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Progressive Image Deblurring Guided by Blur Perception

HU Bo, TIAN Rong-Ao, ZHENG Jia, GONG Bing-Bing, GAO Xin-Bo
(School of Computer Science and Technology, Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: Image deblurring has attracted much attention due to its wide applications in fields such as security surveillance, medical image
processing, and remote sensing image processing. Although end-to-end methods have made significant progress, a single U-Net network
struggles to handle complex motion blur, while restoration approaches based on auxiliary tasks often suffer from large parameter sizes. In
addition, the vast majority of methods fail to accurately identify the locations and degrees of blur in different images, while blur perception

is often one of the key factors determining the restoration performance of models. Inspired by this, this study proposes a progressive
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image deblurring algorithm guided by blur perception (PDBP-Net). The main idea of the algorithm is to utilize auxiliary tasks to generate
blur perception feature maps, thus guiding the algorithm to achieve more refined restoration. First, the high-frequency difference and image
residual generative subnetwork (HDIRG-net) employs auxiliary learning to simultaneously generate high-frequency difference feature maps
and residual maps. These are then fed into the blur perception module guided by high-frequency differences (BPGHD) for deep fusion and
extraction of blur-related information, resulting in the generation of blur perception feature maps. Moreover, to alleviate the limitations of a
single network in restoring complex scenes, this module uses the residual maps and blur maps to generate preliminary restored images.
Finally, the blur perception-guided detail restoration subnetwork (BPGDR-net) conducts targeted re-optimization of the preliminary restored
images under the guidance of the blur perception feature maps, thus generating the final restored images. The proposed deblurring model
is extensively evaluated on multiple benchmark datasets and achieves significant improvements over state-of-the-art deblurring methods.
Specifically, on the GoPro dataset, the peak signal-to-noise ratio (PSNR) and structural similarity index (SSIM) reach 33.85 dB and 0.967,
respectively, with the PSNR being 0.39 dB higher than that of the second-best method. Extensive experimental results demonstrate that
PDBP-Net outperforms state-of-the-art auxiliary learning-based methods and significantly enhances image deblurring performance,
confirming the effectiveness of the proposed method.

Key words: image deblurring; assisted learning; high frequency difference; blur perception
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&, 1 B2 E D TR SHEME R, 187 TIs 5K,
¥ 5, BPGDR “F N 915 W 5 1 1 RVBERE ANARSHE I P, AT car(-, -} SRAEAS BEIE A 4 (4 BUFE B 48
Ja, T BT M2 2], A SCRHA 3x3 IBRIRENRHEAT R4, mZA53) 3 MR ER Fun. &
REAERI A RF IR
Fom = C(cat{F,,1}) ®)
b5, BRI Fp 2\ BPGDR TP %% 19045 5 #5345 A AT HDIRG T M £ i, %2 T M4 1)
i HACE e 2 S B, IXRE AT Bk BPGDR T ) 2% B8 il 33 0 F SO JEk S R AiE [ 1) 4 348 B AR U & R I,
T A2 S TR X35, Zod AR R
Iy = M(Fon) 9
Hr, M(-) y BPGDR F M %8, I, AmZAE K.
24 WREH
AR Z R 7 ARA ALY 2% 5], N &K R
PSNR 0 %k: N TG EUG R R GRS BE, A CE W0 B B 1 AR 24k S5 B I #5575 Wi & G K PSNR 4 2%,
NN/
Lessg = P(G, )+ P(G, I5) (10)
Hp, P, ) R PSNR ik,
AR s O T MBS AT 2 R AE I A R, ASCE I Laplacian 5T SR EUE M B G AL E 1, (1 =50
SR, PIFEAE T AL RISER G, R 5 55 R SR SRR’ F, 75 L, Bk
L, = |G, = Fll; (11)
B T HRARE B I, A SRR T PSNR 545, 355 F T {8 B 453 2 o HLUs A A 3047 W B¢
BARA KR

Ly =T(G)=TUs)ll; (12)
o, 7() TR B2 e,
SR b, AR SRR S SR
Loss = Losxg + 4Ly + A,L; (13)

Ferb, A, A0, 23N AT A LIS RA R, S8 E Y 4, =0.1 A A, =0.1.

RIS

AICE L KB KKK VAl PDBP-Net (04 2. B %, MASLRE, O T IGMBAER £dade . Ll
ATAPEEER; A5, T B AR ok A SCOERI L, 55, 8 1d 10 S8 /s A SRR & iz sh i
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B\ SIS SRR FEASOR 5 22 PO 28 AL A MR B2 O, s B, B Y il S 36 50 UF PDBP-Net Hr AN (10
Rk,
3.1 ZWWE

o HHE4E: N 7 A HISE PDBP-Net X & Fiiz 5t T B EUZ K AR, ASCRH T 2A AT Kz %
BIEE 4. FARHL: GoPro Hdi 4 P M5 3214 NG, 0BG A & — M BORTR— AN B 5. Bt 4R 5 4
2103 XFEMGAUIZREE . 1111 0BG OMR4E. HIDE i 42 "5 8422 ANEE XS, o 6397 XHIIZR4ER1 2025
SR AL, 12308 4 3 B OEAT A TG 5 P IS S B0, REDS ol S5 (IR 2 AR A TP, # IR i BT
IR 7T =, A< 30K H REDS-val-300 111 300 3K B8/ iR k.

o SEIUANTT: 52 A0 LAEMF, A SR AULTE GoPro $14E 5 Lk {TiIl4%, Z JG7E GoPro. HIDE Al REDS %}
P4 FIEATIR. 2% NAFNet MZEISHNE: K58, =09, 5,=09. &=01 Adam LAL28 FH FOCALIZE. A
AT BN LR 4x10° YGEAR, WA ST R E N 1E-3, i 7218 K7 RBHT LD 1E-6. IR EE R Tk
/N 256%256, 32 JETE T MIREE /NN 11, 64 838 T FIHEE K/NA 5.l By SRk AT I 259078 4 G ATl
N2 SEPERE T %, Kk PDBP-Net RSB BOIMA TLC J73E R Ag vk e 25 1) 1.

o PPAT bR A SR FIUEAG (5 M L (PSNR) AIEE HARMLRE (SSIM) P8 AN b R i 15 35 A SRV R 1 SR 28R
3.2 EXxEE

A T 5F PDBP-Net AR ERYE, AR SCHE 3 N EmAE Bt A7 W 5 5 Jadt 0 7 v b 47 e B LU, IR e Bk (1 B
A7 58 BB K RS F) ST, S A2 1 AL 2 TR, Params A4 (K13 508, FLOPs A4 IR H &

%1 £ GoPro 1 HIDE #dE4E b ixtbb 45

Methods goPro HIDE Params (MB)  FLOPs (G)
PSNR (dB) SSIM PSNR (dB) SSIM
LiuZ A\ (2021, TMM)"” 31.90 0.951 29.47 0.934 25.7 -
Stripformer (2022, ECCV)""”! 33.08 0.962 31.03 0.940 20 170
CLG-INet (2023, ACM)>! 33.43 0.962 31.49 0.944 247 86.8
MIMO-UNet (2021, ICCV)2! 32.68 0.959 29.99 0.930 16.1 89.5
MSFS-Net (2023, TCSVT)*? 33.46 0.964 31.30 0.943 21.6 -
Restormer (2022, CVPR)" 32.92 0.959 31.22 0.942 253 140
Chi%: A (2021, CVPR)P" 32.50 0.958 30.55 0.935 = -
EADNet (2022, IJON)" 31.02 0912 — = 8.99 -
HSDNet (2023, TIP)P 31.68 0.950 — & 6 88
MPRNet (2021, CVPR)™ 32.66 0.958 30.96 0.939 20.1 660.2
WhangZ A (2022, CVPR)! 31.66 0.948 29.77 0.922 26.0 -
BAGdeblur (2022, TNNLS)"! 31.71 0.944 — — - -
PanZ A (2022, ICI)™Y 32.12 0.955 29.88 0.929 1.9 16.35
SharpFormer (2023, TIP)™*" 33.10 0.963 - - 278 158.5
Mao%% A\ (2023, TCSVT)™%) 31.92 0.953 — - 3.11 -
Zhao% A\ (2023, TIM)™” 32.73 0.959 31.05 0.940 16.5 -
HINet (2022, CVPR)™* 33.08 0.962 30.66 0.936 223 85.6
FSNet (2024, TPAMD)*! 33.29 0.963 31.05 0.941 13.28 111.14
RGE-Net (2024, TCSVT)™” 32.60 0.958 30.39 0.933 2.58 33
Guo®§ \ (2025, EOC)"" 31.87 0.952 29.38 0.922 - -
Our 32 33.61 0.966 31.50 0.944 17.0 32
Our_64 33.85 0.967 31.55 0.946 67.9 126.4
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%+ 2 1 REDS ##i4E FRoxt bt R

5 b7 NAFNet®  MPRNet™  HINet™ — MAXIM®™  Our 32 Our_64
PSNR (dB) 29.09 28.79 28.83 28.93 29.08 29.27
SSIM 0.867 0.811 0.862 0.865 0.867 0.870

MR 1 R RS R T LUR B SO AULE IR R AR R BT T SR MR RE R A 7 32 IR e T, AL
TP S CURER 24 1 KR O k. B AE R RS AR R T RIRIRTE, RINETE S HUE AT R (8] 5K
T RAFHEAT. T 33— 4R 2R PDBP-Net YEREMRIR, A SCRIBT ISR T K0T 64 @ERA, HAERERIEM T I
A 5. B fcth, 75 GoPro ZUE4E A1 HIDE JMIIR4E 1) PSNR 4351y 33.85 dB A1 31.55 dB, HE& 5 1. 1IX %W
T PDBP-Net LA MREFIIZAGTERE, B8 RO R RIS St R PR, 5 H Al B2 > 5% PSS b, Ao
JEDLH TR R RIS, X2 T PDBP-Net ¥4l 31 5 i 5 Wi it B AW 5 AR 45 &, IR RIS 0 UGB X 3
512, WTRALIE S T S e E . 53T Transformer KI77vE YL, A 007 BN B T 5
RIGPERE. BEAN, 3X 3 FHO7 VA R B L RS 0, S LUBREN UG P BRI FZ I, AT R 1 7454 (11 S e

W3R 2 fiiw, ARSCHEAYTE REDS HdE 4 BAD AR R 4F, BIMETE 32 @i 1Y 41538 T 5 NAFNet 4124
45 5L, 64 3BIE RIS T 55— PEBE, PSNR A1l SSIM 2> HiA ] 1 29.27 dB 1 0.870. 4 ik, A S04 Hi
PDBP-Net 158 7E B {5 2 18 Bl SO AT 0 H 7 s i P RE SR RN 1K R
3.3 ENxttE

B T BV 2 A6, ARTIETE & SOOI 2255 . B SERON 25 R A0 2R AR SO L B S5 5 T HEAT T F X bk, DAE W
53 PDBP-Net {195 5 55UE.

3.3.1 AR 2R AR

NT B E LA ST VAR A RO 2 Bk O T AR R, AR SCHE GoPro #4470 HIDE $idlm 4 Lt 4T 1 "4k

beE, Sedest R 8 fis.

MIMO-UNet PSNR 21.78 dB- DMPHN PSNR 20.64 dB

- = 3
HIDE 4 44504 (& PSNR 19.66 dB MPRNet PSNR 24.72 dB Restormer PSNR 25.14 dB Ours PSNR 27.33 dB TR

K8 A uim 25 ik 4k B PSNR X} Lt
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H 1] 8 AT, A SOOI AMURAS T e L) PSNR AR, TEAE4H 5k 52 75 Th U800 OR . R %%, PDBP-
Net 7£ GoPro a5 H (K L BHIRCR (K 8 5 1 47) BT, Kpal 2 A eI G5 B (YK 2 L, PDBP-Net FEBLH T3
FEAR 2075 KB RE /0. HX, 7258 2 47 HIDE Bl SR it 4h SR vy, AR T MM L2l i ) 1 S A1)
AP B G O R IK I 27— 2 DR, IR T R RE B, H L2, ASORR P iz 3)
AEORA AT DA R0 R A A A B S5 o R T 2 SO AN 2 3 20y (¥ N ) T 5, PDBP-Net JEELHY 1 558
MIVRERESS. 25 3 47 7R, BATAT LAVE R 3] PDBP-Net fEARBEEEAR . 07 DL AT 2SR 4075 £ 5 10 DS, KR
RBOR AR . 5 AT 2 E, PDBP-Net #0477 A AN #2 R LU, R4 1 BRI IR ah a5 i A SC LS 2.
332 FSBIHIEBRACR

N TR RAE HL S S MR ERE, R 1R R S b7 X LSRR A, A SOIEAE AR LA 8 ) LSR5
S HEAT X HUSERS, SRIREE RN 9 R, I X B RS R YRR AR, WTLLA B PDBP-Net 78 {3 12 5t
WU EA 55K Z A PR RE, A SO TE 182 AR SUAR T IR R L, B AE R IR PR K L, TR BCR#R T
AN IRMLSEEA. AR 558, PDBP-Net X T30 F K EA 7 A EAAG 05 (B 9 o 1 ATAEE 2 17), 2ok
PR WAL, FABE AR ST YRS QOGN TN S Z BOBIRR FE 4R 2, AR BUA (. FR, b T X Ik
AEAZ AR /N B (B 9 P55 3 4T), PDBP-Net tHRE % A B4R /)N FORER) 22 57, J8E G B Jir A FR A v 0 M1 £
B, {5 BRSO S, RIS 7 1k 1 3 P R R o Pl s e A 75 5 i . FL AR ey e = A8
U222, A ORI R IR H R TE M R . A RO IL 20k R 11, 2 ST MR R AE
UNINENEYZ M - A IR AN

ﬂ&’ FRE%.

MIMO-UNet DMPHN Stripformer
MPRNet Restormer Ours

KO RS2 BRas R H
333 REEBUIRBRACR
T B AR SRR AR A [ P BB R I, AT E DPDD R4 B BT T R BRI 2 R SR, Seue g R
WP 10 R, ASCEFE R 5ING B2 ) Tk B IR R AT, 7R R SIET RSB AR IO, )
ARGRAVIKERES D, JIE T ASOEFRZ A ERE. B AR B e, AESCRRJFAESS T (B 10 585 14T), ASCBAAEA 2R
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2320 WA IR 2026 5 37 K F 5

7 AT DX 350 B ) R ) 3 RS 4 S (R ASOR DX Al B S i R 45 4, L PSNR R PRt B B 2 71 1 2.93 dB.
HR, AENBARE T (B 10 2 2 4T), t1 T HOMEREIREER (1145 2, A SCRERS TN il RS 1 BRI 75 5 NS AE, 8 e
TR E R IR TR WAL R L B, T AR B (K] 10 5 3 4T) HOHER S, PDBP-Net 7E4H %5 {R B -
CORIEJFANTD S B ST AR B T S AF I L RE.

]

26.55dB 24.62 dB 26.51 dB 25.21dB 26.59 dB 26.61 dB 26.44 dB 28.57dB %

17.74 d 17.95 d

17.93 dB

26.84 dB 2594dB  2699dB  2663dB  2681dB  2699dB  2690dB  27.44dB  iiMilEf%
FERRK DMPHN HINet MIMO-UNet MPRNet  Restormer  Stripformer Ours

10 JRAE AT PSNR 45 xSt

3.4 JHRASKLG
AATIE L 2 4 5256 K VPl PDBP-Net H AR (1075 2. B, ARFTI0AE T 5B 2] SiiE 751 5 1aH
AL (BPGHD) A BL 453 2 FR A 251 AT OTH R SR 50 AE GoPro #id & EdhAT, SEI 45 Rk 3 piok.
# 3 PDBP-Net 7E GoPro 34 b 17 Al s 56
SRS WEMNE B JMES% BPGHD  fEHELHHIL PSNR (dB) SSIM

a x x x x 32.85 0.960
b x v x x 33.24 0.963
c N v x x 33.38 0.964
d S N N x 33.58 0.965
e N N N \ 33.61 0.966

3.4.1 B

N T WA Bh A2 ST R, A SO B IE Y 32 (82 NAFNet [RZ81E MRS (R R R 2% (SEI a), IR SRS
FELR N 4 AN 23 e R R AR 2 SRR A, A LR A G R BRI A IRV RRAE. SR S5, AR SCAE 52 0 4 HR I N4 B 2 SI AT
% (S5 b), [RIR AR R A0 2 S R AAE PR RN A 25 PR I An AR B0 — R, 4 B 2% 31 0 ST DU RO A R ) kR
AHLLFSELR 2%, NSl B2 S )5 VA2 PSNR #2717 0.39 dB. M RERISE T2 KA AT 5 AR AR B, AT 66
1 A2 R A B N A B () AR . e e mT D, A S R TR R AL SRR R 43 DG, AT EIIE T B B
> R
3.42 BPGHD A 2tk

N7 BAIE BPGHD BEb pAH 250, ASCAESZI b fIFERE LI T —ANSELR ML (SR56 o), %Lk M RIS A
SEEG b AN 0D T B A A 2 R REE . 4R ), 7E HDIRG-net Al BPGDR-net 2 [A] i A\ BPGHD #<kt
(S5 d). IR EL s ¢ AIsas d s BT LA S, iIn\ BPGHD £35S PSNR fIFgAr$EF+ 7 0.2 dB. X2H T
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BPGHD #k nf LU 20/ A 2 TP 25 (195 AN, TR A2 s B A TE R 48 5 R E TN IR . Rk,
RS IGAE T BPGHD #EH (14 %1
3.43  {EEHHR IR S

T B LR R O R, AR SCAE S d SRS LN T B R B (525G o). S5 SRR, I
HBUR B E I REAR B T HE— 2B IR T, I B T L 45 2k T BASR #b BPGDR-net ASBEHEAT =y ATUARFAE
FOBRRE. PRIk, 1 3R S B B IE T {8 L5 R A R

4 & g

ATCHR TR RN 5 T A R L BORIHE SR, ZHESL 15 R Sl 1 ) 2% A B[] ) AR T E 5 S OGS AR
PGS HEIR . 15 56, N 1 A3 202 S0 375 I8 G AT RSN 120 15 2 80 ) v 022 SRR, AR SCHR Y T v 7t 5 PR B
FEIERT W%, 127 2% B R IR A2 R e S22 S R I BRI AL I, D Je B ) 6 O AL PR AL 1 B B S IR (5
BLHW, 8T R R SRR B RN SR 22 I, A SOt 1R 5 51 3 OO B R R AR RE AT Rt A
PS5 B, A 19X 4% SN DR VE MM (o BARR R, AT A 1 T A OB FORFE . B, EAR TR SR B, 72
T O HE T AR TR T R % S AR RO RN AR A 15 S R, X MR HEATRE AR AL ) 5 BRI AR B, AR
SRR TEW EE. B AL S BRI MR, AT VARES SEEUG O R A 4xtin . RSTEVR . 9 T 56
UEAZ VR LR, RATTHEAT 7T V2 (e SR e PE VPG, SO0 2E TR WA, 5 B e kI D A B, AR SO RS T B
LML BMIRCR. L5 EFTIR, BT T VA RENs SR T IR 2 B AL B A0 1 e, AT B0 (X S I E, 9 PR 25 500 4K 1
WA T AN F K BB AN T 7.

FEARR BT AR, FATRER AR b AN [F B R AE T BGRB8 RS2 b B, R EE
R T3V o — MEAR IR R B T T A
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