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ABSTRACT 

We present algorithms, which use higher order spectrum analysis and matched field 

processing techniques for estimation of target parameters using passive sonar. 

Conventionally, underwater targets are classified using only the second-order statistics of 

the received signal since they are based on spectral analysis methods. The information 

contained in the power spectrum suffices for a complete statistical description of 

Gaussian processes only. Also, second order statistics are phase blind and only describe 

linear mechanisms governing the process. However, it is established that ship-radiated 

signal consists of significant component arising from non-linear coupling of rotating 

machinery. We exploit these characteristics to obtain target parameters such as range, 

quadratic phase coupling (QPC) and coefficient of non-Linearity (CONL). 

Based on the above, we have explored the following problems in the research 

work and made new contributions - (a) Detection of quadratic phase coupling in shallow 

underwater channel, (b) Estimation of a non-linear coupling feature in shallow 

underwater channel, (c) A novel range estimation method for passive sonars operating in 

shallow underwater channel, and (d) A bispectrum phase based estimator of the Degree 

of Quadratic Phase Coupling (DQPC). The detection of QPC aids in segregation of 

multiple targets in a beam while the estimation of CONL is useful as a classification 

feature. The novel passive range estimation algorithm is based on a single hydrophone 

and it exploits the non-linearity associated with the machinery-radiated sinusoids 

emanated from a ship. We use matched field processing techniques to nullify the channel 

effects on the received signal. We propose an estimation technique for the degree of 

quadratic phase coupling (DQPC) based on a function of the phase of the bispectrum at 

the bifrequency. The estimation of DQPC is important in several analysis problems, 

which includes damping analysis of shock mounts, accurate detection, parameter 

estimation and classification of underwater vehicles etc. 

Problem (a) addresses the problem of detection of Quadratic Phase Coupling 

(QPC) at the receiver when the source signal has traversed through an underwater 

channel. The channel has been numerically modeled using normal mode theory. In a 

bounded underwater channel, the phase associated with each frequency varies with range 



as well as due to the characteristics of the channel. We have performed extensive 

numerical simulations from the received signal of moving and stationary targets in 

shallow underwater channel, to arrive at a robust algorithm for detection of QPC. The 

algorithm takes advantage of the slow variation of the bispectrum phase of the received 

signal, which is due to the channel characteristics. The detector is based on the zero 

crossings of the bispectrum phase of the received signal across observation intervals. The 

proposed detector is observed to be robust in several typical shallow underwater 

channels. 

Problem (b) proposes a novel classification feature for underwater targets in 

shallow water. Conventionally, the classification of underwater targets involves 

identification of the machinery / propeller spectral lines using spectrum estimation 

methods. We propose a feature based on the non-linear coupling existing between the 

machineries on the target platforms i.e., ships and submarines. The classification of 

targets is based on the premise that the degree of non-linear coupling between pairs of 

machinery is unique for a particular class of targets depending on the types of machinery 

and their placement. The proposed techniques used in addition to conventional 

classification techniques based on spectral estimation can improve the classification 

performance. We estimate the second-order coefficients of non-linearity (CONL) existing 

between two machineries on board the target, which has a non-linear coupling between 

them. Since CONL is used as a classification tool, it has to be invariant for a particular 

set of machineries in a given class of ships. We present a method to estimate CONL 

which is robust to range, and depth dependent variations induced in a shallow underwater 

channel. 

Problem (c) is an off-shoot of problem (b). We present a method in which the 

passive sonar signal received with a single hydrophone can be used to estimate the range 

of a moving target. The proposed method takes the advantage of Quadratic Phase 

Coupling (QPC) existing between a pair of machineries. The bispectrum phase measured 

at the source for a pair of machineries having QPC between them would be zero. 

However, when the measurements are done at a distant location from the source, the 

bispectrum phase would not be zero due to the frequency dependent response of the 

channel. The measured bispectrum phase would therefore arise due to effect of the 
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channel on the signal phases. We use a method similar to matched field processing 

whereby we match the measured bispectrum phase with field phase grid to locate the 

target depth and range. This method requires channel propagation modeling or actual 

measurements of propagation in the channel at various depths and ranges. We have 

approximated the channel propagation through the normal mode theory of propagation. 

Problem (d) is related to the proposal of a bispectrum phase based estimator of 

DQPC. We propose an estimation technique for the degree of quadratic phase coupling 

(DQPC) based on a function of the phase of the bispectrum at the bifrequency. The 

estimation of DQPC is important in several analysis problems including damping 

analysis of shock mounts, accurate detection, parameter estimation and classification of 

underwater vehicles etc. Conventionally, DQPC estimation is based on bicoherence, 

which estimates the contribution of second order non-linearity to the power at the 

bifrequency. We investigate the bias, mean square error, consistency, and confidence 

interval performance of a novel bispectrum phase based estimation technique. The 

proposed technique is shown to have better estimation properties compared to the 

bicoherence based estimator, both in clean signal and in additive white noise 

environments over a significant range of DQPC values. 

The above-mentioned detectors and estimators have been subjected to both 

synthetic and recorded ship-radiated data and have been found to perform well. It has 

also been seen that these detectors and estimators perform well in severe noise 

conditions. 
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