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Abstract A design method of the single-chip capsule endoscope with harmonic diffraction surface is introduced with
the system working band of 0.486~0.656 pum and the field-of-view angle of 116.2°. And the total length of the
optical system is 2.4 mm. Additionally, a capsule endoscope with three spherical lenses and a single-chip capsule
endoscope with aspherical surface are designed, and a comparison is made between them and the single-chip capsule
endoscope with harmonic diffraction surface. It is found that the single-chip capsule endoscope with harmonic
diffraction surface can achieve the image quality of the capsule endoscope with three spherical lenses. and its
construction is as simple as the single-chip capsule endoscope with aspherical surface. Its modulation transfer function
is greater than 0.6 at the frequency of 40 lp/mm.

Key words optical design; capsule endoscope; harmonic diffraction; diffractive optical element; single-point
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Table 1 Parameters required by the project design

Field of view /(*) F number Image hight /mm Wave band /pm v/ pm
116.2 5 1.2 0.486~0.656 0. 587
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Table 2 Configuration parameters of single-chip capsule endoscope with harmonic diffraction surface

Surface Type Radius /mm Thinkness /mm Glasscat

OB] Standard Infinity 5
1 Standard 6.7 0.5 PMMA
2 Standard 6.2 3.165

STO Standard Infinity 0.11
4 Binary 2 —1. 1497 0.9 PMMA
5 Even asphere —0.4995 0. 87
6 Standard Infinity 0.42 C3
7 Standard Infinity 0.1

IMA Standard Infinity

# 3 ARk R
Table 3 Asphere coefficients

Type Conic 4th order term 6th order term 8th order term
Binary 2 0 0.204141 —40. 669098 —198. 840992
Even asphere 0 0.459869 —1.131350 3.206401

E N IR

Table 4 Diffraction coefficients

Diffraction order Maximum term number Norm radius /mm D2 b Ds
-
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Fig.3 Capsule endoscope with three spherical lenses. (a) Layout; (b) MTF curve
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