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Abstract—A tracking algorithm for maneuvering target based
on intuitionistic logic inference is developed in this paper.
Firstly, in order to simply the calculation, the filtering
measurement innovations tacked with the innovation
covariance are used as the inputs for the intuitionistic fuzzy
inference system to get the matched degrees for each filtering
model in the model set designed, which is to in replace of the
model probability computed intricately in IMM. Secondly, by
transferring the uncertainty from measurement space to
intuitionistic fuzzy space, IFMMTA has improved the
precision of mode inference. And at the same time, combining
the intuitionistic fuzzy inference with EKF and adopting
parallel dealing method makes IFMMTA more efficiency for
maneuvering target real-time tracking. In the end, the
performance of IFMMAT is tested via Monte Carlo simulation,
which indicates that IFMMAT is better than FMMTA to
reduce the position and velocity tracking error for the
maneuvering target.
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I. INTRODUCTION

The prevailing approaches to maneuvering target
tracking are the modeling of the target motion/dynamics to
cover the unknown modeling errors or deviations of the
model from the true system. The so-called multiple-model
(MM) method is a major approach, which is also probably
the most natural approach to solve the hybrid estimation
[1]1[2]. The paper [3] presents an algorithm (FMMTA) for a
maneuvering tracking based on fuzzy logic inference.
FMMTA enhances the adaptiveness of MM though
mapping the uncertainty of measurement space to fuzzy
space, and the uncertainly of measurement space is resolved
via the fuzzy inference mechanism. In real-life situations,
when a person is asked to express his/her preference degree
to an object, there usually exists an uncertainty or hesitation
about the degree, and there is no means to incorporate the
uncertainty or hesitation in a fuzzy set. To solve this issue,
Atanassov generalized Zadeh’s fuzzy set to intuitionistic
fuzzy set (IFS) by adding an uncertainty (or hesitation)
degree, IFS is more suitable to describe the fuzzy essence of
world[4][5][6]. So a new tracking algorithm is put forward
based on intuitionistic fuzzy logic inference for
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maneuvering target, called the intuitionistic fuzzy multiple
model tracking algorithm (IFMMTA). Section Il predicates
calculus on Intuitionistic Fuzzy Logic (IFL), a symmetric
synthetic method for finding the truth of IFL propositions
using membership and hesitancy degree is proposed on the
basis of the hypothesis of an equilibrium state of
supportability and opposability of neutral evidences
indicated in the intuitionistic index. The fundamental
operation rules of IFL propositions are presented. The
investigation is with an emphasis on the techniques for
multi-dimensions conditional reasoning on IFL. Section I11
provides the models for manoeuvring target tracking and the
IMM briefly, and IFMATA is designed in Section IV. Then
the performance of IFMMTA is given in section while
comparing with FMATA and IMM, Finally a conclusion is
presented in section V1.

Il. INTUITIONISTIC FUZZY LOGIC INFERENCE
The basic notions of IFSs that are going to be used
throughout the paper are briefly described.
Definition 1: An intuitionistic fuzzy set A defined on a
universe X is given by [7]

A={xu () o)) xe X} @
Where
1,(x): X > [01] and o(x): X —[0,]
With the condition
0< u,(x)+0(x)<1 (2>

Forall xe X.
For anIFS Ain X the ﬂA(X)is called intuitionistic

index of an element X € X in A following expression:
720 (X) = 1= 11, (x) — 0, (x) (3
The 7, (X)is considered as the hesitancy degree of X to
A.
Intuitionistic fuzzy is the extension and development of

fuzzy set theory, so are intuionistic fuzzy proposition and
logic to fuzzy proposition and logic[7][8]. Intuionistic fuzzy
proposition P is a language statement of notion that without
definitude limit, it can express people’s subjective thought,
but the subjective thought that varies between different



people. Truth-value of intuionistic fuzzy proposition P is
any value in [0,1] , the process of evaluation is a mapping

T:ueU > {0,1} from [0,1] to intuionistic fuzzy
proposition set U .If intuionistic fuzzy proposition P is
corresponding to intuionistic fuzzy A, then the truth-value
of P is defined as:
T(P)=afu () + - 7,(%)] @
Where &,  is the composed symmetry coefficient of
degree of membership and degree of hesitancy of X € A.
In anutshell, let & =1and # =0.5, and then

T(P) =uA(x)+%zA(x) ©

So the Truth-value of P is equal to the composing of
degree of membership and degree of non-membership of
X € A. The meaning of £ =0.5 is that the intuitionistic
fuzzy index is neutrality, the degree of approve and averse is
in equilibrium state.

The main formats of Intuionistic fuzzy reasoning are
implications, conditions, multiplications, multi-dimensions.
In multi-model tracking algorithm, multi-dimensions
reasoning is mainly used, multi-dimensions reasoning is
defined:

If A,B, €[0]] is an intuitionistic fuzzy proposition,
and A gets vale on discuss field X , B, gets vale on
discuss field X , the relation of A =B, is R, ,
i=1---,n, then A >B,,A, > B,,--,A, > B, is

an intuitionistic fuzzy multi-dimensions a
compose relation of

R(A, > B,,A, > B,,---,A, > B,) isdefined as :

R(A B, A, —>B,,A —>B)=UR(A > B)

reasoning,

= J;XY <ﬂAﬁ&,A2aBQ,mAﬁB" (Xl y)r yA*anAzﬁBzw“,A“%Bn (X, y)>/(X, y)

(6)

where:

Hinstonos, (6 Y) = i\:/l('”A ) A g (¥))

= () A 1 () v (a1 ) A g (X)) v ===V (a2, (X) A g (X))

(6a)
Vason oo, (5 V) = AL ()Y 74 (¥)

=(ra 0V 7e DAL () Ve () A Ay, () V7 (X)

(6b)
The truth-value of A, —> B, i=1---,nis

T(A >B.A —B, A >B)=v(T(A)AT(B)) (7)
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If A" and R 8.a,8,..a 8, &€ known, we can
B from the composed operation:
B"'=A"o Ra 8.4 58,..A 5B, (8)
On  the other  hand, if B" and
R 8,.A, 58, A 8, ¢ known, we can A’ from the
composed operation:

* *
A =Ry 5, p-8,A -8, °B 9
I1l. MATHEMATICS MODELS OF TRACKING MANOEUVERING

TARGET

It is supposed that motion state of target and observation
can be described by mathematical model, a class of
stochastic hybrid system with additive noise is used to
discrete dynamic model of manoeuvering target :

x(k +1) = F, [k, x(k),u(k) ]+ (k)
2(k) = Hi[x(0)]+v(k) an

Where X(K) is the base state vector of moving target at

time k, u(x) is known input vector, @(k) and v(k) are

the process and measurement noise sequences, respectively.
It is assumed that the process and measurement noise are
independent with each other, and are white with mean of

@ (k) ,V(Kk), covariances of Q(K) and R(K) respectively.
It is obvious that the plant is a nonlinear system, where
X(k) and z(k) depend on the uncertain mode of moving
target.

For a target manoeuvres in the X — Y plane in uniform
velocity, its motion can be described by two orders constant
velocity model[2]:

(10)

1 TO0O %TZ 0
0100

x(k+1) = @+ 70 vk a
001T 0o Ll
0001 0 2T

It is supposed the radar only measures position information
in X — VY plane, then the measure equation is define as:

10 0

z(k+1) = {O 0 1 0}x(k +D)+w(k+1) 13)
Where T is sampling time, X =[g &7777]is the state

variable of the target, & and7 is position in the X — Y plane,

£and 7 is velocity. Because of environment interference,

the target doesn’t do exactly uniform velocity, there is a
small acceleration. Gauss noise V approximately describes

acceleration with covariance Q(K).



If the target does swerve motion, the motion can be
described by linkage swerve model:

{ sin(wT) 0 1-cos(aT) O_
1) 0
0 cos(@l) 0 -sin(@l) O
M)=|g Loosel) 4 sineT) o ix(K)
) 1)
0 sin(@lf) 0 cos(@l) O
0 0 0 0 1
o _ b (14)
ET2 0 0
2
T 0 0
Ho Ly o
2
0 T 0
0 0 T
The measurement equation is defined as:
1 0000
z(k+1) = X(k+D)+wk+1) (@15
( ){00100}( )+ok+1) (15)

Where @ is the angle velocity. Because of angle
velocity @ , the state variable is extended as

X = [& & 1 17 w]. Because the formula (14) is nonlinear, so
the EKF is adopted to be used.

IV. THE DESIGN FOR IFMMTA ALGORITHM
A. Model filtering

According to the measurement input Z(K) from sensor

for maneuvering target, the i th sub-model filtering outputs
is calculated as following:

X;(k+1]k) = F (K)X; (K)+T; (KU, (K)  (16)
X (k+1[K) = F.(K) X, (K)+ G, (KW, (k) (13)

P (k+11k)=F (k)P (k|KF" (k) +Q (k) @7
Z =(k+1]k)=H, (k+D)X (k+1]k) (18)
Z.(k+11K) = H, (k +1) X, (k +1] k) +V, (k +1) (19)
S, (k+1) =H, (k+1)P(k +1]K)HT (k +1)+ R, (k +1) (20)
K (kK+1) =P (k+1]K)HT (k+DS (k+1) (1)
X (k+1[k+1) = X, (k +1]K) + K, (K +1Z. (k +1]K) (22)

P(k+1]k+1) =P (k+1]Kk)- K, (k+DS, (k +DK (k+1) (23)
According to result of the above sub-model filtering, the
state estimation and covariance for tracking target to model
i is taken, and also the measurement innovation Z; and its
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error covariance S; to the model i can be computed.

Therefore the crisp input to intuitionistic inference system is
denoted by the following:

E=(Z)(s)'zieN (24)

From the stochastic theory, we know that the

distribution of E, is ;(2, which will be available when

designing the member and non-membership functions later.

B. Intuitionistic fuzzy reasoning system

Assuming that the universe discourse for the crisp input

E is A, Ei is the intuitionistic fuzzy value E;, and

assuming that the different sub-filtering model has the same
unversed discourse:

A=A ijeM,i=] (25)

Defines the similar intuitionistc fuzzy subsets to the

crisp input space: biggest ¢ BT ) ,bigger ¢ BR ) ,big

(B ) , middle( M > , small( S ), smaller( SR ),

smallest( ST ). The Gauss function is selected as the fuzzy

membership function of E;:
2
—\X-C
H(X) = exp(—( ) J
The non-membership functions defined as:

20°?
ol 5]
]/(X): l—eXp 7 ,k >1 (27)

Where C. o . K are coefficient, which need to be
designed. Assuming that the output space intuitionistic
fuzzy inference system is

[a,b] , 0<a<10<b<la+b<1, and defines the
intuitionistic fuzzy subsets as: biggest ( BT ) ,bigger
( BR > ,big ¢ B ) , middle( M > , small( S ),
smaller( SR ), smallest( ST ),similar to the above, but the
membership and non-membership function is triangular
forms. Then according to the characteristics of intuitionistic
inference system, the intuitionistic linguistic rules are as
following:

Rulel:

if E, =BT and E, =BT - E, =ST - E, =BT
then s, = ST and g, = ST -+ g, = BT - g, = ST

......

(26)

C. The matched degree g for model i

According to intuitionistic linguistic rules, the
intuitionistic matched degree u €[a,b] 0<a<1
0<b<1 a+b<1to the model iis the i th output of



intuitionistic inference system. According to the expressions
(2), we can get the truth-value i of ﬁi :

A =a+h (28)

In order to be convenient to get the overall estimation of
tracking target, the intuitionistic matched degree needs to be
normalized as following:

7
Hi :—I/—\7Zﬂi =1
Z,Ui N
N
Where £, is matched degree of model ito the moving
model of the target.

D.

(29)

Estimation combination
According to the results of condition filtering of model
I and the matched degree £, the overall estimation of
maneuvering target is calculated as following:

X (k1K) =YX, (k [K024 (1) 0)
N P(k|k)=|X. (k|k)= X (k|k
K= 400 (k[1 [X, (k] K)- X (k k) o
T x[X kK- X kK]

V. EXAMPLE

The performance of IFMMTA is test with the problem
of tracking an aircraft moving in the horizontal plane,
described by a coordinated turn model. It was also shown in
the references [3][9][10].

The simulation scenario of maneuvering target is
designed as following: a non-maneuvering flight during

scan 1 to 30 with 300m/s; a 180 ° turn, lasting from scan 31-
50with rate 3.74° /s; a non-maneuvering flight during scan

51-70 and then a -180° turn with turn rate-3.74/s, lasting
from scan 71-95,finally a non-maneuvering flight to the end
of scan 100. The target initial state in Cartesian coordinates
was:

[0 km 259.8m/s Okm 150m/s].

The others parameter of simulation scenarios is defined
as reference[3]. The performance of IFMMTA and FMMTA
is tested by 100times Mont Carlo simulation. The results are
shown as figureland figure 2.
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Figure 1. position error of x (RMS)
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Figure 2. position error of y(RMS)

With the comparison between FMMTA and IFMMTA
from figure 1 and figure 2, we know that IFMMTA has
almost the same performance as or better than that of
FMMTA if the intuitionistic fuzzy inference system is
designed well when tracking maneuvering target. But
designed intuitionistic fuzzy inference system is more
difficulty than fuzzy inference system.

VI. CONCLUSIONS

Based on the intuitionistic fuzzy logic inference,
IFMMTA is designed in the paper for the un-matching
problem between the model and the moving mode due to the
target maneuvering. The algorithm solves the confliction
between stability and accuracy well by intuitionistic fuzzy
logic inference and parallel filtering. The work maybe
provide reference for the maneuvering target tracking
algorithm designing.
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