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Method for Low-Altitude Targets Identification of Friend or Foe Considering
Fusion of Technical and Tactical Information

NIU Xiaowei', SHEN Di', YU Fuping', GUO Yiduo®>, HE Xingyu'
(1.Air Traffic Control Navigation School, Air Force Engineering University, Xi’an 710038, China;
2.Air Defense and Antimissile School, Air Force Engineering University, Xi’an 710038, China)

Abstract: To address insufficient reliability of identification of friend or foe (IFF), as well as existing
methods’ poor adaptability to high-conflict low-altitude battlefield environments, an IFF method for
low-altitude targets under the battlefield airspace control system via a multi-dimensional evidence cor-
rection and fusion framework is proposed. Initially, tactical information is processed via fuzzy reason-
ing and evidence is modified by using the comprehensive conflict coefficient and contraction-expan-
sion function to derive tactical identification results using the Dempster-Shafer (D-S) combination rule.
Subsequently, technical data is converted into intuitionistic fuzzy numbers. Identification means and
detection cycle weights are respectively determined by using AIFS cross-entropy and Pearson correla-
tion coefficient. Ultimately, evidences of each means per cycle are optimized via the evidence discount
method, with multi-cycle fused results derived using the D-S combination rule. Case studies and com-
parisons demonstrate the proposed method effectively resolves the problem of friend-or-foe attribute
misjudgment in complex battlefield environments.
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3 A A OB S 2R, 2K (5) A sim
it F(6) 132N m PERI R 4R BPA, N3 3 IR

®3 RZ BRI BPA

B m(Fy) m(Ag)  m(Sy)  m(F,) m(@)
T, 0.317 0.307 0.099 0.078 0.200
i 0.331 0.313 0.078 0.077 0.200
T, 0.344 0.314 0.072 0.070 0.200

~

o3

0.325 0.312 0.083 0.080 0.200

I (7) K (8) Mg X, 5 FEYEH] wh 2 &
BORMEFUOF .
0 0.213 0.212 0.214
0.213 0 0.209 0.211
0.212 0.209 0 0212
0.214 0.211 0.212 0

AR 2K (9) 1 2 4% £E T X B IEHE A AN R K 4
FHEG A (10)~X Q2) B E U, R (13) 47
22 SR T HOR T BU R BPA, UN5R 4 i

F=(f)4xs=

F4 R=BIFEARIEBPA

JAR m(Fy)  m(Ag)  m(Sy)  m(Fy)  m(O)
T, 0.411 0.392 0.015 0.014 0.168
T, 0.420 0.387 0.013 0.013 0.167
T, 0.432 0.377 0.012 0.012 0.167
T, 0.415 0.391 0.014 0.014 0.166

MR (14) ~ 2 (16) T8 3 1 50 F & 15 1
JE AR AR T-BE Y ATFS 58 SUJR 46 P4 «

E=(e) :[0.167 0.265 0.187 0.157}
24710123 0.204 0.166 0.182]°

FRGC (17) 75 3 45 300 ) 3 o9 b T 3R F B
A SR (L LA R G 7 N 85 SR 1) BPA, 45 A R
FBOHM SR, R SR

x5 J[RMEHEFRRIBPA

Fg T m(Fy) m(Ag) m(Sy)  m(F,)  m(O)
X, 0187 0.8 0170 0178  0.281

T, X, 0210 0199 0177 0157  0.257
X, 0411 0392 0015 0014 0.168

X, 0254 0222 0109  0.148  0.267

T, X, 0185 0182 0198 0211 0224
X, 0420 0387 0013 0013  0.167

X, 0206 0190 0168 0193  0.243

T, X, 0199 0209 0169  0.184  0.239
X, 0432 0377 0012 0012  0.167

X, 0243 0262 0.128 0227  0.140

T, X, 0218 0178 0230 0150  0.224
X, 0415 0391 0014 0014  0.166

w

A5 I8 B IEUEYS , FIH D-S 245 ML 75 1]
BB SRR AR ik 6 TR

F6 RZ=HIREEHREBPA
R m(Fy) m(F,)  m(®)

m(A4) m(ST)

i 0.377 0.353 0.108 0.103 0.059
13 0.405 0.353 0.084 0.102 0.056
T, 0.385 0.346 0.102 0.117 0.050
i 0.409 0.374 0.087 0.102 0.028

i (19) ~ 2 22) A LR Ry

1 0.9966 0.9978 0.9986
0.996 6 1 0.9975 0.9972
0.9978 0.9975 1 0.9998 |’
09986 0.9972 0.9998 1

M4 =X (23) 15 3] 45 J5 R4 09 ) 45 B2, K
P (2418 1E 45 SRR , 5% H D-S 2H 45 R0 00 75 )
22 SRS SR B 45

m = 1{0.595,0.399,0.002,0.003,0.001 }.

FH A e S VAR AT A, 23 o AR OR 22 S5 10
15 B BN S RN A%, 55 PRE L — 2L
42 Xttborth

Ry B EAS SC T R B A B S A A,
FORF-Be A R i Ty v DL S vp 98 5 5% R B4 L
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e, 45 B R ORE BRI A T2 B ARE Ry % 17

421 BERFBEI LD
TR T B GAR MK TR

®7 REEHSEAHBEARFEMA BPA

A m(F)  m(A)  m(S)  m(F,)  m(©)
i 0.245 0.233 0.206 0.196 0.120
T, 0.268 0.243 0.173 0.211 0.105
i 0.244 0.239 0.193 0.222 0.102
in 0.278 0.263 0.182 0.214 0.063

FH 56 4.1 5 i B il TR ) oo R A 2 B TR TR )
258 m =1{0.394,0.315,0.111,0.174,0.006 }.

XF LG 4.1 71 B A5 i B R 255 TR 45 SR 3 B
AT, H2 R 25 A TR AR BT B AR U X 1
PR BPA(E T K, Ui 1T SRR TN ) A B -

422 AR BHT EAIL LR

Shy E— 25 B B SR AU 0 AT SEE AR S

D55 ek 21 K SCBk[25 107 B, 13 8 B .

R8 BHEBMAINNERITL
i m(Fy)  m(A;)  m(S)  m(F,) m(O)
SCHR[21] 0.579 0.405  0.006  0.008 0.001
SCHik[25] 0.577 0.406  0.006  0.009  0.002
RICHHE - 0.595 0.399  0.002 0.003 0.001

HH 2% 8 I, AR Sk T A a5 K A TEUl 45
TR 2B e K, HW e KRN 45 SR 10 S B e e
i — 2 UL AS SO s 0 TSR 5 0Bk
423 WRGFE LR

S E B AR SC 7 R AR = v 2R s T i g
BE HR 5 SR T B o 5 7= A S ok 45 R
S .

s 1 ABBEEL 7 X 38 77 S it L 1 4 2 K
FAR N 28 M E A5 AL s e S, B4 2 %5 R
7 B R E 3R RHLAY T, JE T = v S R A
m, ={0.98,0.01,0.01,0,0},m, = {0,0.99,0.01,0,0}-

A IR AR SC T 5 5 S fdt R e 40 B8 DL &
Yager J7 I HE AT LT, B6F 36 S B T BAS RI 1Y
ZERAME 9PN, AIAH, Yager & A X S5 UE P8 B
VO 3 2 5 YA R A i TR AL, AR SOy
AT RESR IS FREE R, S AR SO v i ad Pk .

Yyt 2 3R 07 5 vey MU e 3 ML AT BTl
J7 K AT AT AL B AL RE | 18 B T, A T, 3 B 5 i
[ fhd 25 30 T RAT RN, A B TR T, R S
AL 15 43591 4 698 km/h 2797 F1 674 km/h 2747, it
PR3 T80 T, 5R T BRI W) 4R BPA 235 H m, =
{0.116,0.117,0.296,0.271,0.200 }, m, = { 0.262,0.292,0.136,

0.109,0.200 }.

®9 HREFRIBALERML
Jrik - m(Fy) m(Ao) m(Sy) m(F,) m(0)

T, 0410 0382 0.085 0.080 0.043

T, 0.000 0997 0.003 0.000 0.000
WESEELe T, 0420 0372 0.079  0.091  0.038
T, 0425 0387 0076 0.089 0.024
Zi4 0.000 0996 0.004  0.000  0.000
0275 0244 0.008 0.006 0.467
, 0000 0553 0.000 0.000 0447
Yageri%: T, 0282 0239 0005 0.007 0467

O3

0.287 0238 0.006 0.006 0.463
Zifr 0000 0435 0483  0.082  0.000

T, 0377 0353 0.108 0.103 0.059

T, 0507 0470 0.001 0001 0.021

ARIC¥: T, 0385 0346 0.102  0.117  0.050
T, 0409 0374 0.087 0.102 0.028

%4y 0583 0413 0001 0.002  0.001

WA STy 12 5 A FHUE R BRIE | Yager J7 v
AR SCHRI21] SCHRI25 D7 1% L, Ansk 10 s

F10 FRBR2BMELERILE

7\:_"?2 %ﬁﬁ m(Fn) m(A(‘) m(SI) m(F()) m(@)
T, 0.195 0.189  0.296 0269  0.052

T, 0320 0318 0.153 0162 0.044
WEEIE T, 0420 0372 0079 0.091 0.038
T, 0425 0387 0076 0.089 0.024
Zidy 0502 0399 0.022  0.026  0.051
T, 0095 0089 0.185 0.158 0473
T, 0214 0205 0051 0.059 0471
Yager 7% T, 0282 0239 0.005 0.007 0467
T, 0287 0238 0.006 0.006 0463
Zidy 0019 0542 0.012  0.000 0.427
T, 0201 0.93 0285 0260 0.061
T, 0319 0315 0152 0.163 0.051
SCHik[21] T, 0385 0346 0.102 0.117  0.050
T, 0409 0374 0087 0.102 0.028
Zidy 0507 0414 0.035  0.043  0.001
T, 0.196  0.189 0296 0269  0.052
T, 0321 0318 0.154 0.163 0.044
SCHik[25] T, 0420 0372 0079 0.091 0.038
T, 0425 038 0076 0.089 0.024
4 0531 0418 0.023  0.027  0.001
T, 0216 0205 0299 0252 0.028
T, 0328 0332 0128 0074 0.138
AW T, 0433 0376 0012 0012 0.167
T, 0415 0391 0014 0013 0.167
L4y 0553 0439 0.002  0.001  0.005

FH 22 10 45 SR 0] 1, Yager FIETEL T 5t B 2R
2, R YE BRIE  SCRk[21], SCRk[22] 5 AR SCHT 5
RIAE R, HAR S X RO 0 SR B ey, HL
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