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Abstract of Bachelor’s Thesis

Academic Year 2003

Design and Implementation of Audio and Video Transport System

with Transport Characteristic Adaptation

For real-time packet transport, most audio and video network transport applications use
retransmission control and congestion control. Since these packet controlling mechanisms are
not implemented on a protocol level, UDP requires to implement these control within appli-
cation. DVTS(Digital Video Transport System) is a sample application which performs high
quality video and audio transport. DVTS implements congestion control algorithms. But
these algorithms resolves issues to be solved, 1) performing congestion control correspondence
with relay routers, 2) designed to coop with TCP congestion control.

This research focuses on characteristics of the arriving packet in matters of network con-
ditions. A new congestion control algorithm for audio and video transport system using
interarrival packet jitter measurable by end node or application is being proposed. This al-
gorithm controls the packet flow by exchanging the status between end nodes without special
intermediate routers.

This research proposes the design, implementation and evaluation of the congestion control
based on this algorithm, named DFCS(Dynamic Framerate Control). DFCS has three func-
tions, 1) measurement of network characteristic, 2) detection of network status, 3) controlling
video framerate. DFCS uses RTCP(Real-time Transport Control Protocol) to exchange in-
formation, measurement of the interarrival jitter and packet loss rate. DFCS changes frame
drop rate by these status reports. DVTS was used in order to prove the usefulness of this
algorithm.

DFCS’s operation using this algorithm was evaluated. In the result of evaluation, DFCS
tour performs rate control adaptable to the network status. Especially DFCS runs effectively
especially on a condition of rapid change in network status.

Therefore this algorithm has achieved to determine the network status and to distribute
video and audio with the quality united with the state of a network.

Keywords :
1. DVTS, 2. Congestion Control, 3. Jitter, 4. Packet Loss, 4. Transport Characteristic

Keio University , Faculty of Environmental Information

Kazuhiro Mishima
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No picture frame discarding

1/ 2 rate picture frame discarding

1/ 3 rate picture frame discarding

¥ N N N N = ¥ N N
DV packet with audio DV Frame
) Video Data
DV packet without audio Audio Data
0 3.1 bviSOoOoOoOooooog
a N
F = AF + (VF + DR) (3.1)

F: DvOOoOoooooooooono
AF: 0D0O0OO0O0OO (AudioFrame)

VF: 0000000 (VideoFrame)

DR: 0000000000 (VideoFrameDropRate)
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3.2.1 TCP-Friendly Congestion Control for DVTS
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Friendly 0000000000000 OOTCPOUODOOOOOO 2R OOOO
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4 N
1.5\/g><B
T<W (3.2)
T: 0000000
B: DO0OOOO MTU
R : RTT(Round Trip Time)
p: OOOOOOODOOO

N J

oooTCpOOD0O TOODOODDOODOODODOOODODOODODOODOODOOOO
goooOoooO TCepOOOOOO0OOOODODOOOOOOTCPOODOOOODODODOOODO
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6.3 UUO

6.3.1 dvsend_param O O O

06300000 (dvsend) 0 OO0 dvsendparam 00 000000000000 DOODODO
goooooooo

~

struct dvsend_param {
(0oH
/* NTP timestamp uses for RTCP SR */
u_int32_t ntp_sec;
u_int32_t ntp_frac;

/* DFCS enabled or disabled */

int enable_dfcs;

/* No Packet Loss Counter */

int noloss_count;

/* Previous Jitter Count */
int jitter_prev;

int jitter_p;

int jitter_pp;

int jitter_ppp;

/* Over Jitter Counter */
int oj_count;

int sj_count;

/* Frame Drop Rate Limit */

int frame_limit;

0 6.3: dvsend_param O 00O

dvsend_parem 0000 000O0O0O0OOOOO0OOLODOODOOOOODOOOOOOOOODDO
gbooooogoooooooobobooboobobooobobboboboboooooooobon
goboobouoooooboooooo
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6.3.2 DV/RTPOUOO0OOODOODO
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00000000000000O0DIFOO00O0000000 dvdif_flush0O0O0O0O00000O
000000 dvdif flush 0000000 DO00 RTCPSROOOOOOOOOO RTPOOCO
00000000000

\

static void
_dvdif_flush(struct dvsend_param *dvsend_param)
{
(b
/* NTP timestamp for RTCP SR */
if (gettimeofday(&rtp_now, NULL) < 0) {
printf ("gettimeofday failed\n");

return;

/* Timestames (NTP/RTP) use for RTCP SR */
dvsend_param->ntp_sec = rtp_now.tv_sec;
dvsend_param->ntp_frac = rtp_now.tv_usec;
oo

0 6.4: dvdif_flush 00000000
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static int
_process_rtcp_rr (struct dvsend_param *dvsend_param,
char *buf, int n,

struct sockaddr *addr, int length)

@aoH
/* check jitter signed from last 1bit */
jitter_minus = jitter & 0x00000001;
jitter >>= 1;
if(jitter_minus){ jitter = -jitter; }
(oo

O 6.5 processrtcprr 0000000000000

guobogoooboooab

O 0000000000000 0000000000000O000000000O0O
0000000000000 0000000RR20000000000000000O0O00O00O0
ooooOoOooD LthdO 1000000C0ODOO

4 N

/* limit_rate change by packet loss */
if (dvsend_param->noloss_count > 10) {
if (dvsend_param->frame_limit > 1) {
dvsend_param->frame_limit--;
by
/* frame drop rate change by packet loss */
_process_framerate_change(dvsend_param, -1);

return(1) ;

066 0000000000DO1

O ooo0o00O0O00000O00O0000O000000DLO0DO00000O0OoOooo
gbooboooooooobobobbopha200000 0000 000000000000
O0ooo0og LiheD 500 LthbDO 10000000000

ogoooooon

0] 0000000000000 0000O0000000OO0O0o0OOon jitter.aved O
05000 RTCPRROODOOOOODOOOOOOOOOOOOOOOOOOOODOER200
goobooobobobobobobobooboooboobobO Jthomex O 400000000000
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e N

/* limit_rate change by packet loss */
if (pkt_loss_sum > 50) {
if (pkt_loss_sum > 100 && dvsend_param->frame_limit <= 30){
dvsend_param->frame_limit++;
}
/* frame drop rate change by packet loss */
_process_framerate_change(dvsend_param, 1);
return(1);

Oe6r7000Doooooon 2

gobdgdooboooooobooooooooooooooooooooooooooa
o000 o000 oo oo ooooooooooooooo
a . )
/* frame drop rate change by jitter */
if(jitter_ave / 5 > 4000){

dvsend_param->oj_count++;

if (dvsend_param->oj_count > 3){
_process_framerate_change(dvsend_param, 1);
dvsend_param->oj_count = O;
return(1);

X

} else if(dvsend_param->oj_count) {
printf ("counter reset!\n");

dvsend_param->oj_count = O;

+
N %

068000000001

O 00000000000000000000000000000O0OA0d jitter_.aveO O
O5000 RTCPRROOOOOOOUOOOOOOOOOOOOOOOOOOODOORRZ200
OO00DOOo0oOOoO0oOobDOoODoOoOOoDOoDbOboboOoOon Jthemind —240000000000

gbobooboobooobobbooboooboobboobboobboboboo

goooooobooooooooon

gelioboboooboooobooboboooobogooobooobbooboobbobon
gboooobh20l00dbobooooooooboobobobboboboobooobobooobobn

Lth_cO 300000 jth0 —1500000000000000 LthcO 100000 5th0 —5000
obooobooooobon
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/* frame drop rate change by jitter */
if(jitter_ave / 5 < -2400){
dvsend_param->sj_count++;
if (dvsend_param->sj_count > 3){
_process_framerate_change (dvsend_param, -1);
dvsend_param->sj_count = O;
return(l);
X
} else if(dvsend_param->sj_count) {
printf ("counter reset!\n");
dvsend_param->sj_count = O;

}

069000000002

/* frame drop rate change by jitter and packet loss */
if (jitter < -1500 && dvsend_param->noloss_count > 3) {
_process_framerate_change(dvsend_param, -1);

return(1);

/* frame drop rate change by jitter and packet loss */
if (jitter < -5000 && dvsend_param->noloss_count > 1){
_process_framerate_change(dvsend_param, -1);

return(1);

0 6.10: 00000 DOO0OO0O0OO0OOOO0O0

6.4 0UO0OO

6.4.1 dvrecv_param O 0O 0O

OBII0 0000 (dvrecv) D 00O dvrecvparam D0 000000000000O0OOO
oooobooboo

dvrecvparem 0 0000000CO0OC0OO0O0COOOOO0OOOOOOOOCOOOOOO
ooboooboooooobooooboooooooooboOooboobbOoooooooon
oboooo
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struct dvrecv_param {
oo
/* NTP time - RTCP SR */
u_int32_t sr_ntp_sec;

u_int32_t sr_ntp_frac;

/* NTP timestamp for RTCP RR */
u_int32_t rtcp_now_ntpsec;

u_int32_t rtcp_now_ntpusec;

/* previous transit time of DV/RTP packet */
double jitter_prev_transit;

/* delay time of DV/RTP packet */
double jitter_delay;

/* jitter count in _process_rtcp_jitter */

double jitter_jitter;

/* Interarrival Jitter for RTCP RR */
u_int32_t rr_jitter;

0 6.11: dvrecv_param 0O 00O

6.4.2 DV/RTPUOUODOOOOODO
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6.4.3 0O0O0O0OOO

O30 000000000000000000000000000D0 _process_rtep_jitter
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0000000000000 000000000000D000000O0O0000000 1100
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god

void
dvrtp_read_loop (struct dvrecv_param *dvrecv_param)
{
(oo
/* (if rtp timestamp is change) get current time */
if (rtphdr->ts !'= rtp_ts_prev) {
if (gettimeofday(&rtp_now, NULL) < 0) {
printf ("gettimeofday failed\n");

return;

/* get NTP timestamp for RTCP RR */
dvrecv_param->rtcp_now_ntpsec = rtp_now.tv_sec;

dvrecv_param->rtcp_now_ntpusec = rtp_now.tv_usec;

}
(oo

0 6.12: duvrtpread_loop 00000000

/* calc transit time of DV/RTP packet */
transit_sec =

dvrecv_param->rtcp_now_ntpsec - dvrecv_param->sr_ntp_sec;
transit_usec =

dvrecv_param->rtcp_now_ntpusec - dvrecv_param->sr_ntp_frac;
transit =

(double) (transit_sec + (double) (transit_usec / 1000000.0));

/* calc delay time of DV/RTP packet */
delay = transit - dvrecv_param->jitter_prev_transit;

dvrecv_param->jitter_delay = delay;

/* set previous transit time of DV/RTP packet */

dvrecv_param->jitter_prev_transit = transit;

/* jitter implementation based on time-diff-mesurement */

dvrecv_param->jitter_jitter = dvrecv_param->jitter_delay;

O 6.13: process_rtcp_jitter OO OO OODODOO
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gogdaobod
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AINO0DO000 RTPODOOODOOOD 4000000000

gooog

e JOOODODO

gooooond

goooood

RFCISODOORTPODOODO RTCPOOOOOOOORTCPOORTPOODOOODOO
ogooooooobooboobobboobboooboobobooboobobooboooooooo
RTCpOODOOODDOOO0OOO RICPODOODODODODDOOOODODODDOODODO
OOoooooRrRTCPOORTPOOODOOOOOOOODOOOOORICPOOODODOODOO
ooooogoooTCceOO0ODOOOOOOOODODOOOOOOODDOOODOODO

oobooooooooboRrecpOOOOoOoDODO sOO0O0OOODOO

e SR(Sender Report):
— RTPOO0OOOOOOOOOOOOODOOOOOOOCORICPOOOOO
e RR(Receiver Report):

— RTPOCOCOODOOOODOOOOODOOODOOODOOOCOODDOORTICP
gooon

e BYE:

- DO0O0DO0OO0O0DOoOOOooooRrecepOOoOoOO
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e SDES(Source DEScription):

— RTPOOOOO SSRC/CSRCOCOOOOOOOOOOOOOOODO RTCP OO
ooo

e APP(APPlication):
— RTCPO0OO0OOODODOODOOOODOODOODOOOODOOORTCPOOODOO

A.2.1 RTCP SR/RRUOOOODOOOOO
RTCPSROOCOOOODODOODOOOAZ2ZDOOO

32bits
| IIIIIIIIIIIIIIIIIIIIIIIIII‘
Vv P RC PT=SR(200) Length
Header
SSRC of sender
NTP Ti mestanp, nost significant word
NTP Ti mestanp, |east significant word
Sender
RTP Ti mest anp Info
Sender’s Packet Count
Sender’ s Packet Cctet
SSRC #1 (SSRC of first source)
Fraction Lost Cumul ati ve Nunber of Packet Lost
Report
Interarrival Jitter Bl ock #1
Last SR
Del ay since Last SR
| IA
' I:Report
N ;§§Block #2
| |

|y

O A2 RTCPSROODOODOOOOODO

RTCPRROODODUODODOOOOOOOA3OO0O00O
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32bits
| [ I I S [ S I S S S S S v v A A |
V |P RC PT=RR( 201) Length
Header
SSRC of sender
SSRC #1 (SSRC of first source)
Fraction Lost Cumul ati ve Nunber of Packet Lost
Report
Interarrival Jitter Bl ock #1
Last SR
Del ay since Last SR
| IA
' I:Report
% Bl ock #2
|

0O A3: RTCPRROODOOODOOOOO

RTCP SR/RROUOOOOO0OOO0ODDOODOOOOOOODOOIODO0OOO00O0OOOOO
ooboOdDbD8bytesl OO0 OOOOOOOODOOoOOODOO

e V(Version):2bits

— RTPpOO00O0O0OO0OO0OOODOODOO 2

P(Padding):1bit

— 0bhoobooooboobo

RC(Reception Report Type):5bits
— 0DU0O0O0O0O0O0O00O Reception Report U0 O OO
e PT(Packet Type):8bits

— RTCPOOOOOODOOOORTCP SRO”200"0RTCP RRO 720170

Length:16bits
— RTCPOODODOOODOOO

SSRC:32bits

— RTCPSROOOOOOOODOOOOOOODOOOODD
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200000D00O00CSROCOOOORROOODOOODOOOOOSROODDOCOOOO
000000000000 00D0000000 (Sender Info)D OO0 O20bytesD OO0 OO OO
OO00RROOOCOOOOOCOOCODODOOOODOOOODOOSender InfoO0OOO0O0O0OO
gog

e NTP Timestamp:64bits

— DO RTCPSROOOODODOOOOOODOO NTPODOODOOODOODOOODO
ubogoboooboobobooobooobbooboon

e RTP Timestamp:32bits

— OO RTCPSROOOOOOOO0O0OOOOO RTPOOOOOOOOODODOOO
ooono

e Sender’s Packet Count:32bits

- DO00O0DOO0O0OODOODODOO RTCPSROOOOODOOODOODOODOOOOD
RTPOOOOOO

e Sender’s Octet Count:32bits

- DOO00OO0oDbOO0OOCDOO0ObOO RTICPSROOOOOCODOOODOOOOOOOD
RTPOO0OO0OU0OODODOOOOOOOOODOOODO

0000000000000000000 RTCPOOOOD RCOODOOODODOODOOOD
0000000000000 (Reception Report) 0 O 00O O OReception Report O O O 24bytes
OO0O0000O0OReception Report 0O O OO OOOOONO

e SSRC:32bits
— OO Reception Report 00 OO0 RTPOOOOOODOODO SSRCODOODO

Fraction Lost:8bits

— DO0ooRTPOOOOOODODODOODODOOOOOOOOODOOODDOO
oooooooooood

Cumulative Number of Packet Lost:24bits

— OJOoO00RTPOOOOODOOOOOOO

Extended Highest Sequence Number Received:32bits

— 00 1le00gobooooooooooooobobooDoo bbb boon
oobobD RTPOODOOODODOOODOOOO0OOOOODO

Interarrival Jitter:32bits

- 00000 RTPOOOOOOOOUODOOO (DOO)ODOOO
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e LSR(Last SR timestamp):32bits

— 0000000 RTCPSROOOCODOOOOOOONTPOOOOOODOODOO 16
ooooboo4v0o0o0obbO 320000000

e DLSR(Delay since Last SR):32bits

— 000 RTCP SROOOODODOOOOODOODOODOOOODOOODODOODOD
/65536 0000000000
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OOoooobvIsCoOoOoOoO brCcSOOOOODOOOCOOODObODOO

B.1 dvsend

B.1.1  _process_framerate_check O [

static int
_process_framerate_check (struct dvsend_param *dvsend_param,
int jitter, int pkt_loss_sum)

int jitter_ave;

/* discard until getting 5 jitter count */
if (dvsend_param->log_count <= 4) {

return(l);

/* average previous 5 jitter */

jitter_ave = dvsend_param->jitter_ppp +
dvsend_param->jitter_pp +
dvsend_param—->jitter_p +

dvsend_param->jitter_prev + jitter;

/* print debug message */

printf("Sum of Jitter: %d+%d+%d+%d+%d=%d(%d)\n",
dvsend_param->jitter_ppp,
dvsend_param->jitter_pp,
dvsend_param->jitter_p,
dvsend_param->jitter_prev,
jitter,
jitter_ave,

jitter_ave/5);

/* limit_rate change by packet loss */
if (dvsend_param->noloss_count > 10) {
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if (dvsend_param->frame_limit > 1) {
dvsend_param—>frame_limit--;

}

/* frame drop rate change by packet loss */

_process_framerate_change(dvsend_param, -1);

return(l);

/* limit_rate change by packet loss */
if (pkt_loss_sum > 50) {
if (pkt_loss_sum > 100 && dvsend_param->frame_limit <= 30){
dvsend_param->frame_limit++;
3
/* frame drop rate change by packet loss */
_process_framerate_change(dvsend_param, 1);

return(l);

/* frame drop rate change by jitter */
if(jitter_ave / 5 > 4000){
dvsend_param->oj_count++;
if (dvsend_param->o0j_count > 3){
_process_framerate_change(dvsend_param, 1);
dvsend_param->o0j_count = O;
return(1l);
}
} else if(dvsend_param->o0j_count) {
printf ("counter reset!\n");
dvsend_param->oj_count = 0;

return(1);

/* frame drop rate change by jitter */
if(jitter_ave / 5 < -2400){
dvsend_param->sj_count++;
if (dvsend_param->sj_count > 3){
_process_framerate_change(dvsend_param, -1);
dvsend_param->sj_count = O;
return(1);
}
} else if(dvsend_param->sj_count) {
printf ("counter reset!\n");

dvsend_param->sj_count = O;
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return(1);

/* frame drop rate change by jitter and packet loss */
if (jitter < -1500 && dvsend_param->noloss_count > 3) {
_process_framerate_change(dvsend_param, -1);

return(1);

/* frame drop rate change by jitter and packet loss */
if (jitter < -5000 && dvsend_param->noloss_count > 1){
_process_framerate_change(dvsend_param, -1);

return(1);

return(1);

B.1.2 _process_framerate_change O 0O

static int
_process_framerate_change (struct dvsend_param *dvsend_param, int change)
{
/* check allowed frame drop rate */
if (dvsend_param->frame_limit <= dvsend_param->frame_drop + change
&% dvsend_param->frame_drop + change <= 30) {

printf ("FrameRate Changed!: %d -> %d\n",
dvsend_param->frame_drop,

dvsend_param->frame_drop + change);

/* change frame drop rate */
dvsend_param->frame_drop += change;

dvsend_param->noloss_count = 0;
return(1l);
} else {

printf ("Over Allowed Framerate\n");

return(-1);

return(1l);
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B

.2 dvrecv

B.2.1 _process_rtcp_jitter O [

st

-p
{

//
//
//
//
//
//
//
//

atic int

rocess_rtcp_jitter (struct dvrecv_param *dvrecv_param)

int transit_sec, transit_usec, jitter_minus = O;
double transit, delay;

u_int32_t for_rr_jitter;

/* calc transit time of DV/RTP packet */

transit_sec = dvrecv_param->rtcp_now_ntpsec - dvrecv_param->sr_ntp_sec;
transit_usec = dvrecv_param->rtcp_now_ntpusec - dvrecv_param->sr_ntp_frac;
transit = (double) (transit_sec + (double) (transit_usec / 1000000.0));

/* calc delay time of DV/RTP packet */
delay = transit - dvrecv_param->jitter_prev_transit;

dvrecv_param->jitter_delay = delay;

/* set previous transit time of DV/RTP packet */

dvrecv_param->jitter_prev_transit = transit;

(RFC based jitter implementation)
/* jitter implementation based on RFC */
dvrecv_param->jitter_jitter +=

(1./16.) * (dvrecv_param->jitter_delay -

dvrecv_param->jitter_jitter);

/* print jitter */
printf ("%1f\n",dvrecv_param->jitter_jitter) ;

/* jitter implementation based on time-diff-mesurement */

dvrecv_param->jitter_jitter = dvrecv_param->jitter_delay;

/* print jitter */
printf ("%f\n",dvrecv_param->jitter_jitter);

/* check jitter sign */
if (dvrecv_param->jitter_jitter < 0) {
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dvrecv_param->jitter_jitter = -dvrecv_param->jitter_jitter;
jitter_minus++;

}
/* jitter change from double val. to int val. */
for_rr_jitter = dvrecv_param->jitter_jitter * 1000000.0;

for_rr_jitter <<= 1;

/* (if jitter is minus) change 1bit for notice minus */
if(jitter_minus){ for_rr_jitter |= 0x00000001; }

/* set Interarrival Jitter for RTCP RR */

dvrecv_param->rr_jitter = for_rr_jitter;

return(l);
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