




base station for communication equipment. Co-locating the Mobile WiMAX
equipment should thus be possible. Since the building is located close to
Omkjøringsveien, backhaul is expected to be available through �ber. Figure
F.26 shows the predicted coverage with the recommended sectors given in
table F.27.

Figure F.26: Coverage from site: Felleskjøpet Tunga

Felleskjøpet Tunga
Sector Azimuth Tilt

1 110◦ 1◦

2 230◦ 4◦

3 350◦ 6◦

Table F.27: Recommended sectors from Felleskjøpet Tunga

Travbaneveien 4

Travbaneveien 4 is a communication mast providing coverage to the indus-
trial area of Lade and Leangen. The site does already have power and backup
available. Furthermore, backhaul is expected to be accessible. Figure F.27
shows the predicted coverage from Travbaneveien 4 with the sectors recom-
mended in F.28.
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Figure F.27: Coverage from site: Travbaneveien 4

Travbaneveien
Sector Azimuth Tilt

1 ◦0 0◦

2 ◦120 4◦

Table F.28: Recommended sectors from Travbaneveien 4
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Midtre Tunhøgda 2

Midtre Tunhøgda is an apartment building located at Charlottenlund. The
site is already providing mobile telephony to the area. Hence power is ex-
pected to be available at the site. Backhaul on the other hand, is assumed
to be provided through �ber or radio link from Felleskjøpet Tunga. Figure
F.28 shows the coverage from Midtre Tunhøgda 2 with the recommended
sectors given in table F.29.

Figure F.28: Coverage from site: Midtre Tunhøgda 2

Midtre Tunhøgda 2
Sector Azimuth Tilt

1 0◦ 0◦

2 90◦ 0◦

3 180◦ 0◦

Table F.29: Recommended sectors from Midtre Tunhøgda 2

Granåsen Gård

Granåsen Gård is a farm located at the top of a hill. The site has a com-
munication mast to provide coverage throughout the surrounding suburban
residential areas. Figure F.29 shows the predicted coverage with the recom-
mended sectors given in F.30. Backhaul is expected to be available through
radio link, whereas power through co-location.
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Figure F.29: Coverage from site: Granåsen Gård

Granåsen Gård
Sector Azimuth Tilt

1 85◦ 4◦

2 180◦ 2◦

3 240◦ 0◦

Table F.30: Recommended sectors from Granåsen Gård
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Loholt Sør

Loholt Sør is a farm where one of the barns is equipped with communication
equipment. The farm is located at the top of a hill, looking down at the
surrounding suburban areas. Backhaul to the farm is expected to be provided
through �ber from Dragvoll. Table F.31 shows that the site has been planned
with three sectors. One to provide coverage in the direction of Dragvoll, and
the other sectors in the directions of Steinan and Moholt respectively. Figure
F.30 shows the predicted coverage with the sectors recommended in table
F.31.

Figure F.30: Coverage from site: Loholt Sør

Loholt Sør
Sector Azimuth Tilt

1 45◦ 2◦

2 240◦ 1◦

3 320◦ 0◦

Table F.31: Recommended sectors from Loholt Sør

Brøsetveien 186B

Brøsetveien 186B is an o�ce building located in an industrial area. The
building is an existing base station site for mobile communication, thus co-
locating the Mobile WiMAX equipment should be possible. Backhaul is
expected to be provided through �ber. Brøsetveien is set to provide Mobile
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WiMAX access to the suburban areas around the site with four sectors. The
sectors can be found in table F.32, and the predicted coverage from the four
sectors can be found in �gure F.31. The sectors are set to provide coverage
in the directions of Dragvoll, Steinan, Nardo, and Tyholt respectively.

Figure F.31: Coverage from site: Brøsetveien 186B

Brøsetveien 186B
Sector Azimuth Tilt

1 10◦ 4◦

2 100◦ 0◦

3 190◦ 2◦

4 280◦ 4◦

Table F.32: Recommended sectors from Brøsetveien 186B

Nardosenteret

Nardosenteret is a shopping center situated in a residential area in the out-
skirt of central Trondheim. Furthermore, the shopping center is already host-
ing communication equipment, thus power and backup should be accessible
through co-locating the Mobile WiMAX equipment with existing operators.
Fiber is assumed to be available to provide backup since the shopping center
is located nearby Omkjøringsveien, see �gure 7.1. Figure F.32 shows the
predicted coverage from Nardosenteret using the three recommended sectors
given in table F.33.
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Figure F.32: Coverage from site: Nardosenteret

Nardosenteret
Sector Azimuth Tilt

1 40◦ -2◦

2 120◦ -2◦

3 320◦ -2◦

Table F.33: Recommended sectors from Nardosenteret
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G

Source code (Python)

This appendix contains a description of the Python scripts created during
preparations prior to the intended measurements. The reports [12, 19, 32]
have been studied and used as a basis for constructing the scripts provided
in this appendix. A description of the �les comprising the Python scripts are
given here, the scripts themselves are enclosed in the end of this appendix,
available for revision and editing for future radio planners. The output �les
are described in the subsequent subsection.

G.1 Description of the Python-�les

test.py is the main controller of the Python script, and is the only �le to
be executed when measuring. The �le is "pre-programmed" with IP,
user-name and password for connection to the computer at the server
side. The root directory have been set to C:\WiMAX_Measurements,
meaning that the directory has to exist at both the server and client
side prior to execution of test.py. On the server side, another subfolder
SERVER has to be created on beforehand. When executed, the script
asks for location name, distance to base station, and description of the
location. The location name is used to generate a new folder where
all �les from the current location are stored. TCPdir and UDPdir are
directories created within the location folder for storage of TCP and
UDP measurements respectively. test.py calls for ping information
from ping.py, and starts selected TCP and UDP measurements with
MeasureThroughput.py and TelnetConnect.py. Figure G.1 shows the
relations between the di�erent �les.

ping.py sends a ping command to the remote node, and stores all informa-
tion in PingInfo_[location]_[time].txt, at the client computer. A total
of four (4) packages are sent.
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MeasureThroughput.py is used as a controller for creating a telnet con-
nection, set, start and stop the Iperf at the server and the client side.

TelnetConnect.py connects to the server using telnet. Through telneting
to the server, Iperf can be set, started and stopped from the client
computer. As for setting all parameters at the server side, TelnetCon-
nect.py sets, starts and stops the Iperf at the client side as well. All
after instructions from MeasureThroughput.py and test.py. All mea-
surements are written to �les at both the client and server.

Figure G.1: The scripts performing the measurements

G.1.1 Output �les (.txt)

The following subsection describes the contents of the output �les generated
when running the Python scripts.
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LocationInfo_[location]_[time].txt contains name of location, distance
to BS, receiver elevation, names of the di�erent measurements re-
ceived at the client side. The �le is stored in in the pre-de�ned folder:
C:\WiMAX_Measurements\[location].

ServerFileInfo_[location]_[time].txt contains the names of all the �les
generated using Iperf at the server side. The �le is stored in the
pre-de�ned folder named C:\WiMAX_Measurements\[location] at the
client computer.

PingInfo_[location]_[time].txt contains all information received when
using a ping command to a remote node. The �le is stored at the client
computer, C:\WiMAX_Measurements\[location].

[protocol]_[location]_[time].txt contains information about the trans-
fer and bandwidth for each test set retrieved at the client side. The
�les are stored at C:\WiMAX_Measurements\[location]\[protocol].

[protocol]_[location]_SERVER_[time].txt is a throughput �le, con-
taining transfer and bandwidth data. One �le represent one test set
at the server side. UDP measurements has additional jitter delay and
information about lost packages. The �les are stored in the pre-de�ned
folder C:\WiMAX_Measurements\SERVER at the computer on the
server side.

G.1.2 Test.py

#!/usr/bin/python

# -*- coding: iso-8859-15 -*-

import os

import telnetlib

import time

from time import localtime, strftime

import sys

import TelnetConnect

import MeasureThroughput

import ping

import LinkQuality

#from time import localtime, strftime

SERVER = "xxx.xxx.xxx.xxx"

USER = "XXXXX" #username at server

PASSWORD = "XXXXXXX" #password at server

TIME = strftime("%H%M%S", localtime())
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ROOT_DIR = "C:\\WiMAX_Measurements"

## Input data, Location, Distance, and Elevation

location = raw_input("Location(name): ")

distanceToBS = raw_input("Distance to BS [km]: ")

elevationOverSea = raw_input("Elevation Over Sea Level [m]: ")

SiteDescription = raw_input("Description of the Site: ")

LOCATION_DIR = location

## Makes directory and TCP Folder

ProtocolDir = "TCPdir"

## Makes tcpTest directory in the given LOCATION_DIR folder...

(Client PC)

if not os.path.isdir(ROOT_DIR +"/" +LOCATION_DIR):

os.mkdir(ROOT_DIR +"/" +LOCATION_DIR +"/")

if not os.path.isdir(ROOT_DIR +"/" +LOCATION_DIR +"/" ...

+ProtocolDir):

os.mkdir(ROOT_DIR +"/" +LOCATION_DIR +"/" +ProtocolDir ...

+"/")

## Write information about location to file and file-names

infoFile = open(ROOT_DIR +"/" +LOCATION_DIR +"\\" ...

+"LocationInfo_" +location +"_" +TIME +".txt", "wb")

infoFile.write("Location: " +location +"\n")

#infoFile.write("Date: " +DATE +"\n")

infoFile.write("Time: " +TIME +"\n")

infoFile.write("Distance To BS [km]: " +distanceToBS +"\n")

infoFile.write("Elevation Above Sea-level [m]: " ...

+elevationOverSea +"\n")

##infoFile.write("Description of the site: " ...

+SiteDescription +"\n")

##infoFile.close()

## Write information about file names at server

infoSERVERfile = open(ROOT_DIR +"/" +LOCATION_DIR ...

+"\\" +"ServerFileInfo_" +location +"_" +TIME +".txt", "wb")

## Pinging client host

TIME = strftime("%H%M%S", localtime())

infoFile.write("File-name PING: " +"PingInfo_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

# make list of hosts to ping

hostLi = [SERVER]

q = ping.Queue.Queue()
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for host in hostLi:

"""Create and start all necessary threads, ...

passing results

back via thread safe Queue instance.

"""

ping.Pinger(host,q).start()

i = len(hostLi)

while i > 0:

"""Loop ends when all responses to dispatched ...

pings arrive"""

ping.showResponse(q.get(), LOCATION_DIR, TIME)

i -= 1

##LinkQuality measurements

#LinkMeasurements = LinkQuality.LinkQualityDisplay...

(LOCATION_DIR)

## Starting TCP measurements

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "-w32K"

clientPARAM = "-P1 -i1 -p5001 -w32K -l56K -fm -t30"

THROUGHPUT.TCPthroughput(PARAM, clientPARAM)

infoFile.write("File-name WS=32K: " +"TCPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name WS=32K: " +"TCPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "-w56K"

clientPARAMw56K = "-P1 -i1 -p5001 -w56K -l56K -fm -t30"

THROUGHPUT.TCPthroughput(PARAM, clientPARAMw56K)

infoFile.write("File-name WS=56K: " +"TCPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name WS=56K: " +"TCPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "-w64K"
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clientPARAMw64K = "-P1 -i1 -p5001 -w64K -l56K -fm -t30"

THROUGHPUT.TCPthroughput(PARAM, clientPARAMw64K)

infoFile.write("File-name WS=64K: " +"TCPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name WS=64K: " +"TCPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

## UDP throughput

ProtocolDir="UDPdir"

## Makes a udpTest directory in the given LOCATION_DIR ...

folder (Client PC)

if not os.path.isdir(ROOT_DIR +"/" +LOCATION_DIR):

os.mkdir(ROOT_DIR +"/" +LOCATION_DIR +"/")

if not os.path.isdir(ROOT_DIR +"/" +LOCATION_DIR +"/" ...

+ProtocolDir):

os.mkdir(ROOT_DIR +"/" +LOCATION_DIR +"/" ...

+ProtocolDir +"/")

# Starting UDP Throughput measurements

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-2M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b2M -t30 -T1"

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=2M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name UDP BW=2M: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-4M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b4M -t30 -T1 "

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=4M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name UDP BW=4m: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())
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THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-4.5M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b4.5M -t30 -T1 "

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=4.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name UDP BW=4.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-5.5M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b5.5M -t30 -T1 "

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=5.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name UDP BW=5.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-6.5M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b6.5M -t30 -T1 "

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=6.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name UDP BW=6.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-7M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b7M -t30 -T1 "

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=7M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")
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infoSERVERfile.write("File-name UDP BW=7M: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-7.5M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b7.5M -t30 -T1 "

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=7.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name UDP BW=7.5M: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

TIME = strftime("%H%M%S", localtime())

THROUGHPUT = MeasureThroughput.ThroughputMeasurement...

(TIME, LOCATION_DIR, ProtocolDir, SERVER, USER, PASSWORD)

PARAM = "BW-8M"

clientPARAMudp = "-u -P1 -i1 -p5001 -w64K -l1k -fm ...

-b8M -t30 -T1 "

THROUGHPUT.TCPthroughput(PARAM, clientPARAMudp)

infoFile.write("File-name UDP BW=8M: " +"UDPdir_" ...

+LOCATION_DIR +"_" +TIME +".txt" +"\n")

infoSERVERfile.write("File-name UDP BW=8M: " +"UDPdir_" ...

+LOCATION_DIR +"_SERVER_" +TIME +".txt" +"\n")

infoFile.write("Description of the site: " +SiteDescription ...

+"\n")

infoFile.close()

infoSERVERfile.close()

G.1.3 ping.py

import threading

import os

import Queue

import time

## Edited after retrieval from http://mail.python.org/...

pipermail/python-list/2003-January/179514.html

## 20.04.2009

ROOT_DIR = "C:\\WiMAX_Measurements"
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def showResponse(args, LOCATION_DIR, TIME):

"""Pretty prints passed tuple to stdout

@param args: ip, stdoutLi, threadName

@param LOCATION_DIR: location directory

@param TIME: time of measurement

"""

LOCATION_DIR = LOCATION_DIR

location = LOCATION_DIR

TIME = TIME

ip, stdoutLi, threadName = args

print '%s \t\t\t\t\t%s\n' % (ip, threadName)

pingFile = open(ROOT_DIR +"/" +LOCATION_DIR +"\\" ...

+"PingInfo_" +location +"_" +TIME +".txt", "wb")

for line in stdoutLi:

line = line.strip()

if not line: continue

print '\t' + line

pingFile.write(line +"\n")

pingFile.close()

class Pinger(threading.Thread):

#class Pinger():

def __init__(self, host, queue):

threading.Thread.__init__(self)

self.__host = host

self.__queue = queue

self.setDaemon(1)

def run(self):

pingCmd = "ping -n 4 -w 1000 " + self.__host

childStdout = os.popen(pingCmd)

result = (self.__host, childStdout.readlines(), ...

self.getName())

childStdout.close()

self.__queue.put(result)

G.1.4 MeasureThroughput.py

#!/usr/bin/python
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# -*- coding: iso-8859-15 -*-

import os

import TelnetConnect

class ThroughputMeasurement:

""" Class that runs the TelnetConnect and its methods

@ivar TIME: When the measurements started

@ivar LOCATION_DIR: Name of the measured spot

@ivar ProtocolDir: Creates directory depending on ...

protocol; TCP vs. UDP

@ivar SERVER: server IP

@ivar USER: username for Telnet

@ivar PASSWORD: password for connecting with Telnet

@ivar PARAM: Parameters for the Iperf Server

@ivar clientPARAM: Parameters for the Iperf client

"""

def __init__(self, TIME, LOCATION_DIR, ProtocolDir, ...

SERVER, USER, PASSWORD):

""" Class that runs the TelnetConnect and its methods

@param TIME: When the measurements started

@param LOCATION_DIR: Name of the measured spot

@param ProtocolDir: Creates directory depending on ...

protocol; TCP vs. UDP

@param SERVER: server IP

@param USER: username for Telnet

@param PASSWORD: password for connecting with Telnet

"""

self.TIME = TIME

self.LOCATION_DIR = LOCATION_DIR

self.ProtocolDir = ProtocolDir

self.SERVER = SERVER

self.USER = USER

self.PASSWORD = PASSWORD

def TCPthroughput(self, PARAM, clientPARAM):

""" Runs TelnetConnect

@param PARAM: Parameters for the Iperf Server

@param clientPARAM: Parameters for the Iperf client

"""

self.PARAM = clientPARAM

self.clientPARAM = clientPARAM

ConnectTELNET = TelnetConnect.TelnetConnection
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(self.TIME, self.LOCATION_DIR, self.ProtocolDir, self.SERVER...

, self.USER, self.PASSWORD)

try:

ConnectTELNET.login()

except:

print "Failed to connect using Telnet"

try:

ConnectTELNET.startIperfSERVER(self.PARAM)

except:

print "The server did not start"

try:

ConnectTELNET.startIperfCLIENT(self.clientPARAM)

except:

print "Something went wrong with the Iperf Client"

try:

ConnectTELNET.stopIperfSERVER()

except:

print "Could not break connection"

G.1.5 LinkQuality.py

#!/usr/bin/python

# -*- coding: iso-8859-15 -*-

import os

import telnetlib

import sys

import datetime

import string

import time

from time import localtime, strftime

class LinkQualityDisplay:

def __init__(self, LOCATION_DIR):

""" Class to perform tests of link quality

@param LOCATION_DIR: location

"""

LOCATION_DIR = LOCATION_DIR

TIME = strftime("%H%M%S", localtime())

IP_CPE = "192.168.254.251"
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PASSWORD = "installer"

ESC = chr(27)

ITERATE = 60 #1200

ROOT_DIR = "C:\\WiMAX_Measurements"

# Open file for writing

outfile = open(ROOT_DIR +"/" +LOCATION_DIR +"\\" ...

+"LinkQuality_" +LOCATION_DIR +TIME +".txt","wb")

#outfile = open("LinkQuality_" +TIME +".txt","wb")

# Create a new telnet connection to the CPE

telnet = telnetlib.Telnet(IP_CPE)

# Authenticate the connection

telnet.read_until("Enter the password: ")

telnet.write(PASSWORD + "\r\n")

telnet.read_until("Enter your choice > ")

telnet.write("7\r\n")

telnet.read_until("Enter your choice > ")

print "Starting the link quality display...\r\n"

# Start the link quality display

telnet.write("1\r\n")

telnet.read_until("Started. Press ESC to stop...")

# Loop while fetching one line at the time

for i in range(1, ITERATE + 1):

LINK_DATA = telnet.read_until("\n")

CUR_TIME = strftime("%H:%M:%S", localtime())

outfile.write(CUR_TIME + " " + LINK_DATA)

print CUR_TIME + " " + LINK_DATA ,

else:

# Clean up and exit

telnet.write(ESC)

telnet.write("9\r\n")

telnet.close()

outfile.close()

G.1.6 TelnetConnect.py

#!/usr/bin/python

# -*- coding: iso-8859-15 -*-

import os
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import telnetlib

import time

import sys

from time import localtime, strftime

ROOT_DIR = "C:\\WiMAX_Measurements"

class TelnetConnection:

""" Class connects to telnet, and starts and stops Iperf

@ivar TIME: When the measurements started

@ivar LOCATION_DIR: Name of the measured spot

@ivar ProtocolDir: Creates directory depending on ...

protocol; TCP vs. UDP

@ivar SERVER: server IP

@ivar USER: username for Telnet

@ivar PASSWORD: password for connecting with Telnet

"""

def __init__(self, TIME, LOCATION_DIR, ProtocolDir, ..

SERVER, USER, PASSWORD):

""" Class that starts and stops Iperf

@param TIME: When the measurements started

@param LOCATION_DIR: Name of the measured spot

@param ProtocolDir: Creates directory depending on ...

protocol; TCP vs. UDP

@param SERVER: server IP

@param USER: username for Telnet

@param PASSWORD: password for connecting with Telnet

"""

self.TIME = TIME

self.LOCATION_DIR = LOCATION_DIR

self.ProtocolDir = ProtocolDir

self.SERVER = SERVER

self.USER = USER

self.PASSWORD = PASSWORD

def login(self):

""" Uses Telnet for login """

## Create telnet connection to the server

self.telnet = telnetlib.Telnet(self.SERVER)

#Authenticate

self.telnet.read_until("Login username: ")

self.telnet.write(self.USER +"\r\n")

self.telnet.read_until("Login password: ")
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self.telnet.write(self.PASSWORD +"\r\n")

self.telnet.read_until("Domain name: ")

self.telnet.write("\r\n")

print "CONNECTED WITH TELNET"

def startIperfSERVER(self,clientPARAM):

""" Starts the Iperf server

@param clientPARAM: Iperf server parameter

"""

self.PARAM = clientPARAM

# Output directory

serveroutputdir = "C:\\WiMAX_Measurements" +"/Server/"

# Generates Server output file

serverlistingFile = self.ProtocolDir +"_" ...

+self.LOCATION_DIR +"_SERVER_" +self.TIME +".txt"

#Starting and setting parameters for the Iperf Server

self.telnet.read_until("C:\\> ",5)

self.telnet.write("cd Program Files/iperf-2.0.2/bin"...

+"\r\n")

self.telnet.read_until(">")

self.telnet.write("iperf -s " +self.PARAM + " > " ...

+ serveroutputdir + "\\" +serverlistingFile +"\r\n")

print "Iperf server is set"

# Wait 3 seconds for server to start

time.sleep(3)

def stopIperfSERVER(self):

""" Stops the iPerf server and closes the telnet ...

connection """

self.telnet.read_until(">")

self.telnet.write("iperf -s -R" +"\r\n")

self.telnet.read_until(">")

self.telnet.write("exit" +"\r\n")

self.telnet.close()

print "The server has stopped, and the telnet ...

connection is broken"

def startIperfCLIENT(self, clientPARAM):

""" Starts the Iperf client

@param clientPARAM: Parameters to be set at the ...

client side

"""

self.clientPARAM = clientPARAM

# making a output file
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listingfile = self.ProtocolDir +"_" ...

+self.LOCATION_DIR +"_" +self.TIME +".txt"

outputdir = "C:\\WiMAX_Measurements" + "/" + ...

self.LOCATION_DIR + "/" + self.ProtocolDir + "/"

# Finding Iperf

try:

os.chdir("C:\\Program Files\\iperf-2.0.2\\bin")

except:

print "FEIL os.chdir"

#Starts the Iperf client

os.system("iperf -c " + self.SERVER + " " +...

self.clientPARAM +" > "+outputdir +"\\" +listingfile +"\r\n")

print "The Iperf client has started"
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H

Source code (Matlab)

The following appendix contains descriptions of the matlab �les suggested
for processing the measurement data found by using the python script in
appendix G. The �les are enclosed in the subsequent sections for future
radio planners to revise and edit. Figure H.1 shows the output to screen
when running read.m.

H.1 Description of the Matlab-�les

read.m is the executable matlab �le for processing the measured data.
The LocationInfo and ServerFileInfo �les are imported for location
of data. Worth emphasizing is that the whole �le-name, including the
.txt, have to be typed when prompted for the �le-names. The read.m
�le outputs distance to base station, elevation, and ping results. Fur-
thermore, tcptreatment.m, tcpSERVERtreatment.m, udptreatment.m,
and udpSERVERtreatment.m are all executed when running read.m.

tcptreatment.m is executed from the read.m. The tcptreatment.m �nds
the max, min, and average TCP values as well as plots the throughput
with time for each TCP window-size.

tcpSERVERtreatment.m treats the TCP measurements at gathered at
the Iperf server. Max, min, and average TCP values are calculated,
and the TCP throughput is drawn with respect to time for each TCP
window-size.

udptreatment.m treats the UDP measurements for each bandwidth. UDP
throughput per time is plotted, and max, min, and average UDP values
are calculated for each bandwidth measurement.
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udpSERVERtreatment.m serves the same purpose for the server mea-
surements as the udptreatment.m for the client measurements. In ad-
dition, max, min, and average jitter is being calculated.

Figure H.1: Matlab output measured between to nodes over Ethernet

H.1.1 read.m

LOCATION = input('Name of the location:', 's');

LocationInfo = input('Name of the LocationInfo-file:', 's');

ServerFileInfo = input('Name of the ServerFileInfo-file:',...

's');

% The measurement files have to be located in the ...

C:\WiMAX_Measurements\ folder. Server files are copied ...

into the subfolder named location-name

ROOT_DIR = 'C:\WiMAX_Measurements\';

BRACKET = '\';

fidL = fopen(['',ROOT_DIR, '',LOCATION,'',BRACKET,'',...
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LocationInfo]);

junkI = fgets(fidL);

junkI = fgets(fidL);

K = textscan(fidL, '%s %f', 2, 'delimiter', ':');

fid = textscan(fidL, '%*s %s', 12, 'delimiter', ':');

fclose(fidL);

Distance = K{2}(1);

Elevation = K{2}(2);

fid = fid{1};

fidarray = fid(2:12);

fidS = fopen(['',ROOT_DIR, '',LOCATION,'',BRACKET,'',...

ServerFileInfo]);

fidSERVER = textscan(fidS, '%*s %s', 'delimiter', ':');

fclose(fidS);

fidarrayS = fidSERVER{1};

PingInfo = fid(1);

PingInfo =PingInfo{1};

fidP = fopen(['',ROOT_DIR, '',LOCATION,'',BRACKET,'',...

PingInfo]);

JunkI = fgets(fidP);

JunkI = fgets(fidP);

JunkI = fgets(fidP);

JunkI = fgets(fidP);

JunkI = fgets(fidP);

JunkI = fgets(fidP);

K1 = textscan(fidP, '%*s %d %*s %d %*s %d %*s', 1, ...

'delimiter', '=');

JunkI = fgets(fidP);

JunkI = fgets(fidP);

K2 = textscan(fidP, '%*s %d %*s %d %*s %d %*s', ...

'delimiter', '=');

fclose(fidP);

PacketsSent = K1{1};

PacketsReceived = K1{2};

PacketsLost = K1{3};

MinTime = K2{1};

MaxTime = K2{2};

AvgTime = K2{3};

disp('-------------------------------------------')

disp(['Distance: ', num2str(Distance), 'km'])

disp(['Elevation: ', num2str(Elevation), 'm'])
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disp('-------------------------------------------')

disp('PING RESULTS:')

disp(['Delay (Min): ', num2str(MinTime), 'ms'])

disp(['Delay (Max): ', num2str(MaxTime), 'ms'])

disp(['Delay (Avg): ', num2str(AvgTime), 'ms'])

disp(['Packets sent: ', num2str(PacketsSent)])

disp(['Packets received: ', num2str(PacketsReceived)])

disp(['Packets lost: ', num2str(PacketsLost)])

disp(['Percentage received: ', num2str(PacketsReceived*100/...

PacketsSent), '%'])

disp('-------------------------------------------')

[TCPtransfer, TCPbandwidth] = tcptreatment(fidarray, LOCATION);

[TCP_SERVER_transfer, TCP_SERVER_bandwidth] = ...

tcpSERVERtreatment(fidarrayS, LOCATION);

[UDPtransfer, UDPbandwidth] = udptreatment(fidarray, LOCATION);

[UDP_SERVER_transfer, UDP_SERVER_bandwidth, ...

UDP_SERVER_jitter] = udpSERVERtreatment(fidarrayS, LOCATION);

H.1.2 tcptreatment.m

function [TCPTransfer, TCPBandwidth] = tcptreatment(fidarray...

, LOCATION)

ROOT_DIR = 'C:\WiMAX_Measurements\';

BRACKET = '\';

TCP_DIR = 'TCPdir\';

Window = ['TCP plots, client side, Window size: 32K';...

'TCP plots, client side, Window size: 56K'; 'TCP plots, ...

client side, Window size: 64K'];

for i=1:3 %size(fid,1);

fid = fopen(['',ROOT_DIR, '',LOCATION,'',BRACKET,...

'',TCP_DIR,'',fidarray{i}]);

junk1 = fgets(fid);

junk2 = fgets(fid);

junk3 = fgets(fid);

junk4 = fgets(fid);

junk5 = fgets(fid);

% [ID] Interval Transfer Bandwidth

C = textscan(fid,'%21c %f %s %f %s');

fclose(fid);

TCPTransfer(:,i) = C{2};

TCPBandwidth(:,i) = C{4};
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figure(1)

subplot(3,1,i)

plot(TCPBandwidth(1:size(TCPBandwidth,1)-1,i), '-*')

% sett like akser for alle subplotene!!!

title(Window(i,:))

%finner max, min og avg throughput

MaxTCP_Values (i) = max(TCPBandwidth(1:size(TCPBandwidth...

,1)-1,i));

MinTCP_Values (i) = min(TCPBandwidth(1:size(TCPBandwidth...

,1)-1,i));

AvgTCP_Values (i) = sum(TCPBandwidth(1:size(TCPBandwidth...

,1)-1,i))/(size(TCPBandwidth,1)-1);

end

disp('TCP-THROUGHPUT (client):')

disp([' ', 'WS = 32K ', 'WS = 56K ',...

'WS = 64K'])

disp(['Max TCP Values: ', num2str(MaxTCP_Values)])

disp(['Min TCP Values: ', num2str(MinTCP_Values)])

disp(['Avg TCP Values: ', num2str(AvgTCP_Values)])

disp('-------------------------------------------')

H.1.3 tcpSERVERtreatment.m

function [TCPserverTransfer, TCPserverBandwidth] =...

tcpSERVERtreatment(fidarrayS, LOCATION)

ROOT_DIR = 'C:\WiMAX_Measurements\';

BRACKET = '\';

SERVER_DIR = 'SERVER\';

Window = ['TCP plots, server side, Window size: 32K';...

'TCP plots, server side, Window size: 56K'; 'TCP plots,...

server side, Window size: 64K'];

for i=1:3 %size(fid,1);

fid = fopen(['',ROOT_DIR, '', LOCATION, '', BRACKET, '',...

SERVER_DIR,'', fidarrayS{i}]);

junk1 = fgets(fid);

junk2 = fgets(fid);

junk3 = fgets(fid);

junk4 = fgets(fid);

junk5 = fgets(fid);
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% [ID] Interval Transfer Bandwidth

C = textscan(fid,'%21c %f %s %f %s');

fclose(fid);

TCPserverTransfer(:,i) = C{2};

TCPserverBandwidth(:,i) = C{4};

figure(3)

subplot(3,1,i)

plot(TCPserverBandwidth(1:size(TCPserverBandwidth,1)...

-1,i), '-*')

% sett like akser for alle subplotene!!!

title(Window(i,:))

%finner max, min og avg throughput

MaxTCP_serverValues (i) = max(TCPserverBandwidth(1:size(...

TCPserverBandwidth,1)-1,i));

MinTCP_serverValues (i) = min(TCPserverBandwidth(1:size(...

TCPserverBandwidth,1)-1,i));

AvgTCP_serverValues (i) = sum(TCPserverBandwidth(1:size(...

TCPserverBandwidth,1)-1,i))/(size(TCPserverBandwidth,1)-1);

end

disp('TCP-THROUGHPUT (server):')

disp([' ', 'WS = 32K ', 'WS = 56K ',...

'WS = 64K'])

disp(['Max TCP Values: ', num2str(MaxTCP_serverValues)])

disp(['Min TCP Values: ', num2str(MinTCP_serverValues)])

disp(['Avg TCP Values: ', num2str(AvgTCP_serverValues)])

disp('-------------------------------------------')

H.1.4 udptreatment.m

function [UDPTransfer, UDPBandwidth] = udptreatment(...

fidarray, LOCATION)

ROOT_DIR = 'C:\WiMAX_Measurements\';

BRACKET = '\';

UDP_DIR = 'UDPdir\';

BW = ['UDP plots, client side, Bandwidth: 2M';...

'UDP plots, client side, Bandwidth: 4M';'UDP plots,...

client side, Bandwidth: 4M';'UDP plots, client ...

side, Bandwidth: 5M';'UDP plots, client side, ...

Bandwidth: 6M';'UDP plots, client side, Bandwidth:...

7M';'UDP plots, client side, Bandwidth: 7M';...

'UDP plots, client side, Bandwidth: 8M'];
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for i=4:size(fidarray,1);

fid = fopen(['',ROOT_DIR, '',LOCATION,'',...

BRACKET,'',UDP_DIR,'',fidarray{i}]);

junk1 = fgets(fid);

junk2 = fgets(fid);

junk3 = fgets(fid);

junk4 = fgets(fid);

junk5 = fgets(fid);

junk6 = fgets(fid);

% [ID] Interval Transfer Bandwidth

C = textscan(fid,'%21c %f %s %f %s');

fclose(fid);

k=i-3;

UDPTransfer(:,k) = C{2};

UDPBandwidth(:,k) = C{4};

figure(2)

subplot(size(fidarray,1)-3,1,k)

plot(UDPBandwidth(1:size(UDPBandwidth,1)-1,k),'-*')

title(BW(k,:))

% sett like akser for alle subplotene!!!

%finner max, min og avg throughput

MaxUDP_Values (k) = max(UDPBandwidth(1:size(...

UDPBandwidth,1)-1,k));

MinUDP_Values (k) = min(UDPBandwidth(1:size(...

UDPBandwidth,1)-1,k));

AvgUDP_Values (k) = sum(UDPBandwidth(1:size(...

UDPBandwidth,1)-1,k))/(size(UDPBandwidth,1)-1);

end

disp('UDP-THROUGHPUT (client):')

disp([' ', 'BW = 2M ', 'BW = 4M...

', 'BW = 4M ', 'BW = 5M ', 'BW = 6M ...

', 'BW = 7M ', 'BW = 7M ', 'BW = 8M '])

disp(['Max UDP Values: ', num2str(MaxUDP_Values)])

disp(['Min UDP Values: ', num2str(MinUDP_Values)])

disp(['Avg UDP Values: ', num2str(AvgUDP_Values)])

disp('-------------------------------------------')

H.1.5 udpSERVERtreatment.m

function [UDPserverTransfer, UDPserverBandwidth,...
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UDPserverJitter] = udpSERVERtreatment(fidarrayS, LOCATION)

ROOT_DIR = 'C:\WiMAX_Measurements\';

BRACKET = '\';

SERVER_DIR = 'SERVER\';

BW = ['UDP plots, client side, Bandwidth: 2M';'UDP plots,...

client side, Bandwidth: 4M';'UDP plots, client side, ...

Bandwidth: 4M';'UDP plots, client side, Bandwidth: 5M';'UDP...

plots, client side, Bandwidth: 6M';'UDP plots, client side...

, Bandwidth: 7M';'UDP plots, client side, Bandwidth: 7M';...

'UDP plots, client side, Bandwidth: 8M'];

for i=4:size(fidarrayS,1) %size(fid,1);

fid = fopen(['',ROOT_DIR, '', LOCATION, '', BRACKET,...

'', SERVER_DIR,'', fidarrayS{i}]);

junk1 = fgets(fid);

junk2 = fgets(fid);

junk3 = fgets(fid);

junk4 = fgets(fid);

junk5 = fgets(fid);

junk6 = fgets(fid);

% [ID] Interval Transfer Bandwidth Jitter ...

Lost/Total Datagrams

C = textscan(fid,'%21c %f %s %f %s %f %s %s %f %4c',30);

fclose(fid);

k=i-3;

UDPserverTransfer(:,k) = C{2};

UDPserverBandwidth(:,k) = C{4};

UDPserverJitter(:,k) = C{6};

figure(4)

subplot(size(fidarrayS,1)-3,1,k)

plot(UDPserverBandwidth(:,k), '-*')

title(BW(k,:))

% sett like akser for alle subplotene!!!

%finner max, min og avg throughput

MaxUDP_serverValues (k) = max(UDPserverBandwidth(1:size(...

UDPserverBandwidth,1)-1,k));

MinUDP_serverValues (k) = min(UDPserverBandwidth(1:size(...

UDPserverBandwidth,1)-1,k));

AvgUDP_serverValues (k) = sum(UDPserverBandwidth(1:size(...

UDPserverBandwidth,1)-1,k))/(size(UDPserverBandwidth,1)-1);

MaxUDP_jitter (k) = max(UDPserverJitter(1:size(...

UDPserverJitter,1)-1,k));
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MinUDP_jitter (k) = min(UDPserverJitter(1:size(...

UDPserverJitter,1)-1,k));

AvgUDP_jitter (k) = sum(UDPserverJitter(1:size(...

UDPserverJitter,1)-1,k))/(size(UDPserverJitter,1)-1);

end

disp('UDP-THROUGHPUT (server):')

disp([' ', 'BW = 2M ', 'BW = 4M ',...

'BW = 4M ', 'BW = 5M ', 'BW = 6M ', ...

'BW = 7M ', 'BW = 7M ', 'BW = 8M '])

disp(['Max UDP Values: ', num2str(MaxUDP_serverValues)])

disp(['Min UDP Values: ', num2str(MinUDP_serverValues)])

disp(['Avg UDP Values: ', num2str(AvgUDP_serverValues)])

disp(['Max Jitter: ', num2str(MaxUDP_jitter)])

disp(['Min Jitter: ', num2str(MinUDP_jitter)])

disp(['Avg Jitter: ', num2str(AvgUDP_jitter)])

disp('-------------------------------------------')
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