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Abstract

With rapid increases in network bandwidth and major advances in video
compression technology, the number of the applications that provide
consumers with high quality audiovisual contents has gone up dramatically.
Hence, the network now has to support the transmissions of different types of
data, such as real-time conferences, multimedia clips, and Hollywood movies.
These different types of data, however, do have a common characteristic,
“VBR”, which results from modern compression techniques to ensure that the
quality of the contents maintains the same throughout the entire presentation.
Since the bitrate of VBR contents IS not constant, the traffic generated when
transmitting them will obviously be-bursty.-This burstiness will add burdens to
the network, decrease the utilization efficiency of the network resources, and
complicate the task to manage ‘the network. To solve this problem, the
smoothing technique that can smooth bursty traffic in effect and hence remove
some of the burdens caused by VBR contents has been proposed and
developed.

In this work, the stored video smoothing technique that originally can only
generate a smoother plan for stored audiovisual contents is extended. The
proposed online smoothing technique can deal with real-time captured data
with only minor buffering. In the beginning of the paper, the general smoothing
techniques are reviewed, and their mechanisms and characteristics are
illustrated. Subsequently, the major differences that stored and real-time
captured contents can make to the smoothing algorithms are discussed. With
the discoveries of these differences, how the original smoothing technique is
changed so it can adapt to the online case is presented. Moreover, this
extended algorithm is further modified so it can be implemented in a real
transmission system. Specifically, since in the real world, the data are
transmitted in packets but not in sequential bytes, the smoothing algorithm has
to be changed to packet-based. Finally, after the technique is implemented in



the real system, measurements of delays and jitters in the wireless
environment are taken. Their effects to the smoothing technique are explained
in terms of the mechanisms of MAC layer.
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else
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frame B 47 > 215 #_BBP-- - &te®e 7 7 - B 1 frame. ¥ 5 % -
# window ¥ size ¥_GOP+1 > % = i 12 { ervwindow 5126,1* 2% &_GOP.
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(2)BX % m B window s 4epFF 5 00 2 & W/24e51- =X > PlA 4
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3.3 Sliding-window smoothing algorithm
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"MVBA ¥ &t %_lower bound:-di%" > )*I*u’f_'ig o TRET R U .
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EITEE S Ao gk o B & GnE R A LT window o E - BT
B 4B 3.9 7 > &= window s MVBA & & 4 Bl & % index135~165.
v P74 index13D Z2. o B iT - BHEITELY Azl ,T*n—\ & index
121 enLower bound ' en@k, izt i d! R e H- 7 & window 4245
2L d g 3Tk,

A b ? o ¥R A index13b FF 0 =9 window B 43t
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- BEALAAA . FEFE EdwindowitF ¥ B I ES window A B
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Foobo AR F] o B [13] 4t s MVBA » B B ASE B K 54
PFEE 0 VoA € A4 3 % & dhcritical point. 2w # * & stored
video enfHiRT™ » F1 5 BER ¥ ¥ - =& MVBA» ¥ 3 - =218 | window
Aiherts g 0 T iE B AT A B, 2@ Aonline (R T 0 E
L B frame fj&;{— # window » &% f window * 8 % I dcritical
point i}“%\ BT REORF . ATUAPEFE LT )BT 0 g
& online &g * TR 5.

B A~ 3% & 7+ Pseudo-code 4T B :

//set inital values
1 ts=0,te=1,t;=1t; =1
2 while (ts < N)
3 {
/ladvance one index and compute feasible rate
te'=te +1
if (we can't find feasible rate, and the buffer will be underflow)
{ output a segment(ts~t;);let next ts = t;, te=ts+1 }
else if (we can't find feasible rate, and the buffer will be overflow or te'==N)
{ output a segment(ts~t,);let next ts = t,, te=ts+1 }
else
10 {
11 compare and save the feasible rate C
12 ifC...
13 te = te
14 }
15 }

© 0 N o O b

C
max !
C..i, are updated, save the corresponding critical point(t,, t;);

min ?

] 3.11 MVBA optimal smoothing algorithm pseudo-codes
AN ARP R Achcode §ORANA. B A FEEE L ts R
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¥ACEE 1 ts T tstl fhd % /do) @ 5 F A P @ Cnax/Cin
R B ts 1) tst2 chdb < /do) BHE S Cnax” / Cnin' > 2R {85
Cmax f=Cmax’ ® #i ] e #7e0Cmax; P~ Cmin = Cmin’ ® #&+ g 370
Cmin. 4.2 > Cmin/Cmax ¥ 3e4rEF v & * ik ] /& = @ﬁ%lsi ¥, ipif
SR AL A 0 5 2 Fehvwhile Bl g ) ts=N> (RERZNB
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Cmin’ /Cmax’ » 37 & N+l 4 N+2 BT R > @ iES BReDE
e SARFRF T ks - B frame > “T0 E 7 5 e, AT AP A S
Fack ts g N-2 52k, s B-while i 2 2o =0 ts < N-2,
FORAP BRI tsBE Boak 23 N-1 > » {*ﬂdﬁ#‘f%ﬁx" A -
TIIN-1 &8 A 2 N-1 B TR EITE. R F 4™ i d 2

- EEAEY while Bl > § &5 (s St BIpF > X F P

She
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= ﬁ%ﬁ%ﬁ.&é%ﬁﬁﬂ}zrlﬁ 3.12 7 " Beis " hm A > FER (7 I R T
Mg P AR b AR

//set inital values
1 ts=0,te=1,t;=1t, =1
while (ts < N-2)
3 {
/ladvance one index and compute feasible rate
4 te'=te+l
5 if (we can't find feasible rate, and the buffer will be underflow)
6  { output asegment(ts~t;);let nextts = t;,te=ts+1 }
7  else if (we can't find feasible rate, and the buffer will be overflow or te'==N)
8
9

N

if (te' ==N && the rate of segment(ts~N) is feasible)
10 { output a segment(ts~N); let next ts = N }

11 else

12 { output a segment(ts~t);let-next ts = t;, te=ts+1}

13 }

14 else

15 {

16 compare and save the feasible rate. C . ,C . ;

17 if C....C.., are updated, then save the corresponding critical point t,, t;;
18 te = te}

19 }

20 }

B 3.13 2 :z{s # pseudo-codes

3.5 packet based 2. i3 i
50 g Bl ﬁi?li = 1% smooth @ﬁiq?] » AP TR LR
s'ﬁ@éig?lgg FER S dte S H modcld, F5 kA X BaEgRidte

2 H o Bded 0 % 5 B frame index @ 1 B 3+# (1024byte).
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H R jitter ehs Flzo - > B F AP B R & KRR R R

S L L HES SR SRS

i feserver p %% WinPcap #2:% 5 T3t i & [P & chpd ¥
fox o) > BFHE D eRF F 3 8 A Note Book 1% FAR N it
Rl T EEt ER AP it e . AP AHE R B (F
FUDP e ID 45 T1Ap $ et @ ) » vt i server #4 0 WinPcap #75

Blenits R RIE 0 R & AP s (NB ehE BoAR ) f Bl enpk
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fp4cZ 5. 1(H = us)

Sy |1 2 3 4 5 6 T 8 9 110 |11
server | 2270 | 14.7190 |80 |33 |33 140 | 5316959 |92 |33
AP 868 | 3324|4590 | 1102 | 1287 | 46000 | 2171 | 46767 | 767 | 279 | 260
Smge |12 |13 14 |15 |16 17 |18 19 |20
server |02 | 32285938 |92 |33 b3 | 4248563 |5l
AP 268 | 34148 | 268 270 |1988 | 268 |36672|621 |85

% 5.1 #¢ g e (Server/AP 2 vt #i)

2

J_server EAz4F o PR ;T B > 5P B e jitter B~ E

HAmEL 6 2 e 5 3 46ms 2 3. Rl A 3te B A A AP < E R

AP Jc ¥ server i+ X Mendt e 5 0 B F € @i % client 0 i

¥ AP - F ez 510 B4t¢ 5 0 £ - = F % client > 4o (B)#r 7 :
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Server == AP
i etk fRd 23|

s (T 0T

Bl 5. 2TAP Jz /% 3t ¢ epii?)

@ AP ¥ % client w3t ¢ » AT BAPNB -~ o ffac @RI T > s
e il BB 3 e o AP S (NBARE BLAR Y ) AT Flendt e an

PERFRPIR > 01 2 foclient BhenWinPeap #f g F) hp 8 ¥ 15 4o (4 ) (H

> us)

NO 1 2 3 4
AP 397 1510 43034 935
client 248 1661 43056 816

% 5.2 #te BRepr BRI (AP/client 2+t &)
BLP|BchpEe 2 5 0 e W A F AR A 0 & 200us 1T iEs (R
o2t LA FE NBirclient shPFF £ ¢ & 33ns M 0 25 if

T RS R CPUEEERY 2 > *T10 €5 57 us L B,
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g A
/)‘1)‘1—,11\

<k

LiF P Rt o 78 client & g < 0 * B client it 4

SRR o PR TR et F R

L L RX'JF% I T

R

Fieclient ch#icd FF 25 (%P B el

BT A - BRLUHE (e Eg e g 5 - ),

JaplH R FE A B 36 B client’ 3

BE R €3 PRSP R dclient 3| 7 B2 chpFiz >

¥ ¥ €44 client i %7 | server «nfiw » #710E + client #c P

2 25 el R R S D 3 = 2L e

53 1.5 ﬁ?%ffg“ﬁ—i )%.Z‘;}/ —-;{} ,f‘ ..éﬁ;;ﬁf;ﬁc[jent _ﬁ_,f_/ 54
AP em AR # oA I

g * 802.11g mAP’f\T’jﬂ_ A @ﬁ*] &

54Mbps> @ fr— B client 2 ¥ ¢ streaming @ﬁ%llﬁ * # 130Kbps =

g R 2 oA I PFPRAR 400 o 2

e 4 € BEz— B server  § AP MBI 4 client #i

EhmEiE o ¢ #F R client KB F|0 6121

v 24
Z_ f

2 {¢ » f B feiTehclient
PP i 3 b oserver P S g 34 0 2 E 3 b server 2. {8 0 € 1%

% 7 pause” ek in. Pl 8~9 B client FFiz R enfiinx { 4v P AR,

Fpl R A o B % 7 3 10 B client.
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BREETPRT] APALE T f28 8 & physical lair 4
ERE v G T kb AL EF AR A 5.4.2
o 2 g EEANAC kB KR 5 PR B R g R B

Aoif PR

h.4 A 802. 11 MAC & e+

RO LFEAP R LSRR TRETR bR A
P H e - T oE MR o (T, g @ﬁ%l 4B 80211
AR R AT L PRI KNEE S f A Y PR ek
AP G i F e s ISR SRR )I*ﬂ—\SOZ 11 MAC
(Medium Access Control )i
5.4.1 802.11 MAC (Medium Access Control)f§ /i

el — BAEF o AP - = R i ek - 5 camera =% &_server( &
¥reli Station)d ., F AR - R % 5 Stations ¥ & fc AP
@30 4 F collision s 2 > @ is R ERE. 30 L
Al 24 > P& B RF L Station i o BAE A P pF AL
T G HT AR P

802. 11 7 MAC t%#g »2 Ethernet 7 MAC. # &5 - B £ £ & -

Ethernet #_* carrier sense multiple access / collision
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detection(CSMA/CD) > & = i Station 7 3t¢ & Cﬂ?ﬁ‘&i LI SR -
|7 collision# 2L £i@; @ TR | HARKEEY » 27
7 collision £ & @ E_{ /A5 4 % 7> #72 802. 11 MAC * e
carrier sense multiple access / collision
avoidance(CSMA/CA) » » Jj‘a@ii:ﬁ. collision e 4 > @ 3w

FRE A 2T G 4 5.

5.4 1.1 7 Fi# # fErt< i/

802.11 » # Ethernet :aMAC o4t i X5 — B & [
WY L Fr ek & 0 F & Station § AT 8 ij}u%ﬁﬁ medium &_%
¥ * s ok b i8R medium © & 1dle 428 - £ DCF
inter—-frame space (DIFS)=pF R ,T*u% B4 d o Aok
medium 3 * i* L& T medium £ % % = idle {¢ » &8 - B DIFS
I §a = back-of f 425 1 £ @ i%;#73) chback-of f 425 » #38%
medium % = idle ® & DIFS - ¢ 7 — £ ¢ tiback-of f window( &
%_contention window) sfFE » T BPREFE AL 7 = 3F 5 B time slot
(= B slot eh& & #_10us) » Station € SE#:E - B slot » ¥ A3%
slot # ¥4 # * medium > @ #73 1 Stations ¥ > 3piE Il o & 0

slot ifu”ﬁ 4] ¢ * medium. ™ B]&_back-off window =7+ & Bl:
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31slots
Initial attempt ~ Previous frame pIFS | | e
63 slots
IstreTx Previous frame DIFS | | |
127 slots
2nd reTx Previous frame oEs | ||
1023 slots

SthreTx Previous frame I R I

@] 5. 28 Back-off window 7+ & Bl
backoff window ¢ " % § ¥ * medium % pz <=t #(retry count)
@ 34 > 328 5 7 &> Station collision 94 €. @ § backoff
window £17 % e} "L RS dok W9 % 5 %3] % 6 % o
H35. m % % Station BP0 medium FP<H# - backoff window ?ug
% % . 4% 3% Station - E%’ﬁﬁ%} F P R TR o 0 PR B iE e

T Bite ﬁfug + T4 Z H (discard).

5.4. 1. 2 Network Al location Vector (NAV) & Kequest To Send/Clear
To Send (RTS/CTS)
fm ¥ B 1F medium i@ * (S 0 Station A ihdte Ay B
NAV e i > 42 g chlicE 2 sr H v A 1 ¢ % % medium % A HpE R >
B ARGE PR ¢ 350 & B SIFS @ Frame «0pF F 2 2 2% Frame 7 ACK

frame PR E Z B v A g8 NAV B 438> © & @2 5#k3
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0’%"3%«7? medium B A @ * ¢ B 5. 29 F_NAV # 5 e 2 B :

SIFS DIFS

Source  [RTS = Data ~—|/ Backoff T
Destination ..,,_,,| CTS | ACK
SIFS SIFS
DIFS
Other stations NAV(RTS) “— |/ Backoff il
NAV(CTS)
S Defer access "™ "Backoff after defer _

B 5.29 NAV 7+ & Bl

B ixx4 Station (ARTS frdg ez i CTS 3t e + 7 NAV enfff i,
iﬁ FINAV E 27 o> 2 % é\mfﬁﬁ?@‘h— o € P PEEEcl 0. 8D RTS
fe CTS e Station # v 4vigymedium @ pF 4=ic * > @ 7 € 3 A & e
HRT 2 S L AL BRI et T 4 s el
F 32 el > © & §% - B physical channel ¢ Stations
256 5 NAV % % i

T BIA_RTS/CTS & feehr & Bl

. =
- = %) =3
~ RTS RT

S..
A= B —C
CTS

B 5.30 RTS/CTS i& ie51 & B

B+ @ BF &4 Station A - Station C3EL i & chfe Fl. A
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Fo C fot &% fo % o7 o @ Station B & Station A v Station

C i L MR .

4% 25 RTS/CTS » Station A 4r Station C Fe F¥ & - Station
Bif ;e o ¢ i = collision. Station B 2 & ¥ 3 friz - Hi
Moo e Station A frStationC» # Frig B 48 4 fwm; @ 4 7 RTS/CTS
415 > Station B 9 CTS ﬁhg # Station C #rig Station B &
fewl 4 @ P > Station C e ¢ 24 *+ 4 Station B.

NAV &>t virtual carrier=sensing..%_* % if 3| Carrier sensing
function - &> % » Carrier sensing function 1% — f& = ;% §_
physical carrier-sensing: #7/= ' 1345 medium <97 fo frig *
AR N7 e 0 & RF-based media e T » physical
carrier-sensing ** virtual carrier-sensing ¥ # % » #714 % #c
e ,% ket NAV % i Carrier sensing function.

4% @i% o3t @ £ R <3 RTS threshold i S8 > @i%z8 4 3
Fate 2w ¢ LE - B RIS ch4te > RTS ¢ 3 T NAV & & 3| Data
FACK B . Hdez ¢ - B CTS» ot CTS 32 p e NAV % € 3K
3] Data e ACK % & . RTS threshold i& # %#cid ¥ F_ A spd f250 0

SR L
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5. 4. 1. 3 Fragmentation

802.11 5 1" - BHAEF H v AR eh+ 3> ¢ Hite (7 3

(Fragmentation). 15 W4 F cnF 4Eih 5 L e 3 £+ 2R A

"

4o it A BT RS TF it g 20 8 <
& & A4+ 3] > B3t fragmentation threshold i& B 48 > * 3t ig
@%&ﬁﬁé%g@##&%¢ﬁﬁéﬁ@ﬁ,

NAV 928 T 4™ Bl #7177 :

SIES SIFS Backoff slots
Sender |Fragment0 Fragmentl Fragment2 DIFS
Receiver ACKO ACK1 ACK2
SHS SIFS
NAV FragmentO Fragment!
ACKO ACK1

B 5.31 #te S i BiE2 pFA R

FE 7

(ﬂn

Bl — B3 R E 4 NAVIR 51T - B 3¢ HACK
Bk m By ACK e 5 R ENAVE - BACKS K ;56— B
J4tE €k TNAV It 46 cnACK B & » @ 42z en NAV &0,

RTS/CTS £ pe & fragmentation > 3540 M.
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SIES SIFS Backoff slots
Sender RTS Fragmentl Fragment?2 DIFS
Receiver CTS ACK1 ACK2
SIFS SIFS
NAV RTS Fragmentl
CTS ACK1

L

B 5. 32 RTS/CTS 45 pedte *» &

J#te oom CISE 1 % - B 3¢ hACK.

5. 4. 1. 4 FError Recovery

Bi2§ RIS/CIS enbhim » 7 i1 % RIS B~ 1 32 shen¥ - ip

ok dte BiE Y A BV LT BE R G e iRty B

ACK » ?'S@%é‘:%ﬁfu& T B EiE ¢ H 4 retry count(GX F A3

medium & * ##~ € 34t count). % count I|iE - BIEHK Lt T

ﬁﬁgiﬁéfgf{%ﬁé’ » I+ R 3F 4 Retry counter * 4 5 short

retry count fr long retry count. Short &ip @ i¥ chites & & | *

RTS threshold; * 1%&{10@.

Retry Count £ % © & /& &_F 7|if 22 -

Short retry count:
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T

1. # 3 RTS 16 > Je 3 ¥ & e CTS.

2. i 2t short 3¢ 75 » 42 3] ACK.

3. 1= 3| Broadcast or multicast ¢ .
Long retry count:

1. i# 3 Long 3t ¢ I 4z 3| ACK.

2. J= 3| Broadcast or multicast ¢ .

§ ¥ Retry count » = & fE e FIA_ > feiz g A ¥ 1133 1 Long
retry count Rjp-© R ¢ Rx e ® o Aot - KE &R en
buffer space ~ § ‘' $|s pin s gt B E PF i 0 IS A E Y

B PR DRER.

b.4. 1.5 Point Coordination Function (PCF)

802. 11 ef& 4 & i 7 — #a ¢ Point coordination
function(PCF) e medium 5 2~#4] 24 - 85 7 & & wpFPRIEM 5%
#ld AP ki3 7 7 2~ medium 4 1.

%73 P~ medium PF 3 & 58~ 84 contention-free period -
5 ?L{PCF %4, ¥ - #84_contention period > 4 & DCF 4841,

R AT G A S0 B E PCF g 42 & POF iR 4 A
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5.4. 1. 6 Broadcast and Multicast

BLIRA I Dl o 3L R R HfeEahast i o Liem R L
B- TR BHIESOETIRT > BEE7 €7 LRy ACK @
Fengte S 3 g4 B ] o0 frame. Flt B o LE - b 2
;jksbmrv\m@@ﬁvw ' NAV ¢ 3k 2= 0. 4- B 4 #777 : % medium ¥ %
vk R 4F S 7 DIFS 14 0 1% backoff window @& i =4 Station i#
- BRI/ FEE e O NAVE O B B igat et SR -
DIFS » # v Station fjhﬁ'é 488 contention-window » ## T - XA

medium & 3t ¢ 425,

5.4.2 RMEHT A * Fip UL LHF

5.3 4 & Apsd ERFR % client BB 47:F 6 B 2
6 f SR EPRIFOF R E A E T R E T A T server
FRE st O oserver 0 R ARty By M. i b 54Mbps
1802, 11g B B RIZE & % 4 400 7 B 130kbps #id 42 > (Server
fo— i Client B g it ¢ -4 130kbyte/sec #HE % > #15 * 40ms

LB -%E e 5% e S B0 B - B A
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1024byte) » e Bl R 7 i # ik 6~8 & * —“ﬁ e * > daT kA
PRFLSTE R FAT A

- Bl & MACH A P o B dte w g 5 RTS/CTS
e Bz s REwLBEg- BACK  ARBEE TG T
RTS/CTS/ACK € 7= % > PR @iz » »ru A PR g0 B e gy o8k
H B e 1024byte 3¢ 2 Fenf (¢ 2 7 RTS /CTS /DATA /ACK
I EEER ) T3lus 0 279us » 256us 0 659us c 191us » i&E_
FEBEHET) AP T E L 4 P AP @3 client * B & F -
SPPERF o AT B 5 Bt ¢ kg 2R(T314279+2564659+191 )us =
4.23ms; R o E AR EREES G RERLFF L (HE 20 Bite
€41 B) FREGOFIRPATE S N BE D Bie 3 7 i § 7

10kt

Hobms pERF . F R BB A - B o AP

‘m\h\

By ~ Rt g & 4~6ms =% - B client § * 3 4~6ms GpE > A7
& A0ms B F R R R 6~10 =% 0 i e i BRI D] enlEiRAp 2
ERTHEHEF 802. 11lg £ R PR T L5 HdMbps 78 A8 -
v bms & 7 bkbytes cuE B k3 E o 4EH R 5 8Mbps =+, 5 A
FOUIEAGRPFILFE Y BE TR IR F & S04 RTS /CTS /7ACK
/contention time ™ % B v iy FI3 B, P - £ FOR & LR

server ¥| AP > B ¥ _AP ¥| client » &3 fhenF 4l * 7 3 THE 7
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PB4 BRI

| etk & >RTS/CTS/UDP data/ACK 7= eipe B 4 (£

5.3):

RTS CTS Data | Ack Data #7 ik v &
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% 5.3 data BEpFEFATibE AL
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78 3 e 8Mbps 40 & 7 i&.

WORAT B MR TR B
client & < Ims > 40ms g7 & = 30~40 B lms > #7144 % 5%
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