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Summary 
 This thesis discusses one of the modern digital communication systems in the field of 

wireless communications which is a cognitive radio system. The main objective of this work is 

analyzing the ability of a cognitive radio system to sense a wide bandwidth spectrum, detect  the 

available empty  spectrum  bands  and  use  these  empty  slots  for establishing wireless 

communications networks in order to utilize the spectrum in a better way and increase the 

spectrum efficiency. There are many studies done to scan the spectrum and estimate the 

spectrum utilization in the sensed bands. These studies all have similar characteristics: they are 

all wideband, conducted for short periods of time, and require expensive equipment. The sites 

where these studies were conducted include Chicago, Illinois, Singapore, USA, Los Angeles, 

CA, USA, Paris, France and many other countries. The conclusions of these studies are also 

similar. These all studies showed that the spectrum utilization is very low at their respective 

locations. 

In order to scan the spectrum and measure the spectrum utilization in the sensed bands, a 

proposed wideband RF front end spectrum sensor for cognitive radio applications in the upper 

UHF frequencies has been conducted. The proposed RF front end sensor is a part of cognitive 

radio receiver block diagram which consist of four main units, which are RF front end, wideband 

Analog to Digital Converter  (ADC), software reconfigurable digital baseband radio and a 

cognitive engine. As a result of the difficulty and cost of implementing the cognitive radio 

receiver as a whole, we designed and implemented the antenna and the RF front end part. The 

proposed sensor consists of an antenna, an RF front end and a spectrum analyzer. The proposed 

antenna is designed to operate in the intended frequency range from 1.7 to 2.7 GHz. The 

proposed wideband antenna designed from a microstrip rectangular patch with a partial ground 

plane. The bandwidth of the proposed patch was enhanced by using partial ground technique. 

The proposed antenna was designed using a ready-made software package (CST microwave 

studio and measurement). Then the designed  antenna  has  been  fabricated  by  using  thin  film  

and photolithography technique and has been measured by using the vector network analyzer. 

Performance evaluation has been conducted for the simulated and measured results which 

determined that the designed antenna achieved the required goals which are the  return  loss  is  

less  than  -10 dB at  the  required  bandwidth  from  (1.7 to 2.7) GHz, the voltage standing wave 

ratio is less than 2 over the planned bandwidth and the designed antenna radiation pattern is an 

omnidirectional pattern. The total area of the fabricated proposed antenna is (60mm*58mm). The 

other RF front end components are built from of the shelf commercial parts. Then we used a 

commercial spectrum analyzer for frequency analysis of the detected signals and to measure the 

spectrum utilization in the higher UHF frequencies. It is planned to build our own spectrum 

analyzer based on virtual national instrument. So, this is the RF part of the sensor which proves 

to have sensitivity comparable to the spectrum analyzer.  



We introduced in details our wideband spectrum sensor design, implementation and 

carried out many spectrum detections measurements with different sensing times to estimate the 

spectrum utilization in the upper part of the Ultra-High Frequencies (UHF). The spectrum data 

the proposed sensor collected is the power present at a given frequency. Two major spectrum 

sensing results were conducted. 

 Firstly, The proposed spectrum sensor was applied to measure the spectrum utilization in 

the frequency band from 1.7 to 2.7 GHz and the results showed that the spectrum utilization is 

estimated to be from 0.4 percent to 2 percent with average spectrum utilization equal to 1.175% 

and the detected RF signals are originated from the mobile communication systems, specifically, 

the uplink band (1710-1785) MHz, and Downlink band (1805-1880) MHz in addition to fewer 

signals from the surveillance radar band (2686-2900) MHz and very fewer signals from the 

Bluetooth band from (2400-2485) MHz. 

 Secondly, the proposed sensor was applied to measure the spectrum utilization in the 

frequency bands from 1700 to 1950 MHz and from 1837 to 2087 MHz also the results showed 

that the spectrum utilization is estimated to be from 5.5 percent to 22.7 percent with average 

spectrum utilization equal to 12.35% and the detected RF signals are originated from the GSM 

band uplink (1710-1785) MHZ, and Downlink (1805-1880) MHz. The higher the estimated 

utilization of the second bands results is due to higher ability to detect smaller signals as the 

noise floor of the spectrum analyzer is made lower. 

Finally, our implemented sensor advantages are its wide bandwidth from 1.7 to 2.7 GHz, 

low cost, simple implementation, very small size, and relatively high sensitivity to detect weak 

signals. 

Keywords: Cognitive radio, RF front end, Spectrum Hole, Spectrum Sensing, Wideband 

Spectrum Sensor.        



 

 

 

Acknowledgment 

 
First of all, great thanks to ALLAH for his continuous support and guidance 

which without them none of this work would have been accomplished. 

I would like to take this opportunity to express my sincere gratitude to Prof. 

Dr. Abdelhalim Abdelnapi Zekry who didn’t save any effort or time either to help 

me or to develop my researcher mind.  

I would like to thank and appreciate Dr. Reda Salama Ghoname for putting 

her trust on me, her insightful remarks, valuable consultation and support. 

I would also like to thank Dr. Hesham Matbouly Hefnawy for his support 

and continues generous help and advices. 

I would also like to give my special thanks to my parents, sisters, wife, family 

and friends for their motivation, understanding, advice encouragement and their 

assistance.    

 

 

 

 
December 2015 



 

i 

 

Table of Contents 
 

Table of Contents ----------------------------------------------------------------------------------------- i 

List of Figures ---------------------------------------------------------------------------------------------- v 

List of Tables -------------------------------------------------------------------------------------------- viii 

List of Abbreviations ------------------------------------------------------------------------------------ ix 

List of Symbols ----------------------------------------------------------------------------------------- xiv 

INTRODUCTION ------------------------------------------------------------------------------------ 2 CHAPTER 1. 

1.1. INTRODUCTION TO COGNITIVE RADIO SYSTEM ------------------------------------------------------ 2 

1.2. SPECTRUM ISSUES ----------------------------------------------------------------------------------------- 2 

1.3. COGNITIVE RADIO CYCLE ------------------------------------------------------------------------------- 4 

1.4. COGNITIVE RADIO TRANSCEIVER ARCHITECTURE -------------------------------------------------- 6 

1.5. WIDEBAND RF FRONT END CHALLENGES ------------------------------------------------------------- 6 

1.6. WIDEBAND SPECTRUM SENSOR ------------------------------------------------------------------------- 7 

1.7. COGNITIVE RADIO APPLICATIONS ---------------------------------------------------------------------- 8 

1.8. THESIS OBJECTIVES --------------------------------------------------------------------------------------- 8 

1.9. THESIS ORGANIZATION ----------------------------------------------------------------------------------- 9 

1.10. PUBLICATION ----------------------------------------------------------------------------------------------- 9 

  PRINCIPLES AND PRACTICE OF COGNITIVE RADIO ------------------------------- 11 CHAPTER 2.

2.1. INTRODUCTION ------------------------------------------------------------------------------------------- 11 

2.2. RADIOS IN SOFTWARE DEFINED ----------------------------------------------------------------------- 11 

2.3. ROLE OF SDR IN WIRELESS COMMUNICATION ----------------------------------------------------- 13 

2.4. COGNITIVE RADIO --------------------------------------------------------------------------------------- 13 

2.5. ADVANTAGES OF COGNITIVE RADIO OVER THAN  SDR ------------------------------------------ 15 

2.6. COGNITIVE RADIO CONCEPTS ------------------------------------------------------------------------- 16 

2.7. COGNITIVE RADIO TYPES ------------------------------------------------------------------------------ 17 

2.8. COGNITIVE RADIO CHARACTERISTICS --------------------------------------------------------------- 18 

2.8.1. Cognitive Capabilities ----------------------------------------------------------------------------- 18 

2.8.2. Reconfigurability ----------------------------------------------------------------------------------- 19 

2.9. COGNITIVE RADIO REQUIREMENTS AND CHALLENGES ------------------------------------------- 19 

2.10. COGNITIVE RADIO NETWORK ARCHITECTURE ----------------------------------------------------- 21 

2.11. FUNCTIONS OF COGNITIVE RADIO -------------------------------------------------------------------- 23 

2.12. COGNITIVE RADIO APPLICATIONS -------------------------------------------------------------------- 24 

2.12.1. Indoor Sensing Applications --------------------------------------------------------------------- 25 

2.12.2. Multimedia Applications -------------------------------------------------------------------------- 25 

2.12.3. Multi-Class  Heterogeneous  Sensing Applications ------------------------------------------ 25 

2.12.4. Real Time Surveillance Applications ----------------------------------------------------------- 25 

2.12.5. Improving  Spectrum  Utilization  and Efficiency ------------------------------------------- 26 

2.12.6. Improving Link Reliability ----------------------------------------------------------------------- 27 

2.12.7. Less Expensive Radios ----------------------------------------------------------------------------- 27 

2.12.8. Automated Radio Resource Management ----------------------------------------------------- 28 

2.13. COGNITIVE RADIO WORLDWIDE STANDARDIZATION --------------------------------------------- 28 

2.13.1. CRS Standardization in the ITU ---------------------------------------------------------------- 29 

2.13.2. CRS Standardization in IEEE SCC 41 --------------------------------------------------------- 30 



 

ii 

 

2.13.3. CRS Standardization in ETSI -------------------------------------------------------------------- 33 

2.13.4. CRS Standardization in ECMA ----------------------------------------------------------------- 34 

2.14. CONCLUSION---------------------------------------------------------------------------------------------- 35 

  SPECTRUM ANALYSIS IN COGNITIVE RADIO ---------------------------------------- 37 CHAPTER 3.

3.1. INTRODUCTION ------------------------------------------------------------------------------------------- 37 

3.2. SPECTRUM MANAGEMENT IN COGNITIVE RADIO -------------------------------------------------- 37 

3.2.1. Physical Layer --------------------------------------------------------------------------------------- 38 

3.2.2. Data Link Layer ------------------------------------------------------------------------------------ 39 

3.2.3. Network Layer -------------------------------------------------------------------------------------- 39 

3.2.4. Transport Layer ------------------------------------------------------------------------------------ 39 

3.2.5. Application Layer ---------------------------------------------------------------------------------- 40 

3.2.6. Spectrum Management Challenges ------------------------------------------------------------- 40 

3.3. SPECTRUM SENSING ------------------------------------------------------------------------------------- 41 

3.4. SPECTRUM SENSING BASICS --------------------------------------------------------------------------- 42 

3.5. SPECTRUM SENSING METHODOLOGIES -------------------------------------------------------------- 42 

3.6. LIMITATIONS AND CHALLENGES IN SPECTRUM SENSING ----------------------------------------- 43 

3.7. SPECTRUM SENSING TECHNIQUES -------------------------------------------------------------------- 46 

3.7.1. Non-cooperative Spectrum Sensing Method -------------------------------------------------- 47 

3.7.2. Cooperative Spectrum Sensing Method -------------------------------------------------------- 47 

3.7.2.1. Centralized Cooperative Spectrum Sensing ----------------------------------------------- 50 

3.7.2.2. Distributed Cooperative Spectrum Sensing ------------------------------------------------ 50 

3.7.2.3. Relay-assisted Cooperative Spectrum Sensing -------------------------------------------- 50 

3.7.2.4. Advantages  of  cooperative  spectrum  sensing: ------------------------------------------ 50 

3.7.2.5. Disadvantages  of  Cooperative  Spectrum  Sensing: ------------------------------------- 51 

3.8. NARROWBAND AND WIDEBAND SPECTRUM SENSING ---------------------------------------------- 51 

3.9. NARROWBAND SPECTRUM SENSING ------------------------------------------------------------------ 52 

3.10. WIDEBAND SPECTRUM SENSING ---------------------------------------------------------------------- 53 

3.10.1. Nyquist Wideband Sensing ----------------------------------------------------------------------- 54 

3.10.2. Sub-Nyquist Wideband Sensing ----------------------------------------------------------------- 56 

3.11. RELATED WORK ----------------------------------------------------------------------------------------- 57 

3.11.1. Spectrum  Utilization Analysis  in  Cellular  and  TV Bands  in Malaysia -------------- 58 

3.11.2. Spectrum Occupancy Survey in HULL-UK for Cognitive Radio Applications -------- 59 

3.11.3. Spectrum Occupancy Investigation: Measurements in South Africa -------------------- 60 

3.11.4. Evaluation of Spectrum Occupancy in an Urban Environment  -------------------------- 61 

3.11.5. Spectrum Occupancy in Realistic Scenarios for Cognitive Radio ------------------------ 62 

3.12. INCREASING SPECTRUM EFFICIENCY ----------------------------------------------------------------- 63 

3.13. IEEE 802.22 REQUIREMENTS -------------------------------------------------------------------------- 64 

3.14. CONCLUSION---------------------------------------------------------------------------------------------- 65 

  THE PROPOSED SENSOR DESIGN AND IMPLEMENTATION --------------------- 67 CHAPTER 4.

4.1. INTRODUCTION ------------------------------------------------------------------------------------------- 67 

4.2. WIDEBAND COGNITIVE RADIO RF FRONT END ---------------------------------------------------- 67 

4.2.1. The Proposed Sensor Features ------------------------------------------------------------------- 68 

4.2.2. The Proposed Sensor Architecture -------------------------------------------------------------- 69 

4.2.3. RF Front End Model ------------------------------------------------------------------------------- 70 

4.3. THE PROPOSED DESIGN FOR THE RF FRONT END WIDEBAND ANTENNA ---------------------- 71 

4.3.1. Microstrip Antenna -------------------------------------------------------------------------------- 72 

4.3.2. Microstrip Antenna Advantages----------------------------------------------------------------- 73 



 

iii 

 

4.3.3. Performance Criteria for Antennas in Microwave Band ----------------------------------- 73 

4.3.3.1. Radiation Pattern ------------------------------------------------------------------------------- 73 

4.3.3.2. Voltage Standing Wave Ratio (VSWR) ----------------------------------------------------- 75 

4.3.3.3. Bandwidth (BW) -------------------------------------------------------------------------------- 75 

4.3.3.4. Return Loss (RL) -------------------------------------------------------------------------------- 75 

4.3.4. Wideband Techniques Used To Design Microstrip Antenna: ----------------------------- 76 

4.3.4.1. Slot loaded Patch -------------------------------------------------------------------------------- 76 

4.3.4.2. Multiresonator MSA --------------------------------------------------------------------------- 77 

4.3.4.3. Multilayer broadband MSA ------------------------------------------------------------------ 77 

4.3.4.4. Aperture coupled MSA ------------------------------------------------------------------------ 78 

4.3.4.5. Partial Ground Microstrip Antenna -------------------------------------------------------- 79 

4.3.5. The Requirements of Cognitive Radio Antennas: -------------------------------------------- 80 

4.4. THE PROPOSED ANTENNA SPECIFICATIONS: -------------------------------------------------------- 81 

4.5. DETAILED ANTENNA DESIGN AND SIMULATED RESULTS: ---------------------------------------- 81 

4.5.1. Step 1:  The Proposed Antenna Design --------------------------------------------------------- 82 

4.5.2. Step 2: The First Antenna Ground Modification -------------------------------------------- 82 

4.5.3. Step 3: The Second Antenna Ground Modification------------------------------------------ 84 

4.5.4. Step 4: The Third Antenna Ground Modification ------------------------------------------- 85 

4.5.5. Step 5: The Final Antenna Ground Modification -------------------------------------------- 86 

4.6. THE DIMENSIONS AND PARAMETERS OF THE FINAL PROPOSED ANTENNA -------------------- 88 

4.6.1. Return Loss and Antenna Bandwidth: --------------------------------------------------------- 88 

4.6.2. Voltage Standing Wave Ratio (VSWR): ------------------------------------------------------- 89 

4.6.3. Radiation Pattern Plots: --------------------------------------------------------------------------- 90 

4.7. RF FILTER ------------------------------------------------------------------------------------------------ 90 

4.7.1. RF Filter 1 ------------------------------------------------------------------------------------------- 90 

4.7.2. RF Filter 1 Features -------------------------------------------------------------------------------- 91 

4.7.3. The RF Filter1 Important Characteristics ---------------------------------------------------- 91 

4.7.3.1. Insertion loss ------------------------------------------------------------------------------------- 91 

4.7.3.2. Voltage Standing Wave Ratio ---------------------------------------------------------------- 92 

4.8. LOW NOISE AMPLIFIER --------------------------------------------------------------------------------- 93 

4.8.1. Low Noise Amplifier Features ------------------------------------------------------------------- 94 

4.8.2. The LNA Important Characteristics ----------------------------------------------------------- 94 

4.8.2.1. Noise Figure -------------------------------------------------------------------------------------- 94 

4.8.2.2. Voltage Standing Wave Ratio VSWR ------------------------------------------------------- 95 

4.8.2.3. Gain ------------------------------------------------------------------------------------------------ 95 

4.8.2.4. Stability ------------------------------------------------------------------------------------------- 96 

4.9. VOLTAGE CONTROLLED OSCILLATOR (VCO) ------------------------------------------------------ 97 

4.9.1. Voltage Controlled Oscillator Features -------------------------------------------------------- 97 

4.9.2. The VCO Important Characteristics ----------------------------------------------------------- 98 

4.10. MIXER ----------------------------------------------------------------------------------------------------- 99 

4.10.1. The Mixer Features -------------------------------------------------------------------------------- 99 

4.10.2. The Mixer Important Characteristics --------------------------------------------------------- 100 

4.11. RF FILTER 2 --------------------------------------------------------------------------------------------- 100 

4.11.1. RF Filter 2 Features ------------------------------------------------------------------------------- 101 

4.11.2. The RF Filter 2 Important Characteristics --------------------------------------------------- 101 

4.11.2.1. Insertion Loss ---------------------------------------------------------------------------------- 101 

4.11.2.2. Voltage Standing Wave Ratio -------------------------------------------------------------- 102 

4.12. SENSOR CIRCUIT DIAGRAM --------------------------------------------------------------------------- 102 

4.13. CONCLUSION--------------------------------------------------------------------------------------------- 104 



 

iv 

 

  PERFORMANCE EVALUATION OF THE PROPOSED SENSOR ------------------- 106 CHAPTER 5.

5.1. INTRODUCTION ------------------------------------------------------------------------------------------ 106 

5.2. THE FINAL PROPOSED ANTENNA FABRICATION AND MEASUREMENTS ----------------------- 106 

5.3. SENSOR CHARACTERISTICS --------------------------------------------------------------------------- 109 

5.3.1. Spectrum Analyzer and Signal Detection Level --------------------------------------------- 109 

5.3.2. Sensor Model and Signal Detection Level ---------------------------------------------------- 111 

5.3.3. The Proposed Sensor Detection Technique --------------------------------------------------- 112 

5.4. SENSING RESULTS -------------------------------------------------------------------------------------- 113 

5.4.1. The First Experiment Results ------------------------------------------------------------------- 113 

5.4.1.1. Spectrum Utilization of the First Scanning ----------------------------------------------- 113 

5.4.1.2. Spectrum Utilization of the Second Scanning -------------------------------------------- 115 

5.4.1.3. Spectrum Utilization of the Third Scanning ---------------------------------------------- 116 

5.4.1.4. Spectrum Utilization of the Fourth Scanning -------------------------------------------- 117 

5.4.1.5. Spectrum Utilization of the Fifth Scanning ----------------------------------------------- 119 

5.4.1.6. Spectrum Utilization of the Sixth Scanning ----------------------------------------------- 120 

5.4.1.7. Spectrum Utilization of the Seventh Scanning ------------------------------------------- 121 

5.4.1.8. Spectrum Utilization of the Eighth Scanning --------------------------------------------- 122 

5.4.1.9. Conclusion of the First Experimental Results -------------------------------------------- 124 

5.4.2. The Second Experiment Results ---------------------------------------------------------------- 125 

5.4.2.1. Spectrum Utilization of the First Scanning ----------------------------------------------- 126 

5.4.2.2. Spectrum Utilization of the Second Scanning -------------------------------------------- 127 

5.4.2.3. Spectrum Utilization of the Third Scanning ---------------------------------------------- 128 

5.4.2.4. Spectrum Utilization of the Fourth Scanning -------------------------------------------- 129 

5.4.2.5. Spectrum Utilization of the Fifth Scanning ----------------------------------------------- 130 

5.4.2.6. Spectrum Utilization of the Sixth Scanning ----------------------------------------------- 131 

5.4.2.7. Spectrum Utilization of the Seventh Scanning ------------------------------------------- 132 

5.4.2.8. Spectrum Utilization of the Eighth Scanning --------------------------------------------- 133 

5.4.2.9. Conclusion of the Second Experimental Results ----------------------------------------- 134 

5.5. COMPARISON BETWEEN SENSING MODES ---------------------------------------------------------- 135 

5.6. CONCLUSION--------------------------------------------------------------------------------------------- 136 

  CONCLUSION AND FUTURE WORK ------------------------------------------------------ 139 CHAPTER 6.

6.1. CONCLUSION--------------------------------------------------------------------------------------------- 139 

6.2. FUTURE WORK ------------------------------------------------------------------------------------------ 140 

 REFERENCES------------------------------------------------------------------------------------------------------- 143 

 APPENDIX----------------------------------------------------------------------------------------------------------   159 

 

 



 

v 

 

List of Figures 
 

FIGURE ‎1-1 DIVISION OF THE RADIO SPECTRUM AND RADIO SPECTRUM RANGES. .................................................. 2 

FIGURE ‎1-2 RADIO SPECTRUM USAGES. ...................................................................................................................... 3 

FIGURE 1-3 SPECTRUM HOLES CONCEPT .................................................................................................................... 3 

FIGURE ‎1-4 BASIC COGNITIVE CYCLE. ........................................................................................................................ 4 

FIGURE ‎1-5 COGNITIVE RADIO TRANSCEIVER ARCHITECTURE. ............................................................................... 6 

FIGURE 1-6 THE BLOCK DIAGRAM OF THE IMPLEMENTED WIDEBAND SPECTRUM SENSOR. .................................. 7 

FIGURE 2-1 BLOCK DIAGRAM OF SDR TRANSCEIVER. ............................................................................................. 12 

FIGURE 2-2 BLOCK DIAGRAM OF CR TRANSCEIVER. ............................................................................................... 14 

FIGURE 2-‎3 THE COGNITIVE ENGINE (CE). .............................................................................................................. 15 

FIGURE 2-‎4 SIMPLIFIED COGNITIVE CYCLE. ............................................................................................................. 18 

FIGURE 2-‎5 COGNITIVE RADIO NETWORK ARCHITECTURE. .................................................................................... 22 

FIGURE ‎2-6 BASIC COGNITIVE CYCLE ....................................................................................................................... 23 

FIGURE ‎2-7 SPECTRUM AVAILABILITY BY BAND. ..................................................................................................... 26 

FIGURE ‎2-8 PATH AND ASSOCIATED SIGNAL QUALITY FOR COGNITIVE RADIO. .................................................... 27 

FIGURE ‎2-9 INTERNATIONAL STANDARDIZATION OF CRS ........................................................................................ 29 

FIGURE ‎2-10 SUMMARY OF INTERNATIONAL STANDARDIZATION ON CRS ............................................................. 34 

FIGURE 3-1 MAJOR FUNCTIONS OF CR NETWORKS. ................................................................................................ 37 

FIGURE ‎3-2 SPECTRUM MANAGEMENT FRAMEWORK FOR COGNITIVE RADIO NETWORKS. .................................. 38 

FIGURE ‎3-3 PDFS FOR HYPOTHESIS TESTING PROBLEM ......................................................................................... 44 

FIGURE ‎3-4 CLASSIFICATION OF SPECTRUM SENSING TECHNIQUES. ...................................................................... 47 

FIGURE ‎3-5 RECEIVER UNCERTAINTY AND MULTIPATH/SHADOW FADING. ........................................................... 49 

FIGURE ‎3-6 CLASSIFICATION OF COOPERATIVE SENSING ........................................................................................ 49 

FIGURE ‎3-7 BLOCK DIAGRAMS FOR NARROWBAND SPECTRUM SENSING ALGORITHMS ........................................ 53 

FIGURE ‎3-8 BLOCK DIAGRAMS FOR NYQUIST WIDEBAND SENSING ALGORITHMS ................................................. 55 

FIGURE ‎3-9 BLOCK DIAGRAMS FOR ANALOG-TO-INFORMATION CONVERTER-BASED WIDEBAND SENSING…... 57  

FIGURE ‎3-10 COEXISTENCE OF MULTIPLE PRIMARY AND SECONDARY USER NETWORKS ........................ .……...63 

FIGURE ‎4-1 THE EGYPTIAN RADIO SPECTRUM ALLOCATION CHART. .................................................................... 69 

FIGURE ‎4-2 COGNITIVE RADIO SPECTRUM SENSOR ARCHITECTURE. ..................................................................... 69 

FIGURE ‎4-3 THE BLOCK DIAGRAM OF THE IMPLEMENTED WIDEBAND SPECTRUM SENSOR. .................................... 71 

FIGURE ‎4-4 STRUCTURE OF A MICROSTRIP PATCH ANTENNA ................................................................................. 72 

FIGURE ‎4-5 COMMON SHAPES OF MICROSTRIP PATCH ELEMENTS ........................................................................... 72 

FIGURE ‎4-6 OMNIDIRECTIONAL ANTENNA PATTERN. ............................................................................................... 74 

FIGURE ‎4-7 RADIATION PATTERN OF A GENERIC DIRECTIONAL ANTENNA .............................................................. 74 

FIGURE ‎4-8 (A) U-SLOT IN RECTANGULAR PATCH        (B) U-SLOT IN THE TRIANGULAR PATCH .............................. 77 

FIGURE ‎4-9 PROPOSED GEOMETRY OF STACKED PATCH ANTENNA .......................................................................... 78 

FIGURE ‎4-10 (A) FRONT VIEW OF PATCH ANTENNA WITH MODIFIED GROUND   PLANE     (B)BACK VIEW OF THE 

MODIFIED GROUND PLANE............................................................................................................................... 79 

FIGURE ‎4-11 REGULAR GEOMETRIES WITH MODIFIED GROUND PLANES .............................................................. 79 

FIGURE 4-12 THE PROPOSED MICROSTRIP PATCH  ANTENNA. .................................................................................. 82 

FIGURE ‎4-13 SIMULATED RESULT OF RETURN LOSS FOR THE PROPOSED ANTENNA. ............................................... 82 

FIGURE 4-14 THE FIRST MODIFIED  ANTENNA.  (A) TOP VIEW  (B) BOTTOM VIEW.................................................. 83 

FIGURE ‎4-15 SIMULATED RESULT OF RETURN LOSS FOR THE FIRST MODIFIED ANTENNA. ...................................... 83 

FIGURE 4-16 THE SECOND MODIFIED  ANTENNA.  (A) TOP VIEW  (B) BOTTOM VIEW .............................................. 84 

FIGURE ‎4-17 SIMULATED RESULT OF RETURN LOSS FOR THE SECOND MODIFIED ANTENNA. .................................. 84 

FIGURE 4-18 THE THIRD MODIFIED  ANTENNA.  (A) TOP VIEW  (B) BOTTOM VIEW ................................................ 85 



 

vi 

 

FIGURE ‎4-19 SIMULATED RESULT OF RETURN LOSS FOR THE THIRD MODIFIED ANTENNA. ..................................... 85 

FIGURE ‎4-20 THE FINAL MODIFIED  ANTENNA.  (A) TOP VIEW  (B) BOTTOM VIEW ................................................. 86 

FIGURE ‎4-21 SIMULATED RESULT OF RETURN LOSS FOR THE FINAL MODIFIED ANTENNA ...................................... 86 

FIGURE4-22 Geometry of the Final Proposed Patch Antenna. (a) Top View (b) Bottom View .…... …..……..88 

FIGURE ‎4-23 SIMULATED RESULT OF RETURN LOSS FOR THE FINAL PATCH ANTENNA ............................................ 89 

FIGURE ‎4-24 VSWR VERSUS FREQUENCY PLOT FOR THE FINAL PATCH ANTENNA. ................................................ 89 

FIGURE 4-25 SIMULATED FAR-FIELD RADIATION PATTERN FOR THE FINAL PATCH ANTENNA .............................. 90 

FIGURE ‎4-26 LFCN-3800+                                 FIGURE ‎4-27 LFCN-3800+ SCHEMATIC .............................................. 91 

FIGURE 4-28 FREQUENCY RESPONSE WITH INSERTION LOSS .................................................................................... 92 

FIGURE ‎4-29 FREQUENCY RESPONSE WITH VSWR ................................................................................................... 93 

FIGURE ‎4-30 RAMP-33LN+                      FIGURE ‎4-31 RAMP-33LN+ SCHEMATIC DIAGRAM ................................ 93 

FIGURE ‎4-32 RAMP-33LN+ NOISE FIGURE ............................................................................................................. 95 

FIGURE ‎4-33 RAMP-33LN+ VSWR .......................................................................................................................... 95 

FIGURE ‎4-34 RAMP-33LN+ GAIN ............................................................................................................................. 96 

FIGURE ‎4-35 ROS-1707-119+          FIGURE ‎4-36 ROS-1707-119+ SCHEMATIC DIAGRAM ...................................... 97 

FIGURE ‎4-37 FREQUENCY RESPONSE FOR DIFFERENT TUNING VOLTAGES ............................................................... 98 

FIGURE ‎4-38 MAC-42MH+                FIGURE ‎4-39 MAC-42MH+ SCHEMATIC DIAGRAM ....................................... 99 

FIGURE ‎4-40 MAC-42MH+ CONVERSION LOSS ...................................................................................................... 100 

FIGURE ‎4-41  LFCN-225+                  FIGURE ‎4-42 LFCN-225+ SCHEMATIC DIAGRAM .......................................... 101 

FIGURE ‎4-43  LFCN-225+ INSERTION LOSS…………………………………………………………   …………...101 

FIGURE ‎4-44  LFCN-225+ VSWR……………………………………………………           ……………………     102 

FIGURE4-45 The block diagram of the Sensor RF front end.……………………………………  ……………. 102  

FIGURE4-46  circuit diagram of the implemented sensor…………………………..……………….……….     103 

FIGURE ‎5-1  THE FABRICATED FINAL PROPOSED  ANTENNA.  (A) TOP VIEW  (B) BOTTOM VIEW ....................... 107 

FIGURE 5-2  MEASURED AND SIMULATED REFLECTION COEFFICIENT FOR THE PROPOSED ANTENNA ..............  107 

FIGURE 5-3  VSWR PLOT OF MEASUREMENT AND SIMULATION FOR THE FINAL PROPOSED ANTENNA. ..........    108 

FIGURE 5-4 Wideband Spectrum Sensor.…………………………………………………………...…………. 108 

FIGURE 5-5 Sensor Components in zooming view..………………………  …..........……  …….…………..    109 

FIGURE 5-6 SPECTRUM ANALYZER NOISE LEVEL WITH RESOLUTION BW 1.0 HZ ....................... 110  

FIGURE 5-7 SPECTRUM ANALYZER NOISE LEVEL WITH RESOLUTION BW 10 HZ. ....................... 110 

FIGURE 5-8 SPECTRUM ANALYZER NOISE LEVEL WITH RESOLUTION BW 47KHZ. ..................... 110 

FIGURE 5-9 SENSOR NOISE LEVEL AT LNA OUTPUT ............................................................................... 111 

FIGURE 5-10 SENSOR NOISE LEVEL AT SECOND FILTER OUTPUT …………………………...…      111 

FIGURE 5-11 ‎ POWER IN A FREQUENCY BAND: (A) ONLY NOISE IS PRESENT (B) SIGNAL IS PRESENT. ................. 112 

FIGURE 5-12 THE BLOCK DIAGAM OF THE FIRST EXPERIMENT ........................................................ 113 

FIGURE 5-13 SPECTRUM UTILIZATION OF THE FIRST SCAN.………………………………………   113 

FIGURE 5-14 THE DETECTED PRIMARY USER SIGNALS OF THE FIRST SCAN ................................ 114 

FIGURE 5-15 SPECTRUM UTILIZATION OF THE SECOND SCAN ........................................................... 115 

FIGURE 5-16 THE DETECTED PRIMARY USER SIGNALS OF THE SECOND SCAN ............................ 116 

FIGURE 5-17 SPECTRUM UTILIZATION OF THE THIRD SCAN .............................................................. 116 

FIGURE 5-18 THE DETECTED PRIMARY USER SIGNALS OF THE THIRD SCAN ............................... 117 

FIGURE 5-19 SPECTRUM UTILIZATION FOURTH SCAN .......................................................................... 118 

FIGURE 5-20 THE DETECTED PRIMARY USER SIGNALS OF THE FOURTH SCAN ........................... 118 

FIGURE 5-21 SPECTRUM UTILIZATION FIFTH SCAN ............................................................................... 119 

FIGURE 5-22 THE DETECTED PRIMARY USER SIGNALS OF THE FIFTH SCAN ................................ 120 

FIGURE 5-23 SPECTRUM UTILIZATION SIXTH SCAN ............................................................................... 120 

FIGURE 5-24 THE PRIMARY USER SIGNALS POWER OF THE SIXTH SCAN ....................................... 121 

FIGURE 5-25 SPECTRUM UTILIZATION SEVENTH SCAN ........................................................................ 121 

FIGURE 5-26 THE DETECTED PRIMARY USER SIGNALS OF THE SEVENTH SCAN ......................... 122 



 

vii 

 

FIGURE 5-27 SPECTRUM UTILIZATION EIGHTH SCAN ........................................................................... 123 

FIGURE 5-28 THE DETECTED PRIMARY USER SIGNALS OF THE EIGHTH SCAN ............................ 124 

FIGURE 5-29 THE BLOCK DIAGRAM OF THE SECOND EXPERIMENT ................................................ 126 

FIGURE 5-30 SPECTRUM UTILIZATION OF THE FIRST SCAN ................................................................ 126 

FIGURE 5-31 THE DETECTED PRIMARY USER SIGNALS OF THE FIRST SCAN ................................ 127 

FIGURE 5-32 SPECTRUM UTILIZATION OF THE SECOND SCAN ........................................................... 127 

FIGURE 5-33 THE DETECTED PRIMARY USER SIGNALS OF THE SECOND SCAN ............................ 128 

FIGURE 5-34 SPECTRUM UTILIZATION OF THE THIRD SCAN .............................................................. 128 

FIGURE 5-35  THE DETECTED PRIMARY USER SIGNALS OF THE THIRD SCAN .............................. 129 

FIGURE 5-36 SPECTRUM UTILIZATION OF THE FOURTH SCAN .......................................................... 129 

FIGURE 5-37 THE DETECTED PRIMARY USER SIGNALS OF THE FOURTH SCAN ........................... 130 

FIGURE 5-38 SPECTRUM UTILIZATION OF THE FIFTH SCAN ............................................................... 130 

FIGURE 5-39 THE DETECTED PRIMARY USER SIGNALS OF THE FIFTH SCAN. ............................... 131 

FIGURE 5-40 SPECTRUM UTILIZATION OF THE SIXTH SCAN ............................................................... 131 

FIGURE 5-41 THE DETECTED PRIMARY USER SIGNALS OF THE SIXTH SCAN ................................ 132 

FIGURE 5-42 SPECTRUM UTILIZATION OF THE SEVENTH SCAN ........................................................ 132 

FIGURE 5-43 THE DETECTED PRIMARY USER SIGNALS OF THE SEVENTH SCAN ......................... 133 

FIGURE 5-44 SPECTRUM UTILIZATION OF THE EIGHTH SCAN ........................................................... 133 

FIGURE 5-45 THE DETECTED PRIMARY USER SIGNALS OF THE EIGHTH SCAN ............................ 134 



 

viii 

 

List of Tables 
 

 

TABLE ‎3-1 SUMMARY OF ADVANTAGES AND DISADVANTAGES OF NARROWBAND SPECTRUM SENSING.………….  53 

TABLE ‎3-2 SUMMARY OF ADVANTAGES, DISADVANTAGES AND CHALLENGES OF WIDEBAND SPECTRUM SENSING  57 

TABLE ‎3-3 AVERAGE DUTY CYCLE FOR DIFFERENT BANDS….. ……………………………………………….     59 

TABLE ‎3-4 AVERAGE DUTY CYCLE  STATISTICS.. …………………………………………….…………………    60 

TABLE ‎3-5 SPECTRUM OCCUPANCY IN THE 25-3400 MHZ FREQUENCY RANGE……………………….………     62 

TABLE ‎3-6 AVERAGE DUTY CYCLE STATISTICS IN LOCATIONS 1 AND 2.………………………………………… 63 

TABLE ‎4-1 SUMMARY OF PARTIAL GROUND EFFECT. ………………………………………………….………….  87 

TABLE4-2Dimensions of the Final Proposed Patch Antenna…………………………………………………     88 

TABLE ‎4-3 ROS-1707-119+ PERFORMANCE DATA .……………………………………………………………….  98 

TABLE ‎5-1 THE PRIMARY USER SIGNALS POWER OF THE FIRST SCAN .................................................................... 114 

TABLE 5-2 THE PRIMARY USER SIGNALS POWER OF THE SECOND SCAN ................................................................ 115 

TABLE ‎5-3 THE PRIMARY USER SIGNALS POWER OF THE THIRD SCAN ................................................................... 117 

TABLE ‎5-4 THE PRIMARY USER SIGNALS POWER OF THE FOURTH SCAN ................................................................ 118 

TABLE ‎5-5 THE PRIMARY USER SIGNALS POWER OF THE FIFTH SCAN .................................................................... 119 

TABLE ‎5-6 THE DETECTED PRIMARY USER SIGNALS OF THE SIXTH SCAN .............................................................. 121 

TABLE 5-7 THE PRIMARY USER SIGNALS POWER OF THE SEVENTH SCAN............................................................... 122 

TABLE ‎5-8 THE PRIMARY USER SIGNALS POWER OF THE EIGHTH SCAN ................................................................. 123 

TABLE ‎5-9 SUMMARY OF FIRST SENSING EXPERIMENT RESULTS ............................................................................ 125 

TABLE ‎5-10 SUMMARY OF SECOND SENSING EXPERIMENT RESULTS ...................................................................... 135 

TABLE ‎5-11 SUMMARY OF SENSING RESULTS .......................................................................................................... 136 



 

 

ix 

List of Abbreviations 
 

ACMSA Aperature Coupled Microstrip Antenna 

ADC Analog-to-Digital Converter 

A/D Analog-to-Digital  

AIC Analog Information Converter 

ANT Antenna 

ASICs Application Specific Integrated Circuits 

AWGN Additive White Gaussian Noise 

BW Bandwidth 

BPF Band Pass Filter 

CDMA Code Division Multiple Access 

CE Cognitive Engine 

COMSEC Communications Security 

CPC Cognitive Pilot Channel 

CR Cognitive Radio 

CRNs Cognitive Radio Networks 

CRS Cognitive Radio System 

CST Computer Simulation Technology 

CSMA Carrier Sense Multiple Accessing 

DAC Digital-to-Analog Converter 

DC Direct Current 

DoS Digital Of Service 



 

x 

 

DSA Dynamic Spectrum Access   

DSP Digital Signal Processing 

DSSS Direct Sequence Spread Spectrum 

DTV Digital Television 

ECMA European Computer Manufacturers Association 

EDGE Enhanced Data Rates for GSM Evolution 

ETSI European Telecommunications Standards Institute 

FBW Fractional  Bandwidth 

FCC Federal Communications Commission 

FFT Fast Fourier Transform 

FHSS Frequency Hopping Spread Spectrum 

FPGA Field-Programmable Gate Array 

FR Flame Retardant 

GND Ground 

GPIB General Purpose Interface Bus 

GPP General Purpose Processors 

GPS Global Positioning System  

GSM Global System for Mobile 

IC Integrated Circuit 

IEEE Institute of Electrical and Electronics Engineers 

IF Intermediate Frequency 

ISM Industrial, Scientific and Medical   

ITU International Telecommunication Union 


