊઠڦຕ֖߲ܾڼຕࡧۙ MeshFaceMaterial ૌ႙ڦ对象ă

၄ሞ࿢்߭ྪڦ੗ᅜ៺කକǈ࿢்ॽ໲ཁेׇڟৠዐăܸ൐࿢்࣏े෇କᅃၵഄ໱ၳࡕă

࿢்ၙᄲᆶᅽᆖǈ໯ᅜยዃྪ߭ڦ castShadow ຌႠྺ trueă࿢்ၙඟྪ߭ሞ၎ऐ੦዆ഗዐ

Ӧࡻ࿋ዃǈ໯ᅜॽ໲ڟݣକᇱتۅă࿢்੗ᅜཚۙࡗᆩ Three.js ڦ getBoundingBox() ຕࡧ
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ઠڦ߭ྪڟڥዐ႐ă࿢்࣏ཚࡗՉহ઀（bounding box）ઠऺ໙ࢇ๢ڦ၎ऐ࿋ዃǈॽ၎ऐ

ăݛമฉڦሞՉহ઀ݣ

૩ 8-9 କᅃ߲对ࡤ៺කთ࣍Ԉڦஓă๯ံǈ࿢்پݴևڦॺᅃ߲ཚᆩఇ႙ֱੂഗظକ؜ߴ

headlight（ᅃ߲ӣ෥࠼ၠۨڦᇸ） ڦ჉ገǈ໲ᆦ远ٗ၎ऐړമ࿋ዃቷพׇڟৠዐᄕăኄᄣǈ

࿢்৽ీᅜඪᅪঙ܈ઠֱੂఇ႙ă

࿢்ထྭᆶଆڦࡻᅽᆖၳࡕઠ༵ื视ਥ体ᄓǈ໯ᅜሞظॺ៺කഗׇࢅৠ࠼ᇸࢪ้ڦยዃ

କՂᄲڦ Three.js ڦ shadow ຌႠǈ൩ݴ՚ֱੂ createRenderer() ࢅຕࡧ createLights()

ӱઠཨพᅽᆖǈ໯ᅜ࿢்ሞںǈ࿢்Ⴔᄲᅃ߲ࢫຕăፌࡧ createEnvironment() ຕዐࡧ

ॺ໲ăظ

ᆩᇀ၂๖໿੣ᅖఇ႙پڦஓ੗ᅜፕྺᄣӱپஓǖظॺᅃ߲ԝৠǈظॺᅃၵఐණ࠼ڦᇸǈظ

ॺᅃ߲၎ऐǈेሜఇ႙ǈሞ၎ऐᅎڦۯཞ้ԍ࠼׼ᇸࢇڦ๢ၠוڦăኄၵօየ੗ᅜᆩઠֱ

ੂඪᅪएԨఇ႙ă

඗ܸǈኄዖپஓڦፇኯݛ๕ժփ๢ࢇሞᆌᆩዐዘᆩă࿢்ॽሞူᅃቤዐ঴ਦኄ߲࿚༶ǈ࿢

்ࣷਸ݀ᅃ߲ཚᆩڦఇ႙ֱੂഗૌăڍ၄ሞ࠲ڦ॰࿚༶ሞᇀǖሞ Three.js ዐेሜᅃ߲ OBJ
߭๕ڇڦᅃఇ႙࿔ॲᇱԨ৽փްሗă

例 8-9：ยዃ JSON ఇ႙ֱੂഗڦԝৠׇࢅৠ࠼ቷ

function run() { 
    requestAnimationFrame(function() { run(); }); 
 
        // ߸ႎ၎ऐ੦዆ഗ 
        orbitControls.update(); 
 
        // ۙኝheadlightڦ࿋ዃǈ๑ഄኸၠఇ႙ 
        headlight.position.copy(camera.position); 
 
        // ៺කׇৠ 
        renderer.render( scene, camera ); 
 
} 
 
var shadows = true; 
var addEnvironment = true; 
var SHADOW_MAP_WIDTH = 2048, SHADOW_MAP_HEIGHT = 2048; 
 
function createRenderer(container) { 
 քዐࣃڟॺThree.js៺කഗժॽഄཁेظ //    
    renderer = new THREE.WebGLRenderer( { antialias: true } ); 
 
    // ਸഔᅽᆖ 
    if (shadows) { 
        renderer.shadowMapEnabled = true; 
        renderer.shadowMapType = THREE.PCFSoftShadowMap; 
    } 
 
    // ยዃ视口؅٫ 
    renderer.setSize(container.offsetWidth, container.offsetHeight); 
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    container.appendChild(renderer.domElement); 
} 
 
 
function createLights() { 
 
 ยዃ࠼ڨ //    
    headlight = new THREE.DirectionalLight; 
    headlight.position.set(0, 0, 1); 
    scene.add(headlight); 
 
    var ambient = new THREE.AmbientLight(0xffffff); 
    scene.add(ambient); 
 
    if (shadows) { 
        var spot1 = new THREE.SpotLight(0xaaaaaa); 
        spot1.position.set(0, 150, 200); 
        scene.add(spot1); 
 
        spot1.shadowCameraNear      = 1; 
        spot1.shadowCameraFar      = 1024; 
        spot1.castShadow            = true; 
        spot1.shadowDarkness        = 0.3; 
        spot1.shadowBias = 0.0001; 
        spot1.shadowMapWidth = SHADOW_MAP_WIDTH; 
        spot1.shadowMapHeight = SHADOW_MAP_HEIGHT; 
    }    
} 
 
function createEnvironment() { 
 面ں //    
    var floorMaterial = new THREE.MeshPhongMaterial({ 
            color: 0xffffff, 
            ambient: 0x555555, 
            shading: THREE.SmoothShading, 
        }); 
    var floor = new THREE.Mesh( new THREE.PlaneGeometry(1024, 1024), floorMaterial); 
 
    if (shadows) { 
        floor.receiveShadow = true; 
    } 
 
    floor.rotation.x = -Math.PI / 2;     
    scene.add(floor); 
}

8.4.2　Three.js的二进制格式

Three.js ۨᅭକᅃ߲߸৆ٙ߭ڦ๕ǈ໲ᆫࣅକྪ߭ेڦሜǈ๟ JSON ߭๕ڦᅃ߲༺پăኄ߲

ܾ৊዆߭๕Ԉࡤଇ߲࿔ॲǖᅃ߲๟ၭേڦ JSON ྔ੕ǈᆩᇀۨᅭྪ߭֫ߛڦຌႠ（૩ස֌

ዊଚ՗）Ǘᅃ߲๟ܾ৊዆࿔ॲ（.bin ຕ਍ăڦ面ೌࢅۅۥକࡤጘ）ǈԈࢫ
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࿢்੗ᅜ๑ᆩ Three.js ڦ OBJ ገ࣑߾ਏઠظॺ Three.js ܾ৊዆࿔ॲǈኻႴᄲ०ںڇሞంସ

ႜዐ๑ᆩ -t ֖ຕǖ

python <path-to-three.js>/utils/exporters/convert_obj_three.py -i  
ball_chair.obj -o ball_chair_bin.js -t binary

๑ᆩฉ面ڦంସઠظॺ ball_chair_bin.js ࿔ॲăઠੂੂ໲ాڦඹǈJSON ڦኮമ࿔Ԩ߭๕ࢅ

ӲԨ࢔ૌຼǈኻ๟໯ᆶྪ߭ڦຕ਍ۼԥᅎڟକܾ৊዆࿔ॲዐǈኄၵྪ߭ຕ਍ሞ JSON ాཚ

ࡗ buffers ຌႠઠᆅᆩǖ

"buffers": "ball_chair_bin.bin"

ጀᅪ࿔ॲٷၭڦ൶՚ăܾ৊዆࿔ॲ߭๕（JSON ेฉ .bin ࿔ॲ）ٷڦၭ߁ٷ๟

ك JSON ӲԨڦᅃӷăᄲֱੂܾ৊዆࿔ॲࡕၳڦࣃۯǈ൩ٶਸ๖૩࿔ॲ Chapter 8/
pipelinethreejsmodelbinary.htmlăఇ႙ࢅኮമࡕၳڦ๟ᅃᄣڦǈස཮ 8-12 ໯๖ăሞ

Three.js ዐेሜܾ৊዆߭๕ǈ࿢்ኻႴᄲႪ߀ᅃႜǈॽૌ THREE.JSONLoader ׯ߀ THREE.

BinaryLoaderǈ֖见૩ 8-10ă

例 8-10：๑ᆩ Three.js ܾ৊዆߭๕ઠेሜఇ႙

function loadModel() { 
    // ൰ႚᅖጱఇ႙ᆯLuxxeon༵ࠃ 
    // http://www.turbosquid.com/FullPreview/Index.cfm/ID/761919 
    // http://www.turbosquid.com/Search/Artists/luxxeon 
    // http://luxxeon.deviantart.com/ 
 
    var url = "../models/ball_chair/ball_chair_bin.json"; 
 
    // ୹ႚᅖጱఇ႙ᆯLuxxeon༵ࠃ 
    // http://www.turbosquid.com/FullPreview/Index.cfm/ID/738230 
    // http://www.turbosquid.com/Search/Artists/luxxeon 
    // http://luxxeon.deviantart.com/ 
    // var url = "../models/egg_chair/eggchair.json"; 
 
    var loader = new THREE.BinaryLoader(); 
    loader.load( url, function( geometry, materials ) {  
        handleModelLoaded(geometry, materials) } ); 
 
}

8.4.3　使用Three.js来加载COLLADA场景

Three.js ๆݴዘ视ཚࡗ OBJ ڦ໲ጲวࢅ JSON ኄᄣڇڦᅃఇ႙߭๕ઠेሜߛዊଉڦఇ႙ă

ങৃྺኹᄺ࣏ۼփٱǈڍ໲ሞܠ࢔๑ᆩׇৠူ৽փీ฼ඪକăසࡕ࿢்Ⴔᄲेሜᅃ߲Ԉࡤ

ဇǈ৽۫ڦഄ໱ᆶᆩڪࣃۯĂ࠼ڨᅜत၎ऐĂࠓՎ࣑֫प঳ڦৠǈժԍା໲ׇڦ࿿体߲ܠ

Ⴔᄲ๑ᆩኧ׼ኄၵ߭ڦీࠀ๕ăփ඗ࣆڦǈ࿢்৽ՂႷӀຩႾᅃ߲ᅃ߲ڞ෇ఇ႙ǈኝ૙ǈ

ቷଋǈժ๮߾৊ႜׇৠࣃۯă（փ႞ڦ๟ǈሞৃཀڦ WebGL ਸ݀ዐኄᄣڦৠ象ঢ়؜׉၄ǈ

փࡗ໲ሞ஥஥߀ں฀ă）

࿢்ኮമ༪ஃࡗǈCOLLADA ๟ᅃዖ՗၄ඇׇৠຕ਍߭ࡻڦ๕ă໲ኧ׼࿢்Ⴔᄲీࠀڦǈ

ժ൐ᆶब߲ 3D ෉ॲኧ؜ڞ׼໲ăᆶକ COLLADAǈ৽੗ᅜඟยऺ฾ઠظॺްሗׇڦৠǈ
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ԈઔॺఇĂཌྷ཮Ăքዃ࠼ڨतڪࣃۯǈ඗ߴ؜ڞࢫ WebGL ๑ᆩǈܸփႴᄲײႾᇵ๮ۯઠ

ยዃăCOLLADA ǈ৽๟๑ᆩۅ๟ǈ໲ᄺᆶ߲ඍڍยऺ฾ăߴᅪยऺ঍ظ๟ॽڦዷᄲణڦ

କेሜ࣐஥Ăԩዘփਾڦ XML ߭๕ăփࡗǈ对ᇀ࿢்ྺକेሜྜੂֱࢅኝׇڦৠኄᅃᆩ

཰ઠຫǈ໲๟ᅃ߲߭ࡻ๕ă

ਸ๖૩࿔ॲٶ Chapter 8/pipelinethreejsdaescene.htmlǈేࣷੂڟᅃ߲೏ଋڦᆴဥԝৠᅝຍǈ

ᆶᅃೌݭႲࢅԥᅍചڦഛכǈස཮ 8-13 ໯๖ă

ኄ߲૩ጱेሜକᅃ߲ COLLADA ׇৠǈ໲ᆯब߲࿿体ፇକᅃ߲֫प঳ࠓă࿢்ཚࡗᅃႜ

ेሜۙᆩپஓઠेሜ COLLADA ࿔ॲăThree.js ڦ COLLADA ेሜഗኪڢසظࢆॺኝ߲࿿

体֫प঳ࠓǈԈઔ߳ዖ၎ऐĂࣃۯĂ࠼ᇸڪǈܸփႴᄲ࿢்֖ᇑăेሜ࣮ۙڦፔକᅃၵܮ

৽ยዃྺఐණǈৈُܸᅙă၂඗࿢்փࣆڦڟுᆶቴࡕᇸǈස࠼ፕǈ໲ֱቴ၎ऐत߾ڦྔ

ምႴᄲྺକॽ௅߲ڦ܀ڇ࿿体Ӧࢇݣ๢ܸ๮ۨࠦ߾໲்ڦ࿋ዃĂၠݛᅜत໫ݣăԲডᅃူ

Three.js ၜణዐۆڦ႙๖૩ׇৠپஓǈేࣷ݀၄Ⴙܠ๮ڦ߾ຕጴă๑ᆩ COLLADA ๟ᅃዖ

ඇႎڦ体ᄓă

ඟ࿢்ઠੂੂेሜ COLLADA ׇৠپڦஓǈස૩ 8-11 ໯๖ăኄ߲૩ጱኻቛ๖କኍ对ेሜ

COLLADA ׇৠپڦஓࢅ对ᆌࡧ࣮ۙڦຕă

图 8-13： 一个游戏场景地图素材，有层级结构和材质，使用 THREE.ColladaLoader 来加载 COLLADA
格 式； 该 素 材 来 自 Turbosquid（http://www.turbosquid.com/FullPreview/Index.cfm/
ID/668298），由 ERHLN 创建（http://www.turbosquid.com/Search/Artists/ERLHN）
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例 8-11：๑ᆩ Three.js ઠेሜ COLLADA ׇৠ

function loadScene() { 
 ࠃႲఇ႙ᆯERLHN༵ݭ //    
    // http://www.turbosquid.com/FullPreview/Index.cfm/ID/668298 
    // http://www.turbosquid.com/Search/Artists/ERLHN     
    var url = "../models/ruins/Ruins_dae.dae"; 
 
    var loader = new THREE.ColladaLoader(); 
 
    loader.load( url, function( data ) {  
        handleSceneLoaded(data) } ); 
 
} 
 
function handleSceneLoaded(data) { 
    // ॽ࿿体ཁेׇڟৠዐ 
    scene.add(data.scene); 
 
    // Փ૦ლቴ၎ऐ࠼ڨࢅ 
    var result = {}; 
    data.scene.traverse(function (n) { traverseScene(n, result); }); 
 
    if (result.cameras && result.cameras.length) 
        camera = result.cameras[0]; 
    else { 
        // एᇀׇৠ؅٫ლቴᅃ߲ፌॅڦ၎ऐ࿋ዃ 
        createDefaultCamera(); 
        var boundingBox = computeBoundingBox(data.scene); 
        var front = boundingBox.max; 
        camera.position.set(front.x, front.y, front.z);      
    } 
 
    if (result.lights && result.lights.length) { 
    } 
    else 
        createDefaultLights(); 
 
 ॺ੦዆ഗظ //    
    initControls(); 
} 
 
function traverseScene(n, result) 
{ 
    // Փ૦ლቴ၎ऐ 
    if (n instanceof THREE.Camera) { 
        if (!result.cameras) 
            result.cameras = []; 
 
        result.cameras.push(n); 
    } 
 
    // Փ૦ლቴ࠼ڨ 
    if (n instanceof THREE.Light) { 
        if (!result.lights) 
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            result.lights = []; 
 
        result.lights.push(n); 
    } 
 
}

loadScene() ຕ๑ᆩࡧ THREE.ColladaLoader ૌઠेሜݭႲă࣮ۙࡧຕ handleSceneLoaded()

ۙᆩࢪ้ڦǈࣷԥڿدᅃ߲֖ຕ dataă֖ຕ data Ԉࡤକᅃ߲ JSON 对象ǈJSON 对象ዐڦ

ᆶၵຌႠ๟ COLLADA ঴ဆాڦࢫඹă࿢்࠲ጀڦ๟ data.sceneǈ໲๟ᅃ߲ THREE.Object

对象ǈԈेࡤሜڦࢫኝׇ߲ৠ֫प঳ࠓă࿢்ॽ໲ཁेڟፌׇڦ֫ۥৠฉǈඟ Three.js ઠ
៺ක໲ă

࿢்၄ሞएԨฉ੗ᅜֱੂׇৠକǈڍ࿢்࣏ၙᄲেฉཁࢾǈሺेᅃၵᆩࢽ体ᄓă๯ံ࿢்

Փ૦ेሜׇڦࢫৠǈֱቴ၎ऐ࠼ࢅᇸăසࡕቴڟକ၎ऐǈ࿢்ࣷ๑ᆩ໯ቴڼڦڟᅃ߲ፕྺ

࿢்؛ڦ๔ֱੂ၎ऐǗසࡕுᆶቴڟǈ࿢்ࣷظॺᅃ߲ఐණ၎ऐăසׇࡕৠዐᆶ࠼ᇸǈ࿢

்৽๑ᆩ໲Ǘසࡕுᆶǈ࿢்৽ظॺᅃ߲ఐණ࠼ڦቷยዃă࿢்๑ᆩ对象ڦ traverse() ݛ

݆ઠՓ૦ׇৠǈ໲ࣷݡࡃڿ࿚对象तഄپࢫবۅǈ඗ۙࢫᆩ࿢்༵ࡧ࣮ۙڦࠃຕă࿢்

ຕࡧ࣮ۙڦ traverseScene() ཚࡗ๑ᆩ instanceof ֡ፕޙઠ֪๬对象ૌ႙๟ޏ๟ THREE.

Camera ࢅ THREE.Light ઠֱቴ၎ऐ࠼ࢅᇸǈժॽቴڦڟ঳ݴࡕ՚֭෇ڟຕፇ result.

cameras ࢅ result.lights ዐă

ٷڦ਍ׇৠߵఐණ၎ऐă࿢்ထྭڦॺᅃ߲ጲमظ၎ऐ้ǈ࿢்ࣷࢆඪࡤৠዐփԈׇړ

ၭӦݣ၎ऐڦ࿋ዃăྺକऺ໙ׇৠٷڦၭǈ࿢்๑ᆩକޤዺࡧຕ computeBoundingBox()ă

ኄ߲ࡧຕՓ૦ׇৠઠऺ໙ԈࡤՉহ઀ăړ໲ቴڟᅃ߲बࢆ体้ǈ৽๑ᆩ Three.js ాॺڦ

bounding-box ࡧՉহ઀ዐăኄ߲ڦኝׇ߲ৠڟժࢇॽ໲ࢫՉহ઀ǈ඗ڦ体ࢆઠֱቴब݆ݛ

ຕᆶ׊ۅǈ໯ᅜኄ૛ժுᆶቛ๖໲پڦஓă

8.4.4　使用Three.js来加载gITF场景

glTF ቛ၄କ 3D ࿔ॲ߭๕ڦႎݛ๕ă໲ጆோยऺᆩሞ Web एᇀࢅ OpenGL ᆌᆩዐǈۯᅎڦ

ਏᆶᇱิ࣐؋तഄ໱๢ࢇ៺කڦຕ਍঳ࠓăཞ้ǈglTF ԈࡤକႹ׉ܠᆩڦ 3D ঳ࠓǈܸኄ

ၵ঳ࠓሞ OpenGL ES ዐժுᆶ኱থ՗၄ǈԲස֌ዊĂ၎ऐ࠼ڨࢅăglTF ॺᅃظణՔ๟ڦ

߲৆ٙڦ࿔ॲ߭๕ǈీݛՍںሞ Web ڦڟᆌᆩዐेሜǈཞ้࣏ీ՗๖ํाਸ݀ዐᆩۯᅎࢅ

3D ຕ਍ૌ႙ă

ణമᅙঢ়ᆶब߲ኟሞਸ݀ዐڦၜణǈᆩઠሞ཮ႚੰࢅᆌᆩཁे glTF ኧ׼ăኄഄዐᄺԈઔ

࿢ྺ Three.js Պႀڦ glTF ेሜഗăٶਸ๖૩࿔ॲ Chapter 8/pipelinethreejsgltfscene.htmlăే

੗ᅜੂڟૌຼᇀ཮ 8-14 ໯๖ࡕၳڦăब߲໿੣ذሞ࿄ઠ׭ڦ๨ฉ੣ნࡵăኄׇ߲ৠڦ៺

කၳ࢔ࡕփٱǈᆶ࣍ৣཌྷ཮ࢅ Blinn ጣ෥ă૛面ᆶब߲ࡕၳࣃۯǈഄዐԈઔକᅎۯฝၟཀྵă

๑ᆩူઙ઀ઠൎ࣑၎ऐेࢅሜփཞׇڦৠǈۅऍ Animation ް჋઀ઠਸ๔ࢅཕኹࣃۯăኄ

ׇ߲ৠᇱԨ๟ሞ 3ds Max ዐظॺڦăFabrice Robinet ٗ 3DRT.com ฉူሜକኄ߲ 3ds Max
࿔ॲǈྺ؜ڞ COLLADAǈ඗ࢫሏႜገ࣑߾ਏገׯକ glTF ࿔ॲă
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图 8-14：使用还在开发中的实验性的 THREE.glTFLoader 类加载 glTF 场景（包括动画、场景图层级结

构、材质、光源和相机）；这个加载器的源代码在 glTF GitHub 项目页面上（https://github.
com/KhronosGroup/glTF），这个虚拟的城市场景来自 3DRT（http://3drt.com/store/free-
downloads/33-sci-fi-skyscrapers-collection.html）

࿢ቷጣ Three.js ๖૩ዐेሜഄ໱࿔ॲ߭๕ेڦሜഗઠยऺ glTF ेሜഗăૌ THREE.glTFLoader

ी׶ጲेሜഗڦएૌ THREE.Loaderă໲ڦ load()݆ݛᆩઠ঴ဆ glTFJSON ࿔ॲǗሜ෇ྔևጨ

ᇸǈසܾ৊዆࣐؋Ă࿖૙ࢅጣ෥ഗǗᅜतཚࡧ࣮ۙࡗຕઠ࣮ݓ঳ࡕă࣮ۙࡧຕీݡࠕ࿚ेሜ

ഗظॺڦ Three.js 对象֫प঳ࠓǈᅺُ੗ᅜൟ຿ॽ໲ेሜׇڟৠዐժਸ๔៺කă

๑ᆩ glTF ߭๕ံڦ೺ᆫ๞๟ๆݴ੗ڦ࠵ǈ዁ณࢅཞڦڪ COLLADA ֶփܠă࿔ॲ体ओ๟

COLLADA ࿔Ԩ߭๕ڦᅃӷǈेሜగၵఇ႙ڦ໏ื༵܈କ 80%ăኄᆶᅃևࠀࡃݴᇀ࿢்๑

ᆩକ Three.js ዐႎڦ BufferGeometry ૌ႙ǈ໲ሎႹ࿢்ᆩेሜڦࢫࡻૌ႙ຕፇຕ਍（Բස

Int32Array ࢅ FloatArray）ઠ኱থظॺबࢆ体ǈܸփ๟๑ᆩ೵ཚڦ JavaScript Number ૌ႙

ૌ႙ຕፇǈ֍ీ๑ᆩׯ๟Ⴔᄲገ࣏ࢫሹᄣǈ໲ፌ࠶ຕፇ（փڦ WebGL ៺ක）ă

8.5　小结

Ԩቤ༑໭କසྺࢆ WebGL ॺظ 3D ాඹăሞ०ᄲ঻ถظॺୁࢫײǈ࿢்঻ถକ 3D ాඹظ

ॺ߾ਏǈٗᄽᇆڟጆᄽĂٗԨں෉ॲ៓ڟબഗዐڦणۼৣ࣍ׯᆶ঻ถă

࿢்ᅃ܃କৃړᆌᆩዐ๑ᆩڦ 3D ࿔ॲ߭๕ǈᆮഄ๟ఫၵ๢ࢇ WebGL ሞ၍๑ᆩ߭ڦ๕ă

ኄ़Ԉࡤକ৹ڦՔጚǈᄺԈઔକႎ߭ڦ๕ĊĊglTFǈ໲๟ጆோྺৃཀڦ Web ᆌᆩยۯᅎࢅ

ǈ࿢்ბသକ๑ᆩࢫ๕ăፌ߭ڦऺ Three.js ੰઠेሜ߳ዖ߭๕ၘڦဦ૩ጱǈԈઔ߲ڇఇ႙

߭๕ࢅኝׇ߲ৠă

৑࠶ժுᆶᅃ߲ሞ Web ᆌᆩཁे 3D ాඹڦ๯჋ݛ๕ǈܸ൐ WebGL ాඹ዆ፕୁ࢔࣏ײ౎

ൟժتሞ݀ቛኮዐǈڍ዁ณణമᆶबዖ੗ႜݛڦ๕ీׯྜࠕኄၜඪခă
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Three.js ๟ᅃ߲׉ݥԀੰڦǈ໲ඟᆩ WebGL ៺කްሗ 3D ాඹኄᅃड़਎ඪခՎڥ०ڇǈට

ටํీۼ၄ăසࡕுᆶ Three.js ኄᄣੰڦǈWebGL ਸ݀ኁႴᄲݯࢾब߲ሆ้ڦक़֍ీํ

၄ૌຼࡕၳڦăڍ৑࢔࠶ഽٷǈThree.js ᅈ඗ᆶ໲ڦਆ၌Ⴀă໲ీፔࣼࡻ዆ǈڍৈُܸᅙă

对ᇀഄ໱໯ᆶڦ๚൧ǈేۼႴᄲጲमྜׯă

Բසేၙਸ݀ᅃ߲ࠔ࿿ᆌᆩǈඟᆩీࢽሞࠔசമጲۨᅭഛכăWeb ᄻ面ዐ၂๖ڦכ 3D ఇ

႙ǈᆩࢽ੗ᅜۅऍഛڦכփཞևݴઠ߀Վჿ෥ࢅᄣ๕ă०ۅڇऍᅃူӀ౧ǈ৽ࣷᆶၳࣃۯ

ৈ๑ᆩࡕևăසాڦכڟ܉ࡗևྔڦכٗںࣂ平ࡕ Three.jsǈే੗ీႴᄲႀׯӥฉഥႜپ

ஓઠํ၄ኄ߲ᆌᆩă৑࠶ᆶᇱ๔߾ڦਏၒǈڍ໲ժுገׯᅃဣଚ߸ڦْ֫ߛ੗ዘᆩፇॲă

Three.js ๟ԥยऺᆩઠፕྺׇৠ཮ࢅ៺කੰڦǈڍ 3D ᆌᆩਸ݀փৈৈ๟ࣼ዆཮ೌă

ጲۨᅭഛׇڦכৠԈࡤକཚᆩ 3D ਸ݀๚ၜǖेሜఇ႙Ăཚࡗఁ׬ई ID इൽఇ႙߲߳ڦև

ăኄၵยऺఇ๕ሞᆴဥĂႵెڪڪ၎ऐ视཮ǈ߀ႜྺĂႪ݀ةࢪ้ڦݴऍగ߲ևۅړĂݴ

๘হĂॺዾ៓બĂঞᇣ෉ॲĂఇెჟଁܠٷڪຕ 3D ᆌᆩዐ׉࢔见ăසేࡕሞਸ݀ጆᄽप

ڦ 3D ᆌᆩǈժ൐փၙ้ࢾक़ሞ݀௽ႎ݆ݛᅜ঴ਦ৹࿚༶ฉǈఫేᆌ޿੊୯๑ᆩߛपڦᆅ

൤ई઀ॐă

Ԩቤ঻ถ 3D ᆌᆩ઀ॐ߁ڦ౒ǈժጣᄅᇀएᇀ WebGL ๟एᇀۼܠӄăኄၵ઀ॐᆶႹݛڦ

Three.js ਸ݀ڦǈ໯ᅜසేࡕᅙঢ়ܠ࢔ݯࢾ৛૰ბသକ Three.js ཮ႚბǈ৽փႴᄲምඁბသ

ഄ໱ඇႎ۫ڦဇăԨቤࢫ面ࣷ঻ถ࿢ጲमยऺڦᅃ߲઀ॐĊĊViziǈ࿢்ॽሞࢫ面बቤዐ

๑ᆩ໲ઠࠓॺ૩ጱăኄၵ઀ॐዐԈ߁ڦࡤ౒࢔ۼཚᆩǈ໲்ۼܠٷ๢ᆩᇀഄዐඪᅪᅃ߲઀

ॐǈُྔ໲்ሞేਦۨਸ݀ጲमڦ઀ॐ้ᄺ࢔ᆶӻዺă
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9.1　3D框架概念

઀ॐྺਸ݀ኁ༵ࠃକాॺీࠀڦǈժํ၄੗੍Ă੗ዘᆩڦཚᆩยऺఇ๕ă໲੗ᅜӻዺ࿢்

বู้क़ǈႀڦࡻ߸؜ᆌᆩ（዁ณٗ૙ஃฉઠຫ）ăᅃ߲ڦࡻ઀ॐ੗ᅜඟ࿢்փՂዘްሰ

୾ጱǈᅺྺ໲঺ᆩକ઻ଁਸ݀ኁڦঢ়ᄓǈඟ࿢்ጆጀᇀጲम๮ཀྵฉ߾ڦፕă

9.1.1　什么是框架

઀ॐժுᆶᅃ߲ჹ߭ۨڦᅭăํाฉǈঢ়࢔׉వ൶ݴ઀ॐੰࢅă໲்ۼ๟ยऺᆩઠবู้

क़ڦǈ༵ࠃକ੗ዘᆩپڦஓăُྔǈ໲்ۼᄄ߃କ֡֫ڹፕဣཥई平໼ํڦ၄ဦবǈྺگ

पޜڦခ༵ࠃକߛपڦথ口ă඗ܸǈᆶᅃၵ൶՚ీ၂๖؜࿢்๑ᆩڦ๟઀ॐܸփ๟ੰ 1ă

• 抽象的层次

઀ॐࣷԲੰሞ߸ڦߛ؏象ْ֫ฉ߾ፕă૩සǈ3D ੰईႹኧ׼ঙ෥ڦࣃۯ௏ೄǈܸ 3D
઀ॐሶࣷॽ௏ೄ߭ྪڦࢫतᅃဣଚࣃۯ๮๞ހጎഐઠǈྺׯᅃ߲ࣅว（avatar）ă઀ॐࣷ

ຕઠཚኪ࿢்ăࡧ࣮ۙࡗཚࢫวǈ඗ࣅۯሞׇৠዐᅎںۯ๼෇ጲڦࢽ਍ᆩߵ

• 默认行为

઀ॐ༵ࠃକఐණႜྺǈ૩සǈړᅃׇ߲ৠظॺࢫǈᅃ߲ఐණڦ၎ऐ৽ࣷݣሞ૛面ᅃ߲ᅙ

ኪڦ࿋ዃࢅঙ܈ăڦࡻ઀ॐ࣏ࣷ঱৑ඇ૰ںඟਸ݀ኁޮ߃ఐණڦႜྺǈᅜ༵ࠃଳऄႠă

• 扩展性

઀ॐेഽକકቛႠǈሎႹڼෙݛકቛڦਸ݀ࢅጲۨᅭăፌڦࡻ઀ॐࣷᅃݛ面༵ࠃഽڦٷ

ాॺፇॲǈଷᅃݛ面࣏ሎႹકቛईڹן༺࣑ဣཥዐᅃևݴă

• 反向控制流

ईႹ઀ॐፌ၂ዸڦ༬ኙ৽๟ਸ݀ኁժփీ੦዆ୁײăਸ݀ኁኻ๟०ࡧ࣮ۙࠃ༵ںڇຕǈ

ईኁޮ݆ݛ߃ઠํ၄ᆌᆩײႾڦ༬๺ీࠀă࣮ၙᅃူ WebGL ᆌᆩۆڦ႙ᄻ面ظॺࡗ

៺කഗĂۙᆩሏႜთ࣍ă๑ᆩᅃ߲ࣅ๔؛ৠĂׇࡻॺظǖײ WebGL ઀ॐࢫǈਸ݀ኁኻ

Ⴔᄲׇ༵ࠃৠظॺپڦஓǈᆯ઀ॐઠྜׯ฻ᇆևٲڦݴॺă

઀ॐ࣏ੰࢅᆶᅃ߲ݥरຍႠݛ面ڦ൶՚ǖ઀ॐྫྫ߸ट܋ă໲ԥණྺ๟ມඬॵǈၟޝ๗ڤ

๕ڦ঍ᅟఫᄣ੗ᅜඟ࿢்੺໏ਸ݀ժཨၠ๨ׇǈڍፌዕሞၜణ঳ຐമࣷཧጽ࿢்ڦଳऀă

઀ॐ੗ᅜ੺໏༵ࠃ࿢்໯Ⴔڦ 90% ሞํ၄ፌࢫጲ႑ĊĊ඗܈ࡗĊĊሞਸ݀ራ೺ඟ࿢்ీࠀ

ࢫ 10% ࡕஓăසپڦǈᅺྺ࿢்๑ᆩକഄ໱ටࣅᆫࢅవۙ๬࢔ሗă઀ॐް׉ᅴڥՎࢪ้ڦ

ేሼঢ়๑ᆩࡗ Zend ई Rails ఫᄣڦ Web ਸ݀઀ॐǈࣷ体ࣷࡗૌຼڦҳฅăᅺُǈႹܠਸ

݀ኁ٤߅Ն௨๑ᆩ઀ॐă၎Բኮူǈၟ jQuery ఫᄣݥൔ෇๕ੰڦइڥକਸ݀ኁڦኧ׼ǈᅺ

ྺ໲༵ࠃକഽీࠀڦٷǈڍுᆶټઠ஑ݑă

ਸ݀ኁ๟ᆶघ൧ิڦ࿿ǈ৽ၟഄ໱ටᅃᄣăுᆶ๊஺੗ᅜၟ࠲ᇀଆڦࡻ઻๕઀

ॐڦኛיఫᄣీघ݀ਸ݀ኁڦඤ൧କăසڟੂేࡕᆶටኟሞኛיǈፌࡻՆܸ远

ኮă对ᇀሞጲमڦၜణዐ๑ᆩ઀ॐǈ࿢ᆶዖ࢔ഽଜߌڦ๴ǈ੗ᅜ߁ઔྺǖ

我热爱框架……只要它是我的。

ጀ 1ǖएᇀྼएӥ੔ཉణዐ对෉ॲ઀ॐၘڦဦ༪ஃă
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փే࠶对઀ॐߌڦ๴සࢆǈేሞࠓॺඪᅪٷၭڦ 3D ᆌᆩ้ࣷۼ面ଣԨቤ໯༪ஃڦ࿚༶ă

ేཞᄣࣷ面ଣᅃ߲჋ስǖਸ݀ేጲमڦ઀ॐǈईኁ๑ᆩ၄ᆶڦ઀ॐǈᅞईጚԢࡻႀٷଉܮ

ஓăپڦྔ

9.1.2　WebGL框架需求

࿢்੗ᅜॽ៓બഗੂׯᅃ߲ 2D ᆌᆩ઀ॐăDOM ࢅ CSS ੗视对象ǈڦକᅃဣଚᇨۨᅭࠃ༵

ᆯ៓બഗઠ৊ႜ៺කăᆌᆩਸ݀ᆯ༵ࠃᅃၵ࣮ۙࡧຕઠׯࠓǈኄၵ࣮ۙࡧຕएᇀᆩࢽႜྺ

ׂิǈԲසۅऍᅃ߲Ӏ౧Ăᄻ面ᅙঢ়ेሜྜڪׯăړᆌᆩၙᄲ߀Վᄻ面࠵ྔڦईాඹ้ǈ

໲ยዃᅃ߲ई߲ܠຌႠǈᆯ៓બഗጲۯ߸ႎװ၄ă

କأ๟ǈڦփ႞ڍ CSS 3D Վ࣑ᅜྔǈ៓બഗᇨۨᅭڦ对象ۼփీકቛڟෙྼăٗ HTML5
ਸ๔ǈ៓બഗॐڦࠓዘٗۅᇨံۨᅭ੗视对象（Բස࿔ԨĂۯࡐཉĂӀ౧ڪ）ገၠକሎႹ

੦዆៺කࢅഄ໱ဣཥप՚ీࠀڦăWebGL ࢅ Canvas ሎႹ࿢்绘制࿢்ၙᄲڦඪ۫ࢆဇǈ

৊෇ڋ๮ăᅃۯႴᄲ࿢்ጲमۼፕ߾໯ᆶഄ໱ڍ Canvas ᇮ໎ڦ๘হǈ࿢்৽Ⴔᄲظॺጲ

मׇڦৠ཮Ă๚ॲఇ႙Ă঍ࢻĂႜྺĂࣃۯᅜत܉ࡗĊĊईኁ߸ݛڦࡻ๕๟๑ᆩ၄ڦׯ઀

ॐઠӻ࿢்ྜׯኄၵ߾ፕă

WebGL ᆌᆩ对઀ॐยऺ༵؜କ܀༬ڦᄲ൱ăأକ面ଣጣᅃܑٷঢ়ڦۆ 3D ༬ᆶ࿚༶ྔǈ࣏

Ⴔᄲ஢ፁీࠕሞएᇀ៓બഗڦ平໼ฉ߾ፕኄᅃႴ൱ăᅃ߲ WebGL ઀ॐᆌ޿Ԉࡤᅜူٷև

ăీࠀݴ

• 环境设置

઀ॐॠֱ๟ޏኧ׼ WebGLǈ඗ظࢫॺࣼ཮ฉူ࿔ᅜतഄኧࣼ׼዆ڦഄ໱对象ă໲ཞ้

࣏ሺेକ对 DOM ๚ॲ॔ڦདǈԲසش口໫ݣĂ຋Քࢅ॰ಎ๼෇ĂWebGL ฉူ࿔۪฿

तഄ໱ᄻ面๚ॲǈ඗ࢫሞႴᄲݴࢪ้ڦದڟᆌᆩዐă

• 能力检测和降级

઀ॐॠ֪߳ዖ៓બഗీ૰ǈ඗ࠃ༵ࢫ੗ీڦག؊（polyfill）ई༵ࠃইपǈԲසසࡕփኧ

׼ WebGL ৽๑ᆩ 2D Canvas ৊ႜࣼ዆ă

• 默认场景创建

઀ॐظॺᅃ߲੣ׇڦৠǈׇ޿ৠ੗ీԈࡤᅃ߲ఐණڦ၎ऐࢅఐණ࠼ቷă

• 模拟 / 运行循环

઀ॐ༵ࠃሏႜთ࣍ǈᆌᆩཚࠃ༵ࡗ๚ॲࡧ࣮ۙڦຕ݆ݛ߃ޮࢅઠํ၄ᆌᆩ༬ᆶీࠀڦă

઀ॐईႹ࣏ࣷඓۨᅃ߲ჹ้߭ڦዓ߁౒ई้क़ఇ႙ǈᆌᆩՂႷፏ๰໲ઠइڥᅃዂڦႜྺă

• 图形和渲染

઀ॐ༵ࠃ对象ઠ៺ක཮ႚă૩සሞएᇀ Three.js ૙对࠶઀ॐዐǈ໲ᅪ࿆ጣᆯ઀ॐઠڦ

Three.js 对象ݡڦ࿚ă

• 对象和事件模型

઀ॐኸۨକ对象ຌႠڦཥᅃఇ႙ǈ对象ሞْ֫঳ࠓई཮ዐࢅഄ໱对象࠲ڦဣǈᅜत对象

සࢆཚࡗ๚ॲĂ࣮ۙĂݡ࿚݆ݛઠ৊ႜ঍ࢻă
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• 交互

઀ॐጲۯॽ຋Քतഄ໱๼෇ᆙพׇڟৠዐڦਏ体对象ǈժሞ对象ԥۅऍĂཱྀጅ้ཚኪᆌ

ᆩײႾă

• 导航 / 查看方法

઀ॐ੗ీ༵ࣷࠃᅃ߲ईࡵڞ߲ܠఇ႙ǈ໲๟ኸ၎ऐሞׇৠዐᅎߛڦۯपఇ႙（Բසڼᅃ

ට׬พऍ）ǈᆩઠت૙ಸጐںࢅႚ߶ໜǈईኁ჉ገ၎ऐઠֱੂᅃ߲༬ۨ࿿体ă࣏੗ీࣷ

ᆶాॺஇडઠൎ࣑၎ऐׇࢅৠक़܉ࡗڦăڼᅃට׬พऍࡵڞఇ႙ईႹ࣏ঢ়ۨ׉ᅭሞܠට

࣍ৣူ๑ᆩᅃ߲ࣅวઠپ՗ᆩࢽă

• 行为和动画

઀ॐࣷᆶᇨۨᅭڦႜྺǈٗ०ڦڇ࿿体ໜ้क़჉ገࢅՎ࣑ǈڟᆯ঍ްڦ݀ةࢻሗࣃۯႾଚă

• 物理

ᆶၵ઀ॐ༵ࠃକڦ޷ݿ࿿૙ఇ႙ǖᅜᅃۨ໏୲ሞᅃ߲ၠݛฉᅎۯǈยዃዘ૰ǈॠ֪࿿体

क़ڦಸጐڪă

• 资源加载

઀ॐྺײႾᇵጲेۯሜఇ႙Ă࿖૙Ă视ೕࢅำᅼǈժሞጨᇸሜ෇ྜࢫׯཚኪᆌᆩăഽٷ

ࢽ઀ॐฯ዁Ԉઔਜ਼ڦ ๕ेሜୁࠕӄǈీݛڦሜे܋ခഗޜ- 3D ຕ਍ࣃۯࢅǈॷ৊๕༵

ဦবă߭ྪڦ܈৛ߛࠃ

• 场景工具

઀ॐᆶ对ׇৠ཮੦዆ݘ࠽ڦኧ׼ăֱკ API ֱࣷቴ༬ۨૌ႙ڦ对象ǈईኁ๑ᆩኟሶ՗

ઠ೅ದޙ๕ई჋ስٳ idǈ඗ࢫᆌᆩ߳ዖ֡ፕǖႪ߀֌ዊຌႠĂᆌᆩ 3D Վ࣑ǈሺेई෸

ǈ၂๖ईᆆ֠࿿体ăۅጱবأ

• 内存管理

৑࠶एᇀ JavaScript ᅜࢆᆌᆩႴᄲጀᅪా٪๟සڦሗްڍઘऎൣ૙ऐ዆ǈۯᆌᆩᆶጲڦ

तݴ้ࢆದڦăփ඗ࣆڦǈઘऎ࣮๭ൣ૙ࣷሞփ้ࢇᅓิ݀ࢪ้ڦǈᆖၚኡ୲ǈ৊ܸᆖ

ၚᆩࢽ体ᄓăᆶၵ઀ॐ༵ࠃକ዇ీ࠶٪ాڦ૙ޜခǈઠӻዺՆ௨ኄၵ࿚༶（ሞڼ 12 ቤ

ᆶ࠲ᇀኄ߲ࣆ༶ܠ߸ڦ༪ஃ）ă

• 性能支持 / 优雅降级

઀ॐईႹࣷߵ਍ኡ୲ࢅጨᇸ቞ᆩ൧઄ઠጲۙۯবݴՐ୲ई៺කዊଉǈణՔ๟༵ࠃᅃዂڦ

ᆩࢽ体ᄓă

• 扩展机制

ፇॲǈ໲்ሎႹ৊ႜકቛă对ᇀᅃ߲ڦ઀ॐփࣷ၌ۨਸ݀ኁኻ๑ᆩాॺڦࡻ WebGL ઀

ॐઠຫǈኄᅪ࿆ጣ༵ࠃႜྺ࣮ۙڦĂޮ߃঍ࢻǈፌዘᄲڦ๟ǈ੗ᅜጲۨᅭ៺කઠ߀Վ视

ਥྔ࠵ă

ኄ߲ଚ՗׊࢔ǈظॺᅃ߲ߛዊଉڦ 3D ᆌᆩႴᄲፔܠ࢔๚൧ǈܸ઀ॐࣷٷᆶӻዺă၄ሞᅙ

ঢ়ᆶब߲๑ᆩ WebGL ઀ॐǈ࿢்ሞူᅃবዐ৊ႜ঻ถăࡻڦ
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9.2　WebGL框架概况

WebGL ઀ॐྺݴଇૌǖᆴဥᆅ൤ࢅቛ๖઀ॐăᆴဥᆅ൤ᅃӯ߸ഽٷǈڍ߸వ๑ᆩࢅቨ࿥Ǘ

ܸቛ๖઀ॐ߸๢ظࢇॺ၎对०ڦڇᆌᆩǈԲසഴሞᄻ面ዐڦĂኻᆶएԨ঍ڦࢻఇ႙ăԨব

঻ถକႹܠሞԨກՊႀ้࣏ሞਸ݀ዐڦ WebGL ઀ॐă

9.2.1　游戏引擎

සڦేࡕణՔ๟ਸ݀ᅃ߲ڦॖۥ WebGL ᆴဥǈేᆌ޿੊୯๑ᆩኄब౎؜၄ڦዮܠᆴဥᆅ

൤ኮᅃăᆴဥᆅ൤ࢅ઀ॐक़ڦփཞԲডྲ௴ăᅃӯઠຫǈᆴဥᆅ൤Բ೵ཚ઀ॐ༵ڦܠ߸ࠃ

रຍǈڦሗްࡤăᆴဥਸ݀Ԉڦਸ݀ටᇵยऺڦ面ǈ໲்๟ྺ߸ेᆶঢ়ᄓݛଷᅃڍăీࠀ

ܸᆴဥᆅ൤ݒᆙକኄᅃۅă

ᆶब߲੗჋ڦ WebGL ᆅ൤ă໲்ኮक़ీڦ૰ֶ՚ٷ࢔ǈ对ঢ়ᄓरీڦᄲ൱ᄺᆶٷ࢔փ

ཞăᆶၵᆅ൤๟ਸᇸڦǈᆶၵሶփ๟ăᆶၵ੗ᅜ௨ݯ๑ᆩǈܸᆶၵႴᄲࠔச๲඄Ăছభྂ

ᆴဥᆅ൤ுᆶᅃ߲๑ᆩڦ؜ၨ๳ྪஏઠ݀քᆴဥăኄ૛ଚڦ໲ࡗǈईኁ๟ࠞ૤ేཚݯ࠶

Three.js ઠ৊ႜ៺කǈܸ๟჋ስକ੦዆ኝ߲ୁײăᆶᅃၵ඄࢚ǈႴᄲሞేೠࠚၜణᆅ൤ڦ

੊୯ăࢪ้

• playcanvas（http://www.playcanvas.com/）

࿋ᇀ୿ڦܘ playcanvas ਸ݀କᅃ߲ڦ޷ݿీࠀᆅ൤ࢅएᇀሊڦՊड߾ਏă޿Պड߾ਏڦ

༬෥ᆶǖ੗ᅜํ้ၹཞՊडׇৠǈઠኧܓཷ׼ਸ݀Ǘणׯକ GitHub ࢅ BitbucketǗሞม

ࣷ௃体ྪበฉᅃ॰݀քă཮ 9-1 ၂๖କሏႜዐڦ playcanvas ᆴဥă

图 9-1：基于 playcanvas 创建的第一人称射击游戏（http://www.playcanvas.com/）
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• Turbulenz（http://biz.turbulenz.com/developers/）

ᅃ߲टഄഽٷĂਸᇸ൐௨ڦݯᆴဥᆅ൤ǈ༵ࠃକ੗ူሜڦ SDKăසၙేࡕᄲሞኄ߲

ăׯஏ（http://biz.turbulenz.com/developers/）ฉ݀քᆴဥǈ໲ࣷ๭ൽᅃၵ༵ྪڦິࠅ

Turbulenz ሞ API ฉް࢔ሗǈ໲༵ࠃକᅃܑٷૌǈბသ൸၍۸ോă໲௽၂๟ߴঢ়ᄓ޷ݿ

ăڦᆴဥਸ݀ኁ๑ᆩڦ

• Goo Engine（http://www.gootechnologies.com/）

ሞԨກՊႀࢪ้ڦǈኄ߲ᆅ൤࣏تᇀాև֪๬঩܎ă໲ሞྪበฉጲੲᆶႹدܠཥᆴဥᆅ

൤ీࠀڦǈժ൐ཚࡗ WebGL ઠํ၄ੵ平໼ă໲ྪڦበڦरຍࢅ๲඄႑တ࢔ณǈڍ๖૩

೏ଋǈස཮࢔ 9-2 ໯๖ă

图 9-2：一款基于 Goo Engine（http://www.gootechnologies.com/）开发的水中冒险游戏；图片来

自 Pearl Boy

• Babylon.js（http://www.babylonjs.com/）

ྲ෉ፌ近े෇କ WebGL ăBabylon.jsۯླྀڦٷକ໲ᅃ߲਎ߴǈחષڦ ๟ᅃ߲ᅟᇀ๑ᆩ

面঻ᇀݛᅟᆩႠࢅీࠀᆅ൤ǈሞڦ Three.js ጆॆ႙ᆴဥᆅ൤ኮक़ă๖૩ྪ኷ቛ๖କࢅ

Babylon.js ᆶăۼॺዾ៓બڟᆌᆩǈٗ໿੣พऍڦݘ࠽

• KickJS（http://www.kickjs.org/）

ᆯ Morten Nobel-Jørgensen ៺කੰăኄ߲ၜణᆯࢅਸᇸᆴဥᆅ൤ڦॺظ Nobel-Jørgensen
ၭ႐ă࿢ሞኄ૛ڥࣆڦǈ໯ᅜᄲᆩ׼ፕ݀ቛܸઠă໲ੂഐઠਸ݀փፁ൐ඍณኧ߾ბຍڦ

Ԉઔ໲ǈ๟ᅺྺሞ༵ڦࡗ໯ᆶᆅ൤ዐǈKickJS ๟ፌፏთ၄پᆴဥᆅ൤ยऺ࠲）ڦݔࡀ

ᇀኄ߲ࣆ༶࿢்ॽሞ঻ถ Vizi ுᆶഄ໱჋ስକǈ໲੗ᅜፕྺยࡕဦ༪ஃ）ăසၘࢪ้ڦ

ऺేጲमڦ઀ॐڦዘᄲ֖੊ă

੗ᅜੂڟǈᆶႹܠയሞڦ WebGL ᆴဥᆅ൤੗჋ăేईႹฯ዁ࣷ๑ᆩᆴဥᆅ൤ઠਸ݀ݥᆴ

ဥڦᆌᆩăڍᄲऻዿǈᆴဥᆅ൤ڦბသ൸၍۸ോǈ໯ᅜႴᄲԍኤ঴ਦݛӄᇑ࿚༶၎๢ᆌă

对ᇀ०ڦܹۅڇ视ਥᆌᆩǈే੗ᅜ๑ᆩ߸०ڦڇ 3D ઀ॐăူᅃব࿢்ॽ对ഄዐᅃၵ৊ႜ

঻ถă
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9.2.2　展示框架

ᆴဥኻ๟੗ᅜएᇀ WebGL ਸ݀ڦ 3D ᆌᆩዐڦᅃዖă对ᇀݥܠ࢔ᆴဥᆌᆩǈԲසᄻ面཮

ႚĂۉጱฆခׂ೗ቛ๖ईኁ੔ბ੗视ࣅǈ๑ᆩᆴဥᆅ൤ૌຼᇀ෫चᆩ౥ژăቛ๖ᆌᆩཚ׉

ኻႴᄲेሜ०ׇڦڇৠڟᄻ面ዐǈխݣब߲ࣃۯǈժཚࡗႪ߀ब߲ຌႠઠၚᆌᆩࢽ๼෇ă

ኮമ࿢்঻ถࡗǈनՍ๟ኄၵएԨ֡ፕሞ Three.js ዐᄺႴᄲٷଉڦྔܮਸ݀߾ፕǈ໯ᅜ࿢

்๑ᆩ઀ॐઠޤዺਸ݀ăᅜူ๟ब߲੗ᅜ੊୯ڦཚᆩ 3D ቛ๖઀ॐă

1. tQuery

tQuery（http://jeromeetienne.github.io/tquery/）ᆯ Jerome Etienne ॺăJeromeظ ૙ጣට࠶

ഘձਜ਼ Learning Three.js（http://learningthreejs.com/）ǈഄዐԈࡤକٷଉ Three.js ਸ݀ਧ

रേăࢅ്

tQuery ఇݠକ jQueryǈ໲݆ၙڦ๟़ᆶ Three.js ૰ᆼᆶీڦ jQuery API ᅟᆩႠǈᄺ৽๟ڦ

ຫీࠕ๑ᆩ׉ݥ०ڦڇ API ઠظॺ Three.js ׇৠ཮ă໲๑ᆩକ૾๕ࡧຕڦՊ߭ޅײǈኧ׼

ཚ࣮ۙࡗઠํ၄ߛपڦ঍ࢻႜྺă๑ᆩ tQuery ੗ᅜูඁٷଉ Three.js ᆘՊஓăईႹॽڦ

tQuery ڦݠ઀ॐժփኟඓǈᅺྺ໲໯ఇྺ׬ jQuery ๟ᅃ߲ేࡕăසੰڦ৛ห๟࿮ൔ෇ڦ

Three.js ਸ݀ኁǈၙณുၵ॰ಎǈేᆌ޿ණኈჺ৯ᅃူ໲ă

૩ 9-1 ቛ๖କᅃ߲०پڦڇஓ܎ǈ໲ీࠀڦ๟๑ᆩ tQuery ॽᅃ߲ᇶ࣍体ڟݣᄻ面ዐǈࢅമ

बቤ๑ᆩ Three.js ඟࢆ઀ॐසڟ૩ጱ৊ႜ对Բǈేࣷੂڦ 3D ਸ݀Վڥ०ڇă

例 9-1：๑ᆩ tQuery ৠׇڦڇॺᅃ߲०ظ

<!doctype html><title>Minimal tQuery Page</title> 
<script src="tquery-bundle.js"></script> 
<body><script> 
    var world = tQuery.createWorld().boilerplate().start(); 
    var object = tQuery.createTorus().addTo(world); 
</script></body>

Etienne ጺ঳ྺĐඟ߁ٷยऺ૙౒੗ᅜڦ 3D ਸ݀৑੗ీၟ 2D ਸ݀ఫᄣđăWeb ਸ݀ኁᅙঢ়

କ঴ jQuery କǈߴ໱்ᅃ߲ၟ jQuery ఫᄣڦ API ඁਸ݀ 3D ᆌᆩǈ໱்૬ਗ਼৽ࣷਏᆶิׂ

૰ăኄ߲இड࢔వݒսă

2. Voodoo.js
ਃዿሞဇჯ཮ڦ Brent Gunning ዂ૰ᇀඟටටظీۼॺ 3D ᆌᆩăሞᅺ WebGL ૰ܸీڦ

႗ݺඐ฿ྭᇀഄՊײవڦ܈മ༵ူǈᇀ๟ Brent Gunning ॺକظ Voodoo.js（http://www.
voodoojs.com/）ăVoodoo.js ॺظణՔ๟ඟڦ 3D ᆌᆩՎڥ०ڇ൐ඹᅟणڟׯᄻ面ዐă

Gunning ሞڼᅃْ݀ք Voodoo.js ձਜ਼ฉፔକසူጺ঳ǖڦሞ໱ࢪ้ڦ

ሞৃཀڦ Web ዐǈ3D ኻ๟ᅃ߲྘ਏǈᅃ߲ᚑཀྵăظॺඪࢆ 3D ႚ๕ాڦඹۼႴᄲٷଉ

ǈ࿢்৽ॽ܈କᅃ߲ྼܠ๟ǈኻᅺ໲ڦߞ࿮݆ൟᅟዘᆩă߸ሧࢭፕ൐ब߾ྔܮ 3D ׇৠ

ڟݣ Canvas ዐǈᇑ 2D ాඹ߰૗ਸઠăኄ๟ยऺฉڦ፨௔ǈ࿢ၙፔ๊ۅ஺߀৊໲ăᅺ

ُǈ࿢ߛ࢔႗ںჇք Voodoo ਸ݀քǈӲԨ๟ࠅᅃْڼڦ 0.8.0 betaă

Gunning ༀဣཥǈԈઔକ对象Ăิڦጅਸ݀ǈ࣏Ԉઔᅃ߲੗ዘᆩཱྀڦڇᇼৠփৈԈઔ०ڦ

ፇॲĂ视ਥᄣ๕ࢅዷ༶ăVoodoo.js ઀ॐᆯᅃဣଚၭേڦᇨ዆ڦీࠀૌׯࠓǈԈઔఇ႙ेڦ
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ሜੂֱࢅĂएᇀ຋Քڦ঍ࢻĂब߲੗჋ದዃăኄ߲઀ॐएᇀ Three.js ਸ݀ǈᅺُ૙ஃฉ໲

ᆌ࢔޿ඹᅟકቛࢅጲۨᅭႎڦ对象ૌ႙ă૩ 9-2 ઠጲ Voodoo.js ๯ᄻǈ໲ኻ๑ᆩᅃ߲ࡧຕ

ۙᆩ৽ظॺକᅃ߲ 3D 对象ǈ඗֭ࢫ෇ڟᄻ面ᇮ໎ example2ăኄփీም०ڇକă໲ࡕၳڦ

ස཮ 9-3 ໯๖ă

例 9-2：๑ᆩ Voodoo.js ॽᅃ߲ 3D 对象֭෇ڟᄻ面ዐ

new VoodooJsonModel({ 
  elementId: 'example2', 
  jsonFile: '3d/tree.json', 
  offsetWidthMultiplier: 2.0 / 3.0, 
  scale: 50, 
  rotationX: Math.PI / 2.0, 
  rotationY: Math.PI / 2.0 
});

图 9-3：Voodoo.js 首页（http://www.voodoojs.com/），特点在于有几个内嵌的 3D 对象

3. PhiloGL

PhiloGL（http://www.senchalabs.org/philogl/）๟ຕ਍੗视ࣅ੔ბॆ Nicolas Garcia Belmonte
ሞ Sencha ᄓၜణăPhiloGLํڦॺظᄓ๪ాํڦິࠅ ణՔ๟ඟڦ WebGL ਸ݀৑੗ీ०ڇ

ዷୁ઀ॐ৊ႜਸ݀ᅃᄣăGarciaࢆᆶ඀ǈ৽ၟ๑ᆩඪࢅ ሞ঻ถႠձ࿔（https://www.sencha.
com/blog/）ዐ௮ຎକኄᅃยऺ૙౒ă৑࠶ኄ߲઀ॐ๟ํᄓႠዊڦǈڍ໲ኵڥᅃੂăSencha
๑ᆩࢆ৛ཚසݴহ面઀ॐǈๆࢽᆩڦਸ݀କ๘হपິࠅ HTML5 হ面ă૩ࢽᆩڦၳߛॺظ

9-3 ቛ๖କ๑ᆩ PhiloGL ᅭब߲ۨࡗஓăཚپڦৠׇڇॺᅃ߲०ظ JavaScript 对象ǈ࿢்

ৠăPhiloGLׇڦ࿖૙൰ႚټᅃ߲ࡤॺକԈظ ૩ጱǈԈઔઠጲڦፕ߾በฉᆶब߲੗ᅜྪڦ

Learning WebGL（http://learningwebgl.com/blog/） ڦ໯ᆶঞײă
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例 9-3：๑ᆩ PhiloGL ڦڇॺᅃ߲०ظ 3D ׇৠ

 ॺᅃ߲ᆌᆩظ //
PhiloGL('canvasId', { 
    camera: { 
        position: { 
            x: 0, y: 0, z: -7 
        } 
    }, 
    scene: { 
        lights: { 
            enable: true, 
            ambient: { r: 0.5, g: 0.5, b: 0.5 }, 
            directional: { 
                color: { r: 0.7, g: 0.7, b: 0.9 }, 
                direction: { x: 1, y: 1, z: 1 } 
            } 
        } 
    }, 
    textures: { 
        src: ['moon.gif'] 
    }, 
    events: { 
        onClick: function(e) { 
            /* ሞُՊႀ๚ॲၚᆌ */ 
        } 
    }, 
    onError: function() { 
        alert("There was an error creating the app."); 
    }, 
    onLoad: function(app) { 
 ᆌᆩࣅ๔؛ //        
        // ྫׇৠዐཁे࿿体 
        scene.add(moon) 
 ࣃۯ //        
        setInterval(draw, 1000/60); 
        // ࣼ዆ׇৠ 
        function draw() { 
            // ៺කሆ൰ 
            scene.render(); 
        } 
    } 
});

9.3　Vizi：一个基于组件的用于可视化Web应用

的框架

၄ሞڟକጮဦჺ৯एᇀ઀ॐڦ 3D ਸ݀ࢪ้ڦă࿢்ॽ๑ᆩᅃ߲ፁࠕཚᆩڦ઀ॐǈᅜޮ߃

ڦీྤ࠶๑ᆩׇৠă৑ڦଉ੗ీٷ 3D ဣཥժփ٪ሞǈڍሞᆌᆩዐ࣏๟ᆶႹܠཚᆩڦఇ๕ă

਍ُ࿢ظॺକ Vizi ĊĊ ࿢ጲमยऺڦᅃ߲ WebGL ઀ॐă࿢ॽᆩ໲ઠਸ݀থူઠबቤዐڦ

૩ጱăԨবཚࡗศ෇༑໭एᇀ઀ॐਸ݀߁ڦ౒ઠ঻ถ Viziă
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9.3.1　背景和设计理念

ኟස tQueryĂVoodoo.j त PhiloGL ਸ݀ኁఫᄣǈ࿢对ڦ WebGL ਸ݀ڦጒ઄ڟߌ฿ྭă࿢

๟ Mr.doob ᆶ࠼࿢ණྺڍኮᅃǈີݹዒํڦ Three.js ࣏փፁᅜਸׂ݀೗पዊଉڦᆌᆩă࿢

்ኄ૛༪ஃٷڦևݴ࿚༶ǈഄํሞब౎മڦ 3D ઀ॐࢅᆴဥᆅ൤ዐ৽ᅙঢ়঴ਦକăڦ֫ڹ

平໼ړ඗ሞኄၵ౎ዐᅙঢ়৊ࣅକǈڍ࿚༶ٷ体ฉ࣏๟ᅃᄣڦǖሜ෇ׇৠాඹĂยዃ၎ऐĂ

ࣼ዆ᅃၵ对象Ăߵ਍ऺ้ഗࢅᆩࢽ๼෇ઠᅎۯ࿿体Ăዘްฉຎօየă

ኄब౎ᆴဥᆅ൤ڦยऺ݀ิକՎࣅăፌ近ܾๆ౎ᆴဥׂᄽՎ࢔ڥᆶऄ૰ǈ੗ᅜຫ໲݀ةକ

ऺ໙ऐ૦๏ዐᅃၵፌظڦٷႎǈԈઔ෉ॲᆅ൤ڦยऺăፌྺ၂ዸڦ๟໲ٗएᇀૌࢅीڦ׶

ॐࠓገၠକएᇀፇॲࢅणڦׯॐࠓ（ኄईႹੂഐઠ๟रຍฉڦ൶՚ǈڍ໲ᆶटڦٷᆖၚǈ

࿢்ฎڟੂࣷࢫ）ăएᇀമ面঻ถڦႹܠ 3D ਸ݀ၜణǈժ࣑߲ႎڦ视ঙएᇀړമᆴဥᆅ൤

༑໭ǈViziڦፌॅํ७ǈ࿢ਦۨፔᅃ߲ႎڦ ৽๟ኄᄣڦิڐă

Vizi ڦణՔ๟ඟ੺໏ਸ݀ᆶ඀ڦ 3D ᆌᆩՎڥ०ڇăሞݛీࠀ面ǈVizi ঻ᇀᆴဥᆅ൤（ස

playcanvas）ࢅቛ๖઀ॐ（ස Voodoo.js）ኮक़ăԨቤׂڦ೗ದዃׇৠ࢔๢ࢇ๑ᆩ Viziǈ໲

๟ᅃ߲ᆶ߲ܠ঍ࢻ对象ׇڦৠǈएᇀᆩࢽ๼෇ۯༀ߸ႎǈఇ႙๟ӀႴेሜڦǈᆶްሗڦ视

ঙࢅएᇀ၎ऐࡵڞڦă࿢၎႑ኄၵీࠀ体၄କ WebGL ਸ݀ፌਏᆫ๞ݛںڦǈᅺُኄᄺ๟

࿢ፌၙᄲഽڦࣅยऺኮتă

཮ 9-4 ቛ๖କᅃ߲ Vizi ᆌᆩᇱ႙ǈ๟ᅃ߲ۉጱฆခྪበ߁౒ǈႵెڦכቛ๖ăߛ৛ڦ܈཮

ԝৠฉཨᆖăᄻ面े߭ྪڦሞ৛േ߭ش჉ገǈၟ჉ገఢகᅃᄣăںሞׇৠዐक़࣐஥߭شೌ

ሜब௱ዓࢫǈᅃ߲ྜኝڦ 3D ăৣ࣍߭ྪڦࢫพକԝݒวฉכڦൣߛఇ႙ԥਉฉቛ๖໼ăכ

ă2Dߢ࠽视ೕݣǈխٷݣඟ໲ၠമਃዐࣷ߭شऍۅ ࿚ഄݡକࠃহ面ᇮ໎ሞዜྷ༵ࢽᆩڦ

໱႑တतྪበഄ໱ևڦݴർڢăኄኻ๟ᅃ߲߁౒ǈڍ໲௮ࣼକ Vizi ๑ᆩࢇ႐ၙ݆ǖंࢃڦ

2D ࢅ 3D ాඹྺۉጱฆခतഄ໱ Web ᆌᆩ༵ࠃႎ႙঍ࢻă

图 9-4：基于 Vizi 开发的概念车展示应用；车模型来自 be fast（http://www.turbosquid.com/Search/
Artists/be-fast），视觉及环境设计来自 TC Chang（http://www.tcchang.com/）
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9.3.2　Vizi架构

Vizi ࠶ഔ݀ă৑ڦᆴဥᆅ൤ยऺᇱሶپ၄ڟยऺ๴ࠓॐڦ 3D ᆴဥڦᄲ൱Բഄ໱视ਥᆌᆩ

ǈ૩සǈঞᇣీࠀܠႹڦᆴဥᆌᆩႴᄲᆴဥᆅ൤ዐݥăᆶၵۅཞࠌڦଉٷ໲்ᆶڍǈߛ߸

ăݧ໲ժփႴᄲ੺໏ሏႜǈᄺுටࣷԥቊ࠶วǈ৑ࣅኈईႹႴᄲಸጐĂ࿿૙तݠ

Vizi ॐڦࠓᅃ߲ዷᄲ༬෥๟基于组件的对象模型（component-based object model）ăኄݒ

ᆙକ၄پ൵๞ǈनٗدཥڦएᇀीڦ׶ยऺገၠକፇॲڦणࢇă໲ᆶᅃ߲एإ对象ૌ႙

Vizi.Objectǈܸփৈ๟ፇॲڦඹഗăፇॲํ၄କٷևీࠀڦݴǈԲසᅃ߲ Visual ፇॲํ

၄କबࢆ体ࢅ֌ዊĂᅃ߲ Picker ፇॲํ၄କएᇀ௅߲对象ڦ຋Ք๚ॲಋ݀Ăᅃ߲ Camera

ፇॲํ၄କ视཮ăएᇀፇॲڦဣཥ༵ࠃକइీڥ૰ڦཥᅃఇ႙ǈ໲ሎႹ׉ݥଳऄํڦ၄ᅜ

तߛ੗ዘᆩႠă໲ཞᄣ๟ኧ׼કቛ࠲ڦ॰ă

Vizi ॐ࣏ࠓᆶᅜူଋۅă

• 应用对象

ሴ޶૩ᆌᆩ对象（singleton application object）ڇ WebGL ฉူ࿔ظڦॺĂDOM ๚ॲت

૙ഗᅜत Three.js ᆌᆩዐǈ৽ڟăᆌᆩ对象ํ၄କሏႜთ࣍Ǘ对象ኻႴᄲे෇ࣅ๔؛ڦ

ీሞ௅ኡࣃۯ߸ႎጲमă

• 模拟及事件模型

Vizi ᆶᅃ߲໯ᆶ对象๑ᆩڦՔጚ้क़ዡă๚ॲሞۨᅭ้ڦࡻक़ۅฉ݀ةǈժፏთᇨۨڦ

๚ॲă对象੗ᅜ๑ᆩ॔དഗઠ۩ለ๚ॲǈईኁڦሶăᅃ߲对象੗ᅜ݀քഄ໱对象۩ለࡀ

ሞႜྺ૾ฉ኱থ૶থڟഄ໱对象ڦ๚ॲฉăኄඟظॺႜྺࢅ঍ࢻՎ׉ݥڥ०লă

• 服务化架构

໯ᆶጱဣཥۼᅜޜ࢈࢒ခݛڦ๕ࠓॺăሞ؛๔ࢅࣅኴႜ঩܎ǈᆌᆩॽ้क़Ă๚ॲĂ཮ႚ

त๼෇ڪ྿ྂߴକ߲߳ޜခǈܸփ࠲႐ኄၵޜခਏ体๟ሹ஺ፔڦăኄඟཁेႎޜڦခՎ

ஏăྪࢽᆩܠڦ႐ӲԨዐࢃሞࡤǈԲසժுᆶԈڇ०ڥ

• 图形

໯ᆶ཮ႚۼ๟๑ᆩ Three.js ࣼ዆ڦăVizi ժுᆶॽ Three.js ᆆ֠ഐઠǈܸ๟኱থ๑ᆩ໲ǈ

ॽ Three.js 对象ཚࡗፇॲڦࣅ঳ހࠓጎഐઠǈ๑ڥഄ໱ Vizi 对象੗ᅜݛՍںᇑ໲்৊ႜ

ཚ႑ă

• 交互

Vizi ኧ׼एᇀ௅߲对象ڦ຋Ք๚ॲǈ֫ڹ๑ᆩ Three.js ڦ Projector ૌઠํ၄ۅऍॠ֪ă

ኄ๑ڥ຋Քఄةࢅ๼෇ڦথ口Վڥ०ڇăVizi ڦ对象ઠํ၄փཞૌ႙ࢻକᇨॺ঍ࠃ༵࣏

ཱྀጅ（Բසሞ平面ई൰体ฉ）ă

• 行为

Vizi Ԉࡤକܠዖᇨॺႜྺǈీጲۯ჉ገĂᅎۯĂڑཌĂߛଋڪઠ߀Վ对象ڦጒༀă

• 高级视图模型

Vizi ሎႹۨᅭ߲ܠ၎ऐǈ੗ᅜൟ຿ሞ໲்ኮक़ൎ࣑ăVizi ཞ้ኧܠ׼ዖࡵڞఇ๕ǈԲස

࿿体ֱੂĂڼᅃට׬ᆴဥĂॺዾ៓બڪă
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• 方便自定义

ጲۨᅭፇॲ੗ᅜํ၄ඇႎڦႜྺĂ঍ࢅࢻ၎ऐ੦዆ڪबࢭ໯ᆶ๚൧ăፇॲी׶ጲ Vizi.

Component ڦ JavaScript 对象ăਸ݀ኁ࢔ඹᅟ৽ీظॺᅃ߲ႎڦፇॲૌ႙ǈժཚ߃ޮࡗ

realize() ࢅ update() 对象ڦᅙ٪ሞڟཁेںăፇॲ੗ᅜ࿮ൔ෇ీࠀઠሺेጲۨᅭ݆ݛ

ዐǈઠሺेᇱਸ݀ኁுၙڦڟႎీࠀă

• 预制结构

Vizi ሎႹਸ݀ኁظॺᆯᅃፇ对象ፇڦׯ੗ዘᆩૌ႙ăᅺྺ Vizi ๟एᇀፇॲยऺڦǈ໯

ᅜૌ႙ժփ๟๑ᆩ JavaScript ྺ׬ǈܸ๟ᅃܑԥڦॺظૌઠڦ prefab ᇨ዆对象ăڦ

prefab ᆯْ֫ڦࣅᆴဥ对象त໲்ڦፇॲĂᅃ߲ई߲ܠ๚ॲ۩ለई૶থǈᅜतᅃ߲੦዆

ഗগԨ（ၹۙ໯ᆶևڦݴ঍ࢻ）ׯࠓă

Vizi एᇀፇॲڦॐࠓยऺ๴ڟᅃԨກڦटٷᆖၚǈኄԨກ๟ Jason Gregory ڦ

ঞ੔ກĖᆴဥᆅ൤ॐࠓė（Game Engine Architectureǈhttp://www.gameengine 

book.com/）ǈኄ๟ߛपᆅ൤ࢅ઀ॐยऺ฾Ղ܁ኮກăኄԨກภत࠽࢔ྷݔڦǈ

๟ڦ࠲ᇑԨກፌ၎ڍ Gregory 对对象ఇ႙ॐڦࠓ༑໭ă໱ٷ૰༵בፇॲڦࣅ

ยऺǈܸփ๟دཥڦૌी׶ยऺăएᇀፇॲڦยऺᅃӯ߸ेଳऄࢅ੗કቛǈ

Ն௨କएᇀी׶ยऺᇜڦڟႹܠᅙኪ࿚༶ǈᆮഄ๟ްړሗ܈ฉืࢪ้ڦă

Vizi ཞᄣ๴ڟ Unity（http://unity3d.com/）ยऺڦഔ݀ǈUnity ๟ৃཀሞ܀૬ਸ

݀ኁࢅၭ߾ፕፇዐፌୁႜڦฆᄽᆴဥᆅ൤ăUnity 体၄କںࡻ࢔ Gregory एᇀ

ፇॲࣅᆅ൤ยऺڦາၙăሞԨກՊႀኮा Unity ࣏փኧ׼ WebGL2ăUnity ራሞ

HTML5 ୁႜമ৽ᅙਸ݀؜ઠକǈ໯ᅜ໲๑ᆩକ໲ጲमڦগԨᇕჾࢅ៺කဣ

ཥăසࡕ Unity ኧ׼ HTML5 ࢅ WebGLǈ࿢ईႹࣷਥڥுՂᄲظॺ Viziă

9.3.3　Vizi入门

ྺକਸ๔ბသ Viziǈ࿢்ံᄲٗ GitHub（https://github.com/tparisi/Vizi） ၜణዐइڥፌႎӲ

Ԩپڦஓăሞ engine/build/ ణ୤ူǈేࣷੂ见ब߲࿔ॲǈް዆ᅃ߲ vizi.js（࿄უ໫ڦ debug
ӲԨ）࿔ॲई vizi.min.js（უ໫ڦࢫ release ӲԨ）ڦేڟၜణዐă

၄ሞǈኻႴᄲॽ Vizi গԨ֭෇ేڦᄻ面ዐ৽੗ᅜਸ๔๑ᆩକǖ

<script src="../<path_to_vizi>/vizi.js"></script>

Vizi ᆶܠዖփཞૌ႙ڦӲԨăኄଇ߲࿔ॲॽ໯ᆶᅈડٶۼԈ৊ઠକǈԈઔ

Three.jsĂTween.jsĂRequestAnimationFrame.js ᅜतब߲ኧ׼ Three.js 对ڦ

象ăසేࡕփၙᄲԈྔࡤևᅈડڦӲԨǈ੗ᅜ๑ᆩ࿮ᅈડӲԨǈሞేᄻ面

཭ă൩ֱੂ؋փၭ႐੗ీࣷᆶӲԨࡕ඗ǈසړጲႜ֭෇ᅈડăݛںഄ໱ڦ

README ࿔ॲतӲԨߢࠅઠକ঴߸ၘܠ൧ǈᅜतֱለ֖੊޹୤ઠକ঴ጚԢ

ጲۨᅭӲԨ Vizi ႑တăܠ߸ڦ

ጀ 2ǖUnity 5 ᅙঢ়ኧ׼ăĊĊᅳኁጀ
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9.3.4　一个Vizi应用示例

ඟ࿢்ઠੂᅃ߲ਏ体ڦ૩ጱǈཚࡗ໲ઠକ঴ Vizi ઀ॐڦഽٷăሞే៓ڦબഗዐٶਸ๖૩࿔

ॲ Chapter 9/vizicube.htmlăేᆌੂࣷ޿见ຄဒ۫ڦဇǈ໲๟ڼ 2 ቤڼࢅ 3 ቤټڦ࿖૙૬ݛ体ǈ

एᇀ Vizi ዘႀକᅃՓă૩ 9-4 ๟एᇀ Vizi ڼࢅஓǈ੗ᅜپڦ 3 ቤዐ૩ 3-1 ஓፔԲডăپڦ

例 9-4：ᅃ߲ Vizi ᆌᆩڦ૩ጱĊĊ჉ገڦ૬ݛ体

<script type="text/javascript"> 
 
    $(document).ready(function() { 
 
 ॺViziᆌᆩ对象ظ //        
        var container = document.getElementById("container");        
        var app = new Vizi.Application({ container : container }); 
 
 体ݛ࿖૙ᆙพ૬ڦॺᅃ߲ᅜphongጣ෥݆៺කظ //        
        var cube = new Vizi.Object;  
        var visual = new Vizi.Visual( 
                { geometry: new THREE.CubeGeometry(2, 2, 2), 
                    material: new THREE.MeshPhongMaterial( 
                      {map:THREE.ImageUtils.loadTexture( 
                         "../images/webgl-logo-256.jpg")}) 
                }); 
        cube.addComponent(visual); 
 
        // ཁेᅃ߲჉ገႜྺǈ๑ڥ૬ݛ体߸ेิۯ 
        var rotator = new Vizi.RotateBehavior({autoStart:true}); 
        cube.addComponent(rotator); 
 
        // ॽ૬ݛ体ၠጣִ࠵ኁ჉ገǈᅜՍ߸ںࡻቛ๖3Dဦব 
        cube.transform.rotation.x = Math.PI / 5; 
 
        // ཁेᅃ߲࠼ڨઠቛ๖៺කၳࡕ 
        var light = new Vizi.Object; 
        light.addComponent(new Vizi.DirectionalLight); 
 
        // ॽ૬ݛ体࠼ڨࢅཁेׇڟৠዐ 
        app.addObject(cube); 
        app.addObject(light); 
 
        // ሏႜ 
        app.run(); 
    } 
    ); 
 
</script>

एᇀ Viziǈኻᆩକ߁ٷ 40 ႜپஓ৽ظॺକᅃ߲჉ገټڦ࿖૙૬ݛ体ǈܸ࿢்ኮമ๑ᆩ

Three.js ሶႴᄲႀ 80 ႜپஓăڍ࿢்ฎپڟੂࣷࢫஓଉณኻ๟ഄዐڦᅃ߲ᆫۅă࿢்ઠཚ

ᆌᆩ对象ǈૌ႙๟ڦॺକᅃ߲ႎظኄ߲૩ጱă๯ံ࿢்܁ Vizi.Applicationǈժॽඹഗᇮ

ॺᅃ߲ظፕǖ߾ଉٷ໲ăኄ߲֡ፕሞాևፔକߴڿد໎ Three.js ៺ක对象ࢅᅃ߲ټఐණ၎

ऐڦ੣ Three.js ׇৠǈሺेକ॔དᄻ面໫ݣĂ຋Քतഄ໱ DOM ๚ॲڦ๚ॲت૙ײႾăኄ
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ၵ๚൧ేԨઠႴᄲཚࡗ DOM API ईۙᆩ Three.js ڍፕǈ֡߾ຕઠ๮ࡧ Vizi ጲۯ৊ႜକت

૙ăֱੂ Vizi ᇸஓዐڦ࿔ॲ core/application.js ࢅ graphics/graphicsThreeJS.js ઠକ঴ਏ体ڦ

ํ၄ဦবǈ໲ႴᄲፔႹܠ๚൧ă

থူઠǈ࿢்ॽ对象े෇ׇڟৠዐăኄ้୾ڟ Vizi ፇॲ对象ఇ႙ׇ؜କăVizi ׇৠዐڦඪ

ᅪ对象ۼ๟ Vizi.Object ૌ႙ڦǈ඗ࢫ࿢்ཁेփཞڦፇॲߴ໲ă对ᇀ૬ݛ体ઠຫǈ࿢்

๑ᆩ Three.js ڦ࿖૙ټࢅ体ࢆ体बݛ૬ڦ Phong ֌ዊظॺକᅃ߲ Vizi.Visual 对象ăጀᅪ

Vizi ժுᆶۨᅭጲमڦ཮ႚ对象ǈܸ๟჋ስ๑ᆩ Three.js ઠํ၄໯ᆶ཮ႚăኄ๟ᆶᅪڦ჋

ስă࿢்ྜඇԓ୞କ Three.js ॺ࿢ظǈܸփ๟๬཮ᆆ֠໲ǈᅺُ࿢்੗ᅜൟ຿ీࠀٷഽڦ

்Ⴔᄲڦඪࢆ视ਥૌ႙ă

ሞظॺ੗视ࣅፇॲժཁेڟ对象ฉࢫǈ࿢்ཁेକᅃ߲ႜྺăኄ๟ Vizi หആݛںڦăVizi
ጲټକᅃܑᇨ዆ڦႜྺǈ࿢்੗ᅜཚࡗཁेፇॲݛڦ๕ᆌᆩڟ对象ฉăሞኄ߲૩ጱዐǈ࿢

்ཁेକᅃ߲ Vizi.RotateBehavior ႜྺǈยዃ autoStart Քऻྺ trueǈ๑ڥ对象ሞᆌᆩ

ሏႜࢪ้ڦகฉਸ๔჉ገă

࿢்ၙඟ૬ݛ体ၠ၎ऐൡၽǈᅜՍᇀֱੂ 3D ăሞࡕၳ Vizi ዐǈ࿢்੗ᅜཚࡗႪ߀对象Վ

࣑ፇॲڦ rotation ຌႠઠํ၄ă

// ॽ૬ݛ体ၠጣִ࠵ኁ჉ገǈᅜՍ߸ںࡻቛ๖3Dဦব 
    cube.transform.rotation.x = Math.PI / 5;

ጀᅪǈྺକݛՍǈఐණྺ௅߲ Vizi 对象ۼጲظۯॺକᅃ߲Վ࣑ፇॲăኄޮ߃କٷևڦݴ๑

ᆩׇৠăVizi.Object ሰഗ࣏ᆶᅃ߲੗჋֖ຕࠓڦ autoCreateTransformǈසࡕగ߲对象փ

ႴᄲՎ࣑ፇॲǈ੗ᅜॽ໲ยዃྺ falseă

ྺକ၂๖ Phong ጣ෥ഗࡕၳڦǈ࿢்ཚࡗଷᅃ߲对象ઠཁे࠼ᇸǈኄ߲对象ዐᆶ Vizi.

DirectionalLight ፇॲăሞࢫ面बቤዐǈ࿢்ࣷੂڟසࢆՆ௨၂๕ظॺ࠼ᇸǈఫ৽๟๑ᆩ

ڦሏႜᆌᆩକǈᇀ๟ۙᆩᆌᆩࡻǈ࿢்ጚԢࢫᇨ዆ᆌᆩఇӱăፌڦยዃ࠼ڨټ run() ă݆ݛ

ኄ৽ࠕକǈփႴᄲՊႀ࿢்ጲमڦ requestAnimationFrame() ሞ௅߲ዜ೺߸ႎ૬ۯຕઠ๮ࡧ

჉ገăڦ体ݛ

1. 添加交互

ేईႹጀᅪڟമ面बቤ঻ถڦ Three.js ૩ጱժுᆶ঍ࢻႠǈևݴᇱᅺ๟࿢்࣏ுᆶ঻ถڟ

঍ࢻǈଷᅃ߲ᇱᅺ๟๑ᆩ Three.js ፕăThree.js߾ڦภत੫ሳࢻॺ঍ظ କᅃ߲ࠃ༵ projector
对象ǈሎႹ࿢்ऺ໙ړ؜മ຋Ք჈ཕሞన߲对象ฉăڍ໲ժுᆶހጎׯᅃ߲๚ॲথ口ईኁ

ᅃ߲ۅऍཱྀጅڦఇ႙ăVizi ઀ॐཚࡗፇॲઠํ၄ጲࣅۯ຋Ք჋ስࢅ๚ॲ݀ݴǈᅜُઠ঴ਦ

ኄ߲࿚༶ă

ඟ࿢்ཁेᅃ߲०ڦڇ঍ࢻႜྺڟമ面ڦ૩ጱዐă࿢்ॽኻሞ຋Ք჈ཕฉඁࢪ้ڦ჉ገ૬

ਸ࿔ॲٶăሞ៓બഗዐࢫ体ǈܸփ๟ᄻ面ेሜݛ Chapter 9/vizicubeinteractive.htmlǈپஓස

૩ 9-5 ໯๖ăٚ体Քጀپڦஓႜ၂๖କႪ߀କڦևݴăኄᅃْ࿢்փሞظॺႜྺࢪ้ڦย

ዃ autoRotate ჋ၜǈᅺُ໲փࣷሞᆌᆩेሜࢪ้ڦ৽ਸ๔჉ገăথူઠǈ࿢்ཁेᅃ߲ႎ

ፇॲૌ႙ڦ Vizi.Picker 体对象ฉăpickerݛ૬ڟ ۨᅭକཚڦ׉຋Ք๚ॲǈԈઔ over（ᅎ

ࢅĂup（ሞᇮ໎ฉ຿ਸ຋ՔӀ౧）（ᇮ໎ྔ؜ᅎ）ᇮ໎ฉ）Ăoutڟ down（ሞᇮ໎ฉӀူ຋

ՔӀ౧）ǈ໲்ࣷሞ຋ՔᅎڟۯԈࡤ picker ؜ᅎࢅ՚ሞ຋Ք჈ཕݴăኻႴᄲ݀ة对象้ڦ
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ཕኹ჉ገăࢅཁे๚ॲ॔དǈઠਸ๔ࢪ้ڦ

例 9-5：๑ᆩᅃ߲ picker ፇॲઠཁे຋Ք঍ࢻ

 <script type="text/javascript"> 
 
    $(document).ready(function() { 
 
 ॺViziᆌᆩ对象ظ //        
        var container = document.getElementById("container");        
        var app = new Vizi.Application({ container : container }); 
 
 体ݛ࿖૙ᆙพ૬ڦॺᅃ߲ᅜphongጣ෥݆៺කظ //        
        var cube = new Vizi.Object;  
        var visual = new Vizi.Visual( 
                { geometry: new THREE.CubeGeometry(2, 2, 2), 
                    material: new THREE.MeshPhongMaterial( 
                      {map:THREE.ImageUtils.loadTexture( 
                         "../images/webgl-logo-256.jpg")}) 
                }); 
 
        cube.addComponent(visual); 
 
        // ཁेᅃ߲჉ገႜྺǈ๑ڥ૬ݛ体߸ेิۯ 
        var rotator = new Vizi.RotateBehavior; 
        cube.addComponent(rotator); 
 
        // 使立方体可以被选中        
        var picker = new Vizi.Picker; 
        cube.addComponent(picker); 
 
        // 将选择器和旋转器关联起来，仅在鼠标悬停时旋转 
        picker.addEventListener("mouseover", function() {  
          rotator.start(); }); 
        picker.addEventListener("mouseout", function() {  
          rotator.stop(); }); 
 
        // ॽ૬ݛ体ၠጣִ࠵ኁ჉ገǈᅜՍ߸ںࡻቛ๖3Dဦব 
        cube.transform.rotation.x = Math.PI / 5; 
 
        //  ཁेᅃ߲࠼ڨઠቛ๖៺කၳࡕ 
        var light = new Vizi.Object; 
        light.addComponent(new Vizi.DirectionalLight); 
 
        // ॽ૬ݛ体࠼ڨࢅཁेׇڟৠዐ 
        app.addObject(cube); 
        app.addObject(light); 
 
        // ሏႜ 
        app.run(); 
    } 
    ); 
 
</script>

ኄ׉ݥ०ڇăྺକჺ৯֫ڹ৯৩݀ิକ๊஺๚൧ǈඟ࿢்ੂੂॠ֪ڟ 3D 对象ሞ຋Քူ้
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݀ิକ๊஺ăኄ Vizi एᇀ Three.js ڦ THREE.Projector ૌઠํ၄჋ൽݛڦీࠀ๕ă໲ժփ

०ڇă૩ 9-6 ଚ؜କ Vizi ཮ႚጱဣཥڦ objectFromMouse() ຋࣮ݓ݆ݛஓăኄ߲پڦ݆ݛ

Քኸኍူీቴڦڟ对象ǈ໲تڦ૙Ԉઔᅜူबօă

(1) ๯ံǈ࿢்ॽ຋Ք๚ॲ၎对ᇀᇮ໎ڦፖՔ elementX ࢅ elementY ገ࣑ׯ၎对ᇀ视口ڦፖ

Քǈ௅߲ྼڦ܈ኵۼྷݔڦ๟ -0.5 ڟ +0.5ǈཞ้݋ገ y ፖՔઠ೅ದ 3D ፖՔဣཥă（ጀ

ᅪ elementX ࢅ elementY ժփ๟Քጚڦ DOM ຋Ք๚ॲຌႠǈ໲்ሞ֖ຕڿدኮമǈࣷ

ᆯ Vizi ڦ DOM ๚ॲت૙ࡧຕऺ໙ࡻă）

ڦ຋Քူ面ڟǈႴᄲॽ໲்ገ࣑ࢫፖՔڦକ຋Ք၎对视口ڥइړ (2) 3D ࿋ዃǈժԍ٪ሞՎ

ଉ vector ዐă

(3) ඗ࢫႴᄲॽ຋Ք၎对ᇀ视口ڦ࿋ዃٗ相机空间ገ࣑ڟ世界空间ዐăᅃڋገ࣑କ࿋

ዃǈ࿢்৽ኪڢ຋Քኸኍሞ๘হ੣क़ዐڦ࿋ዃକăྺُǈ࿢்ۙᆩཨᆖ对象ڦ

unprojectVector() ǈ໲๟ڦॺظࢪ้ڦ཮ႚဣཥࣅ๔؛ă（ཨᆖ对象๟ሞ݆ݛ THREE.

Projector ૌ႙ă）

(4) ၄ሞ຋Քኸኍሞׇৠዐڦ࿋ዃᅙঢ়ऺ໙؜ઠକǈ࿢்੗ᅜظॺᅃຐ࠼၍ǈٗ၎ऐڦ๘হ

੣क़࿋ዃڟ຋Քڦ๘হ੣क़࿋ዃăඪ࠼ࢅࢆ၍၎঍ڦ对象ۼ๟Đሞ຋Քူđڦă࠼၍၎

঍๟ཚࡗ THREE.Raycaster ڦ intersectObjects() 对象ଚ՗ǈڿدăၠ໲ڦઠํ၄݆ݛ

໲ࣷӀቷٗമڦࢫڟຩႾ࣮ݓඪࢆᇑ࠼၍၎঍ڦ对象ଚ՗ă

(5) ፌࢫǈ࿢்ൽڥଚ՗ዐڼᅃ߲੗见ڦᇮ໎ǈ໲৽پ՗କፌമ面ڦԥ჋ዐڦ对象ă

࿢ຫࡗǈኄփ०ڇăኄᄣپڦஓే੗փၙႀْܠăܸ๑ᆩ Vizi ኄᄣڦ઀ॐǈేྜඇփႴᄲ

ጲमۯ๮ă

例 9-6：๑ᆩ THREE.Projector ํ၄ Vizi ჋ൽీࠀ

Vizi.GraphicsThreeJS.prototype.objectFromMouse = function(event) 
{ 
    var eltx = event.elementX, elty = event.elementY; 
 
    // ॽਜ਼܋ࢽ（视口）ፖՔገ࣑ྺ๘হፖՔ 
    var vpx = ( eltx / this.container.offsetWidth ) * 2 - 1; 
    var vpy = - ( elty / this.container.offsetHeight ) * 2 + 1; 
 
    var vector = new THREE.Vector3( vpx, vpy, 0.5 ); 
 
    this.projector.unprojectVector( vector, this.camera ); 
 
    var pos = new THREE.Vector3; 
    pos = pos.applyMatrix4(this.camera.matrixWorld); 
 
    var raycaster = new THREE.Raycaster( pos, vector.sub( pos ) 
      .normalize() ); 
 
    var intersects = raycaster.intersectObjects( this.scene.children,  
      true ); 
 
    if ( intersects.length > 0 ) { 
        var i = 0; 
        while(!intersects[i].object.visible) 
        { 
            i++; 
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        } 
 
        var intersected = intersects[i]; 
 
        if (i >= intersects.length) 
        { 
            return { object : null, point : null, normal : null }; 
        } 
 
        return (this.findObjectFromIntersected(intersected.object,  
            intersected.point, intersected.face.normal));   
    } 
    else 
    { 
        return { object : null, point : null, normal : null }; 
    } 
}

2. 添加多个行为

Vizi ሎႹ࿢்ൟ຿ߴںᅃ߲对象ཁे߲ܠႜྺă࿢்ॽႪ߀മ面ڦ૩ጱǈߴ૬ݛ体ཁ

ऍ຋Քǈ໲ࣷਸ๔ۅࡕଋǗසߛറઢ෥ઠׯǈ໲ࣷՎࢪ้ڦ຋Ք჈ཕړႜྺă߲ܠे

჉ገĂཌฉཌူĂ஥஥远૗৥ཀྵǗምْۅऍ૬ݛ体໲ࣷཕኹᅎۯăٶਸ࿔ॲ Chapter 9/
vizicubebehaviors.html ઠֱੂၳࡕă၎پ࠲ஓሞ૩ 9-7 ዐǈٚ体Քጀپڦஓႜ၂๖କႪ߀

କڦևݴă

例 9-7：ཁे߲ܠႜྺ

     // ཁेᅃ߲ްࢇႜྺ 
    var rotator = new Vizi.RotateBehavior; 
    var bouncer = new Vizi.BounceBehavior({loop:true}); 
    var mover = new Vizi.MoveBehavior({loop:true, duration:2,  
      moveVector:new THREE.Vector3(0, 0, -2)}); 
    cube.addComponent(rotator); 
    cube.addComponent(bouncer); 
    cube.addComponent(mover); 
 
    // ๑૬ݛ体੗ᅜԥ჋ዐ        
    var picker = new Vizi.Picker; 
    cube.addComponent(picker); 
 
    // ཁे჈ཕߛଋჿ෥ 
    var highlight = new Vizi.HighlightBehavior( 
      {highlightColor:0x88eeff}); 
    cube.addComponent(highlight); 
 
    // ॽ჋ስഗࢅ჉ገഗ࠲૴ഐઠă຋Ք჈ཕ้ߛଋǈۅऍ้ൎ࣑ႜྺ 
    picker.addEventListener("mouseover", function() { 
      highlight.on(); }); 
    picker.addEventListener("mouseout", function() {  
      highlight.off();}); 
    picker.addEventListener("mouseup", function() { 
          rotator.toggle(); 
           bouncer.toggle(); 
           mover.toggle(); });



3D引擎和框架   ｜   207

ሞኄ߲૩ጱዐཁेႜྺ৽ၟཁे߸ܠፇॲᅃᄣඹᅟă࿢்࣏ཁेକ຋Ք຿ਸڦ๚ॲ॔དǈ

໲ࣷۙᆩ௅߲ႜྺڦ toggle() ਸ๔ڦႜྺ߲߳݀ةࢪ้ڦऍ຋Քۅǈઠሞ݆ݛ / ཕኹጒ

ༀă཮ 9-5 ၂๖କ࿢்ڦ઻ವᆷǈټ࿖૙ڦ૬ݛ体ĊĊߛଋĂ჉ገĂӦۯĂ远૗ǈ኱ڟၩ

฿ሞ远تă

图 9-5：Vizi 的带纹理立方体，具有行为和鼠标交互

ኄၵ०ڦڇ૩ጱቛ๖କ Vizi ኄᄣڦ઀ॐీፔ๊஺ă࿢்ࣷሞࢫ面बቤዐ৊ᅃօକ঴໲ǈ࣏

ࣷ঻ถ߳ዖ 3D ᆌᆩݛڦӄࢅरຍă

Vizi ࣏ሞਸ݀ኮዐăԨກՊႀࢪ้ڦǈ໲๟ 0.6 ई 0.7 ӲԨǈᆶీࠀܠ࢔ǈ

ୟᄲጽă࿢ሞ੣ှईᆶऐࣷਸ݀ڦ׊࢔ᆶ࣏ڍ WebGL ၜణࢪ้ڦਸ݀໲ă

ǈ࿢ထྭᅙঢ়݀քࢪ้ڦᆇ޲ኄԨກړ 1.0 ӲԨକă

9.4　小结

Ԩቤ঻ถକࠓॺ 3D ᆌᆩڦᆅ൤ࢅ઀ॐă৑࠶ Three.js ڥਸ݀Վ׉໲ඍ݄ඟනڍǈٷഽ࢔

੗࠶૙ీࠀڦǈԲසڦ֫ߛႜྺࢅ঍ࢻĂᇨ዆ڦഔ࠲ࢅۯԿǈᅜतႹܠबࢭ໯ᆶ 3D ᆌᆩ

ዐۼՂႷྜڦׯ๚൧ă

࿢்࣏঻ถକ঴ਦኄၵ࿚༶ڦ၄ᆶᆴဥᆅ൤ࢅቛ๖઀ॐăWebGL ਸ݀ኄᅃଶᇘ࣏࢔౎ൟǈ

ሞփ݀ں܏ቛǈణമڦ઀ॐᄺ๟සُăᆶܠ࢔੗჋ڦ઀ॐǈႴᄲፕ؜փณ඄࢚ǈԈઔ੦዆

඄ĂీࠀĂᅟᆩႠǈڪڪă

ፌࢫǈ࿢்๑ᆩ Vizi ઠศ෇ჺ৯କएᇀ઀ॐڦਸ݀ǈ໲๟࿢ਸ݀ڦႎ઀ॐǈᆩᇀ༑໭઀ॐ
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ڦڇ૩ጱă०ڦ౒ǈᅜतਸ݀Ԩກ߁ Vizi ૩ጱቛ๖କ๑ᆩ઀ॐྺీࢆॽ࿢்ٗ೵ՓڦĂዘ

ஓǈժጆጀᇀਸ݀Ԩวăپڦઠǈӻዺ࿢்বู้क़ǈՊႀ߸੗੍؜ݣਸ݀ඪခዐ঴ڦް

Vizi ኻ๟઀ॐڦᅃ߲૩ጱǈే࣏Ⴔᄲ༑໭ഄ໱ڦ઀ॐǈฯ዁๟ยऺేጲमڦ઀ॐă࿮ஃ๟

჋ስࠔச࣏๟ጲႜਸ݀ǈසేࡕᄲਸׂ݀೗प՚ڦ 3D ᆌᆩǈ࢔੺৽Ⴔᄲ঴ਦԨቤ༪ஃࡗ

ఫၵ࿚༶ăڦ
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开发一个简单的3D应用

ణമྺኹǈ࿢்࠲ጀۼڦ๟एإǖHTML5 एإ API ĂJavaScriptࠓॐࢅ ઀ॐǈᅜतࢅੰ

ాඹ዆ፕୁ߾ڦײਏă၄ሞ๟้ํࢪ७ኄၵኪ๎କăሞԨກ฻ူڦևݴǈ࿢்ॽփም࠲ጀ

API ਏ体ํ७ăڦਏǈܸ๟ገၠਸ݀ํाᆌᆩ߾ࢅ

࿢்ٗظॺᅃ߲०ڇૌ႙ڦ 3D Web ᆌᆩਸ๔ǖᅃׂ߲೗ੂֱڦഗ / ದዃഗăኄᄣڦᆌᆩ

ཚࣷ׉๟ᅃ߲ኈํׂ೗ڦ঍ࢻ๕ 3D ఇ႙ǈᆶڦ޷ݿহ面ࠃ༑໭ׂ೗ీࠀڦǈժ੗ᅜ๑ᆩ

຋Ք঍ࢻઠֱੂ߸ܠ႑တǈᅜत༵ࠃగၵ݆ݛઠ߀Վఇ႙ڦᅃ߲ई߲ܠຌႠăएᇀ Web ڦ

ׂ೗ದዃ߾ਏᅙঢ়؜၄କ้׊࢔क़ǖ๯ံ๟ৢༀڦ 2D ఇ๕ǈ඗ࢫ๟๑ᆩ Flash ڦ 2.5D ई

3D ఇ๕ǈፌ近؜၄କएᇀ Canvas API ई WebGL ڦ 3D ఇ๕ăׂ೗ದዃഗ़੗ᅜ๟ీࠀߛ

ᆐၨ߾ਏ（नᅃዖ঍ࢻႠ߸ഽڦǈྺׂ೗ీࠀፔݛڦߢ࠽๕）ǈᄺ੗ᅜणۉڟׯጱฆခဣ

ཥዐǈᆩઠኈํںሞ၍ದዃࠔࢅசׂ೗ă

཮ 10-1 ቛ๖କᅃ߲Đ࿄ઠכđ߁ڦ౒ยऺă੗ᅜٶਸ࿔ॲ Chapter 10/futurgo.html ઠ体ᄓ

໲ăᆩ຋Քઠ჉ገఇ႙ǈᆩఄةӱईࡐ୾ઠࢅٷݣ໫ၭăړ຋Ք჈ཕሞכฉփཞև้ڦݴ

ᅜࠓև঳ాڦכՔധઠ၂๖ڦऍᆸՉۅઠă؜ฉ၂๖֫ޝ႑တ৽ሞᅃ߲ڦݴᇀኄև࠲ǈࢪ

तገۯ୾ጱăేฯ዁੗ᅜߵ਍ే߲ڦටဠࡻઠ߀Վڦכჿ෥ăĐิऄݛ๕႙঍ཚ߾ਏđ๟

߲ට঍ཚ߾ਏူڦᅃհષחăᆯၭఊྂכĂސܻߛ൰כĂ዇ీ߳ڦכᅃևݴǈᅜत஢஢ڦ

ǈኄ৽๟ׯܸࢇ੔रፇߛ Futurgo ƽ
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图 10-1：Futurgo 概念车——一个 3D 产品页面

ኄ๟ᅃ߲ᆶ඀ڦĂྜඇටሰׂڦ೗ದዃഗ૩ጱǈ໲ภतକևຈᅃ߲ 3D ׂ೗ᄻ面໯Ⴔ࠲ڦ

॰߁౒ă

• 设计应用

ਸ݀ 3D ఇ႙त 2D ᄻ面ాඹڦ视ਥၳࡕǈժۨᅭᆩࢽ঍ײୁࢻă

• 创建 3D 内容

๑ᆩၟ Autodesk Maya ኄᄣ߾ڦਏઠظॺఇ႙ࣃۯࢅǈժገ࣑ྺ๢ࢇ Web ๕ઠሞ߭ڦ

ᆌᆩዐ๑ᆩă

• 预览和测试 3D 内容

ยऺᅃဣଚ߾ڦਏઠᄓኤڦ؜ڞ 3D ాඹ੗ᅜሞᆌᆩዐ߾ፕ（සྔࣃۯࢅ࠵ኟ׉）ă

• 集成 3D 内容到应用中

ॽ 3D ాඹ（ᅃڋᄓኤ໲ࣃۯࢅ࠵ྔڦኟ׉）ᇑ 2D ᄻ面ాඹᅜतഄ໱ᆌᆩپஓणׯă

• 开发 3D 行为和交互

ཚํࡗ၄ᅃၵႜྺࢅ঍ࢻઠඟ 3D ాඹิۯഐઠǈԈઔᅃ߲视ਥࡕၳ؜ڏĂᅃ߲჉ገ

໼Ă຋Քᅎ෇ၳࡕĂᆩࢽ঍ࣃۯڦ݀ةࢻǈᅜतۯༀႪ߀对象ڦჿ෥ă

ฉຎ໯ᆶႴ൱Ⴔᄲཚࡗᅃ߲੗ዘްײୁڦઠਸ݀ăړ࿢்ಇأ bug ڟٳ޿ǈᆌࢫ฀ᆌᆩ߀ࢅ

੗ᅜໜᅪႪ߀Ⴊ߀ᆌᆩڦ੗视ևݴ（ᆮഄ๟ 3D ాඹ）ǈܸփႴᄲዘႎՊႀᆌᆩپஓڦጒༀă

ྺକࠓॺ Futurgo ڼ໲ă࿢்ࣷศ෇ბသ׼ਏઠኧ߾ᄻ面ǈ࿢்Ⴔᄲڦ 9 ቤ঻ถڦࡗ Vizi
઀ॐăVizi एᇀ Three.js ਸ݀ǈ༵ࠃକ੗ዘᆩڦႜྺतހጎڦࡻ对象ǈඟ࿢்߾ڦፕՎڥ

०ڇǈժሎႹ࿢்ᆩ߸ณپڦஓፔ߸ڦܠ๚൧ă࿢்࣏ࣷ๑ᆩਸᇸ࿔ॲ߾؜ڞਏࢅገ࣑߾

ਏǈઠॽాඹٗ Maya ዐׯ؜ڞ๢ࢇ Web ๕ăඟ࿢்၄ሞ৽ਸ๔ӕă߭ڦ
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10.1　设计应用

࿢ࢅ 3D ยऺ฾ TC Change ᅃഐยऺକ Futurgo ᆌᆩă࿢ࢅ TC ထྭॽ Futurgo ยऺྺׂ೗੗

视ࣅᆌᆩǈ໲ཞ้ਏԢ੗྘Ⴀࢅ࿄ઠዷᅭ߭ޅăFuturgo କૌຼࢇยऺබכ౒߁ Segway ኄᄣ

ի૱ă࿢்փኪޅڔࢅวכԿ๕ހႠǈԲසࢺݞڦכǈཞ้࣏ਏԢഛۅ༬ڦਏ߾ට঍ཚ߲ڦ

ᆶ඀ă࢔ᅃഐڟݣ౒߁ॽኄၵڥ࿢்ਥڍฉୟକǈ݆ࢇᆩǈ߸՚ຫీڦኈޏ๟כኄ໼ڢ

ঢ়ࡗएԨ߁ڦ౒༪ஃत֥཮ยऺኮࢫǈTC ਸ๔ጣ๮৊ႜྜኝ߁౒ڦ视ਥت૙ăᇱ႙ස཮

10-2 ໯๖ăጀᅪǈᇱ႙ࢅፌዕׂ೗׉ݥথ近ă1 ࿢்੗ᅜዘᆩ Photoshop ؜ڞጨᇸǈॽഄڦ

ྺ PNG ཮ೌǈժ൐ 3D ៺ක๟኱থٗ Maya ๑ᆩࢅǈ໯ᅜ໲ڦڟڥ Three.js ํ้៺කڦӲ

Ԩၟ׉ݥă࿢்ฎڟੂࣷࢫǈྺକԍኤڦ؜ڞ 3D ాඹዒᇀᇱံڦ៺කǈ࿢்࣏Ⴔᄲፔᅃ

ၵ߾ڦྔܮፕăፌዕ঳ࡕ၂๖ኄ๟ኵڦڥăԨቤኼሞঞేසڟٳࢆኄᄣڦ视ਥԍኈ܈ժ൐

࿮ںފॽᅝຍپࢅஓබࢇഐઠǈܸٗظॺ৛ଆĂጆᄽڦᆌᆩă

图 10-2：Futurgo 概念车的设计师原型；由 TC Change（http://www.tcchang.com/）设计并提供图片

TC Change ๟ጨศڦெຍጺ॔ǈᆛᆶӍටڦ०૦ǈԈઔ׊೺ሞڱ๗౅ࢻ

ė޴ਸ݀ǈසĖঞڦ۷ᆴဥٶܠዮࡗፕǈ֖ᇑ߾ິࠅڪۉĂ໭౅Ăᅝۯ

Ėቔఛຯ • ӺڤėĖ૚૶মėăTC ॕ႑ Web 3D ڦଶᇘ޿ॺକظ૰ଉǈ໱ڦ

ᅃ߲ራ೺ظᄽິࠅ Flatlandăే੗ᅜݡ࿚ http://www.tcchang.com/ ઠሞ၍

ֱੂ TC ፕă߾ڦ

ጀ 1ǖྸᅃ௽၂ڦ视ਥֶᅴ๟ጴ体ǈTC ჋ስକᅃዖঢፕ Mayraid Pro ໲փ๟ڍጴ体ǈڦ Web ጴ体ăGoogle 

Fonts ڦ PT Sans（http://www.google.com/fonts/specimen/PT+Scans）๟ᅃ߲փپ༻ڦٱă
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10.2　创建3D内容

TC ๑ᆩ Autodesk Maya 2013 Ӳઠظॺ Futurgo ఇ႙߳ڦዖևݴժཁेࣃۯă໚඗ Futurgo
ሞ߁౒ฉ๟ᅃ߲࿿体ǈڍ໲ํाฉ๟ᆯ߭ྪ߲ܠፇڦׯǈ௅߲پ՗ڦכᅃևݴǖߒዊכ

วĂכ୾Ăాכፗ࿋त֡੦Ăڪشכă๑ᆩ߲߳ڦ܀ڇևݴઠظॺఇ႙๟࢔ዘᄲڦǈኄᄣ

௅߲ևݴ৽ీ܀ڇ৊ႜࣃۯǈܸٗ੗ᅜํ၄ᆌᆩዐڦփཞ঍ࢻǈԲස຋Ք჈ཕሞشכईכ

วࠡॐฉઠइܠ߸ڥ၎࠲႑တă཮ 10-3 ቛ๖କሞ Maya ዐ对 Futurgo ৊ႜॺఇăޮ߃ሞฉ

面ڦ࿔Ԩ၂๖କ࠲ᇀఇ႙߳ڦዖཥऺ႑တǈԈઔࢅۅۥෙঙႚڦຕଉă

图 10-3：在 Autodesk Maya 中对 Futurgo 进行建模；图片由 TC Change 提供（http://www.tcchang.
com/）

ሞాඹظॺኄᅃ঩܎ǈ࿢ࢅ TC ጮဦࣄࡀକఇ႙ݛ߲߳ڦ面ǈසԲ૩（Futurgo ఇ႙܈ڦଉ

๕ăMayaݛڦࣃۯॺظ๕Ăݛڦᇸ࠼࿋ǈኄ૛๟௝）Ăยዃڇ ሞ߾ࣃۯਏݛ面ᆶ໯ਆ၌ǈ

ኝ߲࿔ॲኻీᆶᅃཉ้ࣃۯक़၍ǈᅺُ࿔ॲዐڦ໯ᆶۼࣃۯႴᄲ၎ཞ׊้ڦǈփ඗ڦ܌क़

߰৽ࣷ؜၄੣ӣࣃۯă࿢்ਦۨԍࣃۯ׼०܌ǈ้׊ኻᆶᅃ௱ǈኄፁࠕॽכٗشכวฉݴ

૗؜ઠᅜ၂๖ా๦ǈᄺፁׯྜࠕᅃ߲୾ጱڦඇײ჉ገକă

ྺԍኤႠీǈ࿢ࢅ TC ࣏੦዆କܠՉႚڦຕଉăFuturgo ๑ᆩକሀ 96 000 ߲ෙঙႚǈኄ৽

ԍኤକ़ᆶፁڦࠕෙঙႚઠሞ Three.js ዐ៺ක؜平ࡕၳڦࣂǈᄺփ዁ᇀඟ៓બഗڦႠీ။

෇ઓৣăኄᄣፔڦଷᅃ߲ణڦሞᇀ࿢்Ⴔᄲཚࡗ੦዆ܠՉႚڦຕଉઠ၌዆࿔ॲ体ओă对ᇀ

Web ᆌᆩઠຫǈాඹႴᄲ੺໏ူሜăፌዕ࿢்ٗ Maya ገׯ glTF ߁ٷևຈ࿔ॲڦ 6 MBă
ኄੂഐઠ࣏๟ᆶٷۅǈڍ对ᇀ၄پᆩྪڦࢽஏઠຫǈٗದዃକޜခഗ܋ .bin ࿔ॲუ໫ޜڦ

ခഗॽኄၵాඹୁ๕ူሜڟԨںǈ໏࣏܈๟׉ݥ੺ڦ（ኻႴब௱ዓ）ă
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10.2.1　导出Maya场景到COLLADA
ሞ៓ࠃબഗቛ๖മǈMaya ࿔ॲႴᄲံገׯ๢ࢇ WebGL ๕ă࿢்ਦۨ๑ᆩ߭ڦ glTF ፕྺ

ևຈ߭๕ǈᅺྺ໲体ओၭ൐ेሜ໏׉ݥ܈੺ăሞԨກՊႀࢪ้ڦǈ࣏ுᆶ኱থٗ Maya ڞ

ྺ؜ glTF ǈᅺُ࿢்๑ᆩ݆ݛڦ Maya ኧ߭ڦ؜ڞ׼๕ COLLADAǈ඗ࢫምገׯ glTFă1

Maya 2013 ڦ COLLADA କǈ໯ᅜ࿢்჋ስ๑ᆩ้ࡗ࿚༶ܸ൐ܠ࢔ਏᆶ߾؜ڞ

OpenCOLLADA（http://opencollada.org/）ǈᅃ߲ߛႠీڦਸᇸ߾؜ڞਏǈᆯ܀૬ਸ݀ኁਸ

݀ǈ੗ᅜظॺߛዊଉĂग़ඹڦݔࡀ COLLADA ๼؜ăԨກՊႀࢪ้ڦǈOpenCOLLADA
ڦ Maya ӲԨ（࣏ᆶ 3ds Max ӲԨ）߾ፕଆࡻǈ࿢்੗ᅜࠀׯ๑ᆩ໲ॽ Futurgo ྺ؜ڞ

COLLADA ߭๕ăOpenCOLLADA ࡤዷበԈڦ Maya ֭ॲत 3ds Max ٗ 2010 ڟ 2013 ӲԨ

֭ॲူڦሜ（Autodesk ൡၠᇀ௅౎߸ႎ໲֭ڦॲ SDKǈᅺُ߾؜ڞਏႴᄲ߶ฉǈᅜԍኤڞ

ǈႴᄲԍኤ໲ሞࢫࡻਏҾጎ߾؜ڞӲԨ೅ದׂ೗ӲԨ）ăڦਏ߾؜ Maya ዐتሞഔᆩጒༀǈ

ਏ体ದዃሞ֭ॲ࠶૙ഗዐ（ش口Śยዃ / ๯჋ၜŚ֭ॲ࠶૙ഗ）ǈස཮ 10-4 ໯๖ă

图 10-4：在 Autodesk Maya 2013 插件管理器中启用 OpenCOLLADA 导出

Futurgo ڦ؜ڞ COLLADA ࿔ॲࢅ๖૩پஓሞᅃഐǈ࿔ॲ๟ models/futurgo/futurgo.daeă

OpenCOLLADA ๟ᅃ߲ਸᇸၜణǈ໲ڦ߸ႎࢺྼࢅᆶۅૌຼᇀᅭခહڦۯ

Ⴀዊǈ໯ᅜ๑ᆩࢪ้ڦႴᄲጀᅪăሞኄ૛ǈ࿢்ժփీԍኤ໲ࣷᅃ኱ྼူࢺ

ඁǈᆮഄ๟ሞ Autodesk ჄӲԨዐ߸ႎࢫ SDK ࡗăփࢪ้ڦ COLLADA ኻ๟ڞ

؜ Maya ࢅ 3ds Max ࿔ॲڦᅃዖ݆ݛǈଷྔᅃዖᆶ੗ీ݆ݛڦ๟ॽ FBX ገׯ

glTFăAutodesk ؜क़ీԍኤ๼้܎ᅃࢫਏሞৃ߾ڦ FBX ߭๕ăᅃၵິࠅǈԲ

සڼ 8 ቤ঻ถڦ Verold（http://www.verold.com/）ǈኟሞ׈๬ॽ FBX ገׯ glTFă

ጀ 1ǖglTF, ᆩᇀ WebGL ๼߭๕ǗCOLLADAǈएᇀد཮ႚੰڦ XML ڼ཮ႚ঍࣑߭๕ăਏ体ాඹ֖见ڦ 8 ቤă
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10.2.2　将COLLADA文件转换glTF格式

ړ Futurgo ఇ႙ٗ Maya ྺ؜ڞ COLLADA ׯǈ໲৽੗ᅜԥገࢫ glTF ߭๕କăCOLLADA
ዷဝतڦፕፇ߾ glTF ዷยऺ฾ڦ Fabrice Robinet ႀକᅃ߲ంସႜ߾ਏઠ৊ႜኄ߲߾ፕă

ሞ࿢ڦ MacBook Air ሏႜڦ Mac OS 10.8 ฉǈኴႜంସڦ๟ᅃ߲ঢ collada2gltf ੗ኴႜ࿔ڦ

ॲăᄲገ࣑ Futurgoǈ࿢ሏႜසူంସǈײႾڦ๼؜๑ᆩၽ体՗๖ă

$ <path-to-converter>/collada2gltf -f futurgo.dae -d 
 
[option] export pass details 
converting:futurgo.dae ... as futurgo.json 
[shader]: futurgo0VS.glsl 
[shader]: futurgo0FS.glsl 
[shader]: futurgo2VS.glsl 
[shader]: futurgo2FS.glsl 
[shader]: futurgo4VS.glsl 
[shader]: futurgo4FS.glsl 
[completed conversion]

ገ࣑ࢫǈేࣷሞేڦణ୤ူੂڟ futurgo.json ࿔ॲǈᅜत၎ᆌڦ GLSL ጣ෥ഗᇸ࿔ॲ（ࢫጘ

๟ .glsl）ă၄ሞ࿔ॲԥገׯକ glTF ߭๕ǈ੗ᅜ๑ᆩ࿢ྺ Three.js Պႀڦ glTF ेሜഗઠॽഄ

ेሜڟᆌᆩዐă࿢்ࣷሞူ߲ၭব঻ถසࢆፔڟኄᅃۅăFuturgo ገ࣑ڦࢫ glTF ࿔ॲᇑ๖

૩پஓٶԈሞକᅃഐǈmodels/futurgo/futurgo.json ๟ዷ JSON ࿔ॲǈmodels/futurgo/futurgo.
bin ๟໲࠲૴ܾڦ৊዆࿔ॲă

ԨກՊႀࢪ้ڦǈglTF ᆶଇ֫ᅪາă๯ࣆăኄਔ܎ራ೺঩ڦሞ݀ቛت࣏

ံǈݔࡀԨว࣏ሞՎࣅǈᅺُԨກ໯ڦټ࿔ॲᆶ੗ీሞݔࡀ௽ඓࡗࢪ้ڦ

้କǈ໯ᅜేႴᄲጚԢ߸ႎईദᅎేాڦඹăഄْǈኄ߲߾ਏ࣏࢔౎ൟǈ

Բස collada2gltf ገ࣑߾ਏՂႷሞణՔ平໼ฉٗپஓ৊ႜՊᅳă߸࠲ܠᇀ

ገ࣑߾ਏڦ႑တǈ੗ᅜݡ࿚ glTF ሞ GitHub ฉڦၜణ（https://github.com/

KhronosGroup/glTF）ई glTF ዷᄻ（http://gltf.gl/）ă

10.3　预览和测试3D内容

၄ሞ࿢்ᅙঢ়ॽాඹٗ Maya ዐ؜ڞକǈথူઠ࿢்ᄲ঴ਦူᅃ߲࿚༶ǖසࢆඟ໲ሞᄻ面

ฉ၂๖؜ઠăglTF ࿔ॲժփీ኱থֱੂĊĊ࣮ၙᅃူǈWebGL ժփీ኱থ๎՚ඪ߭ࢆ๕ă

࿢்Ⴔᄲ๑ᆩ࿢்ጲमੰڦઠेሜఇ႙ׇࢅৠăሞࠓॺᆌᆩമǈፌံీࡻԍኤ 3D ాඹ๟

ଆڦࡻǈᄺ৽๟ຫǈ࿢்੗ᅜྜኝںሞ WebGL ዐ៺කඇևׇৠ႑တǈԲස֌ዊĂ࿖૙Ă

ڦ๬࿢்֪ࢅਏઠӻዺ࿢்ᇨબ߾ॺᅃ߲ظăྺُǈ࿢்ႴᄲࣃۯᇸĂ၎ऐĂՎ࣑Ă࠼

3D ాඹă

10.3.1　基于Vizi的预览工具

࿢்๑ᆩ Vizi ઠظॺ 3D ᇨબ߾ਏă࿢்ሞڼ 9 ቤ঻ถࡗ Viziǈ໲๟࿢ਸ݀ڦ઀ॐăVizi
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๑ᆩएᇀፇॲݛڦ๕ઠࠓॺ 3D ᆌᆩǈ໲੗ᅜጲׯྜۯૌຼ؛๔ൣࢅࣅ੣ࣃքኄᄣڦዘް

Ⴀ߾ፕǈժ༵ࠃକᆌᆩײႾڦሏႜთ࣍ࢅ๚ॲت૙ऐ዆ǈᅜतᅃဣଚᇨॺڦႜྺࢅ঍ࢻă

໚ຫ཮ႚධ඗๑ᆩڦ๟ Three.js ኄ߲ WebGL ๚ํฉڦՔጚੰǈڍ Vizi ॽ໲ހጎڥ߸े੗

ዘᆩࢅ੗੺໏Պஓă

཮ 10-5 ቛ๖କᇨબ߾ਏሜ෇ Futurgo ڦ glTF ࿔ॲׇڟৠዐࡕၳڦăᇨબ߾ਏᆶᅃ߲ዷా

ඹ൶ᇘᆩᇀֱੂఇ႙ׇࢅৠǈժټᆶྪ߭ںӱăᆶᅃ߲֓ڇતǈഄዐԈࡤᅃ߲ Open Ӏ౧ǈ

ᅜत၂๖ړമ៓બ࿔ॲڦՔധăᆸ֨๟ᅃ߲੦዆面ӱǈټᆶब߲ጱ面ӱăׇৠጒༀ（Scene 
Stats）面ӱ၂๖କړമڦኡ୲Ăྪ߭ܠࢅՉႚڦຕଉǈᅜतेሜׇৠ໯้ڦݯࢾक़ă၎ऐ

（Cameras）Ă࠼ᇸ（Lights）ࣃۯࢅ（Animations）面ӱሎႹᆩ֪ࢽ๬ኄၵׇৠևॲǈ੗ᅜ

ൎ࣑၎ऐĂٶਸ࠲ࢅԿ࠼ᇸĂሏႜࣃۯă࣏ᆶᅃ߲ഄ໱֖ຕ（Miscellaneous）面ӱሎႹ࿢

ǈ࣏ᆶᅃ（๑ᆩࢪ้ڦᇸ࠼ᇸǈᆩᇀሞఇ႙ுᆶ࠼ڦྔܮ໲๟ᅃ߲）ᇸ࠼Կമ࠲ࢅਸٶ்

߲ް჋઀ઠ၂๖ࢅᆆ֠ྪ߭ă

图 10-5：使用 Vizi 预览一个 glTF 模型

ዘᄲ႑တǈनሞᆌᆩዐڦᇀׇৠ࠲କࠃ๬ాඹǈᇨબഗ࣏༵֪ࢅੂֱںࣅକඟ࿢்੗视أ

૶থ঍ࢻ໯๑ᆩ对象ڦ idăTC ሞฉڦ؜ڞد COLLADA ࿔ॲࢫǈ݀ᆰॲߢ໕କ࿢ڦࣃۯ

ఁ׬ǈڍఫժփ๟ᅃ߲ඓۨሞپஓዐ໯๑ᆩڦ对象 id ਏǈ࿢்੗߾ă๑ᆩᇨબ݆ݛ੗੍ڦ

ᅜඓۨሞ COLLADA ڦࢫገ࣑ࢅ glTF ࿔ॲዐǈࣃۯ໯๑ᆩڦ对象ڦ id（໲৽๟ሞᆸՉ੦

዆面ӱዐࣃۯڦ面ӱా໯၂๖ڦఁ׬）ă

Ԩቤዐቛ๖ڦᇨબഗ๟ᅃ߲०܀ڦڇ૬߾ਏă໚඗໲փ๟ᅃ߲ྜኝڦਸ݀࣍ৣǈڍ໲ྺኝ

߲ਸ݀ୁࠃ༵ײକሞॽాඹཁेڟᆌᆩዐኮമՂᄲڦᄓኤ֪ࢅ๬࣍বă࿢்ॽሞࢫჄڦၜ

ణਸ݀ዐ๑ᆩኄᄣڦᇨબഗă၄ሞံඟ࿢்ੂੂ໲๟සظࢆॺڦă
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10.3.2　Vizi查看器类

Ⴙܠ 3D ᆌᆩۼፏთཞᅃ߲ఇ๕ǖ؛๔ࣅ៺කഗǈظॺᅃ߲੣ׇڦৠǈेሜᅃၵఇ႙ాඹǈ

ཁे঍ࢻǈሏႜ໲ăኄ߲ఇ๕׉׉ݥ见ǈᅺُ࿢ยዃକᅃ߲੗ዘᆩڦ Vizi ૌઠํ၄໲ă

Vizi.Viewer ๟ Vizi.Application ࢻৠժᇑኮ঍ׇࢅጱૌǈ໲๟ᅃ߲ጆோᆩᇀֱੂఇ႙ڦ

ᆩ຋Ք჉ገఇ႙तׇৠǈॽఇ႙तׇৠࣼ዆ሞፑՉĂᆸՉĂ׼ᆌᆩăే੗ᅜ๑ᆩ໲ઠኧڦ

ฉ面तူ面ǈᅜत对໲்৊ႜ໫ݣă

Vizi.Viewer ੗ᅜᆩሞႹܠૌ႙៓ڦબׇৠǖᅃ߲०ੂֱڦڇഗǈሜ෇ఇ႙ժሎႹᆩֱࢽ

೗੗ׂڦᇨબഗǗฯ዁๟ᅃ߲ྜኝڦႪ๦࿿Ǘᅃ߲Ԩবࣷ঻ถे޹ڦ჉ገ໲ǈுᆶ՚ࢅੂ

视ࣅᄻ面ǈԲස Futurgo（࿢்ࣷሞԨቤࢫ面ੂڟ໲๟සࢆፔڦڟ）ă

Vizi.Viewer ๟ᅃ߲ኈኟڦ઀ॐᄣ๕ڦૌǈ໲ሞᅃ߲ૌዐԈࡤକႹܠਸၒनᆩీࠀڦǈܸ

ጲႜඁํ၄ኄၵྫྫీࠀႴᄲຕӥႜ Three.js ஓăVizi.Viewerپ සူăీࠀڦ

• 模型查看控制

Vizi.Viewer ๑ᆩକᅃ߲ઠጲ Three.js ૩ጱڦሺഽӲԨڦ THREE.OrbitControlsă຋Քፑ

॰჉ገׇৠǈ຋Քᆸ॰平ᅎׇৠǈ຋Քࡐ୾ఄةࢅӱ໫ׇݣৠă໲࣏੗ᅜޮࢅ߃ዘႎᆙ

พ຋Քӿۨă

• 默认相机和光照

对ᇀ࿄Ԉࡤ၎ऐׇڦৠǈVizi.Viewer༵ࠃକᅃ߲ఐණڦ၎ऐă对ᇀுᆶ࠼ቷׇڦৠǈ໲

੗ᅜ视Ⴔᄲظॺᅃ߲മዃ࠼ᇸઠጲۯቷଋఇ႙ǈժ൐ሞᆩࢽᅎۯ၎ऐࢪ้ڦ߸ႎ࠼ᇸă

• 场景工具对象

සࡕႴᄲǈVizi.Viewer ੗ᅜ၂๖ᅃ߲ਈႚྪ߭ںڦ面ǈ࣏੗ᅜሞఇ႙ዜྷ၂๖Չহ઀ă

• 场景和渲染统计

Vizi.Viewer 对象੗ᅜཚ݀ࡗք๚ॲઠԒߢኡ୲Ăׇৠཥऺ（සྪ߭ܠࢅՉႚຕଉ）ĂՉ

হ઀؅٫ǈᅜत࿔ॲेሜ้क़ă

• 光源、相机和动画控制

Vizi.Viewer ۯཕኹࢅᇸĂൎ࣑၎ऐĂਸ๔࠼Կ࠲ࢅਸٶႾᇵײઠሎႹ݆ݛዺޤକࠃ༵

ஓዐֱቴ໲்ăپଚ՗ǈᅺُփႴᄲሞڦ对象ڦକ௅߲ૌ႙ࠃă໲࣏ྺᆌᆩ༵ࣃ

• 一键操作

THREE.OrbitControls 对象ԥႪྺ߀ኧ׼ᅃ॰֡ፕǈᅺُྺକ੗ᆩႠǈ຋Քᆸ॰ࣷԥ্

ᆩईᆙพྺ຋Քፑ॰ă

ྺକֱੂ Vizi.Viewer ਸ࿔ٶăڦਏ߾ᆩઠํ၄ᇨબࢆǈඟ࿢்ੂੂ໲๟සࡕाၳํڦ

ॲ Chapter 10/previewer.html ઠֱੂ཮ 10-5 ໯๖ڦᇨબഗၳࡕă૩ 10-1 ቛ๖କظॺ Vizi.

Viewer 对象ڦևݴᇸپஓăࢅኮമᅃᄣǈ࿢்ڿدᅃ߲ container ֖ຕǈ໲๟ᅃ߲ DIV ᇮ

໎ǈThree.js ࣷॽ໲ڦ WebGL ៺කഗ（ᄺ৽๟ᅃ߲ټ WebGL ࣼ཮ฉူ࿔ڦ Canvas）ཁे

ࡕᇸ（ኄᄣස࠼໕ֱੂഗ၂๖ྪ߭Ă๑ᆩᅃ߲മዃߢฉ面ă࿢்࣏ሺेକᅃၵ჋ၜǈઠڟ

ׇৠዐுᆶ࠼ᇸ࿢்ᄺ੗ᅜੂڟఇ႙）ăظॺੂֱࡻഗ对象ࢫǈ࿢்ཁेब߲๚ॲ॔དഗǈ

ઠॠ֪ኡ୲तഄ໱ׇৠጒༀڦՎࣅă࿢்ฎࣷࢫჺ৯ኄၵ๚ॲت૙ࡧຕăথူઠ࿢்ྺ֓
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ڦતڇ Open Ӏ౧ࠓॺକᅃ߲࿔ॲଚ՗ăፌࢫ࿢்ۙᆩֱੂഗڦሏႜთ࣍ઠሏႜᆌᆩă

例 ॺظ：10-1 Vizi ֱੂഗ对象

       var viewer = null; 
    $(document).ready(function() { 
 
        var container = document.getElementById("container"); 
        var renderStats = document.getElementById("render_stats"); 
        var sceneStats = document.getElementById("scene_stats"); 
 
        viewer = new Vizi.Viewer({ container : container,  
               showGrid : true, headlight : true, 
              showBoundingBox : false }); 
        viewer.addEventListener("renderstats", function(stats) {                 
           onRenderStats(stats, renderStats); }); 
        viewer.addEventListener("scenestats", function(stats) { 
           onSceneStats(stats, sceneStats); }); 
 
        buildFileList(); 
 
        viewer.run(); 
    } 
    );

হ面ઠࢽᅃ߲ᆩࠃત༵ڇ֓ڦ෥ࣜ׮ևۥ口ăشৠׇڦᅃ߲੣ӣڟਏǈేࣷੂ߾ਸᇨબٶ

ᅃ߲ڦਸ࿔ॲଚ՗ዐٶ 3D ࿔ॲă

10.3.3　Vizi加载类

ڦևۥऍۅ Open Ӏ౧ࣷٶਸᅃ߲࿔ॲ֓ڇǈ࿢்੗ᅜ჋ስ࿔ॲă჋ስ ../models/futurgo/
futurgo.json ࿔ॲăేࣷੂڟ Futurgo ၂๖ሞׇৠش口ዐǈස཮ 10-5 ໯๖ăే੗ᅜໜᅪ๑ᆩ

຋ՔĂఄةӱईࡐ୾ઠ对ഄ৊ႜ঍ࢻă

ᇨબ߾ਏ๑ᆩଷᅃ߲ Vizi ૌĊĊVizi.Loaderǈઠॽఇ႙ेሜڟ Vizi ֱੂഗ对象ዐǈ൩ੂ

૩ 10-2ă

例 10-2：๑ᆩ Vizi.Loader 对象ઠेሜ࿔ॲ

function openFile() 
{ 
    var select = document.getElementById("files"); 
    var index = select.selectedIndex; 
    if (index >= 0) 
    { 
        var url = select.options[index].text; 
 
        var loader = new Vizi.Loader; 
 
        loader.addEventListener("loaded", function(data) {  
          onLoadComplete(data, loadStartTime); });  
        loader.addEventListener("progress", function(progress) {  
          onLoadProgress(progress); });  
 
        var fileViewingName = document.getElementById("fileViewingName"); 
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        fileViewingName.innerHTML=url; 
 
        var loadStartTime = Date.now(); 
        loader.loadScene(url); 
 
        var loadStatus = document.getElementById("loadStatus"); 
        loadStatus.style.display = 'block';      
    } 
 
    $('#fileOpenDialog').dialog("close"); 
}

Vizi.Loader ๑ᆩ Three.js ڦ JSONĂCOLLADA ई glTF ेሜഗઠ঴ဆ߳ዖ߭๕ǈժॽ໲

்ेሜాڟ٪ዐăժ൐ǈ໲࣏ሞ Vizi ፇॲዐހጎକႎظॺڦ Three.js ׇৠǈ๑ׇڥৠ๢

ሞएᇀࢇ Vizi 对॔དഗ݀ໃࢪ้ڦ঴ဆࢅǈ໲ሞ࿔ॲူሜࢫᆌᆩዐ๑ᆩăፌڦ loaded ࢅ

progress ๚ॲă૩ 10-3 ቛ๖କ๚ॲ॔དࡧຕ onLoadComplete()ǈ໲ᆩઠॠ֪࿔ॲे้ࢆሜ

ഗዐăੂֱڟཁेࡻժጚԢׯྜ

例 10-3：ᇨબ߾ਏڦ࿔ॲेሜ๚ॲ॔དࡧຕ

function onLoadComplete(data, loadStartTime) 
{ 
    // ᆆ֠ेሜጒༀત 
    var loadStatus = document.getElementById("loadStatus"); 
    loadStatus.style.display = 'none';       
 
    viewer.replaceScene(data); 
 
    var loadTime = (Date.now() - loadStartTime) / 1000; 
    var loadTimeStats = document.getElementById("load_time_stats"); 
    loadTimeStats.innerHTML = "Load time: " +  
      loadTime.toFixed(2) + " seconds." 
 
    updateCamerasList(viewer); 
    updateLightsList(viewer); 
    updateAnimationsList(viewer); 
    updateMiscControls(viewer); 
 
    if (viewer.cameraNames.length > 1) { 
        selectCamera(1); 
    } 
 
}

ኄ߲॔དࡧຕፔକबॲ๚൧ă๯ံǈ໲ᆆ֠କᆩᇀ၂๖ĐLoading scene...đ႑တڦ DIV ᇮ

໎ǈܸٗߢ໕ᆩेࢽሜᅙঢ়ྜׯକăথူઠǈ໲ۙᆩֱੂഗڦ replaceScene() ઠॽ݆ݛ

ႎेሜాڦࡻඹཁेੂֱڟഗዐǈᅜሎႹ࿢்ሞׇৠش口ዐֱੂ֡ࢅፕ Futurgoă඗ࢫ

ኄ߲॔དࡧຕ߸ႎׇৠጒༀ面ӱዐेڦሜ้क़ăথူઠǈएᇀֱੂഗዐԥ֡ፕ对象ڦຕ

ፇǈ໲ۙᆩब߲ޤዺࡧຕઠ߸ႎᆩࢽহ面ዐڦଚ՗（૩ස၎ऐ࠼ࢅᇸ）ăፌࢫǈ໲ۙᆩ

ຕࡧ selectCamera() ઠ჋ስׇৠዐڼڦᅃ߲၎ऐ（փԈࡤఐණఫ߲）ǈසࡕ໲٪ሞࣆڦă

selectCamera() ๑ᆩֱੂഗڦ useCamera() ઠൎ࣑၎ऐǖ݆ݛ



开发一个简单的3D应用   ｜   219

function selectCamera(index) 
{ 
    var select = document.getElementById("cameras_list"); 
    if (index === undefined) { 
        index = select.selectedIndex; 
    } 
    else { 
        select.selectedIndex = index; 
    } 
 
    if (index >= 0) { 
        viewer.useCamera(index); 
    } 
}

၄ሞǈ࿢்੗ᅜ๑ᆩᇨબ߾ਏઠॠֱ֪ࢅ๬ఇ႙କă๑ᆩ຋Քፑ॰჉ገఇ႙ǈ຋Քᆸ॰平

ᅎఇ႙ǈ຋Քࡐ୾ईఄةӱ໫ݣఇ႙ă๬๬ᆸՉ߳ڦዖ੦዆ઠൎ࣑၎ऐĂٶਸ࠲ࢅԿڨ

ăࣃۯݣǈᅜतխ࠼

ీ֪๬ࣃۯ๟ᇨબ߾ਏᅃ߲࢔ዘᄲీࠀڦă3D ዐࣷᆶ߳ዖײࡗǈሞ዆ፕٱ؜ඹᅟ࢔ࣃۯ

੗ీڦ࿚༶؜၄ăሞᇨબ߾ਏዐ֪๬ࣃۯ੗ᅜবูࢫჄ঴ਦࠤቱ໯้ڦݯࢾक़ă཮ 10-6
ቛ๖କ࿢்խࣃۯݣ animation_window_front_open ࢅ animation_window_rear_open ၳڦ

ఇڟਸକǈ໯ᅜ࿢்੗ᅜੂڑشכڦ面ࢫࢅǖമ面ࡕၳڦକၙᄲڟڥ࿢்ڟă੗ᅜੂࡕ

႙ాڦ๦ă

图 10-6：在预览工具中播放动画

ጀᅪࣃۯժփ๟ Vizi ׇৠ཮（ईኁຫ Three.js ׇৠ཮）ڦᅃևݴă໲்ሞֱੂഗዐԍ

٪ሞᅃ߲܀૬ڦ对象ຕፇዐăᅺُ࿢்Ⴔᄲ๑ᆩֱੂഗ߾ڦਏ݆ݛઠխݣĂཕኹࢅთ

ă૩ࣃۯ࣍ 10-4 ቛ๖କ HTML ዐڦ၎ࡧ࠲ຕǈ໲்ۙᆩֱੂഗڦփཞ݆ݛઠխݣĂཕ
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ኹ ࢅ თ ࣍ ۯ ǈࣃ Ԉ ઔ viewer.playAnimation()Ăviewer.stopAnimation()Ăviewer.

playAllAnimations()Ăviewer.stopAllAnimations() ࢅ viewer.setLoopAnimations()ă

例 10-4：๑ᆩ Vizi ֱੂഗ݆ݛڦઠ੦዆ࣃۯխݣ

function selectAnimation() 
{ 
    var select = document.getElementById("animations_list"); 
    var index = select.selectedIndex; 
    if (index >= 0) 
    { 
        viewer.playAnimation(index, viewer.loopAnimations); 
    } 
} 
 
function playAnimation() 
{ 
    var select = document.getElementById("animations_list"); 
    var index = select.selectedIndex; 
    if (index >= 0) 
    { 
        viewer.playAnimation(index, viewer.loopAnimations); 
    } 
} 
 
function stopAnimation() 
{ 
    var select = document.getElementById("animations_list"); 
    var index = select.selectedIndex; 
    if (index >= 0) 
    { 
        viewer.stopAnimation(index); 
    } 
} 
 
function playAllAnimations() 
{ 
    viewer.playAllAnimations(viewer.loopAnimations); 
} 
 
function stopAllAnimations() 
{ 
    viewer.stopAllAnimations(); 
} 
 
function onLoopChecked(elt) 
{ 
    viewer.setLoopAnimations(elt.checked); 
}

10.4　将3D集成到应用中

၄ሞ࿢்ඓ႑࿢்ڦ 3D ాඹࣷኟे׉ሜĂ៺කࣃۯࢅǈ੗ᅜਸ๔ࠓॺᆌᆩକăڼᅃօ๟

ॽ 3D णڟׯᆌᆩڦ Web ᄻ面ዐăምْٶਸ࿔ॲ Chapter 10/futurgo.html ઠֱੂᄻ面ǈස཮
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10-7 ໯๖ă

图 10-7：集成 Futurgo 模型到 HTML 页面中

ጀᅪᄻ面ዐڦ໯ᆶᇮ໎๟සࢆ平ࣂኝڦࢇǈኄۼө៓બഗׯࢇᆅ൤ڦഽీٷ૰໯ّă௅

߲ᄻ面ᇮ໎๟ᅃ߲०ڦڇ DIV ईब߲ഴ༫ڦ DIVǈᆶ๢ڦړຩႾࢅ z-index ยዃă3D 视

཮၂๖ሞᄻ面ഄ໱ᇮ໎֫ူڦǈ໯ᅜহ面ੂഐઠሞฉ面ăᆶၵᆩࢽহ面ᇮ໎๟ཪ௽ڦǈኄ

ሎႹ߸ڦܠ 3D ׇৠ၂๖؜ઠăසڦڟੂేࡕ཮ೌ๟֒෥ڦǈ൩ጀᅪ 3D ׇৠԝৠ໯๑ᆩ

෥ॷՎǈኄ኱থᇸጲࣨࢅጭ෥ڦ TC ڦยዃඹഗᇮ໎ںڇยऺă࿢்०ڦ CSS background

ຌႠǈ໲৽੗ᅜᆩᇀ WebGL canvas ǈ࿢்ਦۨԍାࢫ૰ăፌీڦٷഽ׉ݥԝৠăኄ๟ڦ

Vizi.Viewer ໯༵ࣨڦࠃ෥၎઀ă（࿢׶ණኄፌਸ๔๟ް዆ቕཌྷڦᅪྔǈڍ࿢்ဠ࣌ኄ߲ၳ

（໯ᅜਦۨԍା໲ăࡕ

ᆌᆩڦᇸஓሞ Chapter 10/futurgo.htmlĂcss/futurgo.css ࢅ Chapter 10/futurgo.js ዐă၎Բኮ

മڦᇨબഗǈ࿢்ዘࠓକᅃၵپஓăHTML ኻ๟Քധǈዷᄲ๟ڦጀ࠲ DIVǈᅜतณଉڦগ

Ԩǖᄻ面ेሜپஓĂ჈ཕتڦࢫ૙ײႾĂᆸՉڦহ面Քധă

ᄻ面ेሜپஓස૩ 10-5 ໯๖ǈ໲ظॺକᅃ߲ႎڦ Futurgo 对象ǈၠ໲ڿدକᅃ߲ඹഗᇮ

໎Ăᅃၵेሜྜׯत຋Ք჈ཕࢅᅎࡧ࣮ۙڦ؜ຕă඗ࢫ໲ۙᆩ Futurgo.go()ǈኄࣷेሜ 3D
ׇৠǈժഔۯሏႜთ࣍ă

例 10-5：Futurgo ᄻ面ेሜپஓ

 <script> 
 
    var futurgo = null; 
    var overlay = null; 
    var overlayContents = null; 
    var loadStatus = null; 
    var part_materials = []; 
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$(document).ready(function() { 
 
    initControls(); 
    overlay = document.getElementById("overlay"); 
    overlayContents = document.getElementById("overlayContents"); 
    loadStatus = document.getElementById("loadStatus"); 
    var container = document.getElementById("container"); 
    futurgo = new Futurgo({ container : container, 
            loadCallback : onLoadComplete, 
            loadProgressCallback : onLoadProgress, 
            mouseOverCallback : onMouseOver, 
            mouseOutCallback : onMouseOut, 
         });     
 
    loadStatus.style.display = 'block'; 
    futurgo.go(); 
} 
);

Futurgo 对象ت૙କٷևݴ஑ेڦݑሜဦবǈᄻ面پஓዐेڦሜ࣮ۙኻႴᄲᆆ֠

ĐLoading Scene...đڦ DIVǈਏ体پஓ൩ֱੂ૩ 10-6ă຋Քࡧ࣮ۙڦຕ onMouseOver() ࢅ

onMouseOut() ࣷሞူᅃব঻ถă

例 10-6：ᆆ֠ᄻ面ेሜ৊ײ႑တ

    function onLoadComplete(loadTime) 
    { 
        // ᆆ֠ेሜጒༀત   
        loadStatus.style.display = 'none';       
}

၄ሞඟ࿢்ઠੂੂ Futurgo ૌස؛ࢆ๔ੂֱࣅഗेࢅሜׇৠǈپஓස૩ 10-7 ໯๖（ᇸஓ࿔

ॲ๟ Chapter 10/futurgo.js）ă

例 10-7：Futurgo ᆌᆩੂֱڦഗยዃࢅ࿔ॲेሜپஓ

Futurgo = function(param) { 
 
    this.container = param.container; 
    this.loadCallback = param.loadCallback; 
    this.loadProgressCallback = param.loadProgressCallback; 
    this.mouseOverCallback = param.mouseOverCallback; 
    this.mouseOutCallback = param.mouseOutCallback; 
    this.part_materials = []; 
    this.vehicleOpen = false; 
    this.wheelsMoving = false; 
} 
 
Futurgo.prototype.go = function() { 
    this.viewer = new Vizi.Viewer({ container : this.container,  
        showGrid : true, 
        allowPan: false, oneButton: true }); 
    this.loadURL(Futurgo.URL); 
    this.viewer.run(); 
} 
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Futurgo.prototype.loadURL = function(url) { 
 
    var that = this; 
 
    var loader = new Vizi.Loader; 
    loader.addEventListener("loaded", function(data) {  
      that.onLoadComplete(data, loadStartTime); });  
    loader.addEventListener("progress", function(progress) {  
      that.onLoadProgress(progress); });  
 
    var loadStartTime = Date.now(); 
    loader.loadScene(url);   
}

ఫᄣǈ࿢ڦਏ໯ፔ߾ຄဒă৽ၟ࿢்ྺᇨબ࢔ۼ޿ഐઠᆌੂݴևٷஓپణമྺኹǈኄၵڟ

ॺକظ் Vizi.Viewer ࢅ Vizi.Loader 对象ăړ඗ǈ࿢்ሞظॺֱੂഗࢪ้ڦยዃକᅃၵ

փཞ֖ڦຕ（ሞپஓዐᅜٚ体Քጀ）ăallowPan ੦዆କᆩࢽ๟ޏ੗ᅜ๑ᆩ຋Քᆸ॰ઠฉူ

ፑᆸᅎۯ࿿体ă࿢்ॽ໲ยዃྺ falseǈᅺྺ࿢்ထྭ࿿体๔ዕሞׇৠڦዐक़ăoneButton

੦዆କ๟ޏ຋Քᆸ॰ᄺ੗ᅜᆩઠ჉ገఇ႙ăॽ໲ยዃྺ trueǈ࿢்৽੗ᅜ๑ᆩ຋Քፑ॰ई

ᆸ॰ઠ৊ႜ჉ገă

മ面پڦஓॽ Futurgo ఇ႙ेሜڟକᄻ面ዐǈੂഐઠփٱ൐੗ᅜ৊ႜ঍ࢻକăথူઠڦᅃ

ব࿢்ࣷੂੂසࢆཚࡗ 3D ႜྺࢅ঍ࢻઠඟ໲ิۯഐઠă

10.5　开发3D行为和交互

ڦॺظణമྺኹ࿢்ڟ Futurgo ᆌᆩᅙঢ়׉ݥᆶ඀କă࿢்੗ᅜํֱ้ੂ 3D ఇ႙ǈ࣏ᆶ

ଆڦࡻणׯ视ਥၳࡕǈฯ዁੗ᅜ๑ᆩ຋Ք੦዆ఇ႙ăڍ໲੗ᅜ߸ྜெǈ࿢்੗ᅜཚࡗཁे

3D ႜྺࢅ঍ࢻઠඟ໲ྺׯᅃ߲؊ݴ૧ᆩକ Web ํ้཮ႚీ૰ڦኈኟڦ঍ࢻᆌᆩăኄԈઔ

๑ᆩཪ௽ॷՎࢅᅃ߲჉ገఢகڦ߭ޅ჉ገઠጲࣃۯۯఇ႙ेሜǈํ၄຋Ք჈ཕ้၂๖ׂ೗

ڦऍᄻ面ዐۅࡗ႑တǈᅜतཚܠ߸ڦీࠀ 2D ᇮ໎ۯༀ߀Վ 3D ࿿体ă

10.5.1　Vizi场景图API方法：findNode()和map()

Ԩব঻ถڦႜྺႴᄲՓ૦ Vizi.Loader ेሜڦ 3D ాඹׇৠ཮ǈ໯ᅜ࿢்੗ᅜߴగၵ对象

ཁेႜྺई຋Ք঍ࢻăᆶ้ࢪ࿢்Ⴔᄲཚࡗఁ׬ई id ઠֱቴ对象ǈᆶ้ࢪ࿢்ႴᄲՓ૦ׇ

ৠ཮ईഄዐᅃևݴઠֱቴగᅃૌ႙ڦ对象ăVizi କᅃဣଚׇৠ཮ࠃ༵ API ઠፔኄၵ๚൧ă

੗ᅜၠኄၵڿد݆ݛᅃ߲ጴزޙՔ๎ޙĂᅃ߲ JavaScript ኟሶ՗ٳ๕ǈईኁᅃ߲ JavaScript
对象ૌ႙（๑ᆩ instanceof ֡ፕޙઠ৊ႜԲড）ăfindNode() ࢅ findNodes() ໯࣮ݓ݆ݛ

೅ದڦ对象ǈmap() ຕăࡧฉۙᆩᅃ߲ࡕቴ对象ժሞ঳ֱ݆ݛ

• findNode(query)

ኄ߲݆ݛཚࡗ query ֱቴᅃ߲বۅ（Vizi.Object ई Vizi.Component ૩）ăqueryํڦ ੗

ᅜ๟ᅃ߲ጴزޙՔ๎ޙ（૩සĐbody2đ）Ăᅃ߲对象ૌ႙（૩ස Vizi.Visual）ǈईኁᅃ

߲ኟሶ՗ٳ๕（ස /windows_front|windows_rear/）ăසࡕሞ Vizi ׇৠ཮ዐᆶ߲ܠኄᄣ

ᅃ߲ăڼ࣮ݓǈሶۅবڦ
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• findNodes(query)

ኄ߲ݛཚࡗ query ֱቴ໯ᆶবۅ（Vizi.Object ई Vizi.Component ૩）ăqueryํڦ ੗ᅜ

๟ᅃ߲ጴزޙՔ๎ޙ（૩සĐbody2đ）Ăᅃ߲对象ૌ႙（૩ස Vizi.Visual）ǈईኁᅃ߲

ኟሶ՗ٳ๕（ස /windows_front|windows_rear/）ă

• map(query, callback_function)

ኄ߲݆ݛ๑ᆩ findNodes() ઠֱቴ೅ದ໇໭ query ฉۙᆩۅሞ௅߲বࢫǈ඗ۅ໯ᆶবڦ

ຕăࡧ࣮ۙ

ే੗ᅜӝ Vizi ׇৠ཮ API ૌຼׯړ݆ݛ jQuery ֱკీࠀڦǈ৑࠶໲்๑ᆩ

କྜඇփཞڦ query ӄăViziݛ ๑ᆩڦ๟ጴࢅزޙ JavaScript ຕ਍ૌ႙ǈܸ

փ๟჋ስޙăኄ๟ᆶᅪڦยऺǈएᇀ Vizi ॐڦࠓ对象तፇॲႠዊă

၄ሞǈඟ࿢்៓બᅃူ Futurgo ेሜت૙پஓǈઠֱੂ໲සࢆཁेႜྺǈස૩ 10-8 ዐ

໯๖ă

๯ံǈonLoadComplete() ۙᆩ this.viewer.replaceScene(data) ઠॽेሜڦࡻ Futurgo ׇৠ

ཁेੂֱڟഗዐăሞ໲ాڦևํ၄ዐǈֱੂഗփৈৈ๟ॽ对象ཁेڟ໲ׇڦৠ཮૛ǈ໲࣏

੊୯କ࠼ᇸĂ၎ऐतࣃۯ（മ面঻ถࡗ）ǈᅺُ࿢்੗ᅜ৊ႜൎ࣑၎ऐĂխ֡ڪࣃۯݣፕă

඗ࢫǈኄ߲ࡧຕਸ๔ཁेႜྺǈฯ዁ࣷഔۯഄዐڦᅃၵăኄၵႜྺڦยዃॽሞথူઠڦᅃ

বዐደᅃ৊ႜ঻ถă

例 10-8：ሞׇৠेሜࢫཁेႜྺڟ Futurgo ᆌᆩዐ

Futurgo.prototype.onLoadComplete = function(data, loadStartTime) 
{ 
    var scene = data.scene; 
    this.viewer.replaceScene(data); 
 
 ႜྺཁे჋ስഗࡗႜྺǈժྺ຋Քঢ়ڦ؜ڏཁे৊෇้شכྺ //    
    var that = this; 
    scene.map(/windows_front|windows_rear/, function(o) { 
        var fader = new Vizi.FadeBehavior({duration:2, opacity:.8}); 
        o.addComponent(fader); 
        setTimeout(function() { 
            fader.start(); 
        }, 2000); 
 
        var picker = new Vizi.Picker; 
        picker.addEventListener("mouseover", function(event) {  
            that.onMouseOver("glass", event); }); 
        picker.addEventListener("mouseout", function(event) {  
            that.onMouseOut("glass", event); }); 
        o.addComponent(picker); 
    }); 
 
    // ጲۯ჉ገׇৠ 
    var main = scene.findNode("vizi_mobile"); 
    var carousel = new Vizi.RotateBehavior({autoStart:true,  
      duration:20}); 
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    main.addComponent(carousel);     
 
    // ॽ໯ᆶڦ֌ዊኝڟࢇᅃ߲णࢇዐǈᅜՍ߀Վჿ෥ 
    var frame_parts_exp = 
  /rear_view_arm_L|rear_view_arm_R|rear_view_frame_L|rear_view_frame_R/; 
 
    scene.map(frame_parts_exp, function(o) { 
        o.map(Vizi.Visual, function(v) { 
            that.part_materials.push(v.material); 
        }); 
    }); 
 
    // ྺ຋Քঢ়ࡗႜྺཁे჋ስഗ 
    scene.map(/body2|rear_view_arm_L|rear_view_arm_R/, function(o) { 
        var picker = new Vizi.Picker; 
        picker.addEventListener("mouseover", function(event) {  
            that.onMouseOver("body", event); }); 
        picker.addEventListener("mouseout", function(event) {  
            that.onMouseOut("body", event); }); 
        o.addComponent(picker); 
    }); 
 
    scene.map("wheels", function(o) { 
 
        var picker = new Vizi.Picker; 
        picker.addEventListener("mouseover", function(event) {  
            that.onMouseOver("wheels", event); }); 
        picker.addEventListener("mouseout", function(event) {  
            that.onMouseOut("wheels", event); }); 
        o.addComponent(picker); 
    }); 
 
    // ཚኪᄻ面ेሜྜׯ 
    if (this.loadCallback) { 
        var loadTime = (Date.now() - loadStartTime) / 1000; 
        this.loadCallback(loadTime); 
    } 
}

10.5.2　使用Vizi.FadeBehavior来动画透明度

࿢்ထྭॽ Futurgo ఇ႙شכڦՎׯӷཪ௽ڦǈᅜՍ੗ᅜੂ见ᅃၵా๦ڦဦবă࿢்੗ᅜ

ሞఇ႙ेሜྜࢫகฉยዃཪ௽܈ǈڍᆶ߲ॷՎၳࣷࣆڦࡕ߸ᆶ඀ă൩ੂ૩ 10-9ă

例 ࡕཁेॷՎၳشכߴ：10-9

var that = this; 
scene.map(/windows_front|windows_rear/, function(o) { 
    var fader = new Vizi.FadeBehavior({duration:2, opacity:.8}); 
    o.addComponent(fader); 
    setTimeout(function() { 
        fader.start(); 
    }, 2000);
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Vizi.FadeBehavior ፇॲ੗ᅜྺඪࢆ੗视对象तഄాևڦ֌ዊཁेॷՎၳࡕă໲֖ڦຕ๟

duration（ڇ࿋๟௱）ࢅణՔཪ௽܈ኵ opacityăሞኄ߲૩ጱዐǈ࿢்ॽሞ 2 ௱้ڦक़૛ॷ

Վڟ 0.8 ཪ௽܈（ᆶۅཪ௽）ă࿢்࣏ሞॷՎമཚࡗ setTimeout() ेକ 2 ௱ڦჽ׿ă

ྺକକ঴ Vizi.FadeBehavior ፔକ๊஺ǈඟ࿢்ੂੂ໲ํڦ֫ڹ၄ă૩ 10-10 ቛ๖କ Vizi
ᇸ࿔ॲ src/behaviors/fadeBehavior.js ڦࡤǈ໲Փ૦໯ᆶԈࢪ้ڦۯႜྺഔړஓăپݴևڦ

੗视对象ǈֱቴړമڦཪ௽܈ăኄࣷԥᆩፕ Tween.js ڼ๔ኵ（൩ֱለ؛ڦ 5 ቤ）ă඗ࢫց

क़ࣃۯഔۯǈሏႜᅃ้܎क़ăසࡕႜྺԥघऄǈ໲ڦ evaluate() ڦሞ௅ْሏႜთ݆࣍ࣷݛ

()ԥۙᆩăevaluateࢪ้ ǈࢫႜྺă඗ۯዘႎഔࣷࣆڦႴᄲࡕ๯ံॠֱთ࣍ཉॲǈස݆ݛ

໲Փ૦໯ᆶԈڦࡤ੗视对象ǈยዃ໲்֌ዊڦཪ௽ྺ܈ႎڦցक़ኵă࿢்ཚࡗᅃዂڦহ面

ઠྺ对象त໲ڦፇॲൟ຿ཁे FadeBehavior ኄᄣڦႜྺǈժ൐๢ᆩᇀׇৠዐ໯ᆶڦ੗视ᇮ

໎ǈኄ߲࢔ీࠀഽٷă

例 10-10ǖVizi.FadeBehavior ၄ํڦ

Vizi.FadeBehavior.prototype.start = function() 
{ 
    if (this.running) 
        return; 
 
    if (this._realized && this._object.visuals) { 
        var visuals = this._object.visuals; 
        var i, len = visuals.length; 
        for (i = 0; i < len; i++) { 
            this.savedOpacities.push(visuals[i].material.opacity); 
            this.savedTransparencies.push( 
              visuals[i].material.transparent); 
            visuals[i].material.transparent = this.targetOpacity < 1 ?  
              true : false; 
        }    
    } 
 
    this.opacity = { opacity : this.savedOpacities[0] }; 
    this.opacityTarget = { opacity : this.targetopacity }; 
    this.tween = new TWEEN.Tween(this.opacity).to(this.opacityTarget,  
      this.duration * 1000) 
    .easing(TWEEN.Easing.Quadratic.InOut) 
    .repeat(0) 
    .start(); 
 
    Vizi.Behavior.prototype.start.call(this); 
} 
 
Vizi.FadeBehavior.prototype.evaluate = function(t) 
{ 
    if (t >= this.duration) 
    { 
        this.stop(); 
        if (this.loop) 
            this.start(); 
    } 
 
    if (this._object.visuals) 
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    { 
        var visuals = this._object.visuals; 
        var i, len = visuals.length; 
        for (i = 0; i < len; i++) { 
            visuals[i].material.opacity = this.opacity.opacity; 
        }    
    } 
 
}

10.5.3　使用Vizi.RotateBehavior来自动旋转内容

੗ᅜ๑ᆩ຋Քઠ჉ገׇৠኄࡻ࢔ۅǈڍසࡕሞᆩࢽփ኱থ঍ࢪ้ڦࢻ৽ᆶࣃۯۅఫ৽߸ࡻ

କăᅺُǈ࿢்ሞׇৠेሜࢫยዃጲۯ჉ገăFuturgo ຕ๑ᆩࡧሜ๚ॲ࣮ۙेڦ findNode()

ઠቴڟ Futurgo ׇৠߵڦবۅǈ඗ߴࢫ໲ཁे RotateBehavior ፇॲă჉ገႜྺԥยዃྺጲ

ǈ20ۯഔۯ ௱თ࣍ᅃْă൩ੂ૩ 10-11ă

例 10-11ǖཁेᅃ߲ Vizi.RotateBehavior ઠጲۯ჉ገాඹ

// ጲۯ჉ገׇৠ 
var main = scene.findNode("vizi_mobile"); 
var carousel = new Vizi.RotateBehavior({autoStart:true, 
  duration:20}); 
main.addComponent(carousel);

10.5.4　使用Vizi.Picker来实现鼠标悬停时显示信息

຋Ք჈ཕ๟ᅃ߲༵ࠃᄻ面ዐᇮ໎ၘဦ႑တ݆ݛࡻڦă࿢்੗ᅜ๑ᆩڼ 9 ቤ঻ถڦࡗ Vizi.

Picker ፇॲǈઠྊቛํ၄߲ڇ对象ሞ 3D ׇৠዐ຋Ք჈ཕ้၂๖႑တ݆ၙڦăኄ߲ፇॲ༵

๚ॲă݀ةࢪ้ڦ຋Ք჈ཕሞ༬ۨ对象ฉړǈ݆ݛ૙ت຋Քڦକཚᆩࠃ

ඟ࿢்࣮شכߴڟཁे؜ڏႜྺپڦஓăጀᅪኄپ܎ஓ࣏ཁेକ picker ፇॲǈ൩ੂ૩

10-12 ዐٚ体Քጀپڦஓႜăཚࡗ၎ཞݛڦ๕ǈ࿢்כߴว߲߳ևݴत୾ጱཁेକ pickeră
௅߲࣮ۙࡧຕ๑ᆩକփཞڦՔധĊĊĐglassđĐbodyđतĐwheelsđǈ໲ԥߴڿدᆌᆩᅜಒ

ăݴ჈ཕሞన߲և؜܏

例 10-12ǖཁे Vizi.Picker ፇॲઠํ၄჈ཕ

 ႜྺཁे჋ስഗࡗႜྺǈժྺ຋Քঢ়ڦ؜ڏཁे৊෇้شכྺ //    
    var that = this; 
    scene.map(/windows_front|windows_rear/, function(o) { 
        var fader = new Vizi.FadeBehavior({duration:2, opacity:.8}); 
        o.addComponent(fader); 
        setTimeout(function() { 
            fader.start(); 
        }, 2000); 
 
        var picker = new Vizi.Picker; 
        picker.addEventListener("mouseover", function(event) {  
            that.onMouseOver("glass", event); }); 
        picker.addEventListener("mouseout", function(event) {  
            that.onMouseOut("glass", event); }); 
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        o.addComponent(picker); 
    }); 
... 
    // ྺ຋Քঢ়ࡗႜྺཁे჋ስഗ 
    scene.map(/body2|rear_view_arm_L|rear_view_arm_R/, function(o) { 
        var picker = new Vizi.Picker; 
        picker.addEventListener("mouseover", function(event) {  
            that.onMouseOver("body", event); }); 
        picker.addEventListener("mouseout", function(event) {  
            that.onMouseOut("body", event); }); 
        o.addComponent(picker); 
    }); 
 
    scene.map("wheels", function(o) { 
 
        var picker = new Vizi.Picker; 
        picker.addEventListener("mouseover", function(event) {  
            that.onMouseOver("wheels", event); }); 
        picker.addEventListener("mouseout", function(event) {  
            that.onMouseOut("wheels", event); }); 
        o.addComponent(picker); 
    });

݆ݛዺޤ Futurgo.onMouseOver() ࢅ Futurgo.onMouseOut() ኻ๟ۙᆩሞ Futurgo ૌ؛๔้ࣅ

ڦ෇د onMouseOver ࢅ onMouseOut ຕ（֖见૩ࡧ࣮ۙ 10-5）ă

჈ཕႜྺස཮ 10-8 ໯๖ăړ຋Քሞ对象ฉ჈ཕ้ǈࣷሞׇৠش口ڦᆸՉᇑ຋Քኸኍ y ዡ近

࿋ዃ၂๖ᅃ߲ڦຼ DIVă

图 10-8：悬停提供了产品的更多信息
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10.5.5　使用用户界面来控制动画

࿢்࣏੗ᅜ๑ᆩ HTML ᄻ面ዐڦ 2D হ面ᇮ໎ઠ੦዆ 3D ׇৠాڦႜྺăړ࿢்ۅऍᆸ

Չڦ Interior ई LTD Racing Քധࢫǈ໲ࣷഔۯ Futurgo ዐࣃۯڦă૩ 10-13 ዐቛ๖କሞ

HTML ᄻ面ాยዃۅऍ࣮ۙǈ඗ۙࢫᆩ Futurgo 对象ዐپڦ݆ݛஓăኄၵ݆ۙࣷݛᆩֱ

ੂഗڦ playAnimation() ࢅ stopAnimation() ǖ࿢்ۅႴᄲጀᅪᅃࡗፕăփ߾ׯઠྜ݆ݛ

Ⴔᄲሞڼᅃْۅऍ Interior ظ܀ڇԿă࿢்ժփ๟࠲ࢪ้ڦऍۅǈምْشכਸٶࢪ้ڦ

ॺକٶਸ࠲ࢅԿࣃۯڦǈܸ๟०ںڇሞۅْܾڼऍݒࢪ้ڦጣխࣃۯݣă൩ੂ Futurgo
ڦ playCloseAnimations() ຕ֖߲ܾڼ෇କଇ֖ຕăدܠǈ໲ၠֱੂഗ݆ݛ loop ยዃྺ

falseǈڼෙ߲֖ຕ reverse ยዃྺ trueăࢅ Tween.js ᅃᄣǈVizi ᆅ൤ాዃକٗփࣃۯڦ

ཞၠݛխీڦࣃۯݣ૰ă

例 10-13ǖཚࡗᆩࢽহ面ઠ੦዆ࣃۯ

Futurgo.prototype.playOpenAnimations = function() {  
    this.playAnimation("animation_window_rear_open"); 
    this.playAnimation("animation_window_front_open"); 
} 
 
Futurgo.prototype.playCloseAnimations = function() {     
    this.playAnimation("animation_window_rear_open", false, true); 
    this.playAnimation("animation_window_front_open", false, true); 
} 
 
Futurgo.prototype.toggleInterior = function() { 
    this.vehicleOpen = !this.vehicleOpen; 
    var that = this; 
    if (this.vehicleOpen) { 
        this.playOpenAnimations(); 
    } 
    else { 
        this.playCloseAnimations(); 
    } 
} 
 
Futurgo.prototype.playWheelAnimations = function() { 
    this.playAnimation("animation_wheel_L", true); 
    this.playAnimation("animation_wheel_R", true); 
    this.playAnimation("animation_wheel_front", true); 
} 
 
Futurgo.prototype.stopWheelAnimations = function() { 
    this.stopAnimation("animation_wheel_L"); 
    this.stopAnimation("animation_wheel_R"); 
    this.stopAnimation("animation_wheel_front"); 
} 
 
Futurgo.prototype.toggleWheelAnimations = function() { 
    this.wheelsMoving = !this.wheelsMoving; 
    if (this.wheelsMoving) { 
        this.playWheelAnimations(); 
    } 
    else { 
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        this.stopWheelAnimations(); 
    } 
}

10.5.6　使用颜色选择器来改变颜色

ඪࢆፏთᄽా࠹૩ׂڦ೗ቛ๖ᄻ面ۼՂႷ༵߀ࠃՎჿ෥ీڦ૰ǈ໯ᅜ Futurgo ᄺփ૩ྔă

࿢்ኝࢇକᅃ߲ jQuery ჿ෥჋ൽ੦ॲǈࠃᆩྺࢽ໱்ڦҺٗכ 1600 ྤዖჿ෥ዐ჋ስᅃዖă

࣑߸ჿ෥ࣷ૬ਗ਼ڦՎჿ෥჋ൽ੦ॲዐ߀ Futurgo ჿ෥ǈස཮ڦวכ 10-9 ໯๖ă

图 10-9：使用颜色选取器改变颜色

ඟ࿢்ֱੂኮമ૶থ຋Ք๚ॲᇑ对象پڦஓǈ໲ሞ Futurgo ڦ onLoadComplete() ૛ă݆ݛ

ሞ૩ 10-14 ዐǈጀᅪ map() ǈ࿢்ۅ௅ᅃ߲বڦڟ๕ֱቴٳኟሶ՗ࡗᆩǖ对ᇀཚۙࡃڿڦ

ॽֱቴ໲ڦ໯ᆶ੗视ևݴǈժॽ໲ڦ Three.js ֌ዊ֭෇ڟຕፇ part_materials ૛ă

例 10-14ǖ٪ئ Futurgo ஓپڦว֌ዊכ

   var frame_parts_exp = 
/rear_view_arm_L|rear_view_arm_R|rear_view_frame_L|rear_view_frame_R/; 
 
  scene.map(frame_parts_exp, function(o) { 
      o.map(Vizi.Visual, function(v) { 
          that.part_materials.push(v.material); 
      }); 
  });

၄ሞ࿢்ԍ٪କኄၵ֌ዊǈ࿢்੗ᅜཚࡗᆩࢽহ面ઠ੦዆໲்ăFuturgo ۨᅭକଷྔଇ߲

ჿ෥ǈ໲ԥڦวכยዃࢅڥ՚ᆩᇀइݴǈ݆ݛ HTML ᄻ面ዐڦჿ෥჋ስഗ໯๑ᆩă൩ੂ૩

10-15ă
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例 10-15ǖइࢅڥยዃ Futurgo ஓپڦวჿ෥כ

Futurgo.prototype.getBodyColor = function() { 
    var color = '#ffffff'; 
    if (this.part_materials.length) { 
        var material = this.part_materials[0]; 
        if (material instanceof THREE.MeshFaceMaterial) { 
            color = '#' + material.materials[0].color.getHexString(); 
        } 
        else { 
            color = '#' + material.color.getHexString(); 
        } 
    } 
 
    return color; 
} 
 
Futurgo.prototype.setBodyColor = function(r, g, b) { 
 
    // ॽhex rgbჿ෥ኵገ࣑ྺۅޝຕ 
    r /= 255; 
    g /= 255; 
    b /= 255; 
 
    var i, len = this.part_materials.length; 
    for (i = 0; i < len; i++) { 
        var material = this.part_materials[i]; 
        if (material instanceof THREE.MeshFaceMaterial) { 
            var j, mlen = material.materials.length; 
            for (j = 0; j < mlen; j++) { 
                material.materials[j].color.setRGB(r, g, b); 
            } 
        } 
        else { 
            material.color.setRGB(r, g, b); 
        } 
    }        
}

getBodyColor() बዖ֌ዊǈ࿢்ํࡻሞଚ՗ዐᆶ࠶พჿ෥ă৑ݒ஦ڦമړว֌ዊכକ࣮ݓ

ाฉኻႴᄲڼᅃ߲ڦኵǈᅺྺ（૙ஃฉ）໲்๟ᅃᄣڦă࿢்࣮ݓ CSS ᄣ๕ڦๆୃ৊዆ጴ

๼෇ኵăࢅ෥ਸ਼ࣅ๔؛၄മ؜֫؜ڑăჿ෥჋ስഗ๑ᆩኄ߲ኵሞزޙ

ܸ对ᇀ setBodyColor()ǈ࿢்ՂႷՓ૦ຕፇዐ໯ᆶڦ֌ዊǈยዃ໲்ڦ஦ݒพჿ෥ă࣮ᅬ

ᅃူǈሞ Three.js ዐǈᆶၵ对象ᆶᅃ߲ THREE.MeshFaceMaterial ૌ႙ڦ֌ዊǈ໲ํाฉ๟

ᅃ߲对象ڦ௅߲面ڦ֌ዊڦຕፇăሞฉ面پஓዐ੊୯ڟକኄᅃۅăsetBodyColor() ڦ݆ݛ

RBG ኵ๟ٗჿ෥჋ስഗዐد෇ڦๆୃ৊዆ჿ෥（नٗ 0 ڟ 255 ኝຕ）ǈܸڦ Three.js Ⴔᄲ

ٗ 0 ڟ 1 ৊ႜକገ࣑ă݆ݛຕǈ໯ᅜኄ߲ۅޝڦ
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10.6　小结

Ԩቤ௮ຎକࠓॺᅃ߲०ྜڍڇඇ੗ᆩڦ 3D Web ᆌᆩၘڦဦօየă࿢჋ስକᅃ߲ 3D ׂ೗

ᄻ面ፕྺ૩ጱǈᅺྺ໲ీ؊ݴຫ௽࠲॰߁౒ăሞ०ᄲ঻ถକ视ਥยऺୁࢫײǈ࿢்ბသକ

සࢆሞጆᄽ DDC ਏ߾ Maya ዐظॺాඹǈ඗ࢫገ࣑ྺ๢ࢇ Web ڦ glTF ߭๕ăኮࢫǈ࿢்

๑ᆩ Vizi ઀ॐઠਸ݀ᇨબ֪ࢅ๬ 3D ాඹ߾ڦਏăም඗ࢫ࿢்঻ถକසࢆॽాඹणڟׯᆌ

ᆩᄻ面ዐăፌࢫǈ࿢்ཁेକब߲ႜྺࢅ঍ࢻǈ৊ᅃօ߀৊ǈඟ໲߸ᆶ඀ࢅ߸ᅟᆩă

ਸ݀ 3D Web ᆌᆩް࢔ײࡗڦሗǈփࡗᆶକࢇ๢߾ڦਏࢅኪ๎ǈేࣷ݀၄໲๟ํࡻ࢔၄ڦă

ူᅃቤࣷ঻ถᅃၵႎڦ 3D ႜྺࢅ঍ࢻǈేڍሞԨቤბڦڟඇևୁࢅײरຍۼ੗ᅜᆌᆩڟ

ਸ݀ዐăڦჄ໯ᆶࢫ
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ڼ 10 ቤ঻ถڦरຍޮ߃କႹܠ๑ᆩׇৠă3D ఇ႙੗ᅜᆩઠࠓॺᆐၨĂጧკĂᇏૂڪ঍ࢻ

๕ాඹăڍႹܠ 3D ᆌᆩᆶ߸ܠႴ൱ăසၙࡕਸ݀ᅃ߲วଣഄৣڦᆴဥĂᅃ߲ॺዾֱੂഗǈ

ईኁᅃ߲঍ࢻ๕ჟଁဣཥǈ࿢்Ⴔᄲბသසظࢆॺ 3D ࣍ৣǈܸഄዐᆶ߲ܠ࿿体ᅜत߸ް

ሗڦ঍ࢻૌ႙ă

ሞԨቤዐǈ࿢்ࣷਸ݀ᅃ߲ 3D ࣍ৣǈഄዐᆶኈํޅڦৠĂᅎڦۯ࿿体ǈ࣏ీඟᆩࢽཚࡗ

঍ࢻ๕ں੦዆၎ऐઠሞׇৠዐࡵڞă࿢்ॽકቛሞڼ 10 ቤዐਸ݀ాڦඹǈظॺᅃ߲Ⴕె

๨ǈሞഄዐ๬॑׭ڦ Futurgo ă཮כ౒߁ 11-1 ቛ๖କኄ߲ᆌᆩă

Futurgo ཕሞ׭๨নڢฉǈᅙঢ়ጚԢࠃࡻට๬॑କăׇৠ࢙ੵକब߲ন൶ǈ远تැᆆැ

၄ڦఊཀ୍ٷ૶থጣࣨ௏௏ڦཀ੣ǈ近ڦتӸ୍ٷࠅฉݒพ؜କ໲்ڦᆖၟăే੗ᅜ

๑ᆩ຋Քۅऍཱྀࢅጅઠฉူፑᆸֱੂǈཞ้๑ᆩ॰ಎၠݛڦ॰ઠฉူፑᆸᅎۯăጽ近

Futurgoǈۅऍ໲ઠፖ৊ඁ۵ޅăኄ߲๘হईႹੂഐઠᆶၵ੣ઃǈڍ࿢்ፖሞጲमڦ঍ཚ

Ҿඇă࢔ਏዐ߾

ሞే៓ڦબഗዐٶਸ࿔ॲ Chapter 11/futurgoCity.html ઠ๬๬ăሞࠓॺኄ߲ᆌᆩײࡗڦዐǈ

࿢்ࣷ༪ஃᅜူࣆ༶ă

• 创建环境素材

๑ᆩڢୟĂॺዾࠅࢅᇴઠፇጎኈํڦ 3D ๨ׇৠă׭

• 预览和测试

ၠฉᅃቤਸ݀ڦᇨબ߾ਏዐཁेీࠀă对ᇀኄ߲ၜణܸჾǈ࿢்Ⴔᄲᅃ߲ᇨબ߾ਏǈీ

ेሜ߲ܠ࿔ॲڟᅃׇ߲ৠዐǈీࠕ၂๖ׇৠ཮ڦ঳ࠓǈժሎႹ࿢்ֱੂփཞ࿿体ڦຌ

Ⴀăኄᅃൎۼ๟ྺਸ݀ᆌᆩ໯ፔڦጚԢ߾ፕă
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图 11-1：在一个 3D 环境中的 Futurgo 概念车

• 创建一个 3D 背景

๑ᆩ skybox ăت࿮၌远ڦሞԝৠݣ体ǈݛ૬ڦ࿖૙ټཀ੣ԝৠǈኄ๟ᅃ߲ڦॺᅃ߲ኈํظ

ཞᄣڦ skybox ࿖૙࣏ᆩሞ׭๨ॺዾכࢅଈฉǈፕྺݒพཀ੣ԝৠڦ૬ݛ体࣍ৣཌྷ཮ă

• 集成 3D 到应用中

ഄ໱ຌႠઠ೅ದዜࢅĂ࿋ዃ࠼ڨڦఇ႙כဦবǈۙኝڦཞᅃ߲ᆌᆩڟఇ႙߲ܠ૙ेሜ࠶

ྷ࣍ৣă

• 实现第一人称导航

ྺᆩࠃ༵ࢽཚࡗ຋Քࢅ॰ಎሞׇৠዐ຺࣍ࠥዜतتڟᅎ݆ݛڦۯǈժํ၄ಸጐऐ዆๑ڥ

ᆩࢽփࣷํࡗح体࿿体ă

• 使用多个相机

ൎ࣑၎ऐǈሎႹᆩٗࢽփཞঙׇੂֱ܈ৠǈ๑ᆩփཞݛ๕৊ႜ៓બă

• 创建定时的动画过渡

๑ᆩऺ้ഗࣃۯࢅरຍઠሞᆩࢽ৊෇ࢅ૗ਸࢪ้ڦכǈظॺࣃۯႾଚă

• 对象行为脚本

๑ᆩ Vizi ઀ॐظॺጲۨᅭፇॲǈઠ੦዆ Futurgo ă࠵ྔࢅႜྺڦכ

๑ᆩำᅼཚࡗཁे HTML5 ำᅼᇮ໎ઠሺഽ࣍ৣă

• 渲染动态纹理

ཚࡗ๑ᆩ 2D Canvas API ઠᅜՊݛڦײ๕߸ႎ 3D ࿿体ڦ࿖૙ǈྺᆩݒ้ํࠃ༵ࢽઍă
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࿢்ሞԨቤዐظॺڦႵెׇৠ࢔०ڇăᅃ߲ۆ႙ڦᆴဥईഄ໱ 3D ࣍ৣࣷᆶ߸ڦܠ࿿体त

߸ްሗڦ঍ࢻăփࡗኄ૛঻ถڦरຍǈྺბသසࢆਸ݀߸ްሗׇڦৠ༵ࠃକଆڦࡻਸ܋ă

11.1　创建环境素材

ྺକਸ݀ 3D ࣍ৣǈ࿢ምْࢅᅝຍॆ TC Chang ǈ໯ڦ้ݯ࢔๨ԝৠ໎֌๟׭ॺظፕăࢇ

ᅜ TC ఇ႙ă࿢்ሞڦׯ࿢ਦۨლቴ၄ࢅ TurboSquid ฉቴڟକᅃ߲ᆫႯࢪڦ჋ፕ೗ǈස཮

11-2 ໯๖ă

图 11-2：ES3DStudios 创建的城市模型；图片由 TurboSquid 提供

ኄ߲׭๨ఇ႙๟๑ᆩ Lightwave ॺఇ߾ਏ（https://www.lightwave3d.com/overview/）ظॺ

ዖ߭๕ǈԈઔܠକׯăፕኁᅙঢ়ॽ໲ገ࣑ڦ Autodesk Mayaă࿢்ࠔசူࢅሜఇ႙ࢫǈTC
ॽ໲ڞ෇ Maya ዐǈྺሞᆌᆩዐ๑ᆩፔጚԢăኄ߲ఇ႙ᆶ؊஢ဦবࢅ࿖૙ڦॺዾǈڍுᆶ

ᇸăTC࠼ ཁेକෙ߲࠼ᇸǈኄᄣఇ႙৽੗ᅜ๑ᆩକăॽ໲ྺ؜ڞ COLLADA ߭๕ժेሜ

ጺࡗၭ࿚༶ăփڦ܈࿖૙ཌྷ཮ཪ௽࠲ǈ࿢்݀၄କᅃ߲ᆶࢫਏ（֖见ူᅃব）ዐ߾ᇨબڟ

体ઠຫǈሞᆌᆩዐ๑ᆩኄ߲ఇ႙ኻႴፔ׉ݥณ߾ྔܮڦፕă
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11.2　预览和测试环境

ྺକ֪๬׭๨ׇৠኄᄣްڦሗఇ႙ǈ࿢்Ⴔᄲᅃ߲ૌຼڼ 10 ቤظॺڦᇨબ߾ਏǈڍ໲Ⴔ

ᄲ߸ీࠀܠăႎڦሺഽӲᇨબ߾ਏස཮ 11-3 ໯๖ǈ໲ሺेକᅜူब߲ీࠀă

图 11-3：显示在 Vizi 预览工具中的城市环境

• 多种浏览模式

面ઠ៓બׇৠăںጣוዐ႐ઠ៓બǈईኁᆩ၎ऐڦᅃఇ႙ڇጣᅃ߲ו๑ᆩ၎ऐࠕీ

• 场景图检查

ᅃׇ߲ৠ཮ڦຏႚ঳ࠓ视཮ǈᆩઠ၂๖对象ڦఁ޴ࢅ׬ጱ࠲ဣă

• 对象检查

ᅃ߲֫؜ڑຌႠଚ՗၂๖௅߲对象ၘڦ൧ǈԈઔՎ࣑႑တĂྪ߭ཥऺ႑တĂ֌ዊຌႠǈ

ᅜत၎ऐ࠼ࢅᇸ֖ڦຕă

• 边界框显示

ᅃ߲၍઀࢈၂๖ሞ໯჋对象ڦዜྷǈ࣏ᆶᅃ߲჋ၜ੗ᅜ၂๖ׇৠዐ໯ᆶ࿿体ڦՉহ઀ă

• 多物体预览

ăࡕၳڦࢫׯࢇ๬໲்֪ࢅִ࠵࿿体ǈᆩઠ߲ܠሞཞᅃ߲ᇨબዐेሜࠕీ

ਸ࿔ॲٶ Chapter 11/previewer.htmlăۅऍ Open Ӏ౧ࣷ؜၄ᅃ߲࿔ॲ对ࣆ઀ǈٶਸ࿔ॲ ../
models/futurgo_city/futurgo_city.daeă๑ᆩ၎ऐଚ՗ǈ჋ስՔऻྺ [default] ڞ၎ऐઠጲᆯڦ

๨ఇ႙ă（ጀᅪഄ໱၎ऐ׭ǈే੗ᅜॠֱݣ୾ઠ໫ࡐӱईఄةă๑ᆩ຋Քઠ჉ገǈ๑ᆩࡵ

փሎႹే๑ᆩ຋Քጲᆯࡵڞǈኻᆶ [default] ੗ᅜă）
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11.2.1　以第一人称模式预览场景

ă（ڢন）面ںڦৠׇٳڟ၎ऐփీྜඇڟǈईႹࣷጀᅪࢪ้ڦ๨ఇ႙׭ݣ໫ࢅ჉ገేړ

ኄ๟ᅺྺᇨબ߾ਏఐණยऺྺॽఇ႙ׯړᅃ߲ڇᅃ对象ǈ၎ऐኸၠڦ๟对象ڦबࢆዐ႐ă

ዺăޤǈ໯ᅜ࿢்ཁेକଷᅃዖ៓બఇ๕ፕྺৣ࣍ࢇӄժփ๢ݛڦᅃ对象ڇ

ሞᇨબ߾ਏহ面ڦᆸฉঙǈᆶᅃ߲ڇ჋Ӏ౧ፇઠඟేൎ࣑៓બఇ๕ăኄ߲ፇڦՔധྺ੦

዆ഗ（Controller）ǈᆶଇዖփཞڦ相机控制器ఇ๕ǖఇ႙ఇ๕（Model）ڼࢅᅃට׬ఇ๕

（FPS）ă࿢்׭ڦ๨ᆌᆩॽ๑ᆩڼᅃට׬੦዆ഗǈ໲๟ยऺᆩઠሞ࣍ৣዐڦࡵڞǈܸփ๟

ֱੂᅃ߲ڦ܀ڇఇ႙ă（ڼᅃටࡵڞ׬ॽሞԨቤࢫ面ၘဦں঻ถă）ۅऍ FPS Ӏ౧ǈ၎ऐࣷ

ူইǈ჉ገڦዐ႐၄ሞሞনڢฉକǈే੗ᅜ໫ڟݣনڢ՗面ฉă

ጀᅪǈᇨબ߾ਏڦ FPS ఇ๕ժփ๟ኈኟ๑ᆩڼᅃටࡵڞ׬ఇ๕ઠ៓બఇ႙ă໲ኻ๟०ںڇ

ॽ၎ऐేڟݣሞኈํڼᅃට׬ఇ๕ዐ၎ຼڦ࿋ዃฉǈ໲߸๢ࢇᇨબኝ߲࣍ৣăᇨબ߾ਏా

ևᅈ඗๑ᆩᅃ߲ఇ႙੦዆ഗǈᅺُ࿢்੗ᅜ੺໏໫ࢅݣ჉ገኝ߲ఇ႙ă࣑ਔࣆຫǈᆶ้ࢪ

࿢்ထྭॽׇৠׯړᅃ߲ڇᅃఇ႙ઠݛՍ֡ፕǈᆶ้ࢪ࿢்ထྭఇెሞᆌᆩዐ៓બ࣍ৣڦ

ڦਏዐ߾ăᇨબࡕၳڦڟੂࣷࢪ้ FPS Ӏ౧ኄᅃ०ڦڇၭरേీፔڟଇඇഄெă

11.2.2　检查场景图

ᅺྺ࿢்ׇڦৠՎڥ߸ेްሗǈ໯ᅜ࿢்Ⴔᄲᇨબ߾ਏీ߸৛ဦੂֱں໲்ăᅜ׭๨ׇৠ

ྺ૩ǈ໲ᆯࡗג 200 ৠጒༀતዐăྺକሞᆌᆩዐׇڦਏ߾ǈ၂๖ሞᇨબׯፇ߭ྪڦ܀ڇ߲

（ᇸ࠼සྪ߭Ă၎ऐई）ၭĂ࿋ዃĂૌ႙ٷĂ׬ఁڦ૬对象܀ڟǈ࿢்Ⴔᄲቴࢻ঍ࣅႾײ

ఇ႙ᆮഄዘᄲǈᅺྺሞኄዖ൧઄ڦڥइݛෙڼăኄ对ᇀٗࠓप঳֫ڦຌႠǈᅜत对象ڪ

ူǈ࿢்փీظࢅॺాඹڦᅝຍॆ৊ႜ௢ൎࠏཚă

ᅃ߲ٚԓݛڦ๕๟ሞ࿔ԨՊडഗዐٶਸ COLLADA ई glTF ࿔ॲઠॠֱׇৠ཮ǈֱቴኸ๖

ૌ႙ڦਏ体࿔Ԩăڍኄ对ਨܠٷຕਸ݀ኁܸჾۼ๟ସට݀੿ڦ体ᄓǈ໲Ⴔᄲरຍဦবኪ

๎ǈኪၬኄၵ࿔ॲ߭๕๟සࢆፇኯڦă（࿢߲ට对ኄଇዖ࿔ॲ߭๕׉ݥۼକ঴ǈڍ࿢ுఱ

႐៓બٷଉڦ࿔Ԩǈሞഄዐ࡛ٷસኍӯںლቴă）ᅃ߲߸ݛڦࡻ๕๟ᆯᇨબ߾ਏઠྺ࿢்

ቛ၄ኄ߲႑တă

ሺഽӲڦᇨબ߾ਏԈࡤᅃ߲ႎڦ面ӱ Sceneǈժ൐ᆶᅃ߲ଚ՗઀ઠቛ๖ׇৠ཮֫प঳ڦࠓ

ຏጒ཮ăేፌࢾࡻၵ้क़ۯࡐଚ՗ǈۅऍेࢅࡽ३ࡽઠቛਸࢅ๭ഐ֫पǈੂੂ໲๟ሹ஺ፇ

ኯڦǖሞ֫ۥᆶब߲࠼ᇸǈথူઠ๟ᅃ߲ఁྺ MidTower_Block_01 面๟ब߲၎ऐăࢫፇǈڦ

ጀᅪፇಖՉࡽेڦǈසۅేࡕऍ໲ǈኄ߲ፇࣷቛਸ၂๖ጱ֫पǈᆶఁྺ׬ Tower_A_01Ă

Roof_Detail_01 对象ăኄၵፇዐᆶၵࣷጲቛਸᅜ၂๖ጱ对象ăڦڪ

ᆶକሞׇৠዐֱੂবۅఁ֫ࢅ׬प࠲ဣీڦ૰ǈ࿢்৽੗ᅜඓۨሞሏႜᆌᆩ้ǈॽᄲၠన

߲对象ཁे঍ࢻᅜतഄ໱ᅃၵဦবăԲසǈሞᆌᆩዐेሜྜׇৠࢫǈ࿢்ॽཁे࣍ৣཌྷ཮

ઠݒพཀ੣ԝৠǈڍኻᆩᇀॺዾܸփ๟ڢୟईࠅᇴฉă៓બׇৠ֫प঳ࠓ၂๖ǈॺዾڦఁ

ᅜĐTowerđईĐOfficeđਸཀྵǈ໯ᅜ࿢்৽੗ᅜ๑ᆩۼ׬ Vizi.Object.map() ኄׇ߲ৠ཮

API ֌ዊă࿢்ॽሞԨቤฎڦ໲்߀对象ǈժႪڦ๕ٳǈઠֱቴ໯ᆶ೅ದኄ߲ኟሶ՗݆ݛ

ஓăپڦ঻ถํ၄ࢫ
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ᇨબ߾ਏዐ๑ᆩڦຏጒ཮๟ᆩᅃ߲ঢ dynatree（http://code.google.com/p/dynatree/）ڦ

jQuery ֭ॲํ၄ڦă૩ 11-1 ቛ๖କ๑ᆩܠዖ֖ຕ؛๔ࣅຏጒ཮੦ॲپڦஓǈࢅยዃړၜԥ

ᇸஓ੗ᅜሞ࿔ॲڦਏ߾ஓăᇨબپڦຕࡧ࣮ۙڦऍईມऍ้ڇ Chapter 11/previewer.html ዐ
ቴڟă

例 ࣅ๔؛：11-1 dynatree ຏጒ཮੦ॲ

function initSceneTree(viewer) { 
 ຏڦdiv>ᇮ໎ዐ>ࣅ๔؛ //    
    $("#scene_tree").dynatree({ 
        imagePath: "./images/previewer_skin/", 
        title: "Scene Graph", 
        minExpandLevel: 2, 
        selectMode: 1, 
        onDblClick: function(node) { 
            openSceneNode(viewer, node); 
        }, 
        onActivate: function(node) { 
            selectSceneNode(viewer, node); 
            if (infoPopupVisible) { 
                openSceneNode(viewer, node); 
            } 
        }, 
        onDeactivate: function(node) { 
        }, 
        onFocus: function(node) { 
        }, 
        onBlur: function(node) { 
        }, 
    }); 
}

၄ሞ࿢்ઠݴဆසࢆሞׇৠ࿔ॲेሜࢫࡻǈएᇀׇৠ཮ాڦඹག؊ຏጒ཮੦ॲă๯ံǈ࿢

்ሞेሜ࣮ۙዐཁेକᅃႜپஓǈઠۙᆩޤዺࡧຕ updateSceneTree()ă

 function onLoadComplete(data, loadStartTime) 
    { 
        // ᆆ֠ेሜጒༀત 
        var loadStatus = document.getElementById("loadStatus"); 
        loadStatus.style.display = 'none';       
 
        viewer.replaceScene(data); 
 
        var loadTime = (Date.now() - loadStartTime) / 1000; 
        var loadTimeStats = document.getElementById("load_time_stats"); 
        loadTimeStats.innerHTML = "Load time<br>" + loadTime.toFixed(2) + "s" 
        // Vizi.System.log("Loaded " + loadTime.toFixed(2) + " seconds."); 
 
        updateSceneTree(viewer); 
        updateCamerasList(viewer); 
        updateLightsList(viewer); 
        updateAnimationsList(viewer); 
        updateMiscControls(viewer); 
 
        if (viewer.cameraNames.length > 1) { 
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            selectCamera(1); 
        } 
 
        addRollovers(viewer, data.scene);    
    }

updateSceneTree() ፔକबॲ๚൧ă๯ံǈ໲ሞຏጒ཮ߵڦবۙۅᆩ removeChildren() ઠዘ

ႎ؛๔ࣅຏጒ཮੦ॲǈᅺྺ໲ሞኮമ៓બഄ໱ׇৠࢪ้ڦ੗ీᅙঢ়ԥག؊ࡗă඗ࢫǈ໲ۙ

ᆩଷᅃ߲ࡧຕ buildSceneTree() ઠՓ૦ׇৠ཮ǈժག؊ຏጒ཮੦ॲాڦඹăጀᅪኄ߲ۙᆩ

କᅃ߲ڟጎހ setTimeout() ዐǈฎྲჽ׿କᅃူăኄ߲ჽ׿๟ྺକ߸ڦࡻᆩࢽ体ᄓă๑ᆩ

dynatree ڦ๔៺කă໯ᅜ࿢்ሞਸ๔؛ڦॺຏጒ཮Ⴔᄲᅃၵ้क़ǈܸ࿢்փၙཱྀ஥ׇৠࠓ

ړକᅃ߲቞࿋႑တǈݣࢪ้ timeout ෸ۖăࢪ้ڦ݀ة

     function updateSceneTree(viewer) { 
 
        // ๖૩ǖᆩپஓཁेᅃ߲֫पhierarchic branch 
        // ኄ૛ቛ๖କ࿢்සࢆᆩײႾཁेຏবۅ 
        var rootNode = $("#scene_tree").dynatree("getRoot"); 
        rootNode.removeChildren(); 
        var initMessage = rootNode.addChild({ 
            title: "Initializing...", 
            isFolder: false, 
        }); 
 
        setTimeout(function() { 
            rootNode.removeChild(initMessage); 
            rootNode.expand(false); 
            var i, len = viewer.scenes.length; 
            for (i = 0; i < len; i++) { 
                buildSceneTree(viewer.scenes[i], rootNode); 
            } 
        }, 1000); 
    }

ག؊ׇৠຏጒ཮پڦஓํाฉ࢔०ڇǈbuildSceneTree() ᇸஓሞ࿔ॲڦຕࡧ Chapter 11/
sceneTree.js ዐă૩ 11-2 ྜኝቛ๖କ໲ă

例 11-2：ག؊ׇৠຏጒ཮

sceneTreeMap = {}; 
 
buildSceneTree = function(scene, tree) { 
 
    function build(object, node, level) { 
 
        var noname = level ? "[object]" : "Scene"; 
 
        var childNode = node.addChild({ 
            title: object.name ? object.name : noname, 
            expand: level <= 1, 
            activeVisible:true, 
            vizi:object, 
        }); 
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        sceneTreeMap[object._id] = childNode; 
 
        var i, len = object._children.length; 
        for (i = 0; i < len; i++) {  
            build(object._children[i], childNode, level+1); 
        } 
    } 
 
    build(scene, tree, 0); 
 
}

๯ံǈ࿢்؛๔ࣅᅃ߲ඇਆ对象 sceneTreeMapǈ໲ॽ Vizi ׇৠ཮ዐڦ Vizi 对象ᇑຏጒ཮੦

ॲዐڦၜ࠲૴ഐઠă࿢்ॽᆩ໲ઠኧۅ׼ऍׇৠዐڦగ߲对象้ǈߛଋ੦ॲዐ࠲૴ڦၜă

ሞ buildSceneTree() ຕࡧຕాևǈ࿢்ۨᅭକᅃ߲ాഴࡧ build()ǈ໲ࣷࡃڿཁेၜڟຏ

੦ॲዐă对ᇀ Vizi ׇৠ཮ዐڦ௅߲对象ǈbuild() ຕࣷۙᆩࡧ node.addChild() ॺᅃ߲ႎظ

()ănode.addChildۅຏ੦ॲবڦ ၜăڦॺକᅃ߲ႎظຕ֖ڦࠃएᇀ໯༵݆ݛ

title ๟ၜ၂๖ڦՔധǈexpend Ք๎ኸ๖؛๔၂๖้๟ޏቛਸၜă࿢்ኻሞׇৠ཮֫ۥ

ቛਸăactiveVisible ۨᅭକසࡕघऄగᅃၜ（नٗپஓዐ჋ስ໲ǈԲසړሞׇৠዐۅऍ

ᅃ߲֖ຕ๟ࢫፌڦڿدժ჋ۨ໲ăڟۯࡐ对象้）ǈຏጒ཮੦ॲ৽ڦ૴࠲ viziǈ໲๟ Vizi
ׇৠ཮对象ǈॽࣷሞᆩۅࢽऍຏጒ཮੦ॲዐڦᅃၜࢪ้ڦᆩڟăۅړऍࢪ้ڦǈᇨબ߾

ਏࣷ๑ᆩࣜ෥၍઀ߛ࢈ଋ໲ǈړມऍࣷࢪ้ڦ၂๖ᅃ߲၎࠲বۅຌႠ֫؜ڑڦ（ॽሞူ

ᅃব঻ถ）ă

ڟǈ࿢்ॽ໲ཁेࢫࡻॺظၜڦຏ੦ॲړ sceneTreeMap 对象ዐࢫࠃჄ๑ᆩǈසࡕ໲ᆶጱব

ᆩۙࡃڿǈ৽ࣷۅ build() ઠཁेຏ੦ॲၜă

एᇀڦࡻॺᅃ߲ظ HTML ๟ǈdynatreeڦፕă႞ሏ߾ܠ࢔ຏጒ཮Ⴔᄲڦ ڦ

ਸ݀ኁඟ࿢்௨ඁକኄ߲ས੮ădynatree ሎႹే૬ਗ਼ظॺᅃ߲ඪᅪ֫पڦ

HTML ຏጒ཮ǈ໲࣏ᆶᅃ߲ీࠀഽٷĂᅟᇀ๑ᆩڦ API ઠظॺ / Ⴊ߀ / ෸

ඇጲۨᅭᄣ๕ădynatreeྜ׼ၜǈժ൐໲ኧأ ሞ࠶ஓྂپڦ Google code

（http://code.google.com/p/dynatree/） ฉă

11.2.3　检查对象属性

ᇨબ߾ਏሎႹ࿢்ॠֱ௅߲对象ڦຌႠăມऍׇৠຏጒ཮ڦᅃ߲对象ǈ৽ࣷ؜ڑᅃ߲ټՔ

ധڦ jQuery 对ࣆ઀（ईኁ属性页单）ઠ၂๖ၘ൧ăස཮ 11-4 ໯๖ǈഄዐڦຌႠᄻڇ၂๖

କఁྺ Tower_D_01 ໫ࢅෙ߲Քധǖᅃ߲၂๖Վ࣑႑တ（࿋ዃĂ჉ገࡤຌႠă໲Ԉڦ对象ڦ

Չহ઀Ǘᅃ߲၂๖ڦຕଉǈᅜत໲ڦ面ࢅۅۥ൧ǈԈઔྪ߭ዐၘڦ体ࢆǗᅃ߲၂๖ब（ݣ

֌ዊ႑တǈԈઔጣ෥ఇ႙Ăჿ෥Ă࿖૙ཌྷ཮ڦ཮ೌఁ׬ă
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图 11-4：使用预览工具来检查对象属性

ᇨબ߾ਏ࣏ሎႹ࿢்ሞ 3D ׇৠዐۅऍ对象ੂֱࢪ้ڦഄຌႠăසేࡕሞຌႠᄻڇᅙঢ়ٶ

ਸۅࢪ้ڦऍ对象ǈ໲ాڦඹࣷ༺࣑ྺႎ对象ڦຌႠăසࡕຌႠᄻڇுᆶٶਸǈే੗ᅜມ

ऍ对象ઠ؜ڑኄ߲对ࣆ઀ᅜ၂๖对象ڦຌႠă

૩ 11-3 ቛ๖କሞ 3D ׇৠዐཁेۅऍ॔དپڦஓ（ᇸ࿔ॲྺ Chapter 11/previewer.html）ǈ
ኄ๑ڥᆩࢽ੗ᅜ჋ስ߲ڇ࿿体ăࡧຕ addRollovers() ๑ᆩ Vizi ׇৠ཮ API ڦ map() ઠ݆ݛ

ֱቴׇৠዐڦ௅ᅃ߲对象ǈժظॺᅃ߲ႎڦ Vizi.Picker 对象ઠཁे຋Ք๚ॲၚᆌăپஓ

ཁेକ对຋Ք down（Ӏူ）Ăup（຿ਸ）Ăover（჈ཕ）Ăມऍ（double-click）๚ॲڦၚᆌă

例 11-3：ํ၄ሞׇৠዐ჋ስ对象

function addRollover(viewer, o) { 
    var picker = new Vizi.Picker; 
    picker.addEventListener("mouseover", function(event) {   
        onPickerMouseOver(viewer, o, event); }); 
    picker.addEventListener("mouseout", function(event) {  
        onPickerMouseOut(viewer, o, event); }); 
    picker.addEventListener("mouseup", function(event) {  
        onPickerMouseUp(viewer, o, event); }); 
    picker.addEventListener("dblclick", function(event) {  
        onPickerMouseDoubleClick(viewer, o, event); }); 
    o.addComponent(picker); 
} 
 
function addRollovers(viewer, scene) { 
    scene.map(Vizi.Object, function(o) { 
        addRollover(viewer, o); 
    }); 
}
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຋Ք຿ਸ๚ॲ॔ڦདپஓǈ๟ᆩઠॠ֪ڇऍڦǈມऍڦॠ֪ሞࢫ面ă໲்बࢭ๟ᅃᄣڦă

๯ံǈ࿢்ॠֱ๚ॲڦӀ॰ࡽپǈᅺྺᇨબ߾ਏኻኧ׼๑ᆩ຋Քፑ॰჋ስăසࡕ๟ፑ॰ǈ

࿢்ۙᆩ Vizi.Viewer ڦ highlightObject() ၍ڦᅃ߲ࣜ෥ࣃऍ对象ዜྷۅă໲ࣷሞԥ݆ݛ

઀࢈（࿢்ࣷሞူᅃব঻ถՉহ઀ߛଋํڦ၄ဦব）ă

থጣǈ࿢்ߛଋຏጒ཮ዐ࠲૴ڦၜǈ๑ᆩ Vizi 对象ڦ _id ຌႠ（ኄ߲ຌႠࣷᆯ Vizi ᆅ൤ሞ

对象ظॺࢪ้ڦጲׯิۯ）ઠፕྺ໭ᆅֱቴຏዐ၎ڦ࠲ၜǈժߛଋ໲ăፌࢫǈසࡕ๟ڇऍ

൐ຌႠᄻڇᅙঢ়੗见କ（ཚࡗ infoPopupVisible ՎଉઠՔ๎）ǈ࿢்ۙᆩ openSceneNode()

൧઄ǈ࿢்ڦă对ᇀມऍ݆ݛዺޤڦڇઠዘႎག؊ຌႠᄻۅǈ໲๟ᅃ߲๑ᆩႎ჋ስব݆ݛ

኱থۙᆩ openSceneNode()ǈසࡕ对ࣆ઀ு၂๖ڦ৽ࣷॽ໲؜ڑઠă

    function onPickerMouseUp(viewer, o, event) { 
        if (event.button == 0) { 
            viewer.highlightObject(o); 
            node = selectSceneNodeFromId(viewer, o._id); 
            if (node && infoPopupVisible) { 
                openSceneNode(viewer, node); 
            } 
        } 
    } 
 
    function onPickerMouseDoubleClick(viewer, o, event) { 
        if (event.button == 0) { 
            viewer.highlightObject(o); 
            node = selectSceneNodeFromId(viewer, o._id); 
            openSceneNode(viewer, node); 
        } 
    }

11.2.4　显示边界框

ᇨબ߾ਏ๑ᆩՉহ઀ઠํ၄ଇ߲ీࠀǖߛଋ໯჋ڦ对象Ǘසేࡕ჋ስକহ面ዐڦĐ၂๖໯

ᆶ对象Չহ઀đ჋ၜǈ৽၂๖໯ᆶ对象ڦՉহ઀ă

ྺକߛଋ໯჋对象ǈVizi.Viewer କᅃ߲ঢࠃ༵ highlightObject() ă૩݆ݛڦ 11-4 ቛ๖କ

໲ํڦ၄ă๯ံǈֱੂഗᅎړأമ对象ߛڦଋ（සࡕᆶࣆڦ）ǈ඗ऺࢫ໙ႎ对象ڦՉহ઀ǈ

๑ᆩ໲ઠظॺᅃ߲ࣜ෥ڦ၍઀ྷ࢈ජ对象ă

ኄ૛ᆶब߲Ⴔᄲጀᅪݛںڦǈ൩ੂٚ体Քپڦ؜ஓă࿢்ظॺକᅃ߲ Vizi.Decoration

对象ઠԈࡤՉহ઀૬ݛ体ăVizi.Decoration ๟ᅃ߲༬๺ڦ Vizi.Visual ጱૌǈ઀ॐ๑

ᆩ໲ઠ៺කే੗ᅜੂ见ڍփ৊ႜ঍ాڦࢻඹă໲փࣷ߅ඡ჋ൽईಸጐăኮࢫǈ࿢்ཁे

decoration ፖڦۅব޴๟ሞۼՉহ઀ڦ父节点ฉǈܸփ๟ኄ߲对象ዐăඪᅪ对象ڦ对象ڟ

Քဣཥዐऺ໙ڦǈ໯ᅜ࿢்Ⴔᄲॽ໲ፕྺ޴বڦۅጱবۅཁेׇڟৠ཮ዐǈᅜՍኟඓں৊

ႜՎ࣑ă

例 ଋ઀ߛڦॺ໯჋对象ظ：11-4

Vizi.Viewer.prototype.highlightObject = function(object) { 
 
   if (this.highlightedObject) { 
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       this.highlightedObject._parent.removeComponent( 
          this.highlightDecoration); 
   } 
 
   if (object) { 
       var bbox = Vizi.SceneUtils.computeBoundingBox(object); 
 
       var geo = new THREE.CubeGeometry(bbox.max.x - bbox.min.x, 
               bbox.max.y - bbox.min.y, 
               bbox.max.z - bbox.min.z); 
 
       var mat = new THREE.MeshBasicMaterial({color:0xaaaa00,  
           transparent:false,  
           wireframe:true, opacity:1}) 
 
       var mesh = new THREE.Mesh(geo, mat); 
       this.highlightDecoration = new Vizi.Decoration({object:mesh}); 
       object._parent.addComponent(this.highlightDecoration); 
 
       var center = bbox.max.clone().add(bbox.min) 
              .multiplyScalar(0.5); 
       this.highlightDecoration.position.add(center); 
   } 
 
   this.highlightedObject = object; 
}

ᇨબ߾ਏሎႹేֱੂ໯ᆶ对象ڦՉহ઀ăሞᆸူঙڦ Miscellaneous તዐǈᆶᅃ߲ఁྺ

Boxes ૌຼ཮ڟՉহ઀ǈే੗ᅜੂڦऍ໲ǈ၂๖໯ᆶ对象ۅ჋઀ăްڦ 11-5 ໯๖ڦ୴෥

၍઀ă

图 11-5：预览工具显示场景中所有对象的边界框（另见彩插图 11-5）
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၂๖௅߲对象Չহ઀پڦஓૌຼظॺߛଋ઀پڦஓǈኻ๟ኄْ࿢்๑ᆩ Vizi ׇৠ཮ API ڦ
map() ໯ᆶ对象ฉă൩ੂ૩ڦৠ཮ዐׇڟઠॽഄᆌᆩ݆ݛ 11-5ă

例 11-5：ྺׇৠዐڦ໯ᆶ对象ظॺՉহ઀

    this.sceneRoot.map(Vizi.Object, function(o) { 
        if (o._parent) { 
            var bbox = Vizi.SceneUtils.computeBoundingBox(o); 
 
            var geo = new THREE.CubeGeometry(bbox.max.x - bbox.min.x, 
                    bbox.max.y - bbox.min.y, 
                    bbox.max.z - bbox.min.z); 
            var mat = new THREE.MeshBasicMaterial( 
                 {color:0x00ff00, transparent:true,  
                      wireframe:true, opacity:.2}) 
            var mesh = new THREE.Mesh(geo, mat) 
            var decoration = new Vizi.Decoration({object:mesh}); 
            o._parent.addComponent(decoration); 
 
            var center = bbox.max.clone().add(bbox.min) 
                 .multiplyScalar(0.5); 
            decoration.position.add(center); 
            decoration.object.visible = this.showBoundingBoxes; 
        } 
    });

၄ሞǈړᆩۅࢽऍ Boxes ް჋઀ઠਸ࠲ኄ߲ࢪ้ڦీࠀǈᇨબ߾ਏۙᆩֱੂഗڦ

setBoundingBoxesOn() ๑ᆩ݆ݛăኄ߲݆ݛ map() ઠֱቴ௅߲ૌ႙ྺ Vizi.Decoration 对ڦ

象ǈཚࡗยዃ໲ڦ visible ຌႠઠਸ࠲໲ڦ੗见Ⴀă

Vizi.Viewer.prototype.setBoundingBoxesOn = function(on) 
{ 
    this.showBoundingBoxes = !this.showBoundingBoxes; 
    var that = this; 
    this.sceneRoot.map(Vizi.Decoration, function(o) { 
        if (!that.highlightedObject || (o != that.highlightDecoration)) { 
            o.visible = that.showBoundingBoxes; 
        } 
    }); 
}

11.2.5　预览多个对象

ă࿢ڦዘᄲ࠲๬๟዁֪ࢅᅃഐᇨબڟݣॽ໲்ࠕॺᅃ߲࣍ৣ้ǈీࠓ对象ઠ߲ܠ๑ᆩేړ

்Ⴔᄲԍኤ对象ڦԲ૩๟ᅃዂڦǈ၎对࿋ዃኟඓǈ࠼ቷࢇ๢ڪǈᆮഄ๟对象ઠጲں߲ܠ

ၛྪበฉ้ăࠌఇ႙ڦሞփཞ࠶ॺǈྂظᅝຍॆڦǈᆯփཞݛ

ඟ࿢்ॽ Futurgo ڦતڇև֓ۥऍۅ๨ׇৠዐ֪๬ኄၵຌႠă׭ڟݣఇ႙כ Add Ӏ౧ǈሞ

࿔ॲ჋ስ઀ዐ჋ስ ../models/futurgo_mobile/futurgo_mobile.jsonă（൩ԍኤే๑ᆩڦ๟ఐණ

၎ऐǈժ൐ኟ对ጣׇৠዐक़ڦዷୟǈኄ๟ఇ႙ॽ؜၄ݛںڦă）ఇ႙ࣷሞׇৠڦዐक़؜၄ă

ǈස཮ִ࠵ઠ近ਐ૗ٷݣ 11-6 ໯๖ă
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图 11-6：将 Futurgo 模型添加到城市场景中

ཁे߸ܠఇ႙ڟᅙᆶׇৠپڦஓǈबेࢅࢭሜ؛๔ఇ႙پڦஓᅃᄣǖظॺᅃ߲ Vizi.

Loader 对象ǈཁेᅃ߲॔དఇ႙ेሜྜڦׯ๚ॲت૙ࡧຕǈժሞ๚ॲ॔དࡧຕዐཁेႎ

ഗዐǈܸփ๟༺࣑໲்ă૩ੂֱڟփཞ๟࿢்ॽ对象ཁेڦഗዐăྸᅃੂֱڟৠ对象ׇڦ

11-6 ቛ๖କ၎پ࠲ஓ（ᇸ࿔ॲ Chapter 11/previewer.html）ă࿢்ۙᆩ viewer.addToScene()ǈ

໲ࣷཁे对象（Ԩ૩ዐ๟ Futurgo ຕ਍ڦৠ཮ዐǈժ߸ႎֱੂഗׇڦമሏႜړڟ（ఇ႙כ

঳ࠓă඗ࢫ࿢்ࢅኮമᅃᄣ߸ႎᆩࢽহ面ǖຏጒ཮ǈᅜत࠼ᇸĂ၎ऐڦࣃۯࢅଚ՗ă

例 11-6：֭෇߸ܠఇ႙ׇڟৠዐ

 function onAddComplete(data, loadStartTime) 
{ 
    // ᆆ֠ेሜጒༀત 
    var loadStatus = document.getElementById("loadStatus"); 
    loadStatus.style.display = 'none';   
 
    viewer.addToScene(data); 
 
    var loadTime = (Date.now() - loadStartTime) / 1000; 
    var loadTimeStats = document.getElementById("load_time_stats"); 
    loadTimeStats.innerHTML = "Load time<br>" + loadTime.toFixed(2) + "s" 
    // Vizi.System.log("Loaded " + loadTime.toFixed(2) + " seconds."); 
 
    updateSceneTree(viewer); 
    updateCamerasList(viewer); 
    updateLightsList(viewer); 
    updateAnimationsList(viewer); 
    updateMiscControls(viewer); 
 
    addRollovers(viewer, data.scene);    
}
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ేईႹᅙঢ়ጀᅪڟǈFuturgo ཁेׇڟৠࡗࢪ้ڦᇀ௽ଋକăኄ๟ᅺྺ Futurgo ఇ႙Ԉࡤ໲

ጲम࠼ڦᇸǈ࿢்ሞڼ 10 ቤظॺᆌᆩࢪ้ڦ๑ᆩࡗă࿢੗ᅜቴ TC ፔᅃ߲ுᆶ࠼ᇸӲԨڦ

๟న؜ਏǈ࿢்੗ᅜቴ߾ाฉኄժփႴᄲă๑ᆩᇨબํڍఇ႙ǈઠሞኄ߲ᆌᆩዐ๑ᆩǈכ

ၵ࠼ᇸڞዂକኄ߲࿚༶ǈժॽ໲்ۖ࠲ǈ඗ࢫऻူ࠼ᇸڦఁ׬ǈሞײႾዐᄺኄ஺ፔă

๑ᆩᇨબ߾ਏ࠼ڦᇸଚ՗ǈ࿢்ۖ࠲փၙᄲ࠼ڦᇸă࿢ጀᅪڟ໲்ᆌ޿๟ཁे࠼ڟᇸଚ՗

ᇸǈᅺྺ࠼ڦ面ࢫ Futurgo ఇ႙๟ፌࢫཁेׇڟৠዐڦă໯ᅜ࿢ۖ࠲କଚ՗఍࿂ڦෙ߲ۅ

ᆩକă཮࠶ăኄူ࠼କ࣍ৣۖ࠲ӣǈ໯ᅜ࿢ᄺ֜ۅᅈ඗ੂഐઠᆶכᇸă࠼ 11-7 ၂๖କۖ࠲

Վକă߀ኵڦ൶ᇘǈ૛面ڦଋߛহ面ాྈᇶࢽăጀᅪᆩࡕၳڦࢫᇸ࠼຺߲

图 11-7：调整光源后城市场景中的 Futurgo 模型

11.2.6　使用预览工具来查找场景中的其他问题

๑ᆩᇨબ߾ਏ࣏ቴڟକኄׇ߲ৠዐଷᅃ߲रຍ࿚༶ǖຏăኄׇ߲ৠڦፕኁ๑ᆩକ৳ঢ়੊ᄓ

ຏ࿖૙ཌྷڦੂֱ܈Չႚǈฉ面ᆶٗփཞঙܠ平面ڦԨ៺කຏǖᅃဣଚዘ۠ׯگरേઠڦ

཮ăཚ׉ǈࣷᆶଇ߲ؽ኱ܠڦՉႚᅜ X ጒӦݣǈምᆶᅃ߲ई߲ܠ຤平ܠڦՉႚᇑኄ߲ X
ႚๆጴ঍֮ăኄ๟ॺఇ฾๑ᆩܠ౎ڦᅃ߲०ڇरേǈ੗ᅜবูܠՉႚຕଉăޏሶేยၙᅃ

ෙঙႚຕଉӕăڦຏᄾ໯Ⴔڦॺ԰ኈظူ

ሞ WebGL ዐ๑ᆩఇ႙ፕኁ࠲ᇀຏڦยዃ้ǈྸᅃڦ࿚༶๟཮ೌ߭๕ڦ჋ስǖ௅߲ܠՉႚ

๟ᅃ对ྲ෉ۼ࿖૙ڦ BMP ࿔ॲǈᅃ߲๟ჿ෥႑တǈଷᅃ߲๟ alpha ௏Ӳ（alpha mask）ă࿢

்փኪڢසࢆሞ Vizi/Three.js ዐൟ຿تں૙໲ăኄሞरຍฉ੗ႜǈڍᆅ൤ణമ࣏ுᆶኧ׼ă

໯ᅜ࿢ඟ TC ॽຏڦᅃ对 BMP ࿔ॲገׯᅃ߲ټ alpha ཚڦڢ PNG ࿔ॲă໱ኄ஺ፔକǈ඗

ႎ߸ࢫ Maya ࿔ॲժዘႎ؜ڞăኮമࢅኮڦࢫ对Բ੗ᅜֱੂ཮ 11-8ă
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໚඗ᆸՉڦ཮ೌੂഐઠժுᆶ߸ࡻǈڍ໲ሞᆌᆩዐํाฉ៺කኟඓăేኄ૛

ሞ࠶ă৑ڦׯ၌዆໯ሰڦਏํ၄߾മᇨબړඍ။๟ᆯڦڟੂ PNG ࿔ॲዐᆶ

ཪ௽܈႑တǈڍසࡕுᆶሞ֌ዊฉยዃཪ௽܈ኵǈVizi ࢅ Three.js ࿮݆ኪۼ

ৠׇڪኄᅃ႑တăᅺྺኄၵኵሞఇ႙ዐுᆶยዃǈ໯ᅜ࿢்Ⴔᄲሞᆌᆩዐڢ

ेሜྜࢫ๮ۯยዃ໲்ă

图 11-8：我们并排比较两张图，使用重叠的矩形几何来描述预览工具中的纹理贴图；左边是使用之

前两个带 alpha 蒙版的 BMP 文件的效果，右边是使用一个 PNG 文件的效果；右边树周围

的白色区域是预览工具的缺陷，当我们在应用代码中明确告诉 Three.js 使用透明度的时候，

它就会消失

11.3　使用skybox创建一个3D背景

़඗࿢்ᇨબۙࢅ๬କ׭๨ఇ႙ǈժ൐ᅙঢ়ኪڢසࢆॽ Futurgo ᇑ໲णׯǈ၄ሞ੗ᅜਸ๔

ڍǈٱඓํփࡕᅝຍၳڦ๨ఇ႙׭๯ံǈ࿢்Ⴔᄲ঴ਦଷᅃ߲࿚༶ăኄ߲ڍॺᆌᆩକăࠓ

໲ኻᆶᆶ၌ڦ 4 ߲ন൶ăසࡕ࿢்ၙᄲᅃ߲௚ටڦĂኈํׇڦৠઠ๬॑ Futurgoǈ৽Ⴔᄲ

៺කᅃ߲ࡗ象ă࿢்੗ᅜཚ्ڦ๨׭ٷ߸ሰᅃ߲ظ skybox ԝৠઠํ၄ă

11.3.1　3D skybox
ڦ႙ۆࢅ Web ᄻ面ԝৠփཞǈ࿢்ׇڦৠႴᄲ 3D ǈ࿢்೺ྭࢪ้ڦۯ၎ऐᅎړԝৠǖڦ

ăskyboxࣅԝৠՎڟੂ ๟ᅃ߲ඇৠ཮ǈᆯᅃ߲૬ݛ体ాԈ߲ୃڦࡖ࿖૙཮ፇׯă૬ݛ体๟

ཚࡗᅃ߲ࠦۨ၎ऐ჉ገ៺ක؜ઠڦǈࣷ၂๖؜ԝৠڦփཞևݴăskybox ๟ᅃዖ༵ࠃኈํ

3D ԝৠڦटഄ०݆ݛڦڇă

Three.js ब߲ࡤ๖૩ዐԈڦ skybox ਸٶᄇ๖ăڦీࠀ Three.js ๖૩࿔ॲ webgl_materials_
cubemap_balls_reflection.html ઠֱੂሏႜࡕၳڦăኄ߲૩ጱੂഐઠփٱǈڍ๟ᅺྺ skybox
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ڦٷ׉ݥॺକᅃ߲ظ၄ǈ໲ᆶᅃၵ၌዆ăሞ໯ᆶኄၵ૩ጱዐǈፕኁሞׇৠྔՉᇹํڦ֢ٚ

૬ݛ体ă໲ੂഐઠ࢔远ǈڍසేࡕሞׇৠዐࡵڞǈీࠕথ近ഄዐగ߲Չᇹǈฯ዁ፌዕڟٳ

໲ǈܸٗ೦࣋କ्象ă

3D ཮ႚዐڦᅃൎۼ๟्象ăskybox ԝৠৠ෥ڦ࿮၌ڦޜॺକᅃ߲ସට႑ظ

्象ǈኻᄲేᆦ远փཚࡗᅎඁۯথ近໲ăසࡗੂేࡕ Peter Weir ؤᆖĖۉڦ

ோڦ๘হėǈ࣮ၙᅃူؤோ৊෇ᅃ面ํ体഻ڦఫׇ߲ৠăኄ面഻๟বణڞᄇ

ྺ໱ࣼ዆ڦටሰ๘হԝৠǈᅃڋ໱ጐฉఫ面഻ččࣧჾ৽ԥָحକă

11.3.2　Vizi skybox对象

ྺକظॺᅃ߲ସට႑׭ڦޜ๨ׇৠǈ࿢்Ⴔᄲ๑ᆩᅃ߲ࢇ๢ڦ skyboxăସටߛ႗ڦ๟ǈ

Vizi ઀ॐዐጲټକᅃ߲ăሞॽ skybox ૩ጱઠቛ๖ڦڇॺᅃ߲०ظ๨ᆌᆩമǈ࿢்ံ׭৊ݣ

໲ࡕၳڦăٶਸ๖૩࿔ॲ Chapter 11/skybox.htmlǈස཮ 11-9 ໯๖ă๑ᆩ຋Ք჉ገઠֱੂኝ

߲ԝৠǈ๑ᆩఄةӱईࡐ୾ઠٷݣ໫ၭăਈႚࣷՎ近ࢅՎ远ǈڍԝৠ๔ዕԍ׼࿮၌远ڦਐ

૗ăጀᅪ skybox ॺᅃ߲ਏᆶ၎ཞظࡗ๟ཚࡕ՗面ăኄ߲ၳڦ体ݛକമৠ૬ڟพݒԝৠ࣏ڦ

࿖૙ڦ૬ݛ体࣍ৣཌྷ཮ઠํ၄ڦă

图 11-9：一个 skybox 背景，前景是立方体——当用户向前和向后移动的时候，立方体会变近和变远，

但背景保持无限远的距离；立方体上使用同样的纹理贴图来反射背景

skybox քਆ၂๖ሞ཮ڦǈ໲ׯඇৠ཮཮ೌᆯୃ߲࿋཮ፇڦ 11-10 ዐăኄၵ࿋཮࢔ڥࢇފ৆

௢ǈ๑ڥᆙพሞ૬ݛ体ాևੂഐઠྜ׉ݥெă
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图 11-10：六个纹理组成了 skybox 背景的立方体贴图（skybox 纹理来自 http://www.3delyvisions.
com/skf1.htm）

૩ 11-7 ቛ๖କظॺ skybox ժཁेׇڟৠዐپڦஓă๯ံǈ࿢்๑ᆩ Three.js ਏ߾ዺޤڦ

THREE.ImageUtils.loadTextureCube() ઠظॺᅃ߲૬ݛ体࿖૙ཌྷ཮ă඗ۙࢫᆩᅃ߲ Vizi ࡧ
ຕઠظॺ skybox ڦ prefab（ईኁຫᇨॺ对象）ǖVizi.Prefabs.Skybox()ăፌࢫยዃ skybox
ᆌᆩዐăڟ体࿖૙ǈժॽ໲ཁेݛ࿖૙（texture）ຌႠྺ૬ڦ

例 ԝৠ（skybox）࢈ॺཀ੣ظ：11-7

    var app = new Vizi.Application({ container : container }); 
 
    // ཀ੣࢈ઠጲhttp://www.3delyvisions.com/ 
    // http://www.3delyvisions.com/skf1.htm 
    var path = "../images/sky35/"; 
 
    var urls = [ path + "rightcity.jpg", path + "leftcity.jpg", 
                 path + "topcity.jpg", path + "botcity.jpg", 
                 path + "frontcity.jpg", path + "backcity.jpg" ]; 
 
    var cubeTexture = THREE.ImageUtils.loadTextureCube( urls ); 
 
    var skybox = Vizi.Prefabs.Skybox(); 
    var skyboxScript = skybox.getComponent(Vizi.SkyboxScript); 
    skyboxScript.texture = cubeTexture; 
 
    app.addObject(skybox);
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ఫ஺ǈኄ߲ prefab ๟ፔ๊஺఼ڦǛ

ሞ Vizi ዐǈprefab ๟ᅃፇాዃڦ对象ࢅፇॲǈ໲੗ᅜظॺժևຈׇڟৠዐă

prefab ኄዖยऺఇ๕ሞૌຼ Unity ኄᄣڦᆴဥᆅ൤ዐঢ়؜׉၄ă၄پᆴဥᆅ

൤ڦยऺ൵๞ᅙঢ়ٗཚظࡗॺૌઠકቛీࠀǈገၠକ਋ण०ڇፇॲްڟሗڦ

঳ࠓዐă

对ᇀ Vizi ڦ skybox ઠຫǈ໲๟ᅃ߲૬ݛ体ǈᆩઠࣼ዆ԝৠǈժ߶ጷዷ၎ऐ

对ేࡕăසၠוኟඓڦ体ݛ૬׼ǈઠԍۯᅎڦ Vizi ዐ skybox ڦ prefab ๟ස

ആǈ੗ᅜ֖੊ࡻڟߌڦ၄ํࢆ Vizi ᇸஓዐڦ objects/skybox.js ࿔ॲă

ኄ߲૩ጱዐڦ૬ݛ体Ⴔᄲݒพ skybox ԝৠ཮ăཚࡗ๑ᆩ၎ཞڦ૬ݛ体࿖૙ཌྷ཮ઠፕྺ૬ݛ

体ৣ࣍ڦཌྷ཮ǈ࿢்࢔ඹᅟ৽ํ၄କ໲ăਏ体پஓස૩ 11-8 ዐ໯๖ă

例 11-8：ཁे૬ݛ体ཌྷ཮ڟമৠ对象ዐ

    var cube = new Vizi.Object; 
 
    var visual = new Vizi.Visual( 
            { geometry: new THREE.CubeGeometry(2, 2, 2), 
                material: new THREE.MeshPhongMaterial({ 
                    color:0xffffff, 
                    envMap:cubeTexture, 
                    reflectivity:0.8, 
                    refractionRatio:0.1 
                    }) 
            }); 
 
 
    cube.addComponent(visual); 
    app.addObject(cube);

11.4　集成3D内容到应用中

࿢்ᅙঢ়๑ᆩᇨબ߾ਏ៓બକׇৠ཮ǈֱቴڟକ对象ڦఁࢅ׬ຌႠǈժֱੂକ࠼ᇸतഄ

໱视ਥ༬Ⴀă࿢்ᄺൣؤକړఇ႙ेሜڟᆌᆩࢫႴᄲፔڦ๚൧ă࿢்࣏ბသକසࠓࢆॺ

skybox ԝৠǈᅜतሞׇৠዐසݒࢆพ໲ڟ对象ฉă၄ሞǈ࿢்ዕᇀጚԢࡻणׯ 3D ڟৣ࣍

ᆌᆩዐକă

11.4.1　加载和初始化场景

Futurgo ๬॑ᆌᆩሞ࿔ॲ Chapter 11/futurgoCity.html ዐăഄዐڦ jQuery-ready ǈڇ०࢔ஓپ

໲ظॺକᅃ߲ࣷेሜఇ႙Ăፇጎׇৠժሏႜᆌᆩڦ FuturgoCity ૌํڦ૩ăFuturgoCity ڦ

ᇸஓ੗ᅜሞ࿔ॲ Chapter 11/futurgoCity.js ዐቴڟă

ᆌᆩڦยዃپஓ๯ံेሜ׭๨ఇ႙ăኮࢫ࿔ॲेሜࡧ࣮ۙڦຕ onLoadComplete() ਸ๔ፇጎ

࣍ৣăֱੂ૩ 11-9ăۙړᆩֱੂഗڦ replaceScene() ৠዐׇڟඹཁेాڦࡻॽႎेሜ݆ݛ

ᆩۙࡗǈ࿢்ཚࢫ setController("FPS") ă（࿢்ॽሞԨቤࡵڞ׬ᅃටڼ໕ֱੂഗ๑ᆩߢ
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ڦമ၎ऐړ၎ऐ੦዆ഗतڦԍ٪ֱੂഗࢫă）඗ࡵڞ׬ᅃටڼ面ၘဦ঻ถ၎ऐ੦዆ഗतࢫ

႑တǈࢫࠃ面๑ᆩăፌࢫǈۙᆩब߲ޤዺࡧຕઠཁे skybox ഄ໱ዘᄲׯཌྷ཮ǈժྜৣ࣍ࢅ

ፕă߾ยዃڦ

例 11-9：࣍ৣेሜپ࣮ۙڦࢫஓ

FuturgoCity.prototype.onLoadComplete = function(data, loadStartTime) 
{ 
    var scene = data.scene; 
    this.scene = data.scene; 
    this.viewer.replaceScene(data); 
 
    if (this.loadCallback) { 
        var loadTime = (Date.now() - loadStartTime) / 1000; 
        this.loadCallback(loadTime); 
    } 
 
    this.viewer.setController("FPS"); 
    this.cameraController = this.viewer.controllerScript; 
    this.walkCamera = this.viewer.defaultCamera; 
 
    this.addBackground(); 
    this.addCollisionBox(); 
    this.fixTrees(); 
    this.setupCamera(); 
    this.loadFuturgo(); 
}

addBackground() ๑ᆩᇑമᅃবڦ૩ጱᅃᄣݛڦ๕ظॺ skyboxǈ඗ࢫཁे࣍ৣཌྷ཮ڟॺዾ

ฉă࿢்ᅙঢ়๑ᆩᇨબ߾ਏֱቴࡗॺዾڦఁ׬ǈ໲்ۼᅜጴزޙĐTowerđईĐOfficeđਸ

ཀྵăጀᅪٚ体Քڦ؜ఫᅃႜኟሶ՗ٳ๕ă࿢்๑ᆩ Vizi ׇৠ཮ڦ map() ڦઠֱቴ೅ದ݆ݛ

对象ǈ඗ࢫยዃ௅߲对象ฉ Three.js ֌ዊৣ࣍ڦཌྷ཮ă

     this.scene.map(/Tower.*|Office.*/, function(o) { 
 
        var visuals = o.visuals; 
        if (visuals) { 
            for (var vi = 0; vi < visuals.length; vi++) { 
                var v = visuals[vi]; 
                var material = v.material; 
                if (material) { 
                    if (material instanceof THREE.MeshFaceMaterial) { 
                        var materials = material.materials; 
                        var mi, len = materials.length; 
                        for (mi = 0; mi < len; mi++) { 
                            addEnvMap(materials[mi]); 
                        } 
                    } 
                    else { 
                        addEnvMap(material); 
                    } 
                } 
            } 
        } 
    });
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থူઠǈ࿢்ᄲཁेᅃ߲ಸጐ࢈ăሞԨቤࢫ面ǈ࿢்ॽࣷੂڟසํࢆ၄ಸጐॠ֪ǈઠኧ׼

ᅜڼᅃට׬ఇ๕ሞׇৠዐࡵڞă၄ሞǈኄ૛پڦஓ๟ሞ׭๨ڦՉহยዃᅃ߲փ੗见࢈ڦ

ጱǈ๑ڥ࿢்փీ؜גኄၵ၌዆ă໲׉ݥ०ڇǖظॺᅃ߲ႎڦ Vizi.Visual 对象ǈഄዐԈ

ڦยዃഄ֌ዊࡗՉহ઀ǈժཚڦ体ǈ؅٫ྺׇৠݛᅃ߲૬ࡤ opacity ຌႠྺ 0 ઠԍኤ໲๟

ཪ௽ڦăُأኮྔǈ࿢்࣏Ⴔᄲԍኤಸጐ݀ิሞ૬ݛ体ాևă࿢்ཚࡗยዃ૬ݛ体ڦ side

ຌႠྺ஼ਉኵ THREE.DoubleSide（न៺ක૬ݛ体ڦଇ面）ǈઠߢ໕ Three.js ៺ක૬ݛ体ڦԝ

面ăپஓස૩ 11-10 ໯๖ă

例 11-10ǖཁेᅃ߲ಸጐׇڟ࢈ৠዐ

 FuturgoCity.prototype.addCollisionBox = function() { 
 
    var bbox = Vizi.SceneUtils.computeBoundingBox(this.scene); 
 
    var box = new Vizi.Object; 
    box.name = "_futurgoCollisionBox"; 
 
    var geometry = new THREE.CubeGeometry(bbox.max.x - bbox.min.x, 
            bbox.max.y - bbox.min.y, 
            bbox.max.z - bbox.min.z); 
 
    var material = new THREE.MeshBasicMaterial({ 
        transparent:true,  
        opacity:0,  
        side:THREE.DoubleSide 
        }); 
 
    var visual = new Vizi.Visual({ 
        geometry : geometry, 
        material : material}); 
 
    box.addComponent(visual); 
 
    this.viewer.addObject(box); 
}

࿢்Ⴔᄲ঴ਦຏڦཪ௽܈࿚༶ăሞ fixTrees() ዐǈ࿢்ምْ๑ᆩ݆ݛ map() ઠֱቴఁ׬ᅜ

ĐTreeđਸཀྵڦবۅǈ඗ࢫቴڟ໲໯Ԉڦࡤ视ਥᇮ໎ǈยዃ໲்֌ዊຌႠዐڦ transparent

ຌႠྺ trueăኄ߲Քऻߢ໕ Three.js ៺කဣཥਸഔڦ alpha ுᆶ໲ǈຏ৽ࣷփࡕăසࢇं

ཪ௽ǈස཮ 11-8 ዐሞᇨબ߾ਏዐੂڦڟఫᄣă

    this.scene.map(/^Tree.*/, function(o) { 
 
        o.map(Vizi.Visual, function(v){ 
            var material = v.material; 
            if (material instanceof THREE.MeshFaceMaterial) { 
                var materials = material.materials; 
                var i, len = materials.length; 
                for (i = 0; i < len; i++) { 
                    material = materials[i]; 
                    material.transparent = true; 
                } 
            } 



开发一个3D环境   ｜   253

            else { 
                material.transparent = true; 
            } 
 
        }); 
    });

ሞॽ၎ऐࢇڟݣ๢ڦ࿋ዃઠ৊ႜ؛๔ֱੂࢫǈ࿢்৽੗ᅜ৊ႜยዃᆌᆩዐፌࢫᅃ߲ڦٷօ

የǖेሜכఇ႙ă

11.4.2　加载和初始化车模型

ेሜࢅጚԢכఇ႙Ԉࡤब߲օየǖཁेेሜڦࡻఇ႙ׇڟৠዐǈཁेڟشכ؜ڏփཞཪ௽

พݒวዐઠכࢅشכڟႜྺǈཁे࣍ৣཌྷ཮ڦ܈ skyboxǈඁۖሞᇨબ߾ਏዐੂ࠼ྔܮڦڟ

ᇸǈፌݣࢫዃכࡻăኄၵۼፔྜࢫǈ࿢்࣏Ⴔᄲยዃਸࢅכ၎ڦࣃۯ࠲঍ࢻ๕对象ǈໜࢫ

ࣷ঻ถă

࿔ॲेሜࡧ࣮ۙڦຕᅜසူݛڦ๕ኴႜăۙᆩ this.viewer.addToScene() ઠཁे对象ׇڟ

ৠዐă඗ࢫǈࢅമᅃቤᅃᄣǈ࿢்ཁेڦشכॷՎႜྺǈժጲۯਸ๔ǈ๑ڥ໲ଇ௱ࢫॽՎ

ྺӷཪ௽ăଷྔǈ࿢்ॽॷՎڦ对象ԍ٪ሞᆌᆩڦ faders ຌႠዐă໲๟ᅃ߲ຕፇǈ࿢்

ॽሞࢫ面๑ᆩ໲ઠॷՎشכǈሞ৊෇ࢪ้ڦכՎڥ߸ཪ௽ǈሞ૗ਸࢪ้ڦכՎ࣮ӷཪ௽ă

࿢்ሞՓ૦شכ֌ዊࢪ้ڦǈ࣏ཁेକॺዾ໯๑ᆩڦ၎ཞৣ࣍ڦཌྷ཮ǈᄺ৽๟ఊཀڦ୍ٷ

skybox ԝৠ૬ݛ体࿖૙ă૩ 11-11 ቛ๖କኄၵۙᆩă

例 11-11ǖت૙ेሜ Futurgo ஓپ࣮ۙڦכ

 FuturgoCity.prototype.onFuturgoLoadComplete = function(data) { 
 
    // ॽFuturgoఇ႙ཁेׇڟৠዐ 
    this.viewer.addToScene(data); 
    var futurgoScene = data.scene; 
 
    // ཁे঍ࢅࢻႜྺ 
    var that = this; 
 
    // ॽ࣍ৣཌྷ཮؜ڏࢅഗཁेشڟ口ዐǈሞਸ๔঩܎ॽش口؜ڏ 
    this.faders = []; 
    futurgoScene.map(/windows_front|windows_rear/, function(o) { 
 
        var fader = new Vizi.FadeBehavior({duration:2,  
            opacity:FuturgoCity.OPACITY_SEMI_OPAQUE}); 
        o.addComponent(fader); 
        fader.start(); 
        that.faders.push(fader); 
 
        var visuals = o.visuals; 
        var i, len = visuals.length; 
        for (i = 0; i < len; i++) { 
            visuals[i].material.envMap = that.envMap; 
            visuals[i].material.reflectivity = 0.1; 
            visuals[i].material.refractionRatio = 0.1; 
        } 
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    });

඗ࢫ࿢்ॽ࣍ৣཌྷ཮ཁेכڟว（ূຌ઀ॐࢫࢅ视৥）ฉă

 วཁे࣍ৣཌྷ཮כߴ //    
    futurgoScene.map(/body2/, function(o) { 
        var visuals = o.visuals; 
        var i, len = visuals.length; 
        for (i = 0; i < len; i++) { 
            visuals[i].material.envMap = that.envMap; 
            visuals[i].material.reflectivity = 0.1; 
            visuals[i].material.refractionRatio = 0.1; 
        } 
 
    });

থူઠǈ࿢்Փ૦כวڦ௅ᅃ߲ևݴઠཁे Vizi.Picker 对象ă໲ॽሎႹ࿢்ۅऍ Futurgo
ڦ对象ڟ٪ඪᅪ࿋ዃઠਸ๔๬॑ă࿢்ॽ໲ԍڦ pickers ຕፇዐǈᅺྺ࿢்ॽࣷሞ௅ْ৊

෇ࢅ૗ਸݴࢪ้ڦכ՚্ᆩࢅዘႎਸഔ pickeră

ምথူઠǈ࿢்ت૙ሞᇨબ߾ਏዐ Futurgo ఇ႙ڞ෇ׇڟৠ࠼ڦڟੂࢫᇸ࿚༶ăFuturgo ఇ

႙ዐ࠼ڦྔܮᇸׇࢅৠዐ࠼ڦᇸ۠ेǈڞዂఇ႙ੂഐઠོ෥କă໯ᅜ࿢்Ⴔᄲۖ࠲ Futurgo
ఇ႙ዐጲڦټ໯ᆶ࠼ᇸăଷྔǈ࣏Ⴔᄲ࠲Կ׭๨ఇ႙ዐ༵࠼ৣ࣍ڦࠃă

     // ઠጲଇׇ߲ৠ࠼ڦཞ้ፕᆩ 
    // ๑כڥఇ႙ੂഐઠࡗᇀ֜ӣ 
 ᇸ࠼໯ᆶڦټఇ႙ዐጲכۖ࠲ //    
    futurgoScene.map(Vizi.PointLight, function(light) { 
        light.intensity = 0; 
    }); 
 
    // ࣏Ⴔᄲ࠲Կ׭๨ఇ႙ዐ༵࠼ৣ࣍ڦࠃ 
    this.scene.map(/ambient/, function(o) { 
        o.light.color.set(0, 0, 0); 
    });

ፌࢫǈ࿢்ॽݣכዃڟᅃ߲ࢇ๢؛ڦ๔࿋ዃǈፕྺ࿢்৊෇ׇৠ้ڦࢪ视཮ăᅺྺ၎ऐڦ

x ࢅ z ࿋ዃኵۼ๟ଭǈ໯ᅜ࿢்ॽݣכሞ໲ڦᆸݛࢫă

     // ॽݣכዃڟᅃ߲ࢇ๢؛ڦ๔࿋ዃ 
    var futurgo = futurgoScene.findNode("vizi_mobile"); 
    futurgo.transform.position.set(2.33, 0, -6);

࿢்࣏Ⴔᄲཁेᅃၵႜྺࢅ঍ࢻઠਸכǈԨቤ఍࿂ևݴॽ对ُ৊ႜ঻ถăփࣆࡗຫ࣮ઠǈ

၄ሞׇৠᅙঢ়ྜඇፇጎࡻକăే੗ᅜੂڟ skybox ԝৠत࣍ৣཌྷ཮ݒڦพǗכᅙঢ়ࡻݣ࿋ዃ

କǈ໲شכڦӷཪ௽ǈܸ൐ԝৠৣ࣍ڦཌྷ཮ݒพכڟวฉăᄻ面ेሜྜڦࢫ৊෇视཮ස཮

11-11 ໯๖ă
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图 11-11：Futurgo 城市应用的进入视图

ඟ࿢்ࢾၵ้क़ઠִ࠵ăཱྀጅ຋Քઠֱੂ຺ዜǈ๑ᆩၠݛ॰ઠሞׇৠዐᅎۯăੂੂॺዾߛ

ເܸ૬ǈݒพጣࣜࣾڦཀ੣ă࿢்ኻᆩକबཀ৽ظॺࡻ໲କǈኄ੗ኈ๟କփഐׯڦ৽ă

ፕă߾঳ຐକǈ࿢்ीჄ࠾ǈှࡻ

11.5　实现第一人称导航

၄ሞ࿢்ेሜৣ࣍ࡻକǈ࿢்Ⴔᄲሞഄዐᅎۯă࿢்ၙᄲሎႹᆩࢽօႜ៓બ׭๨ǈईኁ๬

॑ FuturgoăሞԨবዐǈ࿢்ॽ༪ஃසํࢆ၄ᆴဥࡵڞڦ߭ޅǈᄺྺ׬第一人称导航（first-
person navigation）ă

视ঙઠ៺කڦࢽ๟ٗᆩڦኄ߲ຍᇕǈኸ（视ঙ׬ᅃටڼई）׬ᅃටڼ 3D ׇৠăԨዊฉઠ

ຫ৽๟ॽ၎ऐݣሞຼࡻᆩࢽມᄅक़ڦ࿋ዃăڼᅃට׬导航๟ᅃዖᅎۯ၎ऐڦఇ๕ǈ၎ऐߵ

਍຋ՔĂ॰ಎĂ๮դڪᆴဥ๼෇ยԢ৊ႜၚᆌăڼᅃටࡵڞ׬ሞۉጱᆴဥዐୁ׉ݥႜǈᆮ

ഄ๟第一人称射击（First-Person ShooterǈFPS）ኄᄣڦ对቟ᆴဥă

ሞጞ面ۉసฉǈڼᅃටࡵڞ׬ཚ׉ᆯ຋Քࢅ॰ಎ֡ፕǈ຋Քᆩᇀ੦዆၎ऐኸၠၠݛڦǈ॰

ಎᆩᇀᆩڦࢽᅎۯĂࣂႜई჉ገă՗ 11-1 ቛ๖କڼᅃටࡵڞ׬ዐۆ႙ڦ॰ಎࢅ຋Քӿ

ۨăၠݛ॰ᆩᇀ视཮ڦፑᆸᅎۯतമ৊ཽࢫǈ࣏ᆶ WĂAĂS ࢅ D ॰（ཥ׬ĐWASDđई

Đwazz-deeđ॰）ᄺํ၄ཞᄣీࠀڦǈᆩీࢽፑ๮৊ႜᅎۯǈཞ้ᆸ๮๑ᆩ຋Ք჉ገ၎ऐ

（ईኁሞพऍᆴဥዐพऍڲට）ă
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表11-1：第一人称模式的典型键盘和鼠标绑定

键盘/鼠标行为 功　　能

WĂฉॱཀྵ മ৊

AĂፑॱཀྵ ၠፑᅎۯ

SĂူॱཀྵ ཽࢫ

DĂᆸॱཀྵ ۯᅎࢫၠ

຋Քཱྀฉ ၎ऐၠฉ

຋Քཱྀူ ၎ऐၠူ

຋Քཱྀፑ ၎ऐၠፑ

຋Քཱྀᆸ ၎ऐၠᆸ

๑ᆩၠݛ॰ई WASD ॰ሞ׭๨ׇৠዐ៓બǈཱྀጅ຋Քፑ॰ઠֱੂฉူፑᆸǈස཮ 11-12
໯๖ă

图 11-12：以第一人称模式浏览场景

11.5.1　相机控制器

ྺକํ၄ڼᅃටࡵڞ׬ǈ࿢்ॽ๑ᆩ相机控制器（camera controller）对象ă၎ऐ੦዆ഗǈ

ኟසഄఁǈएᇀᆩࢽ๼෇ઠ੦዆၎ऐڦᅎۯăVizi.Viewer ኧ׼փཞڦ၎ऐ੦዆ഗఇ๕ǖ

ఇ႙（model）तڼᅃට׬（first-person）ǈ໲ࣷጲྺۯ௅߲ఇ๕ظॺ၎ऐ੦዆ഗ对象ăኻ

Ⴔᄲۙᆩֱੂഗڦ setController() ઠՔ๎๑ᆩన߲੦዆ഗǗణزޙǈ໲থ๭ᅃ߲ጴ݆ݛ

മኧڦ׼ኵ๟ "model" ࢅ "FPS"ă

ڼ 10 ቤዐڦ Futurgo ᆌᆩ๑ᆩକఇ႙၎ऐ੦዆ഗǈยऺᆩᇀྷජ࿿体჉ገ၎ऐǈᅃ኱ၠו
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࿿体ڦዐ႐ă໲ࡕၳڦ๟ཱྀేړጅ຋Քࢪ้ڦǈఇ႙ੂഐࣷ߶ጣ჉ገǈईኁేړ๑ᆩఄة

ӱईࡐ୾ࢪ้ڦǈఇ႙ࣷՎڥ近ۅई远ۅ（๚ํฉኻᆶ၎ऐሞۯ）ăኄዖૌ႙ڦ၎ऐ੦዆

ഗፌ๢ࢇኻ๑ᆩᅃ߲ఇ႙ڦᆌᆩă对ᇀ׭๨ᆌᆩǈ࿢்ॽ๑ᆩڼᅃට׬੦዆ഗă

11.5.2　第一人称控制器中的数学

ํ၄ڼᅃට׬੦዆ഗ࠲ڦ॰๟ॽ຋Քڦ࿋ዃՎࣅገ࣑ׯ၎ऐڦ჉ገǖၠፑၠᆸཱྀጅࣷඟ၎

ऐජጣ y ዡ჉ገǈၠฉၠူཱྀጅሶජጣ໲ڦ x ዡ჉ገăएᇀ॰ಎڦᅎۯཚࣷ׉ፏቷ၎ऐڦ

ăۯǖӀူၠฉॱཀྵ॰ǈ၎ऐࣷᄂጣ视၍ၠമᅎၠו

ྺକൎว体ࣷਸ݀ڼᅃට׬੦዆ഗ໯Ⴔڦຕბǈඟ࿢்ੂੂ Vizi ํ၄ዐڦևپݴஓă

Vizi.FirstPersonControls ዐڦ update() ሞ௅ْሏႜთ࣍ዐԥۙᆩǈ໲ऺ໙ජ݆ࣷݛ x त

y ዡ჉ገڦጺଉă൩ੂ૩ 11-12 ዐ໯ଚپڦ؜ஓă

例 11-12ǖVizi.FirstPersonControls ஓپڦ

    if (this.mouseDragOn || this.mouseLook) { 
 
        var deltax = this.lastMouseX - this.mouseX; 
        var dlon = deltax / this.viewHalfX * 900; 
        this.lon += dlon * this.lookSpeed; 
 
        var deltay = this.lastMouseY - this.mouseY; 
        var dlat = deltay / this.viewHalfY * 900; 
        this.lat += dlat * this.lookSpeed; 
 
        this.theta = THREE.Math.degToRad( this.lon ); 
 
        this.lat = Math.max( - 85, Math.min( 85, this.lat ) ); 
        this.phi = THREE.Math.degToRad( this.lat ); 
 
        var targetPosition = this.target, 
            position = this.object.position; 
 
        targetPosition.x = position.x - Math.sin( this.theta ); 
        targetPosition.y = position.y + Math.sin( this.phi ); 
        targetPosition.z = position.z - Math.cos( this.theta ); 
 
        this.object.lookAt( targetPosition ); 
 
        this.lastMouseX = this.mouseX; 
        this.lastMouseY = this.mouseY; 
    }

๯ံǈ࿢்ऺ໙຋Ք x ࢅ y ࿋ዃ၎对ᇀኮമڦՎࣅǈ඗ࢫॽ໲ገ࣑ׯ჉ገሺଉ（rotational 
delta）ǈፕྺঢ়ࢅ܈࿃ڦ܈Վ܈ࣅăਆևՎଉ dlon ᆩᇀ՗๖ঢ়ڦ܈Վࣅǈ࿢்๑ᆩසူࠅ

๕ઠऺ໙໲ǖ

                var dlon = deltax / this.viewHalfX * 900;

࿢்ᆩ຋Ք x ࿋ዃڦՎأࣅᅜׇৠ੻ڦ܈ᅃӷǈઠڟڥ຋Քᅎٷڦۯၭ቞ೡటڦӥݴԲă

௅ 10% ᇀڪ܈ೡట੻ڦ 90 ᅜױ჉ገ（ᅺُ܈ 900）ă඗ࢫǈ࿢்ॽኄ߲ሺଉेړڟമঢ়܈
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（຤平）ڦ჉ገฉǖ

                this.lon += dlon * this.lookSpeed;

ঢ়܈჉ገڦঙ܈඗ࢫገ࣑ׯ Three.js ዐ๑ᆩ܈ࢷڦ（radian）ǈժԍ٪ڟ this.theta ຌ

Ⴀዐǖ

                this.theta = THREE.Math.degToRad( this.lon );

࿢்ᅜ၎ཞݛڦ๕๑ᆩ຋Ք y ࿋ዃڦՎऺࣅ໙࿃܈（ؽ኱჉ገ）ڦ჉ገǈժԍ٪ڟ this.

phi ዐă၄ሞ࿢்ᆶକႎڦঢ়࿃܈ኵǈ੗ᅜ჉ገ视཮କă࿢்ཚऺࡗ໙؜Đֱੂđڦ࿋ዃ

ઠํ၄ǈኄ߲࿋ዃ๟ሞᅜ၎ऐྺᇱڦۅᅃ߲ڇ࿋൰体ฉǈ඗ࢫ๑ᆩ၎ऐڦ lookAt() ඟ݆ݛ

Three.js କăၠݛڦጣᅃ߲ႎוఫ૛ă၄ሞǈ၎ऐᅙঢ়ၠו၎ऐڦ

                targetPosition.x = position.x - Math.sin( this.theta ); 
                targetPosition.y = position.y + Math.sin( this.phi ); 
                targetPosition.z = position.z - Math.cos( this.theta ); 
                this.object.lookAt( targetPosition );

၎ऐໜጣ视၍৊ႜᅎۯăසࡕᆩࢽӀူඪᅪࡵڞ॰ǈ࿢்ยዃ၎ᆌڦքܻኵຌႠ

moveForwardĂmoveBackwardĂmoveLeft ࢅ moveRight ઠՔ๎໲ǈժሞ update() ዐ৊ႜ

ॠֱă

this.update = function( delta ) { 
 
        this.startY = this.object.position.y; 
 
        var actualMoveSpeed = delta * this.movementSpeed; 
 
        if ( this.moveForward )  
            this.object.translateZ( - actualMoveSpeed ); 
        if ( this.moveBackward )  
            this.object.translateZ( actualMoveSpeed ); 
 
        if ( this.moveLeft )  
            this.object.translateX( - actualMoveSpeed ); 
        if ( this.moveRight )  
            this.object.translateX( actualMoveSpeed ); 
 
        this.object.position.y = this.startY;

࿢்๑ᆩ Three.js ઠӻዺ࿢்ऺ໙၎ऐڦႎ࿋ዃătranslateZ() ࢅ translateX() ՚ݴ݆ݛ

ජ၎ᆌڦዡ৊ႜᅎۯăᅺྺ၎ऐईႹࣷሞ຤平ၠݛኸၠฉईူǈኄॽڞዂᄂጣ y ዡฉᅎ

߃ኵǈઠޮڦ٪ฉă໯ᅜ࿢்๑ᆩኮമԍںሞ׼ă࿢்փထྭኄᄣǈ࿢்ထྭᅃ኱ԍۯ y
࿋ዃฉڦඪࢆႪ߀ă

11.5.3　鼠标视角

ሞኄ߲ᆌᆩዐǈᆩࢽႴᄲۅऍཱྀࢅጅ຋Քઠ჉ገ၎ऐ视཮ă၎ऐ੦዆ഗሞႹڼܠᅃට׬

ᆴဥዐࣷໜጣ຋Քڦᅎۯઠ჉ገ视཮ǈܸփႴᄲۅऍăኄ߲ఇ๕ཚ׉ԥྺ׬鼠标视角

（mouse look）ă໲对ᇀඇೡڼᅃට׬ᆴဥઠຫݛ׉ݥՍǈᅺྺ໲߸੺ࢅ߸ู૰ă໲࣏༮؜
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କ຋Քۅऍ / ਸੰ٪ᄻ（inventory page）ăٶਸႜྺǈ੗ᅜᆩᇀพऍईݣ

ڦ口ዐش๟对ᇀሞڍ Web ऍ៓બۅ຋Քඁۯ੗ీၙᅎࢽǈ຋Ք视ঙሶ๟ᅃ߲ሚవăᆩࡵڞ

ഗںڦ኷તईՔധǈईኁۅऍᄻ面 2D হ面ڦᇮ໎ăڍ໯ᆶኄၵ׈๬ࣷۼሞ 3D 口ዐ჉ش

ገ၎ऐ视཮ǈ๑ڥሞᆩࢽ๬཮ፔඪࢆ๚൧ࢪ้ڦ၎ऐࣷۼĐݧઠඁݧđǈኄժփࡻ྘ăස

ڦ๬ᅃူǈ੗ᅜሞኄ߲ᆌᆩዐยዃ੦዆ഗ׈ၙేࡕ mouseLook ຌႠྺ trueǈߌ๴ᅃူᆶܠ

஺ସටਊෟăሞ࿢ੂઠǈ຋Ք视཮ኻ๢ࢇඇೡ๑ᆩă

຋Ք视཮࣏੗ᅜၟႹڼܠᅃට׬ᆴဥዐఫᄣᆆ֠຋Քኸኍăႎ៓ڦબഗᄺኧ

ኸኍ໮ۨ（pointer lock）APIྺ׬ǈԥీࠀኄ߲׼ ຋Ք໮ۨ（mouse lock）ࢅ

APIăኄ߲ݛ࠳ڦీࠀ W3C ླྀ४ݔࡀ੗ᅜሞྪฉቴڟ（https://dvcs.w3.org/

hg/pointerlock/raw-file/tip/index.html）ă࿢࣏ླྀ४ᅃೊᆯ Google ฾ײ߾ John 

McCutcheon ႀ࠲ڦᇀኄ߲ࣆ༶ڦᆫႯ࿔ቤ（http://www.html5rocks.com/en/

tutorials/pointerlock/intro/）ă

11.5.4　简单碰撞检测

ᅃ߲ྼ׼ኈํ࣍ৣࣙਥڦዘᄲ༬Ⴀ๟碰撞检测ǖॠ֪ᆩࢽ视཮（ईඪᅪഄ໱对象）ಸጐڟ

ׇৠዐڦबࢆ体ǈժݞኹ对象ࡗحबࢆ体ăසࡕᆩࢽ੗ᅜ഻ࡗحǈ৽փీፔڟସට႑ڦޜ

Ⴕె׭๨କă

ሞԨবዐǈ࿢்ॽࣷბသසํࢆ၄ᅃ߲׉ݥ०ڦڇಸጐॠ֪ǈᆩᇀ Futurgo ๨࣍ৣዐă׭

໲๑ᆩ Three.js math 对象ઠٗ视ۅཨพ؜ᅃཉ࠼၍ǈֱቴሞ视၍ฉڦඪᅪ对象ăසࡕሞగ

ᅃ༬ۨਐ૗ాᆶඪᅪ对象٪ሞǈ৽ණྺ٪ሞಸጐǈժ্ኹ࿢்ሞఫ߲ၠݛฉᅎۯă

ૌ Vizi.FirstPersonControllerScript ๟ ํ ၄ Vizi ڼ ᅃ ට ׬ ڞ ࡵ ဣ ཥ ڦ prefab ፇ

ॲă૩ 11-13 ቛ๖କևپݴஓă๯ံǈԍ٪ᇱံڦ၎ऐ࿋ዃă඗ࢫǈඟ Vizi.FirstPer 

sonControllerScript ݆ݛዺޤ॰ಎ๼෇߸ႎ၎ऐ࿋ዃăথጣǈۙᆩࢅ਍຋Քߵ

testCollision() ઠॠ֪ሞᅙԍ٪ڦ࿋ዃࢅႎ࿋ዃኮक़ڦᅎۯ๟ิׂࣷޏಸጐăසࡕᆶಸ

ጐǈ࿢்ॽ၎ऐ࣬ްڟኮമڦ࿋ዃǈժ݀ةᅃ߲ "collide" ๚ॲ॔ߴདࡧڦຕă（၎႑࿢ǈ

ᆶࡧຕࣷ॔དǈฎࣷࢫ঻ถă）

例 11-13ǖڼᅃට׬੦዆ഗগԨዐڦಸጐॠ֪پஓ

Vizi.FirstPersonControllerScript.prototype.update = function() 
{ 
    this.saveCamera(); 
    this.controls.update(this.clock.getDelta()); 
    var collide = this.testCollision(); 
    if (collide && collide.object) { 
        this.restoreCamera(); 
        this.dispatchEvent("collide", collide); 
    }

၄ሞඟ࿢்ઠੂੂ testCollision() ڼă࣮ᅬᅃူ݆ݛ 9 ቤ঻ถڦࡗ Vizi.Picker ჋ൽپ

ஓăVizi ཮ႚဣཥ๑ᆩ Three.js ᆶࡕăසۅ၎঍ڦ体ኮक़ࢆबڟۅ၍ཨพઠֱቴٗ视࠼ڦ

ᅃ߲࠼၍၍܎ሞፌၭਐ૗ 1 तፌٷਐ૗ 2 ాǈ৽՗௽ᆶ对象၎঍ǈ၎ᆌڦᅃ߲对象ॽԥݓ
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࣮ǈժԍ٪ڟ collide Վଉዐă

Vizi.FirstPersonControllerScript.prototype.testCollision = function() { 
 
    this.movementVector.copy(this._camera.position).sub(this.savedCameraPos); 
    if (this.movementVector.length()) { 
 
        var collide = Vizi.Graphics.instance.objectFromRay(null,  
                this.savedCameraPos, 
                this.movementVector, 1, 2); 
 
        if (collide && collide.object) { 
            var dist = this.savedCameraPos.distanceTo(collide.hitPointWorld); 
        } 
 
        return collide; 
    } 
 
    return null; 
}

ᅜฉڦ໙݆๟ፌ०ڦڇಸጐॠ֪݆ݛă࿢்๑ᆩ၎ऐ࿋ዃઠሞֱੂၠݛڦฉ

ཨพᅃཉ࠼၍ăᅺྺ໲๟ᅃཉ࠼၍ǈுᆶ体ओǈ࿮၌ԋǈ໯ᅜኄփࠕኈํă

ኈํࣅڦว（avatar）ࣷᆶ൸၍ईኁ዁ณᆶ体ओăᅃ߲߸ჹ߭ํڦ၄Ⴔᄲݴ

՚ॠ֪૬ݛ体ᇑ൰体Ăᇶዹ体ईഄ໱बࢆ体ڦಸጐăኄኟ๟ܠٷຕᆅ൤ڦፔ

݆ǈڍ对ᇀ࿢்ڦణڦǈएᇀ࠼၍ڦಸጐॠ֪ፁᅜՆ௨࿢்഻ࡗحՄă

11.6　使用多个相机

3D ߛࢅ视ঙ（viewing angle）ڦ၎ऐǈᅺܸ࿢்੗ᅜ๑ᆩփཞ߲ܠ๟੗ᅜ๑ᆩتࡻᅃ߲ڦ

੻Բ（aspect ratio）ǈٗփཞۅִ࠵ڦઠ៺කׇৠă࿢்੗ᅜᅃ኱๑ᆩᅃ߲၎ऐઠྜׯኄᅃ

๟ǈThree.jsڍຌႠăڦ໲߀ༀႪۯࢪ้ڦፕǈժሞႴᄲ߾ ੗ᅜൟ຿ظॺ߲ܠ၎ऐǈժඟ

໲்ໜ้ځంăVizi ઀ॐॽ Three.js ൎ࣑ǈᅜڦ૙ጣ对໲்࠶ጎ৊କፇॲǈ໲࣏ހ၎ऐڦ

तت૙ഄ໱߾ڦ֫ڹፕǈԲසړ៺කش口ٷၭ߀Վ้ጲۯ߸ႎߛ੻Բă࿢்ॽሞ Futurgo
ă཮ాכዃሞݣ၎ऐժ߲ܾڼॺظǈీࠀ๨体ᄓዐ૧ᆩኄၵ׭ 11-13 ቛ๖କ๑ᆩኄ߲၎ऐ

ٗ Futurgo ాև৊ႜڦִ࠵视཮ă



开发一个3D环境   ｜   261

图 11-13：从 Futurgo 汽车内部的相机查看场景的视图

૩ 11-14 ቛ๖କظॺ߲ܾڼ၎ऐپڦஓă๯ံǈ࿢்ظॺᅃ߲ႎڦ Vizi 对象 driveCamǈᆩ

ᇀԈࡤ၎ऐፇॲădriveCam ॽࣷԥཁेྺ Futurgo تࡻڦăྺ๊஺ኄᄣፔǛ໲ۅጱবڦכ

๟כړᅎۯ（࿢்ॽሞࢫ面঻ถ）ࢪ้ڦǈ၎ऐࣷ߶ጣᅎۯă࣮ᅬᅃူ࿢்ሞኮമቤবዐ

对变换层级ڦ༪ஃǖᅃ߲对象ڦՎ࣑ຌႠ（࿋ዃĂ჉ገत໫ݣ）ࣷᆖၚ໲ጱবڦۅՎ࣑ă

ǈ၎ऐࣷ߶ጣՎ࣑ăࢪ้ڦۯईገۯᅎכړ

থူઠǈ࿢்ॽ၎ऐాכڟݣăॽ၎ऐཁेྺ Futurgo ăۅᇱڦכዃሞݣఐණࣷۅጱবڦ

ሞኄ߲૩ጱዐǈ၎ऐࣷሞںฉă໯ᅜ࿢்Ⴔᄲॽ໲ݣዃࢇ๢ăփࡗǈ࿢்࣏Ⴔᄲت૙ᅃၵ

໬๚ǈᅺྺړ TC ॺࠓ Futurgo ఇ႙้ǈాևԈࡤକ໫ݣኵă（࿢ཚेࡗሜఇ႙ڟᇨબ߾ਏ

ዐǈժॠֱ֫ۥፇڦ໫ݣኵ৊ႜକඓණă）࿢ுᆶඟ TC ዘႎ߀Վఇ႙؅٫ǈܸ๟०ںڇཚ

ሀ）ᆈ؅ୃ߁ٷዃሞକݣ၎ऐԥࡕ࿋ዃă঳ڦኵǈઠۙኝ၎ऐݣ໫ڦ܈ᅜ௅߲ྼأࡗ 1.8
௝）ິߛऐፖူࢫ视平၍（eye level）ڦ࿋ዃǈස཮ 11-13 ໯๖ă

例 11-14ǖظॺਸכ၎ऐ

// ሞݣాכዃᅃ߲၎ऐ 
var driveCam = new Vizi.Object; 
var camera = new Vizi.PerspectiveCamera; 
camera.near = 0.01; 
driveCam.addComponent(camera); 
futurgo.addChild(driveCam);  
// ऺ໙ఇ႙ڦઙฦኵ 
// ᅜՍ࿢்ॽ၎ऐӦݣሞࢇ๢ڦ࿋ዃ 
var scaley = futurgo.transform.scale.y; 
var scalez = futurgo.transform.scale.z; 
var camy = FuturgoCity.AVATAR_HEIGHT_SEATED / scaley; 
var camz = 0 / scalez; 
driveCam.transform.position.set(0, camy, camz); 
this.driveCamera = camera;
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ሞူᅃবዐǈ࿢ॽ঻ถසࢆൎ࣑ڟኄ߲၎ऐǈፕྺሞਸ๔ࢅ঳ຐ๬॑ఇ๕ࢪ้ڦ৊෇ࢅ૗

ਸ Futurgo ăݴᅃևڦࣃۯ܉ࡗڦכ

11.7　创建定时的动画过渡

࿢்੺ᄲీࠕਸ๔๬॑କă๑ᆩ຋Քۅऍ FuturgoǈईۅऍፑՉڦĐStart Test DriveđՔധǈ

ࣷඟ࿢்৊෇॑๓๪ǈܸٗ੗ᅜਸ๔॑๓ăྺକඟ৊෇ײࡗڦాכՎڥᆶ඀ժᆶबݴኈํڦ

体ᄓǈ࿢்ॽፇࢇ๑ᆩ Vizi ፇॲतएᇀ setTimeout()้ऺڦഗઠՊႀᅃဣଚࣃۯࢅ܉ࡗă

૩ 11-15 ዐپڦஓᅜतࢫჄپڦஓೌ܎ǈӀቷසူօየํ၄ీࠀă

(1) ্ ᆩٗాכ৊ႜ჋ൽă࿢்փထྭۅऍ຋Ք݀ةփၙᄲࡕၳࣃۯڦă

(2) ཚٶشכࡗਸࣃۯઠٶਸ॑๓๪ă

ăాכǈ৊෇ࢫ঳ຐࣃۯਸٶشכړ (3)

(4) ᅃڋ৊෇ాכǈ࠲Կشכǈժॽ໲்ॷՎྺඇཪ௽ǈ๑ڥ࿢்੗ᅜੂྔڟ面ăཞ้ǈ३

ෑ׭๨ԝৠᅼăፌࢫǈഔᆩכଈ॑๓গԨă

ሞኴႜྜമ面֡ڦፕࢫǈ࿢்ॽࣷሞాכժጚԢਸ๔॑๓କăူ面࿢்ઠਏ体ბသ௅߲օ

የپڦஓă

๯ံǈ࿢்্ᆩ჋ൽǈժਸ๔ٶشכਸࣃۯă

例 11-15ǖ৊෇ࢅాכਸ๔๬॑ࣃۯ܉ࡗڦ

FuturgoCity.prototype.startTestDrive = function(event) { 
 
    if (this.testDriveRunning) 
        return; 
 
    this.testDriveRunning = true; 
 
    // ሞכ体ాև্ᆩ჋ስഗ 
    var i, len = this.pickers.length; 
    for (i = 0; i < len; i++) { 
        this.pickers[i].enabled = false; 
    } 
 
 شכਸٶ //    
    this.playOpenAnimations();

ሞᅃ௱ჽࢫ׿ǈ࿢்৊ႜူᅃօ֡ፕǖൎ࣑ڟ driveCamera 视཮ăྺُႴᄲยዃ၎ऐڦ

active ຌႠྺ true（ሞాևํ၄ዐǈࣷߢ໕ Vizi ๑ᆩኄ߲ႎڦ၎ऐઠ៺ක）ă࿢்࣏ཚࡗ

ยዃ move ຌႠྺ false ઠ্ᆩڼᅃට׬၎ऐ੦዆ഗᅎీڦۯ૰ă࿢்࣏ၙֱੂ຺ዜǈ໯ᅜ

ीჄ๑ᆩڼᅃට׬੦዆ഗǖሞాכǈ࿢்ॽీ๑ᆩ຋Քઠൡၽࢅገۯ၎ऐၠݛă

    // ሞٶਸכ၏ࢫൎ࣑ాכڟ၎ऐ 
    // ժሞᅃ܌܎ሡڦჽࢫ׿ਸഔ੦዆ഗᅜࠃ๬॑ 
    var that = this; 
    setTimeout(function() {  
 
        // ൎ࣑ాכڟ၎ऐ 
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        that.cameraController.camera = that.driveCamera; 
        // ࿢்Ⴔᄲཕାሞాכǈᅺُփᄲᅎۯ၎ऐ 
        that.cameraController.move = false; 
        that.driveCamera.rotation.set(0, 0, 0); 
        that.driveCamera.active = true; 
 
    }, 1000);

၄ሞ࿢்ፖሞాכǈੂጣྔ面ڦ๘হăথူઠඟ࿢்ሞᅃ௱݀ةࢫᅃ߲܉ࡗႾଚઠ࠲ฉכ

ڟཁेำᅼࢆ面ࣷ༪ஃසࢫำᅼ（Ԩቤڦྔכă࿢்࣏ۙၭشכԿ࠲ઠࣃۯݣă࿢்խش

ᆌᆩዐ）ă࿢்ॽشכॷՎڟबྜࢭඇཪ௽ǈᅜՍሞ॑๓๪ా੗ᅜੂྔڟ面ăፌࢫǈघऄ

॑๓כଈࢅᅏ՗ಎࣃۯڦগԨă၄ሞ࿢்ጚԢࡻ๬॑କă

    // ၄ሞ࿢்ሞכ૛ǈഔᆩכ੦዆ഗ 
    // ཞ้࠲Կشכժॽഄ؜ڏ዁থ近ཪ௽ 
    // ๑ڥ࿢்੗ᅜੂ׭ڦྔشכڟ๨ 
    setTimeout(function() {  
 
 شכԿ࠲ //        
        that.playCloseAnimations();  
 
        // ํ၄׭๨ԝৠᅼ߰ڦᅼၳࡕ 
        that.sound.interior(); 
 
        // ඇև؜ڏشכ 
        var i, len = that.faders.length; 
        for (i = 0; i < len; i++) { 
            var fader = that.faders[i]; 
            fader.opacity = FuturgoCity.OPACITY_MOSTLY_TRANSPARENT; 
            fader.start(); 
        } 
 
        // ഔᆩכগԨ੦዆ഗࢅᅏ՗ಎࣃۯ 
        that.carController.enabled = true; 
        that.dashboardScript.enabled = true; 
 
 
    }, 2000);

ஓሞپڦ๬॑ఇ๕؜ཽ endTestDrive() ዐǈሞኄ૛࿢்ժுᆶ৊ႜቛ๖ăԨዊฉ໲๟݆ݛ

օየăڦ৊ႜമ面ਸ๔๬॑ၠݒ

(1) ্ ᆩכগԨă

ăشכਸٶ (2)

(3) ዘႎਸഔ჋ൽǗॽ၎ऐൎ࣑዁ྔև视཮ฉǗዘႎघऄ၎ऐ੦዆ഗڦᅎۯఇ๕Ǘ࣬ްྔև

ำᅼྺኟ׉ᅼଉǗॽشכॷՎ࣮ӷཪ௽ă

ăشכԿ࠲ (4)

11.8　对象行为脚本

၄ሞ๟้ࢪඟכᅎۯକăྺُǈ࿢்ႴᄲՊႀᅃ߲੦዆ഗǈ໲ૌຼᇀሞׇৠዐ៓બڼڦ
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ᅃට׬੦዆ഗăሞኄ૛ǈ॰ಎᅎࢅۯ჋ስڦ๟ၭܸכփ๟၎ऐă（࿢்ထྭీᆩ຋Քൡၽ

໲૶ฉాև၎ऐߴ࿢்ॽڍ၎ऐ੦዆ഗǈڦ჉ገ视཮ǈ໯ᅜीჄ๑ᆩ၄ᆶࢅ driveCameraǈ

ኄሞമ面ᅙঢ়঻ถࡗă）ྺକظॺ੦዆ഗǈ࿢்ॽ๑ᆩ Vizi ઀ॐࠓॺᅃ߲ጲۨᅭፇॲă

11.8.1　基于Vizi.Script实现自定义组件

ԨฉઠຫǈViziߵٗ ཚࡗॽଇ߲०݆ၙڦڇ၎঳ࢇઠํ၄໲ీࠀڦǖ(1) ᅃဣଚ੦዆ཚᆩ

3D ยऺఇ๕پڦஓ（Բසਸ๔ / ཕኹᅃ߲ႜྺǈֱቴ຋Քူڦ对象ǈൎ࣑၎ऐ）Ǘ(2) ీ
ॽ对象ݣሞᅃഐժඟ໲்৊ႜ঍ࢻăVizi ፇॲबࢭ对ඪᅪ对象ۼᆶၳǈᅺྺ对象ڦፇኯݛ

๕๟ᅃዂڦǈժ൐ፏთᅃၵ०ࡀڦڇሶă૩සǈ௅߲ Vizi.Object ํ૩ۼԈࡤᅃ߲Վ࣑ፇ

ॲǈ૛面ᆶ positionĂrotation ࢅ scale ຌႠǈܸٗሎႹ对象ڦഄ໱ፇॲ੦዆໲ă

Ԩቤኮമ༪ஃڦ prefabǈԲස Vizi.Prefabs.Skybox() ࢅ Vizi.Prefabs.FirstPersonContro-

ller()ǈ໲்ፕྺࡧຕظॺକᅃ߲ᇨॺ对象֫प঳ࠓǈժ࣮ݓᅃ߲ Vizi.Object 对象ፕྺႎ

体Ǘଷᅃݛᅃ߲૬ࡤ࿿体ǈԲසኻԈڦڇᅃ०ڇă对象੗ᅜ๟ᅃ߲ۅবߵڦࠓॺ֫प঳ظ

ڦ体ࢆबڇ०ࡤब߲对象तፇॲăփৈৈԈࡤǈԈࠓप঳֫ڦ面ǈ໲࣏੗ᅜ๟ᅃ߲ްሗݛ

prefabǈᅃӯࣷۼᆶᅃ߲ई߲ܠগԨઠํ၄ኄ߲ prefab இडă૩සڦ Vizi skybox prefab Ԉ

体ǈ࣏ᆶᅃ߲গԨᆩᇀ೅ದݛᅃ߲૬ࡤ skybox ฉăၠݛڦৠዐዷ၎ऐׇڟၠݛڦ

对ᇀ Futurgo ࿢்ॽኄ߲গԨፕࡕăසכॺᅃ߲গԨઠ॑๓ظ๨ᆌᆩઠຫǈ࿢்Ⴔᄲ׭

ྺᅃ߲ Vizi ፇॲཁेڟ Futurgo 对象ฉǈViziכ ઀ॐ৽ࣷԍኤ௅ْሏႜთ࣍ۙࢪ้ڦᆩ

໲ڦ update() ࢆăူ面ඟ࿢்ઠੂੂසכۯ๼෇ǈժ਍ُᅎࢽၚᆌᆩࠕ໲ీڥǈ๑݆ݛ

ํ၄໲ă

11.8.2　驾驶车的控制器脚本

࣮ᅬᅃူሞఇ႙ेሜྜ؛ࢫ๔پڦכࣅஓă໲ཁेକ჋ൽፇॲᅜतڏ෇ڪ؜ڏǈժཁेକ

࣍ৣཌྷ཮ă໲࣏ፔକᅜူ߾ፕǖ

    // ཁेכ੦዆ഗ 
    this.carController = new FuturgoController({enabled:false, 
        scene: this.scene}); 
    futurgo.addComponent(this.carController);

ॺظ FuturgoController ፇॲኻ๟ᆩઠྜׯᅃॲ๚൧ǖ๑ᆩၠݛ॰ઠ॑๓כăၠฉॱཀྵे

໏ၠമǗၠူॱཀྵ෬כǗፑॱཀྵࢅᆸॱཀྵ߳וጲၠݛገྖăኄ߲੦዆ഗ࣏֪๬ಸጐǈԍኤ

ǈܸփ๟ߛืܸߛืڦǈࣷໜጣୟ面้ڢਸฉටႜכړႚǈںă໲࣏ፏთࡗ഻ܸحփࣷכ

Đ૓đࡗăᅺྺ࿢்ॽ driveCamera ၎ऐݣዃሞକాכǈ঺ዺՎ࣑֫प঳ࠓǈ၎ऐࣷໜጣכ

ǈ໯ᅜ࿢்੗ᅜၛ๴॑๓ăۯᅎܸۯᅎڦ

ඟ࿢்ੂੂํ၄ኄ߲੦዆ഗپڦஓ（૩ 11-16）ǈᇸஓሞ࿔ॲ Chapter 11/futurgoController.js
ዐăኄ߲ࠓሰࡧຕ๯ံำ௽ጲวྺ Vizi.Script ጱૌǈVizi.Scriptڦ ๟઀ॐዐ໯ᆶগԨፇ

ॲڦएૌă඗ࢫ໲؛๔ࣅब߲ຌႠǖᅎۯӀ॰ڦጒༀǗړമڦ໏ेࢅ܈໏܈Ǘᅃၵᆩઠޤ

ዺኧ׼ಸጐतፏთںႚ໙݆ڦ੦዆ՎଉǗᅜतब߲ᆩᇀӻዺํ၄࿁࿿૙໙้݆ڦक़مǈ࿢

்ॽᆩኄၵ࿁࿿૙໙݆ઠ੦዆ڦכ໏܈ă
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例 11-16ǖFuturgoController ፇॲࠓڦሰࡧຕ

FuturgoController = function(param) 
{ 
    param = param || {}; 
 
    Vizi.Script.call(this, param); 
 
    this.enabled = (param.enabled !== undefined) ? param.enabled : true; 
    this.scene = param.scene || null; 
 
    this.turnSpeed = Math.PI / 2; // 90 degs/sec 
 
    this.moveForward = false; 
    this.moveBackward = false; 
    this.turnLeft = false; 
    this.turnRight = false; 
 
    this.accelerate = false; 
    this.brake = false; 
    this.acceleration = 0; 
    this.braking = 0; 
    this.speed = 0; 
    this.rpm = 0; 
 
    this.eyePosition = new THREE.Vector3; 
    this.downVector = new THREE.Vector3(0, -1, 0); 
    this.groundY = 0; 
    this.avatarHeight = FuturgoCity.AVATAR_HEIGHT_SEATED; 
 
    this.savedPos = new THREE.Vector3;   
    this.movementVector = new THREE.Vector3;     
 
    this.lastUpdateTime = Date.now(); 
    this.accelerateStartTime = this.brakeStartTime =  
        this.accelerateEndTime = this.brakeEndTime =  
        this.lastUpdateTime; 
}

Vizi ()ǖrealize݆ݛ၄ଇ߲ํࣷ׉ፇॲཚڦ ࢅ update()ăړ៺කĂ๼෇Ăྪஏईഄ໱៓

બഗ๚ॲႴᄲظॺ၎࠲ຕ਍঳ࢪ้ڦࠓǈ઀ॐ৽ࣷۙᆩ realize()ă对ᇀכ੦዆ഗઠຫǈ

realize() ݀ةࢪ้ڦಸጐิ݀כॺᅃ߲ሞظ๔࿋ዃኵǗ؛ڦכ٪ፔକଇॲ๚൧ǖԍ݆ݛ

ࡗ对象੗ᅜཚڦכႜྺ（bounce behavior）ăڑݒڦ this._object ຌႠઠइڥǈVizi ࣷሞᅃ

߲ፇॲཁेڟ对象ฉࢪ้ڦጲۯยዃࡻ໲ă

FuturgoController.prototype.realize = function() 
{ 
    this.lastUpdateTime = Date.now(); 
 
    // ԍ٪ںӱ࿋ዃ 
    this.groundY = this._object.transform.position.y; 
 
    // ཁेิ݀כಸጐ้ڑݒڦ݀ةႜྺ 
    this.bouncer = new Vizi.BounceBehavior( 
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            { duration : FuturgoController.BOUNCE_DURATION } 
            ); 
    this._object.addComponent(this.bouncer);     
}

၄ሞઠੂੂ update() ڦ௅߲ፇॲڦǖ௅߲对象ዐ݆ݛ update() ௅ْڦሞᆌᆩࣷۼǈ݆ݛ

ሏႜთ࣍ዐԥۙᆩă对ᇀכ੦዆ഗǈupdate() Ⴔᄲፔबॲ๚൧ă๯ံǈ໲ԍ٪ړڦכമ࿋

ዃǈኄॽࣷሞ݀ิಸጐईኁႴᄲߵ਍ںႚگߛڦฉူᅎް࣬ࢪ้ڦۯă඗ࢫǈ໲ߵ਍ాև

ႚ߶ໜں๬ಸጐत֪ࢫ࿋ዃăፌڦຌႠઠऺ໙ႎ܈ăথጣǈ໲๑ᆩ໏܈࿿૙໙݆߸ႎ໏ڦ

（terrain following）ă

FuturgoController.prototype.update = function() 
{ 
    if (!this.enabled) 
        return; 
 
    var now = Date.now(); 
    var deltat = now - this.lastUpdateTime; 
 
    this.savePosition(); 
    this.updateSpeed(now, deltat); 
    this.updatePosition(now, deltat);    
    this.testCollision(); 
    this.testTerrain(); 
 
    this.lastUpdateTime = now; 
}

߸ႎ໏܈ภत๑ᆩ०ڦڇ࿁࿿૙໙݆ઠఇెे໏ۯࢅ܈ଉǈ൩ੂ૩ 11-17ăၠฉॱཀྵӀڥ

ሁ৳ǈे໏܈৽ሁٷǗၠူॱཀྵӀڥሁ৳ǈ෬כ৽ڥ֐ሁ৳ǈܸٗඟכ஥ူઠăසࡕுᆶ

॰Ӏူǈכڍᅙঢ়ሞۯକǈ࣏ࣷᆶᅃۨۯڦଉăঢ়ࡗኄၵऺ໙ࢫǈසࡕ໏܈ईे໏܈ᆶՎ

๑ᆩࣷ（面঻ถࢫԨቤ）କăᅏ՗ಎ੦዆ഗࣅՎ܈໕॔དഗ໏ߢ๚ॲઠ݀ةǈ࿢்࣏ࣷࣅ

ኄ߲႑တሞਗ਼܈ಎฉ߀Վ໏܈तገ໏（RPM）ڦ视཮ă

例 11-17ǖ߸ႎכ໏

FuturgoController.prototype.updateSpeed = function(now, deltat) { 
 
    var speed = this.speed, rpm = this.rpm; 
 
    // ሞᆳோे้ူ֐໏ 
    if (this.accelerate) { 
        var deltaA = now - this.accelerateStartTime; 
        this.acceleration = deltaA / 1000 * FuturgoController.ACCELERATION;      
    } 
    else { 
 ଉۯ //        
        var deltaA = now - this.accelerateEndTime; 
        this.acceleration -= deltaA / 1000 * FuturgoController.INERTIA;      
        this.acceleration = Math.max( 0, Math.min( FuturgoController.MAX_ACCELERATION,  
            this.acceleration) ); 
    } 
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    speed += this.acceleration; 
 
 ३໏้כ෬ူ֐ //    
    if (this.brake) { 
        var deltaB = now - this.brakeStartTime; 
        var braking = deltaB / 1000 * FuturgoController.BRAKING; 
 
        speed -= braking; 
    } 
    else { 
 Ⴀ࠹ //        
        var inertia = deltat / 1000 * FuturgoController.INERTIA; 
        speed -= inertia; 
    } 
 
    speed = Math.max( 0, Math.min( FuturgoController.MAX_SPEED, speed ) ); 
    rpm = Math.max( 0, Math.min( FuturgoController.MAX_ACCELERATION,  
        this.acceleration ) ); 
 
    if (this.speed != speed) { 
        this.speed = speed; 
        this.dispatchEvent("speed", speed); 
    } 
 
    if (this.rpm != rpm) { 
        this.rpm = rpm; 
        this.dispatchEvent("rpm", rpm); 
    } 
}

ྺକ߀Վڦכ࿋ዃǈ࿢்Ⴔᄲ๑ᆩړമڦ໏܈ઠሞړമ视၍（z ዡၠݛ޶ڦ）ฉᅎۯă࿢

்࣏ᄲඟ对象ྷජጲว y ዡ჉ገઠ੦዆ڦכገྖă

FuturgoController.prototype.updatePosition = function(now, deltat) { 
 
    var actualMoveSpeed = deltat / 1000 * this.speed; 
    var actualTurnSpeed = deltat / 1000 * this.turnSpeed; 
 
    // zዡฉڦሏۯ 
    this._object.transform.object.translateZ( -actualMoveSpeed ); 
 
    // ๑כଈ๔ዕሞں面ฉႜ๓ 
    this._object.transform.position.y = this.groundY; 
 
    // ገྖ 
    if ( this.turnLeft ) { 
        this._object.transform.object.rotateY( actualTurnSpeed ); 
    } 
 
    if ( this.turnRight ) { 
        this._object.transform.object.rotateY( -actualTurnSpeed ); 
    } 
 
}
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1. 检测车与场景的碰撞

ॠ֪כᇑॺዾक़ಸጐپڦஓࢅ Vizi.FirstPersonController ዐ໯ᆩڦಸጐॠ֪پஓૌຼă

໲ۙᆩ཮ႚဣཥڦ objectFromRay() ၎ڦ体ࢆৠዐඪᅪबׇڟമ၎ऐ࿋ዃړઠऺ໙݆ٗݛ

঍ăጀᅪߴڿد objectFromRay() ᅃ߲֖ຕڼڦ this.sceneǈ໲Ԉ׭ࡤ๨ׇৠዐڦ໯ᆶब

࣮ݓ体ǈ໲ॽᆦ远ࢆबڦכ࿢்ሞಸጐॠ֪ዐԈઔࡕԨวăසכփԈઔڍ体ǈࢆ trueă

FuturgoController.prototype.testCollision = function() { 
 
    this.movementVector.copy(this._object.transform.position) 
      .sub(this.savedPos); 
    this.eyePosition.copy(this.savedPos); 
    this.eyePosition.y = this.groundY + this.avatarHeight; 
 
    var collide = null; 
    if (this.movementVector.length()) { 
 
        collide = Vizi.Graphics.instance.objectFromRay(this.scene,  
            this.eyePosition, 
                this.movementVector,  
                FuturgoController.COLLISION_MIN,  
                FuturgoController.COLLISION_MAX); 
 
        if (collide && collide.object) { 
            var dist = this.eyePosition.distanceTo(collide.hitPointWorld); 
        } 
    } 
 
    if (collide && collide.object) { 
        this.handleCollision(collide); 
    } 
 
}

2. 实现碰撞响应

ሞ࿢்៓બ׭๨ࢪ้ڦǈڼᅃට׬੦዆ഗՆ௨࿢்ํࡗح体ॺዾăړಸጐ݀ิࢪ้ڦǈ࿢

்৽ࣷཕူઠăܸ对ᇀכǈ࿢்ၙᄲᆶၵփཞăሞኈํ๘হዐǈכړጐฉॺዾࢪ้ڦǈ໲

සࡕփጐໟ৽ࣷԥڑݒă࿢்ڦఇెԲডໜᅪǈሞ Futurgo ࣷࢪ้ڦৠዐ࿿体ׇڟಸጐכ

ൟൟڑݒă3D ᆌᆩၚᆌ࿿体ಸጐ߁ڦ౒ԥྺ׬碰撞响应（collision response）ă

૩ 11-18 ቛ๖କሞכ੦዆ഗዐසํࢆ၄ڑݒಸጐၚᆌă๯ံǈ࿢்݀ةᅃ߲Đcollideđ๚

ॲߴ໯ᆶ॔དഗăᆌᆩࣷ॔དኄ߲๚ॲǈሞכಸጐ݀ةࢪ้ڦᅃ߲ำᅼă඗ࢫǈ࿢்ۙᆩ

restorePosition() ಸጐ体ăথူઠǈ࣮ᅬᅃူሞࡗحᇱ๔࿋ዃǈઠՆ௨໲ڦכް݆࣬ݛ

realize() ዐǈ࿢்ၠ݆ݛ Futurgo ཁेକᅃ߲כ Vizi.BounceBehavior ፇॲă࿢்݀ةఫ

ă൩ੂ࿢்සၠݛݒڦၠݛۯ向后๟ኸၠᅎڦăኄ૛ۅᅃڑݒࢫၠכႜྺǈ໲ࣷඟڑݒ߲

ยዃࢆ bouncer ڦ bounceVector ຌႠྺᅎၠۯଉ޶ڦຕǈժ໫ڟݣ 1/3 ઠఇెևۯݴଉሞ

Đಸጐđࢪ้ڦԥဌ๭କăፌࢫǈ࿢்࠲Կᆅ൤ă

例 11-18ǖᅃ߲ಸጐၚᆌ

FuturgoController.prototype.handleCollision = function(collide) { 
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    // ཚኪ໯ᆶ॔ڦདഗ 
    this.dispatchEvent("collide", collide); 
 
 ࿋ዃڦ٪ฉᅃْԍڟཽࢫ //    
    this.restorePosition(); 
 
 ႜྺڑݒ݀ة //    
    this.bouncer.bounceVector 
        .copy(this.movementVector) 
        .negate() 
        .multiplyScalar(.333); 
    this.bouncer.start(); 
 
 （ཕူכඟ）Կᆅ൤࠲ //    
    this.speed = 0; 
    this.rpm = 0; 
}

3　实现地形跟随

ړă࿢்ႴᄲਦۨۅᅃߛୟᄲڢԲࣷڢཫഐăටႜࣷݛں๟ᆶၵ࣏ڍ平།ǈ׉ݥ๨࣍ৣ׭

Futurgo ਸڟฉ面ࢪ้ڦසتࢆ૙ǈ੗ᅜ჋ስཕኹईਸฉටႜڢăڍ࿢்փထྭכĐ૓đࡗ

ටႜڢǈၟࡻටႜڢփ٪ሞᅃᄣăሞಸڟටႜࢪ้ڦڢǈཕኹ๟ᅃ߲०ڦڇ঴ਦ݆ݛǈڍ

ኄ࢔࿮඀ăᅺُ࿢்ॽඟכਸڟටႜڢฉǈྺُႴᄲํ၄ںႚ߶ໜă

地形跟随๟ኸ๑၎ऐईࣅวᇑں面ԍۨࠦ׼ਐ૗ڦ໙݆ăړ၎ऐሞׇৠዐᅎࢪ้ڦۯǈࣷ

ၠူཨพᅃຐ࠼၍ăසࡕ໲ಸฉඪࢆबࢆ体ǈॽࣷॠֱबࢆ体ڦਐ૗ǈࢅ၎ऐڦ೺ྭ܈ߛ

৊ႜԲডǖසࡕਐ૗ၭᇀ೺ྭኵǈ၎ऐ৽ࣷฉืǈੂഐઠืߛକǗසࡕਐ૗Բ೺ྭኵٷǈ

၎ऐ৽ࣷူᅎă

Futurgo ڦ੦዆ഗሞ໲כ update ႚ߶ໜॠ֪ă࿢்ምᅃْ๑ᆩںኴႜࣷۼዐ௅ْ݆ݛ Vizi ڦ
၍（downVector = [0, -1, 0]）ă࠼ڦኄᅃْ๟ၠူࡗಸጐǈփڦ体ࢆৠबׇࢅઠ֪๬݆ݛ
ే੗ᅜጲम֪๬ᅃူǈ๓ၠॺዾǈࣷכਸฉටႜڢăਸ࣮নࢪ้ڦڢǈࣷכ஌ڟୟ面ăֱ

ੂ૩ 11-19 ዐپڦஓǈᅜत཮ 11-14 ዐಸጐतںႚ߶ໜڦᄇ๖ă

例 11-19ǖFuturgo ዐںڦႚ߶ໜ

FuturgoController.prototype.testTerrain = function() { 
 
    var EPSILON = 0.00001; 
 
    var terrainHit = Vizi.Graphics.instance.objectFromRay(this.scene,  
                this.eyePosition, 
                this.downVector); 
 
    if (terrainHit && terrainHit.object) { 
        var dist = this.eyePosition.distanceTo(terrainHit.hitPointWorld); 
        var diff = this.avatarHeight - dist;         
        if (Math.abs(diff) > EPSILON) { 
            console.log("distance", dist); 
 
 
            this.eyePosition.y += diff; 
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            this._object.transform.position.y += diff; 
            this.groundY = this._object.transform.position.y; 
        } 
    } 
}

图 11-14：碰撞和地形跟随——车停在墙边，它使用光线投射来开到人行道上

11.9　给环境添加声音

၄ሞᅙঢ়׉ݥᆶ඀କǈ࿢்੗ᅜ॑๓ጣ Futurgo ሞ׭๨ڢୟዐጲᆯႜ๓ǈ࣏ڍඍକᅃᄣ۫

ဇǖำᅼăำᅼ对ᇀएᇀᄻ面ڦ Web ᆌᆩઠຫᆶၵท؄ǈڍሞᅃ߲ኈํ 3D ׇৠዐǈඍณ

໲ࣷ࢔၂ᄅăႇཀႇںǈ๑ᆩՔጚ HTML5 ᅼೕ੗ᅜൟ຿ཁेएԨำᅼă

对ᇀኄ߲ᆌᆩǈ࿢்ኻႴᄲଇ߲ำᅼǖᅃ߲თ࣍խ׭ڦݣ๨ԝৠ࣍ৣำǈᅃ߲כಸጐڟ࿿

体้໯݀ڦ؜Đጐऍđำă๯ံǈ࿢்ཁे <audio> ࢅ <sound> ᇮ໎ڟ HTML ᄻ面ዐ（࿔

ॲ Chapter 11/futurgoCity.html）ǖ

    <audio volume="0.0" id="city_sound"> 
    <!-- http://www.freesound.org/people/synthetic-oz/sounds/162704/  --> 
      <source src="../sounds/162704__synthetic-oz__city-trimmed-looped.wav"  
        type="audio/wav" /> 
      Your browser does not support WAV files in the audio element. 
    </audio> 
    <audio volume="0.0" id="bump_sound"> 
    <!-- http://www.freesound.org/people/Calethos/sounds/31126/  --> 
      <source src="../sounds/31126__calethos__bump.wav" type="audio/wav" /> 
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      Your browser does not support WAV files in the audio element. 
    </audio>

၄ሞ࿢்ኻႴᄲႀᅃپۅஓઠ߀Վᅼଉ݀ةࢅำᅼխݣăړ࿢்৊෇ Futurgo ৊ႜ๬॑ڦ

ް࣬޿ᅼଉᆌڦ๨ำᅼ׭ǈࢪ้ڦᅃၵǗሞ࿢்૗ਸ॑๓๪گ޿ᅼଉᆌڦ๨ำᅼ׭ǈࢪ้

ᇱᆶٷၭăړ࿢்॑ิ݀כಸጐࢪ้ڦǈႴᄲխݣᅃْጐऍำă

ำᅼํ၄ڦᇸஓሞ࿔ॲ Chapter 11/futurgoSound.js ዐă໲׉ݥ०ڇǈ๑ᆩՔጚ HTML5 
DOM audio ă૩݆ݛ 11-20 ቛ๖କඇևپڦஓăinterior() ࢅ exterior() ࢅߛ՚༵ݴ݆ݛ

ইৣ࣍گԝৠᅼڦᅼଉăbump() ᅃْጐऍำăݣխ݆ݛ

例 11-20ǖሞ Futurgo ૙ำᅼ࠶๨ׇৠዐ׭

FuturgoSound = function(param) { 
 
    this.citySound = document.getElementById("city_sound"); 
    this.citySound.volume = FuturgoSound.CITY_VOLUME; 
    this.citySound.loop = true; 
 
    this.bumpSound = document.getElementById("bump_sound"); 
    this.bumpSound.volume = FuturgoSound.BUMP_VOLUME; 
} 
 
FuturgoSound.prototype.start = function() { 
 
    this.citySound.play(); 
 
} 
 
FuturgoSound.prototype.bump = function() { 
 
    this.bumpSound.play(); 
 
} 
 
FuturgoSound.prototype.interior = function() { 
 
    $(this.citySound).animate( 
            {volume: FuturgoSound.CITY_VOLUME_INTERIOR},  
            FuturgoSound.FADE_TIME);     
} 
 
FuturgoSound.prototype.exterior = function() { 
 
    $(this.citySound).animate( 
            {volume: FuturgoSound.CITY_VOLUME},  
            FuturgoSound.FADE_TIME);     
} 
 
FuturgoSound.prototype.bump = function() { 
 
    this.bumpSound.play(); 
 
} 
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FuturgoSound.CITY_VOLUME = 0.3; 
FuturgoSound.CITY_VOLUME_INTERIOR = 0.15; 
FuturgoSound.BUMP_VOLUME = 0.3; 
FuturgoSound.FADE_TIME = 1000;

ྸᅃ฻ူڦ๚൧৽๟ሞᆌᆩዐۙᆩኄၵ݆ݛă࣮ࡗཀྵઠੂੂ startTestDrive() ዐ֡ڦፕօ

የ（࿔ॲ Chapter 11/futurgoCity.js）ǖ

 ࡕᅼၳ߰ڦ๨ԝৠᅼ׭ॺظ //         
         that.sound.interior();

ሞ૗ਸۙࢪ้ڦכᆩ exterior() ๔ᅼଉă؛ڟઠ࣬ްԝৠᅼ݆ݛ

FuturgoCity ૌ࣏ت૙କಸጐำᅼǈཁेᅃ߲๚ॲ॔དכڟ੦዆ഗዐǖ

this.carController.addEventListener("collide", function(collide) { 
        that.sound.bump(); 
    });

11.10　渲染动态纹理

࿢்ᅙঢ়ڟକظॺኈํ࣍ৣኮ୫ڦፌࢫᅃײăFuturgo ǈࢫକăሞํ၄ำᅼۯᅙঢ়੗ᅜਸכ

࿢ᅜྺ࿢ᅙঢ়ྜׯକ໯ᆶپஓڦՊႀăړڍ࿢৊෇॑ాכڟ๓ࢪ้ڦǈඐߌਥࡹ࿮ิऐă

࿢࢔੺ᅪ๎ڟǈኄ๟ᅺྺ੦዆面ӱڦਗ਼܈՗๟փڦۯǖכړᅎࢪ้ڦۯǈכ໏՗ࢅገ໏՗

ฉڦਗ਼܈ಎժுᆶ߶ጣՎࣅăࢅኮമำᅼڦ૩ጱᅃᄣǈ࣍ৣڦኈํႠ༵ืକ࿢ڦ೺ྭኵă

ڦഐઠǈईኁ዁ณඟ໲ۯጣ჉ገă໯ᅜ࿢்Ⴔᄲඟᅏ՗ಎ߶޿ಎᆌ܈ǈਗ਼ࢪ้ڦۯᅎכړ

࿖૙ཌྷ཮ۯഐઠă

ሞԨবዐǈ࿢்ॽظॺᅃ߲程序纹理（procedural texture）ǈ໲๟ཚײࡗႾپஓۯༀࣼ዆

ڦԢࢫăྺُǈ࿢்Ⴔᄲ๑ᆩ（ༀ཮ೌৢڦփ๟ٗᅃ߲࿔ॲेሜ৊ઠܸ）࿖૙ཌྷ཮ڦ 2D 
canvas ៺කăᅏ՗ಎ๑ᆩ 2D Canvas API ઠิׯᅃ߲ײႾ࿖૙ǈᆩᇀ՗๖ړമᅏ՗ฉڦ໏

ገ໏ኵăࢅኵ܈

Futurgo ᅏ՗ಎฉፌڦ؛࿖૙ཌྷ཮ᆶࠦۨ࿋ዃڦਗ਼܈ኸኍă࿢ඟ TC ॽਗ਼܈ኸኍٗᅏ՗ಎዐ

཮ೌăTCڦࡻ૗ݴକ࿢ߴࢫׯ཮ೌă໱ྜڦ܀ڇઠǈፕྺᅃ߲؜૗ݴ ժփႴᄲႪ߀ 3D ఇ

႙ǈ໱ኻႴႪ߀࿖૙ăኄଇ߲࿋཮࿔ॲස཮ 11-15 ཮ࢅ 11-16 ໯๖ă
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图 11-15：仪表盘的纹理贴图

图 11-16：可旋转刻度指针的纹理贴图

ྺକํ၄ᅏ՗ಎࣃۯǈ࿢்ॽظॺଷᅃ߲ጲۨᅭ Vizi ፇॲ FuturgoDashboardăFuturgo 

Dashboard ๟ᅃ߲গԨǈ໲ظॺᅃ߲ HTML Canvas ᇮ໎ǈሞ realize() ֍ߑዐेሜ݆ݛ

ଇ߲࿋཮ǈժሞڦ update() ኸኍă࿢்ॽሞ܈ገ໏ઠ߸ႎਗ਼ࢅ໏כڦമړ਍ߵዐ݆ݛ

FuturgoController ዐཚࡗཁे๚ॲ॔དઠ߶ጷכ໏ࢅገ໏ڦՎࣅă

૩ 11-21 ቛ๖କยዃ໲پڦஓărealize() ڦॺକᅃ߲ႎظ Canvas ᇮ໎ǈ๑ᆩ Three.js ࿖
૙对象ઠඹభ໲ă඗ࢫ࿢்ยዃኄ߲ႎڦ࿖૙ྺᅏ՗ಎ֌ዊڦ map ຌႠă඗ࢫǈ࿢்੗ᅜ
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๑ᆩՔጚڦ Canvas 2D ࣼ཮ API ۙᆩઠ߸ႎ Canvas ࿖ڦ࿿体ڟᆙݒࣷ߀ඹǈኄၵႪాڦ

૙ཌྷ཮ฉă

例 11-21ǖྺᅏ՗ಎظॺᅃ߲ canvas ࿖૙

FuturgoDashboardScript.prototype.realize = function() 
{ 
    // ยዃᅏ՗ಎಎ面ਗ਼܈ 
    var gauge = this._object.findNode("head_light_L1"); 
    var visual = gauge.visuals[0]; 
 
 canvasᇮ໎ڦᆩᇀࣼ዆ڦॺᅃ߲ႎظ //    
    var canvas = document.createElement("canvas"); 
    canvas.width = 512; 
    canvas.height = 512; 
 
    // ᅜኄ߲canvasᇮ໎ྺᇸظॺᅃ߲Three.js࿖૙对象 
    var texture = new THREE.Texture(canvas); 
    texture.wrapS = texture.wrapT = THREE.RepeatWrapping; 
    visual.material.map = texture; 
 
    this.texture = texture; 
    this.canvas = canvas; 
    this.context = canvas.getContext("2d");

ीჄੂ realize() ஓă࿢்๑ᆩپڦକेሜ࿖૙ڟǈݴӷևࢫڦ DOM ຌႠઠํ၄ǖ๯ံǈ

ยዃᅃ߲ onload ǈ࿢்ยዃࢫǗ඗ࡻ཮ೌेሜྜժጚԢࢪ໕࿢்๊஺้ߢຕǈ໲ࣷࡧ૙ت

src ຌႠઠेሜ཮ೌă

    // ेሜᅏ՗ಎࢅਗ਼ڦ܈࿖૙ 
    this.dashboardImage = null; 
    this.dialImage = null; 
 
    var that = this; 
    var image1 = new Image();   
    image1.onload = function () {   
        that.dashboardImage = image1; 
        that.needsUpdate = true; 
    }   
    image1.src = FuturgoDashboardScript.dashboardURL; 
 
    var image2 = new Image();   
    image2.onload = function () {   
        that.dialImage = image2; 
        that.needsUpdate = true; 
    }   
    image2.src = FuturgoDashboardScript.dialURL; 
 
    // ഽ዆৊ႜ؛๔ࣅ߸ႎ 
    this.needsUpdate = true; 
}

၄ሞ੗ᅜࣼ዆࿖૙କǈֱੂ૩ 11-22ă௅ْۙᆩᅏ՗ಎ update() ਍ߵǈ࿢்ॽࢪ้ڦ݆ݛ

ǈ࿢்ۙᆩࣅᆶՎࡕႴᄲዘࣼ࿖૙ăසޏǈઠਦۨ๟ࣅՎޏኵईገ໏ኵ๟܈໏ڦ੦዆ഗכ
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darw() ઠᆌᆩ݆ݛ Canvas API ࣼ዆ڟ࿖૙ฉă๯ံǈdraw() ࣷ๑ᆩړമ࿔Ԩڦჿ෥ൣ੣

canvas ڦକǈ໲ࣷ๑ᆩฉူ࿔ࡻᅏ՗ӱ࿋཮ेሜࡕǈසࢫඹă඗ాڦ drawImage() ৊݆ݛ

ႜࣼ዆ǈ๑ᆩ཮ೌ໎ၟڦઠޮ߃ኝ߲ canvasă

例 11-22ǖࣼ዆ᅏ՗ಎԝৠ཮ၟ

FuturgoDashboardScript.prototype.draw = function() 
{ 
    var context = this.context; 
    var canvas = this.canvas; 
 
    context.clearRect(0, 0, canvas.width, canvas.height); 
    context.fillStyle = this.backgroundColor; 
    context.fillRect(0, 0, canvas.width, canvas.height); 
 
    context.fillStyle = this.textColor; 
 
    if (this.dashboardImage) { 
        context.drawImage(this.dashboardImage, 0, 0);   
    }

සేࡕ对 Canvas API փຄဒǈڼ 7 ቤ঻ถକ Canvas ࣼ཮एإă

၄ሞǈ࿢்Ⴔᄲॽਗ਼܈ኸኍࣃሞฉ面ă࿢்ᅙঢ়߶ጷକכ໏ࢅገ໏（ၘܹࣷࣷځဦ঻ถ）ǈ

ॽ๑ᆩኄၵኵઠऺ໙ਗ਼܈ኸኍ࿋཮჉ገڦঙ܈ă࣮ᅬᅃူ 2D Canvas API ዐ༵ڦࠃ save()

ࢅ restore() ዆ࣼׯമጒༀǈժሞྜړڦǈ໲்ᆩᇀሞᅃဣଚࣼ዆֡ፕമԍ٪ฉူ࿔݆ݛ

ǈ࿢்ሞฉူ࿔ฉኴࢫጒༀࡻ٪ᆩ໲்ăԍۙࢪ้ڦኸኍ܈ă࿢்ࣷሞࣼ዆௅߲ਗ਼ް࣬ࢫ

ႜ 2D Վ࣑ǈॽ࿢்नॽࣼ዆ڦਗ਼܈ኸኍၟ໎平ᅎڟᅏ՗ኟඓڦ࿋ዃฉǈ඗ࢫ჉ገڟኟඓ

ǈ࿢்ࣼ዆཮ೌժ࣬ްฉူ࿔ă࿢்对௅߲ࢫገ໏ኵ೅ದă඗ࢅ໏ኵכമړࢅ࿋ዃฉǈڦ

ᅏ՗ۼኄ஺֡ፕă（एᇀਗ਼܈ኸኍ࿋཮؅٫ڦǈ࿢ڟڥକኄ૛໯ᆩڦڟ平ᅎኵǗཚࡗᅃ߲

཮ೌՊडײႾǈ࿢ڟڥକᅃ߲੗ᅜඓۨڦ࿋ዃă）

    var speeddeg = this._speed * 10 - 120; 
    var speedtheta = THREE.Math.degToRad(speeddeg); 
    var rpmdeg = this._rpm * 20 - 90; 
    var rpmtheta = THREE.Math.degToRad(rpmdeg); 
 
    if (this.dialImage) { 
        context.save(); 
 
        context.translate(FuturgoDashboardScript.speedDialLeftOffset,  
                FuturgoDashboardScript.speedDialTopOffset); 
        context.rotate(speedtheta); 
        context.translate(-FuturgoDashboardScript.dialCenterLeftOffset,  
                -FuturgoDashboardScript.dialCenterTopOffset); 
        context.drawImage(this.dialImage, 0, 0);  
        context.restore(); 
 
        context.save(); 
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        context.translate(FuturgoDashboardScript.rpmDialLeftOffset,  
                FuturgoDashboardScript.rpmDialTopOffset); 
        context.rotate(rpmtheta); 
        context.translate(-FuturgoDashboardScript.dialCenterLeftOffset,  
                -FuturgoDashboardScript.dialCenterTopOffset); 
        context.drawImage(this.dialImage, 0, 0); // 198, 25, 115);   
        context.restore(); 
    }    
}

ྸᅃ฻ူڦ๚൧৽๟૶থכ੦዆ഗڟᅏ՗ಎฉǈ๑໲੗ᅜ॔དכ໏ࢅገ໏ڦՎࣅă

ڦยዃ໲ࢫॺظ๨ᆌᆩሞᅏ՗ಎ׭ carController ຌႠǖ

    this.dashboardScript.carController = this.carController;

carController ஓቛ๖ሞ૩پڦ 11-23 ዐǈ໲๟ᅃ߲๑ᆩ Object.defineProperties ڦॺظ

JavaScript ຌႠăሞాևํ၄ዐǈยዃຌႠࣷۙᆩ对象ݡڦ࿚݆ݛ setCarController()ă޿

ᅃ߲ຳᆶຌႠڟԍ٪੦዆ഗ݆ݛ this._carController ዐǈժཁेכ੦዆ഗĐspeedđࢅ

Đrpmđ๚ॲ॔ڦདഗăኄၵ॔དഗࣷԍ٪ႎڦኵǈ඗ࢫཚࡗยዃᅏ՗ಎڦ needsUpdate ຌ

ႠઠՔऻ໲Ⴔᄲዘࣼă၄ሞǈכړ໏༵ߛईইࢪ้ڦگǈᅏ՗ಎڦ၂๖হ面ࣷ৊ႜዘࣼઠ

ăࣅᆙኄᅃՎݒ

例 11-23ǖᅏ՗ಎ੦዆ഗগԨยዃכ໏ࢅገ໏߀Վ॔ڦདഗ

FuturgoDashboardScript.prototype.setCarController =  
  function(controller) { 
 
    this._carController = controller; 
 
    var that = this; 
    controller.addEventListener("speed", function(speed) {  
      that.setSpeed(speed); }); 
    controller.addEventListener("rpm", function(rpm) {  
      that.setRPM(rpm); }); 
}

๑ᆩ Canvas ᇮ໎ፕྺ WebGL ࿖૙ీڦ૰׉ݥഽٷă໲ሎႹਸ݀ኁ๑ᆩຄ

ဒĂ०ڦڇ API ઠሞ JavaScript ዐۯༀࣼ዆࿖૙ǈਸഔକํ၄घۯට႐ၳࡕ

੗ీăWebGLڦ ăWebGLڦฉ๟ኟඓۅยऺኁሞኄᅃڦ ࣏ኧ׼ HTML 视ೕ

ᇮ໎࿖૙ǈ੗ᅜ৊ႜ߸ഽڦٷፇࢇă

11.11　小结

ኄᅃቤ׊࢔ǈڍภतକႹాܠඹă

ేბڟକසࢆሞ Web ᄻ面ዐํ၄ᅃ߲੗ᆩڦĂੂഐઠኈํڦ 3D ࣍ৣǈ໲ټᆶඇৠԝৠĂ

࣍ৣཌྷ཮ݒพĂᆩࢽ੦዆ࡵڞڦĂᅼၳยऺǈᅜत੗ᅜ๑ᆩ঍ࢻႜྺઠᅎڦۯ࿿体ă࿢்

કቛକ࿢்߾ڦਏǈߴᇨબ߾ਏཁेକႎీࠀǈඟ໲ሎႹ࿢்ֱੂׇৠ཮ڦ঳ࠓǈᅜत௅
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߲对象ၘڦဦຌႠăేბသକසࢆਸ݀ब߲ঢ়ۆ 3D ᆴဥ໙݆ࢅ༬ၳڦ०ڇӲԨǈԲසڼ

ᅃටࡵڞ׬Ăಸጐॠ֪Ăںႚ߶ໜĂskybox ៺කᅜतײႾ࿖૙ă

ሞ៓બഗዐظॺ 3D ࣍ৣ๟ᅃၜްሗ߾ڦፕǈڍ໲੗ᅜሞࡀ׉ Web ਸ้݀ڦक़ࢅᇨ໙ాྜ

໲ᅙঢ়ᆶ໯କ঴ăׯྜࢆă၄ሞǈే对සׯ
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ໜጣඁࡗ 10 ౎݀ڦቛǈHTML5 ሞ๮ऐࢅ平ӱۉసዐ݀ิକ߸ਏ߫ంႠڦᄇՎă೛ࡕ

iPhone ࢅ iPad ऋ݀ڦยԢణമሞ௅౎ۯহ၌ăᅎڦసक़ۉཥدࢅยԢۯକᅎࢵ೵तఇڦ

ଉฉࡗגକدཥऺ໙ऐǈᅺྺၩݯኁ೺ځ߸०ڇĂ߸ၭേࢅ߸ՍၻڦยԢઠ྘ᆴဥĂੂ视

ೕĂདᅼૂĂႀᆰॲĂฉྪᅜतࣆۉٶăኄၵႎڦቨฉยԢ࣏༵ࠃକٷଉႎీࠀǈԈઔए

ᇀ࿋ዃޜڦခĂఄةೡহ面ĂยԢၠݛ๼෇ă

ྺକీࠕ๑ᆩ዇ీ๮ऐࢅ平ӱۉస໯༵ڦࠃႎీࠀǈਸ݀ኁཚ׉ႴᄲბသႎڦՊײᇕჾࢅ

֡ፕဣཥăԲසǈྺ೛ࡕยԢਸ݀ᆌᆩႴᄲ๑ᆩ iOS ဣཥڦ APIǈժएᇀ Objective-C ᇕჾ

（ईኁٗഄ໱ૌຼᇀ C++ ኄᄣڦᇱิᇕჾൃথڟ໲）৊ႜਸ݀Ǘྺ Android ֡ፕဣཥਸ݀

Ⴔᄲბသփཞڦ APIǈժएᇀ Java ਸ݀ăᅃ้܎क़ᅜઠǈᅎۯ平໼ኻྺएᇀ HTML5 ਸ݀

૰ǈ໲๑ᆩएᇀీڦକᆶ၌ࠃ༵ WebKit 平໼ሎႹਸ݀ኁ๑ۯᆌᆩዐăᅎڟ੦ॲઠഴ෇ڦ

ᆩ HTMLĂCSS त JavaScript ਸ݀ᄇ๖গԨतᅃၵᆌᆩஇडǈྺڍକݡ࿚平໼ీࠀڦǈ࣏

Ⴔᄲ๑ᆩᇱิپஓઠՊႀᆌᆩٷڦևాݴඹǈԈઔएᇀ OpenGL ڦ 3D ཮ႚǈኄၵ࣏ۼு

ᆶሞᅎ៓ۯબഗዐኧ׼ă

ᅙঢ়৊෇ీࠀڦႎظ平໼ฉۯሞᅎ؛ፌݴևٷฉઠକăߋब౎ǈ៓બഗጕڦඁࡗ HTML5
ਸ݀तۯᇱิᅎڦăኍ对༬ۨยԢݔࡀ Web ਸ݀ኄଇ߲ሼঢ়ݴਸڦ๘হǈੂഐઠ৽ᄲබࢇ

କă对ᇀႹܠ Web ๚ǖHTML5ࡻᆌᆩਸ݀ኁܸჾǈኄ๟ᅃॲۯᅎࢅ ࢅ JavaScript ੗ᅜই

യ૰ă3Dڦኈኟੵ平໼ᆌᆩ؜Ԩǈ࣏ᆶਸ݀ׯਸ݀گ ๟ፌ近ሺे৊ඁీࠀڦăᅎۯยԢ

对 CSS3 ೵Փǈܸ࢔׼ኧڦ WebGL ၄ሞᅙঢ়੺ԥᅎۯ平໼೵Փኧ׼କăሞԨቤዐǈ࿢்

ॽੂੂਸ݀एᇀ HTML5 ۯᅎڦ 3D ᆌᆩ้ࣷᇜڦڟ࿚༶ă

12.1　移动3D平台

৑࠶ᇱิ API ࣏ሞీࠀฉଶံᇀ HTML5ǈڍਐ૗ሞ੺໏໫ၭă৑࠶٪ሞᅃၵ၌዆ǈڍ 3D
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ᅙঢ়ሞٷևݴᅎ៓ۯબഗዐڟڥኧ׼ăٷև៓ݴબഗኧ׼ WebGLǈڍᆶၵǈԲසᅎۯӲ

Safari ࣏փኧ׼ăሞԨກႀፕኮाǈᅜူ๟ሞᅎۯยԢฉਸ݀एᇀ HTML5 ᆌᆩڦ၄ጒă

׼બഗኧ៓ۯᅎܠ࢔ • WebGLǈڍժփ๟ඇևǈ՗ 12-1 ࣹጺକኧ׼ WebGL બഗă៓ڦ

• ໯ᆶᅎ៓ۯબഗۼኧ׼ CSS 3D Վ࣑Ă܉ࡗतࣃۯăڼ 6 ቤਸ݀ڦ૩ጱᆌీ޿ሞඪᅪᅎ

ڦᆌᆩڦేࡕબഗ࣍ৣူሏႜăස៓ۯ 3D Ⴔ൱࢔०ڇǈዷᄲ๟ሞ 2D ᄻ面ᇮ໎ዐڦ 3D
༬ၳǈేᆌ޿ණኈ੊୯๑ᆩ CSS3 ܸփ๟ WebGLǈᅺྺ WebGL ժுᆶሞᅎۯยԢዐڥ

ă׼ඇ面ኧڟ

• ໯ᆶᅎ៓ۯબഗۼኧ׼ 2D Canvas APIă໲੗ᅜᆩઠፕྺփኧ׼ WebGL ڦ平໼ۯᅎڦ

യሞইपݛӄǈ໚඗໲ᆶႠీ࿚༶ǈᅺྺ 2D Canvas ᇮ໎ժுᆶᆘॲे໏ă

表12-1：移动设备和操作系统中的WebGL支持

平台/设备 支持的浏览器

Amazon Fire OS（एᇀ Android） Amazon Silk（ኻᆶ Kindle Fire HDX）

Android ᅎۯӲ ChromeĂᅎۯӲ Firefox

Apple iOS ሞᅎۯӲ Safari Ӳۯᅎࢅ Chrome ዐփኧ׼Ǘሞ iAds ઀ॐዐኧ׼ǈ໲

ᆩઠሞᆌᆩዐظॺएᇀ HTML5 ߢ࠽ڦ

BlackBerry 10 BlackBerry Browser

Firefox OS ᅎۯӲ Firefox

Intel Tizen Tizen Browser

Windows RT Internet Explorer（Ⴔᄲ Windows RT 8.1 ई߸ߛӲԨ）

ሞฉ面ڦ՗߭ዐፌ௽၂ڦ൶՚৽๟ǖሞ iOS ฉڦᅎۯӲ Safari Ӳۯᅎࢅ Chrome ዐඍ݄对

WebGL ࠶ă৑׼ኧڦ Android ሞᅎۯ๨ׇܮݻฉൽڥକ਎ׯڦٷजǈഄ໱ဣཥᄺደॷୁႜ

ഐઠǈڍ iOS ᅈ඗๟ᅃ߲ୁ׉ݥႜڦᅎۯ平໼ǈ对ਸ݀ኁᆶጣटڦٷဌᆅ૰ăiOS ൧઄ڦ

ईႹ࿄ઠࣷ߀Վǈڍ၄ํ๟ణമ iOS ዐ៓ڦબഗփኧ׼ WebGLă

ሞ៓બഗփኧ׼ WebGL ӄǈݛđ（hybrid）঴ਦࢇĐंྺ׬平໼ฉǈᆶᅃၵ๢ದरຍǈԥڦ

໲ྺᆌᆩײႾ༵ࠃ WebGL APIăਸ݀ኁ੗ᅜ๑ᆩ JavaScript ઠՊႀ໱்ڦᆌᆩǈJavaScript
ీۙᆩᅃဣଚᇱิپஓํ၄ APIă঳ࡕժփ๟ᅃ߲एᇀ៓બഗڦᆌᆩǈڍᆶᇱิپஓڦኴ

ႜႠీǈժ൐੗ᅜइڥ JavaScript ੺໏०ڇਸ݀تࡻڦă࿢்ॽሞԨቤࢫ面ჺ৯ഄዐᅃዖ

रຍǖLudei ڦິࠅ CocoonJSă

对ᇀኧ׼ WebGL ׉ᆌᆩ（ཚڦԈٶࢅᆌᆩڦӄǖएᇀ៓બഗݛ平໼ǈᆶଇዖևຈۯᅎڦ

ԥྺ׬ Web 应用）ă对ᇀएᇀ៓બഗڦᅎۯ WebGLǈేኻႴᄲၟਸ݀ጞ面平໼ᆌᆩఫᄣ৊

ႜਸ݀ǈ඗݀ࢫքޜڦేڟခഗฉă对ᇀ Web ᆌᆩǈేႴᄲ๑ᆩ平໼߾ڦਏઠٶԈ࿔ॲ

（ኄၵ࿔ॲཚ׉๟ేᄲ݀քޜڟခഗฉڦఫၵǈईႹ࣏े෇ᅃ߲཮Քࢅᅃၵᇮຕ਍႑တ）ǈ

඗ࢫཚࡗ平໼ڦᆌᆩฆیईૌຼޜڦခઠ݀քă

փే࠶සࢆևຈేڦᆌᆩǈᆶᅃၵేሞਸ݀ᅎۯ 3D ้Ⴔᄲ༬՚ጀᅪݛںڦă๯ံǈేॽ

Ⴔᄲཁे对ยԢీ૰ڦኧ׼ǈԲසఄة๼෇Ă࿋ዃࢅยԢၠݛăే࣏Ⴔᄲ߸ेା႐Ⴀీǈ

ᅺྺᅎۯยԢฉాڦ٪߸ၭժ൐（ཚ׉）CPU ࢅ GPU ࢫሏ໙ీ૰߸ෑă࿢்ॽሞԨቤڦ

面঻ถኄၵࣆ༶ă
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HTML5 ᅎۯ平໼ሞփ܏Վࣅዐǈຼࢭ௅ཀ؜ࣷۼ၄ႎڦ平໼ăྼएَཉ

（http://en.wikipedia.org/wiki/HTML5_in_mobile_devices）对၎࠲ԝৠ႑တ৊ႜ

କട߁ڦړຎă

12.2　为移动浏览器开发

සేࡕᅙঢ়ᆶྺጞ面៓બഗظॺ WebGL ᆌᆩڦঢ়ᄓǈਸ๔ᅎۯਸ݀ࣷ࢔०ڇǈኻႴॽ

៓બഗኸၠ၎࠲ URLăසڦేࡕᅎۯ平໼ኧ׼ WebGLǈ໲ᆌࣷ޿ኟ׉ሏႜăႠీ੝

ۨࣷᆶֶᅴăยԢ֡ࢅፕဣཥ平໼ኧ׼Ⴙܠփཞڦᆘॲದዃǖᆶၵ܋گ׉ݥǈԲසઠ

ጲ GeeksPhone ڦ Firefox OS ๮ऐǗഄ໱ڦႠీ࣏ۼփٱǈԲසႎڦ Samsung Galaxy ࢅ

Google Nexus 平ӱăڍ໲்዁ณీۼሞೡటዐ៺කᅃၵၳࡕǈඟేሞُएإฉਸ݀ă

ሞ࿢֪๬ڦยԢዐǈඟ࿢ᆇ象ፌศਗ਼ڦ৽๟ Amazon Kindle Fire HDXǈ໲ᇀ 2013 ౎ 10
ሆ݀քăKindle Fire HDX ๟ Kindle Fire ׂ೗၍ืڦपǈᆶᆫႯڦᆘॲದዃǖᅃ੓ઠጲ

૙ഗǈᅜतेฉକ对تࢃ຺ᣇୄ（Snapdragon）ڦཚߛ HTML5 ᅃୁኧڦ׼ Adreno 330 
GPUăኄ߲೿ᆈڦ٫平ӱ对Ԩກዐڦ૩ጱኧࡻ࢔ڥ׼ă཮ 12-1 ๟ Futurgo በྪכ౒߁

（֖见ڼ 10 ቤ）ሏႜሞ Kindle Fire HDX ዐڦ Amazon Silk ៓બഗฉڦপ཮ăጀᅪǈ໲

ੂഐઠڼࢅ 10 ቤዐጞ面Ӳڦ૩ጱᅃᄣă๮ኸሞ canvas ൶ᇘۯࣂઠ჉ገ Futurgoǈᆩଇ߲

๮ኸሞ canvas ൶ᇘ౗ࢇઠ໫ݣఇ႙ǈۅऍ Interior ࢅ LTD Racing Քധઠਸഔࣃۯǈۅऍ

Futurgo ยԢ׼೿ᆈ٫๮ڦपൟגǈ对ᇀᅃ߲ٱփ࢔Ⴀీڦă໲֫ޝ؜ڑઠݴᅃևڦวכ

ઠຫၳ؜גࡕᇨ೺ă

图 12-1：运行在 Kindle Fire HDX 上的 Futurgo 应用



开发移动3D应用   ｜   281

࿢ժுᆶፔඪ߾े޹ࢆፕઠඟኄ߲૩ጱሞ Kindle ยԢฉሏႜǈኄփፁྺആă࿢ኻ๟ॽ

URL ๼෇៓ڟબഗዐǈځڪब௱ǈᄻ面৽ྜඇ៺කժۯഐઠକăၟኄᄣڦᅎۯยԢுᆶ຋

Քǈ໯ᅜྺକํ၄঍ࢻǈ࿢Ⴔᄲཁेఄة๼෇ڦኧ׼ă

12.2.1　增加触摸支持

ᅎۯ HTML5 ៓બഗࣷጲتۯ૙ᄻ面ᇮ໎ఄةڦ๼෇ǈิࢇׯ๢ڦ mouseclick ๚ॲă

Futurgo ᄻ面ᆸՉڦՔധ੗ᅜኟ߾׉ፕǈీٶ݀ةࠕਸࢅכ჉ገ୾ጱࣃۯڦăڍ๟ǈ៓બ

ഗփࣷጲྺۯ Canvas ᇮ໎ิׯ຋Ք๚ॲǈ࿢்Ⴔᄲጲमཚتࡗ૙៓બഗ触摸事件（touch 
event）ઠཁेኧ׼ă

ໜጣةೡহ面ሞᅎۯยԢฉୁڦႜǈఄة๚ॲԥཁेڟକ Web ៓બഗዐă໲்ᆶۅૌຼ຋

Ք๚ॲǈᅺྺኧ׼၎对ᇀਜ਼܋ࢽĂᄻ面ࢅೡటڦ x ࢅ y ፖՔăڍ๟ǈ໲்࣏ኧ׼ᅃၵփཞ

ೡటఄةۼ૩ස௅߲๮ኸ）ఄةۅܠཞ้׼ຕยԢኧܠٷ႑တǈᆮഄ๟ᅺྺڦ )ǈఄة๚

ॲԈࡤକփཞ߳ۅఄةጲڦ႑တă

៓બഗ࣏ۨᅭକႎڦ๚ॲૌ႙ǈ՗ 12-2 ፔକ߁ઔă

表12-2：浏览器触摸事件

事　　件 描　　述

touchstart （ೡటఄةᅃْڼᅃ߲๮ኸړԲස）݀ةࢪ้ڦఄةڟॠ֪ړ

touchmove （ۯᅃ߲๮ኸሞೡటዐᅎړԲස）݀ةࢪ้ڦࣅ࿋ዃՎఄةړ

touchend （Բස๮ኸٗೡటฉᅎਸ）݀ةࢪ้ڦ঳ຐఄةړ

touchcancel （ۅఄةܠԲස໿）܏ԥഄ໱༬๺ํ၄ႜྺዐఄةᆌ൶ྔ面ǈईߌఄةڦೡటڟᅎఄةړ

݀ة้

ྜኝ៓ڦબഗఄة๚ॲݔࡀ੗ᅜሞ W3C ླྀ४ᄻ面（http://www.w3.org/TR/ 

2013/REC-touch-events-20131010/）ቴڟă

ጀᅪǈሞᆶၵ៓બഗዐ对ఄة๚ॲڦኧ࣏׼ሞਸ݀ዐǈే੗ీࣷᇜڟ༬ۨ៓

બഗڦ࿚༶ăԲසጞ面Ӳڦ Internet Explorer ሞኧڦఄة׼ PC ฉኧఄة׼๚

ॲǈڍ໲்Ⴔᄲփཞڦ DOM ๚ॲૌ႙ࢅ༬ۨ៓બഗڦ CSS ຌႠ（-ms- മ

ጘ）ઠඟ໲ኟ߾׉ፕăਏ体ဦব൩ֱკేణՔ៓બഗڦਸ݀ኁ࿔ڗă

ྺକߴ Futurgo ᆌᆩཁेఄةኧ׼ǈ࿢்Ⴔᄲํ၄മ面໯༵ڦڟ๚ॲتڦ૙ࡧຕă࿢்Ⴔ

ᄲӝ໲்ཁेڟ Vizi ֱੂഗ໯๑ᆩڦఇ႙੦዆ഗዐǈઠኧ׼ఇ႙ڦ჉ገࢅ໫ݣă࿢்࣏ၙ

ํ၄ Futurgo ᆌᆩጲวఄةڦ๚ॲኧ׼ǈઠت૙ᆩכఄةࢽวڦᅃևݴă

1. 在查看器中实现基于触摸的模型旋转

ጞ面 Futurgo ᆌᆩڦᅃ߲ଆࡻ༬Ⴀ๟ీ๑ᆩ຋Ք჉ገఇ႙ǈժ๑ᆩ຋Քࡐ୾ఄةࢅӱઠ໫

ăپ༻ઠఄةுᆶǈ໯ᅜ࿢்ॽ๑ᆩۼยԢฉۯăᅺྺኄၵ๼෇ᇸሞᅎݣ

࣮ᅬᅃူڼ 10 ቤ Futurgo ᆌᆩ๑ᆩ Vizi.Viewer 对象ᅜत໲ాڦॺఇ႙੦዆ഗǈઠኧ׼ᆩ

຋Ք֡ፕఇ႙ă࿢்ॽႪ߀ఇ႙੦዆ഗઠ๑ᆩఄة๼෇ăኄ߲ૌڦᇸஓ੗ᅜሞ Vizi ᇸஓ࿔



282   ｜   第 12 章

ॲڦ src/controllers/orbitControls.js ዐቴڟă

๯ံǈ࿢்ཁे touchstart ຕǈ໲ॽۙᆩࡧ๚ॲ॔དڦ onTouchStart() ă݆ݛ

    this.domElement.addEventListener( 'touchstart', onTouchStart, 
      false );

ഄ໱๚ॲ॔དࡧຕᄺໜۼࢫཁेڟ onTouchStart() ዐକă（ጀᅪՎଉ scope ๟ JavaScript ڦ
ԿԈྷݔՎଉǈԍ٪ڦ๟ orbit ੦዆对象ڦ this ኵă）

        scope.domElement.addEventListener( 'touchmove', onTouchMove, 
          false ); 
        scope.domElement.addEventListener( 'touchend', onTouchEnd, 
          false );

၄ሞ࿢்੗ᅜت૙ఄة๚ॲକă૩ 12-1 ቛ๖କ onTouchStart() ஓă࿢்एԨฉ৽๟پڦ

࿁ሰକᅃ߲຋ՔӀူ（mouse down）๚ॲǈժۙᆩ对ᆌڦ๚ॲت૙ࡧຕ onMouseDown()ǈ

onMouseDown() ๟ᆩࢽ຋Ք๚ॲتڦ૙ă௅߲ఄة๼෇ᇸڦဦব٪ئሞ๚ॲڦ touches ଚ՗

ዐǈ໲๟ᅃ߲ Touch 对象ڦຕፇă࿢்ኄ૛्ۨኻᆶᅃ߲ఄةǈࢮ୼ଚ՗ዐأକڼᅃ߲对

象ᅜྔڦഄ໱对象ă对象ڦኵԥް዆ڟକ࿢்࿁ሰڦ຋Ք๚ॲዐǈժߴد onMouseDown()ǈ

඗ࢫኄ߲๚ॲԥׯړᅃ߲೵ཚ຋ՔӀူ๚ॲઠت૙ă

ᆩ Mr. Spock ᆶၳăđڍઠຫǖĐᇱ๔ࣆڦ

例 12-1：ཚׯࢇࡗᅃ߲຋ՔӀူ๚ॲઠت૙ఄةਸ๔

 ᅃ߲຋Քፑ॰๚ॲׯࢇ //         
        var mouseEvent = { 
            'type': 'mousedown', 
            'view': event.view, 
            'bubbles': event.bubbles, 
            'cancelable': event.cancelable, 
            'detail': event.detail, 
            'screenX': event.touches[0].screenX, 
            'screenY': event.touches[0].screenY, 
            'clientX': event.touches[0].clientX, 
            'clientY': event.touches[0].clientY, 
            'pageX': event.touches[0].pageX, 
            'pageY': event.touches[0].pageY, 
            'button': 0, 
            'preventDefault' : function() {} 
            }; 
 
        onMouseDown(mouseEvent);

࿢்ᆩૌຼڦ०ڇरേํ၄କ touchmove ࢅ touchendǈփཞڦ๟࿢்๑ᆩକ event.

changedTouches ຕፇăchangedTouches Ԉࡤඪᅪఄة๼෇ᇸᅎڦ้ۯႎኵă࿢்ཞᄣඇև

्ۨ๟ᅃ߲֡ఄةፕăኄ๟ு࿚༶ڦǈ࿢்对ᇀఄةۅܠᆶഄ໱ݛӄăਏ体ဦব੗ᅜֱੂ

onTouchMove() ࢅ onTouchEnd() ஓăپڦ݆ݛ

2. 实现基于多点触摸的缩放

๕ݛࢻ঍ఄةۅܠڦᆩ׉多点触摸֡ፕăᅃ߲׼๼෇ǈईኁຫኧఄة߲ܠ׼ยԢኧݴևٷ

๟๑ᆩଇߵ๮ኸઠĐ౗ࢇđೡటǈनॽଇߵ๮ኸᅎ近ࢅᅎ远ઠ໫ၭईٷݣ视཮ă࿢்ॽሞ
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Vizi ఇ႙੦዆ഗฉ৊ႜํ၄ă

ਸ݀ఄةۅܠԲਸ݀ఄةۅڇ߸ްሗᅃၵǈᅺྺ࿢்Ⴔᄲݴ՚߶ጷఄة߲ܠ๼෇ڦᅎۯă

对象ሞ๚ॲఄة touches ई changedTouches ଚ՗ዐԈࡤᅃ߲ identifier ຌႠǈ໲๟ྸఄة

ᅃڦ idǈሞ໲ڦዜ೺（ٗ touchstart ڟ touchmoveǈ኱ڟ touchend ई touchcancel）૛ԍ

փՎă׼

ඟ࿢்ઠੂᅃူپஓăሞ onTouchStart() ăఄةᆶᅃ߲ᅜฉޏǈ࿢்ॠ֪๟ݴਸ๔ևڦ

සࡕ๟ࣆڦǈ࿢்ॽ໲ׯړ౗ࢇ（pinch-to-zoom）๮๞ǈܸփ๟ఇ႙჉ገă࿢்๑ᆩ

touches ຕፇڦമଇၜઠऺ໙ఄةक़ڦਐ૗ǈԍ٪໲்ڟ touchDistance ຌႠዐă࿢்ॽሞ

面๑ᆩ໲ઠඓۨ๟ၠాफუ（pinch inward）࣏๟ၠྔफუ（pinch outward）ăࢫ

if ( event.touches.length > 1 ) { 
            scope.touchDistance = calcDistance(event.touches[0], 
              event.touches[1]); 
            scope.touchId0 = event.touches[0].identifier; 
            scope.touchId1 = event.touches[1].identifier; 
        }

࿢்࣏ݴ՚ሞຌႠ touchId0 ࢅ touchId1 ૛ԍ٪କଇ߲ఄة对象ڦጴزޙՔ๎ޙă࿢்ኄ

஺ፔ๟ᅺྺړথူઠথ๭ڟ touchmove ๚ॲ้ǈ࿢்ՂႷඓۨన߲ఄة对象ᅎۯକǈᅺྺ

ժփీԍኤఄة对象ሞႎڦ changedTouches ๚ॲଚ՗ዐԍ٪ڦຩႾࢅፌڦ؛ touchstart ๚

ॲ๟ᅃᄣڦăྸᅃీ൶ݴ௅߲ఄة对象ڦ႑တ৽๟໲ڦ identifier ຌႠǈ໯ᅜ࿢்ԍ٪ူ

ઠࢫࠃჄ๑ᆩă

၄ሞ੗ᅜت૙ touchmove କǈ൩ੂ૩ 12-2ăሞ onTouchMove() ዐǈ࿢்๯ံඓۨ๟݆ݛ

ᆶǈ࿢்ሞࡕ๚ॲăසఄةۅܠᆶޏ changedTouches ዐֱቴኮമԍ٪ڦଇ߲Ք๎ޙǖ

touchId0 ࢅ touchId1ăᆶኄၵՔ๎ఄةڦޙ对象๟࿢்໯࠲႐ڦăᅃڋइڥକ໲்ǈ࿢்

৽੗ᅜ๑ᆩޤዺࡧຕ calcDistance() ऺ໙ႎڦਐ૗ă࿢்ॽ໲ࢅኮമڦਐ૗၎३ǖසࡕ঳

ࡕǗසٷ߸ਐ૗远କǈᇀ๟࿢்ઙ近၎ऐઠඟఇ႙ੂഐઠڦ๮ኸߵǈຫ௽࿢்ଇڦ๟ኟࡕ

঳ࡕ๟ڦ޶ǈຫ௽࿢்ଇߵ๮ኸڦਐ૗߸近କǈᇀ๟໫ၭఇ႙ă

例 12-2：๑ᆩتఄةۅܠ૙ᅃ߲౗֡ࢇፕ

    if ( event.changedTouches.length > 1 ) { 
        var touch0 = null; 
        var touch1 = null; 
        for (var i = 0; i < event.changedTouches.length; i++) { 
            if (event.changedTouches[i].identifier ==  
              scope.touchId0) 
                touch0 = event.changedTouches[i]; 
            else if (event.changedTouches[i].identifier ==  
              scope.touchId1) 
                touch1 = event.changedTouches[i]; 
 
        } 
        if (touch0 && touch1) { 
             var touchDistance = calcDistance(touch0, touch1); 
             var deltaDistance = touchDistance -  
               scope.touchDistance; 
             if (deltaDistance > 0) { 
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                 scope.zoomIn(); 
             } 
             else if (deltaDistance < 0) { 
                 scope.zoomOut(); 
             } 
             scope.touchDistance = touchDistance; 
        } 
    }

ඟ࿢்ੂᅃူਐ૗๟සऺࢆ໙ڦă૩ 12-3 ቛ๖କ calcDistance() ०࢔ஓăऺ໙پඇևڦ

๕ăࠅઙຯ（Pythagorean）ਐ૗ߣٳԹڦۆǈ๑ᆩঢ়ڇ

例 12-3：ऺ໙౗ڦࢇਐ૗

function calcDistance( touch0, touch1 ) { 
   var dx = touch1.clientX - touch0.clientX; 
   var dy = touch1.clientY - touch0.clientY; 
   return Math.sqrt(dx * dx + dy * dy); 
}

3. 关闭页面的用户缩放

ྺକኟඓํ၄࿢்ఄةڦǈ࣏ᆶᅃ߲࢔ၭ׉ݥڍዘᄲڦဦবăఐණ൧઄ူǈᅎۯ Web ៓બ

ഗሎႹᆩࢽ๑ᆩఄةઠ໫ݣᄻ面ాඹăڍ๟ǈኄࣷ߅ඡ࿢்๑ᆩ౗ࢇઠ໫ݣ 3D ాඹీڦ

૰ăࡻၩတ๟ᆶӸ݆ሞՔധዐ࠲Կኄ߲ీࠀăཚࡗԈࡤᅜူ HTML5 meta Քധǈ࿢்੗ᅜ

ᄻ面（൩ੂݣ໫ࢽኹᆩݞ Chapter 12/futurgo.html）ǖ

<meta name="viewport" 
  content="width=device-width, initial-scale=1.0, user-scalable=no">

4. 为Futurgo模型添加Vizi.Picker触摸事件

ጞ面Ӳڦ Futurgo ᆶᅃ߲ీࠀڦࡻ׉ݥǖ对ᇀכఇ႙փཞևڦݴ႑တՔጀăᅎۯ຋Ք჈ཕ

ڦ႑တܠ߸ݴᇀఫ߲և࠲ᅃ߲؜ڑǈࣷࢪ้ڦ（วĂ୾໹כի૱Ăޅڔ）ݴฉᅃևכڟ

DIVăڍ๟ǈᅎۯยԢுᆶ຋Քǈ໯ᅜएᇀ຋Ք჈ཕ๟փీ߾ፕڦăፕྺ༺پǈ࿢்੗ᅜ

ሞఇ႙ڦփཞևݴԥ؜ڑ้ఄةՔጀăVizi.Picker Ԉࡤକ对ఄة๚ॲڦኧ׼ă൩ੂ࿔ॲ

Chapter 12/futurgo.js ڼڦ 44 ႜǈ࿢்ཁेକएᇀ݀ةఄةՔጀپڦஓăጀᅪ૩ 12-4 ዐٚ

体Քڦ؜ႜă

例 12-4：ྺ Futurgo ఇ႙ཁे Vizi.Picker ๚ॲఄة

// ྺ໯ᆶشכڦཁे৊෇้ڦ؜ڏႜྺ 
var that = this; 
scene.map(/windows_front|windows_rear/, function(o) { 
    var fader = new Vizi.FadeBehavior({duration:2, opacity:.8}); 
    o.addComponent(fader); 
    setTimeout(function() { 
        fader.start(); 
    }, 2000); 
 
    var picker = new Vizi.Picker; 
    picker.addEventListener("mouseover", function(event) {  
        that.onMouseOver("glass", event); }); 
    picker.addEventListener("mouseout", function(event) {  
        that.onMouseOut("glass", event); }); 
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    picker.addEventListener("touchstart", function(event) {  
        that.onTouchStart("glass", event); }); 
    picker.addEventListener("touchend", function(event) {  
        that.onTouchEnd("glass", event); }); 
    o.addComponent(picker); 
});

ڦڇຕኄᅃ०ࡧ૙تᅃ߲၄ᆶ຋Քڟǈ࿢்ምْ๑ᆩକ݀ໃڇ०࢔ຕࡧ૙تڦ๚ॲఄة

रേă

Futurgo.prototype.onTouchEnd = function(what, event) {  
    console.log("touch end", what, event);  
    this.onMouseOver(what, event); 
}

ႇཀႇںǈonMouseOver() ዐփႴᄲᅃ߲ኈํڦ DOM ຋Ք๚ॲ（Mouse-

Event）ǈփ඗ኄپ܎ஓࣷ฿ၳă࿢்ኄ૛ፔକ०تڦڇ૙ǈڍփᄲሞేׂڦ

೗پஓዐፔૌຼڦ๚൧ǈփ඗ేࣷሞࢫ面փঢ়ᅪक़݀၄ bugă

12.2.2　在桌面版Chrome上调试移动功能

ᅃڋ࿢்ბࣷକසتࢆ૙ఄة๚ॲǈ৽࢔ඹᅟሞ Vizi ࢅ႐ࢃ Futurgo ᆌᆩዐཁे对໲்ڦ

ኧ׼ăฯ዁๟ཁेఄةۅܠઠኧ׼౗ݣ໫ݣǈ໚඗ᆶၵဦব࿚༶ǈڍժփߛศă৑࠶ฉ面

๬࿢்ཁे֪ࢅǈ໯ᅜ࿢்Ⴔᄲీۙ๬ٱݖࣷ׉࿢்๟ටૌǈ้ڍ๚൧ੂഐઠփ໙వǈڦ

ăీࠀႎڦ

՗ 12-1 ዐଚڦ؜௅߲ᅎۯ HTML5 平໼ࠃ༵ۼକሞยԢฉ૶থۙ๬ഗۙ๬ᆌᆩڦփཞݛ

݆ăᆶၵဣཥፔڥփٱǈܸᆶၵٗ࿢ڦ体ᄓฉੂǈᆩഐઠ׉ݥས੮ă৑࠶සُǈేᆶ้ࢪ

ධႴ኱面ఫၵ֡ፕୁײă࿢்փࣷ༪ஃ௅߲փཞ߾ڦਏǈ൩ֱკేణՔ平໼ڦ࿔ڗઠइڥ

႑တăܠ߸

ᇑُཞ้ǈසࡕሞॽᆌᆩദᅎڟยԢമǈీ๑ᆩᆌᆩڦጞ面ӲԨઠ৊ႜᅃၵۙ๬৽ࡻକă

႞ሏڦ๟ǈጞ面Ӳ Chrome ๚ॲăఄة૰ǈԲසీڦీࠀۯକఇెగၵᅎࠃਏ༵߾๬ۙڦ

ፕօየă֡ڦ๚ॲǈᅜူ๟੺໏ఄة݀ةǈే੗ᅜ๑ᆩ຋Քઠࢪ้ڦ๚ॲఇెਸഔఄةړ

(1) ሞ Chrome ៓બഗዐٶਸేڦᆌᆩă

ਸٶ (2) Chrome ۙ๬߾ਏă

ڦऍᆸူঙۅ (3) Settings（ยዃ）཮Ք（؃װ୾ጒ）ǈేॽࣷੂڟᅃ߲ᆩࢽহ面面ӱሞۙ๬

൶ᇘዐ؜ڑăස཮ 12-2 ໯๖ă၎ڦ࠲๼෇൶ᇘԥංକഐઠă

(4) ჋ስยዃ൶ᇘڦ（ፌፑՉᅃત）ڦ Overrides（ޮ߃）Քധă

჋ࠎ (5) Overrides Քധતڦ Enable ް჋઀ă

(6) ၠ ჋ఫ߲ް჋઀ăࠎĐEmulate touch eventsđăڦᆸՉၘ൧൶ᇘڟੂేڟǈ኱ۯࡐူ

(7) ၄ሞే੗ᅜۅऍᆸฉঙ࠲ڦԿઠ࠲Կ面ӱăړ඗ǈేႴᄲԍۙ׼๬߾ਏਸഔă
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图 12-2：在桌面版 Chrome 中开启触摸事件模拟

ጀᅪǈChrome Կۙ࠲ړᆶၳă֍ࢪ้ڦਸٶਏ߾๚ॲఇెኻᆶሞۙ๬ఄة

๬߾ਏࢫǈేॽ฿ඁఄة๚ॲޮ߃ă

၄ሞǈ៓બഗఄة๚ॲఇెᅙঢ়ሞ Chrome ዐਸഔକă຋Ք๚ॲॽገ࣑ఄةׯ๚ॲժ݀

ᆌᆩă൩ੂ཮ڦేྫ 12-3ăጀᅪش口ᆸฉঙ（ሞ཮ዐංഐઠକ）ᆶࢤ෥࿔Ԩ࢒ڦ෥ਈ

ႚ൶ᇘǈ໲ߢ໕࿢்๚ॲޮ߃ᅙঢ়ਸഔ ă၄ሞ๑ᆩ຋Քۅऍ Futurgoǈ࿢்੗ᅜੂړڟ

touchstart ࢅ touchend ๚ॲ้݀ةႀڟ੦዆໼ڦၩတǈ࿢்ॽ໲்ሞ੦዆໼ش口ዐංକഐ

ઠăኄ߲०ీڦڇ૰๟ሞᆌᆩദᅎڟᅎۯยԢമǈۙ๬پఄةஓ݆ݛࡻڦăփࡗǈኻኧ׼

ఇెăఄةْڇ

图 12-3：在桌面版 Chrome 中调试 Futurgo 的触摸事件
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12.3　创建Web应用

ᆶ้ࢪǈేၙॽేڦፕ೗ٶԈྺᅃ߲ྜڦׯᆌᆩևຈڟยԢฉăईኁేၙ๑ᆩᆌᆩాࠔ

சǈईഄ໱ྺᆌᆩܸጚԢڍሞ៓બഗዐփኧڦ׼平໼ీࠀăईኁేኻ๟ၙሞᆩڦࢽยԢฉ

Ҿጎᅃ߲཮Քǈ๑ڥ໱ీ኱থٶਸేڦᆌᆩăٷևݴႎڦᅎۯยԢ平໼ኧ׼ᆩ JavaScript
ࢅ HTML5 ਸ݀ǈ඗ࢫॽ঳ٶࡕԈྺᅃ߲ᆌᆩׯ೗ई Web ᆌᆩă

12.3.1　Web应用开发和测试工具

๑ᆩ HTML5 ॺظ Web ᆌᆩڦਸ݀߾ਏᅺ平໼ܸᅴǈ௅߲平໼ۼᆶጲम֪ڦ๬Ăۙ๬ٶࢅ

Ԉ݀քᆌᆩ݆ݛڦă

Amazon ྺሞ Kindle ยԢฉڦ Amazon Fire OS କᅃ߲ࠃ༵ Web App Tester ֪๬߾ਏăFire 
OS ๟ Amazon ྺ Kindle Fire ยԢਸ݀֡ڦፕဣཥǈഄएᇀ AndroidăWeb App Tester ๟
ᅃ߲ Kindle Fire ᆌᆩǈሞ Amazon ฆیዐᆶ༵ࠃăၘဦ႑တ੗ᅜݡ࿚ https://developer.
amazon.com/sdk/webapps/tester.htmlăWeb App Tester ස཮ 12-4 ໯๖ă

图 12-4：Amazon Web App Tester
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ኄ߲߾ਏڦ๑ᆩ׉ݥ०ڇǖሞేڦᄻ面ዐ๼෇ᅃ߲ URLǈ໲৽ࣷᅜඇೡݛڦ๕ઠेሜኄ߲

ᄻ面ăేړ๯ْ๼෇ኄ߲ URL ኮࢫǈ໲৽ࣷԥԍ٪ሞ֪๬ฆیዐᅜՍምْሜ෇ă

ኮമ༵ࡗڟǈظॺ Web ᆌᆩڦਸ݀ኁ߾ਏᅺ平໼ܸᅴăฯ዁对ᇀփཞ׍ฆӲ

Ԩڦ Android ᄺ๟සُǖ৑࠶ Kindle Fire OS ๟एᇀ Android ڍǈڦ Amazon

ཁेକٷଉీࠀǈᆶᅃဣଚጲۨᅭ߾ڦਏઠਸ݀Ă֪๬ٶࢅԈă对ᇀഄ໱ए

ᇀ Android ईֱੂڗ࿔ڦฆ׍ဣཥǈ൩ֱკڦ Android Web ᆌᆩਸ݀ኁᄻ面

（http://developer.android.com/guide/webapps/index.html）ă

12.3.2　打包成Web应用来发布

ᅃۙేڋ๬֪ࢅ๬ྜేڦᆌᆩǈ৽੗ᅜ݀ք໲କăཞᄣǈ௅߲平໼݀ڦքୁײᄺۼփཞă

Amazon ڦ෇口ǈሎႹጀ֩݀ݴᆌᆩۯକᅎࠃ༵ Amazon ਸ݀ኁظॺ Kindle Fire ࢅ Android
ᆌᆩઠ݀քăཚࡗኄ߲෇口݀քేڦᆌᆩႴᄲঢ়ࡗब߲օየăڼᅃօ๟ྺᆌᆩظॺᅃ߲清

单文件（manifest file）ǈኄ๟ᅃ߲Ԉ࠲ࡤᇀᆌᆩాඹतڦీࠀ႑တڦ࿔ॲăူ面๟ᅃ߲๖

૩ǈ๟ᅃ߲׉ݥ०ڦڇ Amazon Web ᆌᆩڇൣڦ࿔ॲăྸᅃႴᄲڦጴ܎๟ verification_

keyǈ໲๟ሞ Amazon ݀քୁײዐิڦׯኵăഄ໱࠲ᇀᆌᆩڦᇮຕ਍ǈԲස཮Քࢅ௮ຎǈሞ

༵঍ᆌᆩࢪ้ڦሞ၍༵঍ǈܸփሞ manifest ࿔ॲዐă

Amazon ኝ႑တ੗ᅜሞྜڦ࿔ॲڇൣ https://developer.amazon.com/sdk/webapps/manifest.html
ዐቴڟă

{ 
    "verification_key": 
      "insert your verification key from the App File(s) tab", 
    "launch_path": "index.html", 
    "permissions": [ 
        "iap", 
        "geolocation", 
        "auth" 
        ], 
 
        "type": "web", 
        "version": "0.1a", 
        "last_update": "2013-04-08 13:30:00-0800", 
        "created_by": "webappdev" 
    }

ፕྺ对ԲǈFirefox OS ڦ Firefox ๨ׇᆶᅃ߲փཞڦᆌᆩײୁ݀ݴǈᅜतփཞᇕ݆ڇൣڦ࿔

ॲăူ面๟ᅃ߲०ڦڇ૩ጱǖ

{ 
  "name": "Your_Application_Name_Here", 
  "description": "Your Application Description Here", 
  "version": 1, 
  "installs_allowed_from": ["*"], 
  "default_locale": "en", 
  "launch_path": "/index.html", 
  "fullscreen": "true", 
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  "orientation": ["landscape"], 
  "icons": { 
    "128": "/images/icon-128.png" 
  }, 
  "developer": { 
    "name": "Your Name Here", 
    "url": "http://your.company.url.com" 
  }  
}

ሞ Firefox ௮ຎǈࢅ׬࿔ॲĂᅃ߲ᆌᆩ཮ՔĂᅃ߲ᆌᆩఁڦକԈዐ؜࿔ॲዐǈ࿢்ଚڇൣڦ

ᅜतᅃၵਸ݀ኁ႑တăሞ https://developer.mozilla.org/en-US/Apps/Developing/Packaged_apps
ฉֱቴ߸࠲ܠᇀ Firefox OS ᆌᆩظॺڦ႑တă

12.4　开发原生/HTML5混合应用

HTML5 平໼ۯᅎࢅ API ๟对૬ڦଇݛă࿢்੗ᅜၙ象փ远ڦ࿄ઠǈඪᅪᆌᆩۼ੗ᅜံሞ

HTML5 ዐਸ݀ǈ඗ࢫ०ںڇ๑ᆩ׍ฆٶڦԈरຍ݀քڟփཞڦᅎۯ平໼ฉă඗ܸǈኄ߲

࿄ઠ࣏ுڟઠă平໼क़࣏ᆶփཞǈᆮഄ๟ 3D ࣏ᆶֶਐă৽ၟമ面࿢்ຫڦࡗǈWebGL ᅙ

ঢ়ሞबࢭ໯ᆶᅎ៓ۯબഗዐڟڥକኧ׼ǈڍժ࿄ྜඇ೵तă

ᅺྺኄᄣईఫᄣڦᇱᅺǈేႴᄲ੊୯๑ᆩగዖሞణՔยԢฉਸഔ WebGL ࡗरຍǈ໲ཚڦ

ᇱิੰई适配器ઠඟࠃ༵ JavaScript ࿚ݡ WebGL APIă๑ᆩᅃዖ๢ದഗरຍǈే੗ᅜሞٶ

Ԉڦᆌᆩዐॽ JavaScript/HTML ᇑᇱิپஓ၎঳ࢇǈՎׯᅃ߲ंࢇᆌᆩǈᇉࢅႨቨग़ڥă

ਸ݀ኁईႹࣷᅺྺසူᇱᅺኮᅃܸገၠंݛࢇ๕ă

• 缺乏浏览器支持

iOS ๟ํ၄ WebGL ፆҹă对ᇀૌຼڦٷፆҹǈܸ൐๟ᅃ߲ڦ iOS तഄ໱փኧ׼ WebGL
ڦ平໼（Բසራ೺ӲԨۯᅎڦ Android）ઠຫǈंݛࢇӄ༵ࠃକᅃዖݛ๕ǈሎႹਸ݀ኁ

๑ᆩ JavaScript एᇀ WebGL API ਸ݀ 3D ᆌᆩǈժ݀քڟణՔ平໼ă

• 性能

๢ದੰཚࠃ༵ࣷ׉Բएᇀ៓બഗ WebGL Ⴀీăኄᆶଇ߲ᇱᅺă๯ڦࡻᆌᆩ୼ڪཞڦ

ံǈ໲்੗ᅜ༵ࠃᅃ߲ᆫࣅժۙᆫڦ JavaScript Ⴕెऐăഄْǈ໲்੗ᅜՆ௨៓બഗҾ

ඇఇ႙໯ཁेڦ WebGL Ҿඇ֫ĊĊኄ对ᇀएᇀ Web 对ᇀᇱิᆌڍǈڦᆌᆩ๟ՂႴڦ

ᆩሶփ๟ă

• 发布为一个应用

සࡕణڦ๟ॽᆌᆩׯ೗݀քྺᅎۯᆌᆩǈܸփ๟एᇀ៓બഗڦበۅǈंݛࢇӄኵڥᅃ

๬ăᆶၵंݛࢇӄฯ዁ሎႹ JavaScript ๑ᆩሞكएᇀ៓બഗڦᆌᆩዐுᆶీࠀڦǈԲස

ᆌᆩాࠔசĂᇱิߢ࠽ SDKĂၩတླྀໃă

近ब౎ઠǈ؜၄କबዖኧݛࢇं׼ӄڦ๢ದरຍă৑࠶໲்ዐٷڦևࠃ༵ݴକᆘॲे໏

ڦ Canvas तഄ໱༬๺ీࠀ（ഄዐፌዸఁڦ๟ Adobe ڦ PhoneGapǈྪ኷๟ http://phonegap.
com/）ǈڍኻᆶณຕंࢇ઀ॐԈઔକ对 WebGL ଇ߲๟ڦጀᅪڥăፌኵ׼ኧڦ CocoonJS ࢅ

Ejectaă৑࠶ኄଇ߲߾ਏ๬཮঴ਦ၎ཞڦ࿚༶ǈڍ໲்݆ݛڦڦඐ࢔փཞǈᅜူ๟ᅃ߲०
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ᄲڦԲডă

• CocoonJS（http://www.ludei.com/tech/cocoonjs）

CocoonJS ੗ᅜሏႜሞ Android ࢅ iOS ฉă໲༵ࠃକᅃ߲०ڦڇᆌᆩඹഗઠሏႜ HTML5
ࢅ JavaScript କ对ࠃဦবă໲༵ڦဣཥ֫ڹஓǈᆆ֠କپ CanvasĂWebGLĂWeb 
AudioĂWeb Sockets ၄ăCocoonJSํڦڪ ࣏ᆶᅃ߲ሊڦ܋ၜణՊᅳဣཥǈ໯ᅜేᄲፔ

ਏǈԲස߾๑ᆩᇱิ平໼ࢆၜణăਸ݀ኁփႴᄲକ঴සڦॺేࠓࢅ୤کৈৈ๟ڦ iOS ڦ

XcodeǈઠظॺᇱิᆌᆩăCocoonJS ๟Կᇸၜణǈᆯ໲࿋ᇀ৹ূ෷ڦਸ݀ฆ Ludei ჹ߭

੦዆ă

• Ejecta（http://impactjs.com/ejecta）

Ejecta ๟ᅃ߲ਸᇸੰǈ༵ࠃକႹࢅܠ CocoonJS ᅃᄣీࠀڦǈڍኻኧ׼ iOSăEjecta ิڐ

ጲ ImpactJSǈᅃ߲ HTML5 ᆴဥᆅ൤ၜణăEjecta ߸े DIYǈႴᄲਸ݀ኁ对 Xcode ᇱࢅ

ิ平໼ API ᆶ၎ڦܠړକ঴ă

৑࠶ Ejecta ๟ᅃ߲ਸᇸၜణǈڍ໲ᅈડ iOS ༬Ⴀत Xcodeǈᅺܸփ๢ࢇԨກă࿢்ॽ๑ᆩ

CocoonJS ઠਸ݀ᅃ߲ंࢇᆌᆩă

12.4.1　CocoonJS：一种为移动设备构建HTML游戏及应

用的技术

CocoonJS ๟ᅃዖඟ HTML5 ๢ದഗरຍă໲ፕྺᅃ߲ڦยԢฉۯᆌᆩሏႜሞᅎࢇं

HTML5 ᇱิހጎઠ߾ፕǖᆌᆩईᆴဥ๟ᅜᅃ߲ᇱิᆌᆩઠኴႜڦǈሞഄዐኴႜ JavaScript
ࢅ HTMLăCocoonJS ੗ᅜሏႜሞ iOS ࢅ Android ฉǈሞኄၵ平໼ࢅփཞยԢฉ༵ࠃକᅃዂ

ăৣ࣍ڦ

CocoonJS ሎႹਸ݀ኁ༵ࠃᅃ߲ HTML ࿔ॲत࠲૴ڦ JavaScript ஓǈ๑ᆩՔጚپ 2D ࢅ

WebGL ઠඇೡ៺ක 2D ई 3D Canvasǈ࣏ኧ׼ Web AudioĂ཮ೌेሜĂAjax ਸ݀ڦ

XMLHttpRequestĂWebSocketsăCocoonJS ํ၄କᇱิĂᆘॲे໏ڦ APIǈժ༵ࠃକᅃ߲ጲ

ۨᅭڦ JavaScript Ⴕెऐ（ᆯ Ludei ۙᆫ）ઠ༵ڦࡻ߸ࠃႠీă཮ 12-5 ቛ๖କ Futurgo ፕ

ྺඇೡᇱิᆌᆩሏႜሞ Apple iPad 4 ฉڦপ཮ă
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图 12-5：Futurgo 作为一个原生 iPad 应用在运行，基于 Ludei CocoonJS 开发

ྺକඟਸ֪݀ࢅ๬߸०ڇǈCocoonJS କᅃ߲ࠃ༵ Launcher ᆌᆩǈሎႹਸ݀ኁሜ෇ᅃ߲

URL ઠᇨબၳࡕǈईኁၠ Launcher ڦ໯ᆶాඹࡤᅃ߲Ԉࠃ༵ ZIP უ໫ԈઠሞยԢฉሏႜă

CocoonJS Launcherǈස཮ 12-6 ໯๖ǈ੗ᅜٗ೛ࢅࡕ Android ᆌᆩฆیዐူሜăྺକ֪๬ే

ऍۅᆌᆩǈ੗ᅜڦ Your App Ӏ౧ǈ඗ࢫሞ࿔Ԩش口ዐ๼෇֪๬࿔ॲڦ URLǈईኁٶਸ๑

ᆩ iTunes ई Android SDK ڟدਏฉ߾ Launcher ዐڦ ZIP ࿔ॲăၘဦ႑တ൩֖੊ CocoonJS
࿔ڗă

图 12-6：CocoonJS Launcher 的主屏幕
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๑ᆩేړ Launcher ᇨબ֪ࢅ๬ᆌᆩࢫǈ੗ᅜ๑ᆩ Ludei एᇀሊޜڦခઠॽ໲Պᅳྺᇱิᆌ

ᆩǖฉدᆌᆩ࿔ॲǈबݴዓేࢫ৽੗ᅜူሜᅃ߲ీሞ iOSĂAmazonĂGooglePlay तഄ໱ᆌ

ᆩฆیฉ݀քڦፌዕԈă

12.4.2　使用CocoonJS组装应用

৑࠶ CocoonJS ᇱิڦॺඪᅪૌ႙ࠓ੗ᅜᆩ໲ઠ׬ਸ݀ኁำڦ /HTML5 ᆌᆩǈڍ໱்ణമ

ዘ࠲ۅጀڦ๟ਸ݀ߛႠీᆴဥăྺُǈඟ࿢்ਸ݀ᅃ߲׉ݥ०ڦڇᆴဥઠቛ๖සࠓࢆॺᅃ

߲ᆌᆩăኄ߸ၟ๟ᅃ߲ᆴဥᄇ๖ܸփ๟ྜኝᆴဥǈዷᄲ๟ᆩᇀቛ၄ୁײăሞ࿢்ბသᆌᆩ

ڦ CocoonJS ဦবമǈံੂੂᆴဥڦጞ面ӲԨă඗ࢫ࿢்ࣷ๑ᆩ CocoonJS ઠ߀ሰ໲ă

ሞే៓ڦબഗዐٶਸ࿔ॲ Chapter 12/omegacity/omegacity.htmlǈేࣷੂڟස཮ 12-7 ໯๖ڦ

ਸ๔ࣃ面ăኄ߲ఇ႙ੂഐઠᄅຄǈ໲๟๑ᆩڼ 8 ቤڦ๖૩ײႾ໯ेሜڦ glTFĐႵె׭๨đ

ׇৠ（Chapter 8/pipelinethreejsgltfscene.html）ă

图 12-7：Omega City 游戏开始画面——2D 素材由 GameSalad（http://www.gamesalad.com/）设

计，虚拟城市场景来自 3DRT（http://3drt.com/store/free-downloads/33-sci-fi-skyscrapers-
collection.html），声音来自 FreeSound（http://www.freesound.org/）；所有版权保留

ኄ߲କփഐڦఇ႙๟ٗ 3DRT（http://www.3drt.com/）ฉࠔசڦăኄ૛ቛ๖ڦ

demo ๟࿢்ཞӎຯནڦ GameSalad（http://www.gamesalad.com/）ࢇິࠅፕ

ਸ݀ڦă݀ິࠅ޿քࡗᅃ߲ᅟᇀ๑ᆩڦ 2D ᆴဥظॺ߾ਏǈ੗ᅜᆩᇀ HTML

तᅎۯᆴဥăऻዿǈၟԨກ݀քڦഄ໱ఇ႙ᅃᄣǈኄ߲ఇ႙๟ᆶӲ඄ԍࢺ

ഄ໱ᆩ཰ǈڦᆌᆩዐ๑ᆩǈईኁᆩᇀბသԨກྔڦǈᅺُేփీሞేጲमڦ

ఇ႙ăڦசጲमࠔేݥأ

࣌ᆓઠڟ Omega ๨ǈᆀڦࢋՉݞด໯ăేڦేࢅၭܓݴ๟ටૌ对ྔ޲႓ට৊ڦ߿ፌࢫထ
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ྭăྺକኞ৸ኄ߲׭๨ččేईႹփڥփ࣯௶໲ƽ

ڦऍ෻ຮۅ START Քധઠ৊෇ᆴဥǈ໲ࣷӝేڟټ཮ 12-8 ໯๖ڦዷহ面ăذݧ๟ጲ॑ۯ

๓ڦǈేኻీ݀พ࿴ഗăӀူ॰ಎၠڦฉॱཀྵઠ݀พघ࠼ǈేࣷੂڟઢ෥ڦघࣷ࠼਋ڟ视

཮ዐᄕăӀူ੣߭॰ઠ݀พڑڞăሞཚۉำᅼࢫǈذݧٗࣷڑڞዐ႐݀พǈړ໲ऍዐణՔ

ᆴڦਸ݀ૌຼࢆ૩ጱኻ๟ยऺᆩઠቛ๖සڦڇዐԖቊăኄᅃ०࠼୴෥෻ڢǈࣷሞᅃࢪ้ڦ

ဥᆌᆩǈඟ࿢்体ᄓᅃူ๑ᆩ CocoonJS ઠ৊ႜंࢇ iOS ਸ݀ă

图 12-8：运行在桌面的 Omega City 游戏演示

1. 创建主视图和覆盖视图

ేईႹᅙጀᅪڟǈFuturgo ሏႜሞ Kindle Fire HDX ฉكڦ HTML5 ӲԨ（཮ 12-1）ǈᇑ๑

ᆩ CocoonJS ሏႜሞ iOS ฉڦᇱิӲԨ（཮ 12-5）ᆶྲ௴ڦփཞăKindle Fire ӲԨੂഐઠ

ጞ面ӲԨᅃᄣǈሞࢅ 3D ఇ႙ࢫ面ᆶጭ෥ڦԝৠॷՎǈ࣏Ԉࡤକྪ߭၍઀ǈܸ CocoonJS 
iOS ӲԨሶ๟࢒෥ԝৠăኄ๟ᅺྺ CocoonJS փ๟ᅃ߲ྜኝڦ HTML5 ៓બഗׯࢇࢅᆅ൤ǈ

ܸ๟ᅃ߲ᇱิํ၄ڦ Canvas ᇮ໎ǈᆩᇀඟ JavaScript ਸ݀ኁ੗ᅜਸ݀ᇱิ 2D ࢅ 3D ཮ႚă

CocoonJS ੗ᅜ঴ဆ HTML Քധǈڍ໲ࢮ୼ٷևݴՔധࢅᄣ๕႑တă

CocoonJS ঴ဆ HTML Քധઠֱቴዷ canvasǈምेฉഄ໱࠲૴ڦ JavaScript ࿔ॲǈڍ৽ኄၵ

କǈేփᆌ޿೺ྭ CSS ᄣ๕ၳิࣷۼăFuturgo ԝৠ཮ೌ๟ሞڦ CSS ዐཚࡗ container DIV
ᇮ໎ኸۨڦǈܸ CocoonJS ሞ঴ဆ HTML ࿔ॲࢮࢪ้ڦ୼କ໲ăසࡕ࿢்ထྭኄᄣڦԝৠၳ
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ሞࡕ CocoonJS ዐิၳǈՂႷጲमሞ canvas ฉࣼ዆໲ă对ᇀኄ߲૩ጱܸჾǈ࿢்੗ᅜሞԝৠ

ཁेᅃ߲ Three.js 对象ǈईኁᅃ߲ Vizi skybox（൩ֱੂڼ 11 ቤ）ă对ᇀ࿢்ኄ߲०ڇ੺໏ڦ

૩ጱઠຫփኵڥኄ஺ፔǈڍසࡕႴᄲࣆڦǈేᄲሞేጲमڦᆌᆩዐت૙ኄ߲࿚༶ă

৑࠶ CocoonJS വඍሞԝৠᇮ໎ᄣ๕ݛ面ڦኧ׼ǈڍ Ludei ᅪ๎ڟକኄᄣᅃ߲ํा࿚༶ǖႹ

ܠ Web ਸ݀ኁ߸ၙ๑ᆩ HTML ઠքਆࢅՊႀᆴဥڦᆩࢽহ面ăᅺُ໲༵ࠃକ߲ܾ֫۠ڼ

HTML ࿔ॲ݆ݛڦǈॽ߲ܾڼ HTML ࿔ॲ៺කሞᅃ߲ WebView 口ዐǈሞዷش canvas ኮ
ฉăኄ߲࠲ڦၳิ݆ݛ॰๟ǈॽ canvas ڦ߃ޮࢅ HTML ᇮ໎ׯݴଇ߲փཞڦ࿔ॲई视཮ă

཮ 12-9 ժಇ၂๖କଇ߲视཮ాڦඹă

图 12-9：左图为 CocoonJS 版本 Omega City 的 canvas 视图；右图为对应的覆盖视图

ྺକᆩ CocoonJS ઠ߀ሰ Omega Cityǈ࿢்๯ံݴ૗ᇱ๔࿔ॲ omegacity.html ྺଇ߲փཞڦ

࿔ॲăႎڦ࿔ॲ๟ index.html ࢅ wv.htmlăindex.html Ԉࡤକዷ canvas ஓăwv.htmlپڦ Ԉ
ǈ࿢்ཁेࢫ૗ݴ࿔ॲړஓăپڦ视཮߃ޮࡤ Ludei ڦࠃ༵ CocoonJS ༬ᆶޤڦዺپஓăኄ

ၵ࿔ॲॽ๑ᆩᅃ߲ WebView ੦ॲઠ࠶૙ཁेޮ߃视཮ǈժ༵ࠃඟଇ߲视཮੗ᅜཚ႑ڦย

แĊĊ࿢்ሞࢫ面ࣷၘဦ঻ถăCocoonJS JavaScript ੰยऺྺ࣏੗ᅜሞጞ面៓બഗዐ߾ፕǈ

໯ᅜ࿢்੗ᅜሞጞ面 Chrome ዐᇨબ঳ࡕǈ඗ࢫምڟ CocoonJS ڦ Launcher ᆌᆩዐ֪๬ă

ዷ canvas 视཮پڦஓ੗ᅜሞ࿔ॲ Chapter 12/omegacity-iOS/index.html ዐቴڟǈ֖见

૩ 12-5ă๯ံǈሜ෇ᅃၵ CocoonJS ༬ᆶڦ࿔ॲă඗ࢫሞᄻ面ेሜࢫǈࠓॺॽ៺කڟ

ዷ WebGL canvas ฉڦᆴဥ对象ăᆴဥ对象ڦᇸஓ੗ᅜሞ࿔ॲ Chapter 12/omegacity-iOS/
omegacity.js ዐቴڟăኮظࢫॺᅃ߲对象ઠ࠶૙ޮ߃视཮ई平视၂๖ഗ（HUDǈHeads-Up 
Display）ǈᅜतظॺଷྔᅃ߲对象ઠ࠶૙ᆴဥዐڦำᅼă（ጀᅪ HUD ૌڦ proxy മጘǈ࿢

்கฉࣷ঻ถ໲ă）

例 12-5：CocoonJS ᆌᆩዷ视཮پஓ

<script src="./libs/cocoon_cocoonjsextensions/CocoonJS.js"> 
</script> 
<script src="./libs/cocoon_cocoonjsextensions/CocoonJS_App.js"> 
</script> 
<script 
src="./libs/cocoon_cocoonjsextensions/CocoonJS_App_ForCocoonJS.js"> 
</script> 
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<script src="./libs/vizi/vizi.js"></script> 
<script src="omegacity.js"></script> 
<script src="omegacityProxyHUD.js"></script> 
<script src="omegacitySound.js"></script> 
<script> 
 
   var game = null; 
   var hud = null; 
   var sound = null; 
   var gameLoadComplete = false; 
   var wvLoadComplete = false; 
 
var handleLoad = function() { 
 
    var container = document.getElementById("container"); 
 
    game = new OmegaCity({ container : container, 
            loadCallback : onLoadComplete, 
            loadProgressCallback : onLoadProgress, 
         });     
 
    hud = new ProxyHUD({game : game}); 
 
    sound = new OmegaCitySound({game : game});

ǈ࿢்থጣۙᆩࢫॺᆴဥ对象ظ CocoonJS ᆌᆩڦ loadInTheWebView() ઠेሜ݆ݛ wv.html
࿔ॲዐ߃ޮڦ视཮ǖ

    setTimeout(function() { 
 
        CocoonJS.App.onLoadInTheWebViewSucceed.addEventListener( 
                function(url) { 
                    CocoonJS.App.showTheWebView(); 
                    Vizi.System.log("load web view succeeded."); 
                    wvLoadComplete = true; 
 
                    if (gameLoadComplete) { 
                        gameReady(); 
                    } 
                } 
                ); 
        CocoonJS.App.onLoadInTheWebViewFailed.addEventListener( 
                function(url) { 
                    Vizi.System.log("load web view failed.", url); 
                } 
                ); 
        CocoonJS.App.loadInTheWebView("wv.html"); 
    }, 10); 
 
    sound.enterState("load"); 
    game.load(); 
 
}

ڦକ໯ᆶࡤ视཮Ԉ߃ޮ HTML त JavaScript ஓ（૩پ 12-6）ă൩ٶਸ࿔ॲ Chapter 12/
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omegacity-iOS/wv.html ֱੂăሞ HUD 对象ڦՔധࢫǈ࿢்Ԉࡤକ CocoonJS ༬ᆶڦ࿔ॲઠ

ӻዺ࠶૙视཮ă඗ࢫ࿢்ظॺᅃၵጲमڦ对象ǈڍ໲்ኻᆩሞᆩࢽহ面ዐă（ኄ૛ᄺᆶپ

૙对象ǈኄْ๟ᆴဥࢅᅼૂ对象ăฎࢫ৊ႜ঻ถă）

例 12-6：CocoonJS ᆌᆩ߃ޮڦ视཮پஓ

    <!--  ेሜ႑တ  --> 
    <div id="loadStatus" style="display:none"> 
    Loading... 
    </div> 
    <!--  Click-to-start screen  --> 
    <div id="startScreen" style="display:none"> 
    <!--  Logo --> 
    <div id="logowtext"></div> 
    <div id="startScreenText"> 
    Welcome to Omega City, the frontier outpost of the galaxy. 
    You and your squad are humanity's 
    last best hope as aliens attack.<br></br> 
    To save the city... you may have to destroy it! 
    </div> 
 
... <!-- ഄ໱Քധ --> 
    <script src="./libs/cocoon_cocoonjsextensions/CocoonJS.js"> 
    </script> 
    <script src="./libs/cocoon_cocoonjsextensions/CocoonJS_App.js"> 
    </script> 
    <script  
    src="./libs/cocoon_cocoonjsextensions/CocoonJS_App_ForWebView.js"> 
    </script> 
    <script src="omegacityGameProxy.js"></script> 
    <script src="omegacityProxySound.js"></script> 
    <script src="omegacityHUD.js"></script> 
    <script> 
 
       var hud = null; 
       var game = null; 
       var sound = null; 
 
    var onload = function() { 
 
        hud = new OmegaCityHUD(); 
        sound = new ProxySound(); 
        game = new OmegaCityGameProxy(); 
    }

࿢்Ⴔᄲምፔᅃॲ๚ઠॽኄଇ߲视཮૶থഐઠǖԍኤ࿢்ڦ视၍੗ᅜحཪޮ߃视཮ă໯

ᅜ࿢்Ⴊ߃ޮ߀视཮ڦ CSSǈยዃ໯ᆶ body ᇮ໎ڦԝৠჿ෥ྺཪ௽ă൩ֱੂ࿔ॲ Chapter 
12/omegacity-iOS/css/omegacity.cssăူ面๟ CSSǖ

body { 
   background-color:rgba(0, 0, 0, 0); 
   color:#11F4F7; 
   padding:0; 
   margin-left:0; 
   margin-right:0; 



开发移动3D应用   ｜   297

   overflow:hidden; 
}

2. 管理canvas和覆盖视图间的通信

CocoonJS ߃ޮڦࠃ༵ Web 视཮๟ཚࡗᅃ߲ޮ߃ሞዷ CocoonJS canvas 视཮ฉڦ WebView
੦ॲํ၄ڦăኄ߲ॐࠓᆶ߲ዷᄲڦᆆࡤኮᅪǖcanvas 视཮ڦ JavaScript Ⴕెऐྜඇࢅ

WebView ዐগԨڦႵెऐݴ૗ă࣑ਔࣆຫǈኄଇ߲গԨᆅ൤ኴႜሞփཞৣ࣍ڦዐǈ࢔੗ీ

๑ᆩଇ߲ྜඇփཞڦ JavaScript Ⴕెऐƽዷ视཮๑ᆩڦ๟ CocoonJS ڦႵెऐǈܸሞฉ面ڦ

WebView ੦ॲ๑ᆩڦ๟ઠጲ平໼ڦᇱิগԨᆅ൤ăසࡕዷ视཮ዐپڦஓ๬཮ۙᆩޮ߃视཮

๟ǈCocoonJSڍኮᅨ඗ăݒຕǈ໲ࣷ฿ӨǗࡧڦ ໃၩတઠ৊ႜཚ݀ࡗକඟଇ߲视཮ཚࠃ༵

႑݆ݛڦăժ൐႞ሏڦ๟ǈ໲փႴᄲ࿢்૙঴ဦবă

CocoonJS ݆ݛକଷᅃ߲ᆌᆩࠃ༵ forwardAsync()ǈ໲ሎႹ࿢்ሞଇ߲࣍ৣक़ڿدጴزޙă

ጴࣷزޙ๑ᆩ JavaScript eval() ኴႜă໯ᅜۙᆩଷᅃ߲࣍ৣࡧڦຕǈኻႴظॺᅃ߲ఫᄣڦ

ጴزޙǈړ൱ኵ（evaluate）ࢪ้ڦምۙᆩ၎ࡧ࠲ຕă

ྺକඟኄᄣپڦஓ߸੗܁ǈ࿢்ॽԈጎ௅߲ forwardAsync() ۙᆩྺپ૙（proxy）对象ڦ

኱থ݆ۙݛᆩǖۙᆩپ૙对象้݆ݛڦǈాևࣷۙᆩ forwardAsync()ǈ໲඗ၠࣷࢫଷᅃ߲

（远ײ）࣍ৣ݀ၩတăړၩတ൱ኵࢫǈሞଷᅃ߲࣍ৣዐࡧڦຕԥۙᆩକǈ໲ፌዕ੗ᅜۙᆩ

远ײ对象݆ݛڦă

ྺକຫ௽ኄᅃۅǈඟ࿢்ੂᅃူۅऍ START Քധਸ๔ᆴဥپڦஓăኄ߲پஓሞ࿔ॲ

Chapter 12/omegacity-iOS/omegacityProxyHUD ዐǈቛ๖କᅃ߲ઠጲ OmegaCityGameProxy ૌ

视཮ၠዷ视཮݀ໃᅃ߲ၩတǖ߃ǈ໲ٗޮ݆ݛڦ

OmegaCityGameProxy.prototype.play = function() { 
    CocoonJS.App.forwardAsync("playGame();"); 
 
}

ዷ视཮پڦஓথ๭ playGame() ၩတǈߢ໕ำᅼᆅ൤խݣዷᆴဥำᅼǈ඗ߢࢫ໕ኈኟڦᆴဥ

对象ઠਸ๔ᆴဥă

    function playGame() { 
       sound.enterState("play"); 
       game.play(); 
    }

ሞଷᅃ߲ၠݛฉǈᆶᆴဥాև݀ิڦ๚ॲઠ߸ႎ၂๖ǈԲසړᅃ߲आॱ݀พࢫ३ณआॱऺ

ຕă࣏ᆶྔړ႓ذথ近ࢪ้ڦǈยዃᅃ߲থ近য়ߢǈᆩႎࢤڦ෥෻ຮ࿔ጴ߸ႎۥևڦၩတ

൶ᇘă࿢்ཚࡗ๑ᆩ HUD 视߃ޮڟໃၩတ（ٗዷ视཮݀ၠݛ૙对象ǈٗଷᅃ߲پᅃ߲ڦ

཮）ǈઠํ၄ኄၵ HUD ă݆ݛڦ

ProxyHUD.prototype.enterState = function(state, data) { 
 
    CocoonJS.App.forwardAsync("hudEnterState('" + state + "','" + 
      data + "');"); 
 
}
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ᆩኈํۙࡗཚࢫஓ඗پڦ֫߃ޮ HUD 对象ڦ enterState() ૙تઠ݆ݛ hudEnterState()

ၩတǖ

function hudEnterState(state, data) { 
   console.log("HUD state: " + state + " " + data); 
   hud.enterState(state, data); 
}

进程间通信׼๚ํฉ໲ሞኧڍǈ࠰ยऺఇ๕ईႹੂഐઠആڦቛ๖֍ߑ

（InterProcess CommunicationǈIPC）ڦဣཥዐ၎׉ړ见ă໲்๑ᆩዮස远程

过程调用（Remote Procedure CallǈRPC）ڦरຍǈഄዐᆶଇ߲܀૬ऺڦ໙

ऐ৊ײǈཚހࡗጎࡧຕۙᆩڦၩတઠ၎ࢻཚ႑ă

CocoonJS ॺᅃ߲एᇀࠓᆌᆩฉࢇሞंၙࡕ࿢்සڥǈ๑ࠓມ视཮ॐڦ

HTML5 ǈ৽ՂႷ๑ᆩ֫߃ޮڦ RPCăՊႀມၠཚ႑پڦ૙پஓᆶ࿆݄ۅǈ

සࡕᆶጲ߾ࣅۯਏࣷඹᅟၵăሞ࿢ࢅ Ludei ਸ݀ኁڦ༪ஃዐǈ໱்Ӂ๖କ၎

ਏኟሞਸ݀ዐă߾࠲

12.4.3　WebGL混合开发：问题

ሞኄᅃবዐǈ࿢்ჺ৯କ๑ᆩं݆ݛࢇਸ݀ᅃ߲एᇀ HTML5 ۯᅎڦ 3D ᆌᆩǖᅃ߲ᇱิ

ᆌᆩǈ๑ᆩ WebView ઠ៺ක HTMLǈेฉᇱิੰڦઠఇె WebGL APIă对ᇀૌຼ iOS
ኄᄣৣ࣍ڦ（ᅎۯӲ Safari Ӳۯᅎࢅ Chrome ៓બഗփኧ׼ WebGL）ǈं݆ݛࢇ๟ኵڥ

੊୯ڦă

࿢்ჺ৯କᆩ Ludei ڦ CocoonJS ፕྺᅃዖ੗ీݛࢇंڦӄăCocoonJS ሎႹ࿢்ൟ຿ፇጎ

ᆌᆩǈփႴᄲ࿢்ბသၟ iOS ڦ Cocoa ఫᄣڦᇱิ APIăփࡗ࿢்࣏Ⴔᄲፔᅃ߲߾ڦྔܮ

ፕઠਸഔ HTML5 视཮ăᅺྺ߃ޮ CocoonJS ժփ๟ᅃ߲ྜኝڦ Web ៓બഗǈ໲ኻ๟ᅃ߲

canvas ៺කഗǈ໯ᅜ࿢்Ⴔᄲݴ૗໯ᆶ HTML5 UI ᇮ໎ڟଷᅃ߲ WebView ੦ॲฉǈ๑ᆩ

༬๺ڦ JavaScript API ሞఫ߲视཮त canvas क़৊ႜཚ႑ă৑࠶ኄ߲ݛӄᆶਆ၌Ⴀǈڍ໲对

କă඗ܸࠕ๑ᆩׇৠᅙঢ়ፁݴևٷ CocoonJS ժփਸᇸǈ໲ڦਸ࣏݀ິࠅሞओटჺ৯对ਸ

݀ኁڦ๲඄ݛ๕ăᅃ߲ਸᇸݛپ༻ڦӄ๟ Impact Ejectaǈڍ๑ᆩኄ߲ੰႴᄲٷଉڦ iOS ਸ

݀ኪ๎ăܸ൐໲࣏ሞਸ݀ዐǈඍ݄ٶఉă

๑ᆩ 3D ӄǈፌዕᄲൽਦᇀݛਸ݀ڦ໲ᆶ੗ႜڍӄăݛڦ࿚༶๟ுᆶᅃ߲૙ၙڦਸ݀ࢇं

ᇨ໙ăࢅႴ൱ڦే

12.5　移动3D性能

ᅎۯ平໼ڦጨᇸԲጞ面平໼ᆶ၌ǈ໲்ཚా׉٪߸ၭǈCPU ࢅ GPU 平ۯႠీ߸ֶăᅎڦ

໼࣏ࣷᆶټ੻ݛ面ڦ၌዆ǈኄൽਦᇀยԢྪڦஏૌ႙तୁଉ༫֕ă࿮ஃేਸ݀ڦ๟ᅃ߲ए

ᇀ៓બഗڦ Web ᆌᆩĂٶԈྺ Web ᆌᆩكڦ HTML5 ᆌᆩǈ࣏๟๑ᆩ CocoonJS ई Ejecta
ᇱิڦ /HTML5 ۯႴᄲሞਸ݀ᅎۼᆌᆩǈేࢇं 3D ᆌᆩ้༬՚࠲ጀႠీ࿚༶ă
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࿚༶ǈڦ؜ǈ࿢்੗ᅜ੺໏៓બᅃၵ߸཭ྷݔڦକԨກ؜ג݆ݛ૙تኝྜڦᇀႠీ࿚༶࠲

ժ঻ถबዖरຍઠፕྺԢᆩăᅜူ๟ႴᄲጀᅪڦႠీ࿚༶ǈಇႾփࢫံݴă

• JavaScript 内存管理

JavaScript ๟ጲۯઘऎ࣮๭ڦᇕჾăኄᅪ࿆ጣਸ݀ኁփႴᄲ၂๕ݴದా٪ǈܸ๟ᆯႵె

ऐઠྜׯă໲࣏ࣷሞփႴᄲ๑ᆩా٪ࢪ้ڦॽഄ๥ࢫࠃݣჄ๑ᆩǈኄ߲ײࡗԥྺ׬垃圾

回收（garbage collection）ăઘऎ࣮๭ԥยऺྺᆯႵెऐઠਦۨሞ้ࢆኴႜăኄࣷڞዂᆌ

ᆩሞႵెऐႴᄲ้ࢾक़৊ႜઘऎ࣮๭ࢪ้ڦǈሦᇜ௽၂ڦჽ׿ăᆶႹܠ३ณႵెऐሞઘ

ऎ࣮๭ݛ面໯้ࡼक़ڦरຍǈଚਉසူă

 ♦ ሞᆌᆩഔࢪ้ڦۯᇨံݴದాࡻ٪ă

 ♦ đǈ੗ᆯਸ݀ኁઠ৊ႜთ࣍๑ᆩă׾对象Đڦॺ੗ዘᆩظ

 ♦ ڦॺᅃ߲ႎظǈփ๟ࢪ้ڦሗኵް࣮ݓຕሞࡧ JavaScript 对象ǈܸ๟ݣሞࢇ๢ڦ对象

ઠăࡗڿدా

 ♦ Ն௨ԿԈ（न对象੗ᅜ׼ᆶࡧຕፕᆩᇘྔڦഄ໱对象）ă

 ♦ ᅃӯઠຫǈՆ௨ሞփՂᄲࢪ้ڦ๑ᆩ new ֡ፕޙă

ᅎۯ平໼߸ࣷ๴ڟઘऎ࣮๭ڦᆖၚǈᅺྺ໲்ా٪߸ณă

• 性能更差的 CPU 和 GPU

዆ሰฆඟᅎۯยԢ߸ൟࢅ߸Սᅓڦᅃዖ݆ݛ๟๑ᆩႠీ߸ֶࢅ߸ՍᅓڦፇॲǈԈઔ CPU
ࢅ GPUă৑࠶ᅎۯ平໼ਸ๔Վڥ৚ටںഽٷǈڍ໲்࣏Բփฉጞ面平໼ăྺକ߸ںࡻኧ

ڦၭ׼ CPU ࢅ GPUǈժ༵ڦࡻ߸ࠃᆩࢽ体ᄓतবู׾ۉ๱ంǈ൩੊୯ᅜူ֧୼ă

 ♦ 使用低分辨率的 3D 内容ă3D ాඹࣷ对ᅎۯยԢڦ CPU ࢅ GPU ሰڅ޶ׯăᆮഄ๟

๮ऐǈுՂᄲ݀քݴڦߛ׉ݥՐ୲ǈᅺྺ໲்ೡటݴڦՐ୲ժփߛăྺ๊஺ᄲષݯ

ăࢁ޶ڦ໏ྪஏگၭǈઠӻዺ३ൟٷ३ၭူሜࡗՐ୲఼Ǜኄᅃरຍ࣏੗ᅜཚݴڦྔܮ

ଷᅃݛ面ǈႎڦ平ӱ༵ࠃକݴڦߛ׉ݥՐ୲ǈᅺُేႴᄲၭ႐ںፔࡻ平࢚ă

 ♦ 注意你的算法ăᅃ໼׉ݥ੺ڦऐഗ੗ᅜᄄ߃ሧپڦߞஓǈڍ๟ǈᅎۯยԢྫྫࣷॽ

໲்ԓ୞࿮ᅍăԲසǈ๬ጣሞ Kindle Fire HDX ฉۅऍ Futurgo ࢪวăᆶ้כຌূڦ

ऍକăኄ๟ۅஓሞֱቴన߲对象ԥپǈኄ๟܏ཕڟੂࣷే Three.js ా჋ൽํ၄ޭڦፕ

ᆩă໲پڦஓ๑ᆩ࿄ᆫڦࣅ໙݆ǈሞၭยԢฉՍԓ୞؜ઠକăᆶᅃཀǈኄ߲پஓࣷ

ሞ Three.js ዐԥႪްǈईሞૌຼ Vizi ఫᄣڦ઀ॐዐᅜଷᅃዖ߸ݛڦࡻ๕ํ၄ǈڍ၄ሞǈ

ႴᄲጀᅪૌຼኄᄣڦႠీ࿚༶ǈසᆶՂᄲࣆڦǈే Ⴔᄲ঴ਦ໲்ઠ३ณت૙ഗڅ޶ڦă

 ♦ 简化着色器ăएᇀ GLSL ஓሞᆶၵႠీᆶ၌پڦՊᅳڟሗǈްሗް࢔ጣ෥ഗ੗ᅜڦ

ጣ෥ഗăࣅኄၵ平໼ฉ้०ڟăేႴᄲጀᅪሞևຈ׼ยԢฉవᅜኧۯᅎڦ

• 有限的网络资源

对ᇀ๑ᆩᅎྪۯஏईᆶୁଉ༫֕၌዆ڦยԢǈፌࡻ๬ጣ३ณຕ਍د๼ڦਸኧă3D ాඹ

ă݆ݛᆌᆩ้൩੊୯ᅜူኄၵڦඹăሞยऺేాڦܠ߸ǈࣷႴᄲူሜ޷ݿ࢔

 ♦ 预先打包资源ăසٶీేࡕԈ݀ք Web ᆌᆩǈఫ৽ም૙ၙփࡗକăాඹኻᆶሞᆌᆩ

Ҿጎူࢪ้ڦሜă

 ♦ 使用浏览器缓存ăසࡕ੗ీࣆڦǈยऺేڦጨᇸઠ૧ᆩ៓બഗ࣐٪ǈՆ௨փՂᄲڦ

ူሜă
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 ♦ 批量资源ăኄ߲ঢ়ڦۆ Web Ⴀీᆫࣅरຍǈ੗ᅜবูྪஏ൩൱ޜࢅခഗྫݓăසࡕ

݀ք߲ܠ࿋཮ǈԲසํ၄ᅃ߲৊܈ཉǈేᄲ੊୯ࢇժኄၵ࿋཮ڟᅃ߲ CSS ཮ೌ৛ଳ

（sprite）ዐ（न໯ᆶ཮ೌ٪ئሞᅃ߲࿔ॲዐǈምሞ CSS ዐۨᅭೋᅎ）ă

 ♦ 使用二进制格式和数据压缩ăڼ 8 ቤ༪ஃڦ glTF ࿔ॲ߭๕ڦᅃ߲ዷᄲڦణڦ๟३ณ

࿔ॲٷၭǈܸٗ३ณူሜ้क़ă໲๟ཚࡗ๑ᆩܾ৊዆߭๕ํ၄ڦăኄ߲रຍ੗ᅜᇑ

ǈԲසࢇუ໫ǈฯ዁༬ۨଶᇘუ໫໙݆၎঳܋ခഗޜ 3D बࢆ体უ໫ǈઠ৊ᅃօ३ณ

ူሜْຕࢅ३ൟຕ਍ྪஏڅ޶ڦă

12.6　小结

Ԩቤ༑໭କ๑ᆩ HTML5 ࢅ WebGL ਸ݀ᅎۯ 3D ᆌᆩڦඇႎ๘হăᅎۯ平໼ሞႠీฉਸ๔

ደॷԲज़ጞ面平໼ǈཞ้ǈHTML5 ๴ڟᅎۯยԢᆖၚᆅ෇କႎڦഽీࠀٷăٷևݴᅎۯ

平໼ኧ׼ 3DǖCSS3 ࿮تփሞǈWebGL ሞأ iOS ฉᅎۯӲ Safari Ӳۯᅎࢅ Chrome ኮྔڦ

平໼ฉۼԥኧ׼ă

ᅎ៓ۯબഗ WebGL ๟एڍፕă߾৽ీ߀փႴᄲႪ׉ᆌᆩཚڦă၄ᆶڇ०׉ݥײਸ݀ୁڦ

ᇀ຋Քڦ๼෇ՂႷ༺࣑ྺఄة๼෇ă࿢்ჺ৯କසࢆཁेఄة๚ॲڟ Vizi ֱੂഗዐํ၄჉

ገࢅ໫ీࠀݣă࿢்࣏ྺ Futurgo ఇ႙ཁेକൟಆኧ׼ǈ๑ۅڥऍڦכփཞևࣷݴቛ၄ڑ

ǈ࿢்ยዃጞ面ీࠀఄة๬֪ࢅăྺକሞጞ面ฉਸ݀֫؜ Chrome ઠఇెఄة๚ॲă࿢்

࣏੗ᅜཚࡗփཞ平໼׍ฆ༵ٶڦࠃԈ݀ݴࢅरຍ（Բස Amazon ዐ႐）ǈ๑݀ݴᆌᆩۯᅎڦ

ᆩ WebGL ڦԈٶॺظஓઠپ 3D ᆌᆩ（न平໼ڦĐWeb ᆌᆩđ）ă

对ᇀփኧ׼ WebGL 平໼ǈ࿢்๑ᆩૌຼڦ CocoonJS ࢅ Ejecta ᆌࢇॺंظ๢ದरຍઠڦ

ᆩǈ঳ࢇ HTML5 ᇑᇱิپஓăኄሎႹ࿢்ᆩ JavaScript ႠీĂग़ඹ߲߳ߛॺǈժ݀քࠓ

平໼ڦᇱิᆌᆩǈժ੗ీ੗ݡ࿚ኻሞᇱิ平໼ฉీࠀڦǈԲසᆌᆩాࠔசࢅၩတླྀໃă

ፌࢫǈ࿢்੺໏៓બକᅎۯႠీ࿚༶ă৑࠶ᅎۯ平໼ሞኄब౎৊օ׉ݥں੺໏ǈڍ໲்ᅈ

඗Բጞ面ဣཥႠీֶă࿢்ႴᄲାᅪႠీ࿚༶ǈਏ体ઠຫ๟ా٪࠶૙ĂCPU ࢅ GPU ๑ڦ

ᆩǈᅜतټ੻ǈժ对ُ৊ႜ၎ᆌڦยऺă
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附录

资源

Ԩ޹୤Ӏૌ՚ଚ؜କ 3D Web ਸ݀ڦጨᇸă࿢ঢ়ݡ׉࿚ᅜူٷևݴበۅઠֱቴፌႎڦरຍ

ጨრĂੰĂ߾ਏĂമᄂᄇ๖ǈᅜत 3D ਸ݀ม൶ଶႰ்݆ၙڦă

A.1　WebGL资源

A.1.1　WebGL规范

WebGL Քጚᆯ Khronos ፇኯਸ݀ࢺྼࢅǈ޿ፇኯ࣏ቨ࠶ጣ OpenGLĂCOLLADAǈᅜतഄ

໱ేईႹདݔࡀڦࡗăే੗ᅜሞ Khronos ྪበ（http://www.khronos.org/registry/webgl/specs/
latest/1.0/）ቴڟፌႎӲԨݛ࠳ڦ WebGL ăݔࡀ

A.1.2　WebGL邮件列表和论坛

Khronos ᆰॲଚ՗ǈઠ༪ஃڦਸࠅକᅃ߲ࢺྼ WebGL ཮ăే੗ᅜӀቷ֥ڦݔࡀ https://www.
khronos.org/webgl/public-mailing-list/ ኸ๖ઠ۩ለڦ public_webgl@khronos.org ᆰॲଚ՗ă

࣏ᆶᅃ߲ Google group ઠ༪ஃࢃ႐ྔݔࡀ߸ཚᆩڦ WebGL ਸ݀ࣆ༶ăే੗ᅜሞ http://goo.
gl/CJIvC4 ጀ֩ኄ߲ଚ՗ă

A.1.3　WebGL博客和演示站点

ᆶႹ؜ܠ෥ڦձਜ਼ዂ૰ᇀ༑༪ WebGL ਸ݀ăᅜူ๟ᅃၵ࿢ঢ়ݡ׉࿚ڦձਜ਼ă

• Learning WebGL（http://learningwebgl.com/blog/）

WebGL ྪበڦፄ฾ᄷǈᆯ Giles Thomas ڹბသేྺׯ޿ăኄᆌࢺॺǈ၄ሞ๟࿢ሞྼظ
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֫ WebGL ਸ݀ڦएإኪ๎त API ᆩ݆ڼڦᅃበă໲࣏ᆶፌႎ WebGL ᄇ๖तਸ݀ၜణ

௅ዜቌᄲăڦ

• Learning Three.js（http://learningthreejs.com/）

Jerome Etienne ձਜ਼ǈጆጀᇀڦ Three.js रຍतਸ݀ํ७ă

• TojiCode（http://blog.tojicode.com/）

Google ฾ײ߾ Brandon Jones ᇀ࠲ଉٷሞᇀᆶۅձਜ਼ǈ༬ڦ WebGL API रຍڦศ෇ڦ

႑တǈᅜतጆᄽڦਸ݀ࣆ༶ă

• Three.js on Reddit（http://www.reddit.com/r/threejs）

Three.js ڦ Redditǈᆯ Theo Armour ăኄ߲ݏǈ߸ႎೕࢺྼ Reddit ᆶႹܠᄇ๖ĂरຍĂ

ႎ࿕त࿔ቤă

• WebGL.com（http://www.webgl.com/）

ᆯઠጲ౨ሀڦ Darien Acosta ॺǈ໲๟ᅃ߲݀၄ႎظ WebGL ᆴဥĂᄇ๖तᆌᆩྪڦበă

• WebGL Mozilla Labs Demos（https://developer.mozilla.org/en-US/demos/tag/tech:webgl/）

Mozilla Labs तഄࢇፕअӵظॺڦᄇ๖ă

• WebGL Chrome Experiments（http://www.chromeexperiments.com/webgl）

Google तഄࢇፕअӵظॺڦᄇ๖ă

A.1.4　WebGL社区站点

࿢ዷ׼କྗ൶ڦ WebGL ਋ࣷ（http://www.meetup.com/WebGL-Developers-Meetup/）ăሞ

஍෶ᬨĂ౨ሀĂհ๗ܙĂ୿ܘतഄ໱ۼݛںᆶ WebGL ਋ࣷă਋ࣷ๟ॽኾཞڦࢇڢට૴ဣ

ሞᅃഐݛࡻڦ๕ăසేࡕփዿሞ৹ূ෷ǈ੗ᅜሞ http://Meetups.com ֱቴే൶ᇘڦ WebGL
ፇǈईኁጲमፇኯă

ُྔ࣏ᆶᅃ߲ LinkedIn ඖፇ（http://www.linkedin.com/groups?gid=2426944）ࢅᅃ߲ Face-
book ዷᄻ（http://www.facebook.com/groups/webgl/）ă

A.2　CSS3资源

A.2.1　CSS3规范

ྤྼྪ૴௑（W3C）ྼࢺ CSS3 ႐ǈԈઔࢃڦݔࡀ 3D Վ࣑Ă܉ࡗĂࢅࣃۯ୳৥ၳࡕǖ

http://www.w3.org/TR/css3-transforms/ 
http://www.w3.org/TR/css3-transitions/ 
http://www.w3.org/TR/css3-animations/ 
http://www.w3.org/TR/filter-effects/

ڼ 6 ቤ঻ถڦ CSS ጲۨᅭ୳৥ڦዷᄲኧ׼ኁ๟ Adobeă໲ሞ៓બഗ૛ժுᆶݘ࠽ڟڥኧ

ĊĊణമৈᆶ׼ Chrome ኧ׼ĊĊ໯ᅜే๑ᆩ໲ਸ݀ࢪ้ڦᄲጀᅪକăፌႎڦ႑တ੗ᅜሞ
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http://adobe.github.io/web-platform/samples/css-customfilters/ ቴڟă

A.2.2　CSS3博客和演示站点

ణമሞ Twitter ڦፕ߾ David DeSandroǈظॺକ૙঴සࢆ๑ᆩ CSS 3D Վ࣑ڦፌࡻጨᇸ

（http://24ways.org/2010/intro-to-css-3d-transforms/）ă

Codrops（http://tympanus.net/codrops/）๟ᅃ߲ Web ยऺࢅਸ݀ձਜ਼ǈᆶब߲टڦࡻ CSS 3D
ڼᄇ๖ǈԈઔࡕၳ 6 ቤڦዘཀྵဥĊĊ3D ກቛ๖（http://tympanus.net/codrops/2013/01/08/3d-
book-showcase/）ă

Dirk Weber ڦ HTML5 ਸ݀ྪበ（http://www.eleqtriq.com）ᆶब߲ᆅට෇฼ڦ CSS 3D ᄇ๖ă

Keith Clark ཈቟କ CSS ट၌ǈྜඇᆩڦ CSS 3D พऍᄇ๖׬ᅃටڼڦݺॺକᅃ߲ସට႗ظ

（http://blog.keithclark.co.uk/creating-3d-worlds-with-html-and-css/）ă

ྲ෉ڦ Kirupa Chinnathambi କࠃ༵ CSS //:ศ෇႑တǈਏ体൩ֱੂ࿔ቤ httpsڦࣃۯत܉ࡗ
www.kirupa.com/html5/all_about_css_transitions.htm ࢅ https://www.kirupa.com/html5/all_
about_css_animations.htmă

Bradshaw Enterprises（http://css3.bradshawenterprises.com/）ฉᆶᅃၵბသ CSS3 ĂՎ܉ࡗ

࣑Ăࣃۯत୳৥ၳڦࡕᆶॏኵڦ࿔ቤĂঞბࢅጨᇸă

A.3　Canvas资源

A.3.1　Canvas 2D Context规范

2D Canvas API ᆯݔࡀ W3C ǈే੗ᅜሞࢺྼ http://www.w3.org/TR/2dcontext2/ ቴڟፌႎڦ

ăݔࡀ

A.3.2　Canvas 2D教程

ڼ 7 ቤ༪ஃࡗǈਸ݀ኁ੗ᅜ๑ᆩ Three.js ई K3D/Phoria（ฎࢫ঻ถ）ઠظॺᆯ 2D Canvas 
API ៺කڦ 3D ᆌᆩăኄၵੰᆆ֠କ 2D Canvas ៺කڦဦবǈ༵ࠃକڦْ֫ߛ 3D ፇॲăڍ

๟ǈසၙేࡕბသ 2D Canvas API ଉጨᇸăᅜူ๟࿢ሞႀፕԨກ้݀၄ٷဦবǈྪฉᆶڦ

থǖ૾ڦᆶᆩ׉ݥब߲ڦ

https://developer.mozilla.org/en-US/docs/Web/API/Canvas_API/Tutorial 
http://www.w3schools.com/html/html5_canvas.asp 
http://diveintohtml5.info/canvas.html
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A.4　框架、库和工具

A.4.1　3D开发库

ኄब౎؜၄କැ߅ਸᇸ 3D JavaScript ੰǈ࿢ॽഄዐᅃၵᆫႯੰڦଚਉසူǈಇఁփࢫံݴă

• Three.js（http://threejs.org/）

ణമྺኹਸ݀ WebGL ᆌᆩፌୁႜׇڦৠ཮ੰăThree.js ᅙঢ়ԥᆩઠਸ݀Ⴙܠኪఁڦഌ

ॴ WebGL ᄇ๖ă໲༵ࠃକሞ 3D ཮ႚዐ׉见ڦᅃဣଚ०ڇ኱ڦ࠵对象ă໲Ⴀీጝሁǈ

๑ᆩକ཮ႚᆅ൤ዐڦႹܠፌॅํ७रຍă໲ీࠀഽٷǈᆶాॺ对象ૌ႙ࢅՍ૧߾ڦਏă

Three.js ࣏ᆶ֭ॲ៺කဣཥǈሎႹॽ 3D ాඹ៺කڟ（ᆶၵ၌዆）2D Canvas APIĂSVG
त๑ᆩ 3D Վ࣑ڦ CSS3ăThree.js ၅ăࠋब߲ፕኁሞ৊ႜࡻǈᆶࡻଆࢺྼ

• SceneJS（http://www.scenejs.org/）

ᅃ߲ਸᇸڦ JavaScript 3D ᆅ൤ǈ༵ࠃକ WebGL ฉएᇀ JSON ৠ཮ׇڦ APIăSceneJS
ጆோᆩઠၳߛ៺කٷଉ܀૬੗჋ൽ൐ᆶ࠲૴ڦ对象ǈኄሞࢅײ߾ᅅბዐߛڦဦবఇ႙ֱ

ੂᆌᆩዐ๟ՂႴڦăSceneJS ࣏ኧ׼࿿૙ǈժ༵ࠃକగၵԲ Three.js ݛॺࠓڦْ֫ߛ߸

݆ǈԲස๚ॲఇ႙ࢅ jQuery ๕ׇڦৠ཮ APIă

• GLGE（http://www.glge.org/）

GLGE ๟ᅃ߲ JavaScript ੰǈᅪ཮ݛՍ WebGL ਸ݀ኁ੗ڥยዃ้क़ǈ๑܌໫ࢅ๑ᆩڦ

ᅜॽ৛૰ᆩሞظॺ Web ඹฉăGLGEా޷ 对ᇀएԨ֡ፕᆶଆڦࡻኧ׼ǈڍփၟ Three.js
ई SceneJS ఫᄣీࠀഽٷă

• K3D 和 Phoria（http://www.kevs3d.co.uk/dev/phoria/）

K3D ᅜत໲ࢫڦჄ Phoriaǈኻ๑ᆩ 2D Canvas API ៺ක 3D ཮ႚăPhoria ᆯᆈڦࡔ

Kevin Roast（http://www.kevs3d.co.uk/dev/ǗTwitter ቭࡽ๟ @kevinroast）໯ظॺăKevin
๟ᅃ߲ UI ਸ݀ኁत཮ႚҺࡻኁă৑࠶ Phoria ሞਸ݀ራ೺ǈժփၟت࣏ Three.js ఫᄣࠀ

ీഽٷǈڍ໲ସටᆇ象׉ݥศਗ਼ăᆮഄኵڥᅃ༵ڦ๟ǈ໲࢔੺ǈժ൐对ጣ෥ഗत࿖૙ኧ

๟ǈPhoriaڍăࡻଆ׼ एᇀ෉ॲ៺කܸยऺǈᅺُ໲ڦ 3D ీ૰๴၌ăగၵ 3D ࠼ీࠀ

੍෉ॲ๟बࢭփ੗ీํ၄（ईኁํ၄ࡻ）ڦă

A.4.2　3D游戏引擎

၄ሞሞ๨ׇฉ؜၄କႹܠ WebGL ᆴဥᆅ൤ă໲்๟ࠓॺᆴဥްࢅሗ 3D ᆌᆩࡻڦ჋ስǈ

ڇ对ᇀ०ڍ 3D ਸ݀ၜణઠຫ৽ᆶۅ෫चᆩ౥ژକ（࠲ᇀኄᅃۅǈ൩ੂ A.4.3 ব）ăݥأଷ

ᆶຫ௽ǈޏሶኄ૛ଚڦ؜ᆴဥᆅ൤ۼ๟ਸᇸڦă

• playcanvas（http://www.playcanvas.com/）

࿋ᇀ୿ڦܘ playcanvas ਸ݀କᅃ߲ഽڦٷᆅ൤तएᇀሊڦՊड߾ਏăՊड߾ਏీࠀڦᆶ

ኧܓཷ׼ਸ้݀ํڦၹཞׇৠՊडǈGitHub ࢅ Bitbucket णׯǈᅃ॰݀քڟม঍௃体ྪ

ஏฉăሞ࿢ՊႀԨກࢪ้ڦǈplaycanvas ݀քକਜ਼܋ࢽᆅ൤ڦᇸஓǈڍ໲ுᆶ݀քႹ੗

ཉ੼ă
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• Turbulenz（http://biz.turbulenz.com/）

Turbulenz ๟ᅃ߲׉ݥഽڦٷĂਸᇸĂ࿮๲඄ڦݯᆴဥᆅ൤ǈժٶԈׯକᅃ߲੗ူሜ

ڦ SDKăິࠅ޿对ၙᄲሞ໲ྪڦஏ（https://ga.me/）ฉ݀քፕ೗ڦਸ݀ኁ๭ൽݯᆩă

Turbulenz ᆛᆶፌްሗڦ APIǈᆶٷଉૌǈბသ൸၍۸ോă၂඗໲๟༵ߴࠃᆶঢ়ᄓڦᆴ

ဥਸ݀ኁڦăTurbulenz ခഗĂႵޜ）ݴഄ໱ևڦǈԍାକဣཥੰ܋ࢽਜ਼ڦକਸᇸࠃ༵

ెऋԼڪ）ઠظሰ๭෇ă

• Goo Engine（http://www.gootechnologies.com/）

Goo ፌ近݀քକႴᄲᄥ൩ڦ beta ӲԨᆅ൤ాࢅඹظॺ߾ਏăፕྺ Goo Engine ದ༫ǈڦ

ኄॆࠃ༵ິࠅକඹᅟ๑ᆩాڦඹظॺമ܋ǈణՔᆩࢽ๟ዷୁ Web ਸ݀ኁăሞԨກՊႀ

೺क़ǈGoo ࣏ுਸᇸă

• Verold（http://www.verold.com/）

ᅃ߲ൟଉपڦ 3D ঍ాࢻඹ݀ք平໼ǈᆯ࿋ᇀܠ୿ڦܠ Verold ॽഄ௮ຎິࠅਸ݀ăິࠅ

ྺĐᅃ߲ுᆶ֭ॲڦĂ੗કቛڦဣཥǈ๑ᆩ०ڦڇ JavaScript ઠඟᄽᇆҺࡻኁĂბิĂ

ঞ฾Ă੗视ࣅཚ႑ጆॆᅜत Web ๨ׇටᇵઠ०ڇणׯ 3D ڦ໱்ڟඹాࣃۯ Web ᄻ面

ዐđăࢅ Goo ᅃᄣǈVerold 面ၠᅃӯ Web ཮ႚਸ݀ǈᆅ൤ްሗڍമ܋०ڇăԨກՊႀ

೺क़ǈVerold ࣏ுᆶਸᇸă

• Babylon.js（http://www.babylonjs.com/）

Babylon.js ๟ྲ෉ᇵ߾ David Catuhe ਸ݀ڦᅃ߲߲ටၜణă໲๟ᅃ߲ᅟᇀ๑ᆩڦᆅ൤ǈ

ሞీࠀतᅟᆩႠฉ঻ᇀ Three.js ܈ᆌᆩੵڦᄇ๖ྪበฉቛ๖ڦᆴဥᆅ൤ኮक़ă໲ࢃᆘࢅ

ॺዾ៓બăڟǈٗ໿੣พऍٷྷݔ

• KickJS（http://www.kickjs.org/）

Morten Nobel-Jørgensen ߾ბຍڦ៺කੰǈኄ߲ၜణ๟ٗ໱ࢅᅃ߲ਸᇸᆴဥᆅ൤ڦॺظ

ፕዐ݀ቛܸઠڦăሞਸ݀ࢅኧ׼ฉǈKickJS ڍഄ໱ᆴဥᆅ൤ăڦ؜Բփฉኄ૛ଚࢭຼ

ॽ໲Ԉઔሞბသଚ՗ዐዷᄲ๟ᅺྺǈሞ঻ถڦ໯ᆶᆴဥᆅ൤ዐǈKickJS ፌჹ߭ںፏთ

၄پᆴဥᆅ൤ยऺڦፌॅํ७ă

A.4.3　3D展示框架

े੺ਸ݀ 3D ۅዘڦᆴဥᆅ൤փཞǈኄၵ઀ॐࢅ၄ă؜ڦዂକब߲ํᄓቛ๖઀ॐڞႴ൱ڦ

๟੺໏०ںڇሞᄻ面ዐഴ෇཮ႚǈᆩᇀຕ਍੗视ࣅĂׂ೗ቛ၄Ă०ڪࣃۯڦڇă

• Voodoo.js（http://www.voodoojs.com/）

Voodoo.js ॺظణՔ๟ඟڦ 3D ాඹՎڥ०ڇǈժඹᅟഴ෇ڟᄻ面ዐăVoodoo.js ᆶᅃ߲

टഄ०ڦڇ APIǈᆩઠཁे 3D ఇ႙ڟᄻ面ዐǖኻႴ༵ࠃఇ႙ڦ URLĂᅃ߲ DIV ᇮ໎

ڦ id ᅃၵದዃ֖ຕǈే৽ీሞᄻ面ዐᆛᆶࢅ 3D କăVoodoo.js ڦዷᄲ๟ᄻ面ዐీࠀڦ

०ڇఇ႙ֱੂǈڍৈ৽ኄᅃ߲ᆩ཰ઠຫǈ໲৽၎ړփٱକă

• tQuery（http://jeromeetienne.github.io/tquery/）

tQuery ᆯ Jerome Etienne ձਜ਼ڦڦॺǈ໱ཞ้ሏᆐጣୁႜظ Learning Three.js（http://
learningthreejs.com/）ătQuery ఇݠ jQuery ੰǈణڦ๟༵ࠃĐThree.js ీࠀڦ + jQuery API
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ڦڇ०׉ݥ੗ᆩႠđǈᄺ৽๟ຫǈᆩᅃ߲ڦ API ઠ֡ፕ Three.js ׇৠ཮ă໲๑ᆩକᅃ߲૾

๕ࡧຕՊײఇ๕ǈኧ׼ཚ࣮ۙࡗ৊ႜߛप՚ڦ঍ࢻă๑ᆩ tQuery ੗ᅜবูܠ࢔ႜ Three.
js ՊႀăईႹӝڦஓپ tQuery ઀ॐժփኟඓǈᅺྺ໲߸ၟ๟ᅃ߲Ԩጣྺ׬ jQuery ৛หڦ

࿮ൔ෇ੰătQuery ੗ᅜྺၙবู॰ಎ֡ፕڦ Three.js ਸ݀ኁবูٷଉ้क़ă

• PhiloGL（http://www.senchalabs.org/philogl/）

PhiloGL ๟ᅃ߲ํᄓႠڦ઀ॐǈᆯຕ਍੗视ࣅጆॆ Nicolas Garcia Belmonte ሞ Sencha ࠅ

ॺăPhiloGLظፕ้߾ᄓ๪ํڦິ ణՔ๟Đඟڦ WebGL Պၟײ๑ᆩඪࢆዷୁ઀ॐਸ

݀ఫᄣᆶ඀ࢅ०ڇđăGarcia ሞ໱ڦձਜ਼࿔ቤ（http://www.sencha.com/blog/introducing-
philogl-a-webgl-javascript-library-from-sencha-labs/）ዐ௮ຎକ໱ڦยऺ૙౒ă৑࠶ኄ߲

઀ॐ๟ํᄓႠڦǈڍ໲ኵڥᅃੂăSencha ڢহ面઀ॐǈኪࢽᆩڦਸ݀କ๘হᅃୁິࠅ

සࢆᆩ HTML5 হ面ăPhiloGLࢽᆩڦॺᆶၳظ ྪበԈࡤକᅃၵ੗߾ፕڦ૩ጱǈᅎኲକ

Learning WebGL（http://www.learningwebgl.com/） ڦඇևঞײă

• Vizi（https://github.com/tparisi/Vizi）

࿢ጲमยऺڦᅃ߲ቛ๖઀ॐǈ໲ౡ঳କ࿢ਸ݀ራ೺ 3D ઀ॐࢅᆅ൤（Բස VRML ࢅ

X3D）ܠڦ౎ঢ়ᄓăVizi ֑ᆩକړമᆴဥᆅ൤ڦፌॅํ७ǈፌኵڥᅃ༵ڦ๟໲๑ᆩፇॲ

ăVizi׶ीڦǈܸփ๟एᇀૌీࠀڦْ֫ߛॺࠓઠࢇ਋ࢅࣅ ణՔ๟๑ਸ݀ኁᅟᇀ੺໏ڦ

ڦॺᆶ඀ࠓ 3D ᆌᆩăࢅ Voodoo.js ᅃᄣǈVizi ሎႹਸ݀ኁᆩबႜپஓॽᅃ߲ఇ႙ڟݣ

ᄻ面ዐǈڍ๟໲࣏༵ࠃକྜኝْ֫ߛڦ API ઠཁे঍ࢻĂࣃۯĂႜྺׇڟৠዐڦඪᅪ

ᇮ໎ฉă

A.4.4　3D编辑工具

1. 传统建模和动画软件

Autodesk（http://www.autodesk.com/）༵ࠃକᅃဣଚ 3D ॺఇࣃۯࢅ෉ॲǈ໲்ڦॏ߭ۼԲ

ডߛăణമ Autodesk ਸ๔༵ࠃ෉ॲڦბသࢅ๬ᆩӲǈ໲்ኵڥᅃ๬ă

କأ Autodesk ॺظ෉ॲ੗ᆩઠڦࡍईփ໿ݯጆᄽ༫ॲǈ࣏ᆶब߲௨ڦ 3D ాඹǈ঻ถ

සူă

• Blender（http://www.blender.org/）

ᅃ߲௨ݯĂਸᇸĂੵ平໼ڦ 3D ਏ༫ॲǈBlender߾ॺظ ੗ᅜሏႜሞ໯ᆶዷୁ֡ፕဣཥ

ฉǈᅜ GNU GPL ๕๲඄ăBlenderݛڦ ᆯࢁન෉ॲਸ݀ኁ Ton Roosendaal ॺǈᆯظ

Blender एূࣷ（ࢁનڦᅃ߲ݥᆐ૧Ⴀፇኯ）޶ሴྼࢺăBlender ᆶଇऺࠚႜǈୁ׉ݥ

ӥྤᆩࢽǈٗᄽᇆ / ბิप՚ᆩڟࢽጆᄽยऺ฾ײ߾ࢅ฾ă

• SketchUp（http://www.sketchup.com/）

SketchUp ๟ᅃ߲ᅟᇀ๑ᆩڦ 3D ॺఇײႾǈᆩሞॺዾĂࢅײ߾ᅃၵᆴဥਸ݀ዐăే੗ᅜ

ሞ໲ྪڦበቴڟ௨ࢅݯփ໙ڦࡍጆᄽӲԨă

• Poser（http://poser.smithmicro.com/）

ᅃ߲ᆩᇀঙ෥ڦࣃۯዐप 3D ਏăPoser߾ ࢅ SketchUp ᅃᄣǈॏ߭ဌᆅටǈժኍ对න׉

ঙ෥ăPoserࣃۯࢅሰ႙ݣহ面ઠӦࢽᆩڦ࠵ă໲ᆶᅃ߲኱ࢽॺᆩظඹాڦ ࣏ᆶᅃ߲ಕ
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࿿ঙ෥ǈᅜतᅃဣଚԝৠׇۯࢅට࿿ڦኝཌྷ཮ྜټఇ႙Ăࠡॐ൐ࡻᅙঢ়ॺࡤǈԈੰڦٷ

ৠĂڢਏĂሜ体Ă၎ऐ࠼ࢅቷยዃăPoser ੗ᅜᆩઠظॺቷೌपৢڦༀ៺කࣃۯ้ํࢅă

2.　基于浏览器的集成环境

ᆶକሊऺ໙ࢅሞ WebGL ៺කీڦ૰ǈ࿢்ੂڟକᅃዖႎ႙ظॺ߾ਏǖሞ៓બഗዐڦ 3D
णৣ࣍ׯăᅜူ߾ਏ࣏ሞራ೺ਸ݀ዐǈ࢔ڍᆶമ཰ă

• Goo Create（http://www.gootechnologies.com/）

മ面༪ஃڦ Goo Engine  ĊĊGoo CreateăGoo܋ॺമظඹాڦದକᅃ߲ᅟᇀ๑ᆩٲ
Create ๟ዷୁࢽణՔᆩڦ Web ਸ݀ኁă໲࣏ᆶब߲ᇨံظॺڦࡻఇ႙ࣃۯࢅǈ੗ᅜᅈ

ُ৊ႜਸ݀ბသă

• Verold Studio（http://www.verold.com/）

Verold Studio ๟ᅃ߲ሞ៓બഗዐሏႜڦ 3D ాඹظॺ߾ਏࢅਸ݀࣍ৣǈ໲Ԉࡤକኮമ঻

ถڦࡗ Verold ᆴဥᆅ൤ă

• Sketchfab（http://sketchfab.com/）

Sketchfab ๟ᅃ߲ํ้ሞ၍݀քݴࢅၛ঍ࢻ๕ 3D ాඹڦ Web ခǈ໲փႴᄲ֭ॲăኻޜ

Ⴔᄲۅऍबူǈᅝຍॆ৽ీฉدᅃ߲ 3D ఇ႙（੗ᅜ๟बዖ߭๕）ڟ Sketchfab ྪበฉǈ

ઠइڥ HTML ၛᅃ߲ևຈሞݴஓᅜپ Sketchfab ྪበฉాڦഴఇ႙视཮ă

• SculptGL（https://github.com/stephomi/sculptgl）

ᅃ߲௨ࢅݯਸᇸڦ Web ํ体ॺఇ߾ਏǈᆶ׉ݥᅟᆩڦহ面ઠظॺ०ۓڦڇ໒ఇ႙ă

SculptGL ੗ᅜܠڟ؜ڞዖ߭๕ǈժ኱থ݀քڟ Verold त Sketchfab ฉă

A.4.5　动画框架

၄ৃڦᆌᆩᆌ޿๑ᆩ requestAnimationFrame() ઠඟాඹۯഐઠăྺକԍኤኄ߲ࠀ

ǈ੗ᅜ๑ᆩ׼બഗኧ៓ੵڟڥీ Paul Irish ٷഽڦ polyfill（http://paulirish.com/2011/
requestanimationframe-for-smart-animating/）ă

对ᇀ०ڦڇցक़ࣃۯǈTween.js（https://github.com/tweenjs/tween.js）๟ Soledad Penadés ظ
ॺୁڦႜਸᇸցक़߾ਏă

对ᇀ࠲॰ኡࣃۯǈሞ Three.js ዐᆶၵాॺڦૌǈܸሞໜၜణ݀քڦ૩ጱዐ࣏ᆶ߸ܠăໜ

ጣ߸ܠሞ၍߾ਏ؜ڦ၄ǈᅜतૌຼ glTF ఫᄣ对 Web ᆷ߭ࡻ๕ׯڦຄǈኄ߲ଶᇘ࣏ሞփ

ăࣅ৊܏

A.4.6　调试和分析WebGL应用

ႎӲ៓ڦબഗጲټକ߳ዖ WebGL ۙ๬ݴࢅဆ߾ਏăAGI（Cesium ਸ݀ฆǈCesiumڦ ๟

ᅃ߲एᇀ WebGL ฾ࠓ཮ႚॐڦ（཮ᆅ൤ںࢅ൰ںႵెڦ Patrick Cozziǈႀକᅃೊ៓બഗ

ాዃ WebGL -ᆫႯጹຎ（http://www.realtimerendering.com/blog/webgl-debugging-andڦਏ߾
profiling-tools/）ă
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A.4.7　移动3D开发资源

ཁेఄةኧ׼๟ظॺᆅට෇฼ڦᅎۯ 3D ᆌᆩ࠲ڦ॰ă៓બഗఄة๚ॲݔࡀ੗ᅜሞ W3C ླྀ

४ᄻ面ቴڟ（http://www.w3.org/TR/2013/REC-touch-events-20131010/）ă

Android ᇀ࠲କࡤਸ݀ኁᄻ面（http://developer.android.com/guide/webapps/index.html）Ԉڦ

ਸ݀एᇀ HTML5 ڦ Web ᆌᆩྜڦኝ႑တă

Amazon ᆶᅃ߲ᆩઠ݀ք Web ᆌᆩڦݘ࠽ڦဣཥǈԈઔᅃ߲ Web App Tester ᆌᆩǈ໲ᆩ

ᇀ ए ᇀ Android ڦ Kindle Fire OS（https://developer.amazon.com/sdk/webapps/tester.html）ǈ
࣏ᆶᅃ߲ྺକٶԈ݀ࢅքፌዕᆌᆩڦᆌᆩ݀ݴ෇口（https://developer.amazon.com/sdk/
webapps/manifest.html）ă

对ᇀփᇱิኧ׼ WebGL ǈԲසৣ࣍ڦ iOSǈ࣏ᆶंࢇरຍ੗ᅜ঳ࢇ HTML5/JavaScript
࠶ॺᆌᆩă৑ࠓஓઠپᇱิࢅ Adobe ڦ PhoneGap（http://phonegap.com/） ๟ዷୁڦᅎۯ

׼໲၄ሞ࣏փኧڍǈੰࢇं WebGLăྺକඟ iOS ኧ׼ WebGLǈ੗ᅜ๑ᆩူ面ंࢇ઀ॐ

ዐڦᅃ߲ă

• CocoonJS（http://www.ludei.com/tech/cocoonjs）

CocoonJS ੗ᅜሏႜሞ Android ࢅ iOS ฉǈ໲༵ࠃକᅃ߲०ڇᅟᆩڦᆌᆩඹഗઠሏ

ႜ HTML5 ࢅ JavaScript ဦবăCocoonJSڦဣཥ֫ڹஓǈᆆ֠କپ କ对ࠃ༵ CanvasĂ

WebGLĂWeb AudioĂWeb Sockets ၜణՊᅳဣཥǈ໯ᅜڦ܋၄ă໲࣏ᆶᅃ߲ሊํڦڪ

ేᄲፔڦৈৈ๟ک୤ࢅՊᅳేڦၜణăਸ݀ኁփႴᄲକ঴සࢆ๑ᆩްሗڦᇱิ平໼߾

ਏǈԲස iOS ڦ XcodeǈઠظॺᇱิᆌᆩăCocoonJS ๟Կᇸၜణǈᆯ໲࿋ᇀ৹ূ෷ڦ

ਸ݀ฆ Ludei ჹ߭੦዆ă

• Ejecta（http://impactjs.com/ejecta）

Ejecta ๟ᅃ߲ਸᇸੰǈ༵ࠃକႹࢅܠ CocoonJS ᅃᄣీࠀڦǈڍኻኧ׼ iOSăEjecta ิڐ

ጲ ImpactJSǈᅃ߲ HTML5 ᆴဥᆅ൤ၜణăEjecta ߸े DIYǈႴᄲਸ݀ኁ对 Xcode ᇱࢅ

ิ平໼ API ᆶ၎ڦړକ঴ăEjecta ๟ਸᇸڦă

A.5　3D文件格式规范

3D ࿔ॲ߭๕ྺݴෙዖૌ႙ǖఇ႙߭๕ǈᆩᇀ՗๖߲ڇ对象Ǘ߭ࣃۯ๕ǈᆩᇀ࠲ࣃۯ॰ኡ

ۯᇸĂ࠼Ă၎ऐĂࠓఇ႙ĂՎ࣑֫प঳߲ܠኝׇ߲ৠǈԈઔ׼๕ǈኧ߭ీࠀঙ෥Ǘඇࢅ

ă3Dࣃ ࿔ॲ߭๕ᆶܠ࢔ዖǈኄ૛փీᅃᅃଚਉă

ᅜူ 3D ߭๕ፌ๢ࢇ Web ᆌᆩਸ݀ă

A.5.1　模型格式

• Wavefront OBJ（http://en.wikipedia.org/wiki/Wavefront_.obj_file）ă

• STLĊĊएᇀ࿔Ԩڦ 3D  ᆇ࿔ॲ߭๕（http://en.wikipedia.org/wiki/STL_%28file_formatٶ

%29）ă
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A.5.2　动画格式

• id Software ڦ MD2（http://tfc.duke.free.fr/coding/md2-specs-en.html）ࢅ MD5（http://tfc.duke.
free.fr/coding/md5-specs-en.html）ۼ๟ঙ෥߭ࣃۯ๕ă

• BioVision ڦິࠅ BVH /ፕվጛ（http://research.cs.wisc.edu/graphicsۯ๕ǈᆩᇀ߭ࣃۯ
Courses/cs-838-1999/Jeff/BVH.html）ă

A.5.3　完整场景格式

• VRML（http://www.web3d.org/standardsvrml/）ࢅ X3D（http://www.web3d.org/standards- 
x3d/）ĊĊWeb ፌڦ؛ 3D ߭๕ă

• COLLADA（http://www.khronos.org/files/collada_spec_1_4.pdf）ĊĊຕጴጨᇸ঍࣑߭๕ă

• glTF（http://gltf.gl/）ĊĊ཮ႚੰد๼߭๕ă

A.6　相关技术

3D ਸ݀ժփྃ૗၄ํăేᄺႹၙᄲӝഄ໱ᆶ඀ڦ Web रຍኝڦేڟࢇ 3D ၜణዐăኄ૛

ଚ؜କഄዐᅃၵă

A.6.1　指针锁定API
对ᇀඇೡڦ 3D ᆌᆩǈԲසᆴဥǈేᄺႹထྭ对຋Ք๼෇༵ࠃԲدཥ DOM ࠃ体๚ॲ༵ش

੦዆ăྺُǈ៓બഗፌ近ᆅ෇କኸኍ໮ۨڦ৛ဦ߸ڦ APIǈ໲ඟਸ݀ኁ੗ᅜᆆ֠຋Ք࠼Ք

ժइൽᆴဥਸ݀໯Ⴔૌ႙֫ڹڦ຋Քऄۯ๚ॲă

Google ڦ John McCutchan ྺኸኍ໮ۨ API Պႀକᅃ༫ڦࡻ࢔ຫ௽（http://www.html5rocks.
com/en/tutorials/pointerlock/intro/）ă

ే੗ᅜሞ W3C ኸኍ໮ۨڟฉቴྪ࠳ڦ API ፌႎڦ W3C /http://www.w3.org/TR）ݔࡀ
pointerlock/）ă

A.6.2　页面可见性API
௅௱ 60 ኡڦ 3D ᆌᆩࣷݯࡼऐഗႠీăසࡕᅃ߲ᆌᆩڦՔധᄻईش体ړമփ੗见ǈఫ஺ഄ

ׇৠ৽࿮Ⴔԥ៺කăڍᆌᆩ੗ీධႴᄲሞࢫ໼ऺ໙঳ࡕǈ৑࠶փႴᄲఫ஺ೕݏăፌ近៓ڦ

બഗኧ׼ᅃ߲ႎڦ༬Ⴀǈᄻ面੗见Ⴀ API（Page Visibility API）ǈ໲ඟਸ݀ኁኪڢᄻ面ईՔ

ധᄻ้ࢆ๟փ੗见ڦǈᅜՍۙኝኴႜઠবูऐഗጨᇸă

ሞࠢߤਸ݀ኁม൶ฉᆶᅃೊ࠲ᇀᄻ面੗见Ⴀ API .ຎ（https://developers.google߁ᆫႯڦ
com/chrome/whitepapers/pagevisibility）ă

ే੗ᅜሞ W3C ᄻ面੗见Ⴀڟฉቴྪ࠳ڦ API ፌႎڦ W3C /http://www.w3.org/TR）ݔࡀ
pointerlock/）ă
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A.6.3　WebSockets和WebRTC
සేࡕሞਸ݀ᅃ߲ܠටۯࢻ 3D ᆴဥĂႵె๘হईኁ๟ํ้ၹཞڦᆌᆩǈే੗ీႴᄲํ

၄ਜ਼ޜࢅ܋ࢽခ܋ኮक़ڦཚ႑ăWebSockets ࢅ WebRTC ๟ᆩᇀํ၄ኄૌڦీࠀଇၜዷ

ᄲरຍă

WebSockets（߸ኟ๕ںຫǈ๟ WebSocket ๟៓બഗ对（ݔࡀ TCP/IP ၹᅱڦՔጚํ၄ă໲

੗ᅜᆩᇀਜ਼ޜࢅ܋ࢽခ܋ኮक़ڦມ߾ཚ႑ăTCP/IP Ԩวփ๟ྺํ้ཚ႑ยऺڦǈᅺُ

WebRTC（ฎࢫ঻ถ）੗ీࣷ߸ࢇ๢ǈኄൽਦᇀᆌᆩڦႴ൱ăኄ૛ᆶᅃೊ࠲ᇀ WebSockets
ڦ ঞ  ǈ（/http://net.tutsplus.com/tutorials/javascript-ajax/start-using-html5-websockets-today）ײ
ే࣏੗ᅜݡ࿚ WebSockets ၜణڦዷᄻ（http://www.websocket.org/）ă

WebRTC ๟ሞ Web ਜ਼ޜࢅ܋ࢽခഗक़݀ໃํ้ၩတڦՔጚă໲Բ WebSocket ၹᅱ߸๢ࢇ

.੗ᅜ֖੊ http://wwwײăঞڦक़݀ໃၩတǈᅺྺ໲৽๟ยऺᆩઠ৊ႜํ้ཚ႑ࢽᆩ߲ܠ
html5rocks.com/en/tutorials/webrtc/basics/ăၜణዷᄻᆯ Google ኷๟ںǈࢺྼ http://www.
webrtc.org/Ǘړമ W3C ླྀ४ሞ http://www.w3.org/TR/webrtc/ă

A.6.4　Web Workers
Web Workers（http://www.w3.org/TR/webrtc/）ኧ׼ሞ JavaScript ዐܠ၍ײਸ݀ă3D ᆌᆩ੗

ᅜཚࡗሞԝৠ၍ײፔగၵ֡ፕܸ๴ᅮǈԲසेሜఇ႙ईሏႜ࿿૙ఇెăॽኄၵ֡ፕࢫڟݣ

໼ǈᆌᆩ੗ᅜԍኤᆩࢽহ面๔ዕ੗ၚᆌǈनՍᆌᆩኟሞت૙ऺ໙௢ण႙֡ፕă

๑ᆩ Web Workders ᆶၵႴᄲጀᅪڦ๚൧ǈԲසሞ၍ײक़ాڿد٪对象ăሞ HTML5 Rocks
ฉᆶᅃೊ࠲ᇀኄ߲ဦবڦᆫႯ࿔ቤ（http://updates.html5rocks.com/2011/12/Transferable-
Objects-Lightning-Fast）ă

A.6.5　IndexedDB和FileSystem API
3D ࿔ॲ੗ᅜՎٷ࢔ڥă对ᇀేڦၜణܸჾǈే੗ీᄲ੊୯๑ᆩႎڦ HTML5 रຍ٪ئຕ਍

ǈܸ൐փ๴ᆌٷᆘಎǈઠӻዺবูူሜਸၨă៓બഗ࣐٪փ੗੍ǈᅺྺ໲்ுఫ஺ࢽᆩڟ

ᆩ੦዆ĊĊᆩࢽ੗ᅜໜ้ൣ࣐ۖ٪ǈईഄ໱ Web ຕ਍ࣷॽేᆌᆩాڦඹൣ࣐؜٪ă

Adobe रຍอለටڦ฾तԨກڢਸ݀ኁքڦ Ray Camdenǈ༵ڟକ੗ᅜ๑ᆩ៓બഗຕ਍ੰ

API IndexedDB ઠ٪ئԨںຕ਍݆ၙڦă໱ႀକᅃೊ࠲ᇀኄ߲ࣆ༶ڦਸ݀޷ SVG ᆌᆩڦ࿔

ቤ（http://www.raymondcamden.com/index.cfm/2013/2/5/Playing-with-SVG-and-JavaScript）ă
ే੗ᅜሞ http://www.w3.org/TR/IndexedDB/ ቴڟ IndexedDB ăݔࡀ

඗ܸ IndexedDB ժփ๟ᅃ߲࿔ॲဣཥǈ໲๟ᅃ߲ຕ਍ੰ APIăසၙేࡕ๑ᆩ࿔ॲဣཥૌ

ڦ API ઠ٪ࢅئइൽᆩऺࢽ໙ऐฉాڦඹǈే࢔႞ሏǈᆶᅃ߲ํᄓႠڦ API ঢ FileSystem 
API（http://www.w3.org/TR/file-system-api/）ăᆶକኄ߲ APIǈWeb ᆌᆩ৽ీሞᆩࢽᆘಎ

ฉ܁ൽࢅႀ෇࿔ॲࢅణ୤ْ֫঳ࠓăHTML5 Rocks ฉᆶᅃೊᆫႯڦঞײ（http://www.
html5rocks.com/en/tutorials/file/filesystem/）ăጀᅪ FileSystem API ణമኻሞ Opera ጞ面ࢅ

Chrome ዐڟڥኧ׼ăଷྔጀᅪփᄲࢅ File API（http://www.w3.org/TR/FileAPI/） ंၫǈ໲

ኻሎႹ܁ൽԨں࿔ॲဣཥă
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Tony 现在是一个在线游戏创业公司的合伙人，同时还为旧金山湾区的客户提供开发社交游

戏、虚拟世界和基于位置服务的技术支持。

封面介绍

本书封面上的动物是麦奎因大鸨（波斑鸨），一种生活在中东及西南亚地区的大鸟。它以

将军托马斯 • 麦奎因的名字命名。麦奎因是 19 世纪的一名英国士兵，驻扎在印度。他还是

自然历史标本收藏家，并向大英博物馆捐赠了他射下的一只大鸨，这种鸟于 1832 年以他

的名字命名。

麦奎因大鸨在干旱沙地地区生存和繁殖，以种子、植物芽和昆虫为食。一般长 2 英尺，翼

展 55 英寸，雌性的体型稍小。它们的羽毛是浅棕色的，脖子上有黑色条纹，下腹为白色，

头上和脖子上的蓬松羽毛会在交配的时候呈扇形散开。它们不常发出叫声，在地面打洞筑

巢，每次生 2~4 个蛋。

这个物种（及它的近亲翎颌鸨）变得越来越稀有，它们因受到驯鹰者的欢迎而被过度捕

猎。虽然某些中东地区的领导，包括沙特阿拉伯及阿联酋王室，都在近些年对这种鸟类采

取了保护措施，但它依然濒临灭绝。

封面图片来自约翰逊的 Natural History。



延  展  阅  读

全新解答网页设计经典难题，涵盖 7 大主题、47 个 CSS 技巧

Eric Meyer、Jeremy Keith 等前端大师倾情推荐

书号：978-7-115-41694-0
定价：99.00 元

迄今为止最全面详实的网页设计参考书 

精彩呈现 500 多个实战代码示例及主流浏览器实现效果图 

贴心汇聚 HTML5 和 CSS3 中所有属性、元素和函数的简明参考表

书号：978-7-115-33836-5
定价：129.00 元

在本书中，我们要直面当前JavaScript开发者不求甚解的大趋势，深入理解语言内

部的机制。本书既适合JavaScript语言初学者阅读，又适合经验丰富的JavaScript

开发人员深入学习。

书号：978-7-115-38573-4
定价：49.00 元

网络时代，用户体验的重要性毋庸置疑，动画在这一过程中的重要性也明显提升。

如何在不分散用户注意的情况下达到动画设计加强页面目的的效果，已经成为优秀

的用户界面设计师和Web开发人员孜孜以求的目标。本书将为此提供必备的知识。

书号：978-7-115-41012-2
定价：39.00 元








	封面
	数字版权声明
	译者介绍
	彩插
	扉页
	版权页
	版权声明
	O’Reilly Media, Inc.介绍
	目录
	前言
	第一部分　基础知识
	第1章　绪论
	1.1　HTML5：新型的视觉媒介
	1.1.1　浏览器平台
	1.1.2　浏览器支持情况

	1.2　3D图形的基础知识
	1.2.1　什么是3D
	1.2.2　3D坐标系
	1.2.3　网格、多边形与顶点
	1.2.4　材质、纹理与光源
	1.2.5　变换与矩阵
	1.2.6　相机、透视、视口与投影
	1.2.7　着色器


	第2章　WebGL：实时3D渲染
	2.1　WebGL基础
	2.2　WebGL API
	2.3　WebGL应用剖析
	2.4　一个简单的WebGL示例
	2.4.1　Canvas元素和WebGL绘图上下文
	2.4.2　视口
	2.4.3　缓冲、缓冲数组和类型化数组
	2.4.4　矩阵
	2.4.5　着色器
	2.4.6　绘制图元

	2.5　创建3D几何体
	2.6　添加动画
	2.7　使用纹理映射
	2.8　小结

	第3章　Three.js——一款JavaScript3D引擎
	3.1　使用Three.js创建的代表性项目
	3.2　Three.js概览
	3.2.1　初始化Three.js
	3.2.2　Three.js工程结构

	3.3　一个简单的Three.js程序
	3.3.1　创建渲染器
	3.3.2　创建场景
	3.3.3　运行循环的实现
	3.3.4　为场景添加光照

	3.4　小结

	第4章　Three.js中的图形和渲染
	4.1　几何图形和网格
	4.1.1　预置的几何形状类型
	4.1.2　路径、形状和挤出
	4.1.3　几何形状基础类
	4.1.4　用于优化网格渲染的BufferGeometry
	4.1.5　从建模软件包中导入网格数据

	4.2　场景图和空间变换的层级结构
	4.2.1　利用场景图来管理复杂场景
	4.2.2　Three.js中的场景图
	4.2.3　平移、旋转和缩放的表示

	4.3　材质
	4.3.1　标准网格材质
	4.3.2　使用多重纹理增添逼真效果

	4.4　光源
	4.5　阴影
	4.6　着色器
	4.6.1　ShaderMaterial类：编写你自己的着色器代码
	4.6.2　在Three.js中使用GLSL着色器代码

	4.7　渲染
	4.7.1　后处理和多道渲染
	4.7.2　延迟渲染

	4.8　小结

	第5章　3D动画
	5.1　使用requestAnimationFrame()来驱动动画
	5.1.1　在你的应用中使用requestAnimationFrame()
	5.1.2　requestAnimationFrame()和性能
	5.1.3　基于帧的动画和基于时间的动画

	5.2　使用程序更新属性的方式来构建动画
	5.3　使用补间来进行动画过渡
	5.3.1　插值
	5.3.2　Tween.js库
	5.3.3　缓动

	5.4　使用关键帧来实现复杂动画
	5.4.1　Keyframe.js——一个简单的帧动画通用库
	5.4.2　使用关键帧创建关节动画

	5.5　使用曲线和路径创建平滑自然的运动
	5.6　使用变形目标来创建人物和面部动画
	5.7　使用蒙皮来构建角色动画
	5.8　使用着色器来进行动画
	5.9　小结

	第6章　CSS3：高级页面效果
	6.1　CSS变换
	6.1.1　使用3D变换
	6.1.2　添加透视
	6.1.3　创建变换层级
	6.1.4　控制背面渲染
	6.1.5　CSS变换属性汇总

	6.2　CSS过渡
	6.3　CSS动画
	6.4　挑战CSS的极限
	6.4.1　渲染3D物体
	6.4.2　渲染3D环境
	6.4.3　使用CSS自定义滤镜来实现高级着色器效果
	6.4.4　用Three.js来渲染CSS 3D

	6.5　小结

	第7章　Canvas：通用2D绘图
	7.1　Canvas基础
	7.1.1　Canvas元素和2D绘图上下文
	7.1.2　Canvas API的功能

	7.2　使用Canvas API来渲染3D
	7.3　基于Canvas渲染的3D库
	7.3.1　K3D
	7.3.2　Three.js的Canvas渲染

	7.4　小结


	第二部分　应用开发技术
	第8章　3D内容制作流程
	8.1　3D内容创建过程
	8.1.1　建模
	8.1.2　纹理映射
	8.1.3　动画
	8.1.4　技术美工

	8.2　3D建模和动画工具
	8.2.1　传统3D软件
	8.2.2　基于浏览器的集成环境
	8.2.3　3D内容仓库和现成素材

	8.3　3D文件格式
	8.3.1　模型格式
	8.3.2　动画格式
	8.3.3　全功能的场景格式

	8.4　加载3D内容到WebGL应用中
	8.4.1　Three.js JSON格式
	8.4.2　Three.js的二进制格式
	8.4.3　使用Three.js来加载COLLADA场景
	8.4.4　使用Three.js来加载gITF场景

	8.5　小结

	第9章　3D引擎和框架
	9.1　3D框架概念
	9.1.1　什么是框架
	9.1.2　WebGL框架需求

	9.2　WebGL框架概况
	9.2.1　游戏引擎
	9.2.2　展示框架

	9.3　Vizi：一个基于组件的用于可视化Web应用的框架
	9.3.1　背景和设计理念
	9.3.2　Vizi架构
	9.3.3　Vizi入门
	9.3.4　一个Vizi应用示例

	9.4　小结

	第10章　开发一个简单的3D应用
	10.1　设计应用
	10.2　创建3D内容
	10.2.1　导出Maya场景到COLLADA
	10.2.2　将COLLADA文件转换glTF格式

	10.3　预览和测试3D内容
	10.3.1　基于Vizi的预览工具
	10.3.2　Vizi查看器类
	10.3.3　Vizi加载类

	10.4　将3D集成到应用中
	10.5　开发3D行为和交互
	10.5.1　Vizi场景图API方法：findNode()和map()
	10.5.2　使用Vizi.FadeBehavior来动画透明度
	10.5.3　使用Vizi.RotateBehavior来自动旋转内容
	10.5.4　使用Vizi.Picker来实现鼠标悬停时显示信息
	10.5.5　使用用户界面来控制动画
	10.5.6　使用颜色选择器来改变颜色

	10.6　小结

	第11章　开发一个3D环境
	11.1　创建环境素材
	11.2　预览和测试环境
	11.2.1　以第一人称模式预览场景
	11.2.2　检查场景图
	11.2.3　检查对象属性
	11.2.4　显示边界框
	11.2.5　预览多个对象
	11.2.6　使用预览工具来查找场景中的其他问题

	11.3　使用skybox创建一个3D背景
	11.3.1　3D skybox
	11.3.2　Vizi skybox对象

	11.4　集成3D内容到应用中
	11.4.1　加载和初始化场景
	11.4.2　加载和初始化车模型

	11.5　实现第一人称导航
	11.5.1　相机控制器
	11.5.2　第一人称控制器中的数学
	11.5.3　鼠标视角
	11.5.4　简单碰撞检测

	11.6　使用多个相机
	11.7　创建定时的动画过渡
	11.8　对象行为脚本
	11.8.1　基于Vizi.Script实现自定义组件
	11.8.2　驾驶车的控制器脚本

	11.9　给环境添加声音
	11.10　渲染动态纹理
	11.11　小结

	第12章　开发移动3D应用
	12.1　移动3D平台
	12.2　为移动浏览器开发
	12.2.1　增加触摸支持
	12.2.2　在桌面版Chrome上调试移动功能

	12.3　创建Web应用
	12.3.1　Web应用开发和测试工具
	12.3.2　打包成Web应用来发布

	12.4　开发原生/HTML5混合应用
	12.4.1　CocoonJS：一种为移动设备构建HTML游戏及应用的技术
	12.4.2　使用CocoonJS组装应用
	12.4.3　WebGL混合开发：问题

	12.5　移动3D性能
	12.6　小结


	附录　资源
	A.1　WebGL资源
	A.1.1　WebGL规范
	A.1.2　WebGL邮件列表和论坛
	A.1.3　WebGL博客和演示站点
	A.1.4　WebGL社区站点

	A.2　CSS3资源
	A.2.1　CSS3规范
	A.2.2　CSS3博客和演示站点

	A.3　Canvas资源
	A.3.1　Canvas 2D Context规范
	A.3.2　Canvas 2D教程

	A.4　框架、库和工具
	A.4.1　3D开发库
	A.4.2　3D游戏引擎
	A.4.3　3D展示框架
	A.4.4　3D编辑工具
	A.4.5　动画框架
	A.4.6　调试和分析WebGL应用
	A.4.7　移动3D开发资源

	A.5　3D文件格式规范
	A.5.1　模型格式
	A.5.2　动画格式
	A.5.3　完整场景格式

	A.6　相关技术
	A.6.1　指针锁定API
	A.6.2　页面可见性API
	A.6.3　WebSockets和WebRTC
	A.6.4　Web Workers
	A.6.5　IndexedDB和FileSystem API


	作者介绍
	封面介绍
	延展阅读

	关注图灵
	看完了



