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Illumination optimization method of LED light source for visual

inspection system

Chao Yuan', Xu Peng', Tang Hanbing', Shi Fan', Zhang Zhisheng®
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Abstract: To address the issues that the illumination effect evaluation elements were limited and the
illumination optimization methods were lack of universality in current research of illumination optimization
method of LED light source for visual inspection system, an illumination optimization method of LED light
source for visual inspection system based on improved Salp swarm algorithm, taking visual inspection on chip
package quality as example in this paper. A mathematical illumination model of single LED light source was
established, based on which the mathematical illumination model of standard strip shape LED array was proposed
to obtain the illumination values of the LED array in arbitrary spatial position and measured plane. The plane
illumination effect evaluation function was constructed in comprehensive consideration of the illumination
uniformity, the average illumination, the illumination gradient variation, the threshold reaching standard, the
distinguishability of target and background area. An improved salp swarm algorithm (ISSA) was proposed to

optimize the computing procedure of plane illumination effect evaluation function and obtain the spatial position
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parameters of optimal illumination effect. The update strategies of the convergence coefficients, the Salp speed,

the leader and its followers’ position were improved, to enhance the diversity of area searching in ISSA. The

experimental results show that based on the observation of the relative illumination distribution of the optimize

area, the illumination distribution obtained by the propose method is basically consistent with the illumination

distribution by actual measurement, the illumination uniformity of the target area is above 98.78%, and the

maximum difference is within 5.57%. Therefore, the proposed method had a reasonable optimization objective

and could be used to obtain the spatial position parameters of optimal illumination effect for visual inspection

system.
Key words: illumination modeling;

illumination uniformity; ~ LED array
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(2) A5 e Bkt Jm AR B A0 A, TR B TR A dz; ghes) 1E I IRZARALES

X, S EY S PR T EAE, TS S aTi% e
AR BB Xoeo (5 B IS 25, BB 6 . IF
FEAE AR A B P BE AL E B — 4, W AR b B 4
JEAEH) 10%, WIS o 24E S8, (748 4k 7 1) i S Y
1E WA R B IE DI 5 [, A= (37) Fiw, k18 Rl
B, Horpr o R [ n v 1Bl P9 I B ML I 20 ik o 7
BB A A A (38) Fiow, e b gt 7, $ifi
SRS Cs R i M R, 8 o AR Bk s s 38 e P A
IRETT . B2 WK IGIE, BLCs R 0.9, C, 2R 0.1 B ]
A RO
0.1-dv(n) n=o

do(m) = { dv(n) n+o 37

C,-F+Cs-X,,, —dv C3<0.5
Xn:{ 4 5 Kp, % 3 (38)

Ci-F+Cs-Xpy+dd C320.5

(3) A TS 3 1915 B AT R 2 (1% 45 36 Bl
BB BE O A2 SR T R R e e
50% ¥ & R BR A — A H T AN BT A LG
33 MHEEHERNIN

4 i A% 5 557 (Improved Salp Swarm Algor-
ithm, ISSA) Ji ] 't 5t BERE ROR PEAN ok 50 00 3 72
() ELARSCEAN T

() ¥t Ak A HE AL % S 80X, O R 5 UB,
LB, RN £, oo B0 N S g A oo 4% D,
B RIEARIREL MAX, T3 52 e e VPN ABY oo SR I 1Y
Ji e S 4 F;

(2) While £ QIR £ <MAX do

3) FAF LA P A TT R R EUE /)
FKHEF, H—A e T, 5 50% NiBREE,
HARITRE R H R B

(4) T3 Dy s S D0 PP AN B F B G X 7 4 7 8 20
(glgbesb 92gbesu dx2gbesl, dZZgbest);

(5) ¥ A (35) BB C, a5 (31) BHIC,. Cs;

(6) %A (32), (37) A T T7 1 dds

(7) #5225 (38) MR A0 & 7 1

(8) #& a2\ (34) BB FE & o 5

(9) # 5 2K (28) T4 HLIT I B BE M 1A s

(10)t=t+1;

(11) End while

Hrh &S H R E R E IR 1 PR,
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Tab.1 Initialization parameters of ISSA

Population Search Max iteration ~ Inertia  Active factor
size N dimension D Max factorC, Cs
80 4 700 0.1 0.9
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SEIZ AR AEROR 22 1 I R R i Ak S e I 38
58, (HAE LA 310 U5 B A R S 0 5 10 ol a4 7y A e
BN AR R T s R B 1 S OL R T, iR B 5
IR0 5 BN R B e AR 10 55 05, #E 3% A% 660 TR AT
fe Bk R A B AR, I AE S UORS B2 O AL TR
o PRI S i Y ) el T B R A A LA AR
AT LA R IRP2 . 25 50 B N Jmy 38 e A st 55 ) A

5000
SSA

—— ISSA
SA

-- PSO

4000 F
3000

2000

Fitness value

1000

0t '
-1000 | "

-2 000

0 100 200 300 400 500 600 700
Iteration step

Pl 8 AR L

Fig.8 Convergence comparison of different algorithms
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Fig.9 Experimental platform of the plane illumination measurement
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Tab.2 Evaluation function value corresponding to 6,

Parameter variation 6,-1° 6, 6, +1°
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Tab.3 Evaluation function value corresponding to 6,

Parameter variation 0, —1° 6> 0 +1°
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Tab.4 Evaluation function value corresponding to dx,

Parameter variation dxp; — 10 mm dxp dxp + 10 mm
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Tab.5 Evaluation function value corresponding to dz,

Parameter variation dz; — 10 mm dz dzz + 10 mm

f —963.4 —1261 —917.1
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