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Compressive video sensing reconstruction via nonlocal low-rank
regularization

TIAN Jin—pengl’QT, YANG Jie', LIU Tongl, MIN Tian'

(1. School of Communication and Information Engineering, Shanghai University, Shanghai 200444, China; 2. Key
Laboratory of Specialty Fiber Optics and Optical Access Networks, Shanghai University, Shanghai 200072, China)

Abstract: Compressive video sensing (CVS) has great research significance in the video acquisition system with limited
sampling resources. This paper proposes a reconstruction algorithm based on total variation (TV) and nonlocal low-rank
regularization (NLR-CS) to better reconstruct video signal from compressive sampled data. For this algorithm, the first
step considers the local correlation within and between video frames, and applies TV as the prior constraint to obtain the
initial recovered frame. In the second step, the improved NLR-CS algorithm is utilized to further reconstruct video frame
considering the nonlocal self-similarity (NLSS). This step first blocks the initial recovered frame, finds similar blocks
in the current frame and the key frames to construct low-rank matrix, then a low-ranking regularization reconstruction
is performed. Experimental results show that the proposed algorithm can reconstruct video signals well, obtains higher
video reconstruction accuracy than other CVS reconstruction algorithms.

Keywords: compressive video sensing; nonlocal self-similarity; block matching; low-rank regularization; total variation;
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1% SSIM-InterF-GSR [&] It %5 J& 1 it Py 1 5 FF) 4L A i
PEAIMGTR] AR AL, 4931 7 50 = i B A RS

MBS 5 B A B S R 5 41, B R AT R
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G5 o, W R E
a::argmxin%Hy—@ng—l—)\W(m). (2)
o w(2) A9 IE NI 50 56 249 3, AR UG AR AR 4
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R R UG AE B FE SR B 32, R N
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(] BN 285 R A R 2 ) 149 S 30 A 5% A N AH 218
V) P JR3 B AH A, 4 TV B AL A g A ot 5 AH <1t 22 (1)
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NLR-CS 5L 2 i 1 EHZ ) NLSS RN,
P A5 1) R A ) A 4 D oK AR 8 A AR P
AR 1) R, 2 B T E 28 B CS M RUR i i 1 5
%, NLR-CS HiE 45 3 /N0 B8 JE T NLSS 14 Jiii (1
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Horr: || - |12 9 Frobenious Y648, o2 N i 17 0 75 (1)
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oNH R H IR A
L, = argnii‘n |1 X; — LzH?J + M(L;, e). 3)

Horp:i(Ly, ) 9B AR rank 2R log det B8 2%, FI K
T ALRE B L 1) 33 A 0 H 2 ey — AN /NI 8 2
. BIRU(L;, e) & A6 1, H AT LU R B de A A e
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R T 2 1) IR Y R, SR AT T DA FH B B T B
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Horb EAR kB RE T BERIERIREL, 7 NIEP K, d
DA . S R 7] AL, 22 kARG 2 HE R 1 o +
IP AR, TTRLRS B H e Bt AT E R w0 M,
LEBE AT B P T B, i i e B3 1 - R AT —
YAEACHIA]. e BT I, 7T LR HY BB-like A2 BR1221, H)

sTs.
77
R . 16
7 s}uj (16)
Hevs, = o — xjo1, w5 = dj(x)) — dj(wj—1),

A% j R~ ADMM P IE AR IR EL. T AL PR &
SR (NLSA) 56 10F A5 4 38 6 2 155 6 3L, B 2240 7 A2 75 3
& Armijo Z& 1, a0 AN 2 45 7808 BT 0 7 E. BRI
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PRI HIERR N

(& Li) =
argmin [y — bz|3+

~ ~ 2
P> _{ll[Rirz, RioKey) — [Liy, Lio] | o+

M([Li, Lis), )} (17)
Horbe i AARWUZ R ALKR, Rz, RipKey] NAMH m,
AN RE AR RH O B T A g AN AH ALK BR A 211 75 MR A R
FEFE, (L, Lio) AR BRBREEFE, p AIETT R
B (7)) o] DR 53 R il BEUR o R SR R FR AR R L,
SKAFE L nT LS X (6) Frs B9 73 A8 BB 7 . X T
x 198, N ) ADMM, 5| N3 & 2 B Ry H I 2, F

2
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s RE, Ry TR A H B, 6 AR 2 A A, T2
B AL BAHRR, 25 5 K. T IR BRI G T 2 1Y
TUORRELL SRR
o = arg min |y — &z + BHQE —z+ % E,
(@7 + Bl)z = (@Ty + 82— g) (20)
A RIS PR 2 T P2 B Bt v SR i
LR ER 2 o J5 BRI B H e 7 p, ik B4k
A JE A IR AT i A E A MR T
SR, B R B B R e AR, W RL 2 JGE L
zva J, TR OB R AL B . 20t 9 NLR-CS 53k
SRWE.
BE2 Uk NLR-CS 5%
BN D, y, HAL O HE I key;
i A EER 2.
step 1: ¥I4H 4K, 1 NPICCS Y125 F AW, 11 = 0.
step2: while j < J, ||z; — zj_1||p/ ||zl > M:
1) 5, ZEAIUR Key Wit} A7 ST
2) while k < K
St 7.(6) 1 B R BAG M L,
A (19) TR 2],
S SRS REH SRR (20) B4 ot
end while
3) BB oy AiA& B H T

end while

3 SEIRAT

NI UE AR SRR B A PE AR, B S I Ak
1) VA B A e P AR AL 48 e A RV IR AT 40 R L
35 Video-MCP!, 2sMHR!'| RRS-CS!"?! 11 SSIM-
InterF-GSR!". & 1 flf 7% VCS R4 IS Bk B in k-
FR AT ) 15 7 B /N R 32 x 32, X6 MG B AT KA
PR 3000 2 R 88 Ay v S0 e LR I, R0 471 v A R
A7 8 it 45, L H B 1 A SR B, SRAE RN 0.7,
J& 7 CS WL, RAFEZR B8 0.2,

ALEERMHARSHEEWN T F 12558 H
PICCS # U )25 F A4 B, LA R B o WM 0.8, 15 1) &
H s BTN 256 132, JEIEA LK IE LM B AN
;= x|l o/ 2]l o < 1076, [FIB 5 B B KakARIK
#J = 300. FH NLR-CS #5284 3k — 2 IS, Oy T dkk
Go HUHNL, W A G AT B B 3 B, KN 6 < 6,
S 1MEE ARG R A BB S T A B, A

im0 R AH ALL BBy D 16, BT S T oSG B ot
FE A B m, 720, A7) FEST R p RN
0.01, EMIERLNEZAT BN ||2j — i1l o/ |25l
< 1072 AEMIEARH e B AREL K AN T 3975 20.
31 EMMEEXTEE

N B A PR, 2B R A A — i R, A
PG 1 064 {5 M LY (peak signal-to-noise ratio, PSNR)
AR T2 I B2 50F L B R T . S bE S PR A AL
BT 51 4 CIF #% 3K (352 x 288) ) forman.

—— Video_MC —— SSIM-InterF-GSR
55 F —e— 2sMHR  —=— the proposed

akiyo-

PSNR/dB

4 8 12 16
frame No.

(a) akiyo

—— Video_MC —— SSIM-InterF-GSR
55 F —=— 2sMHR  —+— the proposed
—— RRS-CS

PSNR/dB

4 8 12 16
frame No.

(b) foreman

—»— Video_ MC —— SSIM-InterF-GSR
55 F —=— 2sMHR  —+— the proposed

PSNR/dB

4 8 12 16
frame No.
(c) mother-daughter

—»— Video_ MC —— SSIM-InterF-GSR
55 F —=— 2sMHR  —+— the proposed
—— RRS-CS

PSNR /dB

(d) city
B2 EMIFSIMEREXTEL
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mother-daughter city. &2 2 CH % H Video-MC.
2sMHR. RRS-CS. SSIM-InterF-GSR £ 5 ¥4 4 41 bRt
FRATUT 51 1 1 A GOP B 45— i 144 ') PSNIR L H7
2R (HL AR 55 1 TR 25 9 i S ).

B 2 7] WL, XF F forman.  akiyo.  mother-
daughter 3 MILAIF 1, A SCH % B A4 R B — i R
#PHELT 21 5 = Y PSNRH, 17 RRS-CS 1 SSIM-InterF-
GSR (1) H 4] 14 RE B K T~ A SC R, 2sMHR ) 244 1
RE WS AR T 17 3 Fh 8532, Video-MC 1) 55 ¥4 1 fig U1 372 7%
Ji T HAth By, % T mother-daughter #1451 7 1], A T
4 F1 SSIM-InterF-GSR . RRS-CS » 2sMHR i #4 ¥ 47
i (1) PSNR AE 3F 7 £z, 13X 42 K mother-daughter #1
BRUFF B N SRR , & B0 E S 1 R At [A] £ AH
A, e % SR AT B ey 1) A BT & city ALAIUT 1 a2 %
— R TR DA R, PR ) B — R N R
Ay R %, T LG B & BIEXT city ST 51 1)
i AT B AR bR B A, BB R0
(AR 1. Hor RRS B9 7E CS il (1% 25440 Ji &
A WA T AR SR, BT RRS AR 48 o 1] 5% 22 1
B P AR, 7E 43 24 Bregman 1 4R 1) 1 B A RE 0% B 47 3
X city #A T B 34T LA

BT 2R BT ) RRS-CS F1 2sMHR 532 /5 &
WHT S W AR UL AR B2, 75 AL B IE )
(R AT A1 B, 8 160 5 1 U P B =J 5 1R A, BT DA 9
DU F &5 AR5 2. 1 A SC S35 F1 SSIM-InterF-GSR
B R T A I EIE I NLSS 51, 78 2 i 5 A it
BUEAE 22 ORI, B BB RAE W46 1Y) B R i . AN S
L E R AE L T SSIM-InterF-GSR, 3= Z 4 LT
AN A

1) o TSR A 245 v 1) D B o, AR ST S50V v FH
T NLSS 14 ) NLR-CS 5L F AT H A4, fe 6 15 21 4
W v ) EE M i & 1T SSIM-InterF-GSR £ b i & T
ZH s 3 457 1 1 GSR LY HE 47 EE 0, SCHR [16]4E T T
NLR-CS 5% 1 # A4 1 §E & T GSR .

2) %t CS Wik AT E MY, SSIM-InterF-GSR SHEY
2 L& T W ) — A S, X AE 1S — > GOPH & S5
IR 51 AN BEAR G b 1) FH G S il 5 5 T AR ST
VR IAE A WURI A J5 PR AN B | - LR, e T
SR PRy A T A v, ) R B RS 1S B
UFMIRRR AR AL, CS M fry = 44 PE R $2 1 BH .

3 NA L5 %5 Video-MC. 2sMHR. RRS-
CS. SSIM-InterF-GSR X forman #4715 41| £ 6 i < 1%
{14) AL AL E RICR BT L, FRh T A E A A R )

PSNR{H. H H Video-MC [ S M U — L, TE A
BaRE 2 A =R T R PRI R, BAEPUIE
B30T Can N\ P ) JE F AR, 2sMHR L AR AR
FHAT 2 R TN AT 7 S B, A ol T
BNz, {5 R R R BE B DL R TR I T AR R
3 ) A RRS AT SSIM-InterF-GSR (1) 5 44 45 B 4E
$Eilr, 5 2sMHR [ E A 25 RAH LG, B VERE R TR

ST, AF EE ) PG R B R R SR, JE] v () e
AR B HECTEN, FR T SO . A SR
4 45 B 5 RRS Al SSIM-InterF-GSR # £, PSNR £
FE Tt 1.5 dB, BB I = A5 40 71530 43 Ok B L, ML
B hniE i .

(f) the proposed
(39.96dB)

(e) SSLM-InterF-GSR
(38.58dB)

& 3 foreman3f 6 IEIFRITLL

VX T A OIS H At 50 SRR 4 2H AL
AT 41 1) E5 A PSNR S5 4H. HHR 1 AT WL, A U RVE S
Video-MC. 2sMHR . RRS-CS . SSIM-InterF-GSR H L.,
7E akiyo [ 41 43 AR TE T 13.48.2.33.1.31.0.83 dB;
£ forman f¥* %1 b 73 5l $& 7+ 1 10.08. 2.73. 1.83.
0.95 dB; 7£ mother-daughter J7 1| £ 7 Jll#& F 1 10.63+
1.88+ 1.12. 1.65 dB. 7L city J¥ 5] b, A L5 1% 5 Video-
MC. 2sMHR. SSIM-InterF-GSR # tt, 73 B2 T+ T
8.03.2.21.1.1dB.
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F1 EWASHFSIEPSNR {E

B{I:dB

AT 51 Video-MC 2sMHR RRS-CS SSIM-InterF-GSR the proposed
akiyo 33.39 44.54 45.56 46.04 46.87
forman 30.61 37.96 38.86 39.74 40.69
mother-daughter 34.92 43.67 44.43 43.90 45.55
city 27.34 33.16 35.51 34.27 35.37
average 31.57 39.78 41.09 40.99 42.15

32 HAEEZRESH

AR S F B FH NLR-CS 5592 5% 2 Bt it 145 4T 244,
% PICCS 5532565 CS Wit AT 4] 25 544, N2 Scis )
NLR-CS 532X 41 25 5 AL Wiidk — 25 54 15 B d 2411
FRAMT. iR PICCS 50 1 B % FE UG, 1 2k T EHR
o6 BE 1) TV A5 RS 2 FH A it P& 450ORT A 5 77— i 1)
Z AR 210 9). N ADMM #2 5 28 (9) R fi#
LK HAR S R T AWER o ARWTEHR TV AR
T o R R] 22 ) TV B o = AN o) JEE AT 2 AR 3R
fife. N FH 2R A R S SR i o AT o, BAT B () e i
T o 1 R e T o R IR R B, SRR B R
SR AR, 7E 55 X ADMM AR AR — K.

X} T NLR-CS 5032, B 26 F F BUE i NLSS H7 74
FEAS IR G E T b 2148 58 RSB AR AL R, SR
S VA Bk g5 /I SR s i 2 36 0 BUR AT R . B
EFER FE R LER (6) 5 T I SVT Hv%k 1) Bk
/M BRE I SVD pR L. BT, PICCS L4125
H 4 1) QCIF A% 2 A AL A, K /NA 176 x 144, %
BHTEB YL B KN N6 x 6, S —MEK, L1155
1000 EHG B, X T-BEAN FHG B, 28 A TR 5 S o o
FLULHD 36 /4N 15 e, 1531 36 x 36 K /N RRAE [ 7E
ADMM AR GE AR, #7525 1000 4 BAAH S
36 x 36 K/NEIAEFESR SVD B8, %0t R 4 A
VI TA) 5 A% FE 11 50 Y.

N TR B B R B A T, 6 QCIF A% =X ) AR
BiF 41 forman. akiyo. mother-daughter. city 17 5
4, GOP K J& 1% B v 8, JS MR A 2254 0.7, CS iR
FEZE N 0.2, S5 38 1T #1582 Matlab R2015b, HLJ
fic & 20 : CPU A Inter Core i5-6500, 3474 3.2 GHz,
BAT WA 98 GB, RELRA A Win 7. 2 N HF0
— AN CS T [~ 24 B AL ] %o B

HH 2 2 W] %0, SV R R Eh AR BB K N
2sMHR. Video-MC. RRS-CS. 75y F1SSIM-
InterF-GSR. 2sMHR H T 7E 2 {5 % FU i 3% A 12 4R
ok AR, R R BB AR 2 1 WUk AT T, Ad B AR
FE AR 17 BR. Video-MC S FH WL IUAE X 224 B gk A7 47]
UR A4, AR JE IEAR LR AT 1445 2K FE A% R Iz o)

R2 TRIBEAETBMTEHRTFEMLITE B

EREL mother-daughter ~ akiyo forman  city
Video-MC 14.3 15.1 15.6 15.8
2sMHR 7.3 7.5 7.7 8.0
RRS-CS 99.4 110.3 106.6 113.8
SSIM-InterF-GSR 178.3 182.5 182.0 180.7
the proposed 165.5 167.0  166.5 168.4

il T R0 Bk 22 AL, Ak B Ik Bt AH X6 7 B 2sMHR A
Video-MC (1) 5 4] 3 F5£ 55 At 550924 b B A B AR
#y. RRS-CS BHIE P S 3038 1ot 18] 5% 22 AU it 42
TN 22 AR 1AL T, A5 2R (10 g S A SR A FE 3R 5 2%,
FEIT 219 110's. SSIM-InterF-GSR #4132 B T 134 K¢ ]
R O AR T 8L, A 0GR AR B 75 B TR A, B — i [
BAERT 5 A SCREAE 2, 2078 3 min. A SCEVEFIFER
2978 166 s, 18 3 %o A SCHLVE 5T 9% B (1) 43 BT vl 0, R
AR AL AL 3 H 1) SVD BRI B2 o5 SRR (1 — 2, (FE
RER R, BB BT AR PR T A3
I, AN [ BRI R R o Ak B 22 (1] 33 A AR 6 R A4 o 1
£ CPU H 47 A H By v, 0 251 45 — AN B8 Ak B 56 il
JE A BEREAT T — N R ) A3, AN T i G tth 5 35 A
i 1) K. AT A% FE 3T GPU X B 8 B R Bk Ao Ak
o> AT HAT AR B, AT ey B AL R
4 4 B

ARSCHRE A2 4 RN FR A A IE U AL AR
A 4 BN A FETE U CVS RGP SEIL T
PR e AL T RA ZR B 1) O B i, = % R KR
A5 BAT (1) NLSS $# %, B FH 14 §8 7] 5 ) NLR-CS =
P AT B, GRAIE T B M 119 w5 B K 525 % T
KA 2 AH AR 1) CS W, 78 4325 5& 1 AR AUt A AT
[) (%) J= 38 6 T R P AN SR 50 B AR AL, B2 PICCS
FE S M ) NLR-CS A AR S5 A AT B M. SEIR&E
R, AX T H 8T E R CVS HE A5 Video-MC
2sMHR. RRS-CS F1 SSIM-InterF-GSR, A< 3 5% % 41,
AT F) B A4 T R S 2 B AR T, A SO A AR 4k
FE ERORH TG v, AR o 43 7 i I AR S AR A AT A
b % B K B AN D R AR BEARCRR AR A o) 8, mp LS.
GPU X H AT F-AT AL AL B, R 2 o S AL R T
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