’r‘qv‘;‘k«gv‘raju ‘f’-" ‘,/L.-r “J,::.s";u,z.u[a,é‘;.f.ajj —w“‘ww

0318 Gail (SWU Z glaw 49 Curlad puis Loy Sl 9 (992 90 W () ) SLBAS (5 5 41

rﬁw L,éj‘.LG 4’4)//':.[9 dbLG 4’@5}4’ a.://':.b C,’

ou>

s

S5 ol 53 Candy mtm 5 b Comder Sl e olis S esls Gl VU sk 3 g s

w0 saee 0313 Godll Slagtonas U el Sl cnlply ol UL ol 53 Soalad pde b 3 m Bb 51l
03 eabad pde Lol o (23ls VLl Ol (6 00,28 Hsbay e GlaeSid Ll Coalad pe Sy e Sl R SESS
Gl 3 Copalad oo o pke (51 s SLaeSE (SIS (SS80r Wl cpl s e 4 S S il sladis
Orzmed 5 OSUS Glcusrse o a4 (kb p 5 J a8 lagtans dile plagtans 5o atll i o ) coals 30
o 3 g e i e 4SS |5 30l (ke 3,008 o s g o e el gl o o S SSU1 5 Laly
L oagrlse Gl i GlacliB 51 5 LS o S 5 dsl 4 e Glate 3 Ol SoLB L) Canlad pde (g3Lie 3 5 4SS
s e 5 Dl b ol pen alla (655l b (63,50 anlllas S il s 58 Sl 25000 Do) 55 5 ndad pds Al

JMM‘_}}-°J‘JCJM‘QT(5J2§)KJ}&.L.A[S‘Q€.JSJ&“C’;-L“‘LAW}}M‘}'&LE\JJ r‘): JLQ:}"G)‘,S '_u"]su“ JAL&

Sl O 319
C».:xla:é (s.lf— uf"ibje-jﬂ Ju?: P ASMI: R &M}‘: sl Qy.d.b

h.alizadeh@gonabad.ac.ir :J s st 5 LS Jle 3500 e G eplS 5 G p pign 03 S ke Sls pae
atefeh.alizadeh@ yah00.com LLS Jlo 55 pel mazms "

alirezashakiba@gmail.com cagie w5 3 olK2ils cosls Gudls oKl ¥



eles 53 a8 LSl 5 il Ol dacon sz g oo Lol
fo50 il Rlotanl (Toalsd ol g5 e 0]
Ll Dglite oS
TSRV CH [FC S C R NPRTF WIS
S o wal gxlad oo L ol e wials 1> Ol sl
2B s el pladie Ol o ( SVl Ol KSTL
o Clalis ) Cl:;:M\ S s bl le &
AR TSI iE DAYt PIRPRYRRCH IS
SRS b G opl s Blosde wiS Ve
4 g0 e o e SaSid s esle s slaaSil
astls ey Gudls (VL T 53 Lanlsd pde dis

St

G fad g D59 p8 9 Saeal V)

Geils GV sl (Al 3 5 28 Slagiew 53
Shadg Sl 5 Cadye ool e Al el
ol oz opl 53 Ak e age 95,08 5 slae s>
Camd e Sl ase jole Sos s 52y AIS
e S ok 4[]S 5 edul sty 5
Ol ol Sledd qal B 5 5INL ~ sl 5 esls 545
Slaity o Cal by, s XS e eslind esls il
25,5 (Slmesls Godls (61 (Crmlad e Sl Ui 4355
s adie 4 seme L 5 Sl (655,08 (28l lis el
AL Cmdad e s Loy 55 Gl oSS

'Y Interoperability
" Uncertainty

'* Probability theory
'® Evidence

'* Hypothesis

'Y Bayes’ rule

'* Bayesian reasoning

e e Gl e e K e A (SIS

olls .\

dea Ol N

g oSl Glhbow o slh glacg) b
Ay Sl B X 5L s s S bt Ll
Wlyn KaG olea b5 LK Sil 4z
Copoh cpp i Dl b Glalae 13 1) Slaenas
o ol Fepsle gladie S 3l Kook 5 s
Slal gl Sl Lol s e sl 3 1) e
oo sa colasbn oo 3 S e bl sline
by 53,03 (gl B e 51T S sled SO i
A S0 03 el (Sas 5 das e plail 1 555 e
b Al ails 5L e e bl 4 55 fele
game 5l S glialie 3b 5l Lok, el
el sz I8 G T o oy 05568 (sl s
ol 2l a3 LBl e Candsd ps Lol s Lk oS
S Gl p ol Jltle b o) sle Jle SO )l 50
LU dadie ol obe 4 ASL axdls 5 55 _akile s
G S Bl o3l 3dls e olS 3 | ala oe
Sl e sl el [121IDLY gl Jte Jlee Ol 5
Sl s Noedse Sl s b)) SO
sl el Gl msle sl il Taag
b Lol aes S o 5 Al S Wl SVl
B (T A W P P SRS e
Ol T olen Sl dle imla 3 Js w0

¥ Agent

® Combat Models

* Partial View

¥ Join Directors of Laboratories
A Signal assessment

% Object assessment

' Situation assessment

"' Impact assessment

JAJA.\JL«IJJ J\,.AAJA)_—&LC« doldas

[
s dle od xs

9
@3

v

HlasBeY &l

[}
(=}

\Yayv



<

WAV Ol oY 5,les

Y

2 Sl eyl SSST G ol Lol
St S S b ol ool il (slapi
Al " on s

Seios kbl . 0-)

3L s, s v.:au,cjg_?u*)bj\‘ oo s allie aalsl s
S P s i A e SRS 93 53 Ae
addllas ¥ o 03 e Ol s K
peplie OAS Soday sl sl el b6, 5e
LSJ;)&" IS L;Ub{g J}J«L;c cb)ji sl assS
a5 Jeld esls 5. L;LAW 23 e e
S 4 O oy imen 5 01 (65K 5 RS (0
Sph 03ls 7o Sl Lol en s g ge N g
3 b e bodaly o i ol slesl s g
05 gh e 03y Oles 5 MEBN (gla tll o ooeas
Gt 5 e Glumex 4 s Sl

215 o

G wles! Y

i ASS A=Y

Oy sl o328 b o (BN) Tipie laesls
Calisn (slany 55 onlsh pike b ol pas il YLz
otz G5 S S L a5 4
Wl 5 Ol ga 5 1] ol oS ]

o5 4 gamen o Bolal (Slapae 5l as gas S ()
S XI5 o o iie ) 45 a3 LS | OIS

X ol 31 ST o sadl 5l 4 same K (Y
el Y Al Lhxalt Juy ol e

' Bayesian Networks

I

(MEBN)"™ (o gn i (i slaased Bk

Shlss b Cosgmse 3L slas () pluaal LB
Slaanal = 5l pl S AS (..Mj.s I calsa 6“‘{;3
Loy candse bl pdan dle onls 32 (VL - shas
i S S b s Al L oL
3 C,.:ahé 6')& b o‘Jth u.':n.}b dlf LS‘)'.’ SRS e Lo
QMSJJ; M‘)} J.Abls‘)lﬁ.w_.v ob‘bw‘duw
“ Mbdﬂ olas b Cj..p}.a u.:\ d}% Q}«SU I ¢L>u‘
oo Lasky s Park Lug |1 oS ldlae 53 Jls Ol ge
mdse AT o i gl ) MEBN (s 51,1 YA JL
oils a5 b glal Jde bl ol g el a SIS
53 b [BlAs &l PSAW-MEBN ola; lijpr ples
g 2Ll 6lp o GlaeSd S0 Kos ides
f“..i.:..s LSLQJJ.US [6]&..»:‘ ol CJE.A ‘53.“5.& LSLQ&?— DL

\:MN‘ ol 43‘)\ [7] f—f DL 6)‘92- Lﬁ‘ DL MEBN )‘

IGeow Sda Y-

5 A aS i Ol i s S kiles

dle ily slas S 4 Ly e 03l Gl (glapiimms
sl LK FB 2 Camdad ol 55 0,0 la ke
Gl gla iy 5 LGS 6 SUIKC L L 55 ol
(ol Ol Lile O SUSS Jorl o 5o Coalald oo 2y e
o Gl N Bl gk s e e mlia
Lagrlse ln (agmse Lo opm sl 6,5
B N e R eata
G35 5350 anllas S 0T 035 Slhes 03l LIS ¢l
o3ls - of ol LaplS Lol on pollss (50 s

Al dal

&ﬁ.‘,ﬁui'mj:.f,—\

ey PGB sk 2515 e 05k sladae 3 esls

' Multi Entity Bayesian Networks



0345 Ldy ke Gigm SLeSGd El e Al
Sy B JAS sk VY i

RO K i 4SS YN

Saad w55 s L m sl
3 ol aes FOL™) Jsl a5 0 e b o i
FOL ol Q)ﬂb%ﬁ;rﬁ&ju.’w}) BN LG
@1y Lo MEBN &G 358 0 00ls 5l 3 S0 LS s
ol o 4y LSl 5 Lazus g 50 Glae semme &) 50
Cliv 4 bye SEls S e 0l LOT Ole el
3 sl e Sy g 4 LOT o Ll 5 ey g 50
slaztl 4 L MEBN Fragment 45 555 .« Olo LSl
[9].5 5% 5o ol MFrag

3 Glas gazma b dlaly 55 ak3 5 A1 MFrag S
Olaa s RV S e 0l [, RV oslas (sla e
Sl S5y 5 Dlio Ol w0 S dies MFrag (slas S
S s sl RV L5ls 5 0 Waius s 50 40 samee
S oaal adls 5o b wll el Sae MFrag
S5 Jle Ol g 4 L5 0ol T sane (sl i
obj Ole ST S L sl aze G VehicleType(obj) )
Aol vehicle2 Jro jasiie oL LS e oS ol
Calisea g5 e 0o I, solas sla e MEBN 545
S e (g hluaiws

bl sls pane e glae S e glae S ()
A 5 S e Ol |y MFrag 01 Jol ¢ 550 oS s
a0 a8 s)ls 1y 3 4 by o e EOF e 5
S oo ms Bl glee S nalas 5l Ol e

" Ordinary variable

* Resident node

e e Gl e e K e A 6 SIS

b del s S oS s (F
G 2 Al sl S 306 oS 515 P(xi[Parents(xi))
Aas e QLS o S

S Solaigr 530 ga SIS (8

g R T e B L O
X dis 30 e asOL Y 40X 1AL G sy 5 ol
Rl et S Sl X Y s Sl L5y
plnil oy 5 SS LAl Skl 5 b Saly
Lo b 35 e Ol e ) e 255
Lo dS o oS 1) (g Kl enls Olazle dae S 4,
[3, 5550 Conts |y LelS o5 w3 Ol ol 5l el
8]

S eate g3las Jols Vsame  aBly slis Bl
LoGlodzmy b S0 40 o8 sl il gl o 50
o5oke gladde s e Ol sie s B3I s SusS
sk atasrse 350 5o plial 5 Ok« 5L
S S R VAN L IR INE < LPTVOS
Sl LT 51 elaS o s wls i 55 Al 5 A3l e
Ll o BN S s)ls 1) s ames Olasiin 5 5L,
2 S Ul Candse 53 1) S 500 S
S g3l ol oS (g5loand S 3 5 S (g3l
Jooly opl &S s e 1SS slaes 4 BN Oles s
53 oy 5 e SE e oLl Ol 4 ol
S e ais S sl J 3 Kb cpdir S Jal 3
S ol I s opl 3l e LIS g3l ol il
s basszse Ol w06 S Wyl bl G lds
G S Ll Ol s dacandgo L5, daol e bLS
Slr s onl il Ko Olbs 53 552 50 (Sedkomy
0353l 5 L O ou 4 L ko e

sk gl 8l s Al e BN 4 (g iy sl Ll

" First Order Logic

" Random Variable

Yy

JAJA.\JL«IJJ J\,.AAJA)_—&LC« doldas

[
s dle od xs

9
@3

v

HlasBeY &l

[}
(=}

\Yayv



<

WAV Ol oY 5,les

YY

L MEBN (5,55 Olea L)'l| S Ll |y 3 jase

5L o MTheory

Gis gbraisy WY

Gt 53 A a8 S5 gla iy 5 a5 ) shailes
G L ke ladie a0 bye esls Gl
pde by Ul (3 pe L g glaasd
ghonal 5o Conbad pde ioman 5 (15 Oly 5o Loakad
5ol el Sl Ol Gl s ol s e s
s SGY i s edd S alie OAE d)
2 g 0303 e 5 (825 50

S ebUlS ssie (2R s adlas
L2 5 O s 13 22 55 (Sl s (MTT gl 151
Sl DMl ol 5 L s e L ys GIS esls oL
Gib 3 Gl Sl 4 s e 03 S 4 plund
o p 13 Shodd sl die 68 L s iz
[11].5 55 o ol Lnssls

O Lol 4 550 e 00ls e 5 VY i 5
s okl s aald Gl ey ol mss B8
WE s g il Gl e Bl SIS
Sl FoF 5 YoF Gla iy 5 358 e edls e
Sy o3l sy O il a5 s o <K
SeS L BN K a8 oS a8 e Ol T i
5 S50 o JkelS UnBBayes Jile ab s, e LSL‘U‘P‘(‘JJ
Lo e S a4 Sase adlas by 0-Y L
Ly 03 WV e 03 a8 el Ol L s e s
i Sleo 5 MEBN G (gildie 5 o~ b S8

™ instance

" Local Probability Description

I

R35 G S35 se S Cgss gl S (Y
oLl 5 MFrag sl 55 a5 ewds slae S Il
by s S cul S e S8 o 86 s
¢ 3 Lol 55 &S (6,55 MFrag 3 (535,55 slae S «
3 pd ey S Aed ode o S

Lies s holal gl pize My glae S (F
Slpis b oapd el aml S Jals as
S 0 Ol |y (Sl ome MFrag s edic a5

Sl il o8 das e LS 1, ol MFrag Vs
Jiles g5 bl 2 1 ik S ke Ol slar oS3
Olge 4 A8 o Ol Az 015 oo WOT sliws 5 s
b i a3l sl ailie G s STl
s dalet WUl Ol e el azils 55 5 OB e
oSST sl addate S 1L 5 el s SS VL US55
(VLr1) " 54 ses dgn=Location(obj) s’ s S 4 4> 55 L
STL addae 33 oy 3550 Sumbye SIL 5355 e s
Danger_Level(rgn) » S 4ol @ 4> 55 L ol azils 12
Shyes 33 T ol 0L ST Olge w1 aila
.3 3 oo s>l Danger_Level(r2) 5 Danger_Level(rl)

oo pate o5 OL3 L OIS o 1) Joee slam s 53
Ji..‘n.,laﬁfJleFragyﬁ;ﬁ;@ﬁLPD“ﬁ@
by ) SaS L adle G ket Ol auiloes 6l )
Sl gws 534S G ghailens .ol ol atd o rj)l Sl s
S Ol (gl 558 g0 odaline | K3 53 ol atd s
A3l 5 555 e i a3 high 5 low Il s el
S el i sladdens £ 5 5 sl alud Lol

S ediiy x5 sMFrag 5l (glas game ol
oy sl s SCeS 03,51 » I, FOL sladd

*® Input node

* Context node



e e Gl e e K e A 6 SIS

MEBN Lol gla - V=Y s s J.>T SRR

b e

Danger_MFrag
A

—

isAlob] Vehicle)

N

isA{rgn,Region)

Context Node (C)

{ rgn = Location{ohbj) )

Input Node (1)

\VehicIeT\ype(ubj) /

1

pJ

Fragment Graph (G)

Resident Node (R) {

( Danger_Level(rgn) )

if some obj have (VehicleType = Tracked) [

high=1-1/ CARDINALITY( obj),
low=1-— high
Jelse[
high=0,
low=1

1

[10]adhse S Jhas 05w 4 b gy s MFrag —\ IS

g5 3 SIV(@)=vw kil Obsy als e &)
ot dowy (5 SIV(0)7Wn 5 AL lus o o L8 ads
S Sl ) Sose a2 SV holal e Al
S e CalES Ty sl 5l SKow o el cundge
€]

4l oVl RV S sl ™ sl w5 S

V:Q — TV = {UT, Vw, UN}

Sosb 4 a3 i RV (S sl 5l (las saes 5
Sl alie 55k 4 g8 03,50 il (5555 J gl oS
Qb S BlG WM ols s Salar i
Slp LS o Sl by e sl s 48 ez 4 L
S L300 45 ($110 5 0 3o g (5 2 (S Slmenls
skl o Col ol S s el 2515y et
3O o i adn s (Db, aldd Ay anas a3 1)
MTI i s 7 S o0 S uadS i 2 Ll
Ol ol e o 5 Ba g0 o e Vb e o ) 50

and b g dalsd 6l el s dlil 55 VY

AJ?&BJ:.GJ:[JL&AQL:JLS‘JJU&RV;QJAJLM
ERY SG gy y j5 Gl 35 o0 5 058 3355
4 gaze (oSOl &S Wl lad S S
ol abd o S (S islie eSOl &S
&."U)N 6L.ﬁ_5 L;w)f b)jﬂ JLSA)J Mbdﬁ &:,.JIK.:
‘Aﬁﬁdﬁmjtyewumwv}j&@%ﬂ&)w
DR oS asie | MTE 5158 oS yasein M
G j\ﬁjui g):")‘)f cmu@chéj‘bjﬂj@'
GIS o5l eliil_; u:“)|1§ omubhi.ﬂ

s 4 0 €Q Cudse S LRV 0l 51
(D€QJ5‘ )L&cu J.Sdnw&w}nu‘JJRV

e SIV(@)=vr icsls V.:.a\j} Aal Bl Cond g SO

" Probability distribution

JAL;Q.\JLAJ_'B ;;\MAJA;.—L;J&MM

v
=S
[oon)
J

WAV OleslieY 85l pss Jlo oJ



<

WAV Ol oY 5,les

Sl s ey b Sl Jlaast oS sl o3l
Ll 23 Dy pee s LI

PrlV =vy [I =iy, M = my,W =ws,G = gg] =
5)

Pr[l = iT,M = mMIW =Ws,G =gR |V = UW] Pr[V = vW]l

I

Lﬁ";'))’-j (.Lo QMJQLL'AS@)L@:: @J\}j)_},}@
u@\ﬁbéﬁ\jquduﬁ\ﬁjqw.wt
C)L> ‘QJL’?' B g_,\.“?- )L@;; J:" GIS L):’)‘Jf JHSL;G

:—e.}lk.- C)l}- 5 )l}q.mlj—a;b.- C)l}- c)‘j».b—ablq-

PI‘[IILT,MZ mM,WZWS,ngR]

wﬁ@&}b Y-y
Bho AS Ly oy sy Jie K5 il e oIS

3 Kb Rl Ol S kils, opl L s LRV
wﬂ&»&v\gjw S 0 9> QT L5°f'>' J\Jﬁ‘ Sledbl
Sy o Jas Y J&.Zd;llu S andllae 4 by e

@ Vehicle Ty
Imaging Report GIS Report

MTI Report

[1l]sos0m anlllas 4 Dgy o o 5 42 IS

ol el a5 g5y a3 Y-

Bl gla e s by o 55 Ro 00l 52
Glad e 4 Ll (90550 andllas 53 el 4 SIS
g g atls p 0T aslsl j3 48 558 (i s

&iF Il 5> ‘Weather  Terrain sslas (gla sz
rl st pa Bolal gla e 53l Gl (Joes
2l 4 Olms s 5 dtes aios lae SBN ;33,50 5
3 gh 5 5 g o et e 5 3l Ko ARV
SR @Bl 1Y 5 Bl &3l 5 YA sl solll i
. PrlW=wo]=0.2 5 PrW=ws]=0.8 .. .|

53R 53 s 50 o e 85 350 e (25
—eslr o IV Slseameslr Zol 3 UV el
Al e Jlpenl Slewmeslr S5l N0 5 el
(ol

Pr[T = ty] = 0.4 ; Pr[T = t;] = 03
Pr[T = ty] = 0.2; Pr[T = t,] = 0.1

ol e sl bg e Dls b 5 5 a5l el
el 0 03,51 g0 3 O g0 4

I:Q =T, = {ir, iy, iy}

M:Q — Ty = {mp, my, mg, my}

W:Q = Ty = {ws,wo}

G:Q > Ts = {gr g5 9 v}

O3 SG s et S 5 S e Bola pine =y

s e QLA Cnd s L;LaL;}JJa\SJ\;SJleH\Q_éJLA

Ty X (508 o pdlol  olai Jl (s 2+ LSS

(s Sy e s AL e Ty X Ty X Ty X T

(2)

W, imw,g)eTy X Ty X )5 s 41, 0€Q Cuxdse ,a
Slp b Sl w5 818 o cllSS Ty X Ty X Tg
e.ufu“‘(,\j; oz w555 @S asedn 3las Jls
S

S Glasseme oo el miF S kS 28
Aoy se Dlb b 5 AL adls sy dalal gl e
3L e oS 345 5 051 3 e esls OLEH L
ey LH & o) Sl Wb oyls e i E
D bl gl a5 Glenssn B o ey Sledbl
oslaeul Pr[HIE=e] = E=e b 5 4 H b & &5
D5 st
Pr[H = h,E = €]

Pr[E = e]

PrlH=h|E=¢] = 3)

By s 53k
Pr[H=h|E = €]
_Pr[E=e|H="h]Pr[H =h]

Pr[E = e]
S o ot it s 058 (L L E S s 3
Conlad oo ) gl AS 0 o 55 45 Sl il dolns
55t 5art s slaesls & 5
w}oMJQLﬁJQL})\ﬁﬁH;LﬂJb&Q\y@
3 S 5 buge G Ol Gl (Ol Al

C)

¥ Joint probability distribution



x €{W,T,N}

Jsd> dmaging Report  jdslad it b oakaly s
o2l s s e edalin Y IS 55 (CPT) ™ b s Jlazs|
‘_Sbho; Q:SJJ 3l e astle Coslate LS\ACJB— ‘dju\e-
o A U VU L3 s 30 0 S bs e
LsLAdl} LM_&L“JJ 9 MJL;G J.:g.\lﬁ b LAQ}:.\J 9 Jj:§
)b&du‘)‘f‘)‘ém o b)jﬁ cﬁh-é.l}::w
TS - VYU VR COPI R  PC CL:;:M\ Sy
L s s3le o |, CPT Jslu 4S5 ol UnBBayes[12,13]
)‘ CLZ...IM‘ r&.é)bjbjﬁl&ﬂdj)a- o > J‘Jﬁ‘&,@s

.,\.\S‘_;c oslaul d)\.,\;- U‘i\

Vehicle Type Wheeled Tracked NonVehicle
Clear Cloudy Clear Cloudy Clear Cloudy
Tracked  10.02 0.3 0.96 0.4 0.02 03
Wheeled  10.96 0.4 0.02 0.3 0.02 0.3
NonVehicle |0.02 0.3 0.02 0.3 0.96 0.4

Imaging Report « § « b ,» CPT-¥ |52
solas e (MTI Report 5 Speed  slal iz
2yl 1y 5 &Il Speed
Ll e ) ey e S 3 2 )
el 04 BT (g 03L 5y o tha Y
sl VOB (5oL ys s aal-Y
2Ll K3l S G DIl s Sl
4 Speed slal e cplply LSl s &S > -
Syh e a5 IS
S:Q > Ts = {Sr, Su, Ss, Sn}
e )l Glea MTI Report sslas it
3,031, Speed  éslas
GIS w555 0 55 GIS Report sslas iz
o) SSs sssm 4w 5788 Jlexl b 1 O35 03l 3
Dol ol Glgeali-eslr 2l Ol gea—esls
Aas o sl Cawys 1Ay Jlal L (Gl geals
Pr(G = gz | T = tg] = 0.99
Pr[G = g5 | T = tg] = 0.01
PriG =gy |T =tg] =0

PriG =g, | T =tg] =0
Pr[G = g | T = ts] = 0.05

e e Gl e e K e A 6 SIS

ol 4l b ane ol Vehicle Type sslas s

Ol sy o 8 4 by e OF oyl &P S AS e 0k )
ﬁ)‘)d‘f@))‘)&d]éé)\ﬁcbb

IY0 Gl = ads aewy Lol /0 sl 5 1 esl—)

PI‘[V = Vr | T = tR] = 035

/io ‘)‘-’*}ﬁ‘{)—&#&b‘j ./.0' Z)‘N—DJL? C)L‘;_Y
s 4 o aln s 70 5 Ol 4l denss

PI‘[V =Vr | T = ts] = 045
GJ‘J})%- 4::1-&) L}:"Lﬂj /Y‘o Q‘NU—GJL’% C)\}'—Y’
L 411.54]:.9 Aifw)./.\' jg\.lsjck.:l.ﬁdﬁmj./.oo
Pr[V = UT | T = tH] = 055
PI‘[V = Upn | T = tH] = 01

i blas M plseal Sleolr 2t
Lllea

PI‘[V = Vr | T = tv] =0.7

S x| SLE Imaging Report  _slas e
Weather a5 5,0 slae S pslie 40 by e e (]
sl sl 4y =5 Lcea Vehicle Type
Gy plalz 187 Ol olas 5 Ol Ll 3 5=
sl 5 35 00 S35 4 s atws an a6l
Solar osb 4 sl s B o ol pluls
Dy e
Prll =i, |W=ws,V=1v,]=0.96

Pril =i |W = ws,V # v, ] = 0.02
x €{W,T,N}

oais Jla=l (ol gl s ol Lls oY

Pril =i, |W=wy,V=v,]=04
Pr[l =i, |W=w,,V+v,]=03

™' Conditional Probability Table

A\l

JAL;Q.ULAJ_'B f‘"“h})’_d‘”u bl b

v
=S
[oon)

h\nj: JL» .JJ

<

Hleaol Y 5l

[}
(=}

\Yav



<

WAV Ol oY 5,les

CPT Jylar 5 BL,s slaesls 4 ax s Lt S
s e sl | UnBBayes 5 ol LLalS o 4SS
gl 5 Lot asls 0L 1)+ Jlozm| b Slalie &S
s (JAV,20) VL Jlazm| L oS sl 0315 |y e
S R Py FUBIENE

RIS K (e 4 4 i by 0-F

s ool ildte Sl K e el 4 S
Co e |y Cunlad ple Al o550 5 Gl il
50T Ol Ll Cussdoe i > gl Lol AS
s> aslsl 55 MEBN (VL slac LB 31 (ghws g
s e aiS OF (6,8,

gl Gl 4 Ol Y=Y iy s oS kiles
o by sla s 5 LMFrag eled Zoul 5L MEBN
A GLLPD a5 4y Ll romes L pd sl )3
adlas 4 by o slaMFrag 0 5 .o ls 5 55 MFrag
w0 by e gaesls Oloy a olSST as o OLES 1 (63, 40
SSBN™ MEBN 5 ~lucal o35 osls jols jiuad e
rj\) MEBN > lecul sl Folas o5l o 1 b 5 10
e A Bl 53 4 345 sl SSBN S S
sl LMFrag 51 slad ged S 5 5 sbl L &S ]
ety

sdaline & 95 4 by e SSBN VS Jlie Ol s &
gl 35 2 Sl GIS 5158 45 das e 0L 1 0l
GS A s T s e lsealbmeslr £l
ol o2 Slr G sl sy SIS el e
b Shsy add abewy oo o2 sl 5 Sl o 4l s
el S Jol 5 Gl MT 2158 ol o5 S Ol
] osjsrb’\.ol Ly lwse o £9° 5 Sl s

PriG =gs|T=t5] =09
Pr[G = gy | T = tg] = 0.05
Pr[G =gy |T=1t] =0
PrlG =gr|T=1ty] =0
Pr[G = g5 | T = ty] = 0.05
PriG =gy | T =ty] =09
Pr[G = g, | T = ty] = 0.05
Prl6 = gr|T=ty]=0
Pr[G =gs|T=ty] =0
Pr[G =gy | T =t,] =0.1
PriG =g, |T =t,] =09

s polal sla e a5 L e 4SS Jke
23 JSE b pls mis eoniose Jle )3 edd
Pr((T,W,V,S,1,M,G)] =

Pr[T] x Pr[W] x Pr[V|T] x Pr[S|V,T] x
Pr[I|W,V]x Pr[M|S] x Pr[G|T].

e 5,555 5 lels £-¥

D3l 53 Laol 055 5,05 5 LCPT ans iy a3 Sl Ay
S blalS sps Llels Kl5 e ST Jue o T BN
dlos (gl izl () S (5SS sxe 4 BN
L e G Olge a4 L3l o LRV s (¢l LA@)')S
LS G Aalp e n 3 gedd L) glaesls 4w
oy b Cnl I o b Clisy ol oy 2 g5 oS

Sl Wi dey S ol el i)
sl 03 S 518

el Gl g 5 Y

el Lo 20 St MTI 5,1 5-Y

Ll o3l 3 LS GIS 5188

' Situation Specific Bayesian Network



e e Sl R ge L o LA (6,8,

Weather Vehicle Type Terrain
Clear 100% Wheeled 2.45% Road 96.05%
Cloudy 0% Tracked 97.45% #———| OffRoad Smooth 3.95%

NoVehicle 0.075 OffRoad Rough 0%
OffRoad Very Rough 0%
I
Speed ‘
Stationary 0% .
Slow 6.66 %
Medium  90.01%
Fast 3.13%

Imaging Report MTI Report GIS Report
Tracked 100% Stationary 0% Road 100 %
Wheeled 0% Slow 0% OffRoad Smooth 0%
NoVehicle 0% Medium 100% OffRoad Rough 0%

Fast 0% OffRoad Very Rough 0%

[VV]edd Jeleals oz 4S0-F JSS

abj = reportedObject(rpt) Rgn = Location{obj) [_/Is:(rg’n,ml

Speed(obj,tPrev) ObjectType(obj)

TerrainType(rgn)

Speed(obj,t)

Speed MFrag

Reference MFrag

isA(obj,Object)

obj = reportedObject(rpt) isA{obj,Object)

ObjectType(obj)

Image Type Report MFrag

ImageTypeReport{rpt)

isA(rpt,Report)

i

Rgn = Location{obj)
: TerrainType(rgn) :

Object MFrag
ObjectType(obj)

ReportedRegion(rpt)

ReportedObject(rpt)

Location(obj)

rgn = reportedRegion(rpt)

TerrainType(rgn)

Terrain Type MFrag

MLl gl o by e sMFrag -0 S

Weather(rgn)

Region MFrag

isA(rgn,Region)

Weather{rgn)

Vehicle ID

MTheory

YA

B el d

dlo odxs 5 akils 3 Ll

N

Lo.«-i’».(’j

)
<

.
]

G Y

Y4V ol



WAV Ol oF 55l cpss Jlo (I 28 5 akilo b sy — oo dallad

Ll Lol W oy 5 bl slars = oS il s
VOUSS s a8 pskiles AS s patle moly b
olil Jte glagtiosls 4 of o pls 353 0 odalive
5 Kb e i ey SOl BSls > LS
o> v 350 0 Ol Ba a4 by e Al s
5 b bl Ju Alb s s 4 K e
Lo il 5 L0l o lauls) OLESlis dacys s 5
Dlpea b j0 30 nls 53550 00 o 5 olUS a L
Ol 5 Lauls, (Dlao daus g pe 5 AL e (S 3lesly
L bime 5 Jlaz= 35050 Oly ©y05 oS Lasie 0L5 L
jc,.w“gloﬁfui.&;{oﬂbﬁT):}.:ﬁ&,\S;)b
350 opl a4 il gla gyl SWS L oS ol b3

[12].5 55 go axls

P )

el o 355 e sdalie | JSE 3 S slales
Jo oSl Sl add ey aild (8 5o gl
WJsl 5w bpse Bl glaesls 3 &S el ol O
gl Jlmmeslr 2o VL bl b mlas ¢ 55 )
@l 0 plenal g5y culple 5 ol sls 515
s s s 4 aS 35 el OIS e ey I
s oS 5 okl 5 s Jlaxsl (gl alse
2ol 355 dsl o8 Sl SU15 5 5
MEBN jludde 5 =1 b A
Slr MEBN oS ol (o500 e ol S5
ol Sl ol ey S 4 L s b
SVl 58557 ldde sest 1 5l 015 e sk
pde (3ldde dyl 3 5l Lis oS 3 e (POMO)T
UMP-ST™ Glas L b Slassd s s el

Weather_Rgnl TerrainType__rgnl GISReport_Rptl
Clear 0% Road 0 _ [Road o
Claudy 100 OffRoadSmooth gl i OffRoadSmooth 0%
OfftoadRough 1§ 19 OfRoadRough 0
Offfoadverytough 51,515 S I~ (omosdverykough 100x TN
S 4 ~~ ™
VehicleType__Ob)1 Vehicke Type__ob)j2 o et 0. |
Whecied 3.5 fWhesied 3 673 oty -
Tracked sLyed SN | | [Tracked wan| WM oo 1.5 E |
NonVehce 9 153 Nonvehale 1.56 h’“"‘ 5: ;:
4 Y s
Speed__obj1_TO -
;a;omrvi o *o’b;* ImagingReport_Rptd
Slow 97,239 Tracked 100N _
Medium 136 Wheeled A ‘
Fast 052 NonVehicle o
Y ¥ v y g
ImagingReport_Rpt3 ] | MTReport_ Rpi2 TO
Tracked ;;l'nnarv
Wheeled 10 |Medium
|NorVehicle ‘u“

[11]eas a5l SSBN & 408 -1 IS5

™ Probabilistic Ontology Modeling Cycle

¥ Uncertainty Modeling Process for Semantic Technology




L MEBN o5 oo 31 Ll das o &S1) Calas ple
L Ol 015 e 45 A3l o syt b Hles 5 L Hlr
[7]:5 5 a5 5 050 5o

MEBN 3 g dlas O je gy bt
AL s

@yl s ol gilae ol b aS s SI-Y
S iy MEBN ot a3 Oloman Ll (UMP-ST)
Ol & 5L OF sl 5 (ildis &S el s I,
s

slaMFrag 4 S (gs bl S, d4 r.)&—\”
Silwang 5 oSS b 50 4 B das o3| MEBN
W

SIMEBN (6 85k ¢l Oluabl LU 5 mol 5558

2,10 5 g g als ol uid\: LQLMKJ.L-.f

TP f
Go3ls Gl plonil (adkile b 5 xS Glagten )
Sl e Jola Vo ol s e 5 s
il o Olads ar 5955 50 Sl g L3515 Cund g
O AUt U TIPSR
g Donde Sl @b RS R e il
Saald b Sl il s (6500 Dl Conbad pde
gl 5 GVt (130 Ol 6l o sokr s
Sl LB 5l dlas ol 5o 5 s o as S 5ISG ( akad 8
pe Soldde Do old s se i n g 4SS
oLl W = slaw ool Gl (sl YL Oy )8 5 alad
0313 = 15 OF (6 SIS cilisn (slaplS e S3 L 5 s
e G50 UlS e pbsle o S o S
ol 03 88 ey sl e 5l 6 Se e baS b S

05 oy sl il KSTL o 5 54l 34 4

* Object Oriented Bayesian Networks

e ke Sl g K e LA (¢S,

[12] POMC (sjlue s o S5

MEBN (sl b= —V-¥

Oly ol &l a5 g3l gla 2 0 5SU
& Qe ) (@3l 5l 0k ol SVlezsl il
Vil 5 SIS ki oS5 slais, Cea
G a8l Gl 055 el b Jgene 5,505, S il
3,05 1y aals G LS gl sl as e (695 Ol OSGl L3
o Ll epl b e slaeslS (sl Tk ax s el
o33 axw g &S Slagl; 3l galaas S Ols Wlg e
Sty S 4 SVl 5l Ol 4 3B Ll
1y aels o (Godmn sladie Ll 55 o 45 diten 5,V 550
S5 [H4]PRM™) NVl (glalaly Jie 4 .33l
53 kol 3550 55 Olge 4 [15](OOBN™) | S & oy
Je 55 Wl &S 58 oLl Olg e awe) ol
ot laaid s Ll gl s 5 gVl (glala
Xzes MEBN 3 laMFrag Oles Jsbee d S 3

13 oS 5 LMEBN il <l Ol 55 oo JS ) 5k

sl bl s bl g @Lﬁ (b oldalie 5 L3

36 Degrees of belief
™Y Probabilistic Relational Model

I

\Yav dl:.._.,_«l.ug\‘ S)Lq...i} o> Jl ;JJJ.'S E) fJubﬂ ﬁ)}j — ;f“’k"’ dallod



D e

2
J

9 Jh.\.'vb

-

1
MV‘J

09> Jls

SR SR

(&)

\Yav

[7] Patnaikuni, P., Shrinivasan, R., & Gengaje, S. R.
(2017). Survey of Multi Entity Bayesian Networks
(MEBN) and its applications in probabilistic
reasoning. International Journal of Advanced
Research in Computer Science, 8(5).

[8] Koski, T., & Noble, J. (2011). Bayesian networks:
an introduction (Vol. 924). John Wiley & Sons.

[9] Laskey, K. B. (2008). MEBN: A language for first-
order Bayesian knowledge bases. Artificial
intelligence, 172(2-3), 140-178.

[10] Park, C. Y., Laskey, K. B., Costa, P., & Matsumoto,
S. (2013). Multi-entity bayesian networks learning
in predictive situation awareness. GEORGE
MASON UNIV FAIRFAX VA VOLGENAU
SCHOOL OF INFORMATION TECHNOLOGY
AND ENGINEERING.

[11] Costa, P. C., Herencia-Zapana, H., & Laskey, K.
(2012). Uncertainty Representation and Reasoning
for Combat Models. Engineering Principles of
Combat Modeling and Distributed Simulation, 715-
745.

[12] Carvalho, R., Laskey, K., Costa, P., Ladeira, M.,
Santos, L., & Matsumoto, S. (2010). UnBBayes:
modeling uncertainty for plausible reasoning in the
semantic web. In Semantic Web. InTech.

[13] Matsumoto, S., Carvalho, R. N., Ladeira, M., da
Costa, P. C. G., Santos, L. L., Silva, D., ... & Cai, K.
(2011). UnBBayes: a java framework for
probabilistic models in Al. Java in academia and
research, 34.

[14]Heckerman, D., Meek, C., & Koller, D. (2004).
Probabilistic models for relational data. Technical
Report MSR-TR-2004-30, Microsoft Research.

[15] Koller, D., & Pfeffer, A. (1997, August). Object-
oriented Bayesian networks. In Proceedings of the
Thirteenth conference on Uncertainty in artificial
intelligence (pp. 302-313). Morgan Kaufmann
Publishers Inc.

— I

B JJ’LS 6[.&(,.:...‘1...» BE 03l d.:.LU 6‘]’ d‘jSL;a ) 9> U'l‘

s 6)‘}.9‘?’}’(':‘“‘3"”‘5““334{03"—}4

L;L& ‘J.:#JJ.AT :@_ L)LA Colas 3l Z,S...a""} J..a..\.a.'f
oolad 4 lagh C)lo B s G cpl Sl SLLS

338 o S5 av-0) sls,l 3

FodJ)

[1] White, F. E. (1988, April). A model for data fusion.
In Proc. 1st National Symposium on Sensor Fusion
(Vol. 2, pp. 149-158).

[2] Steinberg, A. N., & Bowman, C. L. (2008).
Revisions to the JDL data fusion model. In
Handbook of multisensor data fusion (pp. 65-88).
CRC Press.

[3] Pearl, J. (2014). Probabilistic reasoning in intelligent
systems: networks of plausible inference. Elsevier.

[4] Endsley, M. R. (1988, October). Design and
evaluation for situation awareness enhancement. In
Proceedings of the Human Factors Society annual
meeting (Vol. 32, No. 2, pp. 97-101). Sage CA: Los
Angeles, CA: SAGE Publications.

[5] Parka, C. Y., & Laskey, K. B. (2018). Reference
Model of Multi-Entity Bayesian Networks for
Predictive Situation Awareness. arXiv preprint
arXiv:1806.02457.

[6] Costa, A. N., & Costa, P. C. (2018). Simulation-
Based Air Mission Evaluation with Bayesian Threat
Assessment for Opposing Forces. In Disciplinary
Convergence in Systems Engineering Research (pp.
281-295). Springer, Cham.





