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Optimization of Building Indoor Light Environment Based on Improved
Simulated Annealing Algorithm
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Abstract: With the increasing standard of living, China’s office building energy consumption ratio increases year by year, the environmental
resource availability decreases year by year, greatly reducing the potential for energy development and utilization.Given that lighting is one of
the most crucial energy—use services in office buildings, it is frequently out of sync with staff distribution, lighting control system distribution
in space and time, and other issues resulting from uneven levels of visual comfort and energy consumption in office buildings. This paper pro-
poses a simulated annealing algorithm based on the improvement of Lévy flight and an optimized scheduling strategy for indoor lighting based
on personnel distribution by combining the combination of daylight and light prediction model with (dis)adjustable luminance lamps respec-
tively.The comparative experimental results show that this strategy searches for and obtains the optimal dimming and brightness combination of
all indoor lighting equipment (optimization decision values for the brightness adjustment of each lamp) under the premise of meeting the uni-
form illumination of the work (surrounding) area and the unified illumination requirements of personnel, thereby achieving low energy con-
sumption, multi temporal variability, and high efficiency optimization of indoor lighting environment lighting system operation.

Key Words: indoor lighting optimization; improved simulated annealing optimization algorithm; Levi's flight; lighting control system; opera-
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Fig. 1 Space three—dimensional drawing design
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Fig.3 Optimization strategy framework of indoor lighting system op-

eration based on personnel distribution
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Table 4 Comparison of lighting system energy use in different scenar-

ios(1)
*4 BEESTHRARSARERITLE(1) (w)
Hi S 8:00 9:00 10:00 11:00 13:00 14:00 15:00 16:00 17:00
fHt— 576 576 576 576 576 576 576 576 576
5 480 364 528 536 340 388 404 384 216
TH23H 5= 464 436 412 496 428 472 552 476 208

E5PI 212 316 208 232 228 344 328 264 284
B 304 208 200 260 244 304 272 240 284

Table 5 Comparison of lighting system energy use in different scenar-

ios(2)
x5 ARABETHRARSAEBERITE(2) (w)
H fH5 8:00 9:00 10:00 11:00 13:00 14:00 15:00 16:00 17:00

17:00 ($£70)

15:00 (LA ) 16:00 (#E104)

Fig. 5 The distribution of people during office hours
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Table 2 Number of indoor lighting fixtures opened at different times
(1)

®2 AREMBRENRAITEFBHEZ() (#)

H# % 8:00 9:00 10:00 11:00 13:00 14:00 15:00 16:00 17:00

TEEt— 24 24 24 24 24 24 24 24 24
= 15 12 16 18 9 12 13 10 7
TH23H %= 8 13 10 7 16 5 14 17 10
M 6 16 12 16 15 14 10 14 12
s 14 10 4 2 5 13 12 10 12

Table 3 Number of indoor lighting fixtures opened at different times
(2)
®3 AREMBRENRAITEFBHEZ(2) (%)

H 19 5 8:00 9:00 10:00 11:0013:00 14:00 15:00 16:00 17:00

TEft— 24 24 24 24 24 24 24 24 24
= 17 12 15 18 11 12 12 9 10
LHI3H = 10 12 11 9 16 6 14 16 10
M o8 16 13 15 15 16 12 13 14
s 13 11 5 10 6 15 15 15 14

AT LU 7RI 2% I 8] 98 B P CBR 12 050) fd7 1 4l By g
Wi Z . FEARRBRTERT 53— A% 8T B Al RDE
I NN SR GE BT 3 75 RO I B T AT B i 22, HoAr 41
TR 8 T =N A Ao, KT TS B A He 1R 5
— WL N RE R R AR A A AR, IR
FTHARTFEI G, HEBRLIR R AL FUL IR P AR 0%
AL Es R T LA, st B DGR KCRE TR AT B
Do NI TR AR AT I RIT RS, SR
— AR R TR B R AU BT 3K P A1 a?ﬂ’]quj
STHIPR B D, R — =R, X R
K SE LA RE R BRI Tﬁﬁﬁ:’ LA, 3 AR SR A Hh Y e
SEFEL G N b IR BRI 5 K 64 IR T BE X 3T RE R kAT

Him— 576 576 576 576 576 576 576 576 576
5~ 488 340 548 540 356 396 428 388 220
L I3 H 5= 464 440 436 488 404 476 560 490 212
EHID 216 324 232 236 224 348 304 268 292
TEEH 308 216 204 256 248 308 260 248 280
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Fig. 6 Comparison of energy saving rate of lighting system under five
scenarios in one day on July 23, 2023
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Fig.7 Comparison of energy saving rate of lighting system under five
scenarios in one day on January 13, 2024
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Table 6 The optimal lighting combination searched by the optimal
scheduling strategy of indoor illumination based on personnel distribu-
tion
xo6 BETFARSGNENREMLAERBKERINRMRITEAS
UNZE A IRARIDEIT B A dL best

8:00 (F£7 1) [000000101313232131102033 ]
9:00 (311 .A) [210002210201031021103231 ]
10:00 (38 A) [002111020030330222010000 ]
11:00 (F£12 A) [000013000021022012031033 ]
13;00 (&5 A) [000002201021210323030012]
[
I
[
[

14:00 (FE11.0) 210001010002230122332232]]
15:00 (F£9 A) 000101120010222013312230]]
16:00 (F:10 N) 001012101112112020312320]]
17:00 (7 A) 000001010200220212031001 ]
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Fig. 8 The total illumination value of each person’s position coordinate point under the optimal lighting combination

B8 SMITEAGTENARMELFRNZRER(E,,)



55 VR, XU 1 8, 45 - 26 T Ol B LR K P A - 53 DL FR S (A 105 -
WAIRKUIIA LR TR LR Ol o X HESC IR 4 SRR AR SCBE 1y 54

Kl 8 J/R T AT XA B /NI N KT R LS A
HENTAEANGLE GBI SR, SR e Rk,
JIT A 3 N T AR BT R 5 A SR8 B kT Ot 0 6 IR
BT HR 4 4k AR SR A IEURE B (ELYE LA, BIAE (300 Lux,
550 Lux BV A, A6 EN12464-1 BREERRIE

B84 X AR DX R JRE 3 2 88 B B0 )RR A0 T
VRN AL SE PR & 15 PE A 0BT, 2 THA T TAR N B
A7 PR DX ) I 5 5 R RIT A T A DX B ) IR R B
SIRE S N RIS RERCE AT LAAS Y ZENG SRl T
N B3 Y HE SR PR B RE DG AL A BE SR L &
AR BT TE AR X B B 2 &) 21 R T 45 1 0.7,
JITAE R GE DX A IR B 2] FE B R T4 T 0.5, IX — S5 84T
BARSCBEE I TN E

PR, AR SCHR HE B0 R 3 N B3 20 A1 1 28 PROIE R B 10 AL
JIE SR T LAAR G 3 49 AR B A2 A N AR BT AR IX
Il R 2 2 B R T EAE T 0.7 (82 0.5) i AT B e AR5
Mg e ERE B T AR R BRI ZhFE 7]
PEGAT B 5 R s ) R G AR LS A DA KN AL E A 5N
SUAILE PR RH X 3 1
Table 7 Illuminance uniformity in the working area and surrounding

area of each person under the optimal lighting combination
x7 RMTEAGTEN AR TERFEMRAEREHRESNTE

S 2 3 4 5 6 7 8
8:00 0.88 0.89 091 082 082 065 093 —
9:00 078 092 083 079 085 08 081 0.7
10:00 0.80 0.78 079 08 — — 8 — ——
TAEXER 11:00 081 082 079 072- 077 087 093 —
RIBRREYY 13.00 077 092 0.89 087 085 —— — ——
AjEE 14:00 0.81 081 098 074 075 09 08 ——
15:00 094 073 091 086 09 082 08 ——
16:00 0.75 0.86 092 08 084 096 082 ——
17:00 0.87 0.88 089 08 — — — ——
8:00 092 0.89 088 057 083 062 09 ——
9:00 075 094 077 076 06 076 07 053
10:00 0.84 0.68 075 069 — — — ——
WX 1100 055 077 068 057 052 067 08 ——
RYMREEYY 13:.00 0.69 091 0.87 077 076 — —— ——
AjEE - 14:00 0.68 056 0.89 0.63 0.64 084 059 ——
15:00 0.86 0.68 0.81 078 087 074 068 ——
16:00 058 0.88 079 062 084 093 057 —
17:00 081 065 08 056 — — — ——
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