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Design of a 3D zoom exoscope optical system with

a long working distance

Cao Zhongyu, Xiang Yang’
(School of Opto-Electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In conventional microsurgery, the existing endoscope has the problem of a short working distance, is
unable to achieve optical zoom, and is unable to obtain stereo images. Therefore, the design scheme of a two-path
configuration 3D exoscope optical system with a long working distance and optical zoom features is proposed.
The single optical path is composed of the front zoom system and the rear zoom system. The front zoom group
system selects the three-element structure of optical compensation, and its function is to realize variable working
distance and variable field of view while keeping the output light parallel. The rear zoom group system selects the
four-element structure of mechanical compensation, and its function is to receive the parallel light of the front
group system and keep the image plane position and image height unchanged. The combined optical system can
achieve a zoom effect through the form of three moving group linkages. This solution is analogous to a
microscope with infinite tube length. The parallel light path in the middle makes it easy to install and flexibly

insert the beam splitter. Furthermore, the relation equation between the focal length of the front zoom system and
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the working distance of the object is derived. Based on the high-definition CMOS with a pixel number of 1 920x1200

and a pixel size of 4.8 pmx4.8 pm, we design a six-switched 3D exoscope optical system. The object resolution of

the system is 6.8-31.8 um, the object field of view is 15-70 mm, the working distance is 180-380 mm, and the

demagnification 1/4 is 1.36%, 2.36%, 3.36%, 4.36%, 5.36%, 6.36x. By selecting a reasonable tolerance range, the

design results show that the six-switched optical system MTF is better than 0.15 at 105 Ip/mm with a probability

of more than 90%, and the cam curve is smooth, which can meet the requirements of microsurgery.
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Fig.1 Imaging principle of 3D exoscope optical system
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Fig.2 Schematic of 3D exoscope optical system with single optical path
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Fig.3 Structure of Gaussian optical system in front zoom group
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Fig.4 Structure of Gaussian optical system in rear zoom group
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Tab.1 System design parameters

Parameter Value
Working distance/mm 180-380
Object space NA 0.011-0.052
Wavelength/pum 0.486-0.656

Magnification 1/1.36%-1/6.36%
Object height/mm 2y=15-70
Total length/mm <350
MTF 105 lp/mm=0.2
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Tab.2 Front zoom system design parameters

Parameter Value
Back focal length/mm 180-380
Image space F# 9.5-44
Wavelength/um 0.486-0.656
Front zoom system focal length/mm 200-400
Image height/mm 2y'=15-70
Object field of view/(°) 4.3-10
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Fig.5 Optical system structure of front zoom group
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Tab.3 Rear zoom system design parameters

Parameter Value
Image space F# 7
Wavelength/um 0.486-0.656
Rear zoom system focal length/mm 63-147
Image height/mm 2y'=11
Object field of view/(°) 4.3-10
Back focal length/mm =15
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Fig.6 Optical system structure of rear zoom group
24 3D TEMEXZRFRITRERSH
A G A7 422 D D), K i A FE 4H - RGNS AR £
HF RGH G R ICRER 3D G IMEEF RS
B R F RGBT A y Sl AT 180°H

#—,—n

() %:6.36& =380 mm

© %=4.36X, =300 mm

) %:2.36& =220 mm

B, IR HAN A SR ZEH T RENANHEZ
—XiF 10, 3 5 B PR A DA AR AR R B R LAt
B 7 B R G AT AR LA, S LT A R R R R
SHCEOR . B T R R R GR/IMER  TARRR RS T
ORGSR, REHEZENH T REYET
AR RS, 7R AR PO MO, HOBS
KR 345 mm, J5#EEEN 15 mm, F KA G D& R
20 mm, B2 Fr SR HIME O b B 42 BR T, R 51 AR BRTH
S A S Z A X AN AUA] DARBEAR B A, [ B fif T
IG5

Pl 8 BT 7 R i 0l 2 2 5 1 8 i 1% 328 PR (MTF)
i L, AT S AN A 0 2 1 45 R AE
RS R 105 Ip/mm A0 T 0.2, B8 i K4,
5 BG4 B 2R

Il 9 Jit7m Kz & GE i) 3 M e 22 18], AR Ry 2
GEBLE LI RN, R AL A 23 S AR 3 3 it A A2 1 52
PRE, B BRI, B it 002 RGN M AHET 1
M (E 0T 0.2 mm, BT 0.2%.

() /1—),:5.36& [=340 mm

i ———

) é=3.36X, [=260 mm

K7 St RGE K

Fig.7 Optical system structure
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Fig.9 Field curvature and distortion
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Tab.4 Every configuration tolerance analysis MTF value

The demagnification 1/5=6.36x

The demagnification 1/5=5.36x

The demagnification 1/5=4.36x

Probability MTF Probability MTF Probability MTF
90% 0.31148306 90% 0.29648923 90% 0.28218524
80% 0.31148306 80% 0.31716691 80% 0.29807905
50% 0.35046905 50% 0.35121628 50% 0.32811532
20% 0.368914 10 20% 037119618 20% 0.35217057
10% 0.37604126 10% 0.38266711 10% 0.36348125

The demagnification 1/6=3.36x

The demagnification 1/5=2.36x

The demagnification 1/6=1.36x

Probability MTF Probability MTF Probability MTF
90% 0.264 73650 90% 0.200961 35 90% 0.15835870
80% 0.290885 54 80% 0.23373622 80% 0.17720559
50% 0.33748540 50% 0.30052246 50% 0.22655441
20% 0.36457786 20% 0.33424263 20% 0.25626545
10% 0.37001593 10% 0.34861035 10% 0.26739952
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Tab.5 Distance of the moving group from image versus the demagnification
The demagnification 1/4 1.36% 2.36% 3.36% 4.36% 5.36% 6.36x
Distance of the second group from image/mm 251.16 247.32 242.76 237.45 229.69 219.11
Distance of the fifth group from image/mm 160.90 158.76 155.44 151.31 146.52 135.74
Distance of the sixth group from image/mm 104.35 104.62 105.21 107.96 113.99 120.79
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