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Abstract

Block discrete cosine transform (BDCT) coding is widely used in image and video compression.
However, under low bit rate coding conditions, the block edges of compressed images often show
obvious block effect, which greatly affects the visual effect of the images. To this end, this paper
proposes a method that combines local minimum pixel (PMP) regularisation and structured sparse
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representation (SSR) with the aim of removing block artefacts from compressed images while pre-
serving the sharp edges and detail information of the images. Specifically, we remove image noise
using an internal structural sparse prior and prevent image overfitting with the help of an external
structural sparse prior. In addition, by implementing the local minimum pixel regularisation con-
straint, we are able to effectively distinguish blocked images from clear images and enhance the
recovery of blocked images. When dealing with the non-convexity problem of the proposed model,
we incorporate the filtering technique in the alternating iteration method. Experimental results
show that the algorithm achieves a level comparable to several current state-of-the-art deblocking
algorithms in terms of objectivity and visual perception.
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L 18
S= §I§1MIC’IJ
Zha FE[33|45 HH ol KRB FE e (N7 22, ol MFREX T

§)0.6394

o2 =1.195( +0.9693. @)
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Algorithm 1. Solving the problems (12)
Bk 1 KARIBIRR(12)

B BB X Mz$,,0.
HEk: j=1V,=2.
X T RN AT p MBI # B, W, AW, » AT LU T HRAE:
B < Jm
v(x,

¥)€ BV, (%Y) =PV (x,Y)).
V(%) € BoV (X Y) = P(V,e (%,Y).
V(X Y) €W Ve (%, Y) = PV (%,Y)).
(%, Y) €We Y, (x,Y) =P(V, 00 (1Y)
L (||Z V-2V

Hb%ﬁ
HR
j«j+1
HR
&V <—Vj .

it vV

all=elP vl

)<a||P

32. XBRIMERBERZE

FEARNTT R, BATRAMAZE BoMEE, 48 REE/MEEREOR, ARG 1 Fro th i 2B
SR, BMUFE(10) BoR g — R AR, WI{B}, . {A},, V. Z and X.

B, RATMOBH S T ARE RSB M(AY . MERX, Z, U BERAER, R0
e 1AM R A ERXAEILT, MNK RS G Kk, RATRM S HSSE HAAA R 177 %
(AL (B,

Bk, 4 (AN AI{BY I, B0) A
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Ve nLin2—17/||Z V[ +alp(v),. (12)
z min S RZ DAL+ 2 X[+ 2 -VIE )
X « m|n—||Y HX |2 + —||x Z|[E. (14)

HoFF I 2 i X, FATE Bk 1, @i R /MG 2R B AR AR ARk AT R T T R SR AR 1) RE(12)
X FV [EER, AR (L3) A RN

z =[n7%RfRi +(p7+pf7)lj (PJ/X +piN +777/i£iRiTDiA1j' (15)
[FAE, XFTEDER X, W) G N
X =(nH™H+021) (HTY +0?Z), (16)

3.3. BENESHIEE

RAVRINSG HSSE BUMIRINsiE, SMMES YL, po 2. oo ATHIRIERIATIE, A
VEANR R R SR AT HU . 5 3 (07 ) 0 K R R ROMR P T 2 08, T AR

(02)" =0\t -
Hoob g AR T 5k RIS SH A p T AR T
P =g (02)" u =g, (a2)" (18)

Horr o M, RAFTHA T 58 k BRI ZH A A o )it A X T
0 _ 2208 g _ 2V20!

R w

= SN0, gl 2V20s 19

T o
ﬁ¢q1EB m%wﬁﬁﬁ,qzmA M EhRAE 2, B A A" LA B B R L
%, WRZYW=UBYRUBY =DAY. &R ABUNIEE, BRIENL TSN R 2B DL F

fHole B, IATEREFEE DI SH Y Fg

YKy, <K
Forb o Fl ae, FETORIE ¥ B0 3 S X B Hh A T A0 ad V6 0 i 1 2 A Y (1) PR 25 B BV 1) e Bl I
4. KIGHER

Fr A SEERIIE MATLAB R2024a. 528l O 7P IRAISE H AL, #H 5 SSR-QC [28], JPG-SR
[37]F1 HSSE [33]i3k4T 7 XF ELar M. 1M JPEG k4 & —Fha ik 4 ik, HEE T RE 17 R4,
Bl Skt S 48 R FEE PO AN [R) A R A TG B [o) ) O 2 DR 7 4 SR AT VP A, S TR IR, AR R T R =
T Z RN L5 R S0 T i T CBSD68 i 4 5 Sets Hdi£E o % & B N HR XS 72 A5 2 X s B o
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NTEALEYCR, T T WA A5 1 L (PSNR) AN 45 FyARUE (SSIMYAE At Fah7 . PSNR BEW
i R I s 22 S, JLEB R, ARER LR PR HE 5. SSIM B S Wt G [ I S5 M ARABLRE , I
ERR, YRS BG5S R B .

4.1. BERE

ACHIH TR HENSHRE TR, o MHARQBE. RIBELK, RATHEABEHEIR
NG T T, AEREAABE 5 N n =40, 1X 5 HSSE BAUAA . 5 R KA & IE ML IR S 25
OV N 45, FHTE Ty Flp (AIEEAE 2 BN 2.5 A1 1, FF0 B lBOR Rk, =5 F x, =1.1111 F %7.
T2 d, ¢, @, BT HSSE B2, R FRATEIUX L2501 5 HSSE BRI — 3. HARM, /1< q< 20
Flq=201560F, 2406 7l 0.6 F10.5. 8 o W EXTT q=1,5,10,20 43 %14 0.001,0.002,0.005,0.008
¥, BN 1.2

Algorithm 2. Image deblock algorithm based on local minimum pixel prior and structure sparse representation

B3k 2 ETRBEMEEARMENBRETOERIREE

¥IN: JPEG E4E5EEY Mo, ¢, v, 1, @, @,5 K> K,»b M, N, €.

. HREMBX
Wigsth: XO=y, zO=y, vO=Yy flk=1.

2
||X (k) _ X (k-1) || R
X1,

I Z2W 4 H— A KN mxm fH.
%@%m&@%&@ﬁ~%%#@%ammm9pw;a
T 400 A 500 383 (17) (18).
T FNi=12,n
KHETFE GMM J735k AN B E L A S A = L U, o
THE @ (19),
THE AR R R EGHERE BY 1@ i K fi#(6)-
BRI D, R T HAHUBY BT PCA Jrik.
THE AN @i (19).
THE NI B R EBUR R AW 38T R AT
W
R AVARE i uN- A7 N
T 2% @t (15),
THHE X ® 3@ (16).
FHZY < XY, yewy, newn.
g

A X« X0,

4.2. £ CBSD68 #iiE& FRISLIRER

BAHE CBSD68 i 45 _F A AT F VLB T TIR A E M S5 e mEfe o, ZBUE4E S 68 IRIEIE,
W T OP Al RG 2: M B RLAE[38]. % 1 VLA T CBSD68 4 bR [F] 77 ik 11 B A1 45 14 LE (PSNR) Al
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ERIFIETE B (SSIMYE . FUAT &, % T SSR-QC. JPG-SR M HSSE %%, 7Eq=1510K, AR
H I EETE R BUE RIS PSNR ARG S =R BE M B AL H LR T T 0.0237 dB. 0.0094 dB. 0.0067
dB, 7E°F# SSIM J7 T, FATHIE LW 33T+ T 0.0020. 0.0019. 0.0007. fHAFERMIZE, 24 q=20Hf,
BATRAILE P2 PSNR | HSSE 9241 0.0023 dB, H 1 SSIM A fig i@k HSSE, I HEE#E i &K
TR, FRATRIRCR SR THAE L T H AR BGEHT 8N, 1% 2& BOABRATR R - 456 R i MR R )
TRA RIS, TE AP i P IR I MR N SR B BB 3 B, WOAS REAR A b Ak HEAR OB 1k AR

Table 1. Mean PSNR (dB)/SSIM comparison across different methods on the CBSD68 dataset
% 1. 7£ CBSD68 #iE& £, FREI755%RIFH PSNR (dB)/SSIM EEEL

SSR-QC JPG-SR HSSE OURS
PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
qg=1 23.8502 0.5992 23.8574 0.6088 24.0638 0.6118 24.0875 0.6138
q=5 26.1736 0.7091 26.1741 0.7160 26.3961 0.7188 26.4055 0.7207
q=10 28.6202 0.7998 28.6521 0.8087 28.8699 0.8107 28.8766 0.8114
q=20 30.9674 0.8710 31.0612 0.8787 31.2199 0.8801 31.2176 0.8801

BT RIERRE], AT CBSD68 Hdfi AL kst 7 DUk MG, BN 1 & BIELE PS5 TR
Bl B 1, BATSERE R R M B AESean T LRI, W ashiesoa e, @ % 7, B
TAFRSE AR RIS 14 2 BORLEE K /IR A AT ) Dy s 5 T AR R 1€ 3, R SSR-QC
JPG-SR I HSSE 7E# AR 4H T FRIATUT, (HAE AL S iy 30 1 B0 U, ™ 2 1 FRATIAE = R 48
T BRI . [ 4, BRI B R AR SO FRBUE R, O T, ROIE R T AR R .
s LA, AT A FE AT L U H I B B 3

4.3. 1£ Sets ¥iEsE FRISCIRGE R

Set5 H#la4E[39], 1F N — AT R MG PR MERER I HE, 8 T kG MR “BIL” “ 5”7
CHRET SR M LN o R 2 TRARID SR T 2 M BRI R BT SEAE R, P e DO

(@) (b) © (d) (e) ®

Figure 1. Deblock results of 227092 of CBSD68 at q = 1 by different methods. (a) original image; (b) JPEG compressed image
(PSNR = 25.3709, SSIM = 0.6972); (c) SSR-QC (PSNR = 28.0394, SSIM = 0.7722); (d) JPG-SR (PSNR = 28.0028, SSIM =
0.7716); (e) HSSE (PSNR = 28.0999, SSIM = 0.7708); (f) our (PSNR = 8.1948, SSIM = 0.7736)

B 1. TEFSENEIETE q=1 40 CBSD68 Y 227092 HIEIRER .(a) [RIAEE; (b) JPEG E4EEI1% (PSNR = 25.3709,
SSIM =0.6972); (c) SSR-QC (PSNR =28.0394, SSIM =0.7722); (d) JPG-SR (PSNR =28.0028, SSIM =0.7716); (e) HSSE
(PSNR =28.0999, SSIM = 0.7708); (f) F{TAI(PSNR = 28.1948, SSIM = 0.7736)
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Figure 2. The deblock results of image CBSD68296007 by different methods. (a) original image; (b) JPEG compressed image
(PSNR = 26.5809, SSIM = 0.6782); (c) SSR-QC (PSNR = 28.7570, SSIM = 0.7280); (d) JPG-SR (PSNR = 28.8074, SSIM =
0.7315); (e) HSSE (PSNR = 28.8335, SSIM = 0.7329); (f) Our product (PSNR = 28.8889, SSIM = 0.7332)

B 2. REIAEXE % CBSD68296007 HIAREER (a) [RIAEE ; (b) IPEG E4EER(PSNR = 26.5809, SSIM = 0.6782);
(c) SSR-QC (PSNR = 28.7570, SSIM = 0.7280) ; (d) JPG-SR (PSNR = 28.8074, SSIM =0.7315); () HSSE (PSNR = 28.8335,
SSIM =0.7329); () FATAY~=M(PSNR = 28.8889, SSIM = 0.7332)
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Figure 3. Deblock results of CBSD68 image 210088 for g = 10 by different methods. (a) original image; (b) JPEG compressed
image (PSNR = 25.4765, SSIM = 0.7460); (c) SSR-QC (PSNR = 33.2449, SSIM = 0.9195); (d) JPG-SR (PSNR = 33.0636,
SSIM =0.9195); (e) HSSE (PSNR = 33.2324,SSIM = 0.9211); (f) Our product (PSNR = 33.3122, SSIM = 0.9227)

E 3. RE7EST q = 10 A CBSD68 Elf% 210088 KIKMRLER. (a) RIEEIR; (b) JPEG E4EEK(PSNR = 25.4765,
SSIM =0.7460); (c) SSR-QC (PSNR =33.2449, SSIM =0.9195); (d) JPG-SR (PSNR =33.0636, SSIM =0.9195); (e) HSSE
(PSNR =33.2324, SSIM = 0.9211); (f) {189/ F(PSNR = 33.3122, SSIM = 0.9227)
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Figure 4. Different method results for image 101087 at g = 20 by CBSD68. (a) original image; (b) JPEG compressed image
(PSNR = 25.3370, SSIM = 0.8018); (c) SSR-QC (PSNR = 31.7976, SSIM = 0.9036); (d) JPG-SR (PSNR = 31.9244, SSIM =
0.9108); () HSSE (PSNR = 32.0605, SSIM = 0.9113); (f) Our product (PSNR = 32.1027, SSIM = 0.9114)

4. 7£ q=20 Ky CBSD68 *3El1% 101087 IR E S 4R (2) RiBE%; (b) JPEG FELEEI%(PSNR = 25.3370, SSIM
=0.8018); (c) SSR-QC (PSNR = 31.7976, SSIM = 0.9036); (d) JPG-SR (PSNR = 31.9244, SSIM = 0.9108); (e) HSSE
(PSNR = 32.0605, SSIM = 0.9113); (f) 1A =& (PSNR = 32.1027, SSIM = 0.9114)
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Figure 5. The deblock results of image “baby” in q = 20, q = 10, g = 5 and q = 1 by different methods. (a) original image; (b)
The JPEG compressed image is set at g = 20 (PSNR = 27.7181, SSIM = 0.8622); (c) SSR-QC at q = 20; (d) JPG-SR at q = 20;
(e) The HSSE at q = 20; (f) Our work, at g = 20; (g) JPEG compressed image at q = 10 (PSNR = 26.9038, SSIM = 0.8147);
(h) SSR-QC at g = 10; (i) The JPG-SR at q = 10; (j) HSSE at q = 10; (k) We are here at q = 10; (I) JPEG compressed image at
g =5 (PSNR = 25.3739, SSIM =0.7392); (m) The SSR-QC at g =5; (n) The JPG-SR at q =5; (0) The HSSE at q = 5; (p) We
are here at g = 5; (q) JPEG compressed image at g = 1 (PSNR = 23.6984, SSIM = 0.6631); (r) The SSR-QC at q = 1; (s) JPG-
SRatq=1; (t) HSSE at q = 1; (u) We are shownatq =1

5. #£9=20. q=10. q=5fMq=1, FEFENEGR “ZI)L” WERER. (a) RIRER; (b) JPEG E4E%K
7£ g =20 (PSNR =27.7181, SSIM =0.8622); (c) SSR-QC #£ q=20; (d) JPG-SR 7£ q=20; (e) 7£ q =20 &HY HSSE;
(f) FAIBYESR, 7 q=20; () JPEG EZEEIS7E q = 10 (PSNR = 26.9038, SSIM =0.8147); (h) #E q = 10 &bAY SSR-
QC; (i) ¥£ =10 &K JPG-SR; (j) HSSE 7€ q=10; (k) Ffi1#E q = 10; (1) JPEG EHEEIKTE q =5 (PSNR = 25.3739,
SSIM =0.7392); (m) #E q =5 &bHY SSR-QC; (n) 7 q =5 4bAY JPG-SR; (0) 7E q =5 AbAY HSSE; (p) FA1#E q = 5;
(9) JPEG EZEE&E g = 1 (PSNR = 23.6984, SSIM = 0.6631); (r) £ q =1 &H SSR-QC; (s) JPG-SR¥E q=1; (t) 7
q=14HY HSSE; (u) FMEq=1
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Table 2. Comparison of the PSNR (dB)/SSIM of the different methods on the Set5 dataset
2. FEIFATE Sets #¥EEE LAY PSNR (dB)/SSIM ELE

SSR-QC JPR-SR HSSE OUR

g=1 PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
baby 26.3425 0.7057 26.4440 0.7194 26.6173 0.7162 26.6297 0.7222
bird 25.4915 0.6376 25.5393 0.6858 25.8564 0.6842 25.8729 0.6855
butterfly 22.8619 0.7965 21.8581 0.7712 22,8236  0.7849 22.8711 0.7875
head 26.8488 0.4881 27.0452 0.5479 27.1597  0.5597 27.2372 0.5667
woman 24.5199 0.6843 24.4837 0.7185 248536  0.7160 25.0537 0.7279
average 25.2129 0.6624 25.0741 0.6885 254621 0.6922 25.5329 0.6980
g=5 PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
baby 29.1918 0.7989 29.3820 0.8046 29.5063 0.8070 29.5202 0.8075
bird 28.8313 0.8295 28.6545 0.8267 29.2225 0.8424 29.2263 0.8424
butterfly 25.2936 0.8641 24.3895 0.8414 25.0455 0.8523 25.0664 0.8532
head 28.9854 0.6631 29.0850 0.6683 29.2288  0.6717 29.2360 0.6720
woman 27.6039 0.8468 27.2010 0.8423 27.6320 0.8473 27.9783 0.8553
average 27.9812 0.8005 27.7424 0.7966 28.1270  0.8041 28.2055 0.8061
q=10 PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
baby 31.7779 0.8625 32.0246 0.8694 32.1628 0.8711 32.2071 0.8721
bird 32.2444 0.9037 32.3040 0.9061 32.6131 0.9113 32.6709 0.9125
butterfly 27.8882 0.9149 26.8418 0.8961 274706  0.9050 27.4298 0.9050
head 30.6592 0.7192 30.7360 0.7267 30.8650 0.7286 30.8929 0.7297
woman 30.6881 0.9093 30.1857 0.9033 30.6295  0.9098 30.6399 0.9102
average 30.6516 0.8619 30.4184 0.8603 30.7482  0.8651 30.7681 0.8659
q=20 PSNR SSIM PSNR SSIM PSNR SSIM PSNR SSIM
baby 34.0656 0.9070 34.3083 0.9137 34.4507  0.9146 34.4622 0.9145
bird 35.3899 0.9465 35.7447 0.9515 35.7426  0.9509 35.7360 0.9509
butterfly 29.8201 0.9410 29.7878 0.9376 29.5892  0.9351 29.5843 0.9351
head 32.1588 0.7788 32.2634 0.7871 32.3923  0.7893 32.3905 0.7896
woman 33.2169 0.9426 33.2686 0.9445 33.3048  0.9443 33.3072 0.9443
average 32.9303 0.9032 33.0746 0.9069 33.0959  0.9068 33.0960 0.9069
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Figure 6. PSNR values of the calculated images X for different iterations on the Set5 dataset. (a) g =1; (b) g =5; (c) g =

10; (d)g=20
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Figure 7. SSIM values of the calculated images X" for different numbers of iterations on the Set5 dataset. (a) g = 1; (b) q

=5;(c)q=10;(d)gq=20
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Figure 8. Sensitivity analysis of the parameters in this algorithm. (a) Effect of the parameters 6 on the PSNR value; (b)
Effect of the parameters y on the PSNR values; (c) Effect of the parameters 7 on the PSNR values; (d) Effect of the

parameters x, on the PSNR values; (e) Effect of this parameter «x, on the PSNR values
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