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Abstract: Changes in current and temperature can affect the spectral distribution of the LED, which in turn
affects the visual and non-visual parameters of the light source. In this paper, starting from the spectral model
based on the distribution of photon energy levels in the LED chip luminescent material, the current and
temperature model was established for the RGBY four-color LED. The R-square of the spectral fitting could reach
0.99. On this basis, the genetic algorithm (GA) was used to optimize the circadian rhythm factor and luminous
efficiency with multiple objectives. When the illuminance was 300 lx, 8 sets of visual parameters (color rendering
index and blue light hazard efficiency) and non-visual parameters ( circadian rhythm stimulus) were designed to
verify the feasibility of this model. Then, the relationship between two non visual parameters and temperature was
explored. The results show that the circadian rhythm factors increased with the increase of temperature, but the
circadian rhythm stimulus decreased with the increase of temperature. The reason for this situation was that the
two parameters were differently affected by the illuminance. After compensating the illuminance of the light

source, it was found that the two non-visual parameters both increased with the increase of temperature, and the
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two showed a certain positive correlation. This research started from the perspective of the light source spectrum

and provided a reference for the consideration of non-visual effects in the design of LED lighting sources.

Key words: current and temperature spectrum model;

lighting scheme design

0 35l

2002 4F, Berson 55U i 91 0t L 30 00 4L D) R 11 265
=RBOCAIM (ipRGO), FTHE T AR A7 16 4 50378 i
LA, A A0 0 i T 2 T B KA . ipRGC fiES
P ANARICAE YO, AR PR S L B A A i
FLRINEE, A i 5 N AR BT 3, 7R A
FNE 2855 T AR RS e o PR, R BT (9 DA
IO F J5E R B — R 5 PPAA 3k 3 380 00 i A A A Y R R
PEMY . H RO R I AR 9 R SE —ArifE, Gall
SR o AR A0 G 3 e 107 T 4 A BH A ' 1 e 7
2k, 2 4 B #E A F Cur (Circadian Action Factor)
R AR BE RN B /N Rea S8BT H HH FH B 13 4 4 o
%1 CS (Circadian Stimulus) AUE# TR ECL, (Cir-
cadian Light) 34 JE ¥ 50 5007 1 850K, MR AL 2% s 1
S UM A 4 A ' i R BORE ith 2k DA TR SR RO
T IR )52 0w, A RS R IR ] (R A A S
A 0.1 #1007, B AT HE IR RO IRAE 2856 K Rk
RHAPREAL Z T B SRS R (A .

H1 T LED EA 5B R . Al Iy PEosm S5 R, B
fit HBORER 3z, O TR R AT TR ZE R R
Wl R G0, e ZHe Lo 2 8 (i (b B RS RO
ROR L WOGEHRCR) FEEM G S8 (BRI R .
e T R ) . FBATFTSE ) 3@k RGB B R 4,
WFST TSR 19 3 PR A OG0 3 A% 4538 18 PRI 1Y) 52
me, 25t TR T A R L ARG (IR S L I R TR R
SRR, FRELUL T B ROGTEAS R BT B O, A itz
WS RERE T HL IR BT A - 52 e, AR ¥ Al
WESH . Jarboe F T IEAL T JLAN LED TEIM A % HAH
R, pFR R, AARE 2 /D4 2 hilE 4 0.3 19
CSMH, A H T2 m TAERCR MG SE 1, %W 56 E Iy
B T BB AR SEL, (B D BRI 5T .

SCHTRL LED Gt i AOG R OG- RE D3 A LA
(GBI Sy BE A, 38 0 228 LED Pt i LR | IR
HALISEIE, 71 RGBY 4538 18 Y65 19 26 X 3k FlH
T R EEZ OGRS s A A T AR AR
WS 2 BARRAL, XT5RG R GRCR RS AT

T

circadian rhythm stimulation;

genetic algorithm;

FHX Pareto T A4, WEE IR N 300 Ix, ZEA % wm T
AT O EACR . B AR, %
T S B HA I RS, IHRK S I RAEM S
BEEER LR,

1 HBERJGEEIEER

DATE G35 00 6 3 83 2ok v S0 bR R i3 12 2% 1R 5K
e STER, (R A R AN FRA e AR R A R AR
SR ETEBOER A, I8 AG 255 B 38 B AR I
SACRENE ) 2L, 9 I A5 T 3 g g B A R Lo
PRIT HL AT RGB S8R50, B 25 9K 30 F a3 i, 21
S K T 1R R B, GO RN GG g P A W
PLESHAE 09842 UL I RELL EHFRLGEA T mil
FIEAC 2RI P8, (LA B RCRARIB R, B
SR AU SR G Y A IR Y IR G A B R B
B, LED (965 R RL, S0 T X H ARG 3% A9 DL L .
DL W58 200 T B — [ HE LB S BRI 58 S 800 56
R, RAPT R R SR MG R

Fi AR AR B RGN [ KRR A A
AR, T LED it i &Aoot 5B 4 43 A B
ORI %&i—‘é*ﬁﬂ%@ﬁ%@ LED (i

S =
( ) ( /l_/lﬂl) (/l_/l(z)]
1+exp|—— |||l +exp| ——
W W

o S (D FRIIERGT IR AFRIERS A A Aos
Wi~ wzﬁ]jﬂ?ué’%‘éﬁo

FIFH RGBY 1Y €8, 51 Y A 448 5 6 U5 446 X655 335 T Fi
T IREERIE R o MBI 1AM TG IR X S Y R, S
AR A TOOCIEE T HET, REUEAER QA 1 s .

JEURIK BN 2 4 R o il g L IR A L 3K B
i, HIRR LR (12 V), HRE R (3.5 V). RGBY
JTERZA A . 4 SR S5 DD313 e 3K ) i, B 5
HL 3L 350 mA . HAL I 48 il 35 558 i 2 4s PWM il 1E
725 LR SCBH, FE A8 B K — > 0.1 QRY LR,
T AT M AT BR o A e I O LR, T
N2 L BEL ) H R, K RE BE 4K A5 LED 4538 18 L .
7O 1 Y B A B o U A 100 mA
200 mA F1 300 mA R BCEHE . fEIR A S V-0505 fE

(D

202107272



i E ok A2

% 74 www.irla.cn % 51 %
DC 12V PWM e
power ..:hl |
supply »” Red LED
PWM
Driving » Green LED
. signal :
L ’ V-0505
y Microcontroller DD313 PWM :
DC35V » Blue LED
step-down = :
module PWM :
Yellow LED

& 1 RGBY MUff LED REAHER]
Fig.1 Block diagram of RGBY four-color LED system
A% A 9 LED i B, U Bl B 75 30°~120°4, LU
150y ] B 3s 34 . (i i SPIC-200 Y61 1 Ji - 15 A []
HLU . T T ERE . RGBY #f4m 2 18 LA K B
RS 2, F 3 fis .

FIFH 1 stopt 5 AF X RGBY 48 %} % 1% 43 551 U1 &
PLETATAE 30°, 300 mA TR, BLB 7F 635 nm b ST
R, P (635)40.0552W - (m? - nm™") ™', L LI 4,

HR A L858, Soh s 7O SR IR
T WAEBEA. s Aoy 0 0, FHEF T
MEE T 2Z B0 R LA (2)~(6):

P 3 sk f i

Fig.3 Photos of data testing equipment

A —

]
1
!
!
i 0.06
i
|3 005 + Red light spectrum at i
i 45 mm ' 300 mA, 30° i
! T - Fitting curve it
i = 004 | &
i =
i g Ly
i = 0.03 - i
yLED £ S@F% P
i = [+exp(- g g [I+exp(-“7 7)) |
: | a 0.02  r=0.998 3 ;
%) I
é 001 | Pt
% 0 /X

350 400 450 500 550 600 650 700 750 800

Wavelength/nm
2 RGBY Rl &l 4 21567 300 mA | 30°F Ll AR
Fig.2 Schematic diagram of RGBY device Fig.4 Fitting effect of red light at 300 mA and 30°

20210727-3



ISk A2

%718 www.irla.cn % 51 %
A, 6x10° 3x10° —-107° - 0.0034 —0.0072 ] 0.429 6
A || -3x10 —sxa0 —sxao | [ ], 03227 —00467 [ 1 ]+ 7.7990 )
Ay 00044 00280 -00172 || ; . 49922 -5.1855 || T 135.503 8
Ay —2%10™° —7x10™® —2x 107 8x 107 107 -0.000 5
[ Aar | [ —4x107 7x107 107 P 0.0342 0.1280 [ 6504724 1
o o B s e e || oososoama |17 I+ aeies | @
o ~6x107° 10 6x 10 T : : i .
L Ay | L 9x10° 4%x10™* —-3x10°° 0.0011 0.0116 L 514.952 6 |
[ Aor ] [ —4x1073x107 -7x107 P 0.0309 0.1566 [ 626.6856 |
Aag | _| 5x10° 9x107° 107 | 2 || 00075 0.0548 [ I ] L | 5054527 )
Aeab 7x10° 2x10° 5x10°° T 00164 0.0725 || T 329.316 8
L2y 1 | 105 8x10° —2x10° ' 0.0012 0.0569 | L 606.1363 |
cwr [ -107 5x107 =5%107° P 0.0070 0.0266 78166 1
@g || 7x10°° 2x10°  5x10° |} 7o | ] 00011 00311 [ I ]+ 9.160 6 )
wib 23107 -8x10° 4x10° | | ; . 0.0009 0.0096 || T 42916
L W ] .
4 7%10°° 4%10° 2x10° 0.0002  0.0257 8.3980 |
wor -4x10°-10"  -107 P 0.00260.010 3 3.4636
wig |_| 310 =2x10° ~2x10° | | | | 00004 0.0141 [ I ]+ 6.068 5 6)
w,b 10°  —2x10° —10° T 0001100118 | | T 10.1147
@2y 105 5% 105 107 ‘ 0.0004 0.041 8 37.009 1

DL A 250 R-square $ K F 0.95, SUA BOEREK
U, MR (6) AT, 2445 H B LED Ff kb i H,
Wi A, v LR AR (D) RRELA S8 U

AN S KN S

L JEE 9 £ 5 52 i A8 28 4 2 5C

2 REARGRITREBEIE

2.1 BEARSIEIT

e 2B HE S 8 B RO LER, #O61E
Ry, BOFEHR,. MO CCT MEE E, 4F
S A FE BRI T Cap BRI CS,

BRI HE T Cap BRI K (8):

HE

202107274

12
A-[-4x10°  7x10* 107|-| 72 |-[0.0342 0.1280]-[;]—650.4724
fir=1+exp|- IlzT
[-10° 5x10°  —5x10°]-| 72 |+10.0070 0.0266]~[IT]+7.8166
I'T
12
A,:[6><10’6 3%107 —10*5]- 72 +[0.0034—O.OO72]-[IT]+0.4296
I'T
12
A=[-4x107 3x10°  -7x107|-| 72 |-[0.0309 0.1566]~[1T]—626.6856
for =1+exp 7 [T
[-4x10°  -10° —105]-[# +[0.0026 0.0103]-[;]+3.4636
1T
A
S ()= ——
@) T fo

780

f PLIT)-C(1)da
380

CAF =

780
f PLLT)-V(1)da
380

(7) 7, [RIEEAT LIRS 406 . LR EDERDERE 3
O A o BORERE AT RITHAE T 2 DL IR R S RDEIE R
O, PETTAS DG IR AR FAE LSS5

(M

®)

X P (ALLTORCTRERR 1L IRE TG IR
B &5 C() R AR5 63 i 7 28 5 V) b B AR5
i M2k . BT Al CS T AR (9) K



s Gk A2

570 www.irla.cn % 51 %

1548UMmEad/1+(ab_y(fnf—"EﬁdA—kj Vi ) RKCup .LER fry Paretoﬁ’q%%ﬁi Eﬁﬁﬁ‘ﬁ%ﬂdﬁ%

Pa mp, # ParetoFraction HU 0.08, F #f K /]» PopulationSize HX

E@qu@%;QQgg»l 100, 52 G P B Generations £ Jy 500 18, 4 11 £

CLy= / RodSat ¥ StallGenLimit Jg 500 18, i 13 B B0 2 TolFun %
it [ S par-k [ Yipaiso B TR S DU RGP

pa b e 1Al 41, FREE N 300 Ix I, MR 5 22 A9 €

1 54SJMC‘E*M iff,,f; Eﬂd/l_kjn:/pﬂAEﬂdﬂ <0 A3AETE 2855~7628 K, i MM fE CS Wi £ I i A8 4k

cs=07-— 9T 22 5 BT, CS 72 2800~3 500 K. 4000~8000 K

14§?J”6 O il R TS, 7E 35004000 K 5 208 T e

Ko CLoN A BT AR IR, 1548 J& 13 — fb % 4K
E R CTERR B 40475 S ok S UAILARE 4N it e i R A
M2k mp, 2 BB R 3 SR VRV il R
BRI LA B I R 1) 3 i 17 i 2% 5 RodSat k-~ ay,
Hl anoa 8B, 39 R 6.5 Wim?2, 02616, 0.7 Fl 3.3,
FRST & JERCR LER FIREE E TR

780
K. | PQLTV(DAL
LER= -

780 (10)
j P(A,1,T)dA
380

780
E= K,,,f P, 1,T)V(D)dA (11)
380

Xrbe K, RGO, 683 Im/W.

N T BT BE A B Car A #5215 LER Y BT R
g5, WXt SR BALEE . KRS E PR B2 514 CIE
X B IR SHCEER, BN 300 1x, B (54K
RKT 90, HEE|MSLIALE R BT CS LA
R, ¥ CSHBEE N 0.3~0.4 Z 0], ¥ EIE ER Ry
HI7E 0.3 LLR, 78 2500~8000 K 035 T 3K i 2 ik
AR BRI T R . SR B L BB X Cu e M LER 47
Z HEriiAk, A7 I ER = 490 5, $8C, M LER I
—AbAb 3, # T Matlab {j 545 ) C o FE BRI T B K AE
e /MEL 4357 R 1.1647 Fi1 0.196 3; LER i K Al #x
JNE R 50 R 368 Im/W I 265 Im/W . )t Ak #4975 F2
T, LUK & 25 eR/ME I AR H R D,, D, D, D, :
Cup(D,,D,,D,,D,)—0.196 3)

1.1647-0.196 3
P Max(LER(D,, D,.D,.D,)~ 265)
368 —265
s.t. nz(D,,D,,D,,D,) <0.3;
R,(D,.D,. Dy, D,) > 90;
0.3 <CS(D,, D, Dy, D,) < 0.4;
E(D,.D,.D,,D,) =300

f(l):Max(

(12)

B3, X R CL AR A A= (9) R, T
CS MICL, 2 IEAH G . EARYES: CS HAE 0.3~0.4 22 |H],
RIS I B Y [FTE /N

®1 SHARKBARNSHITEE
Tab.1 Calculated values of the parameters of the eight

groups of optimal solutions

No. CCTK  Cyp CcS LERImW' R, 1
1 2855 02223 03008 360 90  0.0483
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Tab.2 Measured four current values under each scheme

No. 1/mA Ig/mA I/mA 1),/mA
1 227 28 7 324
2 183 48 12 317
3 140 83 26 309
4 119 136 54 301
5 71 169 113 231
6 63 170 178 233
7 64 174 204 218
8 73 106 238 212
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Fig.6 Comparison of measured spectrum and model spectrum
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Tab.3 Comparison of measured values and model values of the parameters of each scheme

No. CCT/K Cur cs LER/Im-W' R, N
1 3.84% (45 °C) 2.98% (75 °C) 3.07% (120 °C) 5.03% (105 °C) 4.81% (105 °C) 2.91% (120 °C)
2 4.94% (90 °C) 3.61% (90 °C) 2.16% (105 °C) 4.78% (60 °C) 3.26% (120 °C) 4.18% (65 °C)
3 4.56% (105 °C) 3.98% (45 °C) 3.89% (105 °C) 5.21% (120 °C) 3.96% (60 °C) 5.06% (105 °C)
4 2.57% (75 °C) 3.85% (60 °C) 5.08% (90 °C) 6.89% (120 °C) 4.68% (75 °C) 5.68% (120 °C)
5 5.66% (120 °C) 5.76% (90 °C) 4.93% (105 °C) 5.82% (60 °C) 4.98% (105 °C) 4.82% (90 °C)
6 3.89% (105 °C) 2.68% (75 °C) 5.31% (60 °C) 4.78% (60 °C) 5.96% (75 °C) 5.41% (90 °C)
7 6.94% (120 °C) 5.33% (30 °C) 2.85% (75 °C) 6.74% (90 °C) 6.12% (105 °C) 3.56% (45 °C)
8 6.57% (30 °C) 7.06% (120 °C) 5.97% (105 °C) 5.87% (60 °C) 5.96% (30 °C) 6.78% (90 °C)
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