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ц Ϯ ₤╥ Ϯ ᾬԈἨ ᾼ֮ Ὲ Ȳ ṷҽ ᾼϮ Ϛ

֯Ệứӂү ṿӣ ứ И ᴩ о Ȳᵀ ӂүᾼᵛ Ẕצ ӣ

ḖȴӐׁשṅѿ Ҡ ᾼה ἘȲѻ ᴕ ֯ ȳ⅔ ה Ἠ’ Лừ֯

ϱ ᴩ ᴭ☼ ᾼ ḟѠ Ȳ ҏṿӣWebGLᶾ ẃ ḟ ӂү ᾼ Ȳ Ӑ

ϱȲ ϯ Б∂ ∟ȲᵛҠ ӂү᾿ ṿӣ ᴩ ᾼ ȴӐ▐ ѿӐ֮

ᴻὢ(LDS) ⱢѻȲ ֥ Ὲ ᾼ Ȳᶙכ ὑ WebGLᾼҠ ה

⅔ ȴ Ẃ ӱȲ Ҡ ה ᾼ▐ Ҡ ḟҽ Ϯ Ὲ ᾼ ӂүṿӣṳ

ᾼ’ ἤȴ 

ȸWebGLȲ Ȳ Ϯ ₤Ȳֵ Ӵ ȲҠ ה  
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ABSTRACT 

Point clouds and reality model are the 3D geospatial data that used to describe the objects or 

scenes. Generally operation, it must be in fixed platform and use specific software to visual browsing 

for these massive 3D data, but the application of real-time cross-platform browsing has its practical 

requirement. In this study, we introduced the concept of the portable data structure. The main 

consideration is the solution for network-less, closed-network environments, or data encryption where 

confidential data should not be streamed over the network. We proposed using WebGL technology to 

solve the problem of cross-platform data retrieval. In principle, after simply download the given data, 

it can be the use of the web browser for data browsing directly with cross-platform. The architecture is 

mainly based on Local Data Server, with the design of the three-dimensional geospatial data structure 

to complete the WebGL-based portable data package. Experimental examples show that the portable 

data structure can solve the massive data browsing problem with cross-platform and take into account 

the confidentiality of these 3D geospatial data. 
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Ϛȳ› ṕ 

(Point Clouds) ₤ (Reality 

Modeling)╥ӣЛ֝  ,Level of Detail)װ

LoD)ẃ Ϯ ᾬԈἨϮ ᾼ֮ Ὲ

(Geospatial Data)ȴ ѻ ҠӦῈ

Ἠ֮ Ṇ (LiDAR)ᾼ ᾿

ậ [1] Ȳ Ϸ Ҡ ᵓ ӣ ֵ Ӵ

(Multi -View Stereo, MVS) Ϯ ∂ МȲ

⌠ (Structure from Motion, 

SfM)ᾼ ᶾ ᴩ п (Dense 

Matching)ẃ [2,3]ȷᴖ֯ ᾼ ϱ

ᴩ (Texture Mapping) ȲᵛҠᶙ

כ 3D ₤ᾼ ᵂ[4]ȴ ṷ ᾼϮ ֮

Ὲ ᶮ БכⱢ Э

Ἠ ᾼ ẃ ȲϷ ẁϠֵа

ᾛᾼ ӣȲֽ Ṷ֮ᶮ ∂ ȳ

₨Ӏ∂ ȳ ᴷцᴞ ḳ

[5,14]ȴ ṷҽ ᾼϮ Ϛ

֯Ệứӂү ṿӣ ứ И ᴩ

о ȳ ӱἨ ӣ[6]Ȳᵀ ӂүἨṿӣ

ӂүᾼᵛ Ἠ ᵂצẔ ӣ

ᾼ ḖȲẂֽ֯Л( )ṿӣ ѹ ’

Ԉϯᾼ Ṷ Ἠ ҵ ▲Џᵂȴ 

ӐׁשṅіϤ Ҡ ᾼה ἘȲѻ ᴕ

֯ ȳ⅔ ה Ἠ’ Лừ֯

ϱ ᴩ ᴭ☼ ᾼ ḟѠ Ȳ ҏṿӣ

WebGLᶾ ẃ ḟ ӂү(Cross- Platform)

ᾼ ȴ ᾼв ╥ѿӐ֮

ᴻὢ (Local Data Server)Ɫ Ȳ֯ Ϯ

ӱϱ ӣϥа (Octree)▐

֥ three.js ᴩй ȷϮ ₤

⁄ѿ 3D Tiles▐ ֥ b3dm ȲӼᵛה ∂

צṿẔẓה ӂүṿӣᾼҠ ἤ ȴ֪

Ȳױ ӐϱȲ ϯ Б∂ ∟ȲᵛҠ

ӂүἨ֯ ӂүϱ᾿ ṿӣ

ᴩ ᾼ ȷ֝ ȲӦὑ ẓצҠ ἤ Ȳ

Ҡ ᾼ Ӵṿӣ ’ ғ ȴ 

ϡȳWebGLᶾ  

2.1 WebGLᶾ  

ᶾ П Ȳ Л ӣẃ

ϡ ц Ȳɔ ӣ ҵ Ϯ і

ᾼѠᾎȲϷ ҏṿӣȲᵀ ṷ ҵ

ѠהᾼϮ ӱᶾ Ȳắ ὑ цӂүȲ

ᴖ ᵂϢ Ϛ᾿ ѿ֢ ᶾ

3D ȲẔМҔ╗ Flash3DȳJava3Dȳ

Unity3DȳCopperCubeế Sliverlight Ȳṳ

Ḗṿӣ῏֯ ›Ӈ ׄ ҵױ Ṇ И

ᴩ Ȳכ Ϛṷѩ Л ᵂ Ṇ

Пṿӣ Ȳ̓͂ Ӣ їѿ Л ᴩ ṷҵ

ᾼׄה ȴᴖ ὑ WebGLᾼ 3D ᶾ

ᾼ Ȳ ṷ ҵ П 3D ӱᶾ

֮ḥ ȲWebGLᶾ ╥Ϛ 3D Ȳ

ᶾ б ᷂ JavaScriptế

OpenGL ES 2.0 ֥֯Ϛ ȲWebGLҠѿṿӣ

HTML5 ᾼ Canvas ẁ 3DҒ

╬Ȳ֪ױȲWeb Ϣ Ҡѿ ᵗṆ қ

֯ ☼ ᾼ ӱ 3D ế ₤ȴ 

WebGL ḟϠ ᾼWebФצ Ϯה

ᾼẒ ȸ ϚȲ֯ ׄ ☼ ҵ

ᾼה ᾓϯȲ JavaScript╓҆ ṕ

WebФ Ϯה ᶮ ế ᵂȷ

ϡȲ Ϛᾼȳ ᾼȳ ӂ ᾼ OpenGL

Ю ᵓӣἉ ᾼ ᶮ Ғ ғ ᴩ

ᾼ ᶮ ╬Ȳֽ ϱױ Ẓ Ҡ ḟᵍׄ

ҵ ц ӂүṿӣȴ 

ѿϮ о ӱѠᾎⱢ П ӱѠ

ᾎȲ ṿӣ֮ Ṇ (GIS) ᴩ ӱȲ

ᴖ ṷ֮ Ṇ ἏἏ ҫҵ

И ᴩ ӱȲϚ ֮ Ṇ

(WebGIS)Ȳ ϡ ᴩ ӱȲᴖ Ϛ

҅WebGLᾼ ӢȲ ṿӣ῏Ҡѿὑ

МȲЛ ׄ ԉᴶҵ ȲᵛҠה ᴩϮ

ӱȲὑ ȲGoogle Mapד2011 Ԓ ӣ

Ϡ MapGLғ ȲMapGLғ ӣϠ WebGL

ᶾ Ȳ Ӑ Google Earth ҵ ғה

Пғ ȲҠѿ ӱὑ Google MapМȲѿ

Google MapᾼϮ ȲẔ҃ Ϸ

WebGLᾼ Ȳ Ở ќ WebGLᾼ

WebGISṆ Ȳֽ WebGL EarthȳCesiumц

ArcGIS Web API Ȳ ҒϤ WebGLП

WebGISṆ [7]ȴ 

2.2 WebGL і  

WebGLᶾ ἬṼ ᾼ╥ WebGL

ᾎȲᴖ ṷ ᾎ ṷ 3D Ӈ

ד П ᶧȲ ⇔Ϸѩ HTML

ṕẃᾼ ȲӦὑ WebGL ᾿ ṿӣ

JavaScript ṕ ᴩ Ȳ֪ױ ֵ ὑ
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WebGL⅔ ᾼ 3D і Ϸ֪ױᴖӢȲẂ

ֽ three.jsȳbabylonjsȳscenceJSȳOak3Dế sim.js

Ȳ ṷі ṿӣ῏ḆҒѠ―֮ ᴩ

3D ᶮ ế ᾼ ᵂȴᴖ ṷ WebGL

і ╥ ὑWebGLᾼ 3D JavaScript LibraryȲ

һ⅔ Ϡ ȳד ȳ ᴶȳ3D ₤ Ϥ ȳ

ԏȳḊ ȳ ╬ ȳ ȳ Іц Џẓ

ȴױ⅔ ṿӣ῏ Ḇ᾿ ᾼ֯ М

ᵂ 3D ӱȲҠ ṿӣ῏֯Л OpenGL

╬ ṕ(OpenGL Shading Language, CLSL)ẃ

ᶙכ 3D ᾼ ȴ 

2.3 ϱ ӱ 

ᾼ Ӧ LiDAR ᶾ Ȳ Ϡ

ҽ Пׁשṅ Ȳҽ ẔМ

Є ֯ὑҽ ֽᴶ ᴩи

ц ӱȴ Ὅ ה ṕ(Open Source)Ϯ

֤ᾼצ CloudCompareȳPoint Cloud 

Library (PCL)ц Point Data Abstraction Library 

(PDAL) Ȳ Ҡѿ ᴩ

ד ∟ ц ӱȲ Ϣ ϱᵍ

ӱ ắ Ὸᾼצϯԝҳ ȷ 

(1)CloudCompare 

(2)Arena4D 

(3)PointCloudViz 

(4)Quick Terrain Reader 

ӣᾼ ӱ Ḇ Ȳֵᴖ

ṷ ԛ≢ ЄȲ ╥Ҭ ὑ М

ᴩ ӱȲᴖ ṿӣ ᴩ ӁȲ⁄

ϮѠ ᴩ ӁȴᴖWebGLᶾ П Ȳ

֯ ϱ ᴩ Ӂ Ɫכ ȲẔМҔ

ᵶ PotreeȳҒ Є Arius3D еҨᾼ Open 

WebGlobeȳPointstreamѿц Є

֮ ᾼ GIScience Group ṣ ҏϠᴞ

Аᾼ ὑ WebGL ᾼ ḟѠ Ȳ

ṳ ҏϠ ₤Ȳᴖ ṷׁשṅ ӭᶁ ֣

LiDAR Ἤậ П Ȳᵀṳӑ ֮ ᶄ

ᾼ Ἐ Ϥȴ 

WebGL ϱ ӱṆ ӭ›Є Ҡи

ⱢẒЄ ȸ Ϛ Ɫ Ϛ ӱȲ ϡ Ɫ

и(Level of Detail, LoD)װ ӱȴ

Ẓ ѻ ᵑ֯ὑ Л ṶԒ ᴩ

Ȳֽ ὨҬ╥ ֯ ϱ ӱ Ϛ

Ȳ ṷ ӱὑ ϱ

П ḟѠ ѩ Ѡ―ȲT Ϛ ӱѠᾎ

֪ắ ⇔Ȳ ϯ ∟И

ᴩ ӱȲṿӣ῏ Лֹו ∕ᴖ᾿

Ȳ ӱṆ ẔМҔᵶ Point 

Cloud Library Web ViewȳGIScience Research 

Group WebGL in GIScienceȳplas.ioȳ3DHop

Ѡᾎȴᴖ LoD ∟П ӱѠᾎȲҠѿ

ὑ ϱᵛ ᴭ☼ Ȳᵓӣ LoD й

Ҡ ӱ ᴿ GISМ ṿӣП Map 

TileѠᾎȲҬ╥ ᾼ╥ Ȳᴖ

ϱ ӱᶾ Л ∕Ȳ֪ ῴỞ

ӱ Ȳ ṷ

П ЄЊ −ЊȲ֯ МȲ

ὍἨ ṔȲԛ Ḇ ᾼ Ṽᶧ

Ϥ ӱȲ ӱѠᾎצ PotreeȳArena4D 

Point ServerȳPointCloudVizц Pointscene

ҠѿṿӣȲӭ› ṷ Library Ṽ

three.js ᴩ Ȳ֪ױҠѿṼ Ϣ ֻȲ

ṷ ᴩ֥Ẇṿӣȴ 

2.4 ϱϮ ₤ ӱ 

ṿӣWebGLᶾ ֥і ὑ ϱ

Ϯ ₤Б ╥ כ ᾼᶾ ȲᴖϮ

₤ ϚצМȲṳḥה Ӕ ӣὑἬצӂү

ᾼ Ȳה ṓᾼ 3D ₤ Ҕᵶה OBJȳ

STLȳX3Dц DAE Ȳ ṷ ה һצ

ᾼ Ȳ֯ ᴩ ӻ Ӣ

₤ ҷ Ȳ֪ ạứױ Ὅ ᵗצה

ὑ ӻ ц ᾼạứȴϮ ה

ԒӦ Khronos Group ɦCOLLADAɧ(DAE)

ᾼ Ȳ╥ӭ› ӣПϮ ╥ПϚȲᵀה

ṳӑה ậц Ṿо

Ȳ֪ ױ ӭ›ᾼ WebGL ᴖṕБ Лы ӣȲ

Ɫ ḟ ȲKhronos ԛ ҏϚ ӣὑ

WebGL ПϮ ה glTFɎGL 

Transmission FormatɏȲᶦ ҠѿכⱢɦJPEG 

for 3Dɧȷһᾼ ӭ Ȳ ╥ᶦ Ҡѿ ẁϚ

צ ṳҠѿѠ― ᾼ ứ ȳ Ȳה

ה Ȳ̓͂ҠѿѠ―֮ ȳ׀ ậ 3D ᾼ

ứȳѿц ₤ȴ ◕ glTF ╥ה

Ἤצ Ở ה Ɫ COLLADAȲԛ כ

glTF ȲṶה ϱ glTF ╥ה ὑ JSON

▐ Ȳӣẃ ȳ3D ₤ Ȳṳ

ᴭ☼ѠהȲ Ἤ ᴩ Ȳᴖ

glTF Мה ứ Ϡ ᴶֵ ᶮ ȳḊ ȳ

ȳ цứ Ὠцԏ

Ȳṳ ẁ (Extension)ғ ẁ ҉ṿӣȴ 
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ϱ ▐ Б Ҡѿ ὑWebGLМ

ӣѿ ӱϮ ₤ȲT ṿӣ Є

Ӏ ∂ ᾼ ₤Ȳ֪ έ⇔П

Ȳ ᾼה Б׀ ᾎ Ṝ ϱ

ᾼӭᾼȲⱢϠ ḟױ Ȳ Ϡ 3D LoD 

₤▐ Ȳᴖֵѐ⇔ 3D ₤▐ ЬἋ ϱ Ϯ

Ȳṳה ӣֵѐ⇔ цй [7]ȴ 

ϮȳWebGL ӱ ᶾ Ὑ 

ҽ ӱᶾ ᴼᴟֵѐ⇔ Octree

▐ ȲṳӦWebGLᶾ ᴩ

ӱȴ֯ ӐׁשṅᾼӭᾼМҫϚ ӭᾼⱢ

цד иέṿӣȲ֪ ױ ֥֮ ᶄ

ᴩ֮ ӱȲẔד ☼ ֽ 1ἬӱȲד

ᶾ ԛṼᶧ ᴩ ȴ 

 
1 ϱ Ṇ ӱ▐  

3.1 ֵѐ⇔ OctreeП Potree ӱ▐  

Potree╥Ϛ ѿ WebGL ӱ▐ ϯἬ

ᴼҏẃᾼ ϱҽ ӱӂүȲ ϱ

ӱ ὑẔׁ҃שṅ МҠ ӱ

640,000,000П Ȳᴖѹ ӭ›

ὑ Open SourceȲб ṿӣ ᴩד ϡװ

ṿӣȴ Potree ӭ›Ӧ Harvest4Dќᵗ

ṳ МȲӐׁשṅ ӣ Potree▐ ᵗצ

ὑ ϱҽ ӱП ȴ 

Potree▐ ѻ ╥ ֵи Octree 

(Multi -Resolution Octree) ᾼй

ẃ ẞ LoD ᾼ ӱᾼӭᾼȴOctree╥Ϛ ӣ

ὑ Ϯ Ὲ ᾼ ᾭ ȴOctree

ᾼḕ ῶӱϚ ӔѠ ᾼ а Ȳḕ

ϥצ І Ȳ ϥ І Ἤῶӱᾼ

а Ғ֯Ϛ ὑѯ ᾼ ȴϚ М

ї ᵂⱢ ᾼиϿМїȴOctree Ἐ Ԓὑ

Ӧד1980 Donald ҏ[8]Ȳ2012דḆ ҏϠ

ὑ Octreeὑ ᾬ ӱᾼ ᾎ[9]Ȳ

Octree▐ ֽ 2ἬӱȲᵓӣױ▐ ᴩ

и ц ӱȲҠצ ᵅ ϱ ☼ ц

ӱ ȴ 

 
2 Octree  

Potree ῴ ȲPotree ṿӣᴞАἬ

ẁП PotreeConverter Tool[10] Octree

Ȳה ╥ ӣ Potreeᴞ ᾼϡ ạ Ȳ

֯ Potree 1.0ᾪӐ∟ҒϤ three.jsц lastoolsќ

Ȳ PotreeҠќ ה ᴟ lasȳlazȳbinary 

plyȳxyzц ptx Ȳה ∟ᾼ ה

Ҡṿӣ PotreeἬạứᾼϡ ạ  ȳLASה

Ἠ LAZȲPotreeConverter Tool ẁ ᴟ

ֵѐ⇔ Octree▐ ȲOctree▐ й ֽ 3

Ἤӱȴ 

 

3 PotreeConverter ☼ [10] 

Ԓ ứ Њ Ȳv ҅ῶ ᾼ

Њ έ⇔ȲᴖӦ Њ έ⇔ḟứ έ

⇔ ṪϚ ᾼ ⇔ȲӦױḟứ έ⇔

ᾼṪϚ ᾼ ⇔Ȳ ԛӦױ έ⇔
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ᴷ ∂Ӵֵюи ȲḕϚ и Ӧ Њ έ⇔

ҙ ᾼѠה ᴩ оȲᴖ й

⁄ ῴỞ Ɫ L0Ȳ ӴѠ

(Cubic Axis-Aligned Bounding Box, CAABB)

Ѡᾎ ᴩи L1ȲL1М CAABBй

ҳ и∟ȲậẔМϚ иԛ ᴩ CAABB Ḇ

П L2Ȳ᾿ẞ ᴷ Њ ∟ Ѧи

ȲᴖḕϚ CAABB й ∟ᾼ Ȳ

ӴṿӣϚ ᴩ  ȴ׀

L0 Ἤй ∟ᾼ ӣ r ẃ ᴩ

Ȳr Ɫ ῴ ᾼ Ȳr0҅ῶ L1 М

CAABBй ∟ᾼẔМϚ Ȳ ӱᾼ

╥ r0 ᾼẒ ȲṼױ Ȳ ᵃ ד

ὑ ₤ ѩ Ȳ⁄ ӱ r ȲчПȲ

Ὼ⁄ Ở ẓ FOV ϤḆ

Ȳṳ r ᴟӐ FOVἬכẞПἬ

צ ᴩ֥Ẇ ӱȲѿ ẞֵ έ⇔

Octree▐ Ȳֽ 4Ἤӱȴ ӭ›

ϤȲ FOV ὑ ϱ Ȳ֪ױ ậ

46KBᵛҠ ӱױ ȲḆ ϚḔὍЄᴟ

r600 Ȳ⁄ Ϥ r+r6+r600Ȳ ᴭ☼

Ɫ 46+34+102=182KBȲṼױ Ȳ

ὍЄᴟ r6002221 ⁄ ӭ› ẂМ

ᴩ ϤԚ 471KBȲṳὑ ױ ױ

ᴩ ὍȲ Ҡѿ ẞṏֻᾼ Ȳ

ẃ ḟ ϱ ⇔П ȴ 

 
4 ֵѐ⇔ Octreeй ӱ Ẃц ӱ  

3.2Є Potree ӱѠᾎ 

ᵓӣױѠה Ҡצ ḟЊ ϱ

ӱד ȲT ֽὨЄ ᴩ

ӱ ẞϯ  Ȳv ҏ Є

П Ȳ ֪֯ὑ r  ЄȲᴖ

ᶺ ᾼ й Ϡ ֵ Ȳ ᶺ

ᾼ ȲṼ ϱ ▐ ḕϚ

ᴩ ϤȲױ ֵḥצӣẞᾼ Ғ

ᴭ☼ цЄ ӱП ȲⱢϠ ḟ

ױ Ȳ2015דἉ Oscar Martinez Rubi ὑ

GitHubӂүϱ ӁϠMassive-PotreeConverterȲ

ṳӦ Netherlands eScience Center ῶ ᵂ

AHN2 ѠᾎȲӣẃ ӱϚ ẞ

640,000,000 ᾼ Ϯ Ȳ

Massive-PotreeConverter Ӑ ϱ ╥ ὑ

PotreeConverter ToolϯἬ ᴼП Potree Octree

й ЏẓȲT ֯й ᾎМҒϤϠ и

ἘȲṿ ϤЄ ᾼ ѿ ḟ

[10]ȴ 

 
5 Massive-PotreeConverter и ☼ [10] 

Massive-PotreeConverter и Ḕ

ֽ 5ц 6Ἤӱȴ Ԓ Ϥ Ḕ М

ҒϤ 2D и (2D Tiling)Ȳ Ở

и ֵכ Ȳᴖḕ ֯Ṽϱ

PotreeѠה ᴩ Octree ȴ 

(a) Ϥ        (b) r-root 46KB(51,802)      (c) r6 34KB(3,903)           (d) r600 102KB(14,440) 

(e)r6002 89KB (12,554)      (f)r60022 77KB (10,720)      (g)r600222 67KB(9,041)      (h)r6002221 56KB(7,694) 

ᴥѠמּ ӱϱ ḕϚ Ἤ Ϥᾼᴯ  
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6 Massive-PotreeConverter ֥Ẇ[10] 

ᶙכḕ ∟Ȳԛ ḕϚ

П L0 ᴩ֥ẆȲ (Єѐ⇔) ӱП

ϱ Ҡѿᶙ ӱȲᴖẔ ֯Ӧ

ᴩ ậȴ 

3.3 3D Tiles  ה

Ɫ Ṝ ϱ Є ₤ᾼ

Ȳ ᴼṳ 3D LoD ₤▐ ȴⱢϠ ẞ

LoD ▐ Ȳὑᶙכ Octree Ϛ ₤ ᴩй

П∟ȲӇ ₤ έ⇔ ЊϚҙȲԛ ᴩ

Octreeи Ȳ═ Њ ₤ έ⇔ ứ Њ

έ⇔ Ѧ LoDй ȴ 

ѿ LODTreeExport ⱢẂȲה ₤Ӧ

LODTreeExport.xml ᵂⱢ й ₤ṳ

ứ ᴕᶄ Ṇ цᶄ ӂ Ȳֽ й

Tile_+006_+011.xmlⱢẂȲ ₤Ӧ

L15ᴟ L21Ȳḕ Ӧ Octree ᴩй Ȳṳ

ӣЛ֝ έ⇔ ᴩὍЄȲᴖ ₤ ᴕᶄ ⁄

Ἥ LODTreeExport.xmlМ ȲṳӦᶄ

Мїᶄ ᴩḕ ₤ Ȳẃᶙכ 3D 

LoD Model ӱȲֽ 7Ἤӱȴ 8ⱢѿӐ

Ϯ ӱП ẂȲ М ᴥ ӱ

ḕ Ἤ ӱᾼ ȴ 
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(b) ӂүϱ ӱ (Sony Xperia Z5) 
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∟ ӱ Local http Serverὢ їȲ֪ϱ

цӔ Ю ᶁ ӣ HTML

ᾎ ֥ WebGL ᴩ Ȳ֪ױὑ Android

▐ М WebViewṳ JavaScriptќ Ȳ

∟ ֥ϱ ▐ ᴩ⅔ Ȳv Ҡѿ ẞ

Пӭᾼȴ 
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