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Abstract 
 

Adaptive antenna arrays have a great importance in reduction of the effect of interference 
and increase the capacity for the mobile satellite communication. Interference and 
multipath fading remain a main problem for reception of signals. These two problems 
obviously affect the overall capacity.  Adaptive antenna arrays in the handheld mobile 
apparatus will be the solution for the above two problems. 
 
Satellite mobile communication is one of the growing fields in the communication area 
where terrestrial infrastructures are unable or ineffective to supply. Maritime, 
aeronautical and land mobile are some of the applications. During natural disasters where 
ground services are stopped, mobile satellite communications has great importance. 
Following the hurricane season, the Asian Tsunami and the devastating Haiti earthquake, 
mobile satellite communications had played a great role to fill the communication gaps.  
The satellites can be tracked automatically by adaptive antenna array when it moves in its 
orbital plane. 
 
In this thesis the methods that how the adaptive antenna array combats interferers is 
presented and simulated using MATLAB software. The performance of the adaptive 
antenna array is evaluated by simulating the directivity pattern of the antenna and Mean 
Square Error (MSE) graph for different scenario like Signal to Interference Noise ratio 
(SINR), number of iterations, antenna array elements and convergence factor (µ), 
assuming the signals are coming from different Direction of Arrival (DOA).  
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Chapter 1  

Satellite Mobile Communication  

1.1 Historical evolution 

The first radiotelephone service was introduced in the US at the end of the 1940s, and 
was meant to connect mobile users in cars to the public fixed network. In the 1960s, a 
new system launched by Bell Systems, called Improved Mobile Telephone Service 
(IMTS), brought many improvements like direct dialing and higher bandwidth. The first 
analog cellular systems were based on IMTS and developed in the late 1960s and early 
1970s. The systems were "cellular" because the coverage areas were split into smaller 
areas or "cells", each of which is served by a low power transmitter and receiver. The 
first fully automatic mobile phone system, called MTA (Mobile Telephone system A), 
was developed by Ericsson and commercially released in Sweden in 1956 [1]. 
 
The evolution of mobile communication can be categorized into generations of 
development. Presently we are on the verge of fourth generation (4G).Broadly speaking 
first-generation (1G) which is the analog system for mobile communications saw two key 
improvements during the 1970s. It is the invention of the microprocessor and the 
digitization of the control link between the mobile phone and the cell site. Advance 
mobile phone system (AMPS) was first launched by US which is 1G mobile system. It is 
best on FDMA technology which allows users to make voice calls within one country [1]. 
 
Second-generation (2G) systems are categorized by digital technology. It was first 
developed at the end of the 1980s. With the introduction of 2G systems, in addition to 
digital voice telephony, a new range of low data rate digital services became available, 
including mobile fax, voice mail and short message services. Also at this stage in the 
evolution, new type of systems began to emerge which catered for particular market 
needs; not only cellular mobile, but also cordless, public mobile radios, satellite and 
wireless local area network. 2G systems are synonymous with the globalization of mobile 
systems. Global System for Mobile Communications (GSM), which was standardized in 
Europe by the European Telecommunications Standards Institute (ETSI), is now 
recognized as a global standard with its adoption in most countries of the world [1]. 
Third-generation (3G) gives faster communications services including voice, fax and 
internet anywhere with seamless global roaming. 3G technology supports 144 Kbps 
bandwidth with high speed movement up to and beyond 2Mbs. In the filed of mobile 
communication systems the fourth-generation (4G) is the advanced version of the 3G 
mobile communication services are expected to provide mobile data rates beyond 
2Mbit/s,broadband , large capacity with high quality color video images. 
 
There are now 4.1 billion mobile subscribers in the world, a global penetration rate of 
61.1%. This compares to 1.27 billion fixed line subscribers, corresponding to a 
penetration rate of 18.9% [1]. 
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1.2 Overview of satellite communication systems  

 
Satellites have been used to provide telecommunication services since October 1957. The 
first artificial satellite Sputnik-I was launched by former Soviet Russia in the earth’s orbit 
and in 1963 Clark’s idea became a reality when the first geosynchronous satellite 
SYNCOM was successfully launched by NASA. Since then the progress in satellite 
technology , antennas and launch capabilities have enabled a new generation of services 
to be made available to the customers [1].   

1.3 Satellite orbits and its geometrical analysis  

 
One aspect that categorizes satellites is there orbital type. There are three main types of 
orbits depending on the satellites altitude: geostationary orbit (GEO) with altitude around 
36 000 Km; Medium earth orbit (MEO) with altitude between 5 000 to 20 000 Km; Low 
earth orbit (LEO) with altitude between 500 to 2 000 Km [2]. 

1.4 Characteristics of mobile satellites for different orbits  

 

In principle the full coverage of the earth can be achieved with minimum of three 
satellites at about 35 786 Km [1] equally distributed around the equator in circular orbits 
as shown in figure 1.1. 
 

 
 

 
 Figure 1.1 Minimum three geostationary satellites constellation. 

 
Due to GEO satellites are located very far from the earth; there is a transmission delay of 
250 ms for one way transmission. And also there is a limitation imposed on the 
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characteristics of the mobile apparatus due to the effect of the Isotropic Radiated Power 
(IRP) in the region [1].  Since period of the orbit is different from that of the earth, more 
than one satellite is visible at a time.  

1.4.1 ORBCOMM 

 
ORBCOMM is a system developed by Orbital Sciences Corporation in collaboration with 
Teleglobe Industries and Technology Resources Industries [3]. 
 
ORBCOMM is the world’s first commercial global wireless data and messaging system. 
Its system uses Low Earth Orbit (LEO) with a constellation of 36 satellites [1]. The 
satellites are relatively small in size and weighing. The relatively small size of the 
satellites is made possible by the fact that they do not require a propulsion system to 
maintain the satellites in the appropriate orbit and have significantly lower power 
requirements as compared to geostationary satellites [3]. ORBCOMM satellites operate 
in VHF and UHF band for the transmission and reception of traffic.  
 
In June 2008, ORBCOMM launched six satellites. But a number of problems occurred 
with theses satellites. All six satellites suffered from problems with their reaction wheels 
and one satellite displayed problems and are providing limited services during in-orbit 
testing. ORBCOMM announced in May 2009, that it will file a $ 50 million total loss 
insurance for all six launched. ORBCOMM has ordered eighteen 2nd generation satellites 
so far which will be launched between 2010 and 2014.   

1.4.2 IRIDIUM 

 
IRIDIUM was the first satellite personal communication network to enter into 
commercial service. The constellation uses LEO with 66 active satellites in orbit. These 
satellites are equally divided into six polar orbital planes, inclined at 86.40  and an altitude 
of 780 Km which means about 2% of the earth’s surface is visible at a given visibility 
time[1]. 
 
The IRIDIUM system provides full duplex voice and data services at 2.4 Kbit/s. Mobile 
transmissions operate in the 1616-1626.5 MHz band [1].  

1.4.3 GLOBALSTAR 

 

GLOBALSTAR is a 48 satellite system deployed equally into eight orbital planes, 
inclined at 520 to the equator, with a 450 ascending node separation between the planes 
with altitude of 1 414 Km. 
 
Each satellite utilizes 16 beams to the earth on the forward and reverse links. Mobile to 
satellite links is 1610-1626.5 MHz on the downlink. The system uses CDMA [1]. 
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1.4.4 ODYSSEY 

 

The ODYSSEY constellation that was the first satellites in MEO consists of 12 satellites; 
equally divided into three orbital planes, inclined 550 to the equator were placed at10 600 
Km above the earth. 
 
ODYSSEY needs less number of constellations when compared with satellites in LEO 
but it experiences minimum delay which is 100 ms.  It operates in the 1610-1626.5 MHz 
frequency band for mobile to satellite communication [1]. 
 

1.4.5 INMARSAT 

 
INMARSAT was originally founded in 1979 to serve the maritime community. Then it 
began commercial services in 1982. It comprises 12 satellites in GEO [2], thus requiring 
few handovers when it compared with LEO satellites. It has a space segment which 
consists of geostationary satellites deployed all over the globe. The satellites make 
connection between the mobile terminal and Land Earth Stations (LES). LES that are 
owned by telecommunication operators and provide the connection to the terrestrial 
network infrastructure has about more than forty LESs deployed through out the globe 
[1]. 
 
INMARSAT-A has developed since it was launched in 1982. Its voice services occupy 
the band 300-3000 Hz by using the modulation technique Single Channel per Carrier 
Frequency Modulation (SCPC/FM) with data transmission speed of 64 Kbit/s [1].  
 
INMARSAT-B launched in 1993, is the digital version of INMARSAT-A. It offer 64 
Kbit/s digital communications to maritime and land users, and provide the capability to 
connect to the ISDN via an appropriately connected LES. It operates in the 1626.5-
1646.5 MHz transmit band and the 1525-1545 MHz receive band [1].  
 
INMARSAT-C provides low data rate services with data rate of 600 bit/s. It operates in 
the 1626.5-1645.5 MHz for transmission and 1530-1545 MHz receive bands [1]. 

1.4.6 Other Systems 

 

Teledisk is the first satellite which is planned for only data communication. American 
Satellite Corporation (AMSC) which operates in geosynchronous orbit provides coverage 
for North America.  There are also other systems which gives the service for mobile 
communication in non-geostationary orbit. Some of them include ELLIPSO, 
ARCHIMEDEES, VITASAT, LEOCOM, SAFIR, T-SAT, and EYESAT [2].  
 
In table 3.1 it is shown a summary of some typical mobile satellites.   
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Table 3.1 Characteristics of typical mobile satellite communication systems [1], [2]. 

 
 

 ORBCOMM IRIDIUM GLOBALSTAR ODYSSEY New ICO 

Orbit 
altitude(Km) 

775 780 1406 10354 10390 

Weight(Kg) 40.4 689 400 1334 2750 

Design 
life(years) 

4 More than 
5 

7.5 15 12 

Number of 
satellites 

26 66 48 12 10 

Inclination(de
g) 

45 and 90 86.4 52 55 45 

Number of 
orbital planes 

3 and 1 6 8 3  

Launch date 1995 1998 2000 1997 2004 

Project cost($) 0.14 3.37 1.7 1.35  

User-link 
frequency 

UHF,VHF L L/S L/S 2.0-2.2 
GHz 

Number of 
spot beams 

1 48 16 37(up),32(do
wn) 

 

Multiple 
access system 

FDMA TDMA 
and 

FDMA(co
mbined) 

CDMA and 
FDMA(combined

) 

CDMA and 
FDMA(com
bined) 

TDMA 

Transmission 
rate(Kbs) 

2.4/4.8(data) 4.8(voice) 
2.4(data) 

1.2-9.6 
(voice and data) 

4.8(voice) 
1.2-9.6 
(data) 

4.8 
(voice 
and data) 
 

Services Voice, data Voice, 
fax, 
data 

Voice, SMS, fax , 
data 

Voice, data Voice, 
SMS, fax 
,internet 
,switched 
data 
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Chapter 2  

Analysis of Satellite Communication Links and Network Management 

2 Introduction 

 
This part of the thesis deals about link budget in mobile satellite communication, link 
design, and different network managements such as doppler effect, handover, channel 
assignment, call setup and finally we will deal with link analysis. 
Link design is necessary to determine  

• The size of transmit and receive station for communication systems 

• Output power for transmitter (and receiver input power) and so on. 

2.1 Basics of Mobile Satellite Communications Networks 

   

In satellite communication system the quality of the link is mainly based on signal to 
noise ratio (SNR). The mobile satellite communication system use cellular technology 
which uses multi beam antennas. There is a foot print produced by the beams which is 
similar to the cells on earth mobile communication system. 
 
The rate that cells move is dependent on satellite speed. The earth or terrestrial cells are 
stationary where as the foot prints move with the satellite, so the satellite system have 
more handover than terrestrial cells which results grade of service, trunking and overall 
capacity can be affected by Doppler effect. In cellular term, with a limited radio 
spectrum, attempting to accommodate many users. Trunking permits many users to share 
a few channels in a cell providing services for every user and it exploits the user’s 
statistical behaviour so that many users can be accommodated by fixed number of 
channels. But to specify portion of satellite of the link different from the modulator and 
demodulator behaviour, the carrier to noise power density ratio is used. 
 

                                             

         

 

 

 

 

                          

                     

                                                                                               
 

 

 

 

Figure 2.1 Satellite link configurations. 

   Transmitter                                                                     Receiver 
   earth station                                                                  earth station 
                           uplink                                  downlink  
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In the above figure, the link from the transmit earth station up to the satellite is known as 
uplink and the part of the link from the satellite to the receive earth station is called 
downlink [2]. 

2.1.1 Link Parameters 

    

For configuration satellite communication link, link parameters are necessary. Some of 
the parameters will be shown below.  
 
       i.           Antenna gain 

 
It is the ratio of the radiated power per unit solid angle by an actual antenna to the 
radiated power by an isotropic antenna in the same direction. When an antenna radiates 
power equally in all direction is called isotropic antenna and it is an imaginary antenna 
[11]. 

   
The antenna gain can be expressed mathematically as follows. 
 
For polar coordinates (R, θ, Φ) [2], 
 
       G(θ, Φ) = w(θ, Φ)/(Pt/4π)    
 

where w(θ, Φ) is power flux density in z direction of (θ, Φ) and Pt is transmitted power. 
 

ii. Receiver noise power density 

 
When we compare thermal noise on transmit side with the signal power, thermal noise is 
relatively small and it can be also neglected. So the source of thermal noise can only be 
considered on the receiver side. At the receiver side the noise mainly have feed-system 
noise, antenna noise, and so on. 

 
iii. Antenna noise 

 
In satellite communication link a receiving antenna may receive noise radio wave with 
the desired radio signal. The antenna’s thermal loss will also be output as thermal noise. 
Thermal noises results weak signal reception in the satellite communications so low noise 
antenna is needed. 

2.1.2 Multi-beam Antenna 

 
It has multiple input/output ports which helps that one antenna can transmit multiple sets 
of information. Its use is for having high antenna gain within each antenna beams. The 
frequencies can be used again and again through spatial division of beams inside multi 
beam coverage [2].  
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It is difficult to mount a big antennas and high power transmitters on mobile terminal so 
high-gain antennas should be mounted on the satellite side. Takashi stated that [2] 
                       

                                     Ae = λ2G /4π  
 

From the equation G is directly proportional to aperture area Ae . 
According to the form of antennas multi beam antennas are divided in to three, namely; 
array type, reflector type and reflector/array combination [2]. 
  

 

Array type 

 
 
This type of multi beam antenna is relatively free manipulation of directivity by precise 
phase setting of antenna elements and the arrangements. This features the complex feed 
circuit which results a large loss. S  Band phased antenna can be an example of array type 
multi beam antenna. 

 
Reflector type        

 
When we see its structure, the primary feeds located at multiple positions close to 
antenna focus. This structure is relatively simple that is good for small number of beams. 
Increasing primary feeds, degrades the performance (efficiency) because it increases 
offset from focus. Practically it used in offset Cass grain and offset parabolic antennas. 

 
Reflector/array combination 

 
An array type multiple antennas located at the focus like a primary feed of reflector multi 
beam antenna. Individual beam behaviour is not degraded by this type of antenna and it 
also decreases the loss of feed circuit. 

2.2 Network Management   

2.2.1 Doppler Effect 

 

Doppler effect is caused by the relative radial velocity between the user and satellites that 
mean the velocity of the user and the satellite are relative to the medium in which the 
waves are transmitted. It is an important consideration for personal (mobile) satellite 
communication. It is also the relative position of the receiver and the transmitter with 
varying time. If there is no enough frequency margin which is equivalent to maximum 
Doppler shift between two transmitters, interference would be caused at receiver. 
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The Doppler shift can be improved either by tracking frequency at the receiver end or 
enough frequency gap between carriers. 

    

2.2.2 Handover  

 
Handover is the transfer of satellite control responsibility from one earth station to 
another without interruption of service. Mainly handover in non geostationary satellites 
constellations because of the movement of the satellite. Generally we can classify 
handover in to two types [1]. 
 

Intra- FES handover (Fixed Earth Station) 

Intra- FES handover happens when change of spot beams occur by the satellite motion. 
This is usually happen in a satellite – fixed cell system. This handover is naturally 
periodic and deterministic according to period of visibility. This subdivided in to inter-
satellite hand over and inter-beam handover. 
  
Inter - beam handover   
This refers to transfer of calls between different spot – beams in the same satellite. This is 
because of mainly to the satellite motion. In this type of handover no need of re-
synchronisation since the satellite and FES (fixed earth station) are the same. This implies 
that shadowing behaviour would be highly correlated. The hand over process is fast since 
the overlapping region between neighbouring spot-beams relatively short. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

                                                                    
 
 
 

Figure 2.2 Inter-beam/intra-satellite handover. 
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• When spot-beam footprints changing the position fast on earth during a call which 
causes frequent spot-beam handover in highly dynamic constellation of non 
geostationary satellite. 

• In geostationary satellite constellation, the movement of user between different 
spot beam coverage. 

 

 

Inter-satellite handover 
 
Sheriff stated that this handover refers transfer of calls between different satellites [1]. 
This is a result of low elevation angle due to the motion of satellite and which causes 
shadowing that degrades the receiving power. During this handover the old and new links 
are not in the same satellite and follow different paths so that resynchronization is 
needed. This implies that shadowing characteristics would be uncorrelated. In this type of 
handover the overlapping region between two satellites footprints is bigger than the 
overlapping region between two spot - beams so that so the handover time can be longer 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                
 

 

 

 

 

 

 

Figure 2.3 Inter - satellite handover. 
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Inter – FES handover 
 
This type of handover occurred due to change between different FES when there is a call. 
Inter – FES handover is rare and when only a mobile user moves fast, high degree of 
mobility, like aeroplanes, high speed trains and so on. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                

                                                                   
 

 

 

 

 

 

Figure 2.4 shows the Inter – FES handover scenario. 

  

2.2.3 Channel Assignment 

 
Channel assignment is maximizing throughput of the channel which provides high 
service quality with limited bandwidth. To prevent call termination in the case of 
handover, when a mobile user moves from one cell to another, a new channel is required. 
 
The size of the cell is different for LEO, MEO and GEO. The size of cell's diameter in 
GEO is much greater than LEO. Frequency can be reused in the case of LEO so more 
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traffic can be handled by the network but co-channel interference can be the limiting 
factor. Co-channel interference is an interference created by the signals between adjacent 
cells that reuse the same frequency. 
 
 To utilize spectrum efficiently and increasing trunk efficiency channel allocation is 
required .For example, ORBCOMM uses Dynamic Channel Assignment (DCA) where as 
IRIDIUM uses Fixed Channel Assignment (FCA). The disadvantage of FCA is when a 
subscriber makes a call, it only be served by the occupied channel at that particular cell. 
If not the call will be blocked. The minimum reuse distance is essential between cells that 
use the same set of frequencies. Where as in DCA no fixed number of channels assigned 
for a particular cell. There is MSC that manages all channel assignments in its respective 
region. 
   
In general fixed channel assignment is inefficient for satellite systems where the resource 
is limited and the variation of traffic demand is high [2]. Dynamic channel assignment 
sometimes leads to inefficient channel distribution in the network, especially under heavy 
traffic conditions since the minimum reuse distance can be much. Call blocking 
probability can substantially increase, sometimes even greater than that of FCA. 
Particularly DCA is better than FCA where there is no uniformly distributed traffic area 
so that resources can be concentrated on the most heavily used spot beam [2].  
 

2.2.4 Call Setup 

   
Generally there are two types of call setup; a call originating in a mobile and a call 
ending in a mobile. A call originating from a mobile satellite system will interconnect 
with the terrestrial Public Switched Telephony Network (PSTN), with terrestrial Mobile 
Switching Centre (MSC) and with Integrated Services Digital Network (ISDN) and vice 
versa. 
 
The steps during which a user has association with the network that helps the user for the 
use of the services includes: 
 

• Identification of the user to the network 

• Authentication of the network to the user and vice versa  

• Establishment of authentication channel over the air interface for terminal 
encryption keys and encryption initiation to allow terminal sessions 

• Access control such as user profile verification [1].  
   
 Mobile originating call 

 

The process starts when the user dials another satellite mobile or fixed terminal number 
and presses the send button. Then the satellite passes the channel request message to the 
regional earth station gate way. Then, the call request is directed to the gateway, in turn; 
the station starts the authentication process and prepares the encryption key at the two 
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ends to be used on the assigned traffic channel. After this, the network transmits the 
channel allocation on which the actual call will be carried out. When reception is 
confirmed by the mobile Standalone Dedicated Control Channel (SDCCH) is released 
and all the signalling is carried on these channels. Then the call will be connected.  
 
Incoming call 

 

An incoming call is a call ending at a satellite mobile from a PSTN/ISDN subscriber. The 
PSTN/ISDN will transfer the signal to the primary earth station. The mobile requests 
access to a signalling channel using Random Access Channel (RACH). As before 
SDCCH is assigned to the mobile terminal. 
 

2.2.5 Routing  

   
Centralized Adaptive Routing 

 

Centralized Adaptive Routing is a central control facility checks the location of terminals 
and satellites that stores all of the routing information. This can be worked by specific 
signalling channels. An updated routing information( in the central control facility) gives 
information about destination location, decides the root for transmission and then the 
information will be transmitted around the network for high signalling traffic density. 
 

The drawback of this system is it needs super fast computing central controller. The 
failure can be decreased by having backup central control facility with in the network. 
  
Distributed Adaptive Routing  
 
Distributed Adaptive Routing is a satellite and earth stations individually update their 
routing table and choose the most cost effective route. The routing decision granted to all 
the routing nodes so that decision can be made locally results signalling capacity to be 
minimized. However the satellite would be more complicated and more expensive since 
it needs additional memory and processing power used to calculate routing messages. So 
to avoid the additional thing , the routing is necessary only at the Earth station. Granting 
the routing decision to local level would reduce the probability of overall system failure if 
only one node fails.  
  
 Flooding 

 
Flooding is forwarding of messages to all possible links to the destination. There is a 
probability of forwarding messages forever if there is a loop in the network. For the case 
of high traffic, congestion can be caused if the network is not designed to cope with it. In 
case of rapidly changing network flooding routing method simplifies the routing 
problems since no need to keep track of different points in the network. For large number 
of satellites, the flooding method will be a viable solution. 
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2.3 Link Analysis 

 
The purpose of link analysis is the necessary for the system design in the transmission 
chain in order to analyse the main factors and optimization of characteristics of 
performance, the performance characteristics includes the effective isotropically radiated 
power (EIRP), shadowing effect, fading channel, bit rate receiving and transmitting 
antenna gain. 
 
The strength of the received signal power is described by the function of the following 
terms  

 

• the distance, span between receiver and transmitter 

• frequency of transmission 

• transmitted power 

• transmitter and receiver antenna gain characteristics 
  

 An ideal isotropic antenna radiates strong power equally in all direction from a source 
point. A good communication link design is very useful for a user to receive good 
signals. When there is no sufficient link margin to compensate fading effect and 
shadowing effect, this will cause call drop, which totally affects overall system quality. 
 
Shadowing is created if there is an obstacle like tree or building which obstructs the 
satellite’s path visibility. The received signal will be attenuated, so quality of signals may 
not be capable. 
 
Fading margin is extra transmit power is needed in order to compensate fading effect, 
such that the receiver is be able to work above threshold or the minimum signal level in 
order to satisfy the link performance criteria.  
  
When shadowing state stays for a long period of time, the satellite communication will be 
disconnected [2]. To improve shadowing effect and fading condition, the link margin 
should be increased and use of diversity. 
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Chapter 3 Adaptive Antenna Arrays, Algorithms and Simulations 

3  

3.1 Adaptive Antenna Arrays  

3.1.1 Introduction 

 
In ground–space communication systems, there are factors that can degrade the 
performance of the communication link. Reflections (such as from water, ground, 
buildings and vehicles), refraction (such as through the foliage of a tree) and atmospheric 
effects such as ionospheric reflections in combination with the Signal of Interest (SOI) is 
a major problem for reliable reception of signals. Such phenomenon is called multipath 
fading. There are also sources of interference that can affect performance of 
communications such as neighboring satellites which uses the same frequency band, 
different user in the same coverage area, terrestrial mobile base stations.  Figure 3.1 
shows how these factors affect the system.  
 

                                         
 
                                                                                

                                                                                        Interferers  
                              

                                                                                                 
                                
                                                                                     

                                                            
Figure 3.1 Schematic presentation of each component of multi path and interference. 

 

 
 
Multipaths  
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This situation becomes very important when a single strong multipath signal interferes 
destructively with the signal of interest. In such situations, Inter-symbol Interference (ISI) 
may occur. However, there are also cases where multipath signal can improve the signal 
strength constructively. Such cases will be discussed in the next subsections.  
 
Though adding a power fade margin to the transmitted signal can reduce the effect of 
multi path and interference and improve the system performance, high power is required 
to overcome these effects. However to solve these problems and reduce the required 
power, it is advantageous to see the wireless channel behaviors. A technique used to 
improve the performance of data transmission over radio channels is called diversity. The 
principle of diversity is that the repetition of the information, together with an appropriate 
combining of the received signals, that is a multiple replica of the information transmitted 
over multiple channels, will reduce destructive effects of fading. When the information is 
transmitted over the channels, the probability that the entire signal component will fade at 
the same time is reduced.    
 
Among a number of methods of diversity, space diversity has widely used application in 
terrestrial mobile radio base stations [5]. In multipath propagation, placing receiving 
antennas that are spaced apart will result in different received signal levels. Such 
antennas structure categorized under adaptive array.  
 
The separation between the antennas is the main factor in designing antenna arrays. If the 
spacing is sufficiently large, unwanted side lobes appear in the antenna pattern. Generally 
it is important to have small spacing between the array antennas.  
      

3.1.2 Application of Adaptive Antenna Arrays  

 

In this thesis simulation has been done in two parts. The first simulation is how the 
adaptive antenna array treats the signal in the presence of multipath or correlated signals. 
And in the second part uncorrelated signals and noises will be discussed. In sections 3.3.2 
and 3.3.3 results of the simulation will be analyzed in detail.  
 
3.1.2.1 Correlated signals  

 

Multipath property is so important in more complex channel scenario like when the 
received signal is composed of different incoming signals. Multipath is one of those 
signals arrived in the receiver. It is the phase shifted replica of the desired signal .The 
signals may add constructively of or distractively depending on the phase of the 
multipath [13].  
 
Let G be the complex path gain of correlated multipath. From the signal scenario 
 

                X(t) = s0(t)a0(Φ) + ∑
=

L

i

s
1

i (t)a(Φi) + n(t)                                                          (3.1) 
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where s0(t) is the desired signal with variance σs

2, coming from direction Φ. Further, there 
are L undesired interfering signal si(t) with variance σi

2, coming from directions Φi , and 
n(t) is an M x 1 vector of uncorrelated sensor noise with equal variances σn

2. 
The desired signal assumed to have zero mean. 
 
The array output is given by  
 
                                                y(t) = WHX(t)                                                                  (3.2) 

 
where WH denotes the Hermitian Transpose, which is the combination of transposition 

and conjugation operations.  
 

= WH(s0(a0(Φ) + Gam) + s1a1(Φ1) + n) 

 
 = WH(s0a0(Φ) + s0Gam(Φm) + s1a1(Φ) + n)  , Φm = Φ + Φ0                                (3.3)                                                          

 
from optimum weight vector that minimizes the real cost function. 
 

f(w) = E{│s(t)-y(t)│2} 

 
by substituting equation 3.3 in to the above equation  
 

= E {│ (s0 - W
H (s0a0(Φ) + s0Gam(Φm) + s1a1(Φ) + n ))│2}                                (3.4) 

 
By using the property of E {│a-b│2} = (a-b) (a*-b*) and after some mathematical 
manipulation equation 3.4 becomes  
 
              = E (s0

2)  - s0E
 (x*(t) s0(t))W - WHE (x(t) s*

0(t)) + WHE (x(t)xH(t))W 

 

                     = WHRW – PHW – WHP +  σs
2 

                                                                  (3.5) 

 
The above equation clearly implies that there a minimum value of f(w) by summing out 

the effect of multipath and nulling out interferes.  
 
In figure 3.2 it is shown how a simulated adaptive array listen multipath and how it adds 
the effect constructively. The pattern null out both interferers and steer at the desired 
signal and multipath.  
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Figure 3.2 Adaptive antenna array patterns for the case of multipath and interferes 

(multipath at 50
0
, desired signal at 20

0
, interferer 1 at 10

0
, interferer 2 at 40

0
and 5 

antenna elements). 

 
3.1.2.2 Uncorrelated signals  

 

 
Using different kinds of adaptive algorithms, adaptive receiving arrays can steer 
themselves automatically to pick out the signal without the prior knowledge of its 
direction of arrival and separate this signal from directional interferences which is 
uncorrelated with the desired signal [9].  
 
This uncorrelated interferences are may coming from other users with in the same 
coverage area or from nearby coverage area. Depending on the characteristics of the 
uncorrelated interferences, the array processing scheme has two options one that provides 
a system output that is a best least-squares estimate of the desired signal and another that 
gives an output of the desired signal with added interferer signal. In the next sections it 
will be shown that how uncorrelated signals affect the array design [9].     
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3.1.3 Array Design Architecture  

 

The receiving antenna array consists of a number of directional sensors and each is 
receiving the desired signal, multipath components and also noise it also combines the 
output of the individual antenna elements and adjusts the gain by controlling phase and 
amplitude of the individual elements. In most mobile satellite communication systems 
one of the problems that affect a reliable reception of signals is interference. The 
capabilities of steering nulls to reduce co-channel interferences and automatically steer 
the beams toward the desired satellites or SOI, make adaptive antenna arrays preferable 
[11]. 
 
The Signal to Noise ratio (SNR) of the system can be improved if the adaptive receiving 
array is used to minimize or avoid the interference by adaptive cancelling or adaptive 
nulling. There are a number of different adaptive algorithms that are capable of nulling 
directional interferences [9]. In this thesis receiving antenna array structure has been 
covered with reference signal. For equally spaced linear array, figure 3.3 shows the plane 
waves arriving at the elements with angle of arrival Ф.    
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Figure 3.3 receiving antenna array using a reference signal. 

 
The band pass signals which is down converted to a base band signal; is then converted 
from analog to digital by A/D converter. Since we are considering narrow band 
assumption, the signals arriving at each element has phase shift difference caused by the 
difference in distance travelled.  
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Suppose that the incident signal is a plane wave given by  
 

S͂(t) = s(t)exp(jωc)                                                                                               (3.6) 
 
Where s(t) is the corresponding base band signal and  ωc  is the carrier frequency . 
 
If we use c to represent the propagation speed, the phase at the reference point is earlier 
than at the previous element by a number time steps given by  
 
                                               Ω = ωc  dsinΦ                                                                   (3.7) 
                                                                c                      
 
where d is the distance between the elements and Φ is the angle where when the signal 
arrives.  
 
The received signal at the element m which is multiplied with the coefficients in a weight 
vector which adjusts the phase and amplitude of the incoming signal is given by  
 
                                         xm = s(t)exp(-jωc Ω  )                                                        (3.8) 
                                                                          
 
The array response vector becomes 
                       
                                                
                      
 
 
 
 
        a(Φ) =              (3.9) 
 
 
 
 
 
 
 
where M is the number of elements and is called steering vector, which controls the 
direction of the antenna beam. 
 
From equation 3.1 the array input vector becomes  
 
                                       X(t) = s(t)a(Φ)                                                                       (3.10) 
 

 
                 1 
        exp(-jωcΩ) 
                                                     
        exp(-jωc2Ω) 
                            
                    . 
                    . 
 
     exp(-jωcdΩ(M-1)) 
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for narrow band adaptive beam forming the weighted signal is summed up resulting the 
output signal given by  
              

                              y(t) = ∑
−

=

1

0m

M

W m 
* xm (t)                                                          (3.11) 

 
 
 
hence by using equation 3.5  
 

 
 
 
 
   

                     y(t) = [w0
* w1

* … wM-1
*] s(t)            (3.12) 

 
 
 
 
  
 
 
                           = WH X(t)                                                                      ( 
 
From the above result we have seen that the output signal is dependent on the phase and 
amplitude of the antenna elements and weight vector.  
 

3.1.4 Adaptive beamforming  

 

Adaptive beamforming is a technique of enhancing a signal of interest while nulling out 
interferences and noise. There are a number of criteria of choosing the algorithm that will 
produce optimum weights. Mostly used adaptive algorithms include Least Mean Square 
(LMS), Recursive Least Squares (RLS) and Sample Matrix Inversion (SMI). 
 
The adaptive beamformer provides spatial filtering .The sensor of array elements receive 
a spatial sample which is processed by the beamformer. The beamformer can also be 
used to separate the desired signal and interfering signal which occupy the same 
frequency band at the same time by using spatial separation. 
 
Beamformer forms a beam towards a desired direction while nulling out the interferer at 
the same time by varying the weight vectors. 
 
The received signal at the element m is  

 
                1 
       exp(-jωcΩ) 
                                                    
       exp(-jωc2Ω) 
                            
                   . 
                   . 
 
    exp(-jωcdΩ(M-1)) 
                
 



 22 

 
                                 xm = [x0, x1, … xM-1]

T                                                                  (3.13) 
 
and the weight vector is given by  
 
                                wm = [w0, w1, … wM-1]

T                                                                 (3.14) 

 
As it is shown in figure 3.3 the weights are variable to define the radiation pattern 
property. To maximize the signal strength of SOI, an adaptive algorithm is so important 
since it requires less prior knowledge of the characteristics of the signal and DOA. LMS 
algorithm which will be discussed in the next section is the most widely used algorithm 
because of its simplicity and efficiency. It minimizes the error between a desired signal 
and the array output. The complex weight is varied to steer the beam until maximum 
signal strength occurs.  
 

3.1.5 Grating Lobes 

 

The interference cancelled out by the array at one direction may create another null at 
different angles. This phenomenon is called grating nulls. Grating lobes is a minor lobe in 
the radiation patterns of the array and some times has the same height as the main lobe. 
The array spacing is one of the factors for grating lobes.  
 
From equation 3.7 the incremented phase difference of the signals is given by Ω = 
(dsinΦ/c). We assume that an array of identical elements with identical magnitude and 
each with consecutive phase. 
 
The far-zone field of a uniform array of identical  elements is equal to the product of the 
field at a reference point and the array factor of that particular array [6]. 
 
Thus the frequency wave number function or array factors is given by  
 

        AF(Ψ) = (1/M) ∑
−

=

1

0

M

n

e
j (n- (M-1)/2)(kdcosΦ + Ω)                                               (3.15) 

 
                   = ej[(M-1)/2]Ψ [(ej(M/2)Ψ  -e-j(M/2)Ψ )/(ej(1/2)Ψ-e-j(1/2)Ψ)] 
 
                  = ej[(M-1)/2]Ψ sin((M/2)Ψ)                                                                              (3.16) 
                                     sin((1/2)Ψ) 
 
 
where M is the number of antenna elements, Φ is the angle of arrival and Ψ = kdcosΦ + 
Ω. 
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If the phase reference is taken as the center of the array, the array factor of equation 3.10 
reduces to  
 
 AF(Ψ) = sin(MΨ/2)      (3.17) 

             sin(Ψ/2) 
 
as we see from the above equation the maximum value is M. So the normalized form of 
the array factor is  
 
                                             AF(Ψ) = (1/N)sin(MΨ/2)                                                (3.18) 
                                                                     sin(Ψ/2)            
 
we observe that the pattern has nulls when sin(MΨ/2) is zero . It is periodic with period 
2π for M odd. If M is even, the lobes are negative with period 4π. So we conclude that 
the period is 2π for any value of M. 
 
Thus the number of nulls that can exist will be a function of d which is the array spacing 
and phase difference Ω. 
 
The maximum value of the array factor which defines the main beam occurs when 
 
                          Φm = cos-1 [λ/2πd(-Ω + 2mЛ)]                                                            (3.19) 
 
                          Φm = cos-1(λΩ/2πd),    for m =0                                                         (3.20) 

 
The other maximum is called grating lobes which is not desired.  
 

3.2 Algorithms 

 

3.2.1 Introduction        

       
Satellite personal communication faces several problems which occur on earth 
(terrestrial) systems such as multipath fading and interference. The following chapter 
deals with how to combat these problems using adaptive antenna arrays. 
    
In this chapter it has been shown the comparison of adaptive antenna algorithms. There 
are several algorithms that can be used such as Least Mean Square algorithm (LMS), 
Recursive Least Square algorithm (RLS), constant Modulus Algorithm.  The most well 
known algorithms are Least Mean Square algorithm (LMS) and Recursive Least Square 
algorithm (RLS). The LMS algorithm tries to minimize the error signal e(k) or Mean 
Square Error (MMSE), which is discussed in highlight in the previous chapters.  
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As it has been discussed in section 3.2.2, there are adaptive methods such as beam 
forming, conjugate gradient, least squares, recursive least squares, linear predictions, 
maximum likelihood, maximum entropy, minimum norm, and so on [11]. 
 
LMS algorithm also known as stochastic gradient algorithm and uses a special estimate 
of the gradient that is valid for the adaptive linear combiner [9]. RLS attempts to 
minimize average time weighted square error of e(k) [9]. Both of the above algorithms 
are iterative, provide best estimate in every iteration until the weight converged. 
 
In this thesis LMS algorithm has chosen because of many factors, some of it includes its 
simplicity and ease of computation and this algorithm methods don’t use any kinds of 
matrix operation and also need less computational resources and memory comparing with 
RLS algorithms.  When  compare implementation is compared RLS algorithms are more 
complicated. So LMS algorithm is the best choice of algorithm comparing with others for 
many adaptive signal processing [4]. 
 

3.2.2 Least Mean Square (LMS) algorithm 

 

 
 
 

Figure 3.4 General form of adaptive linear combiner. 

 
The direct/incident wave defined as s(t) we consider each sensor, m receive the direct 
wave s(t) ,complex band pass signal down convert to Intermediate Frequency(IF) and 
Analog to  Digital converter (A/D) will down convert to a baseband signal S(t) 
 
In the above figure  X0(t), X1(t) - - - Xm(t) are input baseband signals multiplied with 
complex weight W1

*, W2
*, - - - Wm

*. 

 
 

The incident signal given by 
 
                                                 S͂(r, t) =    S͂(t-k̂.r/c)                                                      (3.21) 

+ Output 

y(t) 
w 

1 

    wM-1    - 

. 

. 

. 

x 
0 

x 
1 

xm-1 

w 
0 
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where  
             
k ̂ is unit vector wave in the direction of wave propagation, 
c is the speed of wave propagation 
r spatial position vector 
 
                                                          S͂(t) =    S(t)ejw

c
t                                                   (3.22) 

  
where 
               
 S͂(t) is complex band pass signal 
 S(t) is the equivalent baseband signal 

 wc 
  is carrier frequency 

 
Here k ̂ is written in spherical coordinate system 

             
k ̂ = x̂sinθcosφ + ŷsinθsinφ + ẑcosθ 

 
at sensor m the received signal will be 

 
                                          X͂m(t) = S͂(rm, t) = S͂(t- k̂. rm /c)                                           (3.23) 

 
    = S͂(t - k̂.rm/c)e –jw

c
 (t-k̂.r 

m
 /c) 

 

Then using e –jw
c
t  ,  X͂m down converted and gives    

    
                                      Xm(t)   = S(t - k̂.rm/c)e –jw

c
 (k̂. r 

m
 /c)                                          (3.24) 

 

 Finally the baseband signal Xm(t) 
                         
                                             Xm(t)   = S(t)e –jw

c
 (k̂. r 

m
 /c)                                                                        (3.25) 

 

 

Here S(t) can be considered to be slowly varying across the antenna array so the phase of 
the carrier is only changing. 
 
 
Introducing the array response vector a(k̂) 
 
 
                             

                       
                                                 (3.26) 
                         a(k̂)  =                                       

e 
–j
w

c
 (k̂.r

0
/c) 

e 
–j
w

c
 (k̂.r

1
/c) 

. 

. 

. 

e 
–j
w

c
 (k̂.r

m-1
/c)
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The array input vectors X(t) can be given by  
 
                 
 
 
                                          X(t) =            
 
 
 
 
 
 
from equation 3.10 
 

X(t) =  S(t)a(k̂) 
 
Finally the output signal will be 
 

                   y(t)  =∑
−

=

1

0

M

m

w m
* xm  (t)  = wHx(t)                                                                                                     (3.27) 

where    w is M x 1 vector complex matrix 

 
The difference between the desired response and the output response provide the error 
signal e(k). 
    
                                         ek = rk  - w

Hx(k)                                                                    (3.28) 

 
This signal is used for controlling the signal for adaption and weight adjustment. 
 
The objective of weight adaption to get a set of weight that allow the adaption  element’s 
output response to be equal to or close to the response of the desired signal at each instant 
of time. 
 
  W  will be minimal when 

                        

                                                     MMSE = ∑
=

M

k

e
1

2(k)                                                   (3.29) 

 
The basic description of LMS algorithm becomes    
 
                             e(k) = r(k)  - w

Hx(k)                                                                         (3.30) 
                            w(k+1) = w(k) + 2µ(k)x(k) 

where 

                      
 X0(t) 
 X1(t) 
    . 
    . 
  Xm(t) 
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e(k) is error signal between the reference , d(k) and weighted input 
w(k) is weight vector before adaption 

w(k+1) is weight vector after adaption 

µ is the gain constant which regulates the stability and speed of    adaption  
 
 

3.3 Simulation and Results 

 

3.3.1 Introduction 

 
This part of the thesis shows how adaptive antenna arrays attempt to combat multipath 
fading (for correlated signal) and interference (for uncorrelated signal). 
 
The method that is used for estimating the signal of interest from noise and interference is 
to pass the signal to a filter that suppresses it and leaving the signal unchanged. The 
design of this method needs the prior knowledge about the direction of arrival and the 
signal spectrum but it requires no prior knowledge of the interference and noise in the 
channel [4]. 
 
The signals that arrive at the receiver of each array elements may consist of signal of 
interest and interference that may be correlated and uncorrelated with signals and noise. 
 
The reference signal can be created locally with frequency generator. Use of local 
oscillator is one of a number of techniques to generate the reference signal. A random 
noise which is uncorrelated with SOI and interference is generated in this simulation. 
 

3.3.2 Simulation for uncorrelated signals 

 

Signal of interest (SOI) and interference signals are generated separately and SOI is a 
BPSK signal. 
 
The next two simulations show how the steering varies with different SNR by using the 
same SIR using MATLAB software.  
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Figure 3.5.a 6 array element, SOI (desired):10

0
, interferer 1:80º, interferer 2:40º, 

SNR= -30dB, SIR=0dB. 

 
Figure 3.5.b 6 array element, SOI (desired):10

0
, interferer 1:80º, interferer 2:40º, 

SNR= 30dB, SIR=0dB. 
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From the above two figures we concluded that increasing SNR values results better 
efficiency in combating the noise and also effective in cancelling the noise and nulling 
the interference 
 
The following simulations from figure 3.6.a up to c shows for 6 array elements, for 500 
iterations and convergence factor, µ was chosen as 0.001, angle of desired is 10º, angle of 
interferer one and two were chosen to be 80º and 40º respectively. The result showed 
only changing the SIR and causes to change the depth of the nulls. 
 
 
                                                                    
 
 

 
 

 

 

Figure 3.6.a 6 array element, SOI (desired):10
0
, interferer 1:80º, interferer 2:40º, 

SNR=30dB, SIR= -10dB. 
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Figure 3.6.b 6 array element, SOI (desired):10
0
, interferer 1:80º, interferer 2:40º, 

SNR= 30dB, SIR=0dB. 
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Figure 3.6.c 6 array element, SOI (desired):10, interferer 1:80º, interferer 2:40º, 

SNR= 30dB, SIR=40dB. 

 

From figure 3.6 a to c it can be concluded that as SIR changes, the depth of the null also 
changes. As SIR increases, the depth of the null also increases. 
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The preceding simulations in figure 3.7 a. and b. shows for different array elements, for 
500 iterations and convergence factor, µ was chosen as 0.001,SNR chosen to be 30dB 
angle of desired is 10º, angle of interferer one and two were chosen to be 80º and 40º 
respectively. The result showed only changing the number of antenna elements for 2, 4 
and 6. 
 
 

 
 
 
 
Figure 3.7.a SOI (desired):10

0
, interferer 1:80º, interferer 2:40º, SNR =30dB, 

SIR=20dB, 2 array element. 
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Figure 3.7.b SOI (desired):10

0
, interferer 1:80º, interferer 2:40º, SNR= 30dB, 

SIR=20dB, 4 array element. 
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Figure 3.7.c SOI (desired):10

0
, interferer 1=80º, interferer 2=40º, SNR= 30dB, 

SIR=20dB, 6 array element. 

 
Figure 3.7.a shows 2 array elements with the desired signals coming from 10º, interferer 
1 and 2, 80º, 40º consecutively comparing with figure 3.7.c, in nulling the interference it 
can be seen that the 6 array elements more effective that the 2 array elements. The main 
lobe is adjusted and points to the SOI. From the above figures the conclusion can be 
stated by the more antenna elements in an array, the more degree of freedom the antenna 
possesses in combating interference and multipath fading. 
 
The array with more number of elements is more effective in nulling the interference 
compared to the array with less number of elements. 
 
In the next figures the relation between the number of iterations and antenna beaming 
behaviour is shown  
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Figure 3.8.a SOI (desired):10º, interferer 1:80º, interferer 2:40º, SNR= 30dB, 

SIR=20dB, 6 array element, 5000 iterations 

 



 36 

            

 
 
 
 
Figure 3.8.b SOI (desired):10º, interferer 1:80º, interferer 2:40º, SNR= 30dB, 

SIR=20dB, 6 array element, 50 iterations. 

 
The number of iterations in figure 3.8.a are 5000 with 6 antenna array elements and the 
desired signal arrived in the direction of 10º, interferer one 80º and the second interferer 
with direction of arrival 40º. The directivity pattern shows the two interferer signals null 
out in the above given directions. However in figure 3.8.b with 50 iterations, the 
directivity pattern doesn’t null out effectively as figure 3.8.a with the same number of 
antenna arrays and direction of arrival for the desired signals and interferers. 
 
It can be concluded that with the more number of iterations, the more effective in nulling 
out against the interferers.  
 
In the next figures how the convergence rate related with time it takes to make the beam 
is presented. 
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Figure 3.9.a SOI (desired):10

0
, interferer 1:80º, interferer 2:40º, SNR=30dB, 

SIR=20dB, 6 array element, 200 iterations, µ=0.001. 

 

                                                           

 
 
Figure 3.9.b SOI (desired):10

0
, interferer 1:80º, interferer 2:40º, SNR= 30dB, 

SIR=20dB, 6 array element, 200 iterations, µ=0.015. 
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In figure 3.9.a the convergence factor is 0.001 and the weight requires to converge about 
100 iterations but in figure 3.9.b it requires to converge about 18 iterations with the 
convergence factor of 0.015. This implies that when µ increase, the weight will converge 
fast. It can be concluded that fast convergence rate means the array needs little time to 
make an adaptive beam. 
 

3.3.3 Simulation for correlated signals 

 

As it has been discussed in section 3.1.2.1 multipath is caused by multiple reception of 
the same signal. When the signals add the component constructively, the amplitude of the 
received signal becomes very large. In this simulation part the array element receives not 
only uncorrelated interferences and noises but also the phase shifted replica of the desired 
signal coming from 00 and the multipath is coming from 300. There are also two 
interferers with DOA at 100 and 600. The convergence rate µ is taken as 0.001 and the 
multipath is shifted by π/2. The array antenna pattern is showed in figure 3.10. 

 
 

Figure 3.10 5 array element, SOI (desired):0
0
, multipath:30

0
, interferer 1:10

0
, 

interferer 2 = 60
0
, SNR=30dB, SIR=20dB. 
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3.4 Conclusions and future work  

 

3.4.1 Summary and conclusions 

 

This thesis has presented a technique that can be placed on the handset of mobile satellite 
communication systems to minimize interference and enhances the strength of the desired 
signal with out the prior knowledge of the desired signal like DOA.  
 
In the first chapter different satellites and the service they provide that is used for mobile 
communication were introduced. The satellites orbit and there geometrical analysis were 
discovered. In the next chapter the analysis of communication link that engaged in 
satellite personal communication systems is analyzed. The effect of interference, 
multipath fading, handover, Doppler shift effect on the system was also discussed. 
 
One of the most important issues that were the core of this thesis is interference. The 
effect of this interfering signal (both correlated and uncorrelated to signal of interest) was 
also addressed. Then LMS array processing algorithm was introduced, analyzed and 
simulated. The LMS algorithm was simulated with different scenarios. The number of 
interferences, SNR, the number of antenna elements with different value was simulated.  
 
The details of the proposed algorithm with detail mathematical signal model were given. 
The MATLAB code for the proposed algorithm with graphical user interface (GUI) has 
also been done.  
 
 
 

3.4.2 Limitation   

 

Degree of freedom is one of the limitations when there are a number of signals arrived at 
the antenna elements. The array with large number of elements is more effective in 
nulling the interference compared to the array with less number of elements because it 
has more degree of freedom in controlling the array pattern. However the more elements 
in the array, the more space it will occupy in making the mobile handset so big for the 
customers and also raise the issue of cost.  
 
For the weight to adapt more iterations are required and hence increase the signal 
strength. However the more iteration, the more time it takes to form an adaptive beam. 
Some satellites most of them in LEO has a less visibility time. It means that the array 
couldn’t track since the satellites moves out of the visibility and losses communication.  
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3.4.3 Future work 

 

This thesis has showed how adaptive antennas applied for the personal handset of mobile 
satellite communications for mitigating the effects of interferences. However the 
techniques presented here is not enough and there is still much has to be done. 
 
More researchers have to be engaged not only for reduction of interferences but also the 
channel capacity in the communication systems. This can be achieved by means of 
multiple antennas at both the transmitter and the receiver and this technique is referred to 
as Multiple Input Multiple Output (MIMO) communications [14]. And also investigation 
on using this technique for High speed Data Platforms (HAPs) is vital.  
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Appendix  

 

 

MATLAB function source codes 

 

This appendix presents some of the MATLAB function that is used in the simulation  

 

1. The function that creates the GUI  
 

if nargin && ischar(varargin{1}) 

    gui_State.gui_Callback = str2func(varargin{1}); 

end 

  

if nargout 

    [varargout{1:nargout}] = gui_mainfcn(gui_State, 

varargin{:}); 

else 

    gui_mainfcn(gui_State, varargin{:}); 

end 

% End initialization code - DO NOT EDIT 

  

  

% --- Executes just before GUIthesisfig is made visible. 

function GUIthesisfig_OpeningFcn(hObject, eventdata, 

handles, varargin) 

text(0,0.2,' ADAPTIVE ANTENNA ARRAYS FOR', ... 

            'HorizontalAlignment','center'); 

        axis([-1 1 -1 1]); 

text(0,0.1,'SATELLITE COMMUNICATION ', ... 

            'HorizontalAlignment','center'); 

        axis([-1 1 -1 1]); 

         

   % Choose default command line output for GUIthesisfig 

handles.output = hObject; 

  

% Update handles structure 

guidata(hObject, handles); 

 
 
 

2. A function that checks and accept the number of antenna elements  
 

function antenas_Callback(hObject, eventdata, handles)  % 

editbox for number of antennas 

% hObject    handle to antenas (see GCBO) 
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% eventdata  reserved - to be defined in a future version 

of MATLAB 

% handles    structure with handles and user data (see 

GUIDATA) 

  

% Hints: get(hObject,'String') returns contents of antenas 

as text 

%        str2double(get(hObject,'String')) returns contents 

of antenas as a double 

  

  

input=get(handles.antenas,'string'); 

input=str2double(get(hObject,'string')); 

if isnan(input) 

    errordlg('You must enter a numeric value','Bad 

Input','modal') 

    return 

end 

  

if isempty(input) %if the input is not a number 

  

    %this is the first line of the msgbox 

    msgboxText{1} =  'You have tried to input something 

that is NOT a number.';  

    %this is the second line 

    msgboxText{2} =  'Try an input with minimum value 

two.'; 

  

    %notice that msgboxText is a Cell array! 

  

    %this command creates the actual message box 

    msgbox(msgboxText,'Input not a number', 'help'); 

  

  

elseif input < 2 %|| input > 100 if the input is less than 

0 or greater than 100 

    msgboxText{1} =  'You have chosen a value which is not 

allowed!'; 

    msgbox(msgboxText,'Input not allowed', 'error'); 

  

   

 end 
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3. Data generation function  
 

%% Generation for the datas  

  

  

s=(randn(t,1)+j*randn(t,1))/sqrt(2);  % It creates the 

desired signal  

s1=sqrt(sigman3)*(randn(t,1)+j*randn(t,1))/sqrt(2);  % 

datas for Interferer1  

s2=sqrt(sigman3)*(randn(t,1)+j*randn(t,1))/sqrt(2);  % 

datas for Interferer2 

n=sqrt(sigman2)*(randn(M,t)+j*randn(M,t))/sqrt(2); 

  

  

a0=exp(-j*pi*(0:M-1)'*sin(phi0));  %Array response for the 

desired signal 

a1=exp(-j*pi*(0:M-1)'*sin(phi1));  %response vector for 

interferer 

a2=exp(-j*pi*(0:M-1)'*sin(phi2));  

A=exp(-j*pi*(0:M-1)'*sin(phi)); 

  

     

X=a0*(s.')+a1*(s1.') + a2*(s2.')+ n ; 

 

 

     

 

4. A function that accepts interferes  
 
function interferor_Callback(hObject, eventdata, handles) 

% hObject    handle to interferor (see GCBO) 

% eventdata  reserved - to be defined in a future version 

of MATLAB 

% handles    structure with handles and user data (see 

GUIDATA) 

  

% Hints: get(hObject,'String') returns contents of 

interferor as text 

%        str2double(get(hObject,'String')) returns contents 

of interferor as a double 

input=get(handles.antenas,'string'); 

input=str2double(get(hObject,'string')); 

  

if isnan(input) 
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    errordlg('You must enter a numeric value','Bad 

Input','modal') 

    return 

end 

  

% --- Executes during object creation, after setting all 

properties. 

function interferor_CreateFcn(hObject, eventdata, handles) 

% hObject    handle to interferor (see GCBO) 

% eventdata  reserved - to be defined in a future version 

of MATLAB 

% handles    empty - handles not created until after all 

CreateFcns called 

  

% Hint: edit controls usually have a white background on 

Windows. 

%       See ISPC and COMPUTER. 

if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 

    set(hObject,'BackgroundColor','white'); 

end 

 

 

 
5.  LMS algorithm  
 

%% Adaptive algorithm  

% Initialization  

WLMS = zeros(M,1); 

erLMS = zeros(t,1); 

  

for k=1:t 

     x=X(:,k); 

     erLMS(k)=s(k)-WLMS'*x; 

     WLMS=WLMS+2*mu*x*conj(erLMS(k)); 

    

          

end 

 

 

 
6. Plot for the weight  

 
WLMS = zeros(M,1); 

erLMS = zeros(t,1); 
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for k=1:t 

     x=X(:,k); 

     erLMS(k)=s(k)-WLMS'*x; 

     WLMS=WLMS+2*mu*x*conj(erLMS(k)); 

    

          

end 

  

  

 r=max(max(abs(WLMS))); 

  

          plot(WLMS,'o') 

          axis([-1.5,1.5,-1.5,1.5]*r); 

%       set(gca,'XTick',-10:0.5:10) 

            Ylabel('weight') 

            Xlabel('number of iteration') 

guidata(hObject,handles) 

 

 
  

 

 

7. A function generates and combats multipath 
 

 

s=(randn(t,1)+j*randn(t,1))/sqrt(2);  % It creates the 

desired signal  

s1=sqrt(sigman3)*(randn(t,1)+j*randn(t,1))/sqrt(2);  % 

datas for Interferer1  

s2=sqrt(sigman3)*(randn(t,1)+j*randn(t,1))/sqrt(2);  % 

datas for Interferer2 

n=sqrt(sigman2)*(randn(M,t)+j*randn(M,t))/sqrt(2); 

  

  

a0=exp(-j*pi*(0:M-1)'*sin(phi0));  %Array response for the 

desired signal 

a1=exp(-j*pi*(0:M-1)'*sin(phi1));  %response vector for 

interferer 

a2=exp(-j*pi*(0:M-1)'*sin(phi2));  

A=exp(-j*pi*(0:M-1)'*sin(phi)); 

  

     

X=a0*(s.')+a1*(s1.') + a2*(s2.')+ n ; 

 

  

%% Adaptive algorithm  

% Initialization  
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WLMS = zeros(M,1); 

mu=0.01; 

erLMS = zeros(M,1); 

  

  

for k=1:t 

   

     x=X(:,k); 

     erLMS(k)=s(k)-WLMS'*x; 

     WLMS=WLMS +2*mu*x*conj(erLMS(k)); 

  

  

     

    polar(phi,max(0,60+20*log(10*(abs(WLMS'*A))))); 

    

    

end 

 

 

 

 

8.  The main function that forms the beam   

 
function pushbutton8_Callback(hObject, eventdata, handles) 

% hObject    handle to pushbutton8 (see GCBO) 

% eventdata  reserved - to be defined in a future version 

of MATLAB 

% handles    structure with handles and user data (see 

GUIDATA) 

  

a=get(handles.antenas,'string'); 

M=str2num(a); 

  

b=get(handles.iteration,'string'); 

t=str2num(b); 

  

c=get(handles.interferor,'string'); 

phi1=str2num(c); 

  

d=get(handles.desired,'string'); 

phi0=str2num(d); 

  

e=get(handles.interferor2,'string'); 

phi2=str2num(e); 

  

f=get(handles.sigman2,'string'); 
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SNR=str2num(f); 

  

g=get(handles.mue,'string'); 

mu=str2num(g); 

  

h=get(handles.sigman3,'string'); 

SIR=str2num(h); 

  

rad= pi/180; 

phi0=phi0*rad;  % angle of desired signal  

phi1=phi1*rad; % angle of Interferer 

phi2=phi2*rad; 

phi=(0:0.1:360)*rad; % phi=linspace(0,360,200) 

sigman2=10^(-(SNR/10)); 

sigman3=10^(-(SIR/10)); 

  

%M=str2double(get(hObject,'string')); 

%% Generation for the datas  

  

  

s=(randn(t,1)+j*randn(t,1))/sqrt(2);  % It creates the 

desired signal  

s1=sqrt(sigman3)*(randn(t,1)+j*randn(t,1))/sqrt(2);  % 

datas for Interferer1  

s2=sqrt(sigman3)*(randn(t,1)+j*randn(t,1))/sqrt(2);  % 

datas for Interferer2 

n=sqrt(sigman2)*(randn(M,t)+j*randn(M,t))/sqrt(2); 

  

  

a0=exp(-j*pi*(0:M-1)'*sin(phi0));  %Array response for the 

desired signal 

a1=exp(-j*pi*(0:M-1)'*sin(phi1));  %response vector for 

interferer 

a2=exp(-j*pi*(0:M-1)'*sin(phi2));  

A=exp(-j*pi*(0:M-1)'*sin(phi)); 

  

     

X=a0*(s.')+a1*(s1.') + a2*(s2.')+ n ; 

  

%% Adaptive algorithm  

% Initialization  

WLMS = zeros(M,1); 

erLMS = zeros(t,1); 

  

for k=1:t 

    

     x=X(:,k); 
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     erLMS(k)=s(k)-WLMS'*x; 

     WLMS=WLMS+2*mu*x*conj(erLMS(k)); 

    

          

 end 

  

  

plot(phi,max(-50,60+20*log(10*(abs(WLMS'*A))))); 

  

  

guidata(hObject,handles) 

grid on 

 

 

 

9.The function that calculates weight  

 

 
% Initialization  

WLMS = zeros(M,1); 

erLMS = zeros(t,1); 

  

for k=1:t 

     x=X(:,k); 

     erLMS(k)=s(k)-WLMS'*x; 

     WLMS=WLMS+2*mu*x*conj(erLMS(k)); 

    

          

end 

  

  

 r=max(max(abs(WLMS))); 

  

          plot(WLMS,'o') 

          axis([-1.5,1.5,-1.5,1.5]*r); 

%       set(gca,'XTick',-10:0.5:10) 

            Ylabel('weight') 

            Xlabel('number of iteration') 

guidata(hObject,handles) 

 

 

 

10. Mean square error  

 

% Initialization  

WLMS = zeros(M,1); 
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erLMS = zeros(t,1); 

  

for k=1:t 

     x=X(:,k); 

     erLMS(k)=s(k)-WLMS'*x; 

     WLMS=WLMS+2*mu*x*conj(erLMS(k)); 

    

          

end 

  

  

i=abs(erLMS).^2; 

  

if t<=5000 

     

plot(1:t,10*log(i)) 

  

else  

    plot(1:t,10*log(abs(i))) 

set(gca,'XTick',0:500:t) 

    

end 

guidata(hObject,handles) 
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