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Method to Improve Accuracy of PSF parameters of Motion Blur Images
using Window Functions

Ju Sanyuan, Gao Shuhui”
School of Investigation, People’s Public Security University of China, Beijing 100038, China

Abstract Accurate estimation of the point spread function (PSF) is crucial for restoring blurry images caused by motion
blur. This paper proposes a method using window functions to improve the accuracy of PSF parameter estimation and
eliminate the interference from the central bright line in the spectrogram on the blurred-angle estimation. To achieve this,
two-dimensional discrete Fourier transform and logarithmic operation are performed on the motion-blurred image,
followed by the calculation of the power spectrogram. Thereafter, the Hanning window function is added to the
spectrogram, and the image is processed using median filtering smoothing and binary transformation processing, in
combination with morphological algorithm and Canny operator edge detection. Finally, the fuzzy direction is obtained
using the Radon transform. Based on the blurred-direction results, the spectrogram of the motion-blurred image is
processed by Radon transform in the direction of the blur angle. The distance between the negative peaks is analyzed to
obtain the dark fringe spacing, and the blur length is calculated according to the relation between the dark fringe spacing
and the blur length. This completes the estimation of the two point spread function parameters. Comparing the proposed
algorithm with existing ones, the results show an improvement in the accuracy of parameter estimation, and a reduction in
ringing and artifact phenomena generated during restoration. The proposed method makes full use of image information,
and 1s easy to operate.

Key words window function; motion blur image; image restoration; point spread function; parameter estimation

1 2 = BARBGL T AR AR Z R S KGR 1L, 32K
FIg b (s SRR e e ol E IR A i £ EUA

W 5 S AR AR R R R C 2o e A 3 B AR TR R IZ SR . X T iE B

T ATTARE L SR AR AR B 2B AR MR RO IR S I, W D7 vk 2 S e S MR A2 Tt i A6 7Y

Wi BHE. 2022-11-09; EEBH. 2022-12-02; RABH. 2023-01-17; MEHEZBH: 2023-02-07
gﬁfd B. rh [N RN %2 R R 22 B AR X — 3 BB ik 98 % 51 (2023SYL06)
BEIEE . "gaoshuhui@ppsuc.edu.cn

0437007-1


https://dx.doi.org/10.3788/LOP223009
mailto:E-mail:gaoshuhui@ppsuc.edu.cn
mailto:E-mail:gaoshuhui@ppsuc.edu.cn

A R L AR A g DAL PR X LA g JeR R N AR I Y
AT R o Fo B O B A AR Al B PR A I
B 1) 4 BRI L (PSE) |, B £ B FRTRI RS B2 A
S ARHS B B R TR R A R

g i hE AZIEMAEE A2 . H HEZ
SO AT ER BRI AE B e E WL B 2R B R
SRR W PR AR R A AR L R B SRR . T
R 22 [0 2% HAT 8500 1) 7 SCor M RE 0, TR G )™ 32 b
MTHEHRZBRMAL P Xo %2 1 —Fh IR S
M 2% 0 245 ] L MCASER 12 6 b B OB R 30 2%, A
17 i PSR A 114 A0k 35 A0 i 2 1+ 87 4 . Hiradis 5558 4
W 26 311 25, To s BB R A%, I I e 45 4 A 14 PR B
AL o A B2 45 0 T A5 B R B AR .
Schuler 5 I FH 45 B b 25 00 £ 455 400 1% 45 2 B0M O 1%
BT R BB

AEH H A 0058 o A T R A%, X I AR AT X
GRG0 2 AR o AT Anfig i A rp e e 2R
Po— B LR A E TR IT o A T B 2 80 A
i, S = — B R A8 5 3% A Radon 48 e, F1 A
Canny F5 1~ K6 I A5 4] 141 15000385 141 09 3 2% 0, b 47
B Z B A T, I Bk 52 Dt 72 b B AR 8 2800
) P e G 0 B30 32 R B 320 553k 59 B X R % 2000 A 41
Hil o B A A AR R B SR T R
AN g 5 2 U5k TR) A ) R T DXl o 1) i
PGS IRk 2R B T BRI R A 1 (R R . /R
FHAE AL o R SRR ST RE R R BB B
YUY W5 2 8008 F B8 5 R 9 DX, 5D 25 v g s 2 A
IO 4 58 BE U5 L R T Radon 22 4 R IBORER /1 BE . 1 & e
S MR Sy VR B AR AR T IRRR X
S BUEAT F A AL PR G S S 0 A PR A SCf AR A
JIE O A S ASTM) A B L ke T R R SRR T . R
SR e A AR P PR O B B2 S R A i
B TR RS T, R AT AR I R
BRI o ER, bR 5 ik AR AR I R /N I R 25
R AFAE— & Jay BRAE , Rl R 07 ik A2 0%

PRI, B 08 TG40 Bt A v a2l A 1] 5 01 3 4
T SRR SRR T X — R TR, AR SRR
VAT 5 AR A A 22 1) 1 R Xz 3 5 1R A ROR P8
WEFE 0S4, 4 0 57 ek BORIE 25 5 A B 25 5 19 J7 05 L 32
PRSI A A TR o SRR AE RUE W, BT R DT YA AE
o3 F B BB R 8 T A

2 R

LLAH X 32 3l 5] S (0 SO 5 R I 58 X 4, FE AR R
T AR BT AR AL B Lena [F1% A1 Cameraman F 1% .
FH T R BO 3 P 15 43 B B Ol T4 BR AT 1] rp e 22 2R 10
T, MR 4 AR K B [ A8 N R Ok A5 A A N
g6 B 3 1 PR T S, DT B v SRS T ORS B L B
J5 A FF R 42 GOPROM™ BG I R d vk, Jf it 1 5

F61EF4H/2024 F2 B/ ERBEFEHRHRE

F A SRS 2 6 PSF 2 804311 45
P b Sk
2.1 HEHEGRKERNNETL
FE G o B v, 1 e T A T R IR R AR
AL AR ER AR AR A ) B A 23R MR R Ak ok
T, O G AT 28 TR . RS A Do A il 2 1
TR Al i 1) — 2 5 50 R B R SRR R
PG R A 72 AT DL A R J2& — 1 37 Wi 1 L2 5 PSF
HAS AR L AR [R) A b — g M 7S 2 vk v 1
MR E ) gk AT A BRI R . S (o, y) o IR R,
h(x,y)3#m PSE n(x, y) R MRS g(x, y)FEmR
RS, W EGGR AR B R an 1] 1 s, A SRR R
g(x,y):h(.r,y)®f'(1,y>+n(r,y), (1
I AR B P A e AL 46 B AT, 3RO Ry
G(u,v)=H(u,v)F(u,v)+ N(u,v)o (2)

Eﬁ ("D ] )

(R 1P AR EY g
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Fig.2 Less information after blocking (left) and multi-angle

application (right)
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Fig.3 Lenaimage (left), motion blurred image (middle), and spectrum of the blurred image (right)
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Fig.5 Open operation processing image (left) and Canny edge

detection image (right)
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Fig. 6 Radon transform estimating the blur angle. (a) Radon transform of the traditional algorithm; (b) Radon transform of the

windowing algorithm; (¢) Radon transform of the proposed algorithm
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Fig. 7 Schematic of the Radon transform in the fuzzy angle direction
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Table 1 Results of the fuzzy parameters of the Lena image estimated by the algorithm in Ref.[10] and the proposed algorithm

Angle estimated by Angle estimated by
True blurred

Length estimated by ~ Length estimated by
True blurred

. the algorithm in the proposed . the algorithm in the proposed
angle /() Ref. [10] /(%) algorithm /(%) length /pixel Ref. [10] /pixel algorithm /pixel
20 20 20.0 15 15 15. 14
40 40 40.0 20 19 19.74
60 60 60.0 25 25 25.00
80 81 80.0 30 30 29.70
100 98 100.0 35 34 35.00
120 120 120.0 40 39 40. 00
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Table 2 Results of the fuzzy parameters of the Cameraman image estimated by the algorithm in Ref.[10] and the proposed algorithm

Angle estimated by Angle estimated by
True blurred

Length estimated by ~ Length estimated by
True blurred

e /(%) the algorithm in the proposed length /pixel the algorithm in the proposed
angle en ixe
g Ref. [10] /(%) algorithm /(%) gn/p Ref. [10] /pixel algorithm /pixel
15 15 90.0 5 6 2.01
30 30 30.5 10 10 10. 24
45 44 44.0 15 16 14. 86
60 61 60. 0 20 21 19.87
75 76 75.0 25 26 25.00
90 92 90.0 30 29 30.00
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Table 3 Results of the fuzzy parameters of the Lena image estimated by the algorithm in Ref.[11] and the proposed algorithm

True blurred Angle estimated by Angle estimated by

Length estimated by ~ Length estimated by
True blurred

e /(%) the algorithm in the proposed length /pixel the algorithm in the proposed
n
angle Ref. [11]1 /(%) algorithm /(%) ength /pixe Ref. [11] /pixel algorithm /pixel
30 30 30.0 25 25 25.21
50 50 50.0 30 31 30. 00
70 70 70.0 35 35 35.29
90 90 90.0 40 40 40.00
110 109 109.5 45 44 45.67
130 131 130.0 50 50 50. 00
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Table 4 Results of the fuzzy parameters of the Cameraman image estimated by the algorithm in Ref.[11] and the proposed algorithm

True blurred Angle estimated by Angle estimated by

True blurred Length estimated by ~ Length estimated by

le /(%) the algorithm in the proposed leneth /pixel the algorithm in the proposed
e Ref. [11] /() algorithm /(%) cret fpiee Ref. [11] /pixel algorithm /pixel
25 25.0 25.0 15 15 14.76
40 40.0 40.0 20 20 20. 00
55 55.0 55.5 25 24 25.21
70 70.5 70.0 30 30 30.00
85 84.0 85.5 35 35 35.18
100 100.0 100.0 40 41 40. 00
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Table 5 Restoration results of the proposed algorithm for

different images

Image kind PSNR /dB SSIM
Car 34.15 0.84
Flower 33.76 0.82
Tree 32.05 0.85
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Table 6 Restoration results of different algorithms on the

GOPRO dataset
Algorithm in  Algorithm in Proposed
Parameter .
Ref. [9] Ref. [11] algorithm
PSNR /dB 24.08 27.18 33.32
MSE 1.74 1.51 0.83
SSIM 0.64 0.82 0.84
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