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Abstract - In this paper we consider and analyze the behavstep, GDA consists in associating current (attribute and
ior of two combinational rules for temporal/sequential a@ibute kinematics) measurements with predicted measurements
data fusion for target type estimation. Our comparative dysis (attributes and kinematics) for each target. GDA can be
is based on Dempster’s fusion rule proposed in Dempster{8ha actually decomposed into two parts [15]: Attribute-based
Theory (DST) and on the Proportional Conflict Redistributio Data Association (ADA) and Kinematics-based Data
rule no. 5 (PCR5) recently proposed in Dezert-Smarandachdssociation (KDA). Once ADA is obtained, the estimation
Theory (DSmT). We show through very simple scenario andf the attribute/type of each target must be updated using a
Monte-Carlo simulation, how PCR5 allows a very efficient Far proper and an efficient fusion rule. This process is called
get Type Tracking and reduces drastically the latency defay attribute trackingand consists in combining information
correct Target Type decision with respect to Demspter'stifor  collected over time from one (or more) sensor to refine
cases presenting some short Target Type switches, Denisptethe knowledge about the possible changes of the attributes
rule is proved to be unable to detect the switches and thus tof the targets. We consider here the possibility that the
track correctly the Target Type changes. The approach prepd  attributes tracked by the system can change over time, like
here is totally new, efficient and promising to be incorpoeatin  the color of a chameleon moving in a variable environment.
real-time Generalized Data Association - Multi Target Tldiag  In some military applications, target attribute can change
systems (GDA-MTT) and provides an important result on thesince for example it can be declared as neutral at a given
behavior of PCR5 with respect to Dempster’s rule. The MatLakscan and can become a foe several scans later; or like in
source code is also provided in the paper. the example considered in this paper, a tracker can become

mistaken when tracking several closely-spaced targets and
Keywords: Target Type Tracking, Dezert-Smarandache Theorf)us could eventuallyrack sequentially different targets
DSmT, PCR5 rule, Demspter’s rule. observing that way a true sequence of different types of

targets. In such case, although the attribute of each target

is invariant over time, at the attribute-tracking level the
1 Introduction type of the target committed to the (hidden unresolved)

track varies with time and must be tracked efficiently
The main purpose of information fusion is to product® help to discriminate how many different targets are
reasonably aggregated, refined and/or complete granhi@den in the same unresolved track. Our motivation for
of data obtained from a single or multiple sources witattribute fusion is inspired from the necessity to ascertai
consequent reasoning process, consisting in using ewddelite targets’ types, information, that in consequence has an
to choose the best hypothesis, supported by it. Ddmaportantimplication to enhance the tracking performance
Association (DA) with its main goal to partitioning ob-Combination rules are special types of the aggregation
servations into available tracks becomes a key function iethods. To be useful, one system has to provide a way to
any surveillance system. An issue to improve track maigapture, analyze and utilize through the fusion process the
tenance performances of modern Multi Target Trackepew available data (evidence) in order to update the current
(MTT) [1, 2], is to incorporate Generalized DatAsso- State of knowledge about the problem under consideration.
ciation (GDA) in tracking algorithms [15]. At each time

“This work is partially supported by the Bulgarian National Dempster-Shafer Theory (DST) [9] is one of the widely
Science Fund- grants I-1202/02 , -1205/02, MI-1506/05,f8@ framework used in the area of target tracking when one
funded project - BIS21++ (FP6-2004-ACC-SSA-2) wants to deal with uncertain information and take into

!Data being kinematics and attribute. account attribute data and/or human-based information




into modern tracking systems. DST, thanks to beliéb Shafer's modeM®(©) which can be viewed actually
functions, is well suited for representing uncertainty anas a particular case of DSm hybrid model. Between the
combining information, especially in case of low conflictéree-DSm model and the Shafer's model, there exists a
between the sources (bodies of evidence) with high beliefgde class of fusion problems represented in term of DSm
When the conflict increaséand becomes very high (closenybrid models where involves both fuzzy continuous
to 1), Dempster’s rule yields unfortunately unexpectduypothesis and discrete hypothesis.

or what authors feel counter-intuitive results [16, 10].

Dempster’s rule also presents difficulties in its implemen- Based on© and Shafer's model, thpower setof ©,
tation/programming because of unavoidable numericdénoted®®, is defined as follows:

rounding errors due to the finite precision arithmetic of our

©
computers. 1) 0,64,...,0, € 2°.

, 2) If X,Y €29, thenX UY belong to2°.
To overcome the drawbacks of Dempster’s fusion rule

and in the meantime extend the domain of applicatior8) No other elements belong2&, except those obtained
of the belief functions, we have proposed recently a new by using rules 1) or 2).

mathematical framework, called Dezert-Smarandache ) » )

Theory (DSmT) with a new set of combination rules, " PSMT and without additional assumption Gnbut
among them the Proportional Conflict Redistribution ndl® exhaustivity of its elements (which is not a cru_ma,l as-
5 which proposes a sophisticated and efficient soluti&Hmpt'org’ we define thieyper-power seti.e. Dedekind's
for information fusion as it will be showed further. Thdattice,D® as follows:

basic idea of DSmT is to work on Dedekind’s Iatticely) 0,6.,....6, c D°.

(called Hyper-Power Set) rather than on the classical power

set of the frame as proposed in DST and, when neede®l) If X, Y € D®, thenX NY andX UY belong toD®.
DSmT can also take into account the integrity constraints, o

on elements of the frame, constraints which can alsg) NO other elements be,Iong @ , except those ob-
sometimes change over time with new knowledge. Hence t@ined by using rules 1’) or 27).

DSmT deals with uncertain, imprecise and high conflicting \yhen shafer's modei°(©)

) . . . . holds, D® reduces to
information for static and dynamic fusion as well [10, 3, 4k, classical power sez®.

Without loss of generality,

we denotes7© the general set on which will be defined

In the next section we present briefly the basics of DS pasic belief assignments (or masses), & = 2©
and DSmT. We recall the principles of Dempster's ang shafers model is adopted where&® = D® if some

PCRS fusion rules. In section 3, we present the Target TYBer (free or hybrid) DSm models are preferred depending
Tracking problem and examine two solutions to solve i the nature of the problem.

first solution being based on Dempster’s rule and the sec-
ond one based on PCR5. In section 4, we evaluate both SOErom a frame®. we define a (general) basic belief as-
lutions on a very simple academic but checkaleeample signment (bba) as a mapping..) : G® — [0, 1] associated

and provide a comparative analysis on Target Type Tragls given source, say of evidence as
ing performances obtained by Dempster’s rule and PCR5. ’

Concluding remarks are given in section 5. m(0) = 0 and Z ms(X) =1 (1)
XeGge
2 Basics on DST and DSmT m4(X) is the gbba ofX committed by the source The

, 0 . . elements ofG having a strictly positive mass are called
Shafer's model, denoted here(”(©), in DST [9] consid- ¢,c4| elementsf sources. The setF of all focal elements

erso = {01,...,0,} as a fini_te set ofy ex_haustive and g thecore (or kerne) of the belief function of the source
exclusive elements representing the possible states of the

world, i.e. solutions of the problem under consideration. 14 pelief and plausibility of any propositicki € G©
© is called theframe of discernmertty Shafer. In DSMT . jafinedlas:

framework [10], one starts with the free DSm model

M’ (©) where® = {6,,...,0,} (called simply frame) is Bel(X) £ Z m(Y) and P(X) £ Z m(Y) (2)
only assumed to be a finite set mfexhaustive elemerits YCx YAX£0

If one includes some integrity constraints M/ (0), say YeG® Yeag®

by considering); and6- truly exclusive (i.e8; N 6y = ),
then the model is saidiybrid. When we include all
exclusivity constraints on elements f M/ (©) reduces

These definitions remain compatible with the classical
Bel(.) and P[.) functions proposed by Shafer in [9]
whenever Shafer's model is adopted for the problem under

2Which often occurs in Target Type Tracking problem as it wilkonsideration sinc&® reduces t@®.
be showed in the sequel.

*0Our MatLab source code is provided in appendix to help the A wide variety of rules exists for combining basic be-
reader to check by him/herself the validity of our results. lief assignments [8, 11, 14] and the purpose of this pa-

cause one wants to deal with elements which cannot be refined

into precise finer exclusive elements - see [10] for disaumssi The index of the source has been omitted for simplicity.




show that the two main rules used with DST and DSmI®. Dempster's combination rule for two sources is defined
approaches so far perform very differently on a very sinby mp () £ 0 andvX € 2°\ {(} by

ple Target Type Tracking example. Let's now present the

major differences between the two theories for combin- 1
ing sources of evidences. In DST framework, the fusion mp(X) = 1— k1o
rule proposed by Glenn Shafer for combining several inde-

pendertt source of evidences is Demspter’s rule, while iWherem12(X) andk;» are respectively defined by (3) and
DSmT, several rule have been proposed; mainly the DS@). Dempster’s rule can be directly extended for the com-
Hybrid rule, denoted (DSmH) which is a direct extensioination of N independent and equally reliable sources of
of Dubois & Prade’s rule of combination [6] for working onevidence and its major interest comes essentially from its
D® with dynamic fusion, and the recent and attractive Prgpmmutativity and associativity properties [9]. Dempister
portional Conflict Redistribution rule no. 5 (PCR5) [12]yyle corresponds to the normalized conjunctive rule by uni-
The DSm Hybrid rule consists just in transferring the paformly reassigning the mass of total conflict onto all focal
tial conflicts onto the partial ignorancesvhile as it will be  elements through the conjunctive operator. From theoreti-
seen, PCRS redistributes the partial conflicting mass omy| point of view, Dempster’s rule cannot be used only when
to the elements involved in that partial conflict and propof:, — 1 because only in that case the division by zero oc-
tionally with respect to the masses each element put in tgs (which is mathematically not defined). From a practi-
partial conflict considering the conjunctive normal form o3| point of view however, Dempster's rule is also difficult
the partial conflict. No matter if the conflicting mass is bigg yse as soon as the conflict becomes very high (very close
or small, PCR5 mathematically does a better redistributigg one as in our applications) because the division by a very
of the conflicting mass than Dempster’s rule and other rulggall number with finite precision processors yields round-

since PCRS goes backwards on the tracks of the conjufigg errors which can provide very instable/unexpected re-
tive rule. For this reason, we only consider the PCR5 fuy|ts.

sion rule in our comparative analysis with Dempster’s rule.

Both rules (Dempster’s and PCR5) are mainly based on the

conjunctive consensus operator defined for two-source ¢ L

(which can be directly generalized fof > 2 sources) by: %S% PCRS combination rule

my2(X) )

Instead of distributing equally the total conflicting mass
X)= X X 3 -
m2(X) Z @ml( 1)ma(Xz) 3) onto elements oR® as within Dempster’s rule through
f&angfx the normalization step, or transferring the partial cottlic
_ _ onto partial uncertainties as within DSmH rule, the idea be-
The degree of conflicftotal conflict) between two sourceshind the Proportional Conflict Redistribution rules [12] is

represented by, (.) andms(.) is defined by to transfer conflicting masses (total or partial) propartio
ally to non-empty sets involved in the model according to
ko= Y ma(X1)ma(Xs) (4)  allintegrity constraints. The general principle of PCResul
X1,X2€G® is thento :
X1NXo=0

The total conflictk;, is thus nothing but the sum of all 1. calculate the conjunctive rule of the belief masses of

partial conflicts. Ifk;2 is close to0, the bbasn,(.) and Sources
mq(.) are almost not in conflict, while %, becomes close
to 1, the two sources are almost in total conflict. 2. calculate the total or partial conflicting masses ;

From now on, we assume (without loss of generality)
in the following presentation that the sources of evidence3- redistribute the conflicting mass (total or partial) pro-
are equally reliable, otherwise a discounting preproogssi  Portionally on non-empty sets involved in the model
has to be applied first to each source according classical according to all integrity constraints.
discounting method proposed in [9].
The way the conflicting mass is redistributed yields acjuall
2.1 Dempster's combination rule to several versions of PCR rules [12]. These PCR fusion
rules work for any degree of conflict {f, 1], for any DSm
Dempster’s rule has been proposed by Shafer in his Mathedels (Shafer's model, free DSm model or any hybrid
ematical Theory of Evidence, usually referred also @Sm model) and both in DST and DSmT frameworks
Dempster-Shafer Theory [9] to combine sources of evier static or dynamical fusion problems. We just now
dence. Because the Shafer's model is used in BST= present only the most sophisticated proportional conflict
redistribution rule no. 5 (PCR5) since this rule is what we
Yeel the most efficient PCR fusion rule propo%ed far.

5While independence is a difficult concept to define in all the
ries managing epistemic uncertainty, we consider that twoces
of evidence are independent (i.e. distinct and non-interglif
each leaves one totally ignorant about the particular vleether
will take. 8A new PCR6 rule has been developed very recently by Martin
Partial ignorance being the disjunction of elements ingdlv and Osswald [7] but will not be presented and discussed irere s
in the partial conflicts. it coincides with PCR5 for the two-source case in our apfibca




The PCR5 combination rule for only two sourgésde- .
fined by [12]:mpcrs(0) = 0 andvX € G\ {0}

mpcrs(X) = mia(X)+

mi(X)*ma(Y)  ma(X)*mu(Y)
Yeg{x}[ml(X)erz(Y) mz(X)—i—ml(Y)] ©)
c(XNY)=0

The sensor is in general not totally reliable and is char-
acterized by @/ x M confusion matrix

C = [¢;j = P(Tq = T;|TrueTargetType = T;)]

Question: How to estimatd'(k) from the sequence
of declarations done by the unreliable classifier up to

time k, i.e. how to build an estimatofl'(k)

s
wherem14(X) corresponds to the conjunctive consenSLfs(Td(l)’Td@)’ > Ta(k)) OF T'(k)

on X between the two sources and where all denomi-
nators are different from zero andX) is the canonical 3.2 Proposed issues

form!® of X, i.e. its simplest form (for example if o _
We propose in this work two methods for solving the

X =ANBN(AUBUCQC), ¢(X) = ANnDB). Ifa
denominator is zero, that fraction is discarded.

Target Type Tracking Problem. Both methods assume

same Shafer's model for the frame of Target Typeand

No matter how big or small is the conflicting mass;
PCR5 mathematically does a better redistribution of te
conflicting mass than Dempster’s rule and other rules sinte
PCR5 goes backwards on the tracks of the conjuncti@@
rule and redistributes the partial conflicting masses amly
the sets involved in the conflict and proportionally to their
masses put in the conflict, considering the conjunctive nor-
mal form of the partial conflict. PCR5 is quasi-associati
and preserves the neutral impact of the vacuous bel
assignment.

In short summary, the main differences between D
and DSmT are (1) the model on which one works with, a
(2) the choice of the combination rule.

3 The Target Type Tracking Problem °

3.1 Formulation of the problem

The Target Type Tracking Problem can be simply stated as

follows:
[ ]

e Letk =1,2,..., knae be the time index and consider
M possible targettypes € © = {61,...,0x} inthe
environment; for exampl® = {Fighter, Cargo}
and T} Fighter, Ty, & Cargo;, or ©
{Friend, Foe, Neutral}, etc.

e at each instant, a target of true typ&'(k) € © .
(not necessarily the same target) is observed by an
attribute-sensor (we assume a perfect target detection
probability here).

e the attribute measurement of the sensor (say noisy
Radar Cross Section for example) is then processed
through a classifier which provides a decisiBy(k)
on the type of the observed target at each instant °

A general expression of PCR5 for an arbitrary numbers(
2) of sources can be found in [4].

°The canonical form is introduced here explicitly in order to
improve the original formula given in [10] for preservingetheu- °
tral impact of the vacuous belief mass(©) = 1 within com-
plex hybrid models. Actually all propositions involved iorfnu-

also use the same information (vacuous belief assignment
prior belief and same sequencenoéasurements.e.

me set of classifier declarations to get a fair comparative
alysis). The proposed issues are based on the combina-
fion of belief functions.

The principle of our estimators is based on the sequen-
I combination of the current basic belief assignment
(g]rawn from classifier decision, i.e. owneasuremen}s
with the prior bba estimated up to current time from all past
classifier declarations. In the first approach, the Dem'spter
§Jflle is used for estimating the current Target type, while in
ntHe second approach we use PCR5.

Here is how our Target Type Tracker (TTT) works:

a) Initialization step (i.ek = 0). Select the target type
frame© = {61,...,0x} and set the prior bba(.)

as vacuous belief assignment, e (01 U...Ufy) =

1 since one has no information about the first target
type that will be observed.

b) Generation of the current bbau,s(.) from
the current classifier declaratiofi;(k) based on
attribute measurement. At this step, one takes
mobs(Ta(k)) = cr,myur) @nd all the unassigned
massl — meps(Ta(k)) is then committed to total igno-
rancef; U...U 0.

¢) Combination of current bbau,;(.) with prior bba
m~(.) to get the estimation of the current bbd.).
Symbolically we will write the generic fusion opera-
tor as®, so thatm(.) = [mes @ m~|(.) = [m~ @
meps)(-). The combinatior® is done according either
Demspter’s rule (i.e.m(.) = mp(.)) or PCR5 rule

(i.e.m(.) = mpcrs(.)).

d) Estimation of True Target Type is obtained from
m(.) by taking the singleton 0B, i.e. a Target Type,
having the maximum of belief (or eventually the max-
imum Pignistic Probabilit}* [10]).

e) setm™(.)
step b).

m(.); dok = k + 1 and go back to

las are expressed in their canonical form, i.e. conjunctivenal
form, also known as conjunction of disjunctions in Boole&gea
bra, which is unique.

we don't provide here the results based on Pignistic Prébabi
ities since in our simulations the conclusions are unchamgen
working with max. of belief or max. of Pign. Proba.



4 Simulations results the true Target Type (known in simulations). Then the al-
gorithm presented in the previous section is applied. The
In order to evaluate the performances of both estimataygtLab source code of our simulation is provided in ap-
and have a fair comparative analysis of the Dempster’s apéndix for convenience.
PCRS5 fusion rules, we did a set of Monte-Carlo simulations
on a very .5|mple scenario for a 2D Targ_et Type frame, 191  Results for classifier 1
O = {(F)ighter, (C)argo} for two classifiers, a good one
C4 and a poor on€’; corresponding to the following con-Figures 2 and 3 show the belief masses obtained by our
fusion matrices: Target Type Trackers based on Demspter’s rule (red curves
0.95 0.05 0.75 0.25 -x-) and PCRS5 rule (blue curves -0-). It can be seen that
C, = [005 0.95} and C; = [0125 0'75] the TTT based on Dempster’s rule and for a very good
classifier is unable to track properly the quick changes
In our scenario we consider that there are two closelgf target type. This phenomenon is due to the too long
spaced targets: one cargo and one fighter. Due to circuimtegration time necessary to the Demspter's rule for
stances, attribute measurements received are predoiyinatecover true belief estimation.
from one or another, and both target generates actually one
single (unresolved kinematics) track. In the real worl@, th Demspter’s rule presents a very long latency delay
tracking system should in this case maintain two separgéhout 18 s as we can see during the first type switch) when
tracks: one for cargo and one for fighter, and based on thlenost all the basic belief mass is committed onto only one
classification, allocate the measurement to the propek.traglement of the frame. PCR5 rule can quickly detect the type
But in difficult scenario like this one, there is no way in adehanges and properly re-estimates the belief masses con-
vance to know the true number of targets because they atgiwise to Dempster’s rule. So in this configuration the
unresolved and that’'s why only a single track is maintaine@TT based on Demspter’s rule works almost blindly since
Of course, the single track can further be split into two sefi-is unable to detect the fighter in most of scans where the
arate tracks as soon as two different targets are declates target type is a Fighter. Figures 2 and 3 show clearly
based on the attribute tracking. This is not the purpose tbi efficiency of PCR5 rule with respect to Demspter’s rule.
our work however since we only want to examine how work
PCRS5 and Dempster’s rules for Target Type Tracking. Tt e e e
simulate such scenario, a true Target Type sequence 0\
120 scans was generated according figure 1 below. The ¢
guence starts with the observation of a Cargo Type (i.e. w os
call it Type 2) and then the observation of the Target Typ: ,
switches three times onto Fighter Type (we call it Type 1
during different time duration (20 s, 10 s and 5 s). As ¢
simple analogy, tracking the target type changes committe Zos
to the same (hidden unresolved) track can be interpreted
tracking color changes of a chameleon moving in a tree ¢
its leaves and on its trunk. 03

0.9

0.6

0.4

— Groundtruth
—x— Demspter's rule | -{
—— PCRS rule

0.2
Sequence of True Target Type
25 T T T T

0.1

60 80 " 100 120
Scan number

Fig. 2: Belief mass for Cargo Type faé¥,

Fighter, 2=Cargo

4.2 Results for classifier 2

Target Type: 1:

Figures 4 and 5 show the belief masses obtained by our TTT
n | based on Demspter’s rule (red curves) and PCR5 rule (blue
curves) with classifier 2. Paradoxically, we can observe tha
the Demspter’s rule seems to work better with a poor clas-
sifier than with a good one, because we can see from the
© m w 4w w_w w o = mw mw i redcurves that Dempster's rule in that case produces small
change detection peaks (with always an important latency

Fig. 1. Sequence of True Target Type (Groundthruth) delay although). This phenomenon is actually not so sur-
prising and comes from the fact that the belief mass of the

Our simulation consists in 1000 Monte-Carlo runs anmue type has not well been estimated by Dempster’s rule
we compute and show in the sequel the averaged perf@aince the mass is not so close to its extreme value) and
mances of the two fusion rules. At each time stepe de- thus the bad estimation of Target Type facilitates the abil-

cisionTy (k) is randomly generated according to the corréty of Dempster’s rule to react to new incoming informa-

sponding row of the confusion matrix of the classifier givetion and detect changes. When from Demspter’s rule, one

0.5
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Fig. 3: Sequence of beliefs for Fighter Type G Fig. 5: Sequence of beliefs for Fighter Type oy

obtains an over-confidence onto only one focal elementsifnulation that PCR5 allows a very efficient Target Type
the power-set, it then becomes very difficult for the Demgdracking, reducing drastically the latency delay for cotre
ster’s rule to readapt automatically, efficiently and qlyck Target Type decision, while Dempster’s rule demonstrates
to any changes of the state of the nature which varies wiikky behavior, keeping indifference to the detected targe
the time and this behavior is very easy to check either atype changes. The temporal fusion process utilizes the new
alytically or through simple simulations. The major reasoknowledge in an incremental manner and hides the possi-
for this unsatisfactory behavior of Dempster’s rule can Hslity for arising bigger conflicts between the new coming
explained with its main weakness: counterintuitive averagnd the previous updated evidence. Dempster’s rule cannot
ing of strongly biased evidence, which in the case of podetect quickly and efficiently target type changes, and thus
classifier is not valid. We can see the ability of PCR5 tw track them correctly. It hides the risk to produce counter
track Target Type and detect the short Type changes evetuitive and non adequate results. Our PCR5-based Tar-
when using a poor classifier. More examples with sensitiget Type Tracker is totally new, efficient and promising to
ity analysis including results for other fusion rules can bee incorporated in real-time Generalized Data Association
found n [5]. - Multi Target Tracking systems (GDA-MTT). It provides

an important result on the behavior of PCR5 with respect to
" Dempster’s rule.

Estimation of belief assignment for Cargo Type
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Appendix: MatLab 7 source code for Target Type Tracker
% Target Type Tracker : (c) J. Dezert, 2006
close all;clear all;clc;
RandSeed=20068and ('state ',RandSeed )% Cte seed
% RandSeed=sum(1@Q&lock);rand(’state ',RandSeed);
NMC=1000; % Number of MonteCarlo runs
% CM=[0.95 0.05;0.05 0.95]; % Classifier 1
CM=[0.75 0.25;0.25 0.75]; % Classifier 2
% True Target Type sequence (Typel=Fighter ,h Type2=Cargo)
kmax=120; TargetType (1:kmax)=2;TargetType (21:40)=1;
TargetType (61:70)=1;TargetType (91:95)=1;
MCmDSF=zeros(1,kmax);MCmDC=zeros(1l,kmax);
MCmPCR5F=zeros(1 ,kmax); MCmPCREC=zeros(1,kmax);
for run_no=1:NMC
mHDS=[0.0 0.0 1.0]; mHPCR5=mHDS;
mDS F=zeros(1,kmax); mDSC=zeros(1,kmax);
MPCRSF=zeros(1,kmax); mPCRE=zeros(1,kmax);
for k=1:kmax; % Loop on scans
if (rand<=CM(TargetType (k), TargetType (k)))
switch TargetType(k),case 1,m=[CM(1,1) 0.0 CM(1,2)]; @< ,m=[0.0 CM(2,2) CM(2,1)]end
else
switch TargetType(k),case 1,m=[0.0 CM(2,2) CM(2,1)]; @< ,m=[CM(1,1) 0.0 CM(1,2)]end
end
% Demspter’'s Fusion Rule
NF1=mHDS (1 )}m(1)+mHDS(1)}m(3)+mHDS(3)}m(1);
NF=NF1+mHDS (2 }m(2)+mHDS (2 )}xm(3)+mHDS(3)xm(2)+mHDS(3)}m(3);
mDS(1)=(mHDS(1}m(1)+mHDS(1)}m(3)+mHDS(3)}m(1))/NF;
mDS (2)=(mHDS(2m(2)+mHDS (2 )}m(3)+mHDS(3)m(2))/NF;
mDS (3)=(mHDS(3}xm(3))/NF;
% PCR5 Fusion Rule
PCM1=mHPCR5(1}m(2);x1=0;y1=0;
if (PCM1>0.0),x1=mHPCR5 (1} (PCM1/(mHPCR5(1)+m(2)));yl=m(2)(PCM1/(mHPCR5(1)+m(2)))end
PCM2=mHPCR5(2}m(1);x2=0;y2=0;
if (PCM2>0.0),x2=mHPCR5 (23} (PCM2/(mHPCR5(2)+m(1)));y2=m(2)(PCM2/(mHPCR5(2)+m(1)))end
mPCR5(1)=(mHPCR5(1m(1)+mHPCR5(1¥m(3)+mHPCR5(3}m(1))+x1+y2;
mPCR5(2)=(mHPCR5(2ym(2) +mHPCR5(2¥m(3) +mHPCR5(3¥m(2))+yl+x2;
mPCR5(3)=mHPCR5(3ym(3);
mDSF(k)=mDS(1); mDSC(k)=mDS(2); % Storage of result
MPCR5F (k)=mPCR5(1); mPCRE (k)=mPCR5(2);% Storage of result
mHDS=mDS ; mHPCR5=mPCR5% Propagation for the next scan
end; % of scan loop
MCmDS F=MCmDSF+mDSF ; MCmDSC=MCmDSC+mDSC;
MCmMPCR5F=MCmPCR5F+mPCR5F ; MCmMPCR5C=MCmPCR5C+mPCR5C;
end; % of Monte Carlo runs
MCmDS F=MCmDSF/NMC ; MCmDSC=MCmDSC/NMC;
MCmPCR5F=MCmPCRSF/NMC; MCmPCR5C=MCmPCR5C/NMC;% Plotting Simulation results
figure (1)
plot ([1:kmax], TargetType-1, —xk’ ,[1:kmax],MCmDSC, '—xr’ ,[1:kmax],MCmPCR&C, '—ob")
legend(’Groundtruth ', Demspter’’'s.rule’,’PCR5.rule ")
title ('Estimation_.of_belief_assignmentfor_Cargo.Type’)
xlabel(’Scan_.number’);ylabel('m(C)’), pause, print —depsc2 Cargo
figure (2)
plot ([1:kmax],2—TargetType , =xk’ ,[1:kmax],MCmDSF, '—xr’ ,[1:kmax],MCmPCRS5F, '—ob")
legend(’Groundtruth ', Demspter’’'s.rule’,’PCR5.rule ")
title ('Estimation_.of_belief_assignmentfor_Fighter_Type")
xlabel(’Scan_number’);ylabel('m(F)’), pause, print —depsc2 Fighter
figure (3), plot([1:kmax],TargetType ,~xk")
title ('Sequenceof_True_Target.Type"’)
xlabel(’Scan_.number’);ylabel('Target-Type:.1=Fighter ,.2=Cargo’);axis([1 kmax 0.5 2.5])
print —depsc2 Scenario



