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Consider two identical linear frequency-modulated
continuous waveform (LFMCW) radar systems operating
within the same frequency band. Their transmission is
shown in Fig.1. The transmitted waveform can be written
as

When the two radar systems are operating simul-
taneously, the received signal can be written as:
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• The interference signal will form a sharp peak in
the range-Doppler image.

• The interference level can be high due to the one-
way propagation characteristic.

• Interestingly, if we fix             and only optimize x, 
we obtain similar results, which corresponds to a 
more practical coding methods, since no co-
ordination between the two radar systems is needed.  

To optimize x and y such that     have small values in a 
desired area for any l , we can formulate the optimization 
problem as:  ( is the desired area)

A heuristic coding scheme : the coding vectors x and y
are given by

After dechirping, the digital samples associated with the
period of a coherent processing interval (CPI) (N

periods) is

Assume M samples are collected for each period. Then
we can obtain the range-Doppler image:

Where which is the

periodic cross-ambiguity function of x and y, l is

determined by the unsynchronized time

Denote the associated coding sequences by 

In the      period of a CPI, the first radar system transmits

To keep constant transmit power, 

With the coding scheme, the range-Doppler is given by

Very High Sampling Rates
Up to Low Price

Only a few dollars
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CONCLUSION
 We have proposed two slow-time coding schemes to
mitigate the mutual interference in two identical or similar
FMCW radar systems.
 We have presented efficient methods to construct the
codes.
 We have shown that both coding schemes can be used to
reduce the interference power level significantly.
We have demonstrated that the optimized coding scheme
can achieve a lower PSL than the first more intuitive
coding scheme.
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ABSTRACT

The mutual interference between similar radar
systems can result in reduced radar sensitivity and
increased false alarm rates.

To address the interference mitigation problems in
similar radar systems, we propose herein two slow-
time coding schemes to modulate the pulses within a
coherent processing interval (CPI).

The incorporation of the coding schemes only requires
slight modification of the existing systems.

Optimized Coding Scheme

Discrete periodic cross-ambiguity functions

The range-Doppler image with slow-time coding

INTRODUCTION

• Massively produced civilian
radar systems tend to be quite 
similar, which will result in 
severe mutual interferences.

Problem

• Slow-time coding

Idea
• A heuristic coding scheme

• An optimized coding scheme 
utilizing unimodular quadratic 
programming (UQP)

Range-Doppler image of received signal

Doppler-shifting scheme

Fig.1. Time-frequency illustration of the transmit 
waveform, the target signal, and the interference

SLOW-TIME CODING SCHEME

• Optimization of x for fixed y

where 

It’s a UQP problem, which can be solved using power-
method-like iterations. In the      iteration, we update x :

• Optimization of y for fixed x

where 

Then we have 

Doppler-shifting scheme The optimized coding scheme

The zero-delay cut

· Both coding schemes 
achieve very low side-
lobes in the desired area
· The peak sidelobe of 
the optimized codes is 
3.55dB lower than that 
of the Doppler-shifting

Without coding Doppler-shifting codes

The optimized codes

·  The interference level 
is significantly reduced 
applying our slow-time 
coding scheme
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 : number of discrete frequencies

  : circular shift matrix, 

  : a 1  vector whose  element is 
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where ,   is a constant to ensure .D I B D 0y y N y y y   

where ,   ensures .D I B D 0x x xN x x   

1Ny =

To suppress the interference power in the range-
Doppler image, we aim at designing x and y to
minimize in a range of interest for f.

Thus we have                                      The Doppler 

frequency  of the interference signal is shifted to a 

higher frequency area. 

The optimization problem is non-convex and difficult 
to solve. We propose to tackle it in a cyclic manner:
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