Simulator Experiment

Physical Layer




List of Experiment

¢ Calculation of Signal Delivery Time

¢ Observation of End-to-end Delay

+ Error Rate of Wired Signal

+ Transmission Range of Wireless Signal

mBN eT A Professional Company in Software-Defined Networking (SDN) Copyright 2011 - 2018, EstiNet Technologies Inc. All Rights Reserved..



Simulator Experiment
Calculation of Signal Delivery Time

< Simulation Case >
trans_time_and_prop_delay.xtpl
trans_time_and_prop_delay _comparison.xtpl
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The Architecture of Simulation Environment

+ Onthe signal transmitter f EstiNet Network Simulator
Host 1, the PktGenClient =115 -
Module is used to send out Host L E ® 0 oA tox2

a frame. On the signal

1 Network Interf
receiver Host 2, the . e s )
PktGenServer Module is

-
used to receive the frame.
H EKiGEnClient . HEthder Data Payload HEthder Data Payload . Pktljer;STrver
¢ The behavior of [ vodule @ AT B L tester | _Dtarvie: odule |
transmission time and FIFO Module l T FIFO Module
propagation delay are Frame Frame :
l HE:::; | Data Payload | CRC | I& | Data Payload | CRC | MAC Module

Network Interface

simulated by the PHY ([ macwodue

Module at both sites. o "HY'V'odU'e l TUTL I J PHY Module
+ Note that a FIFO Module  seace |\ -

has to be inserted below =

the PktGenClient Module Kernel_

and the PktGenServer -

Module. T
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EstilNIS)

At Stage E, open the node-editor utility first and then open
the module-editor utility to edit protocol stack.

o At Stage E, double click on any node to
open node editor. On the node-editor
window, click the Module Editor button
to open module editor.

Host x

Node ID |1 Node Type Host

Application Inteface = Flow Classification DNS Routing Firewall ~ Virtual Machine 4| ¥

Enable Start(s) Stop(s) Command Operation Add
Modify
Delste
Delete All
Enable Al
Disable All
Adjust Start Time

Adjust Stop Time

App. Usage

On the left side of module-editor window, all

available modules are classified by different
groups. For example, PktGenServer and

PktGenClient modules can be found in the
PKTGEN group. Insert required modules into
the protocol stack on the right side.

Module Editor

Madule Group

A
| PKTGEN -
PkitGenClient
PktGenPeerToPeer
PKiGenServer
111111111

Snapshot \ 7( Undo Redraw CTAM C.T.O.N Cancel




Configuration of
PktGenClient Module

/

+ Keyin the MAC address of receiver Host2./
+ Key in the length of payload 974 bytes.

+ Key in the length of header 14 bytes.
+ Payload Length + Header Length = 988 bytes

o Within the MAC8023 module, additional 7-
byte Preamble, 1-byte Start Frame Delimiter,
and 4-byte CRC Checksum fields will be added
into the outgoing frame. Thus, the final length
of outgoing frame is 1000 bytes.

¢ Limit the total number of outgoing frame to
be 1.

+ Set the sending time of the outgoing frame to
be 10,000,000 us.
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PktGenClient

Parameters Setting

lF’aonad Length |974 (bytes)
’Heaﬂer Length 14 (bytes)
¥ Limited Number of Output Packet
Total Mumber of Output Packet |1
Packet Generation Mode
® Fixed Interval
Fixed Generation Interval 10000000 (us)
Random [nterval
Maximum Random Generation Interval (10000
Exponential Interval
Mean Fayload Sending Rate [1.0 (bytesius)
Ping Pong
Fixed Interval and Ping Pong
Fixed Generation Interval 10000 {us)
Random Interval and Ping Fong
Maximum Random Generation Interval (10000
Exponentail Interval and Ping Pong

Mean Payload Sending Rate (1.0 (bytes/us)

_Jp Destination Node MAC Address [0:1:0:0:0: 4]

{us)

{us)




Configuration of PktGenServer Module

PktGenServer x

¢ Once the receiver Host 2 receives a

frame, it drops the frame. \ Parameters Setting

Action on the reception of a packet
‘-:j@"- Sink the received packet

() Send back a reply packet with the same size as the received one's

[ oK l | Cancel |
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Configuration of the Link
between Host 1 and Host 2

LINK x

From Model to Mode2 From Node2 to Nodel

Data Rate: | 10_Mbps ~||CT.0D |CTAL| DataRate |10_Mbps ~||cT.0D/|CTAL|

Bit Error Rate: 0.0 C.T.0.D| | C.T.AL|  Bit Eror Rate: 0.0 CT.0D |CT.AL|

Propagation Delay: 4000 (us) C.T.0.D| | CT.AL| Propagation Delay: 4000 (us) |CT.0.D | CT.AL|

+ Data Rate = 10 Mbps

Transmission time of a 1000-byte frame = (8*1000)/(10 * 1076) = 0.0008 sec
¢ Propagation Delay = 4000 us = 0.004 sec

Distance = 0.004 * (2 * 1078) = 800000 meters = 800 kilometers
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Change the operating stage to Stage G to generate all
simulation configuration files. Then start simulation.

Activities [ estinetgui.bin = Sun 17:15

EstiNet froot/course_case_estinet/trans_time_and_prop_delay.xtpl BRBIEE (2018/06/06 ~ 2018/10/31) £3

File DTools E-Tools

X X A

Network Mode Portfolio

P-Tools Misc

Start Simulation =,

Pause
Continue
[LAN & WAN] Ethemet & Stop (Keep Results)
Abort (Discard Results)
Run as a Background Job

,_1 Host I z

A L S

Data Rate: 10 Mbps ( it takes 800 us to transmit a 1000-byte frame )

-i Switch

Propagation Delay: 4000 us ( distance is 800 kilometers )
d Router

=z Hub
=
j Open vSwiteh

Playback Speed
8 (10 us) H =

ANCCNnnn. Ornrrrnnnnnnn 9
(NSRRI Ny NN NN N[N ][N RN} s -
sec  00000000.000000000000 00000030,000000000000 < o 14 4 II C

s

[100%] (26.94, 2.59)
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When simulation is done, check simulation
results at Stage P.

Activities [ estinetgui.bin =

EstiNet froot/course_case_estinet/trans_time_and_prop_delay.xtpl BRBIEE (2018/06/06 ~ 2018/10/31) £3

File D-Tools E-Tools Run-Panel P-Tools Misc

XX ANXRNHE ITEH o9 &4 a a a3 a3 DEGP

1008

Network Node Portfolio B

[LAN & WAN] Ethernet & IP -

-

,_1 Host i z

A L S
FRAME )
Data Rate: 10 Mbps ( it takes 800 us to transmit a 1000-byte frame )

? Switch

Propagation Delay: 4000 us ( distance is 800 kilometers )
Li Router

=z Hub

——
j Open vSwiteh

Playback Speed
000 18 08 {I60R0000 ‘ 2NN U T | B I

sec  00000000.000000000000 00000030.000000000000 8 (10 us) bl lun o

[100%] (30.77, 270)
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At Stage P, open the frame trace file to check the

logs of frame transmission and rece

ption.

File DTools E-Tools Run-Panel

x X A 0O%

Netwerk Nede Portfolio (]

[LAN & WAN] Ethemet & [P -

= ot

’ Switch

|\i Router

Hub

o

Open vSwitch
ovs

EstiNet

EB-Tools [N[ES

froot/course_case_estinetx/physical_layer/trans_time _and_prop_delay.xtpl

Manage General Performance Plot Utilities

View the Frame Trai sion and Reception Log

Review the Run-time Messages Showed up during Simulation
Show MNetwork Nodes' ID

Show Mobile Nodes' Moving Path

Show Cars' Moving Path

Import a Background Graph

-

Show Wireless-linked Subnets' Color

Show All Network Application Settings
Show All Nodes' Interface Information

Show All Settings of Network Interface Down Time

BRBIE (2018/06/06 ~ 2018/10/31)

g & - -
Open the Latest Frame Trace File P
Import the Latest Frame Trace File for Frame Animation
Open the Previous Frame Trace File
Import the Previous Frame Trace File for Frame Animation
Save the Currently-imported Frame Trace File
Open a Frame Trace File
Impott a Frame Trace File for Frame Animation

Show the Frame Trace Fils's Format

sec  00000000.000000000000

stance is 800 kilometers )

@ <4 »r i1 nm

00000030.000000000000

[100%] (26.49, 2.81)

Playback Speed

8 (10 us) > | =
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A frame’s transmission time and propagation delay can be observed in the
frame trace file. The signal/frame delivery time is the sum of both.

event last period

event start time

time unit is picosecond,
that is 107(-12) second

2

4

!

4
202,3 TH 10000000000000 200000000 DATA <0 0> <1 2> 18 1000 O NONE O
802,3 R¥_10004000000000 B00000000 TATA <0 0> <1 2> 18 1000 0 NONE O

/tmpd frame_trace_file,laog (END)

T1=10,000,000,000,000 * 107(-12) = 10 sec
T2-T1 = 800,000,000 * 107(-12) = 0.0008 sec
Transmission Time = 0.0008 sec

EstiNet Network Simulator

Host1 Ml @

Network Interface
Card (NIC)

.L‘_:} Host 2

Network Interface
Card (NIC)

T3 =10,004,000,000,000 * 107(-12) Tx Start
=10.004 sec
T3-T1 =0.004 sec
Propagation Delay = 0.004 sec
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Tx End

Frame

Rx Start Frame

4

Rx End.l Frame




+ Use simulator to change a frame’s transmission time or propagation delay. See

what is the difference between the following two conditions.

o Transmission Time > Propagation Delay

o Transmission Time < Propagation Delay

Activities [ estinetgui.bin ~ Thu 15:24

EstiNet Iroot/course_case_estinetx/trans_time_and_prop_delay_comparison.xtpl BRBIE (2018/06/06 ~ 2018/10/31) x

File DTools E-Tools RunPanel P-Tools Misc

X X ARNANIED —oa® aaaqaq aa DEGEP
Network Node Portfolio (@S]

[LAN & WAN] Ethemet & IP -

L‘: Host 1 z

L L

E Data Rate: 10 Mbps (it takes 800 us to transmit a 1000-byte frame)
Switch

Propagation Delay: 1600 us (distance is 320 kilometers)

g Router

3 4
- ——aa

L
EHzzzz) Hub Data Rate: 10 Mbps (it takes 800 us to transmit a 1000-byte frame)

Propagation Delay: 400 us (distance is 80 meters)

Open vSwitch
OVS

Playback Speed
8 (10 us) > | [+ =

ANANANNN. AnAnnnnnnnnn & (
(NIRRT T A TR TR TR IR A

sec  00000000.000000000000 00000030.000000000000

[100%]  (31.84, 1.41)
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Simulator Experiment
Observation of End-to-end Delay

< Simulation Case >
end _to_end_delay.xtpl
end _to_end_delay trans_time_dominates.xtpl
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Build a network at Stage D. Set each link’s propagation delay at Stage
E. When running simulation at Stage G, execute the ping command to
observe end-to-end delays.

EstiNet /root/course_case_estinetx/end _to_end_delay.xtpl Bg®lEE (2017/12/26 ~ 2018/12/31) x

File DTeols E-Tocols Run-Panel P-Tools Mise

XX ARNVNARE® —oa@® aaaqaa |DEGHP

13 &

1.0.1.2 5 ms 3ms & 1.0.6.2
.\l5 ? I/.
= 3
" ./- 8 ms ams E.‘\.ZZ
1.0.1.3 & 3ms 4 ms 4 1.0.6.3
1 40 ms z
19 @ —a@ “
1.0.2.2 & 4 ms 2m & 1.0.7.2
.\.5 6 '’ /
m .
= 7m =
16 ./ 20 ms .\.24
1.0.2.3 @& 2m 5ms & 1.0.7.3
3 4

s 20 ms & 1.011.2
.\.? 11 ./
./.g " " g.\.

-

[»

Playback Speed

HHHHHHHHHHHH i
uuuuuu R[N NINTRIN] 000000.000000 001200.000000 0 ®\ Q I‘ } II ‘ . ‘ ’I

Sec |78 M

[100%] (4202, 0.68)
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At Stage E, set the Progressing Mode to "Try to
Synchronize with the Real-world Clock”.

Doing this
setting is for
slowing down
the progress
speed of virtual
time during
simulation so
that a user is
able to interact
with the
simulated
network.

1
1.0.1.3 |

1
1.0.2.2 |

1
1.0.2.3 |

1
1.0.8.2 |

o Show Wireless-linked Subnals’ Calor

ul.oin =

EstiMet

ds  Misc

Show All Metwork Application Seftings
Impon Metwork Applization Settings from a User-adited File
Export the Current Metwork Application Sedtings to a File
Show All Modes” |Infeface |nomation

Show All Seitings of Network Interdace Down Time

Set Speciic-network Paramstars

froot/course _case_estinetx/end - to_end _delay.xtpl

Thu 16:24

BiREE (2017/12/26 ~ 2018/12/31) x

Job Digpateher

™ |l [ o [ ]
Set the Duration of Simulation

Simulation Engine
Log the Frame<4ransmissicn Events (Data Link Layer)

21 Sel the Random Number Seed

3ms - 1)
El /

» .,j."‘-_ £l

Enable the Simultanecus Display of Events during Simulation

Set Specificintedace Paramelers

Heassign Subnets’ |P Addresses

Fixe All Exisling IPv4 Intarfaces' Currsnt |P Address

Lt All Existing IPv4 Intesfaces’ |P Address Be Re-assignal
Fix All Exisling IPvE Interfaces’ Curent IP Address

Let All Existing IPVE Intertaces’ |F Acdress Be Re-assignal
Set the Fraquency of Reuting Entry Update Tor Mebile Moo

Impof a Backgreund Gragh

17
1.0.8.3 .;."/

CIANNan CneneT
([N NN LE R WA E N NN

4 ms

gee  000000.000000

Set the Progressing Mode

Run as Fast as Possible

The simulation engine process will try to use up all available CPU power and run as fast as possible.
The progress of simulation time could be faster than the real-world clock in lightweight simulation
cases or slower than the real-world clock in heavyweight simulation cases.

& Try to Synchronize with the Real-world Clock

The simulation engine process will try to use up all available CPU power and run as fast as possible.
In the case of lightweight simulation, the original progress of simulation time should be faster than
the real-world clock. However, the simulation engine process slows down its progress to synchronize
with the realworld clock. In the case of heavyweight simulation, there is no slowdown because the
original progress of simulation time is slower than the real-world clock.

OK

Cancel

[100%] [ 23.1Z 0.45)
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Change the operating stage to Stage G to generate all
simulation configuration files. Then start simulation.

Activities [ estinetgui.bin = Sun 17:54

EstiNet Iroot/course_case_estinetx/end_to_end_delay.xtpl BiRBIEE (2018/06/06 ~ 2018/10/31) £3

File D-Tools E-Teols P-Tools Misc

Start Simulation =,

% | X Ao WA @ o a a a Q aQa aQ D EG P
Continue "
13 Stop (Keep Results) 21
1.0.1.2 & Abort (Discard Results) 3ms = 1.0.6.2

Run as a Background Job 9 ./-

14 8 ms 9ms 22
1.0.1.3 & 3ms 4ms & 1.0.6.3
1 40 ms
15 23

1.0.3.21.& 30 ms ./.} 1.0.11.2
7 11
= bms 7ms ﬂ.\.

4 ms 4 ms - 1.0.11.3

s
s

. Playback Speed
anmnnn Annnnn 9] (
HHLHEL HUHEEE e 000000,000000 001200.000000 < ' ' 4 ’ I I L4 9 (100 us) +H 5

[100%] (27.23, 0.96)
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During simulation, right click on any Host Node to open a

[HBiNef

command console.

Activities [ estinetgui.bin = Thu 16:59

EstiNet Iroot/course_case_estinetx/end_to_end_delay.xtpl BiRBIEE (2017/12/26 ~ 2018/12/31)

File D-Tools E-Tools Run-Panel P-Tools Misc

X X AR S .‘J‘“‘n \ \’.i.; s = @a @ @ Q a Q D EG P

1§ 21
1.0.1.2 & 5 ms 3ms = 1.0.6.2

Open Module Editor ./.
il\.gg
& 1.0.6.3
23
'\. '/ & 1.0.7.2
=<
.\-24
s5ms W@ 1.0.7.3
25
1.0.8.2 = 3 ms 30 ms & 1.0.11.2
.\-7 1 .,/
= 6 ms
" ./. .\.25
1.0.8.3 & 4 ms 4ms & 1.0.11.3
4
MAMNC A J - - I‘ > II
LILLULL  LUiaus 000000.000000 001200.000000 ~ -

sec

[100%] (557, 2.98)

4|

Playback Spesd
8
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On the command console window, use ping command to
observe the Round Trip Time (RTT) between any pair of

) XTerm

File D-Tools E-Tools Run-Panel P-Tools Misc

X X AoxSN AMED

EstiNet Iroot/course_case_estinetd/end_to_end_delay.xtpl

Host Nodes.

Thu 16:25
BREIE (2018/06/06 ~ 2018/10/31) x

1000-byte frame over a 10-Mbps link
2 Q @ @ Q@ Q@ Q Transmission Time = 0.8 ms

(5+8+20+6+4)*2 + (0.8%5)*2 =94 =

NODE 13

3 ms & 1.0.6.2
] [root@localhost nodel3]# ping -s 946 1.0.8.3
PING 1.0.8.3 (1.0.8.3) 946(974) bytes of data.

1.0.8.2 @ 3 ms 30 ms
.\.7
6 ms

sec  000000.000000

9 = 5 954 bytes from 1.0.8.3: icmp seq=l ttl=62 time=181 ms
ms 954 bytes from 1.0.8.3: icmp seq=2 ttl=62 time
@ 1.0.6.3 |954 bytes from 1.0.8.3: icmp_seq=3 ttl=62 time<94.08 ms
954 bytes from 1.0.8.3: icmp_seq=4 ttl=62 time<94.0 ms|
23 954 bytes from 1.0.8.3: icmp_seq=5 ttl=62 time<94.0 ms|
~C
2ms @ 1.0.7.2 |__. 1 9.8.3 ping statistics
10 5 packets transmitted, 5 received, 0% packet loss, time 4006ms
6ms . rtt min/avg/max/mdev = 94.000/111.515/181.576/35.031 ms
=< |[root@localhost nodel3]# ping -s 946 1.0.7.3
.\-24 PING 1.0.7.3 (1.0.7.3) 946(974) bytes of data.
s5m & 1.0.7.3 (954 bytes from 1.0.7.3: icmp_seq=l ttl=62 time=238 ms
954 bytes from 1.0.7.3: icmp_seq=2 ttl=62 time=136 ms
954 bytes from 1.0.7.3: icmp_seq=3 ttl=62 time=136 ms
25 954 bytes from 1.0.7.3: icmp_seq=4 ttl=62 time=136 ms
1.0.7.3: icmp seq=5 ttl=62 time=136 m

954 bytes from
~C

ritt min/avg/max/mdev = 136.000/156.469/238.345/40.938 ms
28 [root@localhost nodel3l# i
4 ms | 1.0.11.3

4 ms - 1.0.11.2
' .,/ --- 1.8.7.3 ping statistics ---
7ms & 5 packets transmitted, 5 received, 0% packet loss, time 4005ms

(5+8+40+6+5)*2 + (0.8*5)*2 = 136

Flayback Speed
10 (1 ms) +| |—|

[100%] (57.09, 0.45)

001200.000000
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+ Interms of end-to-end delay, if the processing delay on network devices are ignored,
observe and discuss the following two conditions.

o Transmission Time >> Propagation Delay
o Transmission Time << Propagation Delay

Activities 2 XTerm « Thu 16:09

EstiNet /froot/course_case_estinetx/end _to_end_delay_trans_time_dominates.xtpl BB (2018/06/06 ~ 2018/10/31) x

File D-Tools E-Tools RBun-Panel P-Tools Misc

AR — T 1000-byte frame over a 10-Mbps link
XX ARNNHYJIGH o9 Q4 aaq Transmission Time = 0.8 ms

a NODE 13
1.0.1.2 1us 1u M 1.0.6.2 |
5 g [root@localhost nodel3]# ping -5 946 1.0.1.3
PING 1.0.1.3 (1.0.1.3) 946(974) bytes of data.
= = 954 bytes from 1.0.1.3: icmp seq=l ttl=64 time=3.20 ms
14 ./. 1us 1us .\.22 954 bytes from 1.8.1.3: icmp seq=2 ttl=64 time=3.20 ms
1.0.1.3 & 1 us , - , 1us & 063 C ping statistics - 0.8%4+0.004=3.204

23 2 packets transmitted, 2 recewed 0% packet loss, time 1@0ems
S @ rtt min/avg/max/mdev = 3.204/3.204/3.204/0.800 ms

1us 1us M 1.0.7.2 |[root@localhost nodel3]# ping -5 946 1.0.2.3
8 10 PING 1.08.2.3 (1.0.2.3) 946(974) bytes of data.
y 1us 954 bytes from 1.0.2.3: icmp seq=l ttl=63 time=6.40 ms
us 20 954 bytes from 1.8.2.3: icmp seq=2 tt1=63 time=6.40 ms
us 24 *
../ .\. --- 1.0.2.3 ping statistics --- 0.8%8 +0.008 = 6.408
1Tus - 1.0.7.3 2 packets transmitted, 2 received, 0% packet loss, time 1008ms
rtt min/avg/max/mdev = 6.408/6.408/6.408/0.008 ms
3 [root@localhost nodel3]# ping -s 946 1.0.8.3
PING 1.0.8.3 (1.0.8.3) 946(974) bytes of data.

1.0.8.2 us 20 us 1us - 1.0.11.2 954 bytes from 1.8.8.3: icmp seq=l ttl=62 time=8.04 ms
.\.7 11 ./ 954 bytes from 1.8.8.3: icmp seq=2 ttl=62 time=8.04 ms
*
= 1Tus =
j Tus --- 1.0.8.3 ping statistics - 0 8 10 + 0 048 8 048
.\.25 2 packets transmitted, 2 recewed 0% packet loss, time 1eoems
rtt min/avg/max/mdev = 8‘04818‘04818‘048,’0‘000 ms

us Tu - 1.011.3 [root@localhost nodel3l# I

5 Playback Speed
000 158 188000 g a1 e 0 ™
(100 us) =

sec  000000.000000 001200.000000

[100%] (50.18, 1.74)
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Simulator Experiment
Error Rate of Wired Signal

< Simulation Case >
bit_error_rate.xtpl
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At Stage D, build three independent networks for comparison.

EstiNet Iroot/course_case_estinetx/bit_error_rate.xtpl BRBIEE (2017/12/26 ~ 2018/12/31) x

File D-Tools E-Tools Run-Panel P-Tools Misc

X X AMRNABEO —ma@® aaaqaa DEGEP

0By 100"

Metwork Mode Portfolio =]

[LAN & WAN] Ethemet & P~ ~ 1 z
- . &

-

__. Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)
. Host

Bit Error Rate: 0.0000125 (approximately 100 dropped every 1000 frames)

a Switch 3 4

A i L =
Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)
% Router Bit Error Rate: 0.000025 (approximately 200 dropped every 1000 frames)
5 &
ml zz:2] Hub am L B

Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)

Bit Error Rate: 0.0000625 (approximately 500 dropped every 1000 frames)
ﬁ Open vSwitch

_& Playback Speed

MNOrrnnn. oreeeeeeeeiee
HHHHLHLLE BHEULULLLERS | 00000000.000000000000 00000030.000000000000 O X W Il EH

] -

[100%] (35.04, 0.79)
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At Stage E, arrange PktGen Module to send out frames
during simulation.

. . EstiNet Network Simulat
+ On the signal transmitters SHINEt EtWork simuiator

Host 1/3/5, the PktGenClient 1 1

— 0 - —
Module is used to send out Host1. 41 @ oA rost2

frames Network Interface
Card (NIC)

Network Interface

Card (NIC)
+ Onthe signal receivers Host
2/4/6, the PktGenServer @ a— — — 1 () PktGenServer ]
. . Header Data Payloa Header Data Payloa dul
Module is used to receive the Module L= e e S

FIFO Module ] FIFO Module
frames. : | =
‘ N Ote th at a F I FO M o d u | e h a s MAC Module l HE:::;r Data Payload | CRC | I& | Data Payload | CRC | MAC Module

to be inserted below the PHY Module

‘l'___,TLITLI . 1 Jl PHY Module
PktGenClient Module and .- o

Space_ \_ 14

the PktGenServer Module. ¢

Kernel _|
Space

A
S
\}

Hardware —
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EstilNIS)

At Stage E, open the node-editor utility first and then open
the module-editor utility to edit protocol stack.

o At Stage E, double click on any node to
open node editor. On the node-editor
window, click the Module Editor button
to open module editor.

Host x

Node ID |1 Node Type Host

Application Inteface = Flow Classification DNS Routing Firewall ~ Virtual Machine 4| ¥

Enable Start(s) Stop(s) Command Operation Add
Modify
Delste
Delete All
Enable Al
Disable All
Adjust Start Time

Adjust Stop Time

App. Usage

On the left side of module-editor window, all
available modules are classified by different

groups. For example, PktGenServer and
PktGenClient modules can be found in the

PKTGEN group. Insert required modules into

the protocol stack on the right side.

Module Editor

Madule Group

A
| PKTGEN -
PkitGenClient
PktGenPeerToPeer
PKiGenServer
111111111

Snapshot \ 7( Undo Redraw CTAM C.T.O.N Cancel
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Configuration of

PktGenClient

PktGenClient Module

Key in the MAC address of receivers Host 2/4/6./
Key in the length of payload 974 byte%
Key in the length of header 14 bytes.

Payload Length + Header Length = 988 bytes

Within the MAC8023 module, additional 7-byte
Preamble, 1-byte Start Frame Delimiter, and 4-
byte CRC Checksum fields will be added into the
outgoing frame. Thus, the final length of
outgoing frame is 1000 bytes.

When a simulation is started, one frame is sent
out every 1000 us. In other words, 1000 frames
are sent out every 1 sec.

Parameters Setting

_Jp Destination Node MAC Address (0:1:0:0:0: 4 ]
(bytes)

(bytes)
Limited Number of Qutput Packet

) Payload Length (974

W Header Length 14

Total Number of Output Packet |10

Packet Generation Mode
® Fixed Interval
Fixed Generation Interval 1000 (us)
Random Interval
Maximum Random Generation Interval (10000
Exponential Interval
Mean Payload Sending Rate (1.0 (bytesius)
Ping Pong
Fixed Interval and Ping Pong
Fixed Generation Interval 10000 (us)
Random Interval and Ping Pong
Maximum Random Generation Interval (10000

Exponentail Interval and Ping Pong

Mean Payload Sending Rate [1.0

(bytesius)

{us)

(us)
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Configuration of PktGenServer Module

+ Once the receivers Host 2/4/6 receive

a frame, they drops the frame.

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)

PktGenServer x

N\

Farameters Setting

\ Action on the reception of a packet

(8] Sink the received packet

() Send back a reply packet with the same size as the received one's

[ oK l | Cancel |

Copyright 2011 - 2018, EstiNet Technologies Inc. All Rights Reserved..
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At Stage E, set different Bit Error Rate for the three links.

o Set Bit Error Rate to 0.0000125 for
the link between Host 1 and Host 2

o Set Bit Error Rate to 0.000025 for the
link between Host 3 and Host 4

o Set Bit Error Rate to 0.0000625 for
the link between Host 5 and Host 6

+ Set Propagation Delay to 4000 us for
all three links

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)

LINK

From Model to Node2

Data Rate: | 10_Mbps

Bit Error Rate: | 0.0000125

Propagation Delay: 4000

Interface ID: 1 Name: |eth0
Interface Down Time

Start (s) ~ End (s)

* | |CT.OD||CT.OL

CT.OD||CT.OL

{us) |c.T.0.D| c.T.OL

Type: |8023

Add
Delete

C.T.O.l

From Mode2 to Nodet

Data Rate: | 10_Mbps

Bit Error Rate: | 0.0000125

Propagation Delay: 4000

Interface ID: 1 Name: |eth0
Interface Down Time

Start (s) ~ End (s)

~ | |[CT.OD| |CT.OL

CT.0D |CT.OL

{us) |cT.0D CT.OL

Type: |8023

Add
Delete
C.T.O.l

27



Before simulation, evaluate the frame error rate

according to the bit error rate.

+ If the length of a frame is 1000 bytes (8000 bits), and the bit error rate is 1/80000
(0.0000125), that means, there is one bit error every 80000 bits. In other words,
there is one frame with a bit error every 10 frames. Thus, the frame error rate is
1/10 (0.1).

o Bit Error Rate = 0.0000125 (1/80000) = Frame Error Rate = 0.1 (10%)
o Bit Error Rate = 0.000025 (1/40000) = Frame Error Rate = 0.2 (20%)
o Bit Error Rate = 0.0000625 (1/16000) = Frame Error Rate = 0.5 (50%)

+ Consider that each sender sends out 1000 frames every second:

o Frame Error Rate = 10% = On the receiver, about 100 frames with error and 900 frames
received successfully

o Frame Error Rate = 20% = On the receiver, about 200 frames with error and 800 frames
received successfully

o Frame Error Rate = 50% = On the receiver, about 500 frames with error and 500 frames
received successfully

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN) &8



Change the operating stage to Stage G to generate all
simulation configuration files. Then start simulation.

Activities [ estinetgui.bin =

EstiNet /root/course _case_estinetw/bit_error_rate.xtpl BREE (2018/06/06 ~ 2018/10/31) x

File DTools E-Tools

X X A

P-Tools Misc

Start Simulation

Pause * . —
Metwork Node Portfolio Continue "
[LAN & WAN] Ethemet & Stop (Keep Results) z
Abort (Discard Results) &
Run as a Background Job  \ping Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)

Bit Error Rate: 0.0000125 (approximately 100 dropped every 1000 frames)

-? Switch Bl 4
& n &

Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)

Lj Router Bit Error Rate: 0.000025 (approximately 200 dropped every 1000 frames)
5 &
=z Hub - a4

Outgoing Frame: 1000 frames per second, each frame's length is 1000 bytes (8000 bits)

Bit Error Rate: 0.0000625 (approximately 500 dropped every 1000 frames)

—~—
j Open vSwitch

Playback Speed

ANCCNnnn. Ornrrrnnnnnnn G) \
(NSRRI Ny NN NN N[N ][N RN} - “~
9 (100 us) T =

sec  00000000.000000000000 00000030.000000000000

s

[100%] (16.48, 0.34)
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After simulation, at Stage P, observe the frame error rate on
three different links.

1|..:_ [ Izul-: 15&5 i-- =
1
400
oBTA Dath Date Date Date ™ B
Outgoing Frame: 1000 frames per second, each frame © 5 wism23 hytes (8000 bits)
Bit Error Rate: 0.0000125 (approximately 100 dropped every 1000 frames)
At Stage P, right click gn
: M = =1 a Host Node to open
b b | the Performance Plot
oiTA DATE O CRCEFRDATE.  DaTa o [t :
Outgoing Frame: 1000 frames per second, each fram« o 5 1wis2253: bytes (8000 bits)
Bit Error Rate: 0.000025 (approximately 200 dropped every 1000 frames)
5 S = e
. ) 800
A = uaE %:
DEI'-.-'J-.. \\DAECHC_EHHDAE \Dﬁﬁ’t:ﬂ@ﬂm 200 el ,
Outgoing Frame: 1000 frames per second, each frami o s w015;25 % 1 bytes (8000 bits)
Bit Error Rate: 0.0000625 (approximately 500 dropped every 1000 frames)

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)



Simulator Experiment
Transmission Range of Wireless Signal

< Simulation Case >
antenna_gain_pattern_adjustment.xtpl

IE]]N eT A Professional Company in Software-Defined Networking (SDN) ight 2011 - 2018, EstiNet Technolog ies Inc . All Rights Reserved B



Factors to determine the transmission range of wireless signals:
+ Antenna gain patterns of both sender site and receiver site

+ Signal transmission power on sender site

+ Signal receiving sensitivity on receiver site

+ Signal frequency and environmental parameters (e.g., terrain,

surface object, weather, interference, etc.)

See the graph on the right-hand side. Node 1 located
on the center is the signal receiver. Node 2, 3, and 4

located around Node 1 are signal senders. The situation x
is - the signal transmission ranges of Node 2, 3, and 4
are not far enough so that Node 1 receives no signal. -

Goal:

According to the above-mentioned factors related to
signal transmission range, change the corresponding 40
simulation parameters to let Node 1 receive signals.

mBN eT A Professional Company in Software-Defined Networking (SDN)
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HOW TO SEE THE TRANSMISSION RANGE OF
WIRELESS SIGNAL?

mBN eT A Professional Company in Software-Defined Networking (SDN) Copyright 2011 - 2018, EstiNet Technologies Inc. All Rights Reserved..
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[Step 1] Activate the utility — Show the Effective
Transmission Range of Wireless Signal.

EstiNet /root/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BB (2018/06/06 ~ 2018/10/31)

File D-Tools E-Tools Run-Panel P-Tools Misc

XX ARNNES maqqggg DEGEP
il .

Metwork Mode Portfolio (=)

(%
IEERT AN :' . == 1. At Stage D, left click on
a ‘a ;0 the utility icon — Show the
~ Host e | . . .
- " Effective Transmission

Range of Wireless Signal.

5 Switch
1@
= .
2. Next, left click on
== the wireless network
node Node 1 to apply
) Hub the utility.
20
=
ﬁ Cpen vSwitch
4 ] - 4
[k ] Playback Speed
G0UGA0 . 800000 sec  000000.000000 000030.000000 0 @‘ Q N ’ II ‘ . ‘ N |8 (10 us)

[68%] (47.08, 17.61)

-|.I.
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[Step 2] On the configuration window, choose to observe the
transmission range of wireless signal in the perspective of a signal
transmitter.

Specify Physical-layer and Channel Model Parameters

¢ Choose to use a signal transmitter’s =
perspective.
¢ Click the button to apply the

configured parameters to show the
transmission range of wireless signal.

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)

@ Use the Transmitting Mode's Perspective Use the Receiving Node's Perspective

For Transmitting Node's Perspective

Propagation Channel Model =

® Theoretical Channel Model CT.0l
FPath Loss Model: | 1: Two_Ray_Ground -
Fading Maodel: | 0: None -

Empirical Channel Model

11: Suburban_1_9GHz_TB

Y Module's Parameters ChannelModel Module's Parameters
(MHz): 5180 C.7.0.l.| Fading¥ar [10.0

TransPowerNgm): -19 c.T.0..| Riceank: [10.0

AntennaHeight (m): (1.5
SystemlLoss: 1.0
AverageBuildingHeight (m): 10.0

StreetWidth (m): 30.0 |

Apply All Parameters to the ChannelModel and PHY

Set Antenna Gain Pattern and Directivity Modules & Display the Transmission Range

. ) . Do Mot Apply Any Parameter to the ChannelModel
Set Wireless Signal Drawing Color and PHY Modules & Exit

Cancel the Display of the Transmission Range
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[Step 3] Observe Node 1’s signal transmission range.

BRBIE (2018/06/06 ~ 2018/10/31) x

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl

File D-Tools E-Tools Run-Panel P-Tools Misc

a2 DEGP

Network Node Portfolio

X X ARNVNYED oale a aag

(=]ES]

|[LAN & WAN] Ethemnet & IP

v |

[.AI

Host

SEC

-

AJ] , ®

000000.000000 000030.000000

[8 (10 us) -+

[80%] (47.98, 21.60)

() swen Node 1’s signal The little colored squares located
coverage does aside Node 2, 3, and 4 indicate
= not cover the that they are Node 1’s potential
other three signal receivers. However, they
, nodes. are not able to receive Node 1’s
\EHzzzz] Hub — - -
signal now because of being out
“.:I of Node 1’s signal coverage (the
Open vSwitch T .
ﬁ _ brown circle). L
00ODOB 0000DT . o @ a | Il m oy e

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)
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[Step 4] Again, activate the utility — Show the Effective
Transmission Range of Wireless Signal.

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl

BRBIE (2018/06/06 ~ 2018/10/31) x

File D-Tools E-Tools Run-Panel P-Tools Misc

X X ARNVE O =ale

Metwork Mode Portfolio =]

AJ] , ®

|[LAN & WAN] Ethemet & P~ | @’

-

I a.I

Ll Host
5 Switch
% Router

L
ﬁ Open vSwitch T

QQQQQQ\E\EGP

T

al

" 2. Next, left click on
th,e/wireless network
node Node 1 to apply
the utility.

sec  000000.000000

000030.000000

o @ aQ M » ||\E\>|

1. At Stage D, left click on
the utility icon — Show the
Effective Transmission
Range of Wireless Signal.

rl

Flayback Speed
|8 (10 us) ~ | [+ =

[80%] (47.98, 21.60)

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)
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[Step 5] This time, on the configuration window, choose to observe the
transmission range of wireless signal in the perspective of a signal receiver.

Specify Physical-layer and Channel Model Parameters x
* Choose to use a Slgnal recelver’s bssdbasnsniiingiedasaiapaniiell @) Use the Receiving Node's Perspective
perSpeCtlve. For Receiving Node's Perspective
. . FHY Module's Parameters ChannelModel Module's Parameters
* ClICk the bUtton to apply the Co':]ﬂ_gured Receiving Sensitivity (dbm): -82 AntennaHeight {m): 1.5
parameters to show the transmission — —

range of wireless signal.

o Press this to cancel the display of
wireless signal transmission range. ~—_

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Set Antenna Gain Pattern and Directivity

Do Mot Apply Any Parameter to the ChannelModel

Set Wireles rawing Color and PHY Modules & Exit

Cancel the Display of the Transmission Range

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)




[Step 6] Observe the transmission ranges of all the signals that

(potentially) are able to be received by Node 1.

Metwork Mode Portfolio =] o

|[LAN & WAN] Ethemet & P~ |

-

L.;, Host

ﬁ Switch

Node 2, 3 and 4’s

P Fouter signal coverages
do not cover
B Node 1.
40
a

ﬁ Open vSwitch

F

sec  000000.000000

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BB (2018/06/06 ~ 2018/10/31) X
File D-Tools E-Tools Run-Panel P-Tools Misc
7 9
X XANXRNVNHYEOHD oa@® & aaqx a3 DEGLEP

The little colored squares located
aside Node 1 indicate that Node 1
is the potential signal receiver of
Node 2, 3, and 4. However, now
Node 1 is not able to receive
signals from them because of
being out of their signal coverages
(the three colored circles).

Dietault setting tor =ach node: -

Flayback Speed
8 (10 us) ||

O @ « 1« > Il B

[60%] (39.08, 12.99)

000030.000000
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INCREASE THE TRANSMISSION POWER OF SIGNAL
ON THE SIGNAL TRANSMITTER TO INCREASE THE
SIGNAL TRANSMISSION RANGE
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[Step 1] Activate the utility — Show the Effective
Transmission Range of Wireless Signal.

EstiNet

Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl

BRBIE (2018/06/06 ~ 2018/10/31)

File D-Tools E-Tools Run-Panel P-Tools Misc

Metwork Mode Portfolio (=)

|[LAN & WAN] Ethemet & IP | ’

-

T =
Ll st
& o I
1w
|
@ Router
I
@Hzzzz] Hub
49
2

Cpen vSwitch

4

x X ANXVHNE® —oa|e]a aaq

a2 |pDEGEP

1. At Stage D, left click on
the utility icon — Show the
Effective Transmission
Range of Wireless Signal.

Defauldl selting for cach node:
1. T Power s <19 db
2. Hx Scosiivily = -82 db
5 Anbc Gain Pallens 3 B boaunwidlh e 360 degrees dlsoliopic)
A Antenmy Pomling Direelioe: 90 degres (Lph

2. Next, left click on
the wireless network
node Node 1 to apply
the utility.

-

Playback Speed

[nininluinlyt -
sec  000000.000000

o a Q |<\I\|| m )

[65%]

000030.000000 |8 (10 us) v -I-

( 27.08, 0.00)
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[Step 2] Adjust the transmission power of signal.

On the configuration window of Node 1,
change the value of TransPower (dbm) from
-19 to -10 to increase the transmission
power of signal.

a

The unit “dbm” is calculated from a
logarithm formula.

Assume Power_mW (milliwatt) is the
signal power. Power_dbm =10 *

P w
10810( ower-mw/ 1 milliwatt)

In other words, “dbm” is the logarithm
operation on the ratio of the signal power
to 1 milliwatt.

Thus, -19 dbm represents the original
signal power is 0.01259 milliwatt while
-10 dbm represents the original signal
power is 0.1 milliwatt. The latter is nearly

7.94 times the former.
Press the button C.T.O.l (Copy to Other /
Interfaces) to copy the modified value to
the other three nodes (Node 2, 3, and 4).

m}

Increase the transmission power of signal
on both signal senders and receivers to
achieve bi-directional communication.

Specify Physical-layer and Channel Model Parameters x
® Use the Transmitting Node's Perspective Use the Receiving Node's Perspective
For Transmitting Node's Perspective
Propagation Channel Model =
e Theoretical Channel Model CT.O0l
Path Loss Madel: | 1: Two_Ray_Ground -
Fading Model: | 0: None v
irical Channel Model
11: burban_1_9GHz_TEBE
PHY Module's\garameters ChannelModel Module's Parameters
Freguency (MHz):\5180 C.T.0.l.| FadingVar 10.0
TransPower (dbm): |-19 c.T.0..| Riceank: 10.0 L
AntennaHsight (m): 1.5
SystemLoss: 1.0
AverageBuildingHeight (m): 110.0
StreetWidth (m): |30.0 |

Set Antenna Gain Pattern and Directivity

Set Wireless Signal Drawing Color

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Do Not Apply Any Parameter to the ChannelModel
and PHY Meodules & Exit

Cancel the Display of the Transmission Range

mBN eT A Professional Company in Software-Defined Networking (SDN)
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[Step 3] Observe if the signals sent by Node 1
are able to be received by the other three nodes.

o Choose to use a signal sender’s perspective to
observe If the transmltted S|gna| can be received #0 Use the Transmitting Node's Perspective Use the Receiving Mode's Perspective
by any potential receiver.

¢ Click the button to apply the configured
parameters to show the transmission range of

wireless signal.

Receiver
2
a

40
]

ENet Receiver

\
LR 3P
e

- Sender

ceiver

Specify Physical-layer and Channel Model Parameters

x
For Transmitting Node's Perspective
Propagation Channel Model =
& Theoretical Channel Model C.T.0l
Path Loss Model: | 1: Two_Ray_Ground -
Fading Meodel: | 0: None v
Empirical Channel Model
11: Suburban_1_8GHz_TE
Y Module's Parameters ChannelModel Module's Parameters
Fraqu (MHz): (5180 C.T.0.. | FadingVar |10.0
TransPower Mgm): 10 cT.0) | Riceank: 10.0 _
AntennaHeight (m): 1.5
SystemlLoss: 1.0
AverageBuildingHeight (m): |10.0
StreetWidth {m): 30.0 |

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

: . ] Do Not Apply Any Parameter to the ChannelModel
Set Wireless Signal Drawing Color and PHY Modules & Exit

Cancel the Display of the Transmission Range
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[HBiNef

[Step 4] Observe if the signals sent by other

three nodes are able to

Again, apply the utility “Show the Effective
Transmission Range of Wireless Signal” on Node 1.

Choose to use a signal receiver’s perspective to
observe which sender’s signals can be received by
the receiver.

Click the button to apply the configured parameters
to show the transmission range of wireless signal.

Sender
]

E Y

\gt”
\_//%eiver
q
Sender

ne received by Node 1.

Specify Physical-layer and Channel Model Parameters

Use the Transmitting Ncﬁe'ﬂw ® LUse the Receiving Node's Perspective

m=Tor heceiving Node's Parspective

PHY Module's Parameters ChannelModel Module's Parameters

Receiving Sensitivity (dbm): -82 AntennaHeight (m): 1.5

C.T.Q.lL CT.O.L

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Do Not Apply Any Parameter to the ChannelMadel
and PHY Modules & Exit

Set Wireless Signal Drawing Color

Cancel the Display of the Transmission Range
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[Step 5] At Stage E, arrange the PktGen Modules
to send/receive frames during simulation.

+ Onthe signal receiver Node 1, the
PktGenServer Module is used to
receive frames.

¢ On the signal transmitters Host 2,
3 and 4, the PktGenClient Module
is used to send frames.

+ Note that a FIFO Module has to be
inserted below the PktGenClient
Module and the PktGenServer
Module. spce

Mobile Node 11 1
2/3/4 % .))> Lo

Network Interface

Card (NIC)

Interface
Module

FIFO
Module

AMSDU
Module
MN80211n
Modul
MAC80211
Modul

=
=
(=

PHY80211
Modul

]
]

Module

PktGenClient Ether
. . DataPayload

EstiNet Network Simulator

Network Interface
Card (NIC)

Interface
Module

FIFO
- Module
AMSDU
Module
e

u
MN80211n
Module
MAC80211n
Modul
PHY80211n
Module

ChannelMode' J§ 2 11 1 ( ChannelModel
')))—I Ll |'| a |'| I—> ((‘k Module
>
1.4

5 Mobile Nod
S ((.% olioe

Hardware{
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At Stage E, open the node-editor utility first and then open
the module-editor utility to edit protocol stack.

o At Stage E, double click on any node to
open node editor. On the node-editor
window, click the Module Editor button
to open module editor.

On the left side of module-editor window,
all available modules are classified by
different groups. For example, PktGenServer
and PktGenClient modules can be found in
the PKTGEN group. Insert required modules

80211n Mobile Node (Ad Hoc Mode)

x

Node 1D 1 Node Type |80211n Adhoc MN

Enable Start (s) Stop (s) Comman ol Operation

[BiNet

Application Intedface  Flow Classification = DNS Routing Firewall = Virtual Machine 4| #

Add
Modify
Delete

Delete All

Enable All

Disable All
Adjust Start Time

Adjust Stop Time

App. Usage

into the protocol stack on the right side.

Module Editor

x

Snapshot \ 7( Undo Redraw CTAM C.T.O.N Cancel

Madule Group «
| PKTGEN - i
PkitGenClient
PktGenPeerToPeer
PKiGenServer
EEEEEEEEE
FIFO
AmsDY
MNEDZ11n
MACED211n
nnnnnnnnn
- _'I
T I 2
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Conflg U rat|0 N Of PktGenClient

Parameters Setting

PktGenCI ient MOd u Ie ’Destination Node MAC Address

. . Payload Length (1000 {bytes)
+ Keyin the MAC address of receiver Node 1.//'Header ot 15 e cancsl

+ Key in the length of payload 1000 bytey Limited Number of Output Packel
+ Key in the length of header 14 bytes. e

\

Packet Generation Mode

¢ When a simulation is started, one frame is ® Fixed Interval
sent out every 1000 us. In other words, Fixed Generaiion Interval 1000 (ve)
Random Interval
1000 frames are sent out every 1 sec.

Maximum Random Generation Interval (1000000 {us)
Exponential Interval

Mean Payload Sending Rate |0.001 (bytes/us)

Ping Pong

Fixed Interval and Ping Fong

Fixed Generation Interval 1000000 {us)

Maximum Random Generation Interval (1000000 {us)

Expeonentail Interval and Ping Fong

Mean Payload Sending Rate [0.001 (bytes/us)
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Configuration of PktGenServer Module

¢ Once the receiver Node 1 receives a

PktGenServer x

frame, it drops the frame. \

Farameters Setting

Action on the reception of a packet

™ & Sink the received packet

() Send back a reply packet with the same size as the received one's

[ oK l | Cancel |

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)
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[Step 6] Change the operating stage to Stage G to generate
all simulation configuration files. Then start simulation.

Activities [ estinetgui.bin = Tue 15:09
EstiNet Iroot/course _case_estinetx/antenna_gain_pattern_adjustment.xtpl BiREIEE (2018/06/06 ~ 2018/10/31) £3

Misc

File DTools E-Tools

X X A

Network Mode Portfolio

P-Tools

Start Simulation o) B s § Q O\ @\ O\ :\;’k Q} D E G P

Pause

Continue

Stop (Keep Results)

[WLAN] 8021 1a/g/n

Abort (Discard Results)
AP =

Run as a Background Job

Infrastructure STA
—

Find
11n
G
N
w
LY
y T )
—
11n
; Multi-interface STA \_/
N-af
4
=

&9 Obslacle

Lictant secng bor cach aodz
ckm

3 vk s bk it

Playback Speed

AAnnnn fannnen I‘ ’ I I . ’I

[ IR | R[N (/ p -
sec  000000.000000 000030.000000 8 (10 us) +H [

s
s

[44%] (16.09, 1.24)
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[Step 7] After simulation, at Stage P, observe the
simulation results.

+ At Stage P, the frame animation is
displayed according to the simulation
results. Check the graph on the right-
hand side. The signals sent from Node 2,
3, and 4 are able to reach Node 1.
However, those signals collide with each
other because they reach Node 1 nearly
simultaneously. In this case, Node 1
receives no signal eventually.

¢ The problems of signal collision are
tackled by data link layer (layer 2). Thus,
when watching the frame animation,
sometimes a successful frame reception
can be seen in both directions.

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)
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INCREASE THE RECEIVING SENSITIVITY OF SIGNAL
ON THE SIGNAL RECEIVER TO INCREASE THE SIGNAL
TRANSMISSION RANGE
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[Step 1] Set those modified simulation
parameters back to the default values

+ Inthe previous experiment, the values of TransPower (dbm) of all nodes (Node 1,
2, 3, and 4) are changed from -19 to -10. Change those values back to -19 first
before starting this experiment.

mBN eT A Professional Company in Software-Defined Networking (SDN) Copyright 2011 - 2018, EstiNet Technologies Inc. All Rights Reserved..
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[Step 2] Activate the utility — Show the Effective
Transmission Range of Wireless Signal.

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BRBIE (2018/06/06 ~ 2018/10/31)

File D-Tools E-Tools Run-Panel P-Tools Misc
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@ Router 2. Next' |eft cllck On 5 Ambeis G Palico 3.d.B b-.:um?'idlll = 360 degrees Alsolropicd
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" the utility.
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[Step 3] Adjust the receiving sensitivity of signal

¢ Choose to use a signal receiver’s perspective.

The following parameter configuration tab will
be switched to the specific tab for receiver
purpose.

+ Change the value of Receiving Sensitivity (dbm)
from -82 to -91. This parameter represents the
minimum signal power that is able to be
sensed/received by a receiver. When a signal is
propagated through the air, its power attenuates
gradually along with the path. When the signal
reaches a receiver, its power must be larger than
the receiving sensitivity of the receiver so that it
can be received successfully.

o Theunit “dbm” is calculated from a logarithm
formula.

o Assume RxPower_mW (milliwatt) is the minimum
receiving signal power. RxPower_dbm =10 *

RxP w
10g10( xrower-m /1 milliwatt)

o Inother words, “dbm” is the logarithm operation
on the ratio of the minimum receiving signal
power to 1 milliwatt.

o Thus, -82 dbm represents the minimum power is
63.1*107(-10) milliwatt while -91 dbm represents
the minimum power is 7.94*10/(-10) milliwatt.
The latter is nearly 7.94 times lower than the
former. That means, a signal can be transmitted
farther and still be received.
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[ odule's Parameters
Receiving Sensitivity (dbm): -82

Specify Physical-layer and Channel Model Parameters x

Use the Transmitting Node's Perspective ® Use the Receaiving Node's Perspective

For Receiving Node's Perspective

ChannelModel Module's Parameters
AntennaHeight (m): 1.5

C.T.Q.l C.T.Ql

Apply All Parameters to the ChannelModel and PHY

Set Antenna Gain Pattern and Directivity Modules & Display the Transmission Range

Do Not Apply Any Parameter to the ChannelModel

Set Wireless Signal Drawing Color and PHY Modules & Exit

Cancel the Display of the Transmission Range
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[Step 4] Observe if the signals sent by other

three nodes are able to

o Click the button to apply the configured

parameters to show the transmission
range of wireless signal.

Sender
e

Sender
k)

1
-
E

\&
\\Hh‘-_"’,’<§gggwer
H
Sender
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oe received by Node 1.

Specify Physical-layer and Channel Model Parameters X

N\

Use the Transmitting Mode's Perspective ® LUse the Receiving Node's Perspective

For Receiving Node's Perspective

PHY Module's Parameters ChannelModel Module's Parameters

Receiving Sensitivity (dbm): -91 AntennaHeight (m): 1.5

C.T.Q.lL CT.O.L

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Do Not Apply Any Parameter to the ChannelMadel
and PHY Modules & Exit

Set Wireless Signal Drawing Color

Cancel the Display of the Transmission Range
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[Step 5] Change the operating stage to Stage G to generate
all simulation configuration files. Then start simulation.

Activities [ estinetgui.bin = Tue 15:09
EstiNet Iroot/course _case_estinetx/antenna_gain_pattern_adjustment.xtpl BiREIEE (2018/06/06 ~ 2018/10/31) £3
File D-Tools E-Tools Q& P-Tools Misc
Start Simulation ) . - —
% X A Pause =Y = R Q a « 9} - 9} D E G P
Metwork Node Portfolio Continue N
[WLAN] 80211a/g/n Stop (Keep Results)
_ . Abort (Discard Results)
AP =
= =
11n Bun as a Background Job
Infrastructure STA
Fin 7
.
.
[y
LY
Y T )
11n
_HJ_ Multi-interface STA \_/
M-
4
L
o  Obstacle
Letint secing tor esch 2o
ckm
[l » ] v
Playback Speed
AfAnAn AnAnnnn 0 - I‘ ’ . ’I
e sec  000000.000000 000030.000000 h h I I 8 (10 us) T =
[44%] (16.08, 1.24)
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[Step 6] After simulation, at Stage P, observe the
simulation results.

At Stage P, the frame animation is
displayed according to the simulation
results. Check the graph on the right-
hand side. The signals sent from Node 2,
3, and 4 are able to reach Node 1.
However, those signals collide with

each other because they reach Node 1
nearly simultaneously. In this case,
Node 1 receives no signal eventually.

The problems of signal collision are
tackled by data link layer (layer 2). Thus,
when watching the frame animation,
sometimes a successful frame reception
can be seen in only one direction (Node
2/3/4 to Node 1).
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ADJUST THE ANTENNA GAIN PATTERN ON THE
SIGNAL TRANSMITTER TO INCREASE THE
SIGNAL TRANSMISSION RANGE
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[Step 1] Set the modified simulation parameter
back to the default value

In the previous experiment, the value of Receiving Sensitivity (dbm) of Node 1 is
changed from -82 to -91. Change the value back to -82 first before starting this
experiment.
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[Step 2] The principle of adjusting antenna gain pattern to
increase the transmission range of signal

o The default antenna gain pattern is

isotropic (360°). If an isotropic antenna
is used, the available power is used to
emit signals in all directions.

+ If adirectional antennais used, the
available power is used to emit signals
in a specific direction.

+ If the available power is the same, a
directional antenna emits signals
farther than an isotropic antennain a
specific direction.

¢ Thus, we are going to change the
antenna gain pattern of Node 2, 3, and
4’s antennas from isotropic to
directional. In this way, their signal
transmission range will be increased to

cover Node 1.
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[Step 3] Measure the relative angles between
Node 2/3/4 and Node 1

f® oB]e « a2 aa

o Use the protractor utility to measure

the relative angles between Node
2/3/4 and Node 1.

o Node 2 to Node 1 = 320°
o Node 3toNodel—>209°
o Node4toNodel—>56°

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN)

Use the protractor

I utility to measure

b the angles between
Node 1 and the
other three nodes.
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[Step 4] Activate the utility — Show the Effective
Transmission Range of Wireless Signal.

[65%] (27.06, 0.00)

EstiNet Iroot/course_case_estinetx/antenna_gain_pattern_adjustment.xtpl BRBIE (2018/06/06 ~ 2018/10/31) X
File D-Tools E-Tools Run-Panel P-Tools Misc
7 9 -
X X ARNAED —oa]lelaaaaaa DEGEP
Network Mode Portfolio B® -
|[LAN & WAN] Ethemet & IP | )
- == 1. At Stage D, left click on
A o the utility icon — Show the
. Effective Transmission
= _ / Range of Wireless Signal.
) swen 2. Next, Teft click on
. o
the ereless network 1¥ N | J.'N.-f:m%l. selling [or cach node
o | 1w 1;:4»,:: - -m dbmm
% Router node NOde 2 to apply 5. Anbcis Gai l"eIlel:'lll;Zh‘-ablllB LI:-.:u‘:widIf\z-dgﬁﬂ degrees Alsolropicd
A Autenmna Pomibiug Direelive 90 degrees ALpd
the utility.
ml zz2z] Hub
49
=
ﬁ Cpen vSwitch
q [» - [ [»
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HHHHHE L HEEEEY e 000000.000000 000030.000000 o X K I4 ‘ 4 ‘ II u |8 (10 us) - | [+ =
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[Step 5] Adjust Node 2’s antenna gain pattern and antenna’s pointing direction

Specify Physical-layer and Channel Model Parameters X

Set Antenna Gain Pattern and Directivity

& Use the Transmitting Mode's Perspective

1.

For Transmitting Node's Perspective

Use the Receiving Node's Perspective

Use a signal

Propagation Channel Model

transmitter’s perspective =

@ Theoretical Channel Model

Path Loss Model: | 1: Two_Ray_Ground
Fading Meodel: | 0: None
Empirical Channel Model

11: Suburban_1_8GHz_TE
PHY Module's Parameters
Fragquency (MHz): 5180 CT.Q.l

TransPower (dbm): -10 C.T.C.l

2. Set antenna gain
pattern and directivity

Set Antenna Gain Pattern and Directivity

ChannelModel Module's Para

C.T.O.l.

FadingVar. 10.0

Riceank: 10.0

AntennaHeig

trestWidth (m): |30.0 =

Apply All Parameters to the ChannelModel and PHY
Modules & Display the Transmission Range

Set Wireless Signal Drawing Color

Do Not Apply Any Parameter to the ChannelMadel
and PHY Modules & Exit

Cancel the Display of the Transmission Range

Antenna Gain Pattern

@ Use Predefined Antenna Gain Pattern

ads Beamwidtn: (60~ degrees | 3. Set antenna gain pattern

G0-degree Antenna Gain Pattemn

360-degree Antenna Gain Pattern | | 120-degree Antenna Gain Pattern

Use Userdefined Antenna Gain Pattern

File Browser

4. Set antenna pointing direction

Antenna Gain Pattern File:

Antenna Directivity

Pointing Direction (Right: 0, Up: 90, Left: 180, Down: 270); 320 degree(s) I CT.O.l

C.T.O.L
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Raotating Angular Speed (Counterclockwise): 0 degree(s)/sec C.T.O.l —
2 n
@ Sender
N
5. Press the \
— N
apply button to \ .
see the result NN
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[Step 6] Activate the utility — Show the Effective
Transmission Range of Wireless Signal.

EstiNet /root/course_case_estinetx/physical_layer/antenna_gain_pattern_adjustment.xtpl BiRBIE (2018/06/06 ~ 2018/10/31) X

File D-Tools E-Tools Run-Panel P-Tools Misc

XX ARNNE® —a|e]

Network Mode Portfolio (=]ES] F E

(]
|[LAN & WAN] Ethemet & IP -] \ 30 — 1. At Stage D, Ieft click on

| |
Y e * _ the utility icon — Show the
- ' 2. Next, left click on Effective Transmission

=g the wireless network Range of Wireless Signal.
= node Node 3 to apply

the utility.
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% Router
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[Step 7] Adjust Node 3’s antenna gain pattern and antenna’s pointing direction

Specify Physical-layer and Channel Model Parameters

Set Antenna Gain Pattern and Directivity

Antenna Gain Pattern

& Use the Transmitting Mode's Perspective

Use the Receiving Node's Perspective

1. Use a signal
transmitter’s perspective -

For Transmitting Node's Perspective

Propagation Channel Model

® Theoretical Channel Model

C.T.O.l.

Path Loss Model: | 1: Two_Ray_Ground

Fading Meodel: | 0: None

Empirical Channel Model

11: Suburban_1_8GHz_TE

PHY Module's Parameters ChannelModel Module's Para

Fraquency (MHz): 5180

C.T.0.l. FadingVar. 10.0
TransPower (dbm): |-10 C.T.0..| Riceank: [10.0 L
AntennaHeig 1.5
System 1.0

2. Set antenna gain
pattern and directivity

eBuildingHeight (m): [10.0
trestWidth (m): |30.0

=
Apply All Parameters to the ChannelModel and PHY
| Modules & Display the Transmission Bange
Do Not Apply Any Parameter to the ChannelModel
and PHY Modules & Exit

Set Antenna Gain Pattern and Directivity

Set Wireless Signal Drawing Color

Cancel the Display of the Transmission Range

® Use Predefined Antenna Gain Pattern CT.0lL

3 dB Beamwidth: |60 ~ | degrees

3. Set antenna gain pattern

360-degree Antenna Gain Pattern | | 120-degree Antenna Gain Pattern | | 60-degree Antenna Gain Pattemn

Use Userdefined Antenna Gain Pattern

Antenna Gain Pattern File: File Browser

4. Set antenna pointing direction
FPointing Direction (Right: 0, Up: 90, Left: 180, Down: 270): degree(s) I CT.O.l

Raotating Angular Speed (Counterclockwise): 0

Antenna Directivity

Cancel

degree(s)/sec C.T.O.l

5. Press the

apply button to
see the result

Node 2 can
4" receive to6

>
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[Step 8] Activate the utility — Show the Effective
Transmission Range of Wireless Signal.

EstiNet /root/course_case_estinetx/physical_layer/antenna_gain_pattern_adjustment.xtpl BiRBIE (2018/06/06 ~ 2018/10/31) X
File D-Tools E-Tools Run-Panel P-Tools Misc
PR )
"X X ARNVAREO oale|la aaaaa DEGHP
Network Mode Portfolio B i -
|[LAN & WAN] Ethemet & IP | )
- == 1. At Stage D, left click on
A o the utility icon — Show the
b Effective Transmission
= Range of Wireless Signal.
Switch
% Router
o 2. Next, left click on
L m N
Wiz Hub * the wireless network
node Node 4 to apply _ i
ﬁ Open vSwitch the utility. . st o et Sl s o
[ [» - [ [»
MAACAAM AnAnn 0 ; Q PR SIEES
HeotRe BREEEE | e 000000.000000 000030.000000 ¢ a4 A < » 1l u |8 (10us) - | [+ =
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[Step 9] Adjust Node 4’s antenna gain pattern and antenna’s pointing direction

Specify Physical-layer and Channel Model Parameters

Set Antenna Gain Pattern and Directivity

Antenna Gain Pattern

& Use the Transmitting Mode's Perspective

Use the Receiving Node's Perspective

1. Use a signal
transmitter’s perspective

For Transmitting Node's Perspective

Propagation Channel Model

® Theoretical Channel Model

C.T.O.l.

Path Loss Model: | 1: Two_Ray_Ground

Fading Meodel: | 0: None

Empirical Channel Model
11: Suburban_1_8GHz_TE
PHY Module's Parameters

Fraquency (MHz): 5180

C.T.0.l. FadingVar. 10.0
TransPower (dbm): |-10 C.T.0..| Riceank: [10.0 L
AntennaHeig 1.5
System 1.0

2. Set antenna gain
pattern and directivity

eBuildingHeight (m): [10.0
trestWidth (m): |30.0

=
Apply All Parameters to the ChannelModel and PHY
| Modules & Display the Transmission Bange
Do Not Apply Any Parameter to the ChannelModel
and PHY Modules & Exit

Set Antenna Gain Pattern and Directivity

Set Wireless Signal Drawing Color

Cancel the Display of the Transmission Range

@ Use Predefined Antenna Gain Pattern

3 dB Beamwidth: |60 ~ | degrees

3. Set antenna gain pattern

360-degree Antenna Gain Pattern | | 120-degree Antenna Gain Pattern | | 60-degree Antenna Gain Pattemn

Use Userdefined Antenna Gain Pattern

Antenna Gain Pattern File: File Browser

4. Set antenna pointing direction

Antenna Directivity

C.T.O.L

FPointing Direction (Right: 0, Up: 90, Left: 180, Down: 270): degree(s) I CT.O.l

Raotating Angular Speed (Counterclockwise): 0

degree(s)/sec C.T.O.l

Cancel

5. Press the

apply button to
see the result
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[Step 10] Activate the utility — Show the Effective
Transmission Range of Wireless Signal.

EstiNet

/root/course_case_estinetx/physical_layer/antenna_gain_pattern_adjustment.xtpl

BBIE (2018/06/06 ~ 2018/10/31) x

File D-Tools

Network Node Portfolio

=]

|[LAN & WAN] Ethernet & [P

v |

L.;, Host
==

Switch

Router
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the utility.

= 1. At Stage D, left click on
the utility icon — Show the
Effective Transmission
Range of Wireless Signal.
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[Step 11] On Node 1, as a signal receiver, observe the signal
transmission ranges of other three nodes after the adjustment

Specify Physical-layer and Channel Model Parameters X

Use the Transmitting Mode's Perspective I ® LUse the Receiving Node's Perspective I

For Recelving Node's Perspective | 1 Use a signal receiver’s perspectjve
PHY Module's Parameters ChannelModel Module's Parameters

Receiving Sensitivity (dbm): -91 AntennaHeight (m): 1.5

C.T.Q.lL CT.O.L

2. Press the apply
button to see the result
4/

Set Antenna Gain Pattern and Directivity Apply Al Paramgters tothe Channt.eIM.odel and PHY
LW“WEHI 4 *7 Sender,

Do Not Apply Any Parameter to the ChannelModel ol
and PHY Modules & Exit e

Set Wireless Signal Drawing Color

Cancel the Display of the Transmission Range
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[Step 12] Change the operating stage to Stage G to generate
all simulation configuration files. Then start simulation.

Activities [ estinetgui.bin = Thu 16:26

EstiNet Iroot/course _case_estinetx/antenna_gain_pattern_adjustment.xtpl BiREIEE (2018/06/06 ~ 2018/10/31) £3

File DTools E-Tools

X X A

Network Mode Portfolio

GROEREGER F-Tools  Misc
Start Simulation =,
Pause )
Continue
[LAN & WAN] Ethemet & Stop (Keep Results)
Abort (Discard Results)

Run as a Background Job

,_1 Host
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Li Router

EHzs=z) Hub
e M
j Open vSwiteh 4.- .
oV -
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s
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[Step 13] After simulation, at Stage P, observe
the simulation results.

+ At Stage P, the frame animation is
displayed according to the simulation -
results. Check the graph on the right- Sender g
hand side. The signals sent from
Node 2, 3, and 4 are able to reach
Node 1. If more than one signal reach
Node 1 nearly simultaneously, these
signals collide with each other.

¢ The problems of signal collision are
tackled by data link layer (layer 2).
Thus, when watching the frame
animation, sometimes a successful
frame reception can be seen in both
directions.
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ADJUST SIGNAL FREQUENCY AND
ENVIRONMENTAL PARAMETERS TO OBSERVE
SIGNAL TRANSMISSION RANGE
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Configure signal frequency and environmental parameters (e.g.,
terrain, surface object, weather, interference, etc.)

¢+ While developing a communication standard (including physical layer and data link
layer), experts determine the used signal frequency and required bandwidth
according to the target data rates and environmental parameters where a
communication channel is applied to.

¢ On EstiNet X simulator, the used signal frequencies are based on the IEEE
802.11a/g/p/n standards. If the frequency is changed arbitrarily to one that does
not conform the standard, the simulation results could become inaccurate. Thus,
no experiment for arbitrarily changing the signal frequency now.

o EstiNet X supports the configuration of several environmental parameters.
Different part of these parameters are used by different channel models.
Operating on channel models requires advanced professional knowledge. Now we
do not step into such advanced field. The default channel model used on EstiNet X
is a theoretical model, called two ray ground. There are two other theoretical
models for choice - free space and free space shadowing. Now no experiment is
designed for channel models.

m:ﬂN eT A Professional Company in Software-Defined Networking (SDN) 7E



