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SOMTIDA THAITHIENG : A JAVASCRIPT 3D GRAPHICS LIBRARY
FOR GEOGRAPHIC INFORMATION SYSTEM. THESIS ADVISOR :

ASST. PROF. KACHA CHANSILP, Ph.D., 115 PP.

JAVASCRIPT GRAPHICS LIBRARY/GEOGRAPHIC INFORMATION SYSTEM

The rapid growth of 3D content on the web browser has manifest with the help
for external plugin, mostly proprietary. With the emergence of HTML5, the new web
standard has upon which the WebGL is designed as a rendering context. Drawing on
HTML5 Canvas Element using WebGL is an efficient 3D mode rendering API
designed for the web applications. Graphics specifications for JavaScript bindings to
OpenGL enable the web browser to access the GPU without the need for plugin.

The objective of this thesis is to implement a JavaScript library for modeling
3D spatial data within the web browser. It provides the method to ease the use of
WebGL on generating Digital Elevation Model from a set of contour lines on a
regular grid, creating the Owverlay Function by using ESRI shape file format for
decision makers and interfacing the process with external library. The solution
presented in this thesis is a JavaScript 3D graphics library for Geographical
Information System which serves as simplifying utility for developers. To
demonstrate the potential of the library, we created a demonstrating web application
that creates a terrain surface of the Suranaree University of Technology area, where

various GIS functionalities were built upon, without the requirement of plugin.
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Geometrical Transformation

Spatial Data Overlay

Programmer Users

External Library

A 9 ' ~ .
gﬂ‘ﬂ 3.1 gaauEuNIWmMs lau luunagnsal (Use Case Diagram)

322 lassadvesdeya

o 9 A Ao dy 4 o o Aa a [
L!‘]J‘]Jfl]"lﬂ’f)\isllmglﬁﬂbls]f%lu\ﬂu’l%EJMLﬂull‘ﬂ‘]ﬁﬂﬁ@@33 ﬂuqawuawuﬂimwwzmu

A 5 X o o Y 9 ¥ )
ULV AIUFUL TN miwgﬂgmumam%mﬁﬂiﬂiqﬁﬁwaga llﬂllﬂ Iﬂﬁ\i AINUDYAUD

A o Jd A aa
99 (Vertex) ﬂizﬂauﬁ'ﬁﬂﬁmiunuuwmmim%uuuizum’mmm (Px, Py, Pz) sﬁ'ayaﬂm?r

U Jd a
(Color) ﬂizﬂauﬁlaﬂ%’egaq@%maumazﬂqﬂ (R, G, B) 17ntA83INANIY (Normal Vector)

sz noudiedoyauaasinniavesuaaz DU a I asn (Nx, Ny, Nz) asuaaalugli 3.2 &9

g o v @ A 1 J 4 4 1
Tumstuginuuiassrzordeasiivesunaz Tnssas e lunmsmvuannudonTeany 15u

Avtin 01501 8990 Px,, Py,, Pz, NUAET R, G, B, A2 AUININ Nx,, Ny,, Nz, aatanalu

€an
=h.
w

3 15hudu



37

Vertex Px,, Py, Pz, | Px,, Py,, Pz Px,, Py,, Pz, | Px,, Py,, Pz,

Normal Vector NX(); Nyo, NZ() NXp NYI, NZI NXza NY2: NZZ nga NY3, NZ3

Color Ro» G()a Bo Rp Gp B1 Rza Gzn Bz R35 G3z B3
310 3.2 naaa Taseasdoyanld luauioe
Nx,, Ny,, Nz,
Nz,
RZ G2 B2

o 9y

510 33 uaasanuduiufvesiinaga YoyayaduazAINADSILININ

Q

323 lassadnvestudeya
Y y_ 9 > P a .
WUToYAYD ESRI 152 nouateveyanan (Main File) ¥9yaas3 vl (Index File) uaz

v
=<

{ g o o {2
MINFIWIoYa (dBASE Table) Tumsidndedoyass luidrudeyanan Feiiimiiinny
9 A A o dy A ' ] N 9 A a3 1 < 9
viavesteyaganesineanbas i luunas diu Tagazideyaassyiliiludiunudoya

LAY

) o L Qv A~ v & 9 o !
vUIBYAAN (Main File) ﬁqa * shp Lﬂum@lla‘ﬂllﬂ’lﬁ ﬂlﬂﬂﬂlayjﬁiﬂﬂﬂ’lﬁﬂ’]ﬂuﬂﬂ’l

U

o 1 S & 1 Y, 1 o .
Foyamudunualud e luuaaz sudeyasz sz novalrsdeyadiuiia (File Header) To1ya

sz1fouaInui (Record Header) 1oz doyaszifion (Record Contents) fautaasluasiad 3.1
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v Y
M3 3.1 uaasauilsznouvessudoyadna *.shp

File Header

Record Header Record Contents
Record Header Record Contents
Record Header Record Contents
Record Header Record Contents

9 1 @

~ g P o \
may‘amum (Main File Header) 32UV U1ANIHUA 100 Vl‘]JG] Lﬂ’UﬂWTE]lqlﬁﬁHJ@HL’HLlQ

Y a

s A a @ 9 a @ < 9 < Y ' a 9
qﬂﬁlW@@ﬁUWﬂaﬂHﬂ!%ﬂl@Hal%ﬂll'iﬁfl'lﬂ i]ﬂlﬂﬂ"]]f]isjlaulﬂlﬂu 2UUA Ulﬂl,!,ﬂ TUAVDYA Integer

) ¢ /d & 1y " A 9 yAd A ¢
Gllu']ﬂellf)ial]a 4 hlﬂﬁ YU UlfU@'Wl 0 Lﬂﬂﬂ'lell'é]iillalﬂ'lﬂﬂ 9994 ‘Ifu@sllf]y‘a Integer {15]51/\11‘!1/]61]1'!']@ 4 Ul‘Uﬁ

k2
v

sainludda lufasudululuai 4 Hludu viiadeya Double vuradoya 8 lud 1y Tudi

Y v
=

< U a o AA 1w d 9 a 9 9 A J
36 tNuAdeyaiina X nindesgavessudoya siindoya Double TFNuNvUIA 8 Tud
o & Jd o A I < : U J o < U {1 @ @
aanu ludaa lvasudululuan 44 dhudu aluneag ludez i unuadeyanarany a

taasluasnan 32

{ v a3 o 1 4 1 o
(5]'151\1171 3.2 LLETAN ﬂ1i%@!ﬂﬂ6ﬁj@3€|’a§nNﬂnlﬂuﬂvlﬂ@]“ﬁjﬂ HaTaIUYNI

Position Field Value Type Byte Order
Byte 0 Field Code 9994 Integer Big
Byte 4 Unused 0 Integer Big
Byte 8 Unused 0 Integer Big
Byte 12 Unused 0 Integer Big
Byte 16 Unused 0 Integer Big
Byte 20 Unused 0 Integer Big
Byte 24 File Length File Length Integer Big
Byte 28 Version 1000 Integer Little
Byte 32 Shape Type Shape Type Integer Little
Byte 36 Bounding Box Xmin Double Little

Byte 44 Bounding Box Ymin Double Little
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Position Field Value Type Byte Order
Byte 52 Bounding Box Xmax Double Little
Byte 60 Bounding Box Ymax Double Little
Byte 68%* Bounding Box Zmin Double Little
Byte 76* Bounding Box Zmax Double Little
Byte 84* Bounding Box Mnin Double Little
Byte 92* Bounding Box Mmax Double Little

* Unused, with value 0.0, if not Measured or Z type

- o ' I 3 19 s A o o 9
mi%mﬂm@gaiumzmm”lwm 32 Lﬂ']Jﬂ"IEU’EJiJ”avl']JG]LW@iﬂLLH ﬂﬁﬂyﬂlgﬂl’ﬂlﬂﬁ (Shape

Type) 1¥1 9@ (Polygon) 11 (PolyLine) TWaAnau (Polygon) Aaaasluasieii 3.3 fludu

A v a 19 1 Y ) 1 7 A ) 9
MT NN 3.3 uammi%ﬂmummayamuwﬂummm"lmw 32 LWE]LLEJﬂ‘]JiZLﬂTIGHu"UE]Ha

Value Shape Type
0 Null Shape
1 Point
3 PolyLine
5 Polygon
8 MultiPoint
11 PointZ
13 PolyLineZ
15 PolygonZ
18 MultiPointZ
21 PointM
23 PolyLineM
25 PolygonM
28 MultiPointM

31 MultiPath
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= 1 @ ~ J o o <
Joyase DeuaIun (Record Header) Huuia 8 Tud virnissanuvneiavdoyauay

1 a [ <] ] @
anueveseyaal uumaz yiadoya naasgluuunsanudeyasziiioua1ua (Record
o ~ o 1 o < 9 =1
Header) aatteraa 1uans i 3.4 wagdoghe gluuunisdanudeyaseiion (Record Contents)
Uszinndoyage aandasluarsrei 3.5 Uszinndoyardu asnaasluaisieh 3.6 Uszian

doyalwdnou Awdaslumsnh 3.7

{ v o 1 ] Y
M50 3.4 uasamssanuveyamudunus ludvestoyasyioud i

Position Field Value Type Byte Order
Byte 0 Record Number Record Number Integer Big
Byte 4 Content Length Content Length Integer Big

A v I 9 o 1 s Y = 9 .
M3 NN 3.5 LLE‘Tﬁ\‘IﬂTﬁ]ﬂ!ﬂ‘]ﬁJ@HﬂﬁTM@]TLLW‘LNIITJWU@Mﬁﬁﬁglﬂﬂuﬂixlﬂ‘ﬂm@i&!ai}ﬂ (Point)

Position Field Value Type Number Byte Order
Byte 0 Shape Type 1 Integer 1 Little
Byte 4 X X Double 1 Little
Byte 12 Y Y Integer 1 Little

{ v g ° ' s .
M5190 3.6 uaaamssanudeyamusunis luddeyaszidioutlsziandoyadu (Polyline)

Position Field Value Type Number Byte Order
Byte 0 Shape Type 3 Integer 1 Little
Byte 4 Box Box Double 4 Little
Byte 36 NumParts NumParts Integer 1 Little
Byte 40 NumPoints NumPoints Integer 1 Little
Byte 44 Parts Parts Integer NumParts Little
Byte X Points Points Point NumPoints Little

Note : X = 44 + 4 * NumParts
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A v < o 1 J ~ =
M3 3.7 uaasmssanudeyamudurue luadeyasziBoulszinnIndnou (Polygon)

Position Field Value Type Number Byte Order
Byte 0 Shape Type 5 Integer 1 Little
Byte 4 Box Box Double 4 Little
Byte 36 NumParts NumParts Integer 1 Little
Byte 40 NumPoints NumPoints Integer 1 Little
Byte 44 Parts Parts Integer NumParts Little
Byte X Points Points Point NumPoints Little

Note : X = 44 + 4 * NumParts

N NN : Environmental System Research Institute, Inc., 1998
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1 4
Michael B. Gousie (1988) 1402112171512 20A1A0gI U0 UFUANNGIATD
Partial Differential Equations (PDEs) nieaunsauiou (Heat-flow Equation) Taen1d e
] 1 [ A o 9 Aaa 1 o Y [ dy a 9
WaANMIUNUAIAAZ IANHA Zij Aeguninns1ua sliuaag gauunuA9z U1

o

gamgiinduaa asaun1sh 3.1 udresihinsdSuaanugediusunndunusuunsadae
A5M3 Thin Plate Interpolation #aauN37 3.2 321MAeAIANNFINNNAAYATOUAI 12 AV

1 a o o g; d‘ d’ U g’/ v = v g’.} 1 =
uaazWia Zij g lisess sumsnfasunlasvesnianugenistlagiuifisunuaianoud

MilpenNANREANUAAN A 7D 0.005
0=z, ;+2i41;+2ijo1+2j41 —42; (3.1

0= Zi2;tZij ot Zissj T 2Zijio 3.2)

+ 2(Zi—1,j—1 tZi 1js1 T Zigj T Zi+1,j—1)

—8(Zijo1 + Zi_g o1 + Zi1y) + 202
Taghn 7 Ao MANNGY @ alag vunia

332 msula Qﬁi’ll’e)?qllﬁ (Data Transformation)
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A ) aq Y ] o 2 v A o 7~ A
LummﬂmagaﬂﬁumsmwLm‘umaauﬂumayaiugﬂu‘uuwﬂﬂmsm%u°n
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(Xmm, Y min> Ximax? ymax) mnmuazwawagamw 1u@1u’)i]ﬂui]\111ﬂ‘1/]1ﬂ15ﬂTiLL“]JEN ﬂVU'E]?;IJﬁGl’H

A3

a 20y d Y ax . L. o A
@Qiugﬂllﬂﬂﬂlﬁn']gﬁil ll“]f’)\isllf]ia]’aﬁua\i A87D Min-max Normalization ﬂ\ulﬁﬂ\iﬁluﬁmﬂqiﬂ
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d' = % 9 Y 1 A dy
35 LW@ﬂTiL&E‘Tﬂ\‘IWﬁU‘HﬂS’B’UNWI’iﬂWMLQEJ’JﬂuIﬂﬂllﬂﬂﬂﬂl?}y‘ﬂiﬁﬂgqu%ﬁﬁiﬁu A9 [0, 1] AU

X —min(X)
"~ max(X) — min(X)

*

(neWmax(X) - neWmin(X)) + Newnin(x) 3.3)

Tagn  X* Ao annldnnmsuasgiunudeys veiineglura (o, 1]
A P A Y 0 9
X Ao mndeamammanilasgiiuudeya
. A P Ay A 9 Ay 0 9
min(X) e MdesNgavedvoyandeImImmsasgluuuteya

A A A Y} Ay ° 9
max(X) o ﬂmunﬂmqﬂmaway‘ammmﬁ1/nmmﬂaqgﬂuummga

A ] ) Ay A 1 U Ay
new .. f9 FINAMNFANADINITHAL new, .. f9 FRNAGIFANADING
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9
v

9
mildmsuumnu y uag z 19510uuun1suiacdoyanio95 Min-max Normalization

o = (4 9 A 19 A 9 A
mummmmiummﬂmgﬂttuumaga%zmaﬂﬂwauamumwaga (Range) ZJWﬂﬂtjﬂell’BQ

QU

) [ a 4 < d o [ 9 9 o o g’/ a
LL‘U‘]Ji]”Iﬁf]\?i%ﬂ‘UQQLGHQlﬁ‘llLWdE)L‘]JuLﬂﬂ!“ﬂﬁ'lﬁﬁﬂ!lﬂaﬂgﬂllﬂﬂﬂl@yjﬁﬂTi%ﬂu“Vl‘]Jﬁ'lﬂ‘UGIf‘L!L‘IN
y v Y

A A o Y a Ao A @ = 1 =) [ 9 1 o w 3’1
NUNYNHUA ‘VIﬂ‘ViLﬂﬂ@ﬂWﬂﬂﬂ@ﬁﬁﬂulmzifﬂﬂﬁE‘T’JULWJ’Jﬂuﬂl@ﬁﬂl@y'ﬂllﬁﬁgfnﬂ‘ﬂsﬁu
333 MSAIHIUAIHIND (Computing Surface Normal)

da < U o’d'tg a H, @ v W
INADINANN (Normal Vector) Eﬂuﬂ']mﬂl,ﬂ@iﬂ“]fiumﬁﬂ'lﬁﬁ\‘]ﬂ']ﬂﬂ‘]Ji$u'l‘]_lﬁ3JNﬁ

F4
a v

Yo iagz MvuayuAn Ayl uiamevesuvasmitianaarsoMuad N UL 11521962
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U

v [ Y 1
Yosnunmiagiesuiamsas Rouvesuasnar S mauaIannsznuNuA 1lonuAY

o v = o A <
ANVANUTNDUDIANHUL LTI AT TUDIIAY NUDUNU

= A4 a 3 o
gﬂﬂ 3.5 4a AU IR (Surface Normal) 2% TufAn19a9 21nn Y

FZUAUATV09IAY (MW : Wolfram Research, Inc., 2011)
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V. AE
Vv Vv

'@ o
Vig PAE

{ v o 1 1 4
31 3.6 namsnnudiusz e yasz U LAz Yeyagauu T emuma gy

v J o

M3 3.8 uaasieeedoyasz A AL duius i udoya e

EEATR 9 9 WA (x,y.2) EEATR
f0 v0, v1, v3 v0 | 0.000000,0.000000,0.005087 f0
fl vl, v4,v3 vl | 0.015873,0.000000,0.005087 f0, f1, 2
2 vl,v2, v4 v2 | 0.031746,0.000000,0.005087 2, f3
f3 v2, V5, vé v3 | 0.000000,0.045920,0.009394 f0, 1, f4
f4 v3, v4, v6 v4 | 0.015873,0.045920,0.009394 f1, £2, f3, f6, £5, f4
s v4,v7, v6 v5 | 0.031746,0.045920,0.009395 f3, f6, f7
f6 v4,v5,v7 v6 | 0.000000,0.091840,0.013342 f4, 5
f7 v5,v8, v7 v7 | 0.015873,0.091840,0.013343 f5, f6
v8 | 0.031746,0.091840,0.013345 f6, £7
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n; = (PP, X P, P;)
Ay = |[PiP; x PP

f=m(—
- XrZo (07 X A)
v f=m
Zf=0 Af

(3.4)

Taeh n; Ao AMUUIMINVDIUAAL UMK ASY (Facet)
A 1 di' ~ U Y a
A, Ao MNUNUDILUABL WU K AOY (Facet)
n, Ao AMUININVDAAAZ YA (Vertex)

v Y Y
310 3.7 uAAIT AR VBINUHINNAMUININADIL WU FURT VDI NURIZ 8 VDY
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MINN 3.10 HAAIMIMHUAMTNVUIZAVAN NIV I 52 1NA

Bound Height (m.) Color R G B
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0 From -10 to -50 205 255 255
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200 From 100 to 200 128 255 120
300 From 200 to 300 166 255 88
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500 From 400 to 500 255 255 80
750 From 500 to 750 255 215 121
1000 From 750 to 1000 255 167 101
1500 From 1000 to 1500 255 197 154
3000 From 1500 to 3000 255 255 255
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3.8 msudaamasnnain (Geometric Transformation)
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void depthRange (float zNear, float zFar)

zFar: Clamped to the range 0 to 1
zNear: Clamped to the range 0 to 1 Must be less than
or equal to zFar
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jQuery.post (url[,datal] [, success (data, textStatus, JgXHR) ]

[,dataType]);
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using namespace std;
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ABSTRACT

This paper introduces GISGL, a JavaScript library for developing 3D graphic applications within
a web browser. Its role is essentially simplifying the geometric modeling of 3D spatial data with
customized GUI. We demonstrate the potential of the purposed GISGL by applying the library to the
development of an Agricultural Geographical Information Systems. The target application makes use of
the simple yet effective components that GISGL has to offer. Their implementations include but not
limited to the creation of a Digital Elevation Model on a regular grid from a set of contour lines. Other
geographical information in shape file format can be incorporated into the system and rendered into the
3D WebGL framework, without plugin required. Thus, a variety of graphical interactions such as layer
tinting, lighting effect, geometrical transformation, spatial data overlay and according annotation could

be performed effectively, letting programmers to focus primarily on the actual applications at hands.
Key Words: JavaScript, Library, WebGL, GIS
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<html>
<head>
<script type="text/javascript"”
src="GISGL.js"></script>
<script type="text/javascript">
function webGLStart () {

var canvas =
document .getElementById ("/*this.id*/"
);

initGL(canvas);

initBuffers();

canvas.onmousedown =
handleMouseDown;

}

</script>
</head>
<body onload="webGLStart () ;">
<canvas id="/*this.id*/"
width="/*this.
width*/"height="/*this. Height*/ ">
</canvas>

bod html
/boay></ntmls SUTTerrain.html

function tinting(/*Parameter z*/){
var colors;
if (/*Condition z>=100&&z<200%*/)
colors = colors.concat([/*R, G,
B, Alpha*/]);
else if (/*Condition
2>=200&&2<300*/)
colors = colors.concat([/*R, G,
B, Alpha*/]);
return colors;}

function ShpRecord(/*src*/) {
var availableBytes =
src.getlength() - src.position;
switch(this.shapeType) {
case ShpType.SHAPE_POINT:
this.shape = new ShpPoint (src,
this.contentLengthBytes) ;
}

GISGL.is

Figure 3 HTML scene associated with the WebGL and canvas (left) Examples of library components in

GISGL used in the left hand side code (right)
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