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Abstract

With the wide spread of WLAN, more and more applications are
developed under WLAN environment. As everybody knows, the channel
noise in WLAN tends to cause transmission problem, such as data
transmission failure or packet transmission delay. Applications should
take care with compromising procedures

Providing multimedia streaming, service.over WLAN is a tough task.
Video clips are first coded withIMPEG-like techniques, then packed into
several packets, and transmitted to the client end at last. In WLAN
environment, packet loss happens-all'theitime. In addition, packet
bitstream might be changed, teo. These 2 facts imply video clip decoding
failure at the decoder. What’s worse is the succeeding video clip are of
quality degradation owing to they reference to wrong frame.

In order to reduce the effect brought by decoding failure, compressed
domain error concealment algorithm is proposed in this thesis.
Cooperating with the already-built multimedia streaming system, the
client end can decode video clips and record meaning statistics at the
same time. When meeting decoding failure, these statistics help us build
an artificial frame as the reference for all succeeding video frames.

Most error concealment algorithms so far are designed in pixel
domain and take much larger computation power than what | propose.
The goals and functions mentioned in the thesis are achieved and
available for multimedia streaming system client end.
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Start Codes thj:%Z?)Z ff (b 7 > Ep[1ET1 24 51511 7 (start code prefix)
i = 8 ffd ik 7 3Ry o Start code prefix 1 23 flaf 0 # 1=~ 1 g 1 %

5% 0000 0000 0000 0000 0000 0001 codeword = =[5 8 ffal b 7 Rk
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start code [IY7ET o~ ZHFELA[Y start code U~ Ry LA - )
video_object_start_code 7! video_object_layer_start_code [#-f! start code
e | % fftH) i - Bitstream [li— SgLbo ok 5 5% - ﬁﬁ'ﬁ RS
fe LAV - Start code 7 bitstream Il RyFEIEYEF > Global

Configuration Information #[1 Elementary Stream Data > 35 # ~fiet 4 4

G A R R R T SRR (R 4 5 -

name Start code value
(hexadecimal)
Video object_start_code 00 through 1F
Video_object_layer_start_code 20 through 2F
Reserved 30 through AF
Visual object_sequence _start ‘code BO
Visual_object_sequence_end.code Bl
User_data_start_code B2
Group_of vop_start_code B3
Video session_error_code B4
Visual_object_start_code B5
\Vop_start_code B6

Table 2.1 — part of Start Code Values

VisualObjectSequence(){ No. of
bits
do{
visual_object_sequence_start _code 32
profile_and_level indication 8
while(next_bits()==user_data_start_code){
user_data()

15



}

VisualObject()
Iwhile(next_bits()!=visual_object_sequence_end_code)
visual_object_sequence_end_code 32

}
Table 2.2 - Visual Object Sequence
VisualObject(){ No. of bits
visual_object_start code 32
Is_visual_object_identifier 1
if(is_visual_object_identifier){

visual_object_verid 4

visual_object_priority 3
}
visual_object_type 4

if(visual_object_type=="video ID”|
visual_object_type=="still texture 1D){
video_signal_type()

}

next_start_code()
while(next_bits()==user data_start code(){

Table 2.3 - Visual Object (part)

SRR > AR T ZI bitstream FGRRR AR A% % (10
bitstream fl— 51 o ¥ L~ 55 R gl ST~

start code F5 L resync marker » 7} E | i’ FJ“”&’ IJFJ%F

Tﬁﬁﬁﬁ' JF;' » Bitstream fIU5Z 5 i '] £ (=R Header + Data - Header
I"] FLC (Fixed Length Codmg)?*’}ﬁ? » Data f[ (77I"] VLC (Variable Length

Coding)s j@? YIHN Header oz ffd b 7 U ﬁf o HEERAS RN T
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TEFVERUE N T [ ) Data aﬁ?&fﬁ% = Y1 Data fro5 i o 7 L
ﬂf"ﬁﬁ&iﬁlﬁﬁﬁa FEf — i start code F| it GRS 1Y

bitstream data > F#&] ™ 1Y bitstream data fj=»Zag7 AR -

2.2 Elﬂﬁij @ﬁrzgﬁ‘q /i The Real-time Transport Protocol

(RTP)

S — ['[aiﬁq\j,a%“\}ap IFi T kLl ™| TCP(Transmission Control
Protocol) il k) i 1 & » & THGR] 7 R AR T s B - i R
P RRREED | 20 g [ i (A TCP @ﬁ%%ﬁﬁﬂ ELJF?{%W\ FIFTTCP
o1 > TCP Fﬁ%’;%‘s[pl GEC N0 E S AN RS ER -1 SRR o 2 R b
HREE - SR E IR ERORTELATTN D o 7] TCP i)

i

R R R LT VSR R o PR
R Aol bR e [P ORG-S R R
S SR T AL 4 T IO P REER o L SRR
W > SR Y] UDP st .

FITCP 71— £fiukL » UDP(User Datagram Protocol)™ 1 folsFEIE
B - e BE R WO UDP 3 AL ot - UDP
HLA bR AR RS T VR R AR B

ORI G 7 | UDP oo o & i oS -
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RTP(Real-time Transmission Protocol)fL—~ “Fif= g2 UDP 7 kL1 ig
il RTP 7 UDP p9_High &> [ij 2 RTP F|[*|+" UDP fi9 %
(multiplexing)wésﬁ?f@jﬁJf)ﬁ‘zﬁﬂ(checksum service)Hq-FIzipc o Hydf o

r+¥j‘vﬂﬁ§1¢£Eﬂj RTP Uy WLEET: UDP puF il - RTP FJ SHLAL [

R Tt o T o5 - =3l 5=+ content type
identification, sequence numbering, timestamping, monitoring QoS of

data transmission [V i iU A 'SF"? Fgfx_

RTP [ 51+ P e » = SPRL RTP 4 2) - iy o] il
ﬁ? P3— ZFikL RTCP(Real-time Transport Control Protocol) - IE’Q B
erf] liiEEY QoS (Quality of Service) ] sty THH(Sessmn)pJ CEI

ST -

2.2.1 RTP

RTP #{H T\JFF ’3; APV YR [ 5?%7% ﬁjfyjﬂﬁjf REES ;c[[ﬁﬁy?‘[ Y
R - Hvdr > RTP HI= Rl | I Jg“jai_giziqﬁtl[gijr[ipj /f, E};{w[[ }[ﬁ’
s i e PRI HEDIEL @ $5 TR RTP header » % (R o fes (011

UDP) ;2 -

2.2.1.1 RTP packet format

18



RTP Header RTP Payload

Figure 2.4 - RTP packet

i/[lfﬁj figure xxx Fr > RTP $5f & iRy A2 55 > Header #{I Payload -
Payload [i’ £ video [iv k! audio ¥4 - Payload specification documents *
LTI [ﬁJTﬁ‘,?“E%‘é’ﬁi’F&WJDI’Ffﬁl’ * payload = ffi ™| RTP sy f v
|+ RFC3016 |13 #&3s" 3GPP MPEG AV payload > RFC3640 H[[4/ &3+

MPEG4 AV payload -

0 1 2 3
012345678901 23456789012345678901
s e T S B B s s L L T e e T T ST S
|[v=2|P|X| CC |M]| PT I sequence number |
t—t—t—F—t—t—t—t—t—F—F—t—F—F—F—F—F—F—F—t =t —F—t—t—F—F—F—F—+—F—+—+—+
| timestamp |
s s Tt T Tt Tt s T e T B Tt T et et
| synchronization source (SSRC) identifier |
t=t+=t+=t+=t+=+=+=+=t=t=t=t=t+=t=t=+=t=t+=+=t=+=+=+=t=t+=t=t=t=+=+=+=+=+
| contributing source (CSRC) identifiers |

+—t—t—F—t—t—F—t—t+—F—F—F—F—F—F—F—F—F—F—F—F—F—t—F—F—F—F—F—+—F+—+—+—+

Figure 2.5 - RTP Header Format

® V (\Version): 2 bits

iﬁf*?wﬁ "Fi] RTP ¥ e/ py 4 » RFC3550 1 - r%{u_v (il £
® P (Padding): 1 bit

Fe RS IRL 1S padding - Padding [VRNE RS > — RLES

N
o

T 7L T e -

19



X (Extension): 1 bit

FeA LF\@% i~ RTP header extension - 7t | 'fj|fi¥ RTP header iz [-1 »
EI_EHIIpY header -

CC (CSRC Count): 4 bits

4 [JE{»‘F[ Wk el 32 2 {[i < Y51 » CSRC(Contributing Source identifier)
POt B R SR - iR CC R FIfo

VIR RLITAS [7(0~15) -

M (Marker): 1 bit

PIAR S Bl H VAR

PT (Payload Type):7 bits

payload type [~ | IFjiirasdlpT J?&[’gjfg o

Sequence number: 16 bits

7 ISR IR %8 0765585 fLify BRHt [l (=HaHp

V%5 R- W RTP 5 & [ (monotonically) - 7§53 65535

% > N — TV sequence number gﬁgl 0 F'ﬁjtzf‘ﬁ%ﬁ@t@ﬁg o Tl
R By B v & sequence number £LET A know-plaintext iy
“SHR » Sequence number Fi* ') 7 F 8 LF}}EIJJ‘; BT S8 B9 R

P PR <
Timestamp: 32 bits

delgs” payload 57— f[5f 71 35V presentation time for stored
video ﬁ?ii_ sampled time for live-captured camera data - Timestamp

ElH U'ﬂﬁﬁﬁfjﬁﬂj FIEIIEJ%’:’[A’ R R IFSE jitter EU%EFDWH?I'“‘ °
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Timestamp pfﬂwﬁﬁ [ ii_’% Brilpy > R I{ﬁjﬁ;ﬁ% RER
know-plaintext [z o ST [ﬁjpaﬁgg ﬁﬁ, o JF;' » timestamp
FY e il psk - offset fi= il [ -

SSRC: 32 bits
Synchronization Source(SSRC) f*%ﬁ'ﬁﬁ, GRJFVPUeYF e SSRC T £

([~ flif RTP session [ FTRLE" B & o [N = KRB 207 f9 - g5
(52 # 7~ [l RTP session l 557 % il ap  #kog i 2
HH f’{ﬂ @il Il SSRC » Sgf=RERd b Uil AR A i 5 i

PIHIRE -
CSRC list: 32 bits, 0~15.items
CSRC fiE T » Y52 payload ¥R N f 7+ CSRC -

2.2.1.2 RTP Example

Figure 2.6 - RTP example

Figure xxx #_RTP example - fi' I'] % %] A i SSRC kL 357598721 » B fi*

SSRC kL 234746508 » & ekl Mixer fUiCH % » payload data L
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AFIB A » EFCTIE > MFE SOt » SSRC AL Mixer 19
824098109 > §Ri C F 12| R CSRC > STHIEL A 19 357598721 #1 B i

234746508 « SFIERL RTP 1077 (479 <

2.2.2 RTCP

RTCP = RIfvI]fckL] session H‘F”fl Rt o A E [ﬂéj}%qsrgu
ﬁﬁi‘fj‘ljﬁ[l,@?(reception quality of a session)[ivETE] - iﬁ[’ﬁ}?ﬁ’ﬁi S flow and
congestion control protocol -{ 53 %" » &= protocol {=FivF|["] lﬁ
74 el (adaptively) SHEETRIESH encoder (1Y T SR [ (AR
P,

RTCP fivfif & ﬁ}?\‘ fl lﬁ“fﬁ | RTP'source i CNAME(canonical
name) - [N SSRC identifier Hhizfl i E > & @%&*’?—‘?{ﬁﬂﬁﬁlﬂjﬂj

CNAME #I{Lfﬁ ([t 7F1 - RTCP ¢ i <E{Z] sender #{I receiver ?‘ﬁfﬂclock

rift (R 1FEF2) -

2.2.2.1 RTCP Packet Types
RTCP & JJ#rfEl CFERE

® SR: Sender report > [l1= E!*Jla“‘ ﬁ%ﬁg—‘[ Fkﬁgﬁzt“ » SR ﬁtl%ﬁzsessmn

IR T 1 PR

® RR: Receiver report fHFEE R IS L il | %%ﬁgﬁ“’ 'RR r?cl%&sessmn

ZEEEHAVE L]'srﬁl%ggﬁ%z
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® SDES: source description items » EIJFA‘ CNAME -
® BYE: & A TR EF -

® APP: AVEH AN E RIS -

2.2.2.2 RTCP Packet Format
—~ 7 RTCP ¥} &y » i]g“[ [T RTP Ff &y &' “'*‘Jﬁ,lﬁ‘_ﬁ:kpjﬁﬁ
EEF'ﬁJﬂF"[oﬁfrJrTﬁsﬂE VR PVRL R RIS IS R R
| 32-bit EL T i g5t > S Eim fifgpd 7 RTCP $3f o= 1] O(padding) -
F 7 RTCP fi Jﬁ;gg[ﬁ;ﬁrﬂ@%l%i FF e <A 0 pu~ ,iﬁ[’gﬁ
fH RTCP Ef ey 21 %) T Hai]% - (make\RTCP packets “stackable”)

=¥ figure J[I™ -

RR SDES: CNAME BYE

Figure 2.7 — a typical compound RTCP packet

RTCP pJ PERT b & E R R, o TN R S "7t Sender Report
packet :

® /2 bits > version » 7+ RFC3550 V il 5% 2

® P:1bit> padding » %= RTCP ﬁcﬂi7 F' | padding -

® RC: 5 bits - Reception Report Count » #=1-7 RTCP $f &/ f[15F %

T

‘D report blocks -
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PT: 8 bits » payload type - r%{u_ PT=200 - %= £l Sender Report -
Length: 16 bits - J;ié:f[a{ RTCP ff e » ﬁu?ﬁfﬁ’q’ﬁﬁ » receiver info - report
blocks #1 padding [iuafd~ 4 -

SSRC: 32 bits » & * iﬁ]’[ﬁi Sender Report fiV synchronization source
identifier -

NTP timestamp: 64 bits > ij“ﬁ\ 5 &0 Network Time Protocol(NTP)
H* clock time ©

RTP timestamp: 32 bits » #[I NTP timestamp fﬁjﬁ—ﬁ%ﬁ%% Eﬁ FH].
Sender’s Packet Count: 32:bits > F=! @@ﬁf’ﬁjﬁﬁ%—% R %)
RTP $f &y o

Sender’s Octet Count: 32 bits's &= ﬁ’p@ﬁﬁﬁjizﬁ%% » [ HEERTT%)

v

RTP payload bytes -

_‘\IEIE"? °
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header

sender
info

report
block
1

report
block
2

0 1 2 3
0123455678901 234567890123456738901
t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t =t —t—t—F—t—t—+—+—+
[Vv=2|P] RC | PT=SR=200 | length |
t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t =t —t—t—F—F—t—t—+—+
| SSRC of sender |
e e i et B e B e = R L R S
| NTP timestamp, most significant word |
t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t =t —t—t—F—F—t—t—+—+
| NTP timestamp, least significant word |
e T T e
| RTP timestamp |
t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t =t —t—t—F—F—t—t—+—+

| sender’s packet count

e T T e
| sender’s octet count

+=+=+=+=+=+=t=t=t=+=t=t+=+Sd=d=t=+Stot=tmdsdst=t=dsdst=ds b=t ===+
I SSRC_1 (SSRC of first source) |
e T T e
| fraction lost | cumulative number of packets lost |
t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t =t —t—t—F—F—t—t—+—+
| extended highest sequence number received |
i T T T St o Tt T Tt T o et S S St
| interarrival jitter |
t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t—t =t —t—t—F—F—t—t—+—+
I last SR (LSR) |
s st S a3
| delay since last SR (DLSR) |
+=+=+=+=+=+=t=t=t=+=t=t=+Sd=d=t=+Stot=tmdsd ==t =dsd=t=ds b=t =+=+=+
| SSRC_2 (SSRC of second source) |
s st S a3

t+=t=t+=t=+=t+=t+=t+=t=t+=t+=+=+=t=t=t+=+=t=t=t+=t+=t=+=t+=t+=+=+=+=t+=+=+=+=+
profile-specific extensions
+—F—t—t =t =t ===t =t ==t —F =t =t —F—F—F =t =t =t —F—F =t =t —F =t ==t =t —F+—+—+

Figure 2.8 — overview of RTCP sender report format
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£} — ﬁ ‘FT?—'# EI\J;r ;‘ﬁ%‘f?’r%‘ni‘[‘
FJJ} A

R AL A SRR (R o ORI A

‘\

3.1 7

—m\.

B (RO O R PIPN SR Rt o 2 N R Ak
PAEETR ALY RL TR [y WA e e -

UL 5 i |23 59 [ - random bit errors 71 erasure errors-

1. Random bit errors 3@7?%’, bit inverse, bit deletion #{1 bit insertion =
7o it b PN (s [ TR (= -

2. Erasure errors s [T G AgRHHE £ 14 & 18 (packet loss) »

l—g I ZZ%FE‘FI NE= I?ﬂ é@ F[& ")T‘%E'[)ﬁ&f o

U SR SRR VR AL 44
Fﬂf[l,y,h_gﬂﬁﬁF;%*FlJ%;,J E[IJE/\E [ 6rﬁmﬁ<ﬁ H/—_EFLLE [l I fjmﬁiﬁlﬂ,ﬁfj
Rf}f@‘j&‘%\l ’ ’EP% Fl JgY /f'[ E'WH _J%J/ Hl Eﬁ’?{‘“[ ﬁg—u {F[ jf/\_‘\ E]B'}a{&?'[ E\r*\

AT P PRI R B E*?I“IFUT%’LYV’?%T E e RN
Y SRR o 5 Ry 7 SRR < SR 15T 157 variable length

coding fivfsk e o

HHT (™| variable length coding (VLC),q\ W4 o pre R [y f
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random bit errors eigh " Ff & pl R P A g o 5 ?c'+ﬁff'.}f R
VLD Pjéﬁﬁj\ 71 fY codeword > lﬂF b AL 1 Pj’#ﬁ?ﬁ 1 code word ©
i} erasure errors + vﬁlﬁﬁ‘f VLD Ffs o o i ey v i i 7
[Flfi J%@%ﬁkﬂ  E A JJ ~ RS macroblock €7
T S TSRO o ) AOTREAL ) T
macrolbock rﬁi—ﬁ?}j/ = EFEAESEY mpeg-4 video frame =11 error
propagation 54 ¢ % H EIfJFﬁJEEHé FIRs D f%z%%%ﬁl@ mpeg-4 video frame

Filfy % B 1Y reference frame -

/5% error propagation SRS FIET mpeg it ﬁ?jfi PEre gl H
motion estimation / motion-compensation - tii%ﬁ T R R Y bit
B¢ P frame #1 B frame ’Fﬁﬁl HTsmation estimation / motion
compensation [y fifk oo pHgsH e I T [ I FEfRAE A% (time
dependencies) » — %ﬁf:pl“'ﬁﬁ }Hﬁj”“g%f%é"g* RNLE: NI

reference frame fivs 1 » F{rE Bl %ﬁ'ﬁr&ﬂ YR o

£ Ejziﬁ\[ﬁ‘l EFFE"’F’?f”'“ﬂxFIJ J/ﬁg‘f = FI%E: error
concealment Jff I o & EYFL IR A Al i (source coder)#1Ed
ﬁﬁ?ﬁ:—%ﬁ“ﬁfﬁ(transport system at server end) -u[d > bIYE - N EIRE 3] 0AC

Pfiﬁﬁg{'fﬁ}(decoder)ﬂlfﬁlﬁﬁ'ﬁﬁi%(transport system at client end)FlfJ%%
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Py e - WFJQFTT#%HTL R TS T p A
(EREESRGY A -

3.2 %ﬁ?@gﬂﬁu Error Detection

YTl BB AL 7 error concealment 5 F%T i » & T

=
ORI R ERE UL e 2 SR SRR Ui

PBCIREL3] - Bl PR g T R [l IR < Al B
(source coder) - fﬁ“ﬂﬁﬁa (transport coder and transport decoder) {1 15

(decoder) - T fg{ﬁ]}ﬁ Ei= %ﬁ%ﬁ?ﬁﬂﬂﬂfjﬁ E‘ET]EF{ Flfj =5 HIj‘EiL_JJD_F header

er7[3] - Header |11V sequence number (i’ I *'|I'] {iRF] packet loss -
Source Coder Decoder
Waveform Waveform
coder decoder
Entropy Entropy
coder decoder

| |

Transport coder —p Channel @——p| Transport decoder

Figure 3.1 - Functional block diagram for media communication system
o R A FEF&?Q[E“ IR TR | (context) v :‘Jr':ﬁz?\l o

28



Y iﬂf“’T g decoding table [V codeword - iF;f Epl s EIJE?‘@EET—J
é%ﬁ?fi o @ﬁéﬁ?&ﬁ aﬁﬁ& kL quantization step size fififi &% 0 #[1 DCT {3

gr%u[rﬁ PRy 1 ,—pFI J[E[J@g, S
3.3 % ,1\ F'#,}p J%ﬁ [ ks (=% Forward Error Concealment

ET 7" 472 Forward Error Concealment (FEC) 5% » = folfpL v
SR IFAT B IFA | 71 5 redundanto gl 7 o FpiE
4 AIIE A S4F] 19 waveform coder 71 entropy coder [ i it 7 [ S
U HRRYAR > 8 TRk (AR TS ) 2 (g o 1 [l et

H* Quality of Service (Qo0S) =

1= WY FEC [ L i isourcercoder £ 357 7 [l e ORI
PIT TIPS layer i) » £ {1 "] transport layer 7 [Fil e[y QoS %f
layer 1& = E}ﬁﬁi , fﬁj ['ByE 71 = Layered Coding with Transport
Prioritization[4] o Floh® * P20 20 55 JE”%{EFE ﬂfg, FIJFL[ Pl [\E B
PV (R, O T ﬁ%l’ﬁlg'ﬁ?iﬁ’?ﬂ\*ﬁm [ - Tf@%zlﬁ (S, R
o Jﬂlg[glﬁqg}ﬂ?‘%—%r}ﬁ%.a 5 K base layer » it I') WS Jﬁ BT
H?E'ET{TFT IJ}T‘HFWEVX % h7H* enhancement layer - Base layer fiue ] 7 i
AR, ek & [ 4 IR [T 1] enhancement layer (17

R i ﬁﬁ[’ﬁ[lﬁ? base layer [IOfEfEs s flust o1 b+ 15 2R o
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P

o [y ,%Eﬁ > base layer 7{I enhancement layer FrifH [y
ﬂ’ﬁlﬁ*&* & TP AL e N B R hE > [NEL base layer
ﬂﬁ QoS ik = [ ﬁi?J T J‘J’ﬁ‘g’ﬁ:\'ﬁ‘}ﬁjﬁlﬁ ; enhancement layer
P 5 QoS "t (] » SR S+ [ET base layer pbIUT R

o EER Y e e R E] S L T AR T

87 layer coding fiv 1 F ) AL 278 | '] 7 temporal domain, spatial
domain F5 kL amplitude domaingf = - ff{libase layer I' |k {Lf% frame rate
@ﬁ ’ ﬁ‘}ii_ base layer palfiUe R AT E it (% > 5l ﬁ? base layer £l
Fue ] i 2 g Y quantization-step size 2 'JFF SHHH E(] N B

l%ﬁ@"glfjfﬁ[{[@mfjfﬁi% 3 1 G E“m[vlﬂ’i,% ifisf£1 * enhancement layer

i

Layer coding -~ ’fI#[! transport prioritization(layer I'] T (p ek QoS

Fufip) (7 (=7 = #3943 ervor concealment iy | 1Y -

Multiple-Description Coding (MDC)1E§£|FI AR b A IJF‘ VIE

T LD AR RERERAIS] - & R LY 1A [ R
TR R b IR R I RS R J%F’j{ ST
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Layered coding with transport prioritization F![/{53 " base layer fgﬁ H

~ {it error-free(<7 ST AR I ) 5 MDC [0k o[l

MDC Il FiE%EF L& = 278k (description) » 7 [flfY
description I') Tl RO A EL Oy - % IR ARSI R
BRI L 0y o FROCRL A G - 20— FEifi(description) {i = S 2] i
B O ORI TR B R R I 478 G ORI 2
ORI o T I TR el = Rl = D~ ORI i
TR T 7 B SRR T

PATH - PR H kL ?ﬂﬁﬁaﬁ;@ (EZ =R ’J)E;T?Zﬁﬁjﬂ i
(controlled bits) o [ % { ﬁfaﬁ‘ﬂ*'}ﬁ?%zhf PR AR A
FRE Y % ER e (redundancy) - %I;f_ﬁr flS B2V bitstream Elﬁk‘? f
Fh I Y e YN bitstream Fl 1RSS5 PRETR E0ER S RLEIE]E
7 L R O R YT D o S AR
gﬁ%ﬂ%ﬁ&p@ (e, o J[IF source coder T(U?Eili*w\F[ PETE L ﬁ AR
L BT B, S ARIENTN SR E P (S RS IR S 1 SR P
HEH o iﬁfiﬁl@j@ 72 "= Robust Waveform Coding o f& 19 f7]~" ikl
i+ mpeg-4 %rﬁﬁ%HI ) r%{u_ | frame ~ £ -~ motion estimation # motion

compensation & > ﬁ'}ﬁ%@ bitstream [/ Jﬁéﬁfji%ﬁlfj motion vector =¥
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e e [4]

Source coder “4 i’ I') 7% entropy coding [ 9f JJ[Iﬂ'fﬁUE'JEU@ﬁ ’ IF;*
60 50 7 PR s (IS 2T RS error propagation = 1A entropy
coder I}“ﬁi‘—_’ VLC codeword table f[1f~{=— {[## codeword £%
synchronization code((ﬁjﬂj‘ﬁ%) ’ ﬁ}%%gfﬁ}ﬁ I'] 7+ 552V synchronization
code [ £ P& [[il# (resynchronize)[6] = /il (i variable length
coding $% "7 ffli | synchronization code % - codeword fufZfiS K HrtE
71%;7 1555 BeAif codeword 2k [ AEARAR o [ELRL IR AR AR RLIEL
ﬁjﬂ?ﬂ* ~ {l# synchronization codey .V Fjif ot Ejﬁﬁ%’gfﬁ}ﬁﬁ@%ﬁv bitstream
ﬁl ?Uiﬂ:ﬁu synchronization code, /7= > Eﬁﬁﬁ%ﬁé’ifﬁ'ﬂl bitstream £ %fﬁj%‘
(resynchronize) - Synchronization code F’J‘ii%ﬁﬁ’?&ﬂiﬁ error propagation v |

HliﬁWF@%‘ﬁ%’f > 7+ mpeg-4 video coding f[1 > video packet header(ﬁ‘}

i

[
FE slice) A= e e

WE - B fﬁjﬁﬁﬁﬁfﬁ}él’? fis error concealment & &= £1 £ ity
PR 1% > 7 bitstream (1)1 ECC(error-correction code) » -+ fL-
FERTIM I O o Y R o

3.4 AR SR RUs [
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Figure 4.1 — basic description of streaming server-client working
environment
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user transition RTP packets
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Connecting with Receiving via MPEG-4
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3. 6. ;
Command Receiving via ' _
Supporting Error
through RTSP UDP
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™1 — new proposed feature

Figure 4.2 — tasks that the client must cope with
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Figure 4.3 — Client Architecture in Multimedia Streaming System
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link list structure

Figure 4.4 — Threads in Multimedia Streaming Client
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video frame i F’?ﬁlT/J: HIFVEYE o IR > [NEE RTP 5 & header % =)
[OEGH > =5 1797 Ty B8 video frame packitization fiu™ [
[ > 72— fid RTP 5 & header 1 i - payload Vi p? '~

FEH Ly AVI_header - AVI_header 1! 5 | D » (1)RL 1
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# (encrypt) (2)£L_F\I £% | frame(flags_tot) > (3)RTP Ff & Hr'gi~ video
frame fi frame size(chunk size) - (4)RTP ] &35 Brgpv video frame
Fl T Jﬁla:j‘r‘l‘f?['(offset) > AVI header SwE{Sh75 (15 MPEG-4

video frame link-list fUET-A155 Eﬁ'r‘%“[ﬁﬁg :

AVI_header fiv chunk size (Y%7 RTP $ &/ 5rgiv video frame
7 PR3 [ IR 11 % D1 - ¥ DePktThreadIsK( )33
video frame ﬂJ ?E‘i ISGESE }[‘éj’ RTP #f U [ 1V payload - ~fikkL
(e JET% MPEG-4 video bitstream Elfﬁﬁ[f [7j FI R £]] video frame [
S 71 RTP £ & timestaliip & i video frame - frame (1o
R J IEERL 1 53 Felfro A5 ARUBT AV _header fi9 offset » i
'] 51 RTP #f tvpY payload;7:MPEG-4 video bitstream » f I Fa &%

gl frame HIAEARFF20F fef ©

DePktThread|sK () frofis g R k! Ao =) < g
HLFIVIERY RTP $f & GHRGRG A PIILR T2k s MPEG-4

video frame 73 filFrHY video frame RV EL > ot link-list 1 -
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- RTP packet
- Video Frame

TS: timestamp SEQ: sequence number

Figure 4.6 — DePktTh & i S A frame 5]

SEQ: 296
Offset: 1024

- Video Frame
- Received RTP packet

Not yet arrived RTP packet

Figure 4.7 — structure of video frame in MPEG-4 video frame link list
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4.2.5 VideoStatusTimeFunc( ) E! frame fﬁe&;ﬁjﬂ

VideoStatusTimeFunc( )#{! DePktThreadIsK( )H [ % 2V bt
mpeg-4 video frame E{fjr‘%l‘[féj\?g 0

VideoStatusTimeFunc( )#[|*'| GetStreamVideo( )& - » F IV~
3= mpeg-4 video frame » & Hv 7+ ucBuffer ?’Tﬁ'?‘,él‘[ﬁé‘:@gw Flis .&;[»1'
video frame % (1 SP_decore.lib 2 = mpeg-4 Ejﬁﬁ%o GetSteramVideo( )
TP —F’Q ﬁ%g‘[ video frame fiV timestamp > £f%* 1 RTP packet=1
mpeg-4 video frame F- 3 fﬁil% RTP packet &4 " » ﬂﬂ’ﬁ;ﬂ“’ﬂ%
mpeg-4 video frame = ¢ o o P 125 [1v mpeg-4 decoding [
F;, SR I i reference frame o vt 1 RTP packet = 1 mpeg-4
video frame U ™ > SIRF||EucBuffer ?’Tﬁ'ﬁ%"{ﬁ?ﬁ}ﬁl@?}'% ’
ucBuffer [ 171" ]'JZV I timestamp - #[|*'| frame #{I frame I fif]fv
timestamp =% fifi » {'I'] "% mpeg-4 video frame [ i % JE frame
loss - ﬁ[[ﬁf’ﬁ“ 7 ']l 1 RTP packet = 1 mpeg-4 video frame ;}
"~ pY packet loss ‘[?jﬁ// o

H 7 SP_encore.lib RS 1% > 7 mpeg-4 video frame 5 =
%’HE"} video packet E|=V(HI[I[H* slice) » PNIP=+ mpeg-4 video

bitstream 1/ f[1 - ]2 %] resynchronization codeword [V 7 lﬁﬁi

§717 SP_decore i | AEEAEREUE > (71U1 mpeg-4 video frame
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R—'\—"\—'v‘/‘

bitstream f[ 1 bit inverse ~ bit insertion 7! bit deletion <= =5 7 >
SP_decore ﬁgﬁ“ﬁi B 1 i1 bitstream -

E i SP_decore 5k 5 fAH[SHE - i< » SP_decore Tf’f £ ?‘J S YUV space
[ Bl T RGB space (75> FIE i1 o BEFE P LLR T reference
frame EIUJFF,%J * Y[ SP_decore [l » Ko BRAESAEA » M 2k
Ri#rreference frame - £ ﬂéﬁfjgif&'lﬁjﬁﬁ%ﬁ EF%{J‘J ri‘—’g"g’ reference
frame fiUfji|— 9= frame | FiZ B A L ‘ijﬁ? 1E'I?“I/ TN =

figure xx - & SP_decore "FIF{[##4f5 i > 3p#]1 GUI thread 2= £ H 3

tf"th

APV ¢

VideoStatusTimeFunc(,) i 7 F% TR 2R L g7 e mpeg-4

video frame ﬂ YEH TR B IPL ST aERER mpeg-4 video frame Y link-list -
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VideoStatusTimeFunc( )
TS: 95 TLITL GetStreamVideo( )
[ ucBuffer
TS: SP_decore()
I Bitstream decoding
TS: 97
I Color space transform
TS: 98
I Refresh Reference Frame
TS:
I Bitmap
_ o Refresh Display
Video frame link-list [

Figure 4.8 — VideoStatusFimteFun( )%@%}E-I%ﬁu

GBI A fﬁﬁr%ﬁ?' AT N B (ST 1Al

TR

J block (8x8) FLHT I » sl — v EiAfsRYy TP F1fY motion
vector - }[ﬁ’iﬁﬁf motion vector ﬁﬁﬁjﬁﬂﬁ&ﬁ%"[‘ﬁ%ﬁﬁfﬂﬂl o — LY
Previous Frame [ motion vector » i PreVOP ; /}— % bt 2nd
Previous Frame [I¥ motion vector - i Pre2VOP o [RE; 5 — *ﬁﬁéﬁ%ﬁﬂ
vk E’EQ{IEI}» ILEﬁiEK'T * [V bitstream i_?\[ T;’j %%Pﬁﬁ? & PreVOP [Fix [y

motion vector RLYRIFTE! IJPJ%EE‘HJEJ H[F1FY motion vector - ||
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Pre2VOP {7 [ motion vector kL ! fsny =hpo s iy - g=3
fis motion vector o I'| RS TifiE i JF » PreVOP & JVHraT— 9=

#i[1f~ motion vector» Pre2VOP & 7V gy} d=&1[>1[I¥ motion vectore

i [0 [t frame [Y motion vector » £LE% 2 FF BT object motion

acceleration - Motion vectors in Pre2VVOP #I motion vectors in Pre\VOP

Uz > HiERL YR (acceleration)

new image fVETERL S F IS PreVOP FUtdf » PreVOP Auftedhf 7
PEURE 5 [l block $55fv candidate motion vector for projection - iﬁf[ﬁa‘
candidate motion vector for projection #iEfl & F 14+ Pre2VOP #1 PreVOP
Ry acceleration » o1 F: PreVOP{Y wvelocity (motion vector) i (1}
f#r velocity  [HIF=> iﬁ]’[ﬁi candidate motion vector for projection Ll

F 7" 2nd-order motion vector extrapolation -

A 2nd-order motion vector extrapolation i« > PreVOP f[IfiY
= [l block y& =5} » T new image HAYE GG I o JPHN T
[ RS] RL 320 pixel x 240 pixel - #Jfel ] 8x8 L5 v block » i I'f &
new image _HJZ5fET 1200 HrklEt sk - 7 new image _Fpv block rﬁl{ﬂﬂﬁ
[ PreVOP 1} {ﬁj block Fufsf > Lt PreVOP 1 { block FJ‘Z’?%T@

new image [l iV block fiua 48 » ¥RFAFE LS 4T new image Y
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PSR o I pixel FRHTAE > JPN LSRG L b_1 A block X 14" 24

pixels » #ieb_1 HE]" 24 55 5GP TR IR b_2 A1 block X EiA 7

35 pixels » H#[fcb_2 HZ(2 35 57 » [y b_1 {Hikb - lﬁlﬁlﬂj‘f@fg =7

(weighting factor)pff=d.

=1 {l# block — [f] F,ﬂJwelghtmg factorl% H 00 E AT r%
EARE P SRRV A o PP TV R ST RS [T
W AFEPTHEESRL -V VRS o % new image 1 DRE
{1 block [ Ji*f= 12 gt » PR i motion vector £ 0 » i
< motion compensation /& - a:ﬁ"lﬂﬂ*‘?( ZPLFSTRY block I YUV/RGB
MRS (3 (SR (R Pre2VOP 2 (Y ikl 2nd

previous frame)pfjﬁl[ﬁj@‘ﬁgﬂﬁﬁ block

Candidate MV for projection

I U '

Pre2VOP PreVOP New Image

Figure 4.9 — Block X in New Image receiving various forward motion
projection from blocks in Previous Frames

new image [l IV ff# block %ﬁﬂr%{u_i motion vector lﬁﬁ ESNEES
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= motion compensation - I') MODE_INTER4V 355> ﬁ'ﬁ?]‘
SP_Decore.lib [[ 1~ motion compensation © IF%?I%?FI J‘}’F*fg’ﬂéi;:“ﬁw‘; block

FLETF &~ motion compensation e

F P bitstream [IgH R MPEG-4 SARf [ » =51/ TV i
DC/AC {g¢> compressed domain error concealment fiv/3 f IETE =]
fhe 7 BRI 7 MPEG-4 B[V LR aRE B U e T

[~1(reference frame) -

AU T [ e s AP

EL B S R - VideoStatusTimeFunc( ) 1sspi|’ Jjﬁ[ﬁ\j, S
R R bR RS T
® NCTU error_concealment():
£ 7 error concealmentfiy /i fipf=t o Free » HPTL
NCTU_mv_extrapolate v2() - lﬂ_‘{'m* Z%wit 5 2"-order motion
vector} jﬁ?pﬂo %ﬂ%'ﬁf@@%@ﬁﬁﬂ FIINCTU_mv_assign( ) pf=* !
1% = > NCTU_error_concealment( )=
NCTU_motion_compensation() > 3%~ motion compensation - f& % >

NCTU_error_concealment( )F=FLINCTU_write_frame( )}{ﬁ’ sl JRGB
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ﬁ;@ﬁy; o

® NCTU_mv_extrapolate v2():

EiE 2”d-orderﬁlfjmotion vector Vi jﬁ?pﬂ (extrapolation) - & 51
Pre2VOP#1PreVOP f[s'&! [~ 1ftf]fimotion vectorfivz fifi - %J\JEI’I’ (=Y
% (acceleration) o | ““éf[aﬁpﬁ@ FRIE > i FPreVOP’RU A fimotion
vector » H ?U?&E@E'JQU fz32 motion vector (candidate motion vector for
projection) o {5 motion vectorf# 5} new image b > #3 £l tydi
L }[@]’ HENCTU_mv_weight_factor( )/ fl1 > 3%@i§fﬁirijgmotion
Vectorfiufiag K=" » ! [ﬁjﬁﬂjﬁ{{giﬁf[afblockﬁlﬁmotion vector o

® NCTU_mv_weight_factor("):

F# NCTU_mv_extrapolate_v2() e [J. motion vector MVx, My #I
[t v AR (X, y) o ) block ELELYE > St ETE — [l block Firif [y,
P < SRR RS TRIREEI N > P block 2/ BESSAY3E - T
??E‘Jiﬁf‘ﬂ RGARBEI [N 0 Sl ERE T HERYAY motion vector o 1
block =IFZRLFESFE » PIERE D Fi A4 YoM (= g4 o
AR PR Ay S0 iy E el S5y Y motion vector

=~ I’J;,J‘F.ij/ Fj'|f~ motion vector -

® NCTU_mv_assign(): & NCTU_mv_weight_factor 7l &= < (11

i PreVOP & /= putegy, » & 0% (WG new image FlIFYE it block ’F“,
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R DR e |Inaric }Iﬁj U ER RN motion vector B Efiﬁ?

I @%L&Iﬁ]’ F FLHEY Y block r%{u_iﬂ predicted motion vector £

FIH BB -

® NCTU_motion_compensation(): 73t 5%+~ motion vector
assignment 1 i > I'Jfjij— S=5Y PRIV 1R 2 5 i (reference
frame) > £/~ motion compensation - |fij motion compensation Fr{fi ™ [fY

PZRLT ] block FL A jiﬁ pLpvI'] Macroblock £L i -

® NCTU_write_frame(): [l 88 TVIH DC/IAC ST g &
NCTU_motion_compensation ./ iz » fﬁﬁﬁiﬁf}}fﬁﬁ[ﬁf (BE T BV
S |’Ei§|;; PR ELT YUV Erfjjvﬁ;h‘ e NCTU write_frame()Z#

YUV RS RGB A -

® NCTU_mv_refresh(): ¥ VideoStatusTimeFunc( )P~ FL] » fiﬁjéﬁﬁ%}
’FT;:* i :*] » 1£= motion vector firselE% o P motion vector £LI]
Macroblock £ f1 132 = 845 » ¢ NCTU_mv_refresh()fl1 > UK £ FRE

RG> PIE P block ffli™] -

® NCTU avoid occlusion(): 7%k 5% NCTU_motion_compensation

Vi ST NCTU_my_extrapolate_v2( ) [l 112 E | BT AY
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block > 3= YUV value vl o IJE?‘%{EJF%E?QE}]?@EU block ﬁ%ﬁ%@
i I FPEEHIO TS » PR A S

e TR FIFVRLI T = 9=E AR O block 2V -

Il

VideoStatusTimeFunc( ){

result = StreamGetVideoFrame(---);

if(result==RESULT_PACKET_LOST_FRAME_ERROR)

NCTU_error_concealment(---);

else

decore(--+);

NCTU_buffer_swap(:+-);

NCTU_mv_refresh(---);

Table 4.1 — overview of VideoStatusTimeFunc( )

NCTU_error_concealment( ){

NCTU_mv_extrapolate v2(---);

NCTU_mv_assign(:-);

for( each block)

65



NCTU_motion_compensation(--+);

NCTU_avoid_occlusion(:-+);

NCTU_write_frame(:--);

Table 4.2 — overview of NCTU_error_concealment( )

NCTU_mv_extrapolate v2( ){

int predict_mvx, predict_mvy, prev_mvx, prev_mvy, pre2_mvx,
pre2_mvy;

int predict_x, predict_y, pre2_x, pre2_y;

int acce_x, acce_y;

for(each block){

F1 PreVOP {15 - U motion vector » = Pre2VOP &% %t

Tepv block

HZ[ pre2_x, pre2_y » #Z['pre2_mvx, pre2_mvy o

fH %[ acce_x, acce_y o

#HZ|| predict_mvx, predict_mvy o

HE] predict_x, predict_y -

NCTU_mv_weight_factor(---);

Table 4.3 — overview of NCTU_mv_extrapolate_v2()
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StreamGetVideoFrame( )

Check timestamp gap
1 [ \c1u
> _error_conceal()
Check packet loss I
* NCTU_mv_extrapolate_v2()
|
SP_decore.lib )
- NCTU_mv_assign()

|
NCTU_motion_compensation
|
NCTU_avoid_occlusion
|
NCTU_write_frame()

L

NCTU_MV _refresh()

Display

Figure 4.10 — modified flow in VideoStatusTimeFunc( ) of Error
Concealment version
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Chapter 5 Experimental Results

5.1 A 1st-order motion field image processing 51— -~ =4k

—

[V] Cyndi LavESH OE
2 I T e £ - i

Figure 5.1 — previous frame

= 1 Figure 5.2 — new image with
SuldFRuums

i e S ~ | 2"-order motion field image
processing

. = Figure 5.3 — new image with
Lv;’ SULIEuizs faa 2 1%-order motion field image
__ processing

68



f* I'I 5L%]] 2nd-order motion field image processing T 52 motion

vector [ E (el pe S B T PR o BT

5.2 A 1st-order motion field image processing 57~ -~ =4k

Figure 5.4 — 2" previous frame .= Figure 5.5 — previous frame

A

S PVE PR 2nd prewous frame ’ F,m»p J%', ‘thLpervious frame -

Figure 5.6 — new image with 1*-order motion field image processing
Figure 5.7 — new image with 2"-order motion field image processing

A

% SfOEH [FrRLE] Ast-order motion field image processing SiE! > T
@vE PRl ] 2nd-order motion field image processing %&7E! » ' ') &7

PRSI O e T 52 ST o (125 110 B3 ke % o
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T SR T R
5.3 T TR RUR

Figure 5.8 — original correct image Figure 5.9 — new image

] s iR e

5.4 % RSO RS -
0 P frame OIS Lt T SRR I

HIC S AR ) florat

Figure 5.10 - Previous frame

70



Figure 5.11 - New image
(2"-order motion field image
processing)

Figure 5.12 — #A_EC, referencing to new image
Figure 5.13 — #A_NEC, referencing to previous frame

}ﬁg\lﬁ?‘i new image . & piY f‘%’éﬁ@ﬁﬁkﬁ #A EC > ‘FIQ%)UEL_T ffi™] error

concealment [fi J@I}}?%Jﬁé previous frame EU%H[ #A_ NEC -
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Figure 5.14 — picture referencing to #A_EC
Figure 5.15 — picture reference to #A_NEC

[l RLE HHA_EC [ o TiRRLE SHA_NEC [ i -
' J %<2 > new image #[1 previous frame 1 Z[Jfsd U (SUEITR -
PR P W T v ,iF'FJ¢%£I CHETIRE] S error

concealment | fQL_%ﬁ%pv%l@%@wﬁ@/ﬁjﬁgﬁﬁﬁ o

5.5 i &ﬁigﬁ{ﬁﬁ ok

Figure 5.16 — previous frame Figure 5.17 — new image
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e ﬁ%ﬂ'ii_ previous frame > ‘Flﬁlﬂﬁlﬁ} 2nd-order motion field image

— 1

processing AYETE F [ o

Figure 5.18 — next frame Figure 5.19 — 2™ next frame

ﬁ%‘,li_ - New |mage|¢<§I %ﬁr}l}mext frame ; F[ﬁ%ﬂjﬁ_ +new image

12

=

V=~ 9= 1 2nd next frame ¢ @4’—5 : [plgﬁiﬁf » 2" next framefi“motion

vectorjrﬁ [F[prmext frameEairESH\ﬁB l’}}ﬁm\ [ﬁfﬁ 2nd next framep~J1] fﬁ o

f£<next frame#{Inew image [t~ A ] @ﬁ{yfg, FInext frame lirgﬂ U

I;;.?’ﬁﬁ I'l3f= Ptnew image = Fiel°) > ZH ' ;*ﬁ%%ﬁnew image™ 1 [‘iff’—‘[

new image E:AfTEH IV - ~iERLTE - new image! |~ e I 4E A0y

e FF[‘l BT l'gi_lﬂﬁizt,l}llf[{ T@’FF[ I R IEJFE[U@T, leLw
RIS T - S -
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I F new image, next frame #{1 2nd next frame Elfir}alﬁ%ﬂ

Figure 5.22 — 2" next frame o LR
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Chap 6 Conclusion

PR S SEER R O o i 5 (1R (S AL AL > e & 250

PR S TP AR R A e R SRR VRO - pf

Pa%f,ﬁ[yfk Eblﬂﬁ&ﬁcmﬁﬁﬁp&iﬁ BITHERE - ') UDP £ IJfJJLFIJ
TR Iy < e S s BT @ -

%ﬁ%’ﬁgf i 2 SRR UDP » 7 SN

IEB 2y u’ﬁi,ﬁ A*TH@JFPI i 'I‘IIEJFF[! B (Ko A ngFﬁuTi/ HAH ,Fl JiFﬁ]E}T
oo ;;:g,’y;jy{\ﬁﬁé#aﬁ%p@ﬁ@k » Y& T3 F|[H | compressed domain
[ motion vector Y7t - 1555 " I [ motion vector <7Hﬁ{'éz  F |8 IE'”’ ShEEr

occlusion effect -

LN ARSI I - T IR P R 1 error
concealment algorithm =i ““l[ﬁ%ﬁ ”*‘J}W} P%a:ﬁ"ﬂ :I}l
] - LELRE pixel domain fiY error concealment algorithm v %ﬁ%’lﬁgﬁl{
P s AT e E R R TR RCR PSR BT RSB o R R ]

2"%-order motion filed image proce35|ng§u;f§T£%ﬂleﬁ7’iB =T —FE

B (AFE==2 B A > 1) 2"-order motion field image processing 37 £ff
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’E’Tﬂliﬁﬁfﬁfﬁﬁ’?ﬁq’ﬁ HYRYH, Fﬁﬁ;@?—l 55 #5357 - Compressed domain error
concealment algorithm El%ﬁj@ HHFSEA 4] DCT DCIAC (7
FigpvE 2 e A1) - blacking effect ZliRE I - (11T post-processing

’r4

error concealment 7 = pHveid i@ » RSV i 1175F | occlusion effect
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