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LOW-COST PERIMETER SECURITY  

RADAR SYSTEM 

ABSTRACT 

Radar systems are needed for various reasons. Perimeter security was previously 

provided by people constantly watching with binoculars or cameras. This attempting 

to personally ensure security environment has brought some negative aspects such as 

security weakness. With the development of modern technology such negativities 

began to disappear. With the use of radar systems in the military and civilian fields, it 

started to give humanity a sigh of relief. But the fact that perimeter security radar 

systems can be provided at a very expensive cost has continued people's search. The 

purpose of this thesis study is to develop a low-cost pulse radar system with suitable 

range. 

In this thesis study, the theoretical part of radar systems has been explained and the 

working principle of conventional pulse radars has been emphasized. In addition to 

this, carrier pulse signals are examined in time and frequency domains. In this thesis, 

low-cost radar system design is focused on using HB100 X-Band microwave motion 

sensor, low noise block converter and analog satellite finder. HB100 sensor, low noise 

block converter and analog satellite finder are cheap components that are used in daily 

life and that we can easily access. HB100 X-Band motion sensor is used for carrier 

signal generator. This sensor is modulated with the function generator and the pulse 

signal is obtained. The response of the system has been observed by changing the pulse 

repetition frequency and pulse interval of this carrier signal as desired. Low noise 

block converter, used on front of the satellite antenna, and analog satellite finder are 

used in the receiver. The analog satellite finder, which is used as a power detector, is 

used to correctly position the direction of TV satellite antennas in daily life. 

By observing the received signal on the oscilloscope, it has been revealed that the 

developped radar system has a serious potential for the target detection. 

Keywords: Pulse radar system, X-Band, Low noise block converter, Analog satellite 

finder, HB100 sensor. 
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CHAPTER 1  

INTRODUCTION 

For many years, radar technology systems have been recognized as the essential 

instrument for the remote detection and observation. It has developped by using 

electromagnetic wave that sending a waveform to target such as pulse modulated sine 

wave or continous wave. This radar system detects the reflections from the target 

above threshold voltage and processing the signal for target information such as range 

and velocity. Human eye sometimes is unsufficient to observe enviroment and risks 

under some conditions, but radars have wide capability even in the bad weather 

conditions. The history of the perimeter security is focused on construction clasps and 

barriers [1]. This fundemental idea has developed into activity detection along the 

fences across a range of sensors. There are currently a range of wire and fiber sensors 

for mounting on an enclosure as well as various IR, radar, optical, seismic, acoustic 

and sealing sensors for mounting along the fence line [2-3]. Perimeter security radar 

sensors can provide broad area observation unlike traditional cameras, can operate in 

all hard conditions effectively. The basic criteria for surveillance radars lead to the 

possibility of sensing moving persons, groups of individuals, smaller cars [3]. They 

can continue to control the specified border area independently. Security radars 

collaborate with other equipments such as cameras, thermal imaging systems, laser-

based systems. 

A basic radar includes transmitting antenna, radiate electromagnetic (EM) wave 

produced by an oscillator, and a receiving antenna to detect echo signal by the target. 

Target intercepts some part of transmitting electromagnetic wave by the source and 

reradiated waves towards to source in all directions. Obtained reflected energy by the 

receiver antenna process it for target information. Distance between target and radar 

system and relative velocity of the target would be detected by processing received 

energy. Measuring time between transmitting signal and received signal gives the 

range information from source to target. Time of flight is determined by using pulse 

waveform shape sending from the radars. When pulse waveform is transmitted by the 
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radar source to target, before the next pulse wave is emitted by the radar source, there 

must be sufficient time to come echo signal. Receiver must be turn off to block 

interferences with reception during the transmission. Also, high pulse repetiton 

frequency can cause the misleading results in measuring distances since echo signal 

could be detected after the next pulse is transmitted. The angular position or the 

direction of the object would be obtained with narrow beamwidths from the direction 

of received echo wavefront [4]. Velocity of the target is determined by shifting carrier 

frequency of reflected wave (Doppler effect) [5]. It is also possible to track the change 

of a target position continually by using radar system. Determine the range is one of 

the most important capability because no technique can not measure range as well or 

as rapidly as a radar can, but current radars have much capability about extracting 

information from the echo signal rather than measuring distance [4]. 

Radar history usually begins with experiments performed by Heinrich Hertz at the end 

of the 19th century to test the theory of James Clerk Maxwell on the electromagnetism 

[6]. The first idea is to use radio echoes detecting device designed to avoid collisions 

in marine navigation and used radio echoes to determine the height of the ionosphere 

[7]. As Heinrich Hertz conducted his experiments on radio frequency waves, he found 

that the artifacts around him interfered with the radio waves [68]. At the turn of the 

last century, scientists learned about how to use this intrusion by the phenomena of 

this intrusion [8]. Tesla proposed that reflected electromagnetic waves could be used 

to detect objects and even measure the range with wireless system through 1900 [9]. 

Tesla defined the theory of the radar like echo of sound and reflection of voice from 

a was not realized because of some problems 

and were forgetten his ideas day by day.  

This idea is used by 

detector to escape from the crash in fog [10]. He gives name to it as a Telemobiloskop 

and took its patent. The Second World War in September 1939, Watson Watt had 

designed the first radar system to warn of the approach of enemy aircraft [6-11]. In the 

recent years, capability of radars is developped to extract more formation rather than 

measurement of range.  
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Radar technology is used in many different areas (e.g. aviation, automotive industry, 

military areas). Radar uses radio waves to determine the range, angle or velocity of the 

objects. Radars originally was developed to detect terrain, ships, spacecraft, guided 

missiles, and weather formations. Perimeter security radars (PSR) are efficient tools 

for different perimeter security protection function. PSR is a class of radar sensors 

specifially designed for detection at the ground level of targets such as an individual 

walking or crawling towards a facility, as well as low flying aircraft and drones in and 

around high-sensitivity areas [1-12-13]. In these applications, target tracking and 

object recognition algorithms have been worked and radar-EO sensor fusion 

techniques are applied [12-14]. Security radars can be used for:

Base protection;

Perimeter and Critical National Infrastructure protection;

Airport, port or harbor security;

Drone detection radar;

Wildlife and game reserve observation;

Military battlefield surveillance radar;

Border Security

detect moving objects in a certain 

area and track these objects since they can operate under any enviromental conditions. 

If the target exists in the alarm areas, alarm start to operate. Perimeter surveillance 

radars generally observe areas between 80 and 360 Beamwidth of the milimeter 

radars should be as possible as narrow for high accuracy and resolution. Perimeter 

security radars work at high frequencies such as X-Ku band and modulation 

characteristics include FMCW, and pulsed. The detection capabilities of such radars 

range from several hundered meters to over a couple of 10 kilometers. 

In the modern years, rising requirement for security systems at industrial areas has 

driven great advancements in security technologies since security camera video 

analytic are insufficient due to some surveillance problems. The priority task of these 

radars is to recognize movements of targets such as a person or a car approaching an 

area for security purposes, military services. 
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In this study, a low-cost pulse radar system has been developed by using the X-band 

microwave motion sensor module HB100, low noise block (LNB) and analog satellite 

finder to ensure environmental safety. The cost of this radar system is very cheap 

compared to commercial radars for the perimeter surveillance. Cost of HB100, LNB 

and analog satellite finder is about 5$, 5$, 10$, respectively. The total cost of the 

project is about 20$. HB100 is used as a signal generator in the transmitter. A function 

generator is adjusted to generate a square wave to modulate the 10.525 GHz carrier 

frequency signal generated by HB100 module in order to detect fixed target range with 

a separate receiver system. LNB and analog satellite finder is the receiver parts in this 

study. The reflected attenuated signal from the target is amplified and down-converted 

to a low frequency by the help of LNB used at the receiver side. Another part of the 

receiver is the analog satellite finder, which is used as a power detector that 

demodulates the signal received from the LNB then the demodulated signal is observed 

at the oscilloscope. A low-cost radar system that can detect targets up to 168 meters, 

has been developped where the HB100 module is used as a high frequency carrier 

signal generator about 10.525 GHz. The LNB and analog satellite finder are used at 

the receiver part of the radar system as a RF front end. 

1.1 Significance of the Study 

Perimeter security radars are becoming more important for several reasons. The most 

significant thing is that the safety supervision system incorporates radar technology 

integrated software and CCTV in an unmatched manner, to receognise hazards and to 

sensitize situations. Robust, sustainable and working in exreme conditions. The 

importance of this research is to develop a perimeter security radar system at the X-

Band. The result of the study is as follows: 

 The study of the radar systems 

 Design of a radio frequency (RF) system for X-band  

 Developing of a cost-effective radar system 
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1.2 Motivation  

Radar systems are a crucial part of most physical security systems. Protection of 

critical structures is a growing concern in high security areas. The history of perimeter 

security is based on building fences and barriers. However, today it is not enough to 

make fences or barriers, but enviromental safety must be ensured with various ensured 

with various measures. Thus, the perimeter security system has turned into detecting 

activity along the fence or barrier using various sensors. Recently, it is widely used in 

many areas for critical infrastructure protection such as enviromental security systems, 

border security, government building security, airport security, railway and oil line 

security, wide area surveillance, etc. There are many sensors to be used for security 

purpose such as infrared, radar, electro-optic (EO), acoustic sensor etc. Although 

optical systems are used efficiently, weather and lighting conditions reduce the 

efficiency of the system. Since radars is not affected weather or light conditions, they 

are mostly prefferred for perimeter surveillance systems. There are many methods to 

ensure perimeter security. In our study, low-cost components motivated research in 

the radar system application for the perimeter security system. This experimental 

application provides the engineers detecting moving objects with low-cost components 

for the security.  

1.3 Purpose of the Thesis 

A main purpose of this thesis is to design perimeter surveillance radar system with 

low- cost budget. Some goals that are tried to be achieved in this thesis. One of the 

goals of this research is to detect targets over 150 meters with cheap components. 

Radars is normally used for the security and civil purposes, quite expensive, and the 

need for using is increasing day by day. In this research, total cost of this experimental 

research which is quite cheap, is about 20$. In this research, HB100 microwave motion 

sensor is used as a transmitter.  On the other hand, LNB is used as a receiver part and 

analog satellite finder which another part of the receiver system, used as a power 

detector in this experiment. Analog satellite finder is normally used to increase 

sensitivity of the satellite TV receiver while adjusting satellite antenna. These 
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components are combined to develop a pulse radar system with low cost at the X-

Band.  

 1.4 Thesis Structure 

This experimental study is consisted of five chapters; chapter one includes introduction 

which gives a brief background introduction, importance of study, motivation and 

purpose of the study are given. Chapter two covers general information about radar 

systems and components of this study. Chapter three is talking about experimental 

setup in details where it shows how developped low-cost radar system in X-Band. 

Chapter four gives the results obtained from the experimental setup and conclusion 

and recommaditions are mentioned in chapter 5.
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CHAPTER 2 

FUNDAMENTALS AND LITERATURE REVIEW 

2.1 Radar Theory 

Radar is a sensor which is developped for detection, tracking or imaging objects that 

reflect electromagnetic waves [15]. Range, radial velocity, and angular velocity can be 

obtained by processing the received signal and good resolution can provide shape or 

size of the target [16].  

In the principle of radar application, a transmitter emits EM wave to target generated 

by an oscillator. This process can be achieved under different conditions such as rain, 

fog, snow and daytime night/night. A portion of   electromagnetic waves reflected from 

target and scattered in all directions. Echo signal is got by the receiver antenna and 

EM wave is send to receiver for the signal processing. By evaluating this received 

signal, it can be reached to the direction, range, height and an even image information 

about the target. The basic concept figure is shown in figure 2.1. 

 

 

Figure 2. 1 Typical operation of a radar system [1]. 

 

Radar systems can be used in the many areas [16] 

Civilian Applications 
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 Velocity measurement 

 Height measurment 

 Alarm systems 

 Mapping 

 Weather forecasts 

  Military Applications 

 Missile systems 

 Detection of air vessels 

 Fire control systems 

 Enemy surveillance systems 

Scientific areas 

 Space researches 

 Mapping 

 Remote monitoing 

 Precise distance measurement 

2.2 The Radar Equation 

The radar equation is based on the characteristics of the transmitter and receiver power, 

antenna, object, and environment. It is useful not only for distance determination from 

the radar to the object, but also as a way of interpreting the function of the radar and 

as a base for designing [4]. In this section, we represent radar equations. 

Pt represents the output power radiated by the transmitter antenna. Isotropic antennas 

radiate uniformly in all direction.  St represents power density, can be find at a distance 

R divided by the surface area 4 R2   of an imaginary sphere of radius R. Power density 

from isotropic antenna   

          St =                                                                                                                                          (2.1) 

Directional antennas are used to increase the power density in a particular direction 

and generally characterized by antenna gain G and effective aperture Ae. According to 
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monostatic antenna, the power density at a distance R away from a radar utilizing a 

directive antenna of gain is represented by the Pd 

                                                                                                 (2.2)                                                                                                              

In the monostatic radars, same antenna is used both transmitter and receiver while 

bistatic radars use different antennas for transmitter and receiver. The Figure 2.2 

represents two basic radar sytems. 

 

Figure 2. 2 Monostatic Radar and Bistatic Radar [17].                                 

A portion of transmitted power is reradiated to different directions from te target. The 

measure of the amount of incident power intercepted by the target and reradiated back 

in the direction of the radar is denoted as the radar coss section . Power density of 

echo signal at radar  

                                                                                                        (2.3) 

The radar cross section (RCS)  is defined by units of area. RCS is the ratio of the 

reradiated power to radar direction to the incident power denstity on the target and 

symbolized by the units of m2. The radar receiver antenna obtains a part of the reflected 

power. The effective area of the receiving antenna is denoted Ae received total power 

Pr by the receiver of the radar  
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Minumum detectable signal (MDS) is the minumum power level for the processing 

the signal for the output. MDS can also be interpreted as the input signal power to 

obtain a aprticular SNR at the output. It the radar systems, it can be defined as a 

minumum discernanle signal that measuring lowest input signal that can be recognized 

above background noise. The measurement of the lowest detectable signal at the 

receiver is one of the significant factors to determine the maximum target range.                                            

Minumum detectable signal power is defined by the  and maximum range is 

obtained when echo signal   obtained is equivalent to the minumum detectable signal 

 

 ]1/4                                                                                               (2.5)                         

Antenna theory represents the relationship between the transmitter antenna gain and 

the receiving effective area of an antenna as  

                                                                                                                                                                                   (2.6) 

Substituting (2.6) into equation (2.5) 

          ]1/4                                                                                                    (2.7) 

In the bistatic radars, transmitter and receiver antenna is used seperately. Unlike 

monostatic radar, transmitter and receiver antennas is placed by a distance in the 

bistatic radar [18]. In the bistatic radar equation, received power PR is given below 

equation  

                                                                                                             (2.8) 

In equation 2.8, GR and GT are the receiver and transmitter gain, respectively, 

wavelength of the transmitted signal, Ltr is the transmitter and receiver way loss. SNR 

is the ratio of the received power to noise power of the receiver system. Received noise 

power  

                                                                                                             (2.9) 
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) 

T0 is the absolute temperature (290 K) 

B is the receiver bandwidth (Hz) 

F is the receiver noise factor 

Noise figure is the ratio input SNR to output SNR of the receiver. It is the noise factor 

(F) but defined by dB unit.  

                                                                                            (2.10) 

2.3 Resolution and Accuracy 

Accuracy of radar range measurement is a measure for how great tolerances in order 

to determine target range. Range accuracy measurement depends fundementally on the 

SNR and bandwidth. While runtime measurement of pulse signal, a time point of 

received signal is chosen above the the threshold voltage, 0.707 of the maximum 

voltage, but detectable edge of the echo signal is obtained early due to noise on the 

signal. Lower SNR leads to poor range accuracy. Range accuracy is defined by  

                                                                                                                     (2.11) 

Range resolution is the ability of the radar, determines how close different objects in 

different ranges can be spaced in order to be differentiation of the targets [19]. This 

ability related to bandwidth. 

B, and is related to bandwidth of the transmitted signal, shown by B =  . Range 

resol  

                                                                                                             (2.12) 
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Figure 2. 3 Range resolution of two targets [20]. 

 

Figure 2. 4 Example for the ability to seperate targets at different ranges [20] 

Pulse width is the critical paramater for the range resolution. While transmitted short 

pulse width provide better range resolution but energy of the transmitted signal 

decrease due to lower peak power of the signal, increasing pulse width provide poor 

range resolution but energy of the pulse increased so getting more range. Distances 

between targets at the same range should be higher than half of the pulse width in order 

to be seperated the targets by the receiver as seen in the Figure 2.3 and 2.4. When the 

distance between targets is not half of the pulse width, targets are seen like overlapped 

on the receiver. Target will be seen as a one waveform so receiver sense as an one 

target. 
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2.4 Radar Cross Section 

Radar cross section (RCS) is a s ability to reflect radar signals 

in the direction of the radar. RCS is represented in the square meter (sqm) and affected 

by the transmitted frequency, shape of the object and the viewing angle of the antenna. 

Some RCS values is shown below table 2.1. 

Table 2. 1 Typical radar cross section values [21] 

 

 RCS can also be defined a ratio of scatttering power density to incident power density 

[4]. Intercepted power from the object is correlated with RCS and characterized by the 

i (W). This intercepted power is absorbed as a heat or reradiated by the target to 

radar. Scattered power is  of space is  

                                                                                                            (2.13)                               

Let s find the RCS, is defined by , usually square meters, distance R from the target   

                                                                                                            (2.14)         

Ps: Scattered power density in the receiver direction [W/ ] 

Pi: Incident power density on the target [W/ ]             

Radar cross sections is not same as the physical area of the target. The cross-sectional 

area of the target radar is dependent on frequency, object geometry, target materials 

and the angular properties of the target and the direction of the radar viewed [6].  

In principle, RCS can be decided by helping of Maxwell equations and the boundary 

conditions applied. Figure 2.4 shows backscatter from common shapes. The sphere 
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reflects isotropically electromagnetic echos in all directions and its of the RCS is equal 

to   where r is radius of the sphere. Flat plate scatter waves back waves to radar 

perpendicular to target. The RCS of the flat plate is equal to   / . A tilted plate 

radiates away from the radar. The corner reflects directly back to radar as same as flat 

plate.   

 

Figure 2. 5 Backscatter from objects having different shapes [22]. 

The region in which the sphere is tiny relative to the wavelength is known as the 

rayleigh region ). Radius of sphere and wavelength are represented and 

, respectively. RCS 23].  

 

Figure 2. 6 RCS of the sphere 
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The size of the raindrops and other atmosphere particles is compared with usual radars 

is smaller than wavelength and this leads to invisible to radars for this particles. 

Weather radars should use high frequency range to achive detection of raindrop 

reflections. At the other side of Rayleigh is the optical field, where the sphere 

dimensions are greater relative to the wavelength >>1). For optical region, 

greater converges towards the 2.  

2.5 Radar Frequencies 

Traditional radars have been used at frequencies between 220 MHz and 35 GHz. 

Today, radars generally are operating at the milimeter wave. Limited frequency range 

is not existing for the radar and radar operations depend, but operations depend on the 

frequency range. Radars which have different bands show different capabilities rather 

than other frequency band [16-24]. 

Letter code like S, X, L, etc., were early used in the production of radar for designation 

of radar frequency bands. Although the initial goal was to preserve military 

confidentaly, the designations were kept, probably out of habit as well as the need for 

some convinent short nomenclature. This use has persisted and is now an accepted 

practice of radar engineers. Table 1.1 lists the radar frequency letter-band asssigned 

by the International Telecommunication Union for radar. The place of radar 

frequencies in the electromagetic spectrum is shown in Figure 2.7. 

 

Figure 2. 7 Radar frequencies and the electromagnetic spectrum [4]. 



16 

 

 

For example, although the nominal frequency range for L band is 1000 to 2000 MHz, 

an L-band radar is thought of as being confined within the region from 1215 to 1400 

MHz since that is the extend of the assigned band. Letter-band nomenclature is not a 

substitute for hte numerical frequency limits of radars. The specific numerical 

frequency limits should be used whenever appropriate but the letter designations of 

Table 2.2 may be used whenever a short notation is desired 

Table 2. 2 Standart radar-frequency letter-band nomenclature [4]. 

 

2.6 Pulse Radar 

Most radar systems are pulsed such as most airborne system, altimeter. Transmitter 

radiates pulse waveform to airspace in order to determine range of the target. Range 

of target is determined by time of flight of the pulsed signal.  

                                                                                                                                (2.15) 

Transmitter power should be high to achieve a long range. During receiving the 

reflected signal, transmitter must be off in order to prevent signal leakage. Switch as 

called duplexer isolates the transmitter section from the receiver during the 

measurement. When the echo signal is received from the sensitive receiver, it is 

isolated from the transmitter.  

When echo signals are obtained after second transmitted pulse signal, taken over the 

pulse repetition period, is defined by multiple time around echoes. It leads to 
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inaccurate distance measurement, called range ambiguity. One way to differentiate 

multiple time around echoes from unambigious reflections are to work with a varying 

PRF. It should be solution for the multiple time around echoes.  Another way rather 

than varying pulse repetition frequency can be differentiation of pulse amplitude, 

frequency or pulse width, but they are not so strong in practice. Low PRF is 

achievement way for unambigious measurement of the target range but produce the 

velocity ambiguity. Low PRF is the trade-off for the range and velocity ambiguity. To 

avoid Doppler frequency ambiguity, high PRF is used but getting blind range. 

Compromise between range ambiguity and blind speed ambiguity can be achieved 

with pulse Doppler radar or MTI radar. MTI radars prefer to use low PRF to avoid 

range ambiguity but results in blind velocity. Pulse-Doppler radar is the good solution 

for the ambiguity in Doppler frequency but expose to blind range resolution so medium 

PRF (3 - 30 kHz) is used with the pulse Doppler radar. 

Pulse repetition frequency is the number of the pulses transmitted per second towards 

to target. Pulse signals is transmitted as a periodic by the radar. The duration interval 

between rectangular shaped pulses is pulse repetition time (PRI) in the time diagram 

of the transmitter modulation as shown Figure 2.8. It is shown as a 1/fr which is the 

inverse of it called as a pulse repetition frequency (fr). Transmitted pulse width is 

 

 

Figure 2. 8 Time diagram of the transmitter modulation. 

The duty cycle or means that duty ratio is the ratio of the transmitted pulse width to 

pulse repetition interval (periodic time) on time. 

         Duty cycle =  r                                                                                                                                                             (2.16) 

The energy of the pulse signal is the  
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         Et = Ppk av Tr                                                                                                                                             (2.17) 

where Ppk: Peak pulsed power 

 Pulse width 

Tr: Pulse Repetition Interval (PRI) 

Obtaining power average is 

         Pav = Ppk  = Ppk * duty ratio                                                                         (2.18) 

Since the transmitter is off during the receiving, the pulses radar does not continuously 

radiate, the average power is marginally lower than the peak power so average power 

is measurement of the radar system capability. If the transmitter output power is high, 

greater range could be achieved with the amount of the energy in this waveform. 

Average power is obtained by the peak power multiplied with the duty ratio of the 

pulse waveform. In order to maximize range, there are different ways of the increasing 

average power by extending the PRF, pulse width and the peak power. The energy of 

the signal is related to the width of the pulse. The energy of the signal is the pulse 

width multiplied by the peak power of the pulse waveform. Greater pulse width, 

getting the maximum range is increased. 

Since wider pulse contains more energy, the greater the transmitter power enable 

higher range capability reception. Greater average power is obtained with wider pulse 

widths. 
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Figure 2. 9 Three ways of increasing avarage power. 

In a radar system, power of the echo signal can be about picowatt, on the other hand, 

transmitter power can be megawatt. Repetitive train of short pulses is generated by 

modulating of the carrier sine wave with amplitude shift technique. Leading edge of 

the pulse signal is the referance for the starting measurement of time between radar 

and target. The measurement is completed with the rising edge of the pulse shaped 

signal. The most important feature of pulse radar is the time controller. Synchronizer 

generates trigger pulses, timestamps and switching gates to determine starting point of 

the waveform generator. The transmitter may be a power amplifier, such as the 

Klystron, travelling wave or transistor or power oscillator, such as magnetron which 

is used in early radars [25]. A pulse modulator turns on and off in synchronism with 

the input pulses, when a power oscillator is used, it is also turned on and off by a pulse 

modulator to generate a carrier pulse waveform [25]. Waveform generator produces 

radar signal with pulse modulator which turn on/off amplifier for producing pulse 

waveform, as seen block diagram in Figure 2.10. Transmitted waveform signal is given 

mathematically below equation 2.19. 

         (t)]                                                                     (2.19) 
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A(t) function describes the transmitter on/off. If switch is on, A(t) is 1 or means that 

carrier signal is transmitted and transmitter is 0 W with A(t) 0 when receiver is 

sensitive to radar signal. It is a simple form of amplitude shift keying (ASK) 

the modulated signal [26]. In the phase modulation, phase of the radar signal is 

changed by phase shifter after amplitude modulation.  

Pulse radar system transmit pulse shaped of the EM waves to target. In pulse radar 

technique, range measurement can be simplified. If the pulses are sufficiently 

seperated, range of the target can be precisely determined merely by measuring the 

elapsed time between the transmission of a pulse and the reception of the echo [23]. 

Receiver is isolated from the transmitter via duplexer during the transmission but after 

transmission, transmitter is isolated from the receiver until next pulse send out. It 

provides many advantages that protects receiver from high voltage during the 

transmission on the monostatic antenna system. 

                                                     

 

Figure 2. 10 Pulse Radar System. 

Duplexer isolates the transmitter from the receiver ssytem. In the superheterodyne 

receiver section, Low noise amplifier (LNA) is employed 2.8]. LNA is to 

amplify weak signals, increasing SNR by minimizing noise. LNA increasing gain of 
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the signal with the minumum noise in the receiver. Receiver is heterodyned with the 

referance oscillator in the Figure 2.8. Coherent detector is used for the phase detection 

with referance oscillator. Match filter is used to achieve the SNR and obtained 

transmitted signal in the additive white Gaussian noise. Received signal is processed 

in the signal processor section in the receiver of the radar. 
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CHAPTER 3 

SYSTEM DESIGN AND VERIFICATION 

3.1 Transmitter Subystem 

3.1.1 HB100 X-Band microwave motion sensor 

HB100 series of microwave motion sensor module are X Band Mono static Dielectric 

Resanator Oscillator (DRO), Doppler transceiver front-end module as shown in the 

Figure 3.1. HB100 module is consisted of mixer, DRO and patch antenna as seen in 

the circuit design. This microwave motion sensor module is shown at the Figure 3.1. 

+5V Dc voltage is supplied to run for CW operation. This sensor also can be operated 

by +5V low duty cycle pulsed trains in order to decrease its power consuming. Power 

of the sensor and radiated frequency is constant because it is fixed by the factory so 

adjustable section is not required. 

 

Figure 3. 1 HB100 Doppler sensor module. 
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Table 3. 1 Sensor Specifications. 

 

HB100 module is able to detect single objects with continous wave. These modules 

can be used for intruder alarms, movement detection and measuring speed of the target. 

This motion sensor can detect objects to range of up to 20-25 meter with radiated 

frequency is about 10.525 GHz. These modules are consisted of patch antenna, mixer 

and dielectric resonator oscillator (DRO). Dielectric resonator oscillator is used as an 

internal signal generator. Transmitted signal generated from the oscillator sent by 

patch antenna and also local oscillator is used with mixer. At the same tuned specific 

frequency, it operates in the bi-static Doppler radar module. Signal generated from the 

oscillator and echo signal mixed in the mixer. After the mixed signal, difference 

frequency between oscillator and received signal is sent to IF section on the module. 

IF output of the module is connected to high gain low frequency amplifier in order to 

get processable level for the Doppler shift.   

Radiated power of the microwave sensor is the minumum level of 12 dBm and 

maximum level of 18 dBm. Sensivity is the minumum signal, receiver can detect and 

process. This microwave motion sensor has -86 dBm sensivity and 10 dbi gain. In 

addition to this, microwave motion sensor has typically elevation degree about 40  and 

azimuth degree about 80 . Microwave motion sensor circuit schematic and radition 

pattern is given below Figure 3.2 and 3.3, respectively. 
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Figure 3. 2 The schematic of the HB100 microwave sensor. 

 

 

 

Figure 3. 3 Radiation Pattern. 

Doppler shift is detected in the IF when stationary object moves. Received output of 

the module  Doppler shift output energy is proportional to 
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scattered of transmitted energy. In order to get processable level from the output of the 

IF terminal, high gain low frequency amplifier should be used. Human movement 

occurs Doppler shift below 100 Hz. Beneficial capability for seperating the reflected 

signal from the transmitted signal as there is relative change between radar and moving 

object depend on recognizing change in received signal frequency caused by Doppler 

shift. Frequency shift in Doppler effect depend on velocity of the target or radar. For 

example, if a train close or recede from the observer, frequency change will result in.  

If the object is approaching to radar, reflected received signal will be ft + fd or target 

getting away, Doppler frequency will be negative, ft  fd. It is the basis of CW. In the 

below , Doppler shift is shown, and Doppler equation is given  

 

Figure 3. 4 Doppler effect. 

                                                                                                    (3.1)                                             

Fd = Doppler frequncy 

V = Velocity of the target 

c = Speed of the light (3 x 108 m/s) 

 =The angle between the object moving direction and the axis of the sensor 

93 dB total loss occurs between received signal and transmitted microwave signal from 

the module, caused by the target and free space loss as well as other losses leads to 



26 

 

 

loss total of 93 dB. Received signal strength (RSS) can be used as a signal strength 

estimate for a person 15 meters away, who walks directly to the module at 1.28 

km/hour. Human body reflection varies with body height, cloth, apparel and other 

environmental factors. For two human bodies, measured RSS can differ by 50%. Outer 

effects such as surrounding cause noise rather than of inside of electronic circuit.  

3.2 Receiver Subystem 

3.2.1 Low Noise Block Downconverter 

Low noise block downconverter is a device that a critical part of the receiving end of 

a satellite communication system and mounted on parabolic dish antennas and 

commonly used for the satellite TV as an example Figure 3.5 given below [27-28]. 

High frequency signals traveling from the satellite, reach to the focus of the antenna 

and reflect from the surface of the dish antenna to LNB. Antenna is used a passive 

device here. The coming signal from the dish antenna, firstly, obtained corrugated horn 

antenna and propagates down the waveguide of the feedhorn and entering into a 

rectangular chamber mounted at the front of the low noise block downconverter 

(LNB), in which a tiny resonant probe is located in [28-29]. This probe provides to 

conduct signal moving into the first level of electronic amplification. With amplifying 

the received signal from the satellite, the thermal noise is produced in the first level of 

electronic amplification. Received signal is amplified with internal minumum noise 

caused by the LNB.  

LNB is consisted of mixer, low noise amplifier and IF amplifier. LNB is the first active 

element to operate on high frequency signals coming to the focal point of the antenna. 

Microwave signals collected from the dish is weak signals, so these signals are 

amplified by low noise amplifier and downconverted the block of frequencies to lower 

block of the IF frequency with mixer section. Downconverted signals is send to indoor 

satellite TV receiver with coaxial cable but coaxial cable attenuate the signal about 10-

20 dB between LNB and indoor satellite receiver. It depends on quality of coaxial 

cable and length of the cable.  After downconverting signal to block of 975-2150 MHz 

frequencies, IF amplifier is used to strength the signal for cable loss. 
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Figure 3. 5 Low Noise Block Downconverter [30]. 

3.2.1.1 Feedhorn 

Reflector dish antenna reflect satellite signals to focus point of the antenna. Feeder is 

mounted on the front of the LNB. It is task of the feedhorn to collect the signal that 

stage of the amplification [31]. It is designed that unwanted signals or noises from the 

environmented are rejected out with waveguides. Signals is gathered by the feeder 

from the dish antenna which collects microwave signals to focal point between 4-21 

GHz and signals is fed to a section of waveguide [31]. LNB and feedhorns is a single 

unit and positioned on the front of the reflector antenna is called LNBF. LNBF is 

consisted of feedhorn and polarizer with LNB. After signals coming from the satellite 

is picked up by the feedhorn, fed to waveguide for the polarization. There are 

horizontal and vertical probes inside feedhorn. These probes, horizontal or vertical, 

resonate with the incoming polarization signal and transmit the signal to the inside of 

the LNB to amplify signal. Power supply (13 V or 18 V) determines the polarization 

of the signal by adjusting probes. 
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3.2.1.1.1 Polarization 

Satellite TV signals can be polarized because it enables a way of sending more TV 

channels using a given frequency band. This approach needs the use of receiving 

equipment that can filter incoming signals based on their polarization. On the same 

frequency, two satellite TV signals can be transmitted and provided that these signals 

are polarized differently, the receiver can seperate them and display whichever one is 

currently required [29-31]. Power supply voltages is used to determine the vertical or 

horizontal polarization for a universal LNB. 13V (vettical) or 18V (horizontal) supply 

is used to choose polarize signals by activating switch before the signal amplification. 

This DC power is normally supplied from the indoor satellite receiver. Waveguides 

(generally WR75-WR90) inside LNBF is used to polarize satellite signals for vertical 

or horizontal signals. LNB polarizaiton table is given at the Table 3.2. 

Table 3. 2 LNB Polarization. 

Supply 

Voltage 

Polarization Frequency Band Local Oscillator Frequency IF Range 

13V Vertical 11.70 12.20 GHz 10.75 GHz 950-1,450 MHz 

18V Horizontal 11.70 12.20 GHz 10.75 GHz 950-1,450 MHz 

13V Vertical 3.40 4.20 GHz 5.15 GHz 950 1,750 MHz 

18V Horizontal 3.40 4.20 GHz 5.15 GHz 950 1,750 MHz 

 

3.2.1.2 Single Band LNB 

When we need to specify the LO value (or values) of the LNB, we use software in the 

receiver. Single Band LNB allows to one channel by feeding only a single receiver. It 

has only one oscillator. 
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3.2.1.3 Dual Band LNB (Universal LNB) 

Two different switchable local oscillator frequency is used for dual band LNB. Local 

oscillator frequencies can be switched between different values because some 

frequencies fall outside the L band frequency range which satellite TV receiver 

operates. Broadcasts in the range of 10.70- 11.70 GHz use the frequency of 9.75 GHz 

LO, while broadcasts in the range of 11.7- 12.75 GHz use the frequency of 10.6 GHz 

LO. 22 kHz signal sent by the receiver to LNB, switching technique is used by 

selecting LO frequency for the band selecting. This allows to show different TV 

channels with more receiver. In addition to this, 13V-18V supply voltage is used to 

polarize signals (vertical or horizontal) in the Ku band satellite.    

Table 3. 3 Dual band LNB. 
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Figure 3. 6 LNB PCB Board [30]. 

3.2.1.4 Low Noise Ampifier 

Satellite signals get attenuated until they reach the dish antenna. Before 

downconverting signal process, these signals should be amplified. LNB includes low 

noise amplifier to amplify weak signals, collect by the LNB. Low noise amplifier 

amplifies low power signals adding little noise to the signal above the noise floor (NF).  

NF of the ideal LNA should be 0 dB and 1 dB which is good for a LNA. Its basic 

function is to ampify received weak signal with minumum distortion. To achieve this, 

the NF should be minimal, and its level depends on manufacture tolerances so NF can 

be different for every LNB production. The main signal will be amplified generally 

between 46-65 dB gain. The LNB get its power to operate from the indoor satellite 

box with coaxial cable carries signal. 

3.2.1.5 Block downconversion 

High radio frequencies is transmitted to earth by the satellite for TV broadcasting. The 

dish antennas is positioned on the outdoor because of these signals would not pass 

walls or roofs. Microwave signals reaching to LNB are between 10.7 GHz and 12.75 

GHz. These high frequencies should be downconverted to L band range of frequency 
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(950-2150 MHz) for processing. These lower frequencies would be sent through 

coaxial cables with less attenuation. 

After attenuated high frequency satellite signals is amplified at the LNA, these high 

frequencies should be converted to lower frequencies for processing at the indoor 

satellite receiver. Intermediated frequency is called lower frequency difference 

between fixed local oscillator frequency and coming frequency. Local oscillator (LO) 

frequency is that produced from dielectric resonator oscillator inside of the LNB and 

received signal is mixed for the IF. Mixed frequencies are summing of the frequencies 

and difference between local oscillator frequency and satellite frequency. After getting 

intermediate frequency, filter process is applied to select lower frequency. Finally, 

lower frequency is amplified with IF amplifier and set down to coaxial cable for indoor 

satellite receiver. 

LO inside the LNB produce a constant frequency. Local oscillator frequency changes 

according to block of incoming signal and what block of satellite frequencies is opted 

by the local oscillator downconverted to the frequencies for the receiver. For example, 

LNB local oscillator frequency operates differently in satellite frequency in the range 

of C and Ku band. Astra 2A and 2B use frequency range of 11.70-12.75 GHz. A local 

oscillator frequency of 10.60 GHz is used to downconvert Astra satelllite frequency 

downconverted to range of frequency 1.100-2,150 MHz for receiver  IF tuning range 

950-2,150 MHz. On the other hand, Astra 1KR transmit frequency range of 10.7-11.7 

GHz so 9.75 GHz local oscillator should be used generate block of 950-2,150 Mhz for 

the European receiver IF tuning range. Generated IF frequencies between 950-1950 

MHz are in the European receiver band of tuning range. 

 In the C band, transmitting frequency range 3.7-4.2 GHz which is lower than the local 

oscillator fequency and requiring local oscillator frequency of 5.150 GHz. IF will be 

in the L band frequency range of 950-1,450 MHz which is difference band rather than 

others. It will reject higher band (8,850-9,350 MHz) by the filter. 
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3.2.2 Analog Satellite Finder 

The satallite finder provide connection between the LNB and the satellite receiver for 

quick and simple setup of the satellite dish antenna. Satellite dish is a dish-shaped type 

of reflector antenna setup for collect signal of the communication satellite. Satellite 

finder demonstrates strength as the satellite alignment is adjusted, both vertically and 

horizontally, to find the strongest possible signal. Satellite finder is a meter which 

connects in-line with LNB, supplied by indoor TV receiver, which shows the signal 

energy in the L band frequency range or LNB IF section. Our signal strength meter 

measures the amount of RF energy over a wide spectrum of frequency range by 

integrating the power from all transponders and generating RSS indicator output, by 

means of proportionate DC voltage. Maximum and minumum input power of this 

satellite finder is -10 and -40 dBm. Diode detector in the circuit leads to 6 dB loss and 

non-inverting opamp circuit leads to greater gain output power level.  Diode detector 

and opamp in this signal strength meter detect RF power by means of DC output 

voltage.  

The circuit of the satellite signal meter is shown below [6]. The IC 78L10 voltage 

regulator convert DC obtained from the LNB itself to 10V regulated output for supply 

the non-inverting opamp. L1 inductor isolate RF input signal passing into the the 

circuit in order to reduce signal loss and unnecessary interferences. 39pF capacitor 

coupling the RF signal obtained from the LNB and decouple the DC from the sensor 

stage.  

The silicon fast recovery high speed diode network formed by the two 1SS99 Schottky 

diodes rectify the obtained RF signals into observable DC signal. L2 inductor allows 

coupling DC signal to sensor stage but 1 nf capacitor grounded because unwanted AC 

signal leakages. 

RF signal is coupled to noninverting input of the opamp which is configured as a high 

gain. Gain of the signal is adjustable with feedback pots so that the circuit can be tuned 

to provide higher sensitivity and to achieve the lowest possible signal from the LNB.                        
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                                       Figure 3. 7 The circuit design of the satellite finder [6]. 

3.3 System Verification 

This section deals with power calculations which need to be take into consideration 

when designing radar system, is supported by test modules and system design. Also, 

pulse radar system development is explained in detail. 

In this simplified model, development of the system, given in the Figure 3.8. Function 

generator drives a microwave motion sensor which generates pulse waveform directly. 

Square wave or pulse waveform can be get from the function generator using TTL 

output or signal output. 

 

Figure 3. 8 System design schematic. 



34 

 

 

HB100 microwave motion sensor gives output of continous wave operation with + 5V 

DC supply. Its output depends on the input waveform of the microwave motion sensor. 

If it is operated with typically +5V dc power supply, function of the of the sensor will 

be continous waveform. TTL output of the function generator or square wave can drive 

the microwave motion sensor with enough peak-topeak voltage level. Sensor generates 

pulse waveform output or we can say that input supply of the microwawe sensor is 

modulated by the square waveform or TTL output of the function generator. 

TTL is the logic family composed of bipolar junction transistors. Transistor to 

transistor logic circuits which is the type of digital integrated circuits, use like NAND, 

NOR logic gates. TTL inputs employed multiple emitters. Ideally, in the function 

generators, TTL high output level is 5V or other means that TTL output of the function 

generator generates exactly constant 5V square wave (high logic state) with the 2-5V 

input or else low logic state for 0-0.8V  

Normal output of the function generates produces signal with varying amplitude. For 

example, if you set the function generator for 1kHz, 4.75V peak-to-peak sine or square 

wave, output of the function generator produces same input signal, generate 4.75V sine 

or square wave at the 1 Khz. Signal frequency or signal amplitude can be sweeped for 

the normal output. 

HB100 microwave motion sensor module operates at the 10.525 GHz. It consisted of 

dielectric resonator oscillator (DRO). Oscillator which is used in the HB100 sensor 

module, dielectric resonator which is the frequency determining element. It is used to 

generate signal with good stability. Physical dimensions of the dielectric material 

determine the resonant frequency is produced by the DRO. Frequency of the DRO is 

the fixed but adjusting the resonant frequency can be accomplished with mechanical 

tuning. It also can be achieved with electrical or varactor tuning. 
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Figure 3. 9 Transmitter and Receiver. 

HB100 microwave motion sensor radiates waveform power level of between 12-18 

dBm. In the transmitter section of the radar system, GW-INSTEK SFG-2110 function 

generator is used to modulate the input of the sensor. +5V input of the sensor is 

modulated by the square wave or TTL output as a defined on-off keying (OOK) 

technique which is the special case of Amplitude Shift Keying (ASK). ASK is clearly 

described with equation 2.19. Power should be between 4.75-5.25V to operate the 

module. It results in continous waveform at 10.525 GHz. If power is given above 

maximum limit, the sensor could be burn-off. HB100 radar module sensitivity is the 

-64 dBm. HB100 microwave motion module sensor can 

not detect signal below power level of -64 dBm.  

In this study, module is feed with minumum 4.75V and maximum 5.25 V in order to 

operate. Dielectiric resonator oscillator is directly coupled with input of feeding. DRO 

generates CW signal with +5V DC supply. In this research, +5V input of the module 

is modulated by the pulse wave or square wave with 10.525 carrier frequency. Pulse 

modulated CW radar is a type of amplitude modulation. Modulatig pulse and RF 

carrier signal is shown below Figure 3.10 and 3.11, respectively.  
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Figure 3. 10 Modulating Pulse. 

 

Figure 3. 11 RF carrier. 

Functon generator generates periodic train of pulses as given Figure 3.10. When square 

square wave 

module is off mode because of the required supply power of the module. Modulated 

RF carrier signal is shown below Figure 3.12. Pulse wave amplitude is about 5V and 

modulation frequency and duty ratio is tunable in the function generator.  

 

Figure 3. 12 Modulated CW signal. 

The basic concept of the modulating pulse is shown the Figure 3.13. The carrier signal 

freqeuncy is 10.525 GHz. Pulse width is 2ms and pulse repetition interval is 10 ms or 

means PRF is 100Hz and duty ratio is %20.  
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Figure 3. 13 The basic concept of the modulating pulse. 

Pulse radar has a capability to measure the range of the target. Distance measuring 

needs time refarence for a radar system. In the pulse radar system target measuring can 

be calculated with below formula. 

                                                                                                                              (3.2) 

Signal propagates at the  (c) through the free air.  defines the 

time of flight between the radar and target. Distance must be half of the speed of the 

waveform times period since signal takes two way between the target and the antenna. 

Also, range depends on the pulse width. If the pulse width increases in the waveform, 

average power of the transmitted signal will be improved so increasing measuring 

range could be successed. On the other hand, range resolution will be poor with 

inreasing pulse width because echo signals are overlapped so it is diffucult to separate 

them.  

In this experimental study, RCS of the metal sheet was used about 1 m2. The target 

was placed about 10 meters from the radar due to limited laboratory conditions and 

exist clutters due to conditions in laboratory. Setup system is given below Figure 3.14. 
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                                               Figure 3. 14 System setup. 

Receiver section is consisted of the LNB and satellite finder. Tektronix digital 

oscilloscope which is used in the experimental study. It has 50 MHz bandwidth. Echo 

signal can not directly be seen on this oscilloscope due to limited bandwidth, so it 

needs to be downconverted low frequency and demodulated. LNB downconverts the 

high frequency signal to low frequencies. Echo signals pass through the feed horn 

before the amplified signal. Feedhorn is placed at the front of the LNB used to select 

signals. Waveguide in the feedhorn select polarized signals with resonance probes 

according to echo signal so unwanted signals is rejected. WR-75 flange is used in the 

waveguide of the feedhorn. 

Feedhorn section is consisted of the corrugated horn antenna and rectangular 

waveguide. 13V DC supply to LNB provides to select vertical polarization signals. 

Feedhorn antenna have low gain about 5-6 dBi due to open-ended waveguides.  

After corrugated transition to rectangular waveguide, received echo signal should be 

downconverted to low frequencies for signal processing. Low noise block 

downconverter circuit schematic given below the Figure 3.15. Bandwidth of the LNB 

is about 2 GHz. 
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                    Figure 3. 15 Schematic of the Low Noise Block Downconverter [32]. 

In the LNB, received signal which passed through feedhorn and after enter the inside 

of LNB, exposed to filter processing through bandpass filter. Bandpass filters pass the 

determined range of frequencies so reject noise signals from the environment and 

followerd by the LNA. 

LNA amplify weak received echo signals and amplifies received attenuated signals 

without much reducing its signal-to-noise ratio.  Attenuated echo signals are amplified 

about 20 Db by the LNA. Noise figure of the LNB will be less than 1 Db. LNA is 

followed by the mixer. 

In the mixer stage, echo signal about 10.525 GHz is mixed with local oscillator signal. 

Human movement is ignored because it is below 100Hz and oscilloscope can not 

display these shifting frequencies after demodulation pulse signal. Local oscillator 

frequency is 9.75 and 10.6 GHz. LO frequency is selected using 22 kHz signal with 

coaxial cable is connected output of the LNB but LO frequency is automatically fixed 

to 9.75 GHz in the study.  IF, output of the mixer, will be . IF output of 

the LNB will be 500-950 Mhz. 

Lower sideband and upper sideband signals occur at the output of the mixer. Bandpass 

filters pass the lower sideband signals and rejected upper sideband. It is followed by 

the IF amplifier. IF amplifier amplify downconverted RF signal. Conversion gain of 

the universal LNB is the about 46-65 dB.  
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Satellite Finder is connected to the output of the LNB with coaxial cable. It indicates 

the signal energy which received echo signal, will be range of 500-900 MHz. Satellite 

finder would be thought as a power detector. It also adjusts gain of the demodulated 

received signal for sensitivity of the echo signal. TLC271 op-amp is powered with 

regulated 10V by the DC power supply. In the front-end receiver system, LNB and 

satellite finder is supplied from the output of the satellite finder.  

When amplitude modulation is used in the non-coherent system, for example, on-off 

keying (OOK), the demodulation could be just an envelope detector or rectifier [33]. 

Envelope detectors are required to obtain the amplitude of the signal in a great variety 

of circuits, mainly for gain control systems [34]. Envelope detectors convert RF signlas 

into current and output envelope detector follow the low pass filter [35].  Echo signal 

is rectified to remove carrier signal with envelope detector and followed by the 

lowpass filter for smoothing.  

 

Figure 3. 16 Envelope demodulator circuit. 

Envelope detector removes the carrier frequency of the pulse received signal and 

extracted the envelope signal or DC signal.  

                                                                                         (3.3) 

where (t) is the carrier frequency,  phase, s(t) message signal. 

                                                                        (3.4) 

message frequency is symbolized by m(t) and C is the amplitude of the carrier 

frequency. 
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Figure 3. 17 Amplitude Demoduation [65]. 

In the Figure 3.7, 39pf capacatior allows the RF signal from the LNB to satellite finder. 

In this study, envelope detector is used as a power detector. Envelope detector is 

consisted of schottky diode and capacitor as shown Figure 3.16. Schottky diode is less 

forward voltage drop than conventional silicon pn-junction diode, so they have faster 

switching mode at the lower turn-on voltage. Schottky diode rectifies the signal and 

charges the capacitor to the peak voltage of the received AM wave, as seen in the 

Figure 3.17. If received power increase, the capacitor voltage is increased via the 

rectifying diode. While amplitude of the input signal is decreasing, capacitor voltage 

falls by discharging. As seen in the Figure 3.17, there are some problems as negative 

peak clipping and ripple because of the small discharging time between peak levels of 

the input signal. Envelope detector is followed by the lowpass filter. Drawback of the 

envelope demodulator is the loss of phase of the received signal and not possible to 

detect Doppler frequency. Lowpass filter is required to smooth the ripples on the 

envelope follower output after demodulation.  

Finally, non-inverting amplifier IC TLC271 op-amp is used as a high boost amplifier 

mode and given a non-inverter feedback amplifier in the Figure 3.18. In the non-

inverting amplifier, DC signal coupled to non-inverting terminal and amplified at the 

output. The feed back pots are used to control the gain of the demodulated signal. Gain 

circuit can be tuned to adjust the sensitivity. Potential divider network provides to 

determine gain for input signal in the non-inverting pin of the op-amp.  Voltage gain 

of the non-inverter circuit is given equality 3.5. 
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Figure 3. 18 Non-inverting feedback amplifier.

3.5)

Feedback resistor pots can be used to adjust the gain of the non-inverting op-amp. 

Envelope detertors have loss gain about 5-6 dB. Input power of the satellite finder 

depends on the sensitivity. 

Total gain of the satellite finder: -5 dB (Envelope detector loss) + 20log Av               
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CHAPTER 4 

RESULTS AND DISCUSSION 

In this chapter, we will mention results of measurements acquired from the 

experimental setup and analyze them. Measurements are obtained from the 

oscilloscope. Minumum and maximum sensitivity of the analog satellite finder are -40 

dBm and -10 dBm, respectively. Relation is between input power and output voltage 

of the satellite finder with tuned frequency at the maximum voltage gain, given below 

Figure 4.1. Output voltage values is obtained by sweeping the gain of the op-amp from 

the oscilloscope. 

 

Figure 4. 1 Input power-output voltage relation. 

Op-amp gain bandwidth product (GBP) is significant for the designing op-amp circuit. 

For the closed loop gain of the op-amp, the product of the gain against to frequency is 

constant for feedback amplifiers as given equation 4.1. 
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          = Av                                                                           (4.1) 

Reducing the gain by 5 times would rise the bandwidth by the same factor. -3 dB 

bandwidth identifies the range of frequencies for which the power of the wave above 

the half power in the frequency domain. The half of the power is equal to 0.707V times 

of the peak-to-peak amplitude or -3 dB below of the power. In the input range of 

frequencies below the 3 dB system bandwidth is greatly attenuated while increasing 

the bandwidth.  Square of the scaling factor of 0.707 for the amplitude of the voltage 

level equal to a power scaling factor 10log (0.707)2 = 0.5. Square of the ampitude of 

the current or voltage corresponds to power scale factor. Frequency range between 

lower and higher cut off frequency corresponds to -3 dB bandwidth of the system. 

UGBW of this system would be about 15 kHz and bandwidth of the satellite finder at 

the maximum gain about 500Hz as seen in the Figure 4.5.   

 

Figure 4. 2 Op-amp gain and frequency response. 

Bandwidth is inversely related to rising edge of the square wave. Rise time is the 

measurement of the transition time from %10 to %90 level of the peak-to-peak voltage. 

r) is related to -3 dB bandwidth closely. Rise time decrease with increasing 

bandwidth. 
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                                                                                                                                    (4.2) 

                        

                                                   Figure 4. 3 Rise time.    

Bandwidth of the ideal rectangular pulse is infinite so rise time and false time are 

important for determination of the the bandwidth of the pulse signal. In the receiver, 

pulse width with rise and fall time is required for the narrower bandwidth than ideal 

rectangular pulse width [36]. The spectrum of a trapezoidal pulse signal is given 

equation 4.3. Trapezoidal pulse is the convolution the rectangular pulse with pulse 

width T and rise time Tr with rectangular pulse.  

                                                          (4.3)                                                                              
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Figure 4. 4  Spectrum of the rectangular pulse. 

The repetitive train is the convolution between a set of impulses and a single 

rectangular pulse, so the spectrum is product between the spectrum of the impulses 

and single pulse (sinc function). Spectrum of the 100Hz rectangular pulse train with 

the %50 duty ratio is given Figure 4.4.  

 

(a) 
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(b) 

 

(c) 

Figure 4. 5 Echo signals. 
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At the different frequencies with maximum op-amp gain and %50 duty cycle, echo 

signals are analyzed at the Figure 4.5. Echo signals are yellow and modulating 

transmitting pulse are the blue signals in the Figure 4.5. When the PRF increase, 

bandwidth of the transmitted signal increase due to narrower pulse width with decrease 

rise time. As the pulse repetition frequency increased, it was observed that the received 

echo signals were intertwined. Thus, target range ambiguity will be increased with 

increasing PRF. On the other hand, while the PRF is increasing, the amplitude of the 

receieved signal will decreasing, in the other means, received power reduce because 

the receiver's bandwidth cannot match the transmitter's bandwidth. If the received 

signal bandwidth exceeds the receiver bandwidth, SNR decrease. In the Figure 4.5, -3 

dB bandwidth of the system is determined as a 500Hz at the maximum closed loop 

gain. Above the -3 dB bandwidth frequency of the feedback op-amp, detection of the 

receiver rapidly decreases with increasing PRF. Also, If the gain of the op-amp 

reduces, bandwidth of the satellite finder increases due to the unity gain product. It 

will decrease the sensitivity of the receiver but will increase the bandwidth of the 

receiver. Also, if the receiver exceeds the bandwidth rule, receiver degrades system 

performance due to greater level of noise because the noise will be dispersed to all 

frequencies in the receiver. It results that greater noise increase the required minumum 

detectable signal and cause to decrease maximum target range and range accuracy. 

 In addition to this, range resolution depends on bandwidth. If the pulse width 

decreased, range resolution will be improved due to wider bandwidth so duty ratio of 

the transmitted signal will effect the range resolution. In this experimental study, it 

was observed that if PRF is constant with narrower duty cycle, amplitude of the 

received signal increase on the oscilloscope since difference power increase between 

transmitted Pon and Poff, this situation is called contrast ratio.  

Receiver requires minumum -105 dBm signal for the detection so we assummed that 

minumum detectable signal required -105 dBm in this experimental study. Maximum 

detection target range is calculated from the equation 2.5 and paramaters is given 

below 

Max Pt = 18 dBm (63 mW), Gt = 10 dB, Gr =5 dB,  = 1m2, Smin = -105 dBm, F=10 dB 
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With this experimental study, the target range is calculated to detect a human 

movement as 168 m at the maximum range. SNR value decreases as the target moves 

away from the radar as seen in the Figure 4.6. Detection target range decrease due to 

lower received power. SNR values calculated according to the varying target distance 

are plotted in matlab as given 4.6. 

 

Figure 4. 6 SNR-Target range relation. 



50 

 

 

 

Figure 4. 7  Receiver operating characteristic curve. 

Receiver operating curve represents the performance of the detector. As seen in the 

Figure 4.7, we can see that it is obtained with a higher detection probability with the 

increase of SNR. If you are interested in analyzing the efect of varying the false-alarm 

probability on the probability of detection for a constant SNR, you can use receiver 

operating curve graph. If transmitted number of pulses are increased, required SNR 

decrease at the same propability of detection and probability of false alarm. But 

number of pulse will be limited, because of movement of the target. 

In this thesis, SNR is obtained about 36 dB at the 500Hz bandwidth with 100 m range 

as shown Figure 4.6. By adjusting the gain of the power detector, minimum and 

maximum power signal can be detected from the LNB so we can get better information 

about the target and range. If the SNR decreases, the accuracy resolution decreases as 

the noise will be distributed over the signal because the receiver will reference the edge 

of the signal in the the threshold voltage, generally over the 0.707 maximum voltage, 

but since there will be noise on the signal, receiver takes the sum of the noise and echo 

signal voltage and there will be difference in the real measurement and without 

noissless. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Purpose of this experimental study is to investigate and design a low-cost perimeter 

security radar system at the X-Band. This radar system is based on a pulse radar 

system. Experimental setup system is designed for low cost about 20$ and designed at 

a low cost compared to conventional radars. The basic advantage of this pulse radar is 

the practical setup and another advantage is that components of this radar system, 

HB100, LNB, analog satellite finder, is easily accessible in daily life. Compenents can 

be accessable at a low cost and setup the system for the practically. This perimeter 

surveillance radar requires low power and detect a target a up to 168m range for a 1 

m2 radar cross section. Components are explained in detail and setup of the radar 

system is mentioned at the chapter 3. Measurements of the experimental study is 

obtained and discussed in the chapter 4. 

In the experimental study, HB100 is used as a signal generator about 10.525 Ghz and 

modulated with OOK technique from the function generator. PRF, PRI and pulse width 

are defining characteristic of radar system. We changed the PRF and pulse width of 

the transmitted signal and observed the detection capability of the receiver on the 

oscilloscope. LNB and analog satellite finder are connected together to form receiver 

system, used as a downconverter and power detector, respectively. Bandwidth of the 

receiver limited the detection of the target. As mentioned before, by adjusting the gain 

of the receiver, we can determine its sensitivity. Increasing sensitivity brings the 

greater determination of range, range accuracy, probability of detection so SNR is 

main significant factor for detection of probability and range accuracy. It is possible 

to reach more data about the target which is to be detected with more received power 

but increasing PRF, higher bandwidth will limit the sensitivity of the receiver due to 

unity gain bandwidth of non-inverter feedback op-amp. Envelope detector 

demodulator in the power detector provides the advantage of a maximum senstivity of 

the radar receiver but drawback of the envelope detector does not provide Doppler 
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frequency analysis so does not detect phase detection so this system non-coherent 

system. 

This thesis is a study of detection of objects with low-cost components on the low 

power and high frequency pulse radar. The radar system performance seems quite 

satisfying, but clutters affect the performance of test so measurements can be obtained 

in an open field. On the other hand, future work concerns deeper analysis of particular 

mechanisms, new proposals to try different methods, or simply curiosity. Lens can be 

used to improve the performance of the receiver in the future works. Lens can be used 

to improve the performance of the receiver in the future works and signal processing 

can be achived with this setup. 
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