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ABSTRACT: This paper proposes the He norm based data association gate method to apply robustly the data
association gate of passive sonar automatic target tracking which is on non-linear targets in dense cluttered
environment. For target tracking, data association method selects the measurements within validated gate, which
means validated measuring extent, as candidates for the data association. If the extent of the validated gate in the
data association is not proper or the data association executes under dense cluttered environment, it is difficult to
maintain the robustness of target tracking due to interference of clutter measurements. To resolve this problem,
this paper proposes a novel gating method which applies He norm based bisection algorithm combined with 3-¢
gate method under Gaussian distribution assumption and tracking error covariance. The proposed method leads
to alleviate the interference of clutters and to track the non-linear maneuvering target robustly. Through analytic
method and simulation to utilize simulated data of horizontal and vertical bearing measurements, improvement
of data association robustness is confirmed contrary to the conventional method.
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Table 1. Procedure of bisection algorithm_[z‘]

Step number Procedure

Calculate the upper bound 7, and lower bound
7, for the bisection algorithm.

(rul;+rlb)/2
Check 2(r,, —r,) <e

if 2(r,, —r,) <e, the algorithm ends

if not, go to step 4.

Calculate 1/

Check M.

if M has pure imaginary eigenvalues of A/,
set r, =r
if not, set r

Step 1.

Step2. |Setr=

Step 3.

Step 4.

Step 5.
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Table 2. Parameter details for configuration 1.

Table 4. Parameter details for configuration 3.

Parameters

Parameters

* Surveillance area
- Horizontal bearing : 0° ~ 360°
- Vertical bearing : 0° ~ 90°
- Detection probability : 80 %
- False detection probability : 0.005 %
* Clutter
- Number : Poisson distribution
- Position : uniform distribution
- SNR : Rayleigh distribution based on 5 dB
* Target
- Number : single target
- Horizontal bearing distribution : Gaussian with mean 0
and standard deviation
2.5
- Initial horizontal position : 50°
- Horizontal velocity : 4°/s
- Horizontal acceleration : 2.5%s”
- Vertical bearing distribution : Gaussian with mean 0 and
standard deviation 5.0
- Initial vertical position : 0°
- Vertical velocity : 1°/s
- Vertical acceleration : 0.5%s’
- SNR : Gaussian distribution based on 20 dB
- SNR distribution : Gaussian with mean 0 and standard
deviation 0.005

* Surveillance area
- Horizontal bearing : 0° ~ 360°
- Vertical bearing : 0° ~ 90°
- Detection probability : 80 %
- False detection probability : 0.02 %
* Clutter
- Number : Poisson distribution
- Position : uniform distribution
- SNR : Rayleigh distribution based on 5 dB
* Target
- Number : single target
- Horizontal bearing distribution : Gaussian with mean 0 and
standard deviation 2.5
- Initial horizontal position : 50°
- Horizontal velocity : 4°/s
- Horizontal acceleration : 2.5%/s
- Vertical bearing distribution : Gaussian with mean 0 and
standard deviation 5.0
- Initial vertical position : 0°
- Vertical velocity : 1%/s
- Vertical acceleration : 0.5%s”
- SNR : Gaussian distribution based on 20 dB
- SNR distribution : Gaussian with mean 0 and standard
deviation 0.005

Table 3. Parameter details for configuration 2.

Table 5. Process noise and measurement noise
setting in Ho filter,

Parameters

* Surveillance area
- Horizontal bearing : 0° ~ 360°
- Vertical bearing : 0° ~ 90°
- Detection probability : 80 %
- False detection probability : 0.005 %
* Clutter
- Number : Poisson distribution
- Position : uniform distribution
- SNR : Rayleigh distribution based on 5 dB
* Target
- Number : single target
- Horizontal bearing distribution : Gaussian with mean 0
and standard deviation
2.5
- Initial horizontal position : 50°
- Horizontal velocity : 4°/s
- Horizontal acceleration : 2.5%s”
- Vertical bearing distribution : Gaussian with mean 0 and
standard deviation 5.0
- Initial vertical position : 0°
- Vertical velocity : 1°/s
- Vertical acceleration : 0.5%s”
- SNR : Gaussian distribution based on 5 dB
- SNR distribution : Gaussian with mean 0 and standard
deviation 0.005

Parameter Setting

bearing : 5.0
bearing rate : 3.0

Process noise of horizontal bearing
and bearing rate

bearing : 2.0
bearing rate : 1.0

Process noise of vertical bearing
and bearing rate
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method in configuration 1.

Fig. 12. Target tracking result of the proposed
method in configuration 2,
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Fig. 13. Data association result of the conventional
method in configuration 2.
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Fig. 14. Data association result of the proposed
method in configuration 2.
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method in configuration 3.
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Table 6. Performance comparison in each con—
figuration,

Performance improvement on tracking
robustness by the proposed method

62 %
36 %
49 %

Configuration

Configuration 1.

Configuration 2.

Configuration 3.
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