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Abstract: Pulse Compression is a Signal Processing Technique used in Radar systems in order to increase Range
Resolution as well as Signal to Noise Ratio (SNR). There are many parameters like number of side lobes, main lobe
width, Range Resolution and Peak Sidelobe Level (PSL) to be considered before adapting any Pulse Compression
technique. Barker code and Complementary sequences are chosen in order to study Pulse Compression technique for
achieving above given parameters. In this paper, a detailed discussion on Barker codes and Complementary codes
with proper methodology and simulations are provided. In order to get the essence of these pulse codes, simulations
are carried out using MATLAB and results are shown. Implemented Complementary code on sample data acquired
using AD6654 board and observed similarity between results obtained during simulation.

Keywords: Pulse Compression, Barker code, Complementary sequences, Range Resolution, Signal to Noise Ratio
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L. INTRODUCTION

The word RADAR is an acronym for Radio Detection and Ranging. RADAR uses electromagnetic waves (EM waves) to detect,
locate and measure the speed of hard targets like airborne aircrafts, Terrestrial vehicles and soft targets like atmospheric layers with
refractive index gradient, electron density variation in lonosphere. RADAR transmits the EM waves into space and receives the
echoes which are reflected back from the target. By applying the signal processing techniques on the received signal the location
and velocities of the target can be estimated. Pulse compression is one of the signal processing technique used in Radar systems to
have high energy of long duration pulse with the superior range resolution of short duration pulse. The codes which are mostly used
in Radar technology are frequency modulated signals (LFM and NLFM) and phase coded signals (Barker, Complementary etc).
Atmospheric Radars uses phase coded signals for their application. So the entire discussion is emphasized on phase coded signals in
this paper.

1. PULSE COMPRESSION

In pulse compression technic, A pulse having a low peak power with long duration pulse is modulated either in frequency or phase
before transmission and the received signal is passed through a filter to accumulate the energy as achieved in case of high peak
power with a short duration pulse. The reduction in peak power of a pulse can be achieved by increasing the length or duration of
the pulse. But, an increase in the length (or) duration of the pulse reduces range resolution. To avoid the compromise in range
resolution, some form of encoding technique must be done within the transmitted pulse, so that it is possible to compress™ a longer
duration pulse into a shorter one in the receiver using suitable signal processing operation. The easiest form of such encoding is to
allow the radar pulse to modulate a waveform that is uncorrelated in time but known at the receiver. A cross-correlation operation at
the receiver (using the known transmitted waveform) will compress the long received echo waveform into a shorter waveform. This
is due to the time auto-correlation properties of the transmitted waveform, which is maximum at zero-lag and almost zero at lags
other than zero. The time autocorrelation of a deterministic function f(t) is given by:

Ryy(1) = [, F(Of * (t+7) dit )
And for random signal X (t), it is given by

Ry =E X () X* (t+T)] )
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1. BINARY PHASE CODES
A transmitted Radar pulse of duration 7 is divided into N sub-pulses of equal duration t” = % and each sub-pulse is phase coded in

terms of the phase of the carrier.

A. Barker Codes
Barker codes belongs to the family of binary phase codes that produce compressed waveforms with constant sidelobe levels equal to

unity. There are seven known Barker sequences in use. Barker codes are popularly known for sharing a unique property i.e.
producing main lobes that are higher than the sidelobes by a factor of code length.
In this paper, Barker code of length 13 has been implemented in Matlab as shown in below figure 1.
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Figure 1: 13-bit Barker code and its corresponding Autocorrelation

From figure 1 it is observed that, the autocorrelation or matched filtering of 13 bit barker code gives a main lobe of 13 units and side
lobe of 1 unit satisfying the unique property of Barker codes. Security is a main concern while adapting Barker codes.

1) Simulations on encoding and decoding of a sinusoidal pulse with a Barker sequence of 13 bit code length

a) The 13-bit Barker code is fed to a product modulator of sine wave gives a BPSK modulated signal at the output as shown in

below figure 2.
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Figure 2: 13-bit Barker code and its BPSK signal
b) Introduce a Doppler of known frequency to the center frequency and fed the signal to a receiver to decode the received pulse

w.r.t transmitted signal by using the autocorrelation.
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Figure 3: Introduced Doppler and decoded the received echo w.r.t transmitted pulse by using Autocorrelation

c) Introduce Random Noise to the received echo and decode it w.r.t transmitted signal as shown in below figure 4.
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Figure 4: Correlation of transmitted and received signals of 13-bit Barker code added with Gaussian noise
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B. Complementary Sequences
A complementary code was first discussed by Golay. It consists of two sequences which is having a same length of N whose
aperiodic autocorrelation functions have sidelobes equal in magnitude but opposite in sign.
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Figure 5: Complementary Sequences of code length 8 and their corresponding Autocorrelations

The sum of two sequences gives a peak of 2N with a zero side lobes. In case of practical, the side lobes are not equal to zero. Due to

their low aperiodic autocorrelation function sidelobes they are useful in Radar pulse compression and also in Spread-spectrum

applications.

1) Simulations on encoding and decoding methodology of a sinusoidal pulse with a Complementary sequence of 8 bit code length

a) The 8-bit Complementary sequences (ED,12,E2 and 1D) are fed to a product modulator of sine wave gives a BPSK modulated
signal at the output as shown in below figure 6.
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Figure 6: 8-bit Complementary sequences (ED, 12, E2 and 1D) and their BPSK signals
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b) Introduce a Doppler of known frequency to the center frequency and fed the signal to a receiver to decode the received pulse
w.r.t transmitted signal by using the autocorrelation as shown in below figure 6.
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Figure 7: Introduce Doppler and decoded the receive pulse w.r.t transmitted pulse by using Autocorrelation

c) Perform decoding operation as shown in figure 8.
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Figure 8: Decoding operation of Complementary sequence
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d) Introduce Random Noise to received echo and decode it w.r.t transmitted pulse as shown in figure 9.
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Figure 9: Correlation of transmitted and received signals of 8-bit complementary code added with Gaussian noise

V. HARDWARE IMPLEMENTATION
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Figure 10: Hardware Test Set-Up of AD6654

The block diagram of a Hardware Test Set-Up is shown in below figure 11.

Function
Generator
80 MHz PC
53.1MHz

Signal " ADC +DDC USB ADG6654
Generator Coder Interface : Software

T (AD6654)

TCSG

Figure 11: Block Diagram of Hardware Test Set-Up
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An input of 53.1 MHz frequency of a sinusoidal signal from a signal generator is passed through a coder which is fed with bi-phase
code from TCSG in tandem gives a bi-phase coded signal and other input from a function generator with a clock of 80 MHz
frequency, are given to a AD6654 board which samples and down converts the given signal to | and Q signals. The output data is
seen in PC which consists of AD6654 software. USB is used as an interface between the AD6654 board and PC.

The signal processing techniques like decoding, coherent integration and FFT operations are performed on | and Q signals acquired
from the board.

A. The 8-bit Complementary coded signals (ED, 12, E2 and 1D) as shown in below figures 12 to 13.
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Figure 14: E2 of | data Figure 15: 1D of I data (Compliment of E2)

B. Consider 12 sets of pulses of ED, 12, E2 and 1D and Perform autocorrelation as shown in below figure 16.
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Figure 16: Correlated data

Where,
Green colour plot indicates the autocorrelation of ED,
Blue colour plot indicates the autocorrelation of E2 and
Red colour plot indicates the autocorrelation of coherent averaging of all 12 sets.
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C. Perform Fast Fourier Transform operation as shown in below figure 17.
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Figure 17: FFT of acquired data

V. CONCLUSION
The Pulse Compression Techniques like Barker codes and Complementary Sequences are successfully simulated using MATLAB
and also implemented with AD6654 board. For improving the SNR, signal processing steps like decoding, Coherent Integration and
FFT are performed which are the building blocks of Pulsed Radar for Atmospheric applications.
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