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Abstract 
 
This project focuses on the study of possible technologies to provide 

communication among small UAVs (Mini or Micro). This type of UAV 

has been chosen considering applications in which a fleet of such UAVs 

can be used for are surveillance. The considered distance between two 

UAVs is considered from one hundred. 

A research about several communication standards was done and some 

essential knowledge about wireless communications in general was 

acquired. 

By analyzing the requirements of the considered applications, and offered 

features and properties of each communication technology studied, they 

were compared highlighting their pros and cons, and finally a suitable one 

was chosen to implement a prototype to perform tests about the kinds of 

transmissions required by the UAVs’ systems under analysis. An 

application which can do the control of transmissions using devices that 

implement the selected communication technology was implemented 

using Java programming language. Practical experiments with this 

application were performed and the results reported. 
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Chapter 1 

 
 

Introduction 

 
1.1  What is a UAV? 
 

 
Figure 1.1 a soldier with an UAV 

UAV, which is the abbreviation for “unmanned aerial vehicle”, 
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is an aircraft that flies without a human on-board the aircraft.  It is also 

defined as a reusable, unmanned vehicle capable of controlled, sustained, 

level flight and powered by a jet or reciprocating engine. One UAV can 

do a lot of things for human beings. The greatest uses of UAV are in 

military applications. It is also used in a small but growing number of 

civil applications. [1] 

The abbreviation UAV has been expanded in some cases to 

UAVs (unmanned-aircraft vehicle system). The reason why it has 

expanded is to reflect the fact that these are not just aircraft, but systems, 

including ground stations and other elements. [1] 

 
1.2  The categorization and usage of UAVs 

 
Table 1.2 the reference of different UAVs  
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UAVs can be used in a lot of different areas. They can be used for 

remote sensing, transport, scientific research, armed attacks, search and 

rescue. 

Since UAVs are used for different kinds of missions, there is a 

wide variety of UAV shapes, sizes, configurations, and characteristics. 

From the figure shown in this section, some features of different types of 

UAVs can be found. Range, flight altitude, endurance, maximum weights 

are all decisive factors. Different quantities of the arguments decide the 

usage of the UAVs.  

 
1.3 Objectives of this work 
 

 
Figure 1.3 UAVs transmission 

 

As there are several functional subsystems in UAV, it is important 

to delimit the scope of the work. This project focuses on the 

communication among UAVs. To create communication from UAV to 

UAV, and transmit data from one to another, a communication protocol 
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and device are needed. Through our study and evaluation, the goal is to 

propose a suitable device that will be used in practical experiments that 

will be reported in this project.   

An application was designed for controlling the data transmission, 

simulating the communication among UAVs. In this project, two PCs 

were used to simulate the UAVs, transmitting information from one 

another, using the selected communication device. The application is 

based on a client-server architecture, in which it waits until the client is 

prepared and sends a command to the PC. Then it sends a request to 

another PC. After receiving a positive answer, the PC starts transmission 

until all the data is transmitted. When the transmission is finished, the PC 

will receive a message that the communication finished. 

This application was developed using Java. 
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Chapter 2 
 

 

UAV Communications: Mechanisms 

and Requirements 
 

2.1 Introduction and Overview 
 
2.1.1 Wireless Communication 
 

 
   Figure 2.1.1 a wireless logo 
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Wireless communication is the transfer of information over a 

distance without the use of enhanced electrical conductors or "wires". The 

distances involved may be short (a few meters as in television remote 

control) or long (thousands or millions of kilometers for radio 

communications). Wireless communication is generally considered to be 

a branch of telecommunications. [2] 

Nowadays, wireless communication is becoming more and more 

commonplace in modern live. Cellular telephones, Wi-Fi, and even some 

security systems are using wireless communication techniques. There are 

several reasons which may explain this phenomenon.  

(1) Wireless can span a distance beyond the capabilities of 

typical cabling. It is really inconvenient when using the Internet to work 

by a cable, due to restrictions imposed by the length and placement of the 

cables, for instance. With the wireless technique people can work 

comfortably. Though there is also range limitation when using wireless 

communication, it is also flexible in terms of division and isolation of 

networks. 

(2) Wireless techniques can link portable or temporary 

workstations. It provides more connection function possibilities.  

(3) Wireless provides a backup communications link in case of 

normal network failure. This is very important when the networks are 

subject to failures, especially in emergencies. 
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These factors show the advantages when wireless technologies 

are used. There are some kinds of popular wireless in the world: radio 

frequency communication, for example Wi-Fi, microwave 

communication, like some kinds of short-range communication; and 

infrared (IR) short-range communication, for example a TV controller. 

  

2.1.2 Wireless Technologies in UAVs’ Communication 
 

 
Figure 2.1.2 communication among UAVs 

 

Since UAV can move quickly and flexibly, it is absolutely 

impossible to do the communication by using wire when they are flying. 

Even using wireless techniques, the flying attitude and the speed of UAV 

should be considered. However, there is also a number of advantages 

when UAV using wireless networking. 

1. UAVs can provide on-demand, high-quality communication 

due to line-of-sight signal propagation. 

2. UAVs can be sensing and data fusion nodes dynamically 

deployable in the region of interest. 

3. UAVs can tailor their flight paths to enhance the quality of 

wireless networking and communication. 
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4. UAVs can themselves carry and forward huge amounts of 

data. 

 

2.2 Factors affecting UAVs’ Communication 
 

There are some factors which should be considered when UAVs 

communicate. One of them is spectrum efficiency. It refers to the 

information rate that can be transmitted over a given bandwidth in a 

specific communication system. As known, study about bandwidth is 

very important when it comes to data transmissions. A higher data rate 

can provide data transmission in a shorter time.  

Another important factor is endurance. When UAVs are flying in 

the sky, they need energy to maintain their flight. The energy is a limited 

resource, especially for small UAVs. When UAVs transmit data, range 

and data rate are dependent upon the available/used energy in the aircraft.  

In military application field, there are also several other subjects 

which could be focused on, such as: relay capability, data security, among 

others. 
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2.3 Requirements Specifications 
 

By using the wireless technique and considering some influential 

factors and realistic conditions, the goal is to accomplish the 

communication among small UAVs, which are called “mini” UAVs. The 

range for a mini UAV is less than 10km, and the flight attitude is less than 

300 meters. It is believed that the energy can endure for about 2 hours. 

The maximum weight at which the mini can be loaded is 30kg.  

The transmit data is chosen to be text-based, for example, 

mission commands or flight status data. When another UAV receives a 

command, it sends back an acknowledge. The speed of the UAV 

supposed to be around 10m/s (maximum). It is known that the distance is 

inversely proportional to the data rate. For good performance, the data 

rate is needed to be higher than 100Kps.  

One device operating, based on the wireless technique, would be 

chosen for simulating communication. In the next chapter, after a series 

of introductions, a comparison and evaluation will be undertaken. 

Through the evaluation, a solution will be proposed to choose the proper 

protocol and the device to be used in the practical part of the work. 
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Chapter 3 
 
 

Wireless Communications Protocols 

and Devices 
 
3.1 Introduction 
3.1.1 The basics of a wireless communications 

system 
There are several components that should be considered in a 

communication system.  

• Transmitting element  

• Receiving device  

• The environment through which communication is occurring  

• Antennas or other focusing elements  

The transmitter’s role in wireless communications is to feed a 
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signal to an antenna for transmission. A radio transmitter encodes data 

into RF waves with certain signal strength (power output) to project the 

signal to a receiver. The receiver receives and decodes data that comes 

through the receiving antenna. The receiver performs the task of 

accepting and decoding designated RF signals while rejecting unwanted 

or redundant data. [3] The space between the transmitter and receiver is 

called “environment”. Obstacles and waves which existed in the 

environment reduce the system’s ability to get information from one place 

to another. The elements like wind, trees, and buildings can reduce the 

range of communication.  

Antennas are devices that focus energy in a particular direction, 

similar to the way the megaphone focuses voice energy. Antennas can 

provide different radiation patterns, depending on the design and 

application. [3] 

Another important concept is “Fresnel zone”. The Fresnel zone 

can be thought of as a football-shaped tunnel between two sites that 

provides a path for RF signals. How far above the ground and other 

obstacles the antennas need to be is determined by the diameter of the 

Fresnel zone. The diameter of the Fresnel zone depends upon the 

frequency and distances between the two radios. In order to achieve the 

greatest range, the football-shaped path in which radio waves travel must 

be free of obstructions or the obstacle will decrease the communication 
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range. If obstacles exist between two points, the antennas can be raised on 

one end, or on both ends, to clear the Fresnel zone of obstructions. [3] 

 
Figure 3.1.1 Fresnel zone 

 

 

3.1.2 The introduction of IEEE standards 
 

In the communication field, there are some IEEE standards. 

IEEE 802 is a group of standards that is related this work. It refers to a 

family of IEEE standards dealing with local area networks and 

metropolitan area networks.  

The services and protocols specified in IEEE 802 map to the 

lower two layers (data link and physical) of the seven-layer OSI 

networking reference model. In fact, IEEE 802 splits the OSI data link 

layer into two sub-layers named logical link control (LLC) and media 
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access control (MAC), [4] so that the layers can be listed like this: 

 

    …… 

Data link layer  
LLC Sublayer  
MAC Sublayer           OSI Reference Model 

Physical layer  

There are several protocols which can be used in wireless 

communication. The following groups of protocols can be considered: 

• IEEE 802.11 a/b/g/n wireless LAN and Mesh (Wi-Fi certification) 

• IEEE 802.15 wireless PAN 

• IEEE 802.16 broadband wireless access(WiMAX certification) 

Based on the requirements of this project, there are two main 

categories that should be focus on: 

(1) Wireless local area networks (WLANs) 

WLAN is a replacement or extension for wired local area 

networks (LANs) such as Ethernet (IEEE 802.3). A WLAN device can be 

integrated with a wired LAN network, and once the WLAN device 

becomes part of the network, the network treats the wireless device the 

same as any other device within the network. The goal of a WLAN is to 

maximize the range and data rate. [5] 

(2)  Wireless personal area networks(WPANs) 

WPANs, in contrast, are not developed to replace any existing 
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wired LANs. WPANs are created to provide the means for 

power-efficient wireless communication within the personal operating 

space (POS) without the need for any infrastructure. POS is the spherical 

region that surrounds a wireless device and has a radius of 10 meters. [5] 

Also WPANs are divided into three common classes by the data 

rate:  

(1) HR (high-rate) WPANs 

The high data rate helps in applications such as real-time 

wireless video transmission from a camera to a nearby TV; for instance, 

IEEE 802.15.3 with a data rate of 11 to 55Mbps.  

(2) MR (medium-rate) WPANs 

The medium data rate can be used in high quality voice 

transmission in wireless headsets; for example, Bluetooth, with a data rate 

of 1 to 3Mbps.  

(3) LR (low-rate) WPANs 

The low data rate can be used in some common low quality 

application, like ZigBee with a maximum data rate of 250Kbps. 
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3.2 IEEE 802.11(WI-FI ) and Devices 

 

 

 

 

 

           

Figure 3.2.1 Wi-Fi logo 

IEEE 802.11 is a set of standards for carrying out wireless local 

area network (WLAN) computer communication in the 2.4, 3.6 and 

5 GHz frequency bands. The most popular are those defined by the 

802.11b and 802.11g protocols, which are amendments to the original 

standard. [6] 

The 802.11a standard uses the same data link layer protocol and 

frame format as the original standard. Because of the heavy usage of the 

2.4GHz band, the big advantage is 802.11a standard operating in the 

5 GHz band. The maximum net data rate can be reached 54 Mbit/s. The 

realistic throughput is achievable about 20 Mbit/s.  

The 802.11b uses the same media access method defined in the 

original standard. It has a maximum raw data rate of 11 Mbit/s. 802.11b 

devices suffer interference from other products operating in the 2.4 GHz 

band. 
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The 802.11g is the third modulation standard. It works in the 2.4 

GHz band. It operates at physical layer. The date rate can be reached 

54Mbit/s exclusive of forward error correction codes. The average 

throughput is about 22Mbit/s.  

The 802.11n is a recent amendment which improves upon the 

previous 802.11 standards by adding multiple-input multiple-output 

(MIMO) and many other newer features. [6]  

There are several kinds of devices which can be used for 

communication by the 802.11 standard.  

One of the devices: 

ConnectPort™ TS W 

 

Figure 3.2.2 device picture 
 

• 1, 2, or 4 RS-232/422/485 ports 

• 10/100 MB Ethernet 

• Strong WPA/WPA2/802.11i wireless LAN security 

• SSL/TLS and SSHv2 with 256-bit AES encryption 

• Easy configuration and management through web browser and CLI 

• Network based management through SNMPv2 

• USB Port for additional connectivity options 
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• -20 to 60°C operating temperature 

• 12 VDC power supply for 0-60°C (included) 

• Extended Temperature Power Supply available   [10] 

  

 

3.3 IEEE 802.15 field 
 
3.3.1 IEEE 802.15.1(Bluetooth) and Devices 

 

 

 

 

 

Figure 3.3.1-1 Bluetooth logo 

Bluetooth is a standard communications protocol primarily 

designed for low power consumption, with a short range 

(power-class-dependent: 100 m, 10 m and 1 m, but ranges vary in 

practice) based on low-cost transceiver microchips in each device. 

Because the devices use a radio (broadcast) communications system, they 

do not have to be in line of sight of each other. [7] 

Based on the different series of range, the Bluetooth can be 

divided three classes. Class I Bluetooth has the biggest transmission 

range, about a hundred meters. Class II Bluetooth can do the data 
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communication about several dozen meters while Class III Bluetooth just 

working between several meters. 

There are also three versions of Bluetooth which have different 

data rates. The version 1.2 can just support 1Mbit/s. The second 

generation version 2.0 + EDR raises the data rate to 3Mbit/s. The newer 

one, version 3.0 +HS, is a major progression so that the maximum data 

rate can reach 24Mbit/s. 

The mechanism of the Bluetooth enables it to have some good 

features: 

1. Bluetooth is wireless and automatic. 

2. Bluetooth handles both data and voice. 

3. Signals are omni-directional and can pass through walls and 

briefcases.  

4. Bluetooth uses frequency hopping.  

As it is really very popular in the world, Bluetooth wireless 

technology can be used for these applications: 

1. File transfer. 

2. Ad-hoc networking. 

3. Device synchronization. 

4. Peripheral connectivity. 

5. Mobile payments 
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One example of a Bluetooth device is: 

AIRcable Host XR 

 

 
Figure 3.3.1-2 Bluetooth device 
 

 

 

 

The only long-range (10km-class) Bluetooth USB "Dongle". 

Key Features: 

 

• Bluetooth 2.0-compatiable 

• Standard USB connector 

• Works with Windows, Linux, and Mac OS X 

• 1 km external antenna included 

• Extended range 

• No external power needed 

• Aluminum case for reduced interference and increased sensitivity 

• Extends the range of your existing Bluetooth devices 

• Built on AIRcable's Bluetusk long-range technology   [12] 
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3.3.2 IEEE 802.15.4(ZigBee) and Devices 
 

                              
Figure 3.3.2-1 ZigBee 

ZigBee is a low-cost, low-power, wireless mesh networking 

proprietary standard. The low cost allows the technology to be widely 

deployed in wireless control and monitoring applications, the low 

power-usage allows longer life with smaller batteries, and the mesh 

networking provides high reliability and larger range. [8] 

ZigBee operates in the industrial, scientific and medical (ISM) 

radio bands; 868 MHz in Europe, 915 MHz in the USA and Australia, and 

2.4 GHz in most jurisdictions worldwide. In the 2.4 GHz band there are 

16 ZigBee channels, with each channel requiring 5 MHz of bandwidth. 

[8]   

ZigBee protocols are intended for use in embedded applications 

requiring low data rates and low power consumption.  

Typical application areas include: 

•   Home/factory automation 
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•   Telecommunication applications 

•   Personal, home, and hospital care 

•   Toys 

An example of a ZigBee device is: 

1) XBee® & XBee-PRO® 802.15.4 OEM RF Modules 

    
                           

Figure 3.3.2-2 XBee device  
 

• Power output: 

1) 63 mW (+18 dBm) North American version  

2) 10 mW (+10 dBm) International version 

• Indoor/Urban range: Up to 300 ft (90 m) 

• Outdoor/RF line-of-sight range: Up to 1 mile (1.6 km) RF LOS  

• RF data rate: 250 Kbps 

• Interface data rate: Up to 115.2 Kbps 

• Operating frequency: 2.4 GHz 

• Receiver sensitivity: -100 dBm (all variants)   [10] 
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3.4 IEEE 802.16(WiMAX) and Devices 

 
Figure 3.4.1 WiMAX logo 

 

WiMAX refers to interoperable implementations of the IEEE 

802.16 wireless-networks standard (ratified by the WiMAX Forum), in 

similarity with Wi-Fi, which refers to interoperable implementations of 

the IEEE 802.11 Wireless LAN standard (ratified by the Wi-Fi Alliance). 

The WiMAX Forum certification allows vendors to sell their equipment 

as WiMAX (fixed or mobile) certified, thus ensuring a level of 

interoperability with other certified products, as long as they fit the same 

profile. [9] 

The bandwidth and range of WiMAX make it suitable for the 

following potential applications: 

• Providing a network  

• Providing portable mobile broadband connectivity through 

different devices. 

• Providing mobile communication and internet television service. 
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• Providing a wireless alternative to cable and DSL for "last mile" 

broadband access.[9] 

• Providing a source of Internet connectivity as part of a business 

continuity plan. That is, if a business has both a fixed and a 

wireless Internet connection, especially from unrelated providers, it 

is less likely to be affected by the same service outage.[9] 

 

One of the devices: 

1) EDL-Mini Digital Data Link 

 

Figure 3.4.2 WiMAX device 
 

• Supports software selectable base station (BS) and subscriber stations (SS) mode 

• Unlicensed operation at 2.4 GHz for commercial applications 

• Licensed operation at 2.3-2.7 GHz 

• TRANSEC using AES-256 

• Data rates up to 42Mbps OTA (over-the-air), 35Mbps IP 

• Supports GPS Reference for enhanced timing performance. 

• H.264, MPEG 2/4 Video Encoding available via digital or analog video inputs  [10] 
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3.5 Standards and Products Comparison and 

Solution Proposal 
 

From the description of the protocols and devices, the different 

characteristics have been found. In this section, through a series of 

comparison, one conclusion will show the most realistic plan for this 

project. 

IEEE 802.11 is a family of standards. IEEE 802.11b operates in 

2.4GHz band, which is common with Bluetooth and ZigBee. IEEE 

802.11b has a high data rate (up to 11Mbps), and providing a wireless 

connection is one of its typical applications. The outdoor range of IEEE 

802.11b is typically from several dozens feet to some kilometers. 

Bluetooth, on the other hand, has a lower data rate (less than 3Mbps) and 

its outdoor range is typically several hundred meters. One popular 

application of Bluetooth is in wireless headsets, where Bluetooth provides 

the means for communication between a mobile phone and a hands-free 

headset or some communication devices. ZigBee has the lowest data rate 

and complexity among these three standards and provides significantly 

longer battery life. 
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Figure 3.5.1 comparison of ZigBee Bluetooth and Wi-Fi 

 

Devices based on the 802.16 standard are long range systems 

covering many kilometers, which use licensed or unlicensed spectrum to 

deliver a point-to-point connection to the Internet, while Wi-Fi uses 

unlicensed spectrum to provide access to a network. Compared with 

WiMAX, Wi-Fi is more popular in end user devices. WiMAX uses a 

quality of service mechanism, based on connections between the base 

station and the user device. Each connection is based on specific 

scheduling algorithms. Wi-Fi has a quality of service mechanism similar 

to fixed Ethernet, where packets can receive different priorities based on 

their tags. For example, VoIP traffic may be given priority over web 

browsing. Wi-Fi runs on the Media Access Control's CSMA/CA protocol, 

which is connectionless and contention based, whereas WiMAX runs a 

connection-oriented MAC. 
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Table 3.5.2 devices comparison based on protocols 

Table 3.5.2 provides the comparison among the devices that 

implement the different studied protocols. After the evaluation of these 

wireless techniques, the 802.11 device has being considered as a good 

alternative; it can satisfy the requirement of small UAVs’ communication. 

However, one of the most important factors which should be considered 

is the energy consumption. Good quality needs enough power. The 

802.11 shows great energy consumption, so besides its great performance 

in other aspects, it has this important drawback. In this case, 802.15.4 is a 

good choice. It needs consumes less energy. Considering that it is enough 

to send text data among UAVs, the bandwidth offered by 802.15.4. So 

this is the first choice. 802.15.1 is also good, but the device has some 

delay and it needs more energy. Bluetooth device is the second choice. 

The devices implementing 802.16 are very expensive. In this case, 

802.15.4 is the best. 
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Chapter 4 
 

 

Methodology 
 

4.1 Introduction 
 
4.1.1 Device introduction 

After the comparison, finally, the device named “XBee-PRO® 

868 OEM RF Modules” is chosen for this project.  

XBee-PRO 868 modules are long-range embedded RF modules 

providing end-point device connectivity for European applications. 

Capable of 500mW of EIRP transmit power and -112 dBm receive 

sensitivity, the XBee-PRO 868 is the most powerful XBee® product ever 

offered. Supporting RF line-of-sight distances up to 80 km, these modules 

are ideal for challenging wireless environments where RF penetration and 
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transmission distance are critical to the application. [11] 

 
Figure 4.1.1 the XBee-PRO 868 

 
4.1.2 Language and method introduction 
 

The language used to develop the application designed for this 

project is Java. There is a pair of methods for sender and receiver. There 

are four parts divide by inherit relationship in this project. The 

“ChartGUI” achieve the function from “server” with the graphic user 

interface. The “server” finds the serial port and creates the connection 

with other devices by inherit “SerialAsciiComm”. The 

“RxTxSerialComm” finish base input and output stream actions. 

 

4.2 Communication System Design 
 

The application simulates the communication among UAVs. 
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When the application is started, it checks whether the serial port is 

connected. If all the preparations finished, the graphic user interface will 

show “the initial is OK”. Otherwise it shows “initial failed”. 

 
Figure 4.2.1 the application user interface 

After the initialization, the connection is created. There is one 

input box and one show box in the graphic interface. The sender can input 

the message inside the input box and click the button “send”. There are 

several transmission styles in this application; first case is “unicast.” 

Unicast is the sending of messages to a single network destination host on 

a packet switching network. The sender should configure the destination 

(receiver’s) id; meanwhile the receiver should configure the destination id 

as the sender’s id. Then it is the time to send a message, the receiver can 

read the message sent by sender from the show box and automatically 

return acknowledge, like “ACK-1”. The acknowledge information can be 

seen from the sender’s show box. It can check whether the receiver get 

the information from the sender or not. 
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Figure 4.2.2 unicast 

The second case is “broadcast”. Like the word itself, broadcast 

refers to transmitting a packet that will be received by every device on the 

network. The sender configures the destination id as “broadcast”, and 

then the sender can send out a message. All the receivers in the range can 

receive the data conceptually. If they configure the destination id as the 

send’s id, they can send back acknowledge one by one. And the sender 

can check whether they have received the data. 

 
Figure 4.2.3 broadcast 

 

The third case is multicast. Multicast means transmitting a 

packet that will be received by the device which on the network. Since 

the device is not support to transmit/receive several messages in the same 

time, there is another way to simulate the multicast. 

The sender transmits data by broadcast. The receivers which are 
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not be chosen as the destinations should be blocked. Some bits at the head 

of the input message are used for control the destination receiver. In our 

case, there are two USB cables and one Rx and Tx connected Serial 

Cable. One of them is sender and other two are receivers.  

 
Figure 4.2.4 Multicast 

The application flow chart is presented in Figure 4.2.5.  

 
Figure 4.2.5 the flow chart 
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4.3 Functionalities 
 

 
Figure 4.3.1 the structure of the application 

 

There are mainly four classes in the application structure. The 

ChartGUI mainly focus on the user interface. The function named 

“addChatContent ()” is used to display the message typed in the chatText 

()” and shown on the “chatTextArea ()”. Another function 

“ActionListener ()” is used to receive action events. When the user 

presses the enter button, the function sendCommand () would be invoked. 

The message can be sent through the serial port. 

The Server is the main function for this application. Here is the 

“run ()” function:  
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Listing 4.3.2 the “run ()” function 
 

The thread is for synchronized the display and the serial port 

data incoming processor. 

There is one another important function “handleSerialData ()” in 

“SerialAsciiComm”. It is like a serial port data incoming processor. Here 

is the function: 

 
Listing 4.3.3 the “handleSerialData ()” function 
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The “getInputStream ().available ()” returns the number of bytes 

which can be read from the input stream. It is blocking until the next call 

of a method for the input stream. The function “getInputStream ().read 

(Byte [] b)” reads some number of bytes from the input stream and stores 

them into the buffer array b. The number of bytes actually is read by the 

form of integer. This method blocks until input data is available.  

In order to detect whether the message transmission is over, we 

added a CR in the end of each message as identification. When the 

“readBuffer” reads a CR from the input stream, the thread notifies and 

output the message on the display.  

The RxTxSerialComm based on the RxTxComm API. It is the 

low-level part of serial port control. RxTx is providing serial and parallel 

communication from the Java Development Tool. 
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Chapter 5 
 
 

Experiments and Results 
 
5.1 Scenario Specification 
 

The experiment use laptops to simulate the UAVs. The media 

chosen for transmission is text messages. By using the device XBee-PRO 

868 modules connected with the laptop, UAVs can be connected each 

other. Messages transmit through the specific serial port. By changing the 

location of the laptops, the effect can be known from the test data. There 

are three kinds of experiments in this project. Simulating UAVs 

communicate with base station, UAVs communicate with UAVs (bad 

condition) and UAVs communicate with UAVs (good condition). 

 
 



5. Experiments and Results                                   36 

 

5.2 Network Configuration 
 

First of all, the configuration should be done. There are two parts 

of configuration in this project. One part of them depends on the software 

“X-CTU”. When the software has been opened, the relative Com Port 

should be chosen and some information like Baud and data bits should be 

configure. Then every UAV has to configure the destination ID and power 

level. Every configuration should be written by “X-CTU” in the end.  

Second part of the configuration is application configuration. 

After the serial port set as the same port as the “X-CTU” configuration, 

the application should run. When the user interface shown “initial OK”, 

the whole configuration is done. 

 

5.3 Network Deployment and Measurements 
 

There are three kinds of experiments in this project. The main 

propose for these experiments are range test. It shows the capability of 

the device. First work is to simulate the communication between UAVs 

and base station. One of us took a device to the top of the trade center in 

Halmstad University and other two of us took the other devices to the 

different location along the road Laholmsvägen. When the distances 

became farther between “UAV” to “base station”, the signal strength 



5. Experiments and Results                                   37 

 

decreased. There are three LEDs shown the strength of the signal. Also 

the software “X-CTU” can check the receive sensitivity.  

Here is the picture which has shown the situation: 

 
Figure 5.3.1 UAV to base station  

 

The second mission is simulating the communication among 

UAVs to UAVs. The chosen place still was the Laholmsvägen road. One 

of us took a device at the crossroad near the campus. Another member 

took a device and stretched the distance.  

 
Figure 5.3.2 UAV to UAV (bad condition) 
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The strength of the signal decreased expeditiously. There are a lot 

of obstacles like running cars, trees and buildings around our test. So this 

test is called bad condition test. 

The third type of the test is still simulating communication among 

UAVs to UAVs. But the place is moved to one of the beaches in Halmstad 

city, Österstrand.  

 
Figure 5.3.3 UAV to UAV (good condition) 

From the picture, the distance become farther than the one 

achieved in the bad condition test. Though there are still some obstacles 

around our test, it is better. This is called the “good condition”. 
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5.4 Results Report and Discussion 
 

After the test, some data has been collected. Here is the data 

graph from the first test: 

 
Figure 5.4.1 UAV to base station signal graph 

 

The graph reflected the signal strength decreased with the range 

increasing. The signal strength decreased obviously from the point 

indicated in the Figure 5.4.1. The signal may be met some obstacle at that 

node. Because it is the distance between the trade center to ground, the 

real range can be calculated from this formula: 

c2=a2+b2  [ 13] 

“c” is the real distance between the UAV and the base station. “a” 

is the ground level distance. “b” is the height of the trade center.  
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The second test: 

 
Figure 5.4.2 UAV to UAV signal graph (bad condition) 

 

The distance is not far because of the obstacles along the 

Lahomsvägen road. So the range test reveals bad results very early in 

terms of connection as the distance increases.  

The third test: 

 
Figure 5.4.3 UAV to UAV signal graph (good condition) 
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Comparing with the different conditions, the communications 

among UAVs to UAVs signal strength are totally different. The decrease 

speed is close to linear. It is more stable than in the bad condition test. 

Moreover, along the beach there are not as many obstacles are there were 

along the Laholmsvägen road, besides the positive effect of reflection 

offered by the water close by.  
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Chapter 6 

 
 

Conclusion and Future Work 

 
6.1 Conclusion 
 

The project during three and half months was significant for us. 

There is a lot of UAV information and knowledge that could be learned as 

well as about wireless communications technique. The most important 

points in this project are the study about range of communication and the 

effect of distance and obstacles, and how does to develop a system that 

actually does communication. When the real UAV are flying in the air, it 

should consider a lot of things for doing the communication. Certainly the 

situations under which the our experiments were performed are worst 

them those in which the UAVs would face while communicating. The 
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UAVs would have virtually no obstacle among them, so the results for 

communication range can be even better them those reported in this work.  

 

6.2 Future works 
 

There are still some works in the future which can complement 

the current one, adding more realistic conditions. 

This project accomplishes the simulation of text communication 

among UAVs, by using PCs as UAVs. Because of the obstacles and some 

reflects interference, sometimes the message can not send and received 

successfully. The next step of the work may change the media of the 

communication as images. Images are composed by a lot of pixels and it 

is directly show the interference and some reasons can be found and fixed. 

Tests with pictures could explore more the influence of the interferences 

in the final result of the communication. Another important direction of 

future work is the deployment of a more realistic tested in which real 

UAVs carry the communication devices to perform the measurements.  
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Appendix I: Range Test Raw data 
 
Test 1 UAV to base station: 

 

Distance(m) Signal strength(dB) 

70 -62 

212 -70 

505 -73 

753 -79 

1102 -92 

1402 -96 
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Test 2 UAV to UAV (bad condition): 

Distance(m) Signal strength(dB) 

0 -62 

50 -65 

100 -78 

150 -89 

200 -91 

250 -98 

 

 

Test 3 UAV to UAV (good condition): 

Distance(m) Signal strength(dB) 

0 -52 

50 -55 

100 -60 

150 -66 

200 -74 

250 -81 

300 -84 

350 -87 

400 -89 

450 -95 
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Appendix II: UAV communication 
software --- user’s interface 
 
 
import java.awt.BorderLayout; 
import java.awt.Color; 
 
import java.awt.GridLayout; 
import java.awt.event.ActionEvent; 
import java.awt.event.ActionListener; 
 
import javax.swing.JButton; 
import javax.swing.JFrame; 
import javax.swing.JLabel; 
import javax.swing.JPanel; 
import javax.swing.JScrollPane; 
import javax.swing.JTextArea; 
import javax.swing.JTextField; 
 
 
import java.io.IOException; 
 
public class ChartGUI{ 
 private JTextField favorText;  //the object for inputting the name of one UAV 
 private static JLabel statusBar;   //the bar shows the status 
 private String side; 
 public JTextField chatText;  //the object for inputting the message to be sent 
 private JTextArea chatTextArea;  //show the messages 
 private Server server;   
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public ChartGUI(String s) 
 { 
  this.side = s; 
   
  JPanel leftPanel = new JPanel(new BorderLayout()); 
  statusBar = new JLabel("");//create a new status bar 
 
  ActionListener buttonListener = new ActionAdapter() { 
   public void actionPerformed(ActionEvent e) //start checking 
   { 
    ………………… 
    ………………… 
    ……………….. 
   } 
  }; //connect or not 
 
 
  JFrame frame = new JFrame("UAV-Communiction"); //new frame 
  ……………… 

……………… 
……………….//configure characters 

       
   public void actionPerformed(ActionEvent e){ 
   …………………… 
   …………………… 
   ……………………//output the information of the sender 
   } 
        
   ChartGUI.this.addChatContent(sb.toString()); 
   if ((!s.equals(""))) { 
    try { 
     ChartGUI.this.server.sendMsg(sb.toString()); 
     } catch (IOException e1) { 
      // Auto-generated catch block 
     } 
   } 
   } 
  }); 
 
     ………………………………….. 

…………………………………… 
    //show the user’s interface 
  
 } 
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 public String getSide() { 
 return this.side; 
 } 
 
 public void setSide(String side) { 
  this.side = side; 
 }  
 
 public void setStatusContent(String text) { 
  statusBar.setText(text); 
 } 
 
 public void addChatContent(String content)  
 { 
  StringBuffer sb = new StringBuffer(getChatContent()); 
  sb.append(content + "\n");   //show the message which has been 
sent 
  System.out.println(content + " has add to the chatContent."); 
  this.chatTextArea.setText(sb.toString()); 
  cleanChatContent(); 
 } 
 
 public String getChatContent() { 
  return this.chatTextArea.getText(); 
 } 
 
 public void cleanChatContent() { 
  this.chatText.setText("");  //after the message input, press “enter” to 
refresh the input area 
 } 
 
 public String getFavorName() { 
  return this.favorText.getText(); 
 } 
 
 
 
 class ActionAdapter implements ActionListener 
 { 
  ActionAdapter() 
  { 
  } 
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  public void actionPerformed(ActionEvent e) 
  { 
  } 
  }  
 } 
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Appendix III: UAV communication 
software --- server code 
 
public class Server extends AsciiSerialPort implements Runnable{ 
 
 private static ChartGUI gui; 
  
  
 private Thread exac; 
  
 public Server(){ 
  super(); 
   
  this.exac = new Thread(this); 
   
  try{ 
   this.openSerialPort("COM8",9600); 
   gui.setStatusContent("Initial OK."); 
  }catch(Exception e){ 
   gui.setStatusContent("Inital Failed."); 
  } 
  
 } 
  
 public static void main(String[] args) throws Exception{ 
  
  gui = new ChartGUI("server"); 
 } 
 
 protected Object getLock(){ 
  return this; 
 } 
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 public void start(){ 
  this.exac.start(); 
 } 
  
 public void run(){ 
  try{ 
   while(true){ 
    synchronized(this.getLock()){ 
     this.getLock().wait(); 
      
     Msg rec = Msg.parse(this.getMsg()); 
      
     gui.addChatContent(rec.toString()); 
     gui.addChatContent("##Communication is established.Waiting 
for next time.##"); 
      
     Thread.sleep(1000); 
    } 
   } 
  }catch(Throwable th){ 
   th.printStackTrace(); 
  } 
  
  
 } 
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Appendix IV: UAV communication 
software --- handle communication 
code  
This part of code is based on the xbee-api.  

It is open from http://code.google.com/p/xbee-api/ 
import java.io.IOException; 
 
public abstract class AsciiSerialPort extends RxTxSerialComm{ 
 
 private String rec_msg = null;  
 private StringBuffer strBuf = new StringBuffer(); 
  
 public final int TIMEOUT = 1000; 
  
 public final char CR = 13; 
 public final char LF = 10; 
  
 public AsciiSerialPort(){ 
  super(); 
 } 
  
 protected abstract Object getLock(); 
  
 protected void handleSerialData() throws IOException{ 
  byte[] readBuffer = new byte[4]; 
   
  while(this.getInputStream().available() > 0 ){ 
   int numBytes = this.getInputStream().read(readBuffer); 
    
   for(int i=0;i < numBytes; i++){ 

http://code.google.com/p/xbee-api/
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    int ch = (int) readBuffer[i]; 
     
    //Get response with only a CR(13) 
    if(!(ch == CR || ch == LF)){ 
     strBuf.append((char) readBuffer[i]); 
    } 
     
    //CR 
    if((int) readBuffer[i] == CR){ 
     synchronized(this.getLock()){ 
      rec_msg = strBuf.toString(); 
      System.out.println(rec_msg); 
       
      //wake up wait thread 
      this.getLock().notify(); 
     } 
     strBuf = new StringBuffer(); 
    } 
   } 
  } 
  
  System.out.println("SerialData income."); 
  
 } 
  
 public void sendMsg(String type) throws IOException{ 
  this.getOutputStream().write((type + CR).getBytes()); 
  this.getOutputStream().flush(); 
 } 
  
 public String getMsg(){ 
  return rec_msg; 
 } 
  
 public StringBuffer getStrBuf(){ 
  return strBuf; 
 } 
} 
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Appendix V: UAV communication 
software --- Message code 
 
public class Msg{ 
  
 private String type; 
  
 public Msg(String type) 
 { 
  this.type = type; 
 } 
  
 public String getType(){ 
  return type; 
 } 
  
 public static Msg parse(String str){ 
  return new Msg(str); 
 } 
  
 public String toString(){ 
  return type; 
 } 


