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Abstract 
 

Acoustic passive target tracking has been research topic of interest from 

decades. A real-time   Autonomous underwater vehicle (AUV) to submarine 

passive acoustic target tracking modalities by using a sonar array, in which 

signal processing methods are used to estimate the target motion parameters 

(TMP). The aim is to track the underwater target using noisy passive sonar 

bearing and elevation measurements. The Unscented Kalman Filter (UKF) 

nonlinear filtering algorithm is proposed, that reduces the noise in 

measurements and estimates the actual state of target. UKF uses sigma point 

approach that increases the accuracy up to 3
rd

 order of Taylor series expansion. 

From Monte Carlo simulation results, the performance of filter will be analyzed 

using MATLAB software. 
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                1 Introduction 

 

In underwater target tracking is a difficult mission in military and civilian 

applications. In this paper, the aim is to track the underwater target using noisy 

passive sonar bearing and elevation measurements. Goal motion analysis (TMA) 

is a method using passive sensor information to determine the location of a 

target. Target motion parameters are range, course, Bearing, Elevation, Speed, 

pitch [1, 2].  To estimate the target motion parameters, signal processing 

methods are used and underwater measurements are obtained from „sonar‟ 

which is equipped in observer. Sonar is a system that uses ultrasonic waves to 

determine the position and intensity of the distance of underwater objects and 

allows mariners to study the object's natural size and location. It is also used to 

detect obstacles in the way in underwater while moving a submarine. Sonar it is 

one of the technique which uses sound propagation to communicate with or to 

detect objects on the surface [3]. Passive sonar: This passive sonar listens 

basically to the sound produced by vessels. Detection of noise from underwater 

objects such as submarines and ships are the main advantage of passive sonar. 

The study of underwater sound is known as hydro acoustic or also called as 

underwater acoustic. In the ocean environment, observer is AUV (Autonomous 

underwater vehicle) and target is submarine or a ship, AUV monitors noisy 

sonar bearing and elevation from a radiating target. In military applications, 

AUVs are more often referred to as an UUV (Unmanned Undersea Vehicle) [4-

6]. AUV‟s are considered as autonomous because here autonomous means they 

will have no physical connection to their operator. These are vehicles that are 

self-guiding and self-powered. Long ago, these AUVs looked and worked like 

torpedoes that were like long, moving cylinders. As long as technology has 

advanced, these AUVs have become more difficult and a range of new features 

have been introduced to track targets in less time. The maneuver carried out by 

observer, for better observability of target. Here target and observer are in the 

same three-dimensional plane. Target and observer are assumed to be moving 

with constant speed. Initially observer travel in the first leg for 2 minutes at 90
o
 

course and turns with turn rate of 0.5
 o
 per second and turn towards 270

 o
 course. 

After 4 minutes of travel turns towards 90
 o

 course in the second leg. Similarly, 

second leg third and fourth legs are repeated except in the third leg, observer 

course is 270
 o

 and in the fourth leg, it is 90o. Different noises in measurements 

can be processed in Passive sonar system [7, 8]. 
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2 Literature Survey 
 

Investigation based on this paper is towards AUV (observer) tracking 

another submarine using measurements of bearing and elevation. Since 

angle measurements of two types bearing and elevation are available, the 

operation becomes more nonlinear and therefore unscented Kalman Filter 

(UKF) [9, 10] and Modified Gain Angles-only Extended Kalman Filter 

(MGEKF), nonlinear filters are examined for this application, Passive 

sonar system have large sonic database but sonar administrator classify 

signals by use of computer and use these database to find classes of an 

action. So in this Unscented Kalman Filter (UKF) of non-linear 

algorithm. Because this will reduce the noise in measurements and also 

helps us to estimate the next state of the target. In this UKF uses sigma 

points. Why because to approach it sigma point will increase the accuracy 

(up to 3rd order) of tailor series. 

 

3 Proposed Methodology 
 

      The main goal of TMA is to track the target distance and position 

based on the observation measurements. Passive target tracking block 

diagram using bearing and elevation measurements is shown in the Figure 

1. The estimated target motion parameters (TMP) are range, course, 

bearing, speed, elevation and pitch (R, C, B, S, E and P). 

 

 
Figure 1Passive Target Tracking Using Bearing and Elevation Measurements 
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      The process of analyzing the target motion is non-linear due to the 

high noise in the bearing and elevation measurements. Course, pitch and 

speed are obtained from the observer sensor whereas bearing and 

elevation are obtained from a target sensor. From the block diagram, 

Based on input measurements find out the target motion parameters. 

These measurements are corrupted with noise to know the efficiency of 

filter here corrupted measurements which are obtained from simulator; 

these simulated measurements are given to unscented kalman filter 

(UKF). This filter reduces the noise in measurements and gives the 

estimated values. This filter calculates the predicted measurements of the 

target and estimated parameters. These measurements are given to the 

weapon guidance, if the target is within the Homing zone of the weapon, 

then weapon will be released on the target within the less convergence 

time. 

 

4 Mathematical Modelling 
 
4.1 Measurements and State Vector 
 

                Let       be state vector  

                 [                             ] 
where                  are velocity  components and 

                  are  x, y and z directions for range components.  

            The state equation is   

                              ⁄                                        (1)  

    where,      is noise having zero mean white Gaussian   

                               ⁄  is transition matrix.  

                               is deterministic vector.  

                       The measurement vector is 

                             [
     
     

]                                                                       (2) 

   where,      and      are bearing and elevation measurements.  

                Actual bearing      and elevation      angles are defined as 

                                (
     

     
)                                       (3) 

                                 (
      

     
)                                                          (4) 

                               √       
         

  

                             √       
         

         
  

   The noises     and      are independent Gaussian noises. The measurement 

vector calculation is   written as 

                                                                             (5) 

                       where,      is relation between state and measurements.   
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  4.2 UAKF Algorithm [7-10] 
 

   1. Sigma state vectors are presented as 

          

     [           √               √         ]                  

(6) 

   2. The state vector is predicted as 

                     ∑    
     

   [                  

    ]                    (7)                                                                                

 3. The covariance matrix is predicted as  

          

          [                   √             ]                            

(8)             

   4. Then measurement predicted as                                         

                   ∑    
   

          
                                   (9)       

5. Covariance of innovation is 

              ∑    
   

[                    ]   
             (10) 

    6.  The cross covariance is  

                  ∑    
   [                     ][             

   

          ]  (11) 

         7.  Gain is 

            K            
                                                               (12) 

        8. The state is estimated as 

                          (                   )  
               (13) 

         9. Covariance is 

                                                   (14) 

 

5 Simulation Results 
 
5.1 Target State Vector and Its Covariance Matrix Initialization  
 

The target's initial state vector estimate is selected as follows. Using 

different marine parameters, such as salinity, temperature, etc, the sonar range 

of the day (SRD) is calculated.. In this research work, the observer is assumed to 

be submarine.  Let the SRDs are 7 km, 15 km and 30 km if target is submarine, 

ship and torpedo respectively. The submarine is assumed to be designed to track 

torpedoes at long ranges [11]. Approximately (20 m/sec for the torpedo target, 

10 m/s for the ship target and 5 m/sec for the submarine target) 8 m/s (average 

of all possible target velocities) are expected to be the velocity components of 

the target submarine because only bearing angle measurements and target 

velocity and direction are accessible. 
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cannot be calculated. Therefore the initial estimate of the target state vector is 

given by  
        
[                                                       ]           
                                                                                                                         (15) 

where       and      are initial measured bearing and measured elevation. 

Initial estimate of         It is assumed to have a uniform density function, and 

therefore the elements of the initial covariance matrix are given. 
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  ]
 
 
 
 
 
 
 
 
 

 (16) 

 

5.2 Results 
 

The purpose is to analyze the performance of UKF, the desirable condition 

is expected to prevail at the time of experiment and therefore for every second 

the measurements are continuously available. The algorithm is executed using 

MATLAB in Personal Computer. It is assumed that noise in the bearing, 

elevation measurements to be follows white Gaussian with standard deviation 

(SD) of 0.5
o
. So, the white Gaussian of SD, 0.5

o
is added to each bearing, 

elevation measurements available at every second. 

The scenarios in Table.1, target is assumed to be submarine or ship. Almost 

practical values are chosen for target range and speeds. Acceptance of solution 

for this algorithm is based on the intercept guidance algorithm of weapon. 

Acceptance Criteria 1: 

Estimate error in Range is ≤ 10% of the actual range 

Estimate error in Course is ≤ 5
o
. 

Estimate error in Pitch is ≤ 5
o
. 

Estimate error in Speed is ≤ 1m/s. 

Acceptance Criteria 2: 

RMS estimated range error is ≤ 3.33% of actual range 

RMS estimated course error is ≤ 1.667
o
. 

RMS estimated pitch error is ≤ 1.667
o
. 

 

 

 

 

 



   

 

 

 

Passive Acoustic Underwater Environment Target Tracking Using Angles Only 

Measurements for AUV 12620 

 

RMS estimated speed error is ≤ 0.33m/s. 

 
Table 1 Selected Scenarios Evaluation for Bearing & Elevation 

 

Scenario 1 2 3 4 

Initial Range (m) 3000 3000 3500 3000 

Bearing (deg) 45 0 0 135 

Speed of Target  (m/s) 10 12 10 12 

Speed of Observer (m/s) 7.8 10 5 8 

Target Course (deg) 225 45 45 45 

Elevation (deg) 45 135 135 135 

Pitch (deg) 110 60.5 45 135 
 

 
Figure 2 Target, Estimated and Observer Path for Scenario 1 

 

 
 

Figure 3(a) RMS Error for Range Estimate 
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Figure 3(b) RMS Error for Course Estimate 
 

 
 

Figure 3(c) RMS Error for Speed Estimate 
 

 
 

Figure 3(d) RMS Error for Pitch Estimate 

 

Figure 3 Estimated Errors for Single Run for Scenario 
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Figure 4(a) RMS Error for Range Estimate 

 

 
 

Figure 4(b) RMS Error for Course Estimate 

 

 
 

Figure 4(c) RMS Error for Speed Estimate 
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Figure 4(d) RMS Error for Pitch Estimate 

 

Figure 4 RMS Estimated Errors for Single Run for Scenario 1 

 

It is assumed that experiment is conducted at favorable environmental 

conditions and hence the range and bearing measurements are available 

continuously. This simulation is performed on a personal computer using 

Matlab. The scenarios selected for the algorithm evaluation are shown in Table 

1. For example scenario 1 describes a target moving at an initial range of 3000 

m with a course and a speed of 225
o
 and 10 m/s respectively. The initial bearing 

is 45
o 
and elevation is 45

o
, pitch is 110

o
. 

The estimates and true path of the observer and target are shown in Fig.2 for 

scenario 1. For clarity of the concepts, the errors in estimated range, course, 

speed, and pitch for scenario1 are presented in Fig 3(a), 3(b), 3(c) and 3(d) for 

single run respectively. Similarly for 100 Monte-Carlo runs, the estimated 

range, course, speed and pitch are shown in Figure 4(a), 4(b), 4(c) and 4(d). 

 
Table 2 Bearing & Elevation Convergence Time (seconds) for 1 run 

 

 

 

 

 

 

 

 

 
 

 

SC Range Course Speed Pitch Total 

Convergence 

1 179 55 214 59 214 

2 336 502 255 267 502 

3 336 236 32 236 336 

4 200 255 103 120 255 
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Table 3 Bearing & Elevation Convergence Time (seconds) for 100 run 

 
SC Range Course Speed Pitch Total Convergence 

1 341 43 25 102 341 

2 282 152 30 149 282 

3 283 39 31 23 283 

4 208 30 26 98 208 

 

The range, course, speed and pitch convergence times for the given solution 

is shown in Table 2 for scenario 1 (single run). Similarly, in Table 3, the 

convergence time (in seconds) for range, course, speed and pitch are given for 

scenario 1. In simulation, the predicted range, course and speed for a single run, 

the pitch of the target is converged at 179th sample, 55th sample and 214th 

sample, 59th sample for scenario1 respectively. Thus, at 214th samples, the 

complete solution is obtained for scenario 1. Similarly, for scenario 1, the 

predicted range, course and speed and pitch are observed to be converged at 

sample 341, sample 43 and sample 25, sample 102, respectively. The time of 

convergence for scenario 2 is extracted from the 341st sample. 

 

6 Conclusion 
 

With the increasing attention in the marine research, tracking undersea 

target technology has aroused full attention. Because of the accuracy and 

complexity of the marine environment, acoustic waves have become the most 

used technique for tracking underwater targets. For the performance assessment 

with regard to solution convergence, the UKF algorithm is taken into account. 

New acceptance requirements for angle-only measurement solutions are framed 

in this paper without the need for true values of these target motion parameter 

information. To figure out the target direction, the standard nonlinear estimator, 

the UKF algorithm, is used. Similarly same procedure can be used for all 

scenarios. In real time situations, where prior knowledge of the parameters of 

target motion is technically not feasible, these acceptance criteria can be used. 
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