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Abstract: This paper presents a multitarget data fusion (identification) algorithm
called the Fuzzy data fusion algorithm (FDFA) for radar target tracking. This
approach is formulated using the Kalman filter and FDF, the algorithm is
accomplished by using fuzzy logic. Simulation results for cluttered conditions show
that the proposed algorithm's performance is better than the probability data fusion
(PDF) and the joint probability data fusion (JPDF) filters, which were presented in
[2-4, 6].
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1. INTRODUCTION

Most of the multitarget tracking (MTT) algorithms have been developed for the
applications of the transportation and air traffic control. However, the maneuvering
conditions of object, the clutters within surveillance radar areas make tracking
problem quite difficult [2]. The filtering, tracking to the trajectories of objects and
the data fusion can be considered two sides of a problem. In fact, the design of an
MTT algorithm in such a surveillance environment poses a challenging problem.
One difficulty in MTT is data fusion (DF) [2+4], especially in maneuvering targets
tracking in the clutter environment. The probabilistic data fusion (PDF) [4, 6, 11]
and joint probabilistic data fusion (JPDF) [6, 11] are conventionally used along
with Kalman filters. However, in either dense target or cluttered environment,
radar observations are degraded and this degrades target tracking performance.

In this paper the Kalman filter and the fuzzy data fusion (FDF) are proposed to
improve the tracking performance. The algorithm uses the fuzzy “ IF —THEN”
rules for multitarget data fusion under a high cluttered environment [10, 14].

2. ABOUT TWO PROBABILISTIC DATA FUSION ALGORITHMS

2.1. Probabilistic data fusion

The probabilistic data fusion (PDF) is suboptimal Bayesian algorithm which
assumes that there is only one target of interest whose track has been initialized
[2+4, 6, 9, 11, 12]. Given J observations — “return”, {z, (k), j =1+ J} within the

validation gate of the track t at the k—th updated period (at the processing
center), the PDA forms J +1 hypothesis © . The first hypothesis, H,, is the case

in which none of the J observations is originated from the track t , and
®j, (j>0) denotes the hypothesis that j—th “return” is originated from the track

t. The target tracking algorithm can be used by the Kalman filter that updates its
state vector formed by position and velocity as:

%t (K[k) = ¢ [K|(k =D+ K¢ (k) x vg (k) 1)

And the state updating in the PDF uses the combined innovation covarriance
defined as:
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Vt(k) = Z 7jt(k)xvjt(k) (2)

J
Where: 7, (k) = [b,, (K)]x[b,, + > b, (K)]™* - is the probability that the j—th
i

“return” is originated from the t—th track;
bjo(k) = ()M /2\/|St (K)|.{[L— D(k).F (k)]/ D(k)};

bjt (K) = exp{(-0.5).[v jt ()" ST (k) jt (K)}

D(k) - is the probability of target detection at the k —th updated period; D(k) -
is the probability of a target return falling within the validation gate; Si(k) - is the
innovation covariance and M is the dimension of the measurement vector.

The estimated error covariance matrix, associated with maneuvering state
%t (k|k) , is given by the estimation of filter covariance:

B (k) = 760 () x BIK|(k = 1)+ [L— 6, ()] x P (K[K) + P, (k) 3
Where:
L. R (Kk) = [1 = K, (k) x H, (K)] x RK|(K)] (4)

2. R(k) =K, (k)X{JZ7,-t(k)><V,-t (k) < [vy, ()T =V (k) < [v (KT 1<K, (K)I' (5)

3. RIK/(k 1] = Rt (k=1)x ALk —D|(k ~D]x[F (k =D]" +Q¢ (k) (6)
4. Ky (k) = RIK|(k —)]x [H (k)] x S{2(k) (7)

ot (k) - is the a priori probability that all measurements in the validation gate of
t—th track are false; K (k) - is the transition matrix in the state equation; H¢(k)- is
the linearization measurement matrix for t—th target; Ky (k) - is the Kalman filter
gain; Q(k)- is the the process noise covariance matrix.

Note that, in the calculation of y;;(k), the PDFA assumes that all the tracks are
isolated and does not take into account the possibility that some observations in the
gate may come from other targets [9].

2.2. Joint probabilistic data fusion

According to [11], for the JPDF, the probability of t—th track being associated
with j—th observation - “point”, is the sum of the probabilities of all joint events,

O(k), in which t—th track is associated with j—th observation - “point”, which
can be expressed as:

NOED P[@(k)‘ZK]xw,-t[G(k)] ®)

o(k)

Journal of Military Science and Technology, Special Issue, No.66A, 5 - 2020 17



Electronics & Automation

Where, w;[©(k)] is a binary variable indicating whether t—th track is
associated with j—th fusion in the event ®(k). The probability of the event ®(k)
given ZK , the set of all the observations received up to the current scan k, is
given by [3] (that to mean: Z(k):{zl(k),-'-,zj(k)} - set of measurement points up

to the time k , and ZK={Z(1),---,Z(k)}.
P[OK)|Z(k =—><
[©(k) | Z(k)] C [V(k)]

Where, C- is a normallzatlon constant; V (k) - is the gate volume, n - is the
number of observations determined to be clutter in ®(k) and N[z (k)]- is the

H{ [ ()1} H[Dt(k)]éttl DI (g

normal probability density function with zero-mean and a covariance matrix
equaling to 7z, (k). Define two quantities, -; and ¢, , such that ¢; is equal to one if
the j—th observation is assigned to a track in the event ®(k) and zero otherwise,
and &t is equal to one if the t—th track has been assigned an observation and zero

otherwise. Assuming a Poission density function for clutter points, the probability
of the event ®(k) has to take into account the history of observations up until

updated period k[Z(k)]. The Kalman filter is updated using the same set of
equations as in the PDFA.
2.3. Discussion

1. The JPDFA approach provides an optimal data fusion solution in the
Bayesian framework. However, the number of possible hypothesis associating
different returns to targets in the JPDF increases rapidly with the number of targets
and the presence of clutter. Consequently, this approach requires a large amount
for processor time calculating the joint probabilities even for a small number of
targets in the high level of the clutter [5, 7, 8].

2. To solve this problem, an alternative method of JPDA should be investigated.
Possible approaches might be based on neural network and fuzzy logic.

3. SOLVING THE PROBLEM OF DATA FUSION FOR MULTI-TARGET
TRACKING USING FUZZY LOGIC

Fundamentally, the conventional tracking techniques are too restrictive to deal
with the complexity of tracking problem. There is a very sharp demarcation line
between target and non-target at the intersecting gates [7, 8, 10]. This type of target
classification clearly does not reflect well. By incorporating human-like reasoning
into the tracking problem, results comparable to the JPDA can be achieved. The
structural schematic of the fuzzy tracking system is showed in fig.1. It consists of
the following function blocks.

+ KF: the standard suboptimal Kalman filter that gives values of state estimates
and their covariances. Inputs are the state estimate vector X(k), its covariance

matrix P(k), and the measurements vector z.
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+ Fuzzy data fusion (FDF) was used to evaluate the association degree between the
return and the actual of interest (not clutter or other targets). Inputs are the
measurement innovation, which is based on the availability of objective and/or
heuristic. Here, we will use the FDA approach instead of the JPDAF approach.

Namely, the state estimate is then adjusted according to » jftus'(k) =FDF (0, A'Y) (10)

Setup
measurement set
P, " Fuz X (k)
gy m— AR ORI RN
o Fiter [R50 ]
Fuz.
jy it (k)
L»! Fuzzy Data Fusion
k=k+1 |=

Figure 1. The structure schematic of the fuzzy tracking system.
The FDF(*)- is fuzzy function, which is used to evaluate the association degree

yjft”s'(k) at the k —th updated period based on the set of membership functions A
and the set of some propositionw [10, 14]. Thus, the FDA keep the main idea of
the JPDA, but can incorporate additional information or some of heuristic rules.
Using fuzzy logic methodology, the rules in the FDF rule base are evaluated. The

FDA rules to determine the degree of fusion are the form in:

Ri: If ZgisNLand ZgisNL Then yjftus'(k)zw_
Ry: If ZgisNL and ZRisNM Then yjftus'(k)zw_ )
Rg: If ZgpisNLand ZRisNS Then y/jftus'(k)zML

If y Then

For example, in the case of using the distance attribute (angle and distance),
then the fuzzy variable, FDF, has 49 “ IF —THEN ” rules provided in table 1.

Table 1. FDF Rule Base.

Fusion Degree Range Error

NL NM NS z PS PM PL
c NL VL VL ML M ML VL VL
S5 NM VL ML ML M ML ML VL
% 0 NS ML ML M MH M ML ML
< z M M MH VH MH M M
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PS ML ML M MH M ML ML
PM VL ML ML M ML ML VL
PL VL VL ML M ML VL VL

In this table, the fuzzy terminology of Input variables are given by (12). And
the fuzzy term set of output Output variables were given by (13):

NL
NM
NS
z
PS
PM
PL

denote  Negative Large

denote  Negative Medium VL denote  VeryLow
denote  Negative Small ML denote MediumLow
denote Zero (12) M  denote Medium
denote  Positive Small MH  denote MediumHigh
denote  Positive Medium VH denote  VeryHigh
denote  Positive Large

4. SIMULATION RESULTS

(13)

In this section, we will present the simulation results of applying fuzzy data
fusion for multi-target tracking. The initialization process of measurement set and
data is presented in [1, 5]. The radar sensors provide range and azimuth
measurements to the tracking algorithm, which estimates the position and velocity
of the target in the horizontal plane. The setup data of measurement sets for
simulation is presented in [5]. The simulation with minimum separation distance
flight scenario is chosen from the benchmark problem for maneuvering targets.
The measurement noise is zero-mean Gaussian with a standard deviation of 120m
for range and 15 milidegree for azimuth and elevation angles.

4.1. Configuration problem
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Figure 2. FDF input membership functions.
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The fuzzy data fusion is presented to demonstrate the feasibility of using fuzzy
logic for maneuver detection and data association in cluttered environment.

For the FDF configurations, the sets of membership functions which fuzzify
these crisp inputs, defined over appropriate universe of discourse are shown in
fig.2 (a, b). fig. 3 shows the output of the FDF membership functions which are
used to evaluate the crisp outputs through the application of fuzzy inference and
center of gravity defuzzification [10, 14].
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Figure 3. FDF output membership functions.
4.2. Simulation results and experiment
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Figure 4. The simulation results of tracking 2 (a) and 5 targets (b) using FDFA.

Journal of Military Science and Technology, Special Issue, No.66A, 5 - 2020 21



Electronics & Automation

Some of the simulation results were performed to demonstrate the ability of the
FDF algorithm in solving problems multitarget tracking which is shown in fig 5. It
can be shown that, when compared to the simulation results of target tracking
using JPDF algorithm, presented in [5], the FDA improved not only the quality of
filtration but also the ability to the trackability.
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Figure 5. RMSE of position estimates for different tracking algorithms (clutter

density) for targets Nol and No2 in the figure 4 (a).
The root mean square error (RMSE) is used to compare tracking performance.

From figure 5, it can be shown that position errors can be considerably reduced by
using FDF algorithm in solving multi-target tracking problem. The examination of
these figures indicates that the fuzzy approach is not only can converge on the
target tracks form light to heavy cluttered environment but also high tracking
accuracy. Simulations have revealed that the FDA is much more robust and stable

than PDF and JPDF.
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Figure 6. Experimental results of tracking multiple targets
at sea when using FDFA.
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The FDA has been partially experimented in the Integration and Management
System of Coastal Surveillance in the Navy Headquarter, in order to improve the
performance of multiple-radar target data processing and ensuring the near real-
time of the observation. It was proven to be effective in reducing computing load
and simplify the computation structure. The novel method gives an explicit
indication of the possibility to incorporate useful knowledge into tracking problem.
A mid-range workstation, on which the FDF algorithm has been performed, can
fully handle the correlation processing hundreds of multi-sensor target data in the
same region, which transmitted from 4 to 5 medium range coastal surveillance
radar stations. On the command and control stations located in the headquarter, the
combined sea target data was displayed on top of the digital map layers for the
operator (fig 6).

5. CONCLUSION

In this paper, we have presented a set of fuzzy-based methods that can be
applied in combination with the conventional Kalman filter for multi-target
tracking in a cluttered environment. The given simulation examples show that the
proposed approach effectively reduces the tracking error due to maneuvering and
cluttered effects. The FDF approach was based on 49 heuristics hypotheses. These
heuristics hypotheses are implemented to estimate the degree of association to
which each measurement within the gate of tracking filter belongs to the true
measurement fuzzy set. This algorithm has been partially experimented. Is was
shown to be effective in reducing computing capacity and had a simple structure.
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TOM TAT

MOT CACH TIEP CAN GIAI QUYET VAN BE HOP NHAT DU LIEU
TRONG BAM SAT DA MUC TIEU SU DUNG LO GIC MO

Bai bao trinh bay vé mét thugt toan hop nhat (lién két) di liéu da muc tiéu
dirot goi 12 thudt toan hop nhdt diz liéu mo' (Fuzzy Data Fusion Algorithm -
FDFA) ding dé loc,bam sat quy dao da muc tiéu ra da. Cdch tiép cdn nay
dwroc Xay dung dua trén co sé sir dung cdng cu loc Kalman va hop nhdt di
liéu mo (Fuzzy Data Fusion - FDF. Céc két qua mo phéng cho cdc diéu kién
nhiéu cho thay hiéu sudt cua thudt todn dwoc dé xudt tot hon so hai thudt
toan hop nhdt dir liéu theo xac xudt (Probabilistic Data Fusion - PDF) va
hop nhdt diz liéu theo xac xudt lién két (Joint Probabilistic Data Fusion -
JPDF), nhu da dwoc trinh bay trong [2-4, 6].

Tir khoa: Hop nhit dit liéu (lién két dir lidu); Bam sat da muc tiéu; Lo-gich mo.

Received 08" January, 2020
Revised 17" March, 2020
Published 06" May, 2020

Author affiliations:
! Institute of System Integration, Military Technical Academy;

2 Radar Institute, Academy of Military Science and Technology.
*Email: hieudg@mta.edu.vn.

24 D. Q. Hieu, ..., V. C. Thanh, “An approach to solve the problem ... using fuzzy logic.”



