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Abstract 

A lens system of a camera module for mobile phones is comprised of the composition and design of 

various shapes of lens. To improve responses such as the modular transfer function (MTF), a lens system 

should always be constructed by considering uncertainty that can be caused by manufacturing and assembly 

error. In this study, tolerance optimization using the Latin Hypercube Sampling (LHS) technique is performed. 

In order to reduce the computational burden of the tolerance optimization process and decrease the influence 

from numerical noise effectively, we use the Progressive Quadratic Response Surface Modeling (PQRSM), 

which is one of Sequential Approximate Optimization (SAO) techniques. Using this method, we achieved 

optimal tolerance for each lens and obtained reliability for satisfying user’s requirements. In addition, through 

the design process the manufacturing and assembly cost of a lens system was reduced.
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Fig. 1 3D shape of 3M lens module
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Table 1 Tolerances of a lens system

Tolerance Location 
No. of 

Tolerances

Thickness 

(TH) 

L1a, L1b, L2a, L2b, 

L3a, L3b, L4a, L4b 
8

Surface Decenter

(SD) 

L1a, L1b, L2a, L2b, 

L3a, L3b, L4a, L4b 
8

Element Decenter

(ED) 
L1, L2, L3, L4 4 

Surface Tilt 

(ST) 

L1a, L1b, L2a, L2b, 

L3a, L3b, L4a, L4b 
8

Element Tilt 

(ET)
L1, L2, L3, L4 4 

Image Tilt 

(IT) 
Image 1 

Fig. 2 0.75 field of a lens system
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Fig. 3 Process Integration using PIAnO 2.0

3. Process Integration 
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4.1 Latin Hypercube Sampling  
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4.2 1-D Parametric Study 
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Fig. 5 1-D Parametric Study of image tilt
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Table 2 Sensitivity indices for g1

Tolerance Location Percentage (%) 

Element Decenter L3 19.2 

Surface Decenter L3b 15.9 

Element Decenter L1 15.4 

Thickness L4a 14.8 

Element Tilt L1 9.3 

Image Tilt Image 7.1 

Thickness L3a 5.5 

Thickness L2b 3.8 

Surface Decenter L1b 2.7 

Etc. - 6.3 

Table 3 Sensitivity indices for g2

Tolerance Location Percentage (%) 

Element Decenter L1 17.2 

Element Decenter L3 14.8 

Surface Decenter L3b 11.7 

Image Tilt Image 10.9 

Thickness L4a 9.9 

Element Tilt L1 9.9 

Surface Decenter L1b 8.3 

Thickness L3a 3.6 

Thickness L2b 3.1 

Etc. - 10.6 

 Fig. 5  image tilt
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where j = 1, …, 6  (TH, SD, ST, ED, ET, IT) 
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Table 4 Coefficients of cost function

Tolerance Nj tj aij bij cij

TH ( j=1) 8 1.0 18.26 1.89 0.32

SD ( j=2) 8 1.0 18.26 1.89 0.32

ST ( j=3) 8 1.0 18.26 1.89 0.32

ED ( j=4) 4 1.0 18.26 1.89 0.32

ET ( j=5) 4 1.0 18.26 1.89 0.32

IT ( j=6) 1 1.0 292.20 30.19 0.32
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Fig. 6 Parametric Study for the rest tolerances
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(5).  PQRSM

.

5.3

 33

. ,

 screening  9

,  24

 2 .

, Table 5

. Table 5

 0  1  scaling .

, TH-L3a  SD-L1b

.

Table 5 Tolerance optimization results

Design Variables Initial Optimum 

X1  (TH-L2b) 0.5 0.483 

X2  (TH-L3a) 0.5 0.578 

X3  (TH-L4a) 0.5 0.370 

X4  (SD-L1b) 0.25 0.260 

X5  (SD-L3b) 0.25 0.219 

X6  (ED-L1) 0.3 0.173 

X7  (ED-L3) 0.3 0.117 

X8  (ET-L1) 0.4 0.215 

X9  (IT)  0.45 0.320 

Design Parameters Initial Adjusted 

 24 tolerances E1, …, E24 2x (E1, …, E24)

Constraints Initial Optimum 

g1 0.989 0.993 

g2 0.979 0.980 

Objective Function Initial Optimum 

Cost 61.30 43.94 

Fig. 7 Tolerance optimization results for constraints and 

objective function
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