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Abstract: To process uncertain data obtained in sensors, a model of Situation and Threat Assessment (STA) based on
fuzzy Bayesian network was proposed. The uncertain sensor data were divided into vagueness domain and probability
domain. The vague data type of the threat target was handled by fuzzy comprehensive evaluation, and the dynamic threat
degree was obtained in fuzzy domain. And then the fuzzy dynamic threat degree was translated into the probabilistic type
by the possibility/probability theory. All the uncertain data were figured in probabilistic type and processed by Bayesian
network to produce the threat level of the target. An example indicates that the fuzzy Bayesian network can obtain the real
threat levels and is feasible for weapon system to automate decision-making on target-selecting and target-striking.

Key words: situation assessment; threat assessment; fuzzy comprehensive evaluation; Bayesian network
=
1 531 &

BB PEAG AP 2 B R G EEINRE 2 —, CAHR I SRR IR B, BRI T F by
BORIK e, AL TRV . AP 55 0 V05 0 A 40 52 00 5 A1 A B i 4 A
Weh s R =g, S-S A (BRSO ETIDANLL SRR s R A 2P [ M B
ot AR A5 B R 1% R 2 BRI T R A s TR IS W

T B A AP 93 0 A 2 R UR SR 5 3k R IS25 10 , ROME TR 9 R e 2 0 9.5,

kS EER: 2007-08-20; WaZfEoiks HER: 2008-02-20

EEWE: [EPt & vt H

PEB RN : Bk 5(1979-), BEOUE) . WHLIEE A W0 . BEUO T CT R H0T B, 15 Bl 4% . E-mail:kangchangqing@163.com
BIAEE: §0720(1964-), L(UE), HHEFEN, UIER, MASIE, R0 S RN A .



2 e TR %35 5% 5

Z IGPED AT TE T RIG, T TRSCE:, FRINT O AR 2 b BERUbMIET Bl x i
e LB BB . A M2 HAT RGP A G RERE D . A 2 2N RE IRl PELRPERIA R MEW S RE ), N T
W RS SRR A DU, e s DIZRAEAS BRI AR R, At A RO CURE . ik TR R
PR 2 H AT AT R B 20510, BEHARA LR ARGE, R, B VT BT LS o 2%
HEPLEHEA .

ARTLEA T DU 307 000 28l 217 70 AR S A B O R B 59 AR A0, 38 EH R TSR0 DUHS07 o 285 £ B il A5
T, PR SR AN FNIR o AR, o BT iR 5 RO R A . He ia RIS & PR
IEWSARE] 1 asrh BB Bh AR EE . TE] T REVERE SR BBl TRt 2h SRR DARER T XA R k. 28
JE R T AT BRI P 2 B A DUH ST 2% DG RR BEA T DEAL 4580 H BRI E R -

2 BT B EE AR EL

FUSAREE T 855 UaZh &L, BRI ITAG A T RESE I FiOLE SIS oAl A ] B A AT A,
AT 7 12— FUT R B ASCFE B R HE RO (5 ) Dh R B ot =), el 1 e,
Hrh A A ANAEBE S O EhRE A 1) BleWctle (T 14 1 e A8 PRS2 Sl A SR A LS IR B A SR R, 56
ARG 2) fRikr=ds o SR A — Sk oM B % 3) RBEPFIT g — A e e Wi e b
oy IAREEOMIEAR S SRR 4) (RiiERE e nl REMERRAL LR ks 5) I
IR s 2w AT T P UM SRR s 6) ARTMAE P IS R SRR R o

Sensor
source Data
¢ data ~€—| ollection [ External events

-

Abstract Hypothesis Hypothesized H i N i -
> c > > ypothesis Hypothesis .
model generation situations evaluation selection Alerting

threat

A Model
management |~

B1 MR i
Fig.l1 Functional workflow of threat assessment
FEFEL 1 b, MR Be AR IO SR = (AW AR rh BB S ATY A, PR RIERE. (Rl iR
o0 SSETRN EH F As R ST F RDMSE R e AN BB R S R A

3 BT U B W 4% B9 7S B BB T AR B

B — AWz HAR RIS R 2 R . K% RGAIN 2B (s, gL, kil
ARG n AREU HARE BAnE AR, Pl s, i PG Boniis A A wha k. anffgs & 4%
SO X BN 5 BT 2O AHERE , REUEA T SR LTl Y O BT AE

et Klir £ H AU AHiE Fnii ox ik F A0 bRt 20 ] (Vagueness ) FnilUR £ 444 ( Ambiguity )
WIS B, EUBRAOBE BN , kA RO, T AR RE L 42 LTI HLSE AN, it 2 REbksni.
FEEER A F7E b BOWNZ g AL PSSR AT A 0 TR, MR B ISR AR BE 2 AR PR AR AT ) T R
BERFX PR BE IR, ASCENTEVBNZE A PR, BRI Fe e, DU R0 2% A 2L Rl 25 55 mi b
PRA R
3.1 HEMZETH

Zadeh Zf% A5 1965 AR JE4& 13 Fuzzy Sets JOE [ EIHIBLIEAY AL . BOWIBLIBRY A B A T A
AL RO TR R PR SRR, b R (e St B N (EIZ Y TR BNELE M8, PR Jm o A



2008 4 5 A HERAE A TR DU S0 W0 2% 1 A AU PP 4521 3

AW

U2 A T T A SE AR ) RO e A S 5 SRR A SRR B TN, 2% 1 55 Bl L AR G 1 %%
AREE, A A BRZES T . AP ] oy A — i 2 9, — PRI RAN N 1) desr ity
PRI ERFIT ;s 2) ME R FRARIE R AL, A PPRIRE; 3) B RS SR AR, 4) UEA TR
KRIDE- R s W G2 IR R e SNTTE 2/ AR S AIPR L E S U i pToe 79 s 8k g s Wl I S e (5~ S e g B N
SRIGATPFRISE R T 2Hoe i R IR ZE A TFAL
3.2 DRTHrM &

DU ST 25 LR A TR HE . BV — RIS i P R 26 SB A BB . A2 R0y L 21
TEOLT DU nT DO A e Mg A e MR SRR, DRI T DR 2R SR A — AN KA 42 A AR
KRMLEE .

DL S0 X 28 RS TR AR BE AL AR S R ER (RO OC R . R0k —JC8B=(G, P), MIZAG sy

1) BANATRA R JEAEIG (Directed Acyclic Graph). I AR LA H, 5 i ) s EAH
BRI Z (VT TR IR 4 560

2) i MR & E R F P (Conditional Probabilities Table), Sc{EHERF w[LUHP(V, | Pa(V,) KR,
AR RV, 5K Pa(V)) ZIBIRDSAERER . XA ST T, B SRR

O DU g 2D B an e 1) B TRNE R GRS 2) orBeA R e R 3) €
HEVUH-ST s 4) S AHEPRUES S, ™ AR AR
3.3 T DU HT 00 4% BY B A VT A A B

BRI AR AR R O T DU 2%, i DU 30T 4 AR ERE ) b SR TR . 25 A 12 4
DUy A2 AR AR R AR LRIOE A, FRATT5 AR AR At 25X

BU = {uy,uy,u, o — BB REA, XRIAU W — AR, p(u,) #om X =u, IHUEESR,
m(u) e X =u, Whpg T ek, o, u) EREMIEE A A LSRR RE R 8

Zadeh I\, AIREMEPFRLIE AU EEIEIIY e, bl se kR e b el etk Bid 7w DA BSOS LA
JEREREE . TR H]

7, (u) = pu,(u) 1)

Geer 1 Klir I\ Ay , {5 o] GEVERE A ALl B rh it (5 B AL 4 R 47 (Information preserving transformation ),
BV S PP A it P A — W R T A A et R b R LRSS . AT T HH P 2 5

plu,)= )
l zzzlﬁ(“k)”a
Horpri i o (IRMEVER A 0<a <1, Fon nTHEPERERHelfh —BOME S IR L . ol O, AR
plu) MZESER; a1, W p(u,) 255578
HAD), KOOI, 73

O<a<l 2)

ﬂ(ui)l/a
z Zzlﬂ(“k)l/a
BRB), FATrT LRSS A LT 0 255 1 56 SO BB DU 70 2%, T2 1321 1B 2 s it i
ACPRAER

Current situation {

pu,)= O<a<l ?3)

Probability knowledge

Fuzzy knowledge ’)

Fuzzy logic

Possibility /probability )
transformation > Threat level

B2 B AARE

Fig.2 Flow chart of threat assessment




4 e TR %35 5% 58

4 LHHE

(B ek e RGN L RSB E] bz rh HobR, B A HEREIE T B BRI, 3R
T EARIRAE S o R 2 B i BRI P A S E A 7 i oy R 3056 L

x1 BHRSHEE
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Factors Factors

Domain Parameters Domain Parameters
Close point [-30, +30] -5 Type [missile, bomber, miniplane, Unknown] Bomber
Least time [-600, +1 800] 250 Performance [High, Medium, Low] High
Velocity >0 320 Equipment state [High, Medium, Low] Medium
Altitude [0 +30000] 3000 IFF [Foe, Friend, neutral] Foe
Radar frequency [On, Off] On
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Table 2 Conditional probabilities

P(Ca/TL) TL1 TL2 TL3 P(n/TL) _ TLI TL2 TL3 P(Da/Ca) __ Cal Ca2 Ca3
Cal 0.6 0.4 0.1 Inl 0.6 0.4 0.1 Dal 0.6 0.4 0.1
Ca2 0.3 0.4 0.3 In2 0.3 0.4 0.3 Da2 0.3 0.4 0.3
Ca3 0.1 0.2 0.6 In3 0.1 0.2 0.6 Da3 0.1 0.2 0.6

P(St/Ca) Cal Ca2 Ca3 P(RF/In) Inl In2 In3 P(IFF/In) Inl In2 In3
Stl 0.6 0.4 0.1 RF1 0.8 0.5 0.3 IFF1 0.7 0.5 0.2
St2 0.3 0.4 0.3 RF2 0.2 0.5 0.7 IFF2 0.1 0.2 0.6
St3 0.1 0.2 0.6 P(ID/St) Stl St2 St3 IFF3 0.2 0.3 0.2

P(Pe/St) Stl St2 St3 IDI 0.5 0.1 0.0 P(Es/St) Stl St2 St3
Pel 0.6 0.4 0.1 ID2 0.3 0.4 0.15 Esl 0.6 0.4 0.1
Pe2 0.3 0.4 0.3 ID3 0.2 0.4 0.35 Es2 0.3 0.4 0.3
Pe3 0.1 0.2 0.6 1D4 0.0 0.1 0.5 Es3 0.1 0.2 0.6

TRl 1 JE UM 7 (TL) = (0.33,0.34,0.33) , Ht oy S fbHE% 3% 2.
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