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Spatial-scale-information Method for Motion Blur Kernel Estimation
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Abstract: The accurate motion blur kernel (MBK) estimation is the key for the success of the single-image blind motion deblurring.
Nevertheless, because of the imperfect useful edges selection and the simple regularizers design, the MBKs estimated by existing methods
are inaccurate and contain various flaws. Therefore, in order to estimate an accurate MBK, in this study, a spatial-scale-information
method for MBK estimation is proposed. First, in order to accurately extract the useful image edges and remove the pernicious image
structures, an image smoothing model based on the spatial scale information is proposed, such that the useful image edges can be
extracted accurately and quickly. Then, according to the characteristics of the MBK, a regularization constraint model, which combines
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spatial Lo norm with gradient L, norm, is proposed for preserving the continuity and the sparsity of the MBK well. By combining the

extracted useful image edges and the proposed regularization constraint model, the accurate MBK estimation can be achieved. Finally, a

half-quadratic splitting alternating optimization strategy is employed to solve the proposed model. Extensive experiments results

demonstrate that the proposed method can estimate more accurate MBKs and obtain higher quality deblurring images in terms of both

quantitative metrics and subjective vision.

Key words: blind motion deblurring; motion blur kernel; the useful image edges; spatial scale information; multi-regularization
constraint model
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(a) Kids E# (b) House &l (c) Wall &l (d) Face €14

Fig.2 Four grayscale test images of Ref.[6]
Kl 2 SCHER[E]IT R A IR 4 W 2R 5 2 b et 1] 45

(3) MBK119x19 (b) MBK2 17x17 () MBK3 15x15 (d) MBK4 27x27

(e) MBK5 13x13  (f) MBK6 21x21  (g) MBK7 23x23  (h) MBKS8 23x23

Fig.3 Eight different MBKs
B3 8 Bl ANHIRE S UM %

AR SR FTAT ) 672 Wi N I AR FEAG3EAT T Ll A s 56 A2 DR RS R AT PR, 76 S AW 01 1 L A b AR 154X
AT Face M E MBKA(HE: K1) MBK)_L [ s2 56 45 1 an 1] 4 Fiow.

W 4 J7 o3, R 2k SCHR (2,607 19 5125 02 i 166 JEE 10 s {21 R 36 4 ) 10 R 50 %, TR B, e AT T U LB 18 T MBK
(0 AR, DAL A T MBI A7 — i i B P M 75 i, L 2 X T AT i 2 i LU EE AN i1 2k i) Face EI{%.
DAL, ST R [2,61 060 757 V2 BT A2 50 1 ) R AEAE IR 2 19 ringing FECHE (L1 &1 4(0) AT 4(F)FTzR) 2T Lo/L, S8 s %
ORI 7 35 T AT V1) MBK A7 458 249 7 2 1) ) W97, 52 T PRI A A7 4 A9 7 T ) 4 44 Be (1 4(dl)). B AR SRR [5] 1Y)
J7 ¥ 23 ) RURE 1) /N A 32 4 H 18 A D S, (EL A B SR D T o {925 AN e e A b 2 0 H P15 o o
AR, 0 HSCER[S]E N %18 T MBK IR B4 1, BBk, SRR [S] 7 V& B Al 143 20 (1% MBK R FEA7fE—
o T EE (10 i 75 IO 046 R TORE , 5 50 o 2 3R A9 1) A T PRGN i b Al A7 4 — 2 B BE 1Y) ringling BECBE (U B 4(e)
JITIR). AR SCHR (70710 1 77 ¥ A it i - 22 I RS SR 48 HC I A8 (00 4 RV s S AR % 7 0T AR AN BB AT T s T i 11
MBK:XS T 17 50 2 kot L 4 2 1) Face %, FZ 5 il H 1) MBK i1 delta o 4%, 5 35073 2116 5 5
PG A AT AT I 2 BRI R (Un P 4(g) 7 ). SCR[L2] 7 18 7 ¥ AR A — 7l T VM O () 0 2530 6 S s, [
BEAZ T VR BT AT MBK 5 SCHR[6] 5 7 VR Ad 1 MBK ARBL, 2 B4 2 7™ 5, A1 1k L g 24 52 J5UHH ) PS04 the AN T g
G FAER 2 B ringing BB 4(h)FToR). A0 L2 AR SCHE A 7 ¥ DR h sl T % oK R BE A I 4
SRR AL TR B R T Lo 205600 v 307 20 B AR S ML 20 R T MBI [ s e A0 S e, DRk A SR H 11 ¥ i
% 2E AR S M ARAIE MBK 7 5575 2 A0 32 802 1 T ) b 2 o0 M o R 486 2 S5 B0 A 31 e v 1) MBI, 348 1 R
AR A e T 1) R B (L B 4G TR,



3884 Journal of Software #4215 4% Vol.30, No.12, December 2019

(a) Hi MBK4 54 5 1 (b) FHELSZM MBKA4 7321 (c) 3CHR[2195 21 52 J5 4500
BB BRI 5 SRE B 47 ) MBK4

(d) SCHR[3]143 21 2 EHE AN (&) SCHR[5195 21t & I E 4 A (f) SCHR[6175 30 1) & J5 B 4 A
1711 MBK4 1711 MBK4 1711 MBK4

(9) SCHRL7145- 2 (% 52 J5t (h) SCik[12175 51 2 s (i) ASCHEH 713 B SR
B RGT MBK4 B RGT MBK4 B RGT MBK4

Fig.4 Recovered results and estimated MBKs of all methods with test image Face and MBK4
4 JIATJTVEAE Face R AT MBKA 5256 o 1 52 Ji 18 45 % LA RAl - 1R 32 B SO %

152 MR IISEAR 845 7 T, AR S 43 3SR FH 7 PSNR Hl RBDE 3K L5 S2 36 v i A5 B 52 J5U 7 vk i Pk e 1] 5 R
FE JTEAERTA 672 I8 NG 12 s i % 1 i) RBDE {H.3 1 IR /RTERTA I 672 18 A i 2 sh BT 15 4
BT VEAEREA MBK L4321 /73 PSNR 1H.

Bl 5 BAS B LI ACT 2 ORAE T 1K 32 T N I8 OB 1 45 1) 52 56 v 306 /2 RBDE<2 (¥ 43 &2 B G oy
(K77 43 bt V2R AIE W A 24 RBDE<2 B, 753 81 1 52 I P % 10 5 B A 2 T LA 32 (90T 4 ) 5 o A SCHEHE 11
J7 15 4F RBDE<2 {5 FIA ) 7 it 70.7%, W BAR T H A0 6 B E SR J775.3% LA TR 67211H A
I IB BN R R T AR MBK EATAZ BT PSNR . 3R 1 W7 DL B b B A 48 K 22 B ol
AT IR 5 1 e R 1R e v 1 T34 PSNR B (4E BT AT 1) 672 i A I AR FES 1 B 2 B SE 56 L6 B MBK
F3RAF 1735 PSNR {HIA 2 T dpe ), B AL T 3o 6 ME SR U5k 181 5 A& 1 NZ MM VEO 4545 i THUERE T
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Fig.5 Percentages of the RBDEs of all the methods on all the 672 synthetic blurred images
KI5 Pl JSiEAE AT 672 i NG BOwI 4 11 RBDE 4eit 117> bt
Table 1  Average PSNR (dB) values of each method for each MBK on all the 672 synthetic blurred images
R 1 P K 672 8 NIz sl B R b AR 5 B AE R MBK L P 3 2914 PSNR 11
MBKs SCHR[2] SCHRI3] SCHR[5] SCHR[6] SCHR[7] SCHR[12] AR SCHR W I 75 1%

MBK 1 25.964 22.957 27.241 28.697 27.319 27.841 28.852
MBK 2 25.749 21.552 27.919 29.243 23.920 29.325 30.126
MBK 3 25.397 24.758 28.237 25.750 27.344 26.758 29.015
MBK 4 25.135 21.475 27.025 21.583 20.091 21.241 26.952
MBK 5 27.962 24.848 29.476 29.499 25.497 29.264 29.771
MBK 6 27.589 22.799 29.139 19.647 19.743 19.387 29.053
MBK 7 26.756 23.752 28.735 22.056 20.667 21.601 29.106
MBK 8 25.327 23.499 28.733 22.863 21.368 22.541 29.010

32 EXEHEMEGIIER

B T N TR G 2 A AT Hhoa g 48 1) 5 508 T B 1 SE s sh B G i B 2 R LB 6() 8 — IR
K/NKg 247%265 (19 ZL BT B 5 (“structure”), MBK [19°K /I Jhy 45x45 A5 32 A IR AR B 15 A 317 52 J I 45 7
FE MR L%, AT — e Pk

Wip 6 Jis, B A% 18 T MBK IR B M, SCHR[2,5,6] 1 7 322 BT A v 11 MBKSs #8445 1k 2 5/ 1) Mg 75 BEUAE
w5 2 R B HLAG W 2 Wi BT s BB (an B 6(b)~ &1 6(d) AT 6(e) i) SCHR[3]TE i Al v HE — A~ A B K
MBK, 5 B Ji5 11 52 50 14 H 0™ 5 (1 2R S0 (1] 6(c) 7). SRR [12] 5 ¥R A 1 H K MBK 24788 2k B 2 (1 gt
7 IO, L B ) S DR UG AR AT AL T4 S 2 WL 0 BT R O (A B 6(0) T ). AR SRR [71 ) 7 i B e At -t —
A1) MBK B 5 R R AR R & A7 — e R EE B 2 N (U B 6(F) T ) Al L2 B AR SCHE e ¥ 7 vk
A MBK [0 1 A0 35 & B 0 & J B0 AR T A0 6 Flos i 48 MBK BIAS T AR SO 5 WL e 20 2 bk
Mg 7 0 HEOE AR AP b AR AE. MBK FR s I 1 RO S, DR o B 0 A2 50 o O It A (0 3 50 3 22 0 4 4% 10 B 28
15 B 52 S5 SR (i ] 6(h) ST 7).
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(9) SCHR[12]h 5 i B0 45 8 (h) ASSCHE 7 49 2 1) 5 21

Fig.6 Restoration results, estimated MBKs and the zoomed in regions of the real motion blurred image
with complex structures and rich thin edges
K6 & S RG IR N RO IA S ) B S8 S B S5 H S5 45 2R A v 59 MBI R B OR8]
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7(a) R 8(a) 7 7 1 e L 5K 1) 7 32 A ORI 5L 1] 7 (@) SRR /N Ry 728x4T0 1 B SIEIZ Z RO ] 15
(“postcard”), H: MBK {132 145kl 75x91 A% 25,18 8(a) A — 1 K /N Ay 685x561 [ L Siiz B A p 1115 (“toy ™), 1
MBK {32 HF I 95x95 ME R,

() HSERIST B E R

() SCHR[A2]h T7ikAs B 45 2R (9) ARSI T V45 B 45 2R

Fig.7 Restoration results, estimated MBKs and the zoomed in regions of the real large motion blurred image
7 VHE R RSHE SO MR E B R A5 R AN MBK R FRTSOK
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(d) SCHR[S]H 7743 2 45 R (e) SCHR[6]H 77 %45 B 45 3R (f) SCHR[7170 77 345 2R 45 3R

(9) SCHR[12]Th JrikA3 2R 45 R (h) ASSCHHH J7 VAR 2 45 21

Fig.8 Restoration results, estimated MBKs and the zoomed in regions of the real large motion blurred image
8 JUEE [ ELSL IS B B0 R H A IR A R AN ) MBI R R O 1

VER, B 7(a) TR T SCRR[2177 VA A BERE ), ASRETS B (T ¥ 45 38 181 7 B, SCIR[B1 e A o iy — A
A BRI MBK, A i i 1) 52 D5 B 5 B S 1K) 2K B (A 1] 7(0) Bl s ), SCHIR[S, 8] 5 32 e A o 1) MBI #8357 /b i
fi 8 P FEOHE, v, SCRR [B] ) 52 5 PR A7 A /D BE ringing JOE (W &1 7(c) T 7R), SCHIR[6] ) 52 Jit P45 47 41 R LBt iR
(1 BH S FECHE (4 1] 7(d) BT 72%); SCHR[7TH0 7 32 A T 1) MIBK 11 8350 52 B0 HH AN 8 4 (1 W 284, 0 52 Dt BB 1R A b
P E R ringing O (B 7(e) TR ); SR [12] T 5 Al v TR MBK 554 51 S 1 e 75 0, g i 11
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IG5 I HE A AR KT R 1 3ok R 8 AR FECIE (U B 7(R) BT ) AR L 2 AR SO H 10 7 v R A A kBB
MBK R 75 [ [7] I, AR 2 b O IE FL%E 52 1, 3R A5 S5 ME A 1) MBI, 753 21 5 v ot 1) 52 D5 PR (A B 7(9) T oms).

Wl 8 Fi R, SCHR[2,5,6] 7 5 i T Ak T ) MBKS #0825 A gk 75 R 7 28 45 Sl , a5 ¢ 1) 520 I PEHAG AR A7 A W S 11
ringing FEHE (1l 8(b). &l 8(d) A1l 8(e) ). SRR AR Toidifili vh th — AN HE ) MBK, S 80 i 1 52 L5
HH I (1 4 3 (1 B 8(c) o). BLAR SCIR[7, 12] 1) 73 43 Jill RE 8 A1k T H 5 e 1) MIBIK L2 5 i 4 381 1) 42 D5 1)
BT S AT 52 R 1 ringing FECHE (11 B 8(F) R FE 8(9) BT /) AH L2 R AR SCHE IR 7 i AN RERE A T HE ik f &
FRK) MBK, I HL A 11 S5 410561 52 )i B 15 i 1) ringing e (U 18] 8(h) 7% ); 9 LM S5 8 780K Pl v g i A S L 7
T JIT IS )0 5 R 40 1 A T £ 975

Bl 6~ 8 M ML GE AR FE W T AR SCER H 7 vk A ek e R, AR SR — T 5 25 (1 [ R o
PP 7 138 AN WA VP AR B 5 T — 25 B I AR S 7 A B SIS B B R LR RE. R 2 NPT ik
5 L2 Z RO G E R STHR (18197 43 21 1 2% I PRAN i, L v, 50 v, 6 B F 450t

Table 2 Objective metric values of the methods>*>7? and the proposed methods
for real motion blurred images Fig.6~Fig.8 by using Ref.[18]
F 2 SCR[2,3,5-7, 12 FUA SCHE HH 5 VA0 L 90E B BORT B TR A SCR[18] 77 72: i 45 20 1) 2 WLV A

Real blurred images The values by using Ref.[18]

Ref.[2] Ref.[3] Ref.[5] Ref.[6] Ref.[7] Ref.[12] Our method
Fig.6: 247x265 20.91 14.98 22.03 18.94 20.63 24.90 26.96
Fig.7: 728x470 - 26.66 41.63 42.98 38.04 48.59 48.13
Fig.8: 685x561 45.82 15.28 42.02 47.26 24.12 37.39 47.89

R 2 AL AT SCHR I 5 iR B S I S B G (1] 6 RITEL 8 9T 7i) Hh 1) BB R A5 85z v 1) 2 UL M e A1
EFE T R MG AR T SCHR[L2] (0 7 9. 45 & 52 SR B 5 B 7(F) RN PRl 7(g) AT 6, 3 s 7 A2 DR oA AS SR O VR B AR 31 1 &R
Ji BB P00 L B A SCHR [ 1205 ¥ 1 52 st TG 11 56 L B A AR B 8.

B T E MMM L 2 4h, 3 3 b SCHR[3,5-7, 120 RIAS SCH HH v 7E B S IE S AU B 5 /) S 56 v Al 1
MBK [ £.

Table 3 Processing times of MBK estimation of the methods®®>~"*?! and the proposed methods for Fig.6~Fig.8
F 3 SCHR[3,5-7, 12 FIA S U5 AR 1] 6~ 8 (¥ s Al vk MBK (1932 AT I 1)

Real blurred MBKs Processing time (s)
images Ref.[3] Ref.[5] Ref.[6] Ref.[7] Ref.[12] Our method
Fig.6: 247x265 MBK 45x45 97.169 13.56 25.43 1103.52 67.711 14.68
Fig.7: 728x470 MBK 75x91 999.796 51.78 128.46 9262.03 801.44 61.75
Fig.8: 685x561 MBK 95x95 1125.023 64.96 164.56 21 292.08 520.295 73.57

Hi &l 6~1&] 8.3 2 M1 3 I 1, BLARAS SCHR Y U5 4G o8 MBK BT 5 1) I T i v 3 SCHK[S] 1) 5 3 (H 2 il o
L TR R AT R B T A LE I AX K 4 A7 9 (SCRR[B,6,7,120), A SC 2t ) 75 ¥ 0 8 R AR I AT I ) L ik
FEAEAL VAN A S A OR BRI 4 598, DU AT B SCRR[7] 70 (9 7V, 18 47 I 1) 52 55 R Ay b
3.3 HAEEMERKE

T B E AR SR H T3 3 1A 5 38 A AT TR R R I U e T B SR RO R K R R AR A S
o FRATVUR T 7 N 3 PR AR SR TR A5 R 00 UE AR SCT7 35 B R, 9 EL R P v A R A0 B RO 15 0. S 56 R M
T 9x9 MR F KRN BRAEZE Dy 3 MR 2 10 BRI A% A Kids B (B 2(2) i), 5 R sl 9 s,

s 9 PR AE AR BOM OG0 1 A SCH Y 0 75325 AN BE A v HE E T FROBSORI A, th 0 A B8 52 J5 355 i B 1
(K9 P 45320 G AN 20 153X AT ) RE A DAL DA xh T FBCAR O T 557, K 98 20 1) PG A3 234 6L L 8 AE B Py il R v 252k
T2 2(2) R 4 5 G K R T G R G DR O T 6 C e 5 2Kk 1 I AR AR B 4%, FEAR I )t
FE A AN 70 8 BT 1R PO A 2 A5 UL, DR IEE AN B S BDUASOR A PO M AR 0 o, 8 T it A 1 A2 Ji ) v JO B 3 b 4k 142
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Fig.9 Restoration experiment of defocus blurred image
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