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Abstract: During flight, changes in environmental parameters affect the accuracy of non-uniformity correc-

tion of airborne infrared point-target detection systems to some extent. Therefore, it is necessary to perform
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on-board scene-based non-uniformity correction. In this paper, we propose an algorithm based on inter-frame
registration to achieve on-board non-uniformity correction. It first preprocesses the images to filter out dead
pixels, then calculates a cross-power spectrum with two adjacent frames and determines their registration dis-
placement according to a correlation function that is calculated from the cross-power spectrum. After regis-
tering an image, corrective parameters are updated by minimizing the error through a function. The correct-
ive parameters are finally obtained after the above calculations are performed. In an experimental comparis-
on, we simulate a set of non-uniform scene image sequences as the experimental image sequence. This exper-
iment first identified the influence of changes between frames (including displacement, rotation and scaling)
on the accuracy of non-uniformity correction. It then used two representative algorithms and the proposed al-
gorithm to process the image series, and compared the performance of the algorithms from the perspective of
image quality and convergence speed. The results show that the proposed algorithm has better non-uniform-
ity corrective performance compared with the two other methods. The PSNR increased by over 20 dB, and
the SSIM exceeded 0.99. The proposed algorithm has higher complexity, but its convergence speed is much
faster, and it is easy to be implemented on hardware platforms, which gives the algorithm possible applica-
tions in engineering.

Key words: scene-based nonuniformity correction; inter-frame registration; reduced reference assessment
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Fig. 6 Registering accuracy affected by geometry transformation. (a) Original image; (b)(c)(d) are respectively translated by

(120,120), rotated by 2 degrees, enlarged by 1.03 X relative to (a); (e)(f)(g) are the cross-power spectrum of (b)(c)(d)

and (a), respectively.
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Fig. 7 Illustration of adding non-uniformity gain. (a) A ground-truth image; (b) simulated non-uniformity gain (range:

0.5~1.5); (c) non-uniformity scene after adding non-uniformity gain
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Fig. 8 Comparison between ground-truth and estimated non-uniformity gains. (a) Ground-truth; (b) estimated by IRLMS
(MSE: 0.002 8)
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Fig. 9 Estimation correctness of gain coefficient by inducing various ranges of random rotation
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Fig. 10 Estimation correctness of gain coefficient by inducing various ranges of random scaling
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R 1 FEHEE SR ERCEE G T ER ST
Tab.1 Influence of various ranges of random rotation

or scaling on estimation correctness of gain coef-

ficient
BE LI 11 +1° £2° +3° +4°
MSE 0.9424 12422 15848  2.1789
BERLA T 1£0.01  1£0.02  1£0.03  1£0.04
MSE 0.0357 05916  0.8911  1.0302

4.3 BERHILLER
R T BB Z AR PERE, SR AR SCIR Y
IRLMS 5 THPF FI CS 435l ab B — 2 5] K 1%, %}

FRE SR £ A AT REA T LU, AN 11 . e
Sh, I HB T RARAIVERCR, Wk 12 s Al
LA #1: THPF 535 Z97E 55 100 Ui 5t E1S 2152
E WA, (R BENTH AL AR Sk, B 52 4k
RS SIPER R M T AT AR, P, HORAE
B BN FARIARI S, TEBR BTN, IR REAS A B
BT— WA “ 55275 CS Fvk i T3 1T 44 43 M A%
AR A1, N e A I fE 8 R B, B THPF
5ik, (HSCSIGH R, AR P2 o AR SCER Y 1Y
SEREAE D (4 WU N s BEAS B B ELASUE 94k
T, BERSRL A A IE IR AR 2k

Bl 11 JURMRRARS S M 25 R A H B (A 3R THPF ., CS. IRLMS; AZE545: 45 10, 20, 50, 100, 200 kA1)
Fig. 11 Tterative estimated non-uniformity gain comparisons of different algorithms (from top to bottom: THPF, CS, IRLMS;
from left to right: the 10™, 20", 50™, 100™, 200" frame).
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Fig. 12 Performance comparisons of different algorithms, from left to right: Original, THPF, CS, IRLMS, Ground-truth im-

ages; from top to bottom: the 10", 20™, 50®, 100" frame in the series of images.
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Tab.2 Average contrasts (global standard deviation) of

the image processed by various algorithms

H¥: Original  THPF cs IRLMS HAH

GSTD 0.1524 0.1496 0.1606 0.1674 0.1684

442 MEfHATRIL

W1 {5 M kb (Peak Signal-Noise Ratio, PSNR)
HE TP B 1 GO AR b G Y 5
FEHER . 4 — DS HEEAIIAENR, ) PSNR

FOHHR AT
PSNR=10log @-D ,
1 M-1 N-1 )
o D DMl (i )]

Q7D

A, b RN HCRRAL, 1 Gkt T 8 FL B, b =8,
Tiest T L 53 R/IN A MXN (0 &G Fn 2 2%
REE

FEAR S T, BRI R A T
AR B, R PR R B A 200 W& 453153 PSNR
(- 2E, Ik 3 fiis.

R3 BIMEELEEEGOEEERRL
Tab.3 Average PSNRs of the images processed
by various algorithms (dB)

Hik Original THPF Cs IRLMS

PSNR 20.1949 15.2826 15.1871 38.1842

443 LML
SEFIARLHE B0 ( Structural Similarity, SSIM) J&

PR SERE | X HUEE | S5 MR 3 N8 hR R PEA

EMG S 1Y, THE A a0,

(zﬂtest * Mt + Cl) (20-tesl.ref + Cz)

, Q28
(ﬂlzesl + /erf + Cl) (O-lzesl + O-fef + CZ)

SSIM =
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Tab.4 Average SSIMs of the images processed by vari-
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IRLMS X AR5 A6 IE AR B -, (B B R E

ous algorithms

Bk

THPF cs IRLMS FE—FhH— AL B AL, gl SR AR F KO T = o

Original

SSIM

0.9431 0.3042 0.3002 0.9974
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