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Abstract: Most of the existing distance measures for the HFS (Hesitant Fuzzy Set) and its extensions either require
the length of the membership in the HFEs (Hesitant Fuzzy Elements) to be equal or need to rearrange the order, which re-
sult in error and information loss under certain circumstances. In order to solve these problems, we propose a distance
measure of HFS based on distance matrix. The limitations of the existing hesitant fuzzy comparison rules are analyzed,
and a new total order comparison rule is defined. The proposed distance can reasonably explain the shortcomings of the
existing hesitant fuzzy distance measures. Furthermore, we explore a CDPA (Comparison, Distance, Prospect, Aggrega-
tion) method by using a new comparison law, the proposed characteristic distance measure, prospect theory notion and ag-
gregation operators. Finally, we apply the CDPA method to the decision making level target recognition and solve a target
threat judgment problem. The results show that the proposed method can liberate the length and order to obtain correct rec-
ognition.
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£03+02+0.1403+ ’:E,sszﬁmm@.ﬁﬁ

F SR J BEBE B XS =y, V1 FE, 453 50 09 B 2 2 B 8
[0 -02 -03
02 0 -0.1
03 01 0

EE%%}g‘zo,LﬁiBﬂaﬁ. R, SCHR 7 3 T2

R R R DR TR AR B B T R AR A T s TE IR
SRR 1 < BE I A R Ak BRI, 1L R 6% A b
THA LR B .

PR b AT R AN S S R
Jp T 0, L DA T SCBIF 08 £ B2, A RAF AR A
0F, b OWA (Ordered Weighted Averaging)%:¥ NlEq|
LR AL B ASOR B 2 B 4 Ji h OW A -based (9 7L TR B R
R RS, Hp

AT TR W S (B ZH R S R AR 4

() U(hyg)

dOWA(hA’ hB) = Z 2 @ 4oy " an(j)( Y ao) yBrr(/')) (20)
=1 j=

= |w;'DAB'wB|
Hol,o:1,2, -, m) > (1,2, -, n) FSR B BEUFHES 57,0 >
Vaoi+1> VBo()) = VBo(j+1)2 i=12,-0(hy), j=1,2,-l(hy);
By F by BT R8T ASEE 20 500 N @ 4, = 1000 @ 10

T —
O 4oy Qg ) Gl wBa_[a)Ba(l)7 W po)s "> Wpgjys "%
I(hy) I(hy)

O pon, 1 1 A2 zwm):l il zwﬁvm: L.
i=1 j=1

T FIR OWA-based B M B AR B B, [RIAE A
T SCRY AR E 2 R LR U R TR AR R I S A
5 W A-based AL B BORE 25, 1D

(h, ) (hy)

dWA(hAvhB) = z ZWA;' : WB/(VAi_VBj)

=1 /=1 (21)
:|WJ'DAB'WB‘

oo, wA:[WAi’WAP'”’WAi’”"WAI(hJ]T Gl Wp=

[WB]7W327 ) WB]'7 AR WB[(hB)]T yﬂﬁﬁ‘ﬁf@ E,(J ﬁtf%*ﬁ*ﬁ}ﬁﬂ
) I(hg)

JEE 7 Ry, AL WA D w = 1R wy =1, AR
i1 i

b, WA-based 140 BRI K0T 5 A0 AT LU e SR S
F B 5 LR, RV BRSO X0 ] B
4.3 BUHMRIREMEHERE S
F T A SRR R B S T e R 22 it
SR TR BRI ROCR A BRIV | — B A 1 4
SRR L 2 SO BB 4 FhRHIE S RO
DETRAAG KL D, F1 By 2 160 1 SR B 25 AR e
BT R 2%

dy(h )= s0n)=s(hy)| (22)
W T BRI B b, Ry 2 18] 1 5 RS 5 o0 o, 0 ey 1Y
bRl 22 2 Rl A
dy(hy hy)=|std(h,)—std(hy)| (23)
Horf, h, A b, WIBRIEZE 53 5N

I(h,) l(hy)
> s > g=s(hs)’
std(h, )= ‘l(h—A)ﬂI std(h, )= ”1(11—3)

TG AR R, 0y 2 0] ) — B B A b, A B 1)
— B 2 Al

de(hyhy)=|chy)—chy)| (24)
o AR A — B — B0 R -
o(h)= % (25)

Horh, 1n) R IR b b AR
PEBRAEMIE h 1 D, 2 16 (O RECAI HE B , Sy R
P BRIEC ) 9 BIEHE RS 10 W
dp ()= |G — s Gs)D |

ll(hA)
= 1-2{y,—0.5
ll(hA>2( 7u=05D o)
ll(hy)

- 1-2|y,.—0.5
i) 2527003

IET 13k 4 A SR BORIS (5 50T 5, 5
PHEVBREBORYE 71 h, 2 106 S RO g
a0 )= Py )]+ wo[dy ()]

1

»

+wc[dc(hA,hB)}p+wp[dp(hmhg)]p}

(27)
\‘EF‘ aWM+ WD+Wc+WF= 1 ’i'%/j—‘_\‘ 4@%$E@Zﬁf§*ﬁ*ﬁﬂ%‘
(ESHUE B IAE . p HIEE S, p>1.

5 HHIMBARMIR AR K 7%

TEAL TR MOV AT B B ST | A 4t — R 0
T # M Z2 J H R B B B TR R T
TODIM J7 5 ARG 5 B3, 31 A SCHeE 19 21 454
7 vk R B 00 0 TR M G, RO TR
.

B m KR T A, = 1,2, -um), BRI
HAT n Y5 C, (= 1,2, m), VL 80 8 A T

Hw=[w,wy, w170 R 0<w,; <1 ,Ew,: 1. 2 4,
=1

feC b H R PG TR B BB M A (C)-
{Vﬂ (€)72(C)). -+, Vi, (Cj)}’ YO T A7 5 5% B4 T A { ]

=

SR

=
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U — B H= (h,(C))) 3% SB|3 1 PSR A B,
WL R (T A T R A= ig_mQ§%}
1,2, m) ZIRIFESEE C (= 1,2, -~ n) L[ 1 L A5 n=—"1 ~ L= (34)

Ve R M R = [),]  Hoh o) B
B
I C R BRI
d(h,(C).hi(C)). it h,(C)>h, (C))
ifh;(C;)=h(C;) (28)
~p-d(h,(C)).h,(C))). ifh,(C)<h,(C))
N C, AR, ]
—p-d(h,(C). 1, (C))).
@) =10, ith,(C;)=h,(C;) (29)
d(h,(C).h(C)). it h,(C,)<h (C))

o, p PR TR S5, T LA R BRS04 i 47
p= 1, p (Y HUE S FR A TS8R L. T B £
h(C) R b, (C)) Z )Y LA G A4 BEERS 3.2 9 B LR AR
W BB W L L d (B, (C)). iy (C)) ) by 9 F 0 8
h(C) M Ry (C)) Z TRV, 32 HEES 4547 B I BB A A
TR BT

SB2 AT RRYE B R K A R
JRAT B 5T 5 Z 18] ) FL R P @, TP

o- [qb,.k]mxm,ab,.k{gw,(qb;k)‘

Horp A RRSEL, T &) T REAAAE R, L A R
FAEE. M A=1,1=—1F11— O}, 153 3 25 HL A 4 .
W 1=1, 5 WA-based [ L6 14 , B

¢WA=[(DWA—ik]mxm’QWA‘ik:zwj(éll:k) (31)
=1

A ==1, K WHA-based %) FL. 556 /4, B
1

D= [Puman]  Pyyna=——
WHA WHA - ik mxm’ WHA - ik i Wl-
=Py

WA — 0, 5 WGA-based (1 HLH 56 15,

(DWGA: [¢WGA-ik]n1xm’®WGA-ik: H(@/}k)m (33)

FH 2% 2 1501, S [m] A 200 AR B [R] A il 245
FeF SRS AR UL ZE 4 ) Hamming [ B ARG 2 AR
ISR RUIAE R . SR Bk O A 1 AR 2 [m] A
RN EE R, ToikiE— X 43 . Hausdorff B 25 1 SCHk[ 25~
27 I R R CO R U S MR RN 2R, SR T LR
PO ARAE R 2 AU 28 2R — 3. SOk 28 T e s i 1R
LR B 1.

ifh,(C)>h (C))

1
7

(30)

(32)

m?x{itﬁik} - m}n{i(blk}

TEA R B, HEATHEY  H s T %
oA B K Jrg B SR RO B 5 58 I ) I B AR 22 i 1k
PR TTIE F LG T H I BA] F Rk R
WS i BIE A4 BT ¥, PR CDPA J5 3% . By
LA GER) TODIM J5 35 78 B E 1L B 25 S L g 7
THTHY 1 .

6 HEDH

AT SOR P IR AR B 2 5 A R
R B AEATXT EL AT, Z R KR 9 CDPA Ty i T
T2 AL B E AR SR 3 A S [ S
6.1 S5MBMBEMESHIXTEE S

AT I B ASOR R AE I S B (1) L
AU PR B A7 % LA A, SR SCER LS, 6,34 ] 1 Ay Ham-
ming B 25 ; SCHR[ 24 19 1Y Hausdorff B 25 5 SCHK[25~27]
TR R S R P A5 AT 45 9 /M A (BB 5 Sk [ 28 ]
rY A B R I Ko {1 R K % 4 RN R T I R
AT 25 S SAE B e/ ME 5 R ISR B 5 X%t He 4 it
ot Hamming P 25 3 53 Shy S8 U2 S0E 4 TR SO0 328 928 1 £ b
(LG i 50, HL A5 2R SR Jm B R AT B P HES . MRS
B E L KA SR E R E N (04,0.3,0.3).
X 5 2SR B 50 38 1 34, 15 20 (0 15 % b 25 21
WIER 2 s FRAERE B R, SRR Bl — Bk
FIVBL R P 4 28 FRAF AL 4 (0.4,0.2,0.2,0.2) , H & 5
Hp=1.

*1 CAERNRBENSH

T ZH

c, c, C,
ESUSETS {0.5,0.3,0.4} | {0.2,0.9,04,0.5) | {0.3,0.6)
SR | {0.2,06,04) | {03,0.7) {0.3,0.6,0.4,0.5}
B2 | {0.1,0.7) {0.4,0.6,0.5} {0.2,0.7,0.3,0.6}
B3 | {0.3,04,02) | {0.1,0.8,0.3,04} | {0.2,0.5)
B4 | {0.7,05,0.6) | {0.1,0.4,0.8,0.5) | {0.7,0.4)
S | {0.6,0.2,04) | {0.6,0.8,0.1,0.4} | {0.6,0.3}

IR R R AT, T AR WLAE SR A
AR AE 4 ) Hamming #5725 DL K SCHR[ 28 1HP ) 4 % (B #E
5 T3] ]S R b ) o {1 B ) A L, AR
7N BB Y 9 3, AN BE B WLBE B [R] (4 % FE DG &R L Ak,
TR S AE 1 A AE H B9 Hamming 5 2538 T 4L 4 {5
L EHES , 225 AT KRR B, FBOH IR R



o1 0 T ARIRBAORIFE B I A3 B B A e S R R A U v 4 R 189
F2 AEEBHIRERITLL
o HE B R HET

ik Bt B2 B 3 Hita Bt s HoF
AR AE A 1 5 0.094 2 0.168 3 0.1533 0.1383 0.1158 P2-P3~P4~P5>~Pl
SR AEH 7 5 0.109 2 0.1833 0.1533 0.138 3 0.1158 P2 > P3 = P4~ P5>Pl
BI{E 2 0.000 0 0.000 0 0.100 0 0.1250 0.007 5 P4~ P3>P5>~P1=P2
Hausdorff i 5 0.1300 0.240 0 0.100 0 0.140 0 0.070 0 P2 > P4>P1>~P3 ~P5
56 I /M 0.079 2 0.1179 0.065 8 0.0850 0.0417 P2 PI1>P4~P3>-P5
0 R 2 X1 0.189 7 0.2450 0.198 9 0.226 2 0.1935 P2-P4>P3~P5~Pl
FRIERE B 0.058 8 0.118 6 0.062 0 0.050 3 0.023 4 P2~P3 ~P1>P4>~P5

R3 MBEMBMFESHE

(B ) M) D 0 0 R0 K 1 43 {1 3 0L BRSO B
B AR O R A SR AR . R, G A1 A
2 ORI A b =2 [ A SR Bk — B, Jak X et —
A Xy . A Hausdorff B 25 F1SCHK [ 25~27 | v i 5 1Y
RS R S RO R B B S 3 B 45 R — 2L HR
XX 595 R T B R v ) 0 0 B ) AT B
B, LR A o0 B S PR BE B TR A RO — B,
ESGEIRNES DR

AR SCHRE H BRI AR R M I R 1 A ER A
SO PEAN K05 WU 9 45 0, M) P B R B v ) o A
BB F 3 DTSR K 5, AN BLAT I T8RN L 2
JE IR R 22, R T I BRI R k- B T RS 0 R
i HAT A
6.2 E-T CDPA I BHREMA S HIE

AR 4545 T4 H 1 CDPA 22 J& PR IR B P SR vk it
— IR S BA EAE B T, O T ke H AR R
TR ]

HEALAR 2 AL I UM R 2 GE A TR A R R
for FIHL 7~ SCPR i AR MR 4 26 mT B Y JRUB B A . Rk
I 10l Jolp A8 2 TR 3 2 S M B 3l JEE T A0
TESZRIAEE T, UWME A #5071, i AT Be Y
B AR B E AR 25 R RO 94528 AR R SR A5 BRI
BRI S Bl A b 55 ZAR RIS B A9 15 B 2T U
PUBIHNE | 12— SR A 22 P UM D SRR R, LA
RN AR A

CE A D R R {A4,,4,.45. 4,
KM LA 3K B H(C.CC,) . B KN %
PR AL B E S w=[0.5,0.3,0.2]", iC h,(C))=
1€ 7€) (€))L F A A, 22 BB C
RIS B A B H AR B SRR £ B
AT LA R — A H = [h,(C)] RS

FT3R.
FIFHHE A CDPA J7 72 0047 g B A B3R5 0 72
BT .

2%
A g s it
T 1 {0.5,0.6,0.7} {0.6,0.8} {0.5,0.6,0.4,0.2}
2 {0.4,0.6,0.3} {0.6,0.5,0.3} {0.2,0.5,0.6,0.3}
Ja i 3 {0.3,0.5,0.4} {0.4,0.6,0.8} {0.4,0.3,0.2,0.7}
S 4 {0.3,0.2,0.6,0.5} {0.3,0.4,0.6,0.7} {0.3,0.5}

T A SECE A U B AR AR

EEB DR RN Sk il de N I POR-SE R 7y (-
SR NEAT IR B TR KRR

X F B S 8001 5 : Threat 1>Threat 2>Threat 4>
Threat 3.

Xt F 3 S 800N 5 : Threat 1>Threat 3>Threat 4>
Threat 2.

Xt F 5 Z80M 5 : Threat 1>Threat 4>Threat 2>
Threat 3.

k20 B TR R ) B R S A A% H A
TEA A IR B

Xt I B BN 5 d,,=0.088 6,d,,=0.0800,d , =
0.1320,d,,=0.0353,d,,=0.043 3,d,,=0.052 0.

Xt E SN :d),=0.1716,d ,=0.0993,d ,=
0.1616,d,,=0.0877,d,,=0.0567,d,,=0.064 4.

X TSN 5 d,,=0.0220,d,,=0.0478,d,,=
0.0796,d,,=0.0258,d,,=0.081 6,d,,=0.107 4.
Ho, d ol i 5 U Z 18] R

F B T A R P K, A7
/Nl R PR LM B R A R AR R S S
s BISH . BT & BARTES S8R O R AR
HIRIAEE BT YR iR S 8 p = L 0, AT LAAR 245 H
FESHUE bR LR

0 -0.0886 -0.0800 -0.1320
_10.0886 0 -0.0353 -0.0433
" 10.0800 0.0353 0 0.0520 |
0.1320 0.0433  0.0520 0
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0 0.1716 0.0993 0.1616
&.— -0.1716 0 -0.0877 -0.0567
7 1-0.0993 0.0877 0 0.0644 |
-0.1616 0.0567 -0.0644 0
0 -0.0220 -0.0478 -0.0796
&.— 0.0220 0 -0.0258 0.0816
710.0478  0.0258 0 0.1074 |
0.0796 -0.0816 -0.1074 0
T2 LT IG LW A-based I 25 5 145 H

PRAE SR 10 PO B, 45 31145 J7 58 22 1) 19 L
()
0 0.0094 -0.0166 —0.0282

| -0.009 4 0 ~0.0482 —0.0099
VAT 0.0166 0.0482 0 0.072 3
0.0282 0.0099 —0.0723 0

4x4

I3 RS HER )R A, N

n,=0.1572,n,=0,n,=1,1,=0.1621.

T BA XA R AE g, #E AT R AR
UESal/ Pt/ FRal/PY

n K, DRI 5 e R ) e A 3.

PR IR S H p BT s e AR . S B bR
SR A5 S A 40K IR SR p AR R
BRZHp BAIEOUT , 42 )5y EALAE n, FIHEF 45 51 ke 4
I

x4 FEMEFBRBSHEMGTHRRARER

PR AL et &  35d

BSEC| n " B un Hery
p=2 0 02141 | 1.0000 | 0.6415 | n3>=n,=71,-1,
p=4 0 03593 | 1.0000 | 0.8718 | 73=n,=n,1,
p=6 0 0.4019 | 1.0000 | 0.9395 | 73-n,=n,=1,
p=8 0 0.4223 | 1.0000 | 09719 | 73=n,=n,=1,
p=10 0 0.4343 | 1.0000 | 0.9908 | 75=n,=n,1,
p=12 0 04407 | 09967 | 1.0000 | ny=n3=n,=n,
p=14 0 0.4423 | 0.9880 | 1.0000 | 7,=n3=n,1,

A T IR IR SR p BTN AEAE T
APRR NS RAZAG . 2 p A 1IN F] 10 B, A5 42 R
PR n, BOHE AT BT A2 AL, AR PR 45 R 46 24 Ja
3. AHR, 2 p HE] 1205, R B bR i 4,
TR IR S E B O RN 25 A F AR

S b AR IR SR T P (G i i, M
TR FH AT 7 BELOE A R SR IR BT ) ALl O B A
VNS EPOE PN FD R O R SR Y 02 A R U
o] TAERUIMGR B 26 AT BRI R i E B4 28 . R,
TEMFH CDPA J7 i b A7 YU DR SREIE , J07 25 MR s ke S 3 )
i 4308 U T P41 2% T IR SR, 5 U T REAR B A ] f)
PUIEE R

6.3 H5HARMERKRBMRRAFENIILE

BT A SCH L BB i i A 2, I SCmk (8] v i
TOPSIS PP 5 75 12 A SR [3 17 % VIKOR S50 5
JPEX S 6.2 1 BB AT TR A R AR 5
N . FESHIY L, FR TOPSIS 7 Hh i G T FE L S, R, il
0,41 13 7R VIKOR J7 3 Hh i BEAR SR 1EL A A 5 g
TR AA .

%5 ETFTOPSISHI VIKOR 75 % B BLBMA 5 45 B

Ik RARGRAE S Hey
L, L, L, L,
TOPSIS Ly=L,=L,~L,
0229 | 04194 | 05220 | 04825
s, s, S, S,
S;-8,-8,>-8,
0.7333 | 0.8542 | 0.5250 | 0.7250
&, Ry Rs Re v RR R
=R,=R, >+
VIKOR 70 5000 | 04667 | 0200 | 0.400 e
0 0, 0, 0,
1 0,-0,-0,-0,
0.7063 | 0.977 8 0 0.619 4

M HT] UL, B TOPSIS J5 45 21 5 Bk A =5 A
HEFF Sh gy 3> B 4> W 2> 38 1. 1 VIKOR J7 45
1) 14l W D v BECHE 13 A U 3> B 4> JaW 1> 8 1
2, PIRR 7 VL AR S 3 TR A B R A B E e, 5 AR S
T p < 10 B TR 45 3 — 50, GE B T AR SOy v Y IE
PE . FEARR B 5T, PR X 40 2 i BURE A —#F
X b O A P R D B DS B R R L TG e
FEfTFPAE DL, #0085 B 3 3500 R Fee K A B E B T
AT K PR 3 IR 2 A I g FEAE N A 2 BE
P12k 7B SRR ALY IR B 45 R 5 2Rk 5 ) N
WG .

7 #ig

A SC LT AL TR B B B i % R ) )
R AR S T BT TR R B L A ) R AR
B B B RO VB R IR T A W TR A B s
o — 7 T 5 S A M R B HE B, 57—y AR
FHV I 5 R I 138 o0 B8 DR B M o R A T B
B, R S EORZ 5 ARG BEV . 1, Mg
R AL A SC R T TR R LA ], B AR
0 FEE A S 39 00 L B0 5 % T T 00 90 T4 A M0 2 L e
NI . VR, S A R e SR B s i i e S B S A M
TR P e 9 1 B0, AR S o1 i T B 188 4 o 4 90 P
B B BT v VR B RS TSI IR B S A M
5P 1 25 . FE I IERI |, vk £ J MR ek
IR RS, 25 2 FE UL TR RN 39T L e D) 66 I O T
PRI FIAE B T T CDPA R BIe s vk . fJi AR
SCIE (5 LA R R A R R B 5 A 5 KR
R A LT L R AE TR D 0 2 R A
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