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Experimental realization of an imaging system using wavefront coding
in mobile phone camera
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Abstract

We describe the experimental realization of image system using wavefront coding in 3-Mega pixel mobile phone
camera. We designed aspheric lens to extend the depth of field (DOF) using wavefront coding. In addition, through
the aspheric lens and lens barrel manufacturing, we obtained a raw image from a camera module. In our method, the
acquired images are restored in the spatial frequency domain using the proposed filter and the spatial frequency
response (SFR) is calculated. The proposed filters are composed of image denoising filter using low band pass filter
in frequency domain and restoration filter for image restoration. Finally, we achieve an enhanced image by super-
resolution image processing. Visual examples are given to demonstrate the performance of the proposed filter.
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Fig. 1 Design, manufacturing and image restoration

procedure
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Fig. 3 Modulation Transfer Function in Conventional

optical system

Item Value
Focal length 3.6mm
Total length 4.5mm
F-number 2.6
Field of View 64°
CMOS Sensor 3 megapixels(1/4 inch)
Pixel Size 1.75pm

Wavefront coded n
Aspherical lens -

om wm om W

/4" ega

scale: 29.00

16-tar-po| 174" 3lieg| Scale: 20.00  09-har-p¢

LONGITUDINAL
SPHERICAL ABER.

- 1.00

- 0.75

- 0.s0

-0.300 -0.150 0.0
FOCUS (MILLIMETERS)

0.150

(@)

0.300

LONGITUDINAL
SPHERICAL ABER.

- 1.00

L 0.s0

| I B

-0.300 -0.150 0.0
FOCUS (MILLIMETERS)

0.150  0.300

(b)

Fig. 2 Lens design and spherical aberration (code v)
(a) Conventional and (b) Wavefront coded optical

system
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Fig. 4 Modulation Transfer Function in Wavefront coded
system
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Fig. 5 Camera module and components (a) Manufactured
barrel (b) Manufactured lens (c) Barrel design
(d) Assembled camera module
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ﬁ(U,V) : Original Image
G(u,V) : Degraded Image
H (U,V) : Degradation Function (Point spread function)

H (U,V) — e—D2 (U,V)/ZO’2 (2)

D(u,v) is the distance from the origin (center of image)
o is a measure of spread of Gaussian curve

G(u,v)=H(u,v)F(u,v)+N(u,v) (3)

A 1 N(u,v

Fu,v)=———-G(u,v) = F(u,v)+¥
H(u,v) H(u,v)

G (u, v) : Blur image

F (u, v) : True image

H (u, v) : Point spread function (PSF)

N (u, v) : Noise

lf(u,v) : Image restoration

Image Restoration (in frequency domain) :

F(u,v) = G(u,v)*e > @2’ w1

H(u,v)
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Fig. 6 ISO12233 chart image and MTF (a) Conventional
optical system (b) Wavefront coded optical
system (30cm)

Fig. 7 ISO12233 chart image and MTF (a) Conventional
optical system (b) Wavefront coded optical

system (120cm)
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Fig. 8 Infinity image (a) Conventional optical system (b)
Wavefront coded optical system
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