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Abstract 
 

This paper presents a report on the development of a Frequency Modulated Continuous Wave 
radar for ranging application. The ranging function becomes the main focus of the research as 
this particular function is the most important capability of any radar system in various 
applications, such as vessel traffic service radar, maritime radar, as well as naval navigational 
radar system. The FMCW radar was developed on a PC based platform using the ISM frequency 
band of 2.4 GHz. Experimental testing and evaluation revealed that the developed radar system 
can be successfully used to detect the distance of a moving target. The future research work 
would be to improve the ranging accuracy by narrowing the radar antenna beamwidth, as this 
parameter significantly determines the radar ranging resolution. 
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Introduction 

 
Radar stands for radio detection and ranging. It is an electromagnetic system that is generally used to 

obtain some information about one or more target(s). Some common radar applications are ranging, velocity 
measurement, spatial mapping, weather detection, etc. Among all of the target detection tasks that a radar 
system can do, ranging is one of the most important tasks as this function directly relates to the position of 
the target being detected.  

In the case of target detection, radar is the most promising technology among other available options 
such as infrared, ultrasound, laser, video/camera, etc. This is due to the high target detection resolution that 
can be provided by a Frequency Modulated Continuous Wave (FMCW) radar system, especially when the 
conventional Fourier transform ranging function is also integrated with radar phase processing (Priandana, et 
al., 2014). Moreover, unlike the other competitive technology, a radar system can work well under the 
extreme weather conditions.  

The use of radar for target detection has been reported in various works. However, because most of 
the applications were as coastal radar, the radar systems were generally developed using the High Frequency 
(HF) and Very High Frequency (VHF) with frequencies between 3–30 MHz and 30–100 MHz, respectively. 
As a result, the radar resolution that can be achieved is very limited due to the limited bandwidth of the radar. 
In addition, the size of the radar antenna would be large enough, because the wavelength is of the order of 3–
100 meters. Fernandez, D.M. et al. (1998) developed a system with four HF radar pulse frequencies of 4.8 
MHz, 6.8 MHz, 13.4 MHz and 21.8 MHz, which was used to detect and monitor the activities of marine 
vessels. The results obtained from this multi–frequency HF pulse radar were then compared with the results 
of the Coastal Ocean Dynamics Applications Radar (CODAR) SeaSonde® system. Another use of HF pulse 
radar was also discussed by Leong, H. et al. (2008) and it was concluded that large vessels can be detected 
without being affected by sea conditions. However, small boats at a distance farther than 105 km (for 3.1 
MHz) and more than 95 km (for 4.1 MHz) could not be detected in very rough sea conditions, where the sea 
wave height is 4–6 meters. Bistatic HF and VHF radar was also used by Trizna, D.B. (2008) to track the 
ships and map the ocean currents. Low Power High Frequency Surface Wave Radar (HFSWR) 
(Dzvonkovskaya, et al., 2008) (Gurgel, et al., 2010) was also developed to detect and track ships. The results 
of detection ware then compared to the Automatic Identification System (AIS) database and the obtained 
deviation was below 1 km. Review of the algorithms for the detection and tracking of multiple targets with 
HFSWR was explained in detail by Liu, et al. (2013). 

High resolution radar was recently developed by using high frequency. As an example, a Linear 
Frequency Modulated Continuous Wave (LFMCW) scanning radar in the X–band frequencies have been 
developed for the management of shipping lane (Vivone, et al., 2015). Target detection and tracking was 
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done by processing multiple radar images with multi
image can be obtained after the radar scans 360
experiments. However, the utilized frequency is quite high, e.g. 9
developed in Indonesia due to the limited availability of components.

This study aims to develop a PC
GHz. This frequency was chosen by considering the high availability of the required components. The radar 
was developed using can antennas and its main processor is a PC (Charvat, 2011). Then, the radar ranging 
function was tested on a moving vehicle as the target. This study is expected to support the development of 
simple and cost effective radars in Indonesia.
 
 
Development of 2.4 GHz PC–Based FMCW Radar

The developed radar is a simple PC
tasks of radar development are the design and fabrication of the can antennas and the assembly of radar 
hardware.  
 
Design and Fabrication of Can Antennas

The radar system requires two antennas for transmit and receive at the frequency of 
antennas which is an aperture antenna version of a cylindrical array antenna (Priandana, 
designed by considering this frequency requirement through several calculations as well as trial
experiments. The result of the can–antenna design is depicted in Figure 1. The obtained return loss value for 
the first and second can–antenna at 2.4 GHz was 
of both antennas were 85 MHz. These measurement results showed that the tw
satisfy the radar system requirement.

Figure 1. Dimension of the 2.4 GHz can antenna
 

Antenna gain measurement was done by using a 2.4 GHz dipole reference antenna. The result shows 
that the gain of the first can–antenna was
The radiation patterns of both can–
shows that the vertical 3dB beamwidth of the first can
can–antenna was around 55o. These beamwidth values are too wide for accurate target detection. Microstrip 
array antennas which are expected to have a much narrower beamwidth are currently under investigation.

Figure 2. Vertical radiation pattern of the can antennas, 
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done by processing multiple radar images with multi–frame algorithms joint detection, where each radar 
image can be obtained after the radar scans 360o. This method worked well and has been proven 
experiments. However, the utilized frequency is quite high, e.g. 9–10 GHz so that it is not easy to be 
developed in Indonesia due to the limited availability of components. 

This study aims to develop a PC–based FMCW radar operating at ISM frequency
GHz. This frequency was chosen by considering the high availability of the required components. The radar 
was developed using can antennas and its main processor is a PC (Charvat, 2011). Then, the radar ranging 

moving vehicle as the target. This study is expected to support the development of 
simple and cost effective radars in Indonesia. 

Based FMCW Radar 
The developed radar is a simple PC–based FMCW radar at ISM frequency of 2.4 GHz. 

tasks of radar development are the design and fabrication of the can antennas and the assembly of radar 

Design and Fabrication of Can Antennas 
The radar system requires two antennas for transmit and receive at the frequency of 

antennas which is an aperture antenna version of a cylindrical array antenna (Priandana, 
designed by considering this frequency requirement through several calculations as well as trial

antenna design is depicted in Figure 1. The obtained return loss value for 
antenna at 2.4 GHz was –25.395 dB and –22.554 dB, respectively. The bandwidths 

of both antennas were 85 MHz. These measurement results showed that the two fabricated can
satisfy the radar system requirement. 

 
Figure 1. Dimension of the 2.4 GHz can antenna 

Antenna gain measurement was done by using a 2.4 GHz dipole reference antenna. The result shows 
antenna was 10.03 dB, whereas that for the second can–antenna was 10.66 dB. 

–antennas are depicted in Figure 2 (a) and (b), respectively. The figure 
shows that the vertical 3dB beamwidth of the first can–antenna was around 60o, whereas that for the second 

. These beamwidth values are too wide for accurate target detection. Microstrip 
array antennas which are expected to have a much narrower beamwidth are currently under investigation.

 

Figure 2. Vertical radiation pattern of the can antennas, (a). First can antenna (b). Second
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frame algorithms joint detection, where each radar 
. This method worked well and has been proven by some 

10 GHz so that it is not easy to be 

based FMCW radar operating at ISM frequency band of around 2.4 
GHz. This frequency was chosen by considering the high availability of the required components. The radar 
was developed using can antennas and its main processor is a PC (Charvat, 2011). Then, the radar ranging 

moving vehicle as the target. This study is expected to support the development of 

based FMCW radar at ISM frequency of 2.4 GHz. The two main 
tasks of radar development are the design and fabrication of the can antennas and the assembly of radar 

The radar system requires two antennas for transmit and receive at the frequency of 2.4 GHz. Can–
antennas which is an aperture antenna version of a cylindrical array antenna (Priandana, et al., 2010) were 
designed by considering this frequency requirement through several calculations as well as trial–and–error 

antenna design is depicted in Figure 1. The obtained return loss value for 
22.554 dB, respectively. The bandwidths 

o fabricated can–antennas can 

Antenna gain measurement was done by using a 2.4 GHz dipole reference antenna. The result shows 
antenna was 10.66 dB. 

antennas are depicted in Figure 2 (a) and (b), respectively. The figure 
as that for the second 

. These beamwidth values are too wide for accurate target detection. Microstrip 
array antennas which are expected to have a much narrower beamwidth are currently under investigation. 

 
Second can antenna 



Assembly of Radar Hardware  
The general block diagram for an FMCW radar system block diagram is shown in Figure 

5 major system components which consist of an FMCW generator, a low
pass filter, and a signal processing. Explanation of each of these components is as follows:
1. FMCW generator: to generate the FMCW signal, 
2. Low–noise RF amplifier: to increase the amplitude of the received (echo) signal, 
3. Mixer: to combine the transmitted signal and the received (echo) signal. 
4. Low Pass Filter: to filter the high frequency signal component to obtain a low frequency beat signal, 

S(t). 
5. Signal processing: to process the beat signal and extract some information about one/multiple target(s). 
 

Figure 3. General block diagram of an FMCW radar
 
The assembled FMCW radar consists of three main blocks, namely the RF block, the video amplifier, and the 
function generator (Charvat, G. L., 2011)
and current supply to each of the three mai
RF block are shown in Figure 4 (a) and (b), respectively. The system utilizes a stereo jack to transfer the 
radar data to the PC. 

Figure 4. The developed FMCW radar hardware

 
 
Experimental Results and Discussion 
 

Two experiments were conducted at University Indonesia to verify the radar ranging functionality. 
First, the developed PC–based FMCW radar system was utilized to detect the relative distance information of 
a human walking by carrying a metal target as show
towards and away from the radar system for 

The second experiment was conducted to detect the relative distance of a 
was controlled to move away from and towards
forward for 10 seconds until it reaches 25 meters away from the radar system, then, it moves backwards 
again for 15 seconds closer to the radar system 
 

(a) 
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The general block diagram for an FMCW radar system block diagram is shown in Figure 
5 major system components which consist of an FMCW generator, a low–noise RF amplifier, a mixer, a low
pass filter, and a signal processing. Explanation of each of these components is as follows:

: to generate the FMCW signal, T(t), to be transmitted to the target. 
: to increase the amplitude of the received (echo) signal, 

: to combine the transmitted signal and the received (echo) signal.  
: to filter the high frequency signal component to obtain a low frequency beat signal, 

: to process the beat signal and extract some information about one/multiple target(s). 

 
Figure 3. General block diagram of an FMCW radar 

The assembled FMCW radar consists of three main blocks, namely the RF block, the video amplifier, and the 
(Charvat, G. L., 2011). The system also has a Voltage Regulator to maintain the voltage 

and current supply to each of the three main blocks. The developed FMCW radar hardware and the detailed 
RF block are shown in Figure 4 (a) and (b), respectively. The system utilizes a stereo jack to transfer the 

Figure 4. The developed FMCW radar hardware (a). Radar system hardware and (b). RF block of the radar 
system. 

Experimental Results and Discussion  

Two experiments were conducted at University Indonesia to verify the radar ranging functionality. 
based FMCW radar system was utilized to detect the relative distance information of 

a human walking by carrying a metal target as shown in Figure 5. In this scenario, the object is walking 
towards and away from the radar system for 8m and 12 m. 

The second experiment was conducted to detect the relative distance of a moving vehicle. The vehicle 
was controlled to move away from and towards the radar system as shown in Figure 6. The vehicle moves 
forward for 10 seconds until it reaches 25 meters away from the radar system, then, it moves backwards 
again for 15 seconds closer to the radar system until the distance becomes 1 meter away.

(b) 

The general block diagram for an FMCW radar system block diagram is shown in Figure 3. There are 
noise RF amplifier, a mixer, a low–

pass filter, and a signal processing. Explanation of each of these components is as follows: 
), to be transmitted to the target.  

: to increase the amplitude of the received (echo) signal, R(t). 

: to filter the high frequency signal component to obtain a low frequency beat signal, 

: to process the beat signal and extract some information about one/multiple target(s).  

 

The assembled FMCW radar consists of three main blocks, namely the RF block, the video amplifier, and the 
Voltage Regulator to maintain the voltage 

n blocks. The developed FMCW radar hardware and the detailed 
RF block are shown in Figure 4 (a) and (b), respectively. The system utilizes a stereo jack to transfer the 

 
(a). Radar system hardware and (b). RF block of the radar 

Two experiments were conducted at University Indonesia to verify the radar ranging functionality. 
based FMCW radar system was utilized to detect the relative distance information of 

n in Figure 5. In this scenario, the object is walking 

moving vehicle. The vehicle 
the radar system as shown in Figure 6. The vehicle moves 

forward for 10 seconds until it reaches 25 meters away from the radar system, then, it moves backwards 
until the distance becomes 1 meter away. 
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Figure 5. The scenario of the radar system ranging: first experiment

The FMCW radar signals were captured as an audio file in .wav format. Then, radar signal processing was 
conducted in the PC using fast Fourier transform in MATLAB software. The flowchart
processing is depicted in Figure 7. 
 

Figure 6. The scenario of the radar system ranging: second experiment
 

Figure 7. The flowchart of radar signal processing for ranging application
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The FMCW radar signals were captured as an audio file in .wav format. Then, radar signal processing was 
conducted in the PC using fast Fourier transform in MATLAB software. The flowchart
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Figure 7. The flowchart of radar signal processing for ranging application
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The FMCW radar signals were captured as an audio file in .wav format. Then, radar signal processing was 
conducted in the PC using fast Fourier transform in MATLAB software. The flowchart of the radar signal 

 
Figure 6. The scenario of the radar system ranging: second experiment 

Figure 7. The flowchart of radar signal processing for ranging application 



The first ranging experimental result can be see
detect the target movements in approximately 45 seconds. The first movement occurs during the first 15 
seconds, where the target is moving away from the radar until 8 m away, and then moving towards the ra
system again. From the 16th second onwards, the target is moving away again to a distance of around 12 m at 
32 second and then back again towards the radar system at 45 second. This ranging measurement is in 
accordance with the experiment scenario. 

The second ranging experimental result is depicted in Figure 9. Initially, the vehicle was detected by 
the radar system to move away from 0 to 25 meters in 10 seconds. Then, it moves closer until 1 meters away 
at t = 27 seconds. This measurement is in good a
radar system can successfully capture the relative distance of the vehicle.

From the two measurement results, it can be concluded that the radar system works well in detecting 
the relative distance of the target. Moreover, it can plot the distance measurement with respect to the correct 
timing. Thus, the relative velocity of the target can be calculated simply by taking the first derivative of the 
relative distance measurement.  
 

Figure 8. Radar system first ranging experimental result (target: human walking)
 

Figure 9. Radar system second ranging experimental result (target: moving vehicle)
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The first ranging experimental result can be seen on Figure 8. The figure shows that the radar can 
detect the target movements in approximately 45 seconds. The first movement occurs during the first 15 
seconds, where the target is moving away from the radar until 8 m away, and then moving towards the ra

second onwards, the target is moving away again to a distance of around 12 m at 
32 second and then back again towards the radar system at 45 second. This ranging measurement is in 
accordance with the experiment scenario.  

e second ranging experimental result is depicted in Figure 9. Initially, the vehicle was detected by 
the radar system to move away from 0 to 25 meters in 10 seconds. Then, it moves closer until 1 meters away 

= 27 seconds. This measurement is in good agreement with the experimental setup, which proven that the 
radar system can successfully capture the relative distance of the vehicle. 

From the two measurement results, it can be concluded that the radar system works well in detecting 
e of the target. Moreover, it can plot the distance measurement with respect to the correct 

timing. Thus, the relative velocity of the target can be calculated simply by taking the first derivative of the 
 

system first ranging experimental result (target: human walking)

Figure 9. Radar system second ranging experimental result (target: moving vehicle)

  

n on Figure 8. The figure shows that the radar can 
detect the target movements in approximately 45 seconds. The first movement occurs during the first 15 
seconds, where the target is moving away from the radar until 8 m away, and then moving towards the radar 

second onwards, the target is moving away again to a distance of around 12 m at 
32 second and then back again towards the radar system at 45 second. This ranging measurement is in 

e second ranging experimental result is depicted in Figure 9. Initially, the vehicle was detected by 
the radar system to move away from 0 to 25 meters in 10 seconds. Then, it moves closer until 1 meters away 

greement with the experimental setup, which proven that the 

From the two measurement results, it can be concluded that the radar system works well in detecting 
e of the target. Moreover, it can plot the distance measurement with respect to the correct 

timing. Thus, the relative velocity of the target can be calculated simply by taking the first derivative of the 

 
system first ranging experimental result (target: human walking) 

 
Figure 9. Radar system second ranging experimental result (target: moving vehicle) 
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Conclusions 
 

A PC–based FMCW radar system at 2.4 GHz has been successfully developed and experimentally 
proven to be able to measure the relative distance of a moving target. Two experiments were carried out to 
justify the ranging functionality of the radar system. It was revealed from the experiment results that the radar 
system can successfully capture the relative distance of a target and plot it with respect to the correct timing. 
Thus, in the future implementation, the target’s relative velocity can also be calculated by taking the first 
derivative of the relative distance measurement. The drawback of the radar system is the limited ranging 
resolution, which highly related to the 3dB beamwidth of the antennas, e.g. 55o and 60o. Antennas with 
narrower beamwidth are still under investigation.  
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