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Hierarchical Search-based Fast Schemes for Consecutive Block Error Concealment

Soo-Yeol Jeon®* . Chae-Bong Sohn”, Seoung-Jun Oh® and Chang-Beom Ahn®
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Abstract

With the growth of multimedia systems, compressing image data has become more important in the area of muitimedia
services. Since a compressed image bitstream can often be seriously distorted by various types of channel noise, an error
concealment algorithm becomes a very important issue. In order to solve this problem, Hsia proposed the error concealment
algorithm where he recovered lost block data using 1D boundary matching vectors. His algorithm, however, requires high
computational complexity since each matching vector needs MAD (Mean Absolute Difference) values of all pixels, which is either
a boundary line top or a boundary line bottom of a damaged block. We propose a hierarchical search-based fast error
concealment scheme as well as its approximated version to reduce computational time. In the proposed scheme, a hierarchical
search is applied fo reduce the number of checking points for searching a vector. The error concealment schemes proposed in this
paper can be about 3 times faster than Hsia's with keeping visual quality and PSNR.

Keywords : Error concealment, Hierarchical search, Image coding, Spatial interpolation
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(a)
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Fig 1. Example of consecutive block error: (a) Original image, (b)

Brshen g 2A e oz o
g7l A zkek = (Distortion) ©] LA gt}
o
[¢}

ot o

= 2
ox ™ L o
s (12 oX

rt wlo

oL
N

]

¢

2

1
o
—
2
X
o
i
o

L
e r
o

p

i
jru
2
to
Hu
)
i)
3

o

fo 2 o L of
N

2
oo}

of

- 18

2

>

lo

g

=

o

tlo
Xy
A

e

(o,

‘—rl“

-l

i

ey

L

e .-{E
lo
)
|4

F 24 U Ee] AUdHEAL,
Edge-oriented Spatial Interpolation

H=E9
=

2 7129 Ad wa )
2 Bozgl o woz o
AAHE LRI TG B2L )FoR g

Bzt ges® a8y o) A%
BE A7) 98ME SREES A8 AARY RE

B S
rl
j
o n
g &
™w

o o
olp
7ot

=
2
il rlo
ol
o
rlr o
_1‘3 H
ok
2
>
lo
i
]
.0
[
ol
2_1_"
rir

2 s
=

O
N g
|o

rg o
=2
>N X
PReS
I,on
ok
i)
X
il
i

4

14
% fo
©°
0,

R

o,

cle
b8
>,
ol
K

2 =744 Hslad L U] ) gt
FAE 437 8 AT AR E o] L5t HAHY
AHEE 25 e Ageid 1A gade £ &
o AxFE Fole WS MG, BE 58 g4 o
A9 AFE Fo WA QAFE Fole Wi diE A
S}, o] WHES Hsia7b Ag ¥R Qaksko] Ao
o, B3 A4 gdE B Ert

2 =i g 2ol AH N304 Hsia® &F

447
RIAAM (h)RF7| wAist Hat
Damaged image
oy e 248 28T ol AF WEHE )
Yo 3 AMeke dolRo [RNME Aotsis B &
Ase, NAlA Hsiadl B3 Agkets e ddegs
84 2doA Hlm, BEAEy, VAdM A8L
II. offx] dbsofl w}E Z2F HZHl
Hsia®l 97 24 &4y BE2o] dasle uhay
S A% NN ol SYsE B slgold A
GAGNE £48 B22 Alo)2 P BES 7 A
2 9H3E= 1349 AANES Fol o) WS Ao} g
® o) FAM &48 BE9 JANS V) S8 A
0 F vy (FEC : Forward Error Correction) %=
2 94 g Se] A8 & i 1% 2014 Hsia

BrL Br
» BMA
A 4 h 4
td
-
/,,
,I
-
-
BaL Bs

Boundary Pixel
T8l 2. Hsia o] 7= JHd
Fig 2. Basic concept in Hsia's algorithm

-

- ,// Searching Range

”
,/

Lost Pixel

Bsr



448

)
-
124

olglel MAD @42 5o &4 B34 AR F &
% 7o IABKe 149 AARE 2

BTL BT! BTH

1
MAD(Mz) = E foBf N, z+Mﬂ|

i=0

of7)elA, Mxe €59 4717k NNd 735 -NejJA N
A BRAEE DY By TN LRESS
0]—?,}]0]] ?_].;S'C:’-]”‘E‘ BB‘E,BTL,BT,BTR = "]-—}' ‘I’]oﬂ ?_l;g
3t= A £5 BTL. BT, BTRS 7}31 At H4& MAD #
< 58 olish 22 BMAE ¥& & it

BMA = Min - (MAD(Mz)),

where— N < Mz < N, @

94 gelolNe BE MAD k& W@siel BB BIL,
BT, BIR 250 A84elE 38 + Itk

B1L Br B1R

6 10
Bst Match Bmmdary

_Y, S

\
dl \ \ \ O‘ —— Non-Concealment
Weigh o \ \

Interpolation AN L . .
\ N\ ® Pixel to be interpolated
N \ LYY Ls p)
BeL Bs Ber
Boundary Pixel Lost Pixel

T3, sich ZAIH JHE & E
Fig 3. The boundary search from the bottom block to the best match
boundary

ol»EI‘—- AI-C]- 7171'01 EI-AH

o AN =

st AFMEE 27 g8 A9
WA Ss Wz A =

4
9EE BTE ol&stoq Ad £59

re
1pr
it
e
S
to
Hu
rlo
v
tfo
do
=
X
ofj
ot
&
N
=
lo
Kd
b
17
b
)
=1

AAHAA s 22 BBL, BB 18l BBRY AAWS
P A AREE AW 778 e A WA DA
At 7ol 4 MAD 32 53] BMA(Best Matched) &
Adg & Ao e AFPEE e dede NHe
MAD@ 4ol Q3l7) wio) okddtel APHEHE F
2N 9] MAD@ ANl 28 "t}

o
OH

HoliMel 2zt

29 304E TN M7 62 BS
BT Qo ARUEd W Mle 34S B
7 Age ok Ao 78 £ Ak

. d
P = [P 2 ppoc B

o, 3 dy= AU wel B B FAddA
39 B23 89 BE7H) AYE 27 ey £ Az
o &g Moz AR J87 f= HPIAAMY

Az el 348§ T,
= A AgHE oF 57k A ()9 7S e
2 & 4 9lth

N d, d
fzm,nl = oéfL’BB’BBR X 37 + i 1,5 X ]\; 4)

&8 B20] 4 (9)F (4 98 24 o T A
o8 ZEa B7EE 2Rl wsA 2o weix
g B7ho] o)A FoE the o] A

? 1
If fnlzl,nl #= 0 ang fn2L2n2 =0, fmn = fml,nl
ise if fot,ma = 0 and froz,m2 = O,
P g2
fm,n— fm2,n2 (5)
fise if foam # Oand fraz, o # 0,

;o fnln,m + [ n2
fa = Lot Juane



W4 8hE =22 20049 A9 A4E

AAE 2R dAAE 5 uE el 27 A9
of A B2 Bao]l FUAAT Y¥ HYHA
e B¥o WHT ¢ Ut oldE F9¢ 4% By
g olgsted Helshe 49 9ol ZAAE Wyl ¥
42 £ AU AU4 939 338 HEAN £33
RS BAs] A8 2484 2 999 AL
RE 022 81 ﬂe&ﬁ1maqme1%a%zﬁ-
gt

Hsia®) "o A &AE BE29 37]7F N9 o &4 o
ool ¥t [-N, Nloj2Z o] MAD ¢#g 47] H
dhod iAW dato] N HQsjch AYHEHE 3
71 YeiXE 2N+170e] MAD ghol ©Rshs whrfursko]
e oiside 2 bzl Q7T wEkA
Hsia®] W¥& olgs8led NxNa7l9 &4d E58 B¢
s T 2NN+ 39 dAte] 273 &
qE EES HSIa«] g i BdE A &

£ 11 Aol #3479 Frisite A

N,
N
X
T
-i) ]

B 1 Hsiaty HE Al BE
CHAL Bl

Table 1. Computational complexity according block Size using Hsia's
algorithm(unit: the number of addition and subtraction operations)

25 27| W MAD oiftat (B9l ciMin WM

FS’%EI 8 16 32 N
MAD & 8 16 32 N
Crel Mgite] 136 528 2080 N(2N+1)
Qrubst HBHIE| 212 1056 4160 2N(2N+1)

REv HSFECE Hu /A%
A% w4 v 23 0k oF ey
(EHSFEC: Efficient HSFEC)"°lgt #27]2 gt} o]
A pReINE AFAEE P sols FAWE
Zo]7] wjZe] Hsia®l Wyo] 23 e MAD Q4%

Error Concealment) o]
g

r-{n o —{'I

449

Ae AAG & A

EFAH

[ =

Ip
mlo
rol

2lgt 7t

24 2y g3z
durxo g ogs e
I;]_[9].

o]24 ZAE WA HsAM=
714 (hypothesis) & HE3tefof &

1) ®M< 24zt 7Hd(The global minimum hypothesis)

2) HIH=Z ZA} 714 (Non-zero gradient hypothesis)

3) & Mg 7Hd(The origin containment hypothesis)

4) ZH® xst 7} (The boundary containment hypothesis)

A9 Aig HEE ga 773 W sty AT
et gujoln, HAR AAY AS WEEsE 00]
37t He 772 AY Hay oldde ga 7
of EAtA &5 Lo dF AT HELS 145 @
A8 graAgol Fo2 BT 2L Agd 49
o gth= 9 Ak, U}ZIE%P-:?—_ AAE A s
7AAIHe] Qo] AAW FZoA
2= AL7E goke Ao glY,
S A&7 Y% spdoly,
T A AdstE gy A o] 7tdo] AHEFH
;

10 n
ox rqu
mlo

N

¢

o
N i

1

~
"
lo
u
=
-

N

&

g

o =

& b
N
ru,°. —
o
oy
¥ rlr

b 1R
ol b

I¥ 4 948 B8] 249 Lena¥dE
o2 9.olel(top, bottom)ol AA
BMA ¥ & Jehdt} Search__ranges &4
o2 [-1616] +7+y A 37+ T3, Block__num
< Lena® A Wiol 16x16 2719 85 ¢#AE 23t 19
A Lena®dd v¥v DR vl 3}‘%9] A
B 7T 9en 2)4) oiREe st B
BIS & Atk meld &8 B2 ARHE
BMA= ¥ 7HdE OF A2 A8 2% 94 &
of H&317] Agsit,

B
SER
7

2
L

= B
st EF
€

o
N,
1*

]

gl

~Nofo

ngo
21 a2

[ R S T
-|o

o, J}m rSL'
ol

2. HSFEC

Hia Y& A89EE 2] 95 $48 2590 2
ARy 9= N+l A ZE 42 S FAE

RAE N7 34*“‘:4 Hlwste] #HA MAD @& et
ojo Wa] HSFEC W¥2 &4 #ds Hato @477
ol sglel] sjgete HAdd gigd HA MAD #e 2



450

156

Block_num

354

Block_num

(c)
21 4 Lena FAS] BMA 2%: (a) 136-156HM £2 (b) 235-255HM 22 (c) 334-3p4tHu E2 (d) 433-453810 22
Fig 4. BMA distribution for Lena image: (a) 136-156th blocks (b) 235-255th blocks (¢) 334-354th blocks (d) 433-453th blocks

o @ AYAEE 27 da) oAy FAZS AXHA
F7+¢ 29Ul HSFEC whi &
o}

me 2= ol
ko
18
ok
g
o
oo

e B 1) T3 59 Zol, 2N+1 3719 B o 1 [-N/2, 0, N/2]0l
X £7] BAHo) Oigt 24 MAD @t Rerh

o O 2) B Holo] WYE Uio=2 ZO0|u O[MEAHOIM B FHa
MAD 22 2= HE ZMo= A4 MAD #S R=CH olm &
A Y W BAEZEe] A2l olde] Yoz Felct T2jn 3
el B CHst 24 MAD gtS Sorh B elel 7|7t
30] € W7R| Bt

e S| 3) B Ao U JHej B F H4 MAD ¢ s e FEY
El2] gixl= ZbFsi).

3
i
itieA

[
Ipr
a0}
e
Ju
lo
Hu
rlo
B
o
4o
rok
X
ol
oft
=
N,
==
lo
bt
b
n2
ted
i)
N

Block_num
Search_range

(d)

BTL Bt BTrR
-N/2 .0 N2
» A A o
a 4 itial check points
’ -N/2
> BMA [-N/2, 0, N/2]
BsL BB Ber

Boundary Pixel Lost Pixel

32 5 S S wHoiMel 27 S

a1 oH

Fig 5. Initial check points of the Hierarchical search algorithm



"4z 3L
AR

8}3l =2 20044 A9d AldE

-16 0 16
tep 1 - 1 n
.
\\\\

tep 2 ) | |

1
tep 3 | | i | |

AY

\

tep 4 ﬁ

Search Window B Check Pattern

T2l 6, N=16% ZS HSFECS] HIE B diy
Fig 6. An example of HSFEC's Hierarchical search in case the damaged
block size is N=16

¥ 6ME &Y BEY A717t 169 A% AS
4 g olgste] ARANE Ao A5 weiFe m
A9l dolla 971 HAdo the MAD 948 Ea)] e
HE 2% & Adve 48 4+ A

A% g4 e B9 Frjd wet 3 HA GAE

Aelsty 139 dA 7t EAsty zk dAnin} 28)9] MAD
Axtol HohE & 4 qlrh weEtA A ‘%‘“d"ﬂ*i% 5

2L+13 9] MADG Aol 2059, o] L& 2] (6)M
BRI ATk 9] Aol wme 1110}3} H 8><8§L7]«]
E5Z 78], 16x1627]1¢] BF9 F9l= 98¢] MADY
Ao g FREE 7% JE}

L = log,N (6)

3. EHSFEC

HSFEC wWiolA Alorgt AZEA s A3
16x16 2719 £59] 75 APAHE =t 999 MAD
Astel Postgck 18d AZHE4 2iA dAE 74
Fogd HA dA £E Y £ Ao HSFEC ¥iEe
AR WEel of WHE AT B 7Nk &3
¥& oF 24wy (EHSFEC: Efficient HSFEC)"2Hx
gt

EHSFECY AZ g4 eAe ol dAdA 2
i MAD 39 H4A3 g4 el gads A4z F
E‘r’\] # HA9 AA7} 2E 7 HSFEC W9 ZﬂW

AE A& . ot HSFEC Y § tie

] ] F7ksHA fok

“0|F 4 MAD H&lo| B Helo Jh2ro) A2 FP ITA=

[

o’

451

16 0
tep 1 | | L | |
]

tep 2 | | ‘ n

tep 3 i

21 7 N=162 ZS EHSFECY H[E St aiw
Fig 7. An example of EHSFEC's Hierarchical search in case the
damaged block size is N=16

16

-

J% 7& EHSFECY AF B4 WS BoF “3} o}
# oM EHSFECY AF @4 lﬂri} Z 789
MAD o2 APHHE 23S ¢ o+ Utk HSFECY 7
S+ g Qdoel A717t 1694 A 34 9He MADAAo]
HQa&pA T, 22 7% EHSFECY A% ¥4 W< A3
9, 294 2AGNA oA Ha MAD @& ZE g4 g4
Bl shede 9& A9 vE 3EAR 7HEA "A MAD
A ?&*’Fa ?4 T AdTh 18 79 <oA= EHSFECH
EEE 224 239 MAD |A8E sttt

EHSF (o) Ho dx £HE 2PAE A7 HsiMe
A& 299 GAE Ak @k webd EHSFECS AF
FAEE 2 739 MADG4e] E 83t

V. &%

ot

k-

Alte Hhel digk Ade A2 512x5123719] "Lena”,
"Barbara”, "Couple” & 37FA] g4t ZL3lo] o]Foj Ak
HSFEC W, EHSFEC #. Hsia®) Wi 72} AR}
el APHE S FEd Q3 MAD Q43S v 23
th ¥ 2& HSFEC ‘”%“’ Hsia®g 3} vlwste 49 &
29| 717 8U A oF 24w, 169 Aol oF 36w

T 2 HOIEh wh Hoig el R A| 8t 28 © A5= MAD A
Algh B (Mg LENA)

Table 2. Comparison of computation complexity between the proposed
algorithm and Hsia's in term of the number of MAD operations per one
damaged block. (test image: LENA)

2F 244Uy =59 37| (88) | 59 37| (16x16)
Hsia's F{r4 1056
HSFEC 112 288
EHSFEC 112 224




452

Abgro] Atte AL HoFEth w3 EHSFECY 7S o)A (Peak Signal-to-Noise ratios) ZHellA B3 Ro|t}

A AL Hsiad Wi vlzsle &9 229 37171 169 Hsia W& o5 71 #HZ Atd ol 7b¢ £

7ol H 478 WETE o 7)o)A EHSFECP/] o] A& 9 PSNRE Ho)1 9}@“”, X 404 = Hsiagl w3} )

ASE 42 MAD 32 73 MAD Q42 g A= 7H Lotk T WS PSNR SHoA vz 433 3714

X M 71E9 oF 29dyd ulg 328 PSNR
F 4. HsiaQl dhn} XioksH Bhdol PSNR blm, (EH): dB)

B3 A%H 5 2F 24uo| PONR H|m[8], (HH9l: dB) Table 4. Comparison between the proposed algorithms and Hsia's in
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Fig 8. Test result for LENA: (a) Original image, (b) Damaged image, (c) Hsia's and (d) HSFEC



W 283 =2 2004 A9A A43

o] isted &8 Azt PSNR FHoIA 37k o] &
AIE Bl 288 o & ok AN ARske Yue
71%9] Q—"TET \__ tlt} '50“}\:1 7}0 ?1_ PSNRH E.O%

& & 9ln 18 sANE A%E B850 957t 47 49
Gyol MY WEI Hsad WHES A2 489 dHE
NZAHoE BelFT gk oY Ae e HSFECS
483908 EHSFECS 43t A24e sdael7t 2
A g,

QRAH olstel, AHE PAS Hoiadl W3 vizs)
20 S 259 277 16463 A9, ATAHE 2
S 92 QUFS g E7t 33, N5e 84S B

_]

V.2 B
BAYY EE Nge e Qs dYe 257}
TSR RE R Ggel ) mEd A9 AR

#

[+

A EAsks Aol ole olgn olgh e AS-E 9,

Hsia7} Zﬂohﬂ °

Hl«AcE 3l QHE ,1_.?.@ 9
B ‘=‘=o1m‘- A% &4

LIV ST

i HSPE(,QJr EHSFECE
BES Rese

BE 72
1 [}
W] & H“Pi?ﬂ = o)t HSFECY 7% Hsia®l W
B} AT A dAsteute] Yoy HYW it
H&atdry E§ EHSFECE MAD dAbe

<2003 23 . A2UStW MXEEE
- 20034 33 ~ $xf - ZROEw MK
- A0}

Tl =T

Z3in}

olx
[SES)

(8HAD)

Error Concealment, HIC|

453

HSFECEY o &7 249 + lor 82 A4 Hsiad
W3 vy 23S ok whebA Ak PES A
TS AT Baslele 4% MHA 4 AL AL

¥4 7 i

ol

it

s

[1] G. KWallace, "The JPEG still picture compression standard,”
Commun, ACM, vol. 34, no. 4, pp. 3044, Apr. 1991,

[2] G. Cote, B. Erol, and F. Kossentini, "H.263+: Video ccding at low
bit rate,” IEEE Trans. Circuits, Syst, Video Technol., vol. 8, pp.
849-866, Nov. 1998,

[3] P. Salama, N. B. Shroff. E. J. Coyle, and E. J. Delp. "Error
concealment technique for encoded video streams.” in Proc. Int.
Conf, Image Processing, vol. [, Oct. 1993, pp. 912,

[4] Y. Wang and Q. Zhu, “Signal loss recovery in DCT-based image
and video codes,” Proc. SPIE,vol. 1605, pp. 667678, Nov. 1991.

[5] H. Sun and W. Kwok, “Concealment of damaged block transform
coded images using projection onto convex set,” IEEE Trans.
Image Processing, vol. 4, pp. 470477, Apr. 1995,

[6] J. W. Park and S. U. Lee, "Recovery of corrupted image data
based on the NURBS interpolation,” IEEE Trans. Circuits Syst.
Video Technol., vol. 9, pp. 10031008, Oct, 1999,

[71 W. J. Chu and J. J. Leou T“Detection and concealment of
transmission errors in H.261 images.” IEEE Trans. Circuits Syst..
Video Technol., vol. 8, pp. 7484, Feb, 1998

[8] S. C. Hsia, "An edge-oriented spatial interpolation for consecutive
block error concealment,” IEEE Signal processing letters.vol.11, no.
6. June 2004, pp. 577580.

[9]1 B. Furht, J. Greenberg and R. Westwater, Motion Estimation
Algorithms for Video Compression, Kluwer Academic, 1997.

re

AARY
A|AE]

=



454

2
>
g
o
e
b
e
e
d
to
E
rlo
L
tijo
Ho
o
X,

>

ofs

I

=i}

X R A AN

S

+1993 28« LROHEL MARZSH EY (S8
- 1995 2@ - BROEtW MASEY Y (FEMAD
H

- 20004 28 - WROHEM MAIZSIY (SELAFER)

- 2000 3 ~EAY - SUOIRICHE D EHUEE Y HALAL
2001 3E~ERY ¢ ) £ CREO|AF

- =S Eets FslY, MPEGER &

- TEAEO | DMBAIAE, DTVAIAE, CIXIE M52

- 1980 28 ¢ MBCHEID MALSSHR SH(S8AD

- 19824 22 @ MB0istn MXSEI s E(SeMAL

- 1988 58 : DI= Syracuse University 7 (/ZIFE{ZSI SQU(ZEHAL

- 19824 38 ~199244 8 : SIENXIEAINTY 2R(YE/DC|{AHTA AR
- 19861 72 ~19863 83 : NSF Supercomputer Center =& &HH4TS)

- 198744 521 ~19881 5% : Northeast Parallel Architecture Center SHHOITR
- 19924 33 ~19921 82 : SHETHsin AFEHIEHT dAnsr

- 19924 93 ~5KY ¢ ARHER MALZER W (HE|OICo{HFA)

- 20044 9~ L2CHED AERRCH VIA-Multimedia Center MIE{Z

- 200249 38 ~FAY . SC29-Korea &AL MPEG Forum 2|z

- FEME0F 8|02 HOJH Mz, b2 T ALY, 02 ¥ BMeHE, HE|O|CI0A| A

Y

1981 28 - MECHED MALZS SY(&AD

- 19834 8¢ - SFEEY|ER MY ¥ MASEI FEA(MAD

- 198617 82 : SRS Y| Y MAISE EA(EAD

- 198611 98~19914 48 : 0|= University of California, Irvine ¥3Zm4
<1991 42~19924 88« M7 |SHTH HAMEHE Rus

- 19924 92~8AY ¢ Z2HED MI|Zstn ng (LUSH|ATA)

- 20018 98~20024 8& : O|= University of California, Irvine 242401784
- 20044 98~SIA) - Z20hstn MBI ViA-Multimedia Center

- 198914 : Sylvia Sorkin Greenfield Award &

- 199749 ¢ (RS2 ZHMAL At

- FRAEOL (CIRIR AISHE|, BA E, FAAAY



