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Abstract—De-interleaving of overlapping pulse prior to signal 

characterisation is an essential step in Electronic Intelligence 

(ELINT) analysis.  The Delta-Tau Histogram (DTH), which has 

been used with success over many decades, has progressively 

become incapable of dealing with ongoing increases in the 

complexity and density of the signal environment. Two new 

algorithms, the Alpha-Tau histogram (ATH) and Beta-Tau 

Histogram (BTH) have been developed which augment DTH are 

presented.    

Keywords—ELINT Analysis, Delta Tau Histogram, De-

interleaving. 

I. INTRODUCTION 

A fundamental requirement of Electronic Intelligence 

(ELINT) intercept and analysis is to segregate multiple signals 

that are encoded within the instantaneous bandwidth of the 

ELINT receiver in order that characterization and analysis of 

individual signals may proceed [1]. 

Segregation on the basis of transmission parameters such as 

frequency and pulse width, cannot be guaranteed due to the 

possibility of radars having identical parameters or the 

occurrence of parameter agility. So called radar 

“fingerprinting” by measurement of intra-pulse amplitude, 

frequency or phase modulation characteristics promises fine 

discrimination but it is complex to implement and suffers from 

very high processing demands, especially if near real-time 

responses are required [2].  

Although signal direction-of-arrival (DOA) is a stable 

parameter it too cannot be relied upon to differ in all 

situations.  Signal amplitude may sometimes be used to 

segregate signals but it too is not reliable – especially if the 

radars are of the scanning type.   

A more practical approach, which has been popular for 

many decades, entails de-interleaving signal pulse trains on 

the basis of differences in pulse timing and PRI pattern.  

The Delta Tau Histogram (DTH) [1] is a well-known 

analytic tool for identifying the presence and type of multiple 

PRI patterns in signal samples.  

However, with the ever increasing density and complexity 

of the signal environment the performance of the DTH has 

deteriorated to the point of having little meaningful role. 

The paper introduces two new techniques, simply called the 

Alpha Tau Histogram (ATH) and the Beta Tau Histogram 

(BTH), that offer complementary solutions extending the 

reach of the DTH. 

The rest of the paper is structured as follows: section II 

gives an introduction to pulse train de-interleaving, section III 

explains the operation of the DTH, section IV illustrates some 

real world challenges, section V presents some new histogram 

solutions, and finally the conclusions are drawn in section VI. 

II. PULSE TRAIN DE-INTERLEAVING 

Fig. 1 illustrates a simple case of two overlapping, fixed 

pulse repetition interval (PRI) signals.   

 

 
Fig 1 Two overlapping pulse trains (top) and DTH therefor (bottom) 

 

A brute force de-interleaving strategy would be to  

a) Postulate a PRI equal to the time difference between 

the first two pulses in the data buffer. 

b) Create a pulse train at the postulated PRI and 

establish its degree of correlation with the pulses in 

the buffer.  

c) Then repeat from b) with postulated PRIs based on 

the time between the first and third or the second and 

third pulses (and so on) until all practical options 

have been exhausted or a good match has been found.   

d) When a “best” match is found remove the pulses 

matching this best postulate from the data buffer. 

e) Repeat from a) to e) on the residual pulses until too 

few pulses remain for further analysis. 

 

The above strategy is, regardless of the tremendous strides 

in the speed and capacity of modern computers, not efficient 



and the computational burden will escalate if the number of 

signals and their complexity increases.  

Note: An underlying assumption throughout is that there is 

need for automation with minimal, preferably zero, human 

intervention. Furthermore there is generally a requirement for 

a real-time response hence algorithms that look for the best 

outcome of all permutations are generally to be avoided. 

III. THE DELTA TAU HISTOGRAM 

The DTH is generated by counting the number of instances 

of different time intervals measured from the first pulse to 

each subsequent pulse in pulse descriptor word (PDW) 

sample, and then from the second pulse to each subsequent 

pulse, and so on.   

 

Fig. 2 illustrates the DTH of a single, fixed PRI signal. 

Predictably, peaks occur at the PRI and multiples thereof.  

  

 
Fig. 2 Single, fixed PRI  pulse train (top) and DTH (bottom) 

 

Fig. 3 illustrates the DTH of two overlapping signals with 

(different) fixed PRIs. In this case the DTH presents two 

overlapping sets of peaks corresponding to the two individual 

signals.  In particular, the first two peaks will normally 

indicate the PRIs of the two signals. 

 

 
Fig. 3 Two fixed PRIs  pulse trains (top) and DTH (bottom) 

 

De-interleaving of the signal buffer is then a matter of 

postulating a pulse train with PRI equal to the first (or the 

highest) peak and extracting pulses in the buffer that best 

match the postulated train. Recalculating the DTH on the 

buffer residue should produce a histogram similar to Fig. 2.   

As a general rule, the better the initial prediction and 

extraction the simpler will be subsequent analysis cycles on 

the residue. 

The DTH is a little more complicated in the case of PRI 

jitter - whereby the PRI interval varies in some random or 

quasi-random fashion. Refer Fig. 4. 

The DTH of overlapping fixed and jittered signals will 

clearly be more complicated. However, the strategy of 

selecting the highest DTH peak may be expected to designate 

the fixed PRI first since the fixed signal will produce sharper 

and higher DTH peaks. The DTH of the residual after 

extraction of the fixed PRI PDWs should then be 

representative of the jittered signal. 

 

 
Fig. 4 Jittered PRI  pulse train (top) and DTH (bottom) 

 

It is interesting how often, what seems to be a very complex 

sample, becomes easy to disentangle if a critical first 

extraction as achieved.  

Fig. 5 illustrates the DTH of a sixteen level staggered PRI. 

An N-level staggered PRI is one in which the PRI interval 

makes step changes in a pattern that repeats itself every N 

pulses.  A requirement from the radar signal processing point 

of view is that the sum of the sequence of N intervals - the so 

called Frame Interval - is fixed, regardless of the starting 

pulse.  

 

 
Fig. 5:  Sixteen  level staggered PRI  pulse train (top) and DTH (bottom) 

 

In this case the DTH will reveal clusters of peaks, of which 

the constituents of the first cluster represent the individual 

stagger intervals; the second cluster represents pairings of 

intervals and so on. At the N-th grouping will be found a 

single, distinct peak representing the frame interval.  The 

presence of this peak may be used to recognize the presence of 

a stagger type PRI and to establish the frame interval of the 

stagger. 

In the case of staggers application of the rule that the 

highest histogram peak be used to postulate the first potential 

PRI will result in identification and removal of a sequence of 

N overlapping sub-trains at the Frame Interval. It is, however, 

a simple matter to design algorithms that recognize that the 

sub-trains are not only identical but hold a fixed timing 

relationship that may be used to establish the stagger intervals 

and their order.  

IV. REAL WORLD CHALLENGES 

The DTH is vaguely reminiscent of Friedrich Wilhelm 

Kasinki’s method for cracking polyalphabetic ciphers [2]. But, 



just like Kasinki’s method eventually collapsed when faced by 

the German Enigma and Lorentz machines of World War II  

[5], the  effectiveness of the DTH has rapidly degraded in the 

face of escalating real-world challenges as summarized below. 

See Fig. 6. 

 

 
Fig. 6    Complex, multi- signal pulse train (top) and DTH (bottom) 

A. Increasing number of overlapping signals 

Increasing the number of overlapping signals eventually 

leads to a situation in which the DTH fails to provide clear 

results, especially if the PRIs are similar and/or not of the 

fixed type.   

B. Signal Intermittency  

Pulse train intermittency could be due to  

- Scanning of the radar beam  

- Low power signals at the ELINT receiver detection 

threshold. 

- Radar frequency agility exceeding the ELINT 

receiver instantaneous bandwidth.  

The impact of intermittency on the DTH is typically 

suppression of the fundamental and low order peaks of the 

DTH. Algorithms that simply select the biggest peak as the 

predicted PRI risk selecting a multiple of the true PRI 

resulting in incorrect de-interleaving.  

C. Complex PRI Patterns 

The demise of the DTH escalates exponentially when 

challenged with more complex PRI patterns such as: 

- High percentage variation jitter 

- High order stagger (>> 16 levels) 

- Dwell and switch PRIs 

- Pulse group (PG) PRIs whereby short batches of 

pulses are transmitted at regular intervals.  

- Irregular staggers whereby, for example, the frame 

interval is maintained but the order of the stagger 

sub-intervals varies 

- Irregular dwell & switch 

- Irregular pulse groups whereby the number of pulses 

per burst and even their intervals varies or where the 

pulse group itself is found to be broken up into 

smaller pulse groups. 

Pulse group signals, in particular, are a major challenge for 

the DTH interpretation as well as de–interleaving algorithms.  

Not only do such types of signal appear to be proliferating but 

they have always been a de facto challenge in the guise of 

multipath reflections. 

V.  NEW HISTROGRAM SOLUTIONS 

Yet, it is often found, when the DTH fails to provide 

guidance in complex situations, that it is still possible for the 

human eye and brain to recognize constituent signals patterns. 

Attempts to quantify and to code this human eye and brain 

skill has resulted in the discovery and development of two 

new histograms: 

 The Alpha Tau Histogram (ATH) which exploits the 

signal amplitude in conjunction with its time 

characteristics. 

 The Beta Tau Histogram (BTH) which exploits 

intermittency characteristics of the signals. 

Although neither histogram provides a solution for all 

circumstances they may be seen as orthogonal or 

complimentary to one another, and to the DTH, in the sense 

that one or more may suggest solutions or clues, albeit partial, 

when the others are mute.  

Indeed, the value of the ATH or BTH often lies in the 

accomplishing the critical first extraction where after the DTH 

may perform well on the sample residue.  A particularly useful 

feature of the ATH is the ability to predict the presence of 

pulse group (PG) type signals thereby allowing the early 

implementation of PG removal steps permitting more 

successful application of the all three histograms.  

An example of a multiple, complex signal problem is 

illustrated by Fig. 7. Fig. 8 shows the pulses designated for 

extraction (coloured blue) by the DTH.  Fig. 9 shows the 

pulses designated for extraction (coloured) by the BTH.  

 

 
Fig. 7: Multiple, complex signal  pulse trains (top) and DTH (bottom) 

 

 
Fig. 8: Pulses designated (coloured blue) by application of the DTH to the 

data of Fig. 7 

 

 
Figure 9: Pulses designated (coloured blue)  by application of the BTH to 

the data of Fig. 7 

 

VI. CONCLUSION 

Increasing density and complexity of the signal 

environment has severely degraded the effectiveness of the 

well-known DTH as an aid to signal de-interleaving.  



New histograms, called the ATH and BTH, have been 

developed that are able, when used in conjunction with the 

DTH, to offer solutions to a greater range of complex 

situations.  

Some practical results will be presented.   

Further work will attempt to develop a unified histogram 

that incorporates the features of all three.  
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