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ABSTRACT

This thesis proposed performance evaluations of 3D video transmission through an
peer to peer IPTV network by using NS2 program to simulate. By tracing from real video files
from 2 movies: Tangled and Tron, packet loss rate, delay and jitter with the comparison between
3D and HD videos at the same resolution at 1080p are evaluated.

The research results show that link bandwidth significantly impacts on all
performance values, especially for the packet loss rate. For network which has bandwidth of 20
Mbps, the packet loss rate of HD video is around 1-20%, but the packet loss rate of 3D video is
around 20-50%, depending on various background traffics respectively. Moreover, when link
bandwidth is set to 40 Mbps and background traffic is less than 50% of link bandwidth, the
packet loss rate will be 0% for HD video but 1-10% for 3D video. Incidentally, buffer size of
router will help in reducing packet loss rate to some extent. Additionally, delay will be directly
affected by link bandwidth as well. Besides, the volume of background traffic impacts extremely

to the packet loss rate and delay.
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set ns [new Simulator]
%ns color 1 Blue

set fl [open outvideo.tr w]
$ns trace-all $fl

set nf [open out.nam w]
$ns namtrace-all $nf

# define the trace format:

Agent/UDP set nam tracevar true
Agent/UDP set tracevar true

# generate the sending node:
set send node [$ns node]
# generate the routers:

set router node 1 [$ns node]
$router node 1 shape “box"

set router_node 2 [$ns node]
$router_node_2 shape "box"

# generate the receiving node:
set recv node [$ns node]

# define the links between the nodes:
$ns duplex-link $send node $router node 1 106Mb 1@ms DropTail

$ns duplex-link $router node 1 $router node 2 15Mb 18ms DropTail

$ns duplex-link $router_node_2 $recv_node 188Mb 18ms DropTail
# orientation of the links:

$ns duplex-link-op $send node $router_node 1 orient down

$ns duplex-link-op $router_node 1 $router _node 2 orient right

$ns duplex-link-op $router_node_2 $recv_node orient up

$ns duplex-link-op $router_node 1 $router _node 2 queuePos 8.5
$ns duplex-link-op $router_node_2 $recv_node gqueuePos 8.5

# set the maximal queue lengths of the routers:
$ns gueue-limit $send node $router node 1 660

$ns gueue-limit $router node 1 S$router node 2 660
$ns gueue-limit $router_node_2 Srecv_node 6600

# define the source and the source model:

set udp [new Agent/UDP]

$Sudp set fid 1

$ns attach-agent $send_node S$Sudp

#%ns add-agent-trace %udp udp
#%ns monitor-agent-trace $udp

# define the destination:

set snk [new Agent/Null]
$snk set fid 1

3109 2.12 @79819 Source Code
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$ns attach-agent %recv_node $snk

$ns connect Sudp %snk

# generate the video trace file ("Verbose Jurassic 64.dat" is only an example):
set original file name tt.data

set trace file name verbose.tr

set original file id [open Soriginal_file_name r]

set trace file id [open S$trace file name w]

fconfigure $trace file id -encoding binary
fconfigure $trace file id -translation binary

set last time @

while {[eof $original file id] == 0} {
gets $original_file id current line

if {[string length $current line] = @ ||
[string compare [string index Scurrent_line 8] "#"] == 8} {
continue

}

scan $current_line "%f%d" next time length

set time [expr 1888*int($next time-$last_time)]
set frame [expr $length]
puts -nonewline $trace_file_id [binary format "II" $time $frame]

if {$next_time > $last time} {
set last_time $next_time
}

}

close %$original file id

close %$trace file id

# set the simulation end time:

set end sim time [expr 1.0*$last_time/1006+0.881]
# read the video trace file:

set trace file [new Tracefile]
$trace file filename $trace file name

set video [new Application/Traffic/Trace]
$video attach-agent Sudp
Svideo attach-tracefile $trace file

# start the simulation:

gns at 8.0 {
$send_node label "VIDEO-SERVER"

319 2.12 79814 Source Code (79)
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$router_node 1 label "IP-ROUTER 1"
$router node 2 label "IP-ROUTER 2"

$recv_node label "VIDEO-CLIENT"

Svideo start

}
# stop the simulation:

¢ns at S$end sim_time {
finish

}

proc Tinish {} {
gleobal ns nf f1
éns flush-trace
close snf
close 51
exec nam out.nam &
exit @

}

&ns run

317 2.12 #7984 Source Code (919)
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o 0.000000 T 4328 ©8.458 75.070 105.277
3 100.000000 P 20808 51.282 36.021 26.870
1 33.333330 B 1296 45.284 62.242 25.516
2 66.666670 B 776 45.384 58.000 25.718
& 200.000000 P 36424 47.8598 57.732 35.11¢
4 133.333330 B 1872 43.850 53.422 22.663
3 l166.666E670 B 1248 46.720 54,522 234.475
9 300.000000 P 51088 46.197 55.784 54 _218
7 233.333330 B 2576 43.351 24.585 22.610
8 266.666670 B 3704 44.080 54.478 232.978
12 400.000000 T 112336 45.543 54.588 53.571
10 333.333330 B 4616 43.314 55.028 20.703
11 366.666ET0 B 3648 44.020 53.312 22.444
15 s00.000000 P T857643.835 24.005 22.024
13 433.333330 B 2680 42.314 54.301 22.02%
14 466.666670 B 5512 43.25%9 53.0%57 31.034
18 e00.000000 P 5686443.054 52.181 21.536
16 533.333330 B 7648 41.5955 50.534 20.027
17 566.666670 B 65352 42.209 495.628 45.556
21 700.000000 P 112072 42.565 51.605 50.8¢8
15 6332.2333320 B Te72 41.100 50.677 45.764
20 666.666670 B 7904 41.680 50.596 45.556

719 3.4 Verbose Trace File 1NnIA 10 “From Mars to China”
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[(MKVInfo) + EGML head at @

(Mxvinfo) |+ Doc type: matroska at $

(MKVInfo) |+ Doc type version: 2 at 16

(MKVInfo) |+ Doc type read version: 2 at 20

(MXVInfo) + Segment, size 15803192568 at 24

(MKVInfo) |+ Seek head at 36

(MKVInfo) | « Seek entry at 41

(MKVInfo) |+ Seek ID: 6x15 0x49 0xa9 Ox66 (KaxInfo) at 44

(MKVInfo) | + Seek position: 4099 at S1

(MXVInfo) | « Seck entry at 56

(MKVInfo) | + Seek ID: @x16 0x54 Bxae Ox6b (KaxTracks) at 59

(MKVInfo) | + Seek positiom: 4212 at 66

(MKVInfo) | + Seek entry at 71

(MKVInfo) | + Seek ID: Ox11 Oxdd 0x9b Ox74 (KaxSeekHead) at 74

(Mxvinfo) | + Seek position: 15862977337 at 81

(MKVInfo) | +.Seek entry at 29

(MKVInfo) | + Seek ID: Oxlc 0x53 Bxbb @x6b (KaxCues) at 92

(MxvInfo) | + Seek position: 15802938991 at 99

(MKVInto) | + Seek entry at 167

(Mxvinfo) | # Seek ID: 0x10 6x43 9xal Ox70 (KaxChapters) at 110

(MKVInfo) | + Seek position: 5466 at 117

(MKVInfo) |+ EbmlVoid (size: 4010) at 122

(MKVInfo) |+ Segment information at 413%

(MKVInfo) | + Timecode scale: 20832 at 4148

(MKVInfo) | + Muxing application: libebal w8.7.8 + libmatroska vB.8.1 at 4146

(Mxvinfo) | + Writing application: OVDFab at 4184

(MKVInfo) | + Duration: 7568.320s (02:85:08.319) at 4193

(MKVInfo) | + Date: Wed May 84 15:42:31 2011 UTC at 4204

(MKVInfo) | + Title: TRON LEGACY at 4215

(MKVInto) | + Segment UID: @xb9 OxX87 0x32 0x64 Ox1b Oxc7 Ox2d Ox66 Oxab Oxca Ox97 0x99 8x45 Ox3d Oxbb Ox3e at 4229
A 9 Ay v . J

g‘ﬂ‘ﬂ 3.5 ‘UfJiJ“ﬂTI"lWMﬂ mkvinfo 7IUUDI Header

(MEVInta)
(MENInfa)
(MEVInfa)
(MKVInfa)
(MEVInfa)
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(MEVInfaoh
[MEVInTa)
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[MEVInfol
(MEVInfol
(MKYInfa)
(MVInfa)
(MEVInta)
[MEVInta)
(MVInfa)
(ME¥Info)
[MEVInfa)
[MEVInfal
(MW Infa)
[MEVInTa)
[MEVInfa)
[MEVInfal
(MEVInfol
(MK¥Infa)
[(MENInfa)
(MEVInfah
[MEVInTa)
(MVInfa)

+ SimpleBlock
+ Frame with
+ SimpleBlock
+ Frame with

+ Frame with
+ Frame with
+ Frame with
+ Frame with
+ Frame with
+ Frame with
+ Frame with
| + Frame with
| + SimpleBlock
| + Frame with
+ SimpleBlock
+ Frame with
+ SimpleBlock
+ Frame with
+ Frame with
+ Frame with
+ Framg with
+ Frame with
+ Frame with
+ Frame with
+ Frame wWith
+ SimpleBlock
+ Frame with
+ SimpleBlock

|
|
I
| # SimpleBlock
|
|
|
|

(track nusber 1, 1 frame(s), tisecode 2864.403% = 0@:47:44,403) at 62TETHINES
size BlIE9

(track nusber 1, 1 frame(s), timecode 2664.4445 = 0@:47:44.4944) at G2T7EB45162
size 59814

(key, track nusber 2, B frame(s), timecode 2B64.458c = D0:47:44.45B] at G2TE905084
size BALE

sire BASZ

size B548

size 8628

size 8630

size BGTZ

size BG6S4

5ize BGT2

(track nusber 1, 1 frame(s), tisecode 2864.4B65 = 08:47:44 . 486) at 6278973847
size 59982

[track nusber 1, 1 frame(s), timecode 2664.5185 = 08:47:44.528) at 6279033837
size 68384

(key, track nusber 2, B frame(s), timecode 2B64.5435 = D0:47:44.543) at 6279094149
size BGBE

size BGOZ

size BGEE

size o634

size B634

size B740

size BGIG

gire BT24

{track nusber 1, 1 frame(s), timecode 2BG64.578s = B8:47:44,578) at 6270163734
size 59612

[track nusber 1, 1 frame(s), timecode 2864.6115 = 9@:47:44.6811) at 6279223354
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475 334
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16096 427
1828 459
2606 560
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R1

100 Mbps

R2

100 Mbps:

Video Resolution Format Overall video bit rate | Frame rate
Tangled HD 1920 X 1080 MPEG4 AVC 6.3 Mbps 23.976 fps
Tangled 3D 1920 X 1080 MPEG4 AVC 19.6 Mbps 23.976 fps

Tron HD 1920 X 1080 MPEG4 AVC 11.0 Mbps 23.976 fps
Tron 3D 1920 X 1080 MPEG4 AVC 13.9 Mbps 23.976 fps
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20Mbps | o
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+ (00096 1 2 cbr 1000 ——2 1.0 5.0 48 48]
-0.00%6 1 2 cbr 1000 ——- 21.05.0 48 48]
+0.0098 1 2 cbr 1000 ———- 21.05.049 49/
- 0.0098 1 2 cbr 1000 ——— 2105048 49}.[.
+0.01 1 2 cbr 1000 ——2 1.0 5.0 50 50
-0.01 1 2 cbr 1000 ——— 21.0 5.0 50 50|
r0.01008 1 2 cbr 1000 ———— 2105000
+0.01008 2 3 cbr 1000 ——- 2105000/
-0.01008 2 3 cbr 1000 ——- 2105000/
+0.0102 1 2 cbr 1000 ——— 210505151
-0.0102 1 2 cbr 1000 ——— 21.05.051 51
r0.01028 1 2 cbr 1000 ———— 21.05011)
+0.01028 2 3 cbr 1000 ——— 2105011
-0.01028 2 3 cbr 1000 ——— 2105011
+0.0104 1 2 cbr 1000 ———- 21.05.05252]
-0.0104 1 2 cbr 1000 ———— 21.05.05252]

= = .
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from | to pkt |pkt

time .
svent node| node | type]size

flags | fid

src

addr

dst
addr

seq

num

pkt
id

r : receive (at to_node)
+ : enquere (at queue)
- : dequeue (at queue)

d : drop (at queue)
src_addr : node.port (3.0)
dst _addr : node.port (0.0)

517 3.10 3111 VR Trace File’

~ I = 1 . K A 2’_,
ﬁ]"lf‘lqﬁj‘]J‘VI 3.10 3 umsuanes1oazooavouadIu Iy Trace File B9UANIHUA

[
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12 A

[ (Y o

A & = 1 a A = .
1) Event 19 Event type SIUAYANHAUDY 4 YUAAD 1, +, -, dlae r vu1e09 receive,

9

+ W8S enqueue, - NIBDY dequeue, d HNEDY drop
. A A:; a
2) Time ABLINIVUSNLINA event
3) From node Ao input node YD link NNA event

4) To_node Ao output node YD link NA event

A A A o ~ o A ..
5) Pkt_type A® Packet type ‘Iri3’&’)6]5’0611ﬂﬂﬁﬁllﬂiﬂgﬂmﬁuﬂﬂﬂmﬂu Application

6) Pkt _size A9 Packet Size

7) Flags

8) Fid A0 Flow id (§ualsifuma)
9) Src_addr f® source address

10) Dst_addr f19 destination address

11) Seq_num Ao Sequence number U84 packet 11 Network Layer

12) Pkt_id A unique id YD packet

v b4
Falun13t1a0eszuUVY NS2 uamsadamssusIeazideavesdoyaluuaas

@ ' - ) A a ) ! S = o Y
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910 Trace W a1 lums@enTusunsudaag lumsdamsnu1na Trace dalu
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4.1.1 WANTYNUIIN Buffer Size A0 Packet Loss

1 T T T T 1
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® @, -

ﬁ ................... [ T [ ST . + Tron 3D
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I ---a---Tron HD
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0.001 - -e - Tron 3D
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gﬂﬁ 4.1 HnUD3 Average Packet Loss Y0929 10 Tron Iaglinn Background Traffic 0 %
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Source Code TCL @5 UMINAGOUTLUY Dumpbell §1115U52 0 loNAIanuia

set ns [new Simulator]

set f1 [open viedo.tr w]

$ns trace-all $fl1

Agent/UDP set nam_tracevar _true

Agent/UDP set tracevar _true

set send node [$ns node]

set send_node 2 [$ns node]
set router node 1 [$ns node]
set router node 2 [$ns node]
set recv_node [$ns node]

setrecv_node 2 [$ns node]

$ns duplex-link $send_node $router node 1 100Mb 10ms DropTail
$ns duplex-link $send node 2 $router node 1 100Mb 10ms DropTail
$ns duplex-link $router node 1 $router node 2 40Mb 10ms DropTail
$ns duplex-link $router node 2 $recv_node 100Mb 10ms DropTail

$ns duplex-link $router node 2 $recv_node 2 100Mb 10ms DropTail

$ns queue-limit $send node $router node 1 500
$ns queue-limit $send node 2 $router node 1 500
$ns queue-limit $router node 1 $router node 2 500
$ns queue-limit $router node 2 $recv_node 500

$ns queue-limit $router node 2 $recv_node 2 500

set udp0 [new Agent/UDP]
$ns attach-agent $send node $udp0

$udpO set fid 1
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set udpl [new Agent/UDP]
$ns attach-agent $send node 2 $udpl

$udpl set fid 2

set snk [new Agent/Null]
$ns attach-agent $recv_node $snk

$ns connect $udp0 $snk

set snk2 [new Agent/Null]
$ns attach-agent $recv_node 2 $snk2

$ns connect $udpl $snk2

set cbr [new Application/Traffic/CBR]
$cbr attach-agent $Sudpl

$cbr set type . CBR

$cbr set packet _size 1000

$cbr set rate 40mb

$cbr set random_ false

set original file name TL3D-1.txt

set trace file name Trace-1.tr

set original_file id [open $original file name r]

set trace_file id [open $trace file name w]

fconfigure $trace file id -encoding binary

fconfigure $trace file id -translation binary

set last_time 0
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while {[eof $original file id] == 0} {

gets $original file id current line

if {[string length $current_line] == 0 ||

[string compare [string index $current line 0] "#"] == 0} {

continue

scan $current_line "%d%f" length next time

set time [expr 1000*int($next_time-$last time)]

set frame [expr int($length)]

puts -nonewline $trace file id [binary format "II" $time $frame]

if {$next time > $last time} {

set last_time $next_time

close $original file id

close $trace file id

set end_sim_time [expr 1.0*$last time/1000+0.001]

set trace_file [new Tracefile]

Strace_file filename $trace_file name
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set video [new Application/Traffic/Trace]
$video attach-agent $udp0

$video attach-tracefile $trace file

$ns at 0.0 "$cbr start"

$ns at 0.5 "$video start"

$ns at $end sim_time "$cbr stop"
$ns at $end_sim_time {

finish

H

proc finish {} {
global ns f1
$ns flush-trace
close $f1

exit 0

}

$ns run



9
VoY@

1 o a % aA tﬂ‘ S
memmﬂﬁmuﬂunmﬂia Tron HD naANuazeya 1080P

LATRIELIT NIV BRY nmﬁéu (ms)
47310 0
7572 42
4883 83
16096 85
5927 125
5037 167
16096 171
9452 209
5458 250
16096 256
5323 292
7631 334
16096 341
5409 375
5445 417
16096 427
10580 459
5553 501
16096 512
5132 542
7588 584
16096 597
5227 626
5817 667
16096 683
10910 709

&1



9
VoY@

1 o a % aA ti' =
memmﬂﬁmuﬂunmﬂia Tron 3D NaNUaseyn 1080P

LATRIELIT NIV BRY nmﬁéu (ms)
86059 0
27537 41
5504 83
29376 85
7658 125
6766 166
30020 170
4385 208
7102 250
29492 256
5446 291
10213 333
28160 341
6375 375
7652 417
28300 426
7012 458
7151 500
28124 512
7296 542
7933 583
28248 597
6895 625
7953 667
28104 682
7178 709

82



9

Poyaunainutiadyn1uIn 1o Tangled HD NA1NaD89 1080P

LATRIELIT NIV BRY nmﬁéu (ms)
37750 0
1039 42
3363 83
16104 85
2173 125
1238 167
16104 171
8462 209
10164 250
16104 256
2268 292
1315 334
16104 341
7904 375
9579 417
16104 427
16879 459
16792 500
16104 512
13442 542
11644 584
16104 597
907 626
986 667
16104 683
1832 709




9

Poyaunainutiadyn 193 1o Tangled 3D NAWALIDYA 1080P

LATRIELIT NIV BRY nmﬁéu (ms)
71162 0
12996 41
6843 83
35160 85
5695 125
8105 166
35192 170
5482 208
5358 250
35232 256
5551 291
5792 333
35356 341
5825 375
6128 417
35484 426
6348 458
6374 500
35528 512
6352 542
6360 583
35568 597
6235 625
6091 667
35708 682
5913 709




Source Code AWK @1%151nN5049A1 Packet Loss

BEGIN {
fsDrops = 0;
numFs = 0;

fsRecv = 0;

action = $1;
time = $2;
from = $3;

to = $4;

type = $5;
pktsize = $6;
flow_id = $8;
src = $9;
dst=$10;
seq no=$11;

packet id = $12;

if (from==0 && to==2 && action == "+" && type ==
numFs++;

if (from==0 && to==2 && action == "d" && type ==
fsDrops++;

if (from==2 && to==3 && action == "d" && type ==
fsDrops++;

if (from==3 && to==4 && action == "d" && type ==

fsDrops++;

if (from==3 && to==4 && action =="r" && type == "udp")

fsRecv++;
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§
END {

printf("number of packets sent:%d lost:%d recive:%d\n", numFs, fsDrops, fsRecv++);
§

Source Code AWK @115UN309A1 Delay

BEGIN {

for (i in send) {

send[i] =0
sendt[i] =0
H
for (iinrecv) {
recv[i]=0
recvt[i] =0
H
delay =0
num = 0
avg delay=0
H
{
if (2 1="-t") {
event = §1
time = $2
node id s=$3
node id d=$4
pkt_type = $5
pkt_size = $6

pkt_attrib = $7
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END {

pkt_id =$12

if (event == "+" && node id s =="0" && pkt_type == "udp") {
send[pkt_id] = time

sendt[pkt id] =1

if (event == "r" && node_id _d == "4" && pkt_type == "udp") {
recv[pkt id] = time

recvt[pkt id] =1

for (i in recv) {
if (sendt[i] == 1 && recvt[i] == 1) {
delay += recvl[i] - send[i]

num ++

}
if (num !=0) {

avg_delay = delay / num

else {
avg delay=0
H
print("==> Average delay = ",avg_delay,"s")

print(" =",avg delay*1000,"ms"

&7



Source Code AWK @1%51In503A1 Jitter

BEGIN {

highest packet id = 0;

action = $1;
time = $2;
from = $3;

to = $4;

type = $5;
pktsize = $6;
flow_id = $8;
src = $9;
dst=$10;
seq no=3$11;

packet id = $12;

if ( packet id > highest packet id ) {

highest packet id = packet id;

if (action =="+" && from =="0" && type == "udp" ) {

start_time[packet id] = time;

if (action =="r" && to == "4" && type == "udp" ) {

end_time[packet id] = time;

else {
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end time[packet id] =-1;

}

END {
jitterl = jitter2 = tmp_recv = 0;
prev_time = delay = prev_delay = 0;

prev_delay =-1;

for (id = 0; id <= highest_packet_id; id++) {
start = start_time[id];
end = end_time[id];
if ( start <end ) {
if (prev_time !=0) {
delay = end - prev_time;
e2eDelay = end - start;
if (delay <0) {
delay = 0;
§
if (prev_delay !=-1) {
jitterl += abs(e2eDelay - prev_e2eDelay);
jitter2 += abs(delay - prev_delay);
tmp_recv-++;
}
prev_delay = delay;
prev_e2eDelay = e2eDelay;
b

prev_time = end;
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END {
print("One way jitter =" jitter] *1000/tmp_recv," ms");

print("Inter arrival jitter = " jitter2*1000/tmp_recv," ms");

return value
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