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Indoor Light Environment Simulation Based on
Light Energy Transfer Method
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Nanchang, Jiangxi 330013, China

Abstract Based on the known light intensity distribution of a light source and indoor spatial structure, this study
established a mathematical model and adjusted the relevant parameters through experiments with respect to a
hypothesis about the bidirectional reflectance distribution function (BRDF) of the spatial surface. Further, the
application of this mathematical model in different types of spatial models results in an average illuminance error of
less than 3% . Moreover, the plane illumination curve distribution is basically similar to those obtained using the
existing methods. The working-surface related parameter values are compared with the DIALux simulation results.
This study also improves the BRDF model of a wall surface in terms of the application of the uneven light energy

distribution on the reflective part. The proposed method improves the illuminance calculation accuracy in a circular

Vol. 56, No. 11

bottom space or a space with its bottom not equal to height where a direct calculation is not available.
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Lambert
OCIS codes 150.2950; 290.1483; 240.4350

1 51 7

SR YT RE RT3 5K 7R 0 A 3 A ] AT
TR B TE I, 75 230 23 (AR BE HEAT $ 34 L OF PEAG 25
[ F - 249 M E (D L B8 2 S PR A A AR G A AR B
A I 2 B0E A X SO0 0K B T3 T7 AR BE (RS
il B AR o HLAS BEXS 25 18] PN R 2 20 A bR B0 A 0 i i
Lol BRI BT DIA Lux 76 B8 B33 05 11 2 A 1R
o BB AU T 3 5 52 B B 352 0 L =2 ]

BeZEARF /N BT I AT LK A IS RAE I S R

TESCAE R P B2 vh ) R 2 2 DL e A%
TS, A A B ZRGB 3 R Jacobi 3 A1 4% L X st
S TR IR T R 6] 19Ol BE A% 3 5 7 BT B
S T ARE 0T B8 S S T Sy AT A4S AL Ol U
ST ORI TR R T A R
SR A SR T BRI B R AT PR s SCERLT R AR XT AR
TET A PG ARL R AT 07 O BE 45 L S IE 1 3% 07 Tk Y AT
FEPE SCRRLS 4R i T RE & B UL B & K 2

B HEI: 2018-12-17; {EE B HA: 2018-12-21; REAAHI: 2019-01-02

* E-mail: 8755915@qq.com

111502-1



Wt 5ot T o R

14 2 36 O BE B 8 HIOR B A, OF M 2 2 10 Ol RE A ik
BRI s SCHRL9-10 ] rb $2 7 BE im0t 5 552 B 1 0 #9)
AR WIF 18 S SR A0, 500 T RERE A 3 T 52 B 1 18
SR L

IR BIE T H A K D' RE A% B Ve B O
PRGN A R . A SC L 28 O RE A 388 07 0 O LAl
PR T O lE g BE  JF T T IR BB A U
8 3 S ST 0 R R XoF 4 (8]l RE A R B0 HE AT A
I3 3 S 6 o A 2 AT U R SRR T % R Y
AT,

2 FEARJFEH

WA 35 ] 3 5 ) 3B S B8 42 Jm BROBH 1) 7 125 4
RS BIGE 5% 160 37 5 1 5 RG8 BR O TR
T8 R S n e e AL 1k vk . IR TR T
B (18 S I R T, H X JE] B 5 43 A1 eR A (BRDF)
(BLAE 25 () 4507 1] 11 Sy B2 0 A ] 0Ks ik T O RE 1% 1
Ti B SOU AL,

2.1 ZHEtREEBEARE

e 2 (DG RE T AR A LT T4 451

DZSHEA S5 R B

2) 75 () T A 35 B L T O 5

3) 75 () 2 T S 5 A O B ARTE A, HL SO
L Z B TAHEAEH

YL REAL B AL 4> )7 FE AN Galerkin B 5k i 72
T @ Ak 558 555 BT HE i )~ 2 TR R 45 1 Bl o Ak e O
JIT I B %) B 88 73k A5 4 ) R A T B S 3 0 A A S B
T LR BREE 73 i 22 AL B

B, =B. +p: >, F,B; . (1

KB R ¢ 58 55 BT R R IR 2 s o0 DAL
T TR F T ST AR T B
WRTE @ LAAM T A 54 0T 8 S AR ) T E
2.2 SKERHEfFBERE

S5 LREfE 1B HIE  HEAT MBS A U
HE NI A 2 DGR R B B AL i TRLA
WD @ TGO AR B ok BT A O A D OB 2.
APRE A S5 T 3003 D LA A E] 4 P L R ST
SE WG RN L & 8 B DL 2 7 23 ] PN R SR B L )
JERES AT IR BN . R IR ERE A R TAT
(B, TR IA N

EO —E, :Ic05(9

2 b
r

A T R CIRAETA @ J7 ) b B9 R OE5RJE 5 cos 0 SAOL

(2)

LG ¢ P Z AR s ROCIRB I 1R
B RIGTRARBR N (s yosz0) o B (2) G B0 L1
KILAIR (2, y,2) AT KRN
E,(x.y.2)=
I.(zy—2)
[z —2) + (yo— )2+ (2o —2)* " °
gk bk WOCE R Z 5 O o 1ROt e
E®HD 25

3

E*#+D =Edi+,0j2FijE;k)’ 4
J
5 5 54800 69 5
AE®D — EAE;MFU{OJ' 3 3

N NP R T S

Fig. 1 Calculation of reflection factor

between two points
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Table 1 Cases of light environment model

Number  Space bottom shape Lighting arrangement
Conventional Uniform
Case 1
rectangular space arrangement
. Unequal space on )
Case 2 Uniform arrangement
the ground
. Conventional )
Case 3 Unequal heights
rectangular space
Case 4 Round floor space Ring arrangement
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Fig. 2 Average illuminance error rate and running time

versus number of reflection calculations
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Table 2 Comparison of average illuminance

calculation results

Average Average
Average
Case type direct reflected
illumination /lx

illumination /Ix illuminance /Ix

Case 1 /Ix 208 77 284
DIALux /Ix 206 82 289
Error rate /% —0.76 —6.48 0.76
Case 2 /Ix 208 7 285
DIALux /Ix 206 82 288
Error rate /% 0.77 —5.74 —1.08
Case 3 /Ix 220 83 303
DIALux /Ix 216 80 296
Error rate /% 2.05 3.76 2.52
Case 4 /1x 202 92 293
DIALux /Ix 205 90 295
Error rate /% —1.63 1.78 —0.60
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Fig. 3 Illuminance distribution results of work surface for each case. (a) Case 1, model simulation; (b) Case 2, model
simulation; (3) Case 3, model simulation; (d) Case 4, model simulation; (e) Case 1, DIALux simulation;

(f) Case 2, DIALux simulation (g) Case 3, DIALux simulation; (h) Case 4, DIALux simulation
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Table 3 Comparison of illuminance uniformity Table 4 Comparison of direct and reflected

calculation results components of light energy

Minimum Maximum  Illumination Case type E jmax E inin E tmax E tmin
Case type
illumination /Ix illumination /Ix uniformity Case 1 /Ix 274 101 95 18
Case 1 /Ix 119 348 0.34 DIALux /lx 274 100 103 75
DIALux /Ix 176 350 0.50 Error rate /% 0 0.50 —7.38 —75.6
Error rate /% 33.9 0.6 32 Case 2 /Ix 274 101 92 18
Case 2 /Ix 119 349 0.34 DIALux /Ix 274 100 101 75
DIALux /Ix 175 350 0.50 Error rate /% 0 0.50 —8.81 —75.8
Error rate /% 34.1 0.3 32 Case 3 /Ix 297 103 103 19
Case 3 /Ix 170 381 0.33 DIALux /1x 295 98 103 71
DIALux /Ix 173 368 0.47 Error rate /% 0.68 5.10 0.00 —73.2
Error rate /% 26.6 3.5 29.8 Case 4 /Ix 246 140 138 44
Case 4 /1x 184 344 0.54 DIALux /1x 242 141 114 75
DIALux /Ix 221 329 0.67 Error rate /% 1.65 —0.71 21.05 —41.3
Error rate /% 16.7 —4.6 19.4 10,
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Fig. 4 Illumination error rates of each case
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Table 5 Simulated illuminance value and uniformity error after model improvement
Case type E. E, E, E.x E... U
Case 1 /Ix 208 79 283 348 160 0.46
DIALux /Ix 206 82 289 350 176 0.50
Error rate /% —0.76 —3.66 0.31 0.6 9.10 8.05
Case 2 /1x 208 78 286 349 167 0.48
DIALux /Ix 206 82 288 350 175 0.50
Error rate /% 0.77 —4.89 —1.08 0.3 4.57 4.30
Case 3 /Ix 220 82 302 381 169 0.44
DIALux /Ix 216 80 296 368 173 0.47
Error rate /% 2.05 2.56 2.02 3.5 2.31 2.64
Case 4 /1x 202 92 291 344 219 0.64
DIALux /Ix 205 90 295 329 221 0.67
Error rate /% —1.63 1.78 —1.36 —4.6 0.90 4.98
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