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An improved adaptively enhanced temporal error concealment algorithm
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2 ( Engineering Research Center of Safety Critical Industrial Measurement and Control Technology, Ministry of Education, Hefei 230009 )

Abstract: The processing order of error blocks has an important effect on the improvement of concealed image quality, an
improved adaptively enhanced temporal error concealment algorithm is thus proposed. The algorithm continuously estimates
the order value of error macroblock (MB) using the received or concealed adjacent information, and only the error MB with
the largest order value is restored at each time. When conceals an error MB, firstly we determine its partition mode and the
concealed order of its sub-macroblock(SMB) , then chooses the best motion vector(MV) for the error MB or SMB from the
candidate MVs, by adaptively use the single-sided or double-sided overlapping boundary matching algorithm based on
texture ( TBSS-OBMA or TBDS-OBMA ). The experiment results show that the proposed algorithm can improve the quality
subjectively or objectively aspect in the same error environment, and the improvement of 1. 16dB in PSNR can be achieved
comparing to JM12.2.
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Fig. 1  Different edge conditions for the moving object having

different effects on image concealment

2 HHWBERN TEC &k

BEXF AL (), 3 M T — gt A O L o
BTEC J5 ik o B4 T —Fh BB & ML 75 iR 1
RN T ARCA W 52 MB #2351 77 2, 58 70 F
TG MB A SRR R, I AR 4 — Wit N F- 2 MV Y
RN L T RV 3 45 DG JC E U, A 6 MV Hp 4R dR
MRS 32 Bl O i, A5 REOROBOR SN v o kB
LR I ANTE 2 R, S AR R0 64 R L 2
R BT R MB 59U eR%L, 16 B R Rk
AR S5 MB 5 48 i 1) AR 48 15 500 Wi % 5 ¢ MB
(19 53 F A 2R 722 B (SMB ) (14 BRI , PR 408 ot P9
S-E MV RN [ R 1 P DT C I D R S 4k MB s
SMB ) fig (1 %6 MV ; Fe Jo 5687 11 53 900 4% 4t ik MB
AR U RIBRAEL , 26 95 0L I B AT e R U {EL Y i 5% MB
PEAT KRR, PRS2, LR A R MB EERE



1438

HhE B R EB R www. cjig. en

E SR MBs

(UnaEE=]

1

| amsswmmse |

MV<THE))

TR AR MB
]

HFAAERART
{HRYEFTR MB

1)

THRZERR MBHY
SMB U b ¥

| TBDS-OBMA | | TBSS-OBMA |

BRI AR
SMB IR R 5K

1

| iz SMB s IR MY

EREARAKRFE [
{HAYER R SMB

| SRR MBI 2

2 A R ek Y R A
Fig.2 Flowchart of the improved enhanced TEC

2.1 MBXFERHEWEE
W 0y, (r,c) 2l MB IIRJT BRI, 2
0y (r,c) = Ey,(r,c) + By, (r,c) (2)
K, (r,e) 2 MB 76 5157 Wi (967 &, an il 3 Fros o

B3 RERRBRANARIL G A5 B X 35K

Fig.3 Adjacent edge information areas for the error MB

N REL By (ryc) MIILGGRIE E\ (r,¢) 250

Cyp(r,e = 1) x Edge(0,15,12,14) , ) +

Cys(r,e+1) x Edge(0,15,1,3)(,vf+l) +

Cys(r=1,c-1) x (Edge(12,15,12,14) ,_, ., +
Edge(12,14,15,15) _, ..,)) +

1 Cyy(r—=1,c+1) ><(Edge(12,15,1,3)(,_l ey
s 4 0 ’
10111 (r-1,c¢) (r-1, c+1) Edge(]2’14,0’0)("71'”1)) y
12113 i e Copy(r+1,c-1) x (Edge(0,3,12,14) ,, _,, +
TTTYT %_,Em\
5 7 lXiEk‘ Edge(l’3’15’15)(r+l,c—l)) +
CMB<r + I,C + 1) X (Edge<0,3’1’3)(;+l c+l) +
i i ’
Edge(1,3,0,0) ., ..1))
(4)
G R Cyy (r, ) FIR S 98 B PR 1 R 5K
5 6 T 3 Edge(xu,xd,yl,yr)(,,C)ﬁj\ﬁﬂﬁ)‘(ﬂﬂ}#,,ﬁ;qﬂ xd = xu,

yr=yl,xd ,xu,yr,yle [0,15], (i,j) i MB PR ZE A
bR, M(i,j) N4 Sobel B FHIANZEE .

0 MB Zi%f% MB
Cyp(rye) = {THE_MB MB 2[5 5 i) MB
1 MB J& I #: i i) MB

Sy ANTR R, Fh R g X E IR TH 85 E (5)
Bij 1 1 4877 [a] b5 R 1L Edge(x,,%0,y,,5.) (.., =
: = L 2 ¢ xd yr
Buy(rse) = 2 int(picSizeX >> 4) (3) Z ZMl(i,j)
Ey(r,e) = (xd—x"+lj x (y, =y, +1) (6)
Cupp(r-1, Edge(12,14,0,15) . i
(r ¢) x Edge( ) oty * W) = {0 M(i,j) < THE, 7
Cu(r+1,c) XEdge(l,3,0,15)(H1,£) + M(i,j) Hith



5510

S0 A T A - — S Y 1 7 8 R R I R R R vk 1439

2.2 SMB WEXAB R HEXFRBHEE

WK 4 Jros, MB A 2 23 &0 4 W 32 22 7y LU R
JUFE B -

1) ik 4(a) Fros, 2AHAR 4 A~ MB #R 2 IR #%
Wi sk 25 1oF B R N, ) FH Kim " 48 1A 7 R S T
& MB #7016, BAR LA S I 1 s

2) AHAB MB 2 A 3 Ao IE i 2B A i,
K 4(b)fr~,Y4 T MB £ 4 inter 8 x 8 BY inter
8 x 16, Ul #I W7 5535 MB Wy inter 8 x 16, i % X /2
i1 MB $Ek inter 8 x8 Y inter 16 x 8, N 4% MB
J inter 8 x 824 3 ASAHAR MB K — ¥ ifif LA A 2
inter 8 x 8 i, 45 1% MB R 5 HAHF ;

3) HHAPAND BRI HE R MBI, 4018 4 (c)
Br7s 2 B F MB ARl inter 8 x 8 BY inter 8 x 16,
T 241] W7 4t 45 MB Sy inter 8 x 16, X #5 |- F MB iz —
FETT SR JE inter 8 x 8 [, LA 4515 MB #1205 HAH
A, 24 HA WA AH SR 1 A5 15 MB B, 4l 4 (d) BR
X WA MB A TR, 4 e MB RS H— A

4) & 4Ce) Fiom , 24 HAFAE — A 1E i 8RR 8
FHAR MBIRF, )55 5% MBS HA A [A] 5

5) AALE MB 2 2 4515 I, dn i 4 (f) B, )
AR MB AL BRI N inter 16 x 16,

W% 32 3 Kk & 4, BlockO—Block4 (1 {3 3£ MV
LG H A A A 4B SMB 112 3h K &, 1Kl 6 fr s .
TEZE R 43 BT TH B2 A% 2] MB 1% 43 FI AL L H SMB i1 1k
e R BUH 2 )5, AT B R U ok S Y SMB 5 58 A

(c) (d) (e) ®
[ #H% MB (] iEnHEkE MB

=
&
_
£

P4 4% MB (Y AH 4RI B
Fig.4 Conditions about the neighboring information

of the error MB

Block0 Block0[Block1
BlockO BlockOBlock1
Block1 Block2|Block3
(a) FEAL 0 (b) 57 1 (c) F5N 2 (d) #4710 3

5 SCk[6] 42 A AT iR MB 43 &0
Fig.5 Decision for the error MB partition modes using the

method proposed by article[ 6 ]

F1 IR MB g9 5 511 b

Tab.1 Decision for the error MB mode

BN MB 8N 7e MB N

R E X inter 8 x 8 B inter 8 x 8 @Y AR MB R
inter 8 x 16 inter 16 x 8

AL 0 x x inter 16 x 16
LAY 1 VvV X inter 8 x 16
A 2 X vV inter 16 x 8
i 3 Vv vV inter 8 x 8

Vsi V7o

X MB
Vs3 V7
Vai Veo Ve V3o

K6 4% MB E ik MV
Fig.6 The candidate MVs of the error MB

FEXS B e e MV b 3k $5 e AR 2 s B Ok i R
R K A 12 Bl % B B AT R U R R Y
SMB [t MV 4R HE, LUk /b SMB 2 (8] (1)
R 2 2%

S MV J5 k380, 41> SMB i £ 5 H
AR B T 245 2., # B8 MB (9 0 eR B0 53 07 K
T HUOT s %L 0, (ry0) ARG HEAT HES BRORE RN AT
2.3 TBSS-OBMA 5 TBDS-OBMA

AHLEE BMA 5 & i1 A UE FC 376 (OBMA) A {E 3t
SR TRT B T ELOE IV Y R B 2 (R A7 AR B B R 1 B
FRPIR L , RE f% 1 #5 ) B Sy ol 1 1) e (4K &2 02 B R
RE R PR R A AT A AR S g R
MB (2 BEAE B 2 7 —Fh et i) OBMA 92,
S

Costypss =

P N-1
SIONF o F |+
ig—i.jo+i Q0= i+ 0o+t

i=1j=0

P N-1
ZZ ‘ F:‘,0+M—]+i,j0+j -

.
ig+M—1+i+v;,jo+j+v
i=1j=0 0 PRI

M-1 P

D F = F |+
ig+i,jo—J ig it o =i+

i=0j=1

M-1 P

22 ‘ Fi0+i,j0+/\“'—l+j -

i=0)=

(8)

ig+itv;,jo+N-1 +j+1;]- ‘



1440 o 4 24 www. cjig. en

015 %

L, (iy,j,) AR MB 3% SMB(N x M) i/ I
AR RN E v, =mw, +d 0, =muv;, +d,, (mv,,mv,) K
ik MV 1K FTE B 4y 4, F, R )43 51 ok 24 i
MR 22 Wb A bR (4, )) IR R MH,d e [ -3,
+3],d el -3, +3], WHHEZET LA —
), e e SR 6 S0 B o 3h ih B D Bk TBSS-
OBMA, & R TR —AJrim 7,

R fie A b R R R R B, ST R T SO )

JCIE Y, i Sk A8 B 25 MB, L MB, 75275 i
iz ghahMEB . I BEXT MB, R MB, 2 &) /4 XLl
AN R AR

Z\T' st 1) (9)
S AL, R AR MB 5 Al A AR MB 2 i i A
ﬁ‘m& S J5 I 7E — 2 3 S TBDS-OBMA %4 £ ) U

13/ 5 VL RS i% TBDS-OBMA, 4l 7 firs, M = BB Costyyyso KB MV I 35 £ 3 55 TBSS-
N =16, MB, J&5fix MB,MB, J2 1Fff £ i ol 22 i [ OBMA %3k b i — 0,
E | it 1 E % i‘\
i P LTPO | TPL | ... |TPIS|
TPO"|TP1”| - |TP15"| | L
SPO’ | SPI’ SPIS'| | v
SMBZ TI0| T11| .. |THIS
TI07| TI1"| o |THIS |
S10' [ s1r sus'| 4 MBib o sty | [s11s
IO T1V | | THS ]
s10” [ s11” s115” /:// > P
5 / : SPO | SP1 SP15
TPO'|TPI'| .. | TPIS' i |/
5 L sp1ofspin” sPIsY | X i
R . Bt MB
S5 ! = HiT

7 TBDS-OBMA 553 it
Fig.7 Illustration of TBDS-OBMA

Hi & Al AT, TBDS-OBMA By # {5 HUE
Btz sl i L/ Y 5 1R MB, l5AR SCAR 4 — Wit iy
JIA MB {342 MV R /IR 8 45 DT JE o )0, =4 He /)
T~ 1 {E BiF DT PE AE U R ] TBDS-OBMA, 15 I %
TBSS-OBMA

3 XWHERSH

3.1 SKEWIME

SR 1L HL264 25 HPF IM12.2 A F £
Mk 3 4> QCIF J7 51 : Foreman (80 1) | Flower (80
1) A Exik (50 1) , Wl 7 512 50 g TPPP--- - T 4
N 10% Fi1 20% QP L 30,P =8, THE_MB =0.7,,

N TR R A, B E THE, A% XK
TBDS-OBMA % % %IJ?/in:ijJJi MB (% &, W
THE, {Hth AEARK . 8 ad 2 0 SE 56 0E 15 3 554
[ {6 THE, =1 1 THE, _4,£zur§l 8 . 4 ek
HESE BB 5k [5-8 1, A IM12.2 W R B TEC
AT R WOh T S W 2 g i
Xt H, B THE, Bk 24,
3.2 EiEMeESH

R s Wa RO kA, B
PIR 3 g AL 1) STHR (S ] v 2 AR 40 422 Wi 310 1Y) 1
F R — R T BT A AR MBI, 4k T
 R/NHEF R BeORT A % MB 5 2 A9 Bl i O vk R Y
R P B2 i A T £ T e ol AR B R A 1R B



5510

S0 A T A - — S Y 1 7 8 R R I R R R vk 1441

CE R 0%
- FE ) 20%

Foreman J35 %)

PSNR/dB
)
¥
W

-
= —a s g

21 ]
L2 1,3 1,4 1,5 1,6 2,3 2,4 2,5 2,6

THE,, THE,
Pl 8 AN T] o {1 i R L
Fig.8 The concealed effects contrast among different

threshold value of THE, and THE,

)RR R MB R T AR, 1A & — R Al
BN, 2) TE R A i MBI, A SC A8 4 F T MB 4y
FNR A R] Y IR B, R o0 A 2 T R R R A B
Forpxh SMB (¥ B o ik 1 W A 3 T AS 2 BT R T
WA 16 x 16MB FLX e fE MV, 3) AR IE AR
TP S 25 MV K /DN, [ 3 i b 32k 9% DG ic 3309 ( TBSS-
OBMA 1, TBDS-OBMA ) , FtSCHK [ 5] 2R FH B9 55 ik
S RE EMERG . R T LA R R 2 Ab AR St
2B PE R T X LA T i AT

N 2 i Ry 45 551k B S i PSNR{H 3.
H %2 AT LA 328 9 [ 38 R % 46 DG e 55k 5 5
HRI5-7 R0 IM12. 2 A b, 4 54 = T 0. 04 dB ~
0.36 dB,0.01 dB ~ 0.70dB,0.39 dB ~ 0.92 dB #i
0.46 dB ~ 1. 16 dB, SCHK[8 M A kR T H# A%
9 10% BB N YK Foreman J7 51 i 550 R W& & T 4%
SO TR H A BT AR AR SO H S IM

*2 AEBREBEEN PSNR/AB ELLE
Tab.2 PSNR contrast among different algorithms

) Foreman Flower Erik
ER TS 10% 20% 10% 20% 10% 20%
JM12.2 22.55 20.39 17.77 17.49 21.96 21.22
SCERDS ] 23.38  21.11 18.89 17.69 22.27 21.40

k[ 6] 23.20 21.03 18.45 17.94 22.08 21.06
CHR[7] 23.12  20.41 18.40 17.20 21.90 21.31
SCik[8] 23.57 20.94 18.81 17.74 22.34 21.36
TBSS-OBMA 23.50 21.15 18.71 17.81 22.17 21.15
TBDS-OBMA 22.33 19.78 18.05 17.60 21.89 20.99
A Sk 23.51 21.33 18.93 17.95 22.55 21.76

KB BMA DG FE o DU 5k A T, SCHR (8 ] vk FH Y
OBMA HLH M —%, 5o, AR LS HRH$
AN 3k VT HC 55 ¥E A L B 0 R0CR B v i, Hoh
TBDS-OBMA [, TBSS-OBMA % 3= B AR/ #ip |
PG B K 52 MV R /N BRI, B 3 R30S
WA S s N T S A R RO R B AT

FEM AT E LA B0 SCHk [ 5] ik
AR WA % BRI AT MB i 45 5, H
DL MB Shy Sz 47 5 4 3 BT 5 A SO H i
17 7 e, Sk el i Bk B9 PERE Ml T R SE 5
K19 TR 2 Ay 10% F1 20% B A e 780 20 R XoF
o, Hor A ROR B HOAH E s i 15 B —
UAEAL T 1R MB B U {8, T AS 7528 T B 60 fS 1Y
W AT E R AL T B O B B AN R B R MB
XL TT ) MB 5 B, ORI 4 S AH4AR MB {5
BC 2 Mgk 8 3 R % SMB gk 47 HE R, 4045 e —
SMB Hyfi it MV th RN FE R — SMB B & K & 12
Bk ;D KR A SCE LR MB AR A 7 vk O
SCHRLO6 ] A B3k B 5 SOk [5 ] ik FAUR Y 2
AR e AL, BT AT LLE LA, B, C
3 il B0 X8 EIAR 1 et 280 R A AN W) 1 52 0, A G
TEEALE N 20% BFXT Flower Fl Erik 3 51) o 88 47,
B Foreman 14 F 41 K K 10% IS 308 %4 5 B 5
B2ETE BT, X AN 10% B i Flower J7
GIIR 52 ROCR W e T E B0, AE 2 X0 FE A 50 Bt
A C LA EER T E AL T B B8R, e
HAE B a0 A5 B & 1 Flower 7 51 i 24 R
R2% . D EOLTERE X B3 10% 1) Foreman Fl %
£33 20% 1Y Flower 731 I 2R L E A% AL 42, (B

[mA @B oC eD ®E &F|

23.65

21.65

PSNR/dB

19.65

B9 AL 10% FI20% B i1 s R5CR X L I
Fig.9 The concealed effects contrast when the

packet loss ratse are 10% and 20%



1442 b K 4 EE it www. cjig. cn 915 &

JEXT T EAR N 10% 1 Flower J5 51 i 7k & % i
AN F A B0 R

B 10 A 11 43 50 % m 8 Y £ ARl 10% i
%5 11 Wi Foreman F{% 1% 403K K 20% HF 55 7 i
Erik FZ A9 B s 5 e, L 10 sl LE

FE 5% P34 SCk [6-8 ] R IM12. 2 Wik Y SR I A
275 M SCHK (5 ] FIAS SCH 3k a4 LL B84, 73 b,
TENR T30 G Ab AR SO 2 I A2 A5 B i 5 AR 11 v A
A2 BT R TS R H 2 S AR T DL R SCHR
P A A A 2 I ] % A o A v

N

| ; o
(d) ik [5] (23.615 2 dB)

® .Yrﬁ}: [7](23.595 9 dB)

(e) Scrﬁk iﬁ] (23.548 0 dB)

T
\

(@) Srift [8](23.747 7 dB) (h) ASCELYE: (23.938 5 dB)

10 RAAN 10% W, 5 11 Wi Foreman K38 R LA

Fig. 10 Results comparison of the 11th Foreman image when the packet loss rate is 10%

(a) RASMT (7.150 1 dB) (b) IMI12.2 (21. 850 2 dB)

() ziijcﬁ(z 2. 5518 dB)

(c) ik 15] (22 034 0 dB)

F11 RAARN 20% W, 58 7 W1 Erik R EROERACR L

Fig. 11

3.3 HEERESW

AR LK PC HLELAE 3 AMD  Athlon 2b # 23
1.91GHz 1 960MB P4 77, UL & Windows XP OS, £
PR 51) A 2R FH H: Al 958 5 53 125 Ff AR Xof R FH A Sk i
A R 0 3 N ) X P AN R 3 TR . AR SCE R TCIE R
TE B A 1R R F2 W0 5T & b, R SR R LT A
AR T S g A B B AR FLE&E
EATRE . FERHER P A RS R MBS IE —
TR TWF R MBS 1 R T 85453 MB
MR Y BRAELZ JG 55 2 I HL 048 BRI B MB 14 A
488 A~ MB AR MB AT, H A #8 A 7 1
Wits, ﬁ%”’% 1R AT 20 1 U5 bR B RE AT i HLAE
TR X SR 5 MB 1 I oK B, HZ 56 1

Results comparison of the 7th Erik image when the packet loss rate is 20%

UCH U pRCAE Nl T A R MB K B2 O 119 Ui
RV BIRT BRI A AR X 0 T R

F3 HBEZEHWKEEENEEEEZNTIE /%
Tab.3 Test time contrast for other algorithms compared

with the proposed

527l Foreman Flower Erik

R 10% 20% 10% 20% 10% 20%
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