








































































































































































































































































































Chapter 9 

Conclusions and Future Work 

9.1 Conclusions 

In this thesis, we considered the problem of tracking multiple targets in nonlinear /non­

Gaussian systems in cluttered environments. Our main focus was on tracking ma­

neuvering targets and stealthy targets. Multitarget tracking is a difficult problem 

since it involves the model-data association problem which becomes more challenging 

when the number of the targets vary with time. We proposed a PHD based filtering 

approach to solve many practical multitarget tracking problems. The PHD filter is 

a computationally efficient solution to multitarget tracking problems, and the SMC 

implementation makes the filter applicable in general scenarios with nonlinear/ non­

Gaussian systems. 

We presented a new multiple-model approach to enhance the PHD filter 's ca­

pability to handle target maneuvers. Maneuvering targets might switch between 

different modes of operation, and tracking using a single-model filter might fail since 

the filter may be accurate for only one mode of operation. It has been shown that 
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multiple-model PHD filter performs significant ly better than the single-model fi lters. 

The single-model fil ters that matched only one kind of target dynamics showed poor 

adaptation to maneuvers , result ing in large estimation errors when the target maneu­

verability is high. We can conclude t hat a mult iple-model approach is essent ial to 

ensure satisfactory performance in such cases. 

Then, we considered the problem of tracking multiple low SNR targets, which can­

not be simply tracked using convent ional tracking algorithms, based on thresholded 

the sensor data. Thresholding throws away potent ial information and results in poor 

performance in tracking dim targets. We presented a sequential Monte Carlo prob­

ability hypothesis density fil ter for recursive Bayesian track-before-detect algorithm. 

The fil tering algorithm operates on raw measurement frames in a recursive manner 

and it is computationally more efficient than convent ional batch track-before-detect 

algorithms. The proposed algorithm can detect and track multiple weak targets in 

noise. The advantage of the TBD PHD filter over other methods is that it does not 

have a restriction on the maximum possible number of targets and offers flexibility 

in the target and noise models. Through simulation on a 20 x 20 grid of data, it was 

shown that mult iple targets wit h SNR as low as 6 dB can be detected and tracked. 

This thesis also addressed the problem of tracking a time varying number of targets 

m a distributed sensor network. The sensor network contains a large number of 

sensors and these sensors report observations to their associated computational nodes. 

The nature of the monitored system is nonlinear and non-Gaussian. A distributed 

implementation of an SMC PHD filter is proposed . The distributed implementation 

of the fil ter has the advantage over the centralized architecture that it does not suffer 

from a single point failure problem. Further , it reduces the effects related to latency, 

synchronization and imbalance workload in the network. The proposed algori thm 
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quantizes measurements and the histogram based on the SMC PHD filter samples is 

effectively used to encode t he quantized measurement using a data-encoding scheme. 

Further, each node waits for several time steps before they broadcast measurements 

over the network and this measurement vectorization procedure saves a substantial 

amount of bits wasted on overhead bits. A simulation of a two-dimensional target 

tracking using a network of 4 computational nodes and 16 bearing-only sensors is 

presented with results to show the effectiveness of the proposed algorithm. 

Finally, we presented a novel approach to optimal nonlinear /non-Gaussian Bayesian 

filtering using B-spline interpolation. The proposed algorithm uses a continuous ap­

proximation of the probability densities and likelihood functions using B-spline poly­

nomial interpolation. Numerical methods to evaluate the prediction and update steps 

of the filter are illustrated. This method has the advantages over the widely used 

discrete approximation known as particle filters in that it retains accurate density 

information in a continuous form and thus evaluating the target probability over a 

region in state space is straightforward. Further, it does not suffer from the degener­

acy problem that is common in discrete approximation approach of density functions. 

The knots of the spline interpolation are selected in a way that only the region of the 

state space, in which the target probability density is significant , is represented to 

reduce the computational costs. The simulations are presented to compare the spline 

filter with SIR particle filter and the spline filter performs as good as SIR particle 

filter at the expense of more computational power. 
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9.2 Future Work 

In t his thesis, the spline fil ter was demonstrated with a nonlinear example. The work 

could be extended to multi-dimensional case using tensor product approaches. One 

of the main challenges in applying tensor product approach is t hat the computational 

complexity increases exponentially with the dimension. However , using pruning tech­

niques , it is possible approximate t he fil tering equations only to represent the state 

space in which t he density is significant . This could significantly reduce the compu­

tational power needed. 

Since the spline fil ter is general enough to apply for multi-modal densit ies , it could 

be a very good candidate to implement mult i-target t racking filters such as the PHD 

fil ter. However , it is necessary to model the prediction and update operator of the 

PHD fil ter using spline approach. 

In some systems, the measurements may not be received in the sequence as t hey 

originated due to network delays and the tracker may receive some of the measure­

ments in an out-of-sequence fashion. The current PHD fil ter equations are only 

applicable to t he measurement set that is in the correct chronological order. Deriving 

t he PHD fil ter equations to handle out-of-sequence measurement could be a potent ial 

area of research for many practical syst ems. 
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