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Abstract: Aiming at the problem of difficulty in obtaining images for local examination of potential
lesions in endoscopic surgery, we proposed an optical design system for an optical zoom endoscope
based on variable focal power lens. This system was based on the Gaussian bracket method and the
principle of endoscopic zoom, we derived and analyzed the first-order optical control equation of a
zoom endoscope with variable focal power lens. Using the analytical solution of the first-order zoom
optical theory and the optical design software ZEMAX, the optimal design and imaging evaluation of
three typical zoom positions of the endoscope were performed to analyze its optical imaging
capabilities. The results show that the zoom endoscope based on variable focal power lens has the
ability to distinguish the inner wall tissue of the human body after zooming and magnifying it. This
optical system has advantages such as no component movement, fast response frequency, and small
size, which can improve the accuracy of endoscopic treatment technology in surgical treatment and

diagnosis.
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Table 1 Initial structural parameters of system mm
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Table 2 Design results
HES M1 Wiz 2 M 3
HAEE/mm 0.25 0.2 0.1
R —0.089 603 —0.117 895 —0. 337 560
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Table 3 The first-order optimal parameters of variable focal power lens mm
A= $1 B é3
1 0.031 104 —0.074 173 0.391 376
2 0.024 428 —0.022 615 0.393 900
3 —0.051 626 —0.097 173 0.553 686
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Table 4 Initial optical parameters of variable focal power lens mm
. ok 1 3o £ 2
M1 M 2 My 3 Wy 1 Wy 2 W 3
1 1.516 33 0.030 120 0.023 655 —0.049 993 —0.030 120  —0.023 655 0.049 993
2 1.696 80  —0.053 224 —0.016 228 0.069 727 0.053 224 0.016 228 —0.069 727
3 1. 846 66 0.231 129 0.232 620 0.326 982 —0.231 129  —0.232 620 —0.326 982

K4 P RS HORLEN B BT AL BRI IR S5 S AT = B LD s AR 25 AL A BT R Hh K
s BTN AR B BAR R RN N 10 pme NI BT N BLBE M B R G I = B &
ZEHE ERDRATRE/N. HW B =R ANRE SR I BR . W2 S BCHOL A s TR R 22, TS
HA G ZE, WA EIEA RS . RIS 0] e AR N B8 9 B 9 = B 15 22 AR W e R 4L
FRAS L E RT3 B3, DT AR A e Jo i o PR 2 i 9 9T 0 o T U0 A 9 R A D D) 2 5 2 1 ok R AR s
1 = B8 2 , B BTG R G B bR OB ER RS TR A AR 5 BT 0 A b i O e 2 AL B A F A
BE 7 R =B 8 2E BARME R o ME IO BB DA R S TR R AR R R =R 22, ek
R g Al R G A R A O R B O\ B AR R v, O AR A R T B R eI Ak Y W S
K3 Me)E 3 XL T 1,2.3 REDEHERE N 0.25,0.2,0. 1 FZZ BN B Y FOGFE LK, X



%2

TR W, % BT ARG B R AR R N BT BOL T

435

WA RAE N RESEAE NI T RS MK 6, Hhb Ay AL AL A 2P0 S 2.4,6,8 IRAEBR

[(E%/ 8
Table 5 Parameters of optical system mm
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Table 6 Nonspherical parameters of variable focal power lens

F5 HE R A, A, Ag Ag
1 216.43 3.776X107° —3.339X107° —6.132X1077 2.957X107¢
2 —0.111 —0.013 L977X 10" —7.975X10"° 8.655X10°
4 —427. 654 —1.332X10* 7.612X10°° 3.423X107* —7.145X10°°
5 —1.31 3.533X10° —1.078X107° 1.875X 107" —4.167X107°
6 —3.032 —5.002X10 * 8.348X10 —3.284X10° 1.514X10
7 —569. 635 0.017 —1.177X10°° 9.203X10° 2.504 X107
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Fig.3 Optical pursuit image of zoom endoscope
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Fig. 4 Design results of spot diagrams
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