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In order to reduce the uncertainty of target threat assessment results and improve exact target assessment in the complicated and
changeable air combat environment, a novel method based on the combination of interval-valued intuitionistic fuzzy sets
(IVIFSs), game theory, and evidential reasoning methodology is proposed in this paper. First, the imprecise and fuzzy information
of battleﬁeld air target is expressed by IVIFS. Second, the optimal index weight is determined by the interval intuitionistic fuzzy
entropy and game theory. And the time series weight is calculated by the inverse Poisson distribution method. Then, the target
evaluation information at diﬀerent times is dynamically fused through an evidential reasoning algorithm. Finally, the accuracy
function is applied to obtain the threat ranking of all the targets. A case of the threat assessment of air targets is provided to
demonstrate the implementation process of the method proposed in this paper. Simulation experiments show that in a rapidly
evolving combat environment, this algorithm can eﬀectively reduce the uncertainty of target threat assessment results. It provides
us with a useful way for target threat assessment based on interval-valued intuitionistic fuzzy sets, game theory, and evidential
reasoning methodology.

1. Introduction
With the development of weaponry information technology,
the battleﬁeld environment becomes more complicated and
diversiﬁed. How to eﬀectively use battleﬁeld target information to assist commanders in making scientiﬁc decisions has always been the focus of battleﬁeld research [1, 2].
Since air combat plays a vital role in the trend of the modern
battleﬁeld, the eﬃcient threat assessment of incoming targets
can be used as a reference for reasonably allocating defensive
ﬁrepower [3]. Hence, it is very necessary to carry out research on air threat assessment methods since it can provide
an eﬀective auxiliary decision-making method for the ﬁeld of
air defense operations.
Target threat assessment aims to analyze the operational
capabilities of incoming enemy targets and obtain a quantitative description of the degree of the enemy target threat
[4]. To solve the target threat assessment problem, air target

threat assessment methods have been proposed. These
methods mainly include Bayesian networks [5–7], neural
networks [8, 9], rough sets [10], the cloud model [11], and so
on [12, 13]. These methods are suitable for diﬀerent battleﬁeld environments and have diﬀerent characteristics.
However, these methods express the target information by
crisp numerical numbers and do not fully consider the
fuzziness and uncertainty of battleﬁeld target information.
In recent years, the intuitionistic fuzzy set (IFS) [14] has
been deﬁned as a union of the membership and nonmembership functions and the degree of hesitation. IFSs can
describe the fuzziness and uncertainty of target information
and have been widely used in target threat assessment
[15–18]. In [15], IFSs are used to construct an intuitionistic
fuzzy target information matrix and conduct target threat
assessment. Due to the complex and changeable modern
battleﬁeld environment, the threat membership of battleﬁeld
targets cannot be given an exact value, resulting in a certain
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degree of limitations in the application of IFSs in the ﬁeld of
target threat assessment. Atanassov and Gargov [19] further
extended the IFS and proposed the interval-valued intuitionistic fuzzy set (IVIFS), using interval numbers instead of
exact values to represent membership and nonmembership.
IVIFS can better describe the uncertainty and fuzziness of
the decision-making process, which has attracted the attention of a large number of scholars. The research of interval intuitionistic fuzzy sets mainly focuses on the entropy
[20, 21], intuitionistic fuzzy divergence [22, 23], knowledge
measure [24], ranking method [25], and similarity [26] of
interval-valued intuitionistic fuzzy sets. These theoretical
research studies promote the application of IVIFS in decision-making ﬁelds, such as alternative fuel technology
options [27], hydrogen production evaluation process [28],
supplier selection problem [29], car-sharing problems [30],
stock investment selection [31], and hotel location [32].
Among the exiting studies, the assessment of air targets
based on IVIFS was seldom reported.
How to fuse IVIFS information eﬀectively is the key to
solving the decision-making problem with IVIFS. In [33], induced intuitionistic fuzzy ordered weighted geometry is developed to solve venture capital project selection problems. In
[34], interval-valued intuitionistic fuzzy ordered weighted aggregation is proposed to solve the supplier optimization
problem. Although the aggregator in the above method solves
the information fusion problem in related ﬁelds, the shortcoming is that the uncertainty of the evaluation result in the
information fusion process is increased by ignoring hesitation
information. Fortunately, the evidential reasoning methodology
(ERM) is an eﬀective means of fusing information [35–43]. In
[37], the evidential reasoning algorithm is adopted to aggregate
the weighted evidentiary sources and is suitable for dealing with
conﬂicts in information fusion. In [38], ERM is adopted to
aggregate the decision matrix, which improves the rationality of
the decision process. In [42], the ERM is used to fuse intuitionistic fuzzy sets, instead of the aggregator. The ERM has
a strong ability to aggregate intuitionistic fuzzy sets. As seen
from the above study, the ERM has a good data fusion capability
which can avoid information loss and retain hesitation intuitionistic fuzzy information.
Meanwhile, existing target threat assessment methods
[2, 4] and [10–12] only use the target measurement information at the current time for the evaluation, which
means that it is diﬃcult to comprehensively analyze the
target threat level for a period of times after discarding the
observation data before the current time. Without fully
considering the dynamic changes of the target attributes, the
results of these methods are one-sided and unreasonable to
a certain extent.
To sum up, IVIFS is suitable for dealing with ambiguity
and inaccurate battleﬁeld target information, but it only uses
the current target measurement information to evaluate. In
order to meet the needs of the dynamic battleﬁeld, a novel
target threat assessment method based on IVIFS, game
theory, and the ERM is proposed. The proposed method can
eﬀectively reduce the uncertainty of the target threat assessment and adapt to the requirements of a dynamic
battleﬁeld. Moreover, the optimal index weights are
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calculated through the combination interval intuitionistic
fuzzy entropy and game theory method, which is used to
eliminate the data sensitivity of the index weight and makes
the assessment result more reliable.
The rest of this paper is organized as follows. Section 2
presents the basic theory of the IVIFS and ERM. Section 3
introduces the calculation method of the optimal attribute
weight and the time series weight. A novel air threat assessment method based on the IVIFS, game theory, and the
ERM is presented in Section 4. Section 5 presents an example
analysis and comparison discussion. The conclusions are
drawn in Section 6.

2. Preliminaries
2.1. Interval-Valued Intuitionistic Fuzzy Sets
Deﬁnition 1. In [19], the interval-valued intuitionistic fuzzy
set (IVIFS) is proposed by Atanassov and Gargov. The
domain X is a ﬁnite nonempty set and IVIFS A can be
described as follows:
A �  x, μA (x), ]A (x) : x ∈ X,

(1)

where the intervals μA (x) and ]A (x), respectively, denote
the degrees of membership and nonmembership of element
x of IVIFS A. μA (x) � [μAL (x), μAU (x)] and
]A (x) � []AL (x), ]AU (x)], where 0 ≤ μAU (x) + ]AU (x) ≤ 1,
μAL (x) ≥ 0, ]AL (x) ≥ 0, and ∀x ∈ X. In addition, πA (x) �
1 − μA (x) − ]A (x) indicates the degree of uncertainty (degree of hesitation) for element x that belongs to A, where
πAL (x) � 1 − μAU (x) − ]AU (x)
and
πAU (x) � 1
−μAL (x) − ]AL (x).
When
μAL (x) � μAU (x)
and
]AL (x) � ]AU (x), the IVIFS degenerates into an intuitionistic fuzzy set (IFS).
Deﬁnition 2. In [43], Ye presents the accuracy function to
�
transform an interval-valued intuitionistic fuzzy value A
(μAL (x), μAU (x)), (]AL (x), ]AU (x)) into a real value
M(A), and it is given as follows:
M(A) � μAL (x) + μAU (x) − 1 +

]AL (x) + ]AU (x)
.
2

(2)

2.2. Evidential Reasoning Methodology (ERM). In the following, a brief review is given of the ERM method for
multiattribute decision analysis under uncertain environments [38]. Let X � x1 , x2 , . . . xm  be a set of alternatives,
A � a1 , a2 , . . . an  be a set of attributes, and
W � w1 , w2 , . . . wn  be a set of weights. where 0 ≤ wj ≤
1,0 ≤ j ≤ n,nj�1 wj � 1. Assume that there are p evaluation
grades H1 , H2 , . . . , Hp for assessing the attributes of alternatives. H1 , H2 , . . . , Hp assess the attributes of alternatives.
Let βq,j (xi ) be a degree of belief that attribute aj of alternative xi is assessed theevaluation grade Hq , where
p
0 ≤ βq,j (xi ) ≤ 1 and q�1 βq,j (xi ) ≤ 1. Let N(aj (xi )) denote
the evaluation value of attribute aj with respect to alternative
xi , and it is deﬁned as follows:
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Naj xi  � Hq , βq,j xi ,

(3)

β q xi  � 1 − βH xi  

where Hq is an evaluation grade, 0 ≤ i ≤ m, and 0 ≤ j ≤ n. The
assessments of the attributes of the alternatives are represented by a decision matrix D, which is shown as follows:
D � Naj xi m×n,

mq,j xi  � wj βq,j xi .

(5)

1 ≤ q ≤ p, 0 ≤ i ≤ m, and 0 ≤ j ≤ n. Let mH,j (xi ) be the
remaining probability mass of attribute aj for an alternative
xi , which is shown as follows:
 H,j xi ,
mH,j xi  � mH,j xi  + m
mH,j xi  � 1 − wj ,

⎝ 1 −  β x ⎞
⎠,
βH xi  �  w k ⎛
i
q,j
q�1

j�1

βH (xi ) is the degree of belief produced by an unknown
p
information, where q�1 βq (xi ) + βH (xi ) � 1, 1 ≤ q ≤ p, and
0 ≤ i ≤ m.

3. Weight Determination
3.1. Determination of Assessment Index Weight. When using
IVIFSs to assess target threats, the assessment index weight ω
is included in the calculation of the IVIFS data fusion
process; thus, the weight value of each index aﬀects the ﬁnal
evaluation result. The impact of each attribute index on the
ﬁnal degree of the threat is diﬀerent; therefore, attribute
indicators should be given diﬀerent weights. In this paper,
the interval-valued intuitionistic fuzzy entropy and game
theory are used to determine the weights of the attributes.

(6)

p

 H,j
m

(11)

p

n

(4)

where 0 ≤ i ≤ m and 0 ≤ j ≤ n. Based on the decision matrix D,
we can aggregate the evaluation values of the attributes of each
alternative xi , where 0 ≤ i ≤ m, and the details are as follows.
First, the degree of belief βq,j (xi ) of the evaluation grade
Hq of an attribute aj for the alternative xi is transformed into
the basic probability mass βq,j (xi ) where

mq,I(n) xi 
,
1 − mH,I(n) xi 

⎛1 −  βq,j xi ⎠
⎞,
xi  � w j ⎝
q�1

where mH,j (xi ) is the ﬁrst part of the remaining probability
 H,j (xi ) is the
mass, which is caused by the weight, and m
second part of the remaining probability mass that has not
yet been assigned individual grades, which is due to the
incompleteness in the assessment N(aj (xi )).
Next, the basic probability mass matrix s is obtained:
s � m1,j xi , . . . , mp,j xi m×n,

(7)

p

where q�1 mq,j (xi ) ≤ 1, 0 ≤ i ≤ m, and 0 ≤ j ≤ n.
Compute the combined probability mass mq,I(y) (xi ) of
each attribute ay of alternative xi as follows:
mq,I(y) xi  � λI(y) xi mq,I(y−1) xi mq,y xi 

3.1.1. Determination of Assessment Index Weights.
Step 1. Determine the IVIFS matrix X(k) of the assessment index at time t k , where X(k) � (
x (k)
ij )m×n and
(k)
(k) (k)
(k) (k)
(k)
 ij � [μijL , μijU ], []ijL , ]ijU ], and x
 ij is simpliﬁed
x
(k) (k)
(k) (k)
 (k)
as x
ij � [aij , bij ], [cij , dij ].
Step 2. Wei et al. [44] proposed an eﬀective method
based on the intuitionistic fuzzy entropy, which is
deﬁned as follows:
H(k)
j

 (k) (k)   (k)

(k) 
L(k)
U(k)

 
1 m 2 − aij − cij  − bij − dij  + πij + πij

 

� 
.
(k)
(k)
(k)
(k)
L(k)
m i�1 2 + a − c  + b − d  + π
+ πU(k)
ij
ij
ij
ij
ij
ij

(12)
Step 3. The weight of attribute j at time tk is calculated as

+mq,I(y−1) xi mH,y xi  + mH,I(y−1) xi mq,y xi ,

(8)
mH,I(y) xi  � λI(y) xi mH,I(y−1) xi mH,y xi .

w(k)
j �

1 − H(k)
j
n − nj�1 H(k)
j

.

(13)

(9)

Let mI(1) (xi ) � mq,1 (xi ) and mH,I(1) (xi ) � mH,1 (xi ),
where

(10)

3.1.2. Determine the Optimal Attribute Weight Using Game
Theory. The index weight determination method based on
the interval-valued intuitionistic fuzzy entropy is sensitive to
the data. Game theory is used to eliminate the sensitivity of
the attribute weights at diﬀerent times to obtain the optimal
attribute weight.

Based on (9) and (10), after aggregating the evaluation
values of the attributes of alternative xi , we get the degree of
belief βq (xi ) of alternative xi regarding evaluation grade Hq ,
which is shown as follows:

Step 1. Construct possible attribute weight sets.
(k)
(k)
An attribute weight set w(k) � (w(k)
1 , w2 , . . . , wn ) is
obtained using the interval-valued intuitionistic fuzzy
entropy at diﬀerent times tk (1 ≤ k ≤ l), and then a set of
basic attribute weight vectors w1 , w2 , . . . , wl  is constructed. Let any linear combination of l attribute
weight vectors be

−1

λI(y)

⎟
⎜
⎞
⎛
⎟
⎜
⎟
⎜
2
2
⎟
⎜
⎟
⎜
⎟
⎜
⎜
⎟
⎜
1 −   mt,I(y− 1) xi mg,y xi ⎟
xi  � ⎜
⎟
⎟
⎜
⎟
⎜
⎟
⎜
⎟
⎜
⎠
⎝
t�1 g�1
y≠t

2 ≤ y ≤ n, 1 ≤ q ≤ p, 1 ≤ i ≤ m.
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−1

l

w �  σ k wTk ,

(14)

k�1

where σ k is the linkage combination coeﬃcient and w is
a possible attribute weight vector based on the basic
attribute
weights.
The
entire
collection
w|w � lk�1 σ k wTk , σ k > 0 represents a set of possible
attribute weight vectors.
Step 2. Find the optimal attribute weight vector w∗ .
The optimal attribute weight vector is calculated using
the game strategy model. In the selection process, the linkage
coeﬃcient σ k should be optimized based on the objective of
minimizing the deviation of w and wk , and the optimization
model is derived as follows:
��
��
�� l  
��
��   T
�
min��σ i wj − wTi ��� , (i � 1, 2, . . . , l).
(15)
��j�1
��
2
By solving the model, the optimal attribute weight results
among the attribute weights can be obtained. According to
the diﬀerential properties of the matrix, the optimal ﬁrst
derivative condition of equation (15) is as follows:
l  
 
 σ j wi wTj � wi wTi ,

(i � 1, 2, . . . , l).

(16)

j�1

The matrix form of the linear equation system corresponding to equation (16) is as follows:
σ1
w1 .wT1
w1 .wT1 w1 .wT2 · · · w1 .wTl
⎥
⎢
⎢
⎤
⎤⎥⎥
⎡
⎡
⎥
⎥
⎢
⎢
⎢
⎤
⎡
⎥ ⎢
⎢
⎥⎥⎥ ⎢
⎥⎥⎥
⎢
⎢
T⎥
T
T
T⎥
⎢
⎢
⎢
⎢
⎢
⎢
σ 2 ⎥⎥⎥⎥⎥ ⎢
w
.w
w
.w
w
.w
·
·
·
w
.w
⎥
⎥⎥⎥
⎢
⎢
⎢
⎢
⎥
⎢
⎢
2
2
2
2
2
1
2
l
⎥
⎢
⎥
⎢
⎢
⎥
⎢
⎥
⎥⎥⎥.
⎢
⎢
�
⎥⎥⎥ ⎢
⎥⎥⎥ ⎢
⎢
⎢
⎢
⎢
⎥⎥⎥
⎢
⎢
⎢
⎥
⎥
⎢
⎢
⎢
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
⎥
⎥
⎢
⎢
⎢
⎦
⎥
⎥⎦
⎣
⎢
⎢
⎦
⎣
⎣
T
T
T
T
σl
wl .wl
wL .w1 wL .w2 · · · wl .wl

(17)

According to equation (17), (σ 1 , σ 2 , . . . , σ L ) is obtained,
and the normalization is as follows:
 
σ 
∗
σ k � l k .
(18)
k�1 σ k 
Finally, the optimal attribute weight is obtained as follows:
l

w∗ �  σ ∗k wTk .

(19)

k�1

3.2. Determination of Time Series Weights. The impacts of
diﬀerent time points in air combat target data on threat
assessment are diﬀerent. To make a comprehensive and
objective evaluation of the dynamic air combat situation,
calculating the weights of diﬀerent time series is a prerequisite. The air combat process is further along at the
current time, and thus the measured target threat assessment
information is less crucial. Thus, the inverse Poisson distribution method is adopted to calculate the time series
weight vector ψ � (ψ 1 , ψ 2 , . . . , ψ k , . . . , ψ l ). ψ of l times can
be calculated as follows:

k! ⎛ l k! ⎞
 k⎠ ,
ψk � k × ⎝
ϕ
k�1 ϕ

(20)

where ψ k ≥ 0, lk�1 ψ k � 1, and 0 < ϕ < 2.

4. Proposed Dynamic Target Threat
Assessment Method
4.1. Threat Assessment Index System. Considering the
combat capabilities and attack intentions of incoming targets, the air target assessment system is shown in Figure 1.
4.1.1. Target Combat Capabilities.
(1) Target Type. The degrees of the threats of diﬀerent
types of targets are completely diﬀerent, and the
degrees of the threats in descending order are as
follows: missile, ﬁghter, bomber, Armed helicopter,
and early warning aircraft.
(2) Maneuvering Ability. The stronger the targe’s maneuverability, the lower the hit rate of air defense weapons
against it and the greater the degree of the threat.
4.1.2. Target Attack Intentions.
(1) Target Velocity. The faster the target’s ﬂight speed, the
shorter the reaction time for the commander, the
greater the lethality of this target to the target we want
to protect, and the higher the degree of the threat.
(2) Target Height. The higher the altitude of the air target
is, the more time we can take to form corresponding
measures against the target, and thus the lower its
threat. The lower the target height is, the higher the
attack rate, and the higher the corresponding threat.
(3) Route Shortcut. The air route shortcut of the target
refers to the vertical distance from the point protected by our side to the projected extension line of
the instantaneous velocity of the air raid target on the
horizontal plane. The smaller the air route shortcut,
the higher the degree of the threat of the target.
(4) Target Distance. Target distance refers to the distance
between the target and the boundary of the air defense
area, reﬂecting the enemy’s attack attempt and the
possibility of achieving an attack. The smaller the target
distance, the higher the degree of the target threat and
the greater the corresponding degree of membership.
(5) Target Arrival Time. The target arrival time refers to the
time when the target reaches the near boundary of the
air defense ﬁre launch zone. The smaller the value, the
shorter the preparation time of the weapon system and
tactical decision and the greater the threat to us.
4.2. Dynamic Threat Assessment Method Based on IVIFS,
Game Theory, and ERM. To provide an eﬀective auxiliary
decision-making method, which can help the commander to
make the correct decision, a novel dynamic threat assessment method based on the IVIFS, game theory, and the ERM
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Target type
Target combat
capabilities
Maneuvering ability
Target velocity

Air target threat
assessment

Target height
Target attack
intentions

Route shortcut

Target distance

Target arrival time

Figure 1: Air target threat assessment index system.

be evaluated, and the attribute set C � c1 , c2 , . . . , cn 
consists of n attributes. Denote the decision matrix D at
time tk (1 ≤ k ≤ l) as follows:

is proposed. The process for the proposed method is shown
in Figure 2.
Step 1. The determination of the initial decision matrix
air targets set X � x1 , x2 , . . . , xm  includes m targets to

x1
D k � x2
⋮
xm

c2
(k)
(k)
(k) (k)
μ12L , μ12U , ]12L , ]12U 

c1
(k)
(k)
(k) (k)
μ11L , μ11U , ]11L , ]11U 
(k)

(k)

(k)

(k)

μ21L , μ21U , ]21L , ]21U 
⋮
(k)
(k)
(k)
(k)
μm1L , μm1U , ]m1L , ]m1U 

(k)

(k)

Step 2. Calculate the index weight w(tk ) at diﬀerent
times and obtain the optimal index weight w∗ as
follows:
w∗ � w∗1 , w∗2 , . . . , w∗n .

x1
D k � x2
⋮
xm
x1
� x2
⋮
xm

c1
(k)
(k) (k)
μ(k)
11L , μ11U , ]11L , ]11U 

(k)

(k)

μ22L , μ22U , ]22L , ]22U 
⋮
(k)
(k)
(k)
(k)
μm2L , μm2U , ]m2L , ]m2U 

· · · cn
(k)
(k) (k)
· · · μ(k)
1nL , μ1nU , ]1nL , ]1nU 
(k)

(k)

(k)

(k)

μ2nL , μ2nU , ]2nL , ]2nU  .
⋮
(k)
(k)
(k)
· · · μ(k)
mnL , μmnU , ]mnL , ]mnU 

···

(21)

Step 3. Aggregate the initial decision matrix based on
the ERM and the optimal index weights to the dynamic
decision matrix.

(22)

c2
(k)
(k) (k)
μ(k)
12L , μ12U , ]12L , ]12U 

Step 3.1. Let

· · · cn
(k)
(k) (k)
· · · μ(k)
1nL , μ1nU , ]1nL , ]1nU 

(k)
(k) (k)
(k)
(k) (k)
(k)
(k) (k)
· · · μ(k)
μ(k)
μ(k)
21L , μ21U , ]21L , ]21U 
22L , μ22U , ]22L , ]22U 
2nL , μ2nU , ]2nL , ]2nU 
⋮
⋮
⋮
(k)
(k)
(k)
(k)
(k)
(k)
(k)
(k)
(k)
(k)
,
μ
,
]
,
μ
,
]
]
μ
]
·
·
·
μ(k)
,





,




μ(k)
m1L m1U
m1L m1U
m2L m2U
m2L m2U
mnL , μmnU , ]mnL , ]mnU 
c2
· · · cn
c1
(k)
(k)
(k)
(k)
(k)
(k)
(k)
(k)
(k)
(k)
(k)
· · · β(k)
β1,11L , β1,11U , β2,11L , β2,11U 
β1,12L , β1,12U , β2,12L , β2,12U 
1,1nL , β1,1nU , β2,1nL , β2,1nU 
(k)
(k)
(k)
β(k)
1,21L , β1,21U , β2,21L , β2,21U 
⋮
(k)
(k)
(k)
β(k)
1,m1L , β1,m1U , β2,m1L , β2,m1U 

(k)
(k)
(k)
β(k)
1,22L , β1,22U , β2,22L , β2,22U 
⋮
(k)
(k)
(k)
β(k)
1,m2L , β1,m2U , β2,m2L , β2,m2U 

···
···

(k)
(k)
(k)
,
β(k)
1,2nL , β1,2nU , β2,2nL , β2,2nU 
⋮
(k)
(k)
(k)
β(k)
1,mnL , β1,mnU , β2,mnL , β2,mnU 

(23)
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x1
Yk � x 2
⋮
xm

t1

t2

···

tl

βL,1 x1 , βU,1 x1 , βL,2 x1 , βU,2 x1 

βL,1 x1 , βU,1 x1 , βL,2 x1 , βU,2 x1 

···

βL,1 x1 , βU,1 x1 , βL,2 x1 , βU,2 x1 

βL,1 x2 , βU,1 x2 , βL,2 x2 , βU,2 x2 
⋮
βL,1 xm , βU,1 xm , βL,2 xm , βU,2 xm 

···
βL,1 x2 , βU,1 x2 , βL,2 x2 , βU,2 x2 
⋮
βL,1 xm , βU,1 xm , βL,2 xm , βU,2 xm  · · ·

.
βL,1 x2 , βU,1 x2 , βL,2 x2 , βU,2 x2 
⋮
βL,1 xm , βU,1 xm , βL,2 xm , βU,2 xm 

(24)
(k)
(k)
(k)
In equation (23), (β(k)
1,ijL , β1,ijU ), (β2,ijL , β2,ijU ) denotes the degrees of belief of the decision matrix at
time tk with respect to attribute cj of target xi regarding the evaluation grades H1 and H2 , respectively. H1 represents completely satisfying the
fuzzy concept “threaten,” H2 represents not satisfying the fuzzy concept “threaten,” and H represents
the evaluation grade of indeterminacy (uncertainty).
Step 3.2. Transform the degree of belief (β(k)
1,ijL ,
(k)
(k)
β(k)
),
(β
,
β
)〉
at
time
t
into
the
basic
k
1,ijU
2,ijL 2,ijU
(k)
(k)
(k)
probability mass (m(k)
1,ijL , m1,ijU ), (m2,ijL , m2,ijU )〉,
which is shown as follows:

λ(k)
L,I(y)

⎜
⎞
⎛
⎟
⎜
⎟
⎜
⎟
⎜
⎟
2
2
⎜
⎟
⎜
⎟
⎜
⎟
(k)
(k)
⎜
⎟
⎜
⎟
1
−

xi  � ⎜
m
x
x

m

⎟
i
i
⎟
⎜
L,gy
L,tI(y−1)
⎟
⎜
⎟
⎜
⎟
⎜
t�1
⎟
⎜
g�1
⎟
⎜
⎠
⎝
y≠t

, 2 ≤ y ≤ n, 1 ≤ q ≤ 2, and, 1 ≤ i ≤ m,
−1

λ(k)
U,I(y)

(k)
(k)
∗
(k)
(k)
mL,qj xi , mU,qj xi  � w × βqjL xi , βqjU xi ,

⎜
⎞
⎛
⎟
⎜
⎟
⎜
⎟
⎜
⎟
2
2
⎜
⎟
⎜
⎟
⎜
⎟
(k)
(k)
⎜
⎜
⎟
⎜
1 −   mU,tI(y−1) xi mU,gy xi ⎟
xi  � ⎜
⎟
⎟
⎜
⎟
⎜
⎟
⎜
⎟
t�1
⎜
g�1
⎟
⎜
⎠
⎝
y≠t

(k)
(k)
∗
mL,Hj xi , mU,Hj xi  �  1 − w +

, 2 ≤ y ≤ n, 1 ≤ q ≤ 2, and, 1 ≤ i ≤ m.

2

⎝1 −  β(k) x  1 − w∗ 
· w∗ ⎛
i
qjU

(28)

q�1
2

⎝1 −  β(k) x ⎞
⎠⎞
⎠⎤⎥⎦.
+ w∗ ⎛
i
qjL
q�1

(25)
Step 3.3. Compute the combined probability mass
Note that

Step 3.4. Aggregate the evaluated values of the attributes of target Xm to get the degree of belief
βL,H (xi ) of target Xm regarding the evaluation grade
and the degree of belief produced by unknown information, respectively, as follows:
(k)
(k)
(k)
βL,q xi , βU,q xi  � ⎡⎢⎢⎣1 − βL,H xi 

(k)
(k)
(k)
m(k)
L,I(1) xi , mU,I(1) xi  � mL,q1 xi , mU,q1 xi (q � 1, 2)
(k)
(k)
(k)
m(k)
L,HI(1) xi , mU,HI(1) xi  � mL,H1 xi , mU,H1 xi .

(26)
The combined probability mass can be generated by
combining the basic probability masses.

1 −

β(k)
U,H

xi 

(k)
(k)
λ(k)
U,I(y) xi mU,qI(y−1) xi mL,qy xi 
(k)
(k)
(k)
+m(k)
U,qI(y−1) xi mU,Hy xi  + mU,HI(y−1) xi mL,qy xi ,

j�1

q�1

n

2

j�1

q�1

(29)
where
2

1 ≤ i ≤ m, and 1 ≤ q ≤ 2,

2

(k)
 β(k)
U,q xi  + βU,H xi  � 1,

1 ≤ i ≤ m, and 1 ≤ q ≤ 2.

q�1

xi ,

(30)
(27)

where

2

q�1

(k)
(k)
� λ(k)
L,I(y) xi mL,HI(y−1) xi mL,Hy xi ,

xi m(k)
U,Hy

n

(k)
 β(k)
L,q xi  + βL,H xi  � 1,

(k)
m(k)
L,HI(y) xi , mU,HI(y) xi 

xi m(k)
U,HI(y−1)

⎤⎥⎥⎦,

⎝1 −  β(k) x ⎞
⎠⎤⎥⎦,
 w∗ ⎛
i
L,qj

(k)
(k)
(k)
+m(k)
U,qI(y−1) xi mL,Hy xi  + mU,HI(y−1) xi mU,qy xi ,

λ(k)
U,I(y)

1 − m(k)
U,qHI(n) xi 

,
1 − m(k)
L,qHI(n) xi 

(k)
(k)
∗⎝
⎠
⎞
1 −  β(k)
βL,H xi , βU,H xi  � ⎡⎢⎣ w ⎛
U,qj xi  ,

(k)
m(k)
L,qI(y) xi , mU,qI(y) xi  �
(k)
(k)
λ(k)
L,I(y) xi mL,qI(y−1) xi mU,qy xi 

m(k)
U,qI(n) xi 

m(k)
L,qI(n) xi 

Step 3.5. The aggregated value of the evaluated values
of the attributes of alternative xm is represented by
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(k)
(k)
(k)
an IVIFS (β(k)
L,1 (xi ), βU,1 (xi )), (βL,2 (xi ), βU,2 (xi )).
The dynamic decision matrix Yk is obtained as
equation (24).

Step 4. Calculate the time series weight ψ k , 1 ≤ k ≤ l.
Step 5. Aggregate the dynamic decision matrix Yk based
on the ERM and the time series weights to the ﬁnal
decision matrix Zm .
Step 5.1. Transform the degree of belief
(k)
(k)
(k)
the
(β(k)
L,1 (xi ), βU,1 (xi )), (βL,2 (xi ), βU,2 (xi )) into
basic
probability
mass
(k)
(k)
(k)
(m(k)
1,ijL , m1,ijU ), (m2,ijL , m2,ijU ), as follows:
mL,qj xi , mU,qj xi  � ψ k βLq xi , ψ k βUq xi ,
mL,Hj xi , mU,Hj xi  �
2

2

q�1

q�1

−1
2
2
⎟
⎜
⎞
⎛
⎟
⎜
⎟
⎜
⎟
⎟
⎜
⎟
⎜
1
−

xi  � ⎜
m
x
x

m

⎟
⎜
L,tI(y−
1)
i
L,gy
i
⎟
⎜
⎠
⎝

λL,I(y)

t�1 g�1
y≠t

2 ≤ y ≤ l, 1 ≤ q ≤ 2, and, 1 ≤ i ≤ m,

−1

2
2
⎟
⎜
⎞
⎛
⎟
⎜
⎟
⎜
⎟
⎟
⎜
⎜
1
−

xi  � ⎜
m
x
x

m

⎟
⎜
U,tI(y− 1)
i
U,gy
i ⎟
⎟
⎜
⎠
⎝

λU,I(y)

t�1 g�1
y≠t

2 ≤ y ≤ l, 1 ≤ q ≤ 2, and, 1 ≤ i ≤ m.
(34)
Step 5.3. Aggregate the evaluated values of the attributes of target Xm to get the degree of belief βL,H (xi )
of target Xm regarding the evaluation grade and the
degree of belief produced by unknown information,
respectively, as follows:
βL,q xi , βU,q xi  �

⎢
⎡
⎣1 −  mL,qj xi , 1 −  mU,qj xi ⎥⎤⎦.

1 − βL,H xi 

(31)
Step 5.2. Compute the combined probability mass.
Note
that
[mL,I(1) (xi ), mU,I(1) (xi )] �
[mL,q1 (xi ), mU,q1 (xi )] and

1 − βU,H xi 

mU,qI(n) xi 
,
1 − mU,qHI(n) xi 
n

2

j�1

q�1

⎢
⎝1 −  β
⎠⎤⎥⎦
⎞
⎣ ψ k ⎛
βL,H xi , βU,H xi  � ⎡
L,qj xi 

mL,HI(1) xi , mU,HI(1) xi  � mL,H1 xi , mU,H1 xi .
2

n

(32)
The combined probability mass can be generated by
combining the basic probability masses as described
as follows:

mL,qI(n) xi 
1 − mL,qHI(n) xi 

⎝1 −  β
⎠
⎞
 ψk ⎛
U,qj xi  ,
q�1

j�1

(35)
where
2

mL,qI(y) xi , mU,qI(y) xi  �

 βL,q xi  + βL,H xi  � 1,

1 ≤ i ≤ m, and 1 ≤ q ≤ 2,

q�1
2

λL,I(y) xi mL,qI(y−1) xi mU,qy xi 

 βU,q xi  + βU,H xi  � 1,
+mU,qI(y−1) xi mL,Hy xi 

1 ≤ i ≤ m, and 1 ≤ q ≤ 2.

q�1

(36)
+ mU,HI(y−1) xi mL,qy xi 
λU,I(y) xi mU,qI(y−1) xi mL,qy xi 
(33)
+mU,qI(y−1) xi mU,Hy xi 

Step 5.4. The aggregated value of the evaluated values
of the attributes of alternative xm is represented by an
IVIFS (βL,1 (xi ), βU,1 (xi )), (βL,2 (xi ), βU,2 (xi )). The
ﬁnal decision matrix Zm is obtained as follows:
x1

+ mU,HI(y−1) xi mL,qy xi ,
mL,HI(y) xi , mU,HI(y) xi  �
λL,I(y) xi mL,HI(y−1) xi mL,Hy xi ,
λU,I(y) xi mU,HI(y−1) xi mU,Hy xi ,
where

x
Zm � 2
⋮
xm

βL,1 x1 , βU,1 x1 , βL,2 x1 , βU,2 x1 
βL,1 x2 , βU,1 x2 , βL,2 x2 , βU,2 x2 
.
⋮
βL,1 xm , βU,1 xm , βL,2 xm , βU,2 xm 

(37)
Step 6. Calculate the accuracy function value of each
target according to equation (2). The higher the score of
the accuracy function, the greater the target threat.
Thus, the evaluation ranking result is acquired.
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ERM algorithm
Use the optimal attribute weight
(the time series weights) to
modify each matrix

Determine theinitial decision matrix

The initial decision matrix is
represented using IVIFS

Calculate the optimal
attribute weight

The optimal attribute weight
calculation model

Aggregate the initial decision
matrix into dynamic decision
matrix based onthe ERM

Calculate the basic
probability mass

Calculate of the index
weight at different times

Construct possible
attribute weight sets
Determine the time series weights

Determine the combined
probability mass

Obtain dynamic decision matrix
(the final decision matrix)

Determine the optimal
attribute weight vector
Aggregate the dynamic decision
matrix into the final decision
matrix based on the ERM
Solve by inverse poisson
distribution method
Calculate the degree of the
target threat and rank it

Figure 2: Algorithm ﬂow chart of the proposed air target threat assessment method.

5. Numerical Examples and Discussion

β1L x1 , β1U x1 , β2L x1 , β2U x1  �

5.1. Numerical Examples.
Step 1. The initial decision matrix is determined as
follows.
Our side ﬁnds ﬁve air targets through detection equipment. The air target set X � x1 , x2 , . . . , x5  corresponds
to {bomber, ﬁghter, missile, early warning aircraft, Armed
helicopter}. The attribute set C � c1 , c2 , . . . , c7  consists
of seven attributes, which correspond to {target type,
target arrival time, target height, target distance, route
shortcut, target velocity, maneuvering ability}. The IVIFS
matrix of the air target at three time points t1 , t2 , and t3 is
as shown in Tables 1–3, respectively.
Step 2. According to Table 1 to Table 3, the attribute
weights and the optimal index weight at each time are
as Table 4.
Step 3. Based on the IVIFS assessment information and
the optimal index weight, the dynamic decision matrix
Yk is obtained as Table 5.
Step 4. The time series weight is obtained when ϕ � 1.5
as follows:
ψ � {0.2000, 0.2667, 0.5333}.

(38)

Step 5. Based on dynamic decision matrix and the time
series weight, the ﬁnal decision matrix Zm is obtained
as follows:

([0.6726 0.7687], [0.0827 0.1455]),
β1L x2 , β1U x2 , β2L x2 , β2U x2  �
([0.5830 0.6765], [0.0925 0.1532]),
β1L x3 , β1U x3 , β2L x3 , β2U x3  �
([0.7492 0.8642], [0.0502 0.0872]),

(39)

β1L x4 , β1U x4 , β2L x4 , β2U x4  �
([0.4662 0.5605], [0.1581 0.2488]),
β1L x5 , β1U x5 , β2L x5 , β2U x5  �
([0.6965 0.7876], [0.0811 0.1257]).
Step 6. The degrees of the target threats are sorted by the
accuracy function.
M1 β1L x1 , β1U x1 , β2L x1 , β2U x1  � 0.5554,
M2 β1L x2 , β1U x2 , β2L x2 , β2U x2  � 0.3824,
M3 β1L x3 , β1U x3 , β2L x3 , β2U x3  � 0.6821,
M4 β1L x4 , β1U x4 , β2L x4 , β2U x4  � 0.2302,
M5 β1L x5 , β1U x5 , β2L x5 , β2U x5  � 0.5875.
(40)
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Table 1: Assessment information of targets x1 − x5 at time t1 .
Target
x1
x2
x3
x4
x5

c1

c2

c3

c4

c5

c6

c7

<[0.75, 0.85]
[0.05, 0.10]>
<[0.65, 0.75],
[0.15, 0.25]>
<[0.85, 0.95]
[0.01, 0.05]>
<[0.25, 0.35]
[0.30, 0.40]>
<[0.45, 0.55]
[0.30, 0.40]>

<[0.48, 0.58]
[0.10, 0.20]>
<[0.45, 0.55]
[0.20, 0.30]>
<[0.30, 0.40]
[0.40, 0.50]>
<[0.35, 0.45]
[0.10, 0.30]>
<[0.75, 0.8]
[0.08, 0.15]>

<[0.70, 0.75]
[0.05, 0.12]>
<[0.65, 0.72]
[0.12, 0.21]>
<[0.55, 0.65]
[0.20, 0.30]>
<[0.45, 0.55]
[0.35, 0.40]>
<[0.80, 0.85]
[0.01, 0.06]>

<[0.50, 0.55]
[0.05, 0.15]>
<[0.45, 0.55]
[0.15, 0.25]>
<[0.5, 0.6]
[0.04, 0.13]>
<[0.60, 0.70]
[0.05, 0.15]>
<[0.80, 0.85]
[0.00, 0.10]>

<[0.40, 0.45]
[0.30, 0.40]>
<[0.65, 0.70]
[0.15, 0.25]>
<[0.70, 0.75]
[0.05, 0.15]>
<[0.45, 0.55]
[0.1, 0.20]>
<[0.30, 0.35]
[0.20, 0.3]>

<[0.55, 0.60]
[0.20, 0.30]>
<[0.55, 0.60]
[0.22, 0.37]>
<[0.80, 0.85]
[0.01, 0.12]>
<[0.35, 0.45]
[0.10, 0.20]>
<[0.35, 0.45]
[0.35, 0.50]>

<[0.55, 0.65]
[0.05, 0.15]>
<[0.55, 0.60]
[0.10, 0.20]>
<[0.70, 0.80]
[0.02, 0.12]>
<[0.25, 0.35]
[0.30, 0.40]>
<[0.65, 0.70]
[0.08, 0.20]>

According to M3 > M5 > M1 > M2 > M4 , the ranking
result of the target threat assessment is obtained:
x3 > x5 > x1 > x2 > x4 . According to the initial decision
matrix data shown in Tables 1–3, the target threat assessment results are consistent with reality.
5.2. Discussion and Comparative Analysis
5.2.1. Discussion of Experimental Results. In the dynamic
target threat assessment process, the time factor has a great
inﬂuence on the target threat assessment results. Table 6
shows the sorting results at each diﬀerent moment.
The ﬁnal threat ranking of each target is as follows:
x3 > x5 > x1 > x2 > x4 . The ranking result of the target threat
at the current moment is 0.5694, 0.3216, 0.7350, 0.2389,
0.6295. The ranking result of each target is
x3 > x5 > x1 > x2 > x4 , which is consistent with the multimoment sorting result.
Meanwhile, it can be seen from the target type that
missile has the greatest degree of threat, followed by bomber
and then ﬁghter plane and helicopter. Early warning aircraft
are used to search and monitor targets, and so their attack
threat is the weakest. Although the threat of a ﬁghter plane is
higher than that of an armed helicopter, it can be seen from
the data at multiple times that the ﬁghter planes are in
a climbing state, far away from our targets. However, the
armed helicopter is in a diving state, close to our target, and
so the threat of the armed helicopter is higher than the threat
of the ﬁghter. It can also be seen from the simulation results
of this paper that the degree of the threat of ﬁghters changes
with time and the degree of the threat decreases continuously. Meanwhile, the degree of the threat of helicopters
continues to increase. The analysis results are the same as the
simulation results, which prove the rationality of the method
proposed in this paper.
Using the same simulation data, the data on both sides
do not change at t3 . At t2 , target x1 rapidly accelerates. Its
degree of membership for speed changed from [0.6, 0.65] to
[0.95, 1]; the degree of membership of the target arrival time
changed to [0.95, 1]; and the degree of the threat of maneuvering ability reaches [0.8, 0.9]. The assessment results of
the proposed method are 0.5883, 0.3820, 0.6816, 0.2278, and
0.5877. The threat order is x3 > x1 > x5 > x2 > x4 . Only using
the current degree of target threat results still gives

x3 > x5 > x1 > x2 > x4 . It can be seen that although target 1
has a sharp acceleration movement trend, the degree of the
target threat has not changed using the single-time threat
assessment method; however, the dynamic change process of
the target situation can be considered in the threat assessment using the proposed method, making target 1’s degree
of threat higher, and more reasonable threat assessment
results are obtained.
5.2.2. Comparison with Aggregation Operators. To illustrate
the superiority of the proposed method, we compare it with
the information aggregation method given in [4, 45]. The
IVIFWG operator and IVIFWA operator are used to aggregate the results at diﬀerent times. Let an IVIFS
 � 〈(a, b), (c, d)〉. The IVIFWG operator is shown as
A
follows:
n

w

 1, A
 i�
 2, . . . , A
 n �  A
IVIFWGw A
i
i�1
n

n

n

n

i�1

i�1

i�1

i�1

w
w
w
w
⎡⎣ ai i ,  bi i , 1 −  1 − ci  i ⎤⎦, ⎡⎣1 −  1 − di  i ⎤⎦.

(41)
The IVIFWA operator is shown as follows:
n

 2, . . . , A
 n �  A
 1, A
 wi �
IVIFWAw A
i
i�1
n

n

n

n

i�1

i�1

i�1

i�1

w
w
w
w
⎡⎣1 −  1 − ai  i , 1 −  1 − bi  i ⎤⎦, ⎡⎣ cj i ,  di i ⎤⎦,

(42)
where w � (w1 , w2 , . . . , wn ) is the weight vector of IVIFN
 i (i � 1, 2, . . . , n), 0 < wi < 1, and n wi � 1.
A
i�1
The interval intuitionistic fuzzy values of each target are
obtained through equation (2) as Table 7.
In Table 8, the second to sixth columns are the threat
values obtained by diﬀerent methods for diﬀerent targets.
The threat ranking results are given in column 8. Table 9
shows the uncertainty interval of diﬀerent methods and the
length of the uncertainty interval.
It can be seen from Table 8 that the method of [4, 44] and
the method proposed in this paper have the same target

10

Mathematical Problems in Engineering
Table 2: Assessment information of targets x1 − x5 at time t2 .

Target
x1
x2
x3
x4
x5

c1

c2

c3

c4

c5

c6

c7

<[0.75, 0.85]
[0.05, 0.10]>
<[0.65, 0.75]
[0.15, 0.25]>
<[0.85, 0.95]
[0.01, 0.05]>
<[0.25, 0.35]
[0.30, 0.40]>
<[0.45, 0.55]
[0.30, 0.40]>

<[0.58, 0.68]
[0.15, 0.20]>
<[0.45, 0.55]
[0.20, 0.30]>
<[0.35, 0.45]
[0.40, 0.50]>
<[0.45, 0.55]
[0.15, 0.20]>
<[0.80, 0.85]
[0.10, 0.15]>

<[0.75, 0.80]
[0.05, 0.15]>
<[0.60, 0.65]
[0.08, 0.12]>
<[0.60, 0.70]
[0.10, 0.20]>
<[0.45, 0.55]
[0.25, 0.35]>
<[0.80, 0.85]
[0.00, 0.04]>

<[0.55, 0.60]
[0.25, 0.35]>
<[0.40, 0.50]
[0.10, 0.19]>
<[0.55, 0.60]
[0.10, 0.20]>
<[0.65, 0.70]
[0.10, 0.20]>
<[0.85, 0.90]
[0.00, 0.03]>

<[0.45, 0.50]
[0.35, 0.45]>
<[0.60, 0.70]
0.10, 0.15]>
<[0.80, 0.85]
[0.10, 0.14]>
<[0.55, 0.60]
[0.15, 0.25]>
<[0.35, 0.40]
[0.10, 0.20]>

<[0.60, 0.65]
[0.20, 0.30]>
<[0.60, 0.65]
[0.22, 0.30]>
<[0.85, 0.90]
[0.01, 0.04]>
<[0.35, 0.45]
[0.20, 0.40]>
<[0.45, 0.55]
[0.15, 0.20]>

<[0.60, 0.70]
[0.20, 0.30]>
<[0.60, 0.65]
[0.10, 0.20]>
<[0.75, 0.85]
[0.08, 0.13]>
<[0.25, 0.35]
[0.30, 0.50]>
<[0.65, 0.75]
[0.05, 0.15]>

Table 3: Assessment information of targets x1 − x5 at time t3 .
Target
x1
x2
x3
x4
x5

c1

c2

c3

c4

c5

c6

c7

<[0.75, 0.85]
[0.05, 0.10]>
<[0.65, 0.75]
[0.15, 0.25]>
<[0.85, 0.95]
[0.01, 0.05]>
<[0.25, 0.35]
[0.30, 0.40]>
<[0.45, 0.55]
[0.30, 0.40]>

<[0.60, 0.70]
[0.10, 0.15]>
<[0.40, 0.45]
[0.20, 0.28]>
<[0.45, 0.55]
[0.30, 0.40]>
<[0.55, 0.65]
[0.01, 0.03]>
<[0.85, 0.90]
[0.02, 0.08]>

<[0.80, 0.85]
[0.05, 0.15]>
<[0.55, 0.60]
[0.10, 0.15]>
<[0.65, 0.75]
[0.15, 0.23]>
<[0.50, 0.55]
[0.25, 0.33]>
<[0.85, 0.90]
[0.01, 0.04]>

<[0.60, 0.65]
[0.10, 0.20]>
<[0.35, 0.45]
[0.10, 0.20]>
<[0.75, 0.85]
[0.04, 0.14]>
<[0.70, 0.75]
[0.10, 0.20]>
<[0.85, 0.90]
[0.01, 0.04]>

<[0.55, 0.60]
[0.20, 0.35]>
<[0.50, 0.60]
[0.10, 0.14]>
<[0.85, 0.95]
[0.00, 0.02]>
<[0.60, 0.65]
[0.15, 0.20]>
<[0.40, 0.45]
[0.35, 0.40]>

<[0.60, 0.68]
[0.20, 0.30]>
<[0.65, 0.70]
[0.10, 0.20]>
<[0.90, 0.95]
[0.01, 0.12]>
<[0.40, 0.47]
[0.10, 0.20]>
<[0.55, 0.60]
[0.30, 0.40]>

<[0.65, 0.70]
[0.10, 0.20]>
<[0.65, 0.70]
[0.08, 0.13]>
<[0.85, 0.90]
[0.02, 0.07]>
<[0.25, 0.35]
[0.25, 0.35]>
<[0.75, 0.85]
[0.02, 0.08]>

Table 4: The attribute weights at each time.
Time

c1

c2

c3

c4

c5

c6

c7

w(t1 )
w(t2 )
w(t3 )
w∗ (t)

0.1580
0.1461
0.1335
0.1504

0.1170
0.1193
0.1286
0.1193

0.1701
0.1697
0.1613
0.1688

0.1686
0.1536
0.1628
0.1623

0.1161
0.1266
0.1242
0.1210

0.1190
0.1346
0.1404
0.1280

0.1503
0.1501
0.1491
0.1501

Table 5: The dynamic decision matrix Yk .
Target
x1
x2
x3
x4
x5

t1

t2

t3

<[0.5901, 0.6739]
[0.0861, 0.1607]>
<[0.5889, 0.6750]
[0.1294, 0.2229]>
<[0.6512, 0.7552]
[0.0785, 0.1526]>
<[0.4011, 0.5069]
[0.1826, 0.2803]>
<[0.6265, 0.7021]
[0.1117, 0.1973]>

<[0.6479, 0.7300]
[0.1438, 0.2191]>
<[0.5778, 0.6601]
[0.1108, 0.1798]>
<[0.7032, 0.7970]
[0.0829, 0.1358]>
<[0.4363, 0.5251]
[0.1956, 0.3145]>
<[0.6549, 0.7393]
[0.0746, 0.1279]>

<[0.6812, 0.7643]
[0.0855, 0.1623]>
<[0.5548, 0.6366]
[0.0981, 0.1624]>
<[0.7793, 0.8816]
[0.0528, 0.0955]>
<[0.4800, 0.5596]
[0.1559, 0.2428]>
<[0.7120, 0.7888]
[0.1046, 0.1527]>

threat assessment results, illustrating the eﬀectiveness of the
proposed method. Comparing the length of the uncertainty
interval between the three methods in Table 9, we ﬁnd that

the uncertainty interval of the proposed method is less than
that obtained by the method in [4, 44], which means that the
proposed method in this paper reduces the uncertainty of
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Table 6: The sorting results at diﬀerent time.

Time
t1
t2
t3
Our method

x1

x2

x3

x4

x5

Ranking result

0.3853
0.5593
0.5694
0.5554

0.4400
0.3832
0.3216
0.3824

0.5220
0.6096
0.7350
0.6821

0.1394
0.2164
0.2389
0.2302

0.4831
0.4955
0.6295
0.5875

x3 > x5 > x2 > x1 > x4
x3 > x1 > x5 > x2 > x4
x3 > x5 > x1 > x2 > x4
x3 > x5 > x1 > x2 > x4

Table 7: The interval intuitionistic fuzzy values of each target by IVIFWG and IVIFWA.
Target
([β1L (x1 ), β1U (x1 )], [β2L (x1 ), β2U (x1 )])
([β1L (x2 ), β1U (x2 )], [β2L (x2 ), β2U (x2 )])
([β1L (x3 ), β1U (x3 )], [β2L (x3 ), β2U (x3 )])
([β1L (x4 ), β1U (x4 )], [β2L (x4 ), β2U (x4 )])
([β1L (x5 ), β1U (x5 )], [β2L (x5 ), β2U (x5 )])

IVIFWG
([0.6217, 0.6906], [0.1293, 0.2214])
([0.5368, 0.6115], [0.1287, 0.2119])
([0.6889, 0.7782], [0.0956, 0.1673])
([0.4093, 0.5007], [0.1931, 0.2976])
([0.6217, 0.6936], [0.1359, 0.2102])

IVIFWA
([0.6453, 0.7205], [0.1016, 0.1950])
([0.5591, 0.6331], [0.1212, 0.2007])
([0.7523, 0.8518], [0, 0.1054])
([0.4596, 0.5405], [0.1475, 0.2711])
([0.7039, 0.7762], [0, 0.1299])

Table 8: The sorting results of diﬀerent methods.
Method
IVIFWG
IVIFWA
The proposed method

x1

x2

x3

x4

x5

Sorting result

0.4876
0.5141
0.5554

0.3187
0.3531
0.3824

0.5986
0.6568
0.6821

0.1553
0.2094
0.2302

0.4884
0.5450
0.5875

x3 > x5 > x1 > x2 > x4
x3 > x5 > x1 > x2 > x4
x3 > x5 > x1 > x2 > x4

Table 9: Comparison of the lengths of diﬀerent methods’ uncertainty intervals.
Target
x1
x2
x3
x4
x5

IVIFWG
[0.0880 0.2491]
[0.1766 0.3344]
[0.0545 0.2155]
[0.2017 0.3977]
[0.0962 0.2424]

0.1611
0.1579
0.1610
0.1959
0.1462

IVIFWA
[0.0845 0.2530]
[0.1662 0.3197]
[0.0428 0.2477]
[0.1884 0.3929]
[0.0939 0.2961]

the target threat assessment results and improves the decision-making accuracy on target threat assessment results.
Meanwhile, the method of [4] is a static assessment, and the
proposed method also considers the time factor. Obviously,
the method in this paper is more suitable for the threat
assessment of a dynamic battleﬁeld.

6. Conclusion
A dynamic air target threat assessment method based on
interval intuitionistic fuzzy sets, game theory, and evidence
reasoning methods is proposed. The main conclusions are as
follows:
(1) The proposed method uses IVIFSs to construct an
intuitionistic-valued fuzzy target information matrix, which can describe the ambiguity and uncertainty of battleﬁeld target information more
ﬂexibly, making it more applicable in complex
battleﬁeld environments

0.1685
0.1543
0.2047
0.2046
0.2022

The proposed method
[0.0858 0.2447]
0.1590
[0.1703 0.3245]
0.1542
[0.0486 0.2007]
0.1521
[0.1908 0.3756]
0.1849
[0.0867 0.2223]
0.1356

(2) The optimal attribute weight is calculated by game
theory, which overcomes the sensitivity to data of the
interval intuitionistic fuzzy entropy, making the
assessment result more reliable
(3) The simulation results show that the proposed
method can reduce the uncertainty of the target
threat assessment results and meet the dynamically
variable battleﬁeld requirements
The proposed method can also be applied in pattern
recognition, project selection, and many other areas of
decision-making problems.
In the future, we will focus on hybrid multiattribute
target threat assessment to address heterogeneous information in diﬀerent battleﬁeld environments.
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