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Abstract: In view of the application requirements of large amphibious aircraft in maritime life
accident rescue in middle and far seas and the insufficiency of research on dispatch decision, this
paper constructed a large amphibious aircraft dispatch decision model based on an improved fuzzy
algorithm. Based on the method of statistical analysis and expert discussion, this paper established a
decision index system of large amphibious aircraft dispatch with 8 indicators with applicability, safety
and reachability as the evaluation criteria. This paper got the decision indicator’s interval intuitionistic
fuzzy number by constructing five grades fuzzy evaluation criteria and the membership functions of
the indicators. This method reduces the subjective influence of determining the fuzzy number for
each indicator solely by the expert score, and improves the objective credibility and accuracy of the
decision results. Proposed fuzzy entropy to calculate the weight of each indicator, matching function
is used to get the matching degree of large amphibious aircraft for different accidents, make the
dispatching decision of large amphibious aircraft in maritime life accident rescue is more scientific
and reasonable. Finally, the large amphibious aircraft dispatch decision model proposed in this paper
is verified by a practical case, and the calculation results are compared with those of the commonly
used TOPSIS algorithm and projection algorithm. The results show that the model is reliable and
effective.

1. Introduction

In the maritime accident, the dispatching decision of large amphibious aircraft is a multi-attribute
dynamic fuzzy decision problem with completely unknown attribute weight in the middle and far sea.
Scientific and reasonable dispatch decision of large amphibious aircraft is the key to ensure the
success rate of maritime accident rescue missions, is an important content of the application and
exploration of large amphibious aircraft in maritime accident rescue. The key to solve the problem of
multi-attribute fuzzy decision-making is the construction of decision index system and the
determination of index weight. Finally, according to the actual engineering requires to construct
decision model to realize the dispatch decision. The large amphibious aircraft dispatch decision must
consider reliability, applicability, accessibility, security and other indicators,due to the complexity of
the evaluation index, it is quite fuzzy and uncertain, therefore, the dispatch and evaluation of large
amphibious aircraft is difficult to be quantified with a deterministic mathematical model. The fuzzy
comprehensive evaluation method ['3 provides effective means for multi - factor fuzzy decision.
Through fuzzy transformation principle and maximum membership principle, it can evaluate things
in grade or category, which is suitable for dispatch decision of large amphibious aircraft. At present,
there are few researches based on fuzzy evaluation in the field of maritime rescue decision-making.
Malyszko!!! based on multi-criteria decision analysis (MCDA) and fuzzy evaluation method, realized
the selection of civil ship in maritime rescue task. Yang!¥ constructed a fuzzy evaluation model of
search and rescue capability of western inland rivers based on analytic hierarchy Process and fuzzy
comprehensive evaluation method. Wu and Li etc.>®) optimized and sorted the salvage ships based
on the analytic hierarchy process and fuzzy evaluation method. Zhang!”! completed the selection and
adjustment of maritime rescue force based on fuzzy analytic hierarchy process and voronoi diagram.
Dul® realized the maritime base location decision of large amphibious aircraft based on the interval
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intuitionistic fuzzy TOPSIS method. Dai’® established the mathematical models of dynamic pre-
assessment of marine traffic risk under three kinds of bad weather which improves the pertinence and
rationality of risk assessment based on the fuzzy comprehensive evaluation method. Min!!"
established a water rescue capability evaluation model based on analytic hierarchy process (AHP)
and fuzzy comprehensive evaluation method. In the above literatures, the fuzziness of indexes is
considered and the corresponding decision index system is established, but the method of fuzzy
processing and weight determination is too simple. Due to the limitation of the decision-maker and
the complexity and dynamic variability of the decision process, the uncertainty and fuzziness of the
information contained in the decision process cannot be fully expressed in the actual dispatch decision.
The concept of the interval intuitionistic fuzzy set theory(IVIFS)is came up by Atanassov '), On the
basis of the concept of intuitionistic fuzzy set, the membership degree, non-membership degree and
hesitation degree are extended into interval numbers, more flexible and practical in dealing with
ambiguity and uncertainty. The research is quite mature and has achieved a lot of results ['>171 on the
IVIFS.

The large amphibious aircraft dispatch decision model is established based on interval
intuitionistic fuzzy theory and fuzzy comprehensive decision method in this paper. In the process of
assigning weights to indicators, the fuzziness and hesitation of the experts' understanding for decision
indicators and the limitation of single expert decision are considered. Different from the traditional
way of assigning the index by experts subjectively, this paper innovatively proposes to construct the
membership function of each index respectively. The interval intuitionistic fuzzy matrix is established
by the method of expert group decision and fuzzy transformation based on the calculated result the
membership value of the index. Then fuzzy entropy method is used to assign weights to each index
and score function is used to calculate the score of large amphibious aircraft dispatch. Finally, the
matching degree of large amphibious aircraft for the current maritime rescue mission is obtained
according to the evaluation grade. It provides a new idea for large amphibious aircraft dispatch
decision and makes the process and the result of decision more scientific and reasonable.

2. Interval intuitionistic fuzzy entropy and matching function

The large amphibious aircraft dispatch decision is a process full of complexity and uncertainty.
Compared with the traditional weight determination method, the fuzzy entropy method that is based
on interval intuitionistic fuzzy number is adopted to calculate the weight of the evaluation indicators,
which not only considers the objective fact that the indicator data cannot be expressed with accurate
numbers, but also takes into account the fuzziness and hesitation of the experts' understanding for the
indicators.

int [0, 1]

Definition 11''); Assume represents all the closed subsets of the interval number[0> 11

X is a given domain, called

A= {<X, ,uA(X),VA(X)> / x e X}

is the interval intuitionistic fuzzy set on the domain A (IVIFSs (X)) Among them

w,(x) 0 X - int[0,1],v,(x) : ¥ — int[0, 1]

0< sup 1, (x) + sup v, (x)<L, Vx € X wu,(x) v,(x)

and meet .nterval number respectively

represents the membership degree and non-membership degree of the element X in 4 of 4
which are denoted as

() = | (), ()]

2

v,(x) = [vj(x),vj(x)]

b
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then the interval intuitionistic fuzzy set 4 can be written as

A= {<X, [,uj()(), ,uj(X)] , [Vj()(), vj(x)}> / x € X}

2

7,(x) = [ﬂ'j(X) , T (X)]

called is the hesitancy of elements 4.
i (x) =1 - 4, (x) = vi(x)
(x) =1- ui(x) - V//I'(X).
L U L U
Especially, when 10 = (0, v () = v () ,the interval intuitionistic fuzzy set degenerates

into intuitionistic fuzzy set. To simplify things, denote ¢ = (La, b],le, d1) s an interval intuitive
0<a<h<l 0<e<d<l 0<h + d<l_

a. =(la,b. |, |lc,.d. )G =12 ...,n
Definition 2!'2:Assume ([ J J] [ J J) J is a group of interval

al’a2’”"an)

fuzzy number, where,

intuitive fuzzy numbers, then called " ( is an interval intuitionistic fuzzy weighted

arithmetic average operator,

n
[;:V (al’aZ’”"au) = v,
J=1

_ ﬂl . H (1-a,)".1 —H (- bf)w"} ’ {H o v D

(1)

in the formula (1), W=l wyoow,) is the weight vector of % , ,

w. =1
J
J=1 .
Definition 3['*!7):In the interval intuitionistic fuzzy multi-attribute decision making problem,

there are 77 objects to be evaluated, # attributes,if the J attribute value of the 7 object to be

I,
evaluated can be expressed as /.

r, = ([/uf.,,uj”],[vf.,vj}) . i . o
J S oAl 1= L2,...,mJ =L2...,0 make the interval intuitive

fuzzy entropy of the attribute JU =12...,m

L U U

2 L U 2
] +|:7Z'..+7Z'..:|
ij 1Jj

n a4 — IL[JL — Vj]' + Il,l].]. — V1"
E o= L1Ye(n)=2 ety = vi| + [ - v
’ Y| ’ oy 8 (2)
the weight of the J attribute can be expressed as
1-£,
Vi = v
m = Z EJ’
G

a = ([a, b] , [c, d:') It

Definition 4!'3:Make the interval intuitionistic fuzzy number
matching function is

S(a)Z[a+pAl—c+(1—p)A2}(1+Al+A2)
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In order to fully reflect the influence of membership degree and non-membership degree on the
value of hesitation. Introducing parameter ¥ .The rule for # is that when the membership degree

interval is greater than the non-membership degree interval, ” = 0.6 ;When two numbers are equal,

p =05 ; When the membership degree interval is smaller than the non-membership degree interval,

_ Sla ) ) ) .
p =04, S0, ( ) can be written as a piecewise function

(a+0.6A —c—0.4A)(1+A +A),a+b>c+d
Sla) = {(a+0.5A, —c = 0.5A,)(1+ A, +A,),a+b
(a+0.4Al —c—0.6A2)(1+Al +A2),a+b <c+d

c+d

(4)

A=b - a A2=d —-c

S
in the formula (4), ,the larger of (a)’ the more applicable of the large

amphibious aircraft for the current rescue.

3. Dispatch decision model based on interval intuitive fuzzy sets
3.1 Determine the dispatch decision indicator system

The dispatch decision of large amphibious aircraft in the maritime accident rescue that requires
comprehensive consideration of the aircraft’s design parameters, rescue mode, deployment location,
rescue objects, rescue space information and other factors affecting the implementation of the rescue
mission. This paper takes the maritime life accident as an example, China's newly developed large
amphibious aircraft AG600 as the research object, the middle and far seas of South China Sea as the
maritime accident rescue research space. Through the statistical analysis of wind, wave and current
in South China Sea each season, the natural conditions and status of ownership and construction of
over 200 islands and reefs, the data of water depth, distribution of channel and anchorage in water
area with frequent accidents, deployment and cruise of rescue bases of the South China Sea Rescue
Bureau, maritime rescue cases and maritime rescue programs and other information data [!8-2!],
Combined with the Marine rescue experts and AG600 research and development expert questionnaire
survey and scoring, based on the decision criteria of applicability, accessibility and safety, eight
decision indicators that affect the dispatch decision of large amphibious aircraft in maritime life
accident rescue are obtained. The attribute value of indicators can be divided into two types from the
data type, namely interval number 4 and language description . According to the data influence,
it can be divided into benefit types # and cost types ¢, see the Tab.1.

Table 1: Large amphibious aircraft maritime rescue dispatch decision indicators

rule indicator label | type description
bearine ratio u AC The ratio of the actual rescued number of AG600 to the
o & ! actual maximum number of AG600 passengers.
applicability runway U, | A\B [The area of water runway shall not be less than 10.5 42 g
water depth u, | A\B [The water depth should not be less than 2.5m.
flightpath u | AC The ratio of theoretlf:al minimum time to actual time from
reachabilit standby point to accident point.
Y difficulty of The qualitative determination of difficulty from aircraft
u, | V\C . . .
rescue ’ landing point to target in distress.
wind u A\C The maximum lateral wind force of aircraft taking off and
’ landing shall not exceed 10.3m/s.
safety wave u AC The wave height of the landing area shall not exceed
! 2.5m.
visibility u, | A\B |Visibility must not be less than 2km.

3.2 Fuzzy evaluation grades

This paper refers to the International Aviation and Maritime Search and Rescue Manual, Civil

51



Aviation Law of the People's Republic of China, Emergency Response Law of the People's Republic
of China and other documents, combined with fuzzy classification standards, the evaluation level of
language description was divided into 5 grades. In order to facilitate fuzzy operation and make fuzzy
evaluation more precise and intuitive, fuzzy number interval is used to quantify each grade, See Tab.
2 for the fuzzy evaluation grades obtained.

Table 2: Large amphibious aircraft fuzzy evaluation grades

level fuzzy number description
1 0~0.45 Poor, not applicable at all.
) Rescue efficiency and success rate approach 0.
5 0.45-0.60 Not quahﬁeq, not applicable.
Rescue efficiency and success rate are low.
v Qualified, applicable.
3 0.60~0.75 Rescue efficiency and success rate are high.
Good, very applicable.
4 0.75~0.90 Rescue efficiency and success rate are very high.
5 0.90~1 Excellent, very applicable.
) Rescue efficiency and success rate approach 1.

3.3 Construct the membership function

Delphi method and questionnaire are usually used to determine the interval intuitionistic fuzzy
number, but the results are too subjective. According to the characteristics of large amphibious aircraft
dispatch decision, this paper proposes to construct membership function for each indicator that affects
the large amphibious aircraft dispatch decision, see the Tab.3. Firstly, the membership degree and
non-membership degree of the indicator are calculated according to the objective data of the accident.
On this basis, the interval intuitionistic fuzzy number of the indicator is determined by combining
expert analysis. The whole decision-making process is not divorced from objective practical needs,
but also consider the importance of expert experience. Due to space limitation, the construction
process of indicator membership function is not discussed in this paper.

Table 3: The membership degree function of dispatch decision indicator

indicator membership function
1, 0<x<0.8
u, U, =4(1-x)/0.2 08<x<1
0, x >1
Uz(x)={(1): Pere
0, 0<x <
u, U, (x) =3(x -2 /0.5 2<x<2.5
1, x > 2.5
1 0<x <1
u, U, (x) =4(1.5-x) /0.5, 1 <x <15
0, x > 1.5
1, 0<x<2
u Uy () =4(5-x) /3 2<x<5
0, x >5h
1, 0<x <8
u, Ug () = 4(10.5-x) / 2.5, 8 < x < 10.5
0, x > 10.5
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1, 0<x<2
u, U, (x) = 4(2.5x) /0.5, 2 < x <25
0, x > 2.5
0, 0<x<2
u Uy () =4(x-2)/8 2<x<10
1, x > 10

To sum up, applying the large amphibious aircraft fuzzy dispatch decision model to the actual
maritime life accident rescue, the specific steps as follows:
Step 1: Construct large amphibious aircraft dispatch decision matrix, namely case matching degree

. . .. . . A, 71 =1,2,...
matrix % . Determine maritime life accident case, “’ o

UJ:)J‘ = 1)2;---1

m . .. . .
™, dispatch decision indicators

g ,according to the actual accident data and the indicator membership function,
calculate the indicator membership degree. On this basis, determine the interval intuitionistic fuzzy

L o . , r o= ([ﬂé.,,/f],[ %.,ij_])
number of indicators objectively by combining expert experience, " e YAl the

. e . .. . R =(r.
interval intuitionistic fuzzy matrix is obtained ( Y )'”X" .
Step 2: According to the decision matrix, the objective weight of each attribute can be obtained by

formulas (2) and (3),"7"7 ~ L2 om
Step 3: Formula (1) is used to calculate the comprehensive matching attribute value %/ of the

A
case 7.

Step 4: The comprehensive matching score Sley,) of 4 is calculated by formula (4), That is,

for the maritime life accident, the dispatch matching degree of large amphibious aircraft.

4. Instance analysis

The maritime life accidents in South China Sea in the past three years were statistically analyzed!®].

Take Yongxing Island as the rescue base, four typical cases 4= {Al’ A A A4} were identified in the

same sea area where maritime life accidents often occur, due to the article is limited in length, details
of the cases will not be described in this paper. According to the index system

R = (rfj)mxn’

]) is established by indicator membership function and expert group

U = {ul,uZ,ug,uMus,uG,u?,ug}

_ Lo LU
Iy = ([,ul.j, 'uz‘j:' ) [ij’ Vij

decision, see the Tab 4.

of AG600 selection, interval intuitionistic fuzzy matrix

Table 4: Interval intuitionistic fuzzy decision matrix R

LI1 U2 LI3 LI4
A | (10.85,0.95,[0.1,02]) | ([0.85,0.95],[0.1,0.2]) | ([0.8,0.91,[0.1,0.2]) | ([0.9,0.95],[0.05,0.15])
A | ([0.85,0.951,00.1,0.2]) | ([0.8,0.91,[0.05,0.15]) | ([0.8,0.91,(0.1,0.3]) | ([0.7,0.91,[0.1,0.2])
A | (0.1,021,00.8,0.95]) | ([0.1,0.2],0.85,0.95]) | ([0.8,0.91,[0.1,0.2]) | ([0.7,0.91,[0.1,0.2])
A, | (10.85,0.951,00.1,0.2]) | ([0.8,0.91,[0.05,0.15]) | ([0.8,0.91,[0.1,0.2]) | ([0.05,0.151,[0.9,0.95])
1.15 U6 U7 LI8
A | ([0.4,0.451,[0.5,0.65]) | ([0.85,0.95],[0.1,0.25]) | ([0.9,0.951,[0.1,0.2]) | ([0.8,0.91,[0.1,0.2])
A | (0.1,0.21,00.8,0.95]) ([0.15,0.31,[0.8,0.97) | ([0.3,0.451,[0.8,0.97) | ([0.25,0.41,[0.6,0.8])
A | ([0.15,0.21,/0.85,0.95]) | ([0.05,0.151,[0.85,0.95]) | ([0.1,0.21,0.9,0.95]) | ([0.1,0.21,[0.85,0.97)
A4, | (10.15,0.2],[0.85,0.95]) | ([0.05,0.151,[0.9,0.0.95]) | ([0.1,0.21,[0.9,0.957) | ([0.9,0.951,[0.05,0.15])

53




woJ =12, m

Combined with the decision matrix #, the weight of each attribute 7 is

calculated according to formula (2) and (3), see the Tab 5.

Table 5: The decision indicator attribute weight Y

index W, w, v, v, W, W, W, Wy

weight 0.1251 | 0.1245 ] 0.1264 | 0.1239 | 0.1226 | 0.1260 | 0.1259 | 0.1256
In order to obtain the contribution of each attribute to dispatch decision, formula (1) is used to

. . a,=(]0.8L,0.91(,|0.15,0. 27
calculate the comprehensive attribute value % of the case 44 ([ } [ ])

a,=([0.60,0.77],[0.27,0. 44])
a,=([0.45,0.61],[0.41,0.55])
a,=([0.64,0.67],[0.36,0.51])

Sla.)

The dispatch decision matching score i” of large amphibious aircraft for maritime cases was
calculated according to the score function formula (4),see the Tab.6.

Table 6: Dispatch decision matching score S(a,)

case Sla) | Sa,) | Sla) | Sa,)
score 0.8180 | 0.5062 | 0.1653 | 0.5501
The results of large amphibious aircraft dispatch decision in the four maritime life cases were

Sla;)

obtained by substituting the scores i’ into the evaluation grade table, see the Tab.7.

Table 7: Large amphibious aircraft dispatch decision result

a grade of selection evaluation valuation result
case I > 3 4 5 evaluation resu

4 0 0 0 1 0 applicable

4, 0 1 0 0 0 not applicable

4 1 0 0 0 0 not applicable at all

4 0 1 0 0 0 not applicable

From the calculating results, in case 1, interval intuitionistic fuzzy numbers of every decision
indicator all meet the dispatching requirements of large amphibious aircraft. Therefore, the
calculating matching degree is high, and the success rate of large amphibious aircraft is more high
during rescue missions, so it is inevitable to be dispatched. The inapplicability of case 2 and case 4 is

influenced by the dispatch decision indicator “ and indicator “. That is, the ratio of actual flight
time to theoretical flight time is too large, and obstacles at the scene of the accident or other factors
that affect the rescue forces to reach the target increased the difficulty of rescue. Compared with case
2 and case 4, the indicators of Case 3 almost all not meet the requirements of large amphibious
dispatch, so it is inevitable that case 3 is judged as completely unsuitable. In order to further verify
the accuracy of the method proposed in this paper, TOPSIS method in reference [22] and projection
method in reference [23] were used to construct the models respectively to calculate the cases in this
paper. The results are shown in Table 8. Due to space limitations, the model construction process is
not described in this paper.

It can be seen from the calculation results in Table 8 that the dispatching decision method proposed
in this paper is consistent with the calculation results of the methods in literatures [22] and [23].
However, it is not difficult to find from the data that the results obtained by this method have a higher
identification degree than the other two methods. Through the discussion with marine rescue experts
and first-line rescue personnel for the calculation results of the large amphibious aircraft dispatching
decision model, it is concluded that the calculation results of the model are fully in line with the actual
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rescue needs of maritime life accidents. It can be applied to the actual rescue tasks at sea, realize the
scientific dispatch decision of large amphibious in the maritime life accident rescue.

Table 8: Comparison and analysis of calculation results between the proposed method and other

methods
proposed method 5 (AI') TOPSIS method Sla,) projection method cr (Az')
4 0.8180 0.6262 0.4746
4, 0.5062 0.4805 0.5014
4, 0.1653 0.3644 0.5277
4, 0.5501 0.5384 0.4801
result A = A = A, = 4 A = A = 4 = 4 A =4 = 4, = 4

5. Conclusion

In this paper, the large amphibious aircraft dispatching decision for maritime life accident rescue
with completely unknown attribute weight is taken as the research goal, and the dispatching decision
model is constructed based on improved fuzzy algorithm. The dispatch decision indicator system of
large amphibious aircraft for maritime accidents was firstly proposed and determined. Based on the
interval intuitionistic fuzzy theory, this paper proposed innovatively the method of determining
interval intuitionistic fuzzy number and interval intuitionistic fuzzy matrix combining five grades
fuzzy evaluation criteria, indicator membership function and expert experience. This paper calculated
objectively the indicator’s weight by the interval intuitionistic fuzzy entropy method, and got the
matching score of large amphibious aircraft by the matching function. Finally, the applicability degree
of large amphibious aircraft in maritime life accident is determined through the evaluation grades, to
conclude whether the aircraft is suitable for dispatch in the current case. The model is verified by a
practical case, and the results meet the actual needs of marine life rescue. In this paper, large
amphibious aircraft AG600 is firstly brought into the maritime rescue system, and the dispatch
decision problem is firstly put forward and solved. Comprehensively considered the importance of
both objective facts and expert experience in the decision-making process, constructed the large
amphibious aircraft dispatching decision model. It provides scientific basis and guarantee for large
amphibious aircraft intelligent dispatch and application for maritime accident in the future.
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