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AN FHORTE S K=, #EE 5 350007)

B B2 MHAONBEARLZARERRFETARTEEAGRE, T LA B EIEK,EAT
ARGBREHRFo T IES, RELEL LOLFH A EH S AERARE, MEERSE
FERARG AR Y, R EANE TR EERE, ATHEADZELLNEMNFHE R, N
BNRARAARIBESALERR, AT Zemax X T —% B A T LA EAL A
%, AR B 2 400 nm~ 700 nm, 700 nm~ 800 nm, 800 nm~ 100 0 nm, £ ¥E 4 12 mm, A8*F3L42 1 : 2.2,
FAG A A 2060, KA T 11Smm, ¥ & T 08%, & FAKT 1°0, X LR AN Adid i
2098 &, T I 500 mm~1 500 mm TAFIE N A A RIFRB A E, FHRAAEZ M TR,
k419, R F % % KiE; Zemax; ALE AR

i & 5 25 TN202 XHRFRERD: A DOI: 10.5768/JA0202546.0201001

Machine vision system design for multispectral cameras

WANG Kangsheng, LIN Feng, XIE Zhongxin, LIN Liyu, LIN Junjie, LI Sijia, CHEN Weimin
(Fujian Provincial Key Laboratory of Photonics Technology, Key Laboratory of Optoelectronic Science and
Technology for Medicine (Ministry of Education), College of Photonic and Electronic Engineering,
Fujian Normal University, Fuzhou 350007, China)

Abstract: Traditional machine vision systems are constrained to capture specific wavelength ranges of light,
such as visible light, near-infrared, or ultraviolet, suitable for basic image capture and analysis tasks, but with
limitations in dealing with complex optical effects and color analysis. As sensor and coating techniques
continue to advance, the emergence of multispectral cameras has become apparent. In response to the
escalating demands for sophisticated detection and analysis, machine vision systems are progressively
integrating multiple spectral domains. A machine vision system for multispectral cameras based on Zemax was
designed, with working bands of 400 nm to 700 nm, 700 nm to 800 nm, and 800 nm to 1 000 nm, a focal
length of 12 mm, a relative aperture of 1 : 2.2, a half field angle of 20.6 °, a total length less than 115 mm,
distortion less than 0.8%, and telecentricity lower than 1°. The design results indicate that the system achieves
great imaging quality over a working distance of 500 nm to 1 500 mm through a set of focusing adjustments
and meets tolerance processing requirements.

Key words: optical design; multispectral; Zemax; machine vision
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AT UL, % 0 T2 AL SRR P
PR IBUIEAG I A5 Tk 4030 . 2013 47, 47 551 50T
T —GE TAEME ML e R, £51E 55 mm, R
BOF o 2.8, 63l 480 nm~ 660 nm, i £ 14 [
M 146 mm 2 JC55 05, SRR AT 2k RN T
W27 S A s RS B . 2020 45, M IS 4 25
PO T — ARG A | 58 TAERE LA L R gk,
AT FLAE 1:1.8, #L37 #A 23.9°, T4 I Bt 450 nm~
650 nm, B5AE/NTF 0.1%, T A/ERE 100 mm £ JC55 i,
SEPLAE B T A FE T ORI 1A I RS BE . 2022 4,
ORI T — 3 T AL S8 R 5510 XU L
BE Sk, R A% F R -0.397, FECR 3.3, TR B
400 nm~700 nm, TfEH A 100 mm, SZEL T (K w AR
NP R R . 2022 4F, XI5 T —
O F 24 R s B R I R BIL A OO B Sk, FR IR
45 mm, JGIE F 80k 2, TARFER] WO, SEiAE A 7~
& ERRN TN R Bk fa . 51X R ZELE
e 5 S B i 8 T DO B, AR SC L 2 g o R
AL WG T — 3 TAEALE 400 nm~ 700 nm, 700 nm~
800 nm, 800 nm~ 1 000 nm ¥ BZ A4 ML &% I 58 B 3k,
FE T 21 A BB Sk 7 55 Y6 PR 5 s R S R 4
B IF PR AE S X LU BE o I anAE oK SR A3 45 rh, R 2
S A ALY AT 21 410 30 AT LB 0 5 ) K SR A
AT ILOE T MERAZE S8 A5 S, an &l 1 R R (B8R R
& Quality Magazine) . [FIfT, 2y 1304 Tl H A
[N 5, R0k AL £E 7 X, 78 500 mm~
1 500 mm T-/EFE Py 0] 52355 43 HE A4

B1 ARESEIMEERABHER

Apples under visible and near-infrared observation

Fig. 1

1 XERFZIGIT
1.1 igitHiEtR

e, M 3 AN BT R, Nl BB
A1 Z 65 AL 0 e, B HLES L0 5 Sk 1 =
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. KA, B+ Kowa, JAI, GOYO, Blue-
Vision 5523 5] (977 fi o 5 PRI B3 R A% S R
Sf, B & EL JAT 2 5] Fusion %1 FS-3200T-10GE-
NNC ZGEML, s 2 s
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2 FS-3200T-10GE-NNC % 3¢ HH#1
Fig.2 FS-3200T-10GE-NNC multispectral camera
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Fig. 3 Spectral response diagram of multispectral camera
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Table 1 Indicators of system parameters

24 Bzt
A /mm 12
Fi 22
) 20.56
24 f/mm 45
TAENBt/nm 400~1 000
F5 4K /mm <150
AR /% <0.8
T EE/(°) <1
JE I /mm >17
TAERE /mm 500~1 500

1.2 i&itRE

X T — R BUAG, AN TR 9 BE B AGOGT 1 AN 7] 1)
FIRLk, FHL MBI EBREN RN, HHL
bR 7 EAE R R G R b, REY A RA
il 37 T J0 55 Ab, X TS [) 40 B %) 400 1R o8 A4 g 0
SR AR F W T O RS R, TR AR
GOm0 R G, SR B AW R L, REMLE
(] A T IC 953 o SR, MLAS AL R iy —
Pl 2 (AR 7 I 0 R GE, T 75 SR A2 A T AR R
IR, AR BRI B R RSy £
0 F o RSOk Z2 0635 AL N T A e B, LAY
Mo RE A KGHEEMNR S, 5% E XA

P A5 R, i b OB A, J5 4 IE B LA,

WKl 4 fios .
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B4 NEARRETEER

Fig.4 Schematic diagram of machine vision system
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Fig. 5 Optical model of machine vision
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Sk 202310210193.2 1% FINE MW UR 544, FR 48 % F
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k43 mm, F UK 2.7, 5 85 KB o8 159,
Ja TAERE A 12.5 mm, #% 2 25 [8] 45 2% 24 28 1p/mm.,
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PEAT B B, AR R I B . W iE KR A R ) 9 A
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Fig. 6 2D structure diagram of multispectral machine vision

lens

S TR A S B T H bR, R R el
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HLESLAE 2R 4550 3 A B 400 nm~ 700 nm,
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55 O E KL 707 nm., 785 nmy; 5 = IE P K

VEHL 854 nm. 912 nm. 1 000 nm; 3 /> 3 192 %
K435 486 nm. 707 nm. 912 nm, ARIE TA/EHE 5
W, 7E Zemax TP E 9 PN EHAL, XN Y 3
BEVE#CA THIC, PRWV Hl WLWT, & A143 51 4%
BAAENEREE . SHWPK LB KENE, 5
— W | A A A AR = A 4 X B 500 mm
1000 mm, 1500 mm TfE#E, [F] A Rb 5 AT —
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JI7R <

®2 IEEXMEMEAEE
Table 2 Focus adjustment amount corresponding to wor-

king distances

TAER /mm 500 1000 1 500

PR /mm 2.1897 2.0570 2.0100

PLE L 5E 2 G0 J5 #REE fr 22 T R 4L, f 46
W5 19 TH 28 SR . 14 mm A RS BE R B DL K bs
Sz s S a2 nrn, L e IR
F o5 F 17 mm i B bR 76 5CPRAE i
o, O T RS SL BENS 5 17.526 mm ¥ C BIFE 1T
e, ey BEAEGE A n TR, ik iy 5 #RE R T
ol S A ALY 22 B, b UG Y 1 2 T
TR AR 7 G0 0 Fa o T P RE ) — 20k .

2 BRFEM
2.1 i 4R R Y

I8 H 1% 3 PR 2 ( modulation transfer function)
MTF J& Ak 1R 3R Ge 1k e 1 OGS 48 b 2 —, B4l
IR T HE R AN R R GEH W A L AR i 3]
G A RE 11, MR 4E CMOS 15128 3.45 um A9 1%
JC RSB 1 23 6 AR O 145 Ip/mm, BV 22 K BE 43
B 145 B ZE%F . #F 500 mm, 1 000 mm, 1 500
mm T /BRI TR B MTF #h £ anf&l 7. & 8 Al
K9 i, H 7 w5, £E 500 mm TAEHE P 34
W B i o 3% MTF 34K T 0.5, 700 nm~ 800 nm
I Bt F1 800 nm~ 1 000 nm % B¢ i1 2k 0 3% MTF 2
K F 0.4, 400 nm~ 700 nm % B i1 2% ¥ 3% MTF B&
/NTF 0.4, FHIE 8 AT 7 1000 mm T {EH N 3 4
W B R 3 5 3 %5 1 MTF ¥ KT 0.5,
iy &9 Al %0, 78 1 500 mm T /EFE N 3 4> 3% BL i
DAL MTF 21K F 0.5, i Zf 3% MTF 5K F
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Fig. 7 MTF diagrams of system at 500 mm working dis-

tance
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Fig. 8 MTF diagrams of system at 1 000 mm working dis-

tance
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Fig. 9 MTF diagrams of system at 1 500 mm working dis-

tance

XL 7, &8 FE 9 nl L& B, 7E 400 nm~
700 nm % Bt . 500 mm T_/E 5 P AT 700 nm~ 800 nm
B, 1500 mm TAERE N RS MTF Ag35], O
HAEh G4, FXE T 0, MTF (BRI
AR HA A ZS, X 2 NMASR TR, N T RAiL



. 238 - o]

k¥

a6 2 )

BBV LS PR 20 iR, 5 A A AT 2
A,
22 BEEmOE

AR U R TR B TAERE T, KA R A
MG N, e TR R
A IE R R EAR RS, A W] Be AN [a] T AR R N 45
S WA AL 10 B

*’l 0 1
W25 /%
(a) 400 nm~700 nmif 500 mm T/ERE TR

(7

-1 0 1
W15/ %
(b) 700 nm~800 nm Bz 1 500 mm T VEFEMAE
B 10 REHEEFITIEENELHTE

Fig. 10 Distortion diagrams under different bands and wor-

king distances
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