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Lightweight Real-Time and Realistic WebGL Rendering Algorithm Based on PBR

Abstract

Abstract: Considering the weak rendering ability of web browser, the authenticity and aesthetics of
Web3D rendering are always hot topics.In particular, the realization of PBR in the web-side and even
dynamic editable are difficult.The realization and dynamic edit of PBR in the web end are especially
difficult. Based on the problem mentioned, this paper presents a web-based lightweight real-time
rendering algorithm with authenticity and high quality based on the PBR algorithm, which simplifies the
complex calculation steps of the algorithm and reduces the computational complexity for rendering. The
LPM (Lightweight Progressive Mesh) algorithm is reused to simplify the model file and accelerate the
model loading speed. Finally, a demo is presented to verify the algorithm's effectiveness. The experiment
results show that the optimized algorithm can render editable high quality lightweight 3D model on the
web end in real-time.
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Abstract: Considering the weak rendering ability of web browser, the authenticity and aesthetics of
Web3D rendering are always hot topics.In particular, the realization of PBR in the web-side and even
dynamic editable are difficult.The realization and dynamic edit of PBR in the web end are especially
difficult. Based on the problem mentioned, this paper presents a web-based lightweight real-time
rendering algorithm with authenticity and high quality based on the PBR algorithm, which simplifies the
complex calculation steps of the algorithm and reduces the computational complexity for rendering. The
LPM (Lightweight Progressive Mesh) algorithm is reused to simplify the model file and accelerate the
model loading speed. Finally, a demo is presented to verify the algorithm’s effectiveness. The experiment
results show that the optimized algorithm can render editable high quality lightweight 3D model on the
web end in real-time.
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Fig. 1 Reflectance and angle change curve

FETRH SR I E IR TP R A A RO
IR AR TIINE S Z A1 £ B FA R 4T 5 26

R R AN BE RSN T 0% 100%[1
S e 8 BRI G BRI S - m=h, JERE R
SRR NI A 2 br BAE LR R 22 00

R R, e 2B

http: // www.china-simulation.com

* 2695 ¢

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 11, Art. 14

5529 4 11 3 Vol. 29 No. 11
2017 4 11 /3 HYERK, 5: FT PBR MR Z WebGL SN I SBIE R AE Nov., 2017
RITHE, Lo B, ve WL, he I 0 NSDEBS A
0.9F JE A
08¢ Microfacet f] specular BRDF HJ DL 1A il
07y = F(,h)G(,%,h)D(h
0] pll7) = H TR m
2451 F(I,h) 245 Microfacet =/E[f] Fresnel )
0.3} 9o
0.2} J G(I,v,h) £47% Microfacet H %45 1 shadow
0.1t aY mask 1] EEA
% 10 20 30 40 350 60 70 80 90 D(h) & Microfacet 1135 25 4> A ik ¥, HJ
=i =& — é\fw%ﬁ — W — K Microfacet IVEZAE T h K% .

K2 NS SRR SO A

Fig.2 Incident angle and Fresnel reflectivity curve

A WLAE 0°~45° 2 [ NS A SO 25 ) LT AAE
T 45970 A5 R SO 238 45 7= A4 W it AR A0 (fH AN 2
SEE TN, BINBL 75°. Fh, fE 7581 90°
2 RS BRI AS N 1. TR R R A
K Z B0 A PR — N e MR, gk i e
TR R EOR 2 B L AL T 0.6, B Fy=0.6,
MKREIETE T Fo=0, L AEAT L IXAME Fy
VE AR REAE BE T S5 56 o

3.2 Shading Model

PBR S350 LL4r 2 =AM : Shading Model,
Lighting Model, Material Model. H T Shading
Model # 73 Friy MBI AR . tHHBONER,
JITCAASC T ZLR A6 PBR MR VA 5
Shading Model #1744k

HT PBR i KIHF 25N T Microfacet
(e im RIS, B G A — A 585 0 it
P, M TR R Wi 3 R,

B3 OGAE S i) S 1
Fig. 3 Reflection of light in the reflection surface

At - D)7 V) A BIE R T, kR IE M
Microfacet [ Jrj ¥ % W) e 31| B {4 3% [0 1) Bt 22 5
[10-12]

A2 FOIN ) AU 25

LG RER /N TSGR RE R I

WAIOCHIAL BAEE Pixuyz), 155 AGS
JCHIAE KL Py(x2,y2,22):

\/(xl —X ) +(z—2,)° )

\/()’1 =)

F = fy(1- f, )2~9-60232(cos"6) - 8.58092cos6 (2)

So IR BRI S, X F (1) cos®0 L TIHF

gy, nI1FEIEE R
_ 35+ cos(868) + 28cos(46)
- 128
48cos(40) +16cos(460)cos(26)
C, =
128

COS%0 =C, +C, (3)

A XG) W F 7T WK 8 kTR b
VRS R InRIs 5, T LIRS 5
I ]
4 FTF WebGL ff] PBR HiEFifE
4.1 PBR Hikiza H iR

(1) *¥F Shading Model ] Diffuse BRDF Al

Specular BRDF HEAT ik, 757, 3.2 IAZN(2). 3);
(2) LA

0 = arctan(

G

http: // www.china-simulation.com

* 2696 ¢

https://dc-china-simulation.researchcommons.org/journal/vol29/iss11/14
DOI: 10.16182/j.issn1004731x.joss.201711014



Zheng and Jia: Lightweight Real-Time and Realistic WebGL Rendering Algorithm Bas

H29 B 11 Vol. 29 No. 11
2017 4E 11 A FBYERR, S5 AT PBR WL WebGL 5 I B8 ke YL 532 Nov., 2017
a’ AR ]
D(h) = =Roughness’) (4
(h) n((n'h)z(az-l)—i—])z (0=Roughness”) (4)

(HLAEM) @ ARURBIE 7 PO e e
BT AR
() HZBQ)FIW &5 R L, WK
3.2 (1)
(4) X7 Lighting Model H 1] A 24

- L; (T (. .v)cosb,
1{ L.f(1v)cos,dl ~ N; o) 5

F, ik =(1.0—F, )(1—cos8)> + F, (6)

ARG v M7, Li e — A,
ITN(6)H Fp A2 HE BN I (1) SO 23 s e v
25 I pre-fileter 55 cubemap FH3f€, BJ ] 15 31| Lighting
Model ¥ 5z 2 45

Mlej gf VZ)(] (I —v —h)’ )cosO,dl

AW PN

1,
M, = j Ifg V}f)(z vh) cos6,dl

[ fv)cost,dl = M, + M, (7)
H

4.2 BT LPM Ert s &k

(1) XfF PM ARBERL BRSO, Ao a8tk
P A5

(2) ¥ PM (¥ PR SO LA 17
FITAT (1 1858 P s SCA

(3) T LM ALBRGS AR SO AR, A
Wi SCAF AT A AREA T R A, AR AT BL, UK S
TR PR T A A SR TR LA B R B MO B P A, AT
ZIRSNIEA WERANRTEL, A NS

(4) JERLSCPEPIOGS I 3R 5 [, H SR EE ALK
BN, BRI E £y b Iy X N ARG TR
(W5 A E A A0

4.3 FT PBR HyEM R RIE e A

YT FIRSE RT3 RS
K, ikl 4.

BN

var i=0,n

o

iy}

‘ Pre-filter* cubemap‘

4 EPRIEE
Fig. 4 Render the flow chart

5 HEEREDH

N IAEA ST A 250, AE N H] JetBrains
WebStorm 11.0.1 F- &V &, 18 ] WebGL F1 Threejs
S T —AMAE Web i 7= VBB R 1) 1~ o 5K
Bk H T LG E R . Lenovos #H4FE R4
Windows 7 HEMIR 64bit. CPU EAIXZ 3.60GHz.
W17 8G.

5.1 5£I6—

X O FIREAT PERENI, S 45 Rk 2.

http: // www.china-simulation.com

Published by Journal of System Simulation, 2017



Journal of System Simulation, Vol. 29 [2017], Iss. 11, Art. 14

529 5 11 ) Vol. 29 No. 11
2017 4E 11 A FBYERR, S5 AT PBR WL WebGL 5 I B8 ke YL 532 Nov., 2017
&2 PORBURIILGEALL X PP R Web 35070 A 2 ) R AR
Tab. 2 Performance Comparison of PBR Model ~
PERGMIA AR PAEISHEMb  FPS  HUSAHE I 6. 1 7 o DL I EEA R AL AT
& PBR JEURE NS 42 B (AR B A AN R SRR HL
o 1.68s 26041 Mb 43 K B N N B
SRS 2 SRR 2 iR A R (R AN R R 1) S AT P
i PBR
Nt e aeswe 4 & KK G 6 FIE T BABDERCERR, BTN

SRS BCR A T A .

WA LA, SASAE Web UiyE Y1) ZE A 7Y

FIPEIR SR PR, 2 i R A R [ R AT e P
SR A AL 8.

W rEREditer

5 VRGBT E

Fig. 5 Comparison of car models

Bl 5 ZeiiZh g1 N PBR MUV ZE AR A
Web i EILI B4R A0 K5I\ PBR MR
SRR ZERNAE Web i FEILRIRCR B . 1 1
WHERTLUE . E5INT PBR MTHE G IR
TEBERY, RS () R th & B Ar G R IR 5
JITIR B SO GUR R BOR  [RIINE 42 5 b Re g it
HIRET R I AR a8t 1) b 5 A AH 22
2 R TVRZERIB I B, Ao B A O R v AR
RS INELSE s [ It BE A% A e b ks> A A7 TR T 6 T RL 8 A f AR LA R R
5.2 L — BRI AR AT R A A S e, Pl A N B4 3K

PR VR R JE TR RO o 9 e LUKy Ze 4]

XA FERF A TERBCR TN . oS e gits, mSES RO L S

K8 S EUS VR
Fig. 8 Adjust the parameters of the car after the model

WAL, segai K 6. K 7: s
5.4 Sz Y
XA FM IR AT PBR ORI, il
kg Rl 9.

6 VIR LE

Fig. 6 Comparison of car models

7 RGBT

Fig. 7 Comparison of car models

Kl 6. 18 7 733 AR GIN PBR FEITA AR B9 AR E

1E Web ¥ AR A TS I ERZE . 5]\ PBR &1k Fig. 9 Comparison of different materials

http: // www.china-simulation.com
*2698 «

https://dc-china-simulation.researchcommons.org/journal/vol29/iss11/14
DOI: 10.16182/j.issn1004731x.joss.201711014



Zheng and Jia: Lightweight Real-Time and Realistic WebGL Rendering Algorithm Bas

H29 B 11
2017 4F 11 H

TR B0 th < BB =P L
PR BT LA AR S doe A A QR A 1 =N -
VU 2 5 L VOB PR e 3B 4 T B R
FRARRG. B9 LA PBR M EUR )
BRPE, R TG PBR MBUBCR IR, X
FIX =M R, A3 AR, Wik 3:

R3 AFEM BRI R TR R

Tab. 3 Comparison of attributes of different material

components
it GRS RS EWE O
A & {(i8 i 54k
P fi fi [ L8
i) i% & i% 55

TR IR PRI, 57 B T P A 5 00
e B A FTARR, B2 DBk 5 K 2 )
FF R = A 22 5, R )T A 2
ENGIES e

55 KK T

FES S I AN E I GYR, R AR AR AN [
FEUR LA K 22 IR BITE G L B R
10 iR

(c) IWIMEIATERBORE  (d) B =MobiE G BOR

K10 A IE RROR
Fig. 10 Rendering effect with light

XEF ARSI R 2 R BOR, AR T B R 1
N %2, [A AT RAYT ) R B A R TR %
smart3d.tongji.edu.cn/LPM/volvo;smart3d.tongji.edu.

FBYERR, S5 AT PBR WL WebGL 5 I B8 ke YL 532

Vol. 29 No. 11
Nov., 2017

cn/PBREditor, P4 & A E QBUR L F AR 41T
REAT 0 %, 2 0# 4] Chrome. Firefox %5 Ui %5 X
WY, AE U ) 5 AN B I AT DT o 4 A
TR AT RS B . M e DU g
PR R

6 %5

AT HOE RN i B ASAGIEX =Pkt
FsPERIA, B DSR2, g SO P T B
Aitt, SR PBR MG -5 0 REAS AR b S I
VPR NAT ISR RO, T HX T 3%
T LA RS = b Jo i A 0 0 A Y e B R AR
SATARE WIS I 225, OREUN W] I HISE IR 1%
FPFIIA R T, B A5 BN FLSIK) Web 3 7
B TE JOR o

{HZXF T PBR SE MG INEN &, IRt
FITAT IR 50U P HEA T, BT AT R At 128
Tt IR g R RO AA AN TG T BB, 51 e 5 Jess P )
PR KU -- FEBUAR ORI ] A4 A Ak T RSP e
() e BT AR B SR AR A A 32 SR B XX 85
ARG LA S PR A TR R
MR YE AR RITE G

S5 30k

[1] Jeff Rusell. Basic
Rendering[M]. (2015-11-01) [2017-09-20]. https://www.

marmoset.co/posts/basic-theory-of-physically-based-rende

Theory of Physically-Based

ring/.

[2] Mathieu Robart, Mathias Paulin, Rene Caubet. Material
Model for Physically-based rendering[M].Part of the
EUROPTO Conference on Polarization and Color
Techniques in Industrial Inspection, 1999, 3826: 10-20.

[3] Jannik Boll Nielsn, Henrik Wann Jensen, Ravi
Ramamoorthi. On Optimal, Minimal BRDF Sampling for
Reflectance Acquisition[J]. ACM Transactions on
Graphics (S0730-0301), 2015, 34(6): 1-10.

[4] Soham Uday Mehta, Kihwan Kim, Dawid Pajak. Filtering
Environment Illumination for Interactive Physically-
Based Rendering in Mixed Reality[M]. (2015-11)
[2017-09-20]. http://dx.doi.org/10.2312/sre. 20151172.

CFE:5 2708 T

http: // www.china-simulation.com

* 2699 »

Published by Journal of System Simulation, 2017



	Lightweight Real-Time and Realistic WebGL Rendering Algorithm Based on PBR
	Lightweight Real-Time and Realistic WebGL Rendering Algorithm Based on PBR
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/V85WDC7TF6/tmp.1688107323.pdf.ISEgu

