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Multi-attribute Index Processing Method of Target Threat Assessment in
Ground Combat
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Abstract Quantitative processing of evaluation indexes is the application basis of target threat assessment (TA) algo-
rithm. Aiming at the problems that the TA indexes of ground combat targets are various and difficult to quantify, this
paper proposes a quantization method of multi-attribute threat indexes systematically, and transforms the quantization
results of indexes into a unified intuitionistic fuzzy set (IFS) representation. TA indexes such as target distance, velocity,
attack angle, type, visual condition and combat environment are studied. Fuzzy evaluation language, interval number,
real number and triangular fuzzy number are used to quantify the indexes in TA. The uncertain information of the in-
dexes is retained with the maximum extent and the complexity of practical applications is reduced. The transformation
principle and method that threat indexes in different forms transform into intuitionistic fuzzy number are put forward,
and the mathematical proof of theoretical feasibility is given. An example of multi-attribute indexes processing for TA
of ground combat targets is given to verify the rationality of the proposed method in quantifying multi-attribute indexes

and transforming them into IFS. It shows that the proposed method can provide scientific evaluation data for target TA.
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Fig.1 Sketch map of distance factor threat degree
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Fig. 2 Sketch map of target attack angle factor
threat degree
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Table 1  Determination degree corresponding to
interval values
Tt R L U
cs (Tore) 0.9 1
ca (L) 0.6 0.9
cs () 0.4 0.6
co (RHT) 0.2 0.4
c1 (AHisE) 0 0.2
KRG G T T BRI PR TR 55 1 PPAl AT ek,

R TR SRR B ORI R E RERE, SRS A

FEJSE (0 EL DA VP A 3 5, AN I3 vy 22 T R SR A
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AR 7 T S FR B0 e A Y 2536 A2 40 J )

1) fEIRZI R

X ¢ —y, Hrxe X, MyeY.

2) B FRE

o BUE N HF R EA, Wy = (1,0).
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3) BT LS
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F b B R £

F2 BB SAAES IFN (WAL
Table 2 Scale of fuzzy evaluation language and

transformation to IFN

s iy EL AT £
B bR n v T
a =10 (HK) 1 0 0
a=9 (lK) 0.9 0.05 0.05
a=8 (k) 0.8 0.1 0.1
a=7 (%K) 0.7 0.15 0.15
a =6 (MK) 0.55 0.3 0.15
a =5 (i) 0.4 0.4 0.2
a =4 (R 0.4 0.45 0.15
a=3 (M) 0.3 0.55 0.15
a=2 () 0.2 0.7 0.1
a=1 (M) 0.1 0.85 0.05
a =0 () 0 1 0

gy B FEAR O P i S RO S B RO 2
TR T . AR 2, FREER @ DMBORIPEO TR
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3 51 = (50, c5) TAH:

si = (o vau) s [¢5, €5])
ﬁqjv a; € {071a 7L_]-}7 ﬁz € {1a27 75}a
(Ftoss Vo) o BERIVEAT T 2 K1 vy %0 D70 P 5 A
$, [k | REMMIFINE & 0 B o5, MK I
5.

(15)

BOWI VR i 5 s, B BRI AL f, =
(75, v;) W (16) Pros.

=1 = (1= pa,) (1= )"

{ ¢ (1—t) (16)

v; = I/ail/m

AN, (s Vi) FHRRE oy = (L — 1) /2 XFY
B REBRIEL, t € [ch el ] APEHX A Ot i
SRR 2 PR E A (fhm, V) TR R SR A
JEERR /AN, A 45 R 5% 45 SR ) o () e AR SR AT 41,
W —AS HbR R AR E, HyuRE A
LRI ANRRE” I, SEBRPPAT 45 RN 2 )
I FEI

JEFR.

1) {Hik&

BRI E S si = ((Bawrva) s [c5,,¢5.]),
(B> Va,) 72N IFN, JITLA po, € [0, 1], vy, € [0,1],
[a, + Ve, €[0,1]. [5G ] 4 [0,1] Z )X [ 4L,
HTte[ched], Wetel0,1],1-te(0,1].

FrLA 43 (1 — o)’ € [0,1], (1 —pm)' ™" €
0,1], v}, €[0,1], v} " € [0,1].

’ m

WX @6), Wrn = 1 - (1—p,)
(1= i)' " €00,1), v, = vt vl €[0,1]
HFr+v =1— 01— pa) (=) +

vhvpt, XA 1 — pra, >
L0 <1 —(1—pa)(T—pm) ™ <7+
<1 — (Vo) () ™" VL = 1.

2) WSS

% <IU/(¥@'7VOZ7‘,> EX <170> ’ j‘j t e [Cgicgi]7
[ch,cY] C[0,1], #HER (16), B 7, =1, v; = 0.

(s, Va,) W (0,1) , WH ¢t € [chcd],
[céi,cgi] C[0,1], Mt = 1 W, WK (16), BA

3) it
BRBVENE S 51 = ((Hays Vau) s [k, 5 D),

82 = ((Hans Vas) » [Cézvcgz])' "
tl € [Cél C%l]’ t2 €

[k c5 1. My A
(1= (=) (=) ™) =
(1= 0= ) =) ™) = (1= pa)”
(1= pm)' = (1= o) (L= ) ™" 01— 03 =

™ — T2 =

Ve U = VR,

Mty =ty, ap = I, BIR f1 = fo.

M FHANFINAEERS, A ST S, —
FlE PRSEF I FEREAR R PR FIBTAN R, oy —Ffo
PRI FIWTAH ] ¥ SR 1 e R P AN ).

a) ty = to, 41 a1 # Q2

i oar > ag, W pta, > fay, Ve, < Vas.

1—to

n= 1= (1= fay) (1= o) =
1 1-t,

(1= pra) (1 = )" =
(1= i)' (1= )
(

1-— ual)t1> >0

R P e 2

1—tq tr o te
v (U =) <0

JREL fi > fo.

Hoar < oo, FEAITR f1 < fo.

b) %Ch:am ty # ty

) Mo = ay > a,, N, BORIES VFE N —
BBA B 1 — iy > 1 — piay, vy, < v, AHEIRIVEH
WS, PSR R R, PSR Y 2K

Tty >ty, M1t <1—ty BH1—p,, =
1 — fiay, TR (1 = fia,)® > (1 — o)™ WA

=7 = (1= ) (1 — )"
(= )" ™" = (1= )" ™) > 0

gt 11—ty
Vocz Vo, =

V] — Vg = I/chl V717;t1 _ szzyrlr;tz —
t1 ,,1—1t1 t1—t2q t17t2)
Ve Vi (Val v, <0

FEL f1 > fo.

Aty < to, FBEVIAR f1 < fo.

i) Moy = an < ay, B, BOWIE S VPN —
WELLR, 1 — iy < 1 — fia,. MFETVENIE S, RIK
I E R By, PSR AE Y .

Fity >to, M1 —t; <1—to, 1= iy, < 1— iy,
Vo, = V-

=7y = (1= fa) (1= i) ™"
(1= )™ = (1= )" ) <0

t1 ., 1—t, 11—t __

U1 — Vg :Vozlym — U

t1,,1—t1 ( t1—tay __ tl—t2)
Ve Vi (V2 v, >0

FTUA f1 < fo.
%h < tq, [F] HR AT 45 fi1> fo. ]

3.3 XEEE LA B TIEME
SEBR AR SO RE R, SR R A A AE R,

to
a2 Vm
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h T 2 B R ZE S, A SCRH] T X AT kAR
IRJTE, B A TSR R, XS TS
AR LM B S HOAENS R, S sl RAHEPE. %
T H B R AT R R FIAL AN E R R, X
HLEE A X ) S B BRI U B A TV, DX
Hoa; = [a;", a;V] FoRMIRFREIY AT 73 A 50 A
FATY B (17) R (18) g LA b jle 1 i AR £
fi= </~Li, Vi>'
1) Zai R 4Ehs

Hi =

~ max {a;V}
i=1,2,--+,n avU (17)
V; = 1 - 7:1{%3:-).(-)71’{(17;U}
2) AT R bR
,1‘21“ {a "}
(o)
v; = 1-— T
N RN E P R GBIt P TR € =g T 2 X E S N R
BIAEREATIE D).
1) fiishgy
mP a = [ald’] € R, W pu =
WE[O,I] Vz—l W [0 1],
%u0§ui+ui=1—r&7{”<l
2) WHHEHE -
#a W RS [ 1], B = — oy =
]., Vv, = 1-— W 0.
1 a; BUE R [0,0], H _max {a;V} #0. &
ﬁ)ﬁ\ i = 1:1{%?4;1‘7” {a;U} - 07 Vi = ]' - i:fg?‘;in{aiU} =
1.
3) HL I BRLG
WX ay = [af,a]], @y = [aF, af]. XIAI%L
AR R AN 52 R 3R W T T REFE R 7, i T I

WS R B I, T BT E RN R R (T REFE N
1) JEAT RN, BRI, AR SC 3 R 6K/ K FR A (1)
RSB TS @ 5N T Ay (@1 < @g), a1 55
T as (a1 = a) Ml ay 5BRKT @z (a1 > as).

a) 41 ay < as, Eﬂgf§a¥<a§§agj. )

— — ai az
H1 H2 = max {a;Y} _jax {a;V} <0
i=1,2,,n 1,2, ,m
U
— — — ai
n V2 1 max {a;V}
i=1,2,. ,n
U U U
_ as — _a—a
1 max {aiU}> max {a;Y} >0
i=1,2, \m 1=1,2,--- | n

JrEA fi1 < fo.

b)%dlzdm E'z?)ﬁ\MZMm V1=V27Fﬁu
fi=fa

c) # ay > ag, Ml af <d¥ <al <al. N

alL (IQL

H1— H2 = max {a;U}  max {a;U} >0
i=1,2,---,n i=1,2,-,n
U
— =] - a1
gt V2 1 max {a;V}
i=1,2,+ ,n
- e’ ) _w’al g
max. {a;U} max {a;V}
i=1,2,- ,n i=1,2,--,n

JITed fi > fz

JSAS TR X [) 5 o A Ry B i AR 4 (1) B
SR T IX AR B 7 v AH R, AR, O
3.4 ZHHEENABETTIEME

H TR FRbR R R TE AT R —, LR
AR TG B 3 o H ORI AL, T T gh SR A AL
9 IEN 55 B AN S J8 B ()t A 5

1) %t B 4a bR

Hi = ﬁ ma)?i {a:}
i=1,2,.-- ,n (19>
V; = ﬁ (1 - i:{g‘?}‘('in {ai})
2) ARG bR
ign , ted
e (20)
- min  {a;}
1/2 _ /3 <1 _ 1:1.2,4-01.,71 >

X, B o€ [0,1] 2 B in i AR I 7, AR A
El@?ﬂib&iﬁﬁ’]ﬁﬁ%@?%?EX?L/H\@JZ:%%’@TE*E?

(5 . S (19) AT (20) TSR R —
(a|i=1,2, - ,n} HAL TS HERAE.
SERR. A SRR K IR, BRI T

B A Ay T AR R W) 75 9B T U ] SO Ak
N EL AR O
3.5 =R LN TR

BRI a; = (aila A2, aw), 0<an<ap<
a;z <1, HRJBRE R A ] LR R R

e, an ST < ap
fai (2) = 2255 @ <7 < ag (21)
0, HoAth

AT (22) 408 = A BOR0 808 Ak Dy 15 ASORI 4L
fi = </~Li7 Vi>‘

(22)

JERA.
1) fHIZHR
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MM 0 = (an,am,ai3), W o =
wges € [0,1], n = gt € (01, 0 <
Mi‘i‘%::l_%gl'

2) SR

17 a; EX{EL%[ L, ]aiﬁyj‘ pi =1, v, =0;
1 a; WA FH0,0,0], B2 u; =0, v; = 1.
3) LI L

WEMEWME a1 = (411,012, a13), as =
(@21, A2a, ang). 55 DX TAIECEL /N FI W AL, = ff A5t
RIE 18] PR R /N AN O R AR T REFE s, A
AT AW = A S TFN RS ) s, R
X RN R (TR 1) B9 =i ot 471
W a; N T ay (a1 < @), a1 ET a (a1 = ao)
M a, ERKT aq (ay > as).

a) 41 a; < ag, Wl ayy < agy, a;p < ag,
a13 < Qos.

1 — Jlg = a11;a12 _ (121;—&22 < 0
v, — U2:1 _ alstrall _ (1 o az3+a21) >0 F)fu
i < fo

b) %al = Gg2, WAR fi= fa.
c) & a; > az, W ay > ax, ajp > as,
a3 > a923.

g — pp = Gfae — antaz

V1—V2:1—%—(1—%) <0

JITEL fi > fo. O
4 Kp

M AN S B UE AR SO VP A P AR AL B 5 75
(R BEAEAIAT O, AR R, L 5 2K 6 R
Hbx Ty ~ T, Hbs Ty ~ T BISEALS55005: $H3E
Hye, D BRI e iR E TN T
PRA Y R AR P 5 2R AU v, SR AAURE

Y B 2.1 VT BE E RO AL T V0K H AR EE B AT
B AL, ARG TS 3.4 Y SR T AR A
AN VK B RS B B A O B ORI B, TR
PEAG T AT EE RS 3000 K, A7 8082 EE B 4 500 K,
RS p = (0.2,0.6,0.8), p, = (0.3,0.5,0.8),

= (0.2,0.3,0.4), py = (0.3,0.8), ps = (0.2,0.4),
pe = 0.3, W HARE 2B THE 45 ik 4 R,

Y2 2.3 15 H s B f B i AL U7V, K H
s B A P Ao B e A o IX TR BB X, AR 5 $5 R
3.3 W R DX B A ok ELRE ORI, Wk 5
Fis.

WA 28 H b 1) S5 R Ay 2 O e Y ol
50km/h, &4 HEx 200 km/h, I HFr 15km/h.
FE 5 2.2 15 H bR B R AR O Ak T, T H
o 58 TR B0 B85 AR I 4% IRER 3.3 1 11 J 2K IX )
Bk L. T A SRR 6 Bk,

BEORIVPANE 5 1% SR 3.2 I 7 VAT AR Bl
R I E LA ¢ B (e, + 5) /2; HbRiEAL
FUIREE 2 HEEE 2.4 TTRIES 2.5 TRk EAL, 2R
JE Ao ELUAE ORI L. H Al A A 1 S
Bty =03, t, = 0.7. RRCOKITE L BRI
1 oh G — I L SR B R R TE X, U PR A R AR B
W RN WR 7 s,

AT T PRI VP AL TR bR LA AR KR
(PR 5, v LA 2 0 22 8 ok o 38 5 VA AT H AR
SV 00 A BB TOPSIS kB2, %
FHRPRIIRE W 24

W =[0.124,0.106, 0.125,0.117, 0.124,
0.112,0.107, 0.098, 0.088]

% P PR AL AT RS A~

9 MR £~ for FARETBRIE . HbRIR AT = [t ) i) e )
,‘%SEXZHJ}FR RIIBETT BRI « SR FEREST BRI Hbx A= = {0 ) g v >7 7(Mn, Vo))
S (km/h) H bR Xt A B ( ) H b By ( ) 18 Fivee /ﬁ_ —  max {M} vt —  min {I/ }
VIS0 FEMPRBE, W2 3 7R, it U 0 B A e I e
4 LR ARA. pio = _min Apglv; = max {Vm}
® 3 BB LIRS 4
Table 3 Index parameters of target threat assessment
H b fi fo fs fa fs fe fz fs fo
T K (h5rfisE) Bk () K (L) K (He#afie) [25, 30] [120, 150] 2500 [0.7, 1] R
Ty K (WEWE) K (1) K (bedgmisE)  Bok (W) [30,35]  [180,210] 2000 [0.3,0.7] B
Ty P& (LEWE) R (HwE) K () BR () (15,20]  [150,180] 2200 [0.7,1] R
Ty OBk (WCBeHE) N (RHE) K (1) i (HgewiE)  [15,200 90, 150] 1800  [0.3,0.7] K
Ts R (Fa#iE) K (HEAnE) K (—H) K (+4rWfE)  [100, 150]  [135, 180] 4200 [0.7,1 1k
Ts RN (—H) AN (HeAsefiE ) AN (Horfie) AR (REBfie) [5, 8] [150, 210] 800 [0.7, 1] R
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Table 4 Threat degree of target distance to IFN s ((Ml» I/1> 7 <N27 I/2>) -1— [2(p1—p2) = (1 —va)| o
(1 _ 71'1+772) _2(ri—ve)—(p1—pe)| % (71'1+7T2)
H Hili HR 5 i NERARE IR i 12 3 1 2
- . . . . T, M =1—=M =V, T2 =1— lig — Va.
i i i BRI K \ ‘ ‘ A
. - - d = R S T 5 5 B I I 2 5 1A
T 2500 3500 0.40 (0.47,0.33) R S+ RS-
Ty 2500 3500 0.52 (0.61,0.19) o . i .
Ts 2400 3 200 0.45 (0.53,0.27) Si = kz::l w - s ((uit s il ) s (ks Vir))
T, 3000 3500 0.64 (0.75,0.05) S = S we-s (s v ) paaes v)
Ts 5000 6000 0.68 (0.8,0) k=1
T 800 1000 0.30 (0.35,0.45) G AL p, = S/ (ST +57), 3k
73 AR AL 45 5, nsk 8 P,
AR5 ORI A ML 3 T LLE AN RIS H bR it s B2 5 AT W
Table 5  Threat degree of target attack angle ﬁ%%u’ T B A 2t 56 0 i B TP B Bk
, — A - Wrakz R, 5 SEBR I AR B R FEAH
U T U R TR T A 5 A A R 4 AR 258 H A
L, o WHE. FL3EBERI TOPSIS Tk AEefs 7L ik
T, [120,150] [-15,15]  [0.29, 0.46]  (0.41,0.35) J PP AL 45 S U 2 B R A S8 RO R
T. [180,210] [0, 30] [0-50,0.67) (0.71,0.06) 5 R A R AE H AR & AN 8 Ve U0 2, kT
Ts  [150,180]  [-30, 0] [0.33,05]  {0.47,0.29) Z JE PR TTE R H AR B A A TR £ s
T, [90,150]  [-15,15]  [0.21,0.46]  (0.29,0.35) SLf.
Ts  [135,180]  [-45, 0] [0.25,0.5]  (0.35,0.29) A - — S A G0 g Dy VP A 59203120 7 b B iR
T [150210]  [15,45]  [0.46, 0.71] (0.65,0) 9 B P B 2 X7 T o B R 58 25 1) 0%

R6  HARHE LR

Table 6  Threat degree of target speed

EE7Y H e T SR EAETN
T (25, 30] [0.50, 0.60] (0.67,0.2)
T, 30, 35] [0.60, 0.70] (0.8,0.07)
Ts (15, 20] [0.30, 0.40] (0.4,0.47)
T [15, 20] [0.30, 0.40] (0.4,0.47)
Ts (100, 150] [0.50, 0.75] (0.67,0)
Ts [5, 10] [0.33, 0.53] (0.44,0.29)

BRI (g, vy) R (g, vy) BIAHALBE3Z R

A, BOASYHERGIT I H bR K, BREZ ) H b
JPEE/IN, FERR 3 IR B SR AR AL I 2 3 e B I
AT A UM K T R R B Y i T L
PR SE:00 11 28) SR A 2 T AN E AR R,
HARTESE B /i B DL USRE PR B, X824
AR BA — s e 22, XM AL R i b Ak
TG UM A 25 RS SERR 220 K, I — 48
B2 250 AR Y DX TR B AT R A Ak, AR SO
RIS TRV E . = AASORI . BORI PPN TG S AR LL, By
AL S IR LA, IBAh, AR SCER ) i 4R L
% 18 T I A% RIS SR R R bR 1) S, Xt 2
FGEINEBAT % IEI.

R HB BBV RS E

Table 7 Index parameters of target threat assessment

H b f1 f2 I3 fa fs fe fz fs fo

Ty (0.79,0.11)  (0.64,0.19) (0.79,0.11)  (0.79,0.11)  (0.67,0.2)  (0.41,0.35) (0.47,0.33)  (0.7,0)  (0.5,0.3)
To  (0.64,0.19)  (0.65,0.2)  (0.74,0.14)  (0.64,0.19)  (0.8,0.07)  (0.71,0.06) (0.61,0.19) (0.3,0.3)  (0.5,0.3)
T (0.4,0.4)  (0.4,0.45)  (0.65,0.2)  (0.65,0.2)  (0.4,0.47)  (0.47,0.29) (0.53,0.27)  (0.7,0)  (0.5,0.3)
T, (0.64,0.19) (0.21,0.68)  (0.65,0.2)  (0.4,0.4) 0.4,0.47)  (0.29,0.35)  (0.75,0.05) (0.3,0.3)  (0.5,0.3)
Ts  (0.89,0.06) (0.74,0.14)  (0.76,0.14) (0.89,0.06)  (0.67,0)  (0.35,0.29) (0.8,0) (0.7,0)  (0.7,0.1)
Ts  (0.27,0.58) (0.26,0.61) (0.12,0.82)  (0.19,0.7)  (0.44,0.29)  (0.65,0)  (0.35,0.45)  (0.7,0)  (0.5,0.3)
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Table 8 Target threat assessment results
S;" [0.863,0.858,0.745, 0.699, 0.950, 0.601]
S5 [0.646, 0.651,0.764, 0.810, 0.559, 0.908]
Ps [0.572,0.569, 0.494, 0.463, 0.629, 0.398]
Hew Ts >Ty > T >T3 >Ty > Ts

LR LRI RLAE Y ASSCIR H b g 1Al i s Ak 2
J I RE G B M I Al BUb H AR IR A, A B R
PIBRAR, T A0k 75 S Ak B 1K) .58 AR 4R (1R
B, LT H bR g DAl G B9 IR A5 B 2 I i A
Bl AT pr b B

5 it

ARSI AR il H AR B PP A5 FiE AR AL 2 ) L,
ARG GE T 2 @ VESR bR (K8 A 5 P B AR
WK IR TTE, FRa AR ZFROR T X2 T e AL (1 2
IS W bR (O AR RN R T A N S R A ARIEN
WRE BRSSP Bl R SRR 2
JEVESRER, WOV TR S L XA, SEH. =50
B ASE AT A AL B, IR N S8 — 1 B R
SRRV B VP AL P SR Al K dl, IO DR B i s AN
AR BT Se g B A ST R br AL BE 75T
b T A e b BOM VP A 7 T2 1K) 32 ] B AT 5T R i
[ A Ay e T A o 8 A S RS R D P 1) 2
I8l SO 4.
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