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ABSTRACT

The grey AHP effectiveness evaluation problem of electronic warfare command and control system (EWCCS) under
complex electromagnetic environment is investigated. First, the evaluation hierarchy structures of EWCCS under
complex electromagnetic environment are put forward and can be classified into target hierarchy, rule hierarchy and
scheme hierarchy. Then, the grey AHP Algorithm is given as a preliminary knowledge to evaluate the effectiveness
evaluation of EWCCS under complex electromagnetic environment. Finally, an effectiveness evaluation example of
three EWCC systems under complex electromagnetic environment is considered by using the grey analytic hierarchy
process (AHP) Algorithm, and the grey comprehensive evaluations for the three EWCC systems under complex
electromagnetic environment and their grades of the grey comprehensive evaluation are proposed.
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INTRODUCTION

The electronic warfare equipments are more and nioygortant in modern information battles. With the
development of the new computer technology, thetelric warfare equipments become more and morelsom
pregnable and damageable such that it is diffimulévaluate the performance and effectiveness efetbctronic
warfare equipments. Cai et al establish the antirjing efficiency evaluation model of the tacticahumunication
net and evaluate the anti-jamming efficiency of tdagtical communication net by GEM and GAHP in [CLi et al
determine the different grey fuzzy weights for eiffint factors by using analytical hierarchy procassl construct
grey fuzzy relation matrix by grey fuzzy weight, migership, point grey in [2]. In order to solve tfisadvantages

for the efficiency evaluation of the underwater @stic countermeasureresulting from the underwater information
fuzzy and data scarcity, Tang et al propose thg gnalytic hierarchy evaluation method in [3]. ¥hal introduce a
new grey hierarchy evaluation methaded for evaluating of EW performance in multipibarne platform system,
establish the complete performance evaluation inggstem EW performance in multiple airborne platfer
system, and give the definition and calculation formulaeaich index in [4].

Shi et al study the Fuzzy-AHP in evaluation of E€bmmand effectiveness to calculate the influenagrete of
each ingredient and evaluate the ECM command eféaass in [5]. According to its characteristicsrufficient
information and uncertainty, Yu et al evaluate B\ system operation effectiveness by using the atetf grey
hierarchy evaluation in [6]. Chen et al calculabte teffectiveness of instructed EW system by usinglydic
hierarchy process, the weighted coefficient of egalteline is defined, and the effectiveness ofrutded EW
system is calculated in [7]. Liu et al build aneefiveness evaluation index system of airborne EgMem which
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can reflect the airborne ECM system capacity gdiyesiad impersonally in [8].

As one of important electronic warfare equipmeats,electronic warfare system under complex elecignatic
environment plays an important role in the moderformation battle. Therefore, the effectivenesslwation
problem of electronic warfare command and contystean (EWCCS) under complex electromagnetic enwiemt
has become a popular topic in the investigatiomotlern battle theory. Thus in this paper we wildstigate the
effectiveness evaluation of electronic warfare c@nch and control system under complex electromagneti
environment by using the grey AHP method. Firsg ¢valuation hierarchy structures of EWCCS undenpdex
electromagnetic environment are proposed. Thendeiail grey AHP algorithm is put forward as pretiaries for
the effectiveness evaluation of EWCCS under complextromagnetic environment. And then, the efiectess
evaluation example of three EWCC systems under maglectromagnetic environment is designed byguginP
and the simulation result shows that the grey AHRhaod is effective and simple for effectivenessl@atéon of
EWCCS under complex electromagnetic environment.

EVALUATION HIERARCHY STRUCTURES OF EWCCS

According to the features of EWCCS under complectebmagnetic environment, many factors which atated
with the performances of EWCCS under complex ebeetrgnetic environment can be found out and can be
classified into the target hierarchy, the rule &iehy and the scheme hierarchy.

The target hierarchy or the first hierarchy foreeffiveness evaluation of EWCCS under complex elgwgnetic
environment can be denoted by A. The rule hierarch{EWCCS under complex electromagnetic environment
includes scouting and detecting ability C1, commamd control ability C2, communicating and safediray
ability C3, and battlefield electromagnetism enmir@nt C4.

For simplicity, we only select two scheme specifimas for every component in the rule hierarchfg@#CCS under
complex electromagnetic environment. The schemmatuby of scouting and detecting ability C1 inclsdeouting
and detecting method C11 and scouting and detectinge C12. The scheme hierarchy of command anttoton
ability C2 include ability of auxiliary decision @2and decision delay C22. The scheme hierarchy of
communicating and safeguarding ability C3 includeering range C31 and communicating capacity C3& T
scheme structure of battlefield electromagnetismrenment C4 includes quality of electromagnetisiant point
C41 and density of electromagnetism signal C42.

Based on the above analysis of EWCCS under conmglotromagnetic environment, we can give the hobrar
structure with the target hierarchy, the rule highg and the scheme hierarchy in Fig. 1.

‘ Effectiveness of EWCCS under complex electromagnetic environment /\| Target hierarchy

ding ablty

Rule hierarchy

and
(&]
Battlefield electromagnetism environment
C4

Decision delay C22
Covering range C31

Quality of electromagnetism radiant point
4l

Fig. 1: Thehierarchy structure of EWCCS under complex electromagnetic environment

GREY AHPMETHOD

AHP is a decision making support tool developeths 1970s by Thomas Saaty, a mathematics lectioer the
University of Pittsburgh, US. The process requitesestablishment of a hierarchy of criteria whiglmportant to
achieve the goal of the decision problem. AHP miesia rational framework for decision making byaliieg down
the process into components with respect to anativgoal. Based on the classic AHP method, manyegdized
AHP methods and their applications are studiedores of generalized AHP methods, Evangelos et alkandt al
investigate the detail algorithm of grey AHP in [@jd [10]. Based on the above references, we sathi Grey
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AHP method as follows:

Step 1. Establish the hierarchy structure of tiiecéfeness evaluation system. The effectiveneatuation system
is usually decomposed into different hierarchiegshsas the goal or target hierarchy, the rule hiésaand the
scheme hierarchy, which are denoted by the laddectare.

Step 2. Establish the pair-wise judgment matrixmparing the different factors in the same hieraralith one of
rules in the above hierarchy, we can obtain thejpdrtant degrees and the corresponding judgmernicest The
values of the pair-wise comparisons in the AHP determined according to the scale introduced bytySaa
According to this scale, the available values fiar pair-wise comparisons are members of the sg8,{9, 6, 5, 4, 3,
2,1,1/2,1/3, 1/4, 1/5, 1/6, 1/7, 1/8, 1/9}.

Step 3. Extract the relative importance impliedthy previous pair wise comparisons. Calculate treesponding
maximum left eigenvector of the judgment matriapgproximated by using the geometric mean of eashard the
numbers are normalized by dividing them with thsim.

Step 4. Test the consistency of the relative ingrar¢. In the AHP, the pair wise comparisons indgiuent matrix
are considered to be adequately consistent ifdhesponding consistency ratio (C.R.) is less tHzfb.

The C. R. coefficient is calculated as follows:

1) The consistency index (C.l.) needs to be eséthathis is done by adding the columns in the juelgimatrix
and multiply the resulting vector by the vectopoibrities (i.e., the approximated eigenvector)aititd earlier. This
yields an approximation of the maximum eigenvatienoted by A, .

2) The C. I. value is calculated by using the folanC.1. = (A, .,-n)/(n-1). Next the consistency ratio CR is obtdine
by dividing the C. I. value by the Random Consisteimdex (R. I.) as given in Table 1.

Table 1: R.I. valuesfor different values of n

n 12 3 4 5 6 7 8 9 10 11 12 13 14 15
RI. | 0] O] 058 0.9 112 124 132 141 145 1}49 2151.54| 156/ 158 1.59

Step 5. Calculate the relative weight of the coregacomponents to their hierarchy, and calculaterdéheative
weight w of the components in the rule hierarchy and thative weight w, of the components in the scheme

hierarchy to the goal hierarchy.

Step 6. Determine the evaluated swatch matriceshiorspecifications in the scheme hierarchy. Asstimé the
number of the evaluated systemsiis and the number of the specifications under the nidrarchy C, is k, thus

the evaluated swatch matrix can be written by

) i1p
Di - di:21 di:22 e di:2p (1)
dikl dik2 dikp

Step 7. Assume that there are four evaluated gregias, and their evaluated grades are “excely@uii, common
and bad”, which are denoted by=1,2, 3,4, respectively. According to the analysis of thaleated system, the

grey number (O, (i =1,2,3,4) and the whitenized weight functior, (x) O, (i =1,2,3,4) of the grey species as
follows

0,=[0.7,0.9,1.0
x07 y0[0.7,04
0.2 , when e=1 (2)
f,(9)=11-x, x0[0.9,1.4
0, x0[0.7,1.9
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0,=[0.5,0.7,0.9
x—-0.5
0[0.5, 0.
02 [05,01
- , when e=2 3
f,(x) = O'gzx,xm[o.7,o.s} wnen e ©
0, x0[0.5,0.9

0,=[0.3,05,0.7
x—0.3
R x0[0.3,0.5
- , when e=3 4
£,(x) = 0'72’(, x0[05,07" ene )
0, x0[0.3,0.1
0,=[0,0.304%
X
e x0[0,0.9
- , when e=4 5
f,0=122"% x0[0.3,04 when e ©)
0.2
0, x0O[0,0§

where the grey number stands for the grade assdordgth the specificationx , the value of the grey number stands
for the interval of the score, the middle valued&for the best scoring value.

Step 8. Determine the evaluated weight matricesiolzethe grey evaluated weight associated with éheh grey

p
specie by, , which can be obtain by;, = C% , where ¢, = > f.(d;) is the grey evaluated coefficient of the
ij t=1

system specificatio@.

4
;. and ¢ :Z;c”.e is the total grey evaluated coefficient. Thus ¢ney evaluated weight
p=

vector which is composed of every grey evaluategiter,, for C; can be written by
fj = [rijl’ fij2s fijar I 4] (6)

Therefore, the grey evaluated matrlR can be obtained from the grey evaluated weightoveg for the

specification C; which belongs toC, as follows
R=|" (7)

Based on the weight vectow, of the specificationC; which belongs toC,, the comprehensive evaluation for
the specificationC; which belongs toC, can be given by
B =wR 8

From (8), we can obtain the grey evaluated matnixiie total specificationA as
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B= (9)

Step 9. Determine the grey comprehensive evaluafibe value for the grey comprehensive evaluason i
E=wBC (10)

where C=[90 70 50 30]stands for the vector that consists of the scoleevaorresponding to the grey
evaluated species.

ANUMERICAL EXAMPLE

Based on the Evaluation hierarchy structure of E\@G@@der complex electromagnetic environment in Ejghe
AHP algorithm and the grey algorithm, we will cdltie the effectiveness evaluation of EWCCS undenpiex
electromagnetic environment.

Assume that the experts give the relative imposaofcthe criteria in the pair-wise judgment matsicd the EWS
under complex electromagnetic environment. The esponding pair-wise judgment matrix among complex
electromagnetic environment include scouting andedimg ability C1, command and control ability C2,
communicating and safeguarding ability C3, andléf@td electromagnetism environment C4 can be mjibg the

following table 2. And the weight vector of C1l, CEZ3 and C4 is[0.553 0.1313 0.2704 0.0451,
C.R.=0.0883% 0.: shows that the relative importance of the pairewislgment matrix is consistent.

Table 2: The pair-wise judgment matrix among C1, C2, C3 and C4

A Cl C2 C3 C4 w

C1 1 5 3 7 0.553
Cc2 0.2 1 0.3333 5 0.1313
C3 0.3333 3 1 6 0.2704
C4 0.1429 0.2 0.1667 1 0.0454
A =4.235¢ | C.I.=0.078€ | CR=0.088% 0.

The corresponding pair-wise judgment matrix betwseouting and detecting method C11, and scoutird)y an
detecting range C12 in scouting and detectingtgl@iL can be given by Table 3. And the weight veofoC11 and

C12 is[0.3333 0.666]?, C.R.=0<0.1 shows that the relative importance of the pairewjisdgment matrix is
consistent.

Table 3: The pair-wise judgment matrix among C11 and C12

Cl | C11| C12 wl
Ci11 1 0.5| 0.3333
Cl12 2 1 0.6667|

The corresponding pair-wise judgment matrix betwakitity of auxiliary decision C21, and decisionaeC22 in
command and control ability C2 can be given by bargiven by Table 4. And the weight vector of C2tl £22

is[0.25 0.75T , C.R.=0< 0.1 shows that the relative importance of the pairewiglgment matrix is consistent.

Table 4: The pair-wise judgment matrix among C21 and C22

C2 C21 C22 w2
Cc21 1 0.3333 0.25
Cc22 3 1 0.75

The corresponding pair-wise judgment matrix betweewering range C31 and communicating capacity {032
communicating and safeguarding ability C3 can beemgiby Table 5. And the weight vector of C31 and2C3

is[0.6667 0.333]§, C.R.=0<0.1 shows that the relative importance of the pairewjadgment matrix is
consistent.
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Table 5: The pair-wise judgment matrix among C31 and C32

C3 | C31| C32 w3
C31 1 2 0.6667
C32| 05 1 0.3333

The corresponding pair-wise judgment matrix betwgeality of electromagnetism radiant point C41 dedsity of
electromagnetism signal C42 in battlefield electagmetism environment C4 can be given by Table & &

weight vector of C41 and C42['($8333 0.166]?, C.R=0<0.1 shows that the relative importance of the
pair-wise judgment matrix is consistent.

Table 6: The pair-wise judgment matrix among C41 and C42

C4 | C41| C42 w4
C41 1 5 0.8333
C42| 0.2 1 0.1667

From Table 3, we can know that the weight vector ofl1, C2, C3 and C4
w:[0.553 0.1313 0.2704 0.04]§zcan be shown by Fig. 2. From Fig. 2, we can diyefitid that the sort order

of the relative importance among C1, C2, C3 andsC€1»C3»C2»C4", where “»” implies that the fornismore
important than the later.

the weight of the second degree criterion

Fig. 2: Therdativeimportance among C1, C2, C3 and C4

From the result for the relative importance amonig C2, C3 and C4, we can know that the importarficeauting
and detecting ability C1 is 0.553. Thus we can krbat in order to improve the effectiveness of EW§Gtems
under complex electromagnetic environment, the tsegwand detecting ability C1 is first consideradd the other
performances are simultaneously considered. Instioaiting and detecting ability C1, the relative ariance of
scouting and detecting range C12 is 0.6667.

Based on the above results of AHP algorithm, wetinaa to consider the effectiveness evaluatiorhodé EWCC
systems under complex electromagnetic environmgnistng the grey algorithm.

Assume that the scores of the above specificatfonghree EWCC systems under complex electromagneti
environment S1, S2, and S3, are given in Tabledrtlam scores after undimensionalized by the maximaluwe are
given in Table 8.

Table 7: The scores of specificationsin the scheme herichacy

C1 Cc2 C3 C4
Cll| C12| C21] C22 C3]1 C3p2 C41 cC42
S1| 70 65 80 75 89 92 65 74
S2| 83 74 60 87 78 90 6§ 5
S3| 90 87 95 69 85 76 81 6

Table 8: The scores after undimensionalized by the maximum value

C1 C2 C3 C4
Cl1 C12 C21 C22 C31 C32 C41 C42
S1| 0.7778] 0.7471 0.8421 0.8621 1 1 0.7471 |
S2 | 0.9222| 0.8506 0.631p 1 0.8764 0.97183 0.7816 38.78
S3 1 1 1 0.7931] 0.955] 0.8261 1 0.8108

From Table 8, we can establish the evaluated swa#thces for S1, S2 and S3 as
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1

_10.7778 0.9222 _10.8421 0.6316 1
~10.7471 08506 1' 2 |0.8621 1 0.793

{1 0.8764 0.955} _{0.7471 0.7816 1;
, =

3

1 0.9783 0.8261' 1 0.7838 0.810

For C11 of S1, from (2)-(5) we can obtain the whited weight value of the grey species as

e=1, ¢,,= f,(0.778)= 0.3,e=2, c,,= f,(0.778)= 0.6
e=3, ¢,,= f,(0.778)= C,e=4, ¢,, = f,(0.778)= 0

Thus the total grey evaluating weight vector forlG4 r, :[0.39 061 0 (]).For C12 of S1, from (2)-(5) we
can obtain the whitenized weight value of the gpgcies as

e=1, ¢, = f,(0.7471)= 0.235,e=2, c,, = f,(0.7471)= 0.764,
e=3, ¢,,= f,(0.7471)= (e=4, c,, = f,(0.7471)= C

Thus from (6) we can obtain the total grey evahgtiveight vector for C12 of S1 as

r,=[0.2355 0.7645 0 [

Thus from (7) we can obtain the grey evaluatingrixdbr C1 of S1 as
R - 0.39 061 O
10.2355 0.7645 0

Similarly, we can obtain the grey evaluating masidR,, R, and R, for C2, C3, and C4 of S1, respectively, as
follows

_[0.7105 0.2895 0 E _[o 00 o}

B 0 00 0

_[0.2355 0.7645 0
0.8105 0.1895 0 B 0

0 0 0

From (8), we can obtain the comprehensive evalndtio the specification C1, C2, C3 and C4 of Sspestively,
as

B =[0.287 0.713 0 P, B,=[0.7855 0.2145 0 [,B,=[0 0 O (,B,=[0.1962 0.6371 0 [

From (9), we can obtian the grey evaluated matnixte total specificationA of S1 as
0.287 0.713 0

0.7855 0.2145 O
0 0 00
0.1962 0.6371 O

Finally, from (10) we can obtain the value for grey comprehensive evaluation of S1 Bs=55.964Z.Similarly,
we can obtain the values for the grey comprehensixauation of S2 and S3, respectively Eas 77.482E,
E, =32.093€. From the above values for the grey comprehersitatuation of S1, S2 and S3, we can know that

the EWCC system under complex electromagnetic enmient S1 is “common”, the EWCC system under cormple
electromagnetic environment S2 is “good”, and tNéEC system under complex electromagnetic environr8&8n
is “bad”. The evaluating results of the EWCC systamder complex electromagnetic environment S1argPS3
by using the grey AHP method can be shown in T@ble
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Table 9: The comprehensive evaluation results by the grey AHP method

Parameters Three EWCC systems
S1 S2 S3
Value for the grey comprehensive evaluatipn  55.96487.4825| 32.0936
Grade for the grey comprehensive evaluation commomood bad

CONCLUSION

In this paper we consider the grey AHP effectivermsluation problem of EWCCS under complex elecaignetic
environment is investigated. By using the grey Ai&hod, an effectiveness evaluation example oktli&/CC
systems under complex electromagnetic environnmgerbnsidered, and the grey comprehensive evalgatod
their grades of the grey comprehensive evaluatienpaioposed. In the next research, we will invegéggrey
synthetically associated analysis method to evaluhe effectiveness evaluation problem of EWCCSh wit
insufficient information.
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