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Abstract

As the pace of modern life accelerates and artificial lighting becomes widely used, disrupted light
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environments increasingly interfere with the human circadian rhythm, leading to issues such as sleep
disorders. LED light sources, due to their flexible and adjustable spectra, offer a new approach for
precisely regulating biological rhythms. This study focuses on the optimized synthesis of multi-chan-
nel LED light sources, aiming to design light sources that meet specific circadian needs through math-
ematical modeling. Specifically, we first established a multi-channel synthesized spectral model based
on the spectral data of five independent LED channels. For two scenarios—daytime illumination and
nighttime sleep aid—we constructed nonlinear optimization models with the objectives of maximiz-
ing the fidelity index and minimizing the melanopic daylight efficacy ratio, respectively. By employing
a genetic algorithm for optimization, we successfully obtained the optimal weight combinations for
each channel under both modes, along with the corresponding key optical and circadian parameters.
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BUACHE B AR LY s H 2532 BI5GHE, S BRGS0 e iR i B R EEE L. A
B PRCIRIERE T A2 H AR 55K, SCRE AR AL X 48 S 3R 2 iR 4k, )5 BHA (1 2 1838 LED il
WIT RN AR AT, AR & S TN VAl 5 T CATIRAWE T, HIRATER 1 10
7. LED JEIE K6 TE Dh AR A s LA A QA A JE Tk, ASCHEE T DLR SR B AL A
HERR R FOCIE L/ My AR AR LR MDA AR, B FEAG B TH IS H 8] 8] 5 1 ) B HE P 75 55t
(] LED ROt . 2R R aE A SLPa MoK, oA RAFAGE A 2 a9 A Y
MR BETHR L 7 S0

2. HETACTE

AR IR AR T “2025 4255+ 10 MathorCup #0272 FHBEAREE” B, B M4t 7 14 LED
JHIE (R LE(600~700 nm). ££6(500~600 nm).  # (450~500 nm). BE FHIE(WW, 395~415 nm). A H
(CW, 400~780 nm)){¥] SPD %#i . L7 @it H4> LED J@i& 1) SPD Hdl, %1% H a) e B 2R 7 1] B AR
AR, AR e EENEH S, HRRAEGBOGEN TS AR CCT, FEE
FASC I I EE 2 Duv, (REEFREL R, (IBFEEL Ry, #REEZ HOGHEE LE mel-DER). #6004 W3 1 Fiow.

Table 1. SPD data of five LED channels (Partial)
F 1. I LED ®i&RY SPD BUR(E )

B Blue Green Red Warm white Cold white
380 (mW/m?/nm) 0 0 0 0 0.021608529
381 (mW/m?/nm) 0.001834862 0 0 0 0.016859402
382 (mW/m?/nm) 0.005504587 0 0 0 0.011872818
383 (mW/m?/nm) 0.002752294 0 0 0 0.027544939
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384 (mW/m?/nm) 0 0 0 0 0.029682046
385 (mW/m?/nm) 0 0 0 0 0.036093368
386 (mW/m?/nm) 0 0 0 0 0.019471422

2.1. XEESXYHESEETEKE

A R iR CCT M2 Duv. (UORAREE R (IR S R, *ﬁ@l%mel DER LI FEFF o
Hrf CCT [2]. Duv 4 CIE 1931, CIE 1960 UCS Friff kAT 0 B 531 '3 R, [513A/E IES TM-30-
20 FRifETE A IR B 15 mel-DER [6]Z 8 CIE wﬁ%;‘cﬁﬁﬁaaﬁ)ﬁ«a[ ] GBI E AT EIPN
PR B SIEE, AR bR A OB D2 /0 A SPD B K TH R RS

2. BEEES YIRS SEM A

R FRECE : MR 100, 22X 0.7, A 0.08, T THUE 1000, ZHERZ
[ GVE PEASTHR IR H PO D 8] JE e g SR I R B, A RERUAR T 80 I We8lAz e v T F%,
X AR AEZIUE N AT T & R R 5 RS UERE ST, T D7 A R 2 AR 4 TR 2 i, o
PERR], ZH G R DLRIERE YRS i i L T AT AL AR

3. BT REEENZBERKEM SPD IRBE
3.1. ZiBEAR/ SPD HERYEST

MBSO “Problem2 LED SPD” HHizHY 4> LED i#i# ) SPD ##s .
LM IE GRS OB TR (SPD) & &l SPD (KIINALE B, Pk B E, IEmMEE
1 & R SPD K8
SPD.,,;, = iWi -SPD,

i=1
Hobt, o MR, AL Y w =1 Hw >0,
3.2. AMIGRICBIR

32.1. #Hm—: HEMERAER
WSt B R 2 ERPLEST HY6(CCT = 6500 K)Z&M T, & i & ZRMEE: 5 ERZ
FEREALIE T HOE(CCT = 6500 K)KIZ6AF T, & B 2 ZER DG AR Al (CCT) 5 £E 6000 + 500 K i [#
PI(BP 5500 K % 6500 K), fAIRfEEU(R) AT 95 % 105 2 [A], RIEEIRER) T KT 88 HRAATBERZIL 100
(BP H AR ek Hs KA Ry, RIS 75 TS IF 5 R R 3 H DG R FZ L (mel-DER). R[I:
max R/.
5.t. CCT > 5500
CCT <6500
R, >95
R, <105
R/. > 88

DOI: 10.12677/aam.2026.1510394 32 N H it e


https://doi.org/10.12677/aam.2026.1510394

LT 5%

3.22. R RERER
Yyt 1) B AR AR I R (R R IR BE(CCT = 3000 + 500 K, B 2500 K % 3500 K)HZ&4F, &
BT R B R AGTE : HB 2R H YEHE E (mel-DER) 75 /R AT REAR(RY H b B 8 5/ME mel-DER),  [RIRFCR B4R
H(R) T AMMET 80, RII:
min mel-DER
s.t. CCT > 2500
CCT <3500
R, >80

3.3. RIENEHABRER

TR EVE[9 & —Fh 2t T AW AL B IR P AL 50, g0l B SRR B RIEAE AL, I b, JE N bR
B WIGHARER, 8. TX. BRMLIEFMFSEPER, FREIME.
BEEZENEXSTE
(1) Getofkgmis
a) SEHUWG: BB w={w,w,, wy, w,,wi}, TR
Zslwi =Lw, 20

b) HBENLEMIIERMAET 1, How, < w, /D w, 4.
(2) WITEAFIEE: HiE R &, JFE IR R AR & DL RS, RS B )R B
BUAE S ORI E Wi aa A, € L N =100,
(3) &SRR AR
H M)A
Fitnss = R, — - max (0,|CCT - 6000| - 500) - 8- max (0,|R, =100 -5

Bl
Fitnss = -mel-DER —y-max (0,80 - R | - 500) - 5 -max (0,|CCT - 3000 - 500)

H, a, B, y, SEHKWTF(a=01, =005, y=02, 5§=0.1).
(4) PG R I TR HRIEAAIE N (Fitness) &ML B IR AR, Hi (R mndE B EEANMA R 3

RIVEBARE o
_ Fitnss,
. ZIJO:OI Fitnss;

(5) BXEBAEGHARZEN): WL SAIE RS LA, SR BRI p, =0.8).
X T5ik: WP, AT
W = A +(1-2)w’, 2~ U(0,1)

BEATIH— AL B, HRfR Y wi™ =1,
(6) ASFHRIECRINEN): I BEHLPESIAERF R AR, BERELABN R R RS2 p,, =0.05).
AR ITF: PP, S (IR BEL IS -
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(7) ZIbfhe IR AR, WSEL AL, B0, RIS 3 AkSEHIT 4 L Z T DT
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Figure 1. Flow chart of genetic algorithm
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Figure 2. Fitness evolution diagram of day-time lighting mode and night-time sleep-assisting mode
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3.4.2. HERBARAMCRBEITHER ST
SRARAT 2 8] i WA 5 o i 10 S U ASL F DR W R Bm R U, AR AR 20 4% 3,

Table 2. Optimal weights of the synthesized spectrum for day-time lighting mode
2. HERAEREBIENRMANE

JETE &S
N AR 0.239
4 0.134
Wt 0.155
=P 0.172
AShid 0.300

Table 3. Values of each index under daylight lighting mode
7 3. HiBBRAARK T S aFrEUE

fatn WU
CCT 6488.0 K
Duv 0.0005
Ry 93
Rq 95.1
Mel-DER 0.798

B ERZER LA 1, 8 H SR T, % EDGEE P 30%01 &7 E oA & ot i i 3
By, IRADGIMIEIRZ (23.9%), B FGIHE A CIEE 7550 5 17.2%81 15.5%, 128 6I0iE 5 b
AN, R 13.4%. X UL T ¥ EGIEIE PR A6l IE 1 B FIE A 00 si e i iE gt

AR T T, H AR BRI G o il e 0 A R B UL R RE T . A OGRS (PR FLEE TR ECN 93,
IS S EORIBME(R, > 88), X RUIZOGHEA 4 B0 (¥ S I ARt (1 g

3.4.3. REGRAUARBHEERSHT
SRARAT 28] BIARARE 215 O 1 S U AS F DK S R Am R U, AR LR 40 46 5,

Table 4. Optimal weights of the synthesized spectrum for night-time sleep-assisting mode

% 4. HEBRER & ROLIERRMRNE

BiBIE] BE
A 0.2364

gt 0.2470

W 0.4098
=P 0.0241
#HEN 0.0827
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Table 5. Values of each index under nighttime sleep-assisting mode

5. WEMRRA T & EFREE

Ei=ga A
CCT 3350.0K
Duv 0.00038

Ry 88.7

Ry 81.3

Mel-DER 0.381

i IR R AT LG, 7R A BRI P B v b, 3 el LA 40.98% ) o L A & o i 1)
FERSY, SROLBIEIRLZ(24.70%), RAGCEE A FICIEIE D 5 G 23.64%F1 8.27%, T4k GidEE S
P/, RA 2.41%. X367 WG I8 T8 AN 4% bl IR FH A 808 s il e i

FEEPERE DT, R (A BIIRAR 2A OGS SC B 7 ORI AR BB e B /M, BB HDBR
J& H(mel-DER)EUE R 0.381, XK ZI G BT SC A &8 M A1 0 1 R

3.4.4. AARHERTREEAIER SPD Lk E
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Figure 3. SPD curves of synthesized spectra under two optimization modes
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MERARAE DI 7EH AR, A ROEIEAE 400~700 nm i Bl A S 80 H 4 42 B AR 2215045
A B IR G I FE TS B T s B AT WX ], (B AR 5 IR H SRR SRR
VCHC, 392 6500 K i i H [a] BB 753K .
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Figure 4. Comparison diagram between blue-light SPD and Melanopic action spectrum
B 4. T SPD 5 Melanopic iR #XTELE

MELW Y SPD 5 melanopic BREON LEE T LRI : 3556 LED IE{A %K 465 nm, %{ melanopic FH i
H 480 nm FUE(E fiF% 15 nm, FHAE R AL T 48 MR R HURP BRI B X 3. Dt LED St T 457~473
nm, 5 melanopic %5 RLX [A] 470~490 nm AHR/NEFEIES, =S AL 5%, Sk T
VEFIES . R IARE R 5 B 24.70% 89486 23.64% IR ZL G I MELE melanopic BRI R X ], 3 —
WIRACE BOGIE B mel-DER, 24X F] 0.381 MR T RIEACR -

4. e 5 RRMY
4.1. &Rt

ASCH AL A S R CTLEIE LED St fitb. HIEBR & o6 il . CORRIEZE0 L
FRVRZR, B mel-DER W] LA RGHGE A H ) APt A AE GRSl (R IR T T 5 4521
BRI mel-DER, BEMS BRI RO B R 20 (R4, SCBLBIIRACR . Bt SRS 208, Bl
ST R R 22 Z ARG RAL TR L. (HAE AR AR 2 AAF AR R R, RO ISR S 4, @
SRR T B, SEPR TR EARIE 7 AR R B
4.2. REIFBRYE SR

AR LED SE &t &, KRB EBHIFRZER . BUOCEEFWLR R, HGRE LR
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5. &g
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&5 JUIF W 8L SR BRI A ROR A 2 203 R ) LED JROGHRAK I8, 73 BIRF A AR 4T R 1 R JRAL
BT R AWFROCNIIRIT R, RBEESRE . BUFLR LI, FEr a2 HirEE S Ly
B sesg, AR S %

E&UH

2026 IR B KA E R ADNL N ZRt RITUE ; Wir 88 T RS L — AR T(22C0542) s i FE RHE
BEkt =t 7 H (21XKY038).

BE K

11 Z807%, AW, 5T LED Bl RGN RE7i[)]. 458061, 2022, 51(7): 304-311.
2] FREE, RIERA. SRR SR L LR AL [T]. SR ANAR, 2006, 28(1): 54-58.

3] B OCPBEARSK R & O 2 TR T EDT D] (2 Ar i3], #ali I RHORE, 2023.

]

4] Royer, M.P. (2022) Tutorial: Background and Guidance for Using the ANSI/IES TM-30 Method for Evaluating Light
Source Color Rendition. LEUKOS, 18, 191-231. https://doi.org/10.1080/15502724.2020.1860771

[5] IES(2020) ANSI/IES TM-30-20 Method for Evaluating Light Source Color Rendition. Illuminating Engineering Society.

[6] Schlangen, L.J.M., Price, L., Sliney, D., et al. (2019) Report on the Workshop Use and Application of the new CIE s
026/e: 2018, Metrology for ipRGC-Influenced Responses to Light “Specifying Light for Its Eye-Mediated Non-Visual
Effects in Humans”. Proceedings of the 29th Session of the CIE, Washington, D.C., 17-19 June 2019, 114-118.

CIE (2018) CIE S 026/E: 2018 Y485 & R4 T ipRGC FEM % N[S]. 4ithyy: EFrIBIAZ R4, 2018.
MEAE, X1, AT FETEERZEN RGBW M LED s MAL[T]. RIEEM, 2017, 38(2): 254-260.
Higls, BT, AR, 2 BAEFELE LED YRR H A IR AT, Y6 TR, 2014, 43(7): 172-177.

—_ o, —=

—_ = —
O o0 2
— Do O

DOI: 10.12677/aam.2026.1510394 38 N H it e


https://doi.org/10.12677/aam.2026.1510394
https://doi.org/10.1080/15502724.2020.1860771

	基于遗传算法的可调控生物节律LED光源合成优化模型探究
	摘  要
	关键词
	Research on the Optimization Model of Adjustable Biological Rhythm LED Light Source Synthesis Based on Genetic Algorithm
	Abstract
	Keywords
	1. 引言
	2. 数据预处理
	2.1. 光学与生物节律参数计算依据
	2.2. 遗传算法参数选取与合理性说明

	3. 基于遗传算法的多通道优化合成SPD模型建立
	3.1. 多通道合成SPD模型的建立
	3.2. 两种场景优化目标
	3.2.1. 场景一：日间照明模式
	3.2.2. 场景二：夜间助眠模式

	3.3. 最优权重组合的求解
	3.4. 计算结果分析
	3.4.1. 适应度进化分析
	3.4.2. 日间照明模式优化模型计算结果分析
	3.4.3. 夜间助眠优化模型计算结果分析
	3.4.4. 两种优化模式下最终合成光谱的SPD曲线图


	4. 讨论与局限性
	4.1. 结果讨论 
	4.2. 模型局限性与改进方向

	5. 结论
	基金项目
	参考文献

