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Abstract

illimeter-wave radio based indoor communication systems are promising to provide
high data rate, in the order of Gbps, connections between communication devices.
Using directional antenna has been proved as an effective way to reduce the effect of
multipath propagation in millimeter-wave indoor radio channels at 60 GHz. Line-of-
sight (LOS) is therefore required between the sender and the receiver. However clear
LOS propagation has difficulties to guarantee the connection because human activ-
ities, i.e., human bodies, may block the propagation paths in indoor environments.
Therefore it is important to study human activity behavior in order to gain insights
on the 60GHz LOS link stability. We aim is to study the effect or the influence of
human’s activities on the 60 GHz line of sight(LOS) communications in an indoor
environment in order to feed the future a general link stability model that can help as
inputs for various network operation and decision-making functions to improve net-
work performance. To study the effect of human bodies on the LOS Link by 60GHz,
an optical emulator has been built. An infrared channel (Transmitter-receiver) used
to measure the duration time when the LOS becomes unavailable due to human
activity. Based on the measurement the Unavailable Rate (R) is calculated as one
of the performance metrics for the future study.Further the collected data have been
measured according to two majors scenarios and the collected data have been fitted
in two different softwares to find out the result. Finally we customized a mathemat-
ical model and tested on the collected data in order to evaluate the goodness fit of
the custom model comparing to the other two established distribution models.
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Chapter 1

Introduction

Narrow-wide bands measurements have been lately preformed in outdoor and indoor
environments,and both measurement try to develop a modern prediction model for
the 60 GHz radio channel. The huge need for a high bit rate in mobile terminal’s
services becomes necessary for developments in broadband radio networking. Out-
door and indoor broadband wireless systems can be used these days in different
out-indoor environments such as hospitals , railway stations, malls and shopping
center, even in the medical field video communications between the ambulance and
the medical care specialist can have a great benefit in emergency situations.
The 60 GHZ band, which is roughly between 57 and 66 GHz [1], has the property of
being the atmospheric oxygen absorption band, which means for an outdoor environ-
ment that transmitted signals are strongly attenuated about 15 dB/km in addition
to the free space loss[12]. The UHF band is not suitable for mobile broadband ap-
plications, broadband system with total network capacity of a couple hundreds of
megabits per second will absolutely request therefore hundreds of megahertz of spec-
tral space. Further high frequency bandwidths is only available at radio frequency
above the 25GHz in term of considering a congest free bandwidth [7].
Above approximately 40 GHz, high density traffic can be reached, in indoor environ-
ment, due to the ability of interference with the neighboring rooms. The frequency
in this case can basically be reused because of the intensive attenuation of electro-
magnetic waves at this high frequency, knowing the fact that usually in an indoor
environment a single wall can separate two rooms.
The 60 GHz band can also be interesting for an indoor environment since that
millimeters radio waves can pass through windows, en therefore they can also inter-
ference with the neighboring systems in other neighboring rooms or buildings.

M.Sc. thesis HAG Dabbagh



2 Introduction

There are plenty of researching groups who have seen the huge demand to in vestige
the ability of having high data rate 60 GHz radio communications within in door
environments, therefore we consider their work as a great knowledge. Here we are
briefly a list of some of the current interesting groups, researching and working on
60 GHz radio communications

• IEEE 802.15.3c WPAN :

The IEEE 802.15.3 Task Group 3c (TG3c) was formed in March 2005.
TG3c is developing a millimeter-wave-based alternative physical layer (PHY)
for the existing 802.15.3 Wireless Personal Area Network (WPAN) Standard
802.15.3-2003.This millimeter Wave WPAN will operate in the new and clear
band including 57-64 GHz unlicensed band. In addition, the millimeter-wave
WPAN will support high data rate at least 1 Gbps applications such as high
speed Internet access, streaming content download (video on demand, home
theater, etc).[16]

• IEEE 802.11ad - Extremely High Throughput 60GHz and WiGig:

More than 15 technology companies today announced the Wireless Gi-
gabit (WiGig) Alliance, an organization formed to establish a unified
specification for 60GHz wireless technologies. The widespread availability and
use of digital multimedia content has created an ever-increasing need for faster
wireless connectivity that current wireless standards cannot support. The
WiGig specification will allow devices to communicate without wires at
gigabit speeds within a typical room.There are already two groups looking at
possible standards for 1Gbit/s wireless LANs, called 802.11ac and 802.11ad.
The 802.11ad group is studying 60GHz technology, which the WiGig Alliance
is also pushing for fast wireless connections.

• Wireless HD Group

The WirelessHD specification defines a wireless protocol that enables
consumer devices to create a wireless video area network (WVAN)with stream
uncompressed audio and video at up to 1080p resolution.A large amount of
spectrum is available on an unlicensed basis in many regulatory domains
in the 60 GHz band. The WirelessHD specification defines a novel wireless
protocol that enables directional connections that adapt very rapidly to all
changes in the environment [17].

HAG Dabbagh M.Sc. thesis



1-1 60 GHz Radio Channel Characteristics 3

• EcmaT48 High Rate Wireless Communications

Ecma T48 develops Standards and Technical Reports for high rate wireless
communications. Ecma T48 is a high-speed wireless networking standard for
use in the Television White Spaces: broadcast television spectrum not being
used by licensed services at a given location [18].

• (SiGi-spot) and Future Home networks (FHN)

60 GHz radio technology for high-capacity wireless in-home communica-
tion networks (SiGi-spot) and Future Home networks (FHN) are dutch
research projects researching on new network architecture and the feasible
physical, link and network layer solutions for high capacity in-home commu-
nication and networking utilizing license-free 60 GHz band.
The goal of the SiGi project is to define a new low-cost radio technology that
utilizes the license-free 60 GHz band.
FHN do research towards such a future-proof home network. It will be based
on a communication architecture that uses very high bandwidth (order of
Gbps) short-range transmission inside a room, and uses dedicated equipment
and devices to cross walls, connect rooms and reach gateways for connection
to access networks [14][15].

1-1 60 GHz Radio Channel Characteristics

In order to make use of unlicensed 60GHz frequency bands for high-bit-rate
systems it is essential to determine or characterize the channel dispersion.
The performance of a system works on high frequency band can extremely
effected by channel dispersion. As first we try to study the difference of the
path loss and the directional of arrival between narrowband frequency at 60
GHz and at 1.7 GHz, then we will try to determined what if any consideration
should be known or taken in advance that could effect severely the 60GHz
system.[7]

M.Sc. thesis HAG Dabbagh



4 Introduction

1-1-1 Path Loss

Narrowband path-loss measurements haven been lately preformed at 60 GHz
with a certain separation distance using a source and a spectrum analyzer. The
antenna was narrow in the vertical plane and broad in the horizontal plane
[7]. All measurements were performed with transmitter and receiver on the
same floor. The direct path was blocked by the room furniture or using a kind
of a light wall separator. Therefore a clear Line Of Sight (LOS)path was not
always present in every measurement. In figure 1-1 the 60GHz path-loss have
been dark highlighted to notice the different with 1.7GHz path-loss.

Figure 1-1: Path Loss Against Distance at 60GHz and at 1.7GHz [7]

The path-loss in figure 1-1 is much higher at 60GHz even at higher separate
distance, when the attenuation is the quite small. The difference in the free
space partly can explain this result, the rest of the differences can be caused
by material existence in the room or in the floor, the 60GHz millimeter wave
can’t penetrate the overall materials, plus the diffractions loss at 60GHz. The
result of the narrowband indoor path-loss is that shadowing at 60GHz af-
fect the performance of the channel and is obviously more severe than at
1.7GHz.Millimeter-wave radio based communication systems are promising to
provide high data rate connections between communication devices. Although
at these high frequency band the coverage will always be limited due to the
transmission power boundary level and the free space propagation loss. There-
fore the future research investment concentrate at indoor wireless communi-
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1-1 60 GHz Radio Channel Characteristics 5

cation coverage.

1-1-2 Direction-of-Arrival and Received Power

To investigate the individual signals paths and to find out the advances that
can be reached or achieved using sort steered antennas, direction of arrival
data have been created via plenty of measurements at 60 GHz using the same
measurement system as for the previous path-loss measurements.
The difference in this measurement is have been made by using a receiver an-
tenna had a narrow beamwidth but in both vertical and horizontal planes. The
measurements show that in an indoor environment using steering antenna in
the azimuth plane improve the 60GHz link [7].
Further dominant contributions to the received power occur from specular re-
flections.
Because of the high path loss at 60 GHz and the transmission power restrictions
it becomes necessary to use directional antennas. Directional antennas have
a higher antenna gain compared with omni directional antennas. This means
that for the same transmitted power there will be a higher SNR at the receiver
for directional antennas, however the use of directional antennas introduces
challenges which do not arise when omni directional antennas are used[7]. The
use of the directional antenna reduce the effects of the multi-paths propaga-
tions,further more the use of circular polarization instead of linear polarization
will reduce the delay spread [9][8].

M.Sc. thesis HAG Dabbagh



6 Introduction

1-2 Human Shadow at 60GHz

Studying the path-loss and the direction of arrival made it quite clear that
objects placed in the direct path of 60 GHz link will cause a shadow which
in turns will reduce the performance of the channel. In indoor environments
human’s motion is a natural behaviour, and the link stability of the 60Ghz LOS
depends in his turn on human activity. Therefore LOS propagation has also
his own difficulties to guarantee the connection because of human activities.

1-2-1 60GHz Line of sight (LOS)

Humans body may block the propagation path in 60GHz in-door environments
during their movements, basically a human being who walks between 60Ghz
transmitter en receiver terminal can simply break the channel with his body
and block the signal. Due to the block made by the human bodies, the signal
level can decreases up to 20dB at the receiver terminal[2] and a single shadow
occurs. A shadow can be created from peoples movements,breaking the link,
causing significantly signal level decreasing at the receiver side. This leads to
consider the channel unavailable during a shadowing event[2],[3].
The next figure,1-2, shows an example of a single shadow made by human
blocking the propagation path of 60Ghz LOS at 90cm position, which is be-
tween the transmitter and the receiver, when the signal level significantly de-
creases about 20dB at the receiver terminal[4].

Figure 1-2: Single Shadow Event by human at 60Ghz band

It’s quite important to study the propagations characteristic of the 60Ghz LOS
in order to test the effect of human body on breaking the link, although the

HAG Dabbagh M.Sc. thesis



1-2 Human Shadow at 60GHz 7

shadow event has standard parameters that can determined the size and the
duration of the shadow.
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8 Introduction

Before we consider the shadow events characteristics there are a couple of
important definitions can be declared such as:

1. Attenuation: A(t) is the ratio of the transmitted power before the
sender antenna on the received power after the receiver antenna

2. Temporal Fading: F(t)is the temporal variation of the A(t)around a
reference level Aref, [2]

F (t)[dB] = A(t)[dB] − Aref [dB]

1-2-2 Single Shadow Event

When a 60Ghz link between transmitter antenna and the receiver shadowed by a per-
son, the attenuation will certainly strongly increases, and these attenuation breaks
are not uniformly distributed, simply because this process is not stationary. We can
also characterize these attenuations breaks,(peaks), in amplitude and duration. A
single shadow events can be created when F(t) becomes grater than a predefined
threshold, the threshold values can be determined between (5 up to 20)dB.[3].
The beginning of the shadow, TbSE, is the immediate point of the threshold crossing
by positive slope.while the,TeSE , is the instant of the threshold crossing by a negative
slope. Determining the negative and the positive slope has a complex criteria issue
but what we need to know is the duration of the shadow is basely how many seconds
or Millie second took a person, or a group of people, to walk through a 60 Ghz
link. From the stability point of view it means how many seconds or Millie seconds is
the link unavailable, which give us an idea about how long the link can be broken for a
certain period of time and how many times have been broken during a certain period
of time. The duration of the shadow can be computed as follow, while figure1-3,shows
how shadow can be detected.

DSE = TeSE − TbSE.

The Amplitude max AmaxSE in figure 1-3 refer to the maximum of the attenuation
peak that can be reached, although represent Amplitude AsSE the average of the
time window centered on the middle of the shadow.
The effects of shadowing caused by humans body lead us to consider that the channel
unavailable during the shadowing process. ISE is the difference between two TbSEof
an single shadow event which happen one after the other.

1-2-3 Serial Shadow Event and Unavailable Ratio

The duration between several single shadow events can be very short or even caused
by the same person walks across the LOS. But During a period of time several
shadows can occur due to different numbers of people moving around crossing the
through the link. Therefore we can define unavailable ratio that can express the

HAG Dabbagh M.Sc. thesis



1-2 Human Shadow at 60GHz 9

Figure 1-3: Shadow Characteristics

stability of the link, the unavailable ratio(R) is the sum of all single shadows events
durations divided by the total time that required to have all these shadows events
[2][10].
The unavailable ratio R for a channel having a variety of shadowing within certain
time can be expressed as:

R =

NSE∑

n=1

DSE,n

DM

– DSE :The duration of a single shadow event.

– NSE: Total numbers of the shadows have detected during a mea-
sured period of time

– DM : Total measured period of time.
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10 Introduction

1-3 Our Goal And Related Work

The interest in using high data rate in wireless communications, as we have
noticed, is gaining more attention and research specially large unlicensed available
bandwidths around 60Ghz. From the propagations characteristics we can conclude
that millimeters waves need direct path within indoor environments. For the
indoor applications we found out also that shadowing made by human bodies, as
result of their movements across the LOS, can significantly effect the receiver signal
power level and make the channel unavailable, thus channel failure during shadowing.

It is very important to estimate the quality of the link and evaluate the channel
availability from the networking point of view and protocol design. The previous
model adopted in QoS routing protocols and ad hoc network improve mobile
performance links, but the model has been generated according to results based on
simulations or analytical equations.What we are trying to do in our project is to
collect data,(shadows events), during long period of time using different scenario’s
inside natural indoor environments, such as students room, library,lunch room, or
even students hall.
The availability of the link quality is one of the most important factor to influence
the 60 GHz link quality,the quality of the link depends surly on the availability
of the link, which can severely effected by human activity causing different singles
shadows events. Our goal is to study the effect or the influence of human’s
activities on the 60 GHz line of sight(LOS) communications in an indoor
environment.

In order to collect the data we need first to emulate the 60 Ghz directional
antennas equipments using off-shelf directional transceivers , like optical or sound
devices that can have similar shadow characteristics to the antenna’s equipments
and can be cheaper devices at the same time, quite available but the most
important is that we are trying to have an insight on the blocking events therefore
our emulation is for the movement’s behavior rather than the characteristic of the
60 GHz Link. By creating the right emulator device we can start to examine en
research the most suitable places to install the device en create a natural daily
scenario. By collecting data from different scenarios measurements we can process
our data to analyze the behaviour or the distribution of different criteria s like
people arrival’s time, shadow event duration, or even compute the unavailable
ration during different time slots a day.
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Influence of human activity on the propagations of the 60 Ghz Link took lately a
lot of attentions of reseachers in order to estimate the path visibility for the real
indoor scenario’s [4]. Also there are plenty of measurements at 60Ghz for WLAN
application in the past took place to determine fading statistics and investigate the
impact of people movements effect on the temporal fading [13][12].
Polarization dependence of multipath propagation at high-speed transmission has
been also investigated in turn of the direction of the arrival [9].

Link stability model for such service like Qos ad hoc routing algorithms have
been, as we have mentioned before, well implemented in term of link survival time
to assist ad-hoc routing protocol to improve the QoS performance[6], although that
all based on simulations and static analytical equations.

Further more chapter 2 will explain the motivations and the reasons for em-
ulating the 60 Ghz directional antenna equipments. The device choice can be made
according to their functionality and the system boundary condition, in chapter 3
installing the chosen device(pair)and implementation o test the device. Chapter 4
determined the different measurements scenarios.Analyzing and processing the data
in different intervals and fit the collected data will then follow in chapter 5. Chapter
5 will contain the conclusion.
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Chapter 2

Emulating 60 GHz LOS directional
Antenna equipment And device

choice

2-1 Motivations Aspects

Building an emulator device for any system need motivations research in differ-
ent aspects and environment so that we can build a device that can meet the
original(shadow) behaviour charactristics of the 60GHz shadow, therefore we will
classify our evaluation into two types, physical, which based on 60Ghz shadow be-
haviour, and environmental, like installation’s location, safety and system availabil-
ity.

2-1-1 Shadow’s Physical behavior concern

Emulating 60 GHz Link need first to research the shadow behaviour that is caused
by human body crossing the 60 Ghz LOS. The shadow behaviour of figure 1-2has
three important characteristics from the communications point of view [3], namely:

– The fading rising time is very short compared to shadow events made
by frequency signal.

– The duration time of the shadow is quite long, the effect of the
shadow is still active as long as the shadow still blocks the channel.

– The fading Amplitude is quite clear.

These shortly explained characteristics have the key to lead us to find out a device
that able to create a directional LOS, secondly we have to examine the shadow made
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14 Emulating 60 GHz LOS directional Antenna equipment And device choice

by human blocking the device’s LOS what if his shadow behaviour or the character-
istic has the similar influence on the emulated LOS with the 60 GHz LOS. Knowing
the fact that The emulation process is more for the movement characterization rather
than characterizing the 60GHz channel itself.

2-1-2 Environmental concerns

There are plenty of reasons made us think to emulate the antenna equipments,
(Although some of them are reachable under high economical conditions while the
others is just too far from getting implemented at the mean time), the reasons are
listed as follow:

(a) The high cost of the 60GHz Antenna equipments .

(b) The availability of the equipments and a suitable working place.

(c) The difficulty to displace the antennas in order to carry out the
measurement scenarios at different places.

(d) we want to have the first insight on the blocking events. The emu-
lation is more for the movement characterization rather than Char-
acterizing the 60GHz channel

(e) Finding a fast and easy way to log realistic data.

we need the emulator device to give us the same performance as 60GHz link during
the human body shadowing, and should be for sure available quite cheap devices,
easy to implement and to update. Once again we don’t need the emulator to give us
the exact single shadow as the one observed by 60 GHz. But we need the emulator
shadow behavior have a similar shadow characteristics of the 60 GHz like summarized
in the previous section.
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2-2 Device Choice

By researching the motivations aspects we can apply them on the devices that
can meet the motivations conditions conceding different forms of electrical energy
like optical, (laser,infrared), or audio like using sound card-microphone system with
scaled voice packet frequency. From these three devices we will try to examine their
functionality according to our motivations criteria in order to make the choice and
build the device pair.

2-2-1 Available Devices

The three candidate devices that we first consider are:

(a) The laser beamer device.(Optical device)

(b) The infrared gate lock device.(Optical deice)

(c) Soundcard-microphone system with scaled frequency voice
packet.(Audio Device)

A ll three candidate have quite similar functionality regarding sending and receiv-
ing principle , in term of all devices need directional path between the transmitter
and the receiver.
The laser beamer create a straight line from the transmitter to the receiver , once
this direct path get blocked, then the link will be broken and no signal will reach
the receiver. The infrared device functions exactly as the laser beamer dose except
the fact that the infrared device regarding the small beam width of the infra red
transmitter. The audio device contain an sound card system create and send voices-
ignals at 68 kHz. The soundcard-mic system can emulate the 60GHz radio signal by
downing scale the high radio frequency to lower frequency at 68KHz. The scalling
goes as follow :
Miliemeters waves have a speed of 3 ∗ 108 m/s, the speed of the sound is 343 meters
per second

The scaled voice packet frequency = 60GHz∗343 m/s
3∗108 m/s

= 68.6 kHz

The sound card, connected to the PC or laptop, sends packet thought the PC
speakers(transmitter) to the special microphone that can receive the voice and
save,process, the voice packet using the same PC. If the path between the transmitter
(speakers)and the microphone(receiver)get blocked, by human body for example, the
packets will not make it to the microphone, although the microphone will need a
few Millie second delay to report the missing packets.
Finally the three devices will get tested according to the Motivations aspects to find
out the most suitable device that can help us to emulate the 60 Ghz LOS.
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16 Emulating 60 GHz LOS directional Antenna equipment And device choice

2-2-2 Devices Comparsion

The three devices will parallely get evaluated according to the two types of the
motivations aspects.

Shadow Physical behavior
Parallely we will test our devices according to the physical behavior of the shadow,of
subsection 2-1-1, that can caused due to human activity:

Table 2-1: Devices Shadow Physical behavior

The Shadow behaviour of the three devices show some similarity with the behaviour
of the shadow that we have seen on the previous part 2-1-1. Although that the
sound card shows time dependency by raising from the cut-off(shadow) situation
to channel available and vice versa. Further the two optical devices have shadow
behaviour similar to our original shadow of figure1-2.
The optical devices have a better shadow behaviour comparing to the short time
delay by the Audio device, nevertheless we can make now no decision at this stage
till we finish our entire test.
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2-3 The result of the Device Choice 17

Comparison on Environmental concern
We can also test our three devices according to our environmental concerns,The
following table list our three devices environmental concerns:

Table 2-2: Devices Environmental concerns

Devices Environmen-
tal Criteria

The laser Beamer de-
vice(Optical)

The Infrared gate
lock device(Optical)

Sound card-microphone
system(Audio)

Device Availability
and Equipments
costs

Inexpensive equip-
ments,Available to
build ,and system
upgradeable

Inexpensive equip-
ments,Available to
build ,and system
upgradeable

quite expensive compared
to the optical equipments,
specific equipments order
, limited availability.

Device Mobility and
local displacement

Easy to mobile and
to locate in different
places

Easy to mobile and
to locate in different
places

The sound card is hard to
locate and quite sensitive
equipments, uneasy to re-
place under any damage
circumstances

Natural side effect
influences(noise, hu-
man body)

Possibility of risk ,
laser can harm hu-
mans eye

100 Risk free device 100 Risk free device.

Data logging and
Data storage

Does n’t need huge
capacity for data
storage

Does n’t need huge
capacity for data
storage

The system needs huge
amount of capacity to
store the logged data

2-3 The result of the Device Choice

Based on the comparisons, we can conclude that the Infrared gate lock device
is the most suitable device to emulate the 60 Ghz link Antenna equip-
ment. The fact that the laser can have a side effect on people during measure-
ments, (irritate human’s eye), made us take no risk with the device and chose the
infrared instead. Comparing to the audio system it is quite obvious that logging
data with the infrared device is much easier and ask much less store capacity than
the audio system, so as matter of efficiency the infrared device has better perfor-
mance. The availability of the device and update possibilities made the choice look
also not hard.
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Chapter 3

The Infrared Emulator Device

Before we start implementing the infrared device it might be useful to remind
ourselves the goal of implementing such a device. We are trying to study the effect
or the influence of human’s activities on the 60 GHz line of sight(LOS) communica-
tions in an indoor environment by field measurements. Field measurements means
that we have to loge(collect) data, the duration of a single Shadow Events created
by human activity(body), in different time slot a day by different natural indoor
scenario’s. we have chosen the optical infrared device as our emulator to emulate
our original link according to the given concerns in the previous chapter.

Implementing the Infrared device in order to loge data, need data storage
capacity, and the device has no capability to loge the data itself. Therefore we need
to implement an extra system that can interface with the hardware component
in the infrared device in order to save the data.The most suitable option indeed
is using a personal computer to loge the data via a hardware-software interface
program that is able to communicate with infrared device through one or two
control signals.
The infrared emulator device consist of, therefore, as follow:

(a) Hardware component consist of a sender and a receiver terminal to
create the directional LOS.

(b) Hardware-software interface device who can covert the analog con-
trol signals coming from the receiver to digital control signals.

(c) Software program that can use the digital control signals in order to
loge data and compute the duration time of an single shadow event.
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20 The Infrared Emulator Device

3-1 The Hardware Componets

The hardware components is a ready infrared light barrier kit consist of transmitter
and receiver terminal. During our measurements we have been using two different
kits, one with 5 meter LOS distance(max)3-1(a) and the other with 18 meter distance
LOS(max)3-1(b). The functionality and the principle is exactly the same both create
a directional line of sight between the transmitter and the receiver, once a human
body or even a part of human body for example(arms,legs), comes between the signal
will be blocked and the receiver acknowledges the signal missing by controlling a
visible red (LED) alert.
The red LED alert goes on when the connection between transmitter and receiver
get blocked, or shadowed. The red LED have been used as the analog control signal
namely, when we know exactly when the light goes on and for how long then we
know enough about the created shadow already, like the incident time for the shadow
and the duration time of a single shadow. The both hardware kits looks as follow:

(a) Infrared barrier 5M LOS (b) Infrared barrier 18M LOS

Figure 3-1: Infrared Devices

The default voltage value across the LED when shadow accrues is equal to 1.4
volt(in case of 5m gate lock) en almost 2.35 volt by the other (18m,which means
that the signal level start with zero volt in case of clear LOS and jump up to the
default value. In this case we get a sort of block signal when a single shadow events
happens. The Next two figures we compare the two shadows made by human body
within 2 different equipments namely the 60Ghz antenna equipment and the infrared
gate lock device. The shadow form can quite different from one to the other but the
principle of computing the duration time can be quite similar although that the
shadow made by infrared may look a few milliseconds bigger than the one detected
by 60 Ghz antenna equipment.

Data sheets including the transmitters and the receivers specific electronic’s map
have been attached in appendix A1 for further extra information regarding the kits
functionality and the subcomponents specifications.
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3-2 Hardware-software intrface 21

Figure 3-2: Single Shadow Event by
human at 60Ghz band

Figure 3-3: Human Single Shadow
Event detected by infrared gate lock
device

3-2 Hardware-software intrface

The hardware-software component is a data card reader from national instrument
model 6008. The card has a 32ports total 16 analog port input and other 16 are dig-
ital output ports.The data card is synchronized with different kind of software, al-
though national instrument made the card to work with Labview software program.
the card is easy to install via an usb cable to a PC or Laptop. Appendix A2 have
more detail over the data sheet and possible installation tips.

3-3 Software implementation

The software part usually is the complex part, we need to chose an compatible
software program in order to log data into the hard disk but also try to read the
data from the infrared device via the data card,which means that the data card
should be identified by the software in a way that both should communicate. The
software that we have been using is Lapview 8.5, which is a sort graphic programing
create an electrical counter that start to count at the moment the signal at the
receiver disappear, or when the red LED goes on.
At this moment the software program try to save the incident falling time when the
signal is gone(cut-off), at the very same time it starts counting till the signal level
become zero again and the receiver give no alert anymore for blocking path(carry
on).The final result of the program is 2 columns with fall and raising time saved in
note pad file form.
The fact that the software saves only the incident falling and the raising time is
that we are only interested ,as we have declared before ,on the movements and
the activity of human during the measurements that blocks the LOS and caused
a shadow, beside saving the fall and the raise time will save too much capacity
in our hard disk, specially when u know that the time duration of an shadow is
nothing but the different between the falling’s and the raising’s time. Beside the fact
that when u load your software less instruction, you will reduce the time delay of the
implementation in general, therefore we reduce the error of an shadow time duration
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22 The Infrared Emulator Device

Figure 3-4: Lapview window for Infrared Counter

even if it’s a small percentage. Programing in labview is graphic. By selecting the
right software components and connect them to each other, a software circuits can
be built under the given control signal that is received from the data card. Once
a human block the path the receiver sens it and sets a voltage drop on the LED
which in turn is connected to the data card which feels the change in the voltage
drop and send the digital signal to the software which considers this signal as the
start button to save the incident fall time. If the the path becomes clear again
the receiver set the voltage on the LED again to zero and the signal level going
to the software become zero too, which is the sign to stop counting and save the
raising time. Data can be logged and saved to notepad file containing the fall-raise
time, date and the time of the measurements session. Further contain the result file
also reference number which is essentially very important during data processing en
fall time computations.Figure 3-4 shows how the program window looks like on the
PC screen,u can simply click the buttons that u can see in the screen widows, like
stop bottom or even the start one,under the edit option,further there are buttons to
create a notepad file in order to save the result file in a certain directory.the black
screen is when we can see the signal level if the signal level zero then there is no
shadow become almost -1.4(5 meter device)or even if -1.9 in the (18 meter device)
then we know from the signal level that there is a shadow occurs.
Figure3-5 shows how the graphic software program looks like behind the window
figure that we have seen before.
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Figure 3-5: Lapview Infrared Counter Program
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Chapter 4

Different Measurements Scenarios

The infrared emulator have been tested after implementation under different con-
ditions in order to test the functionality as one hole system. The next stage of our
project is to start measurements under different natural scenario. Natural scenarios
means that we have to look for an indoor environments where human activity is
taking place and locate our emulator inside the place without leading to effect the
way that human activity was before. For example, never use big equipments that
can block a normal path people use to walk through before, or never place or locate
the emulator in a way make people pay extra attention and let them do unexpected
or non spontaneous movements which could effect our measurements, in term of
making extra shadows or even less, because of the fact that people temporary start
to walk the other way around.
Therefore our measurements scenario should be as much as natural as possible and
the installation of the emulator should not block any given natural path or let people
pay more attention regarding the emulator public location.
During the measurements we tried to compress the error as much as possible and
tried to solve the problems in order to reduce the given error. But that will never
change the fact that by any measurement there are always errors involved. Errors
can take different forms like, technical error, functional or even human influence can
deliver unexpected errors. Technical error can take place during measurements like
laptop freezing while the program running costing a few seconds to run the program
again while people moving their natural way, thus one or more shadow have been
missing.
From the other hand if the battery of the transmitter or of the receiver run out, then
we have signal that can be translated as a shadow while no body walks through, also
replacing the battery can take a few seconds while we have shadow have been logged.
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Finally human’s influences can also create unwanted errors in case of somebody obey
his curiosity and stand in front of the device trying to figure out why this device
right here in this room.We can’t blame hem as electrical student trying to find some
answers, but then we have extra long shadow that express no natural movement.

4-1 Trial Measurement

Before looking for the right indoor location to plan our scenario, we decide to do
some measurements for three different location, the Central Exit gate for the EWI
Building, the Central exit gate for the Dribbleweg Practical building and the stair
hall first-floor EWI building leading to the restaurant.

The reason behind trial measurements that we tried first to measure people’s shadow
in different location at different time slots of the day and from that we might can see
if there are any similarity in people’s movement, namely trying to do the same effort
leaving or entering a building, Also it is interesting to do that with different height
of the transmitter and the receiver terminal from the ground, for example we start
to measure the Main Exit gate of the EWI building at 45cm and 100cm height from
the ground, it is interesting what the shadow behavior can be having the LOS once
down your knees once and up to your waist the other time, it is challenging to know
the answer specially when u know the fact that your are changing the thickness part
of your body who is basically causing the shadow.

One more important point is that people arrival time, in spite the location’s different
at the three places we still dealing with people who are leaving or entering the
building, restaurant, on different time slots a day. Thus plotting a simple CDF
curve from the collected data will give us, may be, an idea about how the people’s
arrival time look like, or is there any similarity of movements around a given time
slot. These information are quite important for us in order to think about a real
natural location to carry out our measurements in order to collect the right data
that WE CAN BASE OUR CONCLUSION ON.

HAG Dabbagh M.Sc. thesis



4-2 The Indoor Scenario 27

4-2 The Indoor Scenario

4-2-1 The Indoor Location Choice

Based on the observations results from the previous measurements, we need to con-
sider the right location to install and displace the transmitter receiver kit. Once
again natural human activities required, like 19th floor student’s room, or even em-
ploy’s office also at the 19th floor, therefor we decide to chose the student’t room to
do our measurements on for the following reasons:

(a) The room’s capacity is quite big to do measurements, and locate the
devices in the right location.

(b) The traffic of human’s activity in the room.There are at lest 6 up to
7 students who are working under regular bases, the regular bases
have been set according to the student’s average working days on
his own thesis.The rest of student are under average of 2-3 days a
week.

(c) The distribution of the students around the room can create a traffic
in both direction if we could usethe right scenario, knowing the fact
that students are distributed symmetrically around the room.

(d) A real natural scenario movements,with big chance of traffic than
an employ’s room.

Figure 4-1 illustrates how the students room usually looks like. The room size is
quite 12 by 5 meters, further arranged into 3 halls each hall has 6 desks with 6
separate PC for each student to work on individually. Looking at the situation from
telecommunications point of view, if we are considering 60 GHz connection being
established between the PC’s, there are plenty of possibilities where the students
PCs can be connected with each other, or connected to an access point hanging
right on the wall or at the celling. The combination of connection is so many but we
decide to measure only the links that can have the most influence from the students
movements.
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4-2-2 The students Room Scenario

The scenario measurements in the student room will take two phases:
Phase One: We use one pair infrared device(5m distance between transmitter-
receiver)to measure the students activity on the following single links of figure 4-1

PC1⇐⇒ PC6 , PC7⇐⇒ PC12, PC13⇐⇒ PC18

Figure 4-2 shows the different single links scenarios.

Figure 4-2: Single Links Of the Student Rooms 19th Floor EWI Building
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Phase Two:
We use two pairs of infrared devices to (5m,18m) to measure the students activities
from single link PC7 ⇐⇒ PC12, and a single link from an access point have been
hanged on the wall(Infrared sender of 5m range about 200 cm height from the
ground)next to the second door about 2.50 meter distance from PC12.
Figure 4-3 shows the access point hanged on the wall of the second door at the
Students room 19th floor EWI building.

Figure 4-3: Access Point scenario Of the Student Rooms 19th Floor EWI Building
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Phase one is measurements to express the activity of the students in every hall, the
reason we try to measure all the three halls is that we deal with different size, be-
havior and walking speed of the students and we expect different movement’s
behavior from each student. In spite all that we are also looking for the possibility
of any similarity in movements pattern regarding the three halls. The second phase
measurements is extremely important to examine the different probabilities.

Figure4-3 shows us there are plenty of chances that the wall link get broken
and the other not(PC7 ⇐⇒ PC12), or vice versa, there is also a chance that a
coming person from hall one walk straight to hall three without crossing inside hall
2. The same situation can happed if one person leave hall 3 from door number 2.
Possibilities can go on but all what we have to do is gather the data at different
time slots a day or even a hole long session from the day and try to plot different
unavailable ratios in different time slots.

Further we checked in our measurements that the desk’s height in the stu-
dent rooms are ll the same namely 87cm and the distance between two single link is
uniformly classified in the three halls of the entire room and equal to 2.55cm. The
height of the access point is about 290cm on the wall almost as much as normal
height of an WLAN access point. The first phase scenario have been implemented
first and then the second phase measurements started after plenty of session have
done on the first phase. The number of session and the time duration of every
session will be clearly explained in our next chapter when we try to analysis our
captured shadow event data.
Finally the errors that we properly will face during this scenario is just the
traditional errors that we have mentioned at the very beginning of the chapter.
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Chapter 5

Measurements Scenarios
Results,Analysis

The different measurements scenarios that we have planned at the previous chapter
made us collect different kind of data sets.The data have been collected in different
time slots of the day and saved for later process.Once we finish one phase from
our scenario we start to process our data and analyze it.We planned two kind of
measurements, trial and indoor measurements scenario.The Math Works software
language , MATLAB , supports the entire data analysis process, from acquiring
data from external devices and databases, through preprocessing, visualization, and
numerical analysis, to producing presentation-quality output.Therefore we have been
using Matlab to process our data and analyze it and or presenting different data
plots.Another kind of software we have been using during our data processing is
EasyFit, allows to automatically or manually fit a large number of distributions to
our data and select the best model as enabling us to solve a wide range of problems
with knowledge of statistics.
In this chapter we will present our result in different processing steps or phases that
makes the compare between all scenarios easy to follow. The processing phases are
as follow:

(a) Processing the collected data,classified it in uniform time
slots,compute and plot the Unavailable ratio(R) in different time
slots of the day, for example if we have a measurements session of
20 min then we classify that to 4 slots of 5 mints and compute the
unavailable ration every 5 min. We do that for the two scenarios
namely the trial and the indoor measurements.
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(b) we process our data to compute the Single Shadow duration for
every event in each data. Further we compute the people’s arrival
time in each data, an arrival time interval is a time(ms) difference
between two starting’s points of two shadows in a row. Later we
plot the empirical CDF for both above two cases but then for both
measurements scenarios data. Maximum, minimum, and the mean
of the shadow or of the arrival time will be also computed.

(c) We use Easyfit software to have a wide rang distributions fits
for the all logged data of the two devices Indoor Measurements
Scenario. Further we can evaluate the most suitable model that
Easyfit have chosen for our data.

(d) Using a software like Easy fit is easy and effective but then we have
to check how similar his distribution model’s parameters that he
had found out compare to a very frequent model estimator like the
Maximum Likelihood Estimator(MLE). MLE can be implement and
run by Matlab. Also we do that only for the indoor measurements
data.

(e) Finally we try to customize a mathematical distribution model to
suit our indoor measurements data using MLE. Then we evaluate
this model and compute the parameters difference between the cus-
tomize distribution model and Weibull or exponential established
distribution model, found via the software in phase C.

5-1 Phase A

As we have mentioned before we collected the data according to the two different
scenarios, trial and indoor measurements.The trial collected data consist of four or
five session of 30 mints maximum, for three different places.The main entrance of
the EWI Building Mekelweg 4, the main entrance Lab building of the Drebbelweg 5,
and the EWI Restaurant Entrance coming expecting people from the stairs or the
lifts in both direction.
The indoor Measurements contain session of circa 5 a 6 hours total time period.

5-1-1 Trial Measurements Result Phase A

We measured the EWI building in two different ways, namely with 47cm transmitter-
sender height from the ground, and with 100cm height from the ground for both
transmitter-sender.we did that in four session of circa 30 mints. Further we went to
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measure the electrical Lab building main entrance also we did their four measure-
ments of circa 30 min knowing the height of the device transmitter-sender was 100
cm. Finally we measured the EWI Main Entrance three times of 30 min each. We
divided the total time for each session to equal time slots of 5 min and computed
the unavailable ration for each time slot. The results for the EWI building at 47cm
transmitter-sender height look as follow:

Figure 5-1: EWI Building Entrance:Session1 start time 14:25:31

Figure 5-2: EWI Building Entrance:Session2 start time 15:07:28
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Figure 5-3: EWI Building Entrance:Session3 start time 15:44:06

Figure 5-4: EWI Building Entrance:Session4 start time 16:17:05
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The results for the EWI building at 100cm transmitter-sender height look as follow:

Figure 5-5: EWI Building Entrance:Session1 start time 15:53:31

Figure 5-6: EWI Building Entrance:Session2 start time 16:17:28
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Figure 5-7: EWI Building Entrance:Session3 start time 15:44:06

Figure 5-8: EWI Building Entrance:Session4 start time 16:59:05
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now we consider the Practical building at 100cm transmitter-sender height,the mea-
surements result are as follow:

Figure 5-9: EWI Lab Building Entrance:Session1 start time 14:43:31

Figure 5-10: EWI Lab Building Entrance:Session2 start time 15:39:28
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Figure 5-11: EWI Lab Building Entrance:Session3 start time 15:18:06

Figure 5-12: EWI Lab Building Entrance:Session4 start time 16:50:05
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Finally the result for the EWI Restaurant main entrance look as follow

Figure 5-13: EWI Restaurant’s Entrance:Session1 start time 11:23:31

Figure 5-14: EWI Restaurant’s Entrance:Session2 start time 12:01:28
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Figure 5-15: EWI Restaurant’s Entrance:Session3 start time 12:40:06

The unavailable ration have been computed according to the formula we have intro-
duced in chapter 1 but then with total time of 5 mints, because we are computing
the ratio R every 5 mints for example figure 5-13 the ration of the first 5 mints,(0
to 5), is equal to 0.135 and he second ration by 10 mints is 0.125 and so on.

5-1-2 Indoor Measurements Result Phase A

We can apply our data process also to the indoor measurements scenario to compute
the unavailable Ratio R but in time slots of hours instead of every 5 mints in this
case become the total period time for computing the ration every one hour 60 mints.
we start with the single link of the indoor scenario figure 4-2. The results for this
scenario have been computed for following three single links:

PC1⇐⇒ PC6 , PC7⇐⇒ PC12, PC13⇐⇒ PC18

The results of the first link unavailable ration look as follow:
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(a) PC1⇐⇒ PC6 Link first session

(b) PC1⇐⇒ PC6 Link second session

(c) PC1⇐⇒ PC6 Link Morning session

Figure 5-16: PC1⇐⇒ PC6 Link Measurements Results
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The second unavailable ration single Link result are

(a) PC7⇐⇒ PC12 Link first session

(b) PC7⇐⇒ PC12 Link second session

Figure 5-17: PC7⇐⇒ PC12 Link Measurements Results
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The last single link results are as follow:

(a) PC13⇐⇒ PC18 Link first session

(b) PC13⇐⇒ PC18Link second session

(c) PC13⇐⇒ PC18Link Morning session

Figure 5-18: PC13⇐⇒ PC18 Link Measurements Results

The second part of our indoor Measurements is the two device measurements of
figure4-3. The session in this part of scenario is quite long therefore we are computing
the unavailable ratio also every hour to study the influence of the students activity
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in different time slots. We have in this part two Links to measure one link between
an access point from about 290cm height from the ground and PC 12,we can call
it PC12-Access Link, the other is a single link between PC12 and PC7. We started
this scenario half way April and we could loge average 6 hours data activities in a
day, these days are April 16, April 17, April 20, April 21, April 22, April 23, April24,
April 28, April 29, May 14, May 15, and May 18.Both devices were active during the
session and we could loge data from two links at the same time in two different data
files. The unavailable ratio Results for both links ,PC12-Access and PC12-PC7 Link
over the above logged data could gave us some information about the regularity of
people movements. The next few plots show the results of the unavailability ratio
in different time slots, we tried to do measurements early in the morning and it
was also important to do some measurements at the afternoon or after 16.00 when
the activity of most students start again to increase leaving the room. Also we can
see some regularity towards some time slots, like early at the morning when people
start to come or at the lunch time when students start to leave the room having a
break.Further the activities during the day are very independent, student’s personal
breaks or needs to leave the room is simply a random process. The results for the
entire scenario look as follow:
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(a) April 16th session(10.00-18.00)

(b) April 17th session(10.00-18.00)

(c) April 22sd session()

Figure 5-19: April Measurements Results PC12-Access Wall Link
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(a) April 24th session(10.00-20.00)

(b) April 28th session(10.00-19.00)

(c) April 29th session(10.00-16.00)

Figure 5-20: April Measurements Results PC12-Access Wall Link
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(a) May 14th session(10.00-17.00)

(b) May 15th session()

(c) May 18th session(9.40-18.25)

Figure 5-21: May Measurements Results PC12-Access Wall-Link
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(a) April 16th session(10.00-18.00)

(b) April 17th session(10.00-18.00)

(c) April 21st session()

Figure 5-22: April Measurements Results PC12-PC7 Link
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(a) April 24th session(10.00-20.00)

(b) April 28th session(10.00-19.00)

(c) April 29th session(10.00-16.00)

Figure 5-23: April Measurements Results PC12-PC7 Link
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(a) May 14th session(10.00-17.00)

(b) May 15th session()

(c) May 18th session(9.40-18.25)

Figure 5-24: May Measurements Results PC12-PC7 Link
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5-2 Phase B

In this phase we will compute the empirical CDF for the shadow that have been
created as well as for the student’s arrival time. Also we compute the maximum and
the minimum for every single day data of the indoor scenario, the shadow and the
student’s arrival time mean can be also for the indoor scenario computed. Further
we do that also for the both scenario’s namely the indoor and the trial one.

5-2-1 Trial Measurements Results Phase B

The shadow empirical-cdf for the entire trial scenario look as follow:

Figure 5-25: Shadow Empirical CDF for the Entire Trial Scenario
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While the empirical cdf for the student’s arrival time look as follow:

Figure 5-26: Student’s Arrival Time Interval Empirical CDF For The Entire Trial
Scenario

From the cdf-shadow we can’t say much about the people the people’s traffic leaving
or entering a building, except they have quite similar behavior generally when they
get close to an exit-entrance activity. The average speed of people leaving or entering
a building is generally quite close to each other. Something is also noticeable that
the channel or the link by the EWI entrance can behave differently by two different
transmitter-sender height. By 47cm height we can notice that the link recover time
after shadow is much smaller than by 100cm, it has to do with the area or the
thickness of the human’s body part that makes the shadow. For example your knee
can make shorter shadow than your waist. By the Arrival interval we can see by
the EWI restaurant that the arrival interval is much shorter than by the other two
cases of the scenario, and that make also possible because during lunch time they are
plenty of people who walk through the link after each other, so the chance that they
cut the link behind each other during lunch time is much bigger than by entering
a building. There will be no doubt that the situation will be exactly the other way
around late in the evening when people start to leave the EWI building where no
the chance is too small to ind some one in the restaurant.
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5-2-2 Indoor Measurements Result Phase B

The results for the one device single links can also shown and look as follow:

Figure 5-27: Shadow Empirical CDF for the One device Indoor Scenario

Figure 5-28: Student’s Arrival Time Interval Empirical CDF for the One device Indoor
Scenario

The X axis in figure5-27 is the duration of a single shadow(ms), while the X axis in
figure5-28express the Arrival time interval(ms)

M.Sc. thesis HAG Dabbagh



56 Measurements Scenarios Results,Analysis

For the two devices scenario the shadow empirical cdf look as follow:

Figure 5-29: Shadow Empirical CDF for PC12-Wall Access point of the Two devices
Indoor Scenario

Figure 5-30: Shadow Empirical CDF for PC12-PC7 of the Two devices Indoor Scenario
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The maximum and the minimum shadow that have been measured during the mea-
surements days for the entire scenario look as fallow:

Table 5-1: Shadow Duration, Mean, Max, and Min values for PC12-Access Point Link

Day Mean(s) Max(s) Min(s)
April 16 0.7158 9.6 0.006
April 17 1.5384 19.6 0.016
April 20 0.4343 4.5 0.008
April 21 4.9622 193.9 0.002
April 22 1.1251 42.5 0.004
April 23 7.0571 303.03 0.002
April24 0.3552 3.9 0.005
April 28 12.1050 874.0 0.006
April 29 0.7974 112.1 0.012
May 14 1.6481 35.6 0.002
May 15 1.5384 19.9 0.004
May 18 0.3794 2.5 0.009

Table 5-2: Shadow Duration, Mean, Max, and Min values for PC12-PC7 Link

Day Mean(s) Max(s) Min(s)
April 16 8.3573 427.29 0.010
April 20 1.2639 122.80 0.001
April 21 0.6673 13.91 0.009
April 22 11.1184 968.6 0.001
April 24 0.8559 23.38 0.008
April 28 0.3890 1.92 0.001
April29 1.5322 38.12 0.021
May 14 0.6354 20.90 0.004
May 15 6.3748 920.29 0.006
May 18 11.4012 1294.9 0.008
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while the Arrival time interval for the both links look as follow:

Figure 5-31: Arrival Time Interval Empirical CDF for PC12-Wall Access point of the
Two devices Indoor Scenario

Figure 5-32: Arrival Time Interval Empirical CDF for PC12-PC7 of the Two devices
Indoor Scenario
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Also the Arrival time interval have been computed and for the both links, the mean,
max, and the minimum look as follow.

Table 5-3: Arrival Time Mean, Max, Min values Link PC12-Wall Access point

Day Mean(s) Max(s) Min(s)
April 16 161.5896 2472.6 21
April 17 195.8816 2153.5 51
April 20 226.8044 1490.3 21
April 21 214.9614 1700.4 85
April 22 201.1881 1614.3 32
April 23 207.5227 1566.6 51
April 24 265.6989 4226.6 19
April 28 388.8613 5671.2 168
April 29 318.8213 2889.2 182
May 14 379.5729 2561.2 90
May 15 399.4283 2596.6 210
May 18 579.5607 3468.5 232

Table 5-4: Arrival Time Mean, Max, Min values link PC12-PC7

Day Mean(s) Max(s) Min(s)
April 16 78.187 1182.570 20
April 20 90.5583 1496.090 18
April 21 103.2467 1351.10 19
April 22 67.7741 1094.50 21
April 24 144.2504 7122.20 18
April 28 233.5481 1546.10 121
April 29 133.5481 1364.50 20
May 14 172.6106 4684.70 21
May 15 56.7375 2110.90 16
May 18 138.2794 1648.80 18

Analyzing the data and fit the logged data in an given distribution model will take
place in the next two phases.we will try to analyze and find a suitable distribution
model if possible to the logged data of the two devices scenario.
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5-3 Phase C

In the next Phase we will try to find a wide rang of distributions fits, and check what
if any of these distribution can fit, for all logged data of the indoor measurements
scenario devices.we do that using EasyFit. EasyFit allows easily and quickly to select
the probability distribution which have best fit to data, and perform specific calcu-
lations using the best 55 Supported Distributions fitting model. EasyFit use also the
The goodness of fit (GOF) tests to measure the compatibility of a random sample
with a theoretical probability distribution function. In other words, these tests show
how well the distribution you selected fits to your data. Here are three methods to
evaluate the GOF in EasyFit, The following GOF tests are supported:Kolmogorov-
Smirnov, Anderson-Darling, and Chi-Squared.In our data fitting we will make use of
the first method, Kolmogorov-Smirnov, during using EasyFit to fit our two devices
scenario’s Data.
The KolmogorovSmirnov test (KS test) is a form of minimum distance estimation
used as a nonparametric test of equality of one-dimensional probability distributions
used to compare a sample with a reference probability distribution. Also to compare
two samples (two-sample KS test).
The KolmogorovSmirnov statistic quantifies a distance between the empirical dis-
tribution function of the sample and the cumulative distribution function of the
reference distribution, or between the empirical distribution functions of two sam-
ples. The goodness-of-fit test or the KolmogorovSmirnov test is constructed by using
the critical values of the Kolmogorov distribution,Alpha.
EasyFit has an Excel add-in, enabling us to deal with uncertainty by analyzing our
probability data right in Excel. Which makes processing the work much easier by
loading the Arrival time interval data or even the shadow duration for one day data,
for example, in an excel file and export it to EasyFit to analyze it. The Arrival
time interval of the indoor measurements data have been loaded in the EasyFit soft-
ware to process it and finding the right distribution’s fitting for each data have been
logged in the period April till May.
The indoor one device, single links,results and the two devices links results show
different distribution’s fitting during data processing in EasyFit. Although we try
to show some results of particular sort distribution that have been strongly present
in almost all the logged data of both student’s room scenarios. Here we show some
results for the most frequent distribution’s fitting that strongly presents in arrival
time interval data of the one device indoor scenario.

HAG Dabbagh M.Sc. thesis



5-3 Phase C 61

Table 5-5: Single Links One device Student’s Room Scenario frequent distribution’s
fitting , α, β, γ are the distribution parameters

The best frequent distribution fitting results for the arrival time interval data, using
EasyFit software for the indoor measurements two device scenario, look as follow:
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Table 5-6: Fitting Distribution Results PC12-PC7 Single Link
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Table 5-7: Fitting Distribution Results For PC12-Wall Access Point Link
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The shadow Data from the Indoor measurements scenario have been also processed
in EasyFit, but the results express no connections between the fitted distributions
results,each day shadow data fits different distribution than the day after of before,
and the one good fit in one data shadow can be very bad choice for the day after or
before.Therefore there is no single distribution can fit the entire shadow data that
we have been collected from both indoor scenarios.
For the arrival time interval is quite obvious that the Weibull(3or2 parameters)
distribution model have fitted all the logged data in different scales. For exam-
ple table 5-6 and table 5-7 show that the Weibull distribution fits all the ar-
rival time interval data with different KolmogorovSmirnov parameter.The tables
also determine two α the first one is the Weibull fitting parameters while the sec-
ond one is the KolmogorovSmirnov parameter who decide the goodness of the fit-
ting.KolmogorovSmirnov α has five values to evaluate the goodness of the fitting
(0.2,0.1,0.02,0.01,0.05),how more α values fit in the goodness fitting test how better
is the distribution model fitting the given data.
But From the telecommunications point of view, analytical model such as Markov
chain is based on the assumption that the occurrence of the events cab be modelled
as Poisson process with the interval of the two consecutive events follows the ex-
ponential distribution. Fitting the arrival interval help us to find out what if our
observation on the people interrupting LOS has the exponential distributed interval.
The exponential model is basically not fitting our data well in way the Weibull model
obviously does, but that will make us keep looking for a mathematical model that
can be close to the exponential model from one hand and fit the arrival time in-
terval well from the other. Unfortunately customize a mathematical model can not
be done with Easyfit, Therefor we will do process and analyze our a mathematical
model further in the last phase using Matlab.

HAG Dabbagh M.Sc. thesis



5-4 Phase D 65

5-4 Phase D

Customizing a mathematical model needs to implement the MLE in order to find
the right parameters for the chosen distribution model that have been selected in the
MLE process.MLE can be implemented using Matlab software by simply indicating
the sort distribution model and the confidence level(α)in the package formula to
compute the parameters.
But before using Matlab, we try to evaluate the difference between the Matlab
executed MLE results and the computed results of EasyFit so far, we will compute
first the Weibull parameters using Matlab MLE method and the confidence level for
the arrival time interval of the wall access point link.
If both software distribution’s parameters(α, β) belong to the same confidence level,
then we would see close values of the same parameters executed in two different
software, which let us compare and evaluate the results of MLE Matlab software
with what we have found so far in EasyFit. The next table show us the Weibull
distribution parameters executed in two different software:

Table 5-8: Weibull Distribution’s Parameters Test.(α, β) are EasyFit Distribution Pa-
rameters, a, b are Matlab Distribution Parameters)

the results of table shows a similarity of the values of the both parameters of two
different software, for example Weibull parameter α in April 14th computed by
EasyFit software is equal to 0.41537 which is a very close value to parameter a
(0.3764)if we implement Weibull using Matlab MLE method. Therefore we can
conclude that parameter α in EasyFit is equal to a in Matlab and β is actually b
for the same Weibull distribution.The confidence level of April 14th for the α , a
parameters is between 0.3355 and 0.4222, while the confidence level for parameter
β and b between 25.8474-60.4055(s),while β, b are in (ms).
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5-5 Phase E

After showing the parameters similarity in both software we can go form this point to
customize our mathematical model using Matlab knowing the fact that EasyFit can’t
customize a mathematical model unless it have been established in his library.Once
again we try to customize a model that have an exponential behavior to model our
arrival time interval according to it. we will try to fit our data in the following
mathematical pdf model:

PDF = p λ1 exp−x λ1 +(1 − p) λ2 exp−x λ2

– p: is the probability of the model.

– λ1, λ2: are the parameters of the exponential distribution, often
called the rate parameter.λ ≥0 determines how frequent the event
occurs.

Test the goodness of fitting results for the mathematical model using MLE method
in Matlab will take place via using the the sum of the Square Errors(SSE).SSE is
a method of regression analysis. The line on a graph that best summarizes the
relationship between two variables is the one that ensures that there is the least
value of the sum of the squares of the deviation between the fitted curve and each of
the original data points.The best fit in the least-squares sense is that instance of the
model for which the sum of squared residuals has its least value. a residual being
the difference between an observed value and the value given by the mode.
By programing our mathematical model in Matlab software we also have computed
the SSE for Weibull distribution and exponential distribution as a way to evaluate
our model performance comparing to the best fit already known by EasyFit(Weibull)
and the to the exponential distribution which we want to reach with our custom
model. We have fitted our indoor measurements two devices Arrival interval time
data to the custom model, like we have already said we have been using MLE
method via Matlab to implement the custom model fitting, at the very same time
we have also been fitting the data to Weibull and exponential distribution in order
to compute the SSE of both distribution’s model. Finally we compare the SSE of
the three distribution’s models to check what if our model preforms better.

The results of the SSE check after fitting the Arrival time interval data to it look as
follow:
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Table 5-9: SSE for fitting Arrival interval time single link PC12-PC7 of the cus-
tom,Weibull and the exponential distributions models

Table 5-10: SSE for fitting Arrival interval time PC12-Wall Access point of the cus-
tom,Weibull and the exponential distributions models

M.Sc. thesis HAG Dabbagh



68 Measurements Scenarios Results,Analysis

Reading the result’s tables we can easily notice that the Weibull distribution have
the smallest SSE value, but also we can see that the exponential distribution have
quite large SSE value, therefore it’s not the right distribution fitting. But If we
consider the custom mathematical model that we introduced earlier in this phase
we see that the SSE value is quite small comparing that to the Weibull distribution
SSE values. The custom model is the sum of two exponential distribution’s function
which will give us in his turn the exponential behavior that we are looking for to fit
the data in.
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Chapter 6

Conclusion And Future Work

6-1 Conclusion

The 60 GHz Communications has a promising feature to provide ultra high data
rate wireless links.Although 60 GHz is not suited for long range communication due
to atmospheric absorption, high path loss and attenuation by various objects, it is
very well suited for in door environment. the indoor kind of network does not cover
a large area. The propagations of signals in 60 GHz band can easily be blocked by
people, walls, furnitures. This poses serious challenging to the designer of an indoor
network operating at the 60 Ghz band.
Our goal is to study the effect or the influence of human’s activities on the 60 GHz
line of sight(LOS) communications in an indoor environment. In this thesis we are
not interested in characterizing the 60GHz channel rather than the movement char-
acterization and the blocking events process. Therefore we made a choice out three
devices to emulate the 60 GHz antenna equipment and study the blocking events
behavior more carefully. The device have been tested what if the direct LOS and
the shadow event are close enough to the one made by the 60 Ghz band considering
that both transmitter and receiver are non mobile devices.
Two major scenarios have been set, one to have a flavour over the movement’s sim-
ilarity of people Entering or Exiting a building, namely by three places(EWI Main
Entrance,EWI Lab building and the EWI Restaurant). During our measurements
there by two different transmitter-receiver heights from the ground namely 47 cm
and 100 cm, we noticed that the LOS can recover from blocking events faster than
when the shadow made by 100 cm devices height. By lower device height, people
block the LOS in general with their thin part (legs), if u consider for sure adults
working through the gates, which is much different when u go more than twice that
height by 100 cm facing people waist or chest when they walk through blocking the
LOS.
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A second scenario have been set namely the student’s room indoor scenario which
we measured different single links between the student’s PCs using one pair device
emulator, and the second time with two pair device measuring one single link PC12-
PC7 and at the same time measuring from an access point at 290 cm from the wall
making link contact with PC 12 figure 4-3
The collected data have been processed and analyzed using different softwares pro-
grams, first we started with EasyFit to find out what if our data fit one of the
established general distribution model, The shadow duration data could not fit any
of the established general distribution model and therefor we have been concentrat-
ing on the arrival time interval data because the last have been fitting quite well in a
model that can be presented(Weibull), and it is quite important for us to in vestige
what if interrupting LOS has the exponential distributed arrival time interval, for
that reason we have been also studying the ability to find a custom model that can
be close to the exponential distribution behavior in a way that this custom mathe-
matical model will fit our data as good or may a bit less as the Weibull distribution
does. The model is processed and implemented using MLE method using Matlab
programing.The test of the implemented model(SSE value)has been compared with
two other tests (SSE fitting Weibull and exponential distributions using also MLE
method by Matlab), and the results shows that the custom model can FIT the ar-
rival time interval of the indoor scenarios two devices WELL. Weibull distribution
stay the best fitted model for the arrival time interval, but the custom model is
the sum of two in depended exponential distribution models which can give us the
behavior that we are looking for in order to be more useful from implementation
from the telecommunications point of view.

6-2 Future Work

The time for the future work can be reserved for more investigating on the shadow
duration, we did measure the shadow but we no specific distribution model we could
find that fits the shadow well. Therefore more investigation and data logging might
here be required. More shadows can take us to the idea of more data collection with
more different scenario, may be also by comparing two students room together(from
different floors) and find out what if that also can have some similarity, therefore
more data might add more information.
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Appendix

A-1 Infrared Barrier Devices

The infrared device (transmitter -receiver) components and the manuals are easy
to find with every device, we have used two infrared devices of two different LOS
distances. building the devices should n’t take much time in case u have all the
components ready, although some Conrad packets have such unique IC component
that u can’t easy find in any electronics shop these days, Therefore u have to be
very careful by ordering the device.The manuals for both devices and the components
description look as fallow:

(a) 15M LOS INFRARED DEVICE: Afm.: (lxb) 55 mm x 44 mm,
Uitvoering: Bouwpakket, Aansluitvermogen: 3 A/35 V/DC Max.
bereik: 15 M, Schakelcontact: 1 x aan, Voedingsspanning: 9 V=,
ontvanger 12 V/DC

(b) 5M LOS INFRARED DEVICE:

Audible (85dB) and visible (LED) alert

Range: 3.3ft to 13ft

On/Off switch provided

Power supply: Transmitter: 9V DC / 50mA max. Receiver: 9V DC
/ 20mA max.

9V battery holder and adapter jack included

Dimensions:

Transmitter: 2.2” x 1.6”

Receiver: 3.9” x 2.0”
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A-2 Data Card NI6008

The National Instruments USB-6008 provides basic data acquisition functionality
for applications such as simple data logging, portable measurements, and academic
lab experiments. It is affordable for student use, but powerful enough for more
sophisticated measurement applications. Use the NI USB-6008 with the included
ready-to-run data logger software to begin taking basic measurements in minutes, or
program it using LabVIEW or C and the included NI-DAQmx Base measurement
services software for a custom measurement system. To supplement simulation, mea-
surement, and automation theory courses with practical experiments, NI developed
a USB-6008 Student Kit that includes a copy of the LabVIEW Student Edition.
These kits are exclusively for students, giving them a powerful, low-cost, hands-on
learning tool. Visit the NI academic products page for more details. For faster
sampling, more accurate measurements, and higher channel count, consider the NI
USB-6210 and NI USB-6211 high-performance USB data acquisition devices.Every
USB data acquisition module includes a copy of NI LabVIEW SignalExpress LE so
you can quickly acquire, analyze and present data without programming. In addi-
tion to LabVIEW SignalExpress, USB data acquisition devices are compatible with
the following versions (or later) of NI application software LabVIEW 7.x, LabWin-
dows/CVI 7.x, or Measurement Studio 7.x. USB data acquisition modules are also
compatible with Visual Studio .NET, C/C++, and Visual Basic 6. The next few
pages will contain the data sheet.
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A-3 Data Fitting Tables
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