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Abstract: In wireless transmission, H.264/AVC compressed video stream shows poorer image reconstruction
quality due to the data losing, so this paper presents a spatial error concealment algorithm based on adaptive edge
thresholds and directional weights. This algorithm uses Sobel gradient operator in image edge detection to detect
the edge of adjacent macroblocks. Then it sets adaptively gradient threshold according to the specific information
of adjacent macroblock in the damaged macroblock. Finally, it makes the direction weighted interpolation for the
damaged macroblock implement the image reconstruction. Experiments show that the algorithm is simple and
practical. It not only retains the advantages of the weighted average algorithm and conceals the errors of the
images with different edge information intensities. The Peak Signal to Noise Ratio of the algorithm has improved
0.2-3.8 db as compared to that of the Multi-Directional Interpolation algorithm in different probability events of
data losing for Real-time Transport Protocol( RTP). This algorithm improves the quality of image restoration and
has a higher application value.
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Fig. 2 Edge direction classification

Herb (1) 31 FAR R AR I BOE Y311 815 32 52 5 7 B
HBMMEREANE. Hi, MESHEGRREI 2%
BEMIBE A, = (6w

P(x,y) = (p1*ds+prxds+p3*xdi+ps*da)/
(di +dy + ds + dy) " (6)

Fore p(y) 8 ZRBE AP TR A (o p) R AE, pys
P2s P3» PO AB LT AR AR R B ) 1R
RIH, d;, do, ds, AR R Ripy) BB
Bepy R o =S AR RN B Bk S B A, 3t
SEREUN, U R L BCE R, 2 AR
F VA T LIS A B 9 R AR . S
PR AT R 3 2 M I 4[5 B8O A5 B, dal
SEAFAEAR A B AE R T e/ NRAE T, I, ans(7) B
Zig

E.={[G(x,y),0(x,»)]|G(x,y) > Tu}, (7)

SRIF MR A A B 2% R A O D B
o, M@K,
Ty =M1+ cCXo, (8)

Forfre 5 000 5 0 IE RO 98 2 B v e i



5% 3 1 2,

GHENEMT 2. RBchH—NT, W
OFT7R o UL, BT I AR AR 52 45 % A FELAH 48
TR G e 0 BAR N AT E Y

1 1
S X ee()) o

Hrpy ESYETE R BABOA G —4E, s
(10) 7

Eq= {Pi

b GRS )R B R Yebh BE S, GO AR T
N Hps BE R R, I, T IREEREZN
ARG, cHR XN, 2 ol R
AL, g AR MR A AR 4B IE B R I R N A A
AR BI . fn, A5 AT — AH AR B A sk
GHEELEFE, WXADFR:

E, ={[G(x,»),0(x.y)]|€ Ec|G(x,y) >7a}.  (11)

pi:Gi/ZGjyizlvzv"'78}7 (10)
Jj=1

3 AENEEH/ET X

3.1 HXGERINRTT BRI E
FAORARZR , BIVBR BE Ty 1] 80 S0 (1) i 3o 25 2k B
RIRE, ME3FR o 8RR lp AE B 5 1 X fif
Ja B Gt sz R Y, i LA B8 B 52 46 % B iy
BMGEER, MBRRMp, AMEBFE . KA
(I2)~(ASHIWHAR AR, AR, U, L, DIy 3246t
RAT . b AL AR B R R 5 A
BHBETT 0] 15 32 400 25 AR ZE 30 B A A
U= column — (blockSize —row)/tan(0),  (12)
D = column + (row + 1)/ tan(0), (13)
L =row — (blockSize — column) x tan(0),  (14)

R =row + (column + 1) * tan(9). (15)

i 15 AH 4P 2 B8 3R e bk R (row, column), A2k
HNMXAG 2, WR, U, L, DIYHE TG H0~15,
Giit B —J5 ) AR DGR R Bk Bl S A1 D, (6]
W16
D,[0] = G,[0(rowy, column )] + G,[0(rows,
columny)|+ ... +G,|0(rowy,, column,, )|, (16)

Horp: Da[0] HARARZ Hen( LT 24 344 2 B
TEO(1~8) 75 1) B BT A7 15 3% fA b J3E R
32 EMERMBENGEEE

W 388 3o AH 4 7% e 5 18] TR Y e KA BE B R D (6]
5 32 B3 R B A AR BB BE R d, AT A5

S5 BT S N D G IR E ST ] AL ) 2 R] R e 7 1 629
Column;
P
AP 1/
é ///I 8)( 1 6 //,,/ 8
/v\} 0 K&\ O v
8x116 1 6x]1 6 8x16

K 3 f R G =R R
Fig. 3 Schematic of related pixels

W= ()R, BUNMAUS i RIEAD',[0] . WAH
ARG TT 100" g Z BUR R MG 7 1), W E 4
Fir7s

D', [0') = D,[0'] x (blockSize —1)/blockSize, (17)

pixel = (pyxdy + pr*dy)/(d) + db), (18)
Horpr: PixeUHZ R, p Mlp il AR AR 28 Ve
MR, ddy o350 Z R R BIME R mp Fp,
PR,

8x16
Pr
|
I
d
%)ixel (Ro lumn )
D, [,
X1 J_| 16 K16 X1

Kl 4 05 1 A =

Fig. 4 Diagram of direction interpolation

ARSCHR R 5T A 3 L (B T f) IR = e A
% A T ) U R R A PRI S R

4 XEHXR

AR ST 0 SRR AR IM 6T - & AT T
B, SCH MU T Foreman qcif(176 pixel x 144
pixel), CREW(704 pixel x 576 pixel), Carphone(176
pixel x 144 pixeDVE AR K F, FH H 6 FH LostRph
WMEMHRE, Hrf, Foreman qciffff ARG GEE
6, DGR, SrHRR R SRS, WA
6(a)T 7" . CREWEMRHARE B, Srfr A



630 e K TR

%24 %

IEBRIR A 1L A5
B (RET=0.1

.

§£<§%§%mﬁ@@ﬁ>» o
o
‘ Sl A
- ¥
BRI
SHUEB LS
JEEE A
' T BRI
i L7 A
/i (T R
it
4”/' % \\
\ J

P&l 5 A SO KR
Fig. 5 Flow chart of proposed algorithm

() I EB

(a) Original image

AN

(d) WAVG
(d) WAVG

(b) ZEEEIE
(b) Image after packet losing

x%[i/‘/
s

(e) MDI
(¢) MDI

NG ERR R e R, IR 7 (a) 7
CarphoneKMG HA R REAR, SOMFRvEReng, %
PP 5 H AR, W S(a)TR . B M H
LostRtpXf EG#F AT £, Hh R /5 R4 H
K& 5l an il 6(b), 7(b), 8(b)Fn. $RJE, 43l
FH 2 ()45 AU 1 (WAVG)S, (455 F 5 BN AL
B, [ 3 N2 07 AR A (MDD, DA R A
SCHIT R I B X 2 0 R AT R R B,
HEER R, &7, KSR,

ME6(c), E7(c), 8(c)MTIHH, WAVGH ik
RE A Al G rh Z 40 HL A B 1, TR
AFEEBAGHE BN ZM AT, BIHEBRL%H
ORI 2= R BG4 . kB 6(d), E7(d),
S(A)AT LLE I, APIE LN T4 (5 B 4 5 i 32
FEHAT B PR R, R B A T WAVGH %
IR E R . mE6(e), E7(e), 8(e)ml LAFE H
MDISRE X A2 8 22 IR SRR AN AP v, B
UL 6 () e+ BT AE 25 e, 7(e) i B T 76 2%
Yo, 8(e) T ET L e, MEEME, A CH %
E—ERE LB TFWAVG, APILLZMDI, 4K

(c) SIS 2

(c) Weighted arithmetic mean algorithm

() A3CEE
(f) Proposed algorithm

P 6 Foreman_qciff)j B 45 $ %t Lk

Fig. 6 Simulation results contrast of Foreman_qcif



55 3 1] R, F. BT IS NS A KT 1) ALY S ) R Rk 631

(a) JRIR & (b) ZRJEEIE (c) SIS 2

(a) Original image (b) Image after packet losing (c) Weighted arithmetic mean algorithm

(d) WAVG (e) MDI (f) ACHE
(d) WAVG (e) MDI (f) Proposed algorithm

Kl 7 CREW )y 5L 45 40} L
Fig. 7 Simulation results contrast of CREW

(a) IR B (b) )54 (c) B INBLEL
(a) Original image (b) Image after packet losing (c) Weighted arithmetic mean algorithm

-

(d) WAVG (e) MDI (H A5
(d) WAVG (e) MDI (f) Proposed algorithm

K| 8 Carphonef/i B 45 %t Lk

Fig. 8 Simulation results contrast of Carphone



632 e K TR

5 24 %

6(H, K7D, 8O~

A3 IRE AR AT B AL, IR AT T
R B, T A9 W E {5 M LL ) (Peak Signal to Noise
Ratio, PSNR)BLYE WK 1FT7R , FEIE (T B A AR XS 1L
WF2HR

28 1 BB R RURUS RO PSNRXT HE &, & 9% K]
R GRS N R TSV NI BD S EZ P N = B VB EZ 3504
A8k i A S ) 32 A R A I (15 R WA VG A
RKBE T, 2 T ) 4 {8 550 1 X 3 2% 5 1 0] 2 1
Foreman_qcif Al CREW LBt [&] {5 T 4 114 U 1 1 1 1L

F1 IMS6IiEL
Tab. 1 Simulation results of JIM86

{5 W Ll (db)
EH& PP 31 (R
JRURES R BHEINAL S 0 O 15 B i % MDI A
Foreman(176x144) 6.4465 23.3579 252124 22.8757 25.4995
12.0235 29.5272 34.1952 30.702 34.5636
11.7756 29.1293 33.7026 30.9857 34.0883
CarPhone(176x144) 9.8876 23.4778 23.9194 23.799 24.2014
16.7785 27.7572 27.896 28.2697 28.4097
Crew(704x576) 15.9346 32.8466 34.9987 34.8832 35.105
e s 35
F2 BEEERERL
Tab. 2 Comparison of algorithm complexities 30 e
A s} 8] /ms . 25 ey
FEBIFAOCD “emi aEmse - Nz i
ST Y 8 z 20
Foreman(176x144) 27 32 53 32 ~ 154 / -+ Foteman 176x144| |
--%-- CREW 704x576
172 172 182 173 —A—Carphone 176x144
104
171 175 180 175 3
5‘
CarPhone(176x144) 28 33 53 34
7 7 . 174 FEK I FESASHT MDA
Crew(704x576) 754 757 811 756 P 9 54k FLPSNRXT L B

AR T S AR AR, xR E R
Iy Carphone A 45, I FE 1) e {15 1 LU AR X T
3 0 2% R I Bk v o T AR SR i A S
A DA 15 W L L 3R SRR A W] R 4 o . A
SR B2 R FE W v T A I AT 34 R N B 3
SR, AT MDI, aniE 100 K] LB ) H
TROFR o

MEM LR E, ER—KIRT, %
i, Z R — R IR E S BRI M LA, X
T — B I B AR R E AT, A=
18 AL 15 58 2 X AR o i 1 K A R0OR b A
U o T 3 VR R RS VR LA S MDD ) H 181 534
GRRFPE XS 32 P Bt AT J7 U INEGRAE /Y, XT3k

Fig. 9 Simulation results contrast of PSNR

900

800 ~]
700

£600 swuegen Foreman 176x144 | |
= --%-- CREW 704x576
—&— Carphone 176x144| |

500

£
400
300
200
100

*
AL

ZREFHEIN BENAZRN MDI

K 10 FEE AR H

Fig. 10 Simulation results contrast of algorithm complexities



%3

EEME, SF TR S BUE KT 1 I 2 ) R FRORA ik 633

SRR B M S, PSNRIAEA R K2
1R, T AU AR A 2 ) R R RO B 2
T 38 2 A% SC Y IR RS ORCE E K R M S, L
PSNR{E ML T1% 5t F i 1 5 2 B 0 vk, MR &
5 B PSNRIE 2 T+ £90.2~0.4 db, FrLL, *fT[f]—
B I B EERMRE LT, 25 BHE R mAUE
BRI R A R EWERT . 5
Ah, B GE A N R R B RV DL SO SR R R
B R G B RO G A T T S R
UL IR R

5 4 #
A SO B R P AR 2 e iy BRI 2, R
FH GRS AR 358 e (9 3 7 18 R 199 L e 7 1) AL

S % 3 Hk:

[1] ZHANG Y B, XIANG X G, ZHAO D B, ef al.. Packet
video error concealment with auto regressive model [J].
IEEE Transactions on Circuits and Systems for Video
Technology, 2012, 22(1): 12-27.

[2] YAN B, GHARAVI H, HU B. Pixel interlacing based
video transmission for low-complexity intra-frame error
concealment [J]. IEEE Transactions on Broadcasting,
2011, 57(2): 253-257.

[3] ZHOU J, YAN B, GHARAVI H. Efficient motion vector
interpolation for error concealment of H. 264/AVC [J].
IEEE Transactions on Broadcasting, 2011, 57(2): 326.

[4] XIANG Y J, FENG L M, XIE S L, ef al.. An efficient
spatio-temporal boundary matching algorithm for video
error concealment [J]. Multimedia Tools Appl., 2011,
52(1): 91-103.

[5] SALAMA P, SHROFF N B, DELP E J. Eorror
concealment in encoded video streams [J] Signal Recovery
Technique for image and Video Compression and
Transmission, 1998: 199-233.

[6] WANG Y K, HANNVKSELA M M, VARSA V, et al..
The error concealment feature in the H. 26L test model
[C]. 2002 International Conference on Image Processing,
Vol 11, 2002: 729-732.

[7] SONG L, MA X. Adaptive pixel interpolation for spatial
error concealment [J]. J Sign Process Syst, 2010, 60(S13):
291-303.

[8] KIM D, SEO J. H.264/AVC retrieval algorithm using

adaptive affine error concealment [J]. Optical Engineering

FE R RO R AT IR E . W T g SR EENZ
B, AR SCR R s T RS IR
HOR, H 25 BUE 1% 58 1 a5 R 2 ACE ¥ 5
W, LSRG TR G O I A R RO I T i T
A B S 90 % b 10 {1 i P A R SO 4R B
BT AR MBI o A SCE R T E R PR
FIACF ¥ Bk s, i HRESIE A% E R
SR AN T B R R B . SRR A SR R, AR SOk
AT EE I PSNRIE A% 4t 11 35 1 557k 5 1] 4
{H 575 (MDD 43 542 55 7 0.2~0.4 dbF10.2~3.8 db, A~
W EWHOR T R FE ML R, A LAH
M Bl T SZ A0 ER Y B

2010, 49(6): 067401-1-067401-10.

[9] RANIBAR M, KASAEI S. Spatial error concealment: A
novel exemplar-based approach using segmentation [J].
Computers and Electrical Engineering, 2009, 35(4): 536-548.

[10] KOLODA J, SANCHEZ V, PEINADO A M. Spatial error
concealment based on edge visual clearness for
image/video communication [J]. Circuits Syst Signal
Process, 2013, 32(2): 815-824.

[11] ASHERI H, RABIEE H R, POURDAMGHANI N, et al..
Multi-directional spatial error concealment using adaptive
edge thresholding [J]. IEEE Transactions on Consumer
Electronics, 2012, 58(3): 880-885.

[12] HE J M, HE S X, CHEN Z M. Improved adaptive error
concealment algorithm for H. 264 intra frame [J]. Ideo
Engineering, 2012, 36(19): 35-39.

[13] QARATLVU M M, GHANBARI M. Intra-frame loss
concealment based on directional extrapolation [J]. Signal
Processing: Image Communication, 2011, 26(6): 304-309.

[14] TSILIGIANNI E, KONDI L P, KATSAGGELOS A K.
Shape error concealment based on a shape-preserving
boundary approximation [J]. I[EEE Transactions on Image
Processing, 2012, 21(8): 3573-3584.

[15] KIM K S, LEE H Y, LEE H K. Supplementary loss
concealment technique for image transmission through
data hiding [J]. Multimedia Tools Appl., 2009, 44(1): 1-16.

[16] CHAN Y L, CHEUNG H K, SIU W C. Compressed-
domain techiques for error-resilient video transcoding
using RPS [J]. IEEE Transactions on Image Processing,
2009, 18(2): 357-370.



634 e K TR o524 %

[17] #2445 & Harris 5 SIFTEL 7 B 5 B ot 573 7).
+E R, 2015, 8(4): 574-581.
XU J J. Fast image registration method based on Harris
and SIFT algorithm [J]. Chinese Optics, 2015, 8(4): 574-
581. (in Chinese)

[18] EArde, Fh, Brfagk 4. LM PR R K

EEE N

FrHFE(1976-), 5, HHRKEAN, W
LA, WEAU G, AN A )
JERE AL N 348 3 &R S 3 T 5 00 A
B 4 3 J7 OB S . E-mail:

Lgzandrew@tom.com

ERE (1958-), &, HHKEAN, O
A, AT, FZEANFEH KM
LU £ RS MRS . E-mail:
long_kh@163.com

GICUED]. & B %, 2015, 8(2): 211-218.
WANG X H, HUANG W, OUYANG J H. Real-time
image registration of the multi-detectors mosaic imaging

system [J]. Chinese Optics, 2015, 8(2): 211-218. (in

Chinese)

FEEIE (1969-), Y3, HMEEAN, 1§
+, #HEE, M4 T, EEMRY
R TR R A IS R
Hi R4 . E-mail: li_yufeng@126.com



