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(A Study on the Dynamic Flow Control Al'gorithm on
Video Conference System)
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Abstract This paper proposes a dynamic end-to—-end flow control algorithm that is
more effective than previous methods considering either the Rate of Packet Loss (RPL) or
Round Trip Time (RTT). When the RPL is under normal conditions, the current network
status will be in one of three defined states by using the RTT and this makes bandwidth
control precise before serious packet loss occurs. If the RPL exceeds a critical level, then.
the network is considered to be in a fourth state. Suitable transmission rates: are determined
depending on the network status and are controlled by adjusting not only the number of
transmitted frames but also the quality of the frames. In this paper, we present ‘some
experimental results of the proposed algorithm. According to our quantitative analysis, the
proposed method performs 1.6 to 6 times better than the previous method in terms of the
RPL. At the same time, the total number of transmitted packets is increased, which
indicates that the proposed method can provide greater bandwidth capacity than prev1ous
methods.

Key Words : Dynamic flow control, video conference
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2.1 Vic =st&t 3lof A|AH

vic[1]2 Mboneol Al AM&-5 = 3443 o] A| 28
o= Lawrence Berkeley National Laboratory
9] Network Research GroupolA &4 & o
2 ey S8z golr) vice Intra-H.261,
JPEG, cellb 59 dgd 4= %Hal~~~ A
434, CCD7HH gt A HolHE 2=
2 7FA] Z#H Q) 18 (frame grabber)ﬁ}_flloi
TEolHEE TRAEH AREA A wA A
gt AR F JEF AFEHJG. EI vic

+= RTP[7]1(Real time Transport Protocol)&
#slod, g4 dolg e g4 iAo JEE
A& £ Q) vicE 71BH oz oty 1Y
I} 7E‘l T Jle Z2AAE olFolgowH o
AL ABeE 679 RE(ZHY 18y EE,
& BE, $4 RE, 74 BRE, 59 B8, 4
4 EE)E UrolAA "

Screen

Receive Process

Data

Loopback

Data

[ Network Procedure ]

(29 1] vic +%

22 MAZH HE Z2 5 Z(RTP)

RTP6l= 974 =& 47 Z& HdA 5
A& ZeE dHolHE A HIAJERE
IETF(Internet Engineering Task Force)<]
AVT(Audio-Video Transport) “1-&oll A #|<ts}
o] RFCI89Z ¥ F3d ZEZEZo|th RTP:
HolHE A4t RTPY Holg A4L Ao
&+ RTCPE vdt}.

7}. RTP(Real time Transport Protocol)

RTP= &4, 94 =& AE#H)A dolH<
22 AAZE dolHE A$sr] 93 Z2EF
olti. RTP= UDP oA TAHEH oARAL
UDP7} Al&3te HE|ZAH AaMde 7%
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& o] &3l7] YajAtt. RTP A Z& RSVP[E]
9} Zo] AAE G FER] gorz AAA H
ole] A& QoSell g ojwdd AL & F
A Fed =3 E4¢E dHolyH dAEE HFY
& A %}-‘?—Uﬁ FAR A golE7t #2HA o
2 Agd Ax Ay FX gevh. @A RTP
= B}~ ¥ I (timestamp), ¥ ¥ ¥ 3 (sequence
number) % "‘/\]7}4—} A BAHE ARLE
Ags] Fu $54 e diA= RTCP 231
£ 48 Hoju. RTP: AAz %%Eil"é‘%
#a F /HA AAYES AT AA,

3E AFsY "HolHE wAALE 7‘1\’4“‘ T
dA T A, EBd2"EZ dz=d dHolErt
ARE AN AERE ATFOEH dHolEHt A
g 5] ojol 3t Al ZH(playback time)& dHFOZ
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RTCPE d%d Ao AEE 7‘4”‘\—3} o SR
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(APPlication defined)®] 57}A ®lA1A] A&
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t}. Ingo Busse &8 &F9 A

=8[8]19 A= Ingo Busse’} A|2t3H
Ay EL ofj$ BUAT HAozZ BHAHYCH
Z UENZ Ay g d4EE TH0=2 W
SIAA VELZ At AALEHE FHIE ok
sted, A¥AQ F7HEY A7) UEHZ A
Br &3 7RI} AHE DEIE AF
(oscillation) @ go] TAz= Ao

°

3.2 &5 Azl .—‘_1713 SEHH 7I1H

FE AZHRTD) 273t VEHNZ JHE
Asta FHE UEYZ e ot d$E
H3lA 7] E 7]Holth o] 7[Ee A &4
AT TEAC 7ol Hla] UES A
AR &do] FAs] ol HAEES A3

o HEHI AHE i%—"— S7HAE e,
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YEHIY ddFs aHHoz o8 F 9l
T B3l 3o RTCPOﬂ A RR #3218 =24
2 A3 W olE A Wsd BAE ok
9 g% gon, $A4: G 4 o83
of ARt FAAAlelY FEALE ANY
& itk

[10 Nov 1995 11:33:2%.125)} [10 Nov 1995 11:33:36.5)
5 SR{ LSR A=0xb710:8000 (46864.500 5)
Sender
ntp_sec -Oxblldx;’?l) dlar=0x0005.4000 ( 5.250 5)
ntp_fracs=0x20005600 1sr =0xb705:2000 (46853.125 &)
1302499261£.125 8
v RR{n)
Receiver : le—oLsR—=1
(5.25 =
A 0xb710:8600 (45864.500 8}
DLSR -03:0005:4600 ( 5.250 8}
LSR -0#b765:2000 {46853.125 6}

delay 0x  6:2600 ¢ 6.125 o}

RTT = A - Isr - dlsr
[2% 4] RTT AAte] "o RTCP ¥4

it

Fa Ztzte TS Ziﬂo}ai 53l v%—*ég
A7) ek wEA, JPEGY 4H54&
‘%Mf"owﬂ HEYZ B4 Ao 234
2 9124 BQUY. RTPY ¥ o] 2= (Payload)dl
A Vldeo gt d A2 JPEG 4&S g
th[9] B =EdAE HEYaY gIZd oz
dolele *& FHoz XAy 93 JPEG
& =4S ALgstdch JPEG B2 E Q¥
HE olg3ly ¢&HES Z™siA 9o o] &
=29 HWYE 1 - 100749 oz Yedi
Ao QEEZE 10| FHulg &4& UdAM 7t
T B 4EE 3, 1000H G &4
A FAM g HE A B =E4E
JPEGS QWEd] wil AAHez FEFFHXA
t dolEe arlg 437 YA IntelAb9)
JPEG ¢18&& AMgsted 48¢ stad. 9
Age] Ao USBAHWEZ 160 * 120 =
719] RGB24X W2l dlo|HE 47 ol QuH
g dx=2 39 9AuHolHE JPEG H33E
sttt JPEG dxndEFY F42 #Hds dAs
71 18 QeI k& 85 75, 65, 55, 45714
z+zb A Az Qg wal AAEE ol
ol 4 =Asan

|

l
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<E 1> Q¥HY FZ2dd # 4=

Q= ]
Quas g JE [T gsg
&5 Maximum | 4884.118 0.08
5 high 3607521 0.06
65 Medium 31689 | 006
55 — 2833 406 0.05
45 Low 242606 | - 004

A HEe Ax8 BRYE 9 004 ~ 0.087HX] 9
UEEe] W E BoFn dud, MEHT o
AE g HEAW, 27 1BEZAYY AE £57)

e I |

o748 o 2F 36.63Kbyte/secollA ¢k 73.26Kbyte/sec

_51_



7HA S S E Wl A8 5 S v
. o E 59 73.26Kbyte/sece] UMEYZ thd
Zol H&Ae F7ME B%AE AaHAGH
QYEY & 4HE FAAN UAZFES 0.04%=
A8 ASEFS oF 63Kbyte/secE A H 0]
VEHAZ FJHI}E XY ¢ Ut & H¥ S
T3 3 Eﬂ‘%‘ W3t E of§3td WEste

EYAY g EZd ma G4 sAES T
71 AV XiO}/‘]%’JoiW gdA4g ZHd & #
A F e TAZ wE3 g

42 YESZ A6l 37 gaElS

2 HoMes HA SAER SFAURTT
Round Trip Time)2 U EHZ 4

a3t FHoZ WEHYZ JHE S
WHE AJFT. ot "L F4
RTCP9 RR #Zlo] =38 dwjuit} A-§3te d
EQa Ad &4 dudFe MR E(pseudo
code)olth, AtH Az FoAANE (DAAA
o} o] FA7HA] ®ad A Tt HAHA
o ATE Hgstd HZ &4EF F loss_Rate
£ At

/1 Packet loss-rate measurement
loss_Rate = (1 - (Packet_cnt / Maximum_cnt)) + 100;

/1 smoothed average RTT measurem
(2) AvgRTT=(1 - 0.75) » Avg_RTT *0 75 » Cur.RTT;

(3) if{(Od_RTT / Cu.RTT) > 1.0)

(2) Loaded_Ratio += 0,025;
(5) Congested_Ratio = 0.5;

Q

else
(6) Congeiedjaﬂo 0 025;
O] ; Loaded_Ratio =
(8) If{CutRTT > Max_RTT)
) Max_RTT = CuRTT:
(10)  Congested_RTT = Congested_Ratio * Max_RTT:
an ) Loaded_RTT = Loaded_Ratio * Max_RTT:
(12) II(Ios_Rate =0 & loss_Rate ¢ 4)
(13)  H{Avg_RTT >= Loaded.RTT)
14, NetworkState(UNLOADED);
{15) else if{Avg_RTT  Loaded_RTT &% Avg_RTT = Congested_RTT) // Loaded state
16, NetworkState(LOADED):
(17)  else if(Avg_RTT < Congested_RTT)
(18) 1 NetworkState(LIGHTCONGESTED);
(19) else [f(ioss_Rate )= 4 &% loss_Rate < 100)

(20) ) NetworkState(CONGESTED);

// Unloaded state

/7 Light congested state

/1 Congested state

(29 5] A¢d vEAR 38 53 ¢35

@l e dAQ7Lx Huog RTTS Cur RTT
o t}7} smoothing factor 0.75(3/4)E & &35l

7 RTT & Avg RTTEZ AXe. Cur RTT
o ¥& 7IEXE ¥ °olff£ RTCP ¥=w A
B7t A5 dojuA] ¢y Wil WEYZ W
g g wkdA]7)7] -r1§}°]‘4 #12 RTCP 9
= HHE & 5x F7IE2 A$dy )~
gele MEYA e g wEZA &8
AsA &44 TT7} Z7teteA BaseEA
g d&3Hoz gusdidg dAe 39 RTTS

Cur_RTT7} o] 3 Old_RTTRT x| ZF&x|
o] W&} Loaded Ratio® Congested_Ratio® Z7}
A7) a%A gow ZF e 27 dAGLR
A9 (reset) 3t} Loaded Ratio®}t Congested_Ratio

= WENZ AUt 42 B TR A
Bz Holzte AL vehiw, 7 yEHa

defel wel AR S 2H3HA doh (8
~(ADEFYL HAAAAE Fo]7] A3 HA Y
RTTE ¢AS HY ddl {FAANES 87
g Z= otk WA )~
RTT $olA o RTTY Max RTTE A&H
o2 AAse FEEot. (10~ADzgdS F
7he] A X2 Loaded RTT$ Congested RTTE
Max_RTT®] H]&ol 3] AAgr) o] UAAE
T37] 98l Loaded_Ratio®} Congested_Ratio
E YA AR of F AAAY @& 3
g3le] A"l Adve T8 IdFE T

—

Loaded_Ratio®] o] #AZFF Avg RTTY #
°] Loaded RTTo| =2 w72 AELES

ZHIAZIEE YEYAY] YFEE o] AHE3H
"o}t Wl Loaded RTTS Congested_ RTT
o] Z¥Ae] AZFE F dAA W= Hd RTT
9 Avg RTTE #Asen B2 HAFEL
HS kg HolA drh (12)~208dS Eaud
7l £447 F@F RTTY Avg RTT 93
HESZ AHE AASA o 3R &40
4%°1 A 100%d Ade EF4HA o=
gotetal FAlA; Fo AlAaY Aoy -3l
oA L= HH £HES Fodsin, HA
£do] 0%NA 4% A7NAY ASol= Adtd
Avg RTTell ¢]8] Loaded RTT$ Congested_RTT
AAANZ A7le A WY F R Adad
A 7HA dElE A, FRE, FreFelnt g
A VEYZ 7t ZAAAHY e gqgE o
AZELS 27 029 05019 tgdddA A8 &
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Bse) A5 wgeld

4.3 "._1—3-% =d 2u2s

Aetste A$E 23 FnYES g 1HFH
Fdge ¥
#define DELTA_VALUE 0.5  // frame per second
(1) if(Ava_RTT >= Last_tine)
f if(NetworkState == LOADED) // loaded state
(2) Threshold_fps = (1 - 0,25) + Threshold_fps + 0,25 ¢ Cur_fos:
(3) CompressionQuality(QUALITY_HIGHY.
t)else if(NetworkState == CONGESTED) /7 congested state
O g An

(6) N ComoressionQuality(QUALITY_LOW);
else ifNetworkState = LIGHTCONGESTED)  // Lightcongested state

(7 Cur_fps = max(Cur_fps + 0,75, MIN_FP$S);
(8) CompressionQuality(QUALITY_MEDIUM);

?Ise if{NetworkState == UNLOADED)  // Unloaded State
If(Cur_fps < Thresho!d_tps)

(9 Cur_fos += DELTA_VAL!
else // Congestion- avmdance phase
(10) Cur.fos += (1 / Cur_fos) + DELTA_VALUE « 0.25

(1) ) CompressionQuality(QUALITY_MAXIMUM);
o}

(2% 6] Alotd A

//slow-start phase

~@#2e uth A AEE FHL
Jo spAtez WEBS ART Fol Hoiw

§ RTTHE 71gd o AAINEE s3rh
& 714 Last_time® HZFAQ A$E AAFAND
olZof AdE AZHE oguigh weF woly
HFol RTT7F A4 e H9 el &3
H ZE g F£2 HMIAIA & dAY 24
% Cur_fpsZ smoothing factor 0255 WA =
#Y & threshold _fps® F3A ) (3)
°le YE A= AEUL ;(4}\1-0)\:!5 ot}zileo
QUALITY_HIGHZ AA gt WELZ AH
d& gdueEol oM AdA4E AVt DY
qAHE A &z FdHHn FdHE FA) 9
z9 & Cur_fpsE 0659 HE&EZE 78554
o2 2N G)EdE 33E Y AlaF
o] Cur_fpsE ZA7l F7HA71B=Z & HARE
o] wAE  glomz smoothmg factorg
&} threshold_fpsa &1}, threshold_fps&
vxo] FE AL O 1-_—2}01] &Aoo LA

°b°

s Re ) W8 Frek FHlA Curtps
g 242 Z7A717 AsA el @A

N 3 AYdA ¢5EAe QUALITY LOW
2 AAR3% AFEFR 944& AFIA do
R EHo] LAstE &g vE A5E ¢ e
FREF FlME (7)2HA} 2ol Cur_fpsE
ZF4 AaNAY @FHAdAME FeF A
olm2 ¢&EAE QUALITY MEDIUMO 2
AAstd AdHE dHolge F& 2ddT
EQa A7t TR dHoln A =dd F
7} threshold fps ©lstd @ (UM = Z& 4
42 DELTA_VALUE®HE Z713toz x4$4o8
d E< =Uvt @4 Z#<Y 471 threshold fps
r o (10l dE A Ay F

o s FUMFoEHN AFES AFH
ook (1Dl FH3} dHolnz ¢4F
& #39 £4 QUALITY_MAXIMUM
ARste TFAY IS FARAAA A
=9 < o RTT

AHEEE B o dmeEddE A
TCP¢ RR ##lo] £ol& dnit} o] 2=
S FIYII}E2 TCPAH 3171 Halde Al
AL dAI}A HE 2L Ik

=

fu mLJ HU ol o> °F>
(UO

&
£
(”% o
C
Lo
o
H
4
P
3
2
u

oo [o 4 [0 12 O
;U-&l’

o o o

top

o3k = 9l ICMPY echoZ o]&3 PINGe|Z
E Z2aPE Aty A Agd F 1H
Abol g} HA VENZ I EHFE SAHIAT
A3 Z2HE e A Aj=HY
RTCP Ao} wWizl#d PINGS ICMP echo ##&
5722 5x 4oz AAstn A4¥E stgen,
HA vEedA ) 24 dugdFodr =7 o
SEZ AA #Hl&9 F A4 congested_ratio®}
loaded_ratio 18] WA F H| &9 F7te FaE
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<E 2> AFol A& HAFEH ALY

ARE AT
CPU 0Mhz 866Mhz
Memory 512Mbyte 128Mbyte
Video Card Geforce 256 Riva TNT 2
Camera Logitech Prochips
oS Window XP Window XP

ZzAste A9 network_ratio ¢ AAL 3
AL stHth ol e T1HE congested_ratio
9} loaded_ratio®] A& 05~02, 0.7~0.3, 0.8

~042 AAst] 4P Pz

==MC (0.8~0.4 Rato)
~Bangwicth (bos)

Time (seconds)

(a) 9% vl& ASE 08~04=2 HA

£3500

45500

40500

e —

2 35000

N

e ™

3 30290

o

~ 25030

8 20030
15300
10930
5000

56000 i‘"“‘”‘;

V(0703 o)

== Bandvidth (bos}

[
0

Time (seconds)

(b) A F v & ATE 07~0322 HA

50000

5000
£0000
35000

$ 30000

2 25000

2 20000
15000
10000

5000

=W (0.5~0.2 rato)
—Banowdih(bps)

[
0

Time (seconds)

WY E | &AsE 05~028 44
(28 71 A9 24 vj& Agol BE A5

Ad a=

Ao A aefz=el 93 congested_ratioS}
loaded ratio Alg=2} 7FHo] =3l congested_ratio ]
#ol 1.0 7MEFE Ay 279 AA 9Y
Zo]| WA W&t WEYI et &3
I FRI FHZ gESE AFzdEde] A
UetyA dth. "FdAL congested_ratio Al
F7 & &€ 7N dgE v&9 Ao
A7) ol dAe YEAI AHE ARWE 7
o}atx] E3t}. congested_ratio AF7H EF4=
A VEHZ Fe FH BL Azt &8
Ho, ZAEFE UESI A FAHA FHL A
ol 2888 B F . 4 H4¥S FEid
congested_ratio®t loaded_ratio A% 9 4 o
#s 05¢% 022 MAAsAY. ofdY 1YL 7
AAE PIZ v g 3t network_ratio 7l
& 0025 0050, 0.100e.2 2}z dAde] A
A& azo|tt. ol HFE aYZAAE
network_ratio A7t 45 H9EZ 9 vl &0
2 Zoz Wgdrnz JEJA FHr Exn

2 rfo q

733 gHE BRaE Asdadel BRHY
g, A5 HX4E network ratio A7t
242 A% PASH A% = 2A oy
W, A4e4% ATARY WNEFG A% 27)
AR BAFE B 5 A ~
23000
—=VC (6 160 rato)
0050 — Bandwidth {bgs)
35600
;30530
EESS’}O
220900
& 1500
10058
'5930
GO 1800
Time (seconds)

(@ WY F#d=24d AFE 010022 AA

Euig
=—WC {0.050 ratio)
o
o .
= /__//
gaocm
e
fam ) ¥
-3
B
o
oy
0
0 1800
Time (seconds)
(b) 9 F SHxd A+ E 005022 4H
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A AN network_ratio AFY e
00252 HAAE o HH HHE Jede

dEAt 7 WA Ao e vEYI Ay
549 4 84 AR &5 FEANY E
4E& gotiy] YA 22 VEYa 347 7
S Ade A5 AEE gk otdy 29
< A &ARE FAH 248 AT VICY
AEFS HAA fIZ A4FS vu AP
g E o},

45000
e MC (Lass-rate)
40000 <=Bandwicth (byte/sec)

35000

30000

9
8 25000

& 20000 r‘ ‘
o |

15000
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