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Abstract:  This paper presents the design of an end-to-end adaptive smoothing and TCP-friendly transmission for
stored MPEG-4 fine-grained scalable (FGS) videos over the best-effort Internet. The goal is to minimize the
playback quality variation when the network conditions are constantly varying. A novel framework for FGS video
delivery over a TCP-friendly connection is first presented. In the context of this scheme, and under the assumption
of complete knowledge of bandwidth evolution, an offline quality adaptive smoothing algorithm is derived, and an
online adaptive smoothing algorithm is also developed based on the predicted available bandwidth to stream FGS
video over the TCP-friendly rate control (TFRC) Protocol with the enhanced ARAR model. Through simulation
experiments, it has been shown that the online adaptive algorithm performs almost as well as the offline version for
a wide-range of the bandwidth scenarios, and a smooth and TCP-friendly video transfer can be accomplished by the
proposed scheme.
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Fig.1 End-to-End video transmission framework based on TFRC and adaptive smoothing
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Fig.2 Protocol stack of TCP-friendly MPEG-4 FGS video transmission over IP network
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Table 1 Denotations in adaptive smoothing algorithm

R FIE NP EE P AT S bR i

Bandwidth[i]: Aavailable bandwidth for layer 7

N: length of the video stream

Xi[l: Vop size of layer /

B;: Client buffer size of layer /

Si]: Select or discard indicator for VOP

Flag: State indicator select state or discard
discard_first vop: The first vop at which a discard state begin
discard_last vop: The last vop at which a discard state stop
bandwidth_observation[i]: The past observation of the available bandwidth
num_prediction: The length of predicted available bandwidth
prefetch data: The sum of data that can be fetched in advance

3 BENTFREE

T I~ 3 SRR B W 7 9 ol DX AR08 T PR i 68 ) I 70 2 R I A% i SR, A% i SRS I 2 25 5
T PRI 0 el P 20 1, T 9N B2 WA D T s F e 8l R KA — AN A i R g O G T
B FXAS H O, BATR T % ) i 52 o DX I i 905 95 50 4 R AA i ity oK (0 5 o, HOA A8 28 W] 1 U 4k Aty
56 B i 2 v DX Ll R D0 R A G RO A Ay RO e NGBS T i R R SOk (101 iR 3R, A B
2N R 2 B WO 22 0 X AT LA TR0 I 5 11 0 e N — MBS RO 1A% i 22 AN T2 AL, AT R XA
M A SR R 08 EgY BL R AR A LRI M RS YT JZ FGS,TRGS J2 X FARZ I AR
T DA B e P A% B DR i, I LA ) I B PAY, S SR T A A A 4 e B, U 2 ALt AN 2 1

TG BB A AR S R P 0 8 AR AL DU C A, AP T R A I N SR, BRI LR
2P T AR IR AR LA a4 B T 4= H RS ) 43 B0 B AR A B B i 2 SR 55 2 R 28 1 AN 5
FELFELEAAL [ VOP ()75 kX &k ADNIFETA 1 VOP K4 % 37, 76 e 1 18] (14 ) Fi 47 96 T PO 21K VOP, iy
lf] B BEURA A WIR LY VOP 75 BRI ) 45 1 9 B 32 22 H 02 A5 mT 0 4617 56 A1 ) i % o X SR VR
DU J AT A [ 117 228 i 3 2 30 el R K B2 R T, FRATT AR 5 D 9 WL R AT L 72— 4> VOP 741
1~20 1B 5 B, 1 ] Sk 0, SR AT MR BEAE 48 VOP Jy 51 W R ml Y I 2% 785 56 420 DA 2, #2023 DXCFR) R /N BEE
3.5 gy E VOP R4 RIS 1,2 AP finicd 5 (0 22 v X oy s =

4

[N)

12 3 4 5 B 7 8B 2 1011 12 13 14 15 16 17 18 189 20

Buffer occupation for the first select state

ST EEey

R L R L L L L L L
g 9 10 11 12 13 14 15 16 17 18 19 20

Buffer occupation for the second select state

D .

L L R L L L L
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

O KN & OO KN & O O
L—

Fig.5 VOP sequence and buffer occupation
5 VOP JPHI gzl X F 7R 25
RN A EFU IR, B v R 2 R R 2 DA BR Y VOP R LUK 2 b X 78306 4t ] 5 977, 1 2R
BT 1. 2 ANMINBR A VOP Jf HmT T4 98 HI T 5 25 VOP RTINS AT 4 AN S A7 (75 58 ol H] 1 T,
C4 AL LR w7 IR G2 i DX T DA S 5 IX AN I BRI K VOP st T BA 158 1 DM RFEEAL L BN 3 A
VOP JFU AL — ARt R ob, v s YO0 R b 3785 58 BRI AS R B AL S K 28 1 A VOPZEFRATT 1 1~ b o 28

© HHEREBAAIGUT http:/ www. jos. org. cn



936 Journal of Software #AFFIR  2005,16(5)

6 N VOP. th1 T %l 2 ] a5 5, F HAR W7 22 0h DXR 78086, 9T LLER 6 /1> VOP Al LU et P 1 A Sz 7 50 40 1 48
ety A2 R RE 1R 5 122 A0 B L2058 9 NI B VOP Ji5 35T 22 o IX 248 7830, T LA 10 MBI 1Y) VOP BRFE,
LT IRIEN Z S RE. S VOP Ji5, 55 2 M RFSAL R M ER 12 4> VOP JT 6 HL 5 4% 5 b MR K 5 4
AIRNZFF SR A I R 25 17 4> VOP {51k, EIRARERAT— AN B, RIS 12,13,14 AN B A7 A ) ) 47 5 R
e 70 AL, G R et Y TS 22 VOP T A 7 e gl /D> i 100 PR32 28 25 7 e e (I B2 BT AL 3RATT B S
A AN T A R 6 I 2 A TR 19 % 8 n BLA S AR AT 0 1,55 15,16 A VOP ) LU i A
12,13,14 AN BB (0 TR i, BT 58 11 ANBSPBG P 119 VOP R DR #5326 171 G20 5 37 45 AL 0 188 1 A4k
et B, B J5 ) 44T LURCELLE 1,2 4> VOP [RI B AT 4 Jo 20k 25 5

TR 2 Tk A 4 T 3 I R rh B AT e A e e R o A AR A AR 0 2 . T, BT L A
BCBE 25— T AE 2 B 3 - S0 AR AR 2 B I - S e ) A 8 AR A0 H S0 ) ARAR TR A%
g, T R ARV R 25 B8 IRA T C A 40 AN AT HTAHY SE LI TR0 J5 5 A0 b il S8 48, B b 2 A0 AE 2K
I A SR K B R £ o 3 N S R, AR SR AR 3. i T B B TR PSR T A (1 B, 7
2 P H I N SR TR ANBE S B 0 B0 B T 5 S AN SRR I R R A% A SR A LG £ I T
SEAT AR AT SRS BURSE IO B R

Table 2 Offline adaptive smoothing algorithm

%2 Offline H & NP1 %
Proc OfflineSmooth(bandwidth[],x,/[],6;)
Initialization:discard_first vop=0;buffered[]=0;k=0;prefetch data=0;
While x[k]+prefetch data<h, do
Prefetch_datat+=x[k];k++;
End do
Discard_last_vop=k;
For j=k to N-1 do
//forward scan to detect the last VOP of a select state
If bandwidth[j]>=X[]
S[j1=1;flag=1;
Else if prefetch data>=X;[j]-bandwidth[;]
S[/]=1;prefetch_data=X;[j]-bandwidth[;];flag=1;
Else
S[/1=0;flag=0;
End if
// backward scan to extend to select state as long as possible
If flag=0
For n=j to discard_first vop+1 do
Buffered[n—1]=buffered[n]-bandwidth[n]+x[n];
End do
For m=discard_last_vop to discard_first vop do
If bandwidth[m]>=x,[ m]+(buffered[m]-buffered[m—1])
S[m]=1;
End if
End do
Prefetch_data=0;discard first vop=j;
While j<=N-1 and x[j]+prefetch data<b, do
Prefetch_datat+=x[j];j++;
End do

Discard last vop=y;
End if
End do
Updatebandwidth(s[],bandwidth[]);
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Table 3 Online adaptive smoothing algorithm

% 3 Online BN T £

Proc OnLineSmooth(bandwidth_observation[],x,[],6;)
Initialization: discard_first_vop=0; buffered[ ]=0;k=0;prefetch_data=0;
//forecast the available bandwidth
Bandwidth[]J=ARAR_prediction(bandwidth_observation[],num_prediction);
While x[k]+prefetch_data<b, do

Prefetch_datat+=x[k];k++;
End do
Discard_last_vop=k;

For j=k to num_prediction do
//forward scan to detect the last VOP of a select state
If bandwidth[j]>=X[/]
S[j1=1;flag=1;
Else if prefetch_data>=X;[;j]-bandwidth[/]
S[j1=1;prefetch_data=X;[j]-bandwidth[/];flag=1;
Else
S[/1=0;flag=0;
End if
// backward scan to extend to select state as long as possible
If flag=0
For n=j to discard first vop+1 do
Buffered[n—1]=buffered[n]-bandwidth[n]+x[n];
End do
For m=discard_last vop to discard first vop do
If bandwidth[m]>=x,[m]+(buffered[m]-buffered[m—1])
S[m]=1;
End if
End do
Prefetch_data=0;discard first vop=j;
While j<=N-1 and x[j]+prefetch_data<b, do
Prefetch_data+=x[;];j++;
End do
Discard last vop=y;
End if
End do
Updatebandwidth(s[],bandwidth[]);
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Fig.6 Network topology of simulation
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