O630p MeTOAOB

obHapyxeHusa oumbok B
!'_ BUaeo

Kupa ParynumHa

Video Group
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GRAPHICS & MEDIA LAB
VIDEO GROUP

i CoaepxaHue

= BBegeHue
= [10CTaHOBKA 3a4a4u

= O6nacTb NpMMeHeHus
= [1pobnembl
= Knaccmopukaums anroputmos

=  AIrOpUTM, OCHOBAHHbIN Ha DCT-koadhdurumneHTax
=  AIropuTM, MCnonb3yrowmm obyyeHme

= Anroput™m gnga JPEG

= Anroputm moamdukaumn H.263

= AnroputMm gnsa SISO

CS MSU Graphics & Media Lab (Video Group) 2/85



i [l0OCTaHOBKaA 3a4a4un

[11a 3a4aHHOro BM3yanbHOIo KayectBa Ha
CTOpPOHE nony4vaTtens HauTn Hanny4dLnm
cnocob (C MeHbLUeN NPONyCKHOU
CNOCoBbHOCTbIO, MEHbLLEN 3aAepXKKoun, bonee
3 PEKTMBHbBIN) NepeaaTb BUAEO CUrHan,
MCMOJb3ys 3alMTy OT OLNOOK, ncrpaBneHmne
owmnboK n/mnn MmackmpoBaHue oLnboK.

CS MSU Graphics & Media Lab (Video Group) 3/85



PacnpocTtpaHeHne owmnbKu

I-—_ e

[ — —

4/85
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i Ob6nactb NpUMEHEHUS

= [loTepsa aaHHbLIX Npu nepeagaye yepes
NpoBOAHbLIE KaHabl

= [loTepsa aaHHbLIX NpU Nepepayve yepes
CNYTHUKOBbIE KaHaslbl

5/85

CS MSU Graphics & Media Lab (Video Group)



i ObLwme npobnembl

= [loTepa 3aronoBKoB M CUHXPOHMU3ALNK

= C/IOXKHOCTb onpepeneHne TOYHOro Mecrta
OLINOKHU

= PacnpocTpaHeHne owmnbKu

= [lepegaya B peasnibHOM BPEMEHMU U BbICOKOM
KayecTBe

= [lpoTnBOpEUMBOCTb TpebOBaAHNU

6/85

CS MSU Graphics & Media Lab (Video Group)



Knaccupukaums anropmtMoB

GRAPHICS & MEDIA LAB

obHapyxeHust oLLnboK

= AnFopuTMbl, UCNONB3YIOLWME NPENMYLLIECTBA CMELMANIbHOrO METoAa KOANPOBAHUS
AN CTPYKTYpPbl cUrHana (CMHTaKcMYeckme MeTobl)

= HeyHuBepcanbHble
= TpebytoT 60MbLUEN MPONYCKHOM CNOCOBHOCTM ANs nepeaayu
= Haxoasat paneko He Bce OLWnbKK

= HeTtouHo onpenenstoT Mecto ownbku, NMbo obnaaatoT 60MbLION BbIYNCINTENBHOM
CNOXHOCTbIO

= [1noxo paboTatoT npm YacTbix owmnbkax (Bbicokun BER)
= ANropuTMbl, UCNONb3YOLLME AOMOMHUTENBHYIO MHpOpMaUUIO (BOASIHbIE 3HAKN)
= HeyHuBepcanbHble
= TpyaHo nogobpaTbh XOPOLUMIN BOASHOM 3HaK
= TpebytoT 60MbLUEN MPONYCKHOM CNOCOBHOCTM ANs nepeaaym
= ANroputMbl, UCNOJb3YIOLWME NOBTOPHYIO Nnepeaadvy
= He npuroaHbl Ang npunoXeHui peanbHOro BpEMEHM
= Co34aloT 3afepXXKu nepenaun
= ANropuTMbl, UCNONb3YHOLWME N3ObITOYHOCTb BUAEO CUrHANa
= YHMBEpCasbHbI
= Mcnonb3yloT NpOCTPaHCTBEHHYIO, BPEMEHHYIO, YACTOTHYIO M36bITOYHOCTb

CS MSU Graphics & Media Lab (Video Group) 7185



GRAPHICS & MEDIA LAB
VIDEO GROUP

i CoaepxaHue

= BBegeHue
= [10CTaHOBKA 3a4a4u

= O6nacTb NpMMeHeHus
= [1pobnembl
= Knaccmopukaums anroputmos

=  AIrOpUTM, OCHOBAHHbIN Ha DCT-koadhdurumneHTax
=  AIropuTM, MCnonb3yrowmm obyyeHme

= Anroput™m gnga JPEG

= Anroputm moamdukaumn H.263

= AnroputMm gnsa SISO

CS MSU Graphics & Media Lab (Video Group) 8/85



ANropuT™M, OCHOBAHHbIW

GRAPHICS & MEDIA LAB

Ha DCT-KoadpdpuumeHTax

=  O6HapyxeHune
= VCL ypoBeHb

JexkoanpyeT cnosa. Ecnu BcTpedaeTcs HeaonycTMMoe uim

3ape3epBUPOBaHHOE C/TIOBO WU/ CNIOBO C CMHTaKCMYECKOW OWnOKOoN,
TO OHO W CNAUC, B KOTOPbIN OHO BXOAWUT, MOMEYAETCH KakK OLIMOOYHbIN
N BKJIIOYAETCH cneayowmm ypoeHb. Ecnn BCTpeyaeTcs cTtapT-Koa,
TO TaKXXe BK/IHOYAETCH CneayoLwmn ypoBeHb.

= YPOBEHb CUMHXPOHM3ALUN
NweT 6anT, COOTBETCTBYIOLLMA CTApT-KOAY.
= YPOBEHb AaHHbIX

= BoccTtaHoBneHue
= KonupoBaHue 13 npeabiayLliero kagpa

DCT Coefficient-Based Error Detection Technique for

Compressed Video Stream., K. Bhattacharyya, H. S.
CS MSU Graphics & Media Lab (Video Group) Jam:dagm-, 1EEE, 2000. ryy 9/85



ANrOPUTM, OCHOBAHHbIN 7
Ha DCT-koapduumeHTax ==

= YPOBEHb AAHHbIX

[IpoBepsieT nHAnBUAYyanbHble 6/10KM HA aHOManNuw,
CunTaeT n3MeHeHne cpeaHen sHeprum y 4 cocegHux B
kKaape 6510k0B, ecnu oHa 6onble nopora T1, TO
npoBepsieTcs Hannume rpanunl, B 651oke. Ecnn B 6510Kke HeT
rPaHuLL, TO OH MOMEYAETCA KaK coAepKaLlmm oLInbKy.
Ecnu ecTb rpaHnubl, TO CHUTAETCH UX INTaBHOE
HanpasneHue. [lanee cpaBHMBAETCS U3MEHEHUE SHEPTUU
6noka No HanpaBNEHUIO 3TOM rpaHnLbl. Ecnn oHo 6onbLue
nopora T2, 6510k NOMeYaeTcs Kak coaexalumn owmnbky.

= T1=150,T2 =50

DCT Coefficient-Based Error Detection Technique for

Compressed Video Stream., K. Bhattacharyya, H. S.
CS MSU Graphics & Media Lab (Video Group) Jam:;agm-, I,__-,'__-,__-/ 2005_ ryy 10/85



ANropuT™M, OCHOBAHHbIW
Ha DCT-koadduumeHTax ==

= YPOBEHb AAHHbIX

= M3MeHeHune cpepgHen sHeprm — nameHenme DC
DCT-K03(p®PunLIMEHTOB SPKOCTM 610KOB.

« OnpepeneHue rpaHunubl B 6510Ke — CpaBHEHUE
6r0ka ¢ 8 ee cocegHMMKN 6/10KaMU:

3 3
A=) ) IR

u=0wv=0

= OnpeneneHve HanpasneHUs rpaHuLbI:
tang = Fl},l."lrFl_.l}

DCT Coefficient-Based Error Detection Technique for

. . . Compressed Video Stream., K. Bhattacharyya, H. S. 11/85
CS MSU Graphics & Media Lab (Video Group) j3madagni 1££E, 2000.



‘L XapaKTepuUCTUKN

= OyeHb ObICTPbIN aNropuUTM
=  OyeHb NPOCTON anropuTMm

= [lpuMeHUM anga kogekos, ncnonb3yowmnx DCT
npeobpasoBaHue

DCT Coefficient-Based Error Detection Technique for

. . . Compressed Video Stream., K. Bhattacharyya, H. S. 12
CS MSU Graphics & Media Lab (Video Group) Jam:dag,,,-, IEEE, 2000. i /85



GRAPHICS & MEDIA LAB
VIDEO GROUP

i CoaepxaHue

= BBegeHue
= [10CTaHOBKA 3a4a4u

= O6nacTb NpMMeHeHus
= [1pobnembl
= Knaccmopukaums anroputmos

=  AIrOpUTM, OCHOBAHHbIN Ha DCT-koadhdurumneHTax
=  AIropuTM, MCnonb3yrowmm obyyeHme

= Anroput™m gnga JPEG

= Anroputm moamdukaumn H.263

= AnroputMm gnsa SISO

CS MSU Graphics & Media Lab (Video Group) 13/85



ANropuTM, UCMOb3YOLUM

i obyyeHune

Knaccndpukaums owmnbok: ncrionbsyet Mean Option Score

Distortion Level (DL) |Description
0 Uncorrupted/Imperceptible

Perceptible but not annoying

Slightly Annoying
Annoying

Very Annoying

ENHANCING ERROR RESILIENCE IN WIRELESS
TRANSMITTED COMPRESSED VIDEO SEQUENCES

] . . THROUGH A PROBABILISTIC NEURAL NETWORK 14/85
CS MSU Graphics & Media Lab (Video Group) CORE, Reuben A. Farrugia and Carl J. Debono,2007.



ANropuTM, UCMOb3YOLUM
obyyeHune

GRAPHICS & MEDIA LAB
VIDEO GROUP

: MB under Neighborin
CxeMa anroputma: | Previous MB Test ?was ’

Feature Extraction

‘ Feature Vector

Good MB: i

4—1—

¢B2d MB ’

Classifier

Proposed Error Detection Algorithm

____________ 'ENHANCING ERROR RESILIENCE IN WIRELESS
TRANSMITTED COMPRESSED VIDEO SEQUENCES

] . . THROUGH A PROBABILISTIC NEURAL NETWORK 15/85
CS MSU Graphics & Media Lab (Video Group) CORE, Reuben A. Farrugia and Carl J. Debono,2007.



ANropuTM, UCMOb3YOLUM

i obyyeHune

= XapPaKTEPUCTUKMU:
= [IpOCTpaHCTBEHHbIE

= AIDB - cpegHasa pasHuua Mexay rpaHuuamu
cocegHux MB

= JAID - cpeaHsas pasHuua Mexay rpaHnuaMmn 6510K0B
B MB

= IAID, 4 - CpeoHasa pasHuua Mexay rpaHumuamm
6nokoB B MB B pacyeTte Ha 6510k

= SED mexay MB Tekyliero v npeabiayliero kagpa

= ISED — max SED mexay 6nokamm B MB TekyLLlero u
M peﬂ.bm.yu-le ro KaﬂmﬁCING ERROR RESILIENCE IN WIRELESS

TRANSMITTED COMPRESSED VIDEO SEQUENCES

] . . THROUGH A PROBABILISTIC NEURAL NETWORK 16/85
CS MSU Graphics & Media Lab (Video Group) CORE, Reuben A. Farrugia and Carl J. Debono,2007.




ANropuTM, UCMOb3YOLUM
obyyeHune

= XapPaKTEPUCTUKMU:
= YacTtoTHble

'-F . dlspat ’ dZSpatl d35pat_ CyMMbl
:F:GD KO3 PULMEHTOB, PacnoNOXKEHHbIX MO
B BEpTUKANN, AnaroHaan v ropnsoHTanu
B coceaHux 6nokax MB
- dlspatl d3spat_ PasHWLa CyMM
KO3 MULIMEHTOB, PaCMOIOXXEHHbIX MO
BEpTUKaNn 1 ropnsoHTann B MB u3

® 2. TekyLUero v NpeablAyLIEro Kaspos

ENHANCING ERROR RESILIENCE IN WIRELESS
TRANSMITTED COMPRESSED VIDEO SEQUENCES

] . . THROUGH A PROBABILISTIC NEURAL NETWORK 17/85
CS MSU Graphics & Media Lab (Video Group) CORE, Reuben A. Farrugia and Carl J. Debono,2007.



ANropuTM, UCMOb3YOLUM
obyyeHune

= BuHapHbIN KnaccndbukaTop:
= Bbluncnsaer Beca KOMMOHEHT BEKTOpPa
= Mcnonb3yeTt obydeHne — 500 BEKTOPOB Ha K/acc
= PaccMaTtpuBanoch 3 knaccupukaTopa:
= JInHenHbIN KnaccndbukaTop duiuepa

= HenpoHHas ceTb ¢ 06paTHbIM pacnpoCcTpaHEHNEM
OLLINOKMU

= BeposATHOCTHas HEMPOHHAs CETb

ENHANCING ERROR RESILIENCE IN WIRELESS
TRANSMITTED COMPRESSED VIDEO SEQUENCES

] . . THROUGH A PROBABILISTIC NEURAL NETWORK 18/85
CS MSU Graphics & Media Lab (Video Group) CORE, Reuben A. Farrugia and Carl J. Debono,2007.



ANropuTM, UCMOb3YOLUM
obyyeHune

= BeposATHOCTHas HEMPOHHAs CETb
x1 - w3 XN

Decision Units

ENHANCING ERROR RESILIENCE IN WIRELESS
TRANSMITTED COMPRESSED VIDEO SEQUENCES

] . . THROUGH A PROBABILISTIC NEURAL NETWORK 19/85
CS MSU Graphics & Media Lab (Video Group) CORE, Reuben A. Farrugia and Carl J. Debono,2007.



GRAPHICS & MEDIA LAB
VIDEO GROUP

i Pe3ynbTaThl

= Kopek H.263++, BER 1.31E-03

Classitier Average Class  Rate
AIDB 0.4413
Spatial Feature 0.6100
Fisher LDA 0.7480
Probabilistic NN 0.9216
Backpropagation NN 0.9080
Video Sequence PNN DL PNN BPNN
Erik 0.9394 1 0.5517 0.7241
Silent 0.9574 2 0.8454 0.7938
Akiyo 0.9360 3 0.9091 0.8751
Football 0.9302 4 0.9336 09231
Tennis 0.9333 ENHANCING ERROR RESILIENCE IN WIRELESS

TRANSMITTED COMPRESSED VIDEO SEQUENCES

] . . THROUGH A PROBABILISTIC NEURAL NETWORK 20/85
CS MSU Graphics & Media Lab (Video Group) CORE, Reuben A. Farrugia and Carl J. Debono,2007.



GRAPHICS & MEDIA LAB
VIDEO GROUP

i CoaepxaHue

= BBegeHue
= [10CTaHOBKA 3a4a4u

= O6nacTb NpMMeHeHus
= [1pobnembl
= Knaccmopukaums anroputmos

=  AIrOpUTM, OCHOBAHHbIN Ha DCT-koadhdurumneHTax
=  AIropuTM, MCnonb3yrowmm obyyeHme

= Anroput™m gnga JPEG

= Anroputm moamdukaumn H.263

= AnroputMm gnsa SISO

CS MSU Graphics & Media Lab (Video Group) 21/85



ANropuTM BOCCTAHOBIEHUSA &3
onga JPEG

=  O6HapyxeHune olnboK B Cr1IoBax rno Koay
=  Ob6Hapy>keHue owmnboK no YacToTHON MHPOPMaLMM

= CpasHuBatoTca AC KO3 dULMEHTbI paHra K coceaHux
610K0B, XOTS O6bl OAVMH AO/MKEH ObITb MOXOX
= Ob6HapyxeHne ownbok No NPOCTPaHCTBEHHOM
MHOpMaLIK
= MacknpoBaHue ownbokK

] ] . Error detection and concealment in JPEG Images, 22/85
CS MSU Graphics & Media Lab (Video Group) M.Abdat, Z.Alkachouh, M.Bellanger,1995.



‘L Anroput™m ana JPEG

=  O6HapyxxeHune owmnbok No YacTOTHOWN MHPOPMaLIMK

= KoadhdpumumeHT owmboyHbIn, ecnu
|BC{k)| > {_-m.a.;t* |:_|B; Uﬁ')l j |B—t|ik')| j |Bﬂ|f_k‘)| j |Btr|:_k')|) + 1)

m WU
|Bo (k)| < 5 (min(|Bi(k)|, |B:(k)|,|Bulk)|, |[Bir(k)]) + 1)
{
By Btft By
; - Current Block
Bl o | B,

Error detection and concealment in JPEG Images, 23/85
CS MSU Graphics & Media Lab (Video Group) M.Abdat, Z.Alkachouh, M.Bellanger,1995.



i Anroput™m ana JPEG

=  Ob6Hapy>xxeHne ownbok nNo NpocTpaHCTBEHHOM
MHOpMaLK
= B1, B2 — 2 6noka c obwien rpaHnuen
= M1, m2 — cpeagHaa apKoCTb rpaHu 6nokos Bl, B2
= 01, 02 — Aancnepcms spKoCcTu rpaHul, 6s1okos Bl, B2
= CpaBHeHue 6/10K0B - aaanTuBHbIM nopor ang t:

. ,
t=72 where o4 = :

T | 2
tihreshold = tm (last correct block) + 1,

tm (last correct block) t Anst nocneaHero BepHo

aekoanposaHHoro 6noka
_ . (: .
to??t T 2 ' ”)2 Error detection and concealment in JPEG Images, 24/85
CS MSU Graphics & Media Lab (Video Group) M.Abdat, Z.Alkachouh, M.Bellanger,1995.



‘L Anroput™m ana JPEG

= MackupoBaHue owmnboK

= DC koadpduumneHT — cpeaHee coceaHmnx DC
KO3 PULMEHTOB

= AC koa3ddpuumneHT paHra k — nutepnonaumsa 8 cocenen
{-m.a.;t‘a.bs {B; {fﬁ' ), By {k‘ V) + maxabs |:B—“‘ Uﬁ' ), B, rli]ﬁ') )

B.(k) =
| 2

By

Current Block

Error detection and concealment in JPEG Images, 25/85
CS MSU Graphics & Media Lab (Video Group) M.Abdat, Z.Alkachouh, M.Bellanger,1995.



i Pe3ynbTaThl B

= PSNR 3-4dB

T T T I T T T T T
ssL ... Conventional Baseline JPEG Decoder —
) Robust Baseline Decoder ——!
45 W 1
— 40 —
e :
=z . R
= 33 |
Z :
ﬁ 3{} i T T _
20 | A
15 | : AN
. |/ Y
1{} 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
le-05 0.0001 0.001
Bit Error Rate
Error detection and concealment in JPEG Images, 26/85

CS MSU Graphics & Media Lab (Video Group) M.Abdat, Z.Alkachouh, M.Bellanger,1995.



GRAPHICS & MEDIA LAB
VIDEO GROUP

i CoaepxaHue

= BBegeHue
= [10CTaHOBKA 3a4a4u

= O6nacTb NpMMeHeHus
= [1pobnembl
= Knaccmopukaums anroputmos

=  AIrOpUTM, OCHOBAHHbIN Ha DCT-koadhdurumneHTax
=  AIropuTM, MCnonb3yrowmm obyyeHme

= Anroput™m gnga JPEG

= Anroputm moamdukaumn H.263

= AnroputMm gnsa SISO
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ANropnTM MoamduKaunm

i H.263

= [lpegHa3HayeH ans cnanc-CTpyKTypUpPOBAHHOIO peXuMa
NoTOKa

= [Ipobnema: npu notepe 1 nnm 6onee MB B cepeanHe
cnanca CTaHOBUTCS HEBO3MOXHO AEKOAMPOBaTb OCTATOK
cnanca.

= AIropuTM peluaeT 3Ty NpobneMy nyTeM He3HaYUTENbHOM
MoaMduKaumn rnoTokKa

= Moandukaumsa 3aTparmBaeT ypoBeHb MB 1 cnancos

Error Detection and Correction in H.263 coded video »>g /85
CS MSU Graphics & Media Lab (Video Group) over wireless network, £.Khan, H.Gunyji, S. Lehmann

maemed B ML sae e s ™A N A



ANropnTM MoamduKaunm
H . 2 6 3 S

Proposed error detection

[ | CxeMa an rOpMTMa . and correction

|

|

|

_ VLC ) Erroneous Step-by-step Conce- |
> decoder > o eTse » Dct —» Macroblock |~ Decoder W alment [ >

Quantisation | |

| Detector !

| |

: A : |

| | 1 |

!_______I___-_'_::__:::__::_J ________________ JI

> Motion - Frame |4
Compensation Store

] ] ] Error Detection and Correction in H.263 coded video »q /85
CS MSU Graphics & Media Lab (Video Group) over wireless network, £.Khan, H.Gunyji, S. Lehmann

maemed B ML sae e s ™A N A



ANropnTM MoamduKaunm

i H.263

= Moanopunkauus noToka:
= YpPOBEHb C/1ANCOB:
s SSTUF — nameHsaeTcq

= LQUANT (nocnegHss nHdopmaumnsa KBaHTan3epa)
nobaensieTcs

= LMVV (3HaueHune nocnegHero MV) pnobasnsercs
= YypoBeHb MB:
= nporHo3 MVD (pa3Huua MV) nobasnsiercs

Error Detection and Correction in H.263 coded video 3 /85
CS MSU Graphics & Media Lab (Video Group) over wireless network, £.Khan, H.Gunyji, S. Lehmann

maemed B ML sae e s ™A N A



ANropnTM MoamduKaunm

i H.263

= [unbl
m He
on

m BeE
on

MB npu ownbke nepenayn:
aekoaupyembie MB

DEAENAIOTCA NPU AEKOAMPOBAHUM Cllanca
DHO Aekoaupyemble MB

DEAENAIOTCA Nocie AeKoANnpoBaHUA cnanca

= Koampyemble, HO C onbkammn MB
OnNpeaensatTcs Nocne AEKOANPOBAHUS Clanca

Error Detection and Correction in H.263 coded video 31/85

CS MSU Graphics & Media Lab (Video Group) over wireless network, £.Khan, H.Gunji, S. Lehmann

maemed B ML sae e s ™A N A



ANropnTM MoamduKaunm

i H.263

= [lpn pekogmpoBaHuMn cnamca MB nomedaeTcs Kak

Heﬂ,eKOﬂ,MpyeMbIVI N 3alOJIHAETCA CepbiM, eC/ln

= HeBepHbiK VLC koa 06Hapy»eH

=  MHOpPMaUns KBaHTaM3epa BHE AOMNYCTUMOro Anana3oHa
= HeBepHbi INTRA DC ko3dhdpuumeHT 06HapyXeH

= noteps TCOEF c ypoBHeM 0 obHapy»xeHa

= KO3DULMEHTbI AOCTUINN NEPENONHEHUS

= MV ccbinaloTca BHe Kaapa

= [pn pexkoampoBaHun cnanca MB nomevaeTcs Kak

KOANPYEMbIN, HO COAEPIKaLLUK OLIMOKY, ecnu

= YUCNo BMTOB, NCMONb30BAHHbIX NMPU AEKOANPOBaHMN cnanca, bonblue
ymcna 6uToB B crance

= MHDOPMaums KBaHTan3epa B nocneaHeMm MB otnnyaetcsa ot LQUANT

cs MsB GraM I RMGAHSEAIREPAURAB AT G RO IV SRCT CrEdS, M o 3/85

maemed B ML sae e s ™A N A




Anroputm Mogudukaumy  £@
H - 2 6 3 A ibe0 aRoup

= [1n4 BbigBNneHMe noBpexaeHHbIX MB ncnonb3yloTca cneayowmne Mepsbl
NMNOXOXXECTU:
n MB xapaKTepucTUKu
n rpaHuua MB
=  CpeaHee 3Ha4yeHue MB
= XapPaKTepUCTUKW BHYTpPeHHUX 6r1okoB MB
=  BHYTPEHHsa rpaHuua
n rpaHuubl otaensHbiX DCT 6n1okos MB
=  cpeaHee 3Ha4veHne DCT 6nokos MB
= Kaxpas U3 XxapakTepucTuK BbIYUCNSIETCS U CPAaBHMBAETCS C abCOMIOTHBIM
/WM OTHOCUTESbHBLIM MOPOroM

= Ecnm oHa 6onble abcontoTHOro nopora, To MB nomMeyaeTcst Kak
coaepXkallmm ownbky

= Ecnun oHa 6onblie oTHOCUTENbHOro nopora, To MB nomMeyaeTcs Kak
KaHAMOAT Ha OWMBKY N NPOBEPSAOTCA OCTaNlbHbIE XapaKTEePUCTUKN

] ] ] Error Detection and Correction in H.263 coded video 33 /85
CS MSU Graphics & Media Lab (Video Group) over wireless network, £.Khan, H.Gunyji, S. Lehmann

maemed B ML sae e s ™A N A




Anroput™ moandukaumm  £g
H - 2 6 3 A ibe0 aRoup

= McnpasneHue

[lonycTnM pgexkoaep 3HaeT no3uumio nepBoro 6s10ka ¢ owmbkon (ecnm
OH €CTb B cnance). Toraa NpMMeEHSETCs anropuTM:

= [lekoampyeTtcs NpeawecTByoLlas 4acTb cnamnca

= YKasaTesNb YCTaHaB/IMBAETCS Ha 2 6UT nepBoro 610ka € oWnobKom

= OcTaToK crnaiaa, HaunHas C ykasaTens, NpoBepPSETCA Ha BO3MOXHOCTb
NEKOANPOBAHNS

= Ecnu oH HegekoaupyeM, TO K ykasaTtento npubasnsercs 1 out
u ﬂpOLl,ECC NpPoAOJIXKAETCA, NMOKA OCTATOK HE CTAHET BEPHO AEKOANPYEMbIM
Ecnn yncno BepHo aekogmpyembiM MB MeHbLle Konnyectsa MB B

cnavce, TO OHW BblpaBHWBAIOTCA CripaBa, NponasLlume MB
3anN0JTHAKOTCA CepbIM

[pouecc 3anycKaeTcs AN KaXkKaoro 0TMEYEHHOro crianca ¢ owmnbkomn

Kaap aexkoanpyeTcst € MOMOLLbIO TakoM npoLeaypbl, Noka HoBble

ncropyeHHsle MB He 6yayT o6HaeE)ey>g<MBaTbc;| . _
Error Detection and Correction in H.263 coded video 34 /85

CS MSU Graphics & Media Lab (Video Group) over wireless network, £.Khan, H.Gunji, S. Lehmann
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ANropnTM MoamduKaunm
H . 2 6 3 S

= (CxeMa MeToAa ucrnpaBneHus:

First erronecus macrobloclk

bounda Erronscus Macroblocoks
correct macroblocks rT e
I . T o e
_'-f '\-\ =
_—______ - -—_f__ _F-F_-F _-'d- \‘
___———____ ——— - —— - d_.f'- "‘_
e - - —_— - M,
s2lice T =T e - -
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Hon-decodakle bitstream

Hon-decodakle bitstream

Hon-decodakle bitstream

Hon-decodakle bitstream

Decodakble bitstram
(a)

N — —

stuffed
Macroklook Correctad Macroblocks
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Anroputm Mogudukaumy  £@
H - 2 6 3 A ibe0 aRoup

= MackupoBaHue
= [locne ncnpaBnenust B cnance ocraetcs xots 6bl 1 cepbit MB ¢ owwimbkom
= OH 3anonHseTcs nobbiM CTaHAAPTHBIM METOAOM MACKUMPOBAHUS:
= [lpoCTpaHCTBEHHbIM
= ana INTRA kagpos
= MeamaHa 8 cocegHux 6/10KOB
= BpeMeHHbIM
= anda INTER kagpos
= Npoctoe ME BpeMeHHOe MacKnpoBaHue
= MV MB c owmnbkon npupaBHMBaeTca meamaHe MV cocegHux 8 MB
= €C/IM COOTBETCTBYOWME MV HeaocCTyrnHbl, BMeCcTo Hux bepetcs 0

= CootBetcTBYtOWMKM MV MB npeapiayLLero Kaapa Konmpyercs B
TEKYyLWMN Kaap

] ] ] Error Detection and Correction in H.263 coded video 3¢ /85
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i Pe3ynbTaThl

= 'Salesman’, QCIF, 176x144, 4:2:0, 10 frame/sec, IPPPP...
= 64kbps, H.263

= KaHan BSC B 100 cocTosiHUAX

= PSNR no kagpy cknagbiBaeT 3 KOMMNOHEHTbl — CpeAHee Mo COCTOAHUAM
KaHana

= PSNR no Bnaeo cknagbiBaeT 3 KOMMoHeHTbl — cpeaHee PSNR no Bcem
KagpaMm M BCEM COCTOSAHUSA KaHana

Error Detection and Correction in H.263 coded video

over wireless network, E.Khan, H.Gunji, S. Lehmann
CS MSU Graphics & Media Lab (Video Group) .4 m.Ghanbari, 2001. J 37/85
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SALESMAN
32 I_'I T T T T T T T |

‘L Pe3ynbTaThl

conventional ——
proposed without concealment ---x---
; conventional with concealment ---%---

30 (5 proposed with concealment & -

PSNR (dB)
M
I
|

16 1 1 1 1 1 i 1 1 | 1 1 1 i 1 1 M 1
0.0001 0.001 0.01

BER
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GRAPHICS & MEDIA LAB
VIDEO GROUP

i CoaepxaHue

= BBegeHue
= [10CTaHOBKA 3a4a4u

= O6nacTb NpMMeHeHus
= [1pobnembl
= Knaccmopukaums anroputmos

=  AIrOpUTM, OCHOBAHHbIN Ha DCT-koadhdurumneHTax
=  AIropuTM, MCnonb3yrowmm obyyeHme

= Anroput™m gnga JPEG

= Anroputm moamdukaumn H.263

= AnroputMm gnsa SISO

CS MSU Graphics & Media Lab (Video Group) 40/85



i Anroput™ ansa SISO

= [lpnmeHsaeTca ana H.263
= [lpoueaypa obHapy>XeHns OLWnbOoK:

= CHa4ana ocyllecTBnsieTcss obHapy»XeHue owmnboK C NOMOLLIbIO KaHana
— MB, coaepxxalumne butbl C ManeHbKON BEPOSTHOCTbIO
npaBaonoaobus (Mo nopory), u Bce, CneayroLlmne 3a HAMK B Cnance,
OTMEeYaloTCAa Kak NoAo3puTesibHble

= bBnoku, copepxaline cMHTaKCUYeckme oWwmnbKn, 1 Bce, CreayroLLme 3a
HUMU B CJ1alice, OTMEYAIOTCS KaK cofepikallme ownbky. [ekoaep
OCTaHaB/MBAETCH

= [lpoBepseTca NoxXoXXecTb rpaHul, nogo3putenbHbix MB. Ecnn
CyMMapHasi pa3Huua npeBocxXoamT LIBETOBbIE NOPOrn, To 610K 1 BCE,
cnenyoLlme 3a HAMK B C/lance, OTMEeYaeTCsa Kak coaepXaLlmm
OLUNOKY

A Novel Bitstream Level Joint Channel Error

] ] . Concealment Scheme for Realtime Video over 41/85
CS MSU Graphics & Media Lab (Video Group) \yireless Networks, X.Ding, K.Roy, INFOCOM,2004.



‘L Anroputm ana SISO

= Mepa NoxoXXecTn rpaHunLy

D=> " |Bu[k,0] = B, [k, T]]
k=0

+ Z |Br1[;‘* 7} T Bﬂ—l—l[k? 0” B,:Egk
k=0

+ > 1Bal0,K] = Bu-p[7. K] 7
k=0

7 BbILIMCJ'IFIE'I"CFI B DCT

0611 acTi Block Slock Block

= [lopor ang kaxgaoro n-1 n 1

cnanca HageXXHo

nepegaeTca u %
OBHOBNAETCA NPU CMEHE CLIEH WM APYTUX CUMbHBIX U3MEHEHMUSX

A Novel Bitstream Level Joint Channel Error
. ] . Concealment Scheme for Realtime Video over 42/85
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i Anroputm anga SISO

= licnpaBneHne n MacKMpoBaHUE: CXeMa

Input
Bitstream Channelr Source
——m Dacoder with  f—— Decoder [ Error Detector

LLR Output
RS e S
I |
i Prgﬂ?ﬁig;m Normal Error ':
utput ‘ :
Outp _ : FrAsih Concealment i
— e w |
Processing | )ﬁy |
I |
|‘ Timer 1
i 1

[
I
|
I
|
|
I
I
|
I
I
|
I
|
|
I
|
I

A Novel Bitstream Level Joint Channel Error
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i Anroputm anga SISO

= WTepaTtmBHO paboTatowmii 610K UCNpaBieHNs/MacKMpPOBaHUS

S ey P e g Pt B o e s e -

Input : :
Bitstream — .

Error Bits . '

LLR | Guesser » Bit Toggler |

Infnrmatinr? ™ :

| |

| |

| |

| |

| |

Ouiput | Bnund:el & Decoder I

= I 7 watchang: [ Accelerator |

 O%7 Check |

| |

| Timer | !

| er I

R e A i Ul g o L M S |

A Novel Bitstream Level Joint Channel Error
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i Anroput™ ansa SISO

= [Ipeackasatenb 6uToBbIX OWMOOK BblaaeT N Hanbonee BEpPOSTHbIX
6UTOBLIX OLIMOOK Cpean NoAo3pUTesbHbIX BUTOB

= BuTOBBLIN NepekntovaTeNb NeEpeBOPaYMBaET bUTbl U3 NepeaaHHbIX eMy
COrMlaCHO HECKOMbKMM LabnoHaM 1 BblAAET pe3ynbTaT AeKoAepy

= [Jlekogep AekoanpyeTt uaMeHeHHyo 0bnactb (06bIYHO HEDOMbLLYIO)

= ConocraButenb rpaHu, oTbpackiBaeT BapuaHTbl NepeBepHYThIX BUTOB MO
Nopory, BblYNCNSAS pa3HuLy Mexay rpaHuuamMmn MB, octaenss obpasel ¢
min pa3HULEN

= Ecnun Bpemsa BbIWNO, @ MacKMpoBaHWE He 3aBepLUnIIOCh, TO Bbi3bIBAaEeTCH
TpaanuuMoHHOEe MackupoBaHue (NpocToe u BbICTpoe)

A Novel Bitstream Level Joint Channel Error

] ] . Concealment Scheme for Realtime Video over 45/85
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i Anroputm ana SISO

= Cpeau nopo3putenbHbIX OUTOB MOXKET BbITb OAMHOYHASA MW NaKeTHas
ownbka

= [loaTOMy npeackasatesb 6UToBbIX OWMOOK BbibMpaeT N HauMeHee

NpaBaonoAobHbIX BUTOB U3 TeX, Y KOTOPbIX BEPOATHCTb MpaBAonoaobus
MeHbLLUe rnopora

= Torga obnactb noncka pasHa ,N. [1ns cokpalleHns NpoCcTpaHCTBa Noucka
ncnonb3yetcsd 3 MeToAaa:.

= Pa3peneHne cnaunca Ha 3 obnactu
= [lpMMeHeHue npodunen noncka
= CaM anroputm noucka

A Novel Bitstream Level Joint Channel Error

] ] . Concealment Scheme for Realtime Video over 46/85
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i Anroputm ana SISO

= Pa3geneHuwe cnavca Ha 3 obnactu
= [lpumeHeHve npodunen noncka P,

icnonb3yeT NakeTHbIX XapakTep
noTepb, NpuaaBast 3Ha4YeHUs
OTAENbHBLIM 061aCTSM U
npeHebperas apyrmmm

= Cam anropntm noucka

ANIropuTM OTCEeYEHUS rPaHUYHbIX /] Less suspicious area
BETOK rpada, ncrnonb3yeTt ToT PaKT, . .
YTO €C/IU KaKoU-TO WaboH He B Highly suspicious area
Aekoaep OCTaHOBUIICA B CepeaviHe, Guard band
TO BCe KOAbl C TAKUM MpedunKkcom
coaepx<aT owwmnbKy, 3To WabnoH
oL VI6KVI A Novel Bitstream Level Joint Channel Error
Concealment Scheme for Realtime Video over 47/85
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i Anroputm ana SISO

Pa3pgenenune cnanca Ha 3 obnactu

P3 — TO4yka oCTaHOBa Aekoaepa
[yctb N1, N2, N3 — Konn4yecTBa npearnosiaraeMbix olMOoOK B 06n1acTsax
N = N1 + N2 + N3 oTpaxaeT HaAeXXHOCTb KaHana

[MpnMeHeHne npodunen noncka

OnpenensieT KonM4ecTBo OWKMOOK NMponopLNOHAbHO ASIMHAM
noaobnacren

BblgensieT nepsyto 1 BTOpYHO obnactu

. (P —P)-N
BbloensieT BTOPYIO M TPETbio 061acTu N1 = max(| PP ], 1)
BblaensieT nepByto U TPeTbIO 0bnactn ¢ N mﬂ(L(RL —P3) N 1)
ivy — L ;
(MHOrAQ BCTpeYaeTcs) ) Py— 1
. No = max(N — Ny — N3.0)

Boigensiet sTopyto 0611acTb

A Novel Bitstream Level Joint Channel Error
Concealment Scheme for Realtime Video over 48/85
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‘L Anroput™ ansa SISO

= Cam anroputm noucka
= LLabnoH ownbku:

Decoder stops here due to error

Y

c 1 0 1 0 0 0 O

Now decoder stops here

-

_

DecodTr stops after here

N guessed error bits{N=6)

11]0]0(1]10]1

Y
o011 1)1

Actually flipped bits

N\

Extracted view of the two combinations Forbidden combinations(x: don't care)
A Novel Bitstream Level Joint Channel Error

CS MSU Graphics & Media Lab (Video Group) Concealment Scheme for Realtime Video over
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ra Ermror Detection Fd
s decides P,, P,, P_. P, /

/ GRAPHICS & MEDIA LAB
VIDEO GROUP

r

Search Profile=1
Flip Combination Pattern=

Guess N possible error bits |
according to current Search
Profile N,. N_, N, ‘

-

Apply current flip
combination pattem to
toggie the bits

Profile stream,; syntax check Combination

Next Search \ Redecode the changed bit Next Flip

BM Check: also keeps the
one with the smallest
boundary difference

.

___Searched all 2%—__No
~——combinations?Z —

Yes
No
e - S

Py

___f—'f’ﬁé—&- all pa;itt-csn-\___ N_P,-th._;ome 56‘(5&\___
T profiles? __— ——_ _resuits? __—

— e R

l"yes ’| Yes

- Pass to ™ e N
(\‘ Normal EC ./ \ Cuupan .')

CS MSU Graphics & Media Lab (Video Group) Co_ncealment Scheme f(fr Realtime Video over 50/85
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GRAPHICS & MEDIA LAB
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Pe3ynbtathl (Foreman)

Segment 1 Segment 2
BER Frames 246,249, ... , 267 Frames 100,103, ... , 148
No Exrvox: 29 10 dB No Exrox: 29 13 dB
ECCP NMNMIVEC ECCP NMVEC
0.030% 28 o4 2057 27.7S 2121
0.035°%¢ 2T T 1922 27285 20.77
0.040%% 2531 18 00 2708 1837
0.045%20 27.76 1827 28 05 1928
0.050%0 2634 1796 2752 1812
0.055°2o 2833 1740 2784 1916
0.060%0 25.73 1828 2709 17904
0.065% 2604 1722 27T S6 1732
0.070%% 28 .69 1S 05 2752 18 54
0.075%6 23 84 1700 2631 1735
0.080%¢ 25906 16.78 26.72 1587
0.085°% 2402 1732 26 85 1634
0.090% S 83 16 45 2603 17 46
0.0952, 2511 1681 ZS 0S5 1632
0.100%% 2522 1506 24 S0 1483
0.150%0 2401 1517 2521 16 .04
0.200%0 22 50 1506 23 85 1547
0.250%% 2036 14 SO 21990 1533
0.300%¢ 1742 1422 2168 1418
0.350%6 18 88 13.70 2036 1485
0. 400%0 17 =0 13 98 18 38 1421
0.450%% 16.76 1318 1754 13.71
0.S00%0 1632 12 64 1621 1322 '

CS MSU Graphics & Media Lab (Video Group) yjreless Networks, X.Ding, K.Roy, INFOCOM,2004.
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GRAPHICS & MEDIA LAB

Pe3ynbTaThl =

Segment 1 Segment 2
BER Frames 100,103, ..., 133 Frames 250,253, ...,208
No Eirtoxr: 30382 dB No Exrvor: 3002 dB
ECCP MVEC ECCP MVEC
0.030% 20 .60 2780 20.74 28.16
0.035%% 28 0= 2697 20 08 2785
0.040%% 2808 2626 20 64 26.60
0.045%% 2837 2562 20.10 2508
0.050% 2020 2631 2031 26.14 _
0.055%, 20 00 2586 2862 2522 ECCP Uycpep,HeHVle 4
0.060%% 2789 2506 2795 2487 coceagen
0.065% 28.15 25 =0 28.79 2522
0.070% 28 40 2588 2012 2481 MVEC — MACKUpPOBaHMe C
0.075% 2011 24.73 2788 26.60
0.080% | 2862 2458 3543 2a=-__ WcCnonb3oBaHne MV
0.085%, 26 .45 2333 27.60 2303
0.090%% 2712 2307 2635 21890
0.005%, 26.63 22 40 20 30 22 85
0.100%% 26 .00 2043 2746 22 .43
0.150% 23.74 18 38 2503 24 86
0.200%% 2500 1957 2311 2305
0.250%% 22 .53 1883 2126 20.18
0.300%% 1984 1626 20.14 20.00
0.350% 1801 1507 1911 1755
0.400% 1742 1457 18 49 1680 A Novel Bitstream Level Joint
0.450% 16.74 1438 18 34 15.19 Channel Error Concealment
0.S00%% 1630 1401 1738 1580 Scheme for Realtime Video over

Wireless Networks, X.Ding, K.
CS MSU Graphics & Media Lab (Video Group) IIJ;%SSC’)SM;O"(‘)':_’ s, X.Ding, K.Rb¥/85
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