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Abstract In order to solve the problems of large size, heavy quality, and high cost of traditional photoelectric
imaging equipment, two independent design "nodes" of optical system design and image restoration on the whole
link of photoelectric imaging are integrated based on the idea of global optimization of computational imaging. First,
the difficulty of image restoration with different geometric optical aberrations is analyzed. Then, an optical transfer
function that is easy to be processed by the image restoration algorithm is designed through the iterative method of
optical-image global automatic optimization. Finally, the output blurred image of single lens and three lenses optical
system with global optimization and their restoration quality are analyzed and evaluated. The results show that
compared with the optical output blurred image, the contrast, sharpness, and edge retention coefficient of the
restored image have been improved to a certain extent. The correction pressure is allocated to the image restoration
process to reduce the design pressure of the optical system, thereby simplifying the structure of the optical system.
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Fig. 1 Comparison between global optimization design and traditional design
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Table 2 Performance parameters of optical system

Optical parameter Value
Wavelength (1) /nm 500
Focal length (f") /mm 100

F number 5

Field of view (FOV) /(%) 28
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Table 3 Comparison of index before and after restoration of single lens image with global optimization design

None reference index

Full reference index

Image

Contrast Visibility Peak signal-to-noise ratio Edge retention factor
Blurred image of optical output 2.1144 0. 0065 72.8523 0. 3888
Restored image with joint design 2.5198 0. 0072 73.0447 0. 4298

K4 RO =BG R TR iR R T

Table 4 Comparison of index before and after restoration of three lenses image with global optimization design

None reference index

Full reference index

Image - R : - - -
Contrast Visibility Peak signal-to-noise ratio Edge retention factor
Blurred image of optical output 9.0273 0.0141 73. 2525 0. 8531
Restored image with joint design 9. 5735 0. 0147 73. 1467 0. 8887

M ZEMAX 43 2508 iz 25 vh AT DLSR SO 7 O
FRGMEBRAT & S8 5 PR, M 2.2
TR A A R R AL = B B 0 R AU FL
BEVEMIR 2 (R FRLL BRB BRI 1000, HiEE 2.1 71
SYMTRTAL, 4 Ry T = 35 B 1Y B R AU W] I 6 4%
BTN IE B WA AR R SR B 22 BN TS
BUF SR A R T R 40 i nT REAIG 8604,
XAE— R FUEI T MR s RG] LAk
/N R GARFS TR H

5 WFDG RGO R

Table 5 Volume and mass of minimalist optical system

Lens Volume /cm® Quality /g
Single lens 206. 167 3.67
Three lenses 185. 787 23.14
Six lenses 171. 014 165. 71

M ZEMAX SEA B8R i mT LR O 3 5t
FRGIEA LA R 7T 3 G25R 03E 6 s .
M5 2. 2 Tl R R = BB R ACR [
HOB B A RE AL B B R Y L A e 3R
Wl BB RE BB B F B, A 2.1
AT AR AL = B Y AR RCR T IR S

6 WAL RBAEA RN T &R
Table 6 Transmittance of minimalist optical system

at different half-fields

Lens 0° 7° 10° 14°

0.91567 0.91564 0.91558 0.91543
0.95804 0.95782 0.95748 0. 95646
0.93994 0.94006 0.94011 0.93995

Single lens
Three lenses

Six lenses

e itNidh ., MAak 6 al i, e/t =&
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44 i
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R 2 AR A B T R R S AR 2 R AL IE /Y
JEU 255 TSRS R SO - R I 5 A ik
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PEOE A BT ARAR I =AM 181 150 AT AT 1Y) 440
PR R PR AL BT B B LA R =B B
B R IR BAT —ERCR

JITER T AT B BALAM e R R SR C L BT
H AR ER 0 BER A UG T SR B AR D7 R 5
BT ARMACAMA T R B R R A H Y . s
SN AT e WIRES LD e WA g N LY IS L
S PEA A PGSR A A5 7 TR A T DA At DA T HE
S TERE SWaP HHEBEHAR M — LK,
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