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Optical system design of small-caliber and large-field industrial endoscope

SHI Tianyi, YANG Lei, LIU Zewu, SU Xiaoqin, XIE Hongbo
(Key Laboratory of Optoelectronics Information Technology (Ministry of Education), School of Precision Instruments

and Optoelectronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract: In recent years, the endoscope is widely used in defect detection of small-size parts in complex
environment. An industrial endoscope optical system was designed for aero-engine blade detection. The basic
structure of the lens adopted secondary imaging, and the objective lens adopted asymmetrical inverse distance
structure, which beamed the large field of view light into the small caliber cavity. The adaptor lens was adapted
to the high speed camera in which the diagonal length was 42 mm, and it could magnify the intermediate image
21 times. The system was based on Zemax design software for system optimization, tolerance analysis and
image quality evaluation, and finally the system realized the optical properties of large field of view (120°),
small caliber (3 mm) and high temperature resistance (25 C~ 180 °C). Due to the higher requirements of the
field of view, caliber and adaptor magnification, the aspherical surface was reasonably introduced to improve
the imaging quality of the system. The entrance pupil diameter was increased to 0.5 mm, the system spatial cut-
off frequency was at 17 Ip-mm™', the full-field modulation transfer function value was greater than 0.28, and
the maximum distortion value is less than 21.2%.

Key words: optical design; industrial endoscope; small caliber; large field of view

HIS Ay T2 iy, S L T P R BB SRR

WBLBE IV W EEST TH, I T2 ket A SUEERI T e LR (LG o A S IERMG, S0k 2 4T 25
DAY B 1 2L 1B RO, ek 100 AR HORINT T SR R A BE O, L T P B U R
S, EWIERE S TV oS M . HLBRAERE  COD % FMR 5 38 AR B 16 4 B, 5 RS AE i ms
ASATER T RO, BB AN 32 BEAT N RS AT R, OF BRI R AL R AT S
PR OB BRI TN BB, AT BIEE  SAbEAT, BURBLIR R e,

W#s B #A: 2022-05-19; 2= H#3:2022-06-13

E&WMB: By A Ae

EEE ML RE (1995—), F, ML A, TENFLF R 7 @A L. E-mail: jingyisty@tju.edu.cn
BEEE:HSE (1982—), F, W+, 31448, £ NFRF T Aabn L REs @A, E-mail: yanglei@tu.edu.cn


https://doi.org/10.5768/JAO202344.0101003
https://doi.org/10.5768/JAO202344.0101003
mailto:jingyisty@tju.edu.cn
mailto:yanglei@tju.edu.cn

c 18 . A

a4 1Y

k¥

B B Ml B 2R, 5% Tl A 5K
PE— 2D AR, U R S LA i iR 3 B T AR, 2
SR A AR Al 52 A% BRSO, AN T
ol P9 B8 B0 AT B AT A AR S0 A, T LA AN 1
IR« AN PR E AR B A (9155 B0 T 52 B B 4% P4 B A
D0 PR SN, LR Al S P e 2T AR H
st h, ZORN BB B A G R BN R
T T el A R

RSO TR Gl A N BB 4 h BE AT et

KM 710 nm BOGERAE ROGIR, 6 R G Wi
I PO A S A AL B, W B AR A L
FR, J v B AR A O R o |, AR R ]
BUORIT AT A S5 S50 B A 1S WU 45449
HWR, X7 RGBT, A 5 S8k
G — 2D PR, XSG AT 45 VAN, SR R Gk
BT i 5 e, WPGsf i o AT ek 1R T R 22
Gy, RISt B AU T4 HERE SO 4

1 AEFERZVIREN
1.1 BEARERESHIHE

MR 23 & s AL FAe 1 e 2540 40, N B
W ARG TR YIE L=3 mm, &%) 5 h=13.4 mm, ¥
P24 142 <3 mm, [ 5 40 1 424K B >20 mm, R 40
T AR TR 52 95 BE Y5 il 25 €~ 180 C. AL SN
U R SF 35.8 mm=22.1 mm, FL8 % RSP 28 pm,
PR 2E R G EAR D42 /N T 3 mm, T DL e 9 B
FF RS — AR R SE R 2 mm, BLREE Sk S 88 bR
W1 R

#1 TAAFIRRIHER

Table 1 Design indexes of industrial endoscope
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Fig. 1 Schematic diagram of endoscope structure
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Fig. 2 Initial structure diagram of front objective lens
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Fig. 3 Initial structure diagram of rear objective lens
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Fig. 4 2D diagram of optimized front objective lens group
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Table 2 Aspheric surface parameters

TERR

RIHHS BIHEREC 4RI 6B T 8B TH
& /mm
3 -3.797 -2.390  —0.024  4.030E-03 9.166E-04
27 —4.034  0.060 3.005E-03 —6.329E-04 1.236E-04

29 —22.713  —2.199 3.773E-06 —1.154E-09 —4.330E-14

AR BRI A AL R, R AL COVA #4E %K
A 99 5 R KA/, AT ORI T - 58, DA
e T

3 &EOEN

I A A SCBETE YO N B R G Y s 5 A
Wi A% . I8 i 4% 3% PR 0 (E ( modulation transfer func-
tion, MTF) S48 b5 47 43 B7, DT 4] BT 5% 8 A ik
B, IR Zemax UG ELLIIGE, P& FH Y
T B8 07 Y R s oL . R G Ae s S50
K7 s .

YT : 0 mm )i 1.340 mm Y1 : 2.680 mm
(=3
2 @ ¢ B
{%1f: 0 mm {416 5.274 mm 1418i: 10.725 mm
Wi 4.020 mm Wi 5.360 mm W1 6.700 mm
36z 15.556 mm iz 18.596 mm %1Hi: 19.998 mm

B7 RG=5E
Fig. 7 Spot diagram of system

M7 /L, Hb g RMS 24224 13.1 pm,
NG RMS 242K 18.4 ym. REEK ) CMOS
M 28 GO0 R SF A 28 um, 45 #L3% RMS 242
BIHE 2 MEOTRSE I, Tl R BER R . AT
T BEE AR 17.6 pum, [RIRET R AR BUEOR

Do WS ] 8 BT o MNIEL 8 T LI Y, Fek
A% AR 21.2%, X T RS/ F RGOk UL, T
B AR O Ak B AN U, PT AR SRR S R
B ALER A B 8, X 5 Ge w28 b 47 ik — 2
HEIE, DA 3R A B o FHRARL fr) 975 B P11 o



BIFGa: 2023, 44(1)  SLRE, & /M ORRE Tl W EisE: RGBT .21 -

W3%: 9.48 W, 9.48 h mm
1%:35.89 W, 35.89 h mm
FRIRAS: —21.196 3%
AR 1.00%, P4 0.71 pm

8 MigEFEE
Fig. 8 Mesh distortion diagram
RS %7 MTF £ & 9 i . MIE 9 1]
PV, XA 09 3 383, LA 17 Ipmm ™' 3158,
.0 3% MTF 2 0.59, 1% 1 3% MTF>0.29, % ]
ARGUUR P RLAF, R R G HERER

1.0

O 1 1 1 ) | 1 1 1 1 1 J
0 1.7 34 51 6.8 85 102 119 13.6 153 17.0
ZE A%/ 1p mm™!

B9 MTF ph[El
Fig. 9 MTF curves

PG AR AR B & 10 fr s . AL 10 i LU
th TR AT T, L kA AR AR 7 R S
ST AR R R AT 2P A . R XS
HE R A 11 s .

M 11 AT LUE AR T B R 3450, S
BB R T 50%. XF T RIS R Gk UL, 1%
37 BERE T W TV O B, T A SR 2 R AL
TG AL B4R T IR 3 51

(a) J5iEl

(b) AT
E 10 EfBR&EY

Fig. 10 Image simulation
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