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Design of a Capsule Endoscope Optical System with a Large Depth of Field

Yang Jiegen, Hu Feng, Ding Wei, Zou Liner’

School of Physics and Materials Science, Nanchang University, Nanchang 330031, Jiangxi, China

Abstract The pathogenesis of the small intestine, with several folds, is hidden. Generally, optical systems with a large
depth of field (DOF) are conducive to obtaining abundant pathological information during diagnosis. However, current
capsule endoscope optical systems that are available in the market have a small DOF. In this study, we propose a capsule
endoscope optical system that can effectively produce images in the range of 7-100 mm DOF while ensuring a certain
resolution. The field of view (FOV) angle of the proposed system is 100°. Additionally, its F-number is 5 and the
modulation transfer function is greater than 0. 35 (at 125 Ip/mm frequency) in the full FOV, thereby meeting the imaging

requirements of the matched OV 9734 imaging chip. Furthermore, the tolerance analysis of this optical system shows that

it can satisfy the requirements of conventional production and assembly within the machinability range.
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Fig. 1 Schematic of capsule endoscope. (a) Overall appearance drawing; (b) internal structure diagram
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Table 1 Optimization results with different F numbers
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Table 2 Parameters of imaging chip

Optical size / Pixel size /  Effective area / .
. Resolution
inch (pm X pm) (pm X pm)
1/9 1.4X1.4 18201033 1280720
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Table 3 System design parameters

Parameter Data

Depth of field /mm 7-100
Field of view /(°) 100
F/# 5
MTF 125 line pairs>0. 35
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Fig. 2 Optical system structure diagram

MIEF RGEE M . A SEIG ) T AF BE 2502 48 28 0 1 (9
1) B 55 3T A BE B . 12062 RGN AR A G
SO AT E AR B RS 3 A AR BRI A B RS B O
Ao JGE R SR BE TR B2 g (PC) A kT #8110
B, 35 R EE S K B 90%, JEEE A 0.5 mm, #l R 2
4 mm, HA 2w B WA E M 1.5 mm. A/
B P BE RS R R B A 0. 45 mm T B P L 4 U Y
SAPPHIRE. 3 v 3F Bk 1 3% 45 (9 180 29 34 2 1 R Bk
T, Hort 55 1.2 R AR Bk O B R T Apel B9 41 8}, 55
3 Fr A Bk 8 5% H EPS000 9 M 8, B i — 8 B ok
FHJE B 4 0. 21 mm B9 H-KOL 4 K}, & 7 B 22 06 1
EH S
3.3 BEaSW

& 3 E7E TAEREES J 12 mm FAY MTFE fh<k, al X
AL 7E 125 Ip/mm A& WL MTFE Y76 0. 35 L) I,
H o3 MTE £z 17 590 B W 2 i oK .

TS Diff, Limit
T5_0.00 {dcg

) K oy
TS 35.00
TS 15.00 {(deg) T5 50.00 ?ﬁem

1.0

0.9
0.8
0.7
* 0.6
S0
Zoa
0.3
0.2
0.1
0.0

o 12.5 25 37.5 50 62.5 75 B7.5 W0 1125 125
Spatial Frequency in cycles per am

B3 TAEBEES S 12 mm B R M MTF il £
Fig. 3 MTF curve at a working distance of 12 mm

Pl 4 TR B 7E 12 mm B, o BRI R Go e 22
HUTARRE R By g8 18], 50 BT oG B A2 B A 2 mm
LUV S R 80 7 R (RMS) 42 2/ T
R BERY RT3 7 pm, 53X R W20 7 £ G 7e BAH A%
BRI R A

BJ: 0.00 (deg)

@® O

OBJ): 25.00 (deg)

0BJ: 15.00 (deg)

MA: 0.000 mm IMA: 0.294 mm

RMS  0.000573 @ RMS

OBJ): 35.00 (deg) 0BJ: 50.00 (deg)

0.000613

IMA: 0.489 mm

@ RMS  0.000829 ®

IMA: 0.682 mm gt

i IMA: 0.948 mm

RMS  0.001019 RMS  0.000887

4 7812 mm TARRE & /Y 551 5]
Fig. 4 Spotdiagram at a working distance of 12 mm

P 5 2 T I B s 5 AR TR R e RS 4
¥y RN E A R, Hodr B 5Ca) L (b) L (e) L (d) 4 5] & T AE
BB YE 7 mm .20 mm .50 mm . 100 mm B} 624 R 4o 45
o PEL R 05,0 PR 3 B R HIOBE LA Y 60 %6 ~65%0 1E A
SR BRI S BV SRR R R e 1. 5/N, Y,
Hodr Ny R MG AL AR 3R A % . T FH OV 9734 15 J&%
PR TR g 178 Ip/mm™ W Tk BB A AR B KR
et 8. 4 pm. AN E T LIE W, R T 20
R vR SR RN T 8. 4 pm, X R WZOL RS
7~100 mm 5t TR 5] N BE 5 47 i ik J2 AR K

E 6(a) ((b) 7l 1z R G i i A5 . 151 6(a)
T, 20 ES] T 0. 1 mm LN £F & R
Ko B 6(b) R, 78 M Ab e K AR o —29% ,
FRFE WA | Ji 2 ] L i P A B AT A 1

TN BN 2R G R ROR R ZEMAX
H 0 G B g, A i X TR G RS S B Sk S L
PRI 6 BUR 1 BB AR T i R R L5 A T A LA
1% 2 AR R R BB SE R s . &7 (a) S Rk
FrUE JB/T 9328-1999 " A3 Zr BER M2 12 B0 I AE
Xof JOE B 3 B g 236 1p/mm, #3482 (3) 75 2 % 1 1
PSR 5.35 C/(C) . KR E Tzt R4
12 mm T AEFE B 4 6 17 05 B, 45 38 s A 2 345
HEME, & 7(b) ()i . AIE 7(b) L (c) Al L
T W 23 9 TR AR v 45 2 0, 3k UE B 2O 2 R 40 nT L 43
PR B N G — WA, (A 5 3 IR o

F 8(a) S R F iR AR T 58 9 5 o0 RURE I 43 B R
B, FEIZ 43 PR AT 3 B YN 7 mm B 45 2] (1 e fi
2 005 B G 3 3 an & 8(b) (o) firs o & 8(d)
SR LR bR AE T 25 8 BTG IR Y 20 AR, 72 1% 50

2011002-3



(a)
110 mm
(b)
1 20 mm
(c)
1 50 mm
(d)

1 100 mm

5
Fig. 5
R SEPEE 100 mm IS 2 5 e Ml g
05 EL US4 BN 1] 8(e) (D iR o S5 HEFR W 1062
FRGAE 7T~100 mm S FE N BA R4 BUR R
it — 25 FIWHZ G F R G SR, 0 5 B R
SGE Y A 7 mm, 20 mm ., 50 mm. 100 mm, 15 | fY
MTF BN E 9 i . NIE O BT LA B & TR 2
i B BAE TVEHE , & M3 MTF {4 3 R I B9

£ 6055 20H9/2023 F£ 10 B/ 5B FFEHE

3: 0.00 (deg) 0B1: 15.00 (deg)
0B): 25.00 (deg)

MA: 0.000 mm IMA: 0.294 mm

RMS  0.004494 & RMS  0.004242
0Bl: 35.00 (deg) 0B]: 50.00 (deg)

IMA: 0.490 mm
& RMS  0.003567 [ ]
IMA: 0.684 mm 'T IMA: 0.951 mm
RMS  0.002806 RMS  0.002908

B): 0.00 (deg)

0B): 15.00 (deg)

L L
0B): 25.00 (deg)
MA: 0.000 mm IMA: 0.293 mm
RMS  0.002631 & RMS  0.002561
0B): 35.00 (deg) 0B): 50.00 (deg)
IMA: 0.489 mm
E) RMS  0.002599 -
IMA: 0.681 mm T IMA: 0.946 mm
RMS  0.002606 RMS  0.001353

B): 0.00 (deg)

MA: 0.000 mm
RMS  0.004906

08]: 35.00 (deg)

08): 25.00 (deg)

08): 15.00 (deg)

IMA: 0.293 mm
RM5  0.004712

0B1: 50.00 (deg)

IMA: 0.488 mm
@2 RMS  0.004509 -
IMA: 0.680 mm = TMA: 0.944 mm
RMS  0.00424 RMS  0.002446

E): 0.00 (deg)

MA: 0.000 mm
RMS  0.005672

0B): 35.00 (deg)

IMA: 0.679 mm

RMS  0.004793

0B]: 25.00 (deg)

IMA: 0.488 mm

RM5  0.005156

nm

0BJ: 15.00 (deg)

IMA: 0.293 mm
RM5  0.005437

0BJ: 50.00 (deg)
L ]

IMA: 0.943 mm

RMS  0.002837

AR TAER & TRt R EAMESE . (a) 7mm; (b) 20 mm; (¢) 50 mm; (d) 100 mm

Optical system structure diagrams and spot diagrams at different working distance. (a) 7 mm; (b) 20 mm; (¢) 50 mm; (d) 100 mm
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Fig. 6 Field curved and distortion. (a) Field curved; (b) distortion
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Fig. 7 Simulated images. (a) 12th unit image of JB/T 9328-1999 A3 resolution board; (b) simulated image of the center field;

(c) simulated image of the edge field
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Fig. 8 Simulated images. (a) 9th unit image; (b) simulated image of the center field; (c) simulated image of the edge field; (d) 8th unit

image; (e) simulated image of the center field; () simulated image of the edge field
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Fig. 9 MTF curves at different working distance. (a) 7 mm; (b) 20 mm; (¢) 50 mm; (d) 100 mm
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Table 4 Tolerance values of the systems
Item Value

TFRN /fringe 2
TTHI /mm 0. 006
TSDY /mm 0.005
TSTY /(%) 0.0167
TEDY /mm 0.005
TETY /(°) 0. 005
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Table 5 Monte Carlo results of the tolerance analysis

Percentage /% The value of MTF at 172 Ip/mm

90 > 0.20801540

80 > 0.22677880

50 > 0.26245544

20 > 0.27872328

10 > 0.28508444

6 NESH PR A ZTT
Table 6 Most sensitive items of tolerance analysis

Type Surface Value Criterion Change
TEDY 9 9 —0.005 0.25053151 —0.05128430
TEDY 9 9 0.005 0.25053151 —0.05128430
TEDY 10 10 0.005 0.25432082 —0.04749499
TEDY 10 10 —0.005 0.25432082 —0.04749499
TEDY 11 11  —0.005 0.25969552 —0.04212030
TEDY 11 11 0.005 0.25969552 —0.04212030
TEDY 38 8 0.005 0.26965158 —0.03216423
TEDY 38 8 —0.005 0.26965158 —0.03216423
TFRN 10 —2 0.27928139 —0.02253443
TEDY 6 6 0.005 0.28033010 —0.02148572
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