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Robust Optimization of a Lens System for a Mobile Phone Camera

Sangjin Jung*, Junhong Min*, Dong-Hoon Choi** and Ju Ho Kim***

ABSTRACT

A lens system for mobile phone cameras is comprised of various lenses and designed so as to sat-
isfy design requirements for responses such as a modular transfer function (MTF). llowever, it is diffi-
cult to manufacture and assemble camera modules o maintain the same performance compared with the
designed camera modules, because of uncerlainty. We should always design a lens system by consider-
ing uncertainty that can be caused by errors in the manufacturing and assembly process of mobile
phone cameras. The robust optimization offors tools of making robust decisions with the consideration
of design parameters, uncontrollable parameters, and the variance of the system. Using an efficient reli-
ability analysis method and an optimization algorithm, we obtained robust optimization results that max-
imize the mean of MTF and minimize the standard deviation and proposed a new vobust design process

for a lens system.
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Fig. 1. 3D configuration of the lens system.
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Fig. 2. Design variables of the lens system.
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Fig. 4. Types of element tolerances.

Table 1. Uncontrollable parameters of the lens system

Tolerance type Distribution IOTE?E‘IHOCLS
Surface decenter Normal 8
Surface tilt Normal 8
Element decenter Normal 4
Llement tilt Normal 4
Image tilt Normal 1
Noise Uniform 24

S, = A2 Me Ay eV 0%
360° Aol A o= Blako g MR U 5= gl o
Bofl, B 91Tl A= o] o] 2 F H)A|o] Q1ALE
ARSI B 3 X 431t Al Hel
e g wagulele mhE 1oo|2E 1 skA] %o
B olZ 22tE Table 10148} 7ol & 2477}
EA gt

243N SE

YRk o 2 YP= AlAgel Fe AeS Hrls]
A&l Fig. 59F o] & A% AL o] mUZE g
B B2 TR o8} ol g A= ALY
Fal AT o, Aol g 7HA =S Foj &4
£ ¥z MTFELZ 3t MTIIE AR Al2E 47
Al Be H5S Hrish] glgt 7 dEAR A5 A
42 F2 o|&Frh MTFE 03 14}o]¢) ghe 71%]
o ol S5 F5t dge] £ Jepdch
B AtolMe 8 3 s 28 Code-v
ol &3] Fig. 13} 72 ®lX A|2=ele] Fak sH
S e F Fig 63 2o) ofulA] dlMe] Ul
I = (fieldll 4l MTFE S35, Z Az E28)
gEL TAE Fo2 Qs 7 FrdAe] MTF
e ztzh gzA 48 ek E d7eMe
Fig. 65 7o) z} #x=2] 0.75 % gollX =€ MTF
W& TN 2V AL S AL SH RE o]E3Th

o wu

Kiiz3

re

Fig. 5. Modular transfer function (MTF).

FZCAD/CAMEE] =23 A 15 A 55 20108 109



328 B, NEE, HEE, UFE

Field 4 !

Fig. 6. 0.75 field of the lens system.

3. Process Integration
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Table 2. Robust optimization results of the lens systent

Design Variables Initial Optimal
Ha, 0.000 0.008
Moy, 0.000 —-0.004
Har, 0.000 0.016
Pl\d; 0.000 0.009
Hu, 0.000 0.008
Haa, 0.000 —6.001
Hy, 0.000 0.000
Haq, 0.000 6.000
Objective Function Initial Optimal
Mean of R 0.519 0.544
Standard deviation of R 0.042 0.036
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01)3 —
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E ML D
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Fig. 8. Optimum values for design variabies.
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Table 3. Comparison between eDR and LHS

_ . eDR LHS
Ohjective function (@nt1) | (10000)

. Mean of R 0.522 0.519

Initial —

Standard deviation of R | 0.047 0.042

Ovtimal Mean of R 0.537 0.544

a
P S tandard deviation of R | 0.037 | 0.036
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