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Design of a double-layer skylight light transmission system based on
multi-objective optimization
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Abstract: The incorporation of skylights significantly improves indoor natural lighting uniformity and
illumination levels. Additionally, the use of an air layer helps mitigate hear transfer between indoor and outdoor
environments, thereby improving the overall quality of the indoor light environment. Using a comprehensive
market building in Handan City as a case study, this research designs a double-layer skylight transmission system
comprising 27 combination configurations by integrating skylights and air layers through the Grasshopper
simulation platform. With the help of Octopus, a multi-objective optimization solution is developed to balance
energy consumption and light comfort. The independent variables and evaluation index datasets are further

analyzed using the Hiplot platform to evaluate correlations between design parameters and light environment
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indicators. Results show that the optimal configuration is achieved when the air layer thickness is 0.8 m, the semi-

transparent material thickness is 0.005 m, and the skylight area ratio is 0.3. Under these conditions, the proportion
of indoor effective daylight illumination increases by 10.97%, the probability of daytime glare decreases by
39.40%, the brightness ratio between north-south entrances and exits and their background surfaces decreases by
61.45% and 45.10% respectively, and energy consumption per unit area is decreased by 18.42%. Correlation
analysis reveals that interlayer height is negatively correlated with daylight coefficient, effective daylight
illumination, and daytime glare probability, although these correlations are weak. The skylight area ratio is
negatively correlated with indoor effective daylight illumination, while the thickness of the interior light-
transmitting panel is positively and strongly correlated with daytime glare probability. Finally, the system’s
economic viability, applicability, and feasibility are analyzed, offering a novel design approach and component
model for enhancing the indoor light environment of large-scale public buildings in urban settings.

Keywords: double-layer skylight light transmission system; multi-objective optimization; indoor light

environment; correlation analysis
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Fig. 1 Building overview
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Table 1 Detailed information of comprehensive market measurement
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Tabie 2 Comparison of measured and standard values of light environment in fresh area
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Table 3 Comparison between measured and simulated values of optical environmental quality parameters Ix
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Fig.2 Error analysis of measurement and simulation
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Table 4 Indoor light environment simulation results of the benchmark model
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Fig.3 Simplified model of double-layer skylight light transmission system
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Fig.4 Dynamic model and multi-objective optimization battery pack
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Table 5 Parameter setting of multi-objective optimization

W2 KRB R G A S SHTE XL B Xt 1 8
h ] 2% 755 B /m 0.50,0.65,0.80 0,1,2
d 75 6 JE B /m 0.003,0.005,0.007 2,1,0

s K7 AR L 0.3,0.4,0.5 0,1,2
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Fig. 6 Simulation model
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Table 6 Dynamic evaluation of light environment
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Fig. 7 Multi-objective optimization process
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Table 7 Optimal solution set component states and simulation results
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3 0.5 0.005 0.5 42.06 0.048 10.101 4.41
4 0.3 0.003 0.5 42.82 0.056 10.586 4.44
5 0.3 0.007 0.65 43.91 0.035 10.295 4.34
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Fig. 10 Indoor light environment visualization of the comprehensive market building
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Fig. 11 Correlation analysis
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Fig. 12 Structure of double-layer skylight light transmission system

52 ZAFHESH

H 5 7 30 BOUR R W8 R 5 T N T K B A BB SR A 7 SHZ S5 6 TH 3 WUE KB R 0B G 2 98 Bk A ik
TR, 8T, MR SAI A, A TN TAERCR BB, TANAE R SER 10 m® 7 T0, & Kz fi S oA 9% H
Sh 200 70, W% 2 48 o Ay 371 J6/m?, /N T 500 6/m> s AR d648 BT 45 )T 6 T Ep R (G db 48 2022 44k 52



90 TR K F F IR % 48 %

(3 ) T S T 0 920 5 6 ) 308 0, 8 117 SRS 1 0 4 T — R 6 3 ) 08 11 7 56 R 47 B R
L% 545 H U2 K 51 575 0 28 9 1 P Tl e 54090 o 7 L E R 18.42%
x8 NEXRBREXRSHIERAHEE

Table 8 Rough calculation of renovation cost of double-layer skylight light transmission system

. TR HAb 7% H /o
Fe R R WA /o0 Vo s R LT —
(LA m* Ky i) AT S5 W % HoAh
1 Ry 21.00/m
2 i TR g & 18.00/m
3 i i 25.00/m 3 321/m’ 300/H 200/H
4 7 00 1 12.00/%
5 [RIBUES 31.00/m

£ LA AR 7 BUR W AR B (GO T 4R B TR0 R T SRR T, 456 SUZ KB R E L R 58 0E A
EHBEFE/ NS, AT SR AT AT 1k 22 TP A T PR AR B4R T

6 HRIE

SC DA A SR B A ) R 2% A SR G T SR & R E A 2 A T S ik AT R I S SE 48 Bl Grasshopper -
BN H 2 BRI 07 AR W R SUVE RE A I 5 st AL S i & 45 B G ET 15 N SRR FE PP M 98 bRk 5 R
BC RGBT 5015 B UERL RN L 4 78 1 2 B VAN 48 A BUH R B AT AR G R A BT L 15t DR 458

1) 38 38 A B K S 43 A A 1, LUK B 2RO Ry = R ISR T B SR 25 G T 3 A 6 DXCOfF A8 8 N DG PR B2 &7 348 AR
MR AL SR AR FE i 45 R R

)L R H IR B | B R OGN P47 T AR BEFE A PEN HE A5 X A2 R 8 R B R G172 Bir 18,
i 18 AR X S RS IR A A 45 SR 5 SE A AU LL Y 2 B2 R R 0.8 m, 3 A BHE B 0.005 m,
R & R 030, L8 G RE N RGN B, ENARHOCEE S ILIRFA T 10.97%, H/EZ
JCAE AR FEAR T 39.40% , g AL 1) HY A F B JHG 3 53 1T 48 J3E LU 20 S0 AR 17 61.45% 1 45.10% , B 37 T AL BE AR B AR 17
18.42% .

3G AL T S BT VRN 8 bR B AR SR 4 A A R 25 U] 2 R S RO R A A R H DG R S B R G
BRZ A A AE DG E AR G PR 55 5 M K % T AR bE 5 % A R H DG BREE AR OC R E A RR 2 S FUBE OGS
TEAR DG, AR G PR30

4) X0 % R GE AT i A LB AR ), XU R B R 0% O AR S8 ki BUAS IR T 500.00 I8 /m?, 45 A & L 5 BUR
X T AR () T 7 82 R 0 SCHE 522 Ak 7 2 B R ATk 28 U5 Pk B 3 PR A 3 — o R B A 0

WS, 5 B R % % bbb 3 G RHE B K s S IA) 2 e R AT LA A s & N O PR BE T i FRAIR
HAREFE , S LA R BRI RS [ A SL # 5 % OB IR T 5 BGE S A3 M RS . i T a2 i (8] Ok
T35 4 AF 7 A BRI, 0 R R k2P TR AT S . 7R SR ME R BBl v 22w T AR A R A R AL 4
B S AR A OCPE S A b, A T B AR SRS A5 DA HE AR 2 TR R A O R A R 3 S B L R A
O PR AR 4 5 M A BRH OGO FR 5 R X LR R B R 37 G R GE Ak T S AT ISR N T A3 BT

2% Uk

(1] 5%, O, Rz, % T30 R B0 4™ il B AR S2 R []. 79 30 s $R T2 1), 2023, 38(2): 92-98.
Weng J, Wen H W, Wu Y T, et al. The impact of luminous environment in food markets on color perception of agricultural
products[J]. Journal of Human Settlements in West China, 2023, 38(2): 92-98. (in Chinese)

[ 2] JAET, S de, XUMF . BB 2 DX b /DN R 8 i 2 il 0 42T 1 SR SROL A A Bt LI 100 6 o Bkl o 49 (0], A 07 RE
e 30), 2023, 51(7): 1-7.



%9 m EFH,F AT 5 BARRALE RER T RGO A ikt 91

[10]

[11]

[14]

[15]

[16]

Fan Z Y, Xu R L, Liu J P. Optimal design of natural daylighting for waiting halls of small and medium-sized railway stations in
hot summer and warm winter area: taking a railway station in Haikou as an example[J]. Building Energy Efficiency, 2023, 51
(7): 1-7. (in Chinese)

Irakoze A, Kim K H. The impact of ceiling geometry and its sensitivity on daylighting and energy performance of skylights[J].
IOP Conference Series: Earth and Environmental Science, 2020, 505(1): 012011.

El-Abd W, Kamel B, Afify M, et al. Assessment of skylight design configurations on daylighting performance in shopping
malls: a case study[J]. Solar Energy, 2018, 170: 358-368.

Tikel M, Mumcuoglu K, Arici M, et al. Analysis of fluid flow and heat transfer characteristics in multiple glazing roofs with a
special emphasis on the thermal performance[J]. Applied Thermal Engineering, 2019, 148: 694-703.

AT AR . BRI il A AT R RS ] 2 i W RO AR R o AR RO AL BB SE [D]. 74 % v 2 dE SR K%, 2021,

Zhao N S. Daylighting oriented research on optimization design of natural lighting of translucent photovoltaic skylights
inwaiting hall of railway passenger stations waiting hall [D]. Xi’ an: Xi’ an University of Architecture and Technology, 2021.
(in Chinese)

oV, U R AR B RS T K B 2 FAR AR AL 1], AR R BE TR 2 2 R (A AR D), 2022, 50(7): 13-24.

Jiang T, Lu Z. Multi-objective optimization of flat skylights in the elevated railway station[J]. Journal of South China
University of Technology (Natural Science Edition), 2022, 50(7): 13-24. (in Chinese)

JE L, AR PR . R B 5 o0 XoF K A oo A0 2 M v R DI B A5 52 T 1 AR ADL 43 T (0], AR IR A B R, 2022, 44(2): 30-33.

Zhou H T, Xu Y. Simulation analysis of the effect of skylight orientation on the light environment of the atrium of Changchun
university teaching building[J]. Low Temperature Architecture Technology, 2022, 44(2): 30-33. (in Chinese)

TR, B, ARG, A R ol 2 18] S 1) XU A1 i L AR 2 K5 R R Bl HE A 5 e BF S (0], R R (h 2 0),
2023, 51(8): 32-37.

Ding J H, Lyu M R, Zou X Y, et al. Influence of geometric parameters of opposing exterior windows on carbon emissions from
lighting in professional drawing space of universities[J]. Building Energy Efficiency, 2023, 51(8): 32-37. (in Chinese)

Mondal A, Ghosh K. A study on the Energy Efficient Interior Lighting System of a Heritage Building[J]. International Journal
of Engineering Technology Science and Research. 2018,5(1):1071-1082.

XUZEA, ER AR, Bl . 2T Octopus Al SVMs Y 11 IX 38 41 2 H AR 08 35 HF B 58 (7], 4 5071 E (Hh 9&30), 2022, 50(11):
21-27.

Liu D L, Wang K Q, Yan H Y. Research on multi-objective optimization design of forced layout in residential area based on
octopus and SVMs|[J]. Building Energy Efficiency, 2022, 50(11): 21-27. (in Chinese)

Dino I G, Ugoluk G. Multiobjective design optimization of building space layout, energy, and daylighting performance[J].
Journal of Computing in Civil Engineering, 2017, 31(5): 04017025.

WRIR T, BK, B0F, 4F . g0t ml i R P 25 A F 7 2 R 20k e i 5 e B (D). B URLA2, 2023, 39(6): 256-265.

Chen Q Y, Xia D W, Huang Y, et al. A review and prospect on research progress of adjustable transparent envelope[J]. Building
Science, 2023, 39(6): 256-265. (in Chinese)

KRR, AN, B RSB B R ORI Y 5 X A BT ()], T POR AR, 2021, 44(9): 40-50.

Zhang Y, Yang L, Luo Z X. Indoor light thermal environment and strategy analysis of aerogel glass residential building in
summer[J]. Journal of Chongqing University, 2021, 44(9): 40-50. (in Chinese)

AU, BRETT . BT ROG M R O A i T A8 ST 3R B A SO SE LL )t DX B I 4 R A 0 [0]. AR b BT, 2021, 39(5):
56-62.

Shi F, Chen Y D. The generation of dynamic building skin based on the optimization of daylighting performance: taking the
office buildings in Xiamen as an example[J]. Huazhong Architecture, 2021, 39(5): 56-62. (in Chinese)

TR, VK AR SRR ER BT S S BT AL LU 7R g P 2% B B R W R A I (D], EE PR 4R, 2021, 44(9):
17-30.

Huang H J, Dong Z. Measurement and simulation optimization of light environment of traditional dwellings: the case study of
Miao dwelling in Huangtu Village, Danzhai County, Southeast Guizhou[J]. Journal of Chongqing University, 2021, 44(9): 17-
30. (in Chinese)



92 T RKFFR %48 %
[17] Lyu Y I, Wu H I, Liu Y C, et al. Quantitative research on the influence of particle size and filling thickness on aerogel glazing

[20]

[21]

[24]

performance[J]. Energy and Buildings, 2018, 174: 190-198.
Sun Y Y, Wu Y P, Wilson R. A review of thermal and optical characterisation of complex window systems and their building
performance prediction[J]. Applied Energy, 2018, 222: 729-747.
TR 2N IR /N DX ) = A B SR M TN (], T BT, 2023, 20(3): 24-28.
Su P S. Simulation of passive building reconstruction strategy in old residential communities in Lanzhou[J]. Urbanism and
Architecture, 2023, 20(3): 24-28. (in Chinese)
Manz H, Egolf P W, Suter P, et al. TIM - PCM external wall system for solar space heating and daylighting[J]. Solar Energy,
1997, 61(6): 369-379.
Liu D M, Sun Y Y, Wilson R, et al. Comprehensive evaluation of window-integrated semi-transparent PV for building daylight
performance[J]. Renewable Energy, 2020, 145: 1399-1411.
Kangazian A, Emadian Razavi S Z. Multi-criteria evaluation of daylight control systems of office buildings considering
daylighting, glare and energy consumption[J]. Solar Energy, 2023, 263: 111928.
PN, JERAS, £ IR . AR A& B R BB A TS BRI Y S SR [T A SRR AR, 2022(2): 1-8.
Sun C, Han Y S, Wang J B. The research and practice of computational design of the form of self-adaptive building fa? des[J].
Architectural Journal, 2022(2): 1-8. (in Chinese)
SRCHE, T . S DX 0 D R AR SROB RN R A AL BT [J]. FE RO 44, 2022, 45(5): 52-66.
Zhang X Y, Yan J W. Study on natural lighting simulation and optimization design of railway station in alpine region[J].
Journal of Chongqing University, 2022, 45(5): 52-66. (in Chinese)
M)A 77, R . BT S8 5 AR5 R8N 1 s RO 2 HAR R AL [T]. B U] 241k, 2020, 31(6): 61-68, 80.
Chen Q N, Wu W. Multi-objective optimization of classroom lighting based on visual and non-visual effects[J]. China
Illuminating Engineering Journal, 2020, 31(6): 61-68, 80. (in Chinese)

(% HB%)



