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Image quality enhancement method for capsule
endoscope system

WANG Xingqi, YANG Bo
(School of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)

Abstract: Aiming at the problems of the current capsule endoscope, such as low resolution, limited
field of view, and great influence by noise, a system solution was proposed. First, by introducing Q-
type aspheric surface to correct aberrations, an endoscope imaging lens with a full field of view of
160°, a relative aperture of F#3.0, and a total system length of 4.3mm was finally obtained. MTF
values at 140 lp/mm were all greater than 0.3. The imaging quality of an optical system depends not
only on the performance of the lens, but also on the image sensor, especially in low-light
environments. The noise model was obtained by analyzing the noise characteristics of each stage
when the sensor was working. Using the established noise model, the capsule endoscope image data
set was synthesized, and the neural network model was trained. The test results of the algorithm
model show that the proposed comprehensive solution can effectively improve the imaging quality
of capsule endoscope system.
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Tab.1 Design parameters of the optical system

H K /mm 656, 587, 486
F# 3
25/ 160
B /mm <5
AR /mm 0.9
MTE(@140 lp/mm) >0.3
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Fig. 1 Optical system structure diagram
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Fig.2 MTF diagram of the optical system
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Tab. 2 Table of the tolerance parameters

o b
RS b5 1
JEBE/mm 0.01
M it 0/mm 0.005
5 rad 0.001
FAHLI i 0.5
Je4fiCr/mm 0.005
JeiB A rad 0.001
i 0.001
EINE 0.8%
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Fig.3 Tolerance performance
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Fig. 4 Noise introduced at each stage
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Tab. 3 Noise model parameter table
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Fig.5 The structure of the U-net
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