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ABSTRAK 
INDERA adalah radar pertama buatan Indonesia yang dirancang sebagai radar maritim untuk dioperasikan di kapal 
laut. Dalam mendeteksi target, radar INDERA yang bekerja menggunakan teknologi FMCW (frequency modulated 
continuous wave) memancarkan gelombang elektromagnetik pada pita X-band secara kontinyu. Sinyal pantulan yang 
ditimbulkan oleh target-target yang berada dalam rentang jangkauan radar akan ditangkap oleh antena penerima 
INDERA, untuk kemudian diproses dan ditampilkan pada layar monitor. Oleh karena sinyal yang dipancarkan radar 
INDERA bersifat kontinyu, maka catu daya yang diperlukan tidaklah besar. Akibatnya, level sinyal yang ditangkap 
antena penerima pun sangat rendah. Untuk membedakan sinyal pantulan dari target nyata dengan komponen sinyal lain 
dari keseluruhan spektrum sinyal yang diterima antena radar, diperlukan pemrosesan sinyal yang handal. Paper ini 
akan membahas metode yang digunakan dalam pemrosesan sinyal radar INDERA. Pembahasan ini akan dilengkapi 
dengan beberapa hasil scanning radar yang diperoleh dari berbagai pengujian di perairan Indonesia. 
Kata Kunci: FMCW, Maritime Radar, Signal Processing.  
 
1. Introduction 
Indonesia is the world’s largest archipelago with the world’s second longest coastline of more than 81,000 km. Despite 
this fact, only a small fraction of Indonesia’s coastline is guarded by coastal surveillance radars, making this country 
highly vulnerable to illegal activities. Such illegal activities (smuggling, illegal fishing, illegal logging and piracy) result 
in huge annual losses of billions of dollars to the country’s economy. Illegal fishing alone, for instance, causes a loss of 
more than 2 billion dollars to Indonesia annually.  

In response to this situation, a maritime radar has been developed by a collaboration between leading research institutions 
(e.g. LIPI, UI, ITB, IRCTR-TU Delft and IRCTR-IB) and a private company (RCS) in Indonesia[1]. In the year 2008 a 
radar named INDERA (Indonesian Maritime Radar) was born and ready to be tested. It is the first maritime radar made in 
Indonesia and designed to be installed and operated in a ship. In the surveillance mode, INDERA was continuously 
transmitting modulated electromagnetic waves to detect targets in the surrounding area. Since the transmitted signal is a 
continuous wave, INDERA need only a very small power to transmit it. Consequently, the level of signals arrived on the 
Rx-antenna is also very low. 

In a frequency modulated continuous wave (FMCW) radar, the frequency of transmitted signal is changed in a known 
manner as a function of time. An example of such modulation is known as the sawtooth shape modulation (Figure 1). 
The signal reflexion caused by a target at distance R from the origin of radar will generate a beat signal with 
frequency[2,3]. 
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Applying the Fourier transform, we will obtain the spectrum of this beat signal. The range or distance of target from the 
origin of radar can be determined by measuring the peak distance from the axis origin in frequency domain. 
 

 
 

Figure 1. Sawtooth Shaped FMCW Radar Signal. Within the Sweep Time ts the Frequency of Transmitted Signal is 
Linearly Increased About ∆F. 
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2. Method 
INDERA need only a very small power to transmit the signal continuously. As a result, the level of signals power arrived 
on the Rx-antenna was also very low. This condition is critical since INDERA must be able to differentiate signals 
reflected by real targets from other parts of the received signals spectrum. In this context a reliable signal processing 
plays an important role. 

The stepwise signal processing of an ideal beat signal received by the Rx-antenna is demonstrated in the following 
computer simulation (Figure 2). 
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Figure 2. Computer Simulation Step by Step: Ideal Beat Signal (a), Range-FFT (b), Thresholding (c). The Distance of 
the Signal peak from the Origin Determines the Range R of Target [1,2]. 

 
Considering the fact that the incoming beat signal received in the Rx-antenna is not ideal, this raw data of beat signal 
need to be pre-processed[4]. After the pre-processing or pre-conditioning stage we can apply the Fourier transform (FFT). 
Then, in the last step we need to perform a post-FFT processing before the signal can be finally sent to radar monitor or 
PPI display. So, the basic principle of the processing of an FMCW radar signal can be shown in the following scheme 
(Figure 3). 

 
Figure 3. Basic Principle of the Signal Processing of an FMCW Radar 

 
As depicted in the above figure the analog beat signal received by Rx-antenna must be converted first into digital form. A 
sample of such beat signals is shown in the following (Figure 4). Referring to the figure, it is obvious that the main 
problem of a real beat signal is its wandering baseline. Therefore, the first task to do in the pre-processing is to suppress 
this wandering baseline (Figure 5). Further, we must eliminate the ‘burst’-like peaks within the raw data since this signal 
part does not contribute to the end result (Figure 6). This can be accomplished by performing an equalization of the raw 
data. In some cases in which single spikes still remain, additional steps like smoothing and enveloping are necessary to 
be completed. 

  
Figure 4. Real beat signal coming out from the ADC. Here 
we can see clearly that the received raw data is far from an 
ideal beat signal. Consequently, we must pre-process the 

data before conducting the Fourier transform. 

Figure 5. Result of the pre-processing (equalizing) of the 
beat signal. 
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Figure 6. Beat signal in which burst-like peaks exist at the end of it: Before (a) and after (b) equalizing. Such burst-like 
peaks must be eliminated from the raw data before FFT since this signal part does not contribute to the end result. 

 
After the completion of equalizing we can perform the Fourier transform (FFT) to obtain the range data (Figure 7). Based 
on the FFT result we still have to extract real targets from the noisy signal containing clutter. Commonly, real targets are 
recognized as signal peaks in the frequency domain. 
 

 
Figure 7. Result of the Fourier transform (FFT) of beat signal depicted in Figure 4. The peak indicates that a target is 

present in that distance (range). 
 
A simple way to detect peaks of real targets is by applying a uniform threshold to the signal in the frequency domain. But 
this technique does not work effectively when the clutter has a similar magnitude or level with the target. So we need a 
smart algorithm to detect peaks from the FFT result [5, 6, 7]. 
 

 

 
 

Figure 8. Result of the post-FFT showing a target detected 
in the range cell number 85. 

Figure 9. Steps of the signal processing of INDERA. 

 
The result of the applied peak detection algorithm is shown in Figure 8. In this figure the signal amplitude is given in 
logarithmic (dB) scale. As shown, a target was detected in the cell (range pixel) number 85. According to current radar 
settings this number is equivalent to a distance of 0.66 nautical miles from the origin of the radar. An overview of all 
conducted steps in the processing of the radar signal of INDERA is depicted in Figure 9. 
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3. Results 
First results of INDERA field test carried out at port Bojonegara, Cilegon are presented in this section (Figure 10-11). By 
that time the weather was clear and the sea state around the port was registered in the scale 2. During the measurements 
radar INDERA was installed in a 12 m high tower build in the coastal area of the port. 
 

  
Figure 10. Satellite image of the test site provided by 

GoogleEarth. 
Figure 11. Reconstructed PPI display of INDERA showing 
the scanning result in the range scale of  0.8 nautical miles. 

Using the aforementioned processing steps we can reconstruct the result of radar scanning on the radar monitor (PPI 
display). An example of such reconstruction is shown in Figure 10. Looking at the above PPI display we can recognize 
many targets (e.g. object A, B and C) in the surrounding area of the port. Coastal lines and the small island in front of the 
port can also be detected successfully. However, as found in the figure, a problem of the ringing phenomena still exists in 
the reconstruction result. This phenomenon will appear when a target with strong RCS detected in the near field of radar. 

Other results of radar scanning, in which radar INDERA was installed in a ship, are presented in Figure 12. The scanning 
was performed as the ship was approaching Tinjil Island at Hindia ocean, the province of Banten, Indonesia. The 
coastline of the island is clearly depicted in the figure. A bright dot in front of the island indicates a fishing boat was 
dropping anchor nearby the island. The appearance of sea clutter in the PPI display can be suppressed by adjusting the 
threshold of signal level to a certain appropriate value. This kind of sea clutter reduction is very effective for conditions 
in the lower sea state. 

  
a b 

Figure 12. Reconstructed PPI display showing Tinjil Island at Hindia ocean, the province of Banten: (a) before and (b) 
after thresholding. A small bright dot in front of the island indicates a fishing boat is dropping anchor there. 

4. Conclusion 
In this paper a method used for processing the signal of FMCW radar INDERA is presented. The method consists of 
three main stages: pre-processing (or pre-conditioning), Fourier transform (FFT) and post-FFT stage. Pre-processing 
stage is applied to make the raw data as close as possible to an ideal beat signal. The FFT is used to transform time-
domain raw data into frequency-domain data that is linear proportional to the range data of targets. Post-FFT stage is 
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performed to differentiate real targets from clutter. Despite minor shortages it has been shown that the presented method 
for processing radar signal of INDERA delivers quite reliable results. 
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