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The study of the methods for evaluating the
matching rate of capsule endoscope pixels
and its resolution effectiveness
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Abstract: The evaluation for the matching level between the optical resolution and the pixels number on the full field
of view of the capsule endoscope, and the evaluation methods for the resolution effectiveness of pixels number were
established. This method selects the horizontal optical axis section as the meridian plane to analyze. The section
passing through the planar array sensor is row or column scanned. The line resolution elements number, the line
pixel efficiency, the center field matching rate, and the full field maximum matching rate were derived by the analysis
unit using the optical resolution angle and the pixel element projection angle. The simple conversion method of res-
olution length and resolution angle on the spherical field of view can simplify the measurement. These parameters
not only constitute the evaluation basis for matching ratio and resolution validity of the pixel number of the capsule
endoscope, but also offer a reference for product design, analysis and modification.
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Fig. 2 Pixel element projection diagram of capsule endoscopes

180112-3



S

T

1 2

DOI: 10.12086/0ee.2019.180112

e, =b, /(a+d)

a, =Al [/(at+d)

Sr
a,la, =Al /AL, e, le,=b, /b, pr(W)=ﬁ 1 & _atd m,
m, m, (7-8] g, o, &, Ay m
m, Imy=®"1b,)/ (B Ib) b, lby=my/m,  k(w) p,(w) k. (w)
p.(w) 8)
k (w)= Al /Al ©) k,
m, [ m, 2)
k. (w) W k, k=n,/n
w,(j=12, w,=0) nyIn~k, -k, k=[ kwdw/w  k
Al Al m, I k., W )
k. (w) n JO k (w)dw
m, Al Al Al
J b’ J J J 5%
YY0068.1-2008 e k(w) K,
S, w; k(w) k... w,
e, P’
m, Im, =e;] /e k(w) — k.(w)
kO
1) pw)=1/e, p(w) k, k,
pw)  rw)  k(w)
pw)=r(w)/ k(w) n, . o
n=2" p(w)dw p.(w)=r(w)/k.(w) 5 VTR A
(7) k, (8)
pw)=k, p(w) %
2w a+d 8 mm A W 575° n 480
ko=l pnidw ® 5w s n 480 12 s
r(w)/ k. (w) p.(w) 1 2 3 4
FA REREN A
Table 1 Test and calculate data
w; 0° 15° 250 350 45°
Manufacturer Al 71.3 7.3 71.3 75.5 824
A's product Myiimo 1 0.950 0.900 0.825 0.725
Manufacturer Aly 40.0 40.0 40.0 42.4 47.6
B 's product Mylmo 1 0.966 0.897 0.793 0.621
A2 MR
Table 2 Test result
No no/ln ko Kw,m W
Manufacturer A's
product 211.5 0.44 0.40 0.50 57.5
Manufacturer B 's
product 367.1 0.76 0.66 1.04 56.4
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Fig. 3 The function curve of manufacturer A's product
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Overview: Based on clinical application, the capsule endoscope is designed as a wide field of view. However, the wide
field of view will cause distortion. The distortion is easy to generate the matching inconsistency between the pixel ele-
ment and the optical resolution element in the full field of view. Then the effectiveness of the pixels has declined. Fur-
thermore, the distortion even causes the mismatching in some positions. The small intestine capsule endoscope is used
to observe the surrounding field of view. The detection found that Moiré pattern occurred in the small intestine capsule
endoscopy. Therefore, researches were carried out to establish the evaluation for the matching level between the optical
resolution and the pixel number on the full field of view of the capsule endoscope, and the evaluation methods for the
resolution validity of pixel number. This method selects the horizontal optical axis section as the meridian plane to ana-
lyze. The section passing through the planar array sensor is row or column scanned. The analytical method of the opti-
cal resolution angle continuation arrangement was adopted. Then the algorithm of line resolution element number was
derived. The number of effective pixels of the line was described by the number of resolution elements. Then, the effec-
tive rate of line pixel number was obtained. The pixel element projection angle and the optical resolution angle were
taken as the analytical units. The ratio between the pixel element projection angle and the optical resolution angle in the
same field of view position was regarded as the line-matching ratio. Three basic functions for analysis were further ex-
tended, including the resolution angle density function, the relative function of line matching ratio and the density ei-
genfunction of pixel element projection angle. A simple measurement method was derived by using the simple conver-
sion relations between a line segment and an included angle on a spherical field of view. Those three basic functions for
analysis were obtained by fitting, so that the situation of the pixel element and the optical resolution element in every
position, the matching details between two elements and the matching level between two elements in the full field of
view were obtained. The parameters, including the line resolution element number, effective rate of line pixel number,
center field of view matching ratio, maximum matching ratio of the full field of view and its position and other parame-
ters, not only constitute the evaluation basis for matching ratio and resolution validity of the pixel number of the cap-
sule endoscope, but also offer a reference for product design, analysis and modification.

Citation: Jia X H, Zhang Q Y, Yan Q L, et al. The study of the methods for evaluating the matching rate of capsule en-
doscope pixels and its resolution effectiveness[]]. Opto-Electronic Engineering, 2019, 46(1): 180112
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