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ABSTRACT 

The main aim of the paper is To design an optimum signal which improves range resolution with minimum 

autocorrelation side lobes.The basic purpose of radar is to detect the presence of an object of interest and 

provide information concerning the object’s location, motion, size and other parameters. The first task is called 

the problem of target detection and the second one is referred to as parameter estimation. For good detection, a  

radar needs a large peak signal power to average noise power ratio, So/No, at the time of the target’s return 

signal. Thus for good detection many radars seek to transmit long-duration pulses to achieve high energy, since 

transmitters are typically operated near their peak power limitation. On the other hand, for good range 

resolution, a radar needs short pulses. These divergent needs of long pulses for detection and short pulses for 

range accuracy in measurements prevented early radars from simultaneously Performing both functions well. 

Both the analog and digital pulse compression technologies have been successfully exploited for achieving best 

results. 

 

I. INTRODUCTION 

 

Radar (Radio Detection And Ranging) is an electromagnetic system for the detection and location of reflecting 

objects such as aircraft, ships, spacecraft, vehicles ,people, and the natural environment. It operates by radiating 

energy into space and detecting the echo signal reflected from an object, or target. The reflected energy that is 

returned to the radar not only indicates the presence of a target, but by comparing the received echo signal with 

the signal that was transmitted, its location can be determined along with other target-related information  Radar 

can perform its function at long or short distances and under conditions impervious to optical and infrared 

sensors. It can operate in darkness, haze, fog, rain, and snow. Its ability to  measure distance with high accuracy 

and in all weather is one of its most important attributes. 

The basic principle of radar is illustrated in Figure. 

A transmitter generates an electromagnetic signal that is radiated into space by an antenna. A portion of the 

transmitted energy is intercepted by the target and reradiated in many directions. The reradiating directed back 

towards the radar is collected by the radar antenna, which delivers it to a receiver . There it isprocessed to detect 

the presence of the target and determine its parameters.      
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Thus there are two tasks performed by radar  

1. Target detection: It is accomplished by transmitting an electromagnetic signal and detecting, in the 

unavoidable system noise, the wave reflected by the target. 

2. Parameter estimation: If the returned signal of adequate strength is received, it is further analyzed to 

determine target distance, velocity, shape of target, number of targets and so forth. This analysis is referred to as 

parameter estimation. 

 

1.1 Advantages of Radar 

1. The main advantage of radar is that it provides superior penetration capability through any type of weather 

condition and can be used in the day or night time . 

2. Radar can be long range and the wave propagates at the speed of light rather than sound. 

It is less susceptible to weather conditions compared with Lasers . 

3. It is used at night unlike passive cameras. 

4. It does not require target cooperation to emit any signals or emission. 

5. Radar communication is faster and has less attenuation (loss of signals). 

6. It is wireless so more preferred over other modes of communication. 

 

1.2 Radar Applications 

Radar has been employed on the ground ,in the air, on the sea and in the space. Ground based radar has been 

applied chiefly to the detection ,location and tracking of air craft or space target. Some applications are listed 

below 

 Air traffic control, 

 Air craft navigation , 

 Ship safety, 

 Space, 

 Remote sensing, 

 Law enforcement, 

 Military . 

 

Pulse compression: 

Pulse compression can be defined as a technique that allows radar to utilize along pulse to achieve large radiated 

energy but simultaneously obtaining range resolution of short pulse. Theoretically, in pulse compression, the 
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code is modulated on to the pulsed waveform during the transmission. At the receiver, the code is used to 

combine the signal to achieve a high range resolution. 

Pulse compression is a generic term that is used to describe a wave shaping process that is produces as a 

propagating waveform is modified by the electrical network properties of the transmission line.  

As we know the reduction in the peak power of a pulse can be achieved by increasing the length of the pulse. 

But ,an increasing in the length of the pulse reduces range resolution. To avoid the compromise in the range 

resolution .some form of encoding must be done within the transmitted pulse ,so that it is possible to compress a 

longer pulse into a shorter one in the receiver using suitable signal processing operations. The easiest form of 

such encoding is to allow the radar pulse to modulate a waveform a waveform or a sequence that is uncorrelated 

in time but known at the receiver. 

A cross- correlation operation at the receiver (using the known transmitted waveform/sequence) will compress 

the long received waveform/sequence into a short one. This is due to the time auto-correlation properties of the 

transmitted waveform/sequence, which is maximum at zero-lag and almost zero at lags other than zero .  

 Another important effect of pulse compression is the increase in the bandwidth of the signal .without pulse 

compression ,a longer pulse has a lesser bandwidth than a shorter pulse. But ,due to the encoding associated 

with pulse compression ,the bandwidth of the longer pulse increases. 

  

II. EXPLANATION OF VARIOUS INPUT SIGNALS AND OVERLAYING CODES USED IN 

PROGECT  INTRODUCTION TO INPUT SIGNALS USED: 

 

There are five signals which are used as input signals in our project they are:   

1 .Un-modulated (constant frequency) train of pulses 

2 .Barker phase coded pulse train. 

3. LFM (linearly frequency modulated) pulse train 

4. Costas array embedded in pulse train 

5. Modified Costas array embedded pulse train. 

Let us have a brief discussion on each one of them. 

 

III. UN-MODULATED (CONSTANT FREQUENCY) TRAIN OF PULSES 

 

Before we start considering the train of un-modulated pulses, let us just notice a single pulse first. 

The complex envelope of a constant-frequency (or un-modulated) pulse appears in Fig. and is given by  
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Complex  envelope of a constant-frequency pulse.        

The ambiguity function is obtained by using 

 

Solving the integrals and taking absolute value yields 

 

 

Zero   else where 

 

IV. BARKER PHASE CODED PULSE TRAIN 

 

One of the early methods for pulse compression is by phase coding. We start from a pulse of duration T . The 

pulse is divided into M bits of identical duration tb =T/M, and each bit is assigned (or coded) with a different 

phase value. The complex envelope of the phase-coded pulse is given by: 

 

where um = exp(jφm) and the set of M phases {φ1, φ2, . . . , φM} is the phase code associated with u(t). 

The binary phase coded sequence of 0,π values that result in equal low side lobes after passage through the 

matched filter is called BARKER CODE. 

 

Autocorrelation function of phase-coded pulse using 13-element barker code 

 

V. LINEAR FREQUENCY MODULATED (LFM) PULSE 

 

Linear frequency modulation (LFM) is the first and probably still is the most popular pulse compression 

method. It was conceived during World War II, independently on both sides of the Atlantic, as can be deduced 
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from German, British, and U.S. patents (Cook and  Bemfled , 1967; Cook and Seibert, 1988). The basic idea is 

to sweep the frequency band B linearly during the pulse duration T. 

The complex envelope of a linear-FM pulse is given by 

 

Linear-FM signal. 

5.1 Costas Array Embedded Pulse Train 

Costas coding, which results in a rather random like frequency evolution John P. Costas (1984) suggested a 

discrete frequency coding that is practically the opposite of the linear law used in LFM. The difference is 

demonstrated by the binary matrices in Fig. The columns represent M contiguous time slices (each of duration 

tb), and the rows represent M distinct frequencies, equally spaced (by _f ). In both signals we find one dot in 

each column and in each row. This means, respectively, that at any one of the M time slices, only one frequency 

is transmitted, and each frequency is used only once. 

 

Binary  matrix representation of quantized linear FM (left) and Costas coding (right). 

 

5.2 Modified Costas Pulses 

A modified Costas pulse combines Costas frequency coding with LFM within each Costas element (bit). 

Adding LFM allows increasing the size of the frequency step beyond the nominal ￠fCostas = §1=tb. The 

increased frequency step results in wider bandwidth, hence higher pulse compression. One of several discrete 

relationships must exist between the LFM bandwidth B, the bit duration tb, and the increased frequency step ￠f 

Mod. Costas,  in order to nullify the ACF grating lobes that would show up without the LFM. The polarity of 

the LFM slope need not be fixed. 

 

5.3 Introduction to Overlaying Codes Used 

Achieving Doppler resolution in radar usually requires a coherent train of P pulses. In most cases the train is 

constructed by repeating the same compressed pulse. It was recently reported that overlaying the P identical 
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pulses with an orthogonal set of P sequences, each one constructed of M elements, will remove completely the 

Side lobes of the autocorrelation function (ACF) over the delay range  ts =<(TAU) =<l 

T, where ts is the duration of one element of the sequence, which is referred to as a slice, and T = Mts is the 

pulse duration.  

(A).ORTHOGONAL PHASE OVERLAY MATRIX: 

The orthogonal set was implemented using phase modulation. An example of a P-by-M binary orthogonal set, 

where P =M=8, can be described st C:\Program Files\Java\jre1.6.0_06\lib C:\Program 

Files\Java\jre1.6.0_06\libarting with the phase matrix 

The actual orthogonal set is given by the matrix 

 

 

The actual orthogonal set is given by the matrix 

 

 (B).DERIVATIVE PHASE OVERLAY MATRIX:              

DP modulation differs from conventional binary phase modulation by replacing phase jumps with phase slopes 

(frequency steps). The frequency steps are so designed that at the end of the slice duration ts the accumulated 

phase change is the desired 0 or .. Zero phase accumulation is obtained by splitting the slice into two bits ts 

=2tb; during the first bit the frequency step is ￠f =1=4tb yielding accumulated phase of 2πδftb = π/2; during the 

second bit the frequency step is -δf yielding accumulated phase of – 2; hence, zero total phase accumulation 

during a slice. Phase accumulation of π(or -π) is achieved by maintaining the frequency step of -δf during the 

entire slice. There are several variations to DP. In 

the one to be used here the split slice, in which the frequency modulation (FM) is[δf,-δf ]is used in the first slice 

of a sequence, and whenever the current slice is identical to the previous slice.[-δf,-δf] is used when the current 

slice is different from the previous slice. Matrix below presents the FM (DP) matrix corresponding to the 

orthogonal phase-coded matrix.(given above). 

Thus, in our project we have written a MATLAB program which allows us to select any of the five input 

signals…and also provides the choice to select no over laying, Orthogonal phase overlaying or derivative phase 

overlaying on the selected input signal.It plots the ambiguity function, autocorrelation function and the 

modulated input signal after overlaying (i.e., amplitude. phase and frequency are plotted). 

NOTE: The program written to get plots (i.e., ambiguity function, ACF, modulated input signal after 

overlaying) of all the possible inputs is kept in the appendix of above documentation 
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RESULTS AND CONCLUSIONS:         

1.Unmodulated Pulse Train: 

 

1(A). Output Waveforms For Unmodulated Pulse Train Orthogonalphase Overlay 

 

2. Output Waveforms For 13 Bit Barkar Code: 

 

3.:Output Waveforms For 8 Element Costas Array: 

 

4. Output Waveforms For Lfm Pulses: 
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5. Output Waveforms For Modified Costas Array Of Pulses: 

 
 

VI. CONCLUSION 

 

Thus it can now be concluded that we have observed the output plots of all (i.e., 15 )  possible input 

combinations and The basic fact which can be said is practically the same ACF side lobes removal can be 

achieved when implementing orthogonal overlay using DP, which is frequency coding, rather than the original 

binary phase-coded overlay. 

The added frequency coding is especially attractive for signals in which the pulse compression was obtained 

originally through FM. The DP overlay was Demonstrated on four types of frequency modulated pulse train 

signals: un-modulated pulses, Costas pulses, LFM pulses, and modified Costas pulses. 

Orthogonal overlay using DP produced complete removal of almost the same portion of the near side lobes, as 

did phase-coded overlay. It also drastically attenuated (below ¡20 dB) the recurrent lobes. Finally, its spectrum 

decayed faster than when phase-coded overlay was used. 

 

 


