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Abstract—In order to reduce the influence of mutual 
interference between signals from different transmitters, 
novel orthogonal signals are designed for netted radar 
systems in this paper. Different stepped time interval pulse 
trains (STIPT) which are orthogonal are designed for 
spatially separated transmitting nodes. Because of the good 
autocorrelation and cross-correlation properties, mutual 
interference becomes weaker and signals from different 
stations can be separated entirely. Furthermore, the 
proposed approach can reduce distance side lobe and the 
highest peak to side lobe ratio increases obviously, so the 
pulse integration can enlarge the detection range greatly. 
Another advantage is that the proposed approach is 
compatible to conventional radars and can also be applied 
to the upgrade of the radars Simulation results show its 
good performance.  
 
Index Terms—Anti-stealth technology; Netted Radar; 
PN code; Radar Pulse integration; STIPT 
 

I.  INTRODUCTION 

The idea of designing a netted radar system comprising 
several spatially separated transmitting and receiving 
nodes has long been in the mind of radar engineers [1]. 
Netted or multistatic radar is a promising technology for 
future radar systems, because they offer some inherent 
advantages over conventional monostatic radar system. 
Firstly, it is easy to optimize the coverage area and the 
deployment is flexible. The correct locations of multiple 
transmitting and receiving stations will enable netted 
radar to meet the requirements of specific requirements 
combined with suitable data fusion algorithms. Secondly, 

due to the additional use of radar transmitters, the 
received signal power will be augmented, which will lead 
to an increase in overall SNR [2, 3]. On the other hand, 
one single large radar can be split into several small 
radars [4] , so the launching power of each radar is lower 
than the larger one, which makes radars less expensive to 
build and more difficult to discover by enemy radars. 
Thirdly, the survivability and reliability of netted radars 
are improved significantly. The loss of one or even 
several stations may not be fatal, because there are some 
other stations still working well [5, 6]. In addition, owing 
to the separate places of deployment,radars are enabled to 
anti-stealth. 

Lots of research is done on netted radars and the 
outcome is obvious, but plenty of problems  still exist. 
One of the most important ones is the design of 
orthogonal waveforms to reduce mutual interference 
between the signals from different stations [7]. And at the 
receiving terminal, it usually needs to be known which 
station the signal comes from when it comes to data-
fusion. Orthogonal multi-carrier phased coded signal is 
designed to restrict the mutual interference, which will 
make the system complex to achieve [7, 8]. Orthogonal 
frequency division multiplexing (OFDM) signal is 
utilized in multi-static and netted radars, however, the 
synchronization technique is difficult and the received 
data is not precise enough [9]. Multi-band frequency 
signals can restrict the mutual interference and the 
transmitters are known, but antenna bandwidth of the 
receivers must be very wide and the data fusion is very 
inconvenient [10]. The coherent phase-coded pulse train 
signal has been proposed to reduce mutual interference. 
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But Doppler frequency shift causes mismatch in the 
processing of phase-coded signals [11,12,13]. 

In this paper, STIPT waveforms are designed for 
netted radar systems. Different radar stations are assigned 
with different STIPT waveforms. At the receiving end, 
the corresponding algorithm is designed to combat the 
mutual interference of signals. At the same time, the 
receiver knows which station the signal comes from. 
Furthermore, pulse integration is easy to implement in the 
proposed approach and low sidelobe response is yielded. 

II.  STIPT WAVEFORM 

  A. Form of original STIPT waveform 
STIPT signal has good autocorrelation and cross-

correlation properties and the waveform can be expressed 
as 
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where N  is the number of the pulse, T  is the pulse 
period, 0f  is the carrier frequency of the radar and )(tp  
is a rectangular-shaped pulse [14]. 
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where 0τ  is the pulse width and 
20
T≤τ . According to 

equation (1), STIPT waveform without carrier is shown 
in Fig. 1.  
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Fig. 1 Typical STIPT waveform 

Range measurement of the radar system depends on 
resolution of the time delay and range resolution can be 
expressed by the autocorrelation of emission signals, Fig. 
2 shows the autocorrelation of a STIPT signal with 

16=N . 
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Fig. 2 Normalized correlation function of STIPT signal 

with 16=N  

In Fig. 2 the highest peak represents the true delay and 
others are false peaks.  
    It is shown in Fig. 2 that the major lobe to side lobe 
ratio is good but not perfect and there are still some false 
peaks. In practice, these false peaks will cause false range 
detection. In order to remove these false peaks, a new 
signal process algorithm is designed. An additional pulse 
correlation process is used before conventional algorithm. 

There are three steps of the new signal process algorithm 
and we will explain them through its digital realization 
method [15]. The autocorrelation peaks are obtained at an 
integer multiple of T . It is sufficient to calculate the 
correlation function at an integrer multiple of T  [16]. To 
simplify the demonstration, it is assumed that 4=N  and 
the pulse sequence could be expressed as 

]1001011[ . Equation (3) shows the 
correlation result when the pulses are aligned. And 
equation (4) is the correlation result when the train is 
shifted by one unit time T . Similarly, the correlation 
result from the new signal processing algorithm will be 
also zero when the delay time is nonzero. 
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We can conclude from equation (3) and (4) that all of the 
false peaks can be removed by the new signal processing 
algorithm. Fig. 3 shows the autocorrelation of a STIPT 
signal with the new signal process algorithm when 

16=N . 
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Fig. 3 Normalized correlation function of STIPT signal 

with the new signal process algorithm 

Comparing Fig. 3 with Fig. 2, we can see that the new 
process algorithm removes all false peaks yielded by 
STIPT signal. 

B. Another form of STIPT and the ambiguity function 
Ambiguity function can be used to analyze the 

resolution of radar signals and it was first introduced by 
Woodward. The radar ambiguity function is defined as 
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where df  is Doppler frequency shift. In order to 
calculate ambiguity function of STIPT signal, another 
form of STITP signal is given in equation (6) and it is 
equivalent to equation (1). 

)2exp()()( 0

1

0
tfjkTtpbts

K

k
k π∑

−

=

−=            (6) 

JOURNAL OF COMPUTERS, VOL. 7, NO. 4, APRIL 2012 859

© 2012 ACADEMY PUBLISHER



where 2/)2( 2 +−= NNK  and  

}{
⎩
⎨
⎧ ∈−∈

= ≤

elsewhere
Nlllk

b Nl
k ,0

,2/)1(,1
        (7) 

According to equation (6), the ambiguity function of 
STIPT signal can be expressed as 
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According to the signal processing algorithm proposed in 
A, the ambiguity function of  STIPT signal can be 
converted to equation (9). In equation (9) the first part is 
autoambiguity function and the last two parts are the 
ambiguity functions between pulses 
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where nmn ,+χ  is the “cross-ambiguity” function between 

the n th and )1( +n th position-shifted component 
pulses. It is proved that the second term and the third 
term of equation (8) are equal to zero according to [14], 
so equation (8) can be reduced to  
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In equation (14), only autoambiguity function is left and 
cross-ambiguity function is equal to zero. So it can be 
concluded from equation (14) that all of the range false 
peaks are removed. 

III.  STIPT SIGNAL FOR NETTED RADAR 

    In this section, different orthogonal STIPT signals with 
good autocorrelation property are designed for netted 
radar systems. The good autocorrelation and cross-
correlation properties can satisfy the requirements of the 
netted radar systems.    
    According to equation (1), different STIPT signals can 
be generated with different steps of the delay timeT . All 
of the STIPT signals have good autocorrelation property. 
So, all of the designed signals are available for a single 
radar system. But in netted radar system, the property of 
good autocorrelation is not enough and they must have 
good cross-correlation property at the same time. The 
signals need to be orthogonal and the influence of mutual 
interference between signals must be weak enough. 
Thanks to the flexibility of the STIPT signal, orthogonal 
signals can be obtained easily. We only need to guarantee 
that time steps and the difference of the time steps are 
different between two STIPT signals, which can lead to  
any two STIPT signal pulses reaching the receiver at 
different time or the probability of reaching at the same 
time is lower. Then the influence of mutual interference 
between signals can be removed by the new signal 
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processing algorithm in section A. An example of two 
orthogonal STIPT signals is shown in Fig. 4. In actual 
practice, the signal design is more flexible and 
controllable. 

 
Fig. 4 Example of two orthogonal STIPT signals 

In Fig. 4 pulses of two signals will not reach the receiver 
at the same time.  
  At the receiving terminal, the corresponding processes 
for different STIPT signals with different delay time T  
are required. The compositions of all the processes are 
the same except the delay timeT . All of the signals can 
be separated completely and the influence of mutual 
interference between signals disappears. One example of 
the receiver is shown in Fig. 5. 

∑

 
Fig. 5 Receiver process for STIPT signal 

  In Fig. 5, T  is the delay step of a STIPT signal, when it 
comes to other STIPT signals, only T  needs to be 
changed. 

IV.  SIMULATION RESULTS 

    In order to show the good properties of STIPT signals 
used in netted radar system, four STIPT signals are 
designed for a netted radar system. To simplify the 
design, each STIPT signal has only eight pulses and it is 
the same when the number of pulses is larger. All of the 
signals’ pulse width is 10 =τ  ns and only the steps of the 

delay time T  are different. The steps are 901 =T  ns, 

1102 =T  ns, 1303 =T  ns and 1704 =T  ns, 
respectively. Autocorrelation properties of each signal are 
the same as introduced in section A. Cross-correlation 
properties between four signals are shown in Fig. 5. 
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Fig. 5 Normalized cross-correlation function of the four 
STIPT signals 

In Fig. 5, (a) is normalized cross-correlation result of 1T  

and 2T , (b) is 1T  and 3T , (c) is 1T  and 4T , (d) is 2T  and 

3T , (e) 2T  and 4T , (f) is 3T  and 4T . When the new 
signal processing algorithm proposed in section A is used, 
we can get perfect cross-correlation result and the result 
is shown in Fig. 6. 
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Fig. 6 Normalized cross-correlation function of the four 
STIPT signals 

We can see that all of the cross-correlation peaks 
disappear and STIPT signals are completely orthogonal. 
    Assuming that four radars are located in a netted radar 
system and one target is in this system. Four radar 
stations work at the same time and multi signals are 
transmitted at the same time. At the receiving terminal, 
each station has four signal process modules and the 
receiving signals could be separated completely. Signal 
processing modules are designed according to section 3 
and the structures of each station are the same except the 
delay time T .When SNR is zero, signal process results 
of Station One are shown in Fig. 7. 
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Fig. 7 Correlation Processing results of Station One 

In Fig. 7, (a) is the output of the first module and the peak 
represents the STIPT signal whose step time is 1T . (b) is 
the processing result of STIPT signal whose step time is 

2T , (c) is the processing result of STIPT signal whose 

step time is 3T  and (d) is the processing result of STIPT 

signal whose step time is 4T , where horizontal axis is the 
time delay and represents the range of the target. From 
Fig.7, we can see that the all the STIPT signals can be 
separated completely. STIPT signals can be received and 
separated by other stations too and multi signals can be 
obtained 
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    STIPT signals could also used for detecting multi 
targets and range resolution is the same as that of single 
pulse with identical pulse width. Assuming that three 
targets are contained in radar echo, the ranges of the 
targets are 30.300, 33.600 and 33.603 km and their 
magnitudes are 1, 0.6 and 0.5 respectively. In the 
simulation, the pulse width is 10 =τ  ns. The transmitted 
signal is corrupted by additive white Gaussian noise. Fig. 
8 shows the obtained detection result. 
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Fig. 8 Detection result of Multi targets  

In Fig. 8, (a) is the range of the detection result and (b) is 
the zoomed vision for the two neighboring targets.  

V.  CONCLUSION 

    In this paper, orthogonal STIPT signals are designed 
for netted radar systems. Each radar station is assigned 
with a fixed STIPT signal and the corresponding receiver 
is designed at the receiving terminal. Because of the good 
autocorrelation and cross-correlation properties, mutual 
interference becomes weaker and signals from different 
stations can be separated entirely. Therefore, the data 
processing of computers will be easier and the detection 
will be more accurate. Furthermore, the proposed 
approach can reduce distance side lobe and the highest 
peak to side lobe ratio increases obviously, so the pulse 
integration can enlarge the detection range greatly. 
Simulation results show that the proposed approach can 
reduce mutual interference of signals from different 
stations and signals could be separated completely. The 
proposed approach is also convenient for data fusion 
which is our future work. 
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