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Adaptive Moving Window-Based Non-Uniformity Correction of CMOS Image
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Abstract To ensure the real-time performance of the nonuniformity correction of the complementary metal-oxide-
semiconductor (CMOS ) image sensor in aerospace remote sensing cameras and reduce the photo response non-
uniformity (PRNU ) of the image, according to the structural characteristics of the CMOS image sensor, a CMOS
image non-uniformity correction method based on an adaptive moving window is proposed in this study. First, from
the perspective of engineering applications, a movable variable-step window is used to block the image so that
multiple columns of pixels in the same window shared a set of correction parameters. Then, to solve the problem of
insufficient linear fitting correction accuracy in existing methods, based on the nonlinear response characteristics of
the CMOS sensor, the response curve is second-ordered by the least squares method. Experimental results show
that the method can not only improve the quality of CMOS images but also reduce the number of correction
parameters of the hardware system. The PRNU of the image corrected by the method is less than 1% . Compared
with the linear fitting correction method, the number of correction parameters of the method is reduced by 23.7 % .
Key words image processing; movable window; non-uniformity correction; least squares method

OCIS codes 100.2000; 110.4280; 120.0280

: 2020-09-18; : 2020-11-24; : 2020-12-03
(20180201015GX)
: “zhang gui xiang@126.com

1401003-1



1
CCD
; CCD
CMOS . . N
(1]
(CCD
CMOS)
[2-3]
CMOS ;
(FPN) |
[4] 3 [5]
; [6]
[7] ,
S . »S
b [8] o
CMOS . .
COMS ,
2
2.1
CCD  CMOS
CMOS .

CMOS FPNM, CMOS
(ADC) ,
1 ol .S/H o
,CMOS
(PGA) ADC,
PGA  ADC ,

PGA ADC ,

1 CMOS
Fig. 1 Structure of the CMOS image sensor
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Fig. 2 Image collected by the sensor under

uniform illumination
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3 . (a) ;(b)

Fig. 3 Gray curve of the image. (a ) Gray mean value curve of the column ; (b) gray curve of the pixels in the column
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Fig. 7 Image corrected by our method. (a ) Original image ; (b) corrected image
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Fig. 8 Statistic result of the column gray variance. (a ) Before correction ; (b ) after correction
1
W Table 1 Test indicators of different window widths
W , Window width PRNU/ % Gray mean Block
1 Original image 2.70 2462 none
° W=2 0.44 2462 754
, w , W=4 0.44 2462 607
64 , W=38 0.44 2462 547
W=16 0.44 2462 521
’ Sl4. w 32 ’ W=32 0.44 2462 515
o W=64 0.44 2642 514
16 W=128 0.44 2642 514
9 . (a) (b)) W=2;(c) W=4;(d) W=8;(e) W=16;(f) W=32

Fig. 9 Correction results of different window widths. (a ) Original image ; (b YW=2; (¢ YW=4;
(dYW=8; (e YW=16; ({ YW=32
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Table 2 Performance parameters of different

calibration methods

P t
Method 'a.ra'\mc ?r Parameters PRNU/%
acquisition time/s

TPC 3.981247 2X1024X1024 1.20

LLSFOFC 17.846582 2X1024 0.59

Ours 16.969041 3X521 0.44

CMOS
b
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Fig. 11 PRNU of the image corrected by different methods
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