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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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ሞഄٷሀܾๆڦ૦๏ዐǈWeb 3D रຍ݀ڦቛײࡗ૦ঢ়൸ችă1994 ǈVRML ሼԥ视ྺ

ସᄽহድణڦႎ႓ǈڍፌዕሞڼᅃْࢻྪಟዐ݀ቛׯକԝዷୁ Web ਸ݀रຍڦ

ă2000࠰ ፑᆸǈShockwave 3D ፕྺႎᅃپԢඤಷڦरຍǈሼᆅڞᆴဥਸ݀হ

କڟăܸ߫߀ڦ 2004 ǈኄၜरຍᄺཞᄣԥಙചକă2007 ǈႵె၄ํဣཥĐܾڼට

ิđ（Second Life）גሁर体کؑݔڦฉକĖฆᄽዜėހڦ面ǈܸٗဴഐକᅃׇႎڦ

Đ3D ڦටิđዐܾڼට்ፀନĐڦᆛܸઠނᅪາఫᄣǈڦĊĊኟසጴ面ฉۯđሏܡںཱི

କڟăܸں௷ኳڦሰႵࣙظᇒǈሞྪஏ๘হዐڜ 2010 ǈႵె๘হ对ට்ઠຫᅙঢ়

փምႎးǈၩݯኁ்߸ںܠᅈડมᆴဥࢅऐᆴဥઠፁ்ڦၩരᇏૂႴ൱ăᅃݛ

面ǈኄᅜຫᅃڦز฿Өǈٗڍଷᅃݛ面ઠຫǈኄᄺ对 Web 3D रຍڦᅃဣଚؼă

ᅃ߲݆ၙڦࡻీႴᄲ้ڦݯࡼक़ઠํ၄ǈڍਨփࣷڹןၩྨăሞ Web ฉํ၄ 3D
ڦ்ዐڥǈ৽ీڦփৈৈኸఫၵራڍ૦๏ĊĊԈઔ࣮ࠥేړᄺසُă߁ڦ

ᅃၵට（ਨঐӍኮᅪ）ᅃۼኪၬڦǖ3D ኻᅃዖ体ႚ๕ăஃేᆩઠظ

ॺٷ႙ܠටሞ၍ᆴဥǈ࣏ᅃ߲ࣅڦࢻბੜॲǈईኁഄૌ႙ڦᆌᆩǈ3D ኻඟ

ၟໜጣᆩࢽኸ๖ሏڦۯଷᅃዖݛ๕ă႞ႎᅃ៓ڦپબഗਸ݀ኁ்ዕᇀᅪ๎ڟକኄᅃ

ǈժደॷॽۅ Web ៓બഗྫ体ਸ݀平ླྀၠݛڦǈԈઔํ၄କᅃୁڦᆘॲेڦ

ႚකࢅᅃ体ڦࣅၟׯࢇॐࠓă०ܸჾኮǈ3D ઠକǈ൩သ࠹ă

Ԩກॽถظॺጞ面ࢅᅎۯยԢ៓બഗׂ܋प 3D ᆌᆩႴڦ၎࠲႑တǈഄዐࣷ๑ᆩ

၄៓پબഗዐᅙঢ়ኧڦᅃၵरຍǖWebGLĂCanvas ༶Ԉઔࣆڦ߃ࡥCSS3ăԨກ ࢅ

JavaScript ႠీĂᅎ܋ۯਸ݀ᅜतߛႠీ Web ยऺǈժศକᅃၵీၳׂิߛ༵ࠕ୲

ॺظᆌᆩॐᅜतഄڦǖThree.jsĂTween.jsĂႎੰࢅਏ߾ڦ 3D ాඹڦ߾ਏă

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

փՆ௨ڦăമबቤڦႹాܠඹۼྺକ߁ຎࢅᆅڞǈසࡕுᆶኄबቤࣆڦǈईႹྺକ

ૌฉᅃԨກࢅമबቤੂഐઠ࠶ሹຫǈ࠶ฉᅃԨກăփڦྜ܁ံڥ࣏Ԩກేۮ܁

ຼǈڍฉᅃԨກ܁ڦኁ࣏ీٗኄबቤዐइൽڟᅃၵሞฉᅃԨກዐுᆶ༵तڦ႑တă৽໙

ถႠቤবǈᄺԲڼᅃԨກ߸ྺศăܸമෙቤኮాڦࢫඹǈࣷڼࢅᅃԨກྜඇփཞă

ĖWebGL ோኸళėኼሞྺ܁ኁ༵ࠃᅃၜᄺႹᆶۅସට࿇ਕڦႎरຍڦோถăሞੂ
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ઠǈईܠईณඍ݄रຍฉڦჹႠǈڦፕᆩሞᇀۅ܁ኁ对ბသኄோႎरຍڦඤ൧ă

සేࡕሞྜ܁ĖWebGL ோኸళėኮࢫǈׂิକბသኄோरຍڦ႗ǈఫڦణڦ৽

ඹǈᅜํ၄ٗਏԢాڦศ߸ࠃኁ༵܁面ྺݛ७ଇํࢅሞᇀٗஃڦణڦକăܸԨກڟٳ

ᅃၵํ७ঢ়ᄓڟኈኟظॺׂप 3D ᆌᆩ܉ࡗڦă

目标读者

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

JavaScriptǈժณຄဒ jQueryă3D ႚईݛࣃۯ面ڦঢ়ᄓࣷ对ለ܁Ԩກᆶӻዺǈేڍ

ժփᅃۨᄲ๚ံਏԢኄݛ面ڦएإăԨກ༵ࣷࠃ 3D ோኪ๎ǈժࣷກዐࣷᆩڦ面ݛ

ă߁एԨڦڟ

组织结构

Ԩກྺݴଇ߲ևݴă

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

Canvas ࢅ CSS3ă

ڼ • 1 ቤถ 3D ᆌᆩਸ݀ࢅ 3D ႚࢃڦ႐߁ă

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

Tween.js ኄଇ߲ႚࣃۯࢅਸ݀ڦᆩਸᇸੰă

ڼ • 6 ቤჺ৯ CSS3 ዐᆩᇀظॺ 3D ᄻ面༬ၳࢅহ面ڦႎ༬Ⴀă

ڼ • 7 ቤຎ 2D Canvas APIǈᅜतසࢆሞฎڦ܋گ平ฉᆩઠఇె 3D ăࡕၳ

ǈᆌᆩਸ݀रຍăਸ݀ํዷ༶ǈԈઔݴևܾڼ 3D ాඹࠓڦॺĂ๑ᆩᆌᆩॐࠓॺ

ڟႾǈᅜतॽᆌᆩևຈײ HTML5 ᅎۯ平ă

ڼ • 8 ቤ߃ࡥ 3D ాඹ߳ڦዖࠓॺݛ๕ǈԈઔยऺᆩᇀࠓॺ 3D ఇ႙߾ڦࣃۯࢅਏ

࿔ॲ߭๕ăࢅ

ڼ • 9 ቤጣዘถසࢆ๑ᆩਸ݀ॐઠ༵ืᆌᆩਸ݀ၳ୲ǈժጣዘถକ ViziĊĊᅃ

߲ᆩᇀਸ݀ްᆩ 3D ፇॲڦਸᇸॐă

ڼ • 10 ቤڼࢅ 11 ቤศถକबዖૌ႙ڦ 3D ᆌᆩڦਸ݀ǈٗཚࡗᅃ߲ࢻ体

ઠ੦ڦۯࢻࢅࣃۯ०ڇᆌᆩǈټڟඓ߳ࢅࡵڞዖࢻ对象ްڦሗ 3D ăৣ࣍

༶ăࣆ࠲၎ڦፕဣཥዐਸ݀3Dᆌᆩ֡ࢅยԢۯᅎڦHTML5ኧپ12ቤ༑༪କሞႎᅃڼ •

排版约定

Ԩກ๑ᆩକူଚಇӲሀۨă

• 楷体 

๖ႎຍᇕă
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 ጴ体（constant width）ڪ •

๖ײႾೌǈᅜतኟ࿔ዐ၄ڦՎଉĂࡧຕఁĂຕੰĂຕૌ႙Ăৣ࣍ՎଉĂ

ᇕਔ࠲ࢅ॰ጴڪă

 ጴ体（constant width bold）ڪٚे •

๖ᆌᆯᆩࢽڦంସईഄ࿔Ԩă

• ၽ体ڪጴ体（constant width bold） 

๖࿋ޙǈഄాඹᆌړԥᆩࢽጲۨᅭڦኵईฉူ࿔ਦۨڦኵ༺࣑ă

Ք๖ᅃӯጀऻă

本书的示例文件

ేᅜٗ GitHub ฉူሜԨກڦᆶ๖૩پஓǈྪǖ

https://github.com/tparisi/Programming3DApplications

ጀᅪǈేڥཚࡗᅃ߲ Web থ๑ᆩݥ๖૩ǈܸݴևٷڦ࿚Ԩກݡခഗઠޜ file:// URL ሞ

ጞ面ฉٶਸ்ăኄᆯᇀ JavaScript ጨᇸ࿔ॲǈ૩සڦྔܮஓዐेሜକᅃၵپ JPEG ई

PNG ߭๕ڦೌ࿔ॲǗᆯᇀ WebGL Ҿඇఇ႙ዐੵڦᇘݡ࿚Ҿඇ၌ǈኄၵጨᇸ࿔ॲՂႷ

ཚࡗ HTTP ٗ Web ă܋બഗ៓ڟدခഗޜ

ሞ MacBook ฉሏႜକᅃ߲ՔጚԨںӲ LAMP ৈৈڦڟႴᄲᆩేࡗǈփৣ࣍ LAMP ڦ

ᅃևీࠀݴĊĊၟ Apache ኄᄣڦ Web ऐഗฉጎକڦేࡕခഗăईኁසޜ Pythonǈేᄺ

ᅜ૧ᆩ Python ాዃڦ SimpleHTTPServer ఇઠഔۯᅃ߲ Web 口ۨشခഗǈ๑ᆩంସႜޜ

࿋ڟ examples ణǈࢫǖ

python -m SimpleHTTPServer

ኄᄣే৽ᅜཚࡗ http://localhost:8000/ ኄ߲ںઠݡ࿚Ԩກڦ๖૩କăසࡕထྭइൽ߸ܠ

࿚ݡǈ൩रຍኧڦ面ݛᇀኄ࠲ Linux Journal ྪበ（http://www.linuxjournal.com/content/
tech-tip-really-simple-http-server-python）ă

๖૩࿔ॲ༵ࠃକԨກዐظॺڦඇևᆌᆩྜڦኝӲԨǈԈࡤሏႜ்Ⴔڦᆶ࿔ॲăሞగ

ၵ๖૩ዐǈేႴᄲံူሜᅃၵڦྔܮጨᇸǈ૩ස 3D ఇ႙ጨᇸǈ֍ీኟඓںሏႜ்ăਏ

体൩ֱለ๖૩ߵణዐڦ README ࿔ॲă

ጀᅪǈԨກዐԈڦࡤႹܠጨᇸڟӲ၌ă்ظڦፕኁॽഄፕྺ

ԨກՊײ๖૩ኧǈڍৈᆩᇀኄᅃᆩăසేࡕထྭॽኄၵپஓᆩᇀഄ

ణڦǈᆮഄሞేڦᆌᆩዐ๑ᆩኄၵپஓǈఫేႴᄲጲႜइൽኄၵጨᇸڦ

Ⴙǈ对ᇀగၵጨᇸǈేీႴᄲࠔݯசഄႹኤă
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使用示例代码

Ԩກᄲӻేྜ߾ׯፕڦăᅃӯઠຫǈසࡕԨກ༵ࠃକ๖૩پஓǈేᅜӝᆩሞేײڦ

Ⴞई࿔ڗዐăేݥأ๑ᆩକٷᅃևپݴஓǈޏሶႴဣ்इڥႹăԲසǈᆩԨກ

݀ݴႹǈၨईڥႾ৽Ⴔइײႀᅃ߲ஓೌپब߲ڦ O’Reilly ກڦ๖૩࠼ಎሶႴᄲ

इڥႹǗᆅᆩԨກዐڦ๖૩پஓ࣮ٴ࿚༶ႴइڥႹǈॽກዐٷଉپڦஓׂڦేڟݣ

࿔ڗዐሶႴᄲइڥႹă

்ထྭڍժփഽᄲ൱ేሞᆅᆩԨກాඹ้ेฉᆅᆩຫăᆅᆩຫᅃӯԈઔກఁĂ

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๖૩پஓڦᆩ݆גକฉຎႹྷݔڦǈ࣌ᆓేཚࡗ permissions@
oreilly.com ᇑ்ဣă

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

परຍۥӲ๘হႚ๕ڦ视ೕࢅăཞ้ᅜກ࠷ຕጴກڦิ

ጆᄽፕăरຍጆॆĂॲਸ݀ටᇵĂWebڦฆခፕॆࢅ ยऺ

Ăฆခට๗ظࢅᅪጆॆڪǈሞਸቛۙჺĂਦ࿚༶Ăბသࢅණኤಢჟ้ǈۼॽ Safari 
Books Online 视ፕइൽጨଙڦർڢă

对ᇀፇኯཷ体Ăአުऐ߲ࢅࠓටǈSafari Books Online ۨڦଳऄࢅࢇዖׂፇ߳ࠃ༵

ॏ֧ăᆩࢽཚࡗᅃ߲ྜీࠀԢڦຕੰॠဣཥݡ࿚ O’Reilly MediaĂPrentice 
Hall ProfessionalĂAddison-Wesley ProfessionalĂMicrosoft PressĂSamsĂQueĂPeachpit 
PressĂFocal PressĂCisco PressĂJohn Wiley & SonsĂSyngressĂMorgan KaufmannĂIBM 
RedbooksĂPacktĂAdobe PressĂFT PressĂApressĂManningĂNew RidersĂMcGraw-HillĂ

Jones & BartlettĂCourse Technology ᅜतഄबๆॆӲมڦฉഥዖກĂಢჟ视ೕࢅኟ

๕Ӳኮമڦກߡăᄲକ Safari Books Online ႑တǈ்ྪฉ见ăܠ߸ڦ

联系我们

൩ӝ对Ԩກڦೠॏࢅ࿚༶݀ߴӲมă

ெࡔǖ

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

ዐࡔǖ

ԛဇ൶ဇோళٷন 2 ေٷఀׯࡽ C ፗ 807 （100035）
ӎટ૧रຍጧკ（ԛ）ᆶ၌ິࠅ
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૩پஓᅜतഄ႑တăԨກྪڦበںǖ

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࠲ጀ்ڦ Twitter ༀǖhttp://twitter.com/oreillymediaۯ

்ڦ YouTube 视ೕںසူǖhttp://www.youtube.com/oreillymedia
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ڦरຍอለă்ၘဦڦೠஃӻዺൣ״କႹ߁ܠǈ๑ڥ๖૩ײႾ߸ेྜăཞᄣዘ

ᄲڦ்ओटݒڦᆌǈኄԍኤକ对ႀፕଙڦኟඓ๑ᆩă

ກዐڦႹాܠඹภतظॺ 3D ႚ၎ײڦ࠲Ⴞăሞُᄲၠڦᅝຍኸڞ TC Chang ዂᅜ

ߌڦघǈӻዺྜׯକڼ 10 ቤڼڟ 12 ቤዐቛ๖ڦ Futurgo ݥăኄᅑԨກכ߁

ᅝຍॆ்ăేڦࡕׯፕ߾ڦႇሎႹሞԨກ๖૩ዐ๑ᆩ்ߌᄲ࣏ăۅᅃ߲ଋڦణܡ

ᅜሞ README ᅜत߲๖૩ڦ HTML ࿔ॲࢅ JavaScript ࿔ॲዐቴၘڟဦڦᅝຍॆఁڇă

ሞُ༬՚ߌႇ TurboSquid ሴටरຍኧڦ Christell Gauseǈܠઅݯڦ႐౮૰ǈ֍ڥ

କڟ TurboSquid ᅝຍॆ்ڦǈ๑ڥ்ظڦፕڥࡕׯᅜ๑ᆩሞԨກዐă

்႞ሏڟڥںକ 3D Web ਸ݀ኁม൶ڦഽ૰ኧăߌႇ Three.js ڦႠظਸڦፔܓཷ

๔ටظፕǈᆮഄഄ߾ Ricardo Cabello (Mr.doob)ăGoogle ڦ Ken Russell ࢅ Brandon Jones
๘হՔጚڦ WebGL ࿚༶ǈྺڦٴ࣮ں৽໙ምǈ்ᄺࣷఱ႐ڍ၄ኁǈํڦ

କ API ยऺݛ๕ڦᇹᆯǈժݴၛକ࿄ઠरຍ݀ڦቛၠݛăأକ WebGLǈCSS 3D ࢅ 2D 
canvas ᄺิऐղղăDavid DeSandroĂKeith Clark ࢅ Kevin Roast ሞኄၵଶᇘႜକ೦Ⴀ

ᆷࡻڦᄲྺ࣏ăࡕׯڦሎႹᆅᆩ்ںჺ৯ǈժ਼ڦ Don Olmstead ঢࡻǈब

മࢅႜڦᅃဣଚยऺ༪ஃፌዕྺۏק Viziǈڦႎ 3D ਸ݀ॐăኄ߲ॐሞԨກ

ዐକዘᄲں࿋ă

ፌࢫᄲߌႇॆڦටăሞႀፕԨກڦཞ้࣏ፔጣඇኰ߾ፕǈُྔ࣏ᄲᆌഄᅃၵ๚൧ǈ

ሞُक़்၄କटڦٷఱ႐ăMarina ࢅ Lucianǈവే்ᅃ्߲ǈईኁຫෙ्߲ă
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்ิऄሞ 3D ๘হዐăට்ڦሏۯĂາߌࢅۼ 3D ăڦ

ຕ体ܠٷ 3D ڦׯԥቛ๖ሞ平面ೡటฉăऺ໙ऐิ்ཚ࠶ǈڦ 3D ၟፇׯକ

ڦሞႵెࠕခ๑்ీޜںᆖǗሞ၍ۉࣃۯ 3D ጱᆴဥǈۉຕܠٷǗںڦዐ༑ణৣ࣍

փ࠶ሏႜሞጆᆩᆴဥऐฉ࣏ऐฉǈۼᆩ 3D කڦǗ৽ႎ࿕ۼ 3D କǖྺକࣅ

ሞ 24 ၭ้ۯࡐխڦႎ࿕ዐဌᆅᄅ൰ǈबമெࡔᆶ၍ۉ视ႎ࿕（CNN）ڦᅃ࿋ݴဆ

ሞႵెׇৠዐፁࣂڦښऒׇ面ǈසৃሞᆶ၍ೕڦڢխዐᅙঢ়ິ见࠹ă

ऺ໙ऐ 3D ႚڦ૦๏ᅜጕ໓ڟ 20 ๘ु 60 پǈबऺࢅࢭ໙ऐԨวڦ૦๏ᅃᄣă

ԥݘ࠽ᆌᆩᇀײ߾ĂঞᇣĂಢჟĂॺዾĂূබĂၨĂׇĂձ֒Ăᇏૂ߲߳ڪଶᇘăሼ

ঢ়ǈ3D ၟኻీᆩऺ܋ߛ໙ऐဣཥٲದӆڦࡍॲઠකǈܸඁࡗๆዐǈኄዖ൧ᅙ

߀Վăසৃǈᆶऺڦ໙ऐࢅᅎۯยԢٲۼሜକ 3D ႚتᆘॲǈཚీऐฯ

ᆶጣԲๆമڦጆᄽႚ߾ፕበ߸ྺᆫႯڦႚتీ૰ă߸ዘᄲڦ၄پ Web ៓બഗ

ᄺኧକ 3D කǈ၎Բඁࡗӆڦࡍ 3D ጆᆩකॲǈ៓બഗ၂߸Փǈ߸ᅟᇀइൽǈ

ժ࣏௨ڦݯă

 1-1 ቛ๖କᅃ߲ఁྺĐ100 000 StarsđڦĂएᇀ៓બഗਸ݀ሏႜڦ 3D ᆀࢋဣݧႜఇెײ

ႾڦਆևăేᅜᆩՔජᆀڢ面 1 ገኝ߲႓ဣǈᅜतేੂ࠵ٷݣߌ႗ڦ႓体ă

႓႓ߵۼഄ视႓ڪ 2 Քധฉ้ǈՔധڟՔᅎړჿઠකǈժᆩՔധጀഄཚᆩఁăࢅ

࿔ጴǈ៓ڦฉ֫ޝऍۅएӥَཉăྼڦ႓体ǈቛ๖֫ޝऍඪᅪՔധ၂๖ۅଋ၂๖ăߛ

બഗࣷሞႎՔധᄻٶਸَཉ૾থă100 000 Stars කڦǈԈઔெૢ体ᄓସටኒࢻڦ

ጀ 1ǖᆀڢሞڦዷ平面ăᆀࢋဣׯᇵස࢛႓Ăפүሊतഘ体ڪǈਨٷևۼݴ对ݴںքሞኄ߲平面ڦଇ

֨ăĊĊᅳኁጀ

ጀ 2ǖኸ֪࠵ኁᆩᄅੂڦڟ႓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 ຕᅝຍၭፇڦᅃ߲ํᄓႠၜణǈణڦሞᇀኤ Chrome ៓બഗڦ

ຕ៓ܠৃړरຍඐժփǖएᇀԥڦᅈડڍǈڦኄ߲ၜణํᄓႠ࠶૰ăీݿ

બഗኧڦ HTML5 ༬Ⴀă႓ဣࢅ႓体ཚࡗ WebGL ํ้කǈኄᅃၜႎڦኧᆘॲ

3D ेකڦႚՔጚǗՔധཚࡗ CSS3 ዐڦ 3D Վ࣑ઠํ၄ᇑ႓体ڦ࿋ዃ对ᆌǗܸ֫ޝ

ᇑ 3D ాඹᅜފࢇǈሶᆯᇀᆶڦևॲۼԥ៓બഗཥᅃဆྺᄻ面ᇮઠቛ၄ă

बമǈૌຼ 100 000 Stars ኄᄣڦ体ᄓኻీᆩԨںਜ਼ڦ܋ࢽႚ๕ઠํ၄ǈᆩࢽႴᄲူሜಕ

ڦଉٷݯࡼਏǈժ߾ਸ݀ڦ໙ऐฉǈܸਸ݀ኁ்Ⴔᄲ๑ᆩްሗऺںԨڟҾጎԈժҾጎڦٷ

้क़ূࢅബઠํ၄ă၄ሞǈᅜᆩਸᇸ௨߾ڦݯਏࢅ Web Քጚरຍቝሞ៓બഗዐظ

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

ऍۅᅜेሜ႑တǈۼݛ 3D ႑တăܠ߸࿚ݡᅜ࣏থ૾גڦዐৣ࣍

Ԩກ࠲ᇀසࢆ૧ᆩ၄៓پબഗڦഽీࠀٷઠظॺሞ၍视ࣅᆌᆩăഄዐᅃၵᆌᆩᅜੂ

ፕدཥ 3D ׂްڦਗ਼ǈྺޮڦܠ߸߃ਜ਼ࢽᅜतবูׯԨܸ๑ᆩ៓બഗरຍઠႜዘࠓă

ܸᆯᇀோ५ڦইگǈ߲߳ଶᇘڦၩݯ႙ᆌᆩᄺڥᅜ๑ᆩ 3D रຍઠࠓॺĊĊԈઔߢ࠽Ăׂ

ᆐၨĂਜ਼ࢽኧĂঞᇣĂಢჟĂ୫ᆴĂᆴဥĂᇏૂǈڪڪĊĊኄܠସට႗ݺƽ 3D ྺ

ࢻ体ᄓټઠକႎ܈ྼڦǈڥᅮᇀᇑ Web रຍڦࢇǈඇ๘হڦට்၄ሞۼᅜൎวߌں

ኄڼෙ߲ྼ܈ă

100 000 Stars ࢻ๕体݀ቛڦ૰ፕǈظڦፕኁኮᅃ Michael Chang ྺኄ

߲ၜణႀକᅃڦࡻݻӄ૩ݴဆăසࡕထྭକ߸࠲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؛ఫᄣኻኧৢༀᄻ面Ă༵ࢅڇӀ౧ă21 ๘ु؛ǈ៓બഗཚࡗ

Ajax रຍ๑ڥᄻ面ీࠕਆևۯༀ߸ႎǈܸ༵ٗࠃକ߸ेڦݿࢻăܸᆩ Ajax ൎ࣑ᄻ

面ڦਏ体ݛ๕๔ዕ၌ᇀ HTML ࢅ CSS ೦ኄၵ၌ǈ৽ٶਸ݀ኁထྭࡕႚ༬Ⴀăසڦ

ՂႷ๑ᆩᅃၵ៓બഗ体֭ॲǈ૩ස Flash ࢅ QuickTimeă

ኄ 21 ๘ुڦ؛Փጒǈܸ近ब൧ᅙঢ়߀Վăኄ้ǈႹ៓ܠબഗሞ݀ቛײࡗ

ዐደօኧକ HTML5ăᆶକ HTML5ǈ៓બഗ৽ྺׯᅃ߲ీࠕሏႜްሗᆌᆩڦ平ǈኄၵ

ᆌᆩሞࢅీࠀႠీฉᢧெԨںᆌᆩăHTML5  HTML ՔጚࡀٷڦఇႪ۩ǈԈઔᇕ݆

ڦĂႎൣڦ JavaScript ᇕჾ༬Ⴀࢅ APIĂᅎ܋ۯኧᅜत೦Ⴀܠڦ体ኧăHTML5
平ࢃڦ႐ᅃဣଚံڦႚरຍǈԨກॽዘۅຎኄၵႚरຍă

• WebGLǈ๑ڥ JavaScript ኧᆘॲ 3D ेකăWebGL एᇀ OpenGLǈबࢭᆶڦ

PC ኧۼબഗ៓܋ WebGLǈܸሁઠሁڦܠᅎ៓܋ۯબഗᄺਸ๔ኧ WebGLă

• CSS3 3D Վ࣑Ă平ᅎᅜतᅜኧߛ߸पᄻ面ၳڦࡕᆩࢽጲۨᅭ୳ăঢ়ඁࡗࡗब

ቛǈCSS݀ڦ ၄ሞᅙঢ়ኧᆘॲ 3D ेකࣃۯࢅă

• Canvas 元素ࢅ၎ᆌڦ 2D ࣼ APIă៓બഗՓኧኄ߲ JavaScript ڦ APIǈ๑ڥਸ

݀ኁᅜሞᅃ߲ DOM ᇮฉࣼඪᅪႚă࠶ Canvas ᅃ߲ 2D ࣼ APIǈڍසࡕ

๑ᆩᅃၵ JavaScript ǈᄺᅜᆩᇀකࣆڦੰ 3D ĊĊሞփኧࡕၳ WebGL ࢅ CSS3 

3D ԥፕྺ平ฉǈኄཚڦ 3D කپ༻ڦਦݛӄă

ኄၵरຍ߳ᆶഄᆫଝࢅᆩׇৠǈ்ሞࠓॺ 3D 视ࣅײࡗڦࢻዐࣩ݀ጣ߳ጲڦፕᆩă

ᇀ৯৩ᄲስనᅃዖǈేႴᄲጹࢇ୯ݛܠ面ڦᅺĊĊేၙᄲࠓॺ๊ǈႴᄲኧన

ၵ平ǈႠీ࿚༶ǈڪڪăਉ૩ઠຫǈසేࡕᄲਸ݀ᅃ߲ਏᆶߛዊଉၟڼڦᅃටพऍ

ᆴဥǈැփዺ WebGL వํ၄ăᆼईኁేሞྺగ߲视ೕྪ૰ǈኄॽీڦ࿚ႚᆘॲݡ

በਸ݀ᅃ߲ᆶۙڦഗহ面ǈԈઔړമ视ೕĂ࣑ೕڦڢገၳࡕǈᅜत视ೕ剪ड

ൎ࣑क़ဤڦდࢾሯۅ༬ၳăሞኄׇ߲ৠူǈCSS3 ࣷظሰᆫႯ体ᄓڦଆࡻስă

ጺܸჾኮǈĐHTML5đኄ߲߁对ܠٷຕਸ݀ኁܸჾኸڦᅃဣଚरຍࢅ

ՔጚǈԈઔᅙঢ়ԥྤྼྪ（W3C）֑భժԥᆶ៓બഗኧڦՔጚǈ

ᅜतுᆶׯڟٳຄՔጚڍ܈ײڦᅙঢ়ԥ៓બഗݘ࠽ኧڦ༬Ⴀă࣏ᆶස

WebGL ኄૌᅙঢ়ׯຄࢅ࿘ۨǈڍփᆯ W3C Քጚăڦ࠶

1.1.1　浏览器平台

HTML5 ྺ Web ቛǈ݀ڦ၎ᆌڟڥબഗഄ༬Ⴀᄺ៓ݥႚरຍǗܸǈැڦݿઠକټ

ኄၵႚरຍॽࡹᆩኮںăᆮഄᅜူ༵तڦबۅǈ்ྺኈኟڦ HTML5 ྪࢻ

ᆌᆩิׂڦ೬平କڢୟă

• JavaScript 虚拟机性能的提升

WebGL Canvas 2D ࢅ ۼ JavaScript ڦ APIǈJavaScript ਦۨକᆩኄၵ܈ஓሏႜپڦ

रຍํ၄ࢅࣃۯڦڦࢻሏႜ܈ăबമǈJavaScript ႵెऐڦႠీ 3D रຍํᆩ
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ᅜਦăڥኄ߲࿚༶ڥǈ๑ื༵ڦፆҹǈܸසৃႵెऐႠీٷᅃڦࣅ

• 图像合成速度的提升

៓બഗሴॽᄻ面ฉڦᇮׯࢇකժՆ௨փՂᄲڦዘࣼăໜጣᄻ面ฉాڦඹ߸े

࠶视ਥᇮĊĊփڦቛǈԈઔ对ᆶ݀ڦٷ面ᆶକݛׯࢇༀǈ៓બഗሞၟۯ 2D
࣏ 3DĊĊ๑ᆩ 3D ᆘॲेකă

• 动画支持

requestAnimationFrame() پ༻ຕࡧ setInterval() ࢅ setTimeout() ઠൻڦࣃۯۯႎࡧ

ຕăኄ߲ႎ݆ݛ๑ڥਸ݀ኁీࠕᅜ៓ࢅબഗຘႎᄻ面ᇮཞօڦຘႎೕ୲ઠ߸ႎ canvas
ᇮࣼڦాඹǈኄื༵ںٷٷକႠీǈժݞኹକࣼ֘ᆖ 3 ăิׂڦ

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

（WebSockets）ĂԨںຕ٪ڪئႎ༬Ⴀǈ૧ᆩ்ǈਸ݀ኁڥᅜࠓॺ๘হपڦ Web ᆌᆩă

ኄၵ༬Ⴀᅜत WebGLĂCSS3 3D ࢅ Canvasǈࢇഐઠ象ኙጣᅃ߲߫ంႠڦႎ平台ǈྺ

ඪऺࢆ໙ऐࢅยԢ༵ࠃሞ၍ڦ视ࣅᆌᆩă

 1-2 ቛ๖କ Epic Games ڦਸ݀ܓཷ Epic Citadel ᆴဥڦᅃ߲֪ӲԨǈሏႜሞ Firefox
៓બഗዐăEpic Citadel ๑ᆩ WebGL ઠකၟǈܸኄ߲ᆴဥڦম၄ǈ࣏ᆌࡃړ

೦Ⴀ݀ቛăኄᆴဥ๑ᆩକڦᇀᆴဥᆅࠀ Epic બഗӲ៓ڦ၄ํܓཷ Unreal ᆅǈኄ

ᆅԨںӲڦ Unreal ᆅሞ Web ᅎኲǈ๑ᆩڦ܋ Emscripten Պᅳഗ 4（https://github.
com/kripken/emscripten/wiki）ࢅ asm.js（ᅃ߲ႎ֫ڹڦᆫײࣅႾण）ઠํ၄ă៓બഗᆩࢽ

ኻႴሞںતᅃ߲ URLǈ৽ᅜݡ࿚කଆڦඇೡᆴဥǈᆴဥڦຘႎ୲ᅜڟٳ

௱ 60 ኡ（60 fps）ڦጚǈႴҾጎǈኻႴेڦ܌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 3ǖࣼ֘ᆖǖhttp://en.wikipedia.org/wiki/Visual_artifactăĊĊᅳኁጀ

ጀ 4ǖᅜॽ C++ ׯஓՊᅳپ JavaScript ՊᅳഗăĊĊᅳኁጀڦஓپ
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1.1.2　浏览器支持情况

ሞԨກႀፕ้ǈ3D ༬Ⴀժுᆶԥ߳ዖ៓બഗྜඇኧăփཞ៓બഗڦኧ൧٪ሞဦྲ

ăۅबڦԲডዘᄲჄቤবႜၘဦ༪ஃǈ၄ሞံଚࢫᇀኄၵ࿚༶ǈ்ॽሞ࠲ᅴăֶڦ

• ᆶڦጞ面៓બഗۼኧ WebGLăྲᇀ 2013 ڹሞ IE11 ዐኧ WebGLăኄ

ᅙঢ়ࢫᇀഄ៓બഗฆǈփੂࡗഐઠྲࣷტߋฉă

• बࢭᆶڦᅎ៓܋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 ጲۨᅭ୳ৈৈԥጞ面Ӳ

ChromeĂጞ面Ӳ SafariĂᅎۯӲ SafariĂBlackBerry 10 ᅜํᄓႠݛڦ๕ኧǈIE ࢅ

Firefox փኧُ༬Ⴀă

၂ǈణമ៓બഗ对 3D ༬Ⴀڦኧժுᆶڟٳፌॅጒǈܸໜጣ Web ᆌᆩኄ߲ଶ

ᇘڦ႗ഐܸ݀ቛڦă៓બഗग़ඹႠ࿚༶ၠઠྺටᐰթǈໜጣ HTML5 ༬ႠᅜतยԢ֡ࢅፕ

ဣཥݧڦ݀ቛǈኄ߲൧ժுᆶ߀ڟڥăኵڥҾ࿏ڦǈԨںᆌᆩڦਸ݀Ă֪Ăև

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

සࡕኄၵՔጚۼԥኧକǈఫᆶپஓۼኻႴႀᅃْ৽ႜăܸǈ၄ጒժ

đăۙتሏႜđǈܸĐᅃْՊႀǈໜتĐᅃْՊႀǈໜݥ

1.2　3D图形的基础知识

Ԩবถ 3D ႚࢃڦ႐߁ࢅຍᇕăසేࡕৈৈᆶ 2D Canvas ࣼࣃۯࢅਸ݀ঢ়ᄓǈ൩

ᆶేࡕԨກăසح࠻ॽ߁ǈኄၵ߁ڦࡗةᅃၵ้क़ඁຄဒేᅜྫுᆶথࢾ 3D ई

OpenGL ਸ݀ڦ၎࠲ঢ়ᄓǈఫᅜཌࡗԨቤǈথူᅃቤă

1.2.1　什么是3D
़ేధഐኄԨກǈ৽ຫేณ对๑ᆩڦĐ3D ႚđ（3D graphics）ኄ߲ຍᇕᆶए

Ԩڦණኪăܸྺඓԍే对ኄ߲߁ᆶፁൣࠕညڦණ๎ǈ்ઠੂੂኟ๕ۨڦᅭăᅜူ

ྼएӥฉĐ3D ऺ໙ऐႚđ（3D computer graphics）ڦཉణ（http://en.wikipedia.org/
wiki/3D_computer_graphics）ǖ

3D ऺ໙ऐႚ（၎对 2D ऺ໙ऐႚܸჾ）๑ᆩෙ߲ྼ܈ઠ๖बࢆຕ（ཚ๑

ᆩڳਸ਼ܹፖՔဣ）ժॽഄ٪ئሞऺ໙ऐዐǈᆩᇀऺ໙ࣼࢅׯೡటฉ 2D ၟڦᅃૌ

ႚăኄૌႚԥ٪ئഐઠپໜ้៓બǈᄺᆩᇀํ้၂๖ă

ኄ߲ۨᅭቛਸྺब߲ևݴǖ(1) ຕ๑ᆩෙྼፖՔဣཥ๖Ǘ (2) ፌዕԥࣼ（渲染）

ྺᅃ߲ 2D ၟ（ኟසేሞऺ໙ऐ၂๖ഗฉੂڦڟఫᄣ）Ǘ (3) ኧ้ํ၂๖ǈनړ 3D ຕ
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ᆯᇀࣃۯईᆩ֡ࢽፕ݀ิ߀Վࢪ้ڦǈၟᅜሞएԨჽڦ൧ူ߸ႎකăፌࢫ

ᅃۅظॺࢻ๕ᆌᆩ࠲ڦ॰ăݥዘᄲǈᅜᇀ٣ิକᅃ߲ॏኵຕๆᅢெᇮڦĂዂ૰

ᇀ݀ቛኧ้ํ 3D කڦႚጆᆩᆘॲׂڦᄽăၟ NVIDIAĂATIĂQualcomm ኄၵິࠅ

ᏈᏈኁǈ对்ǈేईႹራᆶܺ࿕ăڦኄ߲ଶᇘۼ

3D ႚժփᅈડᇀၟࡆग൰Ă֡ጻ߇ኄၵ༬ڦยԢǈኄሞฉ࿔ۨڦᅭዐுᆶ༵तǈ

ࢅ၂๖ยԢǈ૬体ᄅڦዘᄲăᄺփᅈડᇀ༬ݥཞᄣڍ OmniMax ோࡍӆڦᆖᇾۉ

ۼփՂႴڦă3D ႚཚԥකሞ 2D 平面ڦ၂๖ยԢฉăړኄժփຫ 3D ႚ

փీԥቛ๖ྺᅜᆩ૬体ᄅڦੂ࠵૬体ၟǈईኁሞ૬体ۉ视ڦೡటฉխݣĊĊኻ

ຫǈኄփՂႴڦă

3D ՊײႴᄲཚ Web ਸ݀ኁቨڦኪ๎ᅜྔڦႎኪ๎ࢅरీăփࡗኻᄲბࣷᅃۅோኪ

๎ᅜतბࣷ๑ᆩኟඓ߾ڦਏǈ்ڦბသቛ৽ࣷݥტăԨቤথူઠॽጣዘ 3D
ՊڦײएԨ߁ǈኄၵ߁ࣷح࠻ඇກăԨቤ对ኄၵ߁ڦຫժփඇ面（ᆶၵກጆோၘ

ဦںକኄၵ߁）ǈৈࠃோăසేࡕᆶ 3D Պײঢ়ᄓǈྜඇᅜཌڼ 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 ᇮዐࣼڦ࿋ዃă3D ࣼǈኟසేଙǈ݀ิሞ 3D ፖՔဣཥዐڦăሞኄ߲ဣ

ཥዐǈᅃ߲ڦྔܮፖՔ z ԥᆩᇀ௮ຎศ܈（नᅃ߲体ࣼڦ࿋ዃਐೡటڦ远近）ኄ߲

ፖՔဣཥසڦăԨກ๑ᆩ߁ 1-3 ๖ǖx ዡᄂ平ၠݛჽฦ（ٗፑڟᆸ）ǈy ዡᄂؽ

ჽฦǈzၠݛ ዡኟၠݛኸၠೡటྔăසేࡕຄဒ 2D ፖՔဣཥ߁ڦǈఫഐ 3D ፖՔ

ဣཥઠᆌᄺփઓవă

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 ዡኟၠݛሶᆯฉܸူڦăኄሧǈփࡗ்ᅜٗዐੂ

ଇዖरຍدڦǖWebGL एᇀሀۨ y ዡၠฉدڦཥႚՔጚǈܸ Canvas ࢅ

CSS एᇀ HTML ፖՔဣ y ዡၠူڦሀۨĊĊHTML ኄ߲ሀۨሶઠᇸᇀڦ

ራشڦ口ဣཥፖՔݛӄăසేࡕᄲሞᅃ߲ၜణዐཞ้๑ᆩኄଇዖरຍǈఫ

৽ڥᅃጀᅪኄዖ൶՚ă႞ࡻሞኄଇዖरຍዐ z ዡၠݛڦᅃዂڦǈփ

৽߸ݑକă

1.2.3　网格、多边形与顶点

ࣼ 3D ႚ݆ݛڦᆶܠዖăڟణമྺኹǈፌᆩ݆ݛڦ网格（mesh）ăᅃ߲ྪ߭ཚ

ᆯᅃ߲ईܠ߲ܠՉႚথܸׯǈܸኄၵܠՉႚᆯۨᅭକ 3D क़࿋ዃ（x, y, z ፇ）ڦ顶点

（vertice）ࠓሰઠڦăሞྪ߭ዐǈፌᆩܠڦՉႚෙঙႚ（ᆯෙ߲ࠓۅۥሰܸׯ）຺ࢅ

Չႚ（ᆯ຺߲ࠓۅۥሰܸׯ）ă3D ྪ߭ཚ०模型（model）ă

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

ፌዕකઠڦၟዐǈేॽփࣷੂڟኄၵ၍ཉǈ்ኻ֖၍ă）ྪ߭ۅۥዐڦ xĂyĂ
z ຌႠৈৈۨᅭକྪ߭ڦႚጒǈܸྪ߭࠵ྔڦ༬Ⴀǈස֒ࢅӁڪǈሶᆯഄຌႠઠۨ

ᅭăူ面ǈ்ઠ०ںڇ༪ஃኄၵຌႠă

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࿋ዃ႑တຌႠኮྔǈ࣏ᆶᅃၵഄຌႠԥᆩઠ௮ຎྪ߭࠵ྔڦǈԈ

ઔ०ڦڇ֒ຌႠްࢅሗݒڦพĂӁڪຌႠăే࣏ᅜ๑ᆩᅃ߲ई߲ܠ࿋ઠ๖ྔ࠵

႑တǈኄཚԥྺ纹理映射（texture map）ǈई०纹理ă߲ڇ࿖ᅜথۨᅭྔ࠵ᄣ

๕（ኟසᅃቧၟԥᆇሞ T Ⴠฉఫᄣ）ǈᄺᅜᇑഄ࿖ࢇഐઠํ၄ްሗࡕၳڦǈස

面ӈཫĂڦ࠼ᄆพڪăሞܠٷຕႚဣཥዐǈྪ߭࠵ྔڦຌႠཥ材质（material）ă

ዊڦቛ၄ཚᅈડᇀᅃ߲ई߲ܠ光源（light）ڦ٪ሞǈኄၵ࠼ᇸۨᅭକᅃׇ߲ৠԥቷଋڦ

ఇ๕ă

 1-4 ዐڦටཀྵਏᆶጭڦ面ዊǈᅃ߲ٗఇ႙ፑՉ݀࠼ڦᇸሰׯକఇ႙ڦӁၳࡕă

ጀᅪǈӁևሞ૽ڦᆸ֨ă

1.2.5　变换与矩阵

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

Ⴤሞႜ߭ྪړକǈᆮഄݑ࿋ዃǈ၂ڦۅۥՎ߲߀ںᄲᅃ߲߲ࡕǈසࢪ้ڦ

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

ઠᅎ߭ྪۯǈܸݥՓ૦ᆶۅۥժඓํ߀Վ்ڦ࿋ዃຕኵăՎ࣑ሎႹేݣĂገᅜत

平ᅎ（ᅎۯ）ᅃ߲ක߭ྪڦࡻǈܸႴํाඁ߀Վᆶڦۅۥຕኵă

 1-5 ௮ࣼକ 3D Վ࣑֡ፕǈሞኄׇ߲ৠዐ்ᅜੂڟෙ߲૬ݛ体ăኄෙ߲૬ݛ体ྪ߭

ਏᆶཞᄣۅۥڦຕኵăړᅎۯĂገࢅࢪ้ڦ߭ྪݣǈ்ժுᆶํाඁႪڦۅۥ߀

ኵǈܸᆌᆩକՎ࣑ăፑՉࢤڦ૬ݛ体ԥၠፑ平ᅎକ຺߲ڇ࿋܈（x ዡฉڦ -4）ǈժ

ྷජጲวڦ x ዡࢅ y ዡႜକገă（ጀᅪǈገኵڇڦ࿋弧度ǈኄ߲ڇ࿋ॽሞڼ 4 ቤ

ዐ߸ၘဦںຫă）ᆸՉઢڦ૬ݛ体ԥၠᆸ平ᅎକ຺߲ڇ࿋܈ǈժሞෙ߲ྼ܈ฉݣۼ

କٷ 1.5 Ԡăዐक़୴ڦ૬ݛ体ுᆶႜඪࢆՎ࣑ă

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 Վ࣑ཚᆯᅃ߲变换矩阵（transformation matrix）ઠ๖ǈኄᅃ߲Ԉࡤᅃፇᆩᇀऺ໙

ገۅۥࢫ࣑࿋ዃڦຕኵڦሏ໙ଉăਨܠٷຕ WebGL Վ࣑ᆩᅃ߲ 4×4 矩阵ઠ๖ĊĊᅃ߲

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

ሞᇮئ m12Ăm13Ăm14 ዐǈݴ՚对ᆌ xĂyĂz 平ᅎኵăxĂyĂzڦ ሞᇮئ٪ኵݣڦ

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

m9（z ዡ）ዐăᆩኄ߲ਈንඁױᅃ߲ෙྼၠଉǈՍڟڥՎڦࢫ࣑ኵă

+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）

සࢅేࡕᅃᄣ၍ႠپຕҺࡻኁǈఫేࣷਥڥᆩਈንઠ௮ຎՎ߁ڦ࣑၎ړඹᅟথă

৽໙փᄺփᆩ಄ǈᆩᇀࠓॺԨກ๖૩߾ڦਏںࡻۼᆆ֠କᇑኄၵਈን֡ፕ၎ڦ࠲ဦ

বǖేኻႴᅜ平ᅎĂገĂڦݣ߁࠵ઠتײႾ৽ႜă

1.2.6　相机、透视、视口与投影

߲කׇڦࡻৠۼႴᄲᅃ߲ࠃᆩׇੂֱࢽৠۅִ࠵ڦă3D ဣཥዐཚ๑ᆩ相机

（camera）߁ڦઠ௮ຎኄ߲ۅִ࠵ă၎ऐۨᅭକᆩࢽ၎对ᇀׇৠڦ࿋ዃၠוࢅǈਏԢ

၄ํ๘হዐ၎ऐڦຌႠǈස视野（field of view）٫ڦǈۨᅭକ透视（perspectiveǈन

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

（viewport）ฉڦකࡕǈ视口ᆯ៓બഗش口ई canvas ᇮਦۨڦă

၎ऐཚᆩᅃ对ਈንઠ๖ăڼᅃ߲ਈንۨᅭ၎ऐڦ࿋ዃၠݛࢅǈૌຼՎ࣑ਈን（见മ

࿔）ă߲ܾڼਈንጆோᆩᇀ๖၎ऐڦ 3D ፖՔڟ视口ڦ 2D ࣼक़ፖՔڦገ࣑ǈྺ投

影矩阵（projection matrix）ă৽ኪڢǖ༪ᄋڦຕბᆼઠକăܸǈ၎ऐਈንڦဦবሞܠ

ຕ߾ਏዐᅙঢ়ԥںࡻᆆ֠ഐઠǈᅃӯઠຫǈేኻႴ对ጚĂಆฝᅜतකă

 1-7 ௮ຎକ၎ऐĂ视口ࢅཪ视ڦएԨ߁ăፑူঙᆶᅃ߲ᄅՔǈپ၎ऐڦ࿋ዃă

ኸၠᆸ֨ࢤڦၠଉ（ሞዐԥՔጀྺ x ዡ）๖၎ऐڦኸၠăઢڦ૬ݛ体 3D ׇৠ

ዐڦ体ǈ୴ࢤࢅڦਈႚݴ՚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֍ࣷԥኈኟකڟೡటฉă近剪裁平面

ၟăڦઠፌዕකڟᇀ视口ǈሞኄǈ்ࣷੂၳڪ
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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）

၎ऐݥഽٷǈٗߵԨฉۨᅭକִ࠵ኁࢅ 3D ׇৠኮक़࠲ڦဣǈժྺኄ߲࠲ဣ༵ࠃକ၄

ۉሰظ࿋ዃǈᅜڦՎ၎ऐ߀ༀۯࡗഗǖཚڦକഽᆶ૰ࠃፕኁ༵ࣃۯă၎ऐᄺྺߌํ

ᆖӯࡕၳڦժ੦ഄႼ๚߭ޅă

1.2.7　着色器

ྺକකᅃ߲ྪ߭ڦፌዕၟǈਸ݀ኁႴᄲጚඓۨᅭۅۥĂՎ࣑ĂዊĂ࠼ᇸᅜत၎ऐ

සࢆ၎ࢻፕᆩժፌዕิׯၟڦăܸڅኄ߲߾ፕڦǈ着色器（shader）ăጣഗ（ᆼ

໙݆ăڦೡటฉڟཨᆖۅஓǈํ၄କॽྪ߭ၟپᇸጣഗđ）ᅃײĐՊྺ

ႚᆘॲీࠕဆۅۥĂ࿖ᅜतഄ۫ڦ֫ڹဇǈڍժփీتዊĂ࠼ᇸĂՎ࣑ᅜत၎

ऐăኄၵߛपڦࠓᆯጣഗײႾઠتăጣഗཚ๑ᆩૌ C पᇕჾՊႀǈժԥՊߛڦ

ᅳׯᅜԥႚتڇᇮ（GPU）ኴႜپڦஓă

ᆶڦ၄ऺپ໙ऐࢅยԢۼದԢକႚتڇᇮǈᅃ߲܀૬ᇀ CPU Ăጆڦ

ோᆩᇀ 3D ႚකتڦഗăԨກዐ༪ஃڦዷᄲ 3D Պײरຍۼᅜ GPU ٪

ሞྺമ༵ă

ጣഗྺײႾᇵڦມጀକหആڦ૰ଉǖዺጣഗǈײႾᇵᅜጚں੦ᅃ߲ၟ

ࢅᅃْၟකăጣഗൻۯጣࡻટۉᆖ༬ၳዐఫၵସටಆӄঢਨڦ视ਥၳࡕǈൻ

කăໜጣ้ํڦጱᆴဥዐۉپጣ၄ۯᆖǈൻۉࣃۯጣĐCGđۯ Web ៓બഗ对ጣഗڦ

ኧǈ்ڦ WebGL ᆌᆩၳࡕฯᅜᢧெፌۉڦࡻጱᆴဥăܸ૧ᆩጣഗǈ்ᄺڥ

ᅜ߸ںࡻ੦ᄻ面ዐ CSS ᇮڦቛ၄ࣃۯࢅă

 1-8 ቛ๖କᅃ߲๑ᆩՊײጣഗකڦ WebGL հఇెӄ૩ăԶհږᄤĂ࠼ᆖሂۯǈ
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ኈڥටǈܸే࣏ᅜํ้ںᇑׇৠႜࢻǈ࠶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 WebGLǈዺ CSS 自定义滤镜（CSS Custom Filter）ኄၜํᄓႠڦरຍǈएᇀጣഗ

ํ၄ڦ༬ၳཞᄣᅜᆌᆩᇀ DOM ᇮă࠲ᇀኄᅃۅǈ்ሞڼ 6 ቤዐॽࣷၘဦ༪ஃă

ᅜူଚਉକᅃၵᇑጣഗ၎ڦ࠲रຍۅǈ்ॽሞԨກዐຎă

• WebGL ࢅ CSS ጲۨᅭ୳ۼ๑ᆩ OpenGL ES ጣᇕჾ（GLSL ES）ۨᅭڦጣഗăሞ

WebGL ዐՊႀጣഗྺࢅ CSS ՊႀጣഗփᅃᄣǈڍएԨڦՊײᇕჾཚᆩڦă

• ሞ WebGL ዐǈ体ڦකࣼᅈડᇀጣഗăසࡕுᆶ༵ࠃጣഗǈईኁՊᅳईेሜ

ጣഗٱײࡗǈሶᆶ体ۼ݆ࠀׯකă

• ሞ CSS3 ୳ዐǈጣഗದዃڦăړጣഗԥᆩઠۨᅭ CSS3 ୳ࢪ้ڦǈԥ

ྺ自定义滤镜ă

• 2D Canvas APIփኧՊײጣഗăසٶేࡕ໙ᆩ 2D CanvasፕྺWebGLڦইपݛӄǈ

ڼǈሞۅᇀኄᅃ࠲ஓ面ጲमํ၄ኄ༫ऐăپሞڥ 7 ቤዐॽᆶၘဦຫă

ጣഗٗగዖᅪᅭฉઠຫپକᅃཉბသ൸၍ǈేႴᄲბသႎڦ༬ႠᅜतᅃோႎڦՊײᇕ

ჾǈኄႴᄲٷݯࡼଉڦ૰ăසేࡕਥڥኄ಄କǈ՚څ႐ǈᆶႹୁܠႜڦਸᇸੰ߾ࢅ

ਏࠃስǈසُᅃઠǈే৽Ⴔඁ࠲ጀఫၵड़෦ڦጣഗਏ体ํ၄ဦবăฯሞేڦ

3D Պײኰᄽิხዐǈేᅃႜ GLSL ੂǈኄ࣏ॺᅱేࡗႴՊႀĊĊփۼஓپ

ᄣᅃઠǈే৽ᅜ对՚ටຫేፔࡗኄॲ๚ઞă

ᇀ࠲ 3D ႚएాإඹڦถُຐăກዐ༵तڦዖरຍڦਏ体ํ၄ࣷᆶփཞǈڍ

๑ᆩࢆबቤዐǈ்ॽศჺ৯සڦăሞথူઠڦᅃዂۼ߁ڦ႐ࢃ WebGLĂCSS3 ࢅ

Canvas 2D ઠظॺ 3D ాඹժํ၄ 3D ăࣃۯ
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WebGL  Web 3D ႚڦՔጚ APIǈ๑ڥሏႜሞ៓બഗዐڦ JavaScript ݴ؊Ⴞᄺᅜײ

૧ᆩ 3D කᆘॲڦഽీٷ૰ăሞ WebGL ڦᆘॲेࠃ၄ኮമǈྺ༵ 3D 体ᄓǈਸ݀ኁ

ኻీዺ៓બഗ֭ॲईՊႀႴᄲᆩူࢽሜҾጎڦԨںॲă

࠶ WebGL փຌᇀ HTML5 ຕኧܠٷਨڍՔጚǈݛ࠳ HTML5 ኧۼબഗ៓ڦ

WebGLĊĊኟසኧ Web WorkersĂWebSockets ժ࿄ԥڪ W3C रຍڦፕྺՔጚ֑భݛ࠳

ᅃᄣăᄲၙॽ៓બഗٶሰׯᅃୁڦᆌᆩ平ǈ3D փईඍڦևݴǈኄ GoogleĂAppleĂ

MozillaĂMicrosoftĂ AmazonĂOperaĂIntelĂBlackBerry ă๎ࠌڦਸ݀ኁ்ິࠅٷ߳ڪ

ዷୁڦጞ面៓બഗࢅਨܠٷຕऐ៓બഗۼኧ WebGL1ăWebGL ᅙঢ়ᅜሏႜሞૌຼᇀ

ዺยԢĂޤĂऺ໙ऐࣅຕӥྤยԢฉăԈઔᆴဥĂຕ视ڦऐഗࠅӸࢅᆩऐഗॆڦే

3D ๑ᆩକܠႹڦଭႜᄽሞాࢅᆇٶ WebGL रຍྪڦበᄺሞರղ݀ቛă

WebGL ᅃ༫ࣼ֫ڹ APIǖཚࡗဆຕࢅጣഗንଚ 2 ઠႜࣼăփၟ 2D 
Canvas API ఫᄣਏᆶހ܈ߛጎڦࠓǈኄీࣷସသ࠹ 2D ႚথ口ڦටڟߌઓउăփࡗ

ڦਸᇸܠ JavaScript ਏԈඟਸ݀ኁᅜᆩ߾ǈኄၵ݆ݛጎހڦपߛे߸କࠃ༵ۼਏԈ߾

ᇑ֡ፕدཥႚੰ߸ྺথ近ݛڦ๕ઠ֡ፕ WebGL ڦ APIăᆶକኄၵ߾ਏԈǈ3D ਸ݀

ᄺ࣏ᆶᅃۨڦవ܈ǈڍณ૧ᆩ்ǈ对 3D ਸ݀ு๊ঢ়ᄓڦටᅜԲডݛՍںோǈ

ܸᆶঢ়ᄓڦ 3D ਸ݀ኁᄺᅜবูٷଉ้क़ă

ጀ 1ǖ ሞԨກႀፕ้ǈiOS ฉڦ Mobile Safari փኧ࣏ WebGLǈኄ߲ჹዘڦ࿚༶ă႞૧ᆩగၵದ

ਏԈǈ்ᅜॽएᇀ߾ HTML5 ࢅ WebGL ᆌᆩሞںԨׯԈٶႾײڦ iOS 平ฉሏႜĂჺ৯ǈ࠲ᇀ

ኄ߲࿚༶ǈሞڼ 12 ቤዐࣷᆶၘဦڦຫă

ጀ 2ǖ ንଚǈኸಇׯႜࢅଚڦຕბᇮăਈን৽ᅃዖۆ႙ڦንଚႚ๕ǈُࠝتᅜ०ڇྺᅃ߲ຕ

 / ጣഗܾྼຕፇăĊĊᅳኁጀ
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ྺକඟ܁ኁ对 WebGL ᆶ߲एԨᆇ象ǈԨቤॽ०ڇถ WebGL ă்ሞإए֫ڹڦ

Ԩກዐ๑ᆩ߾ڦਏԈᅜඟేփՂඁ࠲ጀኄၵ֫ڹဦবǈڍକኄၵ߾ਏԈएᇀ๊ࠓ

ॺڦᄺݥዘᄲăᅜǈඟ்ٗ WebGL ࢅ߁႐ࢃڦ API ਸ๔ბသă

ኟසփኧႹܠ HTML5 ႎ༬Ⴀᅃᄣǈేۉڦసీᄺփኧ WebGLăዷୁ

ጞ面៓બഗዐǈᅃև៓ݴબഗኻᆶԲডႎڦӲԨ֍ኧ WebGL（૩ස IE ኻ

ᆶ IE11 तഄኮڦࢫӲԨ֍ኧ WebGL）ă࣏ᆶᅃၵऐഗڦႚتഗփ

ኧ 3D ᆘॲेǈሞኄၵऐഗฉǈ៓બഗࣷথ࠲Կ WebGLăසၙేࡕ

କేڦణՔऐഗĂยԢई៓બഗޏኧ WebGLǈ൩ݡ࿚ http://caniuse.

com/ǈ॰ĐWebGLđ࠲॰ጴႜǈईথݡ࿚ኄ߲૾থǖhttp://

caniuse.com/#search=WebGLă

2.1　WebGL基础

WebGL ႚሞءڦ 2006 ᆯ Mozilla ײ߾ڦ Vladimir Vukićević༵ăVladimir Vukićević
ظॺᅃ༫ᆩᇀ Canvas ᇮڦ 3D ࣼ APIǈፕྺᅙᆶڦ 2D Canvas API કቛăएڦ

ᇀ OpenGL ES（ሞᅎ܋ۯႚଶᇘᅙঢ়၎ړतڦ API Քጚ）ยऺକኄ༫้࣏ړԥྺ

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

2009 ǈઠጲ OperaĂApple ᅜत Google ഄ֖ᇑኁᇑڦ Vukićević ॺକظཞࠌ WebGL
ፕፇ૯ຌᇀ߾ፕፇǈኄ߲߾ Khronos Group ǈKhronos Groupܓཷ ጣࢺྼ࣏ܓཷ OpenGLĂ

COLLADA ᅜतഄᅃၵేईႹᅙঢ়ܺຄీၘڦՔጚăසৃ Khronos ධሞीჄྼࢺ

WebGL ՔጚăVukićević ඪڅ WebGL ၭፇሴටڟ 2010 ǈኮࢫ Google ڦ Kenneth 
Russell থ༺କă

ᅜူઠጲ Khronos ྪበڦ WebGL ௮ຎǖݛ࠳

WebGL ᅃ༫௨ݯĂੵ平ڦ APIǈሞ HTML ዐᅜ 3D ࣼฉူ࿔ڦႚ๕ํ၄କ

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

口ڦႚ๕ॽਸ݀থ口ԓઠă๑ᆩ OpenGL ጣഗᇕჾ GLSL ESǈժᅜᇑᄻ面

ฉڦഄాඹ（ᅜڦ֫ݴႚ๕۠ेሞ 3D ࣼ൶ᇘڦฉݛईူݛ）ފබࢇăݥ

ᆌᇀ๑ᆩ JavaScript Պײᇕჾࠓॺڦ 3D Web ăબഗྜெኧ៓پༀᆌᆩǈժॽԥ၄ۯ

ኄ߲ۨᅭԈઔब߲ᄲۅǈူ面்ઠݴ՚ຫă

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

Քऻă3Dڦټᆶټ කᇑ 2D ࣼཞᄣ๑ᆩ Canvas ᇮઠፕྺࣼฉူ࿔ǈਸ݀ኁ

ཚࡗ对 JavaScript API ᆩǈሞۙڦ Canvas ዐํ၄ 3D ాඹࣼڦă๚ํฉǈ对 WebGL
থ口ݡڦ࿚ཚࡗ၄ᆶ Canvas ᇮዐڦ 3D ጆᆩࣼฉူ࿔ઠํ၄ڦă

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

ದݛӄăES Đഴ๕ဣཥđ（embedded system）ǈኄ๖ጆᆩᇀၭ႙ऺ໙ยԢǈپ

ᆮഄऐࢅ平ӱۉసăOpenGL ES ྺ iPhoneĂiPad ࢅ Android ऐ༵ࠃ 3D ႚ
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කీ૰ڦՔጚথ口ăWebGL ยऺኁ்ණྺǈएᇀڦ OpenGL ES ߸ၭڦᆘॲᆩଉǈ

ᅜ߸ݛՍࠃ༵ںᅃ༫ཥᅃڦĂੵ平ੵ៓બഗڦĂᆩᇀ Web ڦ 3D APIă

• WebGL 可以与其他 Web 页面元素相结合。WebGL ᅜᅜڦ֫ݴႚ๕ዃᇀഄᄻ面ా

ඹڦฉݛईူݛă3D canvas ᅜᄻ面ڦᅃևݴईኝ߲ᄻ面ǈᄺᅜԥԈࡤሞԥ

ยዃକ z-index ຌႠڦ <div> ᇮዐăኄᅪ࿆ጣేᅜ๑ᆩ WebGL ઠࠓॺ 3D ႚǈܸ

๑ᆩేຄဒڦ HTML ༬Ⴀઠࠓॺഄᄻ面ᇮǈժॽ்（ཚ៓ࡗબഗ）ފፇࢇ

ሞཞᅃ߲ᄻ面ฉቛ๖ߴᆩࢽă

• WebGL 为创建动态 Web 应用而生。WebGL ሞยऺײࡗዐ৽୯ڟକྪஏدڦႴᄲă

๔ᇀ OpenGL ESǈڍेକႹܠᇑ៓બഗದڦ༬Ⴀă๑ᆩ JavaScript Պႀǈժ

对 Web ăࡻᆷړխ၎د

• WebGL 是跨平台的。WebGL ᅜሏႜሞඪᅪ֡ፕဣཥฉǈஃऐĂ平ӱۉస࣏

๕ۉసă

• WebGL 是免费的。ኟසᆶڦਸݣ Web ՔጚఫᄣǈWebGL ᅜ௨ݯ๑ᆩăுᆶටࣷ

ᅺྺే๑ᆩକ WebGL ܸᄲ൱ేኧӲݯᆩă

ChromeĂFirefoxĂSafari ᅜत Opera ኧࢅሰኁ்ྺ݀ቛظڦ WebGL ཨକዚڦܠጨᇸă

ઠጲኄၵ៓બഗਸ݀ፇײ߾ڦ்ཞᄣᄺ WebGL ՔጚፇኯڦዘᄲׯᇵăWebGL Քጚڦ

݀ቛײ对 Khronos ၭፇڦඇ体ׯᇵਸݣǈཞ้ᄺᆶ对ࠅዚਸڦݣᆰॲፇăԨກڦዐ

ဦ႑တăၘڦጨᇸ࠲ഄՔጚ၎ࢅକᆰॲፇࠃ༵

2.2　WebGL API
WebGL एᇀׯຄڦႚ APIĊĊOpenGLăWebGL ๔ᇀ 20 ๘ु 80 پǈሞঢ়૦କઠ

ጲྲڦ DirectX କྺׯǈࢫ৪ኛྰၾڦ 3D ႚՊײኛᅱڦႜᄽՔጚă

ڦᆶڍ OpenGL ӲԨۼփ၎ཞăփཞ平ĊĊԈઔ๕ۉసĂۉ视ऐऐ࢈ۥĂీ

ऐᅜत平ӱۉసĊĊਏᆶփཞڦ༬Ⴀǈᅺُኍ对փཞ平ڦ OpenGL ӲԨᄺᆯُ݀ቛഐ

ઠăOpenGL ES ኍ对ऐࢅ࢈ۥీऐኄૌၭ႙ยԢڦ OpenGL ӲԨǈᅺُǈྺׯକ

WebGL ႐ăၭܸǈኄփৈᅪ࿆ጣᅜথԥ៓બഗํ၄ǈ߸ᅪ࿆ጣփཞࢃၙڦ

៓બഗڦਸ݀ኁۼᅜݛՍںሞ៓બഗዐํ၄对 WebGL ሞᅃ៓બڥǈܸٗ๑ኧڦ

ഗዐՊႀ֪ڦ WebGL ᆌᆩᅜথሏႜሞଷᅃ៓બഗዐă

WebGL ڥേǈኄ๑ݥ WebGL ᆌᆩڦਸ݀ኁ்Ⴔᄲፔ߸߾ڦܠፕă3D ׇৠԨวփਏ

Ԣ DOM ࠓ 3ǈᄺுᆶᇱิኧڦᆩᇀेሜबࢆႚڦࣃۯࢅ 3D ࿔ॲ߭๕Ǘأକब߲֫ڹ

ဣཥ๚ॲᅜྔǈ3D canvasڦ ժփਏԢాॺڦ๚ॲऐ（૩සǈۅేړऍׇৠዐڦగ߲

体ࢪ้ڦǈኄ߲体ժփࣷ݀ةՔۅऍ๚ॲ）ă对ᅃӯڦ Web ਸ݀ኁઠຫǈWebGL ᅪ࿆

ጣ۸ോڦბသ൸၍ࢅႹܠఔิ߁ڦă

ᆶႹܠਸᇸپڦஓੰᅜඟ WebGL ਸ݀Վڥփఫઓవǈኟස jQuery ई Prototype.js 对ᇀ

ཥد Web ਸ݀ڦᅪᅭఫᄣĊĊኄ߲ԲᇝईႹԲড֢ٚăሞথူઠڦबቤ்ࣷၘဦถኄ

ጀ 3ǖᅜྺ 3D ׇৠዐ߲ڇڦ体փਏԢڦ܀ڇ࿔ڗࠓǈनኝ߲ canvas ዐࣼڦాඹԥ视ྺᅃ߲ኝ

体ăĊĊᅳኁጀ
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ၵੰăփࡗ၄ሞ்ံઠ०ڇକᅃူڦ֫ڹ WebGLǈ࠶ሞేڦၜణዐేీփࣷᆶ

ऐࣷඁՊႀኄၵڦ֫ڹ WebGL ăڦتࡻᆶࡃ၄ऐǈጺํڦࢫକᅃူᆅԝڍஓǈپ

2.3　WebGL应用剖析

ຫڹڟǈWebGL ৽߲ࣼੰǈૌຼ 2D canvas ఫᄣǈԥᆶኧ HTML5 બഗ៓ڦ

ኧڦଷᅃዖ canvasă๚ํฉǈWebGL ᄺ๑ᆩକ Canvas ᇮઠፕྺሞ៓બഗᄻ面ฉࣼ

3D ႚڦඹഗă

ྺକሞᄻ面ዐක WebGLǈᅃ߲ᆌᆩณᆌړኴႜᅜူօየǖ

ॺᅃ߲ظ (1) Canvas ᇮǗ

(2) इൽ Canvas ᇮዐࣼڦฉူ࿔Ǘ

视口Ǘࣅ๔؛ (3)

Ǘ؋࣐ڦ（ຕۅۥཚ）කຕځࡤԈ߲ܠॺᅃ߲ईظ (4)

ਈንǗڦሶࡀ࣑ೡటक़ገڟ؋࣐ۅۥᅭ߲ۨܠॺᅃ߲ईظ (5)

ጣഗǗڦ၄ࣼ໙݆ํ߲ܠॺᅃ߲ईظ (6)

(7) ๑ᆩ߳ၜ֖ຕ؛๔ࣅጣഗǗ

(8) ࣼ ă

ူ面்ᆩᅃၵ๖૩ઠຫኄ߲ୁײă

2.4　一个简单的WebGL示例

ྺକຫ WebGL API Ⴞǈሞײڦڇ०ݥፕऐǈ்ઠՊႀᅃ߲߾एԨڦ canvas ฉࣼ

ᅃ߲ӣኟݛႚă࿔ॲ Chapter 2/example2-1.html ዐᆶኄ߲๖૩ྜڦኝپஓǈࣼࡕ

ස 2-1 ๖ă

图 2-1：使用 WebGL 绘制的一个正方形



WebGL：实时3D渲染   ｜   17

Ԩবٷևݴ๖૩ڦଳߌઠᇸᇀ Learning WebGL（http://learningwebgl.com/）

ฉڦੜײăLearning WebGL ᆯ Giles Thomas ǈۅጨᇸበڦ૬ǈᅃ߲ظ

༵ࠃକᅃဣଚბသ WebGL ᇀ࠲ยᆶ࣏በྪăײঞڦ WebGL ႎᆌᆩڦ

ዜǈࠃໜ้କ WebGL ፌႎ݀ڦቛၠۯă

2.4.1　Canvas元素和WebGL绘图上下文

ᆶڦ WebGL කิ݀ۼሞᅃ߲上下文（context）ዐǈኄᅃ߲༵ࠃକྜኝ WebGL API
ڦ DOM 对象ăኄ߲ࠓᇑ HTML5 Canvas ᇮ༵ࠃ 2D ࣼฉူ࿔ڦఇ๕၎ཞăၙᄲሞ

ᄻ面ዐ֭ WebGL ॺᅃ߲ظగ߲࿋ዃڦඹǈံႴᄲሞᄻ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 ᇮዐइൽ WebGL ࣼฉူ࿔ăgetContext() ኧ݆ݛ

ଇዖ๖ฉူ࿔ id "ຕǈ"2d֖زޙጴڦ ֖ຕᆩᇀइൽ 2D Canvas ࣼฉူ࿔（ሞڼ 7 ቤ

ຎ）ǈ"webgl" ई "experimental-webgl"（ডӲԨ៓ڦબഗ）ᆩᇀइൽ WebGL ࣼฉူ

࿔ăႎ៓ڦબഗཞ้ग़ඹ "experimental-webgl" ࢅ "webgl" ֖ຕăሞ๖૩پஓዐ்๑ᆩ

"experimental-webgl"ǈᅜඓԍీࠕग़ඹփཞӲԨڦኧ 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 ዘᄲǈᅺྺగၵ៓બഗǈईኁగၵݥஓăپ

៓બഗڦ৹ӲԨժփኧ WebGLăन๑៓બഗኧ WebGLǈ៓બഗሏႜڦ

ᆘॲยԢᄺᆶీᆯᇀ৹ܸ݆༵ࠃ WebGL ࣼฉူ࿔ăܸࠤฉຎॠ֪

ӄ（૩ස๑ᆩएᇀݛऐेሜইप้ڦړஓీӻዺేሞپ 2D canvas කڦ

ăཽںӄ）ǈईኁณᆫჯݛ
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2.4.2　视口

ٗేړ canvas ዐइൽڟᅃ߲ WebGL ࣼฉူ࿔้ǈႴᄲۨᅭᅃ߲ࣼ൶ᇘڦਈႚՉহă

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

ኻႴۙᆩࣼฉူ࿔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); 
}

ጀᅪኄڦ gl 对象ᆯฉ面ۨᅭڦ initWebGL() ăሞኄǈ்ॽኝ߲ڦׯຕิࡧ canvas
൶ᇘۨۼᅭྺ WebGL 视口ăڦ

2.4.3　缓冲、缓冲数组和类型化数组

၄ሞ்ᅙঢ়ڟڥକࣼځڪڦ WebGL ࣼฉူ࿔ăڟణമྺኹǈ்ፔڦ๚൧ࢅሞ

2D Canvas ฉࣼႚႴڦጚԢ߾ፕժுᆶٷܠ൶՚ă

WebGL एᇀ图元（primitive）ႜၟࣼăᇮǈኸփཞૌ႙ڦएԨबࢆႚă

WebGL ٪๑ᆩଇዖႚ๕ᇮૌ႙ǈཚڦᆩ၍ăෙঙႚፌࢅۅᇮԈઔෙঙႚĂڦ

ႚڦ三角形条带（triangle strip）4ăᇮᅜຕፇࢅ（ෙঙႚڦئ٪ᅜຕፇႚ๕）ǖෙঙႚणئ

๕٪ئຕǈኄ߲ຕፇԥྺ缓冲（buffer）ǈࣼځۅۥڦຕሞ؋࣐ዐԥۨᅭă

૩ 2-3 ቛ๖କසྺࢆᅃ߲ڇ࿋（1ġ1）ኟݛႚظॺ؋࣐ۅۥăഄࡕሞᅃ߲Ԉ࣐ۅۥࡤ

ڦຕ؋ JavaScript 对象ዐ࣮ݓǈԈઔۅۥ܈ڦࠓ（ሞኄ߲๖૩ዐǈ๖ۅۥ xĂy
ࢅ z ኵڦፇຕᆩෙ߲ۅޝຕઠ٪ئ）ǈࣼځۅۥڦຕଉǈࣼኄ߲ኟݛႚ้๑ᆩ

ᅭକᅃፇۨټăᅃ߲ෙঙႚཉټᇮૌ႙ĊĊሞኄ߲๖૩ዐǈ்๑ᆩକෙঙႚཉڦ

Ⴤڦෙঙႚǈമෙ߲ۅۥ๖ڼᅃ߲ෙঙႚǈࢫჄڦ߲ෙঙႚۼᇑമᅃ߲ෙঙႚࠌᆩ

ഄଇ߲ۅۥă

例 ຕ؋࣐ۅۥॺظ：2-3

 ຕۅۥႚݛኟڦॺᆩᇀࣼࠓ //
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 4ǖෙঙႚཉټᅃዖཚࡗዘް૧ᆩۅۥຕઠუຕ体ओݛئ٪ڦ๕ǈ࠲ᇀኄዖ٪ݛئ๕ǈ൩֖ቷྼ

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

ጀᅪૌ႙ Float32Arrayăኄᅃዖ៓બഗጆோྺ WebGL ᆅڦႎຕૌ႙ăFloat32Array

ᅃૌ缓冲数组（ArrayBuffer）ǈᄺྺ类型化数组（typed array）ăᅃዖᅜܾݛ

๕٪ڦئ JavaScript ૌ႙ăేᅜᆩᇑݡ࿚ཚຕፇ၎ཞݛڦ๕ઠݡ࿚ૌ႙ࣅຕፇǈݡڍ

࿚ૌ႙ࣅຕፇڦ܈߸ǈాڦݯࡼ٪ᄺ߸ၭăᆯᇀ๑ᆩܾຕ٪ئǈ்ਦ

Ⴀీৡڦၙ٪ݛئӄăૌ႙ࣅຕፇᅜԥՓ๑ᆩ（փৈৈሞ WebGL ዐ）ǈڍ

ᅺ WebGL ֍ԥᆅ៓બഗڦă்ᅜሞ Khronos ፇኯྪڦበ（https://www.khronos.org/
registry/typedarray/specs/latest/）ฉቴڟૌ႙ࣅຕፇڦፌႎݔࡀă

2.4.4　矩阵

ሞࣼኟݛႚኮമǈ்ံᄲظॺᅃ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）ڦ႑တăሞ்ڦ๖૩ዐǈ

்ᄂጣ z ዡၠݛ对ኟݛႚႜକ平ᅎ（नॽᅎڟۯਐ၎ऐ -3.333 ںڦ܈࿋ڇ߲

投影矩阵（projection matrix）ǈጣഗ๑ᆩઠኴႜٗྺਈንԥ߲ܾڼ5ă（ݛ 3D क़ፖ

Քڟ 2D 视口ࣼक़ፖՔڦገ࣑ăሞኄ߲๖૩ዐǈཨᆖਈንۨᅭକᅃ߲ 45 ཪڦঙ视野܈

视၎ऐ（සྮేࡕକ๊ཪ视ཨᆖǈ൩࣮ࠥڼ 1 ቤ）ă

ሞ WebGL ዐǈਈንᅜૌ႙ຕፇႚ๕٪ڦئᅃፇຕጴઠ๖ă૩සᅃ߲ 4ġ4 ਈን๑ᆩ

ᅃ߲Ԉࡤ 16 ߲ᇮڦ Float32Array 对象ઠ๖ăྺକ߸ݛՍ؛ں๔ࣅਈንࢅႜਈን

ሏ໙ǈ்ॽ๑ᆩᅃ߲ঢ glMatrix ਸᇸੰ（https://github.com/toji/gl-matrix）ǈኄ߲ੰڦ

ᆯ၄ඪ Google ڦײ߾ Brandon Jones Պႀăਈን؛๔پڦࣅஓස૩ 2-4 ๖ăglMatrix
ਈንཥᅃᅜڦ mat4 ૌ႙ઠ๖ǈཚࡧ߾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 ႚتዐǈړ၎ऐڦ࿋ዃԥᅎ้ۯǈײႾํाႜتڦߵړമۨᅭڦ၎ऐ࿋ዃඁ对ኝ

ׇ߲ৠႜ平ᅎǈ૩ස၎ऐ࿋ᇀ [0, 0, 3] ࿋ዃ้ǈํ ाฉࣷԥتྺኝׇ߲ৠႜକ [0, 0, -3] 平ᅎăڦ

ĊĊᅳኁጀ
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2.4.5　着色器

ׇৠࣼڦጚԢ߾ፕᅙঢ়ֶփܠକăথူઠ்ᄲႜ࠲ዘᄲ؛ڦ๔࣍ࣅবǖጣഗă

ኟසံമ༵ڦࡗڟǈጣഗᅃ๑ᆩ GLSL（ᅃዖૌ C Ⴞǈײ܌०ڦपᇕჾ）Պႀߛڦ

ۨᅭକ 3D 对象ၟڦํۅाࣼڟೡటฉݛڦ๕ăWebGL ᄲ൱ਸ݀ኁྺ߲ࣼځڦ

对象༵ࠃᅃ߲ጣഗăᅃ߲ጣഗᅜᆌᆩᇀ߲ܠ对象ǈᅺُሞํाᆌᆩዐǈኝׇ߲ৠཚ

ႚጒฉްᆩăࢆबڦຕǈᅜሞփཞ֖ڦยዃփཞࡗጣഗăཚڦᅃ߲ཥᅃࠃኻႴ༵

ᅃ߲ጣഗཚᆯଇ߲ևݴፇׯǖ顶点着色器（vertex shader）ࢅ片段着色器（fragment 
shaderǈᆼ pixel shaderǈၟጣഗ）ăۅۥጣഗሴॽ体ڦፖՔገྺ࣑ 2D ၂๖൶

ᇘዐڦፖՔǗೌጣഗሴऺ໙ገၟۅۥڦࡻ࣑ڦፌዕჿǈഄएᇀჿĂ࿖

Ă࠼ቷĂዊڪຕኵă்०ڇ๖૩ዐۅۥڦጣഗԈۅۥࡤ࿋ዃ vertexPosĂఇ

႙ - 视ਈን modelViewMatrix ᅜतཨᆖਈን projectionMatrix ຕኵǈኄၵຕኵᇑڦ

ຕኵऺࢇ໙ǈࠓॺፌዕڦĂ平ᅎۅۥڦࡻຕǈܸೌጣഗሶ०ںڇยۨڦࡻ

ӣă

ሞ WebGL ዐǈ؛๔ࣅጣഗႴᄲႜᅃဣଚօየǈԈઔॽ܀૬ڦ GLSL ᇸپஓೌՊᅳ

ᅃഐժॺ૬૾থă૩ڟ 2-5 ଚକጣഗپஓǈඟ்ઠཚ܁ኄپஓăံۨᅭᅃ߲ޤ

ዺࡧຕ createShader()ǈኄ߲ࡧຕۙᆩ WebGL ጣೌࢅጣഗۅۥઠՊᅳ݆ݛڦࠃ༵

ഗڦᇸپஓă

例 2-5：ጣഗپஓ

    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\nۅۥڦ࣑Վࢅཨᆖࡗঢ়࣮ݓ //        "        
        "        gl_Position = projectionMatrix * modelViewMatrix * \n" + 
        "            vec4(vertexPos, 1.0);\n" + 
        "    }\n"; 
 
    var fragmentShaderSource = 
        "    void main(void) {\n" + 
 + "ӣ\nჿǖ๔ዕڦۅၟ࣮ݓ //    "        
        "    gl_FragColor = vec4(1.0, 1.0, 1.0, 1.0);\n" + 
        "}\n";

GLSL ڦሞඇਆՎଉዐئ٪ஓᆯپ JavaScript ጴࠃ༵زޙăኄᆶۅ༪ᄋǈᅺ

ྺ்փڥփᆩेࡽઠথփཞႜǈઠԍኤپஓ߭๕ăፕྺ༺ݛپӄǈ்

ᅜ֑ᆩံሞྔև࿔Ԩ࿔ॲዐۨᅭጣഗǈࢫᆩ Ajax ๕ઠेሜኄ߲ݛڦ

࿔ॲăईኁ்ᄺᅜظॺᆆ֠ڦ DOM বۅǈࢫӝپஓႀሞ DOM বۅ

ႚڦڇஓዐ๑ᆩକኄዖፌ०پ࿔ԨాඹዐăྺକՍᇀຫǈ்ሞ๖૩ڦ

๕ăړኈኟՊႀپஓࢪ้ڦǈేᅜስഄ߸ᆫჯݛڦ๕ă

ǈ்ႴᄲۙᆩׯԥՊᅳྜݴև߲߳ڦጣഗړ WebGL ዐڦ gl.createProgram()Ă

gl.attachShader() ᅜत gl.linkProgram() ்ႴᄲࢫႾዐăໜײཞᅃڟॽ்૾থ݆ݛ

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

߲Վଉڦਔդǈܸٗᅜᆩ JavaScript ዐۨᅭڦຕኵઠ؛๔ࣅኄၵՎଉă6 initShader() ࡧ

ຕۨڦᅭසူǖ

        var shaderProgram, shaderVertexPositionAttribute, 
            shaderProjectionMatrixUniform, 
            shaderModelViewMatrixUniform; 
 
        function initShader(gl) { 
 
            // ेሜժՊᅳೌۅۥࢅጣഗ 
            var fragmentShader = createShader(gl, fragmentShaderSource, 
                "fragment"); 
            var vertexShader = createShader(gl, vertexShaderSource, 
                "vertex"); 
 
            // ॽ்૾থڟᅃႎײڦႾዐ 
            shaderProgram = gl.createProgram(); 
            gl.attachShader(shaderProgram, vertexShader); 
            gl.attachShader(shaderProgram, fragmentShader); 
            gl.linkProgram(shaderProgram); 
 
            // इൽኸၠጣഗ֖ຕڦኸኍ 
            shaderVertexPositionAttribute = 
                gl.getAttribLocation(shaderProgram, "vertexPos"); 

ጀ 6ǖኄ௮ຎڦॽ GLSL ዐڦՎଉገྺ࣑ JavaScript Վଉײࡗڦǈٗ ܸ๑ڥ JavaScript ᅜၠ GLSL Վڦ

ଉጀᅃၵದዃ֖ຕăĊĊᅳኁጀ
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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

၄ሞǈ்ᅙঢ়ྺࣼኟݛႚፔࡻକඇևڦጚԢ߾ፕĊĊ்ظॺକࣼฉူ࿔Ǘยዃକ

视口Ǘ؋࣐ۅۥĂਈንࢅጣഗᄺۼᅙظॺ؛ࢅ๔ࣅăူ面்ۨᅭᅃ߲ࡧຕ draw()ǈᆩ

ઠ்ࣼሞฉ࿔ዐቛ๖ڦࡗఫ߲ኟݛႚăඟ்ઠཚ܁ኄ߲ࡧຕă

ံǈdraw() ݆ݛքǈࣃ๕ൣକኝ߲ݛڦ؊ԝৠགຕᅜࡧ gl.clearColor() ॽ

ยྺړമࣃքڦĐൣđჿăኄ߲݆ݛၻ຺֖߲ټຕǈݴ՚پ RGBA（RedĂGreenĂ

BlueĂAlpha）ჿݴ຺߲ڦଉăጀᅪ WebGL ڦ RGBA ኵᆩ 0.0 ڟ 1.0 ຕઠۅޝڦྷݔ

๖ڦ（ኄᇑᆩ 0~255 ڦኝຕ๖ڦ Web ჿኵփᅃᄣǈ૩සሞ CSS ዐ）ăgl.clear()

๑ᆩۨᅭڦĐൣđჿઠĐൣđWebGL 颜色缓冲（color buffer）ǈन GPU ၂٪ዐᆩ

ᇀකೡటฉၟڦۅ൶ᇘă7ǷWebGL ๑ᆩܠዖૌ႙ڦ缓冲（buffer）ઠႜࣼǈԈઔ

ჿࢅ؋࣐ᆩᇀศ֪܈ڦ深度缓冲（depth buffer）ă࠲ᇀศ؋࣐܈ǈ்ॽሞူᅃবᇎ

ᅜຫăǹ

ഄْǈdraw() ࡗǈยۨକᇮࣼ؋࣐ڦฉူ࿔ࣼڟຕӿۨ؋࣐ۅۥڦႚݛຕॽኟࡧ

ă࠲ڦਈንᇑጣഗኮक़ࢅຕ؋࣐ۅۥጣഗǈժॺ૬ڦዐॽᄲ๑ᆩײ

ፌࢫǈ்ۙᆩ WebGL ڦ drawArrays() ႚăWebGLݛຕઠࣼኄ߲ኟࡧ ཚدࡗڦᇮ

ૌ႙֖ຕࢅᇮۅۥڦຕଉ֖ຕǈժࢇኮമᇨยڦഄຌႠ（ۅۥĂਈንĂጣഗ）ઠ

ă૩ࡕࣼڦፌዕڟڥ 2-6 ቛ๖କኝ߲ୁײă

例 2-6：ࣼپஓ

function draw(gl, obj) { 
 
    // ൣԝৠ（๑ᆩག؊） 
    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); 
 
    // ยዃځᆩڦጣഗ 
    gl.useProgram(shaderProgram); 

ጀ 7ǖኸॽჿ؋࣐ዐڦᆶጴবۼยྺኸۨڦĐൣđჿăĊĊᅳኁጀ
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    // ॺ૬ጣഗ֖ຕኮक़࠲ڦۥǖ  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); 
 }

ዕᇀǈ்ྜׯକኝ߲ࣼୁײăײႾኴႜڦࡕᅃ߲ࣼሞԝৠฉڦӣኟݛ

ႚǈසኮമ 2-1 ๖ڦఫᄣă

2.5　创建3D几何体

ฉ面ࣼڦኟݛႚᅃ߲ీ०ڦڇ WebGL ๖૩ă၂փሹీᆅഐేڦ႗ǈฯ

࣏փ 3D ႚǈ்ᅙঢ়Պႀକॽ近ݛକࣼኄ߲ኟྺ࠶ĊĊڦ 200 ႜپஓăܸํ၄

ཞᄣၳڦࡕ 2D Canvas ࣼپஓܠۥኻႴ 30 ႜፑᆸăሞኄᅃۅฉǈWebGL ၎对ഄࣼ

API ுᆶ၂๖ᆫăڍ՚ጣथǈ၄ሞ்ઠᆩ WebGL ፔᅃၵᆶڦ๚൧ĊĊኈኟڦ 3D
ࣼăྺକڟڥᅃ߲Ԉࡤփཞჿڦ 3D ૬ݛ体ǈ்Ⴔᄲሞኟݛႚڦएإฉेᅃၵ၍ཉǈ

ྺ்ُॽ对ጣഗࣼࢅࡧຕፔᅃၵၭۯ߀ă்࣏ᄲྺኄ߲૬ݛ体ेฉᅃ߲०ۯڦڇ

ăִ࠵ඁ܈ǈᅜՍ߲ٗ߳ঙࣃ 2-2 ቛ๖କᅃ߲ገዐ૬ݛ体ڦೡటপă

图 2-2：一个包含不同颜色的立方体
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ྺକظॺࢅකኄ߲૬ݛ体ǈ்ॽ߀ኮമڦ๖૩پஓăံǈ்ॽᆩᇀظॺኟݛႚ

ڦຕăഄْǈ்ॽ๑ᆩᇑኮമփཞ؋࣐ڦ体ݛॺ૬ظᆩᇀྺ߀ຕ؋࣐ڦ WebGL ࡧ

ຕઠኴႜࣼײࡗă࿔ॲ Chapter 2/example2-2.html ዐԈࣼࡤ૬ݛ体ྜڦኝپஓă

૩ 2-7 ቛ๖କ૬ݛ体؋࣐ڦยዃײࡗǈԲࣼኟݛႚپڦஓᄲްሗᅃၵă૬ݛ体ᆶ߸ܠ

ຕǈժॽ؋࣐ۅۥॺظჿăံǈ்ڦ面ยዃփཞڦǈժ்ॽྺփཞۅۥڦ

ሞՎଉئ٪ vertexBuffer ዐă

例 ஓپڦ؋࣐ᆅࢅ体Ăჿݛ૬ࣅ๔؛：2-7

// ྺ֒ڦ૬ݛ体ࠓॺۅۥĂჿࢅᆅຕ 
function createCube(gl) { 
 
 ຕۅۥ //    
    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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ഄْǈظॺჿຕǈྺ߲ۅۥยዃᅃ຺߲ᇮǈժॽഄ٪ئሞՎଉ colorBuffer ዐă

faceColors ຕፇዐᅃဣଚۨᅭڦࡻ RGBA ჿኵă

        // ჿຕ 
        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);

ፌࢫǈ்ᄲظॺᅃૌႎ႙؋࣐ڦĊĊ索引缓冲（index buffer）ǈᆩᇀ٪ۅۥئຕڦ

ᆅă்ॽኄၵຕ٪ئሞՎଉ cubeIndexBuffer ዐăኮᅜኄᄣፔǈᅺྺ்ॽሞ

߸ႎڦࡗ draw() ᆯڦෙঙႚăኄᄣፔڦԨวઠۨᅭᆶۅۥݥणᆅܸۅۥຕዐ๑ᆩࡧ

ǖ3D बࢆႚྫྫپକჄހԿڦ൶ᇘǈۅۥ߲ڇᆯ߲ܠෙঙႚࠌၛǈܸᆅ

ٙăे߸ئ٪Ն௨ຕዘްǈସຕࠕీ؋࣐

        // ᆅຕ（ۨᅭࣼځڦෙঙႚ） 
        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; 
    }

ྺକࣼ૬ݛ体ڦჿǈኄၵჿՂႷԥߴڿدጣഗă૩ 2-8 ቛ๖କ߀ڦࢫጣഗپ

ஓăጀᅪेٚپڦஓႜǖ்ำକᅃ߲پۅۥჿڦຌႠăُྔ்࣏Ⴔᄲำᅃ߲
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GLSL ዐڦ varying ՎଉĊĊvColorǈᆩᇀॽ߲ڦۅۥჿ႑တٗۅۥጣഗڟڿد

ڦຕۅۥ߀߸ժփደ߲ڦࡗ၄ጣഗăᇑኮമೌ uniform Վଉ（૩ස்ራံ༪ஃ

ਈን）փཞǈvaryingڦ Վଉپጣഗࣷྺ߲ۅۥደ߲փཞڦኵăሞኄ߲๖૩ዐǈ

்ॽ٪ئሞ vertexColor Վଉዐڦჿ؋࣐ຕڟՎଉ vColor ዐăೌጣഗথ

 vColor ዐڦᇱ๔ჿኵă

例 2-8：ᆩᇀකټჿኟݛ体ڦጣഗپஓ

 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\nۅۥڦཨᆖࢅ࣑Վࡗঢ়࣮ݓ //        "    
    "        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\nჿǖ๔ዕۅၟ࣮ݓ //    "    
    "    gl_FragColor = vColor;\n" + 
    "}\n";

සࡕৈৈᆩᇀยዃڇᅃڦჿǈኄپஓੂഐઠᄺႹᆶࡗۅᇀްሗăڍᅃ߲

ްሗڦጣഗĊĊ૩සᅃ߲ํ၄କ࠼ቷఇ႙ڦጣഗǈईኁᅃ߲ํ၄କ֥

ፌዕ֒ኮമǈࣷ对ĊĊሞڪڪጣഗǈڦༀ࿖ۯĂ面ں vColor

ႜႹڦྔܮܠሏ໙تăᅑǈጣഗ༵ࠃକഽڦٷ视ਥీ૰ǈڍኟස

Ben Parker ăٷǈሴඪሁٷఁჾຎĊĊీ૰ሁڦ

၄ሞ்ਸ๔Պႀᆩᇀࣼپڦஓǈස૩ 2-9 ๖ăྺକࣼԲኟݛႚ߸ྺްሗڦ૬ݛ体ǈ

்Ⴔᄲፔᅃၵփཞڦ๚ă๖૩پஓዐेٚڦևݴՔକኄၵۯ߀ăံǈ்ᄲਸഔศ

ڥǈ๑֪܈ WebGL ᅜӀศ܈ಇႾઠࣼ 3D 体ăޏሶǈWebGL ॽ݆ԍኤॽĐሞ

മݛđڦ面Ӏቷ்ڦᇨࣼሞഄ面ڦമݛǈĐമݛđࢅĐݛࢫđڦ面ࣷंၫሞᅃഐă

（ස࠲ੂੂၙࡕԿศ֪܈ࣷ݀ิ๊๚ǈኻႴጀۖఫႜپஓăేධࣷੂڟ૬ݛ体ڦ

ևݴ面ǈڍփྜኝă）

ഄْǈ்ᄲॽኮമᅙঢ়ሞ createCube() ฉူࣼڟӿۨ؋࣐ᆅࢅჿڦࡻॺظຕዐࡧ

࿔؋࣐ڦăፌࢫǈ்ۙᆩ WebGL ݆ݛ gl.drawElements() ܸփ gl.drawArray() ઠࣼ

ᆩᆅ؋࣐ઠ๖ڦᇮ႑တă



WebGL：实时3D渲染   ｜   27

例 ஓپ体ࣼݛ૬ڦࢫ߀߸：2-9

function draw(gl, obj) { 
 
    // ൣԝৠ（๑ᆩག؊） 
    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); 
 
    // ยዃځᆩڦጣഗ 
    gl.useProgram(shaderProgram); 
 
     // ॺ૬ጣഗ֖ຕኮक़࠲ڦۥǖ  ཨᆖ/ఇ႙ਈንࢅۅ
     // ยዃ؋࣐ 
    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 ڦփᅃ߲ৢኹܸࡕၳ 2D ၟǈ்Ⴔᄲඟۯഐઠă၄ሞǈ

்ઠྺኄ߲૬ݛ体ཁेᅃ߲ජፖՔዡገڦ०ࣃۯڇăپڦࣃۯஓස૩ 2-10 ๖ăሞࡧ

ຕ animate() ዐǈ૬ݛ体ᅜ௱ዓྺዜྷජᇨံۨᅭڦገዡ rotationAxis ገă

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

requestAnimationFrame() ઠჄൻࣃۯۯăኄ߲ࡧຕሞْ៓બഗዘࣼᄻ面ۙࢪ้ڦ

ൽᅃ߲࣮ۙࡧຕă（࠲ᇀኄ߲ࡧຕᅜतഄࣃۯ၎ڦ࠲रຍǈࢫჄڦቤবᆶ߸ၘဦ

ຫă）ْڦ animate() ࡧฉᅃْۙᆩࢅമ้क़ړ໙ऺࣷۼǈࢪ้ڦຕԥۙᆩࡧ

ຕ้ڦक़ኮक़ֶڦኵǈժॽഄ٪ئሞՎଉ deltat ዐǈߵࢫऺ໙ፕᆩᇀਈን

Վଉ modelViewMatrix ජ܈ڦ体ᅜ௱ᅃංݛ૬ࡕڦஓኴႜپă܈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

࿖ᆙพ்ሞԨቤᄲბသڦፌࢫᅃ߲ WebGL API ༬Ⴀă纹理映射（texture map）ǈई

०纹理ǈኸޮ߃बࢆ体面၂๖ڦ࿋ăWebGL ዐ๑ᆩ Image DOM ᇮፕྺ࿖ຕ

ڦᇸǈኄ๖ǈኻႴ०߀߸ںڇ Image ᇮڦ src ຌႠǈే৽ᅜॽ Web ၟ߭๕ǈ૩

ස JPEG ࢅ PNGǈፕྺ WebGL ཌྷକă

WebGL ࿖ժփᅃۨᄲᅜၟ࿔ॲྺᇸઠࠓॺă2D canvas ᇮᄺᅜፕྺ

࿖ڦᇸǈ૧ᆩኄ߲༬Ⴀǈ்ᅜ๑ᆩ 2D Canvas ࣼ API ሞ 3D 体ڦ

面ࣼӄǗ࿖ฯ࣏ᅜᅜ Vedio ᇮፕྺᇸઠࠓॺǈᅺُేᅜሞ

ᅃ߲ 3D 体ڦ面խݣ视ೕă࠲ᇀۯༀ࿖ీڦ૰ǈሞڼ 11 ቤᆶ߸ၘဦڦ

ຫă

்ॽമ面ڦገ૬ݛ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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ኄႴᄲ༵ႝ߳࿋܁ኁǈසేࡕথሞ࿔ॲဣཥມऍٶਸ࿖ᆙพپڦஓ

๖૩ᄻ面ǈ݆ኟሏႜڦăႴᄲᆩᅃ߲ Web ခഗઠेሜǈᅺྺޜ

்ٗᅃ߲ JPEG ࿔ॲዐሜ࿖ǈኄᆯᇀ WebGL Ҿඇఇ႙ዐੵڦᇘݡ

࿚Ҿඇ၌ǈ்Ⴔᄲሏႜᅃ߲ Web ࡗথཚݥခഗܸޜ file:// URL ઠݡ࿚

ኄ߲࿔ॲăጺڦઠຫǈԨກዐܠٷڦຕ૩ጱۼႴᄲཚࡗ Web ࿚ăݡခഗઠޜ

ሞ MacBook ฉሏႜକᅃ߲ՔጚԨںӲ LAMP ৈڦڟႴᄲᆩేࡗǈփৣ࣍

ৈ LAMP ĊĊၟీࠀݴᅃևڦ Apache ኄᄣڦ Web ऐڦేࡕခăईኁසޜ

ഗฉጎକ Pythonǈేᄺᅜ૧ᆩ Python ాዃڦ SimpleHTTPServer ఇઠഔ

ᅃ߲ۯ Web ڟ口ۨ࿋شခǈ๑ᆩంସႜޜ examples ణǈࢫǖ

    python -m SimpleHTTPServer

ኄᄣే৽ᅜཚࡗ http://localhost:8000/ ኄ߲ںઠݡ࿚Ԩກڦ๖૩କăසࡕ

ထྭइൽ߸࠲ܠᇀኄݛ面ڦरຍኧǈ൩ݡ࿚ Linux Journal ྪበ（http://bit.

ly/linuxjournal-http-python）ă

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

ံǈ்ۙᆩ gl.createTexture() ઠظॺᅃ߲ႎڦ WebGL ࿖对象ăࢫॽኄ߲࿖

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

ྺᅃ߲ JPEG ࿔ॲڦୟ০ĊĊሞኄ߲๖૩ዐǈ்ेሜକᅃ߲ 256ġ256 ႚݛኟڦ WebGL
ݛ࠳ LOGOĊĊփࡗံ்ᄲྺၟڦ onload ๚ॲጀ֩ᅃ߲๚ॲتײႾǈᅜՍሞၟ

ेሜྜԹࢪ้ڦ对 WebGL ࿖对象ፔᅃၵتă

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() ዐǈ்ፔକူ面ኄၵ๚൧ăံǈ

்ۙᆩ gl.bindTexture() ຕઠኸۨࡧ WebGL ሞࢫჄࣼײࡗዐॽᄲ๑ᆩڦ࿖ăԥኸۨ

ڟዐิၳǈײࡗኝ߲ࣼڦჄࢫ࿖ॽሞڦ gl.bindTexture() ምْԥۙᆩĊĊሞࡧຕڦ

࿂ǈ்ॽӿۨ࿖ยዃྺǈᅜݞኹሞࢫჄ֡ፕዐᅪྔ߸߀࿖٪ئ൶ᇘాڦඹă

ഄْǈ்ۙᆩ gl.pixelStorei() ڦۅገᆶ࿖ၟຕઠࡧ y ፖՔኵăኮᅜႴᄲ

ႜኄ߲֡ፕǈᅺྺሞ WebGL ዐǈ࿖ፖՔဣڦ y ዡؽၠฉڦǈܸሞ Web ၟԨว

ፖՔဣዐǈyڦ ዡؽၠူڦă

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

ంఁ֖ݔࡀቷ OpenGLǈཚᅜᅃ߲ጴజࢫጘઠՔ๎ࡧຕ֖ຕڦૌ႙ăၟ

ᅜኝ႙ຕፇݛڦ๕٪ئ（RGB ई RGBA ჿ）ǈᅺُԥՔ๎ྺ iă

၄ሞ்ۙᆩ texImage2D() ڟၟຕްڦࡻઠॽेሜ݆ݛ WebGL ࿖对象ዐăኄ

ຕǈేᅜֱለ֖ڦबዖփཞૌ႙ኧ݆ݛ߲ WebGL ॺփཞૌ႙ظ๑ᆩࢆକසݔࡀ

ڼ࿖ăሞኄ߲๖૩ዐǈ்ሞڦ 0 ॺକᅃ߲ظ֫ 2D ࿖ĊĊᅃ߲࿖ዐᅜԈࡤփཞ

֫पڦ࿖ǈኄ߲रຍԥྺ mip-mappingǈ்ॽሞࢫ面ႜถĊĊኄ߲࿖֑ᆩକ

RGBA ჿఇ๕ǈ٪ئሞᅃ߲ࡽޙጴব（unsigned byte）ຕፇዐă

்࣏Ⴔᄲยዃ࿖ࡗ୳ၜǈኄၵၜᆩᇀ੦ၟໜ远近࿋ዃٷݣၭ้ڦ࿖ၟ

ჿऺ໙ăሞ்ڦ๖૩ዐǈ்๑ᆩକፌ०ࡗڦڇ୳ยዃĊĊgl.NEARESTǈኄ߲ยዃڦ

֧ཚࡗݣၟԨวઠڥ࿖ၟڦۅჿăሞኄ߲ยዃူǈ࿖ሞுᆶԥ܈ࡗ

ڦݣമ༵ူੂഐઠၳ࣏ࡕփٱǈࡗڍ近װࣷ（ٷݣ）ت၄ጒၟࢅࡕၳࣅǈܸࡗ远

ăWebGLࡕၳࣂփ平ࢅ၄װࣷ（ၭ）ت ୳ీ૰ǖgl.LINEARࡗକଷྔଇዖ࿖ࠃ༵

๑ᆩ၍Ⴀ֭ኵ݆ݛڦઠتٷݣǈ๑ࢫٷݣڥ࿖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ݛۙኝ૬ǈᅜۅඍڦ୳ࡗ 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࠵ǈేᅜڟִ࠵૬ݛ体ڦ࿖၂Վၟڥ

କ（ࣅ 2-4）ă

၄ሞምॽ -8 ׯ߀ -32ăړ૬ݛ体远ࢪ้ۅִ࠵ǈᅜੂڟ࿖၄କ၂ڦ

（ 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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၄ሞǈ்ᅙঢ়ยዃࡻକඇևڦ࿖ၜǈժۙᆩ gl.bindTexture() മӿۨړઠൣ݆ݛ

ǈ்ॽඇਆՎଉࢫ࿖ăፌڦ okToRun ኵยྺڦ trueǈᅜُཚኪ run() ຕ࿖ᅙঢ়ጚࡧ

Ԣ৽ჃǈࣼײႾᅜਸ๔ሏႜକă

ஓǈᅜپஓǈጣഗپॺظڦ؋࣐ǖ߀߸ႜݴഄևڦஓپႴᄲ对࣏ᅃᄣǈ்ྫၟ

तጣኵڦยዃپஓăံǈ்ॽظॺჿپڦ؋࣐ஓ༺ظྺ࣑ॺ࿖پڦ؋࣐ஓă纹

理坐标（texture coordinate）ᆩໜۅۥຕᅃཞۨᅭڦĂ[0, 1] ຕઠ๖ăۅޝᅃ对ڦాྷݔ

ኄ对ۅޝຕ对ᆌ࿋ฉڦ xĂy ೋᅎଉǈኟසူ面ጣഗپڦஓዐቛ၄ڦఫᄣă对்ڦ

૬ݛ体ઠຫǈ࿖ፖՔኵݥ०ڇǖ்ӝኝቧ࿖ݴ՚ཌྷڟ૬ݛ体ڦ߲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࿖

ፖՔپڦ؋࣐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);

்࣏ᄲॽ๑ᆩ֒ڦጣഗ߸ྺ߀๑ᆩ࿖ڦጣഗăሞۅۥጣഗዐǈ்ۨᅭକᅃ

߲ఁྺ texCoord ǈᅜतᅃ߲دኄ߲ՎଉࡗຕཚۅۥຌႠՎଉǈۅۥڦ varying ૌ႙

Վଉڦ vTexCoordǈᆩᇀၠೌጣഗڦۅۥ߲߳႑တăೌጣഗ๑ᆩ࿖ፖ

Քፕྺ࿖ᆙพຕڦᆅǈ࿖ፖՔཚࡗ uniform Վଉ uSampler Ⴞă்ۙᆩײد

GLSL ຕࡧ texture2D() ٗ࿖ዐൽၟڥ႑တǈԈઔ֑ᄣഗࢅᅜ (x, y) ႚ๕٪ڦئ 2D ۥ

ஓස૩پጣഗڦࢫ߀߸࿋ዃăۅ 2-13 ๖ă

例 2-13：࿖ᆙพ૬ݛ体ڦጣഗپஓ

  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\nۅۥڦཨᆖࢅ࣑Վࡗঢ়࣮ݓ //        "      
      "        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\nჿǖ๔ዕڦۅၟ࣮ݓ //    "      
      "    gl_FragColor = texture2D(uSampler, vec2(vTexCoord.s, vTexCoord.t));\n" + 
      "}\n";

ྺକॽ࿖ཌྷڟ்ڦ૬ݛ体ฉǈ்ፌ࣏ࢫᄲ对ࣼࡧຕፔᅃၵၭႪ߀ă૩ 2-14 ቛ๖କ

Ⴊپڦࢫ߀ஓă்ॽยዃჿپڦ؋࣐ஓ༺ྺ࣑ยዃ࿖پڦ؋࣐ஓǈժॽ࿖ยྺ

ฉူ࿔ăࣼڟമ࿖ǈӿۨړ

例 ࿖ᆙพຕڦႴࣼࣅ๔؛：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

Ԩቤຎକසࢆ๑ᆩ WebGL API ႜႚකă்କକՊႀᅃ߲ WebGL ᆌᆩڦए

ԨୁײǈԈઔظॺࣼฉူ࿔Ă视口Ă؋࣐ĂਈንĂጣഗࢅᇮࣼڦă்ბသକස

ॺظࢆ 2D ࢅ 3D बࢆႚժᆩჿࢅ࿖ઠག؊்ă்࣏ฎྲዺକਸᇸੰ glMatrix
ࢅ RequestAnimationFrame.jsǈ்ۼ WebGL ਸ݀ڦᆩएԨੰă

၂ǈڟణമྺኹ்থڦڟة WebGL ǈ்ࢫԨቤኮྜ܁ăሞڦݏݥײՊ֫ڹ

ᅙঢ়ᅜՊႀᅃၵฎྲްሗڦĂԈઔჿࢅ࿖ڦबࢆႚǈُྺ࠶ీႴᄲՊႀຕӥ

ႜپஓăኄ༵ࠃକഽీڦٷ૰ĊĊేᅜဦ֡ںፕೡటฉڦᅃ߲ၟࢅۅۥǈᅜସට

ణڦᆘॲेڦ܈ႜăܸ๑ᆩ WebGL ፕă߾ڦዘݏଉٷஓႴᄲپথ口ઠՊႀ֫ڹ

Քጚڦยऺኁ்֑ᆩକဎึپஓ٫ઠ࣑ൽ߸ഽీٷ૰ڦາୟăWebGL ڦ API ၭܸ०ڇǈ

ኄ৽๑߾ܠ߸ڥፕሞକᆌᆩਸ݀ኁวฉă

සేࡕᅃఁঢ়ᄓڦݿᆴဥईႚਸ݀ኁǈժထྭ߸ںࡻቨ੦ᆌᆩڦႠీࢅ༬Ⴀǈ

ఫথ๑ᆩ WebGL API 对ేઠຫᄺႹፌڦࡻስăසేࡕኟሞਸ݀ڦᆌᆩ对ක

ᆶ༬՚ڦႴ൱ǈ૩සၟتᆌᆩई 3D ॺఇ߾ਏǈఫేᆌศںჺ৯ WebGL ዐڦ

metal रຍăᆼईႹǈేႴᄲਸ݀ᅃၵ߸ڦ֫ۥᆌᆩǈ૩සຣᄺփထྭྺକظॺᅃ߲૬ݛ

体ܸዘްႀఫ຺ๆႜ၎ཞپڦஓǈሞኄْ߲֫ฉేྜڥඇ੍ጲमǈేႴᄲࢅ੦

ᅃႜپஓă

࠶සُǈසܠٷࢅేࡕຕටᅃᄣ对 3D ժփ༬՚ຄဒǈఫేᆌᅜᅃዖԲ WebGL 
API Ԩว߸ߛपހڦጎݛ๕ઠՊႀᆌᆩǈ૩ස๑ᆩᅃၵ၄߾ڦׯਏă๚ํฉኄၵ߾ਏᅙঢ়

٪ሞǖᆶႹܠएᇀ WebGL बቤᅃᅃถ்ăڦ面ࢫ๑ᆩă்ॽሞࠃᆫႯਸᇸੰڦ
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Three.js——一款JavaScript3D引擎

்ሞฉᅃቤቛ๖କ WebGL ՊڦײഽݏࢅٷăWebGL ሎႹే๑ᆩ GPU ඇևీڦ૰

ઠظॺெૢ้ํڦකĂڦࣃۯټ Web ᄻ面ăܸසేࡕထྭᆩኄၵፌएڦإ API ඁፔ

ᅃၵସට༒ڦ๚ǈఫేॽႴᄲٷଉڦ౮૰ǈժደႜՊႀႴׯڦӥฉഥႜپஓă

ሞኄ߲ᅜྺዷڦ Web ٷॺᆌᆩă面对ၜణႴ൱ǈࠓᆩᇀࢇ๕၂փݛڦǈኄᄣپ้

ڼڦׯዺੰઠ༵ืਸ݀ၳ୲ǈईኁ๑ᆩ၄ޤڦॺጲमظਸ݀ኁ面ଣጣଇ߲ስǖڦຕܠ

ෙੰݛă

ܸᆩᇀޤዺቛਸ WebGL ਸ݀ڼڦෙੰݛཞᄣᆶܠǈᆟዃᅑǈThree.js（http://threejs.
org/）்ዐڦଶڞኁăThree.js ॺظڦ࠵କᅃ༫०ᅟࠃ༵ 3D ႚዐ见体ݛڦ

ӄă๑ᆩକႹܠፌॅํ७ڦႚᆅरຍǈ܈ăా࣏ዃକܠዖૌ႙ڦ对象ݛࢅ

Ս߾ڦਏǈݥీࠀഽٷăThree.js ྂ࠶ሞ GitHub ฉڦਸᇸၜణժྼࢺଆࡻǈႹܠፕ

ኁۼሞၠኄ߲ၜణࠋ၅پஓă

Three.js ᅙঢ়ྺׯ WebGL ਸ݀ڦ๚ํስăేሞࢻྪฉీੂܠٷڦڟຕ WebGL ᆫႯా

ඹۼ๑ᆩ Three.js ઠࠓॺڦǈԈઔ Google ڦ 100 000 Stars（见ڼ 1 ቤ）ǈᅜतႹܠᅜ

ཚࢻࡗྪݡ࿚ڦڟظ܈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/）, 
ۉᆖፕට Chris Milk ᇀ 2011 ሞ Google ๕ᅼૂፕࢻᅃ߲ڦॺظӻዺူڦײ߾

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 ᅃ߲ྜኝڦႵె๘হǈᆩࢽᅜጲᆯں੦၎ऐ视ঙᅜतྫׇৠཁे体ǈཞ

้ᄺᅜੂڟഄᆩࢽཁेڦ体ăኄ߲ၜణ๑ᆩ Three.js ਸ݀ǈظሰକሞ้ړઠຫ

೦Ⴀڦ WebGL ሰظৠศጣഗǈᆩᇀڦࢵ体ఇتĂ远ࣅ体تǈԈઔᆩᇀ๑近ࡕၳ

ෘᥐᤱ߭ޅࣃۯ视ਥၳڦࡕෘᥐᤱ（toon）ጣഗǈኲයႜྺǈᅜतۅሊဣཥăසࡕထྭ

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

ٗࣙۉᆖݠڟኈႀํǈྜࡕၳ࠶ඇփཞǈڍ Three.js ሞኄၵ WebGL ၜణࠓڦॺዐഐ

ፕᆩăዺڦዘᄲڪକཞڟ Three.jsǈට்ᅜظሰׂपڦ视ࡕၳࣅă 3-2 ዐڦइ

ঃഛכದዃӄ૩ᆯܓཷࡔڤ Plus 360 Degrees ገׇৠǈٗᅃဣଚଆࢽॺǈሎႹᆩظ

ڦࣅႠ߲ሰظǈܸٗࢅՎഄཱጎჿ߀ఇ႙ǈժጲᆯڦ࣌ఇ႙ዐስጲमဠכഛڦ

ഛכăૌຼڦഛכದዃᆌᆩܠമᅙঢ়٪ሞǈฯ࣏ᆶ๑ᆩ flash ਸ݀Ăሏႜሞ៓બഗዐڦ

ӲԨǗ࠶සُǈኄ߲ᄇ๖ׂڦॏኵ࣏远远ߛᇀඁࡗ்ሞࢻྪฉੂڦڟఫၵă

ዂڦഛכဦবఇ႙ǈ๑ᆩৣ࣍ཌྷઠఇెݒพǈेฉ࠼ቷࢅᅽᆖǈፇׯࢇକݠ܈ߛኈڦ视

ਥၳࡕĊĊኄڦඓ߲ݥସට༒ڦࢻ๕ᆌᆩă

Three.js փৈකํǈሞቛ๖؏象߁ݛ面ᄺີࡹփෑă 3-3 ቛ๖କኄݛ面ڦᅃ߲

ටӄ૩ǈᅃ߲ፕྺ Google ํᄓၜణظॺڦඇ൰ၭ႙ഗᅟຕ视ࣅၜణăኄ߲ఁ

ྺ Small Arms Imports/Exports ࡗגၜణቛ๖କڦ 100 口൧ࢅၭ႙ഗ口پ՚ݴ߲ྤ

ڦຕۅǈժ๑ᆩჿĂ၍ཉࡕၳ࠼݀ࢅሞᅃ߲ں൰ఇ႙ฉথࢅՔጀ்ǈᆩᅜ

1992 ڟ 2010 क़ၭ႙ഗĂൟഗᅜतڑᄱሞ 250 ᅟ൧ăኄၵڦ൶ኮक़ںࢅॆࡔ߲

၍ཉྪڦׯࠓஏൣںؤቛ๖କ႑တǈժ视ਥၳࡕସටኒă
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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 ժփᅃ߲دཥᅪᅭฉڦᆴဥᆅ（ฎၘࢫຎ）Ǘ࠶සُǈ࣏ᅜፕྺᆴဥ

ᆅ֫ڹڦኧă்ᅜሞኮฉࠓॺᆴဥᆅǈժሞُएإฉਸ݀փڦٱᆴဥăྺ

କၠ Wipeout ࢅ F-Zero ဣଚᆴဥዂǈThibaut Despoulain ਸ݀କ HexGLĊĊᅃ߲࿄ઠ

ԝৠڦ৪ᆴဥăHexGL ਏᆶׂڦߛॏኵǈԈઔ݀ࡕၳ࠼Ă૭ጱဣཥĂ对ॺዾ

ăࡕኝ体၂๖ၳڦ၍ǈᅜतྜெࢵఇۯሏڦॺࠓකरຍࢫකĂ૧ᆩߌኈํڦኻذࢅ

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 ڦፕኁәஆఫڦ Ricardo Cabello MiguelǈईႹే߸ຄဒڦଷᅃ߲ࢬ

Mr.doob（ுߎ࿚ኄྺ๊）ăThree.js ᆯ Mr.doob ራ（近ๆമ）ሞ 3D ፕਸ݀

ቛ๖ࣷ（ৃཀට்ኮྺਜ਼கઙ）ฉڦፕ݀ቛܸઠăሞ၄ᆶ߾ਏۼփీፁႴ൱ڦ

൧ူǈMr.doob ਸ๔ਸ݀ጲम߾ڦਏǈኄ༫߾ਏᅃਸ๔ᆩሏႜሞ Adobe Flash 平ฉ

ڦ ActionScript Պႀڦăबࢫ Google ChromeĂڦၳߛ JavaScript ᅜत HTML5 ᅃᅃׇکǈ

Mr.doob Սॽڦჺ৯ገᅎڟକ៓બഗኄ߲ႎڦ平ฉăኮࢫሞ 2010 ǈThree.js କăิڐ

Three.js ᅃ߲ӲԨ๑ᆩڼڦ SVG ࢅ 2D Canvas කăሞُब߲ሆࢫ WebGL ݀քକǈThree.
js Սਸ๔ᅎኲڟ WebGL ฉႜࢫჄਸ݀ăኄኈ߲ਉǈڍ Mr.doob 对ُ๖Đժփవ

ํ၄đǈᄺႹᅺྺᅙঢ়एᇀ WebGL Պႀକഄଇ߲කഗӕăٗఫ้ਸ๔ǈThree.js
ደॷഽྜࢅٷǈժፌዕظྺׯॺ WebGL 3D ᆌᆩڦፌୁႜስă

ስएᇀ Three.js ઠՊႀԨກዐڦ๖૩ǈժփৈৈᆯᇀୁݥႜڦᇹࠤĊĊ࠶ኄ

ᄺᅃևݴᇱᅺăံǈሞၜణਸ݀ዐ๑ᆩକǈժݥဠ࣌ăഄْǈٗڦీࠀঙ܈

ઠຫǈණྺణമፌྜڦ WebGL ੰăምْǈᆶႹࢃܠ႐پڦஓࠋ၅ኁǈኄԍኤ

କ๔ዕీํࢅࠕाڦၜణথࡆăፌࢫǈݥඹᅟฉĊĊ๚ํฉǈᅟᆩႠፌڦٷ

ᆫۅăփࡗᆶᅃۅ൩ऻዿǈThree.js ኻዚܠ WebGL ੰዐڦᅃ߲ǈే࣏ᆶഄڦስǗස

փăሞԨກዐేॽࣷᄺ࿄ੰڦՊႀᅃ߲ጲमۯǈࣆڦၜణႴᄲǈईኁేᇼᅪڦేࡕ

ደօၘဦںକ Three.jsǈ၄ሞ்ံߴᅃ߲ߕٷă

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

3D ׇৠ๖ྺྪ߭ĂዊĂ࠼ڨ（नႚਸ݀ኁᆩ߳ڦዖ对象ૌ႙）ă
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• Three.js 非常强大。Three.js փৈৈ WebGL ᆩᇀᆴဥਸܠጎǈాዃକႹހᅃ߲ڦ

݀ĂࣃۯĂᄇ๖Ăຕ视ࣅĂॺఇ߾ਏᆌᆩݥڦᆶᆩڦఇ႙对象ǈࠃ༵࣏କᆩᇀ༬

ၳࢫڦࡕකऐăأକԨวీڦ૰ǈThree.js ڦ๖૩ǈేᅜሞేڦݿᆛᆶ࣏

ၜణዐ๑ᆩኄၵ๖૩پڦஓă

• Three.js 非常易用。Three.js ڦ API एᇀᆷࢅࡻᅟბڦยऺăໜੰ༵ڦࠃႹܠ๖૩

ோăںࡻ߸ӻዺేࠕీ

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

ُဎึᆩႠă

• Three.js 非常稳定。ԈྜࡤԢٱڦဃॠֱĂᅴࢅ੦য়ߢǈඟਸ݀ኁᅜጚඓں

߶ጷײႾ࿚༶ă

• Three.js 支持交互。WebGL փਏԢᇱิڦዐኧǈኄᅪ࿆ጣే݆इൽڟՔঢ়ࡗ

କړമׇৠዐڦన߲体ăThree.js ߸ڥՎࢻᆌᆩཁेྺڥǈ๑ኧڦକ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ሜᅜ࿔Ԩ߭๕ڦࠃ༵

ڦڞਏ߾ॺఇڦĂᆩୁႜڦئ 3D ఇ႙ăThree.js ᄺۨᅭକጲमጆຌڦ JSON ܾࢅ

 3D ఇ႙࿔ॲ߭๕ă

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

ඁۙᆩᅃၵࡧຕă

• Three.js 是可扩展的。ஃేထྭྺ Three.js ཁेᅃၵ༬Ⴀǈ࣏ۨᅭጲम߲ڦႠࣅ

Three.jsǈۼݥ०ڦڇ๚ăසࡕ၄ᆶڦຕ߭๕ኧ݆ፁేڦႴ൱ǈఫే

ᅜྺ༬ۨڦຕ߭๕Պႀ၎ᆌ֭ڦॲă

• Three.js 包含 2D Canvas、SVG、CSS 的渲染引擎。࠶ WebGL ᅙঢ়ୁݥႜǈڍ

ժ࿄ԥᆶ៓ڦબഗኧǈኄ๖对గၵᆌᆩઠຫǈWebGL ժփፌڦࡻስă႞

ࡻ Three.js ᅜ๑ᆩ࣏ 2D Canvas ࢅ SVG ᇮઠකٷևాڦݴඹăړሏႜৣ࣍փኧ

 3D Canvas ӄăThree.jsݛইपڦକᅃ߲ᆫჯࠃஓ༵پڦǈኄྺేࢪ้ڦ ධᅜᆩ

ઠකࢅՎ࣑ CSS ᇮǈ்ॽሞڼ 6 ቤ对ُႜၘဦຫă

Ⴔᄲ༵ႝڦॆٷǈThree.js ᄺᆶᅃၵփڦ๚൧ăԲݛຫǈThree.js ժփᅃ߲ᆴဥᆅ

ăඍ݄ᅃၵᆴဥᆅႴڦᆩ༬ႠǈසߢࠅಈĂཀྵၟĂᆶ၌ጒༀऐᅜतᆅă

Three.js ᄺுᆶՊႀܠටऐᆴဥႴాڦዃྪஏኧăేႴᄲएᇀ Three.js ጲႜࠓॺǈ

ईኝࢇഄጆᆩپڦஓੰăཞ้ Three.js ᄺփᅃ߲ᆌᆩॐǈփਏԢᅃ߲ॐᆌᆶ

๑ᆩਸ݀ࢆቤবዐ்ॽደօຎසڦჄࢫऐăሞ࣍ሏႜთࢅتҾጎĂႂሜĂ๚ॲڦ

ॐઠবูਸ้݀क़ǈժՆ௨ሞ߲ၜణዐۼዘްํ၄ᅃ༫၎ཞڦऐăፌࢫǈThree.js
ᄺփᅃ߲ਸ݀ৣ࣍ǈሞ Three.js ዐժ࿄Ԉࡤᆩᇀظॺྜኝ 3D ᆌᆩڦणׯਸ݀߾ਏă

ᄺ৽ຫǈأକᅜฉኄၵ Three.js փڦ๚ᅜྔǈ்ᅜ൧ઠႌงڦᆫۅǖᅃ߲

ྺ៓બഗยऺڦĂߛႠీĂీࠀഋඇĂᅟᆩڦ 3D කᆅăݥഽٷăူ面ඟ்ઠ

ᆅăڦٷօණ๎ኄ߲ഽ؛
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3.2.1　初始化Three.js
සేࡕထྭ๑ᆩ Three.js ઠਸ݀ేڦၜణǈံႴᄲٗ GitHub ฉइൽڦፌႎپஓԈǈၜ

ణں https://github.com/mrdoob/three.js/ăేړॽኝ߲پஓ֞ੰްူઠኮࢫǈᅜሞ

࿔ॲॄዐቴڟ JavaSript ࿄უӲԨڦႾԈײ build/three.jsă（࿔ॲॄዐ࣏ᆶײႾԈڦუӲ

Ԩ build/three.min.jsǈేᅜሞၜణྜ݀քࢪ้ڦ๑ᆩă࠶සُǈ࣏ॺᅱేሞჺ

৯Ԩກ๖૩ࢪ้ڦ๑ᆩ࿄უڦӲԨǈᅜՍᇀۙă）ཞ้ᄺփᄲඁ߀Վ src ࿔ॲॄူڦణ

ࠓă࠶ Three.js ڦ GitHub ֞ੰዐཞ้Ԉࡤକ࿔ڗᄻ面ǈڍኄৈৈᅃၵݥएڦإ

ຫǈᅜేႴᄲԍᇱᆶڦణࠓǈᅜԍኤኟඓڦᆅᆩă

Ԩກዐ๑ᆩڦ Three.js ӲԨ revision 58（r58）ăMr.doob तഄཷܓᅃೕ

ڦፌႎӲԨڦሜူేࡕႎӲԨǈᅺُස߸ںݏ Three.jsǈԨກዐڦగၵ๖

૩ీ݆ኟඓሏႜăԨກዐڦඇև๖૩پஓ܀ۼ૬ᆅᆩକᅃ߲ r58 ӲԨڦ

Three.js ޭԨǈ࿔ॲᅜሞణ libs/three.js.r58/ ዐቴڟă

3.2.2　Three.js工程结构

ྺକຄဒ Three.jsǈ்Ⴔᄲࢾᅃၵ้क़ઠକڦڦణࠓĂ࿔ࢅڗ๖૩ăኄ面Ԉ

क़ઠӝኄၵ۫ဇ้ۅᅃࢾ၎႑ǈࡗஓକǈփپăేᅃۨथጣၙᄲਸ๔Պႀܠဇ۫ڦࡤ

ੂᅃՓǈᆮഄ example ణူాڦඹăేփࣷڦࣰࢫă

ူ面்ઠٷዂຫᅃူኝ߲ڦײ߾࿔ॲణࠓă

• build/

Three.js უӲԨăThree.jsࢅణǈԈઔ࿄უӲԨஓپኝၜణྜڦ ๑ᆩ Google 
Closure ႜՊᅳ݀քǈՊᅳڦࡻ࿔ॲԈྜࡤኝڦ Three.js ஓپஓǈᆯփཞپੰ

ణူڦᇸپஓՊᅳܸׯăසేࡕփຄဒ Closure ժထྭକ߸࠲ܠᇀڦ႑တǈ൩

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

ᅳ݀քײࡗăසేࡕժփၙتՊᅳ݀ք၎ڦ࠲๚൧ǈఫኻႴথ๑ᆩ build ణዐ

Պᅳڦࡻ three.js ई three.min.jsă

• docs/

ኄ߲ణԈࡤᅜ HTML ߭๕Պႀྜڦኝ API ࿔ڗăኄݻ࿔ڗժփၘဦǈڍณ

ྺຄဒኝ߲ੰ༵ࠃକᅃڦࡻݻยऺ߁ຎă

• editor/

Three.js ॺظਸ݀କᅃ߲ᆩᇀܓཷ 3D ׇৠڦՊडဣཥăሞԨກႀፕ้ǈኄ߲߾ਏชت

ᇀਸ݀ǈ࣏փీኈኟᆩᇀׂăేڍᆌ႑ඪ Mr.doob ᅃ߲៓ߴ૰ǖᅺྺኻᄲํڦ

બഗࢅᅃ߲࿔ԨՊडഗǈ৽ுᆶփߎ۫ڦဇƽ

• examples/

ኄ߲ణԈࡤबӥ߲๖૩ăኄၵ๖૩ޮ߃କ Three.js ǈԈઔࡕၳࢅዖ༬Ⴀ߳ڦ CanvasĂ

CSS ࢅ WebGL කഗڦ๑ᆩݔ૩ăഄዐᅃၵ०ڦڇĐरຍᄇ๖đǈᆩᇀቛ၄ᅃၵۆ

႙ڦ༬ႠǗଷᅃၵሶጹࢇሏᆩକ߳ૌ༬Ⴀڦ႐ٷፕă൩ݯࢾᅃၵ้क़ઠ៓બᅃ߲
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๖૩ᅜतለ܁்پڦஓǈኄేຄဒժଶ Three.js ഽڦీࠀٷፌॅ০ă

• src/

ኝ߲ੰپڦஓ࿔ॲణăኄᅃ߲ްሗڦ࿔ॲຏࠓǈٷዂฉᅜྺݴଇ߲ևݴǖࢃ

႐ࢅકቛăࢃ႐ևݴԈઔዷᄲڦ༬Ⴀणࢇǈኄ Three.js ሏႜڦएإă༜ැኄևݴඍ

฿ǈేॽ݆๑ᆩ Three.js ઠකׇৠăકቛևݴԈٷࡤଉᆶᆩڦ༬ႠǈԈઔǖాዃڦ

बࢆႚጒǈස૬ݛ体Ă൰体ࢅᇶዹǗࣃۯ၎ڦ࠲ཚᆩࡧຕǗᅜतೌेሜૌăేྜඇ

ᅜएᇀ Three.js ၂ժփᇼᅪኄፔăᅺُǈຌᇀકేڍॺኄၵ۫ဇǈࠓ႐ጲႜࢃ

ቛևݴǈڍ்ఐණԈࡤሞՊᅳྜڦኝੰ࿔ॲዐă

• utils/

ኄ߲ణԈ߳ࡤዖ߾ਏǈԈઔᆩᇀՊᅳუݥࢅუӲԨੰ࿔ॲڦ Google Closure গ

Ԩǈᆩᇀॽ߳ዖ 3D ࿔ॲ߭๕ገྺ࣑ Three.js JSON े߸Ⴤॽࣷࢫ）࿔ॲ߭๕ܾࢅ

ၘဦຫ）ڦ࿔ॲገ࣑ഗǈࠃ༵࣏କᆩᇀٗॺఇॲڞ Three.js ߭๕࿔ॲ֭ڦॲǈස

Blender ࢅ Mayaă

3.3　一个简单的Three.js程序

၄ሞే对 Three.js ᆌړᅙঢ়ᆶକᅃ߲ٷዂฉڦକǈ้ࢪਸ๔ۯՊႀײႾକă்ڦ

ڦփీምณڥॏኵĊĊ၎对ᇀሞณڦቛ๖ኄ߲ੰںؤൣॆٷᅃ߲๖૩ᅪሞၠڼ WebGL API
ฉਸܸ݀ჾă

࣮ᅬᅃူฉᅃቤڦ࿖ᆙพ૬ݛ体ǈሞኄǈ்ॽምᅃْํ၄ǈڍኄ்ْ๑

ᆩ Three.jsăႴڦ Three.js ஓස૩پ 3-1 ๖ǈྜኝڦሏႜپஓᅜሞ 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(); }); 
     



42   ｜   第 3 章

           // කׇৠ 
           renderer.render( scene, camera ); 
 
           // ྺူᅃኡࣃۯገ૬ݛ体 
           animate(); 
 
   } 
 
   $(document).ready( 
           function() { 
 
               var canvas = document.getElementById("webglcanvas"); 
 
 canvasዐڟॺThree.jsකഗժॽഄཁेظ //               
               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); 
 
               // ഄْǈظॺᅃ߲एإዊǈد࿖ᆙพ 
               var material = new THREE.MeshBasicMaterial({ map: map }); 
 
               // থጣǈظॺ૬ݛ体बࢆႚጒ 
               var geometry = new THREE.CubeGeometry(2, 2, 2); 
 
               // ഄْǈॽबࢆႚጒࢅዊኝڟࢇᅃ߲ྪ߭ዐ 
               cube = new THREE.Mesh(geometry, material); 
 
               // ॽྪ߭ᅎڟۯᇑ၎ऐᆶᅃਐڦ࿋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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ኄࢅࣃۯڦሏႜთپ࣍ஓᇑڼ 2 ቤዐپڦஓๆݴ၎ຼǈኻᆶᅃၵၭڦՎࣅǈฎࢫም

ăሞኄ߲ӲԨዐǈԲড၂ዸڦՎࣅ૬ݛ体ׇৠظڦॺǖሞኮമ๑ᆩକ WebGL Քጚ

API କথ近ݯࡼஓዐǈྺํ၄ኄ߲Ⴔ൱ǈ்پڦ 300 ႜپஓǈܸሞ๑ᆩ Three.js ๖ڦ

૩ዐǈ்ৈৈႴᄲ 40 ႜپஓăኄڦ jQuery ready() ࣮ۙፕᆩᇀኝ߲ᄻ面ăሞኄ߸体

၄କኄ߲༬Ⴀăጺڦઠຫǈኄᅃ߲ཚڦ०ڇ๖૩ǈڍณٗኄ߲๖૩ዐ்ᅜਸ๔

ၙ象සࠓࢆॺඇ面ڦᆌᆩǈኟස்ሞԨቤਸཀྵ见ڦࡗఫၵᅃᄣăඟ்ઠၘဦݴဆኄ

߲๖૩ă

3.3.1　创建渲染器

ံǈ்Ⴔᄲظॺᅃ߲渲染器（render）ăThree.js ๑ᆩ֭ॲ๕ڦකဣཥă்ᅜ

๑ᆩփཞڦ API ઠක၎ཞׇڦৠǈ૩ස对ཞᅃׇ߲ৠǈ़்ᅜ๑ᆩ WebGL API
ઠකǈᄺᅜ๑ᆩ 2D Canvas API ઠකăሞኄ߲๖૩ዐǈ்ظॺକᅃ߲ THREE.

WebGLRenderer 对象ǈժدଇ߲֖ຕઠ对ഄႜ؛๔ࣅǖcanvasǈኟසጴ面ฉڦᅪາǈپ

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

重采样抗锯齿（multi-sample antialiasingǈMSAA）֧ăੇၜᆩᇀ๑කڦ体Չ

ᇹ平ࣂǈՆ௨װ၄ăThree.js ๑ᆩኄၵ֖ຕઠࠓॺᅃ߲ WebGL ࣼฉူ࿔ǈժॽኄ߲

ࣼฉူ࿔ཁेڟකഗ对象ዐă

٫ยዃྺڦǈ்ॽකഗࢫකഗኮࡻॺظ canvas 对象ڦڦߛࢅǈኄᇑڼ 2 ቤዐۙ

ᆩ gl.viewport() ઠยዃ视口֡ڦ٫ፕڦၳڪăකഗڦඇևยዃኻႴଇႜپஓǖ

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

3.3.2　创建场景

ഄْǈ்ཚظࡗॺᅃ߲ THREE.Scene 对象ઠظॺᅃ߲场景（scene）ăኄׇ߲ৠ Three.js
ႚ֫पڦࠓፌ֫ۥăԈࡤഄڦඇևႚ对象ă（ሞ Three.js ዐǈ对象ᅜ -ጱ֫प

ڦࠓႚ๕٪ሞă்ฎࣷࢫ对ُႜ߸ၘဦڦຫă）

၄ሞ்ᆶକᅃׇ߲ৠǈ்ॽྺኄׇ߲ৠཁेଇ߲对象ǖᅃ߲相机（camera）ࢅᅃ߲网

格（mesh）ă၎ऐۨᅭକ்ִׇ࠵ৠڦ࿋ዃǖሞኄ߲๖૩ዐǈ்ඟ၎ऐཕାሞڦఐ

ණ࿋ዃǈनׇৠፖՔဣཥڦᇱۅăሞኄ்ۨᅭକᅃ߲ THREE.PerspectiveCamera ૌ႙ڦ

၎ऐǈժᆩ຺߲֖ຕઠ؛๔ࣅăኄ຺߲֖ຕݴ՚ǖ45 ԲĂፌ近平面ߛ视野ঙĂڦ܈

࿋ዃፖՔኵăሞڦፌ远平面ࢅ Three.js ᅃ߲ཪ视ཨᆖਈׯॺࠓևǈኄၵ֖ຕࣷԥᆩઠాڦ

ንǈᆩᇀॽ 3D ׇৠකڟ 2D ࣼ平面ฉă（සేࡕփऻڥ၎ऐĂ视口ࢅཨᆖ๊କǈ

൩ڼڟ࣮ 1 ቤڦႚएాإඹă）

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);

၄ሞ้ࢪӝྪ߭ཁेׇڟৠዐକăᅃ߲ྪ߭Ԉઔᅃ߲बࢆႚጒ（geometry）ࢅᅃ߲材质

（material）ă்๑ᆩ Three.js ాዃڦ CubeGeometry 对象ઠظॺᅃ߲ 2ġ2ġ2 体ăݛ૬ڦ

ዊᆩᇀۨᅭසࢆක体ڦ面ăሞኄ߲๖૩ዐ்ۨᅭକᅃ߲ MeshBasicMaterial ૌ႙

ዊă்ॽᅃቧڦتࡕቷၳ࠼ټĂփڦڇዊǈኄᅃ߲ፌ०ڦ WebGL logo ೌڦ

ፕྺ࿖ᆙพ๑ᆩሞ૬ݛ体ฉă࿖ᆙพǈᆼ࿖ǈᆩઠ๖ 3D ྪ߭ఇ႙面ຌႠ

ઠׂิࢇፇࡗۨᅭᅃ߲面ჿǈ்ܸᄺᅜཚ݆ݛ๑ᆩڦڇ࿋ă࿖ᆙพፌ०ڦ

ްሗࡕၳڦǈ૩සӈཫई࠼ߛă

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

ᇘݡ࿚ڦ၌ăସට႗ڦݺǈThree.js ڦڇ०ݥକᅃ߲ࠃ༵ APIǈኄ߲ API ᅜᆩઠ

ेሜ࿖ǈժՍ૧ںॽഄࢅዊႜࢇă்ۙᆩ THREE.ImageUtils.loadTexture() ઠ

ٗೌ࿔ॲेሜ࿖ǈժཚࡗዊࠓሰ้دڦ map ֖ຕॽڦڟڥ࿖ࢅዊࢇഐઠǖ

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

ሞኄǈThree.js ๚൧ăॽڦஓፔକᅃဣଚپ֫ڹڦ JPEG ೌၟڦۅᆙพڟ૬ݛ体

߲面ڦኟඓ࿋ዃฉǖೌ़ுᆶԥઙฦޮ߃ኝ߲૬ݛ体ǈ߲面ฉڦೌᄺுᆶڛہई

ገăኄੂഐઠժுᆶ๊ٷփକڦă்ܸ࣮ࠥമᅃቤǈසࡕᆩ WebGL ǈ݆ݛᇱิڦ

்ႴᄲՊႀٷଉپڦஓઠԍኤኟඓڦᆙพǈڍ๑ᆩକ Three.jsǈ்৽ኻႴڦ܌܌बႜپஓă

ፌࢫ்ظॺ૬ݛ体߭ྪڦăڟኄ்ᅙঢ়ࠓॺକबࢆႚጒĂዊࢅ࿖ă்ॽ்

ኝڟࢇᅃ߲Վଉఁྺ cube ڦ THREE.Mesh 对象ฉăሞॽഄཁेׇڟৠമǈ்ॽ૬ݛ体ย

ዃሞ၎ऐݛࢫӗ߲ڇ࿋ڦ܈࿋ዃฉǈኟස்ሞڼ 2 ቤڦ๖૩ዐፔڦఫᄣǈփཞڦ

၄ሞ்փՂሞ面对ఫၵݏڦਈንऺ໙ǈኻႴ०ںڇยዃ૬ݛ体ڦ position.z ຌႠăཞ

்้ॽ૬ݛ体ၠੂ࠵ኁၠݛൡၽକᅃ߲ঙ܈ǈᅜՍᅜੂൣ૬ݛ体ۥڦ面ǈኄኻႴยዃ

૬ݛ体ڦ rotation.x ຌႠ৽ᅜፔڟăࢫ்ॽኄ߲૬ݛ体ཁेׇڟৠዐăࡻକƽක

ׇৠႴڦᅃൎۼጚԢ৽Ⴣă

             // ॽྪ߭ᅎڟۯᇑ၎ऐᆶᅃਐڦ࿋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

๖૩ᅃᄣǈ்Ⴔᄲ๑ᆩڦฉᅃቤࢅ requestAnimationFrame() ă࣍ຕઠํ၄ᅃ߲ሏႜთࡧ

փํࡗ၄ڦဦবᆶփཞăሞኮമڦӲԨǈ்ڦ draw() Ăยዃක؋࣐ຕႴᄲยዃࡧ

ጒༀĂൣ视口Ăยዃጣഗࢅ࿖ǈڪڪă๑ᆩ Three.jsǈ்ኻႴڦ܌܌ᅃႜپஓǖ

renderer.render( scene, camera );

پࢫஓੰࣷӻేتഄᇆڦ๚൧ăሞੂઠǈ৽ኄॲ๚Ԩวǈᅙঢ়ፁᅜྺׯᆩ Three.
js ᆯăڦ

ፌࢫ்ᄲቛ๖ڦॽ૬ݛ体ገᅃ߲ঙ܈ǈᅜՍీൣੂںࡻ߸ࠕڦ 3D ࠓăᆶକ

Three.jsǈኄཞᄣݥ०ڇǖኻႴॽ rotation.y ຌႠยዃྺႎڦገঙ܈ǈThree.js ֫ڹڦ

ڦኴႜ࣍ăሞူᅃْሏႜთتඁۯਈንሏ໙ǈܸփᆩ்ጲमڦ࠲၎تஓ৽ࣷپ

()ǈrenderࢪ้ ڦຕࣷ๑ᆩႎࡧ y ገኵǈܸٗ૬ݛ体ࣷჄገăᅜူ 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 ); 
 
            // ྺူᅃኡࣃۯገ૬ݛ体 
            animate(); 
    }

ࡕස 3-5 ๖ǈփຄဒǛ
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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 ࣼକᅃ்߲ీظࠕॺڦፌ०ڦڇ Three.js 3D ׇৠăేڍీᅙঢ়ጀᅪڟǈሞ

ኄ߲๖૩ዐǈࣼઠڦ 3D ૬ݛ体ੂഐઠժփๆݴĐ3Dđăړǈሞ૬ݛ体ገࢪ้ڦǈ

்ཚ߲߳ࡗ面ฉڦ࿖ᅜٚੂں૬ݛ体ڦႚጒăڍኝׇ߲ৠዐඍ฿କᅃ߲ዘᄲ

ᅺǖӁăํ้ڦ 3D කዐସට༒ڦᅃۅǖేᅜ๑ᆩ࠼ڨઠٶሰᅃ߲体面

Ӂևăසࢅևڦ 3-6 ๖ǈ၄ሞ૬ݛ体߲߳ڦ面ᆶକൣညڦՉᇹǈኟසేሞ၄ํ๘হ

ዐੂڦڟ 3D 体ᅃᄣă்ཚׇၠࡗৠዐཁे࠼ڨઠํ၄ኄᅃۅă

ሼঢ়ሞڼ 2 ቤڦ૩ጱዐཁे࠼ڨăُྺڍႴᄲዘႀೌࢅۅۥጣഗǈժՊႀٷ

ଉپڦஓᆩᇀ߸ႎ؋࣐ۅۥຕǈኄ၂ժփኵڥǗ้ړǈሞኇጡޏᆌષิݯంඁ

Պႀࠟڦ࠰ WebGL ๚൧ăᆶକڦڇஓǈৈৈྺକํ၄සُ०پ Three.jsǈኄ०փࣨعݯ

ኮ૰৽ᅜํ၄ă்ৈৈႴᄲႎሺबႜپஓăੂੂ૩ 3-2 ే৽ኪڢକăُӲԨྜڦኝᇸ

ஓᅜሞپ Chapter 3/threejscubelit.html ዐቴڟă



Three.js——一款JavaScript3D引擎   ｜   47

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࿖ᆙพ૬ڦӁټॺᅃ߲ظ //
// ံ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 });

ेٚ၂๖ڦևݴକኝ߲ײࡗăံǈ்ྫׇৠዐཁेᅃ߲࠼ڨă࠼ڨᄺׇৠዐڦ

ᅃૌ体ǖظేړॺ்ժॽ்ཁेׇڟৠዐ้ǈ்ڦኵॽԥᆩઠකഄ体ăሞ

ኄ߲๖૩ዐǈ்๑ᆩକᅃ߲定向光（directional light）ăኄᅃຐઠጲ༬ۨڦၠݛ平ႜ࠼

၍ăThree.js ᆩᇀࠓॺۨၠڦ࠼ᇕ݆（ሞੂઠ）ᆶݒྵۅਥǖేႴᄲۨᅭڦ࠼ڨ࿋ዃǈ

ᅜतቷพڦ࿋ዃ（ఐණ࿋ዃᇱۅǈูتُܸࠤକኄᅃօ）ăࢫ Three.js ཚࡗᆩ࠼ڨ࿋
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ዃ३ඁቷพ࿋ዃઠऺ໙ၠݛڦ࠼ၠۨăሞ்ڦ๖૩ዐǈٗ࠼ڨೡటڦ (0, 0, 1) ࿋ዃ

ኸၠ (0, 0, 0)ǈनพ࿋ᇀᇱۅ࿋ዃڦ૬ݛ体ă

ྺକੂࡕၳڦ࠼ڨڟǈ்Ⴔᄲፔᅃၵ๚൧ă்ᆩᅃ߲ Phong ዊپ༺କฉᅃ߲๖૩ዐ

๑ᆩڦएإዊăሞ Three.js ዐǈᅃ߲体සࢆԥቷଋǈփڍᅈડᇀཁेׇڟৠዐ࠼ڨڦǈ

ཞ้ᅈડᇀጲวڦዊૌ႙ăPhong ዊૌ႙ํ၄କᅃ߲०ੂڍڇഐઠݥኈڦጣ

ఇ႙ǈ० Phong 着色法ǈڦႠీݥᆫႯă்၄ሞᅜੂൣ૬ݛ体ڦՉᇹକǖၠו

ቛ၄ںՉᇹൣညڦ面ሶੂഐઠԲডӁǈӁহڦ࠼ڨ面ੂഐઠ߸ଋǈܸԝၠڦ࠼ڨ

ଇ߲面ڦ၎تă࠲ᇀ࠼ቷ࣏ᆶ߸۫ڦܠဇǈڍఫၵ߸ྺएాڦإඹǈ்ࣷሞူᅃቤ

߸ၘဦں༑༪࠼ቷ߁ڦă၄ሞณ்ظॺକᅃ߲ڦĐኈํၳࡕ 3D ఇ႙đǈৈ๑ᆩ

ᅃᄻڦ JavaScript ஓăپ

Phong ጣ݆ᆯெࡔᆲٷბڦಣၗޅ（Bui Tuong Phong）݀ăPhong ໙

݆ሞ้ړံݥڦǈܸසৃᄺႹܠකᆌᆩڦᅃ߲Քጚකݛ๕ǈ

ᆮഄሞํ้කዐǈᅜኧڦၳߛኈํӁऺ໙ăසၙࡕକ߸࠲ܠᇀ

Phong ጣ݆ڦ႑တǈ൩ݡ࿚ഄྼएӥَཉ（http://en.wikipedia.org/wiki/

Phong_shading）ă

3.4　小结

Ԩቤ்ถକ Three.jsǈፌୁႜڦएᇀ WebGLĂᆩᇀࠓॺ 3D Web ᆌᆩڦਸᇸ߾ਏԈă

்ႌงକᅃၵ๑ᆩࠓॺڦସට༒ײ߾ڦǈٗํᄓႠۉۯࢻڦᆖǈۉڟጱฆခڦ视

ă்ٗࣅ GitHub ฉइൽକኝ߲ڦײ߾ፌႎᇸپஓǈժ०៓ںڇબକăፌࢫǈ்ཚ

ॏኵǖᆩᇱิڦઠټႾઠቛ၄ኄ߲ੰײڦڇՊႀᅃၵ०ࡗ WebGL ՊႀڦႴᄲबӥپஓڦ

ᅃײႾǈ๑ᆩ Three.js ኻႴबๆႜ৽ᅜํ၄ăُྔǈThree.js ඟ்ڥᅜएᇀྜڦ

3D ႚ߁ࢅຄဒڦ面ၠ对象߭ޅઠ߾ፕă

Ԩቤٷዂຎକ Three.js සेࢆ்ڦਸ݀ڦ܈ǈሞথူઠڦबቤዐǈ்ॽਏ体

କ Three.js ăీࠀٷഽڦ
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Three.js中的图形和渲染

ሞԨቤዐǈ்ॽ体ᄓ Three.js ྺࣼႚࢅකׇৠ༵ٷڦࠃଉ༬Ⴀăසేࡕ对 3D Պ

ஓپକׯᅃ߲߲ྜేࡕසڍగၵዷ༶ే݆கฉăڦᆶీԨቤዐփຄဒǈ࣏ײ

๖૩ǈፌዕ৽ᅜںࡻ๑ᆩ Three.js ᆌᆩăڦሰᆫႯظ૰ઠీڦ

Three.js ᆶጣڦݿႚဣཥǈኄᅃݛ面ڟକܠኮമڦ 3D ႚੰڦഔ݀ǈଷᅃݛ面

ઠᇸᇀڦፕኁ்ڦঢ়ᄓăThree.js କට்对ࠃ༵ 3D Չႚྪܠ༬Ⴀǈᅜतᆩڦஓੰྭپ

ڦॺࠓ߭ 2D ࢅ 3D बࢆႚǈԈ֫ࡤपࠓ体ࢅՎׇڦ࣑ৠၟǈዊĂ࿖࠼ڨࢅǈ

ํ้ᅽᆖǈਸߴݣᆩۨࢽᅭڦՊײጣഗǈᅜतᅃ߲ᆩᇀߛप༬ၳڦࡕĂኧܠཚ

ଳऄකဣཥăڦකरຍჽࢅڢ

4.1　几何图形和网格

Բഐথ๑ᆩ WebGL API ઠ߾ፕǈ๑ᆩ Three.js বูକ்ᆩᇀٷٷՍ૧ሞᇀٷᅃڦ

ڼक़ă࣮ၙᅃူ้ڦႚጒࢆॺबࠓ 2 ቤᆩᇀࠓॺᅃ߲०ڦڇ૬ݛ体तഄ࿖ཌྷپٷڦ

ஓǈ้ړ்๑ᆩକ WebGL ஓઠॽኄၵຕپႴᄲՊႀᅃၵ࣏ዐǈ்ײࡗǈሞࣼ؋࣐

ገᅎڟ WebGL ăThree.jsࣼڦक़ዐǈᅜՍႜኈํ٪ాڦ बڦׯକᅃဣଚ၄ࠃ༵

ႚጒࢆबڦႚጒԈઔᇨዃࢆઠăኄၵबፕዐ৸߾ڦݏႚጒ对象ǈॽਸ݀ኁٗኄၵࢆ

（ස૬ݛ体ࢅᇶዹ）Ăୟ০ࣼႚጒĂ2D फबࢆ体ǈᅜतᆩࢽકቛڦएૌǈᅜࠃ்

ጲᆯཁेጲۨᅭڦबࢆႚጒăူ面ඟ்ઠ༑༪்ă

4.1.1　预置的几何形状类型

Three.js ᇶዹǗࢅ体Ă൰体ݛ૬体ǈ૩ස૬ڦڇႚጒăԈઔ०ࢆ见बڦዃాܠକႹࠃ༵

ᅃၵԈࡤ߸ްሗՎଉڦႚጒǈԈઔएإႚጒᅜतएᇀୟ০ڦႚጒĂᇶࢅ࣍౨Ǘකሞ
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3D क़ዐڦ 2D ႚጒǈ૩සᇶĂਈႚࢅᇶ࣍Ǘฯ࣏Ԉઔٗ 2D ࿔ጴऺ໙ገܸࣅઠڦ 3D
फ࿔ጴႚጒăThree.js ཞ้ኧࣼ 3D ࠓᅜ๑ᆩᅃႜۼຕኄૌႚጒǈేܠ၍ăࢅۅ

ሰࡧຕඹᅟظںॺઠǈഄዐగၵీႴᄲۙኝᅃၵྲްሗ֖ڦຕǈᅜतՊႀᅃۅۅ

ஓăپ

සࡕထྭൎํ体ᄓ Three.js ᇨዃڦबࢆႚጒǈ൩ሏႜ Three.js ၜణዐڦ examples/webgl_
geometries.htmlǈස 4-1 ๖ă๖૩ዐڦ߲ྪ߭对象Ԉࡤᅃ߲پᅃૌాዃڦबࢆႚጒ

ૌ႙ڦႚጒǈᅜतᅃ߲ቛ๖ႚጒ࿖ፖՔऺ໙ݛ๕ڦ࿖ཌྷă࿖ཌྷઠጲ PixelCG 
Tips and Tricksǈኄᅃ߲ᆫႯऺڦ໙ऐႚኸᆅঞײበۅăኝׇ߲ৠᆩᅃ߲平࠼ڨቷ

ଋǈᅜቛ๖߲体ڦጣݛ๕ă

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ăࢆबॺफظ൸၍ઠࡗ๕ǈ૩සཚݛׯႚิࢆबڦଳऄܠକႹࠃ 4-2 ቛ๖କᅃ߲

एᇀᄣཉ၍ڦफႚጒăၙᄲํִ࠵ाၳࡕǈ൩ٶਸ Three.js ၜణዐڦ examples/webgl_
geometry_extrude_shapes.htmlăईኁଷᅃ߲૩ጱǈeamples/webgl_geometry_extrude_splines.
htmlǈኄ߲๖૩ሎႹేስ߳ዖᄣཉࡧຕઠิׯफႚጒǈժ༵ࠃକᆩᇀֱੂ൸၍ႚጒڦ

ሏۯ၎ऐăᄣཉᇑफڦࢇᆩᇀࠓॺᆶऐႚጒڦዘᄲरຍǈ்ॽሞڼ 5 ቤ对ُႜ

ၘဦຫă
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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

Չႚຕੰڦ（૩සںӲՉᇹई๐ଉᅝຍႚጒ）ǈేᅜݥ०ںڇ૧ᆩ Three.js ࠃ༵

ڦ Path ૌॽኄၵຕڞڟ Three.js ዐăPathৣ࣍ ૌཞ้༵ࠃକᅃၵ०ڦڇୟ০ࣼࡧ

ຕǈ૩ස moveTo() ࢅ lineTo()ǈᆶ 2D ࣼਸ݀ঢ়ᄓڦටᅃۨ对ኄၵࡧຕݥຄဒ（एԨ

ฉǈኄᅃ༫ాዃᇀ 3D ࣼੰዐڦ 2D ࣼ API）ăྺ๊ᄲኄᄣፔ఼Ǜఫᅺྺසేࡕ

ᆶᅃ߲၄ڦׯ 2D ႚጒǈఫేᅜ૧ᆩઠظॺᅃ߲٪ሞᇀ 3D क़ዐڦ平面ྪ߭ǖ

ᅜᇑഄ 3D 体ཞᄣݛڦ๕（平ᅎĂገĂݣ）ႜՎ࣑Ǘᅜ૧ᆩዊઠႜ

ࣼǈժၟׇৠዐڦഄ体ᅃᄣԥቷଋࢅጣăే࣏ᅜ对ႜफǈܸٗظॺᅃ߲

एᇀ 2D ྔખڦኈኟڦ 3D ႚጒă

examples/webgl_geometry_shapes.html ዐڦᄇ๖ǈස 4-3 ๖ǈںࡻቛ๖କ Three.js ڦ
ኄᅃీ૰ă்ᅜੂेڟ૧ޟჱዝڦખĂᅃၵ०ܠڦڇՉႚǈᅜत༬ႚጒǈස႐

ႚ૽ၲࢅăኄၵႚጒݴ՚ᅜܠዖݛ๕ࣼǈԈઔ平面 2D ྪ߭Ăफժཁेକൎঙڦ 3D
ྪ߭ǈᅜत၍ཉĊĊᆶኄၵۼᆯएᇀୟ০ڦຕಋิܸઠă
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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）एૌăేᄺᅜ

૧ᆩኄ߲एૌઠՊႀేጲमڦबࢆႚጒăူ面்ઠੂᅃੂᇨዃबࢆႚጒڦᇸپஓǈᅜՍ

对ኄၵૌසํࢆ၄बࢆႚጒᆶ߲ٷዂڦକăबࢆႚጒૌپڦஓ٪ݣሞ Three.js ణײ߾

ڦူ src/extras/geometries/ ࿔ॲॄዐăྺକ߸ںࡻຫǈ்ઠ៓બᅃူഄዐᅃ߲Բড०ڇ

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ᇶႚǗኄ๖ႚጒዐڦ

ᆶڦ z ኵۼԥยׯ 0ăኝ߲໙݆ࢃڦ႐ᆩᇀऺ໙ኄᄣᅃ߲ႚጒۅۥڦຕپڦஓǈኄ

ᅃ߲ڼሞࡤஓԈپ for თ࣍ዐǖ

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

๚ํฉǈኄ߲ 3D ᇶႚᆯྷජዐ႐ገܠڦขෙঙႚࠓॺܸڦׯăෙঙႚڦຕଉሁܠǈ
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ᇶዜăසڦࣂ࠼ᇶႚ৽߸থ近ᇀڦઠሰࠓ 4-4 ๖ă

图 4-4：由三角形组成的 THREE.CircleGeometry

ڦ࿋ዃۅۥॺକᇶዜظ体ৈ࣍ᅃ߲თڼ x ࢅ y ፖՔă၄ሞ்Ⴔᄲྺ߲ෙঙႚظॺᅃ߲

面片（faceǈनܠՉႚ）对象ǈ面ೌ对象ᆯෙ߲ۅۥፇׯǖۨ࿋ᇀᇱڦۅዐ႐ۅǈᅜतᇶ

ዜฉڦଷྔଇ߲ۅă߲ܾڼთ࣍ႜକኄᅃօ߾ፕǈժॽิڦׯຕག؊ڟ this.faces ຕ

ፇዐă߲面ೌ对象Ԉࡤ this.vertices ຕፇዐڦෙ߲ۅۥຕǈݴ՚ᅜᆅຕ v1Ăv2Ă

v3 ઠ๖ăጀᅪǈv3 ኵ๔ዕྺڦ 0ǈኄپ٪ئሞ this.vertices ࿋ዃۅᇱڦᅃ߲ᇮڼ

ຕă（࣮ᅬڼ 2 ቤڦ WebGL ဦবǈ்ሼঢ়๑ᆩ gl.drawElements() ઠࣼෙঙႚ݆ݛ

Ⴞଚǈෙঙႚۅۥڦຕᅜᆅຕፇڦႚ๕٪ئăሞኄ்ํ၄କཞᄣڦ๚൧ǈփࡗኄ

ၵဦবԥ Three.js （ጎഐઠକăހ

்࣏ᆌጀᅪڟǈ߲თ࣍ዐۼԈࡤକᅃ߲ဦবǖ࿖ፖՔऺڦ໙ăWebGL Ԩวժփ

ኪڢසࢆॽ࿖ೌฉၟڦۅᆙพ߲߳ڟෙঙႚฉǈݥأ்ߢ໕ᆌසࢆፔăᇑ

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

࣮ᅬᅃူǈ࿖ፖՔྺ߲ۨۅۥᅭڦᅃ对ۅޝຕǈཚൽኵྷݔ 0 ڟ 1ăኄၵኵ对

ᆌ࿋ຕฉڦ xĂy ೋᅎଉǗጣഗࣷ૧ᆩኄၵຕٗ࿋ฉइൽၟ႑တă்ऺ໙മ

ଇ߲ۅۥ࿖ፖՔݛڦ๕ऺࢅ໙ഄۅۥፖՔຕݛڦ๕ๆݴૌຼǈۼ๑ᆩକገঙڦ܈ᇆ

၀ઠऺ໙ x ኵǈኟ၀ઠऺ໙ y ኵăփཞኮتሞᇀ࿖ፖՔཚأࡗᅜᇶڦӷ০ኵઠॽኵ၌ۨ

ሞ [0..1] ࿖ፖՔǈሞڦ࿋ዃۅႚᇱࢆĂ对ᆌबڦۅۥෙ߲ڼăඇևෙঙႚాྷݔ 2D
ၟฉڦ၎ᆌ࿋ዃၟڦዐ႐ۅ (0.5, 0.5)ă
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ఫ UV ᅭ఼๊Ǜጴజࡤڦ U ࢅ V ᅃቧپ՚ݴ 2D ࿖ೌڦ平ዡ

ዡǈᅺྺؽࢅ XĂY ࢅ Z ᅙঢ়ԥᆩઠ๖体 3D ፖՔဣཥዐڦෙዡăၙ

ᄲ对 UV ፖՔ体ဣࢅ UV ᆙพ（UV mapping）ᆶ߸ڦܠକǈ൩ݡ࿚ഄྼए

ӥَཉ（http://en.wikipedia.org/wiki/UV_mapping）ă

ሞࢅۅۥ UV ຕጚԢࡻኮࢫǈThree.js Սᅜਸ๔ጚԢႜबࢆႚጒڦකăTHREE.

Circle ֡ࣅ৳ຕႜࡧዺޤڦࠃႚጒएૌ༵ࢆፕᆩዺबڦஓپڦتຕ࿂ࡧሰࠓ

ፕăcomputeCentroids() ڟ๕ઠቴݛڦժऺ໙平࿋ዃۅۥඇևڦႚጒࢆՓ૦बࡗຕཚࡧ

ႚጒڦबࢆዐ႐ۅă

computeFaceNormals() 法向量（normal vectorǈ०ڦዘᄲǈᅺྺ体ݥ normal）ਦۨ

କ体සࢆԥጣă对ᅃ߲平面ڦᇶႚઠຫǈ߲面ೌၠ݆ڦଉؽۼᇀबࢆႚጒԨวă

computeFaceNormals() ཚऺࡗ໙ઠؽڦᇀፇׯᇶڦ߲ෙঙႚඓۨڦ平面ၠڦଉઠ

ۨᅭᇶၠ݆ڦଉă面ೌཚԥ௮ࣼྺᅃ߲平面ᅽᆖఇ๕කڦෙঙႚǈස 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

่ൽĂዐᅜतႚකᆫࣅዐഐڟዘᄲፕᆩă

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 ॽຕᅜૌ႙ຕፇݛڦ๕٪ئǈኄবูକᆩᇀت JavaScript ຕጴૌ႙ຕ

ፇྔܮڦਸၨăኄ߲ૌᄺᅜݛՍںᆩᇀׇৠԝৠࢅኧዹۅۥڪኵփࣷ݀ิ߀Վժփ

ࣷሞׇৠዐᅎۨࠦڦۯ体ฉăසేࡕඓۨᅃ߲体ࠦۨڦǈఫేᅜྺഄظॺᅃ߲

THREE.BufferGeometry 对象ǈThree.js ࣷႜᅃဣଚڦᆫࣅઠකኄૌ体ă

邮

　电
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4.1.5　从建模软件包中导入网格数据

ᆌᆩժփڦǈ்ࢪຕ้ܠࡗႚጒăփࢆॺबظஓઠپᆩࢆణമྺኹ்ᅃሞჺ৯සڟ

থ๑ᆩՊݛײ๕ઠࠓሰबࢆႚጒǈܸথሞײႾዐሜᆩጆᄽڦॺఇॲ（૩ස 3ds 
MaxĂMaya ࢅ Blender）ࠓॺڦ 3D ఇ႙ă

Three.js ᅃ߲ेሜྪੂ࠵ຕăူ面்ઠࡧༀৢڦሜఇ႙࿔ॲेࢅ࣑କᅃဣଚᆩᇀገࠃ༵

ዊăሏႜࢅႚጒࢆ๖૩ǈԈઔഄबڦ߭ Three.js ڦణူײ߾ 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

ኄ௮ࣼڦఴႠႚ象ཚࡗ Wavefront OBJ ߭๕（࿔ॲࢫጘ .OBJ ）ڦ࿔ॲڞăኄᅃ߲

ୁႜڦĂएᇀ࿔Ԩڦఇ႙߭๕ǈႹܠॺఇॲۼኧڞኄዖ߭๕ڦ࿔ॲăOBJ ߭๕࿔

ॲ०ܸڇᆶ၌ǈৈৈԈࡤबࢆႚጒڦຕǖۅۥĂ݆ၠଉࢅ࿖ፖՔăWavefront ਸ݀

କଷᅃዖᆩᇀ٪ئዊຕڦದ༫࿔ॲ߭๕ MTLǈᆩᇀॽዊࢅ OBJ ߭๕ڦఇ႙ຕ

ႜ࠲ă

Three.js ᆩᇀ OBJ ߭๕（Ԉࡤዊ）ेڦሜഗپஓ࿋ᇀ examples/js/loaders/OBJMTLLoader.
jsăฎྲჺ৯ᅃူ߾ڦፕऐǈే৽ࣷ݀၄ǈThree.js ڦ࿔ॲेሜഗ๑ᆩᇨዃڦ geometry
ૌࢅ shape ૌॽሜڦ OBJ ߭๕࿔ॲገྺ࣑ Three.js ዐڦ THREE.Geometry बࢆႚጒ对象ǈ

MTL ߭๕ገ࣑ഗॽ MTL ߭๕ڦ࿔ॲገྺ࣑ Three.js ᅜ๎՚ڦዊ߭๕ăิڦׯबࢆႚ

ጒ对象ࢅዊ对象ፌዕԥኝڟࢇᅃ߲ THREE.Mesh 对象ዐǈժཁेׇڟৠă

Three.js ዊࢅႚጒࢆକ对बࠃକेሜഗ๖૩ăഄዐగၵ߭๕ኻ༵ࠃዖ࿔ॲ߭๕༵ܠྺ
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ڼă்ॽሞࣃۯࢅ࠼ڨଷᅃၵీ߸ྺްሗǖԈઔኝׇ߲ৠĂ၎ऐĂڍǈኧڦ 8 ቤ

对ኄၵ߭๕（ᅜतᆩᇀՊड்߾ڦਏ）ႜၘဦຫǈڼ 8 ቤዷᄲຎظॺాඹ߳ڦ

ዖ০ă

Three.js ሞ๖ࡤஓዐǈܸԈپੰڦ႐ࢃሞࡤຕ࿔ॲेሜഗժփԈܠڦࠃ༵

૩࿔ॲዐăేႴᄲሞేڦၜణ࿔ॲዐଷႜᆅेሜഗ࿔ॲăݥأ༬՚ጀǈ

ኝ߲ࢅሶኄၵेሜഗޏ Three.js ၜణ๑ᆩཞᄣڦਸᇸႹኤǈేᅜጲᆯں

๑ᆩ்ă

4.2　场景图和空间变换的层级结构

WebGL ժுᆶᇱิڦ 3D ׇৠ߁ǈৈৈ༵ࠃକॽၟࣼࣃڟքฉڦएإ APIăׇৠ

ăThree.jsࠃᆯᆌᆩጲႜ༵ཚࠓڦ एᇀׯຄڦ场景图（scene graph）߁ۨᅭକᅃ߲

ڦئ٪ࠓဣ֫प࠲ጱᅃ߲ᅜپఇ႙ăׇৠڦৠׇࣅࠓ 3D 体णࢇǈׇৠߵڦ

বۅཚᆩ root Վଉઠ๖ăᆌᆩٗߵবۅਸ๔ںࡃڿකׇৠڦ߲ጱ֫पă

4.2.1　利用场景图来管理复杂场景

ׇৠሞ๖ਏᆶ֫पްڦࠓሗ体้༬՚ᆶᆩăၙ象ᅃ߲ऐഗටĂᅃଈכǈईኁᅃ߲

ᄞဣăኄၵ体ۼԈࡤᅃဣଚڦևॲĊĊ຺ካĂጱĂ࿐႓ĊĊኄၵևॲۼԈࡤጲᆶڦ

ႜྺăׇৠཞ้ሎႹኄၵ体ӀႴԥړፕݴڦፇॲईྜኝڦፇࢇઠتăኄփৈৈ

ዘᄲڦ变换层级（transform hierarchy）ྺକᅃၜԥࠃՍ૧ǈཞ้༵ڦፇኯฉࠓᇀ

ీ૰ǈሞኄ߲体ဣዐǈᅃ߲体ڦጱ体ीକ֫पڦՎ࣑႑တ（平ᅎĂገĂݣ）ă

සǈేړ๑ᆩࣃۯ੦ᅃଈၭഛڦכఇ႙ᄂ༬ۨࡆगሏࢪ้ڦۯǈၭഛڦכኝ体ᄂࡆग

ሏۯǈܸၭഛڦכጱཞ้ሞገăཚࡗॽጱยዃྺၭഛכዷ体ڦጱᇮǈేᅜሞే

ዷ体ሞכǈܸጱᄺॽ߶ໜၭഛۯगሏࡆᄂጣכ੦ၭഛںༀۯஓዐپڦ 3D क़ዐᄂཞ

ᄣࡆगሏۯǗేႴଷႜྺጱՊႀᄂࡆगሏࣃۯڦۯǈኻႴย்ۨڦገࣃۯă

Đđኄَ߲ڦ๑ᆩǈ对ᇀ Three.js ඓăሞݴৠઠຫժփๆׇڦ 3D ක

ዐǈׇৠཚԥ๖ྺᅃ߲ᆶၠ࣍（Directed Acyclic GraphǈDAG）ă

ሞኄዖຕࠓዐǈবۅᅜጱ࠲ဣ٪ئǈඪࢆᅃ߲体ۼీཞ้ᆛᆶܠ

पᇮăሞ߲ Three.js पᇮăৠዐǈᅃ߲体ኻీཞ้ᆛᆶᅃׇ߲ڦ

࠶ᇀरຍຍᇕཥᅃڦ୯ǈThree.js ٗڍᅃ߲Đđǈྺԥࠓप֫ڦ

߸ጚඓڦঙ܈ઠຫǈኄᅃ߲ຏࠓăසࡕထྭइ࠲ܠ߸ڥᇀຕბᅪᅭฉ

/एӥَཉ（https://en.wikipedia.org/wikiྼڦ႑တǈ൩֖၎ᆌڦĐđڦ

Directed_acyclic_graph）ă

4.2.2　Three.js中的场景图

Three.js ዐፌएԨڦ对象ૌ႙ THREE.Object3D（Three.js ڦణူײ߾ src/core/Object3D.js
࿔ॲ）ăᆶ见体（සྪ߭Ă၍ཉĂ૭ጱဣཥ）ڦएૌǈཞ้ᄺׇৠ֫प
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एԨᄲăڦፇኯࠓ

߲ Object3D 对象ۼԈࡤጲวڦՎ࣑႑တǈኄၵ႑တݴ՚٪ئሞ position（࿋ዃǈन平

ᅎ）Ărotation ࢅ scale ຌႠዐăཚࡗยዃኄၵຌႠǈేᅜᅎۯĂገࢅݣ၎ᆌڦ

体ăසࡕኄ߲体Ԉپࢫࡤ（ጱᇮᅜतጱᇮڦጱᇮ）ǈپࢫᄺॽीኄၵՎ࣑ăස

ኝ߲ࡗཚ࣑ǈՎၳิे࣑۠Վڦपᇮॽᇑ࣑ǈఫኄ߲Վ࣑Վڦཞ้ਏԢጲमپࢫࡕ

֫पڿد֫֫ࠓă்ઠੂᅃ߲૩ጱă 4-7 ቛ๖କᅃ߲ݥ०ڦڇՎ࣑֫पǖcube 

cubeGroup ǗsphereGroupپࢫথڦ ᄺ cubeGroup ᄺ৽ຫǈ）پࢫথڦ cube ڦ

ᅃ߲Ⴂھᇮ）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 ઠሏႜኄ߲๖૩ăేࣷੂڟዐڦ૬ݛ体

（cube）Ă൰体（sphere）ࢅᇶጔ（cone）ݴ՚ሞገăేᅜᆩՔۅऍాඹ൶ᇘઠገኝ

ׇ߲ৠǈईኁׇཱྀۯৠူࣂڦݛઠ对ኝׇ߲ৠႜݣă

૩ 4-2 ቛ๖କ๑ᆩՎ࣑֫पࠓઠظॺ֡ࢅፕׇৠڦ၎پ࠲ஓăዘᄲپڦஓႜᆩٚ

体Քăံǈ்ཚظࡗॺᅃ߲ Object3D 对象 cubeGroup ઠ؛๔ࣅኝׇ߲ৠăኄ߲

对象ॽፕྺኝׇ߲ৠߵڦăໜࢫ்ॽ૬ݛ体（cube）ྪ߭ᅜतଷᅃ߲ Object3D 对

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

sphereGroup 对象ዐăཞ்้ॽᇶጔ（cone）ฎྲྫฉକᅃၵĊĊཚࡗยዃڦ

position ຌႠă
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ࢫ்Ⴔᄲยዃኄၵ体ࣃۯڦǖሞ animate() ړǈڟຕዐǈ்ᅜੂࡧ sphereGroup

对象ገࢪ้ڦǈాևڦ൰体ᄺཞ้ሞႜጲገăᇶጔጲวገڦཞ้ሞक़ዐྷජ൰

体ࠅገăጀᅪሞ߲ࣃۯኡڦՎࣅዐǈ்ժுᆶྺ൰体ڦጲገࢅᇶጔࠅڦገ܀ڇՊႀپ

ஓǈኄଇ߲体ۼጲۯीକपᇮ sphereGroup 对象ڦՎ࣑ຕăૌຼںǈํ၄ኝ߲

ኝׇ߲ৠڦገࢅݣࢻᄺݥ०ڇǖኻႴยዃ cubeGroup 对象ڦ rotation ࢅ scale ຌ

ႠǈኄၵՎ࣑ሞ Three.js ዐ৽ࣷጲۯஶಟǈፕᆩᇀپࢫڦᇮă

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; 
 
        // ජyዡገ૬ݛ体 
        cube.rotation.y += angle; 
 
        // ྷජഄፖՔyዡገ൰体ݴፇ 
        sphereGroup.rotation.y -= angle / 2; 
 
        // ྷජഄፖՔxዡገᇶጔ（ၠമࡐ） 
        cone.rotation.x += angle; 
    } 
 
        function createScene(canvas) { 
 
 canvasዐڟॺThree.jsකഗժॽഄཁेظ //        
        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࿖ڦPhongዊ 
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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); 
 
        // ഄْǈॽዊࢅबࢆႚጒኝڟࢇᅃ߲ྪ߭ዐ 
        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); 
 
        // ॽዊࢅबࢆႚጒኝڟࢇᅃ߲ྪ߭ዐ 
        sphere = new THREE.Mesh(geometry, material); 
 
        // ॽ൰体ྪ߭ཁेݴڟፇዐ 
        sphereGroup.add( sphere ); 
 
 ႚጒࢆॺᇶጔबظ //        
        geometry = new THREE.CylinderGeometry(0, .333, .444, 20, 5); 
 
        // থጣॽዊࢅबࢆႚጒኝڟࢇᅃ߲ྪ߭ዐ 
        cone = new THREE.Mesh(geometry, material); 
 
        // ॽᇶጔᅎڟۯ൰体ڦฉݛǈժࢅ൰体ԍᅃۨਐ 
        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 ዐǈՎ࣑ཚࡗ 3D ਈንऺ໙ઠํ၄ڦǈᅜጲǈObject3D ᄲ๑࣑Վڦ

ᆩෙྼၠଉ๖ǖ࿋ዃ（position）Ăገ（rotation）ࢅݣ（scale）ăposition ᅭࡤڦ

၂ǖxĂyݥ ࢅ z ᄲݴ՚ۨᅭକ体ڟᇱڦۅ࿋ዃೋᅎăscale ǖ࠵ݥᅭᄺࡤڦ

xĂy ࢅ z ᇮݴ՚ᆩᇀ๖体ሞෙ߲ྼ܈ฉڦ܈ײݣă

rotation ᅭႴᄲฎྲᅃူǖxĂyࡤڦब߲ᄲڦ ࢅ z ڦ՚๖体ྷජ၎ᆌፖՔዡݴ

ገ܈ࢷǗਉ૩ઠຫǈ(0, Math.PI / 2, 0) ๖体ྷජጲวڦ y ዡገକ 90 ă（ጀᅪ܈

ገঙ܈ᆩ܈ࢷઠ๖ǈ2πڪ܈ࢷᇀ 360 ๕ĊĊ๑ᆩྷජݛ๖ڦăኄዖገ႑တ（܈ xĂ
yĂz ෙዡڦገঙ܈ઠፇࢇ๖ኝ߲体ገݛڦ๕ĊĊԥྺ欧拉角（Euler angle）ă

ၙǈMr.doob ኮᅜ֑ᆩ౹ઙঙઠፕྺఐණڦ๖ݛ๕ǈᆯᇀኄዖݛ๕ݥ࠵ժՍ

ᇀتǗ࠶සُǈሞํ७ዐ౹ઙঙኄዖ๖ݛ๕࣏ࣷᇜऺܠڟ໙تฉڦ࿚༶ǈ

ᅜ Three.js ཞ้ኧ๑ᆩ຺ᇮຕઠ๖ገăኄ൶՚ᇀ౹ઙঙڦଷᅃዖገ๖ႚ๕ǈ

၎对ܸჾǈႴᄲՊႀ߸پܠஓઠتገሏ໙၎ڦ࠲๚ခă຺ᇮຕݥඓǈ֡ڍፕഐ

ઠժփ࠵ă

ሞ Three.js ాևǈ߲ Object3D ዘፄံܠਈንăᆛᆶڦ႑တ࣑ዖՎ߳ݣ٪ᆶᅃ߲ᆩᇀۼ

ᇮڦ体ںࡃڿᆩፄံᇮڦՎ࣑ਈንઠױጲวڦՎ࣑ਈንǈܸٗڟڥጲวፌዕڦՎ࣑

ࡕǗᄺ৽ຫǈThree.js ሞׇْৠකۼࢪ้ڦՓ૦ኝׇ߲ৠ（ຏࠓ）ڦᄾবۅ

ઠऺ໙߲体ڦՎ࣑ਈንăThree.js ྺ Object3D 对象ۨᅭକᅃ߲ matrixAutoUpdate ຌႠǈ

ኄ߲ຌႠԥยྺړ false ස࠶ԥ্ኹă（࣑पᇮՎीۯጲ）ႜྺڦǈฉຎࢪ้ڦ

ُǈኄ߲༬Ⴀᆶీࣷᆅ݀ᅃၵആڦ࠰ bug（Đྺ๊ࣃۯڦփຘႎକǛđ）ǈᅜ൩

ั๑ᆩă

4.3　材质

்ሞ WebGL ᆌᆩዐੂڦڟ见ႚጒۼᆶᅃၵᆩઠ๖ྔڦ࠵ຌႠǈසჿĂጣݛ

݆ᅜत࿖（࿋）ăසࡕ๑ᆩڦ֫ڹ WebGL API ઠࠓॺኄၵຌႠǈ்ႴᄲጲႜՊႀ

GLSL ጣഗپஓǈኄႴᄲ၎对ߛपڦՊײरേǈ৽໙ేႴᄲظॺڦৈৈፌ०ڦڇ视ਥ

ă႞ࡕၳ Three.js ᇨံྺ்ጚԢࡻକ GLSL ጎሞ材质（material）对象ዐăހஓǈժپ

4.3.1　标准网格材质

࣮ᅬᅃူǈWebGL Ⴔᄲਸ݀ኁ༵ࠃᅃ߲Պײጣഗǈᆩᇀ߲体ࣼڦăేీᅙ

ঢ়ጀᅪڟକǈሞԨቤዐǈৃྺኹ்ժுᆶ༵तඪࢆᇑ GLSL ጣഗᇸپஓ၎ాڦ࠲

ඹăᇱᅺሞᇀǈThree.js ᅙঢ়ྺ்ᇨံՊႀࡻକĐਸၒनᆩđڦጣഗپஓǈኄၵጣ
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ഗپஓᅜᅃ߲ᇨዃڦ GLSL ăࠃႚ๕༵ڦஓੰپ

ઠํ၄ǈዊᅃ߲ݴᅃևڦॽጣഗፕྺዊਏཚ߾ॺఇڦႜୁࢅৠੰׇڦ႙ۆ

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

（transparency）ᅜत݀࠼（shininess）ăዊ࣏Ԉࡤ（ᄺᅜփԈࡤ）࿖ཌྷǈኄᅃ߲

Ԉઔ၎ऐ࣏ቷ႑တǈీ࠼ڦຕĂׇৠۅۥڦ߭ྪࢇ࿋ăዊຌႠڦ体面߃ޮ

࿋ዃ႑တࢅഄඇਆຌႠǈઠਦ߲ۨ体ڦፌዕකၳࡕă

Three.js କᇨዃૌࠃ༵ MeshBasicMaterialĂMeshPhongMaterial ࢅ MeshLambertMaterial ઠ

ኧᆩڦዊૌ႙ă（Mesh മጘ๖ኄၵዊૌ႙ᅜᆩᇀྪ߭对象ă၎对ںǈഄૌ

႙ڦ对象ǈස၍ཉ对象ࢅ૭ጱ对象ǈᄺᆶഄ၎ᆌڦᆩዊૌ႙ăֱੂ Three.js ڦူ src/
materials ణǈᅜକፌႎڦዊणࢇă）ኄၵዊૌ႙๑ᆩෙዖዸఁڦዊरຍઠํ၄ă

• unlit（又称 prelit）

ڦකăׇৠ࠵ྔڦຌႠࣷԥᆩᇀ体܈ཪࢅ๑ᆩኄዖዊૌ႙้ǈৈ࿖Ăჿړ

ईኁࣼႴްሗጣၳࡕකၳ߭ޅփׂࣷิᆖၚăኄᆩᇀՌ平࠵ྔڦቷ对体࠼

໙ժᇨံऺࢇዊࢅቷ႑တ࠼ਨॅዊૌ႙ăኄዖዊ对ᅙঢ়ॽڦႚጒࢆबڇ०ڦࡕ

ڟ࿖ዐ（૩ස๑ᆩ 3D ॺఇ߾ਏظॺժ๑ᆩକ࢞ಢཌྷ）ڦ൧ཞᄣᆩǈᅺྺ

ُ้体ࡕၳ࠵ྔڦႴᆯකഗምْႜऺ໙ă

• Phong 着色法

ኄዖዊ༵ࠃକᅃ߲०ܸڇᆫႯݠڦኈߛڦ߭ޅႠీጣఇ႙ăᅙঢ়ྺׯტܸ०Ս

ăᆩ݆ݛሞ๑ᆩኄዖጣ࣏ᆌᆩᄺࢅᆴဥܠǈཞ้Ⴙ݆ݛࡀڦࡕ၄Ӂ视ਥၳํں

Phong ጣ݆කڦ体ࣷሞ࠼၍থቷพݛںڦ၂๖࠼ߛ൶ᇘ（面ݒพ）ǈ体

面ڦଋ܈ໜ߳࠼ڟۅᇸڦਐׂิປ३ǈܸԝ࠼൶ᇘࣷԥකྜׯඇӁࡕၳڦă

• 朗伯反射（Lambertian reflectance）

ሞ Lambert ጣ݆ዐǈ体ྔڦ࠵Ӂփໜִ࠵ኁ视ঙ߀ڦՎܸ߀Վăݥࢇᇀᆩ

ઠ၄ሊࣷڪܤݒพٷև࠼ݴ၍ڦ体ǈईኁၟሆ൰ኄૌਏᆶݒߛพ୲（面ݒพ࠼

࿐႓ăڦ（ଋݥ

ሏႜԨກ๖૩ዐڦ Chapter 4/threejsmaterials.htmlǈేᅜ߸ߌں࠵ Three.js ዊڦփ

ཞૌ႙ăሞස 4-8 ๖ڦᄻ面ዐǈቛ๖କᅃ߲ټሆ൰面࿖ཌྷڦĂԥቷଋڦ൰体ă

ሆ൰ᆩᇀ௮ࣼ߳ዊૌ႙ֶᅴڦਨॅă૩සۅऍڇӀ౧ǈሞ Phong ࢅ Lambert 
ዊक़ൎ࣑ǈ对Բ体๑ᆩ Lambert ጣ݆ݛ၎Բ๑ᆩ Phong ጣੂ݆ݛഐઠࢇ߸ޏ

କăُྔ๑ᆩ Basic（unlit）ጣഗǈִ࠵ৈৈ๑ᆩ࿖කܸփ୯࠼ቷڦ൧ူ൰体ڦ

ă࠵ྔ

ݛพჿۨᅭକ体ሞᅃ߲ݒڦăዊࡕഄၳִ࠵ჿǈڦพݒ面ࢅพݒՎ߀

ၠฉీݒพܠณઠጲ࠼ᇸ࠼ڦ၍ǈԈઔۨၠ࠼Ă࠼ۅᇸࢅڨ࠼（்ࣷሞူᅃবዐၘဦ

༪ஃኄၵ࠼ڨૌ႙）ă面ݒพჿᇑׇৠظׯࢇ࠼ڨॺ体面ኟ对࠼ᇸ࠼ߛۅۥڦ

ৈৈሞ๑ᆩକ࠼ߛă（ጀᅪ面ࡕၳ Phong ዊڦമ༵ူิၳǈഄૌ႙ڦዊփኧ

面ݒพჿă）ُྔǈ࠲Կ࿖ཌྷǈేᅜ߸ִ࠵ں࠵ኄዖዊሞ०ڇ൰体ฉׂ

ዖᆖၚăࢆኄၵยዃ对၍කׂิକִ࠵Đwireframeđၜઠࠎǈࢫăፌࡕၳڦิ
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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ڦ๖૩ቛ๖କዊසࢆᆩᇀۨᅭᅃ߲体ڦ࠵ྔڦăThree.js ۼຕዊૌ႙ܠٷڦ

ኧ๑ᆩܠዘ࿖ઠྺ体ظॺ߸ኈࡕၳڦăሎႹሞᅃ߲ዊዐ๑ᆩ߲ܠ࿖ǈईኁຫ

Չႚઠ๖ܠܠ߸๑ᆩࢇӄĊĊದݛኈऺ໙ݠڦԨׯگᅃ߲ࠃᅪሞᇀǈ༵ڦዘ࿖ܠ

体ǈई๑ᆩڢܠක߾Ⴞઠتްݒ体ݛڦӄăኄ༵ࠃକᅃၵ૩ጱǈᆩᇀቛ๖ Three.
js ኧڦ见ܠዘ࿖ཌྷरຍă

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

ăਉ૩ઠຫǈᅃ߲ኵྺت֒႑တઠႜݥܸ܈ߛፕړ႑တԥၟڦă࿋ࡕၳ 0 ၟڦ

پۅுᆶႜඪࢆೋᅎǈܸᅃ߲ݥଭڦኵᅜᆩઠ๖၎对体面ڦኟၠೋᅎăཚ

ڦຕኵ႑တܠ߸ئ٪Ăᅜڦӣ࿋ᆩᇀবูႠీਸၨǈܸྜኝڦڢཚڇǈ RGB
ཚڢ࿋ሶᅜᆩઠ๖߸ڦܠဦবă๑ᆩ࿋ઠپ༺ 3D ၠଉڦᇱᅺ࿋߸ٙǈժ

ྺጣഗాևپஓ༵ࠃକᅃ߲ᆩᇀऺ໙ኟ࿋ᅎ݆ݛڦၳߛ߸ڦăٶਸ๖૩࿔ॲ example 
Chapter 4/threejsbumpmap.htmlǈํाߌᅃူӈཫཌྷࡕၳڦǈස 4-9 ๖ăٶਸ / ࠲
Կሆ൰ڦ࿖ǈժ߀Վݒพࢅ面ݒพჿઠִ࠵փཞࡕၳڦǈేᄺႹᅙঢ়ጀᅪڟǈ

ࠃሹຫǈӈཫཌྷྺཁेኈํဦব༵࠶փڍă ࡕၳڦ੯ǈᄺీׂิփॅݥࡕၳ࠶

କᅃ߲ׯگԨ݆ݛڦă
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图 4-9：凹凸贴图（另见彩插图 4-9）

ሞ Three.js ዐ๑ᆩӈཫཌྷݥ०ڇăኻႴሞ THREE.MeshPhongMaterial ้ڦࣅ๔؛ሰഗࠓ

ڦ֖ຕدॽࢪ bumpMap ຌႠยዃྺᅃ߲ᆶၳ࿖नǖ

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

法向量贴图ă法向量贴图（normal map）༵ࠃକᅃ߲ీࠕԲӈཫཌྷቛ၄߸ܠဦবݛڦ๕ǈ

Ⴔ๑ᆩ߸ܠڦܠՉႚă၎Բӈཫཌྷǈ݆ၠଉཌྷڦ体ओ߸ٷǈ对ऺ໙Ⴀీڦᄲ൱ᄺ߸

ڟଉ႑တՊஓၠ݆ۅۥڦፕᇱॽํा߾ڦă݆ၠଉཌྷߛ RGB ߭๕࿋ڦຕዐǈ

ኄཚࣷԲ၎ᆌۅۥ߭ྪڦຕᆶ߸ݴڦߛՐ୲ăጣഗॽ݆ၠଉ႑တ࠼ࢅቷऺ໙（Ԉ

ઔጹتࢇړമڦ၎ऐ࠼ࢅᇸ႑တ）၎ࢇፌዕක体࠵ྔڦဦবăٶਸ๖૩࿔ॲ

Chapter 4/threejsnormalmap.htmlǈֱੂ݆ၠଉཌྷํڦाၳࡕă݆ၠଉ࿋ᇀ 4-10 ᆸူڦ

ঙăጀᅪں൰ఇ႙࡛ڦӚ႑တખăٶਸ / ںྺࢆԿ݆ၠଉཌྷઠ对Բ݆ၠଉཌྷස࠲

൰ఇ႙༵ࠃဦবڦǗేࣷ༒ᇀ൶൶ᅃ߲࿋৩ీྺස൰体ኄᄣ०ڦڇఇ႙༵ࠃසُኮܠ

ဦব႑တăڦ



Three.js中的图形和渲染   ｜   65

图 4-10：使用法向量贴图的地球

ሞ Three.js ዐ๑ᆩ݆ၠଉཌྷཞᄣๆݴ०ڇăኻႴሞࠓሰ THREE.MeshPhongMaterial 对象ڦ

࿖ፕྺڦǈॽᅃ߲ᅙᆶࢪ้ normalMap ຌႠದዃدनǖ

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

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

০ăৣ࣍ཌྷఇెକ体对ዜྷݒڦৣ࣍พǈܸփၟӈཫཌྷࢅ࿖ཌྷఫᄣኼሞྺ

体面ཁे߸ڦܠኈํဦবă

ਸٶ Chapter 4/threejsenvmap.html ๖૩ăሞాඹ൶ᇘཱྀጅՔઠገׇৠǈڦཌྷৣ࣍ੂֱ

ईኁ๑ᆩՔࡐ对ׇৠႜٷݣၭăጀᅪ൰面ڦၟװ၄ྺዜྷཀԝৠڦཌྷ

（ස 4-11）ă๚ํฉǈժுᆶኈኟႜኄᄣتڦǈኝׇ߲ৠڦԝৠᆯᅃ߲૬ݛ体ాڦ

֨面ׯࠓǈܸ൰体ኻ०ںڇॽᆩᇀׇৠԝৠڦ࿖ၟකڟጲวڦ面ฉăਧ്ሞ

ᇀǈᆩᇀ൰体面ڦዊᅃ߲立方体纹理（cube texture）ዊǖኄᅃ߲ᆯୃ߲փཞڦ

࿋ፇڦׯĂᅜሞ૬ݛ体ాևႚׯᅃ߲Ⴤၟၳڦࡕ࿖ཌྷăኄ߲༬ڦ૬ݛ体

ዊԥᆩᇀࠓॺᅃ߲ཀඇৠڦԝৠăֱੂ images/cubemap/skybox/ ࿔ॲዐڦփཞ࿔ॲǈକ

ኄׇ߲ৠසࢆԥࠓॺઠڦăᆯᇀ֑ᆩକ૬ݛ体࿖ǈኄዖૌ႙ৣ࣍ڦཌྷԥྺ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࿖Բ๑ᆩӈཫཌྷई݆ၠଉཌྷᄲฎྲްሗᅃၵǈံǈ

்Ⴔᄲظॺᅃ߲૬ݛ体࿖ǈܸݥཚڦ࿖ă்Ⴔᄲ๑ᆩ Three.js ݆ݛඇਆڦ

ImageUtils.loadTextureCube()ǈཚدࡗୃ߲փཞၟڦ URL ઠظॺኄ߲࿖ăࢫǈ

்ሞظॺ MeshPhongMaterial 对象ࢪ้ڦॽ envMap ֖ຕยዃྺ࿖对象ă்࣏ኸۨ

କݒพ୲（reflectivity）ڦኵǈᆩઠۨᅭ૬ݛ体࿖ሞ体ක้ԥ体面ዊĐݒ

พđ܈ײڦăሞኄ߲૩ጱዐǈ்ኸۨକฎྲٷᇀఐණኵ 1 ཌྷੂഐઠৣ࣍ኵǈᅜՍඟڦ

߸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ᇀኈํࡕၳڦǈ்࣏Ⴔᄲፔᅃၵ๚൧ă்Ⴔᄲॽݒพ࿋ࢅዜྷ࣍

ৣႜӿۨăྺ்ُظॺକᅃ߲天空盒（skybox）ǈኄᅃ߲ా面ཌྷڦԝৠ૬ݛ体ǈ

๑ᆩକཞᄣڦ࿋ၟǈᆩᇀࠓॺᅃ߲ཀඇৠăኄԨวႴᄲݏݥሗ߾ڦፕǈփࡗ

႞ Three.js Քጚዊڦକాዃأኄॲ๚൧ăׯຕઠӻዺ்ྜࡧዺޤڦକాॺࠃ༵ BasicĂ

Phong ࢅ Lambert ᅜྔǈThree.js ሞඇਆՎଉࡤǈԈੰڦକᅃ߲ጣഗࠃ༵࣏ THREE.

ShaderLib ዐă்๑ᆩ૬ݛ体（cube geometry）ઠظॺᅃ߲ྪ߭ǈժ๑ᆩੰዐᇨံۨᅭ

࿖ǈઠක૬ڦཌྷৣ࣍ᆩᇀ֍ߑዊă๑ᆩ்ڦ体ݛĐcubeđጣഗઠፕྺ૬ڦ

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࠼ڦᆩᇸૌ႙ăፌ࠼ڦഄׇৠੰዐۨᅭࢅਏ߾

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࿋ዃ႑တǈኻᆶၠݛĂჿࢅഽ܈႑

တă（๚ํฉǈሞ Three.js 面ǈۨၠ࠼Ԉࡤᅃ߲࿋ዃ႑တڦǈփࡗৈৈԥᆩઠ

ਥݒժྵߛăኄ၂ᅃ߲ժփၠݛڦ၍࠼ଷᅃ߲ၠଉĊĊణՔ࿋ዃĊĊઠऺ໙ࢇ

๕ǈထྭݛتڦ Mr.doob （ႪްăࠕჄీࢫ

• 点光源

Ԉࡤ࿋ዃ႑တǈڍփԈၠݛࡤ႑တă

• 聚光灯

ཞ้ਏԢ࿋ዃၠݛࢅ႑တăཞ்้༵ࠃକᆩᇀۨᅭాڨ࠼ᇶጔྔࢅᇶጔ٫（ঙ

ຕă֖ڦ远ਐܠቷଋࠕຕǈᅜतۨᅭ்ీ֖ڦ（܈

• 环境光

ுᆶ࿋ዃǈᄺுᆶၠݛăሌںཨพᇀኝׇ߲ৠă

ᆶڦ Three.js ڦཚᆩኧۼᇸૌ႙࠼ intensity ຌႠǈۨᅭକ࠼ᇸڦഽ܈Ăჿࢅ

RGB ኵă

ഐઠǈᆩઠۨᅭ体ࢇຌႠڦ༬ۨዊࢅኵڦᆖၚǈ்ڦ对ׇৠتᇸጲวժுᆶ࠼

ፌዕڦ视ਥቛ๖ၳࡕăMeshPhongMaterial ࢅ MeshLambertMaterial ۨᅭକᅜူຌႠă

• color

ᆼݒพჿ（diffuse color）ǈۨᅭକ体සݒࢆพઠጲᅃ߲ၠݛฉڦ࠼ڦ（૩

සۨၠ࠼Ă࠼ۅᇸࢅڨ࠼）ă
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• ambient

体对ݒڦ࠼ৣ࣍พ܈ײă

• emissive

ኄ߲ዊຌႠۨᅭକᅃ߲体ጲว݀ڦ࠼ჿǈࢅኝׇ߲ৠ࠼ڦᇸ࠲ă

MeshPhongMaterial ዊཞ้ኧᅃ߲面ݒพ（specular）ჿຌႠǈኄ߲ຌႠׇࢅৠڨ

ăࡕၳ࠼ߛڦۅۥڦᇸ࠼ၠו体ॺظǈࢇ၎࠼

࣮ᅬᅃူǈMeshBasicMaterial ዊࣷࢮᆶڦ࠼ڨᆖၚă

 4-12 ቛ๖କᅃ߲๑ᆩ Three.js ਸٶᄓăํ࠼ڨڦॺظૌ႙࠼ڨ Chapter 4/threejslights.
html ሏႜኄ߲๖૩ăኄׇ߲ৠԈ຺߲ࡤփཞૌ႙࠼ڨڦĂӣ࿖ڦԝৠ平面ࢅෙ߲كӣ

ڨՎ߲߀ںༀۯഗ੦ॲ่ڦᄻ面ฉࡗăేᅜཚࡕၳڦ࠼ڨ体ǈᆩઠቛ๖փཞࢆबڦ

Կăሞాඹ൶࠲ॽࣷԥྜඇ࠼ڨǈఫኄ߲ჿยྺڦ࠼ڨӝᅃ߲ేࡕჿăසڦ࠼

ᇘཱྀጅՔઠገኝׇ߲ৠǈժ࠼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ኄپஓቛ๖କڦ࠼ڨยዃă࿋ᇀׇৠമڦݛӣۨၠ࠼ቷଋକबࢆ体മڦݛӣ

൶ᇘăઢ࠼ۅڦᇸٗݛࢫቷଋ体ఇ႙Ǘጀᅪ体ںݛࢫӱฉڦઢ൶ᇘăཚۨࡗᅭ

spotLight.target.position ຌႠǈ୴ڦڦڨ࠼ጔ体େቸକ੍近ׇৠമںڦݛӱ൶ᇘă 
ፌࢫǈ࠼ৣ࣍平ׇྺںৠዐڦᆶ体༵ࠃକณଉڦଋ܈ă๑ᆩ੦ॲઠ߸߀ยዃǈժٗ

߲߳ঙִׇ࠵܈ৠǈᅜ߸ں࠵କ߳ૌ߳࠼ڨጲᅜत۠ेഐઠׂิࡕၳڦă

 ৠዐׇڟཁे࠼ڨॺժॽᆶظ //    
    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);

ኄፔ߲ᆷ൧༵๖ǈࢅ WebGL ዐڦഄ۫ဇᅃᄣǈ࠼ڨᅃ߲ྜඇටྺظ

ሰ߁ڦăWebGL ኻీتࢅ؋࣐ጣഗǗਸ݀ኁႴᄲཚࡗՊႀጣഗپ

ஓઠࡕၳ࠼ڨׯࢇăThree.js ૰ččీ࠼ڨࢅዊڦٷഽڦକସටኒࠃ༵

ᆮഄేړᅪ๎ڟኄၵྜඇཚࡗ JavaScript ǈසړăࢪ้ڦஓઠՊႀپ

ࡕ WebGL ுᆶ༵ݡࠃ࿚ GPU ॽ݆ํ၄ăۼ૰ǈኄၵీڦ

4.5　阴影

ᅃᅜઠǈยऺۼ๑ᆩᅽᆖઠᆐሰ߸ेኈํڦ视ਥၳࡕăཚኄၵᅽᆖۼ࿁ሰڦĂ

ᇨකࡕၳڦǈᅎׇۯৠዐ࠼ڨڦईኁᅎټۯᅽᆖڦ体ǈࣷۼ೦࣋ኄዖၳࡕăܸǈ

Three.js ኧߵړമࢅ࠼ڨ体ڦ࿋ዃႜํ้ᅽᆖකă

Chapter 4/threejsshadows.html ዐڦ๖૩ᄇ๖କසࢆሞׇৠዐሺेํ้ᅽᆖăස 4-13ǖ࿋

ᇀںӱฉݛĂׇৠമڦݛڨ࠼๑体ሞں面ฉׂิକᅽᆖăጀᅪᅽᆖසࢆໜጣ૬ݛ体

ᅽᆖᆩᇨක࿁ࡕăසۯӱሏںӱገ้ǈᅽᆖժுᆶ߶ໜںړăཞ้ǈڦࣅገՎڦ

ሰڦǈఫࣷĐቕđሞںӱฉǈժփࣷໜጣ૬ݛ体ڦገܸՎࣅăཚࡗ੦ॲઠ߸ڨ߀

ăڦࣅༀՎۯࢆᅽᆖසִ࠵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）ڦरຍઠኧᅽᆖၳࡕăකഗࣷྺᅽ

ᆖཌྷԍ٪ᅃቧڦྔܮ࿖ǈකഗࣷॽᅽᆖ൶ᇘකڟኄ߲࿖ዐǈժሞೌጣഗዐ

ॽഄᆩᇀׯࢇፌዕڦၟăܸࠤǈሞ Three.js ዐਸഔᅽᆖႴᄲᅜူօየă

(1) ሞකഗዐਸഔᅽᆖཌྷă

(2) ሞ࠼ڨዐਸഔᅽᆖժยዃ၎֖࠲ຕăTHREE.DirectionalLight ࢅ THREE.SpotLight ଇዖ

ૌ႙ۼኧᅽᆖă

(3) ยዃనၵ体ׂࣷิࢅথᅽᆖă

ඟ்ઠੂੂኄၵօየሞپஓዐසํࢆ၄ڦă૩ 4-3 ዐᆩٚ体ߛଋپڦஓቛ๖କሞ

createScene() ஓăپڦᆩᇀකᅽᆖڦຕዐཁेࡧ

例 4-3：Three.js ዐڦᅽᆖཌྷ

 var SHADOW_MAP_WIDTH = 2048, SHADOW_MAP_HEIGHT = 2048; 
 
 function createScene(canvas) { 
 
 canvasዐڟॺThree.jsකഗժॽഄཁेظ //    
    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); 
 
 ፇݴڦॺᅃ߲ᆩᇀඹభᆶ体ظ //    
    root = new THREE.Object3D; 
 
    // ཁेᅃ߲၎ऐᅜՍִ࠵ኝׇ߲ৠ 
    directionalLight = new THREE.DirectionalLight( 0xffffff, 1); 
 
 ৠዐׇڟཁे࠼ڨॺժॽᆶظ //    
    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࿖ཌྷظ //    
    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); 
 
    // ࢫॽबࢆႚጒࢅዊኝ߭ྪڟࢇዐ 
    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ഄႜገ֡ፕ 
    cube = mesh; 
 
 ႚጒࢆॺ൰体बظ //    
    geometry = new THREE.SphereGeometry(Math.sqrt(2), 50, 50); 
 
    // ࢫॽबࢆႚጒࢅዊኝ߭ྪڟࢇዐ 
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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); 
 
    // ࢫॽबࢆႚጒࢅዊኝ߭ྪڟࢇዐ 
    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 ); 
 
}

ံǈ்ཚࡗยዃ renderer.shadowMapEnabled ྺ true ժॽഄ shadowMapType ຌႠย

ዃྺ THREE.PCFSoftShadowMap ઠਸഔᅽᆖăThree.js ኧෙዖૌ႙ڦᅽᆖཌྷ໙݆ǖएإ

（basic）Ă PCF ( percentage close filtering）ࢅ PCF soft shadowsăዖ໙݆ۼԲമᅃዖ߸থ

近ኈํၳࡕǈڞࣷڍዂްሗڦ܈ฉืࢅႠీူڦইăሞኄ߲๖૩ዐॽ shadowMapType

ྺ߀ኵڦ THREE.BasicShadowMap ࢅ THREE.PCFShadowMap ઠֱੂၳࡕǈᅽᆖڦዊଉሞگዊ

ଉڦยۨူࣷ၂ইگăڍසׇڦేࡕৠްݥሗǈఫే৽ڥཚࡗইگዊଉݛڦ๕ઠ༵

ืႠీă

থူઠǈ்Ⴔᄲྺڨ࠼ਸഔᅽᆖă்ॽഄ castShadow ຌႠยዃྺ trueăཞ்้

Ⴔᄲยዃ Three.js Ⴔڦഄब߲֖ຕăThree.js ཚ࠼ڨٗࡗ࿋ዃᆅᅃཉཚࡗణՔ体ڦพ

၍ݛڦ๕ઠකᅽᆖăٗԨዊฉຫǈॽׯړڨ࠼ଷᅃዖૌ႙ڦĐ၎ऐđઠتăᅜ

்Ⴔᄲยዃᅃၵૌຼ၎ऐยዃ֖ڦຕǈԈઔ近ࢅ远裁剪平面ᅜत视野ă近ࢅ远裁剪平面

ঢ়ᄓߵኵă视野ڦยዃକᅃ߲Բডၭۼ٫ǈᅜ்ྺ்ڦ体ࢅኵൽਦᇀׇৠڦ

ઠยዃă்࣏ᄲྺᅽᆖยዃᅃ߲Ӂ܈ኵǈThree.js ఐණڦ 0.5 对ኄ߲ᆌᆩઠຫࢇăໜ

ǈ்Ⴔᄲยዃࢫ Three.js ᅽᆖཌྷٷڦ٫ၭຌႠăᅽᆖཌྷᅃ߲ڦྔܮ࿋ǈጆோ

ᆩᇀකᅽᆖڦӁ൶ᇘժፌዕࢅ߲体ፌዕڦකၟंࢇă்ॽ SHADOW_MAP_WIDTH

ࢅ SHADOW_MAP_HEIGHT ኵยྺڦ 2048ǈԲ Three.js ఐණڦ 512 ᄲߛăኄॽ༵ݥࠃ平ڦࣂ

ᅽᆖǗኄ߲ኵሁၭǈׂิڦᅽᆖ৽ࣷװ၄ሁڦܠăႪ߀๖૩ዐڦኄ߲ኵઠֱੂگ

ăڦᆖၚᅽᆖዊଉࢆᅽᆖཌྷසڦՐ୲ݴ

ፌࢫǈ்Ⴔᄲߢ໕ Three.js నၵ对象ׂิࢅথᅽᆖăThree.js ఐණ़փׂิᄺ߭ྪڦ
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փথᅽᆖǈ்Ⴔᄲඓยዃăሞኄ߲๖૩ዐǈ்ထྭॽෙ߲बࢆ体ڦᅽᆖཨںڟ

ӱฉǈںࢫӱথኄၵᅽᆖǈᅜǈ்ॽںӱڦ mesh.castShadow ຌႠยዃྺ falseǈ

mesh.receiveShadow ຌႠยዃྺ trueǗॽ૬ݛ体Ă൰体Ăᇶጔڦ mesh.castShadow ຌႠย

ዃྺ trueǈmesh.receiveShadow ຌႠยዃྺ falseă

ፌڦࢫፌࢫǈ்ထྭᅽᆖڦഽ܈ໜጣ࠼ڦڨ࠼၍ഽ܈ՎܸࣅՎࣅăܸǈThree.
js ࠼ڨኝăํाฉǈᅈડᇀܸۙࣅՎ܈၍ഽ࠼ໜۯժփࣷጲࢪ้ڦᅽᆖཌྷሞකڦ

ڦ shadowDarkness ຌႠăᅺُڦ࠼ڨړჿԥᆩ߀ࢽՎࢪ้ڦǈ்Ⴔᄲඁۯ߸ႎ

shadowDarkness ஓቛ๖କپኄڦኵăথူઠڦ setShadowDarkness() ၄ǈएᇀํڦຕࡧ

ᇸ࠼ RGB ኵڦ平ኵઠऺ໙ᅽᆖڦӁ܈ăేړॽڦڨ࠼ჿۙӁ้ǈࣷ݀၄ᅽᆖᄺໜ

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

ӻዺ்߸ݛՍํں၄ăܸǈᆶپॏڦăံǈᅽᆖཌྷଷᅃዖ

ૌ႙ڦ࿖ཌྷǈႴᄲ߸ڦܠ၂٪ă对ᇀᅃ߲ 2048ġ2048 ᅽᆖཌྷǈڦ

்Ⴔᄲڦྔܮ 4 MB ၂٪क़ăੂేࠕీޏᆩ߸ၭڦ٫ᅽᆖཌྷ

ઠၙేڟٳᄲࡕၳڦăܸǈሞగၵႚยԢฉǈೡකᅽᆖཌྷీࣷ

ᆅ߸تܠਸၨǈܸٗ၂ዸইگኡ୲ăᅺُేᆌړัں๑ᆩኄ߲༬Ⴀă

൩ခՂፔࡻፁڦࠕႠీݴဆǈժሞႴᄲڦ൧ူইपڟᅃ߲Ⴔํ้ᅽᆖڦ

ӄăݛ

4.6　着色器

Three.js ాዃକᅃ༫ഽڦٷዊणࢇă்ۼएᇀੰዐᇨዃڦ GLSL ጣഗઠํ၄ڦă

ኄၵጣഗᅜᆩઠኧ见ڦጣႴ൱ǈස unlitĂPhong ࢅ LambertăڍईႹ࣏٪ሞ

ຌڦᄣܠዖܠǈᅜ๑ᆩࡕၳڦዖૌܠᅜํ၄၌ړઠຫǈዊᆌڦႴ൱ăጺڦ՚ܠ

Ⴀǈᅜኧඪᅪްሗํڦ၄ăਉ૩ઠຫǈᅃ߲ᆩᇀఇెڦۯ֥عޅጣഗǈీႴᄲኧ

ຌႠăڦၠޅࢅޅǈᅜतۙኝ܈ࢅ܈ߛڦኝ֥ۙ

ໜጣऺ໙ऐႚ݀ڦቛǈᅜतܾඁࡗๆ၎࠲ଶᇘׂీॏኵื༵ڦ（ٗਸ๔ۉྺڦᆖፕ

ྺׯǈܸڦሏᆩᇀํ้视ೕᆴဥ）ǈጣरຍփምᅝຍׂڦઠࢫڟǈࡕၳࢫ

କᅃ߲ཚᆩײڦႾ࿚༶ăᄽহࢇഐઠظॺକᅃၜՊڢ࠶ڦײरຍǈྺ可编程着色器

（programmable shader）ǈܸփᇨ֪ዖీڦዊຌႠፇࢇǈժԈࡤሞሏႜ้ᆅ

ஓዐăጣഗሎႹਸ݀ኁ๑ᆩૌپڦ C ᇕჾՊႀํ၄ۅۥपၟࢅपްڦሗၳࡕǈժՊᅳ
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ᅜሞׯ GPU ዐሏႜپڦஓă๑ᆩՊײጣഗǈਸ݀ኁᅜظॺߛႠీĂ܈ߛኈ

ઠăݣ၌ዐڦఇ႙࠼ڨࢅዊڦǈٗᇨዃࡕ视ਥၳڦ

4.6.1　ShaderMaterial类：编写你自己的着色器代码

GL ጣᇕჾ（GLSL）ྺ Open GL ࢅ OpenGL ES ਸ݀ڦᅃዖጣഗᇕჾ（WebGL API
ăGLSL（إएڦ ᇸپஓཚࡗ WebGL ฉူ࿔对象༵݆ݛڦࠃઠՊᅳժሞ WebGL ዐኴႜǈ

Three.js ᆆ֠କ GLSL ఇ๕ႜਸ݀ă对ᇀڦဦবǈሎႹ்ስႴՊႀጣഗ֫ڹڦ

ᆌᆩႴᄲᅃၵᇨዃૌ႙ዐுᆶڦ்ࡕසڍăࠕዊૌ႙ᅙঢ়ፁڦᆌᆩઠຫǈᇨዃڦຕܠ

ǈThree.jsࡕၳڦࠃ༵ ᄺሎႹ்๑ᆩ THREE.ShaderMaterial ઠႜۨڦࣅጣഗઠ݀ă

 4-14 ቛ๖କ ShaderMaterial ᆌᆩڦᅃ߲๖૩ăኄ߲๖૩ᅜሞ Three.js ڦణူײ߾

examples/webgl_materials_shaders_fres nel.html ࿔ॲዐቴڟǈᄇ๖କᅃ߲ Fresnel ጣഗă

Fresnel ጣഗᆩᇀఇె࠼၍ࡗحࢅի૱ڪཪዊׂ้ิݒڦพࢅችพၳࡕă

图 4-14：Fresnel 着色器提供了高度逼真的反射和折射效果

Fresnel ጣഗ（܁ፕĐfre-nelđ）ᅜ Fresnel Effect（ݤౝܻၳᆌ）ంఁăኄ

߲ၳᆌڦፌራऻጲ݆ࡔბॆӎࠟຯۡ • ० •  ౝܻ（Augustin-Jeanݤ

Fresnelǈ1788Ċ1827）ăݤౝܻཚࡗჺ৯࠼ሞփཞዊዐدڦխǈ༵କհ

࿚ݡ႑တǈ൩ڦܠ߸ஃăထྭइൽۯ online 3D rendering glossary（http://

www.3drender.com/glossary/fresneleffect.htm）ă

๖૩ዐڦยዃپஓӀᅜူୁظײॺକᅃ߲ ShaderMaterial 对象ǖံްକ

FresnelShader ఇӱ对象ዐڦ uniform（֖ຕ）ኵĊĊ߲ጣഗํ૩ۼႴᄲጲวڦຕ
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ޭԨĊĊժॽ GLSL ᇸஓፕྺ֖ຕೌࢅۅۥߴدጣഗăሞ؛๔ׯྜࣅኮࢫǈThree.js
ࣷጲتۯጣഗڦՊᅳ૾ࢅথǈժॽ 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 ጣഗڦ GLSL ᇸپஓස૩ 4-4 ๖ăኄᇸپஓᅜሞ Three.js  ڦణူײ߾
examples/js/shaders/FresnelShader.js ࿔ॲዐቴڟăኄ߲ጣഗپஓᆯ Three.js ၅ኁࠋऄሂڦ

Branislav Ulicny（߸ྺටኪڦڦ᨟ AlteredQualia）༵ࠃăඟ்ཚ܁ኄپஓǈ

ઠੂੂኄ߲ጣഗසํࢆ၄ڦă

例 4-4：ྺ Three.js Պႀڦ Fresnel ጣഗ

/** 
 * @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 ሞጣഗԥ๑ᆩ้ࣷߴد WebGL
ᅪڦኴႜᅃْăኟසጴ面ฉۼ（ೌ）ၟࢅۅۥஓࣷ对߲پኵă࣮ᅬᅃူǈጣഗڦ

າఫᄣǈጣഗዐڦ uniform ຌႠڦኵփࣷໜጣڦۅۥൎ߀ܸ࣑ՎǗ்Ԩዊฉፕᆩᇀ

ඇևၟࢅۅۥ࢛ۨڦඇਆՎଉăኄ߲๖૩ዐڦ Fresnel ጣഗۨᅭକᆩᇀ੦ݒพ୲ࢅ

ችพ୲ڦ uniform ຌႠ（૩ස mRefractionRatio ࢅ mFresnelScale）ăྺ࣏૬ݛ体࿖ۨ

ᅭକᅃ߲ uniform ຌႠǈፕྺኝׇ߲ৠڦԝৠăૌຼᇀ்മ面ბသڦࡗ૬ݛ体ৣ࣍ᆙพǈ

ኄ߲ጣഗᄺ๑ᆩକॽ૬ݛ体ᆙพၟකڟ面ઠఇెݒพݛڦ๕ăܸ๑ᆩኄ߲ጣ

ഗǈ்փৈৈᅜੂٗڟ૬ݛ体ᆙพݒพၟڦǈ࣏ᅜڟִ࠵ችพ၄象ă

4.6.2　在Three.js中使用GLSL着色器代码

၄ሞઠยዃೌࢅۅۥጣഗକǈံۅۥጣഗǖ
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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૰ă๑ᆩ၎ऐ࿋ዃᅜतఇ႙（ሞኄ߲๖૩ዐኸڦஓኄ߲ዊپጣഗۅۥ

๖ഘಟႚጒڦ൰体）ዐᅃ߲ڦۅۥ࿋ዃ႑တઠऺ໙ᅃ߲ၠၠݛଉǈᆩᇀऺ໙߲ۥ

ڦጣഗዐೌࢅۅۥችพဣຕăጀᅪሞࢅพݒڦۅ varying ำăᇑ uniform ૌ႙ڦՎ

ଉփཞǈvarying ૌ႙ڦՎଉሞ߲বۅዐࣷۼԥऺ໙ǈۅۥٗࢫጣഗೌڟڿدጣ

ഗăཚࡗኄዖݛ๕ǈۅۥጣഗᅜຕኵాڟዃڦ gl_Position Վଉዐǈܸኄዷ

ᄲ߾ڦፕă对 Fresnel ጣഗઠຫǈvarying ڦݒพࢅችพဣຕă

Fresnel ڦ்ሞኄுᆶੂ见ܠ๑ᆩକႹ࣏ጣഗۅۥ varying ࢅ uniform Վଉǖ

modelMatrixĂmodelViewMatrixĂprojectionMatrix ࢅ cameraPositionă ኄ ၵ Վ ଉ  ᆯ

Three.js ᇨံۨᅭڦǈժጲڟڿدۯ GLSL ՊᅳഗăኄၵኵփႴᄲǈईኁຫփᆌᆯጣ

ഗڦՊႀኁ၂๕ำă

• modelMatrix（uniform）

ఇ႙（ྪ߭）ڦ๘হՎ࣑ਈንăኟසሞ 4.2 বዐ༪ஃڦఫᄣǈኄ߲ਈንሞᅃኡࣷۼ

ԥ Three.js ऺ໙ઠǈᆩᇀ๖体ሞ๘হक़ዐڦ࿋ዃ႑တăሞኄ߲ጣഗዐǈԥ
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ᆩઠऺ໙߲ۅۥሞ๘হक़ዐڦ࿋ዃă

• modelViewMatrix（uniform）

ᆩᇀ๖߲体ሞ၎ऐक़ዐڦ࿋ዃՎ࣑႑တǈᄺ৽ሞፖՔဣዐ၎对ᇀ၎ऐڦ࿋ዃ

（ኵڦችพࢅพݒ૩සሞኄ߲ጣഗዐᆩᇀඓۨ）ኵڦ࠲၎ऐ၎ࢅǈኄ对ᇀऺ໙ၠݛࢅ

༬՚ݛՍă

• projectionMatrix（uniform）

ᆩᇀऺ໙்ຄဒٗڦ၎ऐक़ڟೡటक़ڦ 3D ڟ 2D ᆙพăڦ

• cameraPosition（uniform）

ᆯ Three.js ăدۯ࿋ዃǈጲڦǈ๖၎ऐሞ๘হक़ዐࢺྼ

• position（varying）

ఇ႙क़ዐۅۥڦ࿋ዃă

• normal（varying）

ఇ႙क़ዐၠ݆ڦଉ႑တă

ኄ߲ۅۥጣഗ࣏๑ᆩକాዃڦ GLSL ຕࡧ reflect() ࢅ refract()ǈᆩઠएᇀ၎ऐၠݛĂ

݆ၠଉࢅችพ୲ઠऺ໙ݒพࢅችพၠଉ႑တă（ᆯᇀኄၵࡧຕሞႜස Fresnel ࠼ኄૌײݛ

၍ऺ໙้ݥᆶᆩǈᅜԥፕྺ GLSL ᇕჾాڦዃࡧຕă）

ፌࢫǈጀᅪ Array.join() ሞᅃഐăኄزޙஓጴپڦጣഗۅۥ๑ᆩǈԥᆩઠॽڦຕࡧ

ቛ๖କଷᅃዖথ๑ᆩ GLSL Պႀڦጣഗپஓڦጴڦزޙᆶᆩ݆ݛă்๑ᆩ join()

ăޙথزޙႜժཁेጴ࣑ت࿂ڦஓዐ֭ႎႜǈܸփሞᅃႜپຕઠሞࡧ

ٗኄഐǈೌጣഗ߾ڦፕ৽ݥ०ڇକă๑ᆩۅۥጣഗऺ໙ݒڦพ୲ࢅችพ

୲ڦኵǈઠᆅڟཚࡗ uniform Վଉ tCube ჿኵăኄ߲Վଉڦ体࿖ฉݛ૬ڦد

samplerCube ૌ႙ڦǈsamplerCube ૌ႙ᅃዖᆩᇀت૬ݛ体࿖ڦ GLSL ૌ႙ă்

๑ᆩ GLSL ຕࡧ mix() ઠंࢇଇዖჿǈࠓॺፌዕၟڦ႑တժॽഄئ٪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ኈݥକᅃ߲ǈᅺྺڦڥኄኵڍፕǈ߾ܠጣഗੂഐઠႴᄲڦࣅॺۨظ

ํ๘হ࠼ڦბఇెၳࡕăܸ Three.js ӻྜׯକഄڦऐႁ߾ፕĊĊ߸ႎ߲体ڦ๘হ

ਈንǈጕጷ၎ऐǈᇨۨᅭႹܠ GLSL ՎଉǈՊᅳ૾ࢅথጣഗپஓĊĊྺ்ูူକٷଉ

Սဌᆅටăᆶକኄ߲ॐǈేᅜൟݛڥፕՎ߾ਸ݀ڦጣഗڥ้क़ǈ๑ۙࢅਸ݀ڦ

Պႀేጲमڦጣഗăॺᅱٗ Three.js ๖૩ዐ༵ڦࠃ Fresnel ഄጣഗਸ๔ăࢅ

Three.js ဇă۫ڦܠݥڟኄၵ๖૩ᅜბࡗ༬ၳǈཚڦዖփཞૌ႙ܠକࠃ༵

4.7　渲染

ኄᅃቤ்๑ᆩକ Three.js ዐ݆ݛܠڦઠփื༵ኈํ܈ǈٗ०ڦڇबࢆႚጒڟዊĂ

࿖Ăࢅ࠼ڨᅽᆖǈፌዕ๑ᆩ GLSL Պႀକ்ጲमڦጣഗăᅃօǈ்ۼԲฉᅃօ

ᅃօǖකăࢫፌ்ֶ࣏ڍႚǈڦߌሰକ߸ਏኈํظ

Three.js 3D ׇৠ੦ڦፌዕකሞ៓બഗ Canvas ᇮฉڦ 2D ၟăஃ๑ᆩ

WebGLǈ࣏ 2D Canvas ࣼ APIǈᅞईཚ߀߸ࡗ CSS ઠ๑ڥᇮሞᄻ面ฉᅎۯǈۼ

࠲ᄲǗ்ڦፌዕణۼڦࣼၟۅă்ስ WebGLǈኻᅺྺਏᆶߛႠీă

๑ᆩഄरຍǈ்ईႹీํ၄ཞᄣڦ视ਥၳࡕǈڍႠీ݆থăᅜ்ঢ়ስ

WebGLă

ᄺ৽ຫǈनՍ๑ᆩକ WebGLǈ்ሞਏ体කၟࢪ้ڦᄺᆶܠስă૩සǈAPI
ሎႹ்ስޏ๑ᆩ深度缓冲（Z-buffering）ක（ኄᅃዖཚࡗሞᆘॲዐ๑ᆩڦྔܮ

ăڦरຍ）ăኄڦ႑တǈᅜํ၄ኻׇࣼৠዐፌമ面ၟ܈ศڦ体ئ٪क़ઠئ٪

සࡕ்ுᆶഔᆩศ؋࣐܈ǈ்ڦᆌᆩሶႴᄲጲमت体ڦಇႾǈኄీႴᄲศڟ

面ೌप՚ăኄདഐઠݑǈڍሞగၵᆌᆩׇৠူǈ்ईႹടടႴᄲኄፔăኄৈৈ

்对ᇀකڦᅃ߲ၜă

Three.js ڦă๑ᆩాॺڇ०े߸ڥՎتႚڦإएڥዔ๑؛ยऺڦ WebGL කഗǈਸ

݀ኁႴݯࢾܠ૰৽ᅜظॺᆴဥप՚ڦႚၳࡕăኟස்ሞമ面ڦ๖૩ዐ

ॺකഗǈยዃ视口٫ǈᅜतۙظօየઠํ၄ǖڦڇᅜူ०ࡗఫᄣǈኄᅜཚڦڟੂ

ᆩ render() ڍຕăࡧ Three.js ሎႹ்ፔ߸ڦܠ๚൧ǈ༵ࠃକీࠕ੦ WebGL ֫ڹ

කୁీڦײ૰ăཚࡗॽኄၵీ૰ߛࢇपڦකरຍǈ૩සتࢫĂڢܠකᅜतჽ

කǈ்ᅜظॺݠ܈ߛኈࡕၳڦă
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4.7.1　后处理和多道渲染

ᆶ้ࢪǈᅃْකժփࠕăᅃׇ߲ৠঢ়ႴᄲཚْܠࡗකઠظॺߛዊଉڦĂኈํڦ

ၟăኄၵ܀૬ڦකፌዕሞᅃ߲ԥྺ多道渲染（multipass rendering）ײୁڦዐڟׯࢇᅃ

ഐǈׂิፌዕڦၟăႹڢܠܠක݆ݛ๑ᆩ后处理（post-processing）रຍǈईኁཚࡗ

रຍઠ༵ืၟዊଉăتၟ

කሞํ้ڢܠࢅتࢫ 3D කዐሁઠሁୁႜǈᅺُ Three.js ސ߾ڦٷକࢾፕኁڦ

ઠኧă 4-15 ቛ๖କᅃ߲ဦܸิڦۯ๖૩ǈ๑ᆩ Three.js Պႀǈፕኁتࢫ

AlteredQualiaăेሜ examples/webgl_terrain_dynamic.html ࿔ॲăౕڦ࠵ඖሞṰ࠼ץڦ

ዐݧሁആࣙںڦăكڇएᇀሯำײႾิںڦׯႚժփፁᅜସටᆇ象ศਗ਼ǈׇৠ༬՚๑

ᆩକڢܠක߾ႾǈԈઔ๑ᆩ bloom ጣ݆ઠഽۙᄞ࠼ሞץዐڦพၳࡕǈᅜत๑ᆩߛ

ຯ୳ඟׇৠׂิൟྲఇࢵઠሺഽׇৠྷݳৢౢڦă

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 تࢫڦᅈડᇀᅜူ༬Ⴀă

• ཚࡗ THREE.WebGLRenderTarget 对象ኧ多重渲染目标（multiple render target）ăཚܠࡗ

ዘකణՔǈׇৠᅜԥْܠකڟೡ࿋ฉǈժڟׯࢇፌዕڦၟዐă（ᇸ࿔ॲǖ

src/renderers/WebGLRenderTarget.jsă）
• THREE.EffectComposer ૌํ၄କᅃ߲ڢܠකთ࣍ăኄ߲对象Ԉࡤᅃ߲ई߲ܠ渲染工序

（render pass）对象ǈ்ࣷԥᅈْۙᆩઠႜׇৠකăᅃ߾ڢႾۼᆛᆶݡ࿚ኝׇ߲

ৠᅜतฉᅃ߾ڢႾتׂิڦၟຕڦ၌ǈܸٗᅃօဦࣅၟă

THREE.EffectComposerǈᅜत๑ᆩઠํ၄ڢܠකڦ๖૩ǈᅜሞ Three.js ڦణዐײ߾

examples/js/postprocessing/ ࢅ examples/js/shaders/ ࿔ॲॄዐቴڟă៓બኄၵణǈేॽࣷ݀
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၄ᅃ߲تࢫ༬ၳڦԐੰă

4.7.2　延迟渲染

்ምઠੂੂଷᅃዖක݆ݛǖ延迟渲染（deferred rendering）ăኟසഄఁǈኄዖ݆ݛڟ

ཚࡗփཞڦઠᇸऺ໙ፌዕڦၟࡕǈ֍ӝኄ߲ࡕකڟ WebGL canvas ฉăᇑڢܠ

කჄකᅃׇ߲ৠǈփ߀ၟǈፌዕްڟ WebGL canvas ዐփཞǈჽකሞ

ຕǈժሞথူઠࡕ໙ऺڦઠणጣഗ（৽࿖ཌྷ）؋࣐߲ܠ๑ᆩକ๔؛

໙ీऺࢅक़ئ٪ݯࡼݥ๕ݛઠऺ໙ၟኵǈኄዖࡕڦण๔؛ዐǈ๑ᆩڦ

૰ǈڍᄺᅜظሰ܈ߛኈํࡕၳڦǈᆮഄ对ᇀ࠼၍ࢅᅽᆖتڦă֖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 ࢆකీ૰ă்କକසࢅࣼݴևٷڦࠃ༵

๑ᆩᇨዃڦबࢆႚጒૌઠظॺ 3D ૬ݛ体Ăྪ֖߭ࢅຕڦࣅफႚă்༪ஃକ Three.js
ዐᆩᇀፇኯްሗׇৠׇڦৠࢅक़Վ࣑֫पࠓă்ൕํ७କዊĂ࿖࠼ڨࢅă

ፌࢫǈ்କକՊײጣഗߛࢅपڦකरຍǈසتࢫࢅჽකසื༵ࢆ视

ăThree.jsڦ܈ײኈํڦࣅ ॽഽڦٷႚت༬Ⴀᅜ०ڇᅟᆩڦੰڦႚ๕༵ࠃઠăኄၵ

ీ૰ࢇ WebGL ඇևڦڟၙࠕ்ీॺظࠕీࢭ்बڥᇱิీ૰ǈ๑ڦ 3D 视ࣅ

ăࡕၳ
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ڦǈৢༀࢫᅜࣃۯၟăᆶକڦՎೡటฉ߀ᅪ࿆ጣໜጣ้क़ࣃۯ 3D ׇৠ৽ᆶକิంă

๚ኻᆶڦᄲਦࣃۯ๕ǈፌዕǈݛڦฉ对࿚༶ॺఇ߁रຍᅜतٗڦࣃۯᆩᇀܠᆶ࠶

ᅃॲǖඟၟᅎۯă

WebGL Ԩวժுᆶ对ڦࣃۯᇱิኧă࠶සُǈWebGL API ሎႹ்ᅜ܈ࢅ૰ీڦ

ٳߛ 60 ኡ௱ڦೕ୲කްሗڦႚժႪ߀்ǈժሎႹ்ᅜܠዖݛ๕ํ၄ 3D ాࣃۯ

ඹăࢇ၄៓پબഗ对ሏႜ้ॐ߀ڦࠓǈኄၵࣃۯᅜᇑᄻ面ฉڦഄᇮފබࢇă

Վ߀ᅜᆩᇀࣃۯ WebGL ׇৠዐڦඪᅪᇮǖՎ࣑ĂबࢆႚጒĂ࿖ĂዊĂࢅ࠼ڨ၎

ऐă体ᅜᅎۯĂገĂฦईᄂࡆगሏۯǗबࢆႚጒᅜྖ൸Ă౦൸ईኁՎׯഄႚ

ጒǗ࿖ᅜᅎۯĂݣĂገۯࡐࢅǈईኁໜጣኡՎࣅႪ߀ഄၟۅǗዊჿĂ面

ՎጲวჿǗ၎ऐᅜ߀ᅜतۯᅜຮĂᅎ࠼ڨǗࣅᅜໜጣ้क़Վۼڪ܈Ăཪ࠼ߛ

ᅎۯĂገઠظॺૌຼۉᆖࡕၳڦăࣃۯᆶ၌ڦీă

ሞԨቤዐǈ்ࣷჺ৯ܠዖࣃۯरຍǈᅜतᆩᇀํ၄்߾ڦਏੰࢅăኄၵरຍएᇀۉᆖ

ăWebGLຕბஃኤኧڦ७ǈժᆯჹ߭ํڦܠጱᆴဥႜᄽۉࢅ ዐࣃۯڦᅃ߲݀ቛዐ

๑ᆩăThree.jsࢇंڦӄݛዖփཞܠ༑ภतڦଶᇘǈᅜ்ڦ تںࡻࠕକీࠃ༵

ևݴ๑ᆩׇৠ߾ࣃۯڦਏă்ᄺࣷჺ৯ଷᅃ߲ਸᇸੰĊĊTween.jsăTween.js ᅃ߲ၭ

േᅟᆩڦĂᆩᇀظॺ०ੰڦ܉ࡗڇăܸኄၵ࣏远远փፁǈසڦేࡕᆌᆩๆްݴሗǈఫే

ీႴᄲظॺేጲमࣃۯڦᆅă

ॺظ WebGL ࣷሞԨቤዐႜၘဦถă߁ǈኄၵ߁߲ܠඹภतᅜူᅃ߲ईాࣃۯ

• ๑ᆩ requestAnimationFrame() ઠൻۯሏႜთ࣍ă

• ሞْሏႜთ࣍ኴႜࢪ้ڦǈᅜՊݛײ๕߀Վ视体ڦຌႠăኄᆩᇀظॺ०ۯڦڇ

ईഄຌႠᅜ๖ྺၠݛ࿋ዃĂڦፖՔዡገăሞᅃ߲体߲ڇǈස๑ᅃ߲体ජࣃ
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ڦڇઠຫǈኄፌ०ڦᆶᆩăጺݥຕ้ǈኄၜरຍᄺࡧڦᇀగ߲Վଉ（૩ස้क़）࠲

๑ᆩׇৠăڦᆶ၌ݥৈ၌ᇀڍरຍํ၄ǈࣃۯ

• ๑ᆩ补间（tween）ઠํ၄ຌႠٗᅃ߲ኵڟଷᅃ߲ኵڦ平ࣂՎࣅăցक़ݥࢇᆩઠํ

၄ᅃْႠڦ०ࡕၳڇ（૩සǈॽᅃ߲体ٗᅃ߲࿋ዃᄂ၍ᅎڟۯଷᅃ߲࿋ዃ）ă

• ๑ᆩ关键帧（keyframe）ǈڦຕࠓ๖କᅃဣଚᄂ้क़ዡಇଚڦොኵǈժԈࡤ

ᅃ߲ᆩᇀิׯ平ڦࡕၳࣂ插值（interpolate）ऺ໙ᆅă࠲॰ኡᆩᇀ平ᅎĂገĂ

ڦॺᅃဣଚظዐࣃۯ॰ኡሎႹ்ሞᅃْ࠲ăࣃۯإएڦຌႠڦڇ०ڪᅜतዊჿݣ

   ă܉ࡗْڇڦଷᅃ߲ኵڟᅃ߲ኵٗǈܸփၟցक़ఫᄣኻኧ܉ࡗ
• ᄂ路径（pathǈᆩۨࢽᅭڦ൸၍ई၍）ᅎۯ体ǈएᇀࠅ๕ईᇨۨᅭڦୟ০ຕઠظ

ॺްሗڦᆶऐሏࡕၳۯă

• ๑ᆩ变形目标（morph target）ǈཚࡗኝࢇᅃဣଚ၎܀ࢻ૬ڦႚጒǈํ ၄对बࢆႚጒڦՎႚă

ኄᅃၜߛपڦᆩᇀ၄面և൧ईݥ०ڦڇටڦࣃۯरຍă 
• ๑ᆩ蒙皮（skinning）ઠएᇀሏࠡڦۯỞ对बࢆႚጒႜՎ࣑ăኄํ၄ටࢅࣃۯഄ

ްሗႚጒڦࣃۯᆫံስă

• ๑ᆩ着色器（shader）ઠໜጣ้क़߀Վۅۥ࿋ዃၟࢅኵăగၵ้ࢪǈᅃ߲Ⴔࣃۯڦ

๑ᆩࡻपईၟपႜऺ໙ǈኄၵऺ໙ፌۅۥएᇀࡻፌࡕၳ GLSL ઠํ၄ăጣഗཞ้

ᅜᆩᇀഄरຍߛڦႠీํ၄ǈ༬՚Վႚࢅೄǈසࡕᆩ CPU ઠتǈࣷࡼݥ

໙ăऺݯ

ሞᅃ߲ᆌᆩዐǈཚࣷ๑ᆩኄၵ݆ݛዐڦᅃዖᅜฉǈईኁඇևă对ᇀၜरຍᆌᆌᆩ

ᇀన߲ਏ体ׇڦৠǈժுᆶᅃ߲ᆘႠۨࡀڦǈ࠶ഄዐగၵ对ᇀ༬ׇۨڦৠࣷ߸ेࢇă

ཚरຍڦስൽਦᇀׂ୯Ǘ૩සǈසׯܓཷڦేࡕᇵዐுᆶยऺǈఫᆯᅃ߲ײ

Ⴞᇵઠ๑ᆩپஓิࣃۯׯᄺႹࣷ߸ඹᅟăഄ้ࢪǈൽਦᇀ߲ටೋࡻă3D ᅝຍࣃۯ

ăࢇڦײ߾ǈᄺิׂᇑࢇፇڦბࢅ

5.1　使用requestAnimationFrame()来驱动动画

ሞമ面ڦቤবዐ்ᅙঢ়କڟසࢆ๑ᆩ requestAnimationFrame() ઠኧᆌᆩڦሏႜთ

ǈኄᅃ߲࣍ Web ៓બഗኧڦԲডႎڦ APIă

requestAnimationFrame() ࡗǈඟཚڦยऺణڦ JavaScript ڦۯஓൻپ Web ᆌᆩీࠕᆶ

ᅃዂĂ੍ڦ视ਥၳࡕăԈઔ DOM ᇮՎࣅĂքਆۙኝĂ๑ᆩ CSS ǈईए߀ᄣ๕Ⴊڦ

ᇀ Canvas ࢅ WebGL ኄᄣࣼڦ API ()ႚărequestAnimationFrameڦॺظ ፌራ၄ሞ

Firefox 4 ዐǈժፌዕԥඇև៓બഗথăMozilla ڦ Robert O’Callahan ᇱံྺକლቴᅃ

ዖԍኤ៓બഗాॺၳࡕ（ස SVG ई CSS ڦࢽᇑᆩ（܉ࡗ JavaScript ă݆ݛڦஓཞօپ

ٗമǈWeb ᆌᆩ๑ᆩ定时器（timer）ઠ੦ᄻ面ాඹࣃۯڦǈཚࡗ setTimeout() ई

setInterval() ኄଇ߲ࡧຕăໜጣ Web ᆌᆩਸ๔Ԉࡤ߸ްሗࢅࣃۯڦࢻǈኄዖ݆ݛ၂

ሦᇜକᅜူᅃၵ࠲॰࿚༶ă

• ้ۨഗᅜยዃ࢛ۨڦࡻ（ईీথ近）क़߰ઠۙᆩ࣮ۙࡧຕǈஃޏࣼႚڦ

ፌॅ้ऐă

• ሞ้ۨഗ࣮ۙዐኴႜڦ JavaScript क़ዡཞօ（ස้ࣃۯڦஓ݆ᇑഄ៓બഗऺ໙ׂิپ
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SVG ई CSS ă（܉ࡗ

• ஃᄻ面ईՔധᄻޏ见ǈई៓બഗش口ޏԥፌၭࣅǈ้ۨഗࣷۼԥዘްኴႜǈኄ

ࣷሰׯയሞࣼڦጨᇸષݯă

• JavaScript ᆌᆩپஓփኪڢ၂๖ഗڦຘႎ୲ǈᅜኻీዷں࠵ยۨऺ้ഗक़ኵă૩ස

ॽഄยዃྺ 1/24 ௱ǈఫ๑ᆩ 60 Hz ຘႎ୲၂๖ഗڦᆩࢽॽ݆ߌڦୁڟ视ਥၳ

ॽኄ߲ኵยዃྺేࡕǗසࡕ 1/60 ௱ǈఫሞຘႎ୲ডڦگ၂๖ഗฉǈే৽ݯࡼକྔܮ

ڦ CPU ጨᇸઠࣼᆦ远փࣷԥ၂๖ాڦඹă

requestAnimationFrame() ԥยऺઠਦᅜฉᆶ࿚༶ă࣮ᅬᅃူമबቤڦ૩ጱǈ்ڦሏ

ႜთ࣍ૌຼᇀᅜူኄዖႚ๕ǖ

    function run() { 
 
         // ൩൱ူᅃኡࣃۯ 
          requestAnimationFrame(run); 
 
         // ഔࣃۯۯ 
         animate(); 
 
         // කׇৠ 
         renderer.render( scene, camera );

ጀᅪǈۙᆩ requestAnimationFrame() ้ுᆶد้क़ኵă்ுᆶኸۨ៓બഗሞగ߲ਏ体

้क़ईक़้߰ۙᆩ்ࣼࢅࣃۯڦپஓǈ்ኻߢ໕在页面再次呈现的时候调用ăኄ

้ऺࢅഗ࠲ڦ॰൶՚ă๑ᆩକኄዖݛ๕ǈ៓બഗ৽ీሞాևዘࣼዜۙࢪ้ڦᆩᆩࢽ

࣏બഗ៓ړᆩăۙڦݏईփೕݏᅃǈ៓બഗᅜӀቷႴႜೕڼăتࡻஓăኄᆶब߲پ

ᆶፁڦࠕှ้क़้ǈᅜጣ༵ߛኡ୲ઠߋฉ၂๖ഗڦຘႎ୲ă၎ݒǈසࡕᄻ面ईՔ

ധᆆ֠କǈईኝ߲៓બഗፌၭࣅକǈᅜ३ณ࣮ۙࡧຕڦኴႜْຕǈᆫۉࣅసईยԢڦ

ጨᇸ๑ᆩăܾڼǈ៓બഗᅜ಼ଉتᆩࣼࢽ֡ፕǈܸٗ३ณࣼೡటْڦຕǈবูጨ

ᇸăڼෙǈሞ requestAnimationFrame() ዐኴႜڦᆶࣼپஓፌዕࣷᇑഄࣼ֡ፕ（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

ฉඇև៓બഗڦᆶӲԨኧǈ࠶ኧ៓ڦબഗᅙঢ়ሁઠሁܠăཞ้ǈሞٗᅃ߲

៓બഗํڦᄓႠీࠀኈኟ݀ቛڟ W3C ॺᅱڦ࿘ۨӲԨײࡗڦዐǈ߳៓બഗራํ၄ۼڦ

ኄ߲ࡧຕټڦຳᆶമጘӲԨă႞ࡻ்ᅜ๑ᆩᅃ߲ᆯ Google ײ߾ Paul Irish ॺظ

ڦ polyfillăپஓස૩ 5-1 ๖ǈేᄺᅜሞԨກڦ๖૩࿔ॲ libs/requestAnimationFrame/
RequestAnimationFrame.js ዐቴڟኄپஓăࣷሞᆶ៓બഗӲԨዐლቴኄ߲ࡧຕڦ

ኟඓఁํ၄ǈසࡕቴփڟǈሶጲۯইपڟ௱ 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܁ኁईႹփକ polyfill ኄَ߲ڇǈኸᆩپஓ（ཚ JavaScript）

ઠํ၄៓બഗዐுᆶ༵ీࠀڦࠃăpolyfill ཚᆩሞփኧႎీࠀईํᄓႠ

ײ߾ࡔᆯᆈَڇӲԨ៓બഗዐăኄ߲ڦీࠀ Remy Sharp ࡕăස༵

ၙକ߸࠲ܠᇀኄ߲ڦَڇԝৠतઠᇸǈ൩៓બ Sharp //:ձਜ਼࿔ቤ（httpڦ

remysharp.com/2010/10/08/what-is-a-polyfill/）ă

requestAnimationFrame() ஓኮമ৽൩൱କپࢽ॰ඓණేሞኴႜഄᆩ࠲ᅃ߲ڦሏᆩࠀׯ

ူᅃኡǈኟසራံ்ሞቛ๖ڦࡗሏႜთپ࣍ஓೌዐፔڦఫᄣăኄ对ᅴتݥዘ

ᄲăසేࡕሞࡧ࣮ۙࣃۯຕዐൻڦేۯኝ߲ 3D ᆌᆩǈܸپஓሞ൩൱ူᅃኡኮമׂิକᅃ

߲ᅴǈేڦኝ߲ᆌᆩ৽ࣷࠬۖăܸසేࡕሞፔഄ๚൧ኮമံ൩൱କူᅃኡǈఫ

ณ࣏ᅜԍኤײႾڦჄሏႜăन๑ഄևิׂݴକٱဃǈᆌᆩڦᅃևݴᄺ߾ࠕీ࣏ፕժ

ዘࣼᇮă

5.1.2　requestAnimationFrame()和性能

࠶ requestAnimationFrame() 对ࣃۯႠీᆶ૧ǈڍᄺႴᄲၭ႐๑ᆩăස៓ࡕબഗ௱ 60
ْۙᆩే࣮ۙڦǈేႴᄲԍኤኄ߲࣮ۙኻႴݯࢾ 16 ڥਥࣷࢽሶᆩޏक़ǈ้ڦ௱ई߸ณࡹ

ᆌᆩ฿ඁକၚᆌăᅺྺڦే 16 ࣼڦǈᅜేՂႷీ३ณ֡ፕǈኻፔՂႴ܌௱ࡹ

Ⴊ߀ăᆫႯڦ 3D ᆌᆩईႹႴᄲ୯ࢇ๑ᆩ้ۨഗĂworker ᅜत CSS Վ࣑ᇑࣃۯڪ܉ࡗ

रຍǈઠํ၄ీଳ௺Ăഽٷतگጨᇸᆩࡕၳڦă

requestAnimationFrame() ᅜຫ HTML5 ᆅڦᅃ߲ፌዘᄲڦ༬Ⴀă࠲ᇀ

ኄ߲ࣆ༶ǈԨবኻፔକٚݥڦ༑༪ăᆶܠᆫႯڦሞ၍ጨᇸࠃ்߸

࿔ቤĂڦ࠲ଉ၎ٷڟຕఁઠǈేࣷቴࡧକăሞྪஏฉ๑ᆩኄ߲ںࡻ

ԝৠጨଙĂᆅڞ࿔ቤĂ༵๖ࢅਧ്ǈᅜत对ഄํ֫ڹ၄ڦă
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5.1.3　基于帧的动画和基于时间的动画

ራऺ໙ऐࣃۯဣཥၳݠକኮമۉᆖዐڦरຍǈჄሞೡటฉቛ၄ৢༀၟ（සࡕ

ሞएᇀ๐ଉڦႚዐǈఫ৽ײႾิڦׯᅃဣଚ๐ଉ）ă߲ኄᄣڦೌԥྺᅃ帧

（frame）ă૦๏ฉǈۉᆖᅜ௱ 24 ቧೌڦ܈ಆฝݣࢅᆙڦǈᅜ帧率（frame rate）
ྺ௱ 24 ኡăኄ߲܈ሞگଋۉڦူ܈ᆖೡటዐፁࠕକăڍǈሞऺ໙ऐิࣃۯׯत 3D
ᆴဥڦ๘হǈ்ీִࠕਥࢅ体ࣷݴߛ߸ڟՐ୲ڦ٪ሞǈڟߛ 30 ኡ௱Ă60 ኡ௱ई߸

ဣཥǈ૩සࣃۯܠසُǈႹ࠶ăߛ Adobe Flashǈፌਸ๔֑ᆩକ 24 ኡ௱ڦ܈ǈᅺ

କǈFlashࣅକăణമǈኄ߲ኡ୲Վ࠹ਸ݀ኁᅙঢ়သࣃۯڦཥدྺ ᅜፌߛኧ 60 ኡ

௱ǈڍොኡ߁ڦᅈሞăኄዖॽࣃۯፇኯྺᅃဣଚොኡڦፔ݆ԥྺ基于帧的动画

（frame-based animation）ă

एᇀኡࣃۯڦᆶᅃ߲ჹዘڦඍۅǖᅺྺࠦۨକਏ体ڦኡ୲ǈᅜࣃۯᅜඓԍࣃۯփࣷ

Բᇨံยዃڦኡ୲ߛǈनՍۉసᅜኧڦߛ߸ኡ୲ăኄ对ۉᆖઠຫுᆶ࿚༶ǈᅺྺ၎࠲

ᆘॲሞኝ߲ᄽহۼᅃዂڦăܸǈሞऺ໙ऐࣃۯዐǈႠీࣷᅺྺยԢڦՎࣅᆶֶٷ

՚ăසظేࡕॺڦ 24 ኡ௱ࣃۯڦǈۉేڍసೡటڦຘႎ୲ྺ 60 Hzǈే৽฿ඁକᇱԨ

ᅜੂܠ߸ڦڟဦবǈᅜत߸ୁڦխݣ体ᄓă

ଷᅃዖԥྺ基于时间的动画（time-based animation）ڦरຍਦକኄ߲࿚༶ăሞएᇀ้

क़ࣃۯڦዐǈᅃဣଚ๐ଉႚথڟ༬้ۨڦक़ۅฉǈܸփሞᅙኪኡ୲ူڦగၵਏ体

ኡăᅺُǈऺ໙ऐᅜ၂๖ኄၵೌǈժሞഄዐे֭ኵǈీߛೕں၂๖ፌڦࡻೌ

ǈሞْሏႜთࣃۯڦ૩ጱዐǈ்๑ᆩକएᇀ้क़ڦăሞኮമቤব܉ࡗڦࣂतፌ平ࡕၳ

()ዐǈanimate࣍ ă܈क़ֶǈժ๑ᆩඁऺ໙ገঙ้ڦമᅃኡኮक़ࢅമኡړຕऺ໙କࡧ

Ԩቤतথူઠबቤڦᆶ૩ጱۼ๑ᆩएᇀ้क़ࣃۯڦăᅜ࠶ኡ（frame）ኄَ߲ڇሞ

requestAnimationFrame() ఁڦፌࢫǈڍཞᄣᆩᇀएᇀ้क़ࣃۯڦă

5.2　使用程序更新属性的方式来构建动画

ణമྺኹǈሞڟ WebGL ׇৠዐഔۯᅃ߲ڦࣃۯፌ०ݛڇ๕Պႀپஓǈሞሏႜთْ࣍

ኴႜࢪ้ڦ߸ႎగ߲体ڦຌႠኵă்ሞമ面ڦቤবዐᅙঢ়ੂࡗ၎ᆌڦ๖૩ă்ཚࡗ

ڦ体ݛ૬߀߸ rotation.y ຌႠઠገڼ 3 ቤዐڦ Three.js ૬ݛ体ăᄺ৽ຫǈሞᅃኡዐ

்ۯༀںႪ߀କ体ජ y ዡڦገঙ܈ăඟ்ዘ࿒ᅃူኄپஓǖ

    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 ᆩᇀऺ໙एᇀ้क़ڦገࣃۯ၎࠲ኵăሞኄ
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߲๖૩ዐǈ்ྭ૬ݛ体ᅜ௱ዓገᅃዜڦ୲ජ y ዡገăْऺ໙ઠڦঙ܈ኵ

（angle Վଉ）ኝ߲ገڦײࡗᅃ߲ݴଉǈኄ߲ଉࣷԥેेڟ૬ݛ体ړമڦ rotation.y ຌ

Ⴀฉă࣮ၙᅃူǈገሞ Three.js ዐᅜ܈ࢷǈनڇ࿋ᇶฉڦਐڦႚ๕ઠ๖ڦǗᄺ৽

ຫǈMath.PI * 2 ᇀገᅃዜ（360ڪ ă（܈

ኄ߲߁ᅜჽฦׇߴڟৠዐڦඪᅪ۫ဇཁेࣃۯǖ࿋ዃĂገĂݣĂዊჿĂཪ

๑ᆩࡗǖཚڦኮྔǈํाฉྜඇཚᆩُأăڪڪǈ܈ JavaScript ஓઠ߸ႎຌႠǈپ

்ᅜႜඪᅪऺڦ໙߸ႎăຕბࠅ๕ĂքܻஇडĂཥऺኵĂຕୁĂํ้ߌدഗڪ

रຍǖڦᆶᆩݥଶᇘઠຫᅃၜࣅຕ视ࢅăᅺُኄ对ბࣼࣃۯۯᅜᆩઠൻۼ

ᅜᆩᇀ௮ࣼᄞဣĂࢅײࡗጲ၄象ǈᄺᅜᆩઠቛ၄้Ⴞ႑တĂཥऺݴဆĂں

ຕĂྪበୁଉᅜतഄۯༀڦຕൻڦۯ႑တăሞᅼૂ视ࣅኄૌऄೣڦᇏૂႠᆌ

ᆩظڦॺዐᄺᆶ၄ă

 5-1 ௮ࣼକ Ellie Goulding’s Lights ິࠅپยऺࢻڦࡔગ๘হǈኄᅃ߲ᆯᆈ࠽ڦ

Hello Enjoy ਸ݀ڦ WebGL ᅼૂ视ࣅၜణăኄ߲ၜణᅙঢ়݀քକ၎ړᅃ้क़ǈڍᅈ

ᅜ໙ፕᅃ߲ݥᆶ؋ऍ૰ڦፕă࠼ڨ༺௶ǈᡩ႓࿂ڨሞׇৠዐ௮ࣼጣ൸၍ǈ֒

ڦᇶ൰ໜჿՎࢮ࣑ᆆࢮ၄ǈ༑ቷކڨںገǈڰႚڦഘ൰ٗ֒ഐںڦޚ面ฉቢ

Ⴞײᆯۼࡕၳڦ视ਥฺᄑǈժᆶڦবಆăኄᄢᄅڦໜጣᅼૂۼĊĊᆶኄၵݣ

ऺ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() ሞْሏႜთ݆ݛ

߲对象ۙᆩڦԥۙᆩăᆌᆩᅈْ对ׇৠዐۼࢪ้ڦኴႜ࣍ update() ஓೌپڦăူ面݆ݛ

ઠጲ LIGHTS.StarManager.update() ă႓႓ԥࣃۯڦᆩᇀ੦ԝৠ႓႓݆ݛǈኄ߲݆ݛ

කྺᅃ߲ THREE.ParticleSystem 对象ዐڦ૭ጱඖăᆩٚ体Քپڦஓႜቛ๖କ߲႓႓ڦ

RGB ჿኵසࢆໜጣ้क़ܸՎڦࣅǈᅜतཚࡗᅃ߲ປ३ᅺጱࢅൽᇆሏ໙ޙ（%）ઠظሰ



3D动画   ｜   87

ăࡕၳڦຮ

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; 
},

࠶ᅜՊݛײ๕ํ၄ݥࣃۯڦଳऄࢅഽٷǈڍڦਆ၌Ⴀධփඹࢮ视ăႴᄲྺۯ

߲ၳࡕՊႀپஓǈᅺُසࡕᄲႜܠዖփཞૌ႙体ࣃۯڦǈॽࣷݥ૰ăཞᄣǈ၎

Բഄຕൻ݆ݛڦۯǈසցक़࠲ࢅ॰ኡ（ฎࢫॽࣷຎኄၵ߁）ǈᄺ߸ྺްሗăፌࢫǈ

ॽײႾᇵܸփᅝຍॆӦሞକํ၄ၳ࠲ڦࡕ॰࿋ዃǈܸظፕၙڦ视ਥၳࡕኄၜ߾ፕईႹ

߸ࢇᅝຍॆઠፔăփ࠶ሹຫǈՊํײ၄ࣃۯڦᅈᅃ߲ྺׇৠཁेଳڦࡕၳۯĂ

ܸ०ڦڇᆫႯݛӄǈํ၄ࡕၳڦᄺᅜๆݴටǈኟස Ellie Goulding’s Lights ዐఫᄣă

5.3　使用补间来进行动画过渡

ႹࡕၳࣃۯܠԲഐᆩײႾሞْሏႜთ࣍ዐऺ໙߸ႎǈ߸ࢇᆩᅃ߲ຕࠓઠ๖ăᆌ

ᆩ༵ࠃᅃဣଚኵ้ࢅႾǈᅜतᅃ߲ᆩᇀऺ໙ኡຌႠኵڦᆅăኄዖຕൻྺ݆ݛڦۯ

补间（tweening）ă

ցक़ኸڦऺ໙ᅃ对ኵዐक़֭ڦഄຕኵײࡗڦăᆶକցक़ǈࣼࣃۯኁኻႴ༵ڦࣃۯࠃ

ഐ๔ኵࢅຐኵǈᆩᇀ้ࣃۯक़ײࡗዐڦዐक़ኵ（ցक़）ᆯᆅጲऺۯ໙ิׯăցक़ํ၄

ᆯᅃ߲ጒༀൎڟ࣑ଷᅃ߲ጒༀڦᅃْႠ०ྜڦࣃۯڇெስǈසۅऍՔᅎۯᅃ߲体ă

5.3.1　插值

ցक़ཚࡗᅃၜԥྺ插值（interpolation）ڦຕბरຍઠํ၄ă֭ኵኸڦएᇀᅃ߲Քଉ

（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 ዐڦ๖૩ǈ்ᅜੂ֭ڟኵ P(u) = 0.4ăኄፌ०ڦڇĂԥྺ线性插值（linear 
interpolation）֭ڦኵ݆ݛǈᅺྺᆩઠऺ໙֭ኵࡧڦࡕຕၟᅜ௮ࣼྺᅃཉ၍ăഄ

߸ްሗ֭ڦኵࡧຕǈසᄣཉ（ᅃૌ൸၍）ܠࢅၜ๕ǈཞᄣԥݘ࠽ᆩᇀࣃۯဣཥዐă்ฎ

ăࣃۯڦॽࣷକएᇀᄣཉࢫ

图 5-2：线性插值；转载已被许可（另见彩插图 5-2）

֭ኵԥᆩઠऺ໙ 3D ࿋ዃĂገĂჿĂՔଉኵ（૩සཪ܈）ڦڪցक़ă对ᇀᅃ߲Ԉ

ኵǈ૩සڦݴևׯፇ߲ܠࡤ 3D ၠଉǈ၍Ⴀ֭ኵցक़ཚऺࡗ໙ᅃ߲ݴଉڦցक़ܸڟڥă

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
ጲႜํ၄०ڦڇցक़ݥඹᅟڦ๚ă࠶සُǈేړႴᄲݥ၍Ⴀ֭ڦኵࡧຕǈईኁഄ

ၟڏ / ሗକăేްڥǈ࿚༶৽Վ้ࡕၳڦดࢾኄૌ（ǈ३ཽेࣃۯ）ڏ

Ⴔᄲᅃ߲၄ੰڦׯǈܸࠓݥሰጲमڦցक़体ဣăTween.js ᅃ߲ୁႜڦਸᇸցक़ཚᆩੰǈ

ፕኁ Soledad PenadésăԥᆌᆩሞႹୁܠႜڦ WebGL ዐǈԈઔײ߾ RO.MEĂWebGL 
Globe ᅜत Mine3DĊĊঢ়ڇۆටᆴဥ Minesweeper ڦ Web Ӳă

࿔ॲ Chapter 5/tweenjstweens.html ዐڦ๖૩Ԉࡤᅃ߲ᆩᇀ֪ Tween.js ߳ၜၜڦ෭࢈ă

 5-3 ๖૩ڦপă෭࢈૧ᆩ Tween.js ྺᅃ߲面ཌྷڦ૬ݛ体ཁे߳ዖՎ࣑ǖ࿋ዃĂ

ገĂዊჿᅜतཪ܈ă෭࢈হ面༵ࠃକᆩᇀۙኝցक़้ࢅჽ้（ցक़ਸ๔ኮമཕ

Ăᆩᇀഔᆩࣂڦ（क़้ڦܙ / ্ᆩ߳ዖցक़ްڦǈᅜतᅃ߲ᆩᇀࠎցक़ޏთ࣍

ၜǈ்ॽሞူᅃবᇎᅜຫăڦຕࡧۯ࣐ᆶᅃ߲ᆩᇀ੦࣏ၜăُྔڦ（Ⴤዘް）

ేᅜۙኝփཞڦၜઠੂੂ்ස߀ࢆՎၳڦࡕă
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图 5-3：利用 Tween.js 控制过渡动画

Tween.js અܠǈժڇ०ݥᇕ݆ڦᅟᆩăݥ JavaScript ᇕჾԨวܠڦༀႠǈ்

ᅜ૧ᆩएԨ၎ཞࡧڦຕۙᆩݛ๕对ඪࢆຌႠႜႪ߀ă࣏๑ᆩକૌຼ jQuery ๕ۙᆩ૾ڦ

ᇕ݆ǈ๑ڥኝ߲ٳ๕ੂഐઠๆݴ०লăඟ்ઠੂੂ૩ 5-3ǈቛ๖କ playAnimations()

ᅃ߲ցक़ă݀ةຕ৽ԥۙᆩઠࡧǈኄ้߲ࣅᅃ߲ຌႠ݀ิՎړǈݴᅃևڦஓپຕࡧ

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.TweenăႴᄲᅃ߲֖ຕǈኄ߲֖ຕ๖ԈࡤႴᄲႜցक़ڦຌႠڦ

对象ă

• to()ăႴᄲᅃ߲ۨᅭցक़ణՔຌႠኵڦ JavaScript 对象ǈᅜतᅜࡹ௱ྺڇ࿋ۨᅭڦց

क़้ă

• interpolation()ǈᅃ߲ᆩᇀۨᅭ֭ኵૌ႙ڦ݆ݛăڦఐණኵ၍Ⴀ֭ኵ（TWEEN.

Interpolation.Linear）ǈᅺُሞ๑ᆩ၍Ⴀ֭ኵࢪ้ڦǈኄ߲ۙᆩᅜูă

• delay()ǈᅃ߲ᆩᇀሞցक़ਸ๔ኮമ֭ჽڦ݆ݛă

• easing()ǈᅃ߲ᆩᇀۨᅭࡧۯ࣐ຕ（ሞူᅃবຫ）ڦ݆ݛă

• repeat()ǈ ᅃ߲ᆩᇀۨᅭցक़ዘްْຕڦ݆ݛ（ఐණྺ 0）ă
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• start()ǈਸ๔ցक़ă

ጀᅪኄၵ݆ݛᄺᅜݴਸۙᆩă߲ցक़ĊĊ࿋ዃĂገĂዊჿᅜतཪ܈ĊĊۼ

ᅜཚࡗૌຼݛڦ๕ยዃăTween.js ሞᇀేኻႴၠتኮٷഽڦ to() ຌႠڦࣅՎิׂࠃ༵݆ݛ

ኵǈܸႴ对象ڦᆶຌႠኵă૩සᅃ߲ৈ߀Վජ y ዡڦገኵڦገցक़ǈᅜཚࡗස

ူႚ๕ઠࠓॺǖ

             rotationTween = 
 
                 new TWEEN.Tween( group.rotation ) 
                  .to( { y: Math.PI * 2 }, duration * 1000) 
                 .interpolation(interpolationType) 
                 .delay( delayTime * 1000 ) 
                 .easing(easingFunction) 
                 .repeat(repeatCount) 
                 .start();

ցक़ԥظॺժഔۯኮࢫǈ்Ⴔᄲඓԍ Tween.js ሞ߲ࣃۯኡዐࣷۼ߸ႎăኄᅃօᆯᆌᆩ

Ԩวሴኴႜǈᅺ்ُሞ run() ஓǖپຕዐཁेକူ面ኄႜࡧ

            TWEEN.update();

Tween.js ሞాևྼࢺକᅃ߲ඇևሏႜዐցक़对象ڦଚǈժᅈْۙᆩ்ڦ update() ݛ

݆ăupdate() ऺ໙ঢ়้ڦࡗक़ǈժߵࡧۯ࣐ຕĂჽ้ࢅዘްၜǈፌዕऺ໙ሞ to()

ǈᆩڦڇຌႠăኄᅃ߲ெૢĂᆫჯܸ०࠲മኵǈժॽഄޯᇎ၎ړڦຌႠኵڦዐኸ݆ۨݛ

ᇀظॺຌႠՎݛڦࣅӄă๑ᆩኄ߲ݛӄǈ்Ⴔምሞᅃኡዐۯ߸ႎຌႠኵă

5.3.3　缓动

ᆯᇀ体๔ዕႜሌՎࣅǈ๑ᆩ၍Ⴀ֭ኵڦएإցक़ׂࣷิᅃ߲ॻᆘܸփጲࡕၳڦă

ጲহዐڦ体ሏۯᇑُྜඇփཞǈ்ڦሏټۯᆶ࠹ႠĂۯଉĂे܈ǈڪڪăᆶକ

Tween.jsǈ்৽ᅜ૧ᆩాዃڦ缓动（easing）ĊĊᆌᆩᇀցक़ਸ๔ࢅຐݥڦ၍Ⴀ

࣏ਏă߾ᆫႯڦցक़ੂഐઠ߸ྺኈํڦేڥ๑ۯ࣐ցक़ăڦॺ߸ጲظຕĊĊઠࡧ

ᅜᆩᇀሞᆌᆩዐுᆶኝࢇᆅڦ൧ူǈ近ຼںఇెᅃၵၳࡕă

ۯ࣐ၜ๕ܠఁጴఫᄣǈڦăኟස்ࡕၳڦຕǈժጀᅪ்ࡧۯ࣐փཞڦዐ࢈ցक़෭

ຕࡧ QuadraticĂCubicĂQuartic ࢅ Quintic ຕઠࡧْࢅĂෙْĂ຺ْْܾࡗ՚๖ཚݴ

ํ၄ࡕၳۯ࣐ăܸഄࡧۯ࣐ຕ༵ࠃକኟ၀հĂڑཌᅜतၳࣟڑᆌă߲ࡧۯ࣐ຕᆩ

ᇀۯ࣐（ցक़ڦਸ๔）Ăཽۯ࣐（ցक़ڦຐ）ǈईኁଇኁۼԈઔă

ኵă૩ڦक़้߀ፕႪ֡ڦຕํाႜࡧۯ࣐ 5-4 ቛ๖କࡧۯ࣐ຕ TWEEN.Easing.Cubic ڦ

ᅃ߲ڦຕࡧۯ࣐ஓăኄ߲پ [0..1] ኵᇘฉڦຕኵ（૩සኝ߲ցक़้ڦᅃ߲ݴଉ）ă

ኄڦ k ሞࡧۯ࣐ຕዐԥႜକෙْتăᄺ৽ຫǈڦ k ኵሁၭǈ࣮ݓኵ৽

ࣷ߸ၭăփࡗǈړ k ڟٳኵڦ 1 ้ǈ࣮ݓኵᄺ 1ă

例 5-4：Tween.js cubic ຕࡧۯ࣐

 Cubic: { 
 
    In: function ( k ) { 



3D动画   ｜   91

 
        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ڦဦࡕׯă்༵ࠃକܸݘ࠽ഽײݛۯ࣐ڦٷǈԈઔ၍

ႠײݛĂْܾײݛĂ຺ْײݛĂኟ၀ࢅײݛኸຕײݛăPenner ԥٗᇱࡕׯڦ

๔ڦ ActionScript ӲԨገ߳ྺ࣑ዖᇕჾڦӲԨǈԈઔ JavaScriptĂJavaĂCSSĂ

C++ ࢅ C#ǈժԥኝࢇ jQuery ཚᆩፇॲዐăࣃۯڦ

ኟස்ڦڟੂ֍ݛఫᄣǈցक़ݥࢇᆩᇀظॺ०ڇժੂഐઠጲࡕၳڦăTween.
js ڦॺްሗظਸ๔ేړසُǈ࠶ăࣃۯڦሗް߸ׯথഐઠፇ૾ࣃۯڦሎႹేॽփཞ࣏

৽ಋฉࣃۯ॰ኡ࠲ǈࢪӄăኄ้ݛਦڦᆶᅃ߲߸ཚᆩࠕǈᅃۨထྭీࢪ้ڦଚܓࣃۯ

ᆩׇକă

5.4　使用关键帧来实现复杂动画

ցक़ݥᇀᆩઠظॺ०ࡕၳ܉ࡗڦڇă߸ްሗࣃۯڦཚࡗ๑ᆩ࠲॰ኡǈॽցक़߁ڦฉ

ืକᅃْ߲֫ă࠲॰ኡࣃۯԈઔᅃဣଚڦኵǈᅜतీ߳փ၎ཞڦኵᇑኵኮक़ڦक़้߰

क़ǈܸݥኸۨᅃ对ڇኵઠႜցक़ăጀᅪ关键帧动画（key frame animation）ኄ߲ຍᇕཞ้

ᆩᇀएᇀኡڦဣཥࢅएᇀ้क़ڦဣཥǈኄएᇀኡڦဣཥڦᅍାă

้ڦᅃ߲ኵଚăኵଚ๖ሞ၎ᆌ॰ࢅǖᅃ้߲क़（॰）ଚׯፇݴ॰ኡຕᆯଇև࠲

क़ࣷۅԥ๑ᆩڦຌႠኵǗࣃۯဣཥएᇀᅃ对॰ኮक़ڦक़้߰क़ኵऺ໙ցक़ă

ူ面پڦஓೌ（ઠጲᅃ्߲ၙࣃۯڦᆅ）ቛ๖କᅃ߲࠲॰ኡኵ֑ᄣ๖૩ǈኄၵຕ

ᆩᇀॽᅃ߲体࿋ዃߛժॽഄᅎڟۯ远၎ऐڦ࿋ዃࣃۯڦăሞᅃ௱ײࡗڦዐǈ体ሞ

മ 1/4 ௱ዐၠฉᅎۯǈሞࢫ 3/4 ௱ዐჄၠฉᅎۯժၠ远၎ऐڦ࿋ዃᅎۯăࣃۯဣཥሞ

മ 1/4 ௱ዐࣷऺ໙ۅ (0, 0, 0) ۅڟ (0, 1, 0) ኮक़ڦցक़ǈܸሞᇆڦ 3/4 ௱ዐࣷऺ໙ۅ (0, 1, 
0) ۅڟ (0, 2, 5) ኮक़ڦցक़ă



92   ｜   第 5 章

var keys = [0, 0.25, 1]; 
var values = [[0, 0, 0], 
               [0, 1, 0), 
          [0, 2, 5] 
              ];

ኵ໙֭ڦኵ໙݆ኄᄣ߸ްሗ֭ڦएᇀᄣཉ၍Ⴀ֭ኵ໙݆ǈᄺኧڦڇ०ኧࣃۯ॰ኡ࠲

݆Ǘ࣑ჾኮǈ๖࠲॰ኡڦຕۅᅜԥੂፕᅃ߲၍Ⴀࡧຕၟฉۅڦǈᄺᅜԥੂፕᅃ

߲߸ްሗࡧڦຕ（සෙْᄣཉ）ڦၟă࠶ցक़࠲ࢅ॰ኡ֑ۼࣃۯᆩକ֭ኵǈڍ்ኮ

क़٪ሞଇ߲ዷᄲڦփཞۅǖ࠲॰ኡࣃۯᅜԈࡤଇ߲ᅜฉڦኵǈփཞ࠲॰ኡኮक़้ڦक़क़

߰ᅜփཞăኄ๑ڥ߸ഽڥࡕၳڦٷᅜํ၄ǈժඟࣃۯᅜ߸ںࡻ੦ࣃۯă

5.4.1　Keyframe.js——一个简单的帧动画通用库

ሞბသ࠲॰ኡڦࣃۯ๖૩ኮമǈ்Ⴔᄲံණ๎ᅃ߲ᆩᇀኧኄၜरຍੰࣃۯڦă

Tween.js ཚࡗᆩܓࣃۯଚپ༺०࠲ڦڇ॰ኵ对ઠኧ࠲॰ኡࣃۯă࠶සُǈ࣏ණ

ྺኄᄣڦᇕ݆ᆶۅݑăܸሞ Tween.js ዐǈేᄺ݆߀ՎჄ࠲॰ۅኮक़้ڦक़क़߰ă

Three.js ํाฉ༵ࠃକాዃڦĂኧ࠲॰ኡࣃۯڦૌǈڍኄժփᆩᇀႀᅃၵ؛प

ڞǈዷᄲᆩઠኧࡕၳڦ JSONĂCOLLADA ᅜतഄ߭๕ڦ࿔ॲăᅃӯઠຫǈ࠲॰

ኡాඹԨᆯ 3ds MaxĂMaya ई Blender ኄૌՊड߾ਏথऺ໙ิׯǈܸݥۯՊႀăڍ

සࡕᆶᅃ߲ᅜඟײႾᇵݛՍںॽᅃၵ०࠲ڇ॰ኡথሞᅃഐڦ০ǈᄺམփڦٱă

ᆯᇀቴփࢇڟڦĂᆩᇀ WebGL ཚᆩੰǈڦӄǈՊႀକᅃ߲ጲमݛ॰ኡਦ࠲०ᅟڦ

Keyframe.jsă

Keyframe.js இड࣍ጒༀ（ਸ๔ĂཕኹĂთࣃۯăํ၄କଇ߲ૌǖᅃ߲ᆩᇀ੦ڇ०ݥ

ૌڦ（ڪ KeyFrameAnimatorǈᅜतᅃ߲ᆩᇀऺ໙ଇ߲࠲॰ኡኮक़ڦցक़ڦૌ Interpolatoră

ణമኄ߲ੰኻఐණኧ၍Ⴀ֭ኵăփࡗ Keyframe.js ሎႹײႾᇵ༵ࡧۯ࣐ࠃຕǈྺ்ُ

ᅜᆩ Tween.js ዐํ၄ڦᆫႯڦ Penner ਸ࿔ॲٶǈܸႴዘް݀ጱăײݛ Chapter 
5/keyframeanimation.htmlǈํाੂ࠵ Keyframe.js ᅃ߲සڟăేࣷੂࡕၳڦ 5-4 ዐڦপೡ

๖ڦᄻ面ă்ᅜੂڟᅃ߲远ᄝஶ၃ײࡗڦǖᅃ߲ၒጱໜጣྲྀथڦୁฉူഐޚǈཀ

ࢮࢮӁǈᇨ๖ጣԓޅᇐनॽڟઠăᆸՉڦ੦面ӱሎႹే߀Վ้ࣃۯक़क़߰Ăਸഔ /
ă࣍თޏࠎǈᅜतࣃۯڦԿփཞ࠲

૩ 5-5 ቛ๖କᆩᇀ੦ၒጱپڦࣃۯஓăံǈ்ظॺᅃ߲ KF.KeyFrameAnimator 对象ǈ

ժᆩኄၵ֖ຕઠ؛๔ࣅǖޏთ࣍Ă้ࣃۯ（ᅜࡹ௱ྺڇ࿋）Ăࡧۯ࣐ຕ（ᆩକ

Tween.js ǈᅜतޯᇎ（ڦ interps ֖ຕڦᅃ߲࠲॰ኡ֭ኵणࢇăኵڥጀᅪڦǈᇑ Tween.
js փཞǈኄ࠲ڦ॰ኡࢅኵଚǈܸփৈৈຕኵ对Ǘُྔǈփཞ࠲॰ኡኮक़ڦक़߰

ᄺփཞڦăߵ࿋ዃ֭ኵ（target:group.position）ၘڦ൧ǈၒጱሞ้ਗ਼ t = 0 ڟ t = 

0.2 ኮक़ၠፑമݛሏႜǈࢫტ࣮ݓഐ๔ۅ（t = 0.2 ڟ 0.25）ǈሞኄኮࢫტ

ዐ（t = 0.25 ڟ 0.375）ăሞ t = 0.5 ้ਗ਼ǈ࣮ڟ面ժူק（t = 0.5 ڟ 0.9）ǈፌ

ሞࢫ t = 1.0 ᇱ๔࿋ዃăጀᅪሞڟۯ้ࣤ Keyframe.js ዐǈ้क़ۅԥ๖ྺኝ้߲ࣃۯ

๔ዕሞྷݔൽኵڦଉǗᄺ৽ຫǈ்ݴᅃ߲ڦ 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

ኵႾଚǈᆩઠ੦ၒጱྷජ֭ڦᆶᅃ߲ᆩᇀገ࣏ x ዡڦൡၽăጀᅪኄֶ߲ኵႾଚࢅᆩᇀ

੦࿋ዃڦႾଚᆶփཞ࠲ڦ॰ኡຕଉǗኄᆶၳڦǈժᅜຫᅃ߲༬Ⴀă࿋ዃࢅገ

்࣐ႴᄲାᅪࢫႾăፌे߸ࡕၳۯሏڥႚ๕ǈ๑ڦሞᅃၵೋֶ٪ׯᅪԥยऺࠤࣃۯڦ

ຕࡧۯ TWEEN.Easing.Bounce.InOut ଛܸփߪॽᇱԨࡕႠၳڑڦࠃຕ༵ࡧۯ࣐ǈኄ߲ेڦ

ၹۙڦ平ᅎࢅገၳںࡻࡕࢇକഐઠǖၒጱሞዐྜெںฉူࣤۯ၄ăፌࢫǈ்

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ࢅԓޅᇐࣃۯڦᄺᅜᆩૌຼ݆ݛڦઠتǈڍഄۼࣃۯփႴᄲ๑ᆩࡧۯ࣐ຕăᅃ

ॽ面ྷජںڇኻႴ०）ۯᆩઠ๑面ฉူሏࣃۯ߲ x ዡገ）Ǘଷᅃ߲ࣃۯᆩᇀظሰ

面հۯǈԨዊฉཚࡗยዃ࿖ᆙพڦೋᅎኵ（offset ຌႠ）ઠĐۯࡐđ࿖ܸํ၄

ॺظࡗᆩᇀཚࣃۯᆶᅃ߲࣏Ǘڦ RGB ኵ֭ڦኵઠ੦࠼ă

ኄ߲๖૩ቛ๖କ࠲॰ኡසظࢆॺԲ Tween.js ኧڦएԨ܉ࡗ߸ᆶࡕၳڦă࠲॰ኡ

ցक़ăሞํाᆌᆩዐǈڦፇॲຩْยዃփཞक़߰ࣃۯඹᅟԥ๖ྺ॰ኵຕፇǈܸٗሎႹ

ፕă߾ኄၵׯਏઠྜ߾ڦǗ๚ํฉǈᅝຍॆ்ࣷ๑ᆩጆᄽࣃۯॺኄૌظඁۯณႾᇵײ

ኄਸ݀ްሗၳڦࡕᆫံስǈᆮഄภतްሗ体้ǈኄူᅃবᄲ༪ஃڦዷ༶ă

5.4.2　使用关键帧创建关节动画

（૩සገ）ۯሏں对象ᇱ߲ڇᅜᆩᇀሞׇৠዐ๑֧ࣃۯڦణമྺኹǈ்༪ஃڟ

ईॽഄᅎڟۯഄ࿋ዃǈڍሞՎ࣑֫पޤڦዺူǈ்ᄺᅜᆩઠظॺްࢇ体ዐްڦ

ሗሏۯă

्ย்ၙᄲظॺᅃ߲ጽۯժࣩڦऐഗටă்Ⴔᄲᅜ֫पࠓઠፇኯኄ߲ऐഗටڦఇ

႙ǖऐഗටڦว体ԈࡤฉӷวူࢅӷวǈฉӷวԈઔՅࢅ൹߅ǈՅԈઔฉՅူࢅՅǈ

ེࢅՅڦǈ்ᅜඟऐഗටࣃۯև࿋ยዃڦժሞኟඓࠓॺ֫पࠓںኟඓࡗăཚڪڪ

रຍǈڦࣃۯ体ཁेࢇዷ体ǈժྺ߳पፇׯොևॲፇࢇઠࠓप֫ࡗഐઠăኄၜཚۯ

ԥྺ关节动画（articulated animation）ă

Three.js ᄇ๖ăेሜࣃۯব࠲ڦࡻݥକᅃ߲ࠃ๖૩ዐ༵ڦ Three.js ๖૩࿔ॲڦ examples/
webgl_loader_collada_keyframe.htmlǈేࣷੂڟᅃ߲ቛ๖ԭాևࠓሰࣃۯڦఇ႙ăໜጣԭఇ

႙ڦገǈਸ๔ጎದָࢅጲวǈԓ߳ዖևॲǈස݅ோĂೌۈĂĂዡፗĂஅ

ພڪǈኄၵևॲፇׯକԭă߲ևॲۼᆶጲวࣃۯڦ܀ڇǗ࠶සُǈዺ Three.js Վڦ

ਸٶօየǈසࣃۯڦपǈ߲ևॲሞႜഄጲว࣑֫ / Կǈᅜतॽᅃ߲ևॲ֭ଷᅃ߲࠲

ևॲ้ڪǈۼᅜཞ้߶ໜഄፄံᇮሏۯă 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）ǈኄᅃ߲एᇀ XML ࿔ڦ

Ԩ߭๕ǈᆩᇀ௮ຎ 3D ాඹăCOLLADA ᅜᆩઠ๖ڦ܀ڇఇ႙ईኝׇ߲ৠǈժኧ

ዊĂ࠼ڨĂ၎ऐࣃۯࢅă்փٶ໙ศںକኄၵဦবǈփࡗᆶᅃۅႴᄲକǈ

COLLADA ዐ࠲ڦ॰ኡຕੂഐઠૌຼူ面ኄ߲ઠጲԭఇ႙࿔ॲ（examples/models/collada/
pump/pump.dae）ాڦඹೌǖ

<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> ᇮۨᅭକᅃ߲ࣃۯăଇ߲ <float_array> ጱᇮݴ՚ۨᅭ

କ॰ࢅኵǈኄၵ॰ኵԥᆩᇀ੦ᅃ߲ఁྺ camTrick_G ڦ体ڦ x ኵՎ࣑ă॰ኵᅜ௱ྺڇ࿋

๖ăሞኝ߲ 7.083 33 ௱ײࡗڦዐǈcamTrick_G ᄂࣷڦ x ዡٗ 8.637 086 ᅎڟۯ 0ăሞኄଇ

ᆶᅃ߲࿋ᇀ࣏॰ኡኮक़࠲߲ 6.5 ௱࠲ڦت॰ኡǈ对ᆌڦ x ኵྺ 7.794 443ăᅺُኝ߲ࣃۯ

ዐǈሞਸ๔ڦ 6.5 ௱ǈ体ڦ x Վ࣑ᅜ࣐ݥڦ܈ႜǈໜࢫሞူڦ 0.583 33 ௱

ྜׯኝ߲ࣃۯăሞኝ߲ COLLADA ࿔ॲዐǈૌຼڦፕᆩᇀԭఇ႙߲߳ևॲ体ࣃۯڦ

ᇮ࣏ᆶܠ（ጺࠌ 74 ߲）ă

૩ 5-6 ቛ๖କ๖૩ዐᆩᇀยዃپڦࣃۯஓೌăኄ߲๖૩๑ᆩକ Three.js ాዃڦ THREE.

KeyFrameAnimation ૌࢅ THREE.AnimationHandler ૌăTHREE.KeyFrameAnimation ૌํ၄କ

ཚᆩ࠲ڦ॰ኡࣃۯૌ႙ǈᆩᇀኧ COLLADA .࿔ॲ߭๕ăTHREEڦࣃۯࡤഄᅜԈࢅ

AnimationHandler ᅃ߲ڇ૩ǈᆩᇀ࠶ᅃ߲ࣃۯଚǈժሞᆌᆩڦሏႜთ࣍ዐԍኤ்

ஓᅜሞپڦႎă（ኄၵૌ߸ڦ Three.js ၜణ࿔ॲڦ src/extras/animation ణူቴڟă）
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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 ); 
 
                }

๖૩ሞፌዕۙᆩ߲ڦࣃۯ play() ()Ⴔᄲႜᅃၵยዃăplay࣏ኮമǈࣃۯຕઠሏႜࡧ

Ⴔᄲଇ߲֖ຕǖᅃ߲თ࣍（loop）Քኾࢅᅃ߲ڦਸ๔้क़（ఐණኵ 0 ๖૬नਸ๔）ǖ

animation.play( false, 0 );

ኄ߲๖૩ቛ๖କ࠲॰ኡࣃۯසࢆࢇՎ࣑֫पઠظॺްሗ࠲বၳڦࡕă࠲বࣃۯཚԥ

ࣃۯೄۯᄺᆩᇀൻࣃۯব࠲ǈݴ面ևࢫڦăܸሞԨቤإएڦࣃۯሰऐႁ对象ࠓፕړ

ᅺăڦՂփณڦỞࠡڦူ

ഄໜࢅ Three.js ࿔ॲ߭๕ेሜഗᅃᄣǈCOLLADAڦࠃ༵ ժփࢃ႐پஓ

Ԉڦᅃևݴǈܸໜ๖૩༵ࠃăThree.js COLLADA ेሜഗڦᇸپஓᅜሞ

࿔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

ǈࠓप֫ࢅࣃۯব࠲ࢇࡗăཚ܉ࡗڦ๖ᅃဣଚਏԢփཞ้क़क़߰ࢇݥ॰ኡ࠲

்ᅜظॺްሗڦࢻă࠶සُǈৃྺኹ்ڦੂ࠵๖૩ۼ၂ݥڥऐႁࢅට߾ǈኄ

ᆯᇀ்ۼ๑ᆩକ၍Ⴀ֭ኵڦᇹࠤă၄ํ๘হ؊କ൸၍ǖഛכᄂྖ൸ڢڦୟႜ๓ǈݧ

ऐᄂጣྖ൸ࡵڦ၍ݧႜǈጱڑᄂಙ၍ۖǈڪڪăᆩ၍Ⴀ֭ኵඁఇెኄၵǈኻׂࣷ

ࡗۅຕᆌᆩઠຫǈኄᆶܠٷ对ᇀڍă்ᅜ๑ᆩᅃ߲ᆅǈࡕڦӱĂփጲٸิ

ዘକăగၵ้ࢪ்ኻႴظॺᅃ߲ੂഐઠጲڦᇨۨᅭࣃۯǈܸႴྺఇె༬ၳܸࡼ

໙ăऺݯ

ᆩዐፌࣃۯăۅᅃၵڦăᄺᅜԥੂፕ൸၍ฉࣃۯ॰ኡຕփਆ၌ᇀᆩઠ௮ຎ၍Ⴀ࠲

ྺ൸၍ăԥڦჄࣂ࠼൸၍样条曲线（spline curve）ĊĊᅃዖڦ B ᄣཉ൸၍ڦగૌ

ᄣཉ൸၍ԥںݘ࠽ᆌᆩᇀऺ໙ऐႚዐǈᅺྺ்ᅜ၎对ںԥऺ໙ઠă்ᆩᅃ

߲ຕۅणۨࢇᅭ B ᄣཉ൸၍ڦएԨႚጒǈժሞُएإฉཁेᆩᇀۙব൸၍ႚጒڦ控制

点（control point）ă 5-6 ዐᆩۅՔକ०ڇ B ᄣཉ൸၍ڦ੦ۅăසేࡕ๑ᆩၟࡗ

Adobe Illustrator ኄૌڦጆᄽࣼײႾǈఫۨ对ᆩᇀႪ߀ᄣཉႚጒڦ੦ݥۅຄဒă
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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၍ăሞԨກዐ்փ对ڦࣂ平ઠऺ໙ۅຕኵڦ॰ኵଇ֨࠲ຕํ၄ǈժ๑ᆩ࿋ᇀࡧۯ

ᄣཉ൸၍ፔၘݥဦڦă 5-7 ں࠵ቛ๖କᄣཉ൸၍ස߾ࢆፕڦǖྺକऺ໙

൸၍ฉۅ P1 ۅࢅ P2 ኮक़֭ڦኵǈ்ཞ้Ⴔᄲ૧ᆩ੦ۅ 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၍ᆶܠዖǈԈઔ B ᄣཉĂෙْԞܻᄣཉᅜत Catmull-Rom ᄣཉ

（ᅜࣃۯཀ֍ĂPixar ๔ටظڦ Ed Catmull ఁጴంఁ）ăCatmull-Romڦ ᅺഄԲ

Ԟܻ൸၍߸ेඹᅟࠓॺऺࢅ໙ڦ༬ୁܸۅႜഐઠăThree.js କᅃ߲ాࠃ༵

ዃڦĂ๑ᆩକ Catmull-Rom ֭ኵ໙݆ࣃۯڦૌăਏ体ᅜֱੂ Three.js ᇸ࿔

ॲ src/extras/animations/animation.jsă

ሞ၍ڦᆫႯܠᆶႹ࣏ 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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ᄣཉࣃۯཚႴᄲཞ้ऺ໙ࢅၠݛ࿋ዃă૩සǈසేࡕႴᄲ๑గ߲体ᄂᅃཉ൸၍ิۯׯ

ăۯࡐࢅገྖĂൡၽڦഐઠ߸ጲǈేႴᄲཞ้੦ੂײࡗۯኝ߲ሏڥǈఫྺକ๑ࣃ

ኄ৽Ⴔᄲሞ߲ۼۅዘႎऺ໙体ၠݛڦă 5-8 ௮ࣼକኄ߲ײࡗă对ᇀ൸၍ڦ߲ۅǈ

்ۼႴᄲऺ໙ഄ切线（tangent）Ă法向量（normal）त副法线（binormal）ăཚໍںຫǈൎ

၍Ք๖କ൸၍ၠݛǈժࢅ൸၍ኻሞᅃ߲ۅฉ၎ڦ၍ă݆ၠଉኸڦؽᇀ൸၍ၠݛ

（तൎ၍）ڦ၍ཉăޭ݆၍ଷྔଇཉ၍֮ڦओăኄෙ߲ၠଉׯࠓକԥྺ TNB 帧֖ڦ

ኡǈۨᅭକᅃ߲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/webglٶ૩ጱăڦۯໜୟ০ሏڦࡻݥ๖૩ዐᆶᅃ߲ڦࠃ༵
geometry_extrude_splines.htmlǈඓԍӀ౧ Camera Spline Animation View ᇀਸഔ（ON）ت

ጒༀǈ৽ᅜੂڟස 5-9 ௮ࣼࣃۯڦă၎ऐᄂጣ近ڦتᄣཉ൸၍Ⴤ߀Վڦ࿋ዃࢅ

ࢅஓઠऺ໙ํ้ᄣཉ֭ኵپࡗǈཚڦۯႾൻײăኄ߲๖૩ၠݛ TNB ኡăڍྜඇᅜ

ᆩᅃ߲ްᆩڦୟ০߶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ǈۯᆩᇀሞׇৠዐᅎݥࣃۯব࠲ࢅ॰ኡ࠲

ႚጒăᆩᇀํ၄ኄૌၳڦࡕፌᆩ݆ݛ变形目标动画（morph target animation）ǈ०变

形ăՎႚ๑ᆩएᇀ֭ڦۅۥኵઠ߀Վྪ߭ۅۥڦăཚǈྪ߭ڦۅۥᅃ߲ጱणतഄᆅᅃ

ഐǈԥړፕनॽᆩሞցक़ዐڦ变形目标（morph target）٪ئഐઠăՎႚణՔ߳ۅۥኵኮक़

Վႚăڦۅۥକྪ߭ׯǈፇࣃۯڦኵǈᅜत๑ᆩକኄၵ֭ኵ֭ڦ

ՎႚణՔᆮഄࢇᆩઠ၄面ևǈᅜतഄփඹᅟᆩೄࣃۯ（ሞူᅃবዐࣷຫ）ઠ

๖ݿڦဦবă்ݥٙǈժփႴᄲᆯႹܠ面ևࠡཀྵፇ܈ߛڦׯဦࠡڦỞăُ

ྔǈሎႹࣃۯፕටᇵٗۅۥप՚ᅜۙኝྪ߭ݛڦ๕ઠظॺ߳ዖ൧ă 5-10 ௮ࣼକස

ዜྷ൶ࢅକ口ևࡤᆯᅃ߲Ԉۼǈၲྲࢅሰ面և൧ă߲൧ǈසਟፊظ๑ᆩՎႚઠࢆ

ᇘۅۥڦणࢇઠ၄ڦă

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

Վႚփৈৈᅜᆩᇀ၄面ևăThree.js ॺኝ߲ঙࠓᅃၵ๖૩๑ᆩՎႚઠڦణዐײ߾

ăࣃۯڦ 5-11 ௮ࣼକᆩՎႚઠႜڦࣃۯঙăኄၵঙఇ႙ᆯ id Software ڦ MD2 ߭

๕ڦᇸ࿔ॲ༵ࠃăMD2 ߭๕ᅃዖୁႜڦएᇀՎႚ߭ڦ๕ǈԥᆩᇀ id Software ڦິࠅ

ᆴဥ（ස Quake II）ዐڦॆঙࣃۯăMD2 ࿔ॲሞኄԥገׯ࣑ 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）ঙă॰ಎฉڦ WSAD ॰ᅜ੦ঙሞׇৠ

ዐಞۯǈժٗှࣃۯൎڟ࣑ጽࢅۯገྖܓࣃۯڦଚăၳݥࡕኈํă

ਸ࿋ᇀٶ examples/models/animated/ogro/ogro-light.js ڦ MD2 ࿔ॲǈߌᅃူՎႚ对象ຕ

๊ᄣڦăሞڼ 18 ႜፑᆸǈేࣷੂڟසူਸཀྵڦ JSON ຌႠǖ

"morphTargets": [ 
{ "name": "stand001", "vertices": [0.6,-2.7,1.5,-5.5,-3.3,-0.6 ...

ྜኝڦຕକܠႜăՎႚణՔ（morphTargets）ຕፇዐڦ߲ᇮۼᅃ߲܀ڇ

.࿋ዃ߳փ၎ཞăThreeڦۅۥڍǈۅۥඇևڦྪ߭࠰ࡤԈۼՎႚణՔǗ߲ՎႚణՔڦ
js ཚࡗՓ૦ఇ႙ణՔणࢇǈ๑ᆩ֭ۅۥኵઠၹۙᅃ߲ణՔူڟᅃ߲ڦՎࣅăሞ THREE.

MD2CharacterComplex ૌ（Three.js ๖૩࿔ॲ examples/js/MD2CharacterComplex.js）ዐǈే

ᅜቴྺڟ MD2 ঙेሜĂยዃᅜतཁेپڦࣃۯஓă

Ԩ๖૩๑ᆩᅃ߲ᆯ Klas（᨟ OutsideOfSocietyǈhttps://twitter.com/oosmoxie-

codeǈ ๗ࢻਸ݀ཷܓ North Kingdom ਏǈ߾ᆫႯሞ၍ڦᇵ）Պႀׯᅃఁڦ

ॽ MD2 ߭๕ڦ࿔ॲገྺ࣑ 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

ሞ၄ᆶऐڍăڪڪĂऐഗǈכǈၟऐഗටĂഛݥሞ၄ิం体้ࣃۯব࠲
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体ሏࢪ้ڦۯሶժփၙăྲޅዐᄩᄿڦኲǈԮԮཌཌۯڦǈᅜतཌڦට்ǈᆶ

ኄၵۼภतྪ߭ڦबࢆႚጒՎࣅǖካ体ڦ౦ۯǈೄڦޒჽቛǈकڦăేबࢭփీ

ᆩ࠲বڦࣃۯఇ๕ઠںࡻఇెኄၵ๚ăᅺ்ُገၠଷᅃၜԥྺ蒙皮动画（skinned 
animationǈskinning）ڦरຍǈኄၜरຍᆼԥྺ骨骼动画（skeletal animation）ǈई单网格

动画（single mesh animation）ă

ೄࣃۯภत对ྪ߭（ईኁຫǈೄ）ฉړڦമۅۥႜํ้Վ࣑ăࣃۯᆯᅃ߲ԥྺ骨

骼（ईኧॐ）࠲ڦব体֫पࠓઠൻۯăࠡỞৈৈԥᆩፕڦࣃۯೄူऐǈ்փࣷሞ

ೡటฉੂڟăࠡỞڦՎࣅǈᅜत௮ຎࠡỞՎࣅසࢆᆖၚೄྪ߭ฉփཞ൶ᇘྔܮڦຕ

ǈࠌཞൻۯೄࣃۯă 5-12 ௮ࣼକᅃ߲०ࠡڦڇỞतഄ၎ڦ࠲ೄă

๕ॽࠡཀྵፇኯഐઠăኟݛڦߌ࠵ࠕᅜేీࠓăᅃ߲֫पׯǈࠡỞᆯࠡཀྵፇ࠰փആࡹ

සఫߤڦאఫᄣǖগࠡথེࠡڟǈེࠡথڟဓࠡ߃ǈڪڪă࠲ࢅবࣃۯૌ

ຼǈᅃ߲ࠡཀྵڦՎ࣑ᄺࣷᆖၚഄጱ֫पăܸ࠲ࢅবࣃۯփᅃᄣڦǈࠡỞփ见ڦă

ࠡỞዐڦࠡߵཀྵ߭ྪࢅۼฉڦᅃ߲ۅۥणࢇत߲၎ڦۅۥ࠲融合权重（blend weightǈ
ᆼ顶点权重ǈvertex weight）၎࠲ăබࢇዘۨᅭକࠡߵཀྵᇑ၎࠲ڦۅۥ࠲܈ײă

߲ۼۅۥᅜ࠲ࠡߵܠཀྵǈᅺُ߲ۅۥፌዕڦ࿋ዃၠݛࢅᆯᆶ࠲ࠡཀྵڦՎ࣑ǈ

ঢ়߳ጲዘتࢅڦࢫઠਦۨăኄདഐઠڦඓްሗăೄܠࣃۯຕ้ۼࢪ๑ᆩՊड߾

ਏܸփظۯॺڦă்ภतڦ໙݆ཞᄣްݥሗǗړമǈਨܠٷຕࣃۯ้ํڦᆅሞ

ీڦ൧ူࣷۼ૧ᆩ GPU ઠऺ໙ೄࣃۯǈԈઔ 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 ࿔ॲڦణူײ߾ examples/webgl_animation_skinning.htmlǈํाੂ࠵ೄۯ

ݥǈ野ࣷᅜੂഐઠࣃۯऍਸ๔ۅăࡕၳڦኈํܠႹڟִ࠵๖૩ăేࣷሞ野ఇ႙ฉڦࣃ

ǈසۯಞںፕሞᇱۯڦጲ 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

ඟ்ઠ܁ᅃ܁ኄ߲๖૩ڦևپݴஓǈᅜକ Three.js සํࢆ၄ೄڦăံǈ்

ཚظࡗॺᅃ߲ THREE.JSONLoader 对象ǈժۙᆩഄ load() ઠेሜ野ఇ႙ăኄ߲ૌ݆ݛ

ٗ Three.js JSON ߭๕ڦ࿔ॲዐॽఇ႙ेሜઠăኄ߲߭๕Ԉࡤକೄ႑တᅜतबࢆႚ

ጒ႑တă

                var loader = new THREE.JSONLoader(); 
                loader.load( "obj/buffalo/buffalo.js", createScene );

load() ᆩă૩ۙࢫׯຕǈࣷሞ࿔ॲԥူሜժဆྜࡧຕᅃ߲࣮֖߲ܾۙڼڦ 5-7 ቛ๖

କ࣮ۙࡧຕ createScene() ăஓႜᅜٚ体Քپڦ࠲ஓǈ၎پݴᅃևڦ

例 5-7：ᆩᇀሞ࿔ॲेሜྜࢫׯยዃೄࡧ࣮ۙڦࣃۯຕ

    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() ሏႜᅃ߲თ࣍ǈཚेࡗሜઠڦᅃ߲बࢆႚጒઠظॺ野ྪ߭ํ߲ܠڦ૩ă

ጀᅪኄظॺ߭ྪڦૌ႙ǖሞኄ்ժுᆶظॺሞኮമڦ๖૩ዐຄဒڦ THREE.Meshǈ

ܸ๑ᆩକᅃዖփཞ߭ྪڦૌ႙ĊĊTHREE.SkinnedMeshăኄ߲ૌ႙ሞ Three.js ዐࣷཚࡗᅃ

߲ᆩᇀሞ GPU ฉኴႜೄڦࣃۯ༬ۅۥጣഗઠකǈᅜื༵ڟٳႠీڦణڦă

createScene() ࣏ ๑ ᆩ କ Three.js ా ዃ ڦ ۯ ࣃ ૌ THREE.Animation ࢅ THREE.Animation 

HandlerăTHREE.Animation ํ၄କཚᆩ࠲ڦ॰ኡࣃۯǈሞೄࣃۯዐǈԥᆩᇀൻࠡۯỞ

ăTHREE.AnimationHandlerࣃۯ ᅃ߲٪ئକׇৠዐᆶࣃۯǈժԍኤ்ሞᆌᆩሏႜთ

ᆩۙࡗຕံཚࡧ࣮ۙڦ૩ă்ڇڦႎ߸ዐփ࣍ THREE.AnimationHandler.add()ǈၠ

ഄدबࢆႚጒࣃۯڦຕǈઠॽࣃۯຕेتࣃۯײႾܓଚăໜࢫǈኄپஓྺ

߲野ํ૩ظॺକᅃ߲ THREE.Animation 对象ǈॽ๑ᆩՎଉ buffalo ઠࢅ野ํ૩ڦئ٪

ጲ JSON ࿔ॲఁྺ take_001 ഐઠă࠲ࣃۯڦ

ሞ؛ࣃۯ๔ׯྜࣅኮࢫǈ்ਸ๔խݣ்ăኄ߲ᆌᆩཚࡗሞՔۅऍ้ۙᆩࡧຕ

startAnimation() ઠխࣃۯݣăස૩ 5-8 ዐǈstartAnimation() თݡ࣍࿚ࣃۯຕፇǈժۙ

ᆩຕፇዐ߲ᇮڦ play() ໜऐ้क़ೋڦᇎକᅃ߲߳փ၎ཞޯۼࣃۯ߲ྺ࣏ă݆ݛ

ᅎǈᆩᅜՆ௨ኄၵۯۯڦፕྜඇཞօă
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例 5-8：խݣೄࣃۯ

    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ኄڦ JSON ႗ǈఫᅜֱੂ࿔ॲߌဦবڦ๕߭ࣃۯ examples/obj/buffalo.jsă
ሞኝ߲࿔ॲዐֱቴຌႠ bonesĂskinWeights ࢅ skinIndices ઠੂੂࠡỞຕසࢆ๖ڦǗ

ֱቴຌႠ animationǈԈࡤକᆩᇀ੦ࠡỞ࠲ڦࣃۯ॰ኡ֫पࠓăํ֫ڹ၄۫ڦဇݥ

ǈժܠ Three.js ሞُएإฉཁेକႹܠኵǈܸժփৈৈᅃ߲๑ᆩ GPU ऺ໙ڦĂएᇀ

ጣഗڦೄํ၄ă

5.8　使用着色器来进行动画

ᅜᆩۼೄǈࢅ॰ኡĂցक़࠲रຍǈ૩සڦࡗ၄ሞྺኹǈ்ሞԨቤዐჺ৯ڟ

JavaScript ઠํ၄ڦǈփేࡗᄺᅜ๑ᆩ GLSL Պײጣഗઠํ၄ᆘॲेڦӲԨă

Three.js ዐࣃۯڦཞ้๑ᆩଇዖ֧ǖك JavaScript ॰ኡဣཥǈᅜतፕྺ࠲ڦ Three.js ాዃ

ዊ（ස Phong ࢅ Lambert）ڦጣഗپஓڦᅃևํܸݴ၄ڦՎႚࢅೄăස߭ྪࡕዐԈ

ڦຕ（๑ᆩമ面௮ຎڦՎႚࢅೄࡤ THREE.SkinnedMesh ई THREE.MorphAnimMesh）ǈఫ

 Three.js ࣷ๑ᆩኄၵ႑တઠऺ໙ႎۅۥڦ࿋ዃă

සేࡕ对 Three.js ዐೄࢅՎႚၘڦဦپஓᆶ႗ǈٶਸ Three.js  ᇸ࿔ॲڦ

src/renderers/WebGL Shaders.js ժሞഄዐĐskinđࢅĐmorphđǈփࡗॺ

ᅱేཞ้ศକ GLSL ᇕჾԨวᅜत Three.js ዐڦጣഗํ၄ăසీేࡕ

ăڦᆶॏኵࢅᆶᅪᅭݥᆶศକǈኄॽۼ面ݛ对ኄଇࠕ

କᅜᆩأ GPU ઠํ၄ೄኮૌཚᆩरຍڦႠీᆫࣅǈ்࣏ᅜՊႀ GLSL ஓઠํپ

၄ඪᅪࡕၳڦăᄺႹ்ၙᄲظॺᅃ߲հ࠼࡛ڦۯᄝ面ǈઠఇెհષհݒڦ࠼้ۯพ

كă்ᅜᆩں֥ڦۯӦޅॺໜظችพǗᆼईႹ்ၙᄲࢅ JavaScript ஓઠํ၄ኄၵپ

ڍǈࡕၳ GLSL ߸ࢇᆩઠ֡ፕࡀٷఇࢅۅۥڦၟຕ֖ᇑऺڦ໙ăThree.js ၜణ࿔

ॲዐ༵ࠃକᅃ߲ᆫႯڦएᇀጣഗࣃۯڦ๖૩ăٶਸ๖૩࿔ॲ examples/webgl_shader_lava.
htmlǈేࣷੂڟᅃ߲࣐࣐ገڦĂ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

၄ăඟ்ઠੂੂă૩ 5-9 ቛ๖କยዃ ShaderMaterial ܠஓăႹپڦ uniform Վଉԥد

ጣഗăᇑํ၄ࣃۯ၎ڦ࠲ዘᄲՎଉԈઔ้क़（time）ࢅଇ߲࿖ᆙพǈtexture1 ࢅ

texture2ăฎڟੂࣷేࢫǈৈᆩኄෙ߲֖ຕǈेฉᅃۅᆯຕጴ༵ڦࠃ༬ၳࡕǈ৽ظॺକ

ᅜ्ኈۯୁڦභჼă

例 ࢅ߭ྪ࣍ॺᇶظ：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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၄ሞᆶڦ uniform ದዃᅙঢ়৽Ⴣǈ்ᅜጣظॺጣഗዊକă்Ⴔᄲྺࠓሰࡧ

ຕ༵ೌࢅۅۥࠃጣഗپஓăጀᅪူ面ᆩᇀྜׯኄॲ๚ڦरຍǖ்๑ᆩ HTML ዐڦ

<script> ᇮઠ٪ݣ GLSL ᇸپஓǈժݡ࿚ script ڦ textContent ຌႠઠइൽ GLSL ࿔

Ԩă对Բᅃူ்ኮമੂڦڟጣഗ๖૩ă๑ᆩኄ߲݆ݛǈ்ᅜᅜ߸পକݛڦړ๕

ઠՊႀጣഗپஓǈܸႴ๑ᆩገᅭ࣑ႜޙઠথܠႜ࿔Ԩጴزޙăฎࢫ்ॽੂڟਏ体

ڦ GLSL ஓăپ

                    var size = 0.65; 
 
                    material = new THREE.ShaderMaterial( { 
 
                        uniforms: uniforms, 
                        vertexShader: document.getElementById( 
                          'vertexShader' ).textContent, 
                        fragmentShader: document.getElementById( 
                          'fragmentShader' ).textContent 
 
                    } );

ໜࢫ்ظॺᅃ߲ਏԢ THREE.ShaderMaterial ዊڦᇶ߭ྪ࣍ǈժॽഄཁेׇڟৠዐă

                    mesh = new THREE.Mesh( 
                      new THREE.TorusGeometry( size, 0.3, 30, 30 ), 
                        material ); 
                    mesh.rotation.x = 0.3; 
                    scene.add( mesh );

ጣഗ໙݆ൣݥညă๑ᆩକଇ߲࿖ᆙพǈᅃ߲ᆩᇀ༵ࠃएڦإභჼჿࢅ视ਥၳ

视ਥၳڦۯୁׯǈᅜႚۯ࿖ཁेඡإઠᇸǈᆩᇀ对एڦǈଷᅃ߲ሊ࿖ፕྺĐሯำđࡕ

ăଇ߲࿖සࡕ 5-15 ๖ă

图 5-15：用于熔岩和噪声的纹理映射

ڦጣഗۅۥ GLSL ǈ֖见૩ڇ०ݥஓپ 5-10ăᇑܠٷຕጣഗᅃᄣǈ๑ᆩఇ႙视

ਈንࢅཨᆖਈንઠױฉۅۥǈॽഄᆙพڟೡటक़ǈժॽኄ߲ኵڟᅃ߲ాዃڦ GLSL
Վଉ gl_Position ዐăሞُኮമǈ்ۨᅭକᅃ߲ varying ֖ຕĊĊvUvăኄ߲ڦۅۥ

࿖ፖՔǈۅۥጣഗၠೌጣഗኄ߲ኵ（்ฎࢫॽࣷੂڟ）ǈೌࠃጣഗࢫ

Ⴤऺ໙๑ᆩăኄ߲ጣഗ࣏ሎႹᅃ߲֖ݣຕǈᆩઠ੦࿖ፖՔڦݣă
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ኟසኮമ༵ڦڟǈGLSL ᇸپஓഴሞᅃ߲ <script> ᇮዐǈᅺ்ُᅜሞுᆶᆅࢅࡽ

গڦਧ്ሞᇀ்๑ᆩକᅃ߲փཞڦஓăኄپኄၵ܁ለں൧ူୁڦඡ߅ኄૌޙႜ࣑

Ԩૌ႙Քധǈሞኄ߲૩ጱዐ்๑ᆩକ x-shader/x-vertexă៓બഗ݆๎՚ኄ߲ૌ႙Ǘ

்ᆩઠኄփᅃ߲ JavaScript ᇕჾগԨă

例 5-10：ഴሞ HTML<script> ᇮዐۅۥڦጣഗپஓ

    <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߾ڦݴևٷକڅஓپጣഗೌ 5-11 ቛ๖କኄپஓăሞۨᅭକ对ᆌ JavaScript
ዐ֖ຕڦ uniform ֖ຕኮࢫǈ்ۨᅭକᅃ߲ varying ֖ຕĊĊvUvǈᆩᇀದઠጲۅۥጣ

ഗڦă

例 5-11：एᇀጣഗࣃۯڦዐೌڦጣഗپஓ

    <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;

ူ面ೌጣഗڦዷᄲپஓăڦᄲۅሞᇀ texture1ǈनሊ࿖ǈԥᆩፕሯำڦઠ

ᇸǈઠ对ٗ texture2（භჼ࿖）इൽჿኵڦ࿖ፖՔׂิൟྲඡۯă（GLSL ຕࡧ

texture2D() ཚࡗᅃ߲ڦۨߴ 2D ࿖ፖՔٗ࿖ዐइൽჿຕă）ཚࡗॽሯᅼ࿖ፖՔ

ೋᅎ（૩සڦǈժेᅃၵೞঢ়ᄓඓۨױമຕኵ၎ړࢅ 1.5, -1.5）ǈ்ᅜၳڦۯୁڟڥ

ڦԥԍ٪ሞాዃࢫჿኵፌڦۅăၟࡕ 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;

ሺेକᅃ߲ၳ（fog effect）ăԍ٪ሞ࣏କăܸǈጣഗׯ৽ྜࡕභჼၳڦۯኄǈୁڟ

gl_FragColor ዐڦኵፌዕࣷࢅᅃ߲ᆯၠጣഗدڦ fog ֖ຕऺ໙ઠڦၳኵंࢇǈڥ

ڦዃాڟჿኵǈժڦፌዕၟ GLSL Վଉ gl_FragColor ዐăڟኄǈኝ߲ײࡗ৽

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>

ፌࢫǈሞ்ڦሏႜთ࣍ዐཚࡗփ߸ႎ߳ၜኵઠൻࣃۯۯăThree.js ඟኄၜ߾ፕՎݥڥ

ၠۯጲۼǗሞකഗْ߸ႎ้ڇ० GLSL ጣഗڿدඇևڦ uniform ኵă்Ⴔᄲ

ፔڦৈৈሞ JavaScript ()ஓዐยዃኄၵຌႠăሞኄ߲๖૩ዐǈrenderپ ࣃۯຕሞ߲ࡧ

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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փޏණǈՊႀኄᄣᅃ߲ࣃۯႴᄲԲডڦߛᅝຍ平ă்փৈৈႴᄲბသၘဦڦ GLSL
ᇕ݆ాࢅዃࡧຕǈ࣏Ⴔᄲቨᅃၵศӎऺڦ໙ऐႚ໙݆ăڍසేࡕᆶኄݛ面ڦҺࡻǈ

ࣷඟేݥᆶׯ৽ߌăࢻྪฉᆶڦܠݥ႑တᅜतᆶᆩڦ๖૩ǈᅜӻዺేோă

5.9　小结

ኟස்ੂڦڟǈሞ WebGL ዐ๑ 3D ాඹۯഐઠ݆ݛڦᆶܠăٗԨዊฉઠຫǈኄၵ

ຕࡧબഗ៓ڦᆯႎࣃۯ requestAnimationFrame() ઠൻۯǈኄ߲ࡧຕ๑ڥᆩࢽᅜሞኝ߲

ᄻ面ዐႜํ้ཞօࣼăُྔǈྺକൻࣃۯۯǈ்ᆶٗ०ްڟڇሗܠڦዖስǈൽਦ

ᇀၙᄲํ၄ࡕၳڦăాඹᅜཚࡗደኡᆩײႾႪ߀ઠׂิࣃۯǈᄺᅜ๑ᆩᅃၵຕൻۯ

߸ڥઠइࢇୟ০߶ጷࢅ॰ኡ࠲ॽࡗೄă்ᅜཚࢅ॰ኡĂՎႚ࠲๕ǈසցक़Ăݛڦ

ጲڦሏࡕၳۯă்࣏ᅜ๑ᆩጣഗઠሞ GPU ዐႜాඹࣃۯǈᅜํ၄߸ڦܠీă

ᆩᇀ WebGL ስăܸኄᅪ࿆ጣڦჄ߸ႎǈժுᆶᅃ߲ፌዕඓۨሞۼੰࢅਏ߾ڦࣃۯ

٪ሞႹܠీႠǈᄺᅪ࿆ጣณକႹܠቱҹǈܸኄᄲߌႇ JavaScript ਸᇸăࢅ
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മबቤቛ๖କසࢆ๑ᆩ WebGL ઠظॺටڦĂᆘॲेකڦ 3D 体Ăׇৠࣃۯࢅă

࠶ WebGL ਆ၌ǈఫ৽ేփీॽඪڦሞԨກႀፕ้ᅈ٪ሞᅃ߲एԨڍǈٷഽݥ

ᅪڦ HTML ాඹፕྺᅃ߲࿖ᆙพڟᅃ߲ 3D 体ڦ面ăසేࡕထྭྺᄻ面ฉڦᇮཁ

े்ሞമबቤዐੂڦڟ 3D ǈႴᄲ๑ᆩଷᅃၜࡕၳ HTML5 ႎरຍǖCSS3ăڦ

ᆶକ CSS3ǈ߲ڇᇮईኝ߲ᄻ面ۼᅜཚࣃۯࡗĂೌ୳ǈᅜत 2D ई 3D Վ࣑Վิڥ

ڦহ面ࢽᆩ࠵ࢅدჇߢ࠽ᆴဥĂڇॺ߳ዖ߳ᄣᆩᇀ०ظ்ᅜڥഐઠăኄၵ༬Ⴀ๑ۯ

3D ăWebGLࡕၳ ณႴᄲएԨڦ 3D Պײኪ๎ժቨᅃ߲ස Three.js ኄᄣੰڦǈܸ၎Բ

ኮူ๑ᆩ CSS3 ሶኻႴକՔധĂCSS ڦएԨࢅ JavaScriptǈईႹ࣏Ⴔᄲၟ jQuery ኄૌ

ॐڦᅃޤۅዺăኄඟ CSS3 ਸ݀Բڦ WebGL ߸े०ڇǗܸǈਸ݀ኁኻీݡ࿚៓બഗా

ዃڦ༬Ⴀă࣑ਔࣆຫǈ3D CSS ᅜဎึഽࢅٷଳऄႠઠ࣑ൽକ०ڇᅟᆩă

CSS3 ڦ 3D ༬Ⴀᇸᇀ Apple ፌྺ؛ഄࢃ႐ࣃۯॐՊႀڦ 3D Վ࣑ǈኧକස 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 ֑ᆩǈժፌዕྺᆶ៓ڦ

બഗฆ֑భă
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图 6-1：iOS 天气应用中的屏幕转换

ྺ HTML ᇮཁे 3D ૰ǈྺీڦࡕၳ Web ᄻ面ాඹਸഔକཞᄣڦీႠă 6-2 ቛ

๖କ Snowstackǈᅃ߲ᆯ Safari /ᄇ๖（http://www.satine.org/research/webkitڦਸ݀ܓཷ
snowleopard/snowstack.html）ăSnowstack ᅃ߲๑ᆩك HTMLĂ3D CSS ࢅ JavaScript ॺظ

๕කᅃ߲ݛڦǈᆩᇀᅜཪ视ੰࡕቷೌֱੂ视ਥၳڦ Flickr ၩတܓଚăᆶକ Snowstackǈ
ᆩࢽᅜ๑ᆩ॰ಎฉၠݛڦ॰ઠ੦៓બᅃ߲ੂຼڦቷೌٍጇ഻ăኄ߲ᆌᆩᅜሞ

ᆶ៓ڦબഗࢅยԢዐሏႜă Snowstack Ԩวڦඓᅃ߲ݥᆶरຍࡤଉڦᄇ๖ǈڍ

ኼሞ๑ᆩ 3D CSS ઠ对࡛ଉ႑တႜ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ǈ்ሞԨቤࢫ面ॽࣷੂڟǈ
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ᆶටฯںڊٷ๑ᆩ 3D CSS ઠࠓॺକᅃ߲ڼᅃටพऍᆴဥڦᇱ႙ƽ 3D CSS ᇑీ࣏

WebGL ࢇ๑ᆩǈࢫኁᆩᇀتኈํڦ 3D කඪခǈܸമኁᆩᇀޮ߃ईኝࢇᆩࢽহ面ڦ

HTML ᇮă

CSS3 ሎႹྫᄻ面ᇮฉཁेۯༀၳڦࡕᅃဣଚՔጚăԨቤ߃ࡥକܠዖᆩᇀظॺ 3D ࡕၳ

ڦ CSS रຍă

• CSS 变换

ፕᆩᇀኝ߲ᇮڦ 3D ֡ፕ（平ᅎĂገĂݣ）ă

• CSS 过渡

ໜ้क़Վࣅፕᆩᇀ CSS ຌႠڦ०ڇՎࣅăසցक़（ሞฉᅃቤ༪ஃࡗ）ᅃᄣǈCSS ܉ࡗ

ăࡕၳڦᆩᇀᅃْႠࢇݥ

• CSS 动画

ໜ้क़ፕᆩᇀ CSS ຌႠްڦሗၳࡕǈ๑ᆩ࠲॰ኡຕă

6.1　CSS变换

3D CSS ਸ݀ࢃڦ႐๑ᆩ CSS Վ࣑ઠ֡ፕᄻ面ᇮీڦ૰ăCSS Վݔࡀ࣑（http://www.
w3.org/TR/css3-transforms/）پକኮമ๑ᆩକ CSS ڦ 3D ࢅ 2D Վᄻ面ᇮ࿋߀ፕሞ߾

ዃĂገĂݣᅜतഄྔ࠵ຌႠฉڦ൵ཞă்๑ᆩՎ࣑֡ፕઠ߃ހኄၵຌႠǈܸݥ०

ڦڇ left/top ࢅ width/height ຌႠă

ඟ்ઠްသᅃူǈ3D ႚ๑ᆩᅃ߲ෙྼڦፖՔဣཥǈ֑ᆩକڼෙ߲ፖՔዡ z ઠ๖ਐ

ೡట࿋ዃڦ远近ǈُظॺକศߌ࠵ڦ܈ă 6-3 ௮ࣼକᆩᇀ CSS ڦ 3D ፖՔဣཥăጀ

ᅪǈᇑڦࡀ 3D ဣཥփཞǈy ዡڦኟܸူၠၠݛփၠฉăኄྺକࢅ Web ៓બഗᄻ面

ڦ口ፖՔဣዐ๑ᆩشࢅ 2D xy ဣཥԍᅃዂă

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

Վ࣑ᇮڦຌႠă்ံઠੂᅃ߲๖૩ă 6-4 ௮ࣼକԥޯᇎփཞՎڦ࣑ෙ߲ᇮǖ平ᅎĂ

ገࢅݣă

CSS 3D

图 6-4：CSS 3D 变换——平移、旋转和缩放

ኄ߲๖૩ڦᇸپஓᅜሞ࿔ॲ Chapter 6/css3dtransforms.html तഄᆅᆩڦ CSS ࿔ॲ css/
css3dtransforms.css ዐቴڟă૩ 6-1 ቛ๖କۨᅭڼᅃ߲ DIV ᇮپڦஓೌǈԥޯᇎକᅃ

߲ 3D Վ࣑ă

例 ټ：6-1 CSS 3D Վڦ࣑ᇮ

<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ጴକፕᆩᇀዐक़ڦ DIV ᇮڦଇ߲ૌǖcard ࢅ translateăcard ૌۨᅭକᄻ面ฉ

ෙ߲Đਸ਼ೌđڦཚᆩຌႠǈ૩සํ၍ՉĂཨᆖᅜतᇶঙătranslate ૌۨᅭକ 3D Վ࣑ă

૩ 6-2 ቛ๖କኄଇ߲ૌڦ CSS ۨᅭǈᅜत cardBorderǈࢫኁᆩᇀۨᅭਸ਼ೌᇮۅڦ၍Վ

ଉǈᅜுᆶཁेՎ࣑ຌႠڦᇮڦᇱ๔࿋ዃă၄ሞ்ᅜሡ้ࢮኄ߲ำዐڦ –

moz-transform-style ຌႠă்ڦፕᆩԍኤኄၵ༬ၳሞ Firefox ៓બഗዐᄺᅜኟሏ

ႜǈࣷሞူᅃব࠲ᇀཪ视ڦຎዐၘဦኄ߲ຌႠă

例 6-2：ۨᅭକᅃ߲平ᅎՎڦ࣑ CSS
.cardBorder { 
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    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 ૌཚࡗยዃڦ transform ຌႠઠኸۨᅃ߲ CSS 3D Վ࣑ăሞኄ߲๖૩ዐǈᇮ

ሞ x ࢅ y ՚平ᅎକݴฉၠݛ 20 ၟǈժᄂ z ዡၠݛᅎۯକ 100 ၟ（ၠೡటా֨）ăጺ

ઠຫǈేᅜ๑ᆩڦ transformǈཚࡗॽᅜူᅃ߲ई߲ܠ变换方法（transform method）ፕ

ᆩᇀᇮઠظॺՎ࣑ăأକ平ᅎǈCSS ǈᅜतཪ视ཨ࣑ਈንՎڦǈඪᅪݣࢅገኧ࣏

ᆖăCSS 3D Վ݆ݛ࣑ස 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 ዡገ

rotateY(angle) ජ y ዡገ

rotateZ(angle) ජ z ዡገ

rotate3d(x,y,z,angle) ජ xĂyĂz ෙዡገ

scaleX(x) ᄂ x ዡݣ

scaleY(y) ᄂ y ዡݣ

scaleZ(z) ᄂ z ዡݣ

scale3d(x,y,z) ᄂ xĂyĂz ෙዡݣ

matirx3d(...) ᆩ 16 ߲ຕኵۨᅭඪᅪڦ 4ġ4 Վ࣑ਈን

perspective(depth) ۨᅭཪ视ཨᆖڦศၟ܈ኵ
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๑ᆩࡗǈཚ࣑๕ႜՎݛڦෙ߲ਸ਼ೌᅜૌຼڼࢅ߲ܾڼ 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); 
}

ገኵᅜԥኸۨྺঙ܈Ă܈ࢷई百分度（gradianǈᇶዜڦ 1/400）ǈ૩ස 90degĂ1.57rad

ई 100gradăݣኵᆩᇀױሞ߲ዡฉڦՔଉ（नᅃ߲ுᆶႜࡗڦݣᇮሞ߲ዡ

ฉڦݣኵۼ 1）ă

ጀᅪ៓બഗຳᆶമጘሞ CSS ዐڦ๑ᆩ（૩ස –webkit-transform）ăኄ对ੵ

៓બഗኧՂᄲڦǈᅺྺ CSS Վ࣑ሞࡻब้ڦक़ۼԥፕྺํᄓႠڦ

༬ႠઠኧăኄኈݑǈڍႹܠ CSS ༬ႠۼႴᄲཚࡗኄᄣཁेമጘݛڦ๕

ઠ๑ᆩǈܸਸ݀ኁ்ᄺᅙঢ়သ࠹କت்ăසేࡕ对ኄၵዘް߾ڦፕߌ

ਏǈ૩ස߾ڦᄣ๕ׯิۯǈఫీႴᄲᅃ߲ᅜጲݑᄋڟ LESS（http://

lesscss.org/）ǈઠ๑ڥኄၜ߾ፕփఫས੮ă౾ܻྺକ०লǈሞ்ڦ๖૩ዐ

ูࣷۖኄၵ៓બഗຳᆶമጘǈڍ൩ခՂඓԍሞేپڦஓዐ๑ᆩ்ă

CSS ኧᅃ߲ڦྔܮຌႠǈtransform-originǈኄ߲ຌႠሎႹਸ݀ኁኸۨՎڦ࣑ᇱۅăኄ

߲ຌႠڦఐණኵ 50% 50% 0ǈनፖՔဣڦዐ႐ۅăཚ߀ࡗՎኄ߲ຌႠǈేᅜඟ体

ྷජݥዐ႐ۅገătransform-origin ᅜ๑ᆩඪᅪڦ CSS ೋᅎڇ࿋ઠኸۨǈස leftĂ

centerĂrightĂ%ǈईኁᅃ߲ CSS ਐኵ（ၟĂᆈ٫Ăem क़ǈڪڪ）ă

6.1.2　添加透视

ేᆌᅙঢ়ጀᅪڟǈሞฉ面ڦ๖૩ዐૌ perspective ፕᆩᇀ߲֫ۥ DIV ᇮăஃ๑փ

๑ᆩཪ视ཨᆖǈేۼᅜᆌᆩ CSS 3D Վ࣑ǈ࠶๑ᆩཪ视ཨᆖࣷ๑ੂࡕၳڥഐઠ߸ସට

ᅪă

ሞ CSS3 ዐۨᅭཪ视ཨᆖݥ०ڇă૩ 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 ૌĊĊperspectiveǈઠᆩᇀ்ထྭᆌᆩཪ视ཨᆖڦᇮă்

ڟٗ视口平面پኵڦࠃ༵ xy 平面（z=0）ڦਐăཪ视ᅜ๑ᆩඪᅪڦ CSS ਐڇ

࿋ઠۨᅭǖၟĂۅĂᆈ٫Ăem क़ǈڪڪăኄ߲ CSS ࿔ॲ࣏ۨᅭକଷᅃ߲ૌĊĊ

noperspectiveǈᆩᇀൣأᇮฉᇱံీټᆶڦཪ视ăኄ߲ૌዐڦཪ视ኵԥยྺఐණኵ 0ă

࠶ CSS ཪ视ڦဦবࢅ WebGL ዐڦཪ视ժփ၎ཞǈڍ்߁ڦᅃዂ

ڼڟ࣮ኪ๎ǈ൩ڦ面ݛႴᄲዘ࿒ᅃူኄేࡕăසڦ 1 ቤǈఫᆶၘဦڦ

༪ஃă

ྺକ߸ںࡻቛ၄ཁेକཪ视ࢅுᆶཁेཪ视ڦᇮڦ൶՚ǈඟ்ઠੂᅃ߲૩ጱăٶਸ๖

૩࿔ॲ Chapter 6/css3dperspective.htmlăేࣷੂڟଇ߲ਸ਼ೌăፑՉڦਸ਼ೌཁेକཪ视ǈܸᆸ

Չڦுᆶăଇኁኮक़ྸڦᅃ൶՚ሞᇀޏ๑ᆩକ CSS perspective ຌႠǗଇ߲ਸ਼ೌྷۼජ

y ዡገକ 30 ၠݛᇮੂഐઠৈৈሞ平ڦ൧ူǈᆸՉڦăܸǈሞுᆶ๑ᆩཪ视܈

ฉԥუՌକǈܸփገăස 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）

ᅜ๑ᆩ࣏ే 6-1 ዐ௮ຎڦ perspective() Վࡧ࣑ຕॽཪ视ᆌᆩᇀᇮăܸǈሞํा

ᆌᆩዐǈేፌ࣏ࡻ๑ᆩଇ߲փཞڦຌႠઠݴ՚๖ཪ视ኵࢅՎ࣑ኵăޏሶǈሞْ߀Վ

ഄՎࡧ࣑ຕኵࢪ้ڦǈేీۼႴᄲዘႎॽཪ视ኵᆌᆩڟᇮฉă
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6.1.3　创建变换层级

CSS 3 ሎႹ 3D Վ࣑ཚࡗ DOM 对象֫पीăᅃ߲ټ 3D Վڦ࣑ᇮᅜስीईփी

ǈਏ体ൽਦᇀ࣑Վڦഄፄံᇮ transform-style ຌႠڦኵă

 6-6 ௮ࣼକ transform-style සࢆᆩᇀظॺᅃ߲Վ࣑֫पڦă߲ਸ਼ೌ（card）ᇮ

ྷۼජ y ዡገକ 30 ૬ྷජ܀ᆶᅃ߲ۼă߲ਸ਼ೌ܈ y ዡገକ 30 ጱਸ਼ೌڦ܈

（childCard）ăጀᅪፑՉڦጱਸ਼ೌਐڦᇮ平面ገକ 30 ڦጱਸ਼ೌᇑڦǈܸᆸՉ܈

ᇀཞᅃ平面ฉăتᇮ

CSS 3D −

图 6-6：使用 CSS 创建 3D 变换层级

๖૩پஓᅜሞ࿔ॲ Chapter 6/css3dhierarchy.html ࢅ css/css3dhierarchy.css ዐቴڟăHTML
ۨᅭକଇ߲एԨ၎ཞڦ DOM ᇮ֫पǈྸᅃڦ൶՚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 ຌႠথଇ߲ኵǖflat（ఐණ）ǈኄ߲ኵኸۨକپࢫ DOM ᇮփࣷᆌᆩ

ᇮăཚپࢫᆌᆩᇀ࣑Վڦ໕៓બഗॽฉपᇮߢǗpreserve-3dǈኄ߲ኵ࣑ࣷՎڦᇮ

ሞኝ߲ᆌᆩዐ๑ᆩࡗ preserve-3Dǈᆌᆩᅜظॺᅃ߲ 3D 体ڦศ֫܈पǈᆮഄሞࢇକ

Ԩቤຎڦଷྔଇၜरຍڦ൧ူă

៓બഗग़ඹႠয়ߢǖሞԨবڼڦᅃ߲๖૩ዐǈ்ᅃԴࡗټକ card ࢅ

cardBorder ڦ CSS ૌۨᅭዐڦᅃ߲ဦবǈ்ۼԈࡤසူᇕਔǖ

-moz-transform-style: preserve-3d;

၂ Firefox ៓બഗժփၟएᇀ WebKit બഗఫᄣॽ៓ڦ transform-style ຌ

Ⴀ֫֫دխူඁăేՂႷྺᅃ߲پࢫᇮ၂๕ںኸۨǈޏሶփৈጱᇮ

ڦՎ࣑ࣷ฿ၳǈཪ视ᄺԥ্ᆩକăਦݛӄॽ DOM ֫पዐ߲ڦپࢫ

transform-style ຌႠۼยྺ preserve-3dăኄݑǈڍՂᄲڦă

ኄዖ൧ፌڦ࣋ևݴሞᇀ߲៓બഗ对ኄ߲ᇕਔڦۼփ၎ཞă၂

IE10 ৽ྜඇփኧኄ߲༬Ⴀǈփࡗ IE11 ዐࣷሺे对ڦኧă
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6.1.4　控制背面渲染

ሞدཥڦ 3D කዐǈړᅃ߲ܠՉႚԝၠִ࠵ኁ้ǈකဣཥᅜስ၂๖ईփ၂๖ܠ

Չႚڦ背面（backface）ǈኄൽਦᇀਸ݀ኁڦยዃăCSS3 Վ࣑ཞᄣ༵ࠃକኄၜీ૰ăසࡕ

ᅃ߲ᇮገԝ面וമǈࣷएᇀ backface-visibility Վ࣑ຌႠઠਦۨޏ၂๖ă

CSS3 ԝ面ක对ᇀࠓॺມ面体ݥዘᄲă्ย்ၙᄲظॺᅃ߲ૌຼ 6-1 ௮ࣼڦ iOS
ཀഘᆌᆩዐڦೡటገࡕၳ܉ࡗăఫظॺኄᄣᅃ߲ၳࡕǈႴᄲ்ၭ႐ںፇኯՔധǈᅜ

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ᅃႜଇ߲ڇ面ڦਸ਼ೌǈݴ՚ᅜԝ面见ࢅԝ面փ见ڦఇ๕කăፑฉڦਸ਼ೌገ

ǈ܈ঙڦኁִ࠵ԝ对ڟਸ਼ೌገڦ๕කǗᆸฉݛڦǈժᅜԝ面见܈ঙڦኁִ࠵ԝ对ڟ

ժᅜԝ面փ见ݛڦ๕කăጀᅪǈ்ᅜੂڟፑฉڦਸ਼ೌǈڍ࿔ጴĐFRONTđࡗݒ

ઠڦǈܸᆸฉڦਸ਼ೌփ见ă

ሞူ面ᅃႜ்ᅜੂڟଇ߲ມ面ڦਸ਼ೌǈཞᄣݴ՚ᅜԝ面见ࢅփ见ݛڦ๕කă
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ଇ߲体ཞᄣԥገڟԝ对ִ࠵ኁڦঙ܈ăܸǈኄଇ߲ਸ਼ೌۨۼᅭକᅃ߲Ԉࡤ࿔ጴ

ĐBACKđྔܮڦᇮǈᆩઠገၠִ࠵ኁǈᅜఇెມ面ڦ体ăፑူڦਸ਼ೌਸഔକԝ面

见ǈժยዃକᅃ߲ 0.8 ࿔ጴĐFRONTđăڦገڟ面ੂࡗኵǈᅜ்ᅜཪ܈ཪڦ
၎ݒǈᆸူڦਸ਼ೌ࠲Կକԝ面见ǈᅺُਸ਼ೌԝ对ִ࠵ኁڦᅃ面（ĐFRONTđ面）ԥᆆ֠

କăᆸူڦਸ਼ೌቛ๖କᆩᇀఇెມ面体ڦኟඓरຍǈඟ்ઠੂੂپڦஓă

૩ 6-4 ቛ๖କኄ߲ᄻ面ڦ HTML ࡗᇮཚڦஓăԝ面见پ backface ૌઠۨᅭǈԝ面ᆆ

ࡗᇮཚڦ֠ nobackface ૌઠۨᅭăྺକظॺူ面ᅃႜڦມ面ਸ਼ೌǈ்ํाฉႴᄲظॺ

ଇ߲ਸ਼ೌᇮǖݴ՚ᆩᇀኟ面ࢅԝ面ăᆸူڦਸ਼ೌཚࡗॽ nobackface ૌࢅഄૌፇࢇഐ

ઠǈظॺକᅃ߲ஃనᅃ面ִ࠵ၠוኁۼᅜኟ၂๖ڦਸ਼ೌă

例 ڦॺᅃ߲ມ面ࠓ：6-4 HTML ᇮ

<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 ዐڦᄣ๕ำăံǈ்ۨᅭକੂഐઠీᆶ

ၵྵݒਥڦ frontside ࢅ backside ૌăfrontside ᆩᇀۨᅭਸ਼ೌڦኟ面ǈփࡗኄ߲๖૩

ྺକຫԝ面ڦකࡀሶǈᅜ்ඟਸ਼ೌජ y ዡገ 210 ִ࠵ၠוഄԝ面ڥઠ๑܈

ኁă၎对ǈਸ਼ೌڦԝ面၎对ִ࠵ኁᆶᅃ߲ 30 ၎ֶࡻട܈ঙăᆯᇀገঙڦ܈ 180 ǈ܈

ᅜਸ਼ೌڦມ面ੂഐઠ۠ሞᅃഐڦăࢇᆩᇀᆆ֠ԝ面ڦ nobackface ૌǈ்ڟڥକᅃ

߲සᆸူਸ਼ೌྜڦெມ面ਸ਼ೌănobackface ૌॽ backface-visibility ຌႠยዃྺ hiddenǈ

ᅜڟڥྭࡕၳڦă

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 ᇮཁे 3D ຌႠă࣑Վڦࡕၳ 6-2 对ኄၵຌႠႜ

କࣹጺă

表6-2：CSS变换属性

属　　性 描　　述

transform ๑ᆩᅃ߲ई݆ݛ߲ܠઠ༵ࠃՎ࣑（见 6-1）

transform-origin ኸۨᆶՎڦ࣑ᇱۅ（ఐණǖ50%, 50%, 0）

perspective ኸۨᆩ CSS ਐڇ࿋๖ڦཪ视ศ܈（ఐණǖ0 = ཪ视）

perspective-origin ኸۨ xy ፖՔဣዐཪ视ڦၩ฿ۅ

transform-style ኸۨᅃ߲ 3D ᇮپࢫڦᇮᅜ平面࣏ 3D ఇ๕ක

backface-visibility ኸۨᅃ߲ԝ对ೡటڦ 3D ᇮޏԥක

ኟස்ੂڦڟఫᄣǈCSS Վࠃ༵࣑କᅃ߲ྺᄻ面ᇮཁे 3D ০ăCSSٷഽڦࡕၳ Վ

ăٷഽे߸ࣷࢪ้ڦࡕༀၳۯॺظઠࣃۯࢅ܉ࡗࢇሞ࣑

Ԩবዐڦ๖૩ڟڥକ David DeSandro ٶĐ24 Waysđ（૩සǈۅዸఁձਜ਼በڦ

ڦವᆷేۯ 24 ዖٷڦ（݆ݛ૰ኧăDavid ਼ںሎႹ对߾ڦፕࡕׯ

ႜ߀Պă֖ྪበฉڦ๖૩ᅜतഄ࿔ቤǈକ߸࠲ܠᇀ CSS 3D ႑တăڦ

6.2　CSS过渡

CSS ăCSSࣅՎںሎႹຌႠໜ้क़ॷ܉ࡗ ڦࡗڟૌຼᇀ்ሞฉᅃቤዐੂݥ܉ࡗ

Tween.js ڦዺႠޤࢆǈփႴᄲඪڦ៓બഗాዃࡕցक़ăܸǈኄၵၳڦ JavaScript ੰă

CSS ڦຕܠᅜᆩᇀ࣏܉ࡗ CSS ຌႠࣃۯǖwidthĂpositionĂcolorĂz-indexĂopacity ǈڪ

ሞᇀ๑ᆩۅጀ࠲ڦኄ்ڍ CSS ઠํ၄ 3D ຌႠࣃۯڦă

एԨڦ CSS ᇕ݆සူǖ܉ࡗ

transition : property-name duration timing-function delay-time;

߳ၜຌႠࡤڦᅭසူă

• property-name

॰ጴ࠲ǈຌႠఁڦᆌᆩ܉ࡗ all ๖܉ࡗॽᆌᆩᇀඇևׂิՎڦࣅຌႠǈܸ࠲॰ጴ
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none ๖܉ࡗॽփᆌᆩᇀඪࢆຌႠă

• duration

ᅜ௱ईࡹ௱ྺڇ࿋้ڦक़ኵǈኸ้ۨ܉ࡗă

• timing-function

ᆩᇀڦࣃۯ܉ࡗցक़ࡧຕఁăᅜ linearĂeaseĂease-inĂease-outĂease-in-

out ई cubic-bezier ዐڦඪᅪᅃዖă

• delay-time

ኸۨ܉ࡗਸ๔ኮമ้ڦځڪक़܈（ᅜ௱ईࡹ௱ྺڇ࿋）ă

transition ํाฉ຺߲܀૬ڦ CSS ຌႠڦ०ႀǈኄ຺߲ຌႠݴ՚ transition-

propertyĂtransition-durationĂtransition-timing-function ࢅ transition-delayăඟ

்ཚࡗᅃ߲๖૩ઠੂੂ்ස߾ࢆፕڦăٶਸ࿔ॲ Chapter 6/css3dtransitions.htmlǈස

6-8 ๖ă்ᅜੂڟଇ߲ਸ਼ೌăۅऍഄዐඪᅪᅃ߲ᅜॽഄገڟଷᅃ面ǈኄ๑ᆩ

କฉᅃবถڦມ面रຍăገ܉ࡗჄକଇ௱้ڦक़ǈӵໜൟྲڦॷॷăਸ਼ೌڦჿ

ᄺཞ้ᆯᇱԨڦӁ൞（DarkCyan）Վྺূࣜ（Goldenrod）ăܸǈፑՉڦਸ਼ೌჿ

ໜጣገܸײࡗՎࣅǈܸᆸՉڦਸ਼ೌჿሶሞገຐ߀֍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ڦ๕ۨᅭକ߲ਸ਼ೌݛڦஓᆩૌຼپ

ᄲ൶՚ሞᇀፑՉڦਸ਼ೌ๑ᆩକ CSS ૌ easeAll2sec ܸᆸՉڦਸ਼ೌ๑ᆩକ CSS ૌ

easeTransform2secColor5secDelayă்ฎࢫॽࣷੂڟኄଇ߲ૌپڦஓă

<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>

ă்ᆩۯऍ๚ॲઠൻۅᆯՔࡕၳ jQuery ઠྺ߲ਸ਼ೌڦኟ面ࢅԝ面ཁेۅऍၚᆌت

ײႾă๑ᆩᅃ߲քܻኵઠጕጷਸ਼ೌړമ၂๖ڦనᅃ面ǈժߵႴᄲཁेईᅎأ flip

ࢅ goGold ૌăflip ๑ਸ਼ೌገକ 180 ǈgoGold܈ ॽჿยዃྺূࣜ（Goldenrod）ăසࡕ

ுᆶยዃ CSS ǈ்৽ࣷٗ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 ஓᅜሞ࿔ॲپ css/css3dtransitions.css ዐቴڟǈ૩ 6-6 ଚକኄၵپஓă

ਸ਼ೌڦኟ面ࢅԝ面ᆯૌ frontside ࢅ backside ዐۨᅭڦփཞገঙ܈ઠඓۨǈࢇૌ

flipǈ்ཚࡗገ 180 ገਸ਼ೌăgoGoldઠ܈ ૌᆩᅜՎ࣑ᇮԝৠჿྺূࣜăᆩٚ

体Քڦଇ߲ૌۨᅭକଇ߲փཞ܉ࡗڦăeaseAll2sec ຌႠཁڦࣅǖྺᆶՎڇ०ݥ

ेକᅃ߲Ԉࡤൟྲॷॷ（๑ᆩఐණڦ ease ኵ）Ă้ྺଇ௱܉ࡗڦă

easeTransform2secColor5secDelay ሶްሗᅃၵăํाฉԈࡤଇ߲܉ࡗǈᅃ߲ᆩᇀՎܸ࣑

ଷᅃ߲ᆩᇀԝৠǈ்ᆩ߰ࡽۺਸăՎ܉ࡗڦ࣑ᇑ easeAll2Sec ዐྜڦඇ၎ཞǈᅃ߲

Ԉࡤൟྲॷॷڦଇ௱้܉ࡗڦăԝৠჿ܉ࡗڦሶྜඇփཞǖᅃ߲ሞଇ௱ዓڦ

ཕାኮࢫ֍ਸ๔ኴႜڦĂჄ 5 ௱ڦ၍Ⴀჿ֭ኵǈ๑ᆩକ܉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

ॺظ்ၙᄲࡕăසࡕၳْڇڦڇॺ०ظৈ၌ᇀڍǈ݆ݛڇ०ڦࡕॺၳظᅃ߲ᆩઠ܉ࡗ

ްሗܓڦଚࢅთ࣍ǈఫႴᄲ๑ᆩଷᅃၜ CSS3 रຍǖCSS ăࣃۯ



CSS3：高级页面效果   ｜   127

6.3　CSS动画

CSS କᅃ߲Բࠃ༵ࣃۯ CSS ڦӄăၟฉᅃቤถݛࣃۯڦඇ面ྺ߸܉ࡗ 3D ᅃࣃۯ॰ኡ࠲

ᄣǈCSS ăඟ࣍ຕĂჽ้ᅜतთࡧۯ࣐Ă้ࣃۯຌႠઠ੦ࢅ॰ኡ࠲૧ᆩᅃဣଚࣃۯ

்ઠੂੂᅃၵ๖૩ă

ਸ࿔ॲٶ Chapter 6/css3danimations.htmlăేࣷੂڟෙ߲ਸ਼ೌăۅऍ்ઠ݀ةփཞࣃۯڦ

（ 6-9）ăፑฉڦਸ਼ೌႜକᅃ߲०ྷڦڇජ y ዡገࣃۯْڇڦăᆸฉڦਸ਼ೌዘްႜ

ፑᆸࣤࣃۯڦۯăူڦݛਸ਼ೌĐݧđഐઠժၠᆸᅎۯǈሞᅎײࡗۯዐ๔ዕྷජ y ዡገă

CSS 3D

图 6-9：CSS 3D 动画

ᆩᇀظॺڦࣃۯ CSS ڦ॰ኡຕ࠲ॺظǖᅃ߲ᆩᇀݴଇ߲ևྺݴ CSS ڦஓپ @keyframe

ຌႠăܠႹڦᇮฉ߲ڇሶǈᅜतۨᅭᇀࡀ

• animation-name

ᅃ߲ᆯ @keyframe ᇸăڦ॰ኡຕ࠲ఁጴǈᆩᇀፕྺڦࢇ॰ኡण࠲ڦሶۨᅭࡀ

• animation-duration

ኸ้ۨڦࣃۯǈᅜ௱ईࡹ௱ྺڇ࿋ă

• animation-timing-function

ǈᅜຕఁࡧۯ࣐ڦࣃۯ॰ኡ࠲ linearĂeaseĂease-inĂease-outĂease-in-out

ई cubic-bezier ዐڦඪᅪᅃ߲ă

• animation-delay

ኸۨࣃۯਸ๔മڦځڪᅃ้क़（ᅜ௱ईࡹ௱ྺڇ࿋）ă



128   ｜   第 6 章

• animation-iteration-count

ኸۨࣃۯխْڦݣຕăఐණྺ 1ă࠲॰ጴ infinite ᆩᇀۨᅭᆦ৳თࣃۯڦ࣍ă

• animation-direction

ਦۨࣃۯኟၠĂ࣏ၠݒኟၠݒ༺խݣăڦኵᆶ normal（ኟၠ）Ăreverse（ݒ

ၠ）Ăalternate（ኟၠݒ༺）ǈᅜत alternate-reverse（ኟၠݒ༺ǈံၠݒխݣ）ă

்ᅜᆩ CSS ຌႠ०ႀ animation ॽമ面ᆶڦຌႠၟူ面ኄᄣࢇഐઠǖ

animation: name duration timing-function delay iteration-count direction;

 6-9 对ᆌ๖૩ڦ CSS ஓᅜሞ࿔ॲپ css/css3danimations.css ዐቴڟă૩ 6-7 ቌቛ๖ڦ

କഄዐڦዘᄲೌă்๑ᆩ @keyframe ሶࡀ kfRotateY ࢅ kfRotateMinusY ઠยዃ࠲॰ኡ

ǈkfShake（ገڦኟ面ڟԝ面ᅜतٗԝ面ڟ՚ᆩᇀਸ਼ೌٗኟ面ݴ） ᆩᇀࣤࣃۯڦۯǈkfFly

ᆩᇀݧၖࣃۯڦă்ྺ߲ݴࣃۯ՚ۨᅭକփཞڦૌǈ๑ᆩକփཞ֖ڦຕăanimRotateY

ࢅ animRotateMinusY ૌۨᅭକඟᇮජ y ዡገڦ၌၍Ⴀ֭ኵࣃۯăኄၵۼࣃۯཚࡗ०

॰ኡຕઠۨᅭă࠲ڦຐጒༀڟ๖ٗਸ๔ጒༀڦڇ

kfShake ૌሶ߸ްሗᅃၵǖ๑ᆩକݴ՚࿋ᇀ 0%Ă25%Ă50% ࢅ 100% ้ਗ਼࠲຺߲ڦ॰ኡ

ຕǈઠۨᅭ x ࢅ y 平ᅎǈᅜतྷජڦฉၠݛ z ዡڦገăፌࢫǈkfFly ૌ߸ྺްሗǈሞ

ࢅຕǈժ֑ᆩକኟၠࡧෙْԞܻ֭ኵڦ॰ኡዐۨᅭକᅃဣଚ平ᅎǈ๑ᆩକᅃ߲ጲۨᅭ࠲

ăkfFlyݣ༺խڦၠొ ৈৈۨᅭକᇮݧڦႜୟ০Ǘኮᅜ၄Đಆۯ؇Ӿđڦ视

ਥၳࡕǈᅺྺᇮԥۅऍ้ཁेሞᇮኟ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); 
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  -webkit-animation-direction:alternate; 
}

ేᄺႹᅙঢ়ጀᅪڟǈanimRotateY ࢅ animRotateMinusY ዐڦ animation-iteration-count ຌ

Ⴀۼԥۨᅭྺ infiniteǈܸፑฉڦਸ਼ೌৈৈገକᅃْăኄᅺྺ 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၌თ࣍ǈྺକްᆩሞփཞࡕၳࣃۯڦฉǈ૩ස்ᇑ animFly ૌࢇ

ሞںǈ்ᅜൟ࣍ॽ்ۨᅭྺ၌თࡗăཚࢪ้ڦ JavaScript ዐ੦்ڦਸ๔

ཕኹăࢅ

6.4　挑战CSS的极限

ظăܸኄၵरຍཞᄣᄺᅜᆩઠۯᅎڦ๖૩ዷᄲणዐᇀ平面体ڦణമྺኹǈԨቤዐڟ

ॺᆫႯڦ 3D ᆩࢽহ面ᇮᅜतՎࡕၳ࣑ǈڍ்ᇑ၄ৃڦᆴဥࢅഄඇ 3D ᆌᆩၳڦ

ՉহăԨቤڦਐăनՍසُǈᅃၵਸ݀ኁධሞકቛኄၜरຍڦᆶᅃ࣏ۨኮक़ࡕ

ॽຎ்৯৩ᅜᆩݴևڦူ CSS3 ڦᄣ๊ॺظ 3D ăࡕၳ

6.4.1　渲染3D物体

ሞമ面ڦबবዐ்ੂڟǈྺକظॺມ面ڦՌ平体ǈ்Պႀକᅃၵ HTML ࢅ CSS پ

ஓăྺକظॺټศڦ܈体ǈස૬ݛ体ǈ்ॽڦܠ߸ݯࡼ૰ăႹܠ CSS3 ၎ڦ࠲በۅ

ቛ๖କ࠲ᇀසํࢆ၄ኄၵၳڦࡕᆫႯ๖૩ă 6-10 ௮ࣼକᅃ߲ 3D ጱǈኄ߲࢈Ⴕెׂڦ

ፕᆯࡔڤਸ݀ኁ Dirk Weber ྺڦ HTML5 ਸ݀በۅ http://www.eleqtriq.com ॺăኄظ

ᆖƽڛڦǈժᅜገăฯᆶႵెڹࢅۥĂଇ֨ĂࢫጱਏᆶമĂ࢈߲
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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/）ཷܓᅃօྊቛକኄ

ॺକᅃ߲ظǈ்߁ڦጱ࢈߲ 3D ඹǈాڦກዐ܁面ઠለހਸٶႵెກढቛ๖ăేᅜڦ

ᄻăසᅜ࣏ 6-11 ๖ă
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图 6-11：3D 虚拟书籍展示（http://tympanus.net/codrops/2013/01/08/3d-book-showcase/）

ڦॺኄૌྜኝظ 3D 体Ⴔᄲྺ߲面ظॺᅃ߲ई߲ܠ HTML ᇮǈժۨᅭႹܠ CSS ૌǈ

ཚ࣏Ⴔᄲᅃၵᆩᇀஇड੦ڦ JavaScriptăݥઓవǈڍኄၵ౮૰ڦࡕኵڦڥă

ੂੂኄࢅዐஆଚڦ CSS 3D በۅăኄၵበۅዐܠڦຕበۼۅጲᆯݴၛ்ڦᇸپஓǈ

ኄྺ்ڦ CSS 3D ăۅഐڦࡻକᅃ߲ࠃፕ༵ظ

6.4.2　渲染3D环境

६ᇀ CSS 3D एԨฉएᇀ对ਈႚ体֡ڦፕઠํ၄ڦǈੂഐઠփీԥᆩઠظॺ

วଣഄৣڦᆴဥৣ࣍ăܸସටవᅜዃ႑ڦǈᆈࡔਸ݀ኁ Keith Clark ፔڟକǈ๑ᆩ

JavaScript ࢅ CSS 3D Վ࣑ǈظॺକᅃ߲Ӂڼڦ߭ޅᅃටพऍᄇ๖ăࡕස 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 ፕቛ๖କڦ CSS3 ੂഐઠփీํ၄ڦᅃၵ༬Ⴀǈฯ࣏Ԉઔ 3D Վ࣑ă

• 3D 几何体

CSS ৈৈᅜ֡ፕਈႚăڍړ்ᅪ๎ڟኈኟڦ 3D කဣཥཚᄺएᇀॽ߲ܠ平

面ܠՉႚĊĊཚෙঙႚईኁ຺ՉႚĊĊፇׯࢇ߸ްሗڦႚጒઠ֡ፕ้ǈኄᅃۅժ

փీྺਆ၌ăཞᄣǈ்ᅜ૧ᆩ PNG ೌઠፕྺ຺߲ڇՉႚዐڦ alpha ཚڢቼቸǈ

Չႚăᆶକኄଇ߲༬ႠǈClarkܠڦਏᆶ߳ዖ剪ൎႚጒॺظܸٗ ৽ᅜ૧ᆩ CSS ઠظ

ॺᇶརĂഷኧĂพऍኁڦևǈᅜतഄݠኈڦ 3D बࢆ体ă

• 相机、导航和碰撞

CSS ኧएԨڦཪ视ǈڍ Clark ၎ऐǈཞڦᅃ߲Ⴕెۯ॰ಎํ้ᅎߵࢆକසၙ

้ཚࡗॽॆڦ࿋ዃཨᆖڟ 2D 平面ฉǈժᇑᅃ߲߾ፕڦ 2D ႜԲডઠ܈ߛ

ऺ໙ಸጐă

• 灯光和阴影

CSS փኧᇮڦቷăྺକظॺݠኈ࠼ڦቷఇ႙ǈClark Ⴔᄲࠓॺ຺߲Չႚၠ݆ڦ

ଉǈሞ JavaScript ዐظॺႵె࠼ڦᇸǈሞᅃ߲ <canvas> ᇮዐೡක࿖ᆙพǈॽഄ

面ăڦ၍ቷଋ࠼ᅃ߲ԥॺظǈઠࢇ࿖ᆙพंإएࢅ

Ⴙܠਸ݀ኁժփᇼᅪஶ၃ඁၟ Keith Clark ᅃᄣႜఫްሗ߾ڦፕăၟኄᄣৣ࣍ڦසࡕ๑

ᆩ WebGL ૌຼࢅ Three.js ኄᄣੰڦઠٲॺǈࣷݥ०ڇă࠶සُǈኄ߲ၜణධᆩ

ᇀቛ၄ CSS3 ీ૰ڦĂݥᆫႯڦӄ૩ჺ৯ăසࡕထྭକ߸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

గၵ៓બഗᄓႠںሎႹਸ݀ኁ๑ᆩ GLSL ጣഗᇕჾઠॽඪᅪڦ 3D ፕᆩᇀࡕၳ CSS ᇮ

ăኄၜᆯ Adobe ဣཥਸྊڦरຍԥྺ CSS ጲۨᅭ୳（৹ྺ CSS ጣഗ）ă 6-13
ቛ๖କሞཁे CSS ጲۨᅭ୳Đዥđၳࡕኮമࢅኮڦࢫ DOM ᇮࡕၳڦăړՔሞᇮ

ฉᅎ้ۯǈጣഗײႾ౦൸କፇׯᇮ၂๖ਈႚڦবۅǈ๑ۅۥሞ้܌क़ాׂิሏۯǈ

ڟ்ੂഐઠၟᅃቧዥәәڦኽă࠲ᇀ๑ᆩ CSS ጲۨᅭ୳ǈፌኵڥጀᅪݛںڦሞᇀǈ

ኄ߲ DOM ᇮాڦඹՔጚڦ HTMLǖᅃၵټᄣ๕ڦ࿔ጴǈᅜतᅃቧၟăCSS ጲۨᅭ

୳ሎႹ Web ਸ݀ኁ؊ݴ૧ᆩ၄ᆶڦ HTML ኪ๎ǈظॺႎڦဌᆅᄅ൰ڦࡕၳࢻă

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 ጲۨᅭ୳๑ᆩକ GLSL ጣഗᇕჾڦᅃ߲ጱण（GLSL ES）ăएԨฉࢅ WebGL ዐ

๑ᆩڦ GLSL ES ၎ཞǈڍᆶᅃၵݥဦྲֶڦᅴăᇀҾඇႠ୯ǈփሎႹ CSS ጲۨᅭ

୳থݡ࿚ᄻ面ᇮฉၟڦჿǗ၎ݒǈ୳Ⴔᄲऺ໙ᅃ߲ंࢇ֒ǈፌዕॽፕ

ᆩᇀణՔၟǈᆩᇀऺ໙ፌዕڦჿăُྔǈ៓બഗ࣏ᅜඇਆՎଉڦႚ๕༵ࠃକᅃၵᇨ

ۨᅭڦኵǈසᆯᇮڦՔጚ CSS 3D ຌႠ（ኮമ்༪ஃࡗ）ۨᅭڦ 3D Վ࣑ਈንăଷᅃ

߲ዘᄲֶڦᅴ CSS ጲۨᅭ୳ڦǈܸሞ WebGL කዐጣഗሶՂႴڦă

ጀᅪ CSS ጲۨᅭ୳࣏ᅃ߲ํᄓႠڦ༬Ⴀǈৈৈԥగၵ៓બഗኧă

ሞԨກႀፕ้ǈኄ߲༬Ⴀ࣏ᆶԥߥዃླڦ၃ǈᅺྺగၵට߸ൡၠᇀॽ DOM

ᇮፕྺ࿖ᆙพኝڟࢇ WebGL Քጚዐǈܸኄၜ߾ፕᄺൽڥକ၎ڦړ

ቛăሞُक़ኄၜ༬Ⴀධԥ Chrome ኧǈేᅜཚࡗᅃ߲༬ڦంସ

ႜ（--enable-css-shaders）ઠਸഔǈईኁሞᆩࢽೋࡻยዃዐഔᆩ CSS

ጣഗă
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6.4.4　用Three.js来渲染CSS 3D
नՍሞ 2014 ǈႹ៓ܠબഗධփኧ WebGLǈԈઔ iOS ฉڦ Mobile SafariăᅺُႹܠ

ॺظरຍઠڦ்Ⴔᄲ๑ᆩইपࢪ้ 3Dăኟසኮമ்ᅙঢ়ੂڦڟఫᄣǈCSS3 ഄዐᅃ

߲ስăܸएᇀ CSS ઠႜศڦ܈ 3D ਸ݀Ⴔᄲܠહۯǈྫྫྺକظॺब߲ 3D
对象ǈ৽Ⴔᄲٷଉڦ CSS ૌࢅ HTML ᇮă

ፌ近ǈMr.doob ਸ๔ጣྺ Three.js ॺᅃ߲एᇀظ CSS කဣཥăThree.jsڦ ፌڦᅃۅ

ሞᇀᅜ๑ᆩփཞ៓ڦબഗरຍઠႜකăThree.js ࠃǈ༵ڦ֭ॲ๕ࠓකॐڦ

କాዃڦ WebGLĂ2D CanvasĂSVG ᅜत CSS කഗă

Three.js ڦ CSS කഗ๑ᆩ CSS Վ࣑ઠ对体ႜ平ᅎĂገᅜतݣǈॽࢻ๕

ᄻ面ᇮᆙพڟ 3D क़ዐڦၙݛӄăස 6-14 ዐ௮ࣼକᅃ߲ࢻ๕ڦᇮዜă

ڦీࠀᅃ߲ਏԢྜኝۼᇮ߭ڇ߲ڦ߭ DIV Քധǈᅺُᅜᆩ HTML ઠකժ๑ᆩ

CSS ઠཁेᄣ๕ăCSS කഗྺਈႚĂ࿔Ԩ体ظॺظႎႠքਆڦᆫႯስă

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

๑ᆩࢆକසڟăేକࣃ CSS Վ࣑ઠॽ 3D 平ᅎĂገࢅݣᆌᆩᇀᇮǈժ๑ᆩईփ๑
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ᆩཪ视ઠක்Ǘཚࡗ DOM ֫पࠓઠدխ 3D Վ࣑Ǘ੦ᅃ߲ᇮڦԝ面කă

்๑ᆩ CSS ǈժ๑ᆩࡕၳࣃۯڦڇॺକ०ظ܉ࡗ CSS ăࡕၳڦॺକ߸ްሗظࣃۯ

CSS3 ॺظକᆩᇀࠃ༵ 3D ᆩࢽহ面ᇮࢅՎڦࡕၳ࣑ഽీٷ૰ǈڍժփࢇᆩઠࠓॺ၄

ৃᆴဥࢅഄႚण 3D ᆌᆩࡕၳڦăٗڍଷᅃݛ面ઠຫǈኄၵၳݥࡕඹᅟظॺǗ

்ᅜཚࡗ CSS ᅜณଉޤ JavaScript Ǘፌڦ๕ઠํ၄Ǘ்ੵ平Ăੵ៓બഗݛڦஓپ

ዘᄲڦǈ்៓બഗాዃڦ༬Ⴀǈኄ๖ేႴྺํ၄ኄၵၳࡕᆅੰڦྔܮăሞट

ณຕ൧ူǈၙړᄲ CSS3 ڦଉٷट၌้ǈ்ᅜ๑ᆩڦ JavaScript रേईᆅૌ

ຼ Three.js ኄᄣᅜᆩ CSS3 ઠකੰڦă
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Canvas：通用2D绘图

ፌዕǈ3D ႚᄲࣼڟ 2D ๑ࡕཪ视ၳࢅ܈సĂ平ӱᅜतऐăศۉ平面ยԢฉǈԲසڦ

்ੂഐઠၟڥ 3Dǈ๑ڥగၵ体ੂഐઠԲড近ĂగၵੂഐઠԲড远ăසࡕ்ထྭ 3D
ాඹࢻ๕ڦǈఫක܈৽Ⴔᄲፁࠕǈณ௱ 30 ኡǈፌࡻ௱ 60 ኡă

WebGL ࢅ CSS3 ๑ᆩ GPU（၄ऺپ໙ऐࢅഄยԢዐጆோᆩઠتႚڦᆘॲ）ઠํ၄

3D ํ้කă࠶ 3D ᆘॲे对ᇀࢻ๕ 3D ႚઠຫटഄዘᄲǈڍժփՂႴڦă

๑ᆩॲකཞᄣᅜظሰସට༒ڦ 3D 体ᄓă对ᇀ Web ᆌᆩઠຫǈॲකᅪ࿆ጣ

๑ᆩ Canvas 2Dǈᅃ߲ሞ៓બഗዐ见ڦ 2D ႚࣼ APIă

ሞగၵׇৠူǈ்Ⴔᄲ୯๑ᆩ Canvas 2D ܸփ WebGLăᅃዖׇৠǈ࠶ WebGL
ǈᆮഄ平ኧۯႀፕԨກ้ժுᆶԥᆶᅎڍतǈ iOS ڦ Safari ዐ 1ăሞኄၵ

平ฉǈ்ᅜ๑ᆩ Canvas 2D ፕྺইपݛӄǈ࠶ኄፔీࣷᆖၚႠీईဎึࣃ

ዊăଷᅃዖׇৠǈ்ీႴᄲኧۉଉᆶ၌ڦยԢǈԲසగၵీऐڦ GPU ݥ

ॺᅃظᆶᅃዖׇৠǈ்ၙᄲ࣏क़ă้ࡵჄॲකઠჽكǈᅜ்Ⴔᄲ๑ᆩۉࡼ

߲०ڦڇ 3D ǈ๑ᆩࡕၳ WebGL ᆶۅ෫चᆩژǈܸ CSS ᆼփࠕഽٷăኄၵׇৠ߸ࢇ

๑ᆩ Canvas 2D ઠൽپ WebGLă

ሞԨቤዐǈ்ॽჺ৯සࢆ๑ᆩ Canvas API ઠක 3Dǈᅜतසࢆ࢚Ⴀీࡕၳࢅă்

تჺ৯ᅃၵ࣏ࣷ 3D ຕბࢅකڦਸᇸੰǈኄၵੰీඟ்ጆጀᇀਸ݀ᆌᆩă

7.1　Canvas基础

ࡕሞ 2004 ံᆅ Canvasǈྺକሞ Dashboard ፇॲࢅ Safari ៓બഗዐኧߛपহ面

बዐǈԥڦքăሞথူઠࣃཚᆩڦᅃ߲ࣼႚࠃፔ݆༵ڦਸ݀ăڦ Mozilla ڦ

ጀ 1ǖiOS 8 ዐᅙঢ়ኧăĊĊᅳኁጀ
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Gecko ᆅĂഄएᇀ WebKit ᆅ៓ڦબഗ（ස Chrome）ኧǈፌዕतڟᆶኧ

HTML5 平ăࢅબഗ៓ڦ

ኮമࢅ Web Քጚዐࣼ 2D ๐ଉႚڦ DOM ᇮत SVG փཞǈCanvas ժுᆶሞՔധዐ

କᅃ߲ࠃႚጒᇮǈ༵ڦᅃဣଚࠦۨࠃ༵ API ઠඟ JavaScript ਸ݀ኁඪᅪࣼࢅག؊߳

ዖႚǈԈઔ၍Ă൸၍ĂܠՉႚࢅ࿔Ԩăܸփཞᇀ DOM ࢅ SVGǈCanvas ๑ᆩକૌຼ

WebGL ࡤৠዐժுᆶԈׇڦఇ႙ăሞ៓બഗײࡗڦ Canvas ᇮాևాڦඹǈᅜᆌᆩ

ՂႷྼࡻࢺాևڦ对象ࣼࢅ֡ፕǈᅜՍሞዘࣼࢪ้ڦ๑ᆩ（Բසሞࣃۯዐ）ă

ඇ面ჺ৯ Canvas API ࢅକྺڍǈؑݔڦକԨກג 3D ၎ڦ࠲ Canvas ࣼǈ்Ⴔ

ᄲ०ڇถᅃူڦएإኪ๎ă

7.1.1　Canvas元素和2D绘图上下文

HTML5 ۨᅭକᅃ߲ႎڦ DOM ᇮǖ<Canvas>ǈॽᄻ面ዐڦᅃ߲൶ᇘۨᅭྺࣼڦă

Canvas ᇮૌຼᇀၟᇮǖేᅜ๑ᆩՔധظॺǈईኁ๑ᆩ DOM ዐڦ document.

createElement() APIăظړॺࢫࡻǈేᅜ๑ᆩ CSS ઠ੦ Canvas ᇮڦᄣ๕ǈԲසย

ዃՉĂྔՉਐĂ࿋ዃڪǈฯ๑ᆩ܉ࡗཁेࡕၳࣃۯă

Canvas ᇮৈৈำକᄻ面ዐڦగ߲൶ᇘᆩઠࣼăሞࣼࢪ้ڦǈేႴᄲཚࡗ上下文

（context）对象ࣼǈኄ߲对象༵ࠃକࣼڦ APIă对ᇀ Canvas ࣼǈ்Ⴔᄲ๑ᆩ 2D
ฉူ࿔对象ǈܸփሞമबቤዐᆩᇀڦ WebGL ࣼڦ 3D ฉူ࿔对象ă

૩ 7-1 ቛ๖କසظࢆॺᅃ߲ Canvas ᇮժࣼᅃ߲ӣኟݛႚăሞ style Քധዐǈ்ྺ

Canvas ᇮኸۨକڦԝৠăሞ <body> Քധዐǈ்ظॺକᅃ߲ᅜၟྺڇ࿋ኸۨߛ

ڦ <canvas> Քധăሞᄻ面 domready ࡗǈ்ཚࢪ้ڦ id ൽڥ Canvas ᇮǈࢫཚࡗ

canvas.getContext("2d") इ2 ڥD ฉူ࿔对象ăړइڥฉူ࿔ࢫǈ்ॽڦ fillStyle

ຌႠยዃྺӣǈۙࢫᆩ 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>

၂๖ࡕᄅຄǈ൩ੂ 7-1ă

图 7-1：使用 Canvas API 绘制一个正方形

ๆݴ०ڇӕăᇑڼ 2 ቤڼࢅ 3 ቤڦ૩ጱੂഐઠၟǈܸኻᆩକबႜ JavaScript ஓپ

（ኮമຫࡗሞᄻ面ዐࣼ 2D ႚ࣏ᆶ߸०݆ݛڦڇǈփਸၲڦ）ăኄ߲૩ጱپڦ

ஓᅜሞ Chapter 7/canvasbasic.html ዐቴڟă

7.1.2　Canvas API的功能

Canvas 2D ฉူ࿔༵ࠃକᅃ߲एᇀ࠼ቆڦ APIăᄺ৽ຫǈࣼएᇀၟڦ（ܸփഄ

ႚဣཥዐڦ๐ଉǈස SVG）ăසࡕᆌᆩႴᄲएᇀش口ٷၭݣႚǈႴᄲتۯ

ă2D Canvas ڦ API ۙᆩᅜྺݴᅜူबዖă
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• 形状绘制

ਈႚĂܠՉႚᅜत൸၍ႚጒǈᅜག؊ڦईኻᆶՉă

• 直线和路径绘制

၍Ăࢷ၍ࢅԞܻ൸၍ă

• 图像绘制

ઠጲၟᇮईഄ Canvas ࿋ຕăڦڪ

• 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ᅎĂገĂݣᅜतඪᅪڦ 3ġ3 Վ࣑ਈንă

• 合成

੦ႎࣼڦႚࢅᅙᆶڦ Canvas ాඹසࢇंࢆă

 7-2 ၂๖କۙᆩ߳ዖ Canvas API ਈႚĂᅃ߲௮ڦ؊ᅃ߲གڟă்ᅜੂࡕၳڦࢫీࠀ

ՉڦਈႚĂག؊त௮Չڦ࿔ԨĂᅃ߲ག؊ܠڦՉႚ（ෙঙႚ）Ăᅃ߲ག؊௮ՉڦԞܻ൸

၍Ăᅃ߲࿋Ăᅃ߲๑ᆩ࿋ઠႜ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

०ࣅ்ูକഄՔധևݴă

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 ᇮժइڥ 2D ฉူ࿔对象ǈۙࢫᆩ init()ǈ

ፌۙࢫᆩ run()ărun() एᇀ requestAnimationFrame() ઠํ၄ሏႜთ࣍ăࢅኮമڦኻࣼ

ᅃْڦ૩ጱփཞǈኄ்ْփႜዘࣼă்ኄፔᆶଇ߲ᇱᅺǖ(1) ኄ߸ࢇޙኈํ

Canvas ᆌᆩڦࠓǈᅺྺాඹగၵ้ࣷࢪᆶࣃۯई၎ᆌڦᆩ֡ࢽፕǗ(2) ኄሞగၵኡዐ

Ⴔᄲኄፔǈᅺྺ்Ⴔᄲॠ֪ၟޏᅙঢ়ेሜྜԹă்ႴᄲڟڪၟेሜྜԹࢫ֍

ࣼǈਏ体ဦবࣷځॽႜถă

init() ǈሞᆸူঙࡕॺକଇ߲ၟᇮǈᅃ߲ፕྺ࿋ాඹǈଷᅃ߲ᆩፕॷՎၳظຕࡧ

ǈྺُǈሞेሜၟമཁࡕၳ؊ॺକᅃ߲གظ࿋߲ܾڼएᇀ࣏ਈႚዐႜ平೬ăڦ

ेକᅃ߲ onload ๚ॲتഗăonload ๑ᆩฉူ࿔ڦ createPattern() ॺ平೬ăظຕઠࡧ

createPattern() ᆩăۙీ֍ׯၟेሜྜڟڪ࿋ຕǈᅜ்ՂႷڦႴᄲᆶၳ݆ݛ

run() ምۙᆩጲमǗথጣǈࢪ้ڦăံǈඟ៓બഗሞူْ߸ႎዜ࣍ຕํ၄କሏႜთࡧ

ۙᆩ draw() ઠํ၄ࣼădraw() ஓසူ๖ǖپڦ
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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(); 
 
    // ศઢ௮Չڦၭਈႚ 
    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࿔ጴႜ௮Չ 
    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؊ڦԞܻ൸၍ 
    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 ăۅ༬ႠǈኄॽഽۙᅜူबܠႹڦ

• context.clearRect() ԥᆩઠൣأ canvas ዐాڦඹăසࡕுᆶǈႚࣷփሞኮമڦ

ኡฉ۠ेă

• context.translate() ԥᆩઠᅎۯᆶໜࣼࢫڦ体ڦ࿋ዃǈڦኵࣷཁेڟᆶഄ
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ࣼ֡ፕዐă

• ጀᅪڟ context.save() ࢅ context.restore() ࣼ߀ሎႹਸ݀ኁሞႪ݆ݛ๑ᆩăኄଇ߲ڦ

ጒༀമԍ٪ጒༀǈժሞࣼຐް࣬ࢫăࣷԍ٪Վ࣑Ă௮Չࢅག؊ᄣ๕Ăጴ体Ă၍

ᅜԥాഴۙᆩۼ݆ݛጒༀă៓બഗ๑ᆩᅃ߲ቝઠԍ٪ኄၵጒༀǈᅜኄၵڪ܈

ᆶӻዺăᅃӯ൧ူǈ்փထྭᅃ߲ࣼ֡ݥ体ڦࠓă对ᇀࣼਏᆶْ֫ڦ

ፕᆖၚଷᅃ߲ࣼ֡ፕăܸǈႴᄲጀᅪኄ߲֡ፕࣷټઠᅃۨڦႠీਸၨǈᅜሞ๑ᆩ

்ࢪ้ڦႴᄲၭ႐ă

• beginPath() ࢅ closePath() ୟ০ăCanvasڦ൸၍ࢅሎႹ்ጲۨᅭች၍݆ݛ କᅃࢺྼ

߲ႵెڦԴ࿋ዃǈ்ཚࡗ moveTo()ĂlineTo() ࢅ bezierCurveTo() ኄၵ݆ݛઠ੦ă

beginPath() ጒༀǈܸڦዘዃԴ݆ࣷݛ closePath() ፌਸ๔ۙࢅ࿋ዃڦമԴړሶॽ݆ݛ

ᆩ moveTo() ้Դڦ࿋ዃഐઠă

• ၟࣼڦཚࡗ context.drawImage() ઠྜڦׯă்Ⴔᄲځڪၟेሜྜࢫ֍ీࣼ

ǈܸኄཚ֪ࡗၟڦ܈փྺଭઠಒădrawImage() ٷڦຕᅜᅜၟԨวࡧ

ၭઠႜࣼǈईኁཚدࡗڼࢅ຺ڼ߲֖ຕઠ੦ڦߛǈܸٗႜݣăၟ

ཞᄣᅜԥᆩઠ平೬体ǈ்ڪ image2 ेሜྜۙࢫᆩ context.createPattern() ઠظ

ॺ平೬ၳࡕăཚࡗิڦׯ平೬对象ࣷԍ٪ڟ imagepatternՎଉዐǈࢫᆩઠ平೬ᇶႚă

ኄ߲૩ጱኻภत Canvas 2D ႚࣼڦևݴ APIǈ࣏ᆶഄٷଉీࠀڦă๑ᆩ Canvas 
කᆶጲमڦႠీ࿚༶तፌॅํ७ǈڍᅙঢ়גକԨກؑݔڦă൩֖Ԩກઠକ

Canvas API ഄ႑တăڦ

7.2　使用Canvas API来渲染3D
മ面்ბသକ Canvas 2D API ኪ๎ǈ၄ሞ்ᅜਸ๔༪ஃ๑ᆩઠකإएڦ 3D ဣ

ཥ้ڦ࿚༶ă࠶ᆶܠዖ݆ݛǈٷڍևݴॲකํڦ၄ۼఇݠକᆘॲකୁײǈံॽټ

ჿڦෙঙႚĂ၍ཉĂٗۅఇ႙（对象）क़Վڟ࣑ೡటक़ǈࢫምႜࣼă

๑ᆩ 3D ᆘॲेࢪ้ڦǈ்ᆩ GLSL ጣഗپஓઠႜऺ໙ǈᆶഽాڦٷॺࡧຕǈ

ժՊᅳྺሞ GPU ዐኴႜ֫ڹڦऐഗஓăڍසࡕுᆶ 3D ेᆘॲǈ்৽Ⴔᄲံሞ

JavaScript ዐํ၄ኄၵऺ໙ǈࢫምӝฉࡻჿՎڦࢫࡻ࣑体ཚࡗ Canvas API ႜፌ

ዕකăኄၵऺ໙Ԉઔྼࢺ 3D बࢆ体ĂՎ࣑Ă࠼၍Ăጣǈᅜतॽ 3D 体ཨᆖڟ 2D 视

口ฉăฉຎ߾ፕႴᄲٷଉऺڦ໙ǈनՍሞߛႠీڦऐഗฉᄺᆶڅٷǈܸਸ݀ኁݯࡼ

స૰৽߸ᆩփ༵କăڦ

ॲකഗཚࣷፔᅜူब߲߾ፕă

• 变换三角形ǈॽෙঙႚٗ体क़Վڟ࣑ೡటक़ăኄႴᄲױᅜब߲ਈንǈਏ体视ׇৠ

ܠ߸ෙঙႚٗ๘হक़（्ยுᆶഄڦฉǈႴᄲॽ体܈၌گăሞፌܸۨ܈ሗްڦ

ڦೡటڟ࣑ཪ视ཨᆖॽՎࡗཚࢫ၎ऐक़ǈڟ࣑Վ（࣑Վڦ 2D क़ă

• 将三角形进行着色ǈኄႴᄲߵਏ体ڦዊઠۨăසࡕภत࠼ቷǈၠ݆ۅۥଉ࠼ࢅᇸۼ

Ⴔᄲభઠă๑ᆩ Canvas 2D API Ⴔᄲۯༀิׯ࿖ईॷՎઠظॺ࠼၍ၳࡕǈኄࣷݥ

ࡼ CPUăසࡕዊᆶ࿖ǈዊ࣏Ⴔᄲႜࡗ୳Ăཪ视Ⴊኟᅜतഄ֡ፕઠඟੂ

ഐઠ平ࢅࣂኈăᆮഄవํ၄ํ้Ⴊኟཪ视ࡗࢅ୳ăేॽࣷሞူ面ڦ૩ጱዐ݀၄ǈ
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ᆌᆩዐڦ࿖ֶᅴٷݥă

• 将三角形进行排序ǈएᇀࢅ视口ڦਐăྺକඟ்ׇڦৠੂഐઠኟඓǈ੍视口മ面

ෙঙႚăሞᆘॲेဣཥዐ๑ᆩ深度ڦ面ࢫකሞമ面ǈᄺ৽ຫᄲቼዿෙঙႚᆌڦ

缓存（depth bufferǈᄺԥྺ z 缓存）ઠํ၄ǈ߶ጷ߲ၟۅᇑ၎ऐڦਐăศ܈

ۅઠऻኄ߲٪࣐܈ǈཞ้ᄺᆶศ٪࣐ăሞ߲ፖՔฉᆶჿڦժଚ٪࣐ჿࢅ٪࣐

၎ऐڦਐǈකഗࣷሞࣼၟڟۅჿ֪ࢪ้ڦ٪࣐ăසࡕኄ߲ၟۅԲኮ

മሞศ࣐܈٪ዐऻڦ࿋ዃ߸近ǈ৽ࣼǗසࡕփǈ৽փࣼăॲකबۼࢭு

ᆶศ࣐܈٪ǈᅺྺా٪କǈܸऺ໙ׯԨߛăፕྺ༺پǈ்֑ᆩෙঙႚಇႾ

ǈۅዐ႐ࢇणڦስෙঙႚࣷཚۅăኄ߲࿋ዃઠႜಒڦۅਈႚగ߲ࡗǈཚ݆ݛڦ

փࡗᄺᅜ๑ᆩፌ近ईፌ远ڦ z ኵǈኄժுᆶՔጚڦፔ݆ă对ෙঙႚႜಇႾॲ

කዐፌᆖၚႠీڦևݴǈేࣷ݀၄ኝ体ਈႚڦຕଉਦۨକేڦႠీă

न๑ᅃ߲ߛዊଉڦॲකํ၄ਦକᆶፆڔሞമ面ڦ࿚༶ǈݒක（对体ڦ

Չᇹႜ平تࣂ）࣏వཚࡗॲํ้ፔڦڟǈႴᄲْܠකᅃ߲体ईኝׇ߲

ৠă๑ᆩ mipmapping ݥԨׯ໙ऺڦ୳ࡗ୳（bilinear filtering）ઠ对ዊႜࡗມၠႠࢅ

࿖ੂഐઠ֢ٚ૭ጒ၂ă൩ੂڦዂॲකڞǈኄߛ 7-3 ૩ጱăܸǈ࿋གڦ

૩සǈ对）܈ڦ؊ CSS sprite ઠຫ）ሞॲකዐ远Բᆘॲዐă

图 7-3：基于软件渲染的纹理映射；转载已被许可

ଷྔǈෙঙႚಇႾሞᆶၵׇৠူᅜ༺پศ࣐܈٪ǈڍሞഄׇৠူࣷᆶ၂࿚༶ă

૩සǈړଇ߲ෙঙႚዘ۠ࢪ้ڦǈுᆶ݆ݛڦࡻ对்ႜಇႾă൩ੂ 7-4ǈٗ၎ऐڦ视
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ঙੂǈෙঙႚ B ़ሞෙঙႚ A മ面ᄺሞෙঙႚڦ A 面ăᅃ߲ॲකಇႾ໙݆ՂႷࢫڦ

ስన߲ෙঙႚሞമ面ǈ ᅜُྜඇቼዿଷᅃ߲ෙঙႚăࡕ৽ǈړ体၎对၎ऐᅎ้ڦۯ

ᆘॲකዐᆦ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）

்ᅜੂڟǈሞీᆩᆘॲකࢪ้ڦ๑ᆩॲකժփᅃ߲ၙݛڦӄăइڥ၎ཞڦ

视ਥၳࡕतႠీन๑ᆶీǈᄺݥઓవăܸ࠶ᆶႹాܠሞڦ၌ǈڍᅈᆶၵସට

༒ڦ౮૰ඁ๑ᆩ 2D Canvas API ઠظॺߛႠీ 3D ăࡕၳ

बമǈᆈڦࡔ Jean dArc ॺକᅃ߲៓બظ Quake 3 ഗǈएᇀੂֱڦںਸ਼࠲ 2D 
Canvas ăڦ 7-5 ၂๖କڦপăేᅜݡ࿚ http://www.zynaps.com/site/experiments/
quake.html ઠăႠీሞডႎڦԴऻԨฉᅜথǈ࠶࿖ᅺྺுᆶࡗ୳ੂഐઠ૭

ጒ၂ǈ࣏ڍփڦٱăኄኮമ Chrome ํᄓዐᆩᇀቛ๖ 2D Canvas ీ૰ڦ૩ጱǈሞ

ਸ݀ࢪ้ڦ WebGL ቛ๖କڍ૦๏ǈྺׯዘᄲᅪᅭᅙঢ়ڦ၄ሞ࠶远փୁႜă࣏

Canvas ీፔڦ๚൧ࢅॲකरຍڦഽٷă

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 ઠක 3D ᆶႹܠरຍ࿚༶ăྺକਦǈ၄କब

߲ੰ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/）ăሞԨবዐǈ்ॽჺ৯்ዐڦଇ߲ǖK3D ࢅ Three.jsă

7.3.1　K3D
K3D ᆯᆈڦࡔ Kevin Roast（http://www.kevs3d.co.uk/dev/ǗTwitter ቭࡽ @kevinroast）ظ

ॺăKevin ᅃ߲ UI ਸ݀ኁࢅႚҺࡻኁă࠶ K3D ሞਸ݀ራǈுᆶ࣏ Three.js ఫᄣ

ăٱփኧڦǈ对ᇀጣᇑ࿖ࡻସටᆇ象ศਗ਼ăਏ体ઠຫǈႠీڍǈీࠀڦݿ

 7-6 ቛ๖କ Asteroids [Reloaded] পೡǈᅃएᇀڦ K3D ํ၄ڦঢ়ۆᆴဥăጀᅪڟჼ

็ฉ平ڦࣂጣĂ࠼၍ǈᅜतߛဦڦ࿖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 ᇀਸتᅈڍत߸ྺཚᆩǈీࠀڦٷഽ߸ࠃ౷༵ࣷ

݀ራǈణമڦ૩ጱ࣏远փࠕဌᆅටă
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7.3.2　Three.js的Canvas渲染

़்๑ᆩ Three.js ઠਸ݀Ԩກዐڦഄ૩ጱǈ୯๑ᆩઠፔएᇀॲڦ 3D කᄺ

ጲڦǈᆮഄසࡕዷᄲణՔ对փኧ WebGL ӄă๑ᆩݛ平ਸ݀ইपڦ Three.
jsǈ்ᅜሞᆶཉॲ๑ᆩ WebGL ๑ᆩࢪ้ڦ WebGLǈሞுཉॲࢪ้ڦ๑ᆩ Canvasǈܸ

ኄփႴᄲႪ߀پܠஓăٗ࠶ 3D කൎڟ࣑ 2D කժփྜඇཪڦǈేႴᄲႀब

ႜپஓઠ؊ݴ๑ᆩ Canvas කీࠀڦǈڍኄၵپஓփፁࠬă

Three.js ๑ᆩକක֭ॲڦॐࠓǈժጲټକᅜথ๑ᆩڦ 2D Canvas ක

ഗăኄժփସටആǈᅺྺ Three.js ፌራएᇀ Mr.doob ක Flash 2D 

ႚ߾ڦፕǈᅜ๑ᆩ HTML5 Canvas කഗᅃ߲ጲڦገՎă๚ํฉǈ

Canvas කഗ࣏Բ WebGL කഗ߸ራํ၄ă

Three.js ዐᆶᅃܑٷएᇀ Canvas ᆶबࡗփဌᆅටăփۼݴևٷǈ்ڦփ႞ڍ૩ጱăڦ

߲ኵڥሞኄ༵ᅃူăሞ Three.js ၜణڦᇸ࿔ॲዐǈٶਸ examples/canvas_geometry_earth.
htmlǈස 7-7 ๖ăేࣷੂڟᅃ߲ټ࿖ᆙพڦገں൰ăժփԲ WebGL ӲԨڦ

ଋǈ࣏ڍփڦٱăేፌ၂ִਥڦڟᆌ൰体փྜඇںകࢇǗኄ৽ຫǈுᆶ

൰ఫੲސܻߛժփၟ࠶ෙঙႚՉᇹăڟੂࢪ้ڦਈႚઠࣼăేᅜሞገڦܠ

ቧǈڍ࣏Բড֢ٚăᇱᅺ৽ෙঙႚಇႾăేՂႷ੦ෙঙႚڦຕଉǈᅺྺศ܈ಇႾ

ෙঙႚᅃ߲ፌณ O(NlogN) ᅪ࿆ጣಇႾ߸ăܠ߸ፕǈᅜෙঙႚ֡ڦ

图 7-7：使用 Three.js 的 Canvas 渲染器绘制的纹理映射地球

Canvas කࢇᆩઠፔ०ڦڇ 3D ඇৠăሞኄ்ॽ༪ஃක 12 ߲ෙঙႚ（૬ݛ体

ాևᆶୃ߲面ǈ߲面Ⴔᄲකଇ߲ෙঙႚ）ǈᅜෙঙႚຕଉժփ߲࿚༶ăٶਸ Three.
js ૩ጱዐڦ examples/canvas_geometry_panoramas.html ઠֱੂ 3D ඇৠၳࡕǈස 7-8 
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๖ă๑ᆩՔઠገׇৠǈࡵڞഐઠ平ࣂǈܸඇৠၳੂࡕഐઠփٱă

图 7-8：使用 Three.js 的 Canvas 渲染器绘制的全景图

Three.js ڦ Canvas කཞᄣࣼٷଉ०ڦڇ 2D ڦՉႚǈසՌ平ܠ 2D ݣՉႚǈӦܠ

ሞ 3D क़ዐăኄᅃ߲ظॺૌຼ૭ጱࣃۯኄᄣࢾดᄻ面ၳ݆ݛࡻڦࡕă 7-9 ቛ๖କᅃ

߲૩ጱ（ᇸ࿔ॲ examples/canvas_particles_random.html）ǈړՔሞೡటዐᅎࢪ้ڦۯǈᆶ

1000 ߲ໜऐڦ૭ጱሞ߶ጣۯăኄၵႚጒՌ平ڦǈڍ்ሞ 3D क़ዐᅎۯăၙ象ᅃူǈ

සࡕ๑ᆩ CSS 3D Վ࣑ઠํ၄ኄ߲ၳࡕǈ1000 ๑ᆩڍăᇮࣷඟ៓બഗփਾዘڦ૬܀߲

Canvas ৽ൟକǈܸएᇀ Three.js ৽߸ඹᅟظॺକă

图 7-9：使用 Three.js Canvas 渲染器渲染的 1000 个粒子动画
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1. 如何使用Three.js的Canvas渲染器

ඟ Three.js ๑ᆩ Canvas ௴ᆶഄྲ࣏ڍක对象ăڦॺᅃ߲փཞૌ႙ظǈኻႴᄲڇ०

૩ጱăሞഄዐǈ்ࣷ༑ᅃၵڦڇፕăඟ்ੂᅃ߲०֡ڦ Three.js Canvas කഗࢅ

WebGL කഗሞቛ๖ၳࢅࡕႠీฉڦփཞăፌࢫǈ்ࣷሞํा૩ጱዐ֪ăሞኄኮമ

ᄇ๖ڦ૩ጱۼփࠕኈํǈ߸ၟरຍᄇ๖ăඟ்ཚܠࡗՉႚఇ႙त࿖ઠظॺᅃၵ

ਏ体ڦĂૌຼᆴဥڦႚă

 7-10 ቛ๖କ๑ᆩ Three.js Canvas කഗઠፕᆴဥࡕၳڦăᅃ߲ᆩઠೠࠚ视ਥዊଉ

ਸ࿔ॲٶഗăሞ៓બഗዐੂֱڇ०ڦኡ୲ࢅ Chapter 7/threejscanvasmodel.htmlǈేࣷੂڟ

ሞᅃ߲०ڇ႓ԝৠฉ࣐ገڦෙ່ذăేᅜ๑ᆩՔઠገׇৠǈ๑ᆩࡐઠ

ऍۅࡗၭăేᅜཚࢅٷݣ Animate ްઠਸ๔ࢅཕኹࣃۯăኄ߲૩ጱ࣏ሎႹేൎ࣑

๑ᆩ Canvas त WebGL ઠႜԲডăඟ்ံઠჺ৯ 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）

ጀᅪፑฉঙڦኡ୲ǈتᇀ 20~23fpsăසేࡕཕኹࣃۯժׇٷݣৠǈඟᅃ່ٗذ视野

ዐၩ฿ǈేࣷ݀၄ኡ୲ࢮሺेڟକ 30fps ፑᆸăేᅜምඟ视野ዐኻူᅃ່

କڟǈేࣷ݀၄ኡ୲ذ 50fps ፑᆸǈฯ 60fpsăኄൣညᄇ๖କ்ኮമ༵ڦڟෙঙႚಇ

Ⴞ࿚༶ăᅺྺ Three.js ڦ Canvas කഗுᆶศ࣐܈٪ǈᅜႴᄲႜෙঙႚಇႾăሁܠ

ǈThree.jsࢪ้ڦذኻੂ见ᅃ່ڟٷݣ்ڍă܈ಇႾڦෙঙႚᅪ࿆ጣሁڦ ںٓ

ॽഄ体ࢮ（༲أ）ۖକǈᅜ்փႴᄲႜෙঙႚಇႾăኄၵذఇ႙ۼ०

ሀٷǈ߲ᆯڇ 1200 ߲ෙঙႚፇׯăኄ对ᇀ၄پᆴဥઠຫժփܠǈᅜኄ߲૩ጱຫକ
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்๑ᆩ Canvas ක้ႴᄲবሀܠՉႚڦ๑ᆩࢆڟዖ܈ײă၄ሞઠੂੂڦዊă

ዖևॲǗܸǈ்߳ڦዐذቷଋᇸǈᆌ࠼ᆶᅃ߲ۨၠ࣏ԥቷଋକǈׇܸৠذ

ժுੂڟఫ߲ၳࡕăThree.js ᅜᆌᆩᅃၵ࠼ᇸǈۼࡕၳڍएإǈ்ժுᆶੂڟ体

面ฉڦࣂ࠼ጣၳࡕăేᅜᅃူ Three.js ዐڦഄ Canvas ࠼ࢅǈઠੂੂዊࡕၳ

ᇸీፔڥሹᄣă

2. 比较Canvas渲染器和WebGL渲染器

၄ሞ்ൎ࣑කഗઠႜԲডǈۅऍ WebGL Ӏ౧ઠ๑ᆩڇڦ WebGL ઠකׇৠă

ස 7-11 ๖ă视ਥ对Բݥ၂ăሞ WebGL ӲԨዐǈ࿖ੂഐઠ平ࣂǈᆮഄ体

ሞ远ࢪ้ڦتǈܸሞ Canvas ӲԨዐ૭ጒ၂ăՉᇹݒڦᄺԲ Canvas ӲԨ߸े平ࣂă

ፌᆅටጀణֶڦ՚࠼ቷǈ்ᅜൣ࠼ၠۨڟੂںؤᇸټઠߛڦଋၳࡕǈܸኄሞ Canvas
ӲԨዐுᆶڦăܸሞႠీݛ面ǈੂੂኡ୲ేࣷ݀၄नՍᆶۼذሞׇৠዐǈᅈ

࿘ۨԍሞ 60 fpsăኄժփସටǈᅺྺ Three.js ኻႴፔณ߾ڦፕăሞׇৠዐኻᆶณ

ຕब߲体ǈܠՉႚຕଉփܠ࿖०ڇăबࢭᆶऺڦ໙ۼሞᆘॲዐྜڦׯ（ᄺ৽

ຫǈሞ Three.js WebGL කഗాڦ GLSL ጣഗپஓዐ）ă

图 7-11：使用 Three.js WebGL 渲染器渲染的太空船

࠶ኄၵईႹੂഐઠ௮ࣼକᅃޗ๑ᆩ Canvas ፔ 3D ᆴဥڦਊෟࣃ面ă்ሞ०ׇڦڇৠူ

৽ڟٳକኡ୲ڦट၌ǈ๑ڥ்փڥփ对视ਥዊଉྉၹăڍኄԙ࠵ዷᅭ݆ੂڦăٗଷᅃ

߲ঙ܈ฉຫǈ்ీࠕኻ๑ᆩ JavaScript ৽ሞᄻ面ዐظॺକฉഥ߲ټ࿖ڦෙঙႚǈኄᅙ

ঢ়ସටঐӍକăසࡕ்ਸ݀०ڦڇᆴဥǈժᅜظॺᅃዖሞਆ၌ཉॲ（૩සܠگՉ

ႚࢅᇨකڦူ（࠼ᅝຍ߭ޅǈཞᄣᅜፔସට༒ڦ๚൧ă



152   ｜   第 7 章

ኻႴᄲबႜپஓ৽ీඟ Three.js ๑ᆩ Canvas කഗăူ面ኄ߲૩ጱڦᇸஓᅜሞ Chapter 
7/threejscanvasmodel.html ዐቴڟă૩ 7-3 ஓپڦஓăጀᅪٚ体Քጀپڦॺකഗظକߴ

ႜǈ்ظॺକᅃ߲ 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 කഗظॺࢫࡻǈ்৽ీᅜࢅ WebGL ၎ཞݛڦ๕ઠකǖ

        // කׇৠ 
        renderer.render( scene.scene, scene.camera );

对ᇀ०ڦڇ๑ᆩǈኄඓํ்ྸᅃႴᄲ߸ڦ߀ᅃႜپஓăڍሞኄ߲૩ጱዐǈ்࣏Ⴔᄲ

ፔଷྔᅃ߲๚൧ăThree.js ඟ்ᅜཚࡗĐ܈ࡗđࣼෙঙႚ݆ݛڦઠํ၄०ڦڇՉᇹ

փڍăتࢇފڦᅃ߲ၟǈᆩઠᆆ֠ෙঙႚक़ࣼܠۼࢪ้ڦፔ݆ሞࣼڦǈݒ

႞ڦǈ்փీሞකഗዐยዃᅃ߲ antialias Քऻ（ሞ WebGL ዐ்ᅜኄፔ）ǈ

ܸႴᄲሞᅃ߲ዊฉยዃăኄႴᄲሞఇ႙ेሜࢫՓ૦ڦዊǈࢫยዃ overdraw ຌႠ

ྺ trueăֱੂ૩ 7-4ă்ሞ߲ఇ႙ेሜྜࢪ้ڦׯยዃକᅃ߲࣮ۙࡧຕăኄ߲࣮ۙࡧ

ຕࣷۙᆩఇ႙ዐڦ traverse() ዺޤڦă்پࢫڦ࿚ׇ߲ৠዐݡࢫႜՓ૦ǈ݆ݛ

ຕࡧ processNodes() ံ֪对象ޏᅃ߲ྪ߭ǈසࡕࣆڦǈ৽ยዃྪ߭ฉڦ overdraw

ຌႠăኄ߲߾ڦྔܮፕᆶۅݑǈڍጺڦઠຫႴᄲፔڦ๚൧࣏փڦܠăኄଇتႪ߀৽

๑ᆩ Canvas ࢅ WebGL කྸڦᅃ൶՚ă

例 7-4：Փ૦ׇৠዐڦዊ

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

Ԩቤၘဦຫକසࢆ๑ᆩ 2D Canvas API ઠํ၄ 3D ॲකăᆶڦ HTML5 ៓બഗۼኧ

 Canvas APIăሞ०ڇถକ Canvas API ᅃڦǈ்ჺ৯କॲකዐࠦᆶࢫీࠀࣼڦ

ၵ࿚༶ǈԈઔՎ࣑Ăጣࢅศ܈ಇႾă்ბသକएᇀ Canvas ڦ 3D ੰǈ༬՚සࢆ๑ᆩ

Three.js ڦ Canvas කഗઠ༺پ WebGLăኄ面ᆶႹܠችዔǈᆮഄႠీࢅ视ਥԍኈݛ

面ăCanvas ڦକᅃ߲ႜࠃ༵ WebLG ๑ᆩׇৠူǈڦĂᆶ၌ڇӄǈᆮഄሞ०ݛپ༻

ᅜ๑ᆩઠፕྺփኧ WebGL 平ฉڦইपݛӄă
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3D内容制作流程

ሞ Web ݀ቛڦራǈසేࡕኪڢසࢆႀՔധǈే৽ Web ాඹظڦॺኁă้ړுᆶ

Dreamweaver ኄૌ见नڦڥՊडഗǈᄺுᆶ PhotoShop ኄૌൎ߾ਏăሞ้ړǈWeb
ాඹظॺڦਨٷև߾ݴፕۼᆯײႾᇵઠྜׯĊĊܸఫ้߲ڦ Web ᄺടടݒᆙକኄ߲༬

ăࢫઠǈॲਸ݀ฆ்݀քକظॺ Web ాඹڦጆᄽՊड߾ਏăړኄၵ߾ਏୁႜഐઠኮ

पݯକၩڟ体ᄓዕᇀ༵ืڦྪࢻኰሴǈڦॺాඹظഐڅยऺ்ᄺደॷࢅǈᅝຍॆࢫ

平ăڦ

WebGL ਸ݀ኟሞঢ়૦ࢅራ Web ૌຼڦᄇՎăरຍፌራ၄ڦबዐǈాඹᆯײႾ

ᇵ૧ᆩ࿔ԨՊडഗ߾Պႀظॺڦǈईኁ๑ᆩీࠕቴڦڟገ࣑ഗॽഄ 3D ߭๕ాڦඹገ

ྺ࣑ WebGL ኧ߭ڦ๕ăසࡕቴփڟ၄ڦׯገ߾࣑ਏǈఫྺକྜׯၜణǈేీႴ

ᄲጲႜՊႀᅃ߲ă

႞ሏڦኄዖ൧ኟሞገՎăThree.js ഄࢅ WebGL ੰሞڞጆᄽ߾ਏظॺڦ 3D ా

ඹኄݛ面၄ڥሁઠሁഽٷăᄽহ࣏ഋ႐ၹ૰ظॺକጆࠃ Web ๑ᆩڦ 3D ࿔ॲ߭๕Քጚă

ٗኝ体ઠຫఇ๕ᅈ৹Բডᇱ๔ǈڍ对ԲबമǈWebGL ాඹڦਸ݀ᅜຫᅙঢ়ٗٚ

ሁăੵڦđپĐ൞ཟ้ڦਏ߾କၠณᆶᆩׯđྜپĐ็ഗ้ڦݣ

Ԩቤ߃ࡥକ Web 3D ాඹڦਸ݀ୁײăံǈ்ࣷཚબాඹظॺײࡗڦăසేࡕ对 3D
体କ၄ৃٷᆶᆩăഄ்ْࣷݥඹ对ేઠຫࣷాݴፕփຄဒǈఫኄևظ WebGL ၜణ

ዐ๑ᆩୁڦႜॺఇ߾ࣃۯࢅਏǈժศჺ৯ፌࢇᆩᇀ Web ਸ݀ڦ 3D ࿔ॲ߭๕ဦবăፌ

ǈ்ࣷბသ๑ᆩࢫ Three.js ၜణፔጚԢăڦჄቤবࢫਏॽኄၵ࿔ॲेሜઠǈྺ߾ཚᆩڦ

8.1　3D内容创建过程

3D ాඹظڦॺภतᅃဣଚ܈ߛጆᄽڦࣅბă3D ಢჟڦݘ࠽ኝ߲ኰᄽิხႴᄲڦፕኁ߾
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ᅜत对ްሗظፕ߾ਏڦײୁࢅศăᅃఁ 3D ᅝຍॆཚႴᄲሴᆶڦ๚൧ǈԈઔ

ॺఇĂ࿖ᆙพᅜतࣃۯăڍᆶ้ࢪǈᆮഄሞԲডڦٷၜణዐǈට்ࣷႜ߾ݴă

3D ాඹظڦॺሞݛܠ面ᇑ๑ᆩ Photoshop ई Illustrator ઠظॺ 2D ᅝຍፕ၎ૌຼăڍ

3D ࢅፕظ 2D ᅝຍፕظڦॺᆶᅃၵԨዊฉڦփཞăनՍేᅃఁरຍටᇵǈٶేړ໙ਸ

݀ᅃ߲ 3D ၜణࢪ้ڦǈፌ࣏ࡻ对ԥڞڟၜణዐాڦඹײࡗׂڦᆶᅃۨڦକăࣉ

ጣኄ߲ణڦǈඟ்ઠੂੂ 3D ాඹظॺײࡗዐڦएԨօየă

8.1.1　建模

ሞ 3D ఇ႙ظڦፕዐǈཚံᆯᅝຍॆࣼᅃ߲֥ăࢫ๑ᆩॺఇॲԈॽ֥ገྺ࣑

3D ຕጴ၄ăఇ႙ཚᆩ 3D ๑ᆩዊࢫ၍ઠࣼǈࡗՉႚྪ߭ઠ๖ǈံཚܠ

ઠጣăኄ߲ײࡗԥྺ 3D 建模（3D modeling）ăጆோٗ๚ኄၜ߾ፕڦටԥྺ建模师

（modeler）ă 8-1 ௮ࣼକᅃ߲ᆯ Autodesk 3ds Max ఇ႙ă்ᅜ຺߲ٗࢰְڇ०ڦॺظ

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）ǈॽظॺڦࡻ 2D ቛਸጣڟ 3D 体面ฉײࡗڦăॺఇཚࣷጲम

ႜ࿖ᆙพǈڍሞԲডڦٷၜణዐǈཌྷኄၜኰሴీࣷԥݴࣄઠǈᆯጆோڦ贴图师

（texture artist）ઠሴă࿖ᆙพᅃӯᆯాॺሞॺఇॲԈዐڦ视߾ࣅਏઠޤዺྜׯă
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ኄૌ߾ਏඟཌྷᅜཚࡗ视ݛڦࣅ๕ॽ 2D ࿖߭ྪࢅዐ࠲ۅۥڦഐઠժᇨબၳ

ăࡕ 8-2 ௮ࣼକ࿖ᆙพăڦፑՉ࿖Ǘࢇ视ሞᆸူݛǈᅜੂڟೌຕޮ

ਥǈኻ၂๖କݒྵۅ࿖քਆᆶڦăጀᅪፑՉݛሞᆸฉࡕ࿋ዃฉǗᇨબၳڦۅۥሞ߃

ӷՉ૽ăኄᅺྺ对ᇀኄ߲࿖ᆙพઠຫǈፑᆸ૽ᅃᄣڦăኄ߲֧ሎႹཌྷሞডၭ

ဦবăܠ߸ઠሺेݴഄևڦຕǈժ๑ᆩೌڦܠ߸ݣक़ڦ

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࠲ᄺᅜटഄްሗǈኄൽਦᇀඪခԨวăڇ०ᅜײࡗڦࣃۯ

ড०ڇǈณٗஃฉઠຫኄᄣڦăহ面ీࣷవᅜ๑ᆩ视ਥฉሗăᅃ߲࠲॰ኡՊ

डഗǈ৽ၟ 8-3 Autodesk Maya ቛ๖ڦఫᄣǈԈࡤᅃ༫้क़ዡ੦ഗ（ሞ Maya ևڹ口ش

๑ᆩਈႚߛଋևݴ）ǈሎႹ动画师ሞ视ዐᅎۯई߀Վ体ǈࢫሞ้क़ዡฉۅऍઠظ

ॺ࠲॰ኡă࠲॰ኡᅜᆩઠ߀ՎՎ࣑ĂገĂݣǈฯ࠼၍तዊຌႠăࣃۯړႴ

ᄲሞ࠲॰ኡዐۨᅭ߲ܠຌႠڦՎ้࣑ǈႴᄲሞ้ࣃۯक़ዡฉሺेڢࡆڦྔܮăࣃۯሞ

হ面ዐཚݛڦܑ۠ࡗ๕ಇଚኄၵڢࡆǈኄࣷڞዂ视ਥฉंڦă

对ᆶೄڦঙႜࣷࣃۯഡภ߸߾ڦܠፕăሞᅜߴঙยዃࣃۯമǈႴᄲံظॺᅃဣ

ଚࠡڦỞǈᄺԥྺ骨架（rig）ăࠡॐਦۨକೄ߶ໜࠡỞᅎ߳ڦ้ۯዖ༬Ⴀăظॺࠡॐ

ăׯྜࣃۯڦᆯփཞतࠡॐঢ়ࣃۯڦǈঙڦႴᄲጆᄽरേײࡗڦ
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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

்ీுၙڟՊײᄺాඹظॺऄڦۯᅃևݴǈڍሞ 3D ਸ݀ଶᇘǈཚăްሗڦ

༬ၳࡕǈԲසగၵጣഗࢫࢅरຍتǈႴᄲᆶঢ়ᄓײڦႾᇵઠྜׯăሞᆴဥࣃۯࢅ

技术美工（technical artist）ई技术总监（technical director）ઠፔăߴፕԥ߾ǈኄၵິࠅ

对ᇀኄၵኰ࿋ժுᆶᅃ߲ኟ๕ۨڦᅭǈሞኄଇ߲ኰ࿋क़ᄺுᆶჹ߭ڦ൶՚ăߵڍఁጴઠ

ಒǈरຍጺ॔ཚ߸ጨศࢅᆶঢ়ᄓڦටăरຍጺ॔ႴᄲႀগԨĂߴঙظॺࠡॐĂႀ

ገײ࣑Ⴞઠॽᅃዖ߭๕ገׯଷᅃዖ߭๕Ăํ၄༬ࡕၳڦĂਸ݀ጣഗǈ࣑ਔࣆઠຫ৽

ᆶఫၵ对ᇀ视ਥยऺઠຫࡗᇀरຍ߾ڦࣅፕăኄ܈ߛᆶॏኵڦरీǈ对ᇀႹׂܠ

ઠຫǈᅃ߲ڦࡻरຍጺ॔ॏኵă

ᅺྺरຍጺ॔ዷᄲ੍ႀپஓྺิǈ்๑ᆩ߾ڦਏཚ࿔ԨՊडഗăڍǈ၄ሞᆶၵ

ᆶڦ视ࣅਸ݀߾ਏࠃਸ݀ጣഗࢅ༬ၳࡕ๑ᆩăഄዐኮᅃ ShaderFusionǈᅃ߲ፌ

近ሞ Unity ᆴဥᆅዐ݀քڦ视߾ࣅਏăShaderFusion ሎႹਸ݀ኁཚۨࡗᅭٗᅃ߲体

ຕୁઠਸ݀ڦ（૩සჿईችพ）ኮक़ڦଷᅃ߲体ڟ（Բස้क़ई࿋ዃ）ڦ

ጣഗăڦহ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

Ԩব்ถ 3D ยऺᆩઠظॺాඹୁڦႜ߾ਏă़ᆶدཥڦጞ面ॲׂǈీࠕፁ

փཞْ֫ڦᆩࢅࢽरీǗᄺᆶႎ၄ੂڦഐઠᆶമৠڦएᇀ HTML5 ਏǈഄዐ߾ခޜሊڦ

ᆶၵޜခ௨ڦݯǈܸᆶၵཚႴᄲሆݯăፌࢫǈยऺ࣏ᅜٗᅃၵሞ၍ྪበူሜ

ᅙ٪ሞڦఇ႙ࣃۯࢅǈઠᆩഄཞႜ߾ڦፕࡕׯă

8.2.1　传统3D软件

ǈ3Dࢪ้ݴևٷ ాඹظॺሞ数字内容创建（Digital Content CreationǈDCC）工具ዐྜ

ă3D DCCڦׯ ᆩᇀॺዾยऺĂᆴဥਸݘ࠽ଶᇘǈ၄ሞԥײ߾ࢅᆖፕۉ၄ሞਏፌራ߾

݀Ăৢༀᅝຍකत߸ܠଶᇘăᅜӝኄၵॲૌԲྺ 3D ଶᇘڦ Adobe Photoshopă்

ሞ Web ׂୁײዐକૌຼڦ࿋ዃǖፕྺፌ؛ڦઠᇸǈժԥᅃօገ࣑Ăᆫࢅࣅण

ᄻ面ዐăڟׯ

3D DCC ၄ሞएԨฉٗਸ݀ړ）ጎॲđ࢈ᆌᆩǈईኁঢĐںԨڦ֡ፕဣཥਏཚ߾

ኁྪڦበฉူሜڦ）ă3D DCC ბသ൸ڦ۸ോࢅহ面ࢽᆩڦਏႴᄲጆᄽरీǈժᆶްሗ߾

၍ăࡻၩတሁઠሁڦܠຕጴยऺሞბၯतራኰᄽಢჟዐ৽ਸ๔ბသኄၵ߾ਏକăၟ
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Photoshop ڦጂ ጆॆᅃᄣǈໜጣేڦ 3D ၜణփ݀ቛǈᆶঢ়ᄓڦ 3D ยऺࣷྺׯ Web
ᅃᇵăڦዐܓཷ

3D DCC ڦݯǈٗྜඇ௨ٷॏֶ߭՚ڦਏ߾ Blenderǈڟ߲Ⴙٳߛݯबഥெᇮׂڦ

ǈස Autodesk ڦ 3ds Max ࢅ Mayaăኄၵ߾ਏཚࣷԈࡤᅃ༫ཚᆩీࠀڦǈԈઔॺఇĂ

ཌྷĂࣃۯǗܸǈᆶၵׂጆ߿ኄၵଶᇘዐڦగᅃၜăٷևݴ 3D DCC ڞਏాዃକ߾

ഗڞࢅഗǈీڞࠕڞࢅ்ࣷځॽࣷถڦՔጚ߭๕ă்࣏ᆶగၵႚ๕ڦྊቛ

ႠǈԲසᇱิ（एᇀ C++ पᇕჾগԨઠՊႀ֭ॲǈᅜሺഽহ面ǈ༵ߛࠃSDKǈईኁ༵（ڦ

ăڪ࿔ॲ߭๕ڦႎڞጲۨᅭකǈࠃ

থူઠ对ݘ࠽๑ᆩڦॺఇत߾ࣃۯਏႜถǈేᄺႹࣷሞਸ݀ WebGL ၜణࢪ้ڦᆩڟ

்ăԨቤࢫ面ǈ்ࣷჺ৯සࢆॽ்ዐڦᅃၵणڟׯ WebGL ాඹظॺୁײዐă

1. Autodesk 3ds Max、Maya以及MotionBuilder
ፖሞेዝઙܻ᫇ڦ Autodesk ሰฆǈڦׂࣃۯॺఇतڦǈׇฉෙ߲ፌୁႜິࠅ

்ݴ՚ǖ3ds MaxĂMaya ࢅ MotionBuilderăMotionBuilder ዷᄲᆩᇀঙࣃۯǈ3ds 
Max ࢅ Maya ሶඇీڦ 3D ਏă3ds Max߾ ࢅ Maya ሞݛ߃ޮీࠀ面ૌຼǈᅜ对ᇀႎ

ටઠຫవስᆩన߲ă၄ᆶᆩࢽዷᄲߵጲमڦဠࡻĂ߾ፕୁڦײೋڪࡻᅺઠႜ

ስă்ኮक़ᆶᅃ߲ڦٷ൶՚৽ Maya ᅜሏႜሞ Windows ࢅ Mac ฉǈܸ 3ds Max ኻ

ኧ Windowsăኄෙׂ߲ీۼ Autodesk ཚᆩ߭๕ǖFBXăڦິࠅ

ྺ๊ Autodesk ࣷᆶසُܠ၎ຼׂڦǛ߁ٷๆമǈኄ߲ິࠅᆶࠔۅ

ǈசူକܠ৪ኛׂǈٗ Alias Systems சူକິࠅ Mayaǈٗ Kaydara

சူକ MotionBuilderăMotionBuilder ዷᄲᆩሞঙࣃۯฉǈܸഄଇׂ߲

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ă்شڑଉ੦ॲĂ视ĂຌႠՊडഗतٷহ面ǈᆶࢽᆩڦਏᆶጣްሗ߾ڦ

ྜኝ 3D ਸ݀ዐĐ߾ፕበđૌ႙ׂڦăহ面ཚፌਸ๔ၟ 8-1 ڦ 3ds Max পೡఫ

ᄣ຺߲ڦ视ǈᄺᅜڟ 8-5 May পఫᄣڇڦᅃׇৠ视ăኄၵׂڦཚᆩీࠀ

ԈઔዊՊडഗĂظॺएԨबࢆ体߾ڦਏતĂࣼࢅՊडྪ߭߾ڦਏĂ้ࣃۯक़ዡ߾ਏĂ

ක֭ॲĂጣഗՊडഗǈڪڪă

Autodesk ߁ٷǖׂ߲ڦਏྺጆᄽට๗ۨॏ߾ڦ 3000~4000 ெᇮăິࠅཞ้ࠃ༵࣏କ

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/）ᅃ߲௨ݯĂਸᇸੵ平ڦ 3D ਏăᅜሏ߾ፕظ

ႜሞዷୁ֡ڦፕဣཥฉǈᅜ GNU GPL（General Public LicenseǈཚᆩࠌࠅႹኤ）ၹᅱڦ

๕ăBlenderݛ ᆯࢁનॲਸ݀ኁ Ton Roosendaal ǈᆯڦॺظ Blender एূࣷྼ

ᆐ૧ႠፇኯăBlenderݥᅃॆڦનࢁǈኄࢺ ڦăࢽᆶଇӥྤᆩऺࠚႜǈएূࣷୁݥ

ᆩࢽᆶยऺײ߾ࢅǈٗᄽᇆҺࡻኁ / ბิڟጆᄽप՚ۼᆶă

ၟ 3ds Max त Maya ఫᄣǈBlender ਏતत੦ॲǈժӵໜ߾视Ă߲ܠহ面ްሗǈᆶࢽᆩڦ

ጣ۸ോڦბသ൸၍ăᅜ࠶௨ڦݯǈժփࢇᅪኾԋෑڦටă࠶සُǈBlender
对 Web ਸ݀ኁܸჾᅃ߲ᆶဌᆅ૰ڦስǈᆶᅜူब߲ᇱᅺă

• ௨ݯă

• ਸᇸڦă

• ᅜ๑ᆩ Python ႜકቛă

• ኧڞܠڞࢅዖ࿔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）ǈᅃ߲ᅟᇀ๑ᆩڦ

3D ॺఇ߾ਏǈᆩᇀॺዾॐࠓĂײ߾ǈᆶ้ᄺᆩᇀᆴဥਸ݀ă

SketchUp ᆶăፌਸ๔ᆯ૦๏ڦ @Last ॲິࠅᇀ 1999 ਸ݀ǈࢫઠڟڥକ Google 
Earth ጀᅪǈ்एᇀڦܓཷ @Last ǈGoogleࢫፕਸ݀କᅃ߲ဣཥ֭ॲăܸ߾ڦ ሞ 2006
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ࠔକ @LastăܠઠǈSketchUP ԥླྀྺ࠽ Google Earth ዐᆩظࢽॺ 3D ॺዾतںՔڦ

ਏăSketchUp߾ ၛݴࢅدፕኁฉظᆶᅃ߲ᢂྪበĊĊ3D Warehouseǈᅃ߲ᆯᄽᇆ࣏ 3D
ఇ႙ڦሞ၍֞ੰă2012 ǈGoogle ਦཽۨঢ়ᆐᆩׯิࢽ 3D ాඹڦ၎࠲ᄽခǈࢫॽ

SketchUp ஜߴକ Trimble Navigationǈᅃॆ࿋ᇀेዝڦ GPS ဣཥሰฆăTrimble ीჄ݀ք

SketchUp ࢺྼࢅ 3D Warehouseǈڍփምᆩઠྺ Google Earth ඹăాׯิ

SketchUp ሏႜሞᆶ平ฉăڦॏ߭ࢇǈጆᄽӲ߁ٷ 500 ெᇮă࣏ᆶᅃ߲ኍ对ᄽᇆ

ᆩྜڦࢽඇ௨ݯӲăSketchUp ᅺᅟᇀ๑ᆩܸԥຄኪǈ๑ᆩକएᇀ၍ཉ݆ࣼݛڦઠॺ

ఇǈኄ对ॐࠓײ߾ࢅᆶᆩăSketchUp ਏᆶᆫႯڦ COLLADA ૰（൩ֱੂీڞ 8.3
বዐڦĐCOLLADAǖຕጴጨᇸ࣑߭๕đ）ǈᅜీ WebGL ਸ݀ᅃ߲փڦٱስă

SketchUp ᅜٗྪݛ࠳ڦበ（http://www.sketchup.com/）ฉူሜă

4. Poser

Smith Micro ڦ Poser ᅃ߲ዐपঙ߾ࣃۯਏăၟ SketchUp ఫᄣǈڦॏ߭ፁࠕဌᆅටǈ

ܸణՔᆩࢽᄽᇆాඹظፕኁăPoser ᆶጣڦ࠵ᆩࢽহ面ઠ对ঙႜጩӦۯࢅݣ

ঙǈᅜतۯࢅටڦኝཌྷྜټఇ႙ĂࠡॐĂࡻᅙঢ়ॺࡤǈԈੰڦٷăᆶᅃ߲ಕࣃ

ᅃဣଚԝৠׇৠĂڢਏĂሜ体Ă၎ऐ࠼ࢅቷยዃăPoser ᅜᆩઠظॺ၎ೌӯኈํৢڦༀ

කࣃۯ้ํࢅăPoser হ面൩ֱੂࢽᆩڦ 8-6ă

图 8-6：Poser 的用户界面（http://poser.smithmicro.com/）；图片来自 Smith Micro Software 公司

ሞᆶ༪ஃڦࡗॲǈPoser ኵڥᅃ༵ڦڦਸ݀ཷٗܓ COLLADA ࿔ॲ߭๕݀ቛ
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ࢅओट࣏ܓॺǈཞ้ኄ߲ཷظڦᇑ֖ںओटǈ৽؛ Khronos ፇኯࢇፕਸ݀ႎڦՔ

ጚǖglTFǈ்ॽሞԨቤࢫ面ႜ༪ஃăPoser ᅃዖీׯړሢཞǈӝ对Քጚ߭๕ܓཷ

ඟ 3D ాඹݘ࠽ڟڥኧݛڦ๕ǈᆮഄሞ Web ዐăSmith Microৣ࣍ ጺ॔ײ߾पߛڦ Uli 
Klumpp ৽ሞ WebGL ዐ๑ᆩ Poser ຫକᅜူኄࣆǖ

ኧ WebGL Ⴔᄲ௮ࣼට体ႚ๕ۼᆌᆩժுᆶ๊փཞǈڦഄ߭๕ኧࢅᆌᆩڦ

（ईඓݥڦට体ႚ๕）ăWeb ยऺٗ 20 ๘ु 90 پ৽ਸ๔๑ᆩ Poser ઠኤኄᅃ

ڦփሞتକᅃ߲ڥă்ዕᇀइۅ 3D ాඹቛ๖ׇǈܸ Poser ాڦٷඹੰᅙঢ়

ጚԢࡻକă

8.2.2　基于浏览器的集成环境

HMTL5 तॏሊऺ໙ڦ၄ྺႎڦ DCC ׯणڦਏĊĊएᇀ៓બഗ߾ 3D ਸ݀ৣ࣍ĊĊڦ

ײՊࢻৠքਆĂׇڍॺǈظਏዐ߾ںԨڦڟᅈሞኮമ༵ࣃۯࢅሰକཉॲăॺఇظิڐ

ࢅ Web ݀քᅜሞ៓બഗহ面ዐႜă

एᇀ៓બഗࠃ༵ৣ࣍ڦକᇑ்ڦጞ面对փᅃᄣ܀ڦ༬༬Ⴀăံǈ၂ǈփႴᄲူ

ሜǗഄْǈ்Ԩว৽ᆩ WebGL ਸ݀ڦǈᅜᅜ༵ࠃᇑևຈࡕၳࢫᅃᄣڦ见न

ఇ๕ǈሎႹਸ๔๑ڦݯॏ߭ǈժ๑ᆩሺኵڦᆶဌᆅටࣷਏཚ߾ڦăएᇀ៓બഗৣ࣍ڥ

ᆩࢪ้ڦ௨ݯǈኻᆶړਸ݀ኁႜฆᄽࢪ้ڦࣅ֍ݯǈԲසਸ݀ᅃ߲ཷܓၜణǈईኁ๑

ᆩڦ࿔ॲ٪ࡗגئᅃۨฉ၌ăኄᅃ߲ඇႎփՎ߫ڦଶᇘǈᅜਸ݀ኁᅜځሞথ

ူઠڦबᅃ߲ Web ఇ๕तॏ߭ăݯჄڦ߭ޅ

1. Verold

Verold Studio ᅃ߲ൟଉप 3D ాࢻඹ݀ք平ǈᆯ࿋ᇀܠڦܠ Verold ਸ݀ăփິࠅ

Ⴔᄲᅈડ֭ॲǈᅜ๑ᆩ०ڦڇ JavaScript API ႜકቛǈᅺُᄽᇆҺࡻኁĂბิĂĂ

视ࣅཚ႑ጆᄽටᇵᅜत Web ׇටᇵᅜ०ںڇॽ 3D ڦ்ڟׯඹणాࣃۯ Web ዐă

ڦ႙ۆ Verold Ⴔᄲᅃ߲ײፕୁ߾ CG ยऺฉد၎ڦ࠲ጨଙ（3D ఇ႙ĂࣃۯĂ࿖）ڟ

ᅃ߲ Verold ၜణዐăၹཞ߾ਏᅜᆩઠ༵ࠃጨଙݒڦઍǗՊड߾ਏᅜᆩઠॺ૬ዊतጣ

ഗǈժքዃׇڟৠ / ǈWebࢫᅪࡕ对ጨଙยዃܓཷړਸ਼ዐă࠲ ยऺᅜڞᄣ૩

ࢅৠǈஃᇑਸ݀ኁׇܠࢇײፕୁ߾ణՔᄻ面ዐăኄ߲ڟஓپ CG ยऺፖሞᅃഐǈ

ႜăVerold Studioۼڦփጲमਸܸ݀ڦጨଙசઠڦၹፕǈᅞईᆶၵׇৠူײ远࣏
হ面සࢽᆩڦ 8-7 ๖ăጀᅪएᇀ៓બഗڦ०লยऺǈኄᇑدཥްሗڦ DCC ׯਏႚ߾

း对Բă

Verold ᅜํ้ၹፕՊडĂ၍ฉ݀քᅜतࠌၛాඹǈਸഔକ 3D ၜణਸ݀ڦႎݛ๕ăઠੂ

๔ටतظੂ CTO Ross McKegney ຫ݆ǖڦ

ᅃ߲๑ᆩ Verold Studio ӄ૩ࡻڦ Swappz Interactive ăSwappzິࠅ ྺĐඨኁหࡄǖՎዖ

ڦ࠲༬՚ǈ்ᅜԥ၎ۅሰਏăኄၵਏᆶظಈڪđܓđĐઢଳđĐୄپ้

ᅎۯᆴဥĐ௮đඁăSwappz ሞਸ݀ײࡗዐ๑ᆩକ Veroldǈᆩઠԍኤੵৣڦঙยऺ

तࣃۯڦںړኮक़ీࠕ၎ݒࢻઍĂྺጺິࠅ၂๖܈Ăٗ Nickelodeon ๑ᆩڥइິࠅ

ጨᇸڦႹǈᅜतፌዕړᆴဥጚԢ݀ࡻքࢪ้ڦǈॽᆴဥጨᇸᆩሞᆴဥླྀྪ࠽በฉă
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图 8-7：Verold Studio（http://www.verold.com）

2. Sketchfab
ଷᅃૌሞ၍ 3D ခă3Dޜڦၛݴժدକฉࠃਏ༵߾ ยऺᅜฉدबዖ߭๕ڦ 3D ఇ

႙ǈ๑ᆩ WebGL ઠሞ၍ᇨબݴࢅၛăኄഄዐਸ݀ፌྜڦ Sketchfab（http://sketchfab.
com/）ǈᆯ࿋ᇀәܓཷڦਸ݀ǈཷظܓ๔ටᆶ Cédric PinsonĂAlban Denoyel ࢅ Pierre-
Antoine PassetăSketchfab ᅃ߲ํ้݀քࠌࢅၛࢻ๕ 3D ఇ႙ڦሞ၍ޜခǈփႴᄲ֭

ॲăኻႴۅऍबူǈยऺ৽ᅜฉدᅃ߲ 3D ఇ႙ྪڟበฉǈइڥᅃ HTML ஓǈپ

ᅜഴڟഄݛںǈቛ၄ࢪ้ڦ๑ᆩ Sketchfab ခઠႜකăޜڦࠃ༵

Sketchfab ኧबዖᇱิڦ 3D ߭๕ǈᅜतٷևݴጣഗǈԈઔ݆ၠଉཌྷĂ面ݒพĂӈ

ཫཌྷĂݒพڪăSketchfab ཞᄣ༵ࠃକᅃ߲ዊՊडഗǈඟยऺీࠕሞ៓બഗዐํ้

ۙኝጣഗࢅකၳࡕă࣏ਸ݀କዷୁԨں DCC ഗǈఇ႙ᅜথٗՊडڞڦਏ߾

ਏ（Բස߾ Maya）ዐڞǈኄᄣࣷ߸ݛՍၵăSketchfab ᄻසڦ 8-8 ๖ăᄻ面ዐዷ

ᄲ൶ᇘڦၟํाฉ Sketchfab ੰዐڦᅃ߲ఇ႙ǈ๑ᆩକ WebGL කă

3. SculptGL
ᆯᇀ 3D කࢅᆩࢽহ面ڦ၌ǈबമਸ݀ሞ៓બഗዐႜ 3D ॺఇ߾ڦਏփၙ

象ڦăڍ၄ሞᆶକ HTML5 ࢅ WebGLǈኄ߲ၙ݆৽ምփࣚڐକăStephane Ginier ਸ݀କ

SculptGLǈᅃ߲एᇀ Web ޅ໒ۓĂڦڇॺ०ظᅟᆩǈᆩઠڇਏǈഄহ面०߾体ॺఇํڦ

ఇ႙ăSculptGLڦ߭ ௨ݯਸᇸڦǈᅜሞ GitHub ฉቴڟǈں https://github.com/
stephomi/sculptglăSculptGL ᅜܠڞዖ߭๕ǈժথ݀քڟ Verold ࢅ Sketchfab ฉă

SculptGL হ面සڦ 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
ሎႹਸ݀ኁሞ៓બഗዐ֪پஓǈժํ้ᇨબၳࡕă६ᇀُǈՂᄺࣷᆶටਸ݀ᆩᇀ

WebGL ڦਏăShadertoy（https://www.shadertoy.com/)）ᅃ߲एᇀ៓બഗ߾ૌຼ෭ၒڦ

֪ࢅਏǈᅜՊႀ߾ஓپ GLSL ጣഗăԈઔ෭ၒࢅሞ၍ม൶ăᅃڋᅃ߲ጣഗ

Պႀྜׯժ֪ཚࡗǈ৽ᅜԥ༵ڟ Shadertoy ྪበฉࠃට݀၄ժ๑ᆩăኄᅃ߲ბ

သ GLSL ጣഗՊႀݛࡻڦ๕ǈేᅜఇݠഄට߾ڦፕăړᅃ߲ጣഗਸ݀ࢫࡻǈే
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ᅜཚࡗ Shadertoy ྪበઠݴၛǈईኁॽ GLSL ᆌᆩᇸஓዐăڦేڟஓްپ 8-10 ቛ๖କ

Shadertoy ࢻڦஓՊडĂᅃ߲ስጣഗઠᇸپহ面ǈԈઔᅃ߲ํ้ᇨબĂᅃ߲ڦ

๕Քă

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

ժփᆶටۼᆶ 3D ॺఇڦ֍ీǈժᆯᇀၜణᇨ໙้ࢅक़ڦ၌ǈ்݆ᅃူጱቲ

ڦٱᆶփ࣏ሞࡻටăڦࢇڟ 3D ాඹሞ၍ጨᇸǈૌຼᇀ 3D ӲԨڦĐ剪ཌྷणđăఇ႙ࢅ

ాඹԈڦॏ߭ٗ௨ڟݯबӥฯबഥெᇮփڪǈዊଉᄺഥֶྤ՚ăᆶၵظፕኁሎႹ၌

ڦխدႹǈᆮഄਸ݀ሞ၍ੂֱࡻࡻ๑ᆩǈܸᆶၵሶᆶ၌ăጀᅪڦ Web ᆌᆩă

ྺକߴኄԨກظॺ 3D ాඹǈ்๑ᆩକႹܠփཞሞ၍ጨᇸڦఇ႙ǈଚਉසူă

• The Trimble 3D Warehouse（http://sketchup.google.com/3dwarehouse/）

3D Warehouse ፌራᆯ Google ਸ݀ǈᆩᇀኧᄽᇆҺࡻኁฉد๘হॺዾںࢅՔڦ

SketchUp ఇ႙ǈժሞ Google Earth ዐՔጀڦ࿋ዃăTrimble ࠔ SketchUp ޜǈኄ߲ࢫ

ခփምᆩᇀ Google Earthǈڍᅈᅃ߲ᆫႯڦᅙකॺዾࢅഄ 3D 体ڦዘᄲઠᇸă

• Turbosquid（http://www.turbosquid.com/）

Turbosquid ૬ᇀׯ 2000 ǈԈׯࡤഥฉྤ߲ఇ႙ڦᅃୁྪበǈኄၵఇ႙ᆩሞࣃۯĂ

ᆴဥतॺዾॐࠓዐăႹܠఇ႙ܠڦՉႚຕଉྺณईዐǈ对ᇀํ้කत Web ᆩă

• Renderosity（http://renderosity.com/）

Renderosity ૬ᇀׯ 1998 ǈᅃ߲ܠᄣڦࣅม൶ǈᆶႹܠ 2D ࢅ 3D ᅪጆॆăኄ߲ظڦ

ྪበᆶႹܠఇ႙ࢅ࿖ăዷᄲጆጀᇀᆩᇀᇨකৢༀၟܠߛڦՉႚఇ႙ǈܸփᆩ

ᇀํ้කܠگڦՉႚఇ႙ă



168   ｜   第 8 章

• 3DRT.com

3DRT ᅃ߲ჹڦሞ၍ฆیǈᆶᆩᇀํ้ᆴဥत Web ዊଉߛڦ 3D ăኄ߲ྪበ

փՍᅓǈۼఇ႙ăኄၵఇ႙ৣ࣍ਏतڢՍጆᄽට๗ֱቴঙĂሜ体Ăݛፇኯႚ๕ᅜڦ

ăߛዊଉڍ

8.3　3D文件格式

ኄၵ၄କႹܠ 3D ࿔ॲ߭๕ǈڟܠ݆ሞኄඇևถྜăᆶၵ 3D ߭๕గ߲ 3D 

ॲጲमᆩڦǈᆶၵ߭๕ᆩᇀሞ߲ܠॲक़࣑ຕڦăᆶၵ߭๕ຳᆶڦǈᄺ৽ຫԥ

గ߲ິࠅईॲฆྜඇ੦ǈᆶၵሶᆯᅃ߲߾ᄽၭፇਸ݀ڦਸݣՔጚăᆶၵ߭๕ए

ᇀ࿔Ԩڦǈᅜ܁ǈᆶၵሶྺକবูक़๑ᆩܾ߭๕ă

3D ࿔ॲ߭๕ᆶෙዖݴૌǖఇ႙߭๕ǈᆩᇀ๖߲ڇఇ႙Ǘ߭ࣃۯ๕ǈᆩᇀ࠲ڦࣃۯ॰ኡ

Ă၎ऐĂࠓप࣑֫ఇ႙ĂՎ߲ܠڦኝׇ߲ৠǈᅜतഄዐࡤ๕ǈԈ߭ీࠀঙۨᅭǗඇࢅ

ࢇჺ৯ۅ๕ǈժዘ߭ڦă்ࣷჺ৯ዖૌ႙ࣃۯᇸत࠼ Web ᆌᆩ߭ڦ๕ă

8.3.1　模型格式

ڦఇ႙߲ڇ 3D ߭๕ঢ়ᆩઠሞփཞڦ 3D ॲዐ࣑ຕăԲසٷևݴ 3D ॲڞీۼ

ڞࢅ OBJ ߭๕（থူઠࣷถ）ăᅺྺᇕ݆०ڇీࠀԲডณǈᅜኧඹᅟǈ

ᅺُୁႜăܸǈኄᄺ๑ڥኧీࠀڦփܠă

1. Wavefront OBJ

OBJ ࿔ॲ߭๕ᆯ Wavefront ᅃఇ႙߭๕ăڇڦݘ࠽ፌਸ݀ǈᄽহፌራᄺኧິࠅ

ăWavefront（Ă݆၍तཌྷፖՔۅۥᆶ）体ࢆबǈኻኧڇ०ݥ ڦዺޤᆅକᅃ߲࣏

MTL（Material Template Libraryǈዊఇӱੰ）߭๕ઠኧߴఇ႙ฉዊă

૩ 8-1 ቛ๖କᅃ߲एԨڦ OBJ ࿔ॲǈٗঢ়ڦۆĐᅖđఇ႙ዐቌઠڦăኄ߲

ఇ႙்ሞࢫ面ڦቤবࣷ๑ᆩ Three.js ेሜઠ（ၳࡕ见 8-12）ăOBJ ࿔ॲत၎پ࠲ஓ

ሞ models/ball_chair/ball_chair.obj ዐǈඟ்ੂੂڦᇕ݆ăഄዐ # ጴޙᆩፕጀۨহޙă

ኄ߲࿔ॲԈࡤᅃဣଚڦำăڼᅃ߲ำᆅᆩ࠲ڦዊੰ MTL ࿔ॲăۨࢫᅭ

କब߲बࢆ体ăኄ߲ቌ၂๖କᆩᇀۨᅭఁྺ shell ڦຕǈᅖݴᅃևڦ对象ڦ

ྔă்ཚࡗႜᅃཉ႑တݛڦ๕ǈ๑ᆩۅۥ࿋ዃĂ݆၍तཌྷፖՔຕઠۨᅭኄ߲ྔ

ăথူઠ面ڦຕǈཞᄣ߲面ᅃႜă߲面ۅۥڦཚࡗૌ႙ྺ v/vt/vn ෙ߲ຕڦ

ઠۨᅭǈഄዐ v ۅۥ࿋ዃຕǈvt ࿖ፖՔຕǈܸ vn ݆ۅۥ၍ຕă

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 
... ഄۅۥ࿋ዃ႑တ 
vn -0.537169 0.350554 -0.767177 
vn -0.462792 0.358374 -0.810797 
vn -0.480322 0.274014 -0.833191 
... ഄၠ݆ۅۥଉ႑တ 
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

ᅖޤዺڦዊۨᅭሞ models/ball_chair/ball_chair.mtl ኄ߲ MTL ࿔ॲዐăڦᇕ݆ݥ

ǈ见૩ڇ० 8-2ăᅃ߲ዊཚࡗ newmtl ᇕਔઠۨᅭǈԈࡤକ๑ᆩ Phong ጣڦᅃၵ

֖ຕǈԈઔݒ࠼ߛพჿࢅဣຕ（KsĂNs ࢅ Ni ჿৣ࣍พჿ（Kd）Ăݒ॰ጴ）ǈ࠲

（Ka）Ă݀࠼ჿ（Ke）ࢅ࿖ཌྷ（map_Ka त Map_Kd）ăMTL ዐڦ࿖ཌྷঢ়ࡗब݀ڦ

ቛǈԈઔକӈཫཌྷĂዃ࣑ཌྷĂৣ࣍ཌྷतഄૌ႙ڦ࿖ăሞኄ߲૩ጱዐǈshell ࿖

ኻۨᅭକৣ࣍ཌྷࢅݒพཌྷă

例 8-2：OBJ ߭๕ڦዊۨᅭ

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）ǈԥਸ݀ᆩᇀ 3D ဣཥ

ᇱ႙Ăሰᄽतڦ 3D ᆇăSTLٶ ߭๕Բ OBJ ߸०ڇăኄ߲߭๕ኻኧۅۥबࢆǈփ

ኧ݆၍Ă࿖ፖՔतዊă૩ 8-3 ቛ๖କᅃၭ STL ࿔ॲپஓǈઠጲ Three.js ᅃڦ

߲૩ጱ（examples/models/stl/pr2_head_pan.stl）ăᅜٶਸ Three.js ዐڦ examples/webgl_
loader_stl.html ઠֱੂሏႜ้ڦᄣጱăSTL एᇀ WebGL ਸ݀ሞ၍ 3D ٱփڦᆇᆌᆩٶ

߭๕ǈᅺྺీথ݀ڟ 3D ă܈ᆇยԢฉăଷྔǈඹᅟेሜǈකٶ
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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 ᅙঢ়ሺेକথֱੂڦኧ（https://

github.com/blog/1465-stl-file-viewing）ă ኄ ߲ ֱ ੂ ഗ  ๑ ᆩ Three.js ए ᇀ

WebGL ਸ݀ڦă

STL ߭๕ڦरຍဦবᅜ֖ྼएӥ（http://en.wikipedia.org/wiki/STL_% 

28file_format%29）ă

8.3.2　动画格式

മ面ᅃব௮ຎ߭ڦ๕ኻీᆩઠ๖ৢༀఇ႙ຕăٷڍևݴ 3D ᆌᆩዐాڦඹሞೡటฉۼ

ࣷڦۯ（नԥࣃۯକ）ăᆶबዖጆோᆩઠ๖ۯༀఇ႙߭ڦ๕ǈԈઔएᇀ࿔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
तࢫჄڦ MD5 ߭๕ǈᆩઠۨᅭঙڦࣃۯăኄ߲߭๕ԥ id Software ੦ǈ்

ራ৽ࠅքକኄ߲߭๕ݔࡀڦǈժᆶႹ߾ܠਏኧڞ்ă

MD2 ߭๕ྺ Quake II ۥएᇀڦՎႚణՔํ၄ࡗৈཚǈᅃዖܾ߭๕ăኧڦॺظ

ሞࢅăMD5（փᄲࣃۯঙڦۅ Web ዐݘ࠽๑ᆩेڦොଚࡧຕĐၩတቌᄲđ໙݆౬ं

କ）ྺ Quake III ਸ݀ڦǈᆅକೄࣃۯǈժएᇀ࿔Ԩڦ߭܁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၎࠲࿔ڗᅜሞྪฉቴڟă

ᄲሞ WebGL ᆌᆩዐ๑ᆩኄၵ߭๕ǈ்ᅜጲमՊႀᅃ߲ेሜഗઠথ܁ൽ்ǈई

ኁසࡕ๑ᆩ Three.js ఫᄣੰڦǈ்ᅜ๑ᆩገ߾࣑ਏăසࡕॽ MD2 ࿔ॲገׯ JSON ߭

๕ǈੂഐઠ৽ၟڼ 5 ቤዐڦ૩ጱఫᄣǈස 5-11 ๖ăᅜٶਸ࿔ॲ examples/webgl_
morphtargets_md2_control.htm ࣮ࠥᅃူǈੂᅃੂڦᇸஓǈేࣷ݀၄ेሜࢅ MD2 ࿔

ॲႴᄲፔႹܠ๚൧ă

Three.js ժுᆶሞڦ૩ጱዐԈࡤ MD5 ਏᅜ߾࣑ሞ၍ገڦٱᆶᅃ߲փڍሜഗăेڦ

ॽ MD5 ገׯ Three.js JSON ߭๕ǈᆯ Klas（OutsideOfSociety）ਸ݀ڦǈKlas ৽ኰ

ᇀྪڦۆஏິࠅ North Kingdom（Find Your Way to OZ ࣑ăᄲֱੂᅃ߲ገ（ܓਸ݀ཷڦ

ఇ႙ǈᅜඁڦࢫ Klas _ਸኄ߲૾থ（http://oos.moxiecode.com/js_webgl/md5ٶձਜ਼ăڦ
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example/）ǈేᅜੂڟᅃ߲ݥဦ࠰ڦఇ႙ǈᅜ੦߀Վबዖփཞڦጩࣃۯă

සࡕᄲገే࣑ጲमڦ MD5 ࿔ॲǈᅜٶਸኄ߲૾থ（http://oos.moxiecode.com/js_webgl/
md5_converter/）ǈሎႹేཱྀጅᅃ߲ MD5 ࿔ॲشڟ口ዐǈࢫ JSON پஓă

2. BVH：动作捕捉数据格式

动作捕捉（motion capture）ᅃዖऻ体ሏݛڦۯ๕ǈሞፕට体ݛࣃۯ面ୁݥ

ႜăሞۉᆖĂࣃۯĂਬ๚तሏۯᆌᆩዐݘ࠽๑ᆩăۯፕվጛڟڥକਸᇸ߭๕ݘ࠽ڦኧǈ

ഄዐԈઔ Biovision Hierarchical Data（BVH）ăBVH ᆯ Biovision ਸ݀ǈᆩᇀ๖ට体ິࠅ

ăBVHۯሏڦ ăڞࢅڞਏኧ߾ܠႜǈएᇀ࿔Ԩǈᆶୁݥ

ਸ݀ኁ Aki Miyazaki ፔକᅃ߲ॽ BVH ຕڞڟ WebGL ᆌᆩዐڦራăڦ BVH 
Motion Creator ᅃ߲एᇀ Web ڦ BVH ᇨબ߾ਏǈԨวएᇀ Three.js ਸ݀ڦǈස

8-11 ๖ăዺኄᅃ߾ਏǈ๑ᆩኁᅜฉد BVH ࿔ॲǈᇨબሞ०ڇঙฉࡕၳࣃۯڦă

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

๖ኝ߲ઠǈᄽহਸ݀କबዖՔጚ߭๕ઠኧܠ 3D ׇৠǈԈઔ߲ܠఇ႙ĂՎ࣑֫प

ǈᅜतᆶሞࣃۯࢅᇸ࠼Ă၎ऐĂࠓ 3ds MaxĂMayaĂBlender ኄᄣඇڦీࠀॲዐظሰ

କڟڥरຍ࿚༶ǈबዖ߭๕٪ऄକူઠժڦሗްڦਦځဇăጺኮǈኄᅈ৹ᆶ۫ڦઠ

Վǈᅺྺ߀ਆీࣷᆶڍ๑ᆩăݘ࠽ WebGL Ⴔ൱ǈᆮഄႴᄲሞᆌᆩक़ڦକႎۯټ

ዘᆩຕăԨবዐǈ்ࣷჺ৯बዖሞ WebGL ዐᆶీ๑ᆩ߭ڦ๕ă

1. VRML和X3D
Ⴕె၄ํՔऻᇕჾ（Virtual Reality Markup LanguageǈVRML）ፌ؛ᆩᇀ 3D Web ࿔Ԩڦ

߭๕ǈᇀ 1994 ᆯ݀ॆࢅஃॆ Mark PesceĂࠢࡂႚິࠅ（Silicon Graphics）Open 
Inventor ॲཷׯڦܓᇵǈᅜतፇڦׯၭፇظॺăVRML ሞ 20 ๘ु 90 پঢ়૦କब
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Ⴤ߭๕एᇀࢫڦăኧڦᆐ૧ፇኯՔጚၹࣷݥକᄽহᅜतᅃ߲ڟڥǈپ۞ْ XMLǈሞ

21 ๘ु؛ਸ݀ઠǈఁྺ߀କ X3Dă࠶ኄၵ߭๕ሞ Web ᆌᆩዐᅙঢ়փምݘ࠽๑ᆩǈ

்ăڞࢅڞਏᅈኧ߾ຕఇ႙ܠٷڍ

VRML ࢅ X3D ۨᅭକྜኝׇڦৠĂࣃۯ（࠲॰ኡĂՎႚतೄ）ĂዊĂ࠼ᇸǈฯ࣏ᆶ

গԨࣅକڦĂਏᆶႜྺڦࢻ๕体ă૩ 8-4 ቛ๖କ X3D ᇕ݆ǈظॺକᅃ߲ټᆶࢤ

૬ݛ体ׇڦৠǈړՔۅऍࢪ้ڦǈࣷජጣ y ዡፔ 2 ௱ዓڦ 360ŃገăX3D 体Ăࢆबڦ

ႜྺतۼࣃۯሞᅃ߲ XML ࿔ॲዐǈ࠵܁Ⴀࡻăৃڟཀǈ࣏ுᆶᅃ߲ਸڦݣ 3D
࿔ॲ߭๕ᅜᆩසُ०ࢅڇᆫெڦᇕ݆ํ၄ཞᄣీࠀڦ（৽ጲஜጲੲକ）ă

例 8-4：X3D 体ࣷገݛ૬ࢤࢪ้ڦऍۅړ૩ጱǈڦ

 <?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）বۅᆅǖࣃۯ（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၄କڦ 3D ႚڦႹ࠲ܠ॰߁ǈᅺُǈేईႹࣷණྺࢇ WebGL
๑ᆩăڍǈኄ߲߭๕ሞ JavaScript ࢅ DOM ၄ܠǈժራᇀႹڦ၄മยऺுᆶ࣏ۼ

ৃኟሞ๑ᆩڦᆘॲे࠲॰༬Ⴀăएᇀኄᅃۅǈᅈ߲ටറ见ǈVRML/X3D କǈփም้ࡗ

ํࢇा๑ᆩăփࡗǈ面ᆶႹܠᅜ६ڟ WebGL ዐ݆ၙڦă

ܠ၄କႹઠǈܠ VRML ࢅ X3D ߭๕ాڦඹăڦࡔڤ Fraunhofer ჺ৯࣏ሞीჄ

X3D ॺକظჺ৯ǈժڦ X3DOMǈᅃ߲๑ᆩ WebGL ၂๖ X3D ాඹੂֱڦഗă߸࠲ܠᇀ

X3DOM ࿚ݡ႑တǈᅜڦ http://www.x3dom.org/ă

VRML（http://www.web3d.org/standardsvrml/）ࢅ X3D（http://www.web3d.org/standardsx3d/）ࡀڦ

ăڟᅜሞྪฉቴݔ

2. COLLADA：数字资源交换格式

2005 ፑᆸǈVRML ਸ๔၂ڥᆶၵר৹କǈᆯԈઔ Sony Computer EntertainmentĂAlias 
Systems ࢅ Avid Technology ሞాڦᅃၵິࠅፇׯକᅃ߲ၭፇǈᅃഐਸ݀ᅃ߲ 3D ຕጴጨᇸ

߭๕ǈᆩᇀሞᆴဥࢅࢻ๕ 3D ᆌᆩዐ࣑ຕăڦ Rémi Arnaud ࢅ Mark C. Barnes
ଶڞਸ݀କኄ߲߭๕ǈంఁྺ COLLADA（COLLAborative Design Activity）ăሞڼᅃӲࡀ

କߴਸ݀ᅎڦǈኄ߲Քጚࢫׯྜኧິࠅ࠲त၎ݔ Khronos ፇኯǈݥᆐ૧Ⴀፇኯ࣏ਸ

݀କ WebGLĂOpenGLǈᅜतഄႚᆘॲतॲ API ăݔࡀڦ

COLLADA ࢅ X3D ᅃᄣǈᅃ߲एᇀ XML ዖܠ๕ǈᅜ๖ኝׇ߲ৠᅜत߭ీࠀඇڦ

փཞૌ႙ڦबࢆ体ĂዊĂࣃۯत࠼ڨăࢅ X3D փཞڦǈCOLLADA ణՔփํڦ

၄ᅃ߲Ԉࡤႜྺतሏႜ้ᇕᅭĂ面ၠፌዕᆩ߭ڦࢽ๕ă๚ํฉǈժுᆶඓڦरຍణ

Քǈܸྜኝԍ٪ٗ 3D ॲዐᅜڦᆶ႑တǈ๑ڥᅜԥࢫჄڦॲ๑

ᆩǈईኁԥᆴဥᆅतਸ݀ڞৣ࣍ǈࢫևຈڟፌዕڦᆌᆩዐăڦዷᄲၙ݆ǈᅃڋ

COLLADA ԥᄽহݘ࠽থǈ߳ዖ DCC ഄጲۨᅭ߭ྺڞฆ৽փႴᄲՊႀ֭ॲਏ߾

๕ǈኻᄲኧྺڞ COLLADAǈஃฉඪࢆഄॲڞీۼă

૩ 8-5 ቛ๖କᅃ߲ COLLADA ׇৠڦևپݴஓǈ்ॽሞԨቤࢫ面๑ᆩ Three.js ेሜă

ኄ०ڇᅃူǈCOLLADA ࿔ॲڦࠓब߲༬ۅኵڥᅃ༵ăံǈᅜੰڦႚ๕

ઠፇኯڦࠓǈኄၵੰᆶփཞڦૌ႙ǈԲසೌĂጣഗࢅዊăኄၵੰံሞ XML
ዐႜۨᅭǈࢫԥഄႴᄲڦևݴᆅᆩ（Բසዊۨᅭዐ๑ᆩڦೌ）ăഄْǈጀᅪ

ࣷ၂๕ำᅃၵࡧຕǈܸኄၵࡧຕཚ൧ူۼԥੂፕాዃࡧຕǈԲස Blinn ጣഗă

COLLADA փ对ጣഗࢅකఇ႙ፔඪ्ࢆยǈኻ٪ئኄၵ႑တǈඟଷᅃ߲߾ਏధڟ

ኄၵ႑တࢫምඁፔ၎ᆌتڦăথጣǈ்݀၄ྪ߭ۅۥຕ๖ྺᅃဣଚૌ႙ྺ float_

array 体तዊ（๑ᆩࢆबڦᆅᆩକമ面ۨᅭࡗᇮăፌዕǈཚڦ XML ዐڦ instance_

geometryĂbind_material त instance_material ᇮ）ǈኄၵྪ߭ፇጎׯକᅃ߲ᆩࢽ见ڦ

ׇৠă

例 8-5：COLLADA ࿔ॲڦࠓǈԈઔᄣԨੰĂबࢆ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> 
          ... <!-- ഄೌۨڦᅭ --> 
    </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> 
        ... <!-- ഄ୳ۨڦᅭ --> 
    <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 --> 
... 
    <!-- ᅜব֫ۅपڦࠓႚ๕ۨᅭׇৠ --> 
    <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؛ิڐڦ܈ߛඤ൧तڦݘ࠽ฆኧࢫǈ对 COLLADA ਸ๔ປཽକăٗኧڦ

߁ٷ 2010 ਸ๔ǈୁႜ DCC ཕኹକăፌ近ǈࢭਸ݀बڦॲ֭ڦኄ߲߭๕ڞਏዐ߾

COLLADA ᆼԥዘႎዘ视ഐઠǈዷᄲᇱᅺ对 WebGL Ⴔ൱ĊĊWebGLڦኧڦ ዐඍ݄

ాዃڦ࿔ॲ߭๕（ࢫ面ࣷ߸ၘဦںถ）ăໜࢫ၄କᅃ߲ႎڦਸᇸၜణ OpenCOLLADA
（https://www.khronos.org/collada/wiki/OpenCOLLADA）ǈԈઔକኧ 3ds Max त Maya 
2010 ᅜࢫӲԨ߾ڞڦਏǈీ߅ڞ৫ժग़ඹڦ COLLADA ߭๕ă

࠶ሺഽ对 COLLADA ߭๕ڦኧ对ᇀ 3D ాඹፕୁײᅃتࡻٷǈڍᆶ߲࿚༶ăኟ

ස்ሞമ面૩ጱዐੂڦڟǈCOLADA ຕܠ߸٪ăኄ߲߭๕ยऺᆩઠԍරݥ

ဆăᅺُࢅǈܸփྺକူሜڦ Khronos ፇኯਸ๔ਸ݀ᅃ߲ႎ߭ڦ๕ǈ़ԍାକ

COLLADA ዐڦᆫႯ༬ႠĊĊీྜඇ๖ڦݿ 3D ৠǈᆼཞ้୯କׇࣃۯ Web ࿚د

༶ǈኄ߲߭๕ glTFă

3. glTF：一个用于WebGL、OpenGL ES及OpenGL应用的新格式

ໜጣ WebGL ઠକᅃ߲Ⴔᄲټደॷୁႜǈڦ Web ਸ݀ኁਦڦ࿚༶ǈఫ৽සٗࢆ 3D 
DCC ڟ႑တڦኝྜڞਏዐ߾ WebGL ᆌᆩዐăૌຼ OBJ ఫᄣڇڦᅃྪ߭࿔Ԩ߭๕ፁᅜ

๖ᅃ߲体ǈڍփԈׇࡤৠࠓĂ࠼ᇸĂ၎ऐतࣃۯăCOLLADA ڍǈྜీࠀڦ

்ሞമ面ᅃবዐੂڟǈරǈܸ XML ߭๕ڦǈႴᄲٷଉ CPU ऺ໙ઠဆժ

ገׯᅜԥ WebGL කڦຕࠓă்Ⴔᄲᅃ߲ٙĂࢇ Web ๕ǈሞකമ߭ڦ

ኻႴᄲႜፌณتྔܮڦǈૌຼ 3D ଶᇘڦ JPEG ߭๕ă

ሞ 2012 ဲڦཀǈFabrice Robinet（ఊྂஆઙײ߾ĂKhronos COLLADA ፕፇዷဝ） ਸ߾
๔ਸ݀ᆛᆶ COLLADA ڦీࠀ 3D ߭๕ǈԲ COLLADA ߸ٙǈܸ߸ࢇ WebGLă
ፌਸ๔ኄ߲ၜణԥྺ COLLADA2JSONǈ݆ၙڦॽԩዘڦ XML ᇕ݆ገׯൟଉपڦ

JSONăُٗᅜࢫǈਸ๔ጽฉକຌᇀጲम݀ڦቛڢୟăKhronos COLLADA ഄڦፕፇዐ߾

ׯᇵᄺेઠକǈԈઔĂCOLLADA ሰኁظڦ Remi Arnaudǈᅜत Patrick Cozzi（ݞ

ᇟॲࠃᆌฆ AGI ࣅᆫࢅ࣑ገںڇፕٗ०߾ڦ）ă்ײ߾ڦ COLLADA ߭๕ǈՎׯ

କٗཀྵยऺᅃዖႎ߭ڦ๕ǈᆩᇀएᇀ OpenGL ڦ Web तᅎۯᆌᆩăᇀ glTF（Graphics 
Library Transmission Formatǈႚੰد߭๕）ิڐକă

glTF ᅜ COLLADA ๕ăCOLLADA߭ڦᅃዖඇႎڍǈۅ݀༬Ⴀྺీࠀඇڦ ༬Ⴀڦ

ԥᆩፕኧࢆዖႚ༬Ⴀ֖ڦǈڍဦবሶྜඇփཞăglTF ๑ᆩ JSON ઠ௮ຎׇৠࠓत

Ă݆၍ĂჿۅۥຕǈԲසڦǈ๑ᆩܾ߭๕ઠ௮ຎၘဦ（ᇸ࠼ࢅԲස၎ऐ）႑တ֫ߛ

ࣃۯࢅăglTF ڟ߭๕ԥยऺྺీথेሜܾڦ WebGL ዐ（Բස؋࣐ڦ Int32Array
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ࢅ FloatArray ኄᄣڦૌ႙ຕፇ）ăेሜᅃ߲ glTF ࿔ॲײୁڦᅜ०ںڇ௮ຎසူǖ

ڦڇൽᅃ߲०܁ (1) JSON Ԉጎ࿔ॲǗ

(2) ཚࡗ Ajax ेሜྔևܾ࿔ॲǗ

ॺᅃၵૌ႙ຕፇǗظ (3)

(4) ۙ ᆩ WebGL ࣼాඹ݆ݛڦઠකă

ဆࢅԲူሜڍăۅǈํाฉኄᄣੂഐઠ߸ްሗᅃړ XML ࿔ॲĂॽ JavaScript Number

ૌ႙ገׯૌ႙ຕፇܠၳߛକăglTF ᅜԍኤ࿔ॲ体ओၭेሜ܈ǈኄၵۼظॺߛႠ

ీ Web तᅎۯᆌᆩዐ࠲ڦ॰ᅺă

૩ 8-6 ቛ๖କᅃ߲ۆ႙ glTF ׇৠڦ JSON ᇕ݆ǈኄׇ߲ৠ৽ዸఁڦ COLLADA ღఇ႙ă

ጀᅪǈڦᇕ݆ࠓૌຼ COLLADAǈံ၄ڦੰǈሞፌۨࢫᅭׇৠڦࠓǈ面

ࣷᆅᆩኄၵੰăڍᄺ৽ኻᆶኄၵ၎ཞኮتକăglTF ูۖକሏႜ้ݥՂႴڦ႑တǈൽܸپኮ

ཚۨࡗᅭࠓઠඟ WebGL ࢅ OpenGL ES ेሜăglTF ۨᅭକຌႠ（ۅۥ࿋ዃĂ݆၍Ă

ჿĂ࿖ፖՔၘڦ（ڪဦ႑တǈኄၵ႑တᆩᇀሞՊײጣഗዐක体ă๑ᆩኄၵຌ

Ⴀ႑တǈglTF ᆌᆩᅜසํකඪᅪྪ߭ǈनՍጲमுᆶްሗڦዊဣཥă

କأ JSON ࿔ॲǈglTF ຕۅۥڦࣃۯࢅຕ（Բසྪ߭ݿକئ٪߲ܠᆅᆩᅃ߲ई࣏ࣷ

）ܾڦ࿔ॲ（ࢫጘ .bin）ǈኄၵܾ࿔ॲዐڦຕࠓԥྺ缓冲（buffer）ࢅ

缓冲视图（buffer view）ă๑ᆩኄዖݛ๕ǈ்ᅜୁ๕ူሜĂሺଉူሜǈईኁᅃْႠेሜ

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" 
      }, 
 ຌႠۅۥഄูتُ ...
        "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 
            } 
        }, 
... ഄߛप体, සዊ࠼ڨࢅ 
... ፌࢫׇৠ（scene graph） 
    "nodes": { 
        "LOD3sp": { 
            "children": [], 
            "matrix": [ 
               ... ਈንຕ 
            ], 
            "meshes": [ 
                "LOD3spShape-lib" 
            ], 
            "name": "LOD3sp" 
        },

࠶ glTF ยऺڦዘۅྺ OpenGL କᅃፔ࣏ยऺኁڍຕ߭๕ǈڦၳߛࢅٙࠃ༵

ችዐǈԍାକڦۨ DCC ՂԢݴևڦॺظਏ߾ 3D ຕǈԲසࣃۯĂ၎ऐ࠼ࢅᇸăړമӲ

Ԩڦ glTF（1.0）ኧᅜူ༬Ⴀă

• 网格

ăྪ߭ሞׯएᇮፇࢆब߲ܠՉႚྪ߭ᆯᅃ߲ईܠ JSON ࿔ॲዐۨᅭǈࢫᆅᆩᅃ߲ईܠ

߲Ԉۅۥࡤຕܾڦຕ࿔ॲă

• 材质和着色器

ዊᅜ๖ྺڦ֫ߛཚᆩࠓ（BlinnĂPhongĂLambert）ǈईኁሞ GLSL ጣഗۅۥ

ጣഗዐํ၄ǈፕྺྔև࿔ॲԥೌࢅ glTF ࿔ॲᆅᆩă
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• 光源

ཚᆩ࠼ᇸૌ႙（ۨၠ࠼Ă࠼ۅᇸĂ࠼ৣ࣍ࢅڨ࠼）ǈᅜሞ JSON ࿔ॲዐᆩ֫ߛࠓ

๖ă

• 相机

glTF ۨᅭକཚᆩڦ၎ऐૌ႙ǈԲසཪ视၎ऐࢅኟ၎ऐă

• 场景图结构

ׇৠ๑ᆩᅃ߲֫पઠ๖ǈᆶႹܠবۅ（नྪ߭Ă၎ऐ࠼ࢅᇸ）ă

• 变换层级

ׇৠዐڦ߲বۼۅᆶᅃ߲࠲ڦՎ࣑ਈንă߲বۼۅᅜԈࡤጱবۅǈጱবۅी

႑တă࣑Վڦۅব

• 动画

glTF ۨᅭକᆩઠ๖एᇀ࠲॰ኡĂೄतՎႚڦࣃۯຕࠓă

• 外部媒体

ೌࢅ视ೕᅜᆩፕ࿖ཌྷྔڦև࿔ॲǈ๑ᆩ URL ઠᆅᆩă

glTF ၜణ࠶ሞ Khronos ፇኯڦሢዺူਸ݀ڦǈڍྜඇࠅਸǈሎႹඪࢆටࠋ၅پஓă

ሞ GitHub ዐᆶᅃ߲ᇸஓ֞ੰǈഄዐԈࡤକᅜᆩੂֱڦഗĂ૩ጱतݔࡀԨวăglTF ܓཷ

႑ڦތీࠀႴᄲံሞپஓዐํ၄ǈࢫ֍ႀݔࡀڟዐăܓཷᅙঢ়ਸ݀କ຺߲܀૬

ڦ glTF ֱੂഗǈഄዐᅃ߲ᅜሞ Three.js ዐ๑ᆩ（்ࣷځॽੂڟ）ăၙᄲइൽ߸ܠ႑တǈ

൩ݡ࿚ Khronos glTF ዷᄻ（http://gltf.gl/）ăڦ

4. Autodesk FBX
ถᅃူăFBXټᅃ༵ǈณᄲຩڥৠ߭๕ኵׇీࠀᆶᅃ߲ඇ࣏ ߭๕ᅃዖ࿔Ԩ߭๕ǈ

ຌᇀࡃ Autodesk ăፌራᆯິࠅ Kaydara ਸ݀ǈᆩᇀ MotionBuilder ዐăAutodesk ࠔ

Kaydara ዐ๑ᆩׂ߲ܠڦǈਸ๔ሞࢫ FBX ߭๕ă৽ኄᄣǈFBX Վׯକ Autodesk ׂ

（3ds MaxĂMaya ࢅ MotionBuilder）ాև࣑ຕڦՔጚă

FBX ᅃ߲߭๕ǈኧႹܠ 3D ഄ߭๕փཞǈFBXڦԨቤถࢅຕૌ႙ăࣃۯࢅ 

ຳᆶڦǈԥ Autodesk ྜඇ੦ăAutodesk Պႀኄ߲߭๕ڦ࿔ڗǈժ༵ࠃ C++ ࢅ Python ڦ

SDK ઠ܁ႀ FBX ࿔ॲăڍኄၵ SDK ႴᄲׂႹኤǈᆶၵీࣷࡍăణമᆶᅃၵփ๑

ᆩ SDK ਸ݀ڦ FBX ਏǈԲස߾ڞڞ Blenderǈڍփൣؤኄᄣ๑ᆩሞ FBX ၹᅱዐ

݆ࢇޏă

ᅺྺኄ߲߭๕ຳᆶڦǈܸႹၹᅱఇࢵǈᅜፌࡻփ๑ᆩ FBXăڍଷᅃݛ面ǈ

ሞᄽহ߾ॖۥਏዐ๑ᆩݥڦഽڦٷरຍǈᅺُኵڥᅃੂăၙᄲइൽ߸ܠ႑တǈ൩ݡ࿚

FBX ዷᄻ（http://www.autodesk.com/products/fbx/overview）ăڦ

8.4　加载3D内容到WebGL应用中

ڥऻ࣏ WebGL ኻᅃ߲ࣼੰӕǈాևժுᆶܠՉႚྪ߭ĂዊĂ࠼ᇸᅜतਸ݀ኁሞ

3D ႚዐᆩڦڟඪ֫ߛࢆ߁ڦࠓăWebGL ኻኪڢෙঙႚࢅຕბǈᅺُ WebGL ுᆶ
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ጲमڦ࿔ॲ߭๕ժփആ࠰ăܸᄺுᆶ对Ԩቤኮമถڦᆶ߭๕ాڦॺኧăྺକॽ

3D ࿔ॲेሜڦేڟ Web ᆌᆩዐǈేႴᄲጲमՊႀپஓǈईኁ๑ᆩ၎ੰڦ࠲ă

ኵߛڥ႗ڦǈThree.js ᆶႹेܠሜ见߭๕ڦ๖૩پஓǈԈઔ OBJĂSTLĂVRML ࢅ

COLLADA ǈᆶၵेሜഗٷஓǈ்ኮक़ֶ՚پஓৈৈኻ๖૩پኄၵेሜഗࡗăփڪ

ॳǈᆶၵሶփྜᆶඍ။ăThree.jsݥ ࿔ॲ߭๕ă๑ᆩକڦᅭକኍ对ጲम࣏ۨ

एᇀ JSON ࢅǈኄ܈ሜेื༵ࢅ๑ᆩକܾ࿔ॲઠუ体ओ࣏ည࿔Ԩ߭๕ǈൣڦ glTF
ᆶᅃ߲एᇀ࣏ૌຼăฯ JSON ኄ߲߭๕ࡗኝׇৠ߭๕ăփྜڦ体߲ܠࡤĂీԈڦ

փీሞኟ๕ׂዐ๑ᆩă࣏ǈሞੂઠڦํᄓႠ࣏

ॽຫǈేᆌ܌ࣆ WebGL ዐڦ 3D ాඹፕୁړײፕᅃׇ༑၃ă࠶்ፌዕࣷٳڟ

ణںڦǈڍሞኄཉୟฉᆶႹܠ൸ችࢅᅪྔăඟ்ਸ๔ኄ߲༑၃ӕǈሞԨቤڦᇆևݴǈ

்ॽࣷჺ৯සࢆ๑ᆩ Three.js ॽాඹेሜڟ WebGL ᆌᆩዐă

8.4.1　Three.js JSON格式

Three.js ࢅ࿔ॲ߭๕ǈڦ႐Ԉዐۨᅭକጲमࢃ OBJ ࢅڍૌຼǈᆩᇀेሜྪ߭ăీࠀ OBJ
փཞڦǈኄ߲߭๕एᇀ JSON ྺںՍݛీࢫǈᅜဆڦ Three.js ๑ᆩă

ሞԨກՊႀࢪ้ڦǈ࣏ுᆶܠณ߾ਏኧڞ Three.js JSON ߭๕ăThree.js ႀକᅃ߲ܓཷ

Blender ڞႴᄲٗ߳ዖփཞ߭๕ేࡕ๕ă๚ํฉǈසݛڦഗǈᅜኄᅃ߲ႜڞڦ

ڟ Three.js JSONǈኄᅃ߲փݛڦٱ๕ǈᅺྺ Blender ኧڞܠዖ߭๕ăසేࡕփဠ࣌

ᆩ Blenderǈଷᅃዖݛ๕๑ᆩ OJB ࿔ॲઠገ࣑ăThree.js ᆶᅃ߲ॽ OBJ ࿔ॲገׯ Three.js 
JSON ߭๕߾ڦਏǈᆩ Python ႀڦǈ்ሞူ߲૩ጱዐࣷᆩڟă

ਸԨກ๖૩࿔ॲٶ Chapter 8/pipelinethreejsmodel.htmlăేᅜੂڟᅃ߲ঢ়ڦۆᅖఇ႙ǈ

৽ᅃ߲ዐक़ᆶ߲ۈٷጱڦႚᅖጱă๑ᆩՔፑ॰ઠገఇ႙ǈ๑ᆩࡐईఄةӱઠݣ

ၭǈසٷ 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၍ۼࠦۨڦǈᆩઠ༵ࠃᅃ߲ڦੂࡻԝৠǈڍఇ႙ۼઠጲ OBJăٗ

Turbosquid ူሜኄ߲ெ௴ڦఇ႙ࢫǈཚࡗሏႜ OBJ ገ߾࣑ਏઠظॺీԥ Three.js ेሜڦ

JSON ࿔ॲă

ገ߾࣑ਏሞ Three.js ၜణڦ utils ጱణူăሏႜසူంସઠႜఇ႙ገ࣑ǖ

python <path-to-three.js>/utils/exporters/convert_obj_three.py -i ball_chair.obj  
-oball_chair.js

ࣷ ball_chair.js ࿔ॲăඟ்ੂੂ࿔ॲڦ JSON ᇕ݆ǈ૩ 8-7 ڦևپݴஓăሞᅃ

ၵ௮ຎӲԨࡽतഄ႑တڦᇮຕࢫǈ৽ాඹևݴăံǈᆶᅃၵዊۨڦᅭă்ੂ

ഐઠᆌຄဒǈᅺྺٗ OBJĂMTL ࿔ॲገࡗ࣑ઠڦǈ்ሞ૩ 8-2 ዐᅙঢ়ถࡗăሞ

ఫኮࢫྪ߭ۨᅭǈକ࿔ॲٷڦևాݴඹăࡹᅑ࿚ǈኄၵ JSON ຕፇۨᅭକۅۥ࿋

ዃĂ݆၍Ă࿖ፖՔᅜत面ೌăᅃڋ Three.js ᆶକ JSON ዐڦኄၵ႑တǈ৽ీൟක

்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 
    }, 
 
... ഄዊۨᅭ 
 
    "vertices": [-1.569305,4.927318,-1.529769,-0.889529, 
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... ഄۅۥຕ 
 
    "morphTargets": [], 
 
    "morphColors": [], 
 
    "normals": [-0.53717,0.35055,-0.76718,-0.46279,0.35837, 
 
... ഄ݆ၠଉĂჿࢅ࿖ፖՔຕ 
 
    "faces": [43,312,599,57,596,0,0,1,2,3,0,1,2,3,43,597 
 
... ഄ面ೌຕ 
 
}

၄ሞඟ்ੂੂेሜኄ߲ఇ႙پڦஓăThree.js ժுᆶጲټఇ႙ֱੂഗǈᅜ்Ⴔᄲጲ

मਸ݀ăڍݥඹᅟ（ณ对ᇀਸ݀ᅃ߲०ڦڇఇ႙ֱੂഗઠຫ）ă்ॽӝኄ߲૩ጱ

ڦᇸĂԝৠत၎ऐ੦࠼ሜఇ႙ǈଷᅃ߲ยዃԈઔेࢅॺׇৠظǈᅃ߲ڇஓൣپଇ߲ׯݴ

ׇৠৣ࣍ăׇৠظॺेࢅሜఇ႙پڦஓස૩ 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٫ڦቴڟᅃ߲ࢇڦ၎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၎ऐǈᅜՍ்ִ࠵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() ڦॺକᅃ߲ظຕࡧ Three.js ׇৠǗࢫǈཚޤࡗዺࡧຕ（்ࣷځ

ॽࣷถ）ǈظॺᅃ߲၎ऐǈᅜत࠼ᇸࢅԝৠă࣏ऻڥǈኄၵڇᅃఇ႙߭ڦ๕փԈ

ॺ்ăظǈᅜ்Ⴔᄲጲमڦᇸ࠼ࢅ၎ऐࡤ

থူઠǈ்ۙᆩ loadModel() ຕઠेሜఇ႙ă๑ᆩକࡧ Three.js ాॺڦૌ THREE.

JSONLoaderǈኄ߲ૌࣷॽဆڦࢫࡻ JSON ገׯᅜ๑ᆩڦ Three.js बࢆ体ă்ۙᆩेሜ

ഗڦ load() ڦǈ֖ຕఇ႙݆ݛ URL ຕࡧຕă࣮ۙࡧᅃ߲࣮ۙࢅ handleModelLoader() 

ဆࠀׯፕăሞ߾ڦକณଉڅ JSON ǈThree.jsࢫ ࡧ࣮ۙڦ对象ժۙᆩ்ࢆॺକᅃ߲बظ

ຕăࢫႴᄲ்ઠظॺዊǈ்๑ᆩ༬ڦዊૌ႙ THREE.MeshFaceMaterialăኄ߲

ዊԈࡤକबዖዊǖJSON ߭๕ኧሞबࢆ体ڦᅃ面ۼ๑ᆩփཞڦዊă்๑ᆩ࣮

ॺظփཞዊઠڦຕ֖߲ܾڼຕࡧۙ MeshFaceMaterial ૌ႙ڦ对象ă

၄ሞ்߭ྪڦᅜකକǈ்ॽཁेׇڟৠዐă்ܸे࣏କᅃၵഄၳࡕă

்ၙᄲᆶᅽᆖǈᅜยዃྪ߭ڦ castShadow ຌႠྺ trueă்ၙඟྪ߭ሞ၎ऐ੦ഗዐ

Ӧࡻ࿋ዃǈᅜॽڟݣକᇱتۅă்ᅜཚۙࡗᆩ Three.js ڦ getBoundingBox() ຕࡧ
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ઠڦ߭ྪڟڥዐ႐ă்࣏ཚࡗՉহ（bounding box）ઠऺ໙ࢇڦ၎ऐ࿋ዃǈॽ၎ऐ

ăݛമฉڦሞՉহݣ

૩ 8-9 କᅃ߲对ࡤԈ࣍කთڦஓăံǈ்پݴևڦॺᅃ߲ཚᆩఇ႙ֱੂഗظକߴ

headlight（ᅃ߲ӣ࠼ၠۨڦᇸ） ڦገǈᆦ远ٗ၎ऐړമ࿋ዃቷพׇڟৠዐᄕăኄᄣǈ

்৽ీᅜඪᅪঙ܈ઠֱੂఇ႙ă

்ထྭᆶଆڦࡻᅽᆖၳࡕઠ༵ื视ਥ体ᄓǈᅜሞظॺකഗׇࢅৠ࠼ᇸࢪ้ڦยዃ

କՂᄲڦ Three.js ڦ shadow ຌႠǈ൩ݴ՚ֱੂ createRenderer() ࢅຕࡧ createLights()

ӱઠཨพᅽᆖǈᅜ்ሞںǈ்Ⴔᄲᅃ߲ࢫຕăፌࡧ createEnvironment() ຕዐࡧ

ॺăظ

ᆩᇀ၂๖ᅖఇ႙پڦஓᅜፕྺᄣӱپஓǖظॺᅃ߲ԝৠǈظॺᅃၵఐණ࠼ڦᇸǈظ

ॺᅃ߲၎ऐǈेሜఇ႙ǈሞ၎ऐᅎڦۯཞ้ԍ࠼ᇸࢇڦၠוڦăኄၵօየᅜᆩઠֱ

ੂඪᅪएԨఇ႙ă

ܸǈኄዖپஓڦፇኯݛ๕ժփࢇሞᆌᆩዐዘᆩă்ॽሞူᅃቤዐਦኄ߲࿚༶ǈ

்ࣷਸ݀ᅃ߲ཚᆩڦఇ႙ֱੂഗૌăڍ၄ሞ࠲ڦ॰࿚༶ሞᇀǖሞ Three.js ዐेሜᅃ߲ OBJ
߭๕ڇڦᅃఇ႙࿔ॲᇱԨ৽փްሗă

例 8-9：ยዃ JSON ఇ႙ֱੂഗڦԝৠׇࢅৠ࠼ቷ

function run() { 
    requestAnimationFrame(function() { run(); }); 
 
        // ߸ႎ၎ऐ੦ഗ 
        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.jsකഗժॽഄཁेظ //    
    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߸ٙ߭ڦ๕ǈᆫࣅକྪ߭ेڦሜǈ JSON ߭๕ڦᅃ߲༺پăኄ߲

ܾ߭๕Ԉࡤଇ߲࿔ॲǖᅃ߲ၭേڦ JSON ྔǈᆩᇀۨᅭྪ߭֫ߛڦຌႠ（૩ස

ዊଚ）Ǘᅃ߲ܾ࿔ॲ（.bin ຕăڦ面ೌࢅۅۥକࡤጘ）ǈԈࢫ
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்ᅜ๑ᆩ Three.js ڦ OBJ ገ߾࣑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 ࿔ॲăઠੂੂాڦඹǈJSON ڦኮമ࿔Ԩ߭๕ࢅ

ӲԨૌຼǈኻᆶྪ߭ڦຕۼԥᅎڟକܾ࿔ॲዐǈኄၵྪ߭ຕሞ 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.htmlăఇ႙ࢅኮമࡕၳڦᅃᄣڦǈස 8-12 ๖ăሞ

Three.js ዐेሜܾ߭๕ǈ்ኻႴᄲႪ߀ᅃႜǈॽૌ 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 ڦጲวࢅ JSON ኄᄣڇڦᅃఇ႙߭๕ઠेሜߛዊଉڦఇ႙ă

ങৃྺኹᄺ࣏ۼփٱǈڍሞܠ๑ᆩׇৠူ৽փీඪକăසࡕ்Ⴔᄲेሜᅃ߲Ԉࡤ

ဇǈ৽۫ڦഄᆶᆩڪࣃۯĂ࠼ڨᅜत၎ऐĂࠓप࣑֫Վڦৠǈժԍାׇڦ体߲ܠ

Ⴔᄲ๑ᆩኧኄၵ߭ڦీࠀ๕ăփࣆڦǈ்৽ՂႷӀຩႾᅃ߲ᅃ߲ڞఇ႙ǈኝǈ

ቷଋǈժ߾ႜׇৠࣃۯă（փ႞ڦǈሞৃཀڦ WebGL ਸ݀ዐኄᄣڦৠ象ঢ়၄ǈ

փࡗሞ߀ںă）

்ኮമ༪ஃࡗǈCOLLADA ᅃዖ၄ඇׇৠຕ߭ࡻڦ๕ăኧ்Ⴔᄲీࠀڦǈ

ժᆶब߲ 3D ॲኧڞăᆶକ COLLADAǈ৽ᅜඟยऺઠظॺްሗׇڦৠǈ
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ԈઔॺఇĂཌྷĂքዃ࠼ڨतڪࣃۯǈߴڞࢫ WebGL ๑ᆩǈܸփႴᄲײႾᇵۯઠ

ยዃăCOLLADA ǈ৽๑ᆩۅǈᄺᆶ߲ඍڍยऺăߴᅪยऺظॽڦዷᄲణڦ

କेሜ࣐Ăԩዘփਾڦ XML ߭๕ăփࡗǈ对ᇀ்ྺକेሜྜੂֱࢅኝׇڦৠኄᅃᆩ

ઠຫǈᅃ߲߭ࡻ๕ă

ਸ๖૩࿔ॲٶ Chapter 8/pipelinethreejsdaescene.htmlǈేࣷੂڟᅃ߲ଋڦᆴဥԝৠᅝຍǈ

ᆶᅃೌݭႲࢅԥᅍചڦഛכǈස 8-13 ๖ă

ኄ߲૩ጱेሜକᅃ߲ COLLADA ׇৠǈᆯब߲体ፇକᅃ߲֫पࠓă்ཚࡗᅃႜ

ेሜۙᆩپஓઠेሜ COLLADA ࿔ॲăThree.js ڦ COLLADA ेሜഗኪڢසظࢆॺኝ߲

体֫पࠓǈԈઔ߳ዖ၎ऐĂࣃۯĂ࠼ᇸڪǈܸփႴᄲ்֖ᇑăेሜ࣮ۙڦፔକᅃၵܮ

৽ยዃྺఐණǈৈُܸᅙă၂்փࣆڦڟுᆶቴࡕᇸǈස࠼ፕǈֱቴ၎ऐत߾ڦྔ

ምႴᄲྺକॽ߲ڦ܀ڇ体Ӧࢇݣܸۨࠦ߾்ڦ࿋ዃĂၠݛᅜतݣăԲডᅃူ

Three.js ၜణዐۆڦ႙๖૩ׇৠپஓǈేࣷ݀၄Ⴙܠڦ߾ຕጴă๑ᆩ COLLADA ᅃዖ

ඇႎڦ体ᄓă

ඟ்ઠੂੂेሜ 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(); 
 
 ॺ੦ഗظ //    
    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 ဆాڦࢫඹă்࠲ጀڦ data.sceneǈᅃ߲ THREE.Object

对象ǈԈेࡤሜڦࢫኝׇ߲ৠ֫पࠓă்ॽཁेڟፌׇڦ֫ۥৠฉǈඟ Three.js ઠ
කă

்၄ሞएԨฉᅜֱੂׇৠକǈڍ்ၙ࣏ᄲেฉཁࢾǈሺेᅃၵᆩࢽ体ᄓăံ்

Փ૦ेሜׇڦࢫৠǈֱቴ၎ऐ࠼ࢅᇸăසࡕቴڟକ၎ऐǈ்ࣷ๑ᆩቴڼڦڟᅃ߲ፕྺ

்؛ڦ๔ֱੂ၎ऐǗසࡕுᆶቴڟǈ்ࣷظॺᅃ߲ఐණ၎ऐăසׇࡕৠዐᆶ࠼ᇸǈ

்৽๑ᆩǗසࡕுᆶǈ்৽ظॺᅃ߲ఐණ࠼ڦቷยዃă்๑ᆩ对象ڦ traverse() ݛ

݆ઠՓ૦ׇৠǈࣷݡࡃڿ࿚对象तഄپࢫবۅǈۙࢫᆩ்༵ࡧ࣮ۙڦࠃຕă்

ຕࡧ࣮ۙڦ traverseScene() ཚࡗ๑ᆩ instanceof ֡ፕޙઠ֪对象ૌ႙ޏ THREE.

Camera ࢅ THREE.Light ઠֱቴ၎ऐ࠼ࢅᇸǈժॽቴڦڟݴࡕ՚֭ڟຕፇ result.

cameras ࢅ result.lights ዐă

ٷڦׇৠߵఐණ၎ऐă்ထྭڦॺᅃ߲ጲमظ၎ऐ้ǈ்ࣷࢆඪࡤৠዐփԈׇړ

ၭӦݣ၎ऐڦ࿋ዃăྺକऺ໙ׇৠٷڦၭǈ்๑ᆩକޤዺࡧຕ computeBoundingBox()ă

ኄ߲ࡧຕՓ૦ׇৠઠऺ໙ԈࡤՉহăړቴڟᅃ߲बࢆ体้ǈ৽๑ᆩ Three.js ాॺڦ

bounding-box ࡧՉহዐăኄ߲ڦኝׇ߲ৠڟժࢇॽࢫՉহǈڦ体ࢆઠֱቴब݆ݛ

ຕᆶۅǈᅜኄժுᆶቛ๖پڦஓă

8.4.4　使用Three.js来加载gITF场景

glTF ቛ၄କ 3D ࿔ॲ߭๕ڦႎݛ๕ăጆோยऺᆩሞ Web एᇀࢅ OpenGL ᆌᆩዐǈۯᅎڦ

ਏᆶᇱิ؋࣐तഄࢇකڦຕࠓăཞ้ǈglTF ԈࡤକႹܠᆩڦ 3D ࠓǈܸኄ

ၵࠓሞ OpenGL ES ዐժுᆶথ၄ǈԲසዊĂ၎ऐ࠼ڨࢅăglTF ॺᅃظణՔڦ

߲ٙڦ࿔ॲ߭๕ǈీݛՍںሞ Web ڦڟ๖ํाਸ݀ዐᆩీ࣏ᆌᆩዐेሜǈཞ้ۯᅎࢅ

3D ຕૌ႙ă

ణമᅙঢ়ᆶब߲ኟሞਸ݀ዐڦၜణǈᆩઠሞႚੰࢅᆌᆩཁे glTF ኧăኄഄዐᄺԈઔ

ྺ Three.js Պႀڦ glTF ेሜഗăٶਸ๖૩࿔ॲ Chapter 8/pipelinethreejsgltfscene.htmlăే

ᅜੂڟૌຼᇀ 8-14 ๖ࡕၳڦăब߲ذሞ࿄ઠڦฉნࡵăኄׇ߲ৠڦ

කၳࡕփٱǈᆶৣ࣍ཌྷࢅ Blinn ጣă面ᆶब߲ࡕၳࣃۯǈഄዐԈઔକᅎۯฝၟཀྵă

๑ᆩူઙઠൎ࣑၎ऐेࢅሜփཞׇڦৠǈۅऍ Animation ްઠਸ๔ࢅཕኹࣃۯăኄ

ׇ߲ৠᇱԨሞ 3ds Max ዐظॺڦăFabrice Robinet ٗ 3DRT.com ฉူሜକኄ߲ 3ds Max
࿔ॲǈྺڞ COLLADAǈࢫሏႜገ߾࣑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.Loaderăڦ load()݆ݛᆩઠဆ glTFJSON ࿔ॲǗሜྔևጨ

ᇸǈසܾ؋࣐Ă࿖ࢅጣഗǗᅜतཚࡧ࣮ۙࡗຕઠ࣮ݓࡕă࣮ۙࡧຕీݡࠕ࿚ेሜ

ഗظॺڦ Three.js 对象֫पࠓǈᅺُᅜൟॽेሜׇڟৠዐժਸ๔කă

๑ᆩ glTF ߭๕ံڦᆫๆݴڦ࠵ǈณࢅཞڦڪ COLLADA ֶփܠă࿔ॲ体ओ

COLLADA ࿔Ԩ߭๕ڦᅃӷǈेሜగၵఇ႙ڦื༵܈କ 80%ăኄᆶᅃևࠀࡃݴᇀ்๑

ᆩକ Three.js ዐႎڦ BufferGeometry ૌ႙ǈሎႹ்ᆩेሜڦࢫࡻૌ႙ຕፇຕ（Բස

Int32Array ࢅ FloatArray）ઠথظॺबࢆ体ǈܸփ๑ᆩཚڦ JavaScript Number ૌ႙

ૌ႙ຕፇǈ֍ీ๑ᆩׯႴᄲገ࣏ࢫሹᄣǈፌ࠶ຕፇ（փڦ WebGL ක）ă

8.5　小结

Ԩቤ༑କසྺࢆ WebGL ॺظ 3D ాඹăሞ०ᄲถظॺୁࢫײǈ்ถକ 3D ాඹظ

ॺ߾ਏǈٗᄽᇆڟጆᄽĂٗԨںॲ៓ڟબഗዐڦणۼৣ࣍ׯᆶถă

்ᅃ܃କৃړᆌᆩዐ๑ᆩڦ 3D ࿔ॲ߭๕ǈᆮഄఫၵࢇ WebGL ሞ၍๑ᆩ߭ڦ๕ă

ኄ़Ԉࡤକ৹ڦՔጚǈᄺԈઔକႎ߭ڦ๕ĊĊglTFǈጆோྺৃཀڦ Web ᆌᆩยۯᅎࢅ

ǈ்ბသକ๑ᆩࢫ๕ăፌ߭ڦऺ Three.js ੰઠेሜ߳ዖ߭๕ၘڦဦ૩ጱǈԈઔ߲ڇఇ႙

߭๕ࢅኝׇ߲ৠă

࠶ժுᆶᅃ߲ሞ Web ᆌᆩཁे 3D ాඹڦݛ๕ǈܸ WebGL ాඹፕୁ࣏ײ

ൟժتሞ݀ቛኮዐǈڍณణമᆶबዖႜݛڦ๕ీׯྜࠕኄၜඪခă
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Three.js ᅃ߲ݥԀੰڦǈඟᆩ WebGL කްሗ 3D ాඹኄᅃड़ඪခՎڥ०ڇǈට

ටํీۼ၄ăසࡕுᆶ Three.js ኄᄣੰڦǈWebGL ਸ݀ኁႴᄲݯࢾब߲ሆ้ڦक़֍ీํ

၄ૌຼࡕၳڦăڍ࠶ഽٷǈThree.js ᅈᆶڦਆ၌Ⴀăీፔࣼࡻǈڍৈُܸᅙă

对ᇀഄᆶڦ๚൧ǈేۼႴᄲጲमྜׯă

Բසేၙਸ݀ᅃ߲ࠔᆌᆩǈඟᆩీࢽሞࠔசമጲۨᅭഛכăWeb ᄻ面ዐ၂๖ڦכ 3D ఇ

႙ǈᆩࢽᅜۅऍഛڦכփཞևݴઠ߀Վჿࢅᄣ๕ă०ۅڇऍᅃူӀ౧ǈ৽ࣷᆶၳࣃۯ

ৈ๑ᆩࡕևăසాڦכڟ܉ࡗևྔڦכٗںࣂ平ࡕ Three.jsǈేీႴᄲႀׯӥฉഥႜپ

ஓઠํ၄ኄ߲ᆌᆩă࠶ᆶᇱ๔߾ڦਏၒǈڍժுገׯᅃဣଚ߸ڦْ֫ߛዘᆩፇॲă

Three.js ԥยऺᆩઠፕྺׇৠࢅකੰڦǈڍ 3D ᆌᆩਸ݀փৈৈࣼೌă

ጲۨᅭഛׇڦכৠԈࡤକཚᆩ 3D ਸ݀๚ၜǖेሜఇ႙Ăཚࡗఁई ID इൽఇ႙߲߳ڦև

ăኄၵยऺఇ๕ሞᆴဥĂႵెڪڪ၎ऐ视ǈ߀ႜྺĂႪ݀ةࢪ้ڦݴऍగ߲ևۅړĂݴ

๘হĂॺዾ៓બĂঞᇣॲĂఇెჟଁܠٷڪຕ 3D ᆌᆩዐ见ăසేࡕሞਸ݀ጆᄽप

ڦ 3D ᆌᆩǈժփၙ้ࢾक़ሞ݀ႎ݆ݛᅜਦ৹࿚༶ฉǈఫేᆌ୯๑ᆩߛपڦᆅ

ईॐă

Ԩቤถ 3D ᆌᆩॐ߁ڦǈժጣᄅᇀएᇀ WebGL एᇀۼܠӄăኄၵॐᆶႹݛڦ

Three.js ਸ݀ڦǈᅜසేࡕᅙঢ়ܠݯࢾ૰ბသକ Three.js ႚბǈ৽փႴᄲምඁბသ

ഄඇႎ۫ڦဇăԨቤࢫ面ࣷถጲमยऺڦᅃ߲ॐĊĊViziǈ்ॽሞࢫ面बቤዐ

๑ᆩઠࠓॺ૩ጱăኄၵॐዐԈ߁ڦࡤۼཚᆩǈ்ۼܠٷᆩᇀഄዐඪᅪᅃ߲

ॐǈُྔ்ሞేਦۨਸ݀ጲमڦॐ้ᄺᆶӻዺă
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9.1　3D框架概念

ॐྺਸ݀ኁ༵ࠃକాॺీࠀڦǈժํ၄੍Ăዘᆩڦཚᆩยऺఇ๕ăᅜӻዺ்

বู้क़ǈႀڦࡻ߸ᆌᆩ（ณٗஃฉઠຫ）ăᅃ߲ڦࡻॐᅜඟ்փՂዘްሰ

ጱǈᅺྺᆩକଁਸ݀ኁڦঢ়ᄓǈඟ்ጆጀᇀጲमཀྵฉ߾ڦፕă

9.1.1　什么是框架

ॐժுᆶᅃ߲ჹ߭ۨڦᅭăํाฉǈঢ়వ൶ݴॐੰࢅă்ۼยऺᆩઠবู้

क़ڦǈ༵ࠃକዘᆩپڦஓăُྔǈ்ۼᄄ߃କ֡֫ڹፕဣཥई平ํڦ၄ဦবǈྺگ

पޜڦခ༵ࠃକߛपڦথ口ăܸǈᆶᅃၵ൶՚ీ၂๖்๑ᆩڦॐܸփੰ 1ă

• 抽象的层次

ॐࣷԲੰሞ߸ڦߛ؏象ْ֫ฉ߾ፕă૩සǈ3D ੰईႹኧঙڦࣃۯೄǈܸ 3D
ॐሶࣷॽೄ߭ྪڦࢫतᅃဣଚࣃۯހጎഐઠǈྺׯᅃ߲ࣅว（avatar）ăॐࣷ

ຕઠཚኪ்ăࡧ࣮ۙࡗཚࢫวǈࣅۯሞׇৠዐᅎںۯጲڦࢽᆩߵ

• 默认行为

ॐ༵ࠃକఐණႜྺǈ૩සǈړᅃׇ߲ৠظॺࢫǈᅃ߲ఐණڦ၎ऐ৽ࣷݣሞ面ᅃ߲ᅙ

ኪڦ࿋ዃࢅঙ܈ăڦࡻॐ࣏ࣷඇ૰ںඟਸ݀ኁޮ߃ఐණڦႜྺǈᅜ༵ࠃଳऄႠă

• 扩展性

ॐेഽକકቛႠǈሎႹڼෙݛકቛڦਸ݀ࢅጲۨᅭăፌڦࡻॐࣷᅃݛ面༵ࠃഽڦٷ

ాॺፇॲǈଷᅃݛ面࣏ሎႹકቛई࣑༻ڹןဣཥዐᅃևݴă

• 反向控制流

ईႹॐፌ၂ዸڦ༬ኙ৽ਸ݀ኁժփీ੦ୁײăਸ݀ኁኻ०ࡧ࣮ۙࠃ༵ںڇຕǈ

ईኁޮ݆ݛ߃ઠํ၄ᆌᆩײႾڦ༬ీࠀă࣮ၙᅃူ WebGL ᆌᆩۆڦ႙ᄻ面ظॺࡗ

ă๑ᆩᅃ߲࣍කഗĂۙᆩሏႜთࣅ๔؛ৠĂׇࡻॺظǖײ WebGL ॐࢫǈਸ݀ኁኻ

Ⴔᄲׇ༵ࠃৠظॺپڦஓǈᆯॐઠྜׯᇆևٲڦݴॺă

ॐ࣏ੰࢅᆶᅃ߲ݥरຍႠݛ面ڦ൶՚ǖॐྫྫ߸ट܋ăԥණྺມඬॵǈၟޝ๗ڤ

๕ڦᅟఫᄣᅜඟ்ਸ݀ժཨၠׇǈڍፌዕሞၜణຐമࣷཧጽ்ڦଳऀă

ॐᅜ༵ࠃ்Ⴔڦ 90% ሞํ၄ፌࢫጲ႑ĊĊ܈ࡗĊĊሞਸ݀ራඟ்ీࠀ

ࢫ 10% ࡕஓăසپڦǈᅺྺ்๑ᆩକഄටࣅᆫࢅవۙሗăॐްᅴڥՎࢪ้ڦ

ేሼঢ়๑ᆩࡗ Zend ई Rails ఫᄣڦ Web ਸ݀ॐǈࣷ体ࣷࡗૌຼڦҳฅăᅺُǈႹܠਸ

݀ኁ٤߅Ն௨๑ᆩॐă၎Բኮူǈၟ jQuery ఫᄣݥൔ๕ੰڦइڥକਸ݀ኁڦኧǈᅺ

ྺ༵ࠃକഽీࠀڦٷǈڍுᆶټઠݑă

ਸ݀ኁᆶघ൧ิڦǈ৽ၟഄටᅃᄣăுᆶ๊ᅜၟ࠲ᇀଆڦࡻ๕

ॐڦኛיఫᄣీघ݀ਸ݀ኁڦඤ൧କăසڟੂేࡕᆶටኟሞኛיǈፌࡻՆܸ远

ኮă对ᇀሞጲमڦၜణዐ๑ᆩॐǈᆶዖഽଜߌڦǈᅜ߁ઔྺǖ

我热爱框架……只要它是我的。

ጀ 1ǖएᇀྼएӥཉణዐ对ॲॐၘڦဦ༪ஃă
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փే࠶对ॐߌڦසࢆǈేሞࠓॺඪᅪٷၭڦ 3D ᆌᆩ้ࣷۼ面ଣԨቤ༪ஃڦ࿚༶ă

ేཞᄣࣷ面ଣᅃ߲ስǖਸ݀ేጲमڦॐǈईኁ๑ᆩ၄ᆶڦॐǈᅞईጚԢࡻႀٷଉܮ

ஓăپڦྔ

9.1.2　WebGL框架需求

்ᅜॽ៓બഗੂׯᅃ߲ 2D ᆌᆩॐăDOM ࢅ CSS 视对象ǈڦକᅃဣଚᇨۨᅭࠃ༵

ᆯ៓બഗઠႜකăᆌᆩਸ݀ᆯ༵ࠃᅃၵ࣮ۙࡧຕઠׯࠓǈኄၵ࣮ۙࡧຕएᇀᆩࢽႜྺ

ׂิǈԲසۅऍᅃ߲Ӏ౧Ăᄻ面ᅙঢ়ेሜྜڪׯăړᆌᆩၙᄲ߀Վᄻ面࠵ྔڦईాඹ้ǈ

ยዃᅃ߲ई߲ܠຌႠǈᆯ៓બഗጲۯ߸ႎװ၄ă

କأǈڦփ႞ڍ CSS 3D Վ࣑ᅜྔǈ៓બഗᇨۨᅭڦ对象ۼփీકቛڟෙྼăٗ HTML5
ਸ๔ǈ៓બഗॐڦࠓዘٗۅᇨံۨᅭ视对象（Բස࿔ԨĂۯࡐཉĂӀ౧ڪ）ገၠକሎႹ

੦කࢅഄဣཥप՚ీࠀڦăWebGL ࢅ Canvas ሎႹ்绘制்ၙᄲڦඪ۫ࢆဇǈ

ڋăᅃۯႴᄲ்ጲमۼፕ߾ᆶഄڍ Canvas ᇮڦ๘হǈ்৽Ⴔᄲظॺጲ

मׇڦৠĂ๚ॲఇ႙ĂࢻĂႜྺĂࣃۯᅜत܉ࡗĊĊईኁ߸ݛڦࡻ๕๑ᆩ၄ڦׯ

ॐઠӻ்ྜׯኄၵ߾ፕă

WebGL ᆌᆩ对ॐยऺ༵କ܀༬ڦᄲ൱ăأକ面ଣጣᅃܑٷঢ়ڦۆ 3D ༬ᆶ࿚༶ྔǈ࣏

Ⴔᄲፁీࠕሞएᇀ៓બഗڦ平ฉ߾ፕኄᅃႴ൱ăᅃ߲ WebGL ॐᆌԈࡤᅜူٷև

ăీࠀݴ

• 环境设置

ॐॠֱޏኧ WebGLǈظࢫॺࣼฉူ࿔ᅜतഄኧࣼڦഄ对象ăཞ้

ሺेକ对࣏ DOM ๚ॲ॔ڦདǈԲසش口ݣĂՔࢅ॰ಎĂWebGL ฉူ࿔۪฿

तഄᄻ面๚ॲǈࢫሞႴᄲݴࢪ้ڦದڟᆌᆩዐă

• 能力检测和降级

ॐॠ֪߳ዖ៓બഗీ૰ǈࠃ༵ࢫీڦག؊（polyfill）ई༵ࠃইपǈԲසසࡕփኧ

 WebGL ৽๑ᆩ 2D Canvas ႜࣼă

• 默认场景创建

ॐظॺᅃׇ߲ڦৠǈׇৠీԈࡤᅃ߲ఐණڦ၎ऐࢅఐණ࠼ቷă

• 模拟 / 运行循环

ॐ༵ࠃሏႜთ࣍ǈᆌᆩཚࠃ༵ࡗ๚ॲࡧ࣮ۙڦຕ݆ݛ߃ޮࢅઠํ၄ᆌᆩ༬ᆶీࠀڦă

ॐईႹ࣏ࣷඓۨᅃ߲ჹ้߭ڦዓ߁ई้क़ఇ႙ǈᆌᆩՂႷፏઠइڥᅃዂڦႜྺă

• 图形和渲染

ॐ༵ࠃ对象ઠකႚă૩සሞएᇀ Three.js 对࠶ॐዐǈᅪ࿆ጣᆯॐઠڦ

Three.js 对象ݡڦ࿚ă

• 对象和事件模型

ॐኸۨକ对象ຌႠڦཥᅃఇ႙ǈ对象ሞْ֫ࠓईዐࢅഄ对象࠲ڦဣǈᅜत对象

සࢆཚࡗ๚ॲĂ࣮ۙĂݡ࿚݆ݛઠႜࢻă
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• 交互

ॐጲۯॽՔतഄᆙพׇڟৠዐڦਏ体对象ǈժሞ对象ԥۅऍĂཱྀጅ้ཚኪᆌ

ᆩײႾă

• 导航 / 查看方法

ॐీ༵ࣷࠃᅃ߲ईࡵڞ߲ܠఇ႙ǈኸ၎ऐሞׇৠዐᅎߛڦۯपఇ႙（Բසڼᅃ

ටพऍ）ǈᆩઠتಸጐںࢅႚ߶ໜǈईኁገ၎ऐઠֱੂᅃ߲༬ۨ体ă࣏ీࣷ

ᆶాॺஇडઠൎ࣑၎ऐׇࢅৠक़܉ࡗڦăڼᅃටพऍࡵڞఇ႙ईႹ࣏ঢ়ۨᅭሞܠට

ăࢽᆩپวઠࣅ๑ᆩᅃ߲ူৣ࣍

• 行为和动画

ॐࣷᆶᇨۨᅭڦႜྺǈٗ०ڦڇ体ໜ้क़ገࢅՎ࣑ǈڟᆯްڦ݀ةࢻሗࣃۯႾଚă

• 物理

ᆶၵॐ༵ࠃକڦݿఇ႙ǖᅜᅃۨ୲ሞᅃ߲ၠݛฉᅎۯǈยዃዘ૰ǈॠ֪体

क़ڦಸጐڪă

• 资源加载

ॐྺײႾᇵጲेۯሜఇ႙Ă࿖Ă视ೕࢅำᅼǈժሞጨᇸሜྜࢫׯཚኪᆌᆩăഽٷ

ࢽॐฯԈઔਜ਼ڦ ๕ेሜୁࠕӄǈీݛڦሜे܋ခഗޜ- 3D ຕࣃۯࢅǈॷ๕༵

ဦবă߭ྪڦ܈ߛࠃ

• 场景工具

ॐᆶ对ׇৠ੦ݘ࠽ڦኧăֱკ API ֱࣷቴ༬ۨૌ႙ڦ对象ǈईኁ๑ᆩኟሶ

ઠದޙ๕ईስٳ idǈࢫᆌᆩ߳ዖ֡ፕǖႪ߀ዊຌႠĂᆌᆩ 3D Վ࣑ǈሺेई

ǈ၂๖ईᆆ֠体ăۅጱবأ

• 内存管理

࠶एᇀ JavaScript ᅜࢆᆌᆩႴᄲጀᅪా٪සڦሗްڍઘऎൣऐǈۯᆌᆩᆶጲڦ

तݴ้ࢆದڦăփࣆڦǈઘऎ࣮ൣࣷሞփ้ࢇᅓิ݀ࢪ้ڦǈᆖၚኡ୲ǈܸᆖ

ၚᆩࢽ体ᄓăᆶၵॐ༵ࠃକీ࠶٪ాڦޜခǈઠӻዺՆ௨ኄၵ࿚༶（ሞڼ 12 ቤ

ᆶ࠲ᇀኄ߲ࣆ༶ܠ߸ڦ༪ஃ）ă

• 性能支持 / 优雅降级

ॐईႹࣷߵኡ୲ࢅጨᇸᆩ൧ઠጲۙۯবݴՐ୲ईකዊଉǈణՔ༵ࠃᅃዂڦ

ᆩࢽ体ᄓă

• 扩展机制

ፇॲǈ்ሎႹႜકቛă对ᇀᅃ߲ڦॐփࣷ၌ۨਸ݀ኁኻ๑ᆩాॺڦࡻ WebGL 

ॐઠຫǈኄᅪ࿆ጣ༵ࠃႜྺ࣮ۙڦĂޮ߃ࢻǈፌዘᄲڦǈᅜጲۨᅭකઠ߀Վ视

ਥྔ࠵ă

ኄ߲ଚǈظॺᅃ߲ߛዊଉڦ 3D ᆌᆩႴᄲፔܠ๚൧ǈܸॐࣷٷᆶӻዺă၄ሞᅙ

ঢ়ᆶब߲๑ᆩ WebGL ॐǈ்ሞူᅃবዐႜถăࡻڦ
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9.2　WebGL框架概况

WebGL ॐྺݴଇૌǖᆴဥᆅࢅቛ๖ॐăᆴဥᆅᅃӯ߸ഽٷǈڍ߸వ๑ᆩࢅቨǗ

ܸቛ๖ॐ߸ظࢇॺ၎对०ڦڇᆌᆩǈԲසഴሞᄻ面ዐڦĂኻᆶएԨڦࢻఇ႙ăԨব

ถକႹܠሞԨກՊႀ้࣏ሞਸ݀ዐڦ WebGL ॐă

9.2.1　游戏引擎

සڦేࡕణՔਸ݀ᅃ߲ڦॖۥ WebGL ᆴဥǈేᆌ୯๑ᆩኄब၄ڦዮܠᆴဥᆅ

ኮᅃăᆴဥᆅࢅॐक़ڦփཞԲডྲ௴ăᅃӯઠຫǈᆴဥᆅԲཚॐ༵ڦܠ߸ࠃ

रຍǈڦሗްࡤăᆴဥਸ݀Ԉڦਸ݀ටᇵยऺڦ面ǈ்ྺ߸ेᆶঢ়ᄓݛଷᅃڍăీࠀ

ܸᆴဥᆅݒᆙକኄᅃۅă

ᆶब߲ڦ WebGL ᆅă்ኮक़ీڦ૰ֶ՚ٷǈ对ঢ়ᄓरీڦᄲ൱ᄺᆶٷփ

ཞăᆶၵᆅਸᇸڦǈᆶၵሶփăᆶၵᅜ௨ݯ๑ᆩǈܸᆶၵႴᄲࠔசĂছభྂ

ᆴဥᆅுᆶᅃ߲๑ᆩڦၨྪஏઠ݀քᆴဥăኄଚڦࡗǈईኁࠞేཚݯ࠶

Three.js ઠႜකǈܸስକ੦ኝ߲ୁײăᆶᅃၵ࢚ǈႴᄲሞేೠࠚၜణᆅڦ

୯ăࢪ้

• playcanvas（http://www.playcanvas.com/）

࿋ᇀڦܘ playcanvas ਸ݀କᅃ߲ڦݿీࠀᆅࢅएᇀሊڦՊड߾ਏăՊड߾ਏڦ

༬ᆶǖᅜํ้ၹཞՊडׇৠǈઠኧܓཷਸ݀Ǘणׯକ 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/）

ᅃ߲टഄഽٷĂਸᇸ௨ڦݯᆴဥᆅǈ༵ࠃକူሜڦ SDKăසၙేࡕᄲሞኄ߲

ăׯஏ（http://biz.turbulenz.com/developers/）ฉ݀քᆴဥǈࣷൽᅃၵ༵ྪڦິࠅ

Turbulenz ሞ API ฉްሗǈ༵ࠃକᅃܑٷૌǈბသ൸၍۸ോă၂ߴঢ়ᄓݿ

ăڦᆴဥਸ݀ኁ๑ᆩڦ

• Goo Engine（http://www.gootechnologies.com/）

ሞԨກՊႀࢪ้ڦǈኄ߲ᆅت࣏ᇀాև֪ăሞྪበฉጲੲᆶႹدܠཥᆴဥᆅ

ీࠀڦǈժཚࡗ WebGL ઠํ၄ੵ平ăྪڦበڦरຍࢅ႑တณǈڍ๖૩

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.jsۯླྀڦٷକᅃ߲ߴǈחષڦ ᅃ߲ᅟᇀ๑ᆩ

面ᇀݛᅟᆩႠࢅీࠀᆅǈሞڦ Three.js ጆॆ႙ᆴဥᆅኮक़ă๖૩ྪቛ๖କࢅ

Babylon.js ᆶăۼॺዾ៓બڟᆌᆩǈٗพऍڦݘ࠽

• KickJS（http://www.kickjs.org/）

ᆯ Morten Nobel-Jørgensen කੰăኄ߲ၜణᆯࢅਸᇸᆴဥᆅڦॺظ Nobel-Jørgensen
ၭ႐ăሞኄڥࣆڦǈᅜᄲᆩፕ݀ቛܸઠăੂഐઠਸ݀փፁඍณኧ߾ბຍڦ

Ԉઔǈᅺྺሞ༵ڦࡗᆶᆅዐǈKickJS ፌፏთ၄پᆴဥᆅยऺ࠲）ڦݔࡀ

ᇀኄ߲ࣆ༶்ॽሞถ Vizi ுᆶഄስକǈᅜፕྺยࡕဦ༪ஃ）ăසၘࢪ้ڦ

ऺేጲमڦॐڦዘᄲ֖ă

ᅜੂڟǈᆶႹܠയሞڦ WebGL ᆴဥᆅăేईႹฯࣷ๑ᆩᆴဥᆅઠਸ݀ݥᆴ

ဥڦᆌᆩăڍᄲऻዿǈᆴဥᆅڦბသ൸၍۸ോǈᅜႴᄲԍኤਦݛӄᇑ࿚༶၎ᆌă

对ᇀ०ڦܹۅڇ视ਥᆌᆩǈేᅜ๑ᆩ߸०ڦڇ 3D ॐăူᅃব்ॽ对ഄዐᅃၵႜ

ถă
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9.2.2　展示框架

ᆴဥኻᅜएᇀ WebGL ਸ݀ڦ 3D ᆌᆩዐڦᅃዖă对ᇀݥܠᆴဥᆌᆩǈԲසᄻ面

ႚĂۉጱฆခׂቛ๖ईኁბ视ࣅǈ๑ᆩᆴဥᆅૌຼᇀ෫चᆩژăቛ๖ᆌᆩཚ

ኻႴᄲेሜ०ׇڦڇৠڟᄻ面ዐǈխݣब߲ࣃۯǈժཚࡗႪ߀ब߲ຌႠઠၚᆌᆩࢽă

ኮമ்ถࡗǈनՍኄၵएԨ֡ፕሞ Three.js ዐᄺႴᄲٷଉڦྔܮਸ݀߾ፕǈᅜ

்๑ᆩॐઠޤዺਸ݀ăᅜူब߲ᅜ୯ڦཚᆩ 3D ቛ๖ॐă

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 jQueryǈ݆ၙڦ़ᆶ Three.js ૰ᆼᆶీڦ jQuery API ᅟᆩႠǈᄺ৽ڦ

ຫీࠕ๑ᆩݥ०ڦڇ API ઠظॺ Three.js ׇৠă๑ᆩକ૾๕ࡧຕڦՊ߭ޅײǈኧ

ཚ࣮ۙࡗઠํ၄ߛपڦࢻႜྺă๑ᆩ tQuery ᅜูඁٷଉ Three.js ᆘՊஓăईႹॽڦ

tQuery ڦݠॐժփኟඓǈᅺྺఇྺ jQuery ᅃ߲ేࡕăසੰڦหൔڦ

Three.js ਸ݀ኁǈၙณുၵ॰ಎǈేᆌණኈჺ৯ᅃူă

૩ 9-1 ቛ๖କᅃ߲०پڦڇஓǈీࠀڦ๑ᆩ tQuery ॽᅃ߲ᇶ࣍体ڟݣᄻ面ዐǈࢅമ

बቤ๑ᆩ Three.js ඟࢆॐසڟ૩ጱႜ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 ጺྺĐඟ߁ٷยऺᅜڦ 3D ਸ݀ీၟ 2D ਸ݀ఫᄣđăWeb ਸ݀ኁᅙঢ়

କ jQuery କǈߴ்ᅃ߲ၟ jQuery ఫᄣڦ API ඁਸ݀ 3D ᆌᆩǈ்૬ਗ਼৽ࣷਏᆶิׂ

૰ăኄ߲இडవݒսă

2. Voodoo.js
ਃዿሞဇჯڦ Brent Gunning ዂ૰ᇀඟටටظీۼॺ 3D ᆌᆩăሞᅺ WebGL ૰ܸీڦ

႗ݺඐ฿ྭᇀഄՊײవڦ܈മ༵ူǈᇀ Brent Gunning ॺକظ Voodoo.js（http://www.
voodoojs.com/）ăVoodoo.js ॺظణՔඟڦ 3D ᆌᆩՎڥ०ڇඹᅟणڟׯᄻ面ዐă

Gunning ሞڼᅃْ݀ք Voodoo.js ձਜ਼ฉፔକසူጺǖڦሞࢪ้ڦ

ሞৃཀڦ Web ዐǈ3D ኻᅃ߲ਏǈᅃ߲ᚑཀྵăظॺඪࢆ 3D ႚ๕ాڦඹۼႴᄲٷଉ

ǈ்৽ॽ܈କᅃ߲ྼܠǈኻᅺڦߞ݆ൟᅟዘᆩă߸ሧࢭፕब߾ྔܮ 3D ׇৠ

ڟݣ Canvas ዐǈᇑ 2D ాඹ߰ਸઠăኄยऺฉڦ፨ǈၙፔ๊ۅ߀ăᅺ

ُǈߛ႗ںჇք Voodoo ਸ݀քǈӲԨࠅᅃْڼڦ 0.8.0 betaă

Gunning ༀဣཥǈԈઔକ对象ĂิڦԈઔᅃ߲ዘᆩ࣏ጅਸ݀ǈཱྀڦڇᇼৠփৈԈઔ०ڦ

ፇॲĂ视ਥᄣ๕ࢅዷ༶ăVoodoo.js ॐᆯᅃဣଚၭേڦᇨڦీࠀૌׯࠓǈԈઔఇ႙ेڦ
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ሜੂֱࢅĂएᇀՔڦࢻĂब߲ದዃăኄ߲ॐएᇀ Three.js ਸ݀ǈᅺُஃฉ

ᆌඹᅟકቛࢅጲۨᅭႎڦ对象ૌ႙ă૩ 9-2 ઠጲ Voodoo.js ᄻǈኻ๑ᆩᅃ߲ࡧຕ

ۙᆩ৽ظॺକᅃ߲ 3D 对象ǈ֭ࢫڟᄻ面ᇮ example2ăኄփీም०ڇକăࡕၳڦ

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ࣅბॆ Nicolas Garcia Belmonte
ሞ Sencha ᄓၜణăPhiloGLํڦॺظᄓాํڦິࠅ ణՔඟڦ WebGL ਸ݀ీ०ڇ

ዷୁॐႜਸ݀ᅃᄣăGarciaࢆᆶǈ৽ၟ๑ᆩඪࢅ ሞถႠձ࿔（https://www.sencha.
com/blog/）ዐ௮ຎକኄᅃยऺă࠶ኄ߲ॐํᄓႠዊڦǈڍኵڥᅃੂăSencha
๑ᆩࢆཚසݴহ面ॐǈๆࢽᆩڦਸ݀କ๘হपິࠅ HTML5 হ面ă૩ࢽᆩڦၳߛॺظ

9-3 ቛ๖କ๑ᆩ PhiloGL ᅭब߲ۨࡗஓăཚپڦৠׇڇॺᅃ߲०ظ JavaScript 对象ǈ்

ৠăPhiloGLׇڦ࿖൰ႚټᅃ߲ࡤॺକԈظ ૩ጱǈԈઔઠጲڦፕ߾በฉᆶब߲ᅜྪڦ

Learning WebGL（http://learningwebgl.com/blog/） ڦᆶঞײă
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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

၄ሞڟକጮဦჺ৯एᇀॐڦ 3D ਸ݀ࢪ้ڦă்ॽ๑ᆩᅃ߲ፁࠕཚᆩڦॐǈᅜޮ߃

ڦీྤ࠶๑ᆩׇৠăڦଉీٷ 3D ဣཥժփ٪ሞǈڍሞᆌᆩዐ࣏ᆶႹܠཚᆩڦఇ๕ă

ُظॺକ Vizi ĊĊ ጲमยऺڦᅃ߲ WebGL ॐăॽᆩઠਸ݀থူઠबቤዐڦ

૩ጱăԨবཚࡗศ༑एᇀॐਸ݀߁ڦઠถ Viziă
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9.3.1　背景和设计理念

ኟස tQueryĂVoodoo.j त PhiloGL ਸ݀ኁఫᄣǈ对ڦ WebGL ਸ݀ڦጒڟߌ฿ྭă

 Mr.doob ᆶ࠼ණྺڍኮᅃǈີݹዒํڦ Three.js ᆌᆩăڦփፁᅜਸׂ݀पዊଉ࣏

்ኄ༪ஃٷڦևݴ࿚༶ǈഄํሞबമڦ 3D ॐࢅᆴဥᆅዐ৽ᅙঢ়ਦକăڦ֫ڹ

平ړሞኄၵዐᅙঢ়ࣅକǈڍ࿚༶ٷ体ฉ࣏ᅃᄣڦǖሜׇৠాඹĂยዃ၎ऐĂ

ࣼᅃၵ对象Ăߵऺ้ഗࢅᆩࢽઠᅎۯ体Ăዘްฉຎօየă

ኄबᆴဥᆅڦยऺ݀ิକՎࣅăፌ近ܾๆᆴဥׂᄽՎڥᆶऄ૰ǈᅜຫ݀ةକ

ऺ໙ऐ૦๏ዐᅃၵፌظڦٷႎǈԈઔॲᆅڦยऺăፌྺ၂ዸڦٗएᇀૌࢅीڦ

ॐࠓገၠକएᇀፇॲࢅणڦׯॐࠓ（ኄईႹੂഐઠरຍฉڦ൶՚ǈڍᆶटڦٷᆖၚǈ

்ฎڟੂࣷࢫ）ăएᇀമ面ถڦႹܠ 3D ਸ݀ၜణǈժ߲࣑ႎڦ视ঙएᇀړമᆴဥᆅ

༑ǈViziڦፌॅํ७ǈਦۨፔᅃ߲ႎڦ ৽ኄᄣڦิڐă

Vizi ڦణՔඟਸ݀ᆶڦ 3D ᆌᆩՎڥ०ڇăሞݛీࠀ面ǈVizi ᇀᆴဥᆅ（ස

playcanvas）ࢅቛ๖ॐ（ස Voodoo.js）ኮक़ăԨቤׂڦದዃׇৠࢇ๑ᆩ Viziǈ

ᅃ߲ᆶ߲ܠࢻ对象ׇڦৠǈएᇀᆩࢽۯༀ߸ႎǈఇ႙ӀႴेሜڦǈᆶްሗڦ视

ঙࢅएᇀ၎ऐࡵڞڦă၎႑ኄၵీࠀ体၄କ WebGL ਸ݀ፌਏᆫݛںڦǈᅺُኄᄺ

ፌၙᄲഽڦࣅยऺኮتă

 9-4 ቛ๖କᅃ߲ Vizi ᆌᆩᇱ႙ǈᅃ߲ۉጱฆခྪበ߁ǈႵెڦכቛ๖ăߛڦ܈

ԝৠฉཨᆖăᄻ面े߭ྪڦሞേ߭شገǈၟገఢகᅃᄣăں࣐ሞׇৠዐक़߭شೌ

ሜब௱ዓࢫǈᅃ߲ྜኝڦ 3D ăৣ࣍߭ྪڦࢫพକԝݒวฉכڦൣߛఇ႙ԥਉฉቛ๖ăכ

ă2Dߢ࠽视ೕݣǈխٷݣඟၠമਃዐࣷ߭شऍۅ ࿚ഄݡକࠃহ面ᇮሞዜྷ༵ࢽᆩڦ

႑တतྪበഄևڦݴർڢăኄኻᅃ߲߁ǈڍ௮ࣼକ Vizi ๑ᆩࢇ႐ၙ݆ǖंࢃڦ

2D ࢅ 3D ాඹྺۉጱฆခतഄ Web ᆌᆩ༵ࠃႎ႙ࢻă

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 ࠶ഔ݀ăڦᆴဥᆅยऺᇱሶپ၄ڟยऺࠓॐڦ 3D ᆴဥڦᄲ൱Բഄ视ਥᆌᆩ

ǈ૩සǈঞᇣీࠀܠႹڦᆴဥᆌᆩႴᄲᆴဥᆅዐݥăᆶၵۅཞࠌڦଉٷ்ᆶڍǈߛ߸

ăݧժփႴᄲሏႜǈᄺுටࣷԥቊ࠶วǈࣅኈईႹႴᄲಸጐĂतݠ

Vizi ॐڦࠓᅃ߲ዷᄲ༬基于组件的对象模型（component-based object model）ăኄݒ

ᆙକ၄پ൵ǈनٗدཥڦएᇀीڦยऺገၠକፇॲڦणࢇăᆶᅃ߲एإ对象ૌ႙

Vizi.Objectǈܸփৈፇॲڦඹഗăፇॲํ၄କٷևీࠀڦݴǈԲසᅃ߲ Visual ፇॲํ

၄କबࢆ体ࢅዊĂᅃ߲ Picker ፇॲํ၄କएᇀ߲对象ڦՔ๚ॲಋ݀Ăᅃ߲ Camera

ፇॲํ၄କ视ăएᇀፇॲڦဣཥ༵ࠃକइీڥ૰ڦཥᅃఇ႙ǈሎႹݥଳऄํڦ၄ᅜ

तߛዘᆩႠăཞᄣኧકቛ࠲ڦ॰ă

Vizi ॐ࣏ࠓᆶᅜူଋۅă

• 应用对象

ሴ૩ᆌᆩ对象（singleton application object）ڇ WebGL ฉူ࿔ظڦॺĂDOM ๚ॲت

ഗᅜत Three.js ᆌᆩዐǈ৽ڟǗ对象ኻႴᄲे࣍ăᆌᆩ对象ํ၄କሏႜთࣅ๔؛ڦ

ీሞኡࣃۯ߸ႎጲमă

• 模拟及事件模型

Vizi ᆶᅃ߲ᆶ对象๑ᆩڦՔጚ้क़ዡă๚ॲሞۨᅭ้ڦࡻक़ۅฉ݀ةǈժፏთᇨۨڦ

๚ॲă对象ᅜ๑ᆩ॔དഗઠ۩ለ๚ॲǈईኁڦሶăᅃ߲对象ᅜ݀քഄ对象۩ለࡀ

ሞႜྺ૾ฉথথڟഄ对象ڦ๚ॲฉăኄඟظॺႜྺࢅࢻՎݥڥ०লă

• 服务化架构

ᆶጱဣཥۼᅜޜ࢈ခݛڦ๕ࠓॺăሞ؛๔ࢅࣅኴႜǈᆌᆩॽ้क़Ă๚ॲĂႚ

तڪ྿ྂߴକ߲߳ޜခǈܸփ࠲႐ኄၵޜခਏ体ሹፔڦăኄඟཁेႎޜڦခՎ

ஏăྪࢽᆩܠڦ႐ӲԨዐࢃሞࡤǈԲසժுᆶԈڇ०ڥ

• 图形

ᆶႚۼ๑ᆩ Three.js ࣼڦăVizi ժுᆶॽ Three.js ᆆ֠ഐઠǈܸথ๑ᆩǈ

ॽ Three.js 对象ཚࡗፇॲڦࣅހࠓጎഐઠǈ๑ڥഄ Vizi 对象ᅜݛՍںᇑ்ႜ

ཚ႑ă

• 交互

Vizi ኧएᇀ߲对象ڦՔ๚ॲǈ֫ڹ๑ᆩ Three.js ڦ Projector ૌઠํ၄ۅऍॠ֪ă

ኄ๑ڥՔఄةࢅڦথ口Վڥ०ڇăVizi ڦ对象ઠํ၄փཞૌ႙ࢻକᇨॺࠃ༵࣏

ཱྀጅ（Բසሞ平面ई൰体ฉ）ă

• 行为

Vizi ԈࡤକܠዖᇨॺႜྺǈీጲۯገĂᅎۯĂڑཌĂߛଋڪઠ߀Վ对象ڦጒༀă

• 高级视图模型

Vizi ሎႹۨᅭ߲ܠ၎ऐǈᅜൟሞ்ኮक़ൎ࣑ăVizi ཞ้ኧܠዖࡵڞఇ๕ǈԲස

体ֱੂĂڼᅃටᆴဥĂॺዾ៓બڪă
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• 方便自定义

ጲۨᅭፇॲᅜํ၄ඇႎڦႜྺĂࢅࢻ၎ऐ੦ڪबࢭᆶ๚൧ăፇॲीጲ Vizi.

Component ڦ JavaScript 对象ăਸ݀ኁඹᅟ৽ీظॺᅃ߲ႎڦፇॲૌ႙ǈժཚ߃ޮࡗ

realize() ࢅ update() 对象ڦᅙ٪ሞڟཁेںăፇॲᅜൔీࠀઠሺेጲۨᅭ݆ݛ

ዐǈઠሺेᇱਸ݀ኁுၙڦڟႎీࠀă

• 预制结构

Vizi ሎႹਸ݀ኁظॺᆯᅃፇ对象ፇڦׯዘᆩૌ႙ăᅺྺ Vizi एᇀፇॲยऺڦǈ

ᅜૌ႙ժփ๑ᆩ JavaScript ྺǈܸᅃܑԥڦॺظૌઠڦ prefab ᇨ对象ăڦ

prefab ᆯْ֫ڦࣅᆴဥ对象त்ڦፇॲĂᅃ߲ई߲ܠ๚ॲ۩ለईথǈᅜतᅃ߲੦

ഗগԨ（ၹۙᆶևڦݴࢻ）ׯࠓă

Vizi एᇀፇॲڦॐࠓยऺڟᅃԨກڦटٷᆖၚǈኄԨກ Jason Gregory ڦ

ঞກĖᆴဥᆅॐࠓė（Game Engine Architectureǈhttp://www.gameengine 

book.com/）ǈኄߛपᆅࢅॐยऺՂ܁ኮກăኄԨກภत࠽ྷݔڦǈ

ڦ࠲ᇑԨກፌ၎ڍ Gregory 对对象ఇ႙ॐڦࠓ༑ăٷ૰༵בፇॲڦࣅ

ยऺǈܸփدཥڦૌीยऺăएᇀፇॲڦยऺᅃӯ߸ेଳऄࢅકቛǈ

Ն௨କएᇀीยऺᇜڦڟႹܠᅙኪ࿚༶ǈᆮഄްړሗ܈ฉืࢪ้ڦă

Vizi ཞᄣڟ Unity（http://unity3d.com/）ยऺڦഔ݀ǈUnity ৃཀሞ܀૬ਸ

݀ኁࢅၭ߾ፕፇዐፌୁႜڦฆᄽᆴဥᆅăUnity 体၄କںࡻ Gregory एᇀ

ፇॲࣅᆅยऺڦາၙăሞԨກՊႀኮा Unity փኧ࣏ WebGL2ăUnity ራሞ

HTML5 ୁႜമ৽ᅙਸ݀ઠକǈᅜ๑ᆩକጲमڦগԨᇕჾࢅකဣ

ཥăසࡕ Unity ኧ HTML5 ࢅ WebGLǈईႹࣷਥڥுՂᄲظॺ Viziă

9.3.3　Vizi入门

ྺକਸ๔ბသ Viziǈ்ံᄲٗ GitHub（https://github.com/tparisi/Vizi） ၜణዐइڥፌႎӲ

Ԩپڦஓăሞ engine/build/ ణူǈేࣷੂ见ब߲࿔ॲǈްᅃ߲ vizi.js（࿄უڦ debug
ӲԨ）࿔ॲई vizi.min.js（უڦࢫ release ӲԨ）ڦేڟၜణዐă

၄ሞǈኻႴᄲॽ Vizi গԨ֭ేڦᄻ面ዐ৽ᅜਸ๔๑ᆩକǖ

<script src="../<path_to_vizi>/vizi.js"></script>

Vizi ᆶܠዖփཞૌ႙ڦӲԨăኄଇ߲࿔ॲॽᆶᅈડٶۼԈઠକǈԈઔ

Three.jsĂTween.jsĂRequestAnimationFrame.js ᅜतब߲ኧ Three.js 对ڦ

象ăසేࡕփၙᄲԈྔࡤևᅈડڦӲԨǈᅜ๑ᆩᅈડӲԨǈሞేᄻ面

ă൩ֱੂ؋փၭ႐ీࣷᆶӲԨࡕǈසړጲႜ֭ᅈડăݛںഄڦ

README ࿔ॲतӲԨߢࠅઠକ߸ၘܠ൧ǈᅜतֱለ֖ઠକጚԢ

ጲۨᅭӲԨ Vizi ႑တăܠ߸ڦ

ጀ 2ǖUnity 5 ᅙঢ়ኧăĊĊᅳኁጀ
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9.3.4　一个Vizi应用示例

ඟ்ઠੂᅃ߲ਏ体ڦ૩ጱǈཚࡗઠକ Vizi ॐڦഽٷăሞే៓ڦબഗዐٶਸ๖૩࿔

ॲ Chapter 9/vizicube.htmlăేᆌੂࣷ见ຄဒ۫ڦဇǈڼ 2 ቤڼࢅ 3 ቤټڦ࿖૬ݛ体ǈ

एᇀ Vizi ዘႀକᅃՓă૩ 9-4 एᇀ Vizi ڼࢅஓǈᅜپڦ 3 ቤዐ૩ 3-1 ஓፔԲডăپڦ

例 9-4：ᅃ߲ Vizi ᆌᆩڦ૩ጱĊĊገڦ૬ݛ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࿖ᆙพ૬ڦॺᅃ߲ᅜphongጣ݆කظ //        
        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); 
 
        // ཁेᅃ߲ገႜྺǈ๑ڥ૬ݛ体߸ेิۯ 
        var rotator = new Vizi.RotateBehavior({autoStart:true}); 
        cube.addComponent(rotator); 
 
        // ॽ૬ݛ体ၠጣִ࠵ኁገǈᅜՍ߸ںࡻቛ๖3Dဦব 
        cube.transform.rotation.x = Math.PI / 5; 
 
        // ཁेᅃ߲࠼ڨઠቛ๖කၳࡕ 
        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৽ظॺକᅃ߲ገټڦ࿖૬ݛ体ǈ்ܸኮമ๑ᆩ

Three.js ሶႴᄲႀ 80 ႜپஓăڍ்ฎپڟੂࣷࢫஓଉณኻഄዐڦᅃ߲ᆫۅă்ઠཚ

ᆌᆩ对象ǈૌ႙ڦॺକᅃ߲ႎظኄ߲૩ጱăံ்܁ Vizi.Applicationǈժॽඹഗᇮ

ߴڿدăኄ߲֡ፕሞాևፔକٷଉ߾ፕǖظॺᅃ߲ Three.js ක对象ࢅᅃ߲ټఐණ၎

ऐڦ Three.js ׇৠǈሺेକ॔དᄻ面ݣĂՔतഄ DOM ๚ॲڦ๚ॲتײႾăኄ
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ၵ๚൧ేԨઠႴᄲཚࡗ DOM API ईۙᆩ Three.js ڍፕǈ֡߾ຕઠࡧ Vizi ጲۯႜକت

ăֱੂ Vizi ᇸஓዐڦ࿔ॲ core/application.js ࢅ graphics/graphicsThreeJS.js ઠକਏ体ڦ

ํ၄ဦবǈႴᄲፔႹܠ๚൧ă

থူઠǈ்ॽ对象ेׇڟৠዐăኄ้ڟ Vizi ፇॲ对象ఇ႙ׇକăVizi ׇৠዐڦඪ

ᅪ对象ۼ Vizi.Object ૌ႙ڦǈࢫ்ཁेփཞڦፇॲߴă对ᇀ૬ݛ体ઠຫǈ்

๑ᆩ Three.js ڦ࿖ټࢅ体ࢆ体बݛ૬ڦ Phong ዊظॺକᅃ߲ Vizi.Visual 对象ăጀᅪ

Vizi ժுᆶۨᅭጲमڦႚ对象ǈܸስ๑ᆩ Three.js ઠํ၄ᆶႚăኄᆶᅪڦ

ስă்ྜඇԓକ Three.js ॺظǈܸփᆆ֠ǈᅺ்ُᅜൟీࠀٷഽڦ

்Ⴔᄲڦඪࢆ视ਥૌ႙ă

ሞظॺ视ࣅፇॲժཁेڟ对象ฉࢫǈ்ཁेକᅃ߲ႜྺăኄ Vizi หആݛںڦăVizi
ጲټକᅃܑᇨڦႜྺǈ்ᅜཚࡗཁेፇॲݛڦ๕ᆌᆩڟ对象ฉăሞኄ߲૩ጱዐǈ

்ཁेକᅃ߲ Vizi.RotateBehavior ႜྺǈยዃ autoStart Քऻྺ trueǈ๑ڥ对象ሞᆌᆩ

ሏႜࢪ้ڦகฉਸ๔ገă

்ၙඟ૬ݛ体ၠ၎ऐൡၽǈᅜՍᇀֱੂ 3D ăሞࡕၳ Vizi ዐǈ்ᅜཚࡗႪ߀对象Վ

ڦፇॲ࣑ rotation ຌႠઠํ၄ă

// ॽ૬ݛ体ၠጣִ࠵ኁገǈᅜՍ߸ںࡻቛ๖3Dဦব 
    cube.transform.rotation.x = Math.PI / 5;

ጀᅪǈྺକݛՍǈఐණྺ߲ Vizi 对象ۼጲظۯॺକᅃ߲Վ࣑ፇॲăኄޮ߃କٷևڦݴ๑

ᆩׇৠăVizi.Object ᆶᅃ߲֖ຕ࣏ሰഗࠓڦ autoCreateTransformǈසࡕగ߲对象փ

ႴᄲՎ࣑ፇॲǈᅜॽยዃྺ falseă

ྺକ၂๖ Phong ጣഗࡕၳڦǈ்ཚࡗଷᅃ߲对象ઠཁे࠼ᇸǈኄ߲对象ዐᆶ Vizi.

DirectionalLight ፇॲăሞࢫ面बቤዐǈ்ࣷੂڟසࢆՆ௨၂๕ظॺ࠼ᇸǈఫ৽๑ᆩ

ڦሏႜᆌᆩକǈᇀۙᆩᆌᆩࡻǈ்ጚԢࢫᇨᆌᆩఇӱăፌڦยዃ࠼ڨټ run() ă݆ݛ

ኄ৽ࠕକǈփႴᄲՊႀ்ጲमڦ requestAnimationFrame() ሞ߲ዜ߸ႎ૬ۯຕઠࡧ

ገăڦ体ݛ

1. 添加交互

ేईႹጀᅪڟമ面बቤถڦ Three.js ૩ጱժுᆶࢻႠǈևݴᇱᅺ்࣏ுᆶถڟ

ࢻǈଷᅃ߲ᇱᅺ๑ᆩ Three.js ፕăThree.js߾ڦภत੫ሳࢻॺظ କᅃ߲ࠃ༵ projector
对象ǈሎႹ்ऺ໙ړമՔཕሞన߲对象ฉăڍժுᆶހጎׯᅃ߲๚ॲথ口ईኁ

ᅃ߲ۅऍཱྀጅڦఇ႙ăVizi ॐཚࡗፇॲઠํ၄ጲࣅۯՔስࢅ๚ॲ݀ݴǈᅜُઠਦ

ኄ߲࿚༶ă

ඟ்ཁेᅃ߲०ڦڇࢻႜྺڟമ面ڦ૩ጱዐă்ॽኻሞՔཕฉඁࢪ้ڦገ૬

ਸ࿔ॲٶăሞ៓બഗዐࢫ体ǈܸփᄻ面ेሜݛ Chapter 9/vizicubeinteractive.htmlǈپஓස

૩ 9-5 ๖ăٚ体Քጀپڦஓႜ၂๖କႪ߀କڦևݴăኄᅃ்ْփሞظॺႜྺࢪ้ڦย

ዃ autoRotate ၜǈᅺُփࣷሞᆌᆩेሜࢪ้ڦ৽ਸ๔ገăথူઠǈ்ཁेᅃ߲ႎ

ፇॲૌ႙ڦ Vizi.Picker 体对象ฉăpickerݛ૬ڟ ۨᅭକཚڦՔ๚ॲǈԈઔ over（ᅎ

ࢅĂup（ሞᇮฉਸՔӀ౧）（ᇮྔᅎ）ᇮฉ）Ăoutڟ down（ሞᇮฉӀူ

ՔӀ౧）ǈ்ࣷሞՔᅎڟۯԈࡤ picker ᅎࢅ՚ሞՔཕݴăኻႴᄲ݀ة对象้ڦ
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ཕኹገăࢅཁे๚ॲ॔དǈઠਸ๔ࢪ้ڦ

例 9-5：๑ᆩᅃ߲ picker ፇॲઠཁेՔࢻ

 <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࿖ᆙพ૬ڦॺᅃ߲ᅜphongጣ݆කظ //        
        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); 
 
        // ཁेᅃ߲ገႜྺǈ๑ڥ૬ݛ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࠵ኁገǈᅜՍ߸ںࡻቛ๖3Dဦব 
        cube.transform.rotation.x = Math.PI / 5; 
 
        //  ཁेᅃ߲࠼ڨઠቛ๖කၳࡕ 
        var light = new Vizi.Object; 
        light.addComponent(new Vizi.DirectionalLight); 
 
        // ॽ૬ݛ体࠼ڨࢅཁेׇڟৠዐ 
        app.addObject(cube); 
        app.addObject(light); 
 
        // ሏႜ 
        app.run(); 
    } 
    ); 
 
</script>

ኄݥ०ڇăྺକჺ৯֫ڹ৯৩݀ิକ๊๚൧ǈඟ்ੂੂॠ֪ڟ 3D 对象ሞՔူ้
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݀ิକ๊ăኄ Vizi एᇀ Three.js ڦ THREE.Projector ૌઠํ၄ൽݛڦీࠀ๕ăժփ

०ڇă૩ 9-6 ଚକ Vizi ႚጱဣཥڦ objectFromMouse() ࣮ݓ݆ݛஓăኄ߲پڦ݆ݛ

Քኸኍူీቴڦڟ对象ǈتڦԈઔᅜူबօă

(1) ံǈ்ॽՔ๚ॲ၎对ᇀᇮڦፖՔ elementX ࢅ elementY ገׯ࣑၎对ᇀ视口ڦፖ

Քǈ߲ྼڦ܈ኵۼྷݔڦ -0.5 ڟ +0.5ǈཞ้ገ y ፖՔઠದ 3D ፖՔဣཥă（ጀ

ᅪ elementX ࢅ elementY ժփՔጚڦ DOM Ք๚ॲຌႠǈ்ሞ֖ຕڿدኮമǈࣷ

ᆯ Vizi ڦ DOM ๚ॲتࡧຕऺ໙ࡻă）

ڦՔူ面ڟ࣑ǈႴᄲॽ்ገࢫፖՔڦକՔ၎对视口ڥइړ (2) 3D ࿋ዃǈժԍ٪ሞՎ

ଉ vector ዐă

(3) ࢫႴᄲॽՔ၎对ᇀ视口ڦ࿋ዃٗ相机空间ገڟ࣑世界空间ዐăᅃڋገ࣑କ࿋

ዃǈ்৽ኪڢՔኸኍሞ๘হक़ዐڦ࿋ዃକăྺُǈ்ۙᆩཨᆖ对象ڦ

unprojectVector() ǈڦॺظࢪ้ڦႚဣཥࣅ๔؛ă（ཨᆖ对象ሞ݆ݛ THREE.

Projector ૌ႙ă）

(4) ၄ሞՔኸኍሞׇৠዐڦ࿋ዃᅙঢ়ऺ໙ઠକǈ்ᅜظॺᅃຐ࠼၍ǈٗ၎ऐڦ๘হ

क़࿋ዃڟՔڦ๘হक़࿋ዃăඪ࠼ࢅࢆ၍၎ڦ对象ۼĐሞՔူđڦă࠼၍၎

ཚࡗ THREE.Raycaster ڦ intersectObjects() 对象ଚǈڿدăၠڦઠํ၄݆ݛ

ࣷӀቷٗമڦࢫڟຩႾ࣮ݓඪࢆᇑ࠼၍၎ڦ对象ଚă

(5) ፌࢫǈ்ൽڥଚዐڼᅃ߲见ڦᇮǈ৽پକፌമ面ڦԥዐڦ对象ă

ຫࡗǈኄփ०ڇăኄᄣپڦஓేփၙႀْܠăܸ๑ᆩ Vizi ኄᄣڦॐǈేྜඇփႴᄲ

ጲमۯă

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）ፖՔገྺ࣑๘হፖՔ 
    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 ሎႹ்ൟߴںᅃ߲对象ཁे߲ܠႜྺă்ॽႪ߀മ面ڦ૩ጱǈߴ૬ݛ体ཁ

ऍՔǈࣷਸ๔ۅࡕଋǗසߛറઢઠׯǈࣷՎࢪ้ڦՔཕړႜྺă߲ܠे

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ᅜԥዐ        
    var picker = new Vizi.Picker; 
    cube.addComponent(picker); 
 
    // ཁेཕߛଋჿ 
    var highlight = new Vizi.HighlightBehavior( 
      {highlightColor:0x88eeff}); 
    cube.addComponent(highlight); 
 
    // ॽስഗࢅገഗ࠲ഐઠăՔཕ้ߛଋǈۅऍ้ൎ࣑ႜྺ 
    picker.addEventListener("mouseover", function() { 
      highlight.on(); }); 
    picker.addEventListener("mouseout", function() {  
      highlight.off();}); 
    picker.addEventListener("mouseup", function() { 
          rotator.toggle(); 
           bouncer.toggle(); 
           mover.toggle(); });
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ሞኄ߲૩ጱዐཁेႜྺ৽ၟཁे߸ܠፇॲᅃᄣඹᅟă்࣏ཁेକՔਸڦ๚ॲ॔དǈ

ࣷۙᆩ߲ႜྺڦ toggle() ਸ๔ڦႜྺ߲߳݀ةࢪ้ڦऍՔۅǈઠሞ݆ݛ / ཕኹጒ

ༀă 9-5 ၂๖କ்ڦವᆷǈټ࿖ڦ૬ݛ体ĊĊߛଋĂገĂӦۯĂ远ǈڟၩ

฿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 ኄᄣڦॐీፔ๊ă்ࣷሞࢫ面बቤዐᅃօକǈ࣏

ࣷถ߳ዖ 3D ᆌᆩݛڦӄࢅरຍă

Vizi ǈࢪ้ڦሞਸ݀ኮዐăԨກՊႀ࣏ 0.6 ई 0.7 ӲԨǈᆶీࠀܠǈ

ୟᄲጽăሞှईᆶऐࣷਸ݀ڦᆶ࣏ڍ WebGL ၜణࢪ้ڦਸ݀ă

ǈထྭᅙঢ়݀քࢪ้ڦᆇኄԨກړ 1.0 ӲԨକă

9.4　小结

Ԩቤถକࠓॺ 3D ᆌᆩڦᆅࢅॐă࠶ Three.js ڥਸ݀Վඍ݄ඟනڍǈٷഽ

࠶ీࠀڦǈԲසڦ֫ߛႜྺࢅࢻĂᇨڦഔ࠲ࢅۯԿǈᅜतႹܠबࢭᆶ 3D ᆌᆩ

ዐۼՂႷྜڦׯ๚൧ă

்࣏ถକਦኄၵ࿚༶ڦ၄ᆶᆴဥᆅࢅቛ๖ॐăWebGL ਸ݀ኄᅃଶᇘ࣏ൟǈ

ሞփ݀ںቛǈణമڦॐᄺසُăᆶܠڦॐǈႴᄲፕփณ࢚ǈԈઔ੦

ĂీࠀĂᅟᆩႠǈڪڪă

ፌࢫǈ்๑ᆩ Vizi ઠศჺ৯କएᇀॐڦਸ݀ǈਸ݀ڦႎॐǈᆩᇀ༑ॐ
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ڦڇ૩ጱă०ڦǈᅜतਸ݀Ԩກ߁ Vizi ૩ጱቛ๖କ๑ᆩॐྺీࢆॽ்ٗՓڦĂዘ

ஓǈժጆጀᇀਸ݀Ԩวăپڦઠǈӻዺ்বู้क़ǈՊႀ߸੍ݣਸ݀ඪခዐڦް

Vizi ኻॐڦᅃ߲૩ጱǈే࣏Ⴔᄲ༑ഄڦॐǈฯยऺేጲमڦॐăஃ

ስࠔச࣏ጲႜਸ݀ǈසేࡕᄲਸׂ݀प՚ڦ 3D ᆌᆩǈ৽ႴᄲਦԨቤ༪ஃࡗ

ఫၵ࿚༶ăڦ
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ణമྺኹǈ்࠲ጀۼڦएإǖHTML5 एإ API ĂJavaScriptࠓॐࢅ ॐǈᅜतࢅੰ

ాඹፕୁ߾ڦײਏă၄ሞ้ํࢪ७ኄၵኪ๎କăሞԨກူڦևݴǈ்ॽփም࠲ጀ

API ਏ体ํ७ăڦਏǈܸገၠਸ݀ํाᆌᆩ߾ࢅ

்ٗظॺᅃ߲०ڇૌ႙ڦ 3D Web ᆌᆩਸ๔ǖᅃׂ߲ੂֱڦഗ / ದዃഗăኄᄣڦᆌᆩ

ཚࣷᅃ߲ኈํׂڦࢻ๕ 3D ఇ႙ǈᆶڦݿহ面ࠃ༑ׂీࠀڦǈժᅜ๑ᆩ

Քࢻઠֱੂ߸ܠ႑တǈᅜत༵ࠃగၵ݆ݛઠ߀Վఇ႙ڦᅃ߲ई߲ܠຌႠăएᇀ Web ڦ

ׂದዃ߾ਏᅙঢ়၄କ้क़ǖံৢༀڦ 2D ఇ๕ǈࢫ๑ᆩ Flash ڦ 2.5D ई

3D ఇ๕ǈፌ近၄କएᇀ Canvas API ई WebGL ڦ 3D ఇ๕ăׂದዃഗ़ᅜీࠀߛ

ᆐၨ߾ਏ（नᅃዖࢻႠ߸ഽڦǈྺׂీࠀፔݛڦߢ࠽๕）ǈᄺᅜणۉڟׯጱฆခဣ

ཥዐǈᆩઠኈํںሞ၍ದዃࠔࢅசׂă

 10-1 ቛ๖କᅃ߲Đ࿄ઠכđ߁ڦยऺăᅜٶਸ࿔ॲ Chapter 10/futurgo.html ઠ体ᄓ

ăᆩՔઠገఇ႙ǈᆩఄةӱईࡐઠࢅٷݣၭăړՔཕሞכฉփཞև้ڦݴ

ᅜࠓևాڦכՔധઠ၂๖ڦऍᆸՉۅઠăฉ၂๖֫ޝ႑တ৽ሞᅃ߲ڦݴᇀኄև࠲ǈࢪ

तገۯጱăేฯᅜߵే߲ڦටဠࡻઠ߀ՎڦכჿăĐิऄݛ๕႙ཚ߾ਏđ

߲ටཚ߾ਏူڦᅃհષחăᆯၭఊྂכĂސܻߛ൰כĂీ߳ڦכᅃևݴǈᅜतڦ

ǈኄ৽ׯܸࢇरፇߛ Futurgo ƽ
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图 10-1：Futurgo 概念车——一个 3D 产品页面

ኄᅃ߲ᆶڦĂྜඇටሰׂڦದዃഗ૩ጱǈภतକևຈᅃ߲ 3D ׂᄻ面Ⴔ࠲ڦ

॰߁ă

• 设计应用

ਸ݀ 3D ఇ႙त 2D ᄻ面ాඹڦ视ਥၳࡕǈժۨᅭᆩࢽײୁࢻă

• 创建 3D 内容

๑ᆩၟ Autodesk Maya ኄᄣ߾ڦਏઠظॺఇ႙ࣃۯࢅǈժገྺ࣑ࢇ Web ๕ઠሞ߭ڦ

ᆌᆩዐ๑ᆩă

• 预览和测试 3D 内容

ยऺᅃဣଚ߾ڦਏઠᄓኤڦڞ 3D ాඹᅜሞᆌᆩዐ߾ፕ（සྔࣃۯࢅ࠵ኟ）ă

• 集成 3D 内容到应用中

ॽ 3D ాඹ（ᅃڋᄓኤࣃۯࢅ࠵ྔڦኟ）ᇑ 2D ᄻ面ాඹᅜतഄᆌᆩپஓणׯă

• 开发 3D 行为和交互

ཚํࡗ၄ᅃၵႜྺࢅࢻઠඟ 3D ాඹิۯഐઠǈԈઔᅃ߲视ਥࡕၳڏĂᅃ߲ገ

ĂՔᅎၳࡕĂᆩࢽࣃۯڦ݀ةࢻǈᅜतۯༀႪ߀对象ڦჿă

ฉຎᆶႴ൱Ⴔᄲཚࡗᅃ߲ዘްײୁڦઠਸ݀ăړ்ಇأ bug ڟٳǈᆌࢫᆌᆩ߀ࢅ

ᅜໜᅪႪ߀Ⴊ߀ᆌᆩڦ视ևݴ（ᆮഄ 3D ాඹ）ǈܸփႴᄲዘႎՊႀᆌᆩپஓڦጒༀă

ྺକࠓॺ Futurgo ڼă்ࣷศბသਏઠኧ߾ᄻ面ǈ்Ⴔᄲڦ 9 ቤถڦࡗ Vizi
ॐăVizi एᇀ Three.js ਸ݀ǈ༵ࠃକዘᆩڦႜྺतހጎڦࡻ对象ǈඟ்߾ڦፕՎڥ

०ڇǈժሎႹ்ᆩ߸ณپڦஓፔ߸ڦܠ๚൧ă்࣏ࣷ๑ᆩਸᇸ࿔ॲ߾ڞਏࢅገ߾࣑

ਏǈઠॽాඹٗ Maya ዐׯڞࢇ Web ๕ăඟ்၄ሞ৽ਸ๔ӕă߭ڦ
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10.1　设计应用

ࢅ 3D ยऺ TC Change ᅃഐยऺକ Futurgo ᆌᆩăࢅ TC ထྭॽ Futurgo ยऺྺׂ

视ࣅᆌᆩǈཞ้ਏԢႠࢅ࿄ઠዷᅭ߭ޅăFuturgo କૌຼࢇยऺබכ߁ Segway ኄᄣ

ի૱ă்փኪޅڔࢅวכԿ๕ހႠǈԲසࢺݞڦכਏԢഛ࣏ǈཞ้ۅ༬ڦਏ߾ටཚ߲ڦ

ᆶăᅃഐڟݣ߁ॽኄၵڥ்ਥڍฉୟକǈ݆ࢇᆩǈ߸՚ຫీڦኈޏכኄڢ

ঢ়ࡗएԨ߁ڦ༪ஃत֥ยऺኮࢫǈTC ਸ๔ጣႜྜኝ߁ڦ视ਥتăᇱ႙ස

10-2 ๖ăጀᅪǈᇱ႙ࢅፌዕׂݥথ近ă1 ்ᅜዘᆩ Photoshop ڞጨᇸǈॽഄڦ

ྺ PNG ೌǈժ 3D කথٗ Maya ๑ᆩࢅǈᅜڦڟڥ Three.js ํ้කڦӲ

Ԩၟݥă்ฎڟੂࣷࢫǈྺକԍኤڦڞ 3D ాඹዒᇀᇱံڦකǈ்࣏Ⴔᄲፔᅃ

ၵ߾ڦྔܮፕăፌዕࡕ၂๖ኄኵڦڥăԨቤኼሞঞేසڟٳࢆኄᄣڦ视ਥԍኈ܈ժ

ںފॽᅝຍپࢅஓබࢇഐઠǈܸٗظॺଆĂጆᄽڦᆌᆩă

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 ጨศڦெຍጺ॔ǈᆛᆶӍටڦ०૦ǈԈઔሞڱ๗ࢻ

ėਸ݀ǈසĖঞڦ۷ᆴဥٶܠዮࡗፕǈ֖ᇑ߾ິࠅڪۉĂĂᅝۯ

Ėቔఛຯ • ӺڤėĖমėăTC ॕ႑ Web 3D ڦଶᇘॺକظ૰ଉǈڦ

ᅃ߲ራظᄽິࠅ Flatlandăేᅜݡ࿚ http://www.tcchang.com/ ઠሞ၍

ֱੂ TC ፕă߾ڦ

ጀ 1ǖྸᅃ၂ڦ视ਥֶᅴጴ体ǈTC ስକᅃዖঢፕ Mayraid Pro փڍጴ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
ሞ߁ฉᅃ߲体ǈڍํाฉᆯ߭ྪ߲ܠፇڦׯǈ߲پڦכᅃևݴǖߒዊכ

วĂכĂాכፗ࿋त֡੦Ăڪشכă๑ᆩ߲߳ڦ܀ڇևݴઠظॺఇ႙ዘᄲڦǈኄᄣ

߲ևݴ৽ీ܀ڇႜࣃۯǈܸٗᅜํ၄ᆌᆩዐڦփཞࢻǈԲසՔཕሞشכईכ

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/）

ሞాඹظॺኄᅃǈࢅ TC ጮဦࣄࡀକఇ႙ݛ߲߳ڦ面ǈසԲ૩（Futurgo ఇ႙܈ڦଉ

๕ăMayaݛڦࣃۯॺظ๕Ăݛڦᇸ࠼࿋ǈኄ）Ăยዃڇ ሞ߾ࣃۯਏݛ面ᆶਆ၌ǈ

ኝ߲࿔ॲኻీᆶᅃཉ้ࣃۯक़၍ǈᅺُ࿔ॲዐڦᆶۼࣃۯႴᄲ၎ཞ้ڦǈփڦ܌क़

߰৽ࣷ၄ӣࣃۯă்ਦۨԍࣃۯ०܌ǈ้ኻᆶᅃ௱ǈኄፁࠕॽכٗشכวฉݴ

ઠᅜ၂๖ాǈᄺፁׯྜࠕᅃ߲ጱڦඇײገକă

ྺԍኤႠీǈࢅ TC ຕଉăFuturgoڦՉႚܠ੦କ࣏ ๑ᆩକሀ 96 000 ߲ෙঙႚǈኄ৽

ԍኤକ़ᆶፁڦࠕෙঙႚઠሞ Three.js ዐක平ࡕၳڦࣂǈᄺփᇀඟ៓બഗڦႠీ။

ઓৣăኄᄣፔڦଷᅃ߲ణڦሞᇀ்Ⴔᄲཚࡗ੦ܠՉႚڦຕଉઠ၌࿔ॲ体ओă对ᇀ

Web ᆌᆩઠຫǈాඹႴᄲူሜăፌዕ்ٗ Maya ገׯ glTF ߁ٷևຈ࿔ॲڦ 6 MBă
ኄੂഐઠ࣏ᆶٷۅǈڍ对ᇀ၄پᆩྪڦࢽஏઠຫǈٗದዃକޜခഗ܋ .bin ࿔ॲუޜڦ

ခഗॽኄၵాඹୁ๕ူሜڟԨںǈ࣏܈ݥڦ（ኻႴब௱ዓ）ă
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10.2.1　导出Maya场景到COLLADA
ሞ៓ࠃબഗቛ๖മǈMaya ࿔ॲႴᄲံገׯࢇ WebGL ๕ă்ਦۨ๑ᆩ߭ڦ glTF ፕྺ

ևຈ߭๕ǈᅺྺ体ओၭेሜݥ܈ăሞԨກՊႀࢪ้ڦǈ࣏ுᆶথٗ Maya ڞ

ྺ glTF ǈᅺ்ُ๑ᆩ݆ݛڦ Maya ኧ߭ڦڞ๕ COLLADAǈࢫምገׯ glTFă1

Maya 2013 ڦ COLLADA କǈᅜ்ስ๑ᆩ้ࡗ࿚༶ܸܠਏᆶ߾ڞ

OpenCOLLADA（http://opencollada.org/）ǈᅃ߲ߛႠీڦਸᇸ߾ڞਏǈᆯ܀૬ਸ݀ኁਸ

݀ǈᅜظॺߛዊଉĂग़ඹڦݔࡀ COLLADA ăԨກՊႀࢪ้ڦǈOpenCOLLADA
ڦ Maya ӲԨ（࣏ᆶ 3ds Max ӲԨ）߾ፕଆࡻǈ்ᅜࠀׯ๑ᆩॽ Futurgo ྺڞ

COLLADA ߭๕ăOpenCOLLADA ࡤዷበԈڦ Maya ֭ॲत 3ds Max ٗ 2010 ڟ 2013 ӲԨ

֭ॲူڦሜ（Autodesk ൡၠᇀ߸ႎ֭ڦॲ SDKǈᅺُ߾ڞਏႴᄲ߶ฉǈᅜԍኤڞ

ǈႴᄲԍኤሞࢫࡻਏҾጎ߾ڞӲԨದׂӲԨ）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 ᅃ߲ਸᇸၜణǈڦ߸ႎࢺྼࢅᆶۅૌຼᇀᅭခહڦۯ

Ⴀዊǈᅜ๑ᆩࢪ้ڦႴᄲጀᅪăሞኄǈ்ժփీԍኤࣷᅃྼူࢺ

ඁǈᆮഄሞ Autodesk ჄӲԨዐ߸ႎࢫ SDK ࡗăփࢪ้ڦ COLLADA ኻڞ

 Maya ࢅ 3ds Max ࿔ॲڦᅃዖ݆ݛǈଷྔᅃዖᆶీ݆ݛڦॽ FBX ገׯ

glTFăAutodesk क़ీԍኤ้ᅃࢫਏሞৃ߾ڦ FBX ߭๕ăᅃၵິࠅǈԲ

සڼ 8 ቤถڦ Verold（http://www.verold.com/）ǈኟሞॽ FBX ገׯ glTFă

ጀ 1ǖglTF, ᆩᇀ WebGL ߭๕ǗCOLLADAǈएᇀدႚੰڦ XML ڼ๕ăਏ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 ዷยऺڦ Fabrice Robinet ႀକᅃ߲ంସႜ߾ਏઠႜኄ߲߾ፕă

ሞڦ MacBook Air ሏႜڦ Mac OS 10.8 ฉǈኴႜంସڦᅃ߲ঢ collada2gltf ኴႜ࿔ڦ

ॲăᄲገ࣑ FuturgoǈሏႜසူంସǈײႾڦ๑ᆩၽ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]

ገࢫ࣑ǈేࣷሞేڦణူੂڟ futurgo.json ࿔ॲǈᅜत၎ᆌڦ GLSL ጣഗᇸ࿔ॲ（ࢫጘ

 .glsl）ă၄ሞ࿔ॲԥገׯକ glTF ߭๕ǈᅜ๑ᆩྺ Three.js Պႀڦ glTF ेሜഗઠॽഄ

ेሜڟᆌᆩዐă்ࣷሞူ߲ၭবถසࢆፔڟኄᅃۅăFuturgo ገڦࢫ࣑ glTF ࿔ॲᇑ๖

૩پஓٶԈሞକᅃഐǈmodels/futurgo/futurgo.json ዷ JSON ࿔ॲǈmodels/futurgo/futurgo.
bin ࠲ܾڦ࿔ॲă

ԨກՊႀࢪ้ڦǈglTF ᆶଇ֫ᅪາăࣆăኄਔራڦሞ݀ቛت࣏

ံǈݔࡀԨว࣏ሞՎࣅǈᅺُԨກڦټ࿔ॲᆶీሞݔࡀඓࡗࢪ้ڦ

้କǈᅜేႴᄲጚԢ߸ႎईദᅎేాڦඹăഄْǈኄ߲߾ਏ࣏ൟǈ

Բස collada2gltf ገ߾࣑ਏՂႷሞణՔ平ฉٗپஓႜՊᅳă߸࠲ܠᇀ

ገ߾࣑ਏڦ႑တǈᅜݡ࿚ 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

၄ሞ்ᅙঢ়ॽాඹٗ Maya ዐڞକǈথူઠ்ᄲਦူᅃ߲࿚༶ǖසࢆඟሞᄻ面

ฉ၂๖ઠăglTF ࿔ॲժփీথֱੂĊĊ࣮ၙᅃူǈWebGL ժփీথ๎՚ඪ߭ࢆ๕ă

்Ⴔᄲ๑ᆩ்ጲमੰڦઠेሜఇ႙ׇࢅৠăሞࠓॺᆌᆩമǈፌံీࡻԍኤ 3D ాඹ

ଆڦࡻǈᄺ৽ຫǈ்ᅜྜኝںሞ WebGL ዐකඇևׇৠ႑တǈԲසዊĂ࿖Ă

ڦ்֪ࢅਏઠӻዺ்ᇨબ߾ॺᅃ߲ظăྺُǈ்ႴᄲࣃۯĂ࣑ᇸĂ၎ऐĂՎ࠼

3D ాඹă

10.3.1　基于Vizi的预览工具

்๑ᆩ Vizi ઠظॺ 3D ᇨબ߾ਏă்ሞڼ 9 ቤถࡗ Viziǈਸ݀ڦॐăVizi
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๑ᆩएᇀፇॲݛڦ๕ઠࠓॺ 3D ᆌᆩǈᅜጲׯྜۯૌຼ؛๔ൣࢅࣅࣃքኄᄣڦዘް

Ⴀ߾ፕǈժ༵ࠃକᆌᆩײႾڦሏႜთࢅ࣍๚ॲتऐǈᅜतᅃဣଚᇨॺڦႜྺࢅࢻă

ຫႚධ๑ᆩڦ Three.js ኄ߲ WebGL ๚ํฉڦՔጚੰǈڍ Vizi ॽހጎڥ߸े

ዘᆩࢅՊஓă

 10-5 ቛ๖କᇨબ߾ਏሜ Futurgo ڦ glTF ࿔ॲׇڟৠዐࡕၳڦăᇨબ߾ਏᆶᅃ߲ዷా

ඹ൶ᇘᆩᇀֱੂఇ႙ׇࢅৠǈժټᆶྪ߭ںӱăᆶᅃ߲֓ڇતǈഄዐԈࡤᅃ߲ Open Ӏ౧ǈ

ᅜत၂๖ړമ៓બ࿔ॲڦՔധăᆸ֨ᅃ߲੦面ӱǈټᆶब߲ጱ面ӱăׇৠጒༀ（Scene 
Stats）面ӱ၂๖କړമڦኡ୲Ăྪ߭ܠࢅՉႚڦຕଉǈᅜतेሜׇৠ้ڦݯࢾक़ă၎ऐ

（Cameras）Ă࠼ᇸ（Lights）ࣃۯࢅ（Animations）面ӱሎႹᆩ֪ࢽኄၵׇৠևॲǈᅜ

ൎ࣑၎ऐĂٶਸ࠲ࢅԿ࠼ᇸĂሏႜࣃۯă࣏ᆶᅃ߲ഄ֖ຕ（Miscellaneous）面ӱሎႹ

ᆶᅃ࣏ǈ（๑ᆩࢪ้ڦᇸ࠼ᇸǈᆩᇀሞఇ႙ுᆶ࠼ڦྔܮᅃ߲）ᇸ࠼Կമ࠲ࢅਸٶ்

߲ްઠ၂๖ࢅᆆ֠ྪ߭ă

图 10-5：使用 Vizi 预览一个 glTF 模型

ዘᄲ႑တǈनሞᆌᆩዐڦᇀׇৠ࠲କࠃ༵࣏ాඹǈᇨબഗ֪ࢅੂֱںࣅକඟ்视أ

থࢻ๑ᆩ对象ڦ idăTC ሞฉڦڞد COLLADA ࿔ॲࢫǈ݀ᆰॲߢ໕କڦࣃۯ

ఁǈڍఫժփᅃ߲ඓۨሞپஓዐ๑ᆩڦ对象 id ਏǈ்߾ă๑ᆩᇨબ݆ݛ੍ڦ

ᅜඓۨሞ COLLADA ڦࢫ࣑ገࢅ glTF ࿔ॲዐǈࣃۯ๑ᆩڦ对象ڦ id（৽ሞᆸՉ੦

面ӱዐࣃۯڦ面ӱా၂๖ڦఁ）ă

Ԩቤዐቛ๖ڦᇨબഗᅃ߲०܀ڦڇ૬߾ਏăփᅃ߲ྜኝڦਸ݀ৣ࣍ǈڍྺኝ

߲ਸ݀ୁࠃ༵ײକሞॽాඹཁेڟᆌᆩዐኮമՂᄲڦᄓኤ֪ࢅ࣍বă்ॽሞࢫჄڦၜ

ణਸ݀ዐ๑ᆩኄᄣڦᇨબഗă၄ሞံඟ்ੂੂසظࢆॺڦă
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10.3.2　Vizi查看器类

Ⴙܠ 3D ᆌᆩۼፏთཞᅃ߲ఇ๕ǖ؛๔ࣅකഗǈظॺᅃׇ߲ڦৠǈेሜᅃၵఇ႙ాඹǈ

ཁेࢻǈሏႜăኄ߲ఇ๕ݥ见ǈᅺُยዃକᅃ߲ዘᆩڦ Vizi ૌઠํ၄ă

Vizi.Viewer  Vizi.Application ࢻৠժᇑኮׇࢅጱૌǈᅃ߲ጆோᆩᇀֱੂఇ႙ڦ

ᆩՔገఇ႙तׇৠǈॽఇ႙तׇৠࣼሞፑՉĂᆸՉĂᆌᆩăేᅜ๑ᆩઠኧڦ

ฉ面तူ面ǈᅜत对்ႜݣă

Vizi.Viewer ᅜᆩሞႹܠૌ႙៓ڦબׇৠǖᅃ߲०ੂֱڦڇഗǈሜఇ႙ժሎႹᆩֱࢽ

ׂڦᇨબഗǗฯᅃ߲ྜኝڦႪǗᅃ߲Ԩবࣷถेڦገǈுᆶ՚ࢅੂ

视ࣅᄻ面ǈԲස Futurgo（்ࣷሞԨቤࢫ面ੂڟසࢆፔڦڟ）ă

Vizi.Viewer ᅃ߲ኈኟڦॐᄣ๕ڦૌǈሞᅃ߲ૌዐԈࡤକႹܠਸၒनᆩీࠀڦǈܸ

ጲႜඁํ၄ኄၵྫྫీࠀႴᄲຕӥႜ Three.js ஓăVizi.Viewerپ සူăీࠀڦ

• 模型查看控制

Vizi.Viewer ๑ᆩକᅃ߲ઠጲ Three.js ૩ጱڦሺഽӲԨڦ THREE.OrbitControlsăՔፑ

॰ገׇৠǈՔᆸ॰平ᅎׇৠǈՔࡐఄةࢅӱׇݣৠă࣏ᅜޮࢅ߃ዘႎᆙ

พՔӿۨă

• 默认相机和光照

对ᇀ࿄Ԉࡤ၎ऐׇڦৠǈVizi.Viewer༵ࠃକᅃ߲ఐණڦ၎ऐă对ᇀுᆶ࠼ቷׇڦৠǈ

ᅜ视Ⴔᄲظॺᅃ߲മዃ࠼ᇸઠጲۯቷଋఇ႙ǈժሞᆩࢽᅎۯ၎ऐࢪ้ڦ߸ႎ࠼ᇸă

• 场景工具对象

සࡕႴᄲǈVizi.Viewer ᅜ၂๖ᅃ߲ਈႚྪ߭ںڦ面ǈ࣏ᅜሞఇ႙ዜྷ၂๖Չহă

• 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 ۯཕኹࢅ၎ऐĂਸ๔࣑ᇸĂൎ࠼Կ࠲ࢅਸٶႾᇵײઠሎႹ݆ݛዺޤକࠃ༵

ஓዐֱቴ்ăپଚǈᅺُփႴᄲሞڦ对象ڦକ߲ૌ႙ࠃᆌᆩ༵ྺ࣏ăࣃ

• 一键操作

THREE.OrbitControls 对象ԥႪྺ߀ኧᅃ॰֡ፕǈᅺُྺକᆩႠǈՔᆸ॰ࣷԥ্

ᆩईᆙพྺՔፑ॰ă

ྺକֱੂ Vizi.Viewer ਸ࿔ٶăڦਏ߾ᆩઠํ၄ᇨબࢆǈඟ்ੂੂසࡕाၳํڦ

ॲ Chapter 10/previewer.html ઠֱੂ 10-5 ๖ڦᇨબഗၳࡕă૩ 10-1 ቛ๖କظॺ Vizi.

Viewer 对象ڦևݴᇸپஓăࢅኮമᅃᄣǈ்ڿدᅃ߲ container ֖ຕǈᅃ߲ DIV ᇮ

ǈThree.js ࣷॽڦ WebGL කഗ（ᄺ৽ᅃ߲ټ WebGL ࣼฉူ࿔ڦ Canvas）ཁे

ࡕᇸ（ኄᄣස࠼໕ֱੂഗ၂๖ྪ߭Ă๑ᆩᅃ߲മዃߢሺेକᅃၵၜǈઠ࣏ฉ面ă்ڟ

ׇৠዐுᆶ࠼ᇸ்ᄺᅜੂڟఇ႙）ăظॺੂֱࡻഗ对象ࢫǈ்ཁेब߲๚ॲ॔དഗǈ

ઠॠ֪ኡ୲तഄׇৠጒༀڦՎࣅă்ฎࣷࢫჺ৯ኄၵ๚ॲتࡧຕăথူઠ்ྺ֓
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ڦતڇ Open Ӏ౧ࠓॺକᅃ߲࿔ॲଚăፌࢫ்ۙᆩֱੂഗڦሏႜთ࣍ઠሏႜᆌᆩă

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ઠࢽᅃ߲ᆩࠃત༵ڇ֓ڦࣜևۥ口ăشৠׇڦᅃ߲ӣڟਏǈేࣷੂ߾ਸᇨબٶ

ᅃ߲ڦਸ࿔ॲଚዐٶ 3D ࿔ॲă

10.3.3　Vizi加载类

ڦևۥऍۅ Open Ӏ౧ࣷٶਸᅃ߲࿔ॲ֓ڇǈ்ᅜስ࿔ॲăስ ../models/futurgo/
futurgo.json ࿔ॲăేࣷੂڟ Futurgo ၂๖ሞׇৠش口ዐǈස 10-5 ๖ăేᅜໜᅪ๑ᆩ

ՔĂఄةӱईࡐઠ对ഄႜࢻă

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 ेሜഗઠဆ߳ዖ߭๕ǈժॽ

்ेሜాڟ٪ዐăժǈ࣏ሞ Vizi ፇॲዐހጎକႎظॺڦ Three.js ׇৠǈ๑ׇڥৠ

ሞएᇀࢇ Vizi 对॔དഗ݀ໃࢪ้ڦဆࢅǈሞ࿔ॲူሜࢫᆌᆩዐ๑ᆩăፌڦ loaded ࢅ

progress ๚ॲă૩ 10-3 ቛ๖କ๚ॲ॔དࡧຕ onLoadComplete()ǈᆩઠॠ֪࿔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๚൧ăံǈᆆ֠କᆩᇀ၂๖ĐLoading scene...đ႑တڦ DIV ᇮ

ǈܸٗߢ໕ᆩेࢽሜᅙঢ়ྜׯକăথူઠǈۙᆩֱੂഗڦ replaceScene() ઠॽ݆ݛ

ႎेሜాڦࡻඹཁेੂֱڟഗዐǈᅜሎႹ்ሞׇৠش口ዐֱੂ֡ࢅፕ Futurgoăࢫ

ኄ߲॔དࡧຕ߸ႎׇৠጒༀ面ӱዐेڦሜ้क़ăথူઠǈएᇀֱੂഗዐԥ֡ፕ对象ڦຕ

ፇǈۙᆩब߲ޤዺࡧຕઠ߸ႎᆩࢽহ面ዐڦଚ（૩ස၎ऐ࠼ࢅᇸ）ăፌࢫǈۙᆩ

ຕࡧ selectCamera() ઠስׇৠዐڼڦᅃ߲၎ऐ（փԈࡤఐණఫ߲）ǈසࡕ٪ሞࣆڦă

selectCamera() ๑ᆩֱੂഗڦ useCamera() ၎ऐǖ࣑ઠൎ݆ݛ
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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); 
    } 
}

၄ሞǈ்ᅜ๑ᆩᇨબ߾ਏઠॠֱ֪ࢅఇ႙କă๑ᆩՔፑ॰ገఇ႙ǈՔᆸ॰平

ᅎఇ႙ǈՔࡐईఄةӱݣఇ႙ăᆸՉ߳ڦዖ੦ઠൎ࣑၎ऐĂٶਸ࠲ࢅԿڨ

ăࣃۯݣǈᅜतխ࠼

ీ֪ࣃۯᇨબ߾ਏᅃ߲ዘᄲీࠀڦă3D ዐࣷᆶ߳ዖײࡗǈሞፕٱඹᅟࣃۯ

ీڦ࿚༶၄ăሞᇨબ߾ਏዐ֪ࣃۯᅜবูࢫჄਦࠤቱ้ڦݯࢾक़ă 10-6
ቛ๖କ்խࣃۯݣ animation_window_front_open ࢅ animation_window_rear_open ၳڦ

ఇڟਸକǈᅜ்ᅜੂڑشכڦ面ࢫࢅǖമ面ࡕၳڦକၙᄲڟڥ்ڟăᅜੂࡕ

႙ాڦă

图 10-6：在预览工具中播放动画

ጀᅪࣃۯժփ Vizi ׇৠ（ईኁຫ Three.js ׇৠ）ڦᅃևݴă்ሞֱੂഗዐԍ

٪ሞᅃ߲܀૬ڦ对象ຕፇዐăᅺ்ُႴᄲ๑ᆩֱੂഗ߾ڦਏ݆ݛઠխݣĂཕኹࢅთ

ă૩ࣃۯ࣍ 10-4 ቛ๖କ HTML ዐڦ၎ࡧ࠲ຕǈ்ۙᆩֱੂഗڦփཞ݆ݛઠխݣĂཕ
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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 ֱੂഗ݆ݛڦઠ੦ࣃۯխݣ

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

၄ሞ்ඓ႑்ڦ 3D ాඹࣷኟेሜĂකࣃۯࢅǈᅜਸ๔ࠓॺᆌᆩକăڼᅃօ

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ዐڦᆶᇮසࢆ平ࣂኝڦࢇǈኄۼө៓બഗׯࢇᆅڦഽీٷ૰ّă

߲ᄻ面ᇮᅃ߲०ڦڇ DIV ईब߲ഴ༫ڦ DIVǈᆶڦړຩႾࢅ z-index ยዃă3D 视

၂๖ሞᄻ面ഄᇮ֫ူڦǈᅜহ面ੂഐઠሞฉ面ăᆶၵᆩࢽহ面ᇮཪڦǈኄ

ሎႹ߸ڦܠ 3D ׇৠ၂๖ઠăසڦڟੂేࡕೌ֒ڦǈ൩ጀᅪ 3D ׇৠԝৠ๑ᆩ

ॷՎǈኄথᇸጲࣨࢅጭڦ TC ڦยዃඹഗᇮںڇยऺă்०ڦ CSS background

ຌႠǈ৽ᅜᆩᇀ WebGL canvas ǈ்ਦۨԍାࢫ૰ăፌీڦٷഽݥԝৠăኄڦ

Vizi.Viewer ༵ࣨڦࠃ၎ă（ණኄፌਸ๔ްቕཌྷڦᅪྔǈڍ்ဠ࣌ኄ߲ၳ

（ᅜਦۨԍାăࡕ

ᆌᆩڦᇸஓሞ Chapter 10/futurgo.htmlĂcss/futurgo.css ࢅ Chapter 10/futurgo.js ዐă၎Բኮ

മڦᇨબഗǈ்ዘࠓକᅃၵپஓăHTML ኻՔധǈዷᄲڦጀ࠲ DIVǈᅜतณଉڦগ

Ԩǖᄻ面ेሜپஓĂཕتڦࢫײႾĂᆸՉڦহ面Քധă

ᄻ面ेሜپஓස૩ 10-5 ๖ǈظॺକᅃ߲ႎڦ Futurgo 对象ǈၠڿدକᅃ߲ඹഗᇮ

ĂᅃၵेሜྜׯतՔཕࢅᅎࡧ࣮ۙڦຕăࢫۙᆩ 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 = []; 



222   ｜   第 10 章

 
$(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تକٷևݴेڦݑሜဦবǈᄻ面پஓዐेڦሜ࣮ۙኻႴᄲᆆ֠

ĐLoading Scene...đڦ DIVǈਏ体پஓ൩ֱੂ૩ 10-6ăՔࡧ࣮ۙڦຕ onMouseOver() ࢅ

onMouseOut() ࣷሞူᅃবถă

例 10-6：ᆆ֠ᄻ面ेሜײ႑တ

    function onLoadComplete(loadTime) 
    { 
        // ᆆ֠ेሜጒༀત   
        loadStatus.style.display = 'none';       
}

၄ሞඟ்ઠੂੂ 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);   
}

ఫᄣǈڦਏፔ߾ຄဒă৽ၟ்ྺᇨબۼഐઠᆌੂݴևٷஓپణമྺኹǈኄၵڟ

ॺକظ் Vizi.Viewer ࢅ Vizi.Loader 对象ăړǈ்ሞظॺֱੂഗࢪ้ڦยዃକᅃၵ

փཞ֖ڦຕ（ሞپஓዐᅜٚ体Քጀ）ăallowPan ੦କᆩࢽޏᅜ๑ᆩՔᆸ॰ઠฉူ

ፑᆸᅎۯ体ă்ॽยዃྺ falseǈᅺྺ்ထྭ体๔ዕሞׇৠڦዐक़ăoneButton

੦କޏՔᆸ॰ᄺᅜᆩઠገఇ႙ăॽยዃྺ trueǈ்৽ᅜ๑ᆩՔፑ॰ई

ᆸ॰ઠႜገă

മ面پڦஓॽ Futurgo ఇ႙ेሜڟକᄻ面ዐǈੂഐઠփٱᅜႜࢻକăথူઠڦᅃ

ব்ࣷੂੂසࢆཚࡗ 3D ႜྺࢅࢻઠඟิۯഐઠă

10.5　开发3D行为和交互

ڦॺظణമྺኹ்ڟ Futurgo ᆌᆩᅙঢ়ݥᆶକă்ᅜํֱ้ੂ 3D ఇ႙ǈ࣏ᆶ

ଆڦࡻणׯ视ਥၳࡕǈฯᅜ๑ᆩՔ੦ఇ႙ăڍᅜ߸ྜெǈ்ᅜཚࡗཁे

3D ႜྺࢅࢻઠඟྺׯᅃ߲؊ݴ૧ᆩକ Web ํ้ႚీ૰ڦኈኟڦࢻᆌᆩăኄԈઔ

๑ᆩཪॷՎࢅᅃ߲ገఢகڦ߭ޅገઠጲࣃۯۯఇ႙ेሜǈํ၄Քཕ้၂๖ׂ

ڦऍᄻ面ዐۅࡗ႑တǈᅜतཚܠ߸ڦీࠀ 2D ᇮۯༀ߀Վ 3D 体ă

10.5.1　Vizi场景图API方法：findNode()和map()

ԨবถڦႜྺႴᄲՓ૦ Vizi.Loader ेሜڦ 3D ాඹׇৠǈᅜ்ᅜߴగၵ对象

ཁेႜྺईՔࢻăᆶ้ࢪ்Ⴔᄲཚࡗఁई id ઠֱቴ对象ǈᆶ้ࢪ்ႴᄲՓ૦ׇ

ৠईഄዐᅃևݴઠֱቴగᅃૌ႙ڦ对象ăVizi କᅃဣଚׇৠࠃ༵ API ઠፔኄၵ๚൧ă

ᅜၠኄၵڿد݆ݛᅃ߲ጴزޙՔ๎ޙĂᅃ߲ JavaScript ኟሶٳ๕ǈईኁᅃ߲ JavaScript
对象ૌ႙（๑ᆩ instanceof ֡ፕޙઠႜԲড）ăfindNode() ࢅ findNodes() ࣮ݓ݆ݛ

ದڦ对象ǈmap() ຕăࡧฉۙᆩᅃ߲ࡕቴ对象ժሞֱ݆ݛ

• findNode(query)

ኄ߲݆ݛཚࡗ query ֱቴᅃ߲বۅ（Vizi.Object ई Vizi.Component ૩）ăqueryํڦ 

ᅜᅃ߲ጴزޙՔ๎ޙ（૩සĐbody2đ）Ăᅃ߲对象ૌ႙（૩ස Vizi.Visual）ǈईኁᅃ

߲ኟሶٳ๕（ස /windows_front|windows_rear/）ăසࡕሞ Vizi ׇৠዐᆶ߲ܠኄᄣ

ᅃ߲ăڼ࣮ݓǈሶۅবڦ
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• findNodes(query)

ኄ߲ݛཚࡗ query ֱቴᆶবۅ（Vizi.Object ई Vizi.Component ૩）ăqueryํڦ ᅜ

ᅃ߲ጴزޙՔ๎ޙ（૩සĐbody2đ）Ăᅃ߲对象ૌ႙（૩ස Vizi.Visual）ǈईኁᅃ߲

ኟሶٳ๕（ස /windows_front|windows_rear/）ă

• map(query, callback_function)

ኄ߲݆ݛ๑ᆩ findNodes() ઠֱቴದ query ฉۙᆩۅሞ߲বࢫǈۅᆶবڦ

ຕăࡧ࣮ۙ

ేᅜӝ Vizi ׇৠ API ૌຼׯړ݆ݛ jQuery ֱკీࠀڦǈ࠶்๑ᆩ

କྜඇփཞڦ query ӄăViziݛ ๑ᆩڦጴࢅزޙ JavaScript ຕૌ႙ǈܸ

փስޙăኄᆶᅪڦยऺǈएᇀ Vizi ॐڦࠓ对象तፇॲႠዊă

၄ሞǈඟ்៓બᅃူ Futurgo ेሜتپஓǈઠֱੂසࢆཁेႜྺǈස૩ 10-8 ዐ

๖ă

ံǈonLoadComplete() ۙᆩ this.viewer.replaceScene(data) ઠॽेሜڦࡻ Futurgo ׇৠ

ཁेੂֱڟഗዐăሞాڦևํ၄ዐǈֱੂഗփৈৈॽ对象ཁेڟׇڦৠǈ࣏

୯କ࠼ᇸĂ၎ऐतࣃۯ（മ面ถࡗ）ǈᅺ்ُᅜႜൎ࣑၎ऐĂխ֡ڪࣃۯݣፕă

ࢫǈኄ߲ࡧຕਸ๔ཁेႜྺǈฯࣷഔۯഄዐڦᅃၵăኄၵႜྺڦยዃॽሞথူઠڦᅃ

বዐደᅃႜถă

例 10-8：ሞׇৠेሜࢫཁेႜྺڟ Futurgo ᆌᆩዐ

Futurgo.prototype.onLoadComplete = function(data, loadStartTime) 
{ 
    var scene = data.scene; 
    this.viewer.replaceScene(data); 
 
 ႜྺཁेስഗࡗႜྺǈժྺՔঢ়ڦڏཁे้شכྺ //    
    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); 
    }); 
 
    // ጲۯገׇৠ 
    var main = scene.findNode("vizi_mobile"); 
    var carousel = new Vizi.RotateBehavior({autoStart:true,  
      duration:20}); 
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    main.addComponent(carousel);     
 
    // ॽᆶڦዊኝڟࢇᅃ߲णࢇዐǈᅜՍ߀Վჿ 
    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); 
        }); 
    }); 
 
    // ྺՔঢ়ࡗႜྺཁेስഗ 
    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 ఇ႙شכڦՎׯӷཪڦǈᅜՍᅜੂ见ᅃၵాڦဦবă்ᅜ

ሞఇ႙ेሜྜࢫகฉยዃཪ܈ǈڍᆶ߲ॷՎၳࣷࣆڦࡕ߸ᆶă൩ੂ૩ 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 ፇॲᅜྺඪࢆ视对象तഄాևڦዊཁेॷՎၳࡕă֖ڦຕ

duration（ڇ࿋௱）ࢅణՔཪ܈ኵ opacityăሞኄ߲૩ጱዐǈ்ॽሞ 2 ௱้ڦक़ॷ

Վڟ 0.8 ཪ܈（ᆶۅཪ）ă்࣏ሞॷՎമཚࡗ setTimeout() ेକ 2 ௱ڦჽă

ྺକକ Vizi.FadeBehavior ፔକ๊ǈඟ்ੂੂํڦ֫ڹ၄ă૩ 10-10 ቛ๖କ Vizi
ᇸ࿔ॲ src/behaviors/fadeBehavior.js ڦࡤǈՓ૦ᆶԈࢪ้ڦۯႜྺഔړஓăپݴևڦ

视对象ǈֱቴړമڦཪ܈ăኄࣷԥᆩፕ Tween.js ڼ๔ኵ（൩ֱለ؛ڦ 5 ቤ）ăࢫց

क़ࣃۯഔۯǈሏႜᅃ้क़ăසࡕႜྺԥघऄǈڦ evaluate() ڦ࣍ሞْሏႜთ݆ࣷݛ

()ԥۙᆩăevaluateࢪ้ ǈࢫႜྺăۯዘႎഔࣷࣆڦႴᄲࡕཉॲǈස࣍ံॠֱთ݆ݛ

Փ૦ᆶԈڦࡤ视对象ǈยዃ்ዊڦཪྺ܈ႎڦցक़ኵă்ཚࡗᅃዂڦহ面

ઠྺ对象तڦፇॲൟཁे FadeBehavior ኄᄣڦႜྺǈժᆩᇀׇৠዐᆶڦ视ᇮ

ǈኄ߲ీࠀഽٷă

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) 



开发一个简单的3D应用   ｜   227

    { 
        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

ᅜ๑ᆩՔઠገׇৠኄࡻۅǈڍසࡕሞᆩࢽփথࢪ้ڦࢻ৽ᆶࣃۯۅఫ৽߸ࡻ

କăᅺُǈ்ሞׇৠेሜࢫยዃጲۯገăFuturgo ຕ๑ᆩࡧሜ๚ॲ࣮ۙेڦ findNode()

ઠቴڟ Futurgo ׇৠߵڦবۅǈߴࢫཁे RotateBehavior ፇॲăገႜྺԥยዃྺጲ

ǈ20ۯഔۯ ௱თ࣍ᅃْă൩ੂ૩ 10-11ă

例 10-11ǖཁेᅃ߲ Vizi.RotateBehavior ઠጲۯገాඹ

// ጲۯገׇৠ 
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

Քཕᅃ߲༵ࠃᄻ面ዐᇮၘဦ႑တ݆ݛࡻڦă்ᅜ๑ᆩڼ 9 ቤถڦࡗ Vizi.

Picker ፇॲǈઠྊቛํ၄߲ڇ对象ሞ 3D ׇৠዐՔཕ้၂๖႑တ݆ၙڦăኄ߲ፇॲ༵

๚ॲă݀ةࢪ้ڦՔཕሞ༬ۨ对象ฉړǈ݆ݛتՔڦକཚᆩࠃ

ඟ்࣮شכߴڟཁेڏႜྺپڦஓăጀᅪኄپஓ࣏ཁेକ picker ፇॲǈ൩ੂ૩

10-12 ዐٚ体Քጀپڦஓႜăཚࡗ၎ཞݛڦ๕ǈ்כߴว߲߳ևݴतጱཁेକ pickeră
߲࣮ۙࡧຕ๑ᆩକփཞڦՔധĊĊĐglassđĐbodyđतĐwheelsđǈԥߴڿدᆌᆩᅜಒ

ăݴཕሞన߲և

例 10-12ǖཁे Vizi.Picker ፇॲઠํ၄ཕ

 ႜྺཁेስഗࡗႜྺǈժྺՔঢ়ڦڏཁे้شכྺ //    
    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); 
    }); 
... 
    // ྺՔঢ়ࡗႜྺཁेስഗ 
    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() ኻۙᆩሞ Futurgo ૌ؛๔้ࣅ

ڦد onMouseOver ࢅ onMouseOut ຕ（֖见૩ࡧ࣮ۙ 10-5）ă

ཕႜྺස 10-8 ๖ăړՔሞ对象ฉཕ้ǈࣷሞׇৠش口ڦᆸՉᇑՔኸኍ 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ᇮઠ੦ 3D ׇৠాڦႜྺăړ்ۅऍᆸ

Չڦ Interior ई LTD Racing Քധࢫǈࣷഔۯ Futurgo ዐࣃۯڦă૩ 10-13 ዐቛ๖କሞ

HTML ᄻ面ాยዃۅऍ࣮ۙǈۙࢫᆩ Futurgo 对象ዐپڦ݆ݛஓăኄၵ݆ۙࣷݛᆩֱ

ੂഗڦ playAnimation() ࢅ stopAnimation() ǖ்ۅႴᄲጀᅪᅃࡗፕăփ߾ׯઠྜ݆ݛ

Ⴔᄲሞڼᅃْۅऍ Interior ظ܀ڇԿă்ժփ࠲ࢪ้ڦऍۅǈምْشכਸٶࢪ้ڦ

ॺକٶਸ࠲ࢅԿࣃۯڦǈܸ०ںڇሞۅْܾڼऍݒࢪ้ڦጣխࣃۯݣă൩ੂ Futurgo
ڦ playCloseAnimations() ຕ֖߲ܾڼକଇ֖ຕăدܠǈၠֱੂഗ݆ݛ loop ยዃྺ

falseǈڼෙ߲֖ຕ reverse ยዃྺ trueăࢅ Tween.js ᅃᄣǈVizi ᆅాዃକٗփࣃۯڦ

ཞၠݛխీڦࣃۯݣ૰ă

例 10-13ǖཚࡗᆩࢽহ面ઠ੦ࣃۯ

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࠹૩ׂڦቛ๖ᄻ面ۼՂႷ༵߀ࠃՎჿీڦ૰ǈᅜ Futurgo ᄺփ૩ྔă

்ኝࢇକᅃ߲ jQuery ჿൽ੦ॲǈࠃᆩྺࢽ்ڦҺٗכ 1600 ྤዖჿዐስᅃዖă

࣑߸ჿࣷ૬ਗ਼ڦՎჿൽ੦ॲዐ߀ Futurgo ჿǈසڦวכ 10-9 ๖ă

图 10-9：使用颜色选取器改变颜色

ඟ்ֱੂኮമথՔ๚ॲᇑ对象پڦஓǈሞ Futurgo ڦ onLoadComplete() ă݆ݛ

ሞ૩ 10-14 ዐǈጀᅪ map() ǈ்ۅᅃ߲বڦڟ๕ֱቴٳኟሶࡗᆩǖ对ᇀཚۙࡃڿڦ

ॽֱቴڦᆶ视ևݴǈժॽڦ Three.js ዊ֭ڟຕፇ part_materials ă

例 10-14ǖ٪ئ Futurgo ஓپڦวዊכ

   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); 
      }); 
  });

၄ሞ்ԍ٪କኄၵዊǈ்ᅜཚࡗᆩࢽহ面ઠ੦்ăFuturgo ۨᅭକଷྔଇ߲

ჿǈԥڦวכยዃࢅڥ՚ᆩᇀइݴǈ݆ݛ HTML ᄻ面ዐڦჿስഗ๑ᆩă൩ੂ૩

10-15ă
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例 10-15ǖइࢅڥยዃ Futurgo ஓپڦวჿכ

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 rgbჿኵገۅޝྺ࣑ຕ 
    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() बዖዊǈ்ํࡻሞଚዐᆶ࠶พჿăݒڦമړวዊכକ࣮ݓ

ाฉኻႴᄲڼᅃ߲ڦኵǈᅺྺ（ஃฉ）்ᅃᄣڦă்࣮ݓ CSS ᄣ๕ڦๆୃጴ

ኵăࢅਸ਼ࣅ๔؛၄മ֫ڑăჿስഗ๑ᆩኄ߲ኵሞزޙ

ܸ对ᇀ setBodyColor()ǈ்ՂႷՓ૦ຕፇዐᆶڦዊǈยዃ்ڦݒพჿă࣮ᅬ

ᅃူǈሞ Three.js ዐǈᆶၵ对象ᆶᅃ߲ THREE.MeshFaceMaterial ૌ႙ڦዊǈํाฉ

ᅃ߲对象ڦ߲面ڦዊڦຕፇăሞฉ面پஓዐ୯ڟକኄᅃۅăsetBodyColor() ڦ݆ݛ

RBG ኵٗჿስഗዐدڦๆୃჿ（नٗ 0 ڟ 255 ኝຕ）ǈܸڦ Three.js Ⴔᄲ

ٗ 0 ڟ 1 ă࣑ႜକገ݆ݛຕǈᅜኄ߲ۅޝڦ
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10.6　小结

Ԩቤ௮ຎକࠓॺᅃ߲०ྜڍڇඇᆩڦ 3D Web ᆌᆩၘڦဦօየăስକᅃ߲ 3D ׂ

ᄻ面ፕྺ૩ጱǈᅺྺీ؊ݴຫ࠲॰߁ăሞ०ᄲถକ视ਥยऺୁࢫײǈ்ბသକ

සࢆሞጆᄽ DDC ਏ߾ Maya ዐظॺాඹǈࢫገྺ࣑ࢇ Web ڦ glTF ߭๕ăኮࢫǈ்

๑ᆩ Vizi ॐઠਸ݀ᇨબ֪ࢅ 3D ాඹ߾ڦਏăምࢫ்ถକසࢆॽాඹणڟׯᆌ

ᆩᄻ面ዐăፌࢫǈ்ཁेକब߲ႜྺࢅࢻǈᅃօ߀ǈඟ߸ᆶࢅ߸ᅟᆩă

ਸ݀ 3D Web ᆌᆩްײࡗڦሗǈփࡗᆶକࢇ߾ڦਏࢅኪ๎ǈేࣷ݀၄ํࡻ၄ڦă

ူᅃቤࣷถᅃၵႎڦ 3D ႜྺࢅࢻǈేڍሞԨቤბڦڟඇևୁࢅײरຍۼᅜᆌᆩڟ

ਸ݀ዐăڦჄᆶࢫ
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ڼ 10 ቤถڦरຍޮ߃କႹܠ๑ᆩׇৠă3D ఇ႙ᅜᆩઠࠓॺᆐၨĂጧკĂᇏૂڪࢻ

๕ాඹăڍႹܠ 3D ᆌᆩᆶ߸ܠႴ൱ăසၙࡕਸ݀ᅃ߲วଣഄৣڦᆴဥĂᅃ߲ॺዾֱੂഗǈ

ईኁᅃ߲ࢻ๕ჟଁဣཥǈ்Ⴔᄲბသසظࢆॺ 3D ް߸体ᅜत߲ܠǈܸഄዐᆶৣ࣍

ሗڦࢻૌ႙ă

ሞԨቤዐǈ்ࣷਸ݀ᅃ߲ 3D ࡗཚࢽඟᆩీ࣏体ǈڦۯৠĂᅎޅڦǈഄዐᆶኈํৣ࣍

ࢻ๕ں੦၎ऐઠሞׇৠዐࡵڞă்ॽકቛሞڼ 10 ቤዐਸ݀ాڦඹǈظॺᅃ߲Ⴕె

ǈሞഄዐ॑ڦ Futurgo ăכ߁ 11-1 ቛ๖କኄ߲ᆌᆩă

Futurgo ཕሞনڢฉǈᅙঢ়ጚԢࠃࡻට॑କăׇৠੵ࢙କब߲ন൶ǈ远تැᆆැ

၄ڦఊཀ୍ٷথጣࣨڦཀǈ近ڦتӸ୍ٷࠅฉݒพକ்ڦᆖၟăేᅜ

๑ᆩՔۅऍཱྀࢅጅઠฉူፑᆸֱੂǈཞ้๑ᆩ॰ಎၠݛڦ॰ઠฉူፑᆸᅎۯăጽ近

Futurgoǈۅऍઠፖඁ۵ޅăኄ߲๘হईႹੂഐઠᆶၵઃǈڍ்ፖሞጲमڦཚ

Ҿඇăਏዐ߾

ሞే៓ڦબഗዐٶਸ࿔ॲ Chapter 11/futurgoCity.html ઠăሞࠓॺኄ߲ᆌᆩײࡗڦዐǈ

்ࣷ༪ஃᅜူࣆ༶ă

• 创建环境素材

๑ᆩڢୟĂॺዾࠅࢅᇴઠፇጎኈํڦ 3D ׇৠă

• 预览和测试

ၠฉᅃቤਸ݀ڦᇨબ߾ਏዐཁेీࠀă对ᇀኄ߲ၜణܸჾǈ்Ⴔᄲᅃ߲ᇨબ߾ਏǈీ

ेሜ߲ܠ࿔ॲڟᅃׇ߲ৠዐǈీࠕ၂๖ׇৠڦࠓǈժሎႹ்ֱੂփཞ体ڦຌ

Ⴀăኄᅃൎۼྺਸ݀ᆌᆩፔڦጚԢ߾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࿖ټཀԝৠǈኄᅃ߲ڦॺᅃ߲ኈํظ

ཞᄣڦ skybox ࿖࣏ᆩሞॺዾכࢅଈฉǈፕྺݒพཀԝৠڦ૬ݛ体ৣ࣍ཌྷă

• 集成 3D 到应用中

ഄຌႠઠದዜࢅĂ࿋ዃ࠼ڨڦఇ႙כဦবǈۙኝڦཞᅃ߲ᆌᆩڟఇ႙߲ܠेሜ࠶

ăৣ࣍ྷ

• 实现第一人称导航

ྺᆩࠃ༵ࢽཚࡗՔࢅ॰ಎሞׇৠዐ຺ࠥ࣍ዜतتڟᅎ݆ݛڦۯǈժํ၄ಸጐऐ๑ڥ

ᆩࢽփࣷํࡗح体体ă

• 使用多个相机

ൎ࣑၎ऐǈሎႹᆩٗࢽփཞঙׇੂֱ܈ৠǈ๑ᆩփཞݛ๕ႜ៓બă

• 创建定时的动画过渡

๑ᆩऺ้ഗࣃۯࢅरຍઠሞᆩࢽࢅਸࢪ้ڦכǈظॺࣃۯႾଚă

• 对象行为脚本

๑ᆩ Vizi ॐظॺጲۨᅭፇॲǈઠ੦ Futurgo ă࠵ྔࢅႜྺڦכ

๑ᆩำᅼཚࡗཁे HTML5 ำᅼᇮઠሺഽৣ࣍ă

• 渲染动态纹理

ཚࡗ๑ᆩ 2D Canvas API ઠᅜՊݛڦײ๕߸ႎ 3D 体ڦ࿖ǈྺᆩݒ้ํࠃ༵ࢽઍă
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்ሞԨቤዐظॺڦႵెׇৠ०ڇăᅃ߲ۆ႙ڦᆴဥईഄ 3D 体तڦܠ߸ᆶࣷৣ࣍

߸ްሗڦࢻăփࡗኄถڦरຍǈྺბသසࢆਸ݀߸ްሗׇڦৠ༵ࠃକଆڦࡻਸ܋ă

11.1　创建环境素材

ྺକਸ݀ 3D ᅝຍॆࢅǈምْৣ࣍ TC Chang ǈڦ้ݯԝৠॺظፕăࢇ

ᅜ TC ఇ႙ă்ሞڦׯਦۨლቴ၄ࢅ TurboSquid ฉቴڟକᅃ߲ᆫႯࢪڦፕǈස

11-2 ๖ă

图 11-2：ES3DStudios 创建的城市模型；图片由 TurboSquid 提供

ኄ߲ఇ႙๑ᆩ Lightwave ॺఇ߾ਏ（https://www.lightwave3d.com/overview/）ظॺ

ዖ߭๕ǈԈઔܠକׯ࣑ăፕኁᅙঢ়ॽገڦ Autodesk Mayaă்ࠔசူࢅሜఇ႙ࢫǈTC
ॽڞ Maya ዐǈྺሞᆌᆩዐ๑ᆩፔጚԢăኄ߲ఇ႙ᆶ؊ဦবࢅ࿖ڦॺዾǈڍுᆶ

ᇸăTC࠼ ཁेକෙ߲࠼ᇸǈኄᄣఇ႙৽ᅜ๑ᆩକăॽྺڞ COLLADA ߭๕ժेሜ

ጺࡗၭ࿚༶ăփڦ܈࿖ཌྷཪ࠲ǈ்݀၄କᅃ߲ᆶࢫਏ（֖见ူᅃব）ዐ߾ᇨબڟ

体ઠຫǈሞᆌᆩዐ๑ᆩኄ߲ఇ႙ኻႴፔݥณ߾ྔܮڦፕă
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11.2　预览和测试环境

ྺକׇ֪ৠኄᄣްڦሗఇ႙ǈ்Ⴔᄲᅃ߲ૌຼڼ 10 ቤظॺڦᇨબ߾ਏǈڍႴ

ᄲ߸ీࠀܠăႎڦሺഽӲᇨબ߾ਏස 11-3 ๖ǈሺेକᅜူब߲ీࠀă

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

ᅃׇ߲ৠڦຏႚࠓ视ǈᆩઠ၂๖对象ڦఁࢅጱ࠲ဣă

• 对象检查

ᅃ߲֫ڑຌႠଚ၂๖߲对象ၘڦ൧ǈԈઔՎ࣑႑တĂྪ߭ཥऺ႑တĂዊຌႠǈ

ᅜत၎ऐ࠼ࢅᇸ֖ڦຕă

• 边界框显示

ᅃ߲၍࢈၂๖ሞ对象ڦዜྷǈ࣏ᆶᅃ߲ၜᅜ၂๖ׇৠዐᆶ体ڦՉহă

• 多物体预览

ăࡕၳڦࢫׯࢇ்֪ࢅִ࠵体ǈᆩઠ߲ܠሞཞᅃ߲ᇨબዐेሜࠕీ

ਸ࿔ॲٶ Chapter 11/previewer.htmlăۅऍ Open Ӏ౧ࣷ၄ᅃ߲࿔ॲ对ࣆǈٶਸ࿔ॲ ../
models/futurgo_city/futurgo_city.daeă๑ᆩ၎ऐଚǈስՔऻྺ [default] ڞ၎ऐઠጲᆯڦ

ఇ႙ă（ጀᅪഄ၎ऐǈేᅜॠֱݣઠࡐӱईఄةă๑ᆩՔઠገǈ๑ᆩࡵ

փሎႹే๑ᆩՔጲᆯࡵڞǈኻᆶ [default] ᅜă）
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11.2.1　以第一人称模式预览场景

ă（ڢন）面ںڦৠׇٳڟ၎ऐփీྜඇڟǈईႹࣷጀᅪࢪ้ڦఇ႙ݣࢅገేړ

ኄᅺྺᇨબ߾ਏఐණยऺྺॽఇ႙ׯړᅃ߲ڇᅃ对象ǈ၎ऐኸၠڦ对象ڦबࢆዐ႐ă

ዺăޤǈᅜ்ཁेକଷᅃዖ៓બఇ๕ፕྺৣ࣍ࢇӄժփݛڦᅃ对象ڇ

ሞᇨબ߾ਏহ面ڦᆸฉঙǈᆶᅃ߲ڇӀ౧ፇઠඟేൎ៓࣑બఇ๕ăኄ߲ፇڦՔധྺ੦

ഗ（Controller）ǈᆶଇዖփཞڦ相机控制器ఇ๕ǖఇ႙ఇ๕（Model）ڼࢅᅃටఇ๕

（FPS）ă்ڦᆌᆩॽ๑ᆩڼᅃට੦ഗǈยऺᆩઠሞৣ࣍ዐڦࡵڞǈܸփ

ֱੂᅃ߲ڦ܀ڇఇ႙ă（ڼᅃටࡵڞॽሞԨቤࢫ面ၘဦںถă）ۅऍ FPS Ӏ౧ǈ၎ऐࣷ

ူইǈገڦዐ႐၄ሞሞনڢฉକǈేᅜڟݣনڢ面ฉă

ጀᅪǈᇨબ߾ਏڦ FPS ఇ๕ժփኈኟ๑ᆩڼᅃටࡵڞఇ๕ઠ៓બఇ႙ăኻ०ںڇ

ॽ၎ऐేڟݣሞኈํڼᅃටఇ๕ዐ၎ຼڦ࿋ዃฉǈ߸ࢇᇨબኝ߲ৣ࣍ăᇨબ߾ਏా

ևᅈ๑ᆩᅃ߲ఇ႙੦ഗǈᅺ்ُᅜࢅݣገኝ߲ఇ႙ă࣑ਔࣆຫǈᆶ้ࢪ

்ထྭॽׇৠׯړᅃ߲ڇᅃఇ႙ઠݛՍ֡ፕǈᆶ้ࢪ்ထྭఇెሞᆌᆩዐ៓બڦৣ࣍

ڦਏዐ߾ăᇨબࡕၳڦڟੂࣷࢪ้ FPS Ӏ౧ኄᅃ०ڦڇၭरേీፔڟଇඇഄெă

11.2.2　检查场景图

ᅺྺ்ׇڦৠՎڥ߸ेްሗǈᅜ்Ⴔᄲᇨબ߾ਏీ߸ဦੂֱں்ăᅜׇৠ

ྺ૩ǈᆯࡗג 200 ৠጒༀતዐăྺକሞᆌᆩዐׇڦਏ߾ǈ၂๖ሞᇨબׯፇ߭ྪڦ܀ڇ߲

（ᇸ࠼සྪ߭Ă၎ऐई）ၭĂ࿋ዃĂૌ႙ٷĂఁڦ૬对象܀ڟǈ்ႴᄲቴࢻࣅႾײ

ఇ႙ᆮഄዘᄲǈᅺྺሞኄዖ൧ڦڥइݛෙڼăኄ对ᇀٗࠓप֫ڦຌႠǈᅜत对象ڪ

ူǈ்փీظࢅॺాඹڦᅝຍॆႜൎࠏཚă

ᅃ߲ٚԓݛڦ๕ሞ࿔ԨՊडഗዐٶਸ COLLADA ई glTF ࿔ॲઠॠֱׇৠǈֱቴኸ๖

ૌ႙ڦਏ体࿔Ԩăڍኄ对ਨܠٷຕਸ݀ኁܸჾۼସට݀ڦ体ᄓǈႴᄲरຍဦবኪ

๎ǈኪၬኄၵ࿔ॲ߭๕සࢆፇኯڦă（߲ට对ኄଇዖ࿔ॲ߭๕ݥۼକǈڍுఱ

႐៓બٷଉڦ࿔Ԩǈሞഄዐ࡛ٷસኍӯںლቴă）ᅃ߲߸ݛڦࡻ๕ᆯᇨબ߾ਏઠྺ்

ቛ၄ኄ߲႑တă

ሺഽӲڦᇨબ߾ਏԈࡤᅃ߲ႎڦ面ӱ Sceneǈժᆶᅃ߲ଚઠቛ๖ׇৠ֫पڦࠓ

ຏጒăేፌࢾࡻၵ้क़ۯࡐଚǈۅऍेࢅࡽ३ࡽઠቛਸࢅഐ֫पǈੂੂሹፇ

ኯڦǖሞ֫ۥᆶब߲࠼ᇸǈথူઠᅃ߲ఁྺ MidTower_Block_01 面ब߲၎ऐăࢫፇǈڦ

ጀᅪፇಖՉࡽेڦǈසۅేࡕऍǈኄ߲ፇࣷቛਸ၂๖ጱ֫पǈᆶఁྺ Tower_A_01Ă

Roof_Detail_01 对象ăኄၵፇዐᆶၵࣷጲቛਸᅜ၂๖ጱ对象ăڦڪ

ᆶକሞׇৠዐֱੂবۅఁ֫ࢅप࠲ဣీڦ૰ǈ்৽ᅜඓۨሞሏႜᆌᆩ้ǈॽᄲၠన

߲对象ཁेࢻᅜतഄᅃၵဦবăԲසǈሞᆌᆩዐेሜྜׇৠࢫǈ்ॽཁेৣ࣍ཌྷ

ઠݒพཀԝৠǈڍኻᆩᇀॺዾܸփڢୟईࠅᇴฉă៓બׇৠ֫पࠓ၂๖ǈॺዾڦఁ

ᅜĐTowerđईĐOfficeđਸཀྵǈᅜ்৽ᅜ๑ᆩۼ Vizi.Object.map() ኄׇ߲ৠ

API ዊă்ॽሞԨቤฎڦ்߀对象ǈժႪڦ๕ٳǈઠֱቴᆶದኄ߲ኟሶ݆ݛ

ஓăپڦถํ၄ࢫ
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ᇨબ߾ਏዐ๑ᆩڦຏጒᆩᅃ߲ঢ dynatree（http://code.google.com/p/dynatree/）ڦ

jQuery ֭ॲํ၄ڦă૩ 11-1 ቛ๖କ๑ᆩܠዖ֖ຕ؛๔ࣅຏጒ੦ॲپڦஓǈࢅยዃړၜԥ

ᇸஓᅜሞ࿔ॲڦਏ߾ஓăᇨબپڦຕࡧ࣮ۙڦऍईມऍ้ڇ Chapter 11/previewer.html ዐ
ቴڟă

例 ࣅ๔؛：11-1 dynatree ຏጒ੦ॲ

function initSceneTree(viewer) { 
 ຏڦdiv>ᇮዐ>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) { 
        }, 
    }); 
}

၄ሞ்ઠݴဆසࢆሞׇৠ࿔ॲेሜࢫࡻǈएᇀׇৠాڦඹག؊ຏጒ੦ॲăံǈ

்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๚൧ăံǈሞຏጒߵڦবۙۅᆩ removeChildren() ઠዘ

ႎ؛๔ࣅຏጒ੦ॲǈᅺྺሞኮമ៓બഄׇৠࢪ้ڦీᅙঢ়ԥག؊ࡗăࢫǈۙ

ᆩଷᅃ߲ࡧຕ buildSceneTree() ઠՓ૦ׇৠǈժག؊ຏጒ੦ॲాڦඹăጀᅪኄ߲ۙᆩ

କᅃ߲ڟጎހ setTimeout() ዐǈฎྲჽକᅃူăኄ߲ჽྺକ߸ڦࡻᆩࢽ体ᄓă๑ᆩ

dynatree ڦ๔කăᅜ்ሞਸ๔؛ڦॺຏጒႴᄲᅃၵ้क़ǈ்ܸփၙׇཱྀৠࠓ

ړକᅃ߲࿋႑တǈݣࢪ้ timeout ۖăࢪ้ڦ݀ة

     function updateSceneTree(viewer) { 
 
        // ๖૩ǖᆩپஓཁेᅃ߲֫पhierarchic branch 
        // ኄቛ๖କ்සࢆᆩײႾཁेຏবۅ 
        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؊ׇৠຏጒپڦஓํाฉ०ڇǈbuildSceneTree() ᇸஓሞ࿔ॲڦຕࡧ Chapter 11/
sceneTree.js ዐă૩ 11-2 ྜኝቛ๖କă

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, 
        }); 
 



240   ｜   第 11 章

        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); 
 
}

ံǈ்؛๔ࣅᅃ߲ඇਆ对象 sceneTreeMapǈॽ Vizi ׇৠዐڦ Vizi 对象ᇑຏጒ੦

ॲዐڦၜ࠲ഐઠă்ॽᆩઠኧۅऍׇৠዐڦగ߲对象้ǈߛଋ੦ॲዐ࠲ڦၜă

ሞ buildSceneTree() ຕࡧຕాևǈ்ۨᅭକᅃ߲ాഴࡧ build()ǈࣷࡃڿཁेၜڟຏ

੦ॲዐă对ᇀ Vizi ׇৠዐڦ߲对象ǈbuild() ຕࣷۙᆩࡧ node.addChild() ॺᅃ߲ႎظ

()ănode.addChildۅຏ੦ॲবڦ ၜăڦॺକᅃ߲ႎظຕ֖ڦࠃएᇀ༵݆ݛ

title ၜ၂๖ڦՔധǈexpend Ք๎ኸ๖؛๔၂๖้ޏቛਸၜă்ኻሞׇৠ֫ۥ

ቛਸăactiveVisible ۨᅭକසࡕघऄగᅃၜ（नٗپஓዐስǈԲසړሞׇৠዐۅऍ

ᅃ߲֖ຕࢫፌڦڿدժۨăڟۯࡐ对象้）ǈຏጒ੦ॲ৽ڦ࠲ viziǈ Vizi
ׇৠ对象ǈॽࣷሞᆩۅࢽऍຏጒ੦ॲዐڦᅃၜࢪ้ڦᆩڟăۅړऍࢪ้ڦǈᇨબ߾

ਏࣷ๑ᆩࣜ၍ߛ࢈ଋǈړມऍࣷࢪ้ڦ၂๖ᅃ߲၎࠲বۅຌႠ֫ڑڦ（ॽሞူ

ᅃবถ）ă

ڟǈ்ॽཁेࢫࡻॺظၜڦຏ੦ॲړ sceneTreeMap 对象ዐࢫࠃჄ๑ᆩǈසࡕᆶጱব

ᆩۙࡃڿǈ৽ࣷۅ build() ઠཁेຏ੦ॲၜă

एᇀڦࡻॺᅃ߲ظ HTML ǈdynatreeڦፕă႞ሏ߾ܠຏጒႴᄲڦ ڦ

ਸ݀ኁඟ்௨ඁକኄ߲ས੮ădynatree ሎႹే૬ਗ਼ظॺᅃ߲ඪᅪ֫पڦ

HTML ຏጒǈ࣏ᆶᅃ߲ీࠀഽٷĂᅟᇀ๑ᆩڦ API ઠظॺ / Ⴊ߀ / 

ඇጲۨᅭᄣ๕ădynatreeྜၜǈժኧأ ሞ࠶ஓྂپڦ Google code

（http://code.google.com/p/dynatree/） ฉă

11.2.3　检查对象属性

ᇨબ߾ਏሎႹ்ॠֱ߲对象ڦຌႠăມऍׇৠຏጒڦᅃ߲对象ǈ৽ࣷڑᅃ߲ټՔ

ധڦ jQuery 对ࣆ（ईኁ属性页单）ઠ၂๖ၘ൧ăස 11-4 ๖ǈഄዐڦຌႠᄻڇ၂๖

କఁྺ Tower_D_01 ࢅ႑တ（࿋ዃĂገ࣑ෙ߲Քധǖᅃ߲၂๖ՎࡤຌႠăԈڦ对象ڦ

ՉহǗᅃ߲၂๖ڦຕଉǈᅜतڦ面ࢅۅۥ൧ǈԈઔྪ߭ዐၘڦ体ࢆǗᅃ߲၂๖ब（ݣ

ዊ႑တǈԈઔጣఇ႙ĂჿĂ࿖ཌྷڦೌఁă
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图 11-4：使用预览工具来检查对象属性

ᇨબ߾ਏ࣏ሎႹ்ሞ 3D ׇৠዐۅऍ对象ੂֱࢪ้ڦഄຌႠăසేࡕሞຌႠᄻڇᅙঢ়ٶ

ਸۅࢪ้ڦऍ对象ǈాڦඹࣷ༺ྺ࣑ႎ对象ڦຌႠăසࡕຌႠᄻڇுᆶٶਸǈేᅜມ

ऍ对象ઠڑኄ߲对ࣆᅜ၂๖对象ڦຌႠă

૩ 11-3 ቛ๖କሞ 3D ׇৠዐཁेۅऍ॔དپڦஓ（ᇸ࿔ॲྺ Chapter 11/previewer.html）ǈ
ኄ๑ڥᆩࢽᅜስ߲ڇ体ăࡧຕ addRollovers() ๑ᆩ Vizi ׇৠ API ڦ map() ઠ݆ݛ

ֱቴׇৠዐڦᅃ߲对象ǈժظॺᅃ߲ႎڦ Vizi.Picker 对象ઠཁेՔ๚ॲၚᆌăپஓ

ཁेକ对Ք down（Ӏူ）Ăup（ਸ）Ăover（ཕ）Ăມऍ（double-click）๚ॲڦၚᆌă

例 11-3：ํ၄ሞׇৠዐስ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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Քਸ๚ॲ॔ڦདپஓǈᆩઠॠ֪ڇऍڦǈມऍڦॠ֪ሞࢫ面ă்बࢭᅃᄣڦă

ံǈ்ॠֱ๚ॲڦӀ॰ࡽپǈᅺྺᇨબ߾ਏኻኧ๑ᆩՔፑ॰ስăසࡕፑ॰ǈ

்ۙᆩ Vizi.Viewer ڦ highlightObject() ၍ڦᅃ߲ࣜࣃऍ对象ዜྷۅăࣷሞԥ݆ݛ

࢈（்ࣷሞူᅃবถՉহߛଋํڦ၄ဦব）ă

থጣǈ்ߛଋຏጒዐ࠲ڦၜǈ๑ᆩ Vizi 对象ڦ _id ຌႠ（ኄ߲ຌႠࣷᆯ Vizi ᆅሞ

对象ظॺࢪ้ڦጲׯิۯ）ઠፕྺᆅֱቴຏዐ၎ڦ࠲ၜǈժߛଋăፌࢫǈසࡕڇऍ

ຌႠᄻڇᅙঢ়见କ（ཚࡗ infoPopupVisible ՎଉઠՔ๎）ǈ்ۙᆩ openSceneNode()

൧ǈ்ڦă对ᇀມऍ݆ݛዺޤڦڇઠዘႎག؊ຌႠᄻۅǈᅃ߲๑ᆩႎስব݆ݛ

থۙᆩ openSceneNode()ǈසࡕ对ࣆு၂๖ڦ৽ࣷॽڑઠă

    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߾ਏ๑ᆩՉহઠํ၄ଇ߲ీࠀǖߛଋڦ对象Ǘසేࡕስକহ面ዐڦĐ၂๖

ᆶ对象Չহđၜǈ৽၂๖ᆶ对象ڦՉহă

ྺକߛଋ对象ǈVizi.Viewer କᅃ߲ঢࠃ༵ highlightObject() ă૩݆ݛڦ 11-4 ቛ๖କ

ํڦ၄ăံǈֱੂഗᅎړأമ对象ߛڦଋ（සࡕᆶࣆڦ）ǈऺࢫ໙ႎ对象ڦՉহǈ

๑ᆩઠظॺᅃ߲ࣜڦ၍ྷ࢈ජ对象ă

ኄᆶब߲Ⴔᄲጀᅪݛںڦǈ൩ੂٚ体Քپڦஓă்ظॺକᅃ߲ Vizi.Decoration

对象ઠԈࡤՉহ૬ݛ体ăVizi.Decoration ᅃ߲༬ڦ Vizi.Visual ጱૌǈॐ๑

ᆩઠකేᅜੂ见ڍփႜాڦࢻඹăփࣷ߅ඡൽईಸጐăኮࢫǈ்ཁे

decoration ፖڦۅবሞۼՉহڦ父节点ฉǈܸփኄ߲对象ዐăඪᅪ对象ڦ对象ڟ

Քဣཥዐऺ໙ڦǈᅜ்ႴᄲॽፕྺবڦۅጱবۅཁेׇڟৠዐǈᅜՍኟඓں

ႜՎ࣑ă

例 ଋߛڦॺ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߾ਏሎႹేֱੂᆶ对象ڦՉহăሞᆸူঙڦ Miscellaneous તዐǈᆶᅃ߲ఁྺ

Boxes ૌຼڟՉহǈేᅜੂڦऍǈ၂๖ᆶ对象ۅăްڦ 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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၂๖߲对象Չহپڦஓૌຼظॺߛଋپڦஓǈኻኄ்ْ๑ᆩ Vizi ׇৠ API ڦ
map() ᆶ对象ฉă൩ੂ૩ڦৠዐׇڟઠॽഄᆌᆩ݆ݛ 11-5ă

例 11-5：ྺׇৠዐڦᆶ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() ઠֱቴ߲ૌ႙ྺ Vizi.Decoration 对ڦ

象ǈཚࡗยዃڦ 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

ăڦዘᄲ࠲֪ࢅᅃഐᇨબڟݣॽ்ࠕǈీ้ৣ࣍ॺᅃ߲ࠓ对象ઠ߲ܠ๑ᆩేړ

்Ⴔᄲԍኤ对象ڦԲ૩ᅃዂڦǈ၎对࿋ዃኟඓǈ࠼ቷࢇڪǈᆮഄ对象ઠጲں߲ܠ

ၛྪበฉ้ăࠌఇ႙ڦሞփཞ࠶ॺǈྂظᅝຍॆڦǈᆯփཞݛ

ඟ்ॽ Futurgo ڦતڇև֓ۥऍۅׇৠዐ֪ኄၵຌႠăڟݣఇ႙כ Add Ӏ౧ǈሞ

࿔ॲስዐስ ../models/futurgo_mobile/futurgo_mobile.jsonă（൩ԍኤే๑ᆩڦఐණ

၎ऐǈժኟ对ጣׇৠዐक़ڦዷୟǈኄఇ႙ॽ၄ݛںڦă）ఇ႙ࣷሞׇৠڦዐक़၄ă

ǈසִ࠵ઠ近ਐٷݣ 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๚ॲتࡧຕǈժሞ๚ॲ॔དࡧຕዐཁेႎ

்ă૩࣑༻ഗዐǈܸփੂֱڟփཞ்ॽ对象ཁेڦഗዐăྸᅃੂֱڟৠ对象ׇڦ

11-6 ቛ๖କ၎پ࠲ஓ（ᇸ࿔ॲ Chapter 11/previewer.html）ă்ۙᆩ viewer.addToScene()ǈ

ࣷཁे对象（Ԩ૩ዐ Futurgo ຕڦৠዐǈժ߸ႎֱੂഗׇڦമሏႜړڟ（ఇ႙כ

ࠓăࢫ்ࢅኮമᅃᄣ߸ႎᆩࢽহ面ǖຏጒǈᅜत࠼ᇸĂ၎ऐڦࣃۯࢅଚă

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 ཁेׇڟৠࡗࢪ้ڦᇀଋକăኄᅺྺ Futurgo ఇ႙Ԉࡤ

ጲम࠼ڦᇸǈ்ሞڼ 10 ቤظॺᆌᆩࢪ้ڦ๑ᆩࡗăᅜቴ TC ፔᅃ߲ுᆶ࠼ᇸӲԨڦ

నਏǈ்ᅜቴ߾ाฉኄժփႴᄲă๑ᆩᇨબํڍఇ႙ǈઠሞኄ߲ᆌᆩዐ๑ᆩǈכ

ၵ࠼ᇸڞዂକኄ߲࿚༶ǈժॽ்ۖ࠲ǈࢫऻူ࠼ᇸڦఁǈሞײႾዐᄺኄፔă

๑ᆩᇨબ߾ਏ࠼ڦᇸଚǈ்ۖ࠲փၙᄲ࠼ڦᇸăጀᅪڟ்ᆌཁे࠼ڟᇸଚ

ᇸǈᅺྺ࠼ڦ面ࢫ Futurgo ఇ႙ፌࢫཁेׇڟৠዐڦăᅜۖ࠲କଚ࿂ڦෙ߲ۅ

ᆩକă࠶ăኄူ࠼ৣ࣍କۖ࠲ӣǈᅜᄺ֜ۅᅈੂഐઠᆶכᇸă࠼ 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৳ঢ়ᄓ

ຏ࿖ཌྷڦੂֱ܈Չႚǈฉ面ᆶٗփཞঙܠ平面ڦԨකຏǖᅃဣଚዘ۠ׯگरേઠڦ

ăཚǈࣷᆶଇ߲ؽܠڦՉႚᅜ X ጒӦݣǈምᆶᅃ߲ई߲ܠ平ܠڦՉႚᇑኄ߲ X
ႚๆጴ֮ăኄॺఇ๑ᆩܠڦᅃ߲०ڇरേǈᅜবูܠՉႚຕଉăޏሶేยၙᅃ

ෙঙႚຕଉӕăڦຏᄾႴڦॺኈظူ

ሞ WebGL ዐ๑ᆩఇ႙ፕኁ࠲ᇀຏڦยዃ้ǈྸᅃڦ࿚༶ೌ߭๕ڦስǖ߲ܠՉႚ

ᅃ对ྲۼ࿖ڦ BMP ࿔ॲǈᅃ߲ჿ႑တǈଷᅃ߲ alpha Ӳ（alpha mask）ă

்փኪڢසࢆሞ Vizi/Three.js ዐൟتںăኄሞरຍฉႜǈڍᆅణമ࣏ுᆶኧă

ᅜඟ TC ॽຏڦᅃ对 BMP ࿔ॲገׯᅃ߲ټ alpha ཚڦڢ PNG ࿔ॲăኄፔକǈ

ႎ߸ࢫ Maya ࿔ॲժዘႎڞăኮമࢅኮڦࢫ对Բᅜֱੂ 11-8ă
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ᆸՉڦೌੂഐઠժுᆶ߸ࡻǈڍሞᆌᆩዐํाฉකኟඓăేኄ

ሞ࠶ăڦׯ၌ሰڦਏํ၄߾മᇨબړඍ။ᆯڦڟੂ PNG ࿔ॲዐᆶ

ཪ܈႑တǈڍසࡕுᆶሞዊฉยዃཪ܈ኵǈVizi ࢅ Three.js ݆ኪۼ

ৠׇڪኄᅃ႑တăᅺྺኄၵኵሞఇ႙ዐுᆶยዃǈᅜ்Ⴔᄲሞᆌᆩዐڢ

ेሜྜࢫۯยዃ்ă

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

़்ᇨબۙࢅକఇ႙ǈժᅙঢ়ኪڢසࢆॽ Futurgo ᇑणׯǈ၄ሞᅜਸ๔

ڍǈٱඓํփࡕᅝຍၳڦఇ႙ံǈ்Ⴔᄲਦଷᅃ߲࿚༶ăኄ߲ڍॺᆌᆩକăࠓ

ኻᆶᆶ၌ڦ 4 ߲ন൶ăසࡕ்ၙᄲᅃ߲ටڦĂኈํׇڦৠઠ॑ Futurgoǈ৽Ⴔᄲ

කᅃ߲ࡗ象ă்ᅜཚ्ڦٷ߸ሰᅃ߲ظ skybox ԝৠઠํ၄ă

11.3.1　3D skybox
ڦ႙ۆࢅ Web ᄻ面ԝৠփཞǈ்ׇڦৠႴᄲ 3D ǈ்ྭࢪ้ڦۯ၎ऐᅎړԝৠǖڦ

ăskyboxࣅԝৠՎڟੂ ᅃ߲ඇৠǈᆯᅃ߲૬ݛ体ాԈ߲ୃڦࡖ࿖ፇׯă૬ݛ体

ཚࡗᅃ߲ࠦۨ၎ऐገකઠڦǈࣷ၂๖ԝৠڦփཞևݴăskybox ᅃዖ༵ࠃኈํ

3D ԝৠڦटഄ०݆ݛڦڇă

Three.js ब߲ࡤ๖૩ዐԈڦ skybox ਸٶᄇ๖ăڦీࠀ Three.js ๖૩࿔ॲ webgl_materials_
cubemap_balls_reflection.html ઠֱੂሏႜࡕၳڦăኄ߲૩ጱੂഐઠփٱǈڍᅺྺ skybox
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ڦٷݥॺକᅃ߲ظ၄ǈᆶᅃၵ၌ăሞᆶኄၵ૩ጱዐǈፕኁሞׇৠྔՉᇹํڦ֢ٚ

૬ݛ体ăੂഐઠ远ǈڍසేࡕሞׇৠዐࡵڞǈీࠕথ近ഄዐగ߲Չᇹǈฯፌዕڟٳ

ǈܸٗ೦࣋କ्象ă

3D ႚዐڦᅃൎۼ्象ăskybox ԝৠৠڦ၌ڦޜॺକᅃ߲ସට႑ظ

्象ǈኻᄲేᆦ远փཚࡗᅎඁۯথ近ăසࡗੂేࡕ Peter Weir ؤᆖĖۉڦ

ோڦ๘হėǈ࣮ၙᅃူؤோᅃ面ํ体഻ڦఫׇ߲ৠăኄ面഻বణڞᄇ

ྺࣼڦටሰ๘হԝৠǈᅃڋጐฉఫ面഻ččࣧჾ৽ԥָحକă

11.3.2　Vizi skybox对象

ྺକظॺᅃ߲ସට႑ڦޜׇৠǈ்Ⴔᄲ๑ᆩᅃ߲ࢇڦ skyboxăସටߛ႗ڦǈ

Vizi ॐዐጲټକᅃ߲ăሞॽ skybox ૩ጱઠቛ๖ڦڇॺᅃ߲०ظᆌᆩമǈ்ံݣ

ࡕၳڦăٶਸ๖૩࿔ॲ Chapter 11/skybox.htmlǈස 11-9 ๖ă๑ᆩՔገઠֱੂኝ

߲ԝৠǈ๑ᆩఄةӱईࡐઠٷݣၭăਈႚࣷՎ近ࢅՎ远ǈڍԝৠ๔ዕԍ၌远ڦਐ

ăጀᅪ skybox ॺᅃ߲ਏᆶ၎ཞظࡗཚࡕ面ăኄ߲ၳڦ体ݛକമৠ૬ڟพݒ࣏ԝৠڦ

࿖ڦ૬ݛ体ৣ࣍ཌྷઠํ၄ڦă

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 քਆ၂๖ሞڦǈׯඇৠೌᆯୃ߲࿋ፇڦ 11-10 ዐăኄၵ࿋ڥࢇފ

ǈ๑ڥᆙพሞ૬ݛ体ాևੂഐઠྜݥெă
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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 ժཁेׇڟৠዐپڦஓăံǈ்๑ᆩ Three.js ਏ߾ዺޤڦ

THREE.ImageUtils.loadTextureCube() ઠظॺᅃ߲૬ݛ体࿖ཌྷăۙࢫᆩᅃ߲ Vizi ࡧ
ຕઠظॺ skybox ڦ prefab（ईኁຫᇨॺ对象）ǖVizi.Prefabs.Skybox()ăፌࢫยዃ skybox
ᆌᆩዐăڟ体࿖ǈժॽཁेݛ࿖（texture）ຌႠྺ૬ڦ

例 ԝৠ（skybox）࢈ॺཀظ：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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ఫǈኄ߲ prefab ፔ๊ڦ఼Ǜ

ሞ Vizi ዐǈprefab ᅃፇాዃڦ对象ࢅፇॲǈᅜظॺժևຈׇڟৠዐă

prefab ኄዖยऺఇ๕ሞૌຼ Unity ኄᄣڦᆴဥᆅዐঢ়၄ă၄پᆴဥᆅ

ڦยऺ൵ᅙঢ়ٗཚظࡗॺૌઠકቛీࠀǈገၠକण०ڇፇॲްڟሗڦ

ࠓዐă

对ᇀ Vizi ڦ skybox ઠຫǈᅃ߲૬ݛ体ǈᆩઠࣼԝৠǈժ߶ጷዷ၎ऐ

对ేࡕăසၠוኟඓڦ体ݛ૬ǈઠԍۯᅎڦ Vizi ዐ skybox ڦ prefab ස

ആǈᅜ֖ࡻڟߌڦ၄ํࢆ Vizi ᇸஓዐڦ objects/skybox.js ࿔ॲă

ኄ߲૩ጱዐڦ૬ݛ体Ⴔᄲݒพ skybox ԝৠăཚࡗ๑ᆩ၎ཞڦ૬ݛ体࿖ཌྷઠፕྺ૬ݛ

体ৣ࣍ڦཌྷǈ்ඹᅟ৽ํ၄କăਏ体پஓස૩ 11-8 ዐ๖ă

例 11-8：ཁे૬ݛ体ཌྷڟമৠ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߾ਏ៓બକׇৠǈֱቴڟକ对象ڦఁࢅຌႠǈժֱੂକ࠼ᇸतഄ

视ਥ༬Ⴀă்ᄺൣؤକړఇ႙ेሜڟᆌᆩࢫႴᄲፔڦ๚൧ă்࣏ბသକසࠓࢆॺ

skybox ԝৠǈᅜतሞׇৠዐසݒࢆพڟ对象ฉă၄ሞǈ்ዕᇀጚԢࡻणׯ 3D ڟৣ࣍

ᆌᆩዐକă

11.4.1　加载和初始化场景

Futurgo ॑ᆌᆩሞ࿔ॲ Chapter 11/futurgoCity.html ዐăഄዐڦ jQuery-ready ǈڇ०ஓپ

ظॺକᅃ߲ࣷेሜఇ႙Ăፇጎׇৠժሏႜᆌᆩڦ FuturgoCity ૌํڦ૩ăFuturgoCity ڦ

ᇸஓᅜሞ࿔ॲ Chapter 11/futurgoCity.js ዐቴڟă

ᆌᆩڦยዃپஓံेሜఇ႙ăኮࢫ࿔ॲेሜࡧ࣮ۙڦຕ onLoadComplete() ਸ๔ፇጎ

ăֱੂ૩ৣ࣍ 11-9ăۙړᆩֱੂഗڦ replaceScene() ৠዐׇڟඹཁेాڦࡻॽႎेሜ݆ݛ

ᆩۙࡗǈ்ཚࢫ setController("FPS") ă（்ॽሞԨቤࡵڞᅃටڼ໕ֱੂഗ๑ᆩߢ
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ڦമ၎ऐړ၎ऐ੦ഗतڦԍ٪ֱੂഗࢫă）ࡵڞᅃටڼ面ၘဦถ၎ऐ੦ഗतࢫ

႑တǈࢫࠃ面๑ᆩăፌࢫǈۙᆩब߲ޤዺࡧຕઠཁे skybox ഄዘᄲׯཌྷǈժྜৣ࣍ࢅ

ፕă߾ยዃڦ

例 ஓپ࣮ۙڦࢫሜेৣ࣍：11-9

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 skyboxǈࢫཁेৣ࣍ཌྷڟॺዾ

ฉă்ᅙঢ়๑ᆩᇨબ߾ਏֱቴࡗॺዾڦఁǈ்ۼᅜጴزޙĐTowerđईĐOfficeđਸ

ཀྵăጀᅪٚ体Քڦఫᅃႜኟሶٳ๕ă்๑ᆩ Vizi ׇৠڦ map() ڦઠֱቴದ݆ݛ

对象ǈࢫยዃ߲对象ฉ Three.js ዊৣ࣍ڦཌྷă

     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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থူઠǈ்ᄲཁेᅃ߲ಸጐ࢈ăሞԨቤࢫ面ǈ்ॽࣷੂڟසํࢆ၄ಸጐॠ֪ǈઠኧ

ᅜڼᅃටఇ๕ሞׇৠዐࡵڞă၄ሞǈኄپڦஓሞڦՉহยዃᅃ߲փ见࢈ڦ

ጱǈ๑ڥ்փీגኄၵ၌ăݥ०ڇǖظॺᅃ߲ႎڦ Vizi.Visual 对象ǈഄዐԈ

ڦยዃഄዊࡗՉহǈժཚڦ体ǈ٫ྺׇৠݛᅃ߲૬ࡤ opacity ຌႠྺ 0 ઠԍኤ

ཪڦăُأኮྔǈ்࣏Ⴔᄲԍኤಸጐ݀ิሞ૬ݛ体ాևă்ཚࡗยዃ૬ݛ体ڦ side

ຌႠྺਉኵ THREE.DoubleSide（नක૬ݛ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); 
}

்Ⴔᄲਦຏڦཪ܈࿚༶ăሞ fixTrees() ዐǈ்ምْ๑ᆩ݆ݛ map() ઠֱቴఁᅜ

ĐTreeđਸཀྵڦবۅǈࢫቴڟԈڦࡤ视ਥᇮǈยዃ்ዊຌႠዐڦ transparent

ຌႠྺ trueăኄ߲Քऻߢ໕ Three.js කဣཥਸഔڦ alpha ுᆶǈຏ৽ࣷփࡕăසࢇं

ཪǈස 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; 
                } 
            } 
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            else { 
                material.transparent = true; 
            } 
 
        }); 
    });

ሞॽ၎ऐࢇڟݣڦ࿋ዃઠႜ؛๔ֱੂࢫǈ்৽ᅜႜยዃᆌᆩዐፌࢫᅃ߲ڦٷօ

የǖेሜכఇ႙ă

11.4.2　加载和初始化车模型

ेሜࢅጚԢכఇ႙Ԉࡤब߲օየǖཁेेሜڦࡻఇ႙ׇڟৠዐǈཁेڟشכڏփཞཪ

พݒวዐઠכࢅشכڟཌྷৣ࣍ႜྺǈཁेڦ܈ skyboxǈඁۖሞᇨબ߾ਏዐੂ࠼ྔܮڦڟ

ᇸǈፌݣࢫዃכࡻăኄၵۼፔྜࢫǈ்࣏Ⴔᄲยዃਸࢅכ၎ڦࣃۯ࠲ࢻ๕对象ǈໜࢫ

ࣷถă

࿔ॲेሜࡧ࣮ۙڦຕᅜසူݛڦ๕ኴႜăۙᆩ this.viewer.addToScene() ઠཁे对象ׇڟ

ৠዐăࢫǈࢅമᅃቤᅃᄣǈ்ཁेڦشכॷՎႜྺǈժጲۯਸ๔ǈ๑ڥଇ௱ࢫॽՎ

ྺӷཪăଷྔǈ்ॽॷՎڦ对象ԍ٪ሞᆌᆩڦ faders ຌႠዐăᅃ߲ຕፇǈ்

ॽሞࢫ面๑ᆩઠॷՎشכǈሞࢪ้ڦכՎڥ߸ཪǈሞਸࢪ้ڦכՎ࣮ӷཪă

்ሞՓ૦شכዊࢪ้ڦǈ࣏ཁेକॺዾ๑ᆩڦ၎ཞৣ࣍ڦཌྷǈᄺ৽ఊཀڦ୍ٷ

skybox ԝৠ૬ݛ体࿖ă૩ 11-11 ቛ๖କኄၵۙᆩă

例 11-11ǖتेሜ Futurgo ஓپ࣮ۙڦכ

 FuturgoCity.prototype.onFuturgoLoadComplete = function(data) { 
 
    // ॽFuturgoఇ႙ཁेׇڟৠዐ 
    this.viewer.addToScene(data); 
    var futurgoScene = data.scene; 
 
    // ཁेࢅࢻႜྺ 
    var that = this; 
 
    // ॽৣ࣍ཌྷڏࢅഗཁेشڟ口ዐǈሞਸ๔ॽش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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    });

ࢫ்ॽৣ࣍ཌྷཁेכڟว（ূຌॐࢫࢅ视）ฉă

 ཌྷৣ࣍วཁेכߴ //    
    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; 
        } 
 
    });

থူઠǈ்Փ૦כวڦᅃ߲ևݴઠཁे Vizi.Picker 对象ăॽሎႹ்ۅऍ Futurgo
ڦ对象ڟ٪ඪᅪ࿋ዃઠਸ๔॑ă்ॽԍڦ pickers ຕፇዐǈᅺྺ்ॽࣷሞْ

ࢅਸݴࢪ้ڦכ՚্ᆩࢅዘႎਸഔ pickeră

ምথူઠǈ்تሞᇨબ߾ਏዐ Futurgo ఇ႙ڞׇڟৠ࠼ڦڟੂࢫᇸ࿚༶ăFuturgo ఇ

႙ዐ࠼ڦྔܮᇸׇࢅৠዐ࠼ڦᇸ۠ेǈڞዂఇ႙ੂഐઠོକăᅜ்Ⴔᄲۖ࠲ Futurgo
ఇ႙ዐጲڦټᆶ࠼ᇸăଷྔǈ࣏Ⴔᄲ࠲Կఇ႙ዐ༵࠼ৣ࣍ڦࠃă

     // ઠጲଇׇ߲ৠ࠼ڦཞ้ፕᆩ 
    // ๑כڥఇ႙ੂഐઠࡗᇀ֜ӣ 
 ᇸ࠼ᆶڦټఇ႙ዐጲכۖ࠲ //    
    futurgoScene.map(Vizi.PointLight, function(light) { 
        light.intensity = 0; 
    }); 
 
 ࠼ৣ࣍ڦࠃఇ႙ዐ༵Կ࠲Ⴔᄲ࣏ //    
    this.scene.map(/ambient/, function(o) { 
        o.light.color.set(0, 0, 0); 
    });

ፌࢫǈ்ॽݣכዃڟᅃ߲ࢇ؛ڦ๔࿋ዃǈፕྺ்ׇৠ้ڦࢪ视ăᅺྺ၎ऐڦ

x ࢅ z ࿋ዃኵۼଭǈᅜ்ॽݣכሞڦᆸݛࢫă

     // ॽݣכዃڟᅃ߲ࢇ؛ڦ๔࿋ዃ 
    var futurgo = futurgoScene.findNode("vizi_mobile"); 
    futurgo.transform.position.set(2.33, 0, -6);

்࣏ႴᄲཁेᅃၵႜྺࢅࢻઠਸכǈԨቤ࿂ևݴॽ对ُႜถăփࣆࡗຫ࣮ઠǈ

၄ሞׇৠᅙঢ়ྜඇፇጎࡻକăేᅜੂڟ skybox ԝৠतৣ࣍ཌྷݒڦพǗכᅙঢ়ࡻݣ࿋ዃ

କǈشכڦӷཪǈܸԝৠৣ࣍ڦཌྷݒพכڟวฉăᄻ面ेሜྜڦࢫ视ස

11-11 ๖ă
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图 11-11：Futurgo 城市应用的进入视图

ඟ்ࢾၵ้क़ઠִ࠵ăཱྀጅՔઠֱੂ຺ዜǈ๑ᆩၠݛ॰ઠሞׇৠዐᅎۯăੂੂॺዾߛ

ເܸ૬ǈݒพጣࣜࣾڦཀă்ኻᆩକबཀ৽ظॺࡻକǈኄኈକփഐׯڦ৽ă

ፕă߾ຐକǈ்ीჄ࠾ǈှࡻ

11.5　实现第一人称导航

၄ሞ்ेሜৣ࣍ࡻକǈ்Ⴔᄲሞഄዐᅎۯă்ၙᄲሎႹᆩࢽօႜ៓બǈईኁ

॑ FuturgoăሞԨবዐǈ்ॽ༪ஃසํࢆ၄ᆴဥࡵڞڦ߭ޅǈᄺྺ第一人称导航（first-
person navigation）ă

视ঙઠකڦࢽٗᆩڦኄ߲ຍᇕǈኸ（视ঙᅃටڼई）ᅃටڼ 3D ׇৠăԨዊฉઠ

ຫ৽ॽ၎ऐݣሞຼࡻᆩࢽມᄅक़ڦ࿋ዃăڼᅃට导航ᅃዖᅎۯ၎ऐڦఇ๕ǈ၎ऐߵ

ՔĂ॰ಎĂդڪᆴဥยԢႜၚᆌăڼᅃටࡵڞሞۉጱᆴဥዐୁݥႜǈᆮ

ഄ第一人称射击（First-Person ShooterǈFPS）ኄᄣڦ对ᆴဥă

ሞጞ面ۉసฉǈڼᅃටࡵڞཚᆯՔࢅ॰ಎ֡ፕǈՔᆩᇀ੦၎ऐኸၠၠݛڦǈ॰

ಎᆩᇀᆩڦࢽᅎۯĂࣂႜईገă 11-1 ቛ๖କڼᅃටࡵڞዐۆ႙ڦ॰ಎࢅՔӿ

ۨăၠݛ॰ᆩᇀ视ڦፑᆸᅎۯतമཽࢫǈ࣏ᆶ WĂAĂS ࢅ D ॰（ཥĐWASDđई

Đwazz-deeđ॰）ᄺํ၄ཞᄣీࠀڦǈᆩీࢽፑႜᅎۯǈཞ้ᆸ๑ᆩՔገ၎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 ॰ሞׇৠዐ៓બǈཱྀጅՔፑ॰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

ྺକํ၄ڼᅃටࡵڞǈ்ॽ๑ᆩ相机控制器（camera controller）对象ă၎ऐ੦ഗǈ

ኟසഄఁǈएᇀᆩࢽઠ੦၎ऐڦᅎۯăVizi.Viewer ኧփཞڦ၎ऐ੦ഗఇ๕ǖ

ఇ႙（model）तڼᅃට（first-person）ǈࣷጲྺۯ߲ఇ๕ظॺ၎ऐ੦ഗ对象ăኻ

Ⴔᄲۙᆩֱੂഗڦ setController() ઠՔ๎๑ᆩన߲੦ഗǗణزޙǈথᅃ߲ጴ݆ݛ

മኧڦኵ "model" ࢅ "FPS"ă

ڼ 10 ቤዐڦ Futurgo ᆌᆩ๑ᆩକఇ႙၎ऐ੦ഗǈยऺᆩᇀྷජ体ገ၎ऐǈᅃၠו
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体ڦዐ႐ăࡕၳڦཱྀేړጅՔࢪ้ڦǈఇ႙ੂഐࣷ߶ጣገǈईኁేړ๑ᆩఄة

ӱईࡐࢪ้ڦǈఇ႙ࣷՎڥ近ۅई远ۅ（๚ํฉኻᆶ၎ऐሞۯ）ăኄዖૌ႙ڦ၎ऐ੦

ഗፌࢇኻ๑ᆩᅃ߲ఇ႙ڦᆌᆩă对ᇀᆌᆩǈ்ॽ๑ᆩڼᅃට੦ഗă

11.5.2　第一人称控制器中的数学

ํ၄ڼᅃට੦ഗ࠲ڦ॰ॽՔڦ࿋ዃՎࣅገׯ࣑၎ऐڦገǖၠፑၠᆸཱྀጅࣷඟ၎

ऐජጣ y ዡገǈၠฉၠူཱྀጅሶජጣڦ x ዡገăएᇀ॰ಎڦᅎۯཚࣷፏቷ၎ऐڦ

ăۯǖӀူၠฉॱཀྵ॰ǈ၎ऐࣷᄂጣ视၍ၠമᅎၠו

ྺକൎว体ࣷਸ݀ڼᅃට੦ഗႴڦຕბǈඟ்ੂੂ Vizi ํ၄ዐڦևپݴஓă

Vizi.FirstPersonControls ዐڦ update() ዐԥۙᆩǈऺ໙ජ࣍ሞْሏႜთ݆ࣷݛ x त

y ዡገڦጺଉă൩ੂ૩ 11-12 ዐଚپڦஓă

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; 
    }

ံǈ்ऺ໙Ք x ࢅ y ࿋ዃ၎对ᇀኮമڦՎࣅǈࢫॽገׯ࣑ገሺଉ（rotational 
delta）ǈፕྺঢ়ࢅ܈࿃ڦ܈Վ܈ࣅăਆևՎଉ dlon ᆩᇀ๖ঢ়ڦ܈Վࣅǈ்๑ᆩසူࠅ

๕ઠऺ໙ǖ

                var dlon = deltax / this.viewHalfX * 900;

்ᆩՔ x ࿋ዃڦՎأࣅᅜׇৠڦ܈ᅃӷǈઠڟڥՔᅎٷڦۯၭೡటڦӥݴԲă

 10% ᇀڪ܈ೡటڦ 90 ᅜױገ（ᅺُ܈ 900）ăࢫǈ்ॽኄ߲ሺଉेړڟമঢ়܈
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（平）ڦገฉǖ

                this.lon += dlon * this.lookSpeed;

ঢ়܈ገڦঙ܈ࢫገׯ࣑ Three.js ዐ๑ᆩ܈ࢷڦ（radian）ǈժԍ٪ڟ this.theta ຌ

Ⴀዐǖ

                this.theta = THREE.Math.degToRad( this.lon );

்ᅜ၎ཞݛڦ๕๑ᆩՔ y ࿋ዃڦՎऺࣅ໙࿃܈（ؽገ）ڦገǈժԍ٪ڟ this.

phi ዐă၄ሞ்ᆶକႎڦঢ়࿃܈ኵǈᅜገ视କă்ཚऺࡗ໙Đֱੂđڦ࿋ዃ

ઠํ၄ǈኄ߲࿋ዃሞᅜ၎ऐྺᇱڦۅᅃ߲ڇ࿋൰体ฉǈࢫ๑ᆩ၎ऐڦ lookAt() ඟ݆ݛ

Three.js କăၠݛڦጣᅃ߲ႎוఫă၄ሞǈ၎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॰ǈ்ยዃ၎ᆌڦքܻኵຌႠ

moveForwardĂmoveBackwardĂmoveLeft ࢅ moveRight ઠՔ๎ǈժሞ update() ዐႜ

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 ઠӻዺ்ऺ໙၎ऐڦႎ࿋ዃătranslateZ() ࢅ translateX() ՚ݴ݆ݛ

ජ၎ᆌڦዡႜᅎۯăᅺྺ၎ऐईႹࣷሞ平ၠݛኸၠฉईူǈኄॽڞዂᄂጣ y ዡฉᅎ

߃ኵǈઠޮڦ٪ฉăᅜ்๑ᆩኮമԍںሞă்փထྭኄᄣǈ்ထྭᅃԍۯ y
࿋ዃฉڦඪࢆႪ߀ă

11.5.3　鼠标视角

ሞኄ߲ᆌᆩዐǈᆩࢽႴᄲۅऍཱྀࢅጅՔઠገ၎ऐ视ă၎ऐ੦ഗሞႹڼܠᅃට

ᆴဥዐࣷໜጣՔڦᅎۯઠገ视ǈܸփႴᄲۅऍăኄ߲ఇ๕ཚԥྺ鼠标视角

（mouse look）ă对ᇀඇೡڼᅃටᆴဥઠຫݛݥՍǈᅺྺ߸ࢅ߸ู૰ă࣏༮



开发一个3D环境   ｜   259

କՔۅऍ / ਸੰ٪ᄻ（inventory page）ăٶਸႜྺǈᅜᆩᇀพऍईݣ

ڦ口ዐش对ᇀሞڍ Web ऍ៓બۅՔඁۯీၙᅎࢽǈՔ视ঙሶᅃ߲ሚవăᆩࡵڞ

ഗںڦતईՔധǈईኁۅऍᄻ面 2D হ面ڦᇮăڍᆶኄၵࣷۼሞ 3D 口ዐش

ገ၎ऐ视ǈ๑ڥሞᆩࢽፔඪࢆ๚൧ࢪ้ڦ၎ऐࣷۼĐݧઠඁݧđǈኄժփࡻăස

ڦᅃူǈᅜሞኄ߲ᆌᆩዐยዃ੦ഗၙేࡕ mouseLook ຌႠྺ trueǈߌᅃူᆶܠ

ସටਊෟăሞੂઠǈՔ视ኻࢇඇೡ๑ᆩă

Ք视࣏ᅜၟႹڼܠᅃටᆴဥዐఫᄣᆆ֠Քኸኍăႎ៓ڦબഗᄺኧ

ኸኍۨ（pointer lock）APIྺǈԥీࠀኄ߲ Քۨ（mouse lock）ࢅ

APIăኄ߲ݛ࠳ڦీࠀ W3C ླྀ४ݔࡀᅜሞྪฉቴڟ（https://dvcs.w3.org/

hg/pointerlock/raw-file/tip/index.html）ăླྀ࣏४ᅃೊᆯ 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

ᅃ߲ྼኈํࣙৣ࣍ਥڦዘᄲ༬Ⴀ碰撞检测ǖॠ֪ᆩࢽ视（ईඪᅪഄ对象）ಸጐڟ

ׇৠዐڦबࢆ体ǈժݞኹ对象ࡗحबࢆ体ăසࡕᆩࢽᅜ഻ࡗحǈ৽փీፔڟସට႑ڦޜ

Ⴕెକă

ሞԨবዐǈ்ॽࣷბသසํࢆ၄ᅃ߲ݥ०ڦڇಸጐॠ֪ǈᆩᇀ Futurgo ዐăৣ࣍

๑ᆩ Three.js math 对象ઠٗ视ۅཨพᅃཉ࠼၍ǈֱቴሞ视၍ฉڦඪᅪ对象ăසࡕሞగ

ᅃ༬ۨਐాᆶඪᅪ对象٪ሞǈ৽ණྺ٪ሞಸጐǈժ্ኹ்ሞఫ߲ၠݛฉᅎۯă

ૌ Vizi.FirstPersonControllerScript  ํ ၄ Vizi ڼ ᅃ ට  ڞ ࡵ ဣ ཥ ڦ prefab ፇ

ॲă૩ 11-13 ቛ๖କևپݴஓăံǈԍ٪ᇱံڦ၎ऐ࿋ዃăࢫǈඟ Vizi.FirstPer 

sonControllerScript ݆ݛዺޤ॰ಎ߸ႎ၎ऐ࿋ዃăথጣǈۙᆩࢅՔߵ

testCollision() ઠॠ֪ሞᅙԍ٪ڦ࿋ዃࢅႎ࿋ዃኮक़ڦᅎۯิׂࣷޏಸጐăසࡕᆶಸ

ጐǈ்ॽ၎ऐ࣬ްڟኮമڦ࿋ዃǈժ݀ةᅃ߲ "collide" ๚ॲ॔ߴདࡧڦຕă（၎႑ǈ

ᆶࡧຕࣷ॔དǈฎࣷࢫถă）

例 11-13ǖڼᅃට੦ഗগԨዐڦಸጐॠ֪پஓ

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); 
    }

၄ሞඟ்ઠੂੂ testCollision() ڼă࣮ᅬᅃူ݆ݛ 9 ቤถڦࡗ 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; 
}

ᅜฉڦ໙݆ፌ०ڦڇಸጐॠ֪݆ݛă்๑ᆩ၎ऐ࿋ዃઠሞֱੂၠݛڦฉ

ཨพᅃཉ࠼၍ăᅺྺᅃཉ࠼၍ǈுᆶ体ओǈ၌ԋǈᅜኄփࠕኈํă

ኈํࣅڦว（avatar）ࣷᆶ൸၍ईኁณᆶ体ओăᅃ߲߸ჹ߭ํڦ၄Ⴔᄲݴ

՚ॠ֪૬ݛ体ᇑ൰体Ăᇶዹ体ईഄबࢆ体ڦಸጐăኄኟܠٷຕᆅڦፔ

݆ǈڍ对ᇀ்ڦణڦǈएᇀ࠼၍ڦಸጐॠ֪ፁᅜՆ௨்഻ࡗحՄă

11.6　使用多个相机

3D ߛࢅ视ঙ（viewing angle）ڦ၎ऐǈᅺ்ܸᅜ๑ᆩփཞ߲ܠᅜ๑ᆩتࡻᅃ߲ڦ

Բ（aspect ratio）ǈٗփཞۅִ࠵ڦઠකׇৠă்ᅜᅃ๑ᆩᅃ߲၎ऐઠྜׯኄᅃ

ǈThree.jsڍຌႠăڦ߀ༀႪۯࢪ้ڦፕǈժሞႴᄲ߾ ᅜൟظॺ߲ܠ၎ऐǈժඟ

்ໜ้ځంăVizi ॐॽ Three.js ǈᅜ࣑ൎڦጣ对்࠶࣏ጎକፇॲǈހ၎ऐڦ

तتഄ߾ڦ֫ڹፕǈԲසړකش口ٷၭ߀Վ้ጲۯ߸ႎߛԲă்ॽሞ Futurgo
ăాכዃሞݣ၎ऐժ߲ܾڼॺظǈీࠀ体ᄓዐ૧ᆩኄၵ 11-13 ቛ๖କ๑ᆩኄ߲၎ऐ

ٗ Futurgo ాևႜڦִ࠵视ă
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图 11-13：从 Futurgo 汽车内部的相机查看场景的视图

૩ 11-14 ቛ๖କظॺ߲ܾڼ၎ऐپڦஓăံǈ்ظॺᅃ߲ႎڦ Vizi 对象 driveCamǈᆩ

ᇀԈࡤ၎ऐፇॲădriveCam ॽࣷԥཁेྺ Futurgo تࡻڦăྺ๊ኄᄣፔǛۅጱবڦכ

כړᅎۯ（்ॽሞࢫ面ถ）ࢪ้ڦǈ၎ऐࣷ߶ጣᅎۯă࣮ᅬᅃူ்ሞኮമቤবዐ

对变换层级ڦ༪ஃǖᅃ߲对象ڦՎ࣑ຌႠ（࿋ዃĂገतݣ）ࣷᆖၚጱবڦۅՎ࣑ă

ă࣑ǈ၎ऐࣷ߶ጣՎࢪ้ڦۯईገۯᅎכړ

থူઠǈ்ॽ၎ऐాכڟݣăॽ၎ऐཁेྺ Futurgo ăۅᇱڦכዃሞݣఐණࣷۅጱবڦ

ሞኄ߲૩ጱዐǈ၎ऐࣷሞںฉăᅜ்Ⴔᄲॽݣዃࢇăփࡗǈ்࣏Ⴔᄲتᅃၵ

๚ǈᅺྺړ TC ॺࠓ Futurgo ఇ႙้ǈాևԈࡤକݣኵă（ཚेࡗሜఇ႙ڟᇨબ߾ਏ

ዐǈժॠֱ֫ۥፇڦݣኵႜକඓණă）ுᆶඟ TC ዘႎ߀Վఇ႙٫ǈܸ०ںڇཚ

ሀ）ᆈୃ߁ٷዃሞକݣ၎ऐԥࡕ࿋ዃăڦኵǈઠۙኝ၎ऐݣڦ܈ᅜ߲ྼأࡗ 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 
// ᅜՍ்ॽ၎ऐӦݣሞࢇڦ࿋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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ሞူᅃবዐǈॽถසࢆൎڟ࣑ኄ߲၎ऐǈፕྺሞਸ๔ࢅຐ॑ఇ๕ࢪ้ڦࢅ

ਸ Futurgo ăݴᅃևڦࣃۯ܉ࡗڦכ

11.7　创建定时的动画过渡

்ᄲీࠕਸ๔॑କă๑ᆩՔۅऍ FuturgoǈईۅऍፑՉڦĐStart Test DriveđՔധǈ

ࣷඟ்॑๓ǈܸٗᅜਸ๔॑๓ăྺକඟײࡗڦాכՎڥᆶժᆶबݴኈํڦ

体ᄓǈ்ॽፇࢇ๑ᆩ Vizi ፇॲतएᇀ setTimeout()้ऺڦഗઠՊႀᅃဣଚࣃۯࢅ܉ࡗă

૩ 11-15 ዐپڦஓᅜतࢫჄپڦஓೌǈӀቷසူօየํ၄ీࠀă

(1) ্ ᆩٗాכႜൽă்փထྭۅऍՔ݀ةփၙᄲࡕၳࣃۯڦă

(2) ཚٶشכࡗਸࣃۯઠٶਸ॑๓ă

ăాכǈࢫຐࣃۯਸٶشכړ (3)

(4) ᅃڋాכǈ࠲Կشכǈժॽ்ॷՎྺඇཪǈ๑ڥ்ᅜੂྔڟ面ăཞ้ǈ३

ෑԝৠᅼăፌࢫǈഔᆩכଈ॑๓গԨă

ሞኴႜྜമ面֡ڦፕࢫǈ்ॽࣷሞాכժጚԢਸ๔॑๓କăူ面்ઠਏ体ბသ߲օ

የپڦஓă

ံǈ்্ᆩൽǈժਸ๔ٶشכਸࣃۯă

例 11-15ǖࢅాכਸ๔॑ࣃۯ܉ࡗڦ

FuturgoCity.prototype.startTestDrive = function(event) { 
 
    if (this.testDriveRunning) 
        return; 
 
    this.testDriveRunning = true; 
 
    // ሞכ体ాև্ᆩስഗ 
    var i, len = this.pickers.length; 
    for (i = 0; i < len; i++) { 
        this.pickers[i].enabled = false; 
    } 
 
 شכਸٶ //    
    this.playOpenAnimations();

ሞᅃ௱ჽࢫǈ்ႜူᅃօ֡ፕǖൎڟ࣑ driveCamera 视ăྺُႴᄲยዃ၎ऐڦ

active ຌႠྺ true（ሞాևํ၄ዐǈࣷߢ໕ Vizi ๑ᆩኄ߲ႎڦ၎ऐઠක）ă்࣏ཚࡗ

ยዃ move ຌႠྺ false ઠ্ᆩڼᅃට၎ऐ੦ഗᅎీڦۯ૰ă்຺ੂֱၙ࣏ዜǈᅜ

ीჄ๑ᆩڼᅃට੦ഗǖሞాכǈ்ॽీ๑ᆩՔઠൡၽࢅገۯ၎ऐၠݛă

    // ሞٶਸכ၏ࢫൎాכڟ࣑၎ऐ 
    // ժሞᅃ܌ሡڦჽࢫਸഔ੦ഗᅜࠃ॑ 
    var that = this; 
    setTimeout(function() {  
 
        // ൎాכڟ࣑၎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);

၄ሞ்ፖሞాכǈੂጣྔ面ڦ๘হăথူઠඟ்ሞᅃ௱݀ةࢫᅃ߲܉ࡗႾଚઠ࠲ฉכ

ڟཁेำᅼࢆ面ࣷ༪ஃසࢫำᅼ（Ԩቤڦྔכၭ࣏ۙă்شכԿ࠲ઠࣃۯݣă்խش

ᆌᆩዐ）ă்ॽشכॷՎڟबྜࢭඇཪǈᅜՍሞ॑๓ాᅜੂྔڟ面ăፌࢫǈघऄ

॑๓כଈࢅᅏಎࣃۯڦগԨă၄ሞ்ጚԢࡻ॑କă

    // ၄ሞ்ሞכǈഔᆩכ੦ഗ 
    // ཞ้࠲Կشכժॽഄڏথ近ཪ 
    // ๑ڥ்ᅜੂڦྔشכڟ 
    setTimeout(function() {  
 
 شכԿ࠲ //        
        that.playCloseAnimations();  
 
        // ํ၄ԝৠᅼ߰ڦᅼၳࡕ 
        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(); 
        } 
 
        // ഔᆩכগԨ੦ഗࢅᅏಎࣃۯ 
        that.carController.enabled = true; 
        that.dashboardScript.enabled = true; 
 
 
    }, 2000);

ஓሞپڦ॑ఇ๕ཽ endTestDrive() ዐǈሞኄ்ժுᆶႜቛ๖ăԨዊฉ݆ݛ

օየăڦႜമ面ਸ๔॑ၠݒ

(1) ্ ᆩכগԨă

ăشכਸٶ (2)

(3) ዘႎਸഔൽǗॽ၎ऐൎ࣑ྔև视ฉǗዘႎघऄ၎ऐ੦ഗڦᅎۯఇ๕Ǘ࣬ްྔև

ำᅼྺኟᅼଉǗॽشכॷՎ࣮ӷཪă

ăشכԿ࠲ (4)

11.8　对象行为脚本

၄ሞ้ࢪඟכᅎۯକăྺُǈ்ႴᄲՊႀᅃ߲੦ഗǈૌຼᇀሞׇৠዐ៓બڼڦ
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ᅃට੦ഗăሞኄǈ॰ಎᅎࢅۯስڦၭܸכփ၎ऐă（்ထྭీᆩՔൡၽ

ฉాև၎ऐߴ்ॽڍ၎ऐ੦ഗǈڦገ视ǈᅜीჄ๑ᆩ၄ᆶࢅ driveCameraǈ

ኄሞമ面ᅙঢ়ถࡗă）ྺକظॺ੦ഗǈ்ॽ๑ᆩ Vizi ॐࠓॺᅃ߲ጲۨᅭፇॲă

11.8.1　基于Vizi.Script实现自定义组件

ԨฉઠຫǈViziߵٗ ཚࡗॽଇ߲०݆ၙڦڇ၎ࢇઠํ၄ీࠀڦǖ(1) ᅃဣଚ੦ཚᆩ

3D ยऺఇ๕پڦஓ（Բසਸ๔ / ཕኹᅃ߲ႜྺǈֱቴՔူڦ对象ǈൎ࣑၎ऐ）Ǘ(2) ీ
ॽ对象ݣሞᅃഐժඟ்ႜࢻăVizi ፇॲबࢭ对ඪᅪ对象ۼᆶၳǈᅺྺ对象ڦፇኯݛ

๕ᅃዂڦǈժፏთᅃၵ०ࡀڦڇሶă૩සǈ߲ Vizi.Object ํ૩ۼԈࡤᅃ߲Վ࣑ፇ

ॲǈ面ᆶ positionĂrotation ࢅ scale ຌႠǈܸٗሎႹ对象ڦഄፇॲ੦ă

Ԩቤኮമ༪ஃڦ prefabǈԲස Vizi.Prefabs.Skybox() ࢅ Vizi.Prefabs.FirstPersonContro-

ller()ǈ்ፕྺࡧຕظॺକᅃ߲ᇨॺ对象֫पࠓǈժ࣮ݓᅃ߲ Vizi.Object 对象ፕྺႎ

体Ǘଷᅃݛᅃ߲૬ࡤ体ǈԲසኻԈڦڇᅃ०ڇă对象ᅜᅃ߲ۅবߵڦࠓॺ֫पظ

ڦ体ࢆबڇ०ࡤब߲对象तፇॲăփৈৈԈࡤǈԈࠓप֫ڦᅜᅃ߲ްሗ࣏面ǈݛ

prefabǈᅃӯࣷۼᆶᅃ߲ई߲ܠগԨઠํ၄ኄ߲ prefab இडă૩සڦ Vizi skybox prefab Ԉ

ᆶᅃ߲গԨᆩᇀದ࣏体ǈݛᅃ߲૬ࡤ skybox ฉăၠݛڦৠዐዷ၎ऐׇڟၠݛڦ

对ᇀ Futurgo ்ॽኄ߲গԨፕࡕăසכॺᅃ߲গԨઠ॑๓ظᆌᆩઠຫǈ்Ⴔᄲ

ྺᅃ߲ Vizi ፇॲཁेڟ Futurgo 对象ฉǈViziכ ॐ৽ࣷԍኤْሏႜთۙࢪ้ڦ࣍ᆩ

ڦ update() ࢆăူ面ඟ்ઠੂੂසכۯǈժُᅎࢽၚᆌᆩࠕీڥǈ๑݆ݛ

ํ၄ă

11.8.2　驾驶车的控制器脚本

࣮ᅬᅃူሞఇ႙ेሜྜ؛ࢫ๔پڦכࣅஓăཁेକൽፇॲᅜतڏڪڏǈժཁेକ

ፕǖ߾ፔକᅜူ࣏ཌྷăৣ࣍

    // ཁेכ੦ഗ 
    this.carController = new FuturgoController({enabled:false, 
        scene: this.scene}); 
    futurgo.addComponent(this.carController);

ॺظ FuturgoController ፇॲኻᆩઠྜׯᅃॲ๚൧ǖ๑ᆩၠݛ॰ઠ॑๓כăၠฉॱཀྵे

ၠമǗၠူॱཀྵ෬כǗፑॱཀྵࢅᆸॱཀྵ߳וጲၠݛገྖăኄ߲੦ഗ֪࣏ಸጐǈԍኤ

ǈܸփߛืܸߛืڦǈࣷໜጣୟ面้ڢਸฉටႜכړႚǈںፏთ࣏ăࡗ഻ܸحփࣷכ

Đđࡗăᅺྺ்ॽ driveCamera ၎ऐݣዃሞକాכǈዺՎ࣑֫पࠓǈ၎ऐࣷໜጣכ

ǈᅜ்ᅜၛ॑๓ăۯᅎܸۯᅎڦ

ඟ்ੂੂํ၄ኄ߲੦ഗپڦஓ（૩ 11-16）ǈᇸஓሞ࿔ॲ Chapter 11/futurgoController.js
ዐăኄ߲ࠓሰࡧຕံำጲวྺ Vizi.Script ጱૌǈVizi.Scriptڦ ॐዐᆶগԨፇ

ॲڦएૌăࢫ؛๔ࣅब߲ຌႠǖᅎۯӀ॰ڦጒༀǗړമڦेࢅ܈܈Ǘᅃၵᆩઠޤ

ዺኧಸጐतፏთںႚ໙݆ڦ੦ՎଉǗᅜतब߲ᆩᇀӻዺํ၄࿁໙้݆ڦक़مǈ

்ॽᆩኄၵ࿁໙݆ઠ੦ڦכ܈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 ()ǖrealize݆ݛ၄ଇ߲ํࣷፇॲཚڦ ࢅ update()ăړකĂĂྪஏईഄ៓

બഗ๚ॲႴᄲظॺ၎࠲ຕࢪ้ڦࠓǈॐ৽ࣷۙᆩ realize()ă对ᇀכ੦ഗઠຫǈ

realize() ݀ةࢪ้ڦಸጐิ݀כॺᅃ߲ሞظ๔࿋ዃኵǗ؛ڦכ٪ፔକଇॲ๚൧ǖԍ݆ݛ

ࡗ对象ᅜཚڦכႜྺ（bounce behavior）ăڑݒڦ this._object ຌႠઠइڥǈVizi ࣷሞᅃ

߲ፇॲཁेڟ对象ฉࢪ้ڦጲۯยዃࡻă

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() ڦ߲ፇॲڦǖ߲对象ዐ݆ݛ update() ْڦሞᆌᆩࣷۼǈ݆ݛ

ሏႜთ࣍ዐԥۙᆩă对ᇀכ੦ഗǈupdate() Ⴔᄲፔबॲ๚൧ăံǈԍ٪ړڦכമ࿋

ዃǈኄॽࣷሞ݀ิಸጐईኁႴᄲߵںႚگߛڦฉူᅎް࣬ࢪ้ڦۯăࢫǈߵాև

ႚ߶ໜںಸጐत֪ࢫ࿋ዃăፌڦຌႠઠऺ໙ႎ܈ăথጣǈ๑ᆩ܈໙݆߸ႎڦ

（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࿁໙݆ઠఇెेۯࢅ܈ଉǈ൩ੂ૩ 11-17ăၠฉॱཀྵӀڥ

ሁ৳ǈे܈৽ሁٷǗၠူॱཀྵӀڥሁ৳ǈ෬כ৽ڥሁ৳ǈܸٗඟכူઠăසࡕுᆶ

॰Ӏူǈכڍᅙঢ়ሞۯକǈ࣏ࣷᆶᅃۨۯڦଉăঢ়ࡗኄၵऺ໙ࢫǈසࡕ܈ईे܈ᆶՎ

๑ᆩࣷ（面ถࢫԨቤ）କăᅏಎ੦ഗࣅՎ܈໕॔དഗߢ๚ॲઠ݀ة࣏ࣷǈ்ࣅ

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; 
 
 ३้כ෬ူ //    
    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࿋ዃǈ்Ⴔᄲ๑ᆩړമڦ܈ઠሞړമ视၍（z ዡၠݛڦ）ฉᅎۯă

ᄲඟ对象ྷජጲว்࣏ y ዡገઠ੦ڦכገྖă

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 ዐᆩڦಸጐॠ֪پஓૌຼă

ۙᆩႚဣཥڦ objectFromRay() ၎ڦ体ࢆৠዐඪᅪबׇڟമ၎ऐ࿋ዃړઠऺ໙݆ٗݛ

ăጀᅪߴڿد objectFromRay() ᅃ߲֖ຕڼڦ this.sceneǈԈࡤׇৠዐڦᆶब

࣮ݓ体ǈॽᆦ远ࢆबڦכ்ሞಸጐॠ֪ዐԈઔࡕԨวăසכփԈઔڍ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

ሞ்៓બࢪ้ڦǈڼᅃට੦ഗՆ௨்ํࡗح体ॺዾăړಸጐ݀ิࢪ้ڦǈ

்৽ࣷཕူઠăܸ对ᇀכǈ்ၙᄲᆶၵփཞăሞኈํ๘হዐǈכړጐฉॺዾࢪ้ڦǈ

සࡕփጐໟ৽ࣷԥڑݒă்ڦఇెԲডໜᅪǈሞ Futurgo ࣷࢪ้ڦৠዐ体ׇڟಸጐכ

ൟൟڑݒă3D ᆌᆩၚᆌ体ಸጐ߁ڦԥྺ碰撞响应（collision response）ă

૩ 11-18 ቛ๖କሞכ੦ഗዐසํࢆ၄ڑݒಸጐၚᆌăံǈ்݀ةᅃ߲Đcollideđ๚

ॲߴᆶ॔དഗăᆌᆩࣷ॔དኄ߲๚ॲǈሞכಸጐ݀ةࢪ้ڦᅃ߲ำᅼăࢫǈ்ۙᆩ

restorePosition() ಸጐ体ăথူઠǈ࣮ᅬᅃူሞࡗحᇱ๔࿋ዃǈઠՆ௨ڦכް݆࣬ݛ

realize() ዐǈ்ၠ݆ݛ Futurgo ཁेକᅃ߲כ Vizi.BounceBehavior ፇॲă்݀ةఫ

ă൩ੂ்සၠݛݒڦၠݛۯ向后ኸၠᅎڦăኄۅᅃڑݒࢫၠכႜྺǈࣷඟڑݒ߲

ยዃࢆ bouncer ڦ bounceVector ຌႠྺᅎၠۯଉڦຕǈժڟݣ 1/3 ઠఇెևۯݴଉሞ

Đಸጐđࢪ้ڦԥဌକăፌࢫǈ்࠲Կᆅă

例 11-18ǖᅃ߲ಸጐၚᆌ

FuturgoController.prototype.handleCollision = function(collide) { 
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    // ཚኪᆶ॔ڦདഗ 
    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

ړă்ႴᄲਦۨۅᅃߛୟᄲڢԲࣷڢཫഐăටႜࣷݛںᆶၵ࣏ڍ平།ǈݥৣ࣍

Futurgo ਸڟฉ面ࢪ้ڦසتࢆǈᅜስཕኹईਸฉටႜڢăڍ்փထྭכĐđࡗ

ටႜڢǈၟࡻටႜڢփ٪ሞᅃᄣăሞಸڟටႜࢪ้ڦڢǈཕኹᅃ߲०ڦڇਦ݆ݛǈڍ

ኄăᅺ்ُॽඟכਸڟටႜڢฉǈྺُႴᄲํ၄ںႚ߶ໜă

地形跟随ኸ๑၎ऐईࣅวᇑں面ԍۨࠦਐڦ໙݆ăړ၎ऐሞׇৠዐᅎࢪ้ڦۯǈࣷ

ၠူཨพᅃຐ࠼၍ăසࡕಸฉඪࢆबࢆ体ǈॽࣷॠֱबࢆ体ڦਐǈࢅ၎ऐڦྭ܈ߛ

ႜԲডǖසࡕਐၭᇀྭኵǈ၎ऐ৽ࣷฉืǈੂഐઠืߛକǗසࡕਐԲྭኵٷǈ

၎ऐ৽ࣷူᅎă

Futurgo ڦ੦ഗሞכ update ႚ߶ໜॠ֪ă்ምᅃْ๑ᆩںኴႜࣷۼዐْ݆ݛ Vizi ڦ
၍（downVector = [0, -1, 0]）ă࠼ڦኄᅃْၠူࡗಸጐǈփڦ体ࢆৠबׇࢅઠ֪݆ݛ
ేᅜጲम֪ᅃူǈ๓ၠॺዾǈࣷכਸฉටႜڢăਸ࣮নࢪ้ڦڢǈࣷכڟୟ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

၄ሞᅙঢ়ݥᆶକǈ்ᅜ॑๓ጣ Futurgo ሞڢୟዐጲᆯႜ๓ǈ࣏ڍඍକᅃᄣ۫

ဇǖำᅼăำᅼ对ᇀएᇀᄻ面ڦ Web ᆌᆩઠຫᆶၵทǈڍሞᅃ߲ኈํ 3D ׇৠዐǈඍณ

ࣷ၂ᄅăႇཀႇںǈ๑ᆩՔጚ HTML5 ᅼೕᅜൟཁेएԨำᅼă

对ᇀኄ߲ᆌᆩǈ்ኻႴᄲଇ߲ำᅼǖᅃ߲თ࣍խڦݣԝৠৣ࣍ำǈᅃ߲כಸጐڟ

体้݀ڦĐጐऍđำăံǈ்ཁे <audio> ࢅ <sound> ᇮڟ 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>

၄ሞ்ኻႴᄲႀᅃپۅஓઠ߀Վᅼଉ݀ةࢅำᅼխݣăړ் Futurgo ႜ॑ڦ

ް࣬ᅼଉᆌڦำᅼǈࢪ้ڦᅃၵǗሞ்ਸ॑๓گᅼଉᆌڦำᅼǈࢪ้

ᇱᆶٷၭăړ்॑ิ݀כಸጐࢪ้ڦǈႴᄲխݣᅃْጐऍำă

ำᅼํ၄ڦᇸஓሞ࿔ॲ Chapter 11/futurgoSound.js ዐăݥ०ڇǈ๑ᆩՔጚ 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;

ྸᅃူڦ๚൧৽ሞᆌᆩዐۙᆩኄၵ݆ݛă࣮ࡗཀྵઠੂੂ startTestDrive() ዐ֡ڦፕօ

የ（࿔ॲ Chapter 11/futurgoCity.js）ǖ

 ࡕᅼၳ߰ڦԝৠᅼॺظ //         
         that.sound.interior();

ሞਸۙࢪ้ڦכᆩ exterior() ๔ᅼଉă؛ڟઠ࣬ްԝৠᅼ݆ݛ

FuturgoCity ૌت࣏କಸጐำᅼǈཁेᅃ߲๚ॲ॔དכڟ੦ഗዐǖ

this.carController.addEventListener("collide", function(collide) { 
        that.sound.bump(); 
    });

11.10　渲染动态纹理

்ᅙঢ়ڟକظॺኈํৣ࣍ኮ୫ڦፌࢫᅃײăFuturgo ǈࢫକăሞํ၄ำᅼۯᅙঢ়ᅜਸכ

ᅜྺᅙঢ়ྜׯକᆶپஓڦՊႀăړڍ॑ాכڟ๓ࢪ้ڦǈඐߌਥࡹิऐă

ᅪ๎ڟǈኄᅺྺ੦面ӱڦਗ਼܈փڦۯǖכړᅎࢪ้ڦۯǈכࢅገ

ฉڦਗ਼܈ಎժுᆶ߶ጣՎࣅăࢅኮമำᅼڦ૩ጱᅃᄣǈڦৣ࣍ኈํႠ༵ืକڦྭኵă

ڦഐઠǈईኁณඟۯጣገăᅜ்Ⴔᄲඟᅏಎ߶ಎᆌ܈ǈਗ਼ࢪ้ڦۯᅎכړ

࿖ཌྷۯഐઠă

ሞԨবዐǈ்ॽظॺᅃ߲程序纹理（procedural texture）ǈཚײࡗႾپஓۯༀࣼ

ڦԢࢫăྺُǈ்Ⴔᄲ๑ᆩ（ༀೌৢڦփٗᅃ߲࿔ॲेሜઠܸ）࿖ཌྷڦ 2D 
canvas කăᅏಎ๑ᆩ 2D Canvas API ઠิׯᅃ߲ײႾ࿖ǈᆩᇀ๖ړമᅏฉڦ

ገኵăࢅኵ܈

Futurgo ᅏಎฉፌڦ؛࿖ཌྷᆶࠦۨ࿋ዃڦਗ਼܈ኸኍăඟ TC ॽਗ਼܈ኸኍٗᅏಎዐ

ೌăTCڦࡻݴକߴࢫׯೌăྜڦ܀ڇઠǈፕྺᅃ߲ݴ ժփႴᄲႪ߀ 3D ఇ

႙ǈኻႴႪ߀࿖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

ྺକํ၄ᅏಎࣃۯǈ்ॽظॺଷᅃ߲ጲۨᅭ Vizi ፇॲ FuturgoDashboardăFuturgo 

Dashboard ᅃ߲গԨǈظॺᅃ߲ HTML Canvas ᇮǈሞ realize() ֍ߑዐेሜ݆ݛ

ଇ߲࿋ǈժሞڦ update() ኸኍă்ॽሞ܈ገઠ߸ႎਗ਼ࢅכڦമړߵዐ݆ݛ

FuturgoController ዐཚࡗཁे๚ॲ॔དઠ߶ጷכࢅገڦՎࣅă

૩ 11-21 ቛ๖କยዃپڦஓărealize() ڦॺକᅃ߲ႎظ Canvas ᇮǈ๑ᆩ Three.js ࿖
对象ઠඹభăࢫ்ยዃኄ߲ႎڦ࿖ྺᅏಎዊڦ map ຌႠăࢫǈ்ᅜ
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๑ᆩՔጚڦ Canvas 2D ࣼ API ۙᆩઠ߸ႎ Canvas ࿖ڦ体ڟᆙݒࣷ߀ඹǈኄၵႪాڦ

ཌྷฉă

例 11-21ǖྺᅏಎظॺᅃ߲ canvas ࿖

FuturgoDashboardScript.prototype.realize = function() 
{ 
    // ยዃᅏಎಎ面ਗ਼܈ 
    var gauge = this._object.findNode("head_light_L1"); 
    var visual = gauge.visuals[0]; 
 
 canvasᇮڦᆩᇀࣼڦॺᅃ߲ႎظ //    
    var canvas = document.createElement("canvas"); 
    canvas.width = 512; 
    canvas.height = 512; 
 
    // ᅜኄ߲canvasᇮྺᇸظॺᅃ߲Three.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() ஓă்๑ᆩپڦକेሜ࿖ڟǈݴӷևࢫڦ DOM ຌႠઠํ၄ǖံǈ

ยዃᅃ߲ onload ǈ்ยዃࢫǗࡻೌेሜྜժጚԢࢪ໕்๊้ߢຕǈࣷࡧت

src ຌႠઠेሜೌă

    // ेሜᅏಎࢅਗ਼ڦ܈࿖ 
    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; 
 
    // ഽႜ؛๔ࣅ߸ႎ 
    this.needsUpdate = true; 
}

၄ሞᅜࣼ࿖କǈֱੂ૩ 11-22ăْۙᆩᅏಎ update() ߵǈ்ॽࢪ้ڦ݆ݛ

ǈ்ۙᆩࣅᆶՎࡕႴᄲዘࣼ࿖ăසޏǈઠਦۨࣅՎޏኵईገኵ܈ڦ੦ഗכ
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darw() ઠᆌᆩ݆ݛ Canvas API ࣼڟ࿖ฉăံǈdraw() ࣷ๑ᆩړമ࿔Ԩڦჿൣ

canvas ڦକǈࣷ๑ᆩฉူ࿔ࡻᅏӱ࿋ेሜࡕǈසࢫඹăాڦ drawImage() ݆ݛ

ႜࣼǈ๑ᆩೌၟڦઠޮ߃ኝ߲ canvasă

例 11-22ǖࣼᅏಎԝৠၟ

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 ቤถକ Canvas ࣼएإă

၄ሞǈ்Ⴔᄲॽਗ਼܈ኸኍࣃሞฉ面ă்ᅙঢ়߶ጷକכࢅገ（ၘܹࣷࣷځဦถ）ǈ

ॽ๑ᆩኄၵኵઠऺ໙ਗ਼܈ኸኍ࿋ገڦঙ܈ă࣮ᅬᅃူ 2D Canvas API ዐ༵ڦࠃ save()

ࢅ restore() ࣼׯമጒༀǈժሞྜړڦǈ்ᆩᇀሞᅃဣଚࣼ֡ፕമԍ٪ฉူ࿔݆ݛ

ǈ்ሞฉူ࿔ฉኴࢫጒༀࡻ٪ᆩ்ăԍۙࢪ้ڦኸኍ܈ă்ࣷሞ߲ࣼਗ਼ް࣬ࢫ

ႜ 2D Վ࣑ǈॽ்नॽࣼڦਗ਼܈ኸኍၟ平ᅎڟᅏኟඓڦ࿋ዃฉǈࢫገڟኟඓ

ǈ்ࣼೌժ࣬ްฉူ࿔ă்对߲ࢫገኵದăࢅኵכമړࢅ࿋ዃฉǈڦ

ᅏۼኄ֡ፕă（एᇀਗ਼܈ኸኍ࿋٫ڦǈڟڥକኄᆩڦڟ平ᅎኵǗཚࡗᅃ߲

ೌՊडײႾǈڟڥକᅃ߲ᅜඓۨڦ࿋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(); 
    }    
}

ྸᅃူڦ๚൧৽থכ੦ഗڟᅏಎฉǈ๑ᅜ॔དכࢅገڦՎࣅă

ڦยዃࢫॺظᆌᆩሞᅏಎ carController ຌႠǖ

    this.dashboardScript.carController = this.carController;

carController ஓቛ๖ሞ૩پڦ 11-23 ዐǈᅃ߲๑ᆩ Object.defineProperties ڦॺظ

JavaScript ຌႠăሞాևํ၄ዐǈยዃຌႠࣷۙᆩ对象ݡڦ࿚݆ݛ setCarController()ă

ᅃ߲ຳᆶຌႠڟԍ٪੦ഗ݆ݛ this._carController ዐǈժཁेכ੦ഗĐspeedđࢅ

Đrpmđ๚ॲ॔ڦདഗăኄၵ॔དഗࣷԍ٪ႎڦኵǈࢫཚࡗยዃᅏಎڦ needsUpdate ຌ

ႠઠՔऻႴᄲዘࣼă၄ሞǈכړ༵ߛईইࢪ้ڦگǈᅏಎڦ၂๖হ面ࣷႜዘࣼઠ

ăࣅᆙኄᅃՎݒ

例 11-23ǖᅏಎ੦ഗগԨยዃכࢅገ߀Վ॔ڦདഗ

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 ᇮፕྺ WebGL ࿖ీڦ૰ݥഽٷăሎႹਸ݀ኁ๑ᆩຄ

ဒĂ०ڦڇ API ઠሞ JavaScript ዐۯༀࣼ࿖ǈਸഔକํ၄घۯට႐ၳࡕ

ీăWebGLڦ ăWebGLڦฉኟඓۅยऺኁሞኄᅃڦ ኧ࣏ HTML 视ೕ

ᇮ࿖ǈᅜႜ߸ഽڦٷፇࢇă

11.11　小结

ኄᅃቤǈڍภतକႹాܠඹă

ేბڟକසࢆሞ Web ᄻ面ዐํ၄ᅃ߲ᆩڦĂੂഐઠኈํڦ 3D ᆶඇৠԝৠĂټǈৣ࣍

体ă்ڦۯႜྺઠᅎࢻĂᅼၳยऺǈᅜतᅜ๑ᆩࡵڞڦ੦ࢽพĂᆩݒཌྷৣ࣍

કቛକ்߾ڦਏǈߴᇨબ߾ਏཁेକႎీࠀǈඟሎႹ்ֱੂׇৠڦࠓǈᅜत
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߲对象ၘڦဦຌႠăేბသକසࢆਸ݀ब߲ঢ়ۆ 3D ᆴဥ໙݆ࢅ༬ၳڦ०ڇӲԨǈԲසڼ

ᅃටࡵڞĂಸጐॠ֪Ăںႚ߶ໜĂskybox කᅜतײႾ࿖ă

ሞ៓બഗዐظॺ 3D ࡀᅜሞڍፕǈ߾ڦᅃၜްሗৣ࣍ Web ਸ้݀ڦक़ࢅᇨ໙ాྜ

ᅙঢ়ᆶକăׯྜࢆă၄ሞǈే对සׯ
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ໜጣඁࡗ 10 ݀ڦቛǈHTML5 ሞऐࢅ平ӱۉసዐ݀ิକ߸ਏ߫ంႠڦᄇՎăࡕ

iPhone ࢅ iPad ऋ݀ڦยԢణമሞۯহ၌ăᅎڦసक़ۉཥدࢅยԢۯକᅎࢵतఇڦ

ଉฉࡗגକدཥऺ໙ऐǈᅺྺၩݯኁځ߸०ڇĂ߸ၭേࢅ߸ՍၻڦยԢઠᆴဥĂੂ视

ೕĂདᅼૂĂႀᆰॲĂฉྪᅜतࣆۉٶăኄၵႎڦቨฉยԢࠃ༵࣏କٷଉႎీࠀǈԈઔए

ᇀ࿋ዃޜڦခĂఄةೡহ面ĂยԢၠݛă

ྺକీࠕ๑ᆩీऐࢅ平ӱۉస༵ڦࠃႎీࠀǈਸ݀ኁཚႴᄲბသႎڦՊײᇕჾࢅ

֡ፕဣཥăԲසǈྺࡕยԢਸ݀ᆌᆩႴᄲ๑ᆩ iOS ဣཥڦ APIǈժएᇀ Objective-C ᇕჾ

（ईኁٗഄૌຼᇀ C++ ኄᄣڦᇱิᇕჾൃথڟ）ႜਸ݀Ǘྺ Android ֡ፕဣཥਸ݀

Ⴔᄲბသփཞڦ APIǈժएᇀ Java ਸ݀ăᅃ้क़ᅜઠǈᅎۯ平ኻྺएᇀ HTML5 ਸ݀

૰ǈ๑ᆩएᇀీڦକᆶ၌ࠃ༵ WebKit 平ሎႹਸ݀ኁ๑ۯᆌᆩዐăᅎڟ੦ॲઠഴڦ

ᆩ HTMLĂCSS त JavaScript ਸ݀ᄇ๖গԨतᅃၵᆌᆩஇडǈྺڍକݡ࿚平ీࠀڦǈ࣏

Ⴔᄲ๑ᆩᇱิپஓઠՊႀᆌᆩٷڦևాݴඹǈԈઔएᇀ OpenGL ڦ 3D ႚǈኄၵ࣏ۼு

ᆶሞᅎ៓ۯબഗዐኧă

ᅙঢ়ీࠀڦႎظ平ฉۯሞᅎ؛ፌݴևٷฉઠକăߋबǈ៓બഗጕڦඁࡗ HTML5
ਸ݀तۯᇱิᅎڦăኍ对༬ۨยԢݔࡀ Web ਸ݀ኄଇ߲ሼঢ়ݴਸڦ๘হǈੂഐઠ৽ᄲබࢇ

କă对ᇀႹܠ Web ๚ǖHTML5ࡻᆌᆩਸ݀ኁܸჾǈኄᅃॲۯᅎࢅ ࢅ JavaScript ᅜই

യ૰ă3Dڦኈኟੵ平ᆌᆩᆶਸ࣏݀Ԩǈׯਸ݀گ ፌ近ሺेඁీࠀڦăᅎۯยԢ

对 CSS3 Փǈܸኧڦ WebGL ၄ሞᅙঢ়ԥᅎۯ平ՓኧକăሞԨቤዐǈ்

ॽੂੂਸ݀एᇀ HTML5 ۯᅎڦ 3D ᆌᆩ้ࣷᇜڦڟ࿚༶ă

12.1　移动3D平台

࠶ᇱิ API ฉଶံᇀీࠀሞ࣏ HTML5ǈڍਐሞၭă࠶٪ሞᅃၵ၌ǈڍ 3D
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ᅙঢ়ሞٷևݴᅎ៓ۯબഗዐڟڥኧăٷև៓ݴબഗኧ WebGLǈڍᆶၵǈԲසᅎۯӲ

Safari ยԢฉਸ݀एᇀۯăሞԨກႀፕኮाǈᅜူሞᅎփኧ࣏ HTML5 ᆌᆩڦ၄ጒă

બഗኧ៓ۯᅎܠ • WebGLǈڍժփඇևǈ 12-1 ࣹጺକኧ WebGL બഗă៓ڦ

• ᆶᅎ៓ۯબഗۼኧ CSS 3D Վ࣑Ă܉ࡗतࣃۯăڼ 6 ቤਸ݀ڦ૩ጱᆌీሞඪᅪᅎ

ڦᆌᆩڦేࡕሏႜăසူৣ࣍બഗ៓ۯ 3D Ⴔ൱०ڇǈዷᄲሞ 2D ᄻ面ᇮዐڦ 3D
༬ၳǈేᆌණኈ୯๑ᆩ CSS3 ܸփ WebGLǈᅺྺ WebGL ժுᆶሞᅎۯยԢዐڥ

ăඇ面ኧڟ

• ᆶᅎ៓ۯબഗۼኧ 2D Canvas APIăᅜᆩઠፕྺփኧ WebGL ڦ平ۯᅎڦ

യሞইपݛӄǈᆶႠీ࿚༶ǈᅺྺ 2D Canvas ᇮժுᆶᆘॲेă

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 ዐփኧǗሞ iAds ॐዐኧǈ

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ڦ߭ዐፌ၂ڦ൶՚৽ǖሞ iOS ฉڦᅎۯӲ Safari Ӳۯᅎࢅ Chrome ዐඍ݄对

WebGL ࠶ăኧڦ Android ሞᅎۯׇܮݻฉൽڥକׯڦٷजǈഄဣཥᄺደॷୁႜ

ഐઠǈڍ iOS ᅈᅃ߲ୁݥႜڦᅎۯ平ǈ对ਸ݀ኁᆶጣटڦٷဌᆅ૰ăiOS ൧ڦ

ईႹ࿄ઠࣷ߀Վǈڍ၄ํణമ iOS ዐ៓ڦબഗփኧ WebGLă

ሞ៓બഗփኧ WebGL ӄǈݛđ（hybrid）ਦࢇĐंྺ平ฉǈᆶᅃၵದरຍǈԥڦ

ྺᆌᆩײႾ༵ࠃ WebGL APIăਸ݀ኁᅜ๑ᆩ JavaScript ઠՊႀ்ڦᆌᆩǈJavaScript
ీۙᆩᅃဣଚᇱิپஓํ၄ APIăࡕժփᅃ߲एᇀ៓બഗڦᆌᆩǈڍᆶᇱิپஓڦኴ

ႜႠీǈժᅜइڥ JavaScript ०ڇਸ݀تࡻڦă்ॽሞԨቤࢫ面ჺ৯ഄዐᅃዖ

रຍǖLudei ڦິࠅ CocoonJSă

对ᇀኧ WebGL ᆌᆩ（ཚڦԈٶࢅᆌᆩڦӄǖएᇀ៓બഗݛ平ǈᆶଇዖևຈۯᅎڦ

ԥྺ Web 应用）ă对ᇀएᇀ៓બഗڦᅎۯ WebGLǈేኻႴᄲၟਸ݀ጞ面平ᆌᆩఫᄣ

ႜਸ݀ǈ݀ࢫքޜڦేڟခഗฉă对ᇀ Web ᆌᆩǈేႴᄲ๑ᆩ平߾ڦਏઠٶԈ࿔ॲ

（ኄၵ࿔ॲཚేᄲ݀քޜڟခഗฉڦఫၵǈईႹे࣏ᅃ߲Քࢅᅃၵᇮຕ႑တ）ǈ

ࢫཚࡗ平ڦᆌᆩฆیईૌຼޜڦခઠ݀քă

փే࠶සࢆևຈేڦᆌᆩǈᆶᅃၵేሞਸ݀ᅎۯ 3D ้Ⴔᄲ༬՚ጀᅪݛںڦăံǈేॽ

Ⴔᄲཁे对ยԢీ૰ڦኧǈԲසఄةĂ࿋ዃࢅยԢၠݛăే࣏Ⴔᄲ߸ेା႐Ⴀీǈ

ᅺྺᅎۯยԢฉాڦ٪߸ၭժ（ཚ）CPU ࢅ GPU ࢫሏ໙ీ૰߸ෑă்ॽሞԨቤڦ

面ถኄၵࣆ༶ă
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HTML5 ᅎۯ平ሞփՎࣅዐǈຼࢭཀࣷۼ၄ႎڦ平ăྼएَཉ

（http://en.wikipedia.org/wiki/HTML5_in_mobile_devices）对၎࠲ԝৠ႑တႜ

କട߁ڦړຎă

12.2　为移动浏览器开发

සేࡕᅙঢ়ᆶྺጞ面៓બഗظॺ WebGL ᆌᆩڦঢ়ᄓǈਸ๔ᅎۯਸ݀ࣷ०ڇǈኻႴॽ

៓બഗኸၠ၎࠲ URLăසڦేࡕᅎۯ平ኧ WebGLǈᆌࣷኟሏႜăႠీ

ۨࣷᆶֶᅴăยԢ֡ࢅፕဣཥ平ኧႹܠփཞڦᆘॲದዃǖᆶၵ܋گݥǈԲසઠ

ጲ GeeksPhone ڦ Firefox OS ऐǗഄڦႠీ࣏ۼփٱǈԲසႎڦ Samsung Galaxy ࢅ

Google Nexus 平ӱăڍ்ณీۼሞೡటዐකᅃၵၳࡕǈඟేሞُएإฉਸ݀ă

ሞ֪ڦยԢዐǈඟᆇ象ፌศਗ਼ڦ৽ Amazon Kindle Fire HDXǈᇀ 2013  10
ሆ݀քăKindle Fire HDX  Kindle Fire ׂ၍ืڦपǈᆶᆫႯڦᆘॲದዃǖᅃઠጲ

ഗǈᅜतेฉକ对تࢃ຺ᣇୄ（Snapdragon）ڦཚߛ HTML5 ᅃୁኧڦ Adreno 330 
GPUăኄ߲ᆈڦ٫平ӱ对Ԩກዐڦ૩ጱኧࡻڥă 12-1  Futurgo በྪכ߁

（֖见ڼ 10 ቤ）ሏႜሞ Kindle Fire HDX ዐڦ Amazon Silk ៓બഗฉڦপăጀᅪǈ

ੂഐઠڼࢅ 10 ቤዐጞ面Ӳڦ૩ጱᅃᄣăኸሞ canvas ൶ᇘۯࣂઠገ Futurgoǈᆩଇ߲

ኸሞ canvas ൶ᇘࢇઠݣఇ႙ǈۅऍ Interior ࢅ LTD Racing Քധઠਸഔࣃۯǈۅऍ

Futurgo ยԢᆈ٫ڦपൟגǈ对ᇀᅃ߲ٱփႠీڦă֫ޝڑઠݴᅃևڦวכ

ઠຫၳגࡕᇨă

图 12-1：运行在 Kindle Fire HDX 上的 Futurgo 应用
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ժுᆶፔඪ߾ेࢆፕઠඟኄ߲૩ጱሞ Kindle ยԢฉሏႜǈኄփፁྺആăኻॽ

URL ៓ڟબഗዐǈځڪब௱ǈᄻ面৽ྜඇකժۯഐઠକăၟኄᄣڦᅎۯยԢுᆶ

Քǈᅜྺକํ၄ࢻǈႴᄲཁेఄةڦኧă

12.2.1　增加触摸支持

ᅎۯ HTML5 ៓બഗࣷጲتۯᄻ面ᇮఄةڦǈิࢇׯڦ mouseclick ๚ॲă

Futurgo ᄻ面ᆸՉڦՔധᅜኟ߾ፕǈీٶ݀ةࠕਸࢅכገጱࣃۯڦăڍǈ៓બ

ഗփࣷጲྺۯ Canvas ᇮิׯՔ๚ॲǈ்Ⴔᄲጲमཚتࡗ៓બഗ触摸事件（touch 
event）ઠཁेኧă

ໜጣةೡহ面ሞᅎۯยԢฉୁڦႜǈఄة๚ॲԥཁेڟକ Web ៓બഗዐă்ᆶۅૌຼ

Ք๚ॲǈᅺྺኧ၎对ᇀਜ਼܋ࢽĂᄻ面ࢅೡటڦ x ࢅ y ፖՔăڍǈ்࣏ኧᅃၵփཞ

ೡటఄةۼ૩ස߲ኸ）ఄةۅܠཞ้ຕยԢኧܠٷ႑တǈᆮഄᅺྺڦ )ǈఄة๚

ॲԈࡤକփཞ߳ۅఄةጲڦ႑တă

៓બഗ࣏ۨᅭକႎڦ๚ॲૌ႙ǈ 12-2 ፔକ߁ઔă

表12-2：浏览器触摸事件

事　　件 描　　述

touchstart （ೡటఄةᅃْڼᅃ߲ኸړԲස）݀ةࢪ้ڦఄةڟॠ֪ړ

touchmove （ۯᅃ߲ኸሞೡటዐᅎړԲස）݀ةࢪ้ڦࣅ࿋ዃՎఄةړ

touchend （Բසኸٗೡటฉᅎਸ）݀ةࢪ้ڦຐఄةړ

touchcancel （ۅఄةܠԲස）ԥഄ༬ํ၄ႜྺዐఄةᆌ൶ྔ面ǈईߌఄةڦೡటڟᅎఄةړ

݀ة้

ྜኝ៓ڦબഗఄة๚ॲݔࡀᅜሞ W3C ླྀ४ᄻ面（http://www.w3.org/TR/ 

2013/REC-touch-events-20131010/）ቴڟă

ጀᅪǈሞᆶၵ៓બഗዐ对ఄة๚ॲڦኧ࣏ሞਸ݀ዐǈేీࣷᇜڟ༬ۨ៓

બഗڦ࿚༶ăԲසጞ面Ӳڦ Internet Explorer ሞኧڦఄة PC ฉኧఄة๚

ॲǈڍ்Ⴔᄲփཞڦ DOM ๚ॲૌ႙ࢅ༬ۨ៓બഗڦ CSS ຌႠ（-ms- മ

ጘ）ઠඟኟ߾ፕăਏ体ဦব൩ֱკేణՔ៓બഗڦਸ݀ኁ࿔ڗă

ྺକߴ Futurgo ᆌᆩཁेఄةኧǈ்Ⴔᄲํ၄മ面༵ڦڟ๚ॲتڦࡧຕă்Ⴔ

ᄲӝ்ཁेڟ Vizi ֱੂഗ๑ᆩڦఇ႙੦ഗዐǈઠኧఇ႙ڦገࢅݣă்ၙ࣏

ํ၄ Futurgo ᆌᆩጲวఄةڦ๚ॲኧǈઠتᆩכఄةࢽวڦᅃևݴă

1. 在查看器中实现基于触摸的模型旋转

ጞ面 Futurgo ᆌᆩڦᅃ߲ଆࡻ༬Ⴀీ๑ᆩՔገఇ႙ǈժ๑ᆩՔࡐఄةࢅӱઠ

ăپ༻ઠఄةுᆶǈᅜ்ॽ๑ᆩۼยԢฉۯăᅺྺኄၵᇸሞᅎݣ

࣮ᅬᅃူڼ 10 ቤ Futurgo ᆌᆩ๑ᆩ Vizi.Viewer 对象ᅜतాڦॺఇ႙੦ഗǈઠኧᆩ

Ք֡ፕఇ႙ă்ॽႪ߀ఇ႙੦ഗઠ๑ᆩఄةăኄ߲ૌڦᇸஓᅜሞ Vizi ᇸஓ࿔
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ॲڦ src/controllers/orbitControls.js ዐቴڟă

ံǈ்ཁे touchstart ຕǈॽۙᆩࡧ๚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 );

၄ሞ்ᅜتఄة๚ॲକă૩ 12-1 ቛ๖କ onTouchStart() ஓă்एԨฉ৽پڦ

࿁ሰକᅃ߲ՔӀူ（mouse down）๚ॲǈժۙᆩ对ᆌڦ๚ॲتࡧຕ onMouseDown()ǈ

onMouseDown() ᆩࢽՔ๚ॲتڦă߲ఄةᇸڦဦব٪ئሞ๚ॲڦ touches ଚ

ዐǈᅃ߲ Touch 对象ڦຕፇă்ኄ्ۨኻᆶᅃ߲ఄةǈࢮଚዐأକڼᅃ߲对

象ᅜྔڦഄ对象ă对象ڦኵԥްڟକ்࿁ሰڦՔ๚ॲዐǈժߴد onMouseDown()ǈ

ࢫኄ߲๚ॲԥׯړᅃ߲ཚՔӀူ๚ॲઠتă

ᆩ Mr. Spock ᆶၳăđڍઠຫǖĐᇱ๔ࣆڦ

例 12-1：ཚׯࢇࡗᅃ߲ՔӀူ๚ॲઠتఄةਸ๔

 ᅃ߲Քፑ॰๚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 touchendǈփཞڦ்๑ᆩକ event.

changedTouches ຕፇăchangedTouches Ԉࡤඪᅪఄةᇸᅎڦ้ۯႎኵă்ཞᄣඇև

्ۨᅃ߲֡ఄةፕăኄு࿚༶ڦǈ்对ᇀఄةۅܠᆶഄݛӄăਏ体ဦবᅜֱੂ

onTouchMove() ࢅ onTouchEnd() ஓăپڦ݆ݛ

2. 实现基于多点触摸的缩放

๕ݛࢻఄةۅܠڦᆩ多点触摸֡ፕăᅃ߲ǈईኁຫኧఄة߲ܠยԢኧݴևٷ

๑ᆩଇߵኸઠĐࢇđೡటǈनॽଇߵኸᅎ近ࢅᅎ远ઠၭईٷݣ视ă்ॽሞ
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Vizi ఇ႙੦ഗฉႜํ၄ă

ਸ݀ఄةۅܠԲਸ݀ఄةۅڇ߸ްሗᅃၵǈᅺྺ்Ⴔᄲݴ՚߶ጷఄة߲ܠڦᅎۯă

对象ሞ๚ॲఄة touches ई changedTouches ଚዐԈࡤᅃ߲ identifier ຌႠǈྸఄة

ᅃڦ idǈሞڦዜ（ٗ touchstart ڟ touchmoveǈڟ touchend ई touchcancel）ԍ

փՎă

ඟ்ઠੂᅃူپஓăሞ onTouchStart() ăఄةᆶᅃ߲ᅜฉޏǈ்ॠ֪ݴਸ๔ևڦ

සࡕࣆڦǈ்ॽׯړࢇ（pinch-to-zoom）ǈܸփఇ႙ገă்๑ᆩ

touches ຕፇڦമଇၜઠऺ໙ఄةक़ڦਐǈԍ٪்ڟ touchDistance ຌႠዐă்ॽሞ

ၠྔफუ（pinch outward）ă࣏面๑ᆩઠඓۨၠాफუ（pinch inward）ࢫ

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; 
        }

்ݴ࣏՚ሞຌႠ touchId0 ࢅ touchId1 ԍ٪କଇ߲ఄة对象ڦጴزޙՔ๎ޙă்ኄ

ፔᅺྺړথူઠথڟ touchmove ๚ॲ้ǈ்ՂႷඓۨన߲ఄة对象ᅎۯକǈᅺྺ

ժփీԍኤఄة对象ሞႎڦ changedTouches ๚ॲଚዐԍ٪ڦຩႾࢅፌڦ؛ touchstart ๚

ॲᅃᄣڦăྸᅃీ൶ݴ߲ఄة对象ڦ႑တ৽ڦ identifier ຌႠǈᅜ்ԍ٪ူ

ઠࢫࠃჄ๑ᆩă

၄ሞᅜت touchmove କǈ൩ੂ૩ 12-2ăሞ onTouchMove() ዐǈ்ံඓ݆ۨݛ

ᆶǈ்ሞࡕ๚ॲăසఄةۅܠᆶޏ changedTouches ዐֱቴኮമԍ٪ڦଇ߲Ք๎ޙǖ

touchId0 ࢅ touchId1ăᆶኄၵՔ๎ఄةڦޙ对象்࠲႐ڦăᅃڋइڥକ்ǈ்

৽ᅜ๑ᆩޤዺࡧຕ calcDistance() ऺ໙ႎڦਐă்ॽࢅኮമڦਐ၎३ǖසࡕ

ࡕǗසٷ߸ਐ远କǈᇀ்ઙ近၎ऐઠඟఇ႙ੂഐઠڦኸߵǈຫ்ଇڦኟࡕ

ࡕڦǈຫ்ଇߵኸڦਐ߸近କǈᇀၭఇ႙ă

例 12-2：๑ᆩتఄةۅܠᅃ߲֡ࢇፕ

    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; 
        } 
    }

ඟ்ੂᅃူਐසऺࢆ໙ڦă૩ 12-3 ቛ๖କ calcDistance() ०ஓăऺ໙پඇևڦ

๕ăࠅઙຯ（Pythagorean）ਐߣٳԹڦۆǈ๑ᆩঢ়ڇ

例 12-3：ऺ໙ڦࢇਐ

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

ྺକኟඓํ၄்ఄةڦǈ࣏ᆶᅃ߲ၭݥڍዘᄲڦဦবăఐණ൧ူǈᅎۯ Web ៓બ

ഗሎႹᆩࢽ๑ᆩఄةઠݣᄻ面ాඹăڍǈኄࣷ߅ඡ்๑ᆩࢇઠݣ 3D ాඹీڦ

૰ăࡻၩတᆶӸ݆ሞՔധዐ࠲Կኄ߲ీࠀăཚࡗԈࡤᅜူ HTML5 meta Քധǈ்ᅜ

ᄻ面（൩ੂݣࢽኹᆩݞ 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 ᆶᅃ߲ీࠀڦࡻݥǖ对ᇀכఇ႙փཞևڦݴ႑တՔጀăᅎۯՔཕ

ڦ႑တܠ߸ݴᇀఫ߲և࠲ᅃ߲ڑǈࣷࢪ้ڦ（วĂכի૱Ăޅڔ）ݴฉᅃևכڟ

DIVăڍǈᅎۯยԢுᆶՔǈᅜएᇀՔཕփీ߾ፕڦăፕྺ༺پǈ்ᅜ

ሞఇ႙ڦփཞևݴԥڑ้ఄةՔጀăVizi.Picker Ԉࡤକ对ఄة๚ॲڦኧă൩ੂ࿔ॲ

Chapter 12/futurgo.js ڼڦ 44 ႜǈ்ཁेକएᇀ݀ةఄةՔጀپڦஓăጀᅪ૩ 12-4 ዐٚ

体Քڦႜă

例 12-4：ྺ Futurgo ఇ႙ཁे Vizi.Picker ๚ॲఄة

// ྺᆶشכڦཁे้ڦڏႜྺ 
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); 
});

ڦڇຕኄᅃ०ࡧتᅃ߲၄ᆶՔڟǈ்ምْ๑ᆩକ݀ໃڇ०ຕࡧتڦ๚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）ǈփኄپஓࣷ฿ၳă்ኄፔକ०تڦڇǈڍփᄲሞేׂڦ

پஓዐፔૌຼڦ๚൧ǈփేࣷሞࢫ面փঢ়ᅪक़݀၄ bugă

12.2.2　在桌面版Chrome上调试移动功能

ᅃڋ்ბࣷକසتࢆఄة๚ॲǈ৽ඹᅟሞ Vizi ࢅ႐ࢃ Futurgo ᆌᆩዐཁे对்ڦ

ኧăฯཁेఄةۅܠઠኧݣݣǈᆶၵဦব࿚༶ǈڍժփߛศă࠶ฉ面

்ཁे֪ࢅǈᅜ்Ⴔᄲీۙٱݖ்ࣷටૌǈ้ڍ๚൧ੂഐઠփ໙వǈڦ

ăీࠀႎڦ

 12-1 ዐଚڦ߲ᅎۯ HTML5 平ࠃ༵ۼକሞยԢฉথۙഗۙᆌᆩڦփཞݛ

݆ăᆶၵဣཥፔڥփٱǈܸᆶၵٗڦ体ᄓฉੂǈᆩഐઠݥས੮ă࠶සُǈేᆶ้ࢪ

ධႴ面ఫၵ֡ፕୁײă்փࣷ༪ஃ߲փཞ߾ڦਏǈ൩ֱკేణՔ平ڦ࿔ڗઠइڥ

႑တăܠ߸

ᇑُཞ้ǈසࡕሞॽᆌᆩദᅎڟยԢമǈీ๑ᆩᆌᆩڦጞ面ӲԨઠႜᅃၵۙ৽ࡻକă

႞ሏڦǈጞ面Ӳ Chrome ๚ॲăఄة૰ǈԲසీڦీࠀۯକఇెగၵᅎࠃਏ༵߾ۙڦ

ፕօየă֡ڦ๚ॲǈᅜူఄة݀ةǈేᅜ๑ᆩՔઠࢪ้ڦ๚ॲఇెਸഔఄةړ

(1) ሞ Chrome ៓બഗዐٶਸేڦᆌᆩă

ਸٶ (2) Chrome ۙ߾ਏă

ڦऍᆸူঙۅ (3) Settings（ยዃ）Ք（װጒ）ǈేॽࣷੂڟᅃ߲ᆩࢽহ面面ӱሞۙ

൶ᇘዐڑăස 12-2 ๖ă၎ڦ࠲൶ᇘԥංକഐઠă

(4) ስยዃ൶ᇘڦ（ፌፑՉᅃત）ڦ Overrides（ޮ߃）Քധă

ࠎ (5) Overrides Քധતڦ Enable ްă

(6) ၠ ఫ߲ްăࠎĐEmulate touch eventsđăڦᆸՉၘ൧൶ᇘڟੂేڟǈۯࡐူ

(7) ၄ሞేᅜۅऍᆸฉঙ࠲ڦԿઠ࠲Կ面ӱăړǈేႴᄲԍۙ߾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߾๚ॲఇెኻᆶሞۙఄة

߾ਏࢫǈేॽ฿ඁఄة๚ॲޮ߃ă

၄ሞǈ៓બഗఄة๚ॲఇెᅙঢ়ሞ Chrome ዐਸഔକăՔ๚ॲॽገఄةׯ࣑๚ॲժ݀

ᆌᆩă൩ੂڦేྫ 12-3ăጀᅪش口ᆸฉঙ（ሞዐංഐઠକ）ᆶࢤ࿔Ԩڦਈ

ႚ൶ᇘǈߢ໕்๚ॲޮ߃ᅙঢ়ਸഔ ă၄ሞ๑ᆩՔۅऍ Futurgoǈ்ᅜੂړڟ

touchstart ࢅ touchend ๚ॲ้݀ةႀڟ੦ڦၩတǈ்ॽ்ሞ੦ش口ዐංକഐ

ઠăኄ߲०ీڦڇ૰ሞᆌᆩദᅎڟᅎۯยԢമǈۙپఄةஓ݆ݛࡻڦăփࡗǈኻኧ

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

ᆶ้ࢪǈేၙॽేڦፕٶԈྺᅃ߲ྜڦׯᆌᆩևຈڟยԢฉăईኁేၙ๑ᆩᆌᆩాࠔ

சǈईഄྺᆌᆩܸጚԢڍሞ៓બഗዐփኧڦ平ీࠀăईኁేኻၙሞᆩڦࢽยԢฉ

Ҿጎᅃ߲Քǈ๑ڥీথٶਸేڦᆌᆩăٷևݴႎڦᅎۯยԢ平ኧᆩ JavaScript
ࢅ HTML5 ਸ݀ǈࢫॽٶࡕԈྺᅃ߲ᆌᆩׯई Web ᆌᆩă

12.3.1　Web应用开发和测试工具

๑ᆩ HTML5 ॺظ Web ᆌᆩڦਸ݀߾ਏᅺ平ܸᅴǈ߲平ۼᆶጲम֪ڦĂۙٶࢅ

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 ฆیዐᆶ༵ࠃăၘဦ႑တᅜݡ࿚ 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߾ਏڦ๑ᆩݥ०ڇǖሞేڦᄻ面ዐᅃ߲ URLǈ৽ࣷᅜඇೡݛڦ๕ઠेሜኄ߲

ᄻ面ăేړْኄ߲ URL ኮࢫǈ৽ࣷԥԍ٪ሞ֪ฆیዐᅜՍምْሜă

ኮമ༵ࡗڟǈظॺ Web ᆌᆩڦਸ݀ኁ߾ਏᅺ平ܸᅴăฯ对ᇀփཞฆӲ

Ԩڦ Android ᄺසُǖ࠶ Kindle Fire OS एᇀ Android ڍǈڦ Amazon

ཁेକٷଉీࠀǈᆶᅃဣଚጲۨᅭ߾ڦਏઠਸ݀Ă֪ٶࢅԈă对ᇀഄए

ᇀ Android ईֱੂڗ࿔ڦฆဣཥǈ൩ֱკڦ 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

ᅃۙేڋ֪ࢅྜేڦᆌᆩǈ৽ᅜ݀քକăཞᄣǈ߲平݀ڦքୁײᄺۼփཞă

Amazon ڦ口ǈሎႹጀ֩݀ݴᆌᆩۯକᅎࠃ༵ Amazon ਸ݀ኁظॺ Kindle Fire ࢅ Android
ᆌᆩઠ݀քăཚࡗኄ߲口݀քేڦᆌᆩႴᄲঢ়ࡗब߲օየăڼᅃօྺᆌᆩظॺᅃ߲清

单文件（manifest file）ǈኄᅃ߲Ԉ࠲ࡤᇀᆌᆩాඹतڦీࠀ႑တڦ࿔ॲăူ面ᅃ߲๖

૩ǈᅃ߲ݥ०ڦڇ Amazon Web ᆌᆩڇൣڦ࿔ॲăྸᅃႴᄲڦጴ verification_

keyǈሞ Amazon ݀քୁײዐิڦׯኵăഄ࠲ᇀᆌᆩڦᇮຕǈԲසՔࢅ௮ຎǈሞ

༵ᆌᆩࢪ้ڦሞ၍༵ǈܸփሞ manifest ࿔ॲዐă

Amazon ኝ႑တᅜሞྜڦ࿔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࿔ॲĂᅃ߲ᆌᆩՔĂᅃ߲ᆌᆩఁڦକԈዐ࿔ॲዐǈ்ଚڇൣڦ

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૬ڦଇݛă்ᅜၙ象փ远ڦ࿄ઠǈඪᅪᆌᆩۼᅜံሞ

HTML5 ዐਸ݀ǈࢫ०ںڇ๑ᆩฆٶڦԈरຍ݀քڟփཞڦᅎۯ平ฉăܸǈኄ߲

࿄ઠ࣏ுڟઠă平क़࣏ᆶփཞǈᆮഄ 3D ǈWebGLڦࡗᆶֶਐă৽ၟമ面்ຫ࣏ ᅙ

ঢ়ሞबࢭᆶᅎ៓ۯબഗዐڟڥକኧǈڍժ࿄ྜඇतă

ᅺྺኄᄣईఫᄣڦᇱᅺǈేႴᄲ୯๑ᆩగዖሞణՔยԢฉਸഔ WebGL ࡗरຍǈཚڦ

ᇱิੰई适配器ઠඟࠃ༵ JavaScript ࿚ݡ WebGL APIă๑ᆩᅃዖದഗरຍǈేᅜሞٶ

Ԉڦᆌᆩዐॽ JavaScript/HTML ᇑᇱิپஓ၎ࢇǈՎׯᅃ߲ंࢇᆌᆩǈᇉࢅႨቨग़ڥă

ਸ݀ኁईႹࣷᅺྺසူᇱᅺኮᅃܸገၠंݛࢇ๕ă

• 缺乏浏览器支持

iOS ํ၄ WebGL ፆҹă对ᇀૌຼڦٷፆҹǈܸᅃ߲ڦ iOS तഄփኧ WebGL
ڦ平（ԲසራӲԨۯᅎڦ Android）ઠຫǈंݛࢇӄ༵ࠃକᅃዖݛ๕ǈሎႹਸ݀ኁ

๑ᆩ JavaScript एᇀ WebGL API ਸ݀ 3D ᆌᆩǈժ݀քڟణՔ平ă

• 性能

ದੰཚࠃ༵ࣷԲएᇀ៓બഗ WebGL Ⴀీăኄᆶଇ߲ᇱᅺăڦࡻᆌᆩڪཞڦ

ံǈ்ᅜ༵ࠃᅃ߲ᆫࣅժۙᆫڦ JavaScript Ⴕెऐăഄْǈ்ᅜՆ௨៓બഗҾ

ඇఇ႙ཁेڦ WebGL Ҿඇ֫ĊĊኄ对ᇀएᇀ Web 对ᇀᇱิᆌڍǈڦᆌᆩՂႴڦ

ᆩሶփă

• 发布为一个应用

සࡕణڦॽᆌᆩׯ݀քྺᅎۯᆌᆩǈܸփएᇀ៓બഗڦበۅǈंݛࢇӄኵڥᅃ

ăᆶၵंݛࢇӄฯሎႹ JavaScript ๑ᆩሞكएᇀ៓બഗڦᆌᆩዐுᆶీࠀڦǈԲස

ᆌᆩాࠔசĂᇱิߢ࠽ SDKĂၩတླྀໃă

近बઠǈ၄କबዖኧݛࢇंӄڦದरຍă࠶்ዐٷڦևࠃ༵ݴକᆘॲे

ڦ Canvas तഄ༬ీࠀ（ഄዐፌዸఁڦ Adobe ڦ PhoneGapǈྪ http://phonegap.
com/）ǈڍኻᆶณຕंࢇॐԈઔକ对 WebGL ଇ߲ڦጀᅪڥăፌኵኧڦ CocoonJS ࢅ

Ejectaă࠶ኄଇ߲߾ਏਦ၎ཞڦ࿚༶ǈڍ்݆ݛڦڦඐփཞǈᅜူᅃ߲०
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ᄲڦԲডă

• CocoonJS（http://www.ludei.com/tech/cocoonjs）

CocoonJS ᅜሏႜሞ Android ࢅ iOS ฉă༵ࠃକᅃ߲०ڦڇᆌᆩඹഗઠሏႜ HTML5
ࢅ JavaScript କ对ࠃဦবă༵ڦဣཥ֫ڹஓǈᆆ֠କپ CanvasĂWebGLĂWeb 
AudioĂWeb Sockets ၄ăCocoonJSํڦڪ ၜణՊᅳဣཥǈᅜేᄲፔڦ܋ᆶᅃ߲ሊ࣏

ਏǈԲස߾๑ᆩᇱิ平ࢆၜణăਸ݀ኁփႴᄲକසڦॺేࠓࢅکৈৈڦ iOS ڦ

XcodeǈઠظॺᇱิᆌᆩăCocoonJS Կᇸၜణǈᆯ࿋ᇀ৹ূڦਸ݀ฆ Ludei ჹ߭

੦ă

• Ejecta（http://impactjs.com/ejecta）

Ejecta ᅃ߲ਸᇸੰǈ༵ࠃକႹࢅܠ CocoonJS ᅃᄣీࠀڦǈڍኻኧ iOSăEjecta ิڐ

ጲ ImpactJSǈᅃ߲ HTML5 ᆴဥᆅၜణăEjecta ߸े DIYǈႴᄲਸ݀ኁ对 Xcode ᇱࢅ

ิ平 API ᆶ၎ڦܠړକă

࠶ Ejecta ᅃ߲ਸᇸၜణǈڍᅈડ iOS ༬Ⴀत XcodeǈᅺܸփࢇԨກă்ॽ๑ᆩ

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 ದഗरຍăፕྺᅃ߲ڦยԢฉۯᆌᆩሏႜሞᅎࢇं

HTML5 ᇱิހጎઠ߾ፕǖᆌᆩईᆴဥᅜᅃ߲ᇱิᆌᆩઠኴႜڦǈሞഄዐኴႜ JavaScript
ࢅ HTMLăCocoonJS ᅜሏႜሞ iOS ࢅ Android ฉǈሞኄၵ平ࢅփཞยԢฉ༵ࠃକᅃዂ

ăৣ࣍ڦ

CocoonJS ሎႹਸ݀ኁ༵ࠃᅃ߲ HTML ࿔ॲत࠲ڦ JavaScript ஓǈ๑ᆩՔጚپ 2D ࢅ

WebGL ઠඇೡක 2D ई 3D Canvasǈ࣏ኧ Web AudioĂೌेሜĂAjax ਸ݀ڦ

XMLHttpRequestĂWebSocketsăCocoonJS ํ၄କᇱิĂᆘॲेڦ APIǈժ༵ࠃକᅃ߲ጲ

ۨᅭڦ JavaScript Ⴕెऐ（ᆯ Ludei ۙᆫ）ઠ༵ڦࡻ߸ࠃႠీă 12-5 ቛ๖କ Futurgo ፕ

ྺඇೡᇱิᆌᆩሏႜሞ Apple iPad 4 ฉڦপă
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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 ᆌᆩǈሎႹਸ݀ኁሜᅃ߲

URL ઠᇨબၳࡕǈईኁၠ Launcher ڦᆶాඹࡤᅃ߲Ԉࠃ༵ ZIP უԈઠሞยԢฉሏႜă

CocoonJS Launcherǈස 12-6 ๖ǈᅜٗࢅࡕ Android ᆌᆩฆیዐူሜăྺକ֪ే

ऍۅᆌᆩǈᅜڦ Your App Ӏ౧ǈࢫሞ࿔Ԩش口ዐ֪࿔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 ᇨબ֪ࢅᆌᆩࢫǈᅜ๑ᆩ Ludei एᇀሊޜڦခઠॽՊᅳྺᇱิᆌ

ᆩǖฉدᆌᆩ࿔ॲǈबݴዓేࢫ৽ᅜူሜᅃ߲ీሞ iOSĂAmazonĂGooglePlay तഄᆌ

ᆩฆیฉ݀քڦፌዕԈă

12.4.2　使用CocoonJS组装应用

࠶ CocoonJS ᇱิڦॺඪᅪૌ႙ࠓᅜᆩઠਸ݀ኁำڦ /HTML5 ᆌᆩǈڍ்ణമ

ዘ࠲ۅጀڦਸ݀ߛႠీᆴဥăྺُǈඟ்ਸ݀ᅃ߲ݥ०ڦڇᆴဥઠቛ๖සࠓࢆॺᅃ

߲ᆌᆩăኄ߸ၟᅃ߲ᆴဥᄇ๖ܸփྜኝᆴဥǈዷᄲᆩᇀቛ၄ୁײăሞ்ბသᆌᆩ

ڦ CocoonJS ဦবമǈံੂੂᆴဥڦጞ面ӲԨăࢫ்ࣷ๑ᆩ CocoonJS ઠ߀ሰă

ሞే៓ڦબഗዐٶਸ࿔ॲ Chapter 12/omegacity/omegacity.htmlǈేࣷੂڟස 12-7 ๖ڦ

ਸ๔ࣃ面ăኄ߲ఇ႙ੂഐઠᄅຄǈ๑ᆩڼ 8 ቤڦ๖૩ײႾेሜڦ glTFĐႵెđ

ׇ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

ኄ߲କփഐڦఇ႙ٗ 3DRT（http://www.3drt.com/）ฉࠔசڦăኄቛ๖ڦ

demo ்ཞӎຯནڦ GameSalad（http://www.gamesalad.com/）ࢇິࠅፕ

ਸ݀ڦă݀ິࠅքࡗᅃ߲ᅟᇀ๑ᆩڦ 2D ᆴဥظॺ߾ਏǈᅜᆩᇀ HTML

तᅎۯᆴဥăऻዿǈၟԨກ݀քڦഄఇ႙ᅃᄣǈኄ߲ఇ႙ᆶӲԍࢺ

ഄᆩǈڦᆌᆩዐ๑ᆩǈईኁᆩᇀბသԨກྔڦǈᅺُేփీሞేጲमڦ

ఇ႙ăڦசጲमࠔేݥأ

ڟᆓઠ࣌ Omega ǈᆀڦࢋՉݞดăేڦేࢅၭܓݴටૌ对ྔ႓ටڦ߿ፌࢫထ
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ྭăྺକኞ৸ኄ߲ččేईႹփڥփ࣯௶ƽ

ڦऍຮۅ START Քധઠᆴဥǈࣷӝేڟټ 12-8 ๖ڦዷহ面ăذݧጲ॑ۯ

๓ڦǈేኻీ݀พഗăӀူ॰ಎၠڦฉॱཀྵઠ݀พघ࠼ǈేࣷੂڟઢڦघࣷ࠼ڟ视

ዐᄕăӀူ߭॰ઠ݀พڑڞăሞཚۉำᅼࢫǈذݧٗࣷڑڞዐ႐݀พǈړऍዐణՔ

ᆴڦਸ݀ૌຼࢆ૩ጱኻยऺᆩઠቛ๖සڦڇዐԖቊăኄᅃ०࠼୴ڢǈࣷሞᅃࢪ้ڦ

ဥᆌᆩǈඟ்体ᄓᅃူ๑ᆩ CocoonJS ઠႜंࢇ 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ᆶጭڦԝৠॷՎǈ࣏Ԉࡤକྪ߭၍ǈܸ CocoonJS 
iOS ӲԨሶԝৠăኄᅺྺ CocoonJS փᅃ߲ྜኝڦ HTML5 ៓બഗׯࢇࢅᆅǈ

ܸᅃ߲ᇱิํ၄ڦ Canvas ᇮǈᆩᇀඟ JavaScript ਸ݀ኁᅜਸ݀ᇱิ 2D ࢅ 3D ႚă

CocoonJS ᅜဆ HTML ՔധǈڍࢮٷևݴՔധࢅᄣ๕႑တă

CocoonJS ဆ HTML Քധઠֱቴዷ canvasǈምेฉഄ࠲ڦ JavaScript ࿔ॲǈڍ৽ኄၵ

କǈేփᆌྭ CSS ᄣ๕ၳิࣷۼăFuturgo ԝৠೌሞڦ CSS ዐཚࡗ container DIV
ᇮኸۨڦǈܸ CocoonJS ሞဆ HTML ࿔ॲࢮࢪ้ڦକăසࡕ்ထྭኄᄣڦԝৠၳ
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ሞࡕ CocoonJS ዐิၳǈՂႷጲमሞ canvas ฉࣼă对ᇀኄ߲૩ጱܸჾǈ்ᅜሞԝৠ

ཁेᅃ߲ Three.js 对象ǈईኁᅃ߲ Vizi skybox（൩ֱੂڼ 11 ቤ）ă对ᇀ்ኄ߲०ڇڦ

૩ጱઠຫփኵڥኄፔǈڍසࡕႴᄲࣆڦǈేᄲሞేጲमڦᆌᆩዐتኄ߲࿚༶ă

࠶ CocoonJS വඍሞԝৠᇮᄣ๕ݛ面ڦኧǈڍ Ludei ᅪ๎ڟକኄᄣᅃ߲ํा࿚༶ǖႹ

ܠ Web ਸ݀ኁ߸ၙ๑ᆩ HTML ઠքਆࢅՊႀᆴဥڦᆩࢽহ面ăᅺُ༵ࠃକ߲ܾ֫۠ڼ

HTML ࿔ॲ݆ݛڦǈॽ߲ܾڼ HTML ࿔ॲකሞᅃ߲ WebView 口ዐǈሞዷش canvas ኮ
ฉăኄ߲࠲ڦၳิ݆ݛ॰ǈॽ canvas ڦ߃ޮࢅ HTML ᇮׯݴଇ߲փཞڦ࿔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 Cityǈ்ံݴᇱ๔࿔ॲ omegacity.html ྺଇ߲փཞڦ

࿔ॲăႎڦ࿔ॲ index.html ࢅ wv.htmlăindex.html Ԉࡤକዷ canvas ஓăwv.htmlپڦ Ԉ
ǈ்ཁेࢫݴ࿔ॲړஓăپڦ视߃ޮࡤ Ludei ڦࠃ༵ CocoonJS ༬ᆶޤڦዺپஓăኄ

ၵ࿔ॲॽ๑ᆩᅃ߲ WebView ੦ॲઠ࠶ཁेޮ߃视ǈժ༵ࠃඟଇ߲视ᅜཚ႑ڦย

แĊĊ்ሞࢫ面ࣷၘဦถăCocoonJS JavaScript ੰยऺྺ࣏ᅜሞጞ面៓બഗዐ߾ፕǈ

ᅜ்ᅜሞጞ面 Chrome ዐᇨબࡕǈࢫምڟ CocoonJS ڦ Launcher ᆌᆩዐ֪ă

ዷ canvas 视پڦஓᅜሞ࿔ॲ Chapter 12/omegacity-iOS/index.html ዐቴڟǈ֖见

૩ 12-5ăံǈሜᅃၵ CocoonJS ༬ᆶڦ࿔ॲăࢫሞᄻ面ेሜࢫǈࠓॺॽකڟ

ዷ WebGL canvas ฉڦᆴဥ对象ăᆴဥ对象ڦᇸஓᅜሞ࿔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

்கฉࣷถă）

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});

ǈ்থጣۙᆩࢫॺᆴဥ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(); 
 
}

ڦକᆶࡤ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ڦՔധࢫǈ்Ԉࡤକ CocoonJS ༬ᆶڦ࿔ॲઠ

ӻዺ࠶视ăࢫ்ظॺᅃၵጲमڦ对象ǈڍ்ኻᆩሞᆩࢽহ面ዐă（ኄᄺᆶپ

对象ǈኄْᆴဥࢅᅼૂ对象ăฎࢫႜถă）

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> 
 
... <!-- ഄՔധ --> 
    <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থഐઠǖԍኤ்ڦ视၍ᅜحཪޮ߃视ă

ᅜ்Ⴊ߃ޮ߀视ڦ CSSǈยዃᆶ body ᇮڦԝৠჿྺཪă൩ֱੂ࿔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; 
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   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 ዐগԨڦႵెऐݴă࣑ਔࣆຫǈኄଇ߲গԨᆅኴႜሞփཞৣ࣍ڦዐǈీ

๑ᆩଇ߲ྜඇփཞڦ JavaScript Ⴕెऐƽዷ视๑ᆩڦ CocoonJS ڦႵెऐǈܸሞฉ面ڦ

WebView ੦ॲ๑ᆩڦઠጲ平ڦᇱิগԨᆅăසࡕዷ视ዐپڦஓۙᆩޮ߃视

ǈCocoonJSڍኮᅨăݒຕǈࣷ฿ӨǗࡧڦ ໃၩတઠႜཚ݀ࡗକඟଇ߲视ཚࠃ༵

႑݆ݛڦăժ႞ሏڦǈփႴᄲ்ဦবă

CocoonJS ݆ݛକଷᅃ߲ᆌᆩࠃ༵ forwardAsync()ǈሎႹ்ሞଇ߲ৣ࣍क़ڿدጴزޙă

ጴࣷزޙ๑ᆩ JavaScript eval() ኴႜăᅜۙᆩଷᅃ߲ࡧڦৣ࣍ຕǈኻႴظॺᅃ߲ఫᄣڦ

ጴزޙǈړ൱ኵ（evaluate）ࢪ้ڦምۙᆩ၎ࡧ࠲ຕă

ྺକඟኄᄣپڦஓ߸܁ǈ்ॽԈጎ߲ forwardAsync() ۙᆩྺپ（proxy）对象ڦ

থ݆ۙݛᆩǖۙᆩپ对象้݆ݛڦǈాևࣷۙᆩ forwardAsync()ǈၠࣷࢫଷᅃ߲

（远ײ）݀ৣ࣍ၩတăړၩတ൱ኵࢫǈሞଷᅃ߲ৣ࣍ዐࡧڦຕԥۙᆩକǈፌዕᅜۙᆩ

远ײ对象݆ݛڦă

ྺକຫኄᅃۅǈඟ்ੂᅃူۅऍ START Քധਸ๔ᆴဥپڦஓăኄ߲پஓሞ࿔ॲ

Chapter 12/omegacity-iOS/omegacityProxyHUD ዐǈቛ๖କᅃ߲ઠጲ OmegaCityGameProxy ૌ

视ၠዷ视݀ໃᅃ߲ၩတǖ߃ǈٗޮ݆ݛڦ

OmegaCityGameProxy.prototype.play = function() { 
    CocoonJS.App.forwardAsync("playGame();"); 
 
}

ዷ视پڦஓথ playGame() ၩတǈߢ໕ำᅼᆅխݣዷᆴဥำᅼǈߢࢫ໕ኈኟڦᆴဥ

对象ઠਸ๔ᆴဥă

    function playGame() { 
       sound.enterState("play"); 
       game.play(); 
    }

ሞଷᅃ߲ၠݛฉǈᆶᆴဥాև݀ิڦ๚ॲઠ߸ႎ၂๖ǈԲසړᅃ߲आॱ݀พࢫ३ณआॱऺ

ຕă࣏ᆶྔړ႓ذথ近ࢪ้ڦǈยዃᅃ߲থ近য়ߢǈᆩႎࢤڦຮ࿔ጴ߸ႎۥևڦၩတ

൶ᇘă்ཚࡗ๑ᆩ 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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ᆩኈํۙࡗཚࢫஓپڦ֫߃ޮ 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๚ํฉሞኧڍǈ࠰ยऺఇ๕ईႹੂഐઠആڦቛ๖֍ߑ

（InterProcess CommunicationǈIPC）ڦဣཥዐ၎ړ见ă்๑ᆩዮස远程

过程调用（Remote Procedure CallǈRPC）ڦरຍǈഄዐᆶଇ߲܀૬ऺڦ໙

ऐײǈཚހࡗጎࡧຕۙᆩڦၩတઠ၎ࢻཚ႑ă

CocoonJS ॺᅃ߲एᇀࠓᆌᆩฉࢇሞंၙࡕ்සڥǈ๑ࠓມ视ॐڦ

HTML5 ǈ৽ՂႷ๑ᆩ֫߃ޮڦ RPCăՊႀມၠཚ႑پڦپஓᆶ࿆݄ۅǈ

සࡕᆶጲ߾ࣅۯਏࣷඹᅟၵăሞࢅ Ludei ਸ݀ኁڦ༪ஃዐǈ்Ӂ๖କ၎

ਏኟሞਸ݀ዐă߾࠲

12.4.3　WebGL混合开发：问题

ሞኄᅃবዐǈ்ჺ৯କ๑ᆩं݆ݛࢇਸ݀ᅃ߲एᇀ HTML5 ۯᅎڦ 3D ᆌᆩǖᅃ߲ᇱิ

ᆌᆩǈ๑ᆩ WebView ઠක HTMLǈेฉᇱิੰڦઠఇె WebGL APIă对ᇀૌຼ iOS
ኄᄣৣ࣍ڦ（ᅎۯӲ Safari Ӳۯᅎࢅ Chrome ៓બഗփኧ WebGL）ǈं݆ݛࢇኵڥ

୯ڦă

்ჺ৯କᆩ Ludei ڦ CocoonJS ፕྺᅃዖీݛࢇंڦӄăCocoonJS ሎႹ்ൟፇጎ

ᆌᆩǈփႴᄲ்ბသၟ iOS ڦ Cocoa ఫᄣڦᇱิ APIăփࡗ்࣏Ⴔᄲፔᅃ߲߾ڦྔܮ

ፕઠਸഔ HTML5 视ăᅺྺ߃ޮ CocoonJS ժփᅃ߲ྜኝڦ Web ៓બഗǈኻᅃ߲

canvas කഗǈᅜ்Ⴔᄲݴᆶ HTML5 UI ᇮڟଷᅃ߲ WebView ੦ॲฉǈ๑ᆩ

༬ڦ JavaScript API ሞఫ߲视त canvas क़ႜཚ႑ă࠶ኄ߲ݛӄᆶਆ၌Ⴀǈڍ对

କăܸࠕ๑ᆩׇৠᅙঢ়ፁݴևٷ CocoonJS ժփਸᇸǈڦਸ࣏݀ິࠅሞओटჺ৯对ਸ

݀ኁڦݛ๕ăᅃ߲ਸᇸݛپ༻ڦӄ Impact Ejectaǈڍ๑ᆩኄ߲ੰႴᄲٷଉڦ iOS ਸ

݀ኪ๎ăܸ࣏ሞਸ݀ዐǈඍ݄ٶఉă

๑ᆩ 3D ӄǈፌዕᄲൽਦᇀݛਸ݀ڦᆶႜڍӄăݛڦ࿚༶ுᆶᅃ߲ၙڦਸ݀ࢇं

ᇨ໙ăࢅႴ൱ڦే

12.5　移动3D性能

ᅎۯ平ڦጨᇸԲጞ面平ᆶ၌ǈ்ཚా٪߸ၭǈCPU ࢅ GPU 平ۯႠీ߸ֶăᅎڦ

࣏ࣷᆶټݛ面ڦ၌ǈኄൽਦᇀยԢྪڦஏૌ႙तୁଉ༫֕ăஃేਸ݀ڦᅃ߲ए

ᇀ៓બഗڦ Web ᆌᆩĂٶԈྺ Web ᆌᆩكڦ HTML5 ᆌᆩǈ࣏๑ᆩ CocoonJS ई Ejecta
ᇱิڦ /HTML5 ۯႴᄲሞਸ݀ᅎۼᆌᆩǈేࢇं 3D ᆌᆩ้༬՚࠲ጀႠీ࿚༶ă
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࿚༶ǈڦǈ்ᅜ៓બᅃၵ߸ྷݔڦକԨກג݆ݛتኝྜڦᇀႠీ࿚༶࠲

ժถबዖरຍઠፕྺԢᆩăᅜူႴᄲጀᅪڦႠీ࿚༶ǈಇႾփࢫံݴă

• JavaScript 内存管理

JavaScript ጲۯઘऎ࣮ڦᇕჾăኄᅪ࿆ጣਸ݀ኁփႴᄲ၂๕ݴದా٪ǈܸᆯႵె

ऐઠྜׯă࣏ࣷሞփႴᄲ๑ᆩా٪ࢪ้ڦॽഄࢫࠃݣჄ๑ᆩǈኄ߲ײࡗԥྺ垃圾

回收（garbage collection）ăઘऎ࣮ԥยऺྺᆯႵెऐઠਦۨሞ้ࢆኴႜăኄࣷڞዂᆌ

ᆩሞႵెऐႴᄲ้ࢾक़ႜઘऎ࣮ࢪ้ڦǈሦᇜ၂ڦჽăᆶႹܠ३ณႵెऐሞઘ

ऎ࣮ݛ面้ࡼक़ڦरຍǈଚਉසူă

 ♦ ሞᆌᆩഔࢪ้ڦۯᇨံݴದాࡻ٪ă

 ♦ ๑ᆩă࣍đǈᆯਸ݀ኁઠႜთ对象Đڦॺዘᆩظ

 ♦ ڦॺᅃ߲ႎظǈփࢪ้ڦሗኵް࣮ݓຕሞࡧ JavaScript 对象ǈܸݣሞࢇڦ对象

ઠăࡗڿدా

 ♦ Ն௨ԿԈ（न对象ᅜᆶࡧຕፕᆩᇘྔڦഄ对象）ă

 ♦ ᅃӯઠຫǈՆ௨ሞփՂᄲࢪ้ڦ๑ᆩ new ֡ፕޙă

ᅎۯ平߸ࣷڟઘऎ࣮ڦᆖၚǈᅺྺ்ా٪߸ณă

• 性能更差的 CPU 和 GPU

ሰฆඟᅎۯยԢ߸ൟࢅ߸Սᅓڦᅃዖ݆ݛ๑ᆩႠీ߸ֶࢅ߸ՍᅓڦፇॲǈԈઔ CPU
ࢅ GPUă࠶ᅎۯ平ਸ๔Վڥටںഽٷǈڍ்࣏Բփฉጞ面平ăྺକ߸ںࡻኧ

ڦၭ CPU ࢅ GPUǈժ༵ڦࡻ߸ࠃᆩࢽ体ᄓतবูۉంǈ൩୯ᅜူ֧ă

 ♦ 使用低分辨率的 3D 内容ă3D ాඹࣷ对ᅎۯยԢڦ CPU ࢅ GPU ሰڅׯăᆮഄ

ऐǈுՂᄲ݀քݴڦߛݥՐ୲ǈᅺྺ்ೡటݴڦՐ୲ժփߛăྺ๊ᄲષݯ

ăࢁڦྪஏگၭǈઠӻዺ३ൟٷ३ၭူሜࡗᅜཚ࣏Ր୲఼Ǜኄᅃरຍݴڦྔܮ

ଷᅃݛ面ǈႎڦ平ӱ༵ࠃକݴڦߛݥՐ୲ǈᅺُేႴᄲၭ႐ںፔࡻ平࢚ă

 ♦ 注意你的算法ăᅃݥڦऐഗᅜᄄ߃ሧپڦߞஓǈڍǈᅎۯยԢྫྫࣷॽ

்ԓᅍăԲසǈጣሞ Kindle Fire HDX ฉۅऍ Futurgo ࢪวăᆶ้כຌূڦ

ऍକăኄۅஓሞֱቴన߲对象ԥپǈኄཕڟੂࣷే Three.js ాൽํ၄ޭڦፕ

ᆩăپڦஓ๑ᆩ࿄ᆫڦࣅ໙݆ǈሞၭยԢฉՍԓઠକăᆶᅃཀǈኄ߲پஓࣷ

ሞ Three.js ዐԥႪްǈईሞૌຼ Vizi ఫᄣڦॐዐᅜଷᅃዖ߸ݛڦࡻ๕ํ၄ǈڍ၄ሞǈ

ႴᄲጀᅪૌຼኄᄣڦႠీ࿚༶ǈසᆶՂᄲࣆڦǈే Ⴔᄲਦ்ઠ३ณتഗڅڦă

 ♦ 简化着色器ăएᇀ GLSL ஓሞᆶၵႠీᆶ၌پڦՊᅳڟሗǈްሗްጣഗᅜڦ

ጣഗăࣅኄၵ平ฉ้०ڟăేႴᄲጀᅪሞևຈยԢฉవᅜኧۯᅎڦ

• 有限的网络资源

对ᇀ๑ᆩᅎྪۯஏईᆶୁଉ༫֕၌ڦยԢǈፌࡻጣ३ณຕدڦਸኧă3D ాඹ

ă݆ݛᆌᆩ้൩୯ᅜူኄၵڦඹăሞยऺేాڦܠ߸ǈࣷႴᄲူሜݿ

 ♦ 预先打包资源ăසٶీేࡕԈ݀ք Web ᆌᆩǈఫ৽ምၙփࡗକăాඹኻᆶሞᆌᆩ

Ҿጎူࢪ้ڦሜă

 ♦ 使用浏览器缓存ăසࡕీࣆڦǈยऺేڦጨᇸઠ૧ᆩ៓બഗ࣐٪ǈՆ௨փՂᄲڦ

ူሜă
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 ♦ 批量资源ăኄ߲ঢ়ڦۆ Web Ⴀీᆫࣅरຍǈᅜবูྪஏ൩൱ޜࢅခഗྫݓăසࡕ

݀ք߲ܠ࿋ǈԲසํ၄ᅃ߲܈ཉǈేᄲ୯ࢇժኄၵ࿋ڟᅃ߲ CSS ೌଳ

（sprite）ዐ（नᆶೌ٪ئሞᅃ߲࿔ॲዐǈምሞ CSS ዐۨᅭೋᅎ）ă

 ♦ 使用二进制格式和数据压缩ăڼ 8 ቤ༪ஃڦ glTF ࿔ॲ߭๕ڦᅃ߲ዷᄲڦణڦ३ณ

࿔ॲٷၭǈܸٗ३ณူሜ้क़ăཚࡗ๑ᆩܾ߭๕ํ၄ڦăኄ߲रຍᅜᇑ

ǈԲසࢇუǈฯ༬ۨଶᇘუ໙݆၎܋ခഗޜ 3D बࢆ体უǈઠᅃօ३ณ

ူሜْຕࢅ३ൟຕྪஏڅڦă

12.6　小结

Ԩቤ༑କ๑ᆩ HTML5 ࢅ WebGL ਸ݀ᅎۯ 3D ᆌᆩڦඇႎ๘হăᅎۯ平ሞႠీฉਸ๔

ደॷԲज़ጞ面平ǈཞ้ǈHTML5 ڟᅎۯยԢᆖၚᆅକႎڦഽీࠀٷăٷևݴᅎۯ

平ኧ 3DǖCSS3 تփሞǈWebGL ሞأ iOS ฉᅎۯӲ Safari Ӳۯᅎࢅ Chrome ኮྔڦ

平ฉۼԥኧă

ᅎ៓ۯબഗ WebGL एڍፕă߾৽ీ߀փႴᄲႪᆌᆩཚڦă၄ᆶڇ०ݥײਸ݀ୁڦ

ᇀՔڦՂႷ༺ఄةྺ࣑ă்ჺ৯କසࢆཁेఄة๚ॲڟ Vizi ֱੂഗዐํ၄

ገࢅీࠀݣă்ྺ࣏ Futurgo ఇ႙ཁेକൟಆኧǈ๑ۅڥऍڦכփཞևࣷݴቛ၄ڑ

ǈ்ยዃጞ面ీࠀఄة֪ࢅăྺକሞጞ面ฉਸ݀֫ Chrome ઠఇెఄة๚ॲă்

रຍ（Բස݀ݴࢅԈٶڦࠃฆ༵փཞ平ࡗᅜཚ࣏ Amazon ዐ႐）ǈ๑݀ݴᆌᆩۯᅎڦ

ᆩ WebGL ڦԈٶॺظஓઠپ 3D ᆌᆩ（न平ڦĐWeb ᆌᆩđ）ă

对ᇀփኧ WebGL 平ǈ்๑ᆩૌຼڦ CocoonJS ࢅ Ejecta ᆌࢇॺंظದरຍઠڦ

ᆩǈࢇ HTML5 ᇑᇱิپஓăኄሎႹ்ᆩ JavaScript ႠీĂग़ඹ߲߳ߛॺǈժ݀քࠓ

平ڦᇱิᆌᆩǈժీݡ࿚ኻሞᇱิ平ฉీࠀڦǈԲසᆌᆩాࠔசࢅၩတླྀໃă

ፌࢫǈ்៓બକᅎۯႠీ࿚༶ă࠶ᅎۯ平ሞኄबօݥںǈڍ்ᅈ

Բጞ面ဣཥႠీֶă்ႴᄲାᅪႠీ࿚༶ǈਏ体ઠຫా٪࠶ĂCPU ࢅ GPU ๑ڦ

ᆩǈᅜतټǈժ对ُႜ၎ᆌڦยऺă
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资源

ԨӀૌ՚ଚକ 3D Web ਸ݀ڦጨᇸăঢ়ݡ࿚ᅜူٷևݴበۅઠֱቴፌႎڦरຍ

ጨრĂੰĂ߾ਏĂമᄂᄇ๖ǈᅜत 3D ਸ݀ม൶ଶႰ்݆ၙڦă

A.1　WebGL资源

A.1.1　WebGL规范

WebGL Քጚᆯ Khronos ፇኯਸ݀ࢺྼࢅǈፇኯ࣏ቨ࠶ጣ OpenGLĂCOLLADAǈᅜतഄ

ేईႹདݔࡀڦࡗăేᅜሞ 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 ᆰॲଚǈઠ༪ஃڦਸࠅକᅃ߲ࢺྼ WebGL ăేᅜӀቷ֥ڦݔࡀ https://www.
khronos.org/webgl/public-mailing-list/ ኸ๖ઠ۩ለڦ public_webgl@khronos.org ᆰॲଚă

ᆶᅃ߲࣏ Google group ઠ༪ஃࢃ႐ྔݔࡀ߸ཚᆩڦ WebGL ਸ݀ࣆ༶ăేᅜሞ http://goo.
gl/CJIvC4 ጀ֩ኄ߲ଚă

A.1.3　WebGL博客和演示站点

ᆶႹܠڦձਜ਼ዂ૰ᇀ༑༪ WebGL ਸ݀ăᅜူᅃၵঢ়ݡ࿚ڦձਜ਼ă

• Learning WebGL（http://learningwebgl.com/blog/）

WebGL ྪበڦፄᄷǈᆯ Giles Thomas ڹბသేྺׯăኄᆌࢺॺǈ၄ሞሞྼظ
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֫ WebGL ਸ݀ڦएإኪ๎त API ᆩ݆ڼڦᅃበă࣏ᆶፌႎ 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 रຍڦศڦ

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 ॺǈᅃ߲݀၄ႎظ 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

ዷକྗ൶ڦ WebGL ࣷ（http://www.meetup.com/WebGL-Developers-Meetup/）ăሞ

ᬨĂ౨ሀĂհ๗ܙĂܘतഄۼݛںᆶ WebGL ࣷăࣷॽኾཞڦࢇڢටဣ

ሞᅃഐݛࡻڦ๕ăසేࡕփዿሞ৹ূǈᅜሞ http://Meetups.com ֱቴే൶ᇘڦ WebGL
ፇǈईኁጲमፇኯă

ᆶᅃ߲࣏ྔُ 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܉ࡗĂࢅࣃۯ୳ၳࡕǖ

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 ቤถڦ CSS ጲۨᅭ୳ڦዷᄲኧኁ Adobeăሞ៓બഗժுᆶݘ࠽ڟڥኧ

ĊĊణമৈᆶ Chrome ኧĊĊᅜే๑ᆩਸ݀ࢪ้ڦᄲጀᅪକăፌႎڦ႑တᅜሞ
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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 DeSandroǈظॺକසࢆ๑ᆩ CSS 3D Վڦ࣑ፌࡻጨᇸ

（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）ᆶब߲ᆅටڦ CSS 3D ᄇ๖ă

Keith Clark କ CSS ट၌ǈྜඇᆩڦ CSS 3D พऍᄇ๖ᅃටڼڦݺॺକᅃ߲ସට႗ظ

（http://blog.keithclark.co.uk/creating-3d-worlds-with-html-and-css/）ă

ྲڦ Kirupa Chinnathambi କࠃ༵ CSS //:ศ႑တǈਏ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

ጨᇸăࢅ࿔ቤĂঞბڦᆶॏኵڦࡕत୳ၳࣃۯĂ࣑

A.3　Canvas资源

A.3.1　Canvas 2D Context规范

2D Canvas API ᆯݔࡀ W3C ǈేᅜሞࢺྼ http://www.w3.org/TR/2dcontext2/ ቴڟፌႎڦ

ăݔࡀ

A.3.2　Canvas 2D教程

ڼ 7 ቤ༪ஃࡗǈਸ݀ኁᅜ๑ᆩ Three.js ई K3D/Phoria（ฎࢫถ）ઠظॺᆯ 2D Canvas 
API කڦ 3D ᆌᆩăኄၵੰᆆ֠କ 2D Canvas කڦဦবǈ༵ࠃକڦْ֫ߛ 3D ፇॲăڍ

ǈසၙేࡕბသ 2D Canvas API ଉጨᇸăᅜူሞႀፕԨກ้݀၄ٷဦবǈྪฉᆶڦ

থǖ૾ڦᆶᆩݥब߲ڦ

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

ኄब၄କැ߅ਸᇸ 3D JavaScript ੰǈॽഄዐᅃၵᆫႯੰڦଚਉසူǈಇఁփࢫံݴă

• Three.js（http://threejs.org/）

ణമྺኹਸ݀ WebGL ᆌᆩፌୁႜׇڦৠੰăThree.js ᅙঢ়ԥᆩઠਸ݀Ⴙܠኪఁڦഌ

ॴ WebGL ᄇ๖ă༵ࠃକሞ 3D ႚዐ见ڦᅃဣଚ०ڇڦ࠵对象ăႠీጝሁǈ

๑ᆩକႚᆅዐڦႹܠፌॅํ७रຍăీࠀഽٷǈᆶాॺ对象ૌ႙ࢅՍ૧߾ڦਏă

Three.js ᆶ֭ॲකဣཥǈሎႹॽ࣏ 3D ాඹකڟ（ᆶၵ၌）2D Canvas APIĂSVG
त๑ᆩ 3D Վڦ࣑ CSS3ăThree.js ၅ăࠋब߲ፕኁሞႜࡻǈᆶࡻଆࢺྼ

• SceneJS（http://www.scenejs.org/）

ᅃ߲ਸᇸڦ JavaScript 3D ᆅǈ༵ࠃକ WebGL ฉएᇀ JSON ৠׇڦ APIăSceneJS
ጆோᆩઠၳߛකٷଉ܀૬ൽᆶ࠲ڦ对象ǈኄሞࢅײ߾ᅅბዐߛڦဦবఇ႙ֱ

ੂᆌᆩዐՂႴڦăSceneJS କగၵԲࠃǈժ༵ኧ࣏ Three.js ݛॺࠓڦْ֫ߛ߸

݆ǈԲස๚ॲఇ႙ࢅ jQuery ๕ׇڦৠ APIă

• GLGE（http://www.glge.org/）

GLGE ᅃ߲ JavaScript ੰǈᅪݛՍ WebGL ਸ݀ኁڥยዃ้क़ǈ๑܌ࢅ๑ᆩڦ

ᅜॽ૰ᆩሞظॺ Web ඹฉăGLGEా 对ᇀएԨ֡ፕᆶଆڦࡻኧǈڍփၟ Three.js
ई SceneJS ఫᄣీࠀഽٷă

• K3D 和 Phoria（http://www.kevs3d.co.uk/dev/phoria/）

K3D ᅜतࢫڦჄ Phoriaǈኻ๑ᆩ 2D Canvas API ක 3D ႚăPhoria ᆯᆈڦࡔ

Kevin Roast（http://www.kevs3d.co.uk/dev/ǗTwitter ቭࡽ @kevinroast）ظॺăKevin
ᅃ߲ UI ਸ݀ኁतႚҺࡻኁă࠶ Phoria ሞਸ݀ራǈժփၟت࣏ Three.js ఫᄣࠀ

ీഽٷǈڍସටᆇ象ݥศਗ਼ăᆮഄኵڥᅃ༵ڦǈǈժ对ጣഗत࿖ኧ

ǈPhoriaڍăࡻଆ एᇀॲකܸยऺǈᅺُڦ 3D ీ૰၌ăగၵ 3D ࠼ీࠀ

੍ॲबࢭփీํ၄（ईኁํ၄ࡻ）ڦă

A.4.2　3D游戏引擎

၄ሞሞׇฉ၄କႹܠ WebGL ᆴဥᆅă்ࠓॺᆴဥްࢅሗ 3D ᆌᆩࡻڦስǈ

ڇ对ᇀ०ڍ 3D ਸ݀ၜణઠຫ৽ᆶۅ෫चᆩژକ（࠲ᇀኄᅃۅǈ൩ੂ A.4.3 ব）ăݥأଷ

ᆶຫǈޏሶኄଚڦᆴဥᆅۼਸᇸڦă

• playcanvas（http://www.playcanvas.com/）

࿋ᇀڦܘ playcanvas ਸ݀କᅃ߲ഽڦٷᆅतएᇀሊڦՊड߾ਏăՊड߾ਏీࠀڦᆶ

ኧܓཷਸ้݀ํڦၹཞׇৠՊडǈGitHub ࢅ Bitbucket णׯǈᅃ॰݀քڟม体ྪ

ஏฉăሞՊႀԨກࢪ้ڦǈplaycanvas ݀քକਜ਼܋ࢽᆅڦᇸஓǈڍுᆶ݀քႹ

ཉă
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• Turbulenz（http://biz.turbulenz.com/）

Turbulenz ᅃ߲ݥഽڦٷĂਸᇸĂڦݯᆴဥᆅǈժٶԈׯକᅃ߲ူሜ

ڦ SDKăິࠅ对ၙᄲሞྪڦஏ（https://ga.me/）ฉ݀քፕڦਸ݀ኁൽݯᆩă

Turbulenz ᆛᆶፌްሗڦ APIǈᆶٷଉૌǈბသ൸၍۸ോă၂༵ߴࠃᆶঢ়ᄓڦᆴ

ဥਸ݀ኁڦăTurbulenz ခഗĂႵޜ）ݴഄևڦǈԍାକဣཥੰ܋ࢽਜ਼ڦକਸᇸࠃ༵

ెऋԼڪ）ઠظሰă

• Goo Engine（http://www.gootechnologies.com/）

Goo ፌ近݀քକႴᄲᄥ൩ڦ beta ӲԨᆅాࢅඹظॺ߾ਏăፕྺ Goo Engine ದ༫ǈڦ

ኄॆࠃ༵ິࠅକඹᅟ๑ᆩాڦඹظॺമ܋ǈణՔᆩࢽዷୁ Web ਸ݀ኁăሞԨກՊႀ

क़ǈGoo ுਸᇸă࣏

• Verold（http://www.verold.com/）

ᅃ߲ൟଉपڦ 3D ాࢻඹ݀ք平ǈᆯ࿋ᇀܠڦܠ Verold ॽഄ௮ຎິࠅਸ݀ăິࠅ

ྺĐᅃ߲ுᆶ֭ॲڦĂકቛڦဣཥǈ๑ᆩ०ڦڇ JavaScript ઠඟᄽᇆҺࡻኁĂბิĂ

ঞĂ视ࣅཚ႑ጆॆᅜत Web ׇටᇵઠ०ڇणׯ 3D ڦ்ڟඹాࣃۯ Web ᄻ面

ዐđăࢅ Goo ᅃᄣǈVerold 面ၠᅃӯ Web ႚਸ݀ǈᆅްሗڍമ܋०ڇăԨກՊႀ

क़ǈVerold ுᆶਸᇸă࣏

• Babylon.js（http://www.babylonjs.com/）

Babylon.js ྲᇵ߾ David Catuhe ਸ݀ڦᅃ߲߲ටၜణăᅃ߲ᅟᇀ๑ᆩڦᆅǈ

ሞీࠀतᅟᆩႠฉᇀ Three.js ܈ᆌᆩੵڦᄇ๖ྪበฉቛ๖ڦᆴဥᆅኮक़ăࢃᆘࢅ

ॺዾ៓બăڟǈٗพऍٷྷݔ

• KickJS（http://www.kickjs.org/）

Morten Nobel-Jørgensen ߾ბຍڦකੰǈኄ߲ၜణٗࢅᅃ߲ਸᇸᆴဥᆅڦॺظ

ፕዐ݀ቛܸઠڦăሞਸ݀ࢅኧฉǈKickJS ڍഄᆴဥᆅăڦԲփฉኄଚࢭຼ

ॽԈઔሞბသଚዐዷᄲᅺྺǈሞถڦᆶᆴဥᆅዐǈKickJS ፌჹ߭ںፏთ

၄پᆴဥᆅยऺڦፌॅํ७ă

A.4.3　3D展示框架

ेਸ݀ 3D ۅዘڦᆴဥᆅփཞǈኄၵॐࢅ၄ăڦዂକब߲ํᄓቛ๖ॐڞႴ൱ڦ

०ںڇሞᄻ面ዐഴႚǈᆩᇀຕ视ࣅĂׂቛ၄Ă०ڪࣃۯڦڇă

• Voodoo.js（http://www.voodoojs.com/）

Voodoo.js ॺظణՔඟڦ 3D ాඹՎڥ०ڇǈժඹᅟഴڟᄻ面ዐăVoodoo.js ᆶᅃ߲

टഄ०ڦڇ APIǈᆩઠཁे 3D ఇ႙ڟᄻ面ዐǖኻႴ༵ࠃఇ႙ڦ URLĂᅃ߲ DIV ᇮ

ڦ id ᅃၵದዃ֖ຕǈే৽ీሞᄻ面ዐᆛᆶࢅ 3D କăVoodoo.js ڦዷᄲᄻ面ዐీࠀڦ

०ڇఇ႙ֱੂǈڍৈ৽ኄᅃ߲ᆩઠຫǈ৽၎ړփٱକă

• tQuery（http://jeromeetienne.github.io/tquery/）

tQuery ᆯ Jerome Etienne ձਜ਼ڦڦॺǈཞ้ሏᆐጣୁႜظ Learning Three.js（http://
learningthreejs.com/）ătQuery ఇݠ jQuery ੰǈణڦ༵ࠃĐThree.js ీࠀڦ + jQuery API



306   ｜   附录

ڦڇ०ݥᆩႠđǈᄺ৽ຫǈᆩᅃ߲ڦ API ઠ֡ፕ Three.js ׇৠă๑ᆩକᅃ߲૾

๕ࡧຕՊײఇ๕ǈኧཚ࣮ۙࡗႜߛप՚ڦࢻă๑ᆩ tQuery ᅜবูܠႜ Three.
js ՊႀăईႹӝڦஓپ tQuery ॐժփኟඓǈᅺྺ߸ၟᅃ߲Ԩጣྺ jQuery หڦ

ൔੰătQuery ᅜྺၙবู॰ಎ֡ፕڦ Three.js ਸ݀ኁবูٷଉ้क़ă

• PhiloGL（http://www.senchalabs.org/philogl/）

PhiloGL ᅃ߲ํᄓႠڦॐǈᆯຕ视ࣅጆॆ Nicolas Garcia Belmonte ሞ Sencha ࠅ

ॺăPhiloGLظፕ้߾ᄓํڦິ ణՔĐඟڦ WebGL Պၟײ๑ᆩඪࢆዷୁॐਸ

݀ఫᄣᆶࢅ०ڇđăGarcia ሞڦձਜ਼࿔ቤ（http://www.sencha.com/blog/introducing-
philogl-a-webgl-javascript-library-from-sencha-labs/）ዐ௮ຎକڦยऺă࠶ኄ߲

ॐํᄓႠڦǈڍኵڥᅃੂăSencha ڢহ面ॐǈኪࢽᆩڦਸ݀କ๘হᅃୁິࠅ

සࢆᆩ HTML5 হ面ăPhiloGLࢽᆩڦॺᆶၳظ ྪበԈࡤକᅃၵ߾ፕڦ૩ጱǈᅎኲକ

Learning WebGL（http://www.learningwebgl.com/） ڦඇևঞײă

• Vizi（https://github.com/tparisi/Vizi）

ጲमยऺڦᅃ߲ቛ๖ॐǈౡକਸ݀ራ 3D ॐࢅᆅ（Բස VRML ࢅ

X3D）ܠڦঢ়ᄓăVizi ֑ᆩକړമᆴဥᆅڦፌॅํ७ǈፌኵڥᅃ༵ڦ๑ᆩፇॲ

ăViziीڦǈܸփएᇀૌీࠀڦْ֫ߛॺࠓઠࢇࢅࣅ ణՔ๑ਸ݀ኁᅟᇀڦ

ڦॺᆶࠓ 3D ᆌᆩăࢅ Voodoo.js ᅃᄣǈVizi ሎႹਸ݀ኁᆩबႜپஓॽᅃ߲ఇ႙ڟݣ

ᄻ面ዐǈڍࠃ༵࣏କྜኝْ֫ߛڦ API ઠཁेࢻĂࣃۯĂႜྺׇڟৠዐڦඪᅪ

ᇮฉă

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 ॺఇࣃۯࢅॲǈ்ڦॏ߭ۼԲ

ডߛăణമ Autodesk ਸ๔༵ࠃॲڦბသࢅᆩӲǈ்ኵڥᅃă

କأ Autodesk ॺظॲᆩઠڦࡍईփݯᆶब߲௨࣏ጆᄽ༫ॲǈڦ 3D ాඹǈถ

සူă

• Blender（http://www.blender.org/）

ᅃ߲௨ݯĂਸᇸĂੵ平ڦ 3D ਏ༫ॲǈBlender߾ॺظ ᅜሏႜሞᆶዷୁ֡ፕဣཥ

ฉǈᅜ GNU GPL ๕ăBlenderݛڦ ᆯࢁનॲਸ݀ኁ Ton Roosendaal ॺǈᆯظ

Blender एূࣷ（ࢁનڦᅃ߲ݥᆐ૧Ⴀፇኯ）ሴྼࢺăBlender ᆶଇऺࠚႜǈୁݥ

ӥྤᆩࢽǈٗᄽᇆ / ბิप՚ᆩڟࢽጆᄽยऺײ߾ࢅă

• SketchUp（http://www.sketchup.com/）

SketchUp ᅃ߲ᅟᇀ๑ᆩڦ 3D ॺఇײႾǈᆩሞॺዾĂࢅײ߾ᅃၵᆴဥਸ݀ዐăేᅜ

ሞྪڦበቴڟ௨ࢅݯփ໙ڦࡍጆᄽӲԨă

• Poser（http://poser.smithmicro.com/）

ᅃ߲ᆩᇀঙڦࣃۯዐप 3D ਏăPoser߾ ࢅ SketchUp ᅃᄣǈॏ߭ဌᆅටǈժኍ对න

ঙăPoserࣃۯࢅሰ႙ݣহ面ઠӦࢽᆩڦ࠵ăᆶᅃ߲ࢽॺᆩظඹాڦ ᆶᅃ߲ಕ࣏
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ঙǈᅜतᅃဣଚԝৠׇۯࢅටڦኝཌྷྜټఇ႙Ăࠡॐࡻᅙঢ়ॺࡤǈԈੰڦٷ

ৠĂڢਏĂሜ体Ă၎ऐ࠼ࢅቷยዃăPoser ᅜᆩઠظॺቷೌपৢڦༀකࣃۯ้ํࢅă

2.　基于浏览器的集成环境

ᆶକሊऺ໙ࢅሞ WebGL කీڦ૰ǈ்ੂڟକᅃዖႎ႙ظॺ߾ਏǖሞ៓બഗዐڦ 3D
णৣ࣍ׯăᅜူ߾ਏ࣏ሞራਸ݀ዐǈڍᆶമă

• Goo Create（http://www.gootechnologies.com/）

മ面༪ஃڦ Goo Engine  ĊĊGoo CreateăGoo܋ॺമظඹాڦದକᅃ߲ᅟᇀ๑ᆩٲ
Create ዷୁࢽణՔᆩڦ Web ਸ݀ኁă࣏ᆶब߲ᇨံظॺڦࡻఇ႙ࣃۯࢅǈᅜᅈ

ُႜਸ݀ბသă

• Verold Studio（http://www.verold.com/）

Verold Studio ᅃ߲ሞ៓બഗዐሏႜڦ 3D ాඹظॺ߾ਏࢅਸ݀ৣ࣍ǈԈࡤକኮമ

ถڦࡗ Verold ᆴဥᆅă

• Sketchfab（http://sketchfab.com/）

Sketchfab ᅃ߲ํ้ሞ၍݀քݴࢅၛࢻ๕ 3D ాඹڦ Web ခǈփႴᄲ֭ॲăኻޜ

Ⴔᄲۅऍबူǈᅝຍॆ৽ీฉدᅃ߲ 3D ఇ႙（ᅜबዖ߭๕）ڟ Sketchfab ྪበฉǈ

ઠइڥ HTML ၛᅃ߲ևຈሞݴஓᅜپ Sketchfab ྪበฉాڦഴఇ႙视ă

• SculptGL（https://github.com/stephomi/sculptgl）

ᅃ߲௨ࢅݯਸᇸڦ Web ํ体ॺఇ߾ਏǈᆶݥᅟᆩڦহ面ઠظॺ०ۓڦڇ໒ఇ႙ă

SculptGL ᅜܠڟڞዖ߭๕ǈժথ݀քڟ Verold त Sketchfab ฉă

A.4.5　动画框架

၄ৃڦᆌᆩᆌ๑ᆩ requestAnimationFrame() ઠඟాඹۯഐઠăྺକԍኤኄ߲ࠀ

ǈᅜ๑ᆩબഗኧ៓ੵڟڥీ 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 ࠓႚॐڦ（ᆅںࢅ൰ںႵెڦ 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

ཁेఄةኧظॺᆅටڦᅎۯ 3D ᆌᆩ࠲ڦ॰ă៓બഗఄة๚ॲݔࡀᅜሞ 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 ᆌᆩǈᆩ

ᇀ ए ᇀ Android ڦ Kindle Fire OS（https://developer.amazon.com/sdk/webapps/tester.html）ǈ
/口（https://developer.amazon.com/sdk݀ݴᆌᆩڦքፌዕᆌᆩ݀ࢅԈٶᆶᅃ߲ྺକ࣏
webapps/manifest.html）ă

对ᇀփᇱิኧ WebGL ǈԲසৣ࣍ڦ iOSǈ࣏ᆶंࢇरຍᅜࢇ HTML5/JavaScript
࠶ॺᆌᆩăࠓஓઠپᇱิࢅ Adobe ڦ PhoneGap（http://phonegap.com/） ዷୁڦᅎۯ

փኧ࣏၄ሞڍǈੰࢇं WebGLăྺକඟ iOS ኧ WebGLǈᅜ๑ᆩူ面ंࢇॐ

ዐڦᅃ߲ă

• CocoonJS（http://www.ludei.com/tech/cocoonjs）

CocoonJS ᅜሏႜሞ Android ࢅ iOS ฉǈ༵ࠃକᅃ߲०ڇᅟᆩڦᆌᆩඹഗઠሏ

ႜ HTML5 ࢅ JavaScript ဦবăCocoonJSڦဣཥ֫ڹஓǈᆆ֠କپ କ对ࠃ༵ CanvasĂ

WebGLĂWeb AudioĂWeb Sockets ၜణՊᅳဣཥǈᅜڦ܋ᆶᅃ߲ሊ࣏၄ăํڦڪ

ేᄲፔڦৈৈکࢅՊᅳేڦၜణăਸ݀ኁփႴᄲକසࢆ๑ᆩްሗڦᇱิ平߾

ਏǈԲස iOS ڦ XcodeǈઠظॺᇱิᆌᆩăCocoonJS Կᇸၜణǈᆯ࿋ᇀ৹ূڦ

ਸ݀ฆ Ludei ჹ߭੦ă

• Ejecta（http://impactjs.com/ejecta）

Ejecta ᅃ߲ਸᇸੰǈ༵ࠃକႹࢅܠ CocoonJS ᅃᄣీࠀڦǈڍኻኧ iOSăEjecta ิڐ

ጲ ImpactJSǈᅃ߲ HTML5 ᆴဥᆅၜణăEjecta ߸े DIYǈႴᄲਸ݀ኁ对 Xcode ᇱࢅ

ิ平 API ᆶ၎ڦړକăEjecta ਸᇸڦă

A.5　3D文件格式规范

3D ࿔ॲ߭๕ྺݴෙዖૌ႙ǖఇ႙߭๕ǈᆩᇀ๖߲ڇ对象Ǘ߭ࣃۯ๕ǈᆩᇀ࠲ࣃۯ॰ኡ

ۯᇸĂ࠼Ă၎ऐĂࠓप࣑֫ఇ႙ĂՎ߲ܠኝׇ߲ৠǈԈઔ๕ǈኧ߭ీࠀঙǗඇࢅ

ă3Dࣃ ࿔ॲ߭๕ᆶܠዖǈኄփీᅃᅃଚਉă

ᅜူ 3D ߭๕ፌࢇ 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）ۼঙ߭ࣃۯ๕ă

• 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）ĊĊຕጴጨᇸ࣑߭๕ă

• glTF（http://gltf.gl/）ĊĊႚੰد߭๕ă

A.6　相关技术

3D ਸ݀ժփྃ၄ํăేᄺႹၙᄲӝഄᆶڦ Web रຍኝڦేڟࢇ 3D ၜణዐăኄ

ଚକഄዐᅃၵă

A.6.1　指针锁定API
对ᇀඇೡڦ 3D ᆌᆩǈԲසᆴဥǈేᄺႹထྭ对Ք༵ࠃԲدཥ DOM ࠃ体๚ॲ༵ش

੦ăྺُǈ៓બഗፌ近ᆅକኸኍۨڦဦ߸ڦ APIǈඟਸ݀ኁᅜᆆ֠Ք࠼Ք

ժइൽᆴဥਸ݀Ⴔૌ႙֫ڹڦՔऄۯ๚ॲă

Google ڦ John McCutchan ྺኸኍۨ API Պႀକᅃ༫ڦࡻຫ（http://www.html5rocks.
com/en/tutorials/pointerlock/intro/）ă

ేᅜሞ W3C ኸኍۨڟฉቴྪ࠳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ǈఫഄ

ׇৠ৽ႴԥකăڍᆌᆩీධႴᄲሞࢫऺ໙ࡕǈ࠶փႴᄲఫೕݏăፌ近៓ڦ

બഗኧᅃ߲ႎڦ༬Ⴀǈᄻ面见Ⴀ API（Page Visibility API）ǈඟਸ݀ኁኪڢᄻ面ईՔ

ധᄻ้ࢆփ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 ᆴဥĂႵె๘হईኁํ้ၹཞڦᆌᆩǈేీႴᄲํ

၄ਜ਼ޜࢅ܋ࢽခ܋ኮक़ڦཚ႑ăWebSockets ࢅ WebRTC ᆩᇀํ၄ኄૌڦీࠀଇၜዷ

ᄲरຍă

WebSockets（߸ኟ๕ںຫǈ WebSocket ៓બഗ对（ݔࡀ TCP/IP ၹᅱڦՔጚํ၄ă

ᅜᆩᇀਜ਼ޜࢅ܋ࢽခ܋ኮक़ڦມ߾ཚ႑ăTCP/IP Ԩวփྺํ้ཚ႑ยऺڦǈᅺُ

WebRTC（ฎࢫถ）ీࣷ߸ࢇǈኄൽਦᇀᆌᆩڦႴ൱ăኄᆶᅃೊ࠲ᇀ WebSockets
ڦ ঞ  ǈ（/http://net.tutsplus.com/tutorials/javascript-ajax/start-using-html5-websockets-today）ײ
࿚ݡᅜ࣏ే WebSockets ၜణڦዷᄻ（http://www.websocket.org/）ă
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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/）ኧሞ JavaScript ዐܠ၍ײਸ݀ă3D ᆌᆩ
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ฉᆶᅃೊ࠲ᇀኄ߲ဦবڦᆫႯ࿔ቤ（http://updates.html5rocks.com/2011/12/Transferable-
Objects-Lightning-Fast）ă

A.6.5　IndexedDB和FileSystem API
3D ࿔ॲᅜՎٷڥă对ᇀేڦၜణܸჾǈేీᄲ୯๑ᆩႎڦ HTML5 रຍ٪ئຕ

ǈܸփᆌٷփ੍ǈᅺྺ்ுఫ٪࣐ᆘಎǈઠӻዺবูူሜਸၨă៓બഗࢽᆩڟ
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Adobe रຍอለටڦतԨກڢਸ݀ኁքڦ Ray Camdenǈ༵ڟକᅜ๑ᆩ៓બഗຕੰ

API IndexedDB ઠ٪ئԨںຕ݆ၙڦăႀକᅃೊ࠲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 ժփᅃ߲࿔ॲဣཥǈᅃ߲ຕੰ 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࿔ॲࢅణْ֫ࠓăHTML5 Rocks ฉᆶᅃೊᆫႯڦঞײ（http://www.
html5rocks.com/en/tutorials/file/filesystem/）ăጀᅪ FileSystem API ణമኻሞ Opera ጞ面ࢅ

Chrome ዐڟڥኧăଷྔጀᅪփᄲࢅ File API（http://www.w3.org/TR/FileAPI/） ंၫǈ

ኻሎႹ܁ൽԨں࿔ॲဣཥă
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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。
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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
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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
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开发人员深入学习。
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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



