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DeimpNter-Shafer cxidential reasoning (D-S) has been apphed It fIs ionl 01 iCdtIut attnbhule
d~auL by Filippidi, and Schapel. Their cxamnp~e involved deciding. from a given fist, which
ralar emitter was producing the frequency and pulse ratc mca.Sured by an ESM receiver.
The D-S etfhod was used to reach conclusions under unceiamty. fHcre an alternative
approach using futoy reasoning is compatrcd to their results. It is ,Len that the safme
conclusions are reached with a considerable reduc[iit in com-,Utauon. The ability to
consider new data after a conclusion is reached is seen to he ail additional reason for
favouring the use of fuzzy reasoning for data fusion of this type. A discussiln on the
relauonship between the approaches is pro-,ided.
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I INT'ROD)UCTION

RecentII Filippidisý adi SchlIaCI III 11AVC (tcsCI ie napiciir ll)npiI-trtrI' 4
edC~ltltital leailinll- kD S) tor tile plohleoiii ot lumnine tidttjv attrinhute data 1Or i kILetik:ce appli)c-atitin
The purposhe 01 us'in' 1)-S \\Js It) JIcomiiit fo tiflcmaintul\ if) 111C w.llranttCli -11 Mo t\C' ol~~c I

paaetr loita ilctiOtric Support11 Measuresl (I, IS 1) tcceivcr. BN w~in"~ this mieithod. all

identi hication of a radar cinitiUC (aitrcratt or ,hip) can ho determined. 1IlniN 1an OxAniplt ol data
fu1sion was C-iven.

'1CIIc urp)Ose of tIi-s paper is to indicate that 1thC proce~sss of 1)-S arc more cornputationall\-
intensive and niot ntccessarily m uore informartive than an al ternativye approach uswi!l//v reasoni nr

16 7 71. In this dIemo nstration parts of thle T.hove paper I II arc reprodIuced here in a revised fo() Ill.
FIl// reasoiiny! iN then applield to thle same p1ohlein. It i.s inferred trow, these resultsý that thre

applicationl of Ilu//v r isonini in) data Iiinpolm- .,nocuetl

\k hule c rnpari'mons bet ween D~cnipster-Shater reasonimir and lum/ reasoniv ne haxC htbeeni made fmany
timesý hehune (cL, 113. IW, 12 ). an additional put po~se ofi tliNs 1)pap is t0 h1rine IheC'1 11ethods t) Ilhe-

attention of 1)510 staff not cunicnilv involed \With fihe prohlems of dealimne v ith Uncertainty in

2THE IDENTITY ATI'RIBiTL: PROBLEM

IbIei identit\ at trihure proh I cm IjI is c01nCCt InId %%IU)th n f`* \l r-CCiO.r biM1 useOd to11 ameaur 1110
carrier I retLuenCV (r0) aind pukeC width (p\w) of pulked radar .knaks. Fronm these t\\ 1 itteurettentsý

.1 LLCItl n:l.dI~i 0 .i lCrdrCtttr Sr~it~. knom\ u pinor that live lp'\\ihle emitters can
he involvedh FhesC are labelled ustps LI. F2. 13. E34 and E5, whe~re the rf and p%\
chfaraceristics oft each type are knownr. Aihus, in principle. it would appear that am\ recei~ed siinal
can he used o dletermtinei whlich einitter is invol ved-

Ilowexe~r, tile i neausuretnentils themselves art, suhject io uncertainly, or enors.bcas thle %ignaI to
nius rait) h a e low.ý 'lcre fOre tile data may haw. cfraraCtcristieCs in commtion w\ith several of
the alternative enitittrs- The1 application oif D-S and lu//,i reasonine- is used Ito resolve thle
Uincertai nty at-out thle chioicc of' emlitter type-

'lire chiaracteristics of eachi of the possihhe five cinivefrs are shown in Fi2ure7 I for thle carrier
frequenicy and F:11! -c 2 IfOr the pulse Width- Thiese are represented by probabhitit of each emitter
huvim!L a specific rf and p%,w value. (Note these ficures are only schematics.)

'Ilie range of signmals received by tile ESM receive-r are shown hy the vertical liqesý on each of the
fI-wures. The nmeasurenment errors for rF and pw are such that anl uncertainly kf (.13 and 0.2 are
a ssigned to thern, respectively.
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3 I)I'N\1IS'H!'lR-SII;\IIR [X'II)1NTIAI. RIKASONING

ThLe to~lLmuwin' dijsctIN"sm ()n 1) S k~ 0'.Cniri~rll a revision ot thiat 'ivenci iin reterence Ill IBlackmtan
dcritou i this iteillod(1 Ito atr appll cat ion\ anrd lisý a fi it altio!' is hollmowed here.

tIe Irocess oIt data tu~onl lti 1-S colli"Isi. of tinthini' tile i lte.[Sectioll oft to - '1N01 ptli[)i.itionsi c
Oie AND) 0ojIielal. II0%wever, sin.ce not all prripoitions are W1h itY ikcly, Ownlicite (Iisj-lii~ioli or
tinionl 'ic 0h0 O R ope)rationl) oft tRc prON).iitiiils 1lutist hie ioiedt) thle uncertainty ol thec
ni MsCI Ctolli. InI 111i' caWe. Ite ill JIEI Hi~itisurtIetC11.1 ran!,es are takei as propositions about a

l)ceipsreir-Sha~cr e\ ident'l- rasniun!, ki the concept of probability mass which tor our puL[pOSeS
Itile areai under eacti oh thle enitter curvesý. For fil e ESM data of- Fi!-urcs I and 2, the miasses thut

(iCLUI iii tile indicated 1`101.11(k are slicd I'Ot each o" lthe emitters. (Note thiey overlap eachi other in
Ltie lrlures )Thse niasses. arie then norniali sed so that their total mass is unlity. They5 provide tile
prohahi Ii i Imo each ellijiite hei ne thle one inakim W te si enaks that we hei no rleceived. Thle
onccertaim, (it v ol ic ceiver i-s acc mmcd for h\ mutt iplyiniŽ eacth rf and pw mass by 0.7 and 01.8,
iespcctivcIlr A lie. total mia-s it[ cachi popositlon. includjitoi the uncertainty, is therefore unity.

Incie.Slhater's basic piobh~ih1ii\ ax'\jenIl1ei.CI In. i, thie f~uncticin onl ilic power set ot X (P( X))

In-. I'[ X ) -- IHJI such iý
liit() =- tiiad :> rni . ) = 1. for Al '.e A in X.

1i1C prohthbi lit. lIIJNNS~ lound tot thle curjrent exam-ple, and schemat i'alYI shown in iursI and 2.
aic represented heRý h,, tile miass x ecittrs

itt. Ni.= tti.( L IoA L).ri,(LIJIAE4.WAS),L(0) (1.3,(l.22,(t35,tluPt.3)

I ).t~ (I I. lit., 0LI~t (3.1 it;-( ['4).in I;- PS ).lrI",,0) ) ((1.26,o.o x~t). 1 7,0.I0 3.0.20,o-2)

Mihere in.,j, iii)_. n,, (ES) are thle jiv. mass, asslonmnelts tor e, cli enmitter and nlI_(0) is tile
uncertaintý \ hctoi for p\,. As thle tincoirlaint\ Jactor is a mass assignment ito all (the proljK)sitions
thein

tti,,() = l I~j or FP2 or [3 or [.4 or E-S)

Ill 1)-S, thle like~lihood of a propositioin "a" is represented by thle subinterval JSp(a),PI(a) I of thle unit
interval 10I, 1 l- Sp~a) represents thle miipport frr thle proposition while P1(a) represent the ;'Iarsibilitv
ot it. They represent the tiliinimuni and maximium likelihood of the p~ropoisition. They are related
by PI(a) = I - Sp(not a), wherie Sp(not a) is the suppoirt for all proposifions that arc not "a". Tile
de~ltee of uncertainty about the prohalhihitv value for a proposition is represented by the width of
thie suhinterval, ic O(a) = PI(a) - Sp(a). For exanmple a( '0.25,0.85) gives the probability of "a" as
heinty heiweei (1.25 a.ld (0.85, with an uncertainty 0=0.6. Thc support for a proposition is the suni
ol all masses asSlurted directly' to it 151 ic

Sp~a) =X {ni(h) I h c- a).

The plausibility is the surn oit all the masses associated with tire proposition and all the
disjunctions, including 0, with itije
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'1~ ~ ~ ~ ~ ~ ~~~~~~~~~~h li' l i1i sI inll"t tlh~tLIlils l It IL isIi~ lCt.'iiipslc "N mit.' oIi ct Itlllhlltloll.

ctll if xnitlfl 'if 1,\7' ut 31. Anl nile111,1IVL' iiitIhlttd 01 Letthinliiw Inas V 1vo21lnlc

en h\ Baldt~villiI j who ',11\1 ;ltC IIt I'ttlll ii ll 'IH/ dLt.'s*lipittns0I 1 W n~t' [ tIL intMV.

. Mullijllk iii' tlieIIN tLINdS dst~l1lcll 1(1 ilcetlC ainiN b) tleIna lid" , U5i Ltin tent lto any t~hie

prilpilsionl leads, To a elifltihnimnt to that pioposilon ic mlt(c-)).ml.A12) = nva2).

NMullipkvimi uneck:16i lditll tusnc.'llaitllv leads Iu it TIC\% wassl'nelllen to utlwcrtaitlt\ ic

4 W it.'l it llISClet k, t e t'N .i ocu hct\\een KnnwlAcdi_,c stoLrces a~i2f II IiCaSt~rc ti incon lk'ttl~~cnct.

Noit. ililat asý the rI- maNss asslilollelil ae iero 101 1:4 and E5.n coi~i tinins are uISed.

Talehi 1. NInI~hiluiine tlliasl \etkltts iII. and 111 Us"ino lDcuipslei 's comiti nat io n rules

iii .((-))=.2 0- 6 =.()2(, E2=.("04 1:3=.()7 r
mnF, )=.26 F 1=.(78 11 1 =-0338 K-=-0572 k=-09 I

()71,1 K =.0 1 (4 E_ : 1)1176 k=A)2'8

tii4E3)=. 17 E3=_ 151 k=-()22 I k=0 174 E3=.0595

rn4(E5)=.26 I _0 78 k-=.0 3x = 72 k =.0i) I

I m,(0- ).3 111'(F I )=AI ni(E,22 m(E3)=. 35

1"he inconsistency iS th1C SLIMl 0l all The "V" tcrms ic k=0.449 1. The new mass vector (nui) of' the
c illhifled proposition, is computed by %unuifinL,~ ;ill rThe C rteSfpo-ndin2 entries in the matrix ind

n"IMirtalising1 by the consistency (h-K). Thius

lin,((-) 0.)010.5509 =0. 1(09
rnt;(E I) .:(0.026 + (0.078 + 0).0338ft/0.5509- = 0.250
fl11kE2) (0.44 + 0.024 +- 0).01760/l.5509 = (0.155
nb,(E3) = (0.07 + (105 1 + 0.0595)/0.550'1) = 0i.328
tfl1 ( P4) = (0.(X)9)/0.5509 = 0.0163 1
jnTuE5) = (0).078)/0.55019 = 0.1416

UNCLASSIFIED) 3



NoIte. that a\ dicw .um on 111ic ill. itd Ill 1Id\C' hoi C ls~ 111111v ( hell it lollIkI\1, thatt~i 01 511111 )I all tile

k11155 tel ill,,- 1 Oic mhe l'c ale ~iko 11111. A" !I ilc 10l';e 111 khue III0 coniputel 111Wk flt Cfol\S

tel1ins is \ alieicl it]Il 1-k 11C1 then~ COillpl)(t~ikltll lliiad CO~tld be t dCedUC1I 11w 1 iidC't calcu thi le 'V
cI II5S lerilis ait atll

Phausihihitv j t cicuatcd, IIIl cxdtlphe. byI 1 t hv iiiij; 1)(1-1 iI((-)) = 0)25 + 0.101)) = (059.
N'.Ic that hcI A il till pIjulihi~lifiieN ifiic .1'\)I o. 1 1 C ill "tlt lii I 1141111 1110' 14It ipIlI.

'11C i11a,", vct:IoI mllLCSts that cint ltc I £31( I 3)K.437 1is pielened ovel !1£ 110).25,11. 3591) 1 owevcer
wecould dkiNCeri thits Colikhn:iior by exm a inll ithe table entieis, I'IdI -is theC cons~istn1Cly scahitu',

dt~d TIM) imlpile C or The~lde '11wJL vhillo SCAilng COIICS When applyinOgL these 110\, nmassesC inl
Sluitheit prolloosi Ii wl

hlipip~idvs almd SCinhilvl I I thencol Cihiilic this tc.,tit \\ith new ilt~lhtlilatiori sm1h as

Ni,.., = iii. = Il711.I~~uo3

x% hici jiudicates, a htutlikelihloOd o)I en1111lin'llni Mn I'l C1emitter. l17hs can he used xvith the aboxe

Table 2. tl~ihinlteiltr111ýS vCctors limý andl ill. se tofw Wonthi iliunil riules-

fli(2)~.55 ?=.(465 k=-.1085

Aii W)-.32X F1=.098-1 k =. 229

ii (4:A 1.63 1L4=.(X)4 1) K=.()] 14

IilS= 14 E 5=.1"25 k=.0l99.I

- IntO)=. 3 mn4 "E1)=.7

Th1us Ký-().44A

m( 0.0327/0.552 =0.059
niI4lI) =(0.0763 + 0.075 + 0,17-S)/().552 -0.1591

iltE2) (().(P465)1t 1.552 = 0.084
niE)=(0.0994)A).552 = (-1178

flidE4) (.)4).52= O.008
niJE5) t (.04)45)1().552 = 0-077

Azeain the hiighcst mass is used to choose die new conclusion that El is the likely emitter, with an
uncertainlyoh0.v 'flic suppri~r and plausibility lor F.1 is thc interval 10.591,0.65()].
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I ~I aso ha'lie 'nte CIccl. I AiSSte JsIh Fiue IF aDi ecnueed u o~l

.J MýI ~i t' [ I C 011111 eli l I CI ci Ith ll o t 7 [i lc 7(l p o with~k k, 1 1 1 \ih t Ni s lit I 0 h e d' C , )w ic l d . el I-) ( til e[

Lx.ami;iiii tile cealcuilat ii'. albu 'e . zii ll i\ al iouii luout l 1 iii diti he itiade . '1wI cit SC1W 01,111

1"I"ju'1'itii'i \'hlikC iddllill i lt' IiC N 4ds [ik'l th uINSI's' hit 11i" i umc o til e uilliki&il\ th ittC 11i;11:t I h~is
Iii;lss'1 ill 1111 111Cp uj)uoj)i~i0Iu'r isl supjiuu IdlI. I11w tiei p110)icariuoti ol imo l1se s icplatcdu I)-\. thiC
milimmlI1 kit l oll tile jol'huIOitmi2l table is, huuiid

,1I aluc Counibinlimuc ruavoi \ectors fill Mid In., -usin le" min limumiluu Oisicda fl Ole jurodLhIt

Ill 01)z.20u 1 1 6 F'1 13 k=.2 2 k=.26hn t 1:' 17 F3=.17 k=- I =. 17 1 1
itI, IA).( 1:4 3 k=.( K3 3 K13

1111(14) mtjil I.tI(3) = 0I
Ini jt5 l ifin=tunnI (20) = I I.

Norbndhisiiw leAds 110 NI, , ~( (.2 24,t).138,t1(293i.11.1 , 345). Muich is snimilar to [tie Dempster
result. except that tile uncertainty mass hasý increased.

Once agaiin that E-3 is nreferred over El, -without all thie computation. t!',1112 this SameII mllas
asii-syninenu methoid hbr tile seCCOnd su tae hc Io1koWitn1- table is I01,11d.
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1~~~ -. 2)-((-J)- 2 -. 3 tI I : 1:7S

in.Lleol Aw l()..i.Ult)t,I '-I' b eku htF \ti lll~

I)IIIeNC iptI is not ohk -.1 suplpCI to1Ii ilic Iminifinidl itiCiliod 51 eIhere. Io~ee
unL'crtaintv altik~jon Is, tnsxIa-1tislacLitir I-,)t tile ad hot: naluie 41! this approacl'.

tC!h .'"li! ii~; ii~ II i t:ICdi q piiC ClilitiCI lhaS I)CLeen usd CIsevMICIC In
0Id~'i\I!bt c rjit 1-11jt111% ; Ind ~ tdifelaiv vIN ccIill \C.1I 1u ink oiIcfi. arc us,ý,d in, decisjionini1kino2 jk)j

It lhas Almo ten shown 91it) hC a ,inliklf torml to Ill//\. seI tdieiý.

4 FUZZYX REASONING

III,: C'mwnejl) 0! hi/y Ica'soninin, is it) use rules comirmhin ti~l/iv %ariahies. [-ui/ ýariahlcs are
I'XII.d LIj)~jlui~i t/\ set the: WV ol /adch 6., 7' which is, used to rcpfesent unCerluint\. Thlus it the
field ' (4~ diuseol X has, a variahit: x in a Iu.'/y set A. then x has a membhershiip function K( x in
I hc unit inici val 10J.11. A crisp, or stantlaid. set has membership values that arc cither 0t m 1.
1,nccrlainty is relpresented h-, this membership value which varies between 0I and 1.

Oivrations on tully sets correspoinding, to the linical AND,. OR and NOT ale defined h\

A AND 13 A n' B ={(~~~~~X4 1 ())I

A OR B =A u B (lta(1x)ix)) and

More 'e nerally, it has been propmsed that conjunction (AND) and disjunciion (OR) can be replaced
b\ tile triangular (T) norm and the T-conorwn opciraiiion., respectively 11lt1. Note that the D-S
Method uses, the '1-norm (~Ax~ix)whose T-conorni is (.A)+lx)vA)*Ix) Vairious T
norms canl ho defined 1101 and arc ranked with minknp,q) Z: p*q max(t),p + q -1) ~T (p~q).
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In I lld li/lkincil (LolAl 11, 1n 1 .'t1 IC1'01) IltC k b l til '. 10 d IIItl/f\ I \n\n1op\ \ L*Iik 'V. -f 2I Ii I c i , tx

Ixilii III.\ Ih is. IIli,' lux ini li,~ ~,I. Iis A\ rn\ Vii\C'l Cndni () .n

lIn '.ii'p it nblit: cm II I s / N n i, !I I, cli b I ,iC IIn// u'ClIll I ( pic' 11 (lit '1111, Y% I I I Iili n lik
MIn Iil lM cin lci ai Own tnls i lsCl i " le Ik umtl ps.IOJ) 11 lnskcni'.'n' of 'mmý th 11/im ,xl I .p n

-M ile nnM'( lcnA ii Iciis the Ili//\ l. Lii olu ELI \AllxtI*.m oc cl l -,lt' lll 111,t~ C .Iil~i

11n,11.hi hetixci and lku//s rca' 'onto> _ilnc b\ i'tl to tIc tIc mhoasJ'tms. t Lirlt pI" ~iilien' hItJiL Ci h
aecifi 44 'lutarim lic rctsit/n OOnc pr[Ciices plulanphieatN IlotN ,i licll, sie's. i'xtilt.1 wa~olwlcl i

Ilhci V1 lilt: itni enl I i lis Nlklll ncqmI.Ti C and1c Fep I c. Fc xxcigan 1lim 'I. c ,~ Ii I w c.w lýIc

I i1 In ESoi e~iwIijtk c (ie1,1 I'llx 'rIcI' 01Canh''und

'I Ilk Il// \ .If iasl I o I- I . tlc i".11 h t. iint' it, EOlaw ) (h il tue emp itte I- . Io t. '\ ll1,\ O :"I'II

xvlCw11(-111III(l MCI.ipw n tin. hOUI i.5 represent th. finhrlnp imnc pons. kIir caciol tIe cnt.111'.

I-Or cttiue i rt1M). 1:1(\" ni En~t. n=Value r~nepresxentsn. md iNchuip~ I) andtow kit aio i ll~

'hClnerli'r ;ipplyrmn'1' (ll ile idenotif ailihate (Ita Ius~ion examiple.

rIJ.11o2C (EI.A.13). tF.2.0.22), 0:3.0l.35). (E4,0). (5t)and
p'.\ranme' = ( 1:1,.26). (F.2,0.01%'), (Ei3,.O17), (134,0.A13), (E5,0.26) 1

Ilire eontopies tit each tu//y priipisihitnn ar-e E(rirjmnee') = ().,V) and (pwael (1 19.

Usiwo, thle IfUii rulc,

c Ii tier =rii range .xpw-range (1 1 J). .013), (E2.(IAI9). (F~3,0.1 7). (E14.0), (E5.(l)

-Ric crisp value is (lie miaxinmunm -1 so E3 ik the chosen emitter with an entropy 1FAcmiitter) of'
01.118. Tlii% entiropy compares %ke1I jilt the D-S tmcerlainty miass Jf (0.1.
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III,-ltlt p!Ilot~\ ~~C\Cl~\

II I I_- iatc I~~ I' _C --I le 'Wt ptoi J- 1.0t.1 3). 0:2.(t). 1
3), 0 d-ýM. F M dt5tt)

\611 theý iciNpx It,~ F t dr chiosen C11ttjtlc %% ilh all Cttttopy ol (01-20. l'Crit topV

C'tiitpattC \t elI m~itti tile 1)-S Iticertaim)i mass of U.(t6.

1)tec ':MIi iiquretnt are clearly less vet the idemtityv tit)) Ilats beenl successI ioll vaurihutedi
toilie,,uno cmitionrN as hetorc. '11he entropy, or unfcertainly, tol Ithe corrcluisiot ihas also been ,himtn

It, tedule ill a :0IIti1ICIl1t mtannfer.

I ot thie case, ot attothelr emtniter lthat may nteed ito he considered, provided tile Loruiinjl mass'es %\ctc
not norinalised as. here, thle new result can tie lbnd quickly, Note the multiplication hy Oie
-celtain%(t\ \orveifitI) jS still required. fliuN the new ID can he found hV usine1

etttI IiIttCeIteri 11)) =Itia\ ( I _r ra I e r) pkk _rmne (- 1:6(nt) r) L6( pvk)

lietw :u rI) a ntd LU. pw) are thre unnoi i talised \xei htced nuenhersitip valucs fo w eititter Bet %ithl
esp\cl (ti rI and pxx, rsetiey By co nlrasI, the fl-S mnethod would require a recalculation a)t

.ill t11C table'. IL" imuictd (fie~ nc'Vt ctltcf.

5 D)ISCUSSION
51.1 Zladelh'; 0bjct ion

/ztdehs" objectionl I13 t )o tilte f-S 1CItIchod Is the us-c 0) thle norfltaliatuttt to remove mass
assti2iicd to Ili,. null cit. tichw lthat lor

i:Ida) i. n: h) = ()ll, tttjw 0.9 and rtt,(a) = 0(.9. nbl(h) =11 0 t.(c
tile c0tithine~d resuLlt is 1i () (.i )h , ftc)=I.

]11tts esuli ks not conisaslem \viih thle low mass assiiened to proposition h' in both
plit hahlil. it si ennite ntsý thle Ut rtilis-ition hlas concealed the (lissonanile (Ltr thle
conladtt Iv!I aspect) ol thle two) sets ol evidenice. Shaf'cr', coiunter exatmple I 10, 12]
shikitkhh wokl'ilies, mn and ItQ so that

Iitt(a ut = o, nit:'h) = 0.1, itii:(c) =ttx-9 and rn'a)=0.89, ni1,'(h) = i-l, niW(c) n0.01,
wi~th the otew combinedi result oht m L'(a) 0.32, ni L'(h) =0.36, ni,'(c) 0.32.

The esoi to he learnt fronm these e-xamples is that, in somec cases, there is " .cer in
aSiufll', I i 01 tent) or very low vtilues to a pmtobihility due to thle no~rmalisal A.ure.

5.2 Combining additional evidence

When cttrtthmntn, information about a particular hypothesis, it is obvious that tile fuizty
reasonillte AND will represent it by thie one low value despite the existence of n-I larger
value,,. .-i i' larly, the D-S method has a problem when, for example, a propo-sition of
mass ol 0.9 repeated n limecs causing in die worst case, assignment of 0.*9', which can be
quite small, wkhen different sets are evidence are combhined.

8 UJNCL ASSI FIED
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5.3 ILevvl sets and mass assignment

A crtttcistt ot tite approatch in section 1, with respect to tile [)-S tmethtod, i, that 1) no,
minimium and maximum likclhihod value for thle ,-uz/% result \Wa, provtdcdl and 2) no cleai
wlatitnsltip between Ohe two mtethods was shown, Recent v-irk haýs aiddressed this issue

h\ de\-elopt u_Ž support pairsl 6]1, encnralisations of thec Plemtpste -Sha ter a;)Ipro acl to ltU/ /
sets] 19, 17 1 and lu//\ itttefvai analysýisi 181- The devehopnitict lolkový s 1_10tit /adehs,.,
po-ssihility thcory12ttj. Some features oh' ilus work follows.

A ILI//\ set can he icpresetied in terms of its crisp CL-evel 18sll,21 h,

A(,, x I li. (x) Ž o. I such that

PAX upI CL C [0,' 1 x c- A,,

Ibsa lu//y set is a nested lamilvk of level sets. When the tantlv (it Li noinmalied lu,,v
set (e thiere is ant v so that lax(x) 1) is finitely discrete thien CL; I > Cx .

m( () x; , h\tic.. Ib convention).

thle mnass ol, the (X-level set is the same as the Shalicr's basic prohahihitv uSSienment.~ NeC
section 3.

PA X) = ,it(A,) x E A_,

whklich iN called (lie contour hun~t ioti by Shafer and is related lI to thfie pliiausi ililt vhby

P( = Pilxi).

Ficures 3 and 4 show% thle relationship of the f-utiy set A to its crisp CL-level sets.

'Tlus a fu//y set can he detined from the mass assit~nnents hut wAill not necessarily be
no rmitatised.

1t is also true Ill)] that

A = u,, ctA0 ,

where otA,, is a luzly subset whose mecmbership function is al1~jx),

Thcs~e represent A )tion bascd on level sets are used to make the connection between lu//y
set theory and the D-S theory evidential reasoning.

For the example of this paper, taking the ESM rf data as set A then
gA(El) = Y-,, rn,(En) I El e En =nt,(EI) 0.13, cet. This is the assignnment g~iven tn
section 4 where A-rrf range.

~ I UNCLASSI FIE[D 9
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5.4 PoSsibilito Theory

In pos,,ibilivt theory, the lxmssihilit\ distribution linclion. I,, ,ssociated with A is

rtUnlCFi-dil\ CLual 10 Pý. iC [,(x) = uALt\). I-lis theory introduce , the u'iVa Cnli ICati UfCSu

to supp-ort talso referred 1t as a hclici function Bell IJ] and a cicdihilit\ lunction Ci0 110)
and plausibility which are ccrtainty tCer) kalso retferred to as neccssity i.Nec) I htl7i1 and
ptossihilitv (Poss) g iven by 119,2011

P0SIj\V\B] = SupI{la X) A P x]1- A= iain, and

CcrtlA1\3I = I -PosslA'/1I.

Note that I isl A/Bj is the possihilitv of A Li yen B, both heine su of;ets of X.

Pt)oslt Bl = I if A r- B 0 and

CertlA/BI I (if Bc A), 0 (it B Z A).

111u\'. i

SptA) = , CertlA/A l niA)
PRI(A) = . Possl AIAI nit A).

'ierehore we can see that lui/v reasonin- is not in contradiction ito D-S reasonine but
rather a anothtc nieflihd 1or doalinm \\ ith Uncertainty.

tto.,ever. it is beyond the scope ot this papet to review ull aspect,, of these relationships
covered here. An extcnsivec ic'ie" i,' Lien hN Dubots and Prade 122,231.

5.5 Related applications

The cxaniplc presented here is not the first application of these metlwds to the
identification prohlem, see for example 15, 14, 151 for a more comprehensive case
involving If--F data. Hicknan[241 ha, looked at the probleni in another ESM problem and
had sinmilar concern with independence of evidence, reassignment of na,ýs away from the
null set (tnormilisat ion), the combinatorial explosion and the lack of( decision procedures.

6 CONCLUSION

flhe purl-p•.e ol these notes was to show that, \Ahile Dempster-Shafer evidential reasoning can reach
a useful conclusion for the identity attribute problem, it gets there with apparently unnecessarily
tedious computation when compared with futzy reasoning. For consideration of additional emitters
after the initial calculations, fu/zy rea,;onine can handle the situation using the previous
calculations, which is not the case for D-S reasoning. As no apparent advantage is seen to be
found front this computation, it is claimed that Wtzty reasoning is to he preferred when speed and
simplicity is required for data fusion problems with uncertainty.

A discussion on the relationship of the Demps.-er-Shafcr evidential reasonting method, based upon
probability, to luzzy set theory, via possibility theory, is presented to bring these methods to die
attention of those readers requiring details.

1(1 UNClASSIFIEID
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Figure 1. Emitter parameter distribution for carrier frequency. (Note the curves are only
schematics.)
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Figure 2. Emitter parameter distribution for pulse width. (Note the curves are only schematics.)
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