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Abstract - This paper presents a method based on fusion
technique applied to signatures obtained from external stray flux
to detect an inter turn short circuits in induction machines. This
technique uses the bdlief functions framework to represent and
mergethe information about short circuits obtained from sensors
placed around the machine to be diagnosed. The influence of the
sensor s positions around the machine to detect faults is studied.
This fusion technique leads to a new diagnosis method, which
only uses the information captured from the stray magnetic field
around the machine, having then the advantage of being non-
invasive. Six external flux sensors placed on a belt fixed around
the machine provide information used for the diagnostic
technique. These signatures are obtained by experimental tests
using a rewound induction machine that allows one to create
inter-turn short circuit faultswith different severity levels.

Keywords - Asynchronous machine, belief function, fault
detection, magnetic field, inter-turn winding fault, flux
measur ement.
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research interest during the last 30 years [6]eBd\diagnosis
methods, based on time domain or frequency donralysis,
have been proposed to detect rotor failures ustsbniques
such as Instantaneous Frequency (IF) [7] or Motgua®e
Current Signature Analysis (MSCSA) [8]. The detewtiof
inter-turn  short-circuits fault in electrical manks is
generally based on stator current analysis, ageocio
different methods as Improved Artificial Ant Clustey
Technique [9], Square Current Space-vector
Analysis (SCSSA) [10], Artificial Neural Network (HN)
[11]. Methods based on Time Series Data Mining (WSbas
also been developed [12].

These techniques can detect faults in electricalhinas but
their implementation requires complex data acqaoisit
equipment, sometime additional measurements, akes ta
relatively long time [13]. Moreover, usual diagrioghethods
generally require the knowledge of the healthyestaft the
machine regardless of the measured physical var[dbb].
This paper presents a diagnostic method, which dus
require the knowledge of the machine healthy stais.based
on measurements of external magnetic field aroumel

Due to the technological developments, the threeseh electrical machine using bound flux sensors [5,. 18y
induction machinel(M) has become popular in industry do to Performing the measurements at three positionsS21 $4),

its robustness, low cost, low maintenance, highgradensity
and good performances. However, this machine igestdad to
many undesirable stresses, which can cause statbrogor
faults, or other failures. The majority of theséluises are
related to bearings (41%), winding (37%), rotorlts{10%)
and others (12%) [1-3]. In practice, it is impottan detect
these faults at an early stage for safety opermtmfthese
machine, because failures can lead to poor effigiemore
energy consumption and unexpected stop of theraydtarly
detection of winding faults is then essential foramym
industrial applications. Moreover, for specific pgtions it is
interesting to use fully noninvasive measurementhiods to
detect faults in electrical machines without stogpior
modifying the operation systems [4, 5]. Fault diegja of
rotating electrical machines has received an itemsount of

P2 (S2- S5), P3 (S3- S6), as shown in Fig.1 antyzing and
merging information from sensors with the beliehdtion
theory [4], it is possible to obtain a good protiapiof
diagnosis. In the literature [14] it is mentionedatt the
analysis of external stray flux is more sensitiee current
signature analysis as far as the stator inter-silnort-circuit
fault is concerned. However the weakness of thgmdisis
methods based on external flux measurement is ttiat
acquired signal is strongly dependent on the positf the
sensors around the motor relatively to the faudatmn. So in
order to assess the reliability of the method psegloin this
paper, we analyze the influence of sensor positéwoend the
machine in terms of probability of diagnosis.

The paper is organized as follows. Section Il idtrces basic
concepts of belief function theory applied to dataning from
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coil sensors placed in three positions around atudtion expert E and 80% for expertdtis on the ignorance regarding
machine. Section Il gives the proposed technigoie the the fact that there is a fault.
acquired signals and presents the fusion methoch wit The combination or fusion, denoted ky, of pieces of

consider((ejd masf functions used for the PFOQGSSf;JU}@ information m, and m, using CRC rule (2) is illustrated in
measured signals. Section IV presents experimem&alits 1\ oog civen byn({y}) = 002 + 008+ 018 = 028,

and discussion and Section V concludes the paper.
and m(Q) = 072. The mass supporting the fact that there is a
IIl. BASIC CONCEPTSONBELIEF FUNCTIONS fault has then been reinforced using the CRC rule.

Basic concepts on belief functions used in thisepagre

X ’ . X . 8 TABLE I. CONJUNCTIVE COMBINATION OF MASS FUNCTIONS m, AND
exposed in this Section. Belief functions are apressive and m
flexible framework allowing the representation arle 2 } 0
handling of uncertain and imprecise information. m, oy2 08
. . my :

A. Information representation

Let us consider a question Q of interest whose arsware {y} {y}m {y} - {y} {y} nQ- {y}
_ - 0.1 0.1x0.2=0.02 0.1x0.8=0.08
in a finite set Q ={a11,...,a)K} called the frame of Q Q n{y}={y} 0n0O=0
discernment or universe of discourse. A piece tdrination 0.9 0.6x0.2=0.1¢ 0.9x0.8=0.72

regarding the answer of Q can be represented byaasM
Function (MF)m defined as an application from the power ) ) ) )
Once the available information regarding the ansteer

set of¢2 denoted by. question Q is summed up by a single MFa manner to make
Q _ _
2 _{NAD Q} —{¢{a)1}{a)2}{a)la)2}} to [0, 1] such a decision [15, 17] consists in transformimg into the

C. Decision Making

that the sum of the masses is equal to one following probability measur8etP defined by:
m(A) =1. 1) BetP({a}) = —mA ___ peoo ()
2 (D = 2 TAT a-mO

With A a subset of2, a massn(A) represents the degree of The chosen decision is then the one maximizetP . As

knowledge in favor of the fact that the answer to&ongs 1o an example, the probabili§etP associated with m depicted
A. The massm(Q) represents the degree of total ignorancen Table | is given by:

regarding the answer to question Q, especiai{Q) =1 BetP ({y})=m({ y}) +m({y,n}) /2
represents the total ignorance (it only indicates the answer =028+ 0.72/2= 064
to Q is in QQ what was already given). and

BetP ({n}) = m({n}) + m({y, n}) /2

B. Combining evidence
Two pieces of information represented respectibgiMFs
m, andm,, and coming from two distinct sources, can beThe chosen decision, which maximiZéP, is then the one

combined using the Conjunctive Rule of CombinagGRC) N favor of “y” meaning “there is a fault”.
[15, 16] defined by:

0+ 0.72/2 = 036

lIl. EXTERNAL FLUX MEASUREMENT ANDFUSION METHODE
mnm(A)= > m(B)m,C), DADQ. 2 FORDIAGNOSIS

BnC=A . . . .
This rule being associative and commutative, thdeior This section exposes .hOW measgrements coming i
@ux sensors placed at different positions aroumal frame of

considered for combined sources does not affect the " ; . o
combination result an induction machine are used to indicate the pmsef a

Let us consider as an example a very simple diagnos fault as shown in Fig.1.
problem with a frame& composed of two elemenysandn, A. Proposed technique for signals measurement

Q={y,n}, where “y” means “yes, there is a fault in the For IM used in experimental tests the magnitofiche
inspected winding” and i ” meaning “no, there is not faults”. harmonic 850Hz sensitive to the fault [S] is coesatl for the
Let us suppose two independent and reliable exfersd & analysis. The variation with the load of the amyalé for each
expressing their opinions regarding the presence ¢&ult  diametrically opposite pair of sensors is compated.S and

with, respectively, the two following MFam, and m, S two diametrically opposed sensors. Consideringoad |

defined, respectively, byml({y}):o.l , ml(Q):O.g , :‘gﬁ:)?/?ss-e’ the principle of the method can be desdrias

m,({y}) = 02 andm,(Q) = 08. Both experts are then rather . if the sensitive harmonic amplitudes measured by th
not sure of the presence of a fault. A large ma&e¥ for sensors vary in the same direction after load chahgn
no fault is suspected. This case is presented gn Fi



where no load (NO) and five different loads are measurements of the harmonic of interest (850 Hz)

considered. We can remark here quasi identically sensitive at inter-turn short circuit faults, whiahe
amplitude variation for sensors S2, S5 and the same output by sensors positioned at 180° from eachrothe
difference of variation [4]. as presented in Fig. 1.

 otherwise (they vary in opposite directions as @nésd in 2. theratio of the amplitudes (RoA) of these same
Fig. 3), a fault (an inter-turns short circuit inet stator measurements.

winding) is suspected. In this case, a differeneivben  |nformationDoV andRoA can be obtained for three positions
the amplitude of the sensors S2, S5 appears asd thby p2 P3 of the six sensors as illustrated (low in Fig 1.
parameter allows one to calculate the ratio of @&onges. In the diagnosis problem discusses here, the quedi of
interest is the following: “Is there a fault in theachine
winding?”. The chosen frame of discernmédntcontaining
the answers to question Q, is then composed ofeteiments
“y’and “n”, Q :{y, n} such that:

. y’ stands for “yes, there is a fault in the windioigthe
machine”;
* “n”indicates that “there is no faults”.
For a given position of a couple of sensors (among the
three possible), it remains to build the piecesnédrmation

m, ; andmjy; regarding the presence of a fault, which comes

respectively from the pieces of evidence DoV anéd Ro
For each position, mass function, ; has been defined as

follows:
« If there is at least one difference of evolutiorween
sensor.
Fig. L.lllustration of sensors positions around the inauctachine ¢ Measurements while the load increases, then

my ({y}): 095 andm, (Q): 005. It represents the

100

-, [e—s2o-ss IA fact that there is surely a fault.
- // . Otherwise (thgre is no opposite e_volutions), wendb
Zz know if there is a fault, and there is a small cfeathat
:g 40 / there is no fault, so we defing, ; by m, ; ({n}): 005
£ o0 g ] andm, ; (Q)= 095.

o oL = B = . The second piece of evidenag, ; regarding the presence

of a fault is defined using the following ratig between

Fig. 2.Harmonic amplitude variation in healthy case of IM measurementsmesz i and mes, output respectively by

100 r—" —o— sensor S2 and sensor S5 in position
80 : _ min(mes,; ,mes;; ) @
S 60 ~ max(mes,; ,mes;; )
2 40 A\~ - / Values of ratioR belong to [0, 1]. When rati® is close to
% 20 O\ Y 1, it means that the two measurements are closehamdthe
<E( \°~~o——’°/ machine is in a healthy state. WhBnis close to 0, we are
0 NOL 1 B 3 L4 s almost sure that there is a fault. Between 0 andt is
Loads supposed the existence of two thresholSs and S,

representing &ansition. One example of the evolution of the
Fig. 3.Harmonic amplitude variation in faulty case of INtw10A short ~ Mass function according to the rat® is given in Fig. 4 with
cireutt current S, =045 and S, =055 . The area betweery; and S,
represents a transition area between the two views.
Proposed fusion process takes into account, foh eaonith N the number of possible positions, 2N maswfions

position of the sensors two pieces of information: m, ; andmjy; are obtained. They correspond to 2N pieces of
1. the difference of variations (DoV) of the

B. Description of fusion proces



information regarding the presence of a fault anrttachine.
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Fig. 4. Definition of mass function (MFJmp j according to ratioR;
value with two threshold$; = 045and Sy = 055.

These pieces of information are then combined uSIRE
(2). The resulting mass functian is given by:

m:(ﬁ mV,i)ﬂ (ﬁ Ma.i) ®)

parameters are globally utilized (six sensors,eHoe and no
load healthy case). The severity of the fault ddpeon the
number of shorted turns as well as the short ti@uirent that
is limited by an external resistance.

Fig. 5. Experimental IM with six flux sensors placed obedt.

In the proposed method, six positions of the senBdr, P2,
P3 and P1°, P2°, P3° are considered as shown if.Hiy
positions P1, P2 and P3 each pair of sensors iatddc
symmetrically relatively to the axis of the machifspatial
shift of 180°). P1 represents the position of ther pf
sensors S1- S4, P2 of the sensors S2- S5 and P®&sh®n
of S3- S6. In positions P1°, P2°and P3°, eachqfaensors

The chosen decision is then the one maximizing the s not symmetrically placed around of the machirenk.

probabilistic transformatioBetP of m cf (3).

IV. EXPERIMENTAL RESULTS

A. Description of the experimental test bench

The experimental test bench is illustrated in Fsg. The

amplitude of the harmonic at 850 Hz is analyzedsmering a
load increase. The considered machine is an IM Wigoles,
50 Hz, 11 kw, 380/660 V, In = 23 A, ¢ps 0.83, 1450 rpm,
48 stator slots and 32 rotor bars. For the stuxigstiernal flux
sensors are placed on a «belt» fixed around thénimacFor
simplicity the results concerning the IM are preedras “the
harmonic 850 Hz” but actually, the increase of ltteed leads
to a sliding value of this frequency, which decesawith the
load increase.

The specific configuration machine allows us torsiegcuit

any elementary coil x-y (turns placed in two sloand y) in

the stator windings that corresponds to 12.5% ffllgphase.
The measurements are realized for two load levets far

different positions of short circuit:

- No short-circuit.

- One fault on Phase A (short-circuits on coil J-13

- One fault on Phase B (short-circuits on coil 9-21

- One fault on Phase C (short-circuits on coil 97-2

- One fault on Phase A’ (short-circuits on coil ZB)-

- One fault on Phase B’ (short-circuits on coil 83-

- One fault on Phase C’ (short-circuits on coil%)1-

The test have be realized with three values ofstiwt circuit
current: lcc=5A, lcc=10A, Icc=15A. Here 19 acqudsit

Here, for P1° corresponding to the pair S1- Sé°sénsors
are placed at 205° spatial shift around IM, for P2°
corresponding to S2 - S5° at 205° and for P3° spwading

to S3 - S6° at 165° from each other.

B. Calculation examples

Table Il shows the measurements obtained for P1,F32
positions on a machine with a 5A short circuit eutr
measured in the short-circuit coil 17-29 for seaguiaced at
180° around the IM

TABLE II. EXAMPLE OF MEASUREMENTS OBTAINED FROM THREE
POSITIONS(5A SHORT CIRCUIT CURRENY
Load Position P1 Position P2 Position P3
W)
S1 sS4 S2 S5 S3 S6
(Hv) (V) 1Y) (1Y) 1Y) (V)
0 5.05 20.3 27.8 4.03 4.72 15.9
L1 5.95 26.4 39.8 3.08 8.6 21.5
L2 9.03 28.4 45.2 3.55 7.09 34.9

Differences of variations for each sensor at positiP2
(sensors S2-S5) are exposed in Table .

TABLE lII. DIFFERENCES OFVARIATIONS OBTAINED FROM SENSORSS2
AND S5USING THEINDUCTION MACHINE FORPOSITION P2
Load S2 2 S5 S5 Same
(W) (W% Variation (nv) Variation | variation?
0 27.8 4.03
L1 39.8 12 3.08 -0.95 no
L2 45.2 5.4 3.55 0.47 yes




Table IV summarizes the number of different vaoas
observed for all positions.

TABLE IV. NUMBER OF DIFFERENT VARIATIONS DETECTED FOREACH
POSITION OF THESENSORS
Position P1 Position P2 Position P3
Number of different 0 1 1

variation

Consequently, the obtained mass functiops, for each

positioni , i D{ZLZ,B} are given in Table V.

TABLE V. MFs, M, ; OBTAINED FROM THE MEASUREMENTSEXPOSED
Position P1 Position P2 Position P3
m, ; {n})= 005 m, , {¥})= 095 m, 5 {y})= 095
m,; @)= 095 m,, @)= 005 m, 3 @)= 005

As a difference of evolution was detected in positP2

and position P3 MHAy, , indicates the presence of a fault,

whereas it is not the case for position P1.
Result after the combination using (2) of these BsMs

given by:

We consider now the ratio of the amplitud&oA) as a
second piece of information regarding the preserficefault.
Ratios obtained in position P2 are presented ifelgh Only
the smallest is conserved fR; .

TABLE VI.
TABLE Il IN POSITION 2.

RATIOS ROA OBTAINED FROM THE MEASUREMENTS OF

L oad S2 S5 .

w | ) | @ | R | R
0 27.8 4.03 0.145
L1 39.8 3.08 0.078 0.078
L2 45.2 3.55 0.079

Ratios R, and R; are similarly computed for positions P1

and P3. Associated MFs are then computed (cf Sedtip
Fig. 4). Results are summarized in Table VII.

TABLE VILI. : MFs, My OBTAINED WITH THE EXAMPLE MEASUREMENT
OF TABLEIII.
Position P1 Position P2 Position P3
(R, =0.226) (R, =0.07¢) (R, = 0.205)
Max ({Y}) =06 Ma2 ({Y}) =06 Mg {y}) =06
my; @)= 04 my, Q)= 04 mys@Q)=04

The combination of these MFs yields to
m,({y}) = 0936
m,(fn}) =0
ma(Q) = 0064
ma(0)=0
Combiningm, andm, gives a MF defined by:
m({y}) = 0949
mf{n}) =0
m(Q) = 0001
m(0) = 0050
At last, the pignistic transformation @fi being (3)

BetP({y}) = 0999
{BetP({n}): 0001

It follows a decision in favor ({fy} .

C. Global Results

The comparative analysis measures the influencethef
sensors position around the machine in detectioth@finter
turn short circuits in electrical machines. It doess the cases
when the sensors are placed exactly at 180° arthentM or
shifted using three types of loads and three tygfeshort
circuit current corresponding to different sevefults.

The results obtained by these cases are studiée ifirst one
using only information regarding the difference wafriation
(DoV), the second one using only information regardimg
amplitude ratio RoA) and in the last one using all the
available information.

TABLE VIIl.  PERCENT OF CORRECT DECISION FOR ASYNCHRONOUS
MACHINE WITH SENSORSPOSITIONED AT 180°. THE NUMBER IN BRACKETS
INDICATES THE NUMBER OF NO DETECTION. THE BEST RESULT IS
HIGHLIGHTED IN BOLD FONT

No fault fault fault Overall
fault 5A 10A 15A Results
€] (6) (6) (6) (19)
Fusion of only
information
regarding the
difference of
variation in each 100 100 83.33 16.66 68.42
position (O) (0) (1) (5) (6)
3

(nmy;)

LV
Fusion of only
information
regarding the
amplitude ratio in 0 100 100 66.66 84.21
ea;h position (1) (0) (0) (2) (3)
(N Mui)

=
Fusion of all the
mass functions

3
(nm,;) N ( 100 100 83.33 83.33 89.47

'3:1 @) (©) D (€Y @

Mp;)
oM

For the first case (sensors at 93@he results are depicted in
Table VIII; the best result is obtained by combgiall the
information. The overall results allow us to acleiehe best



probability of fault detection. For exactly positiag of the
sensors it is obtained by this method 89.47% ctyec
detection cases against to 84.21 % with informatewarding
only the amplitude ratio and 68.42% with informatio
regarding only the difference of variation. For Heeond case,
(sensors shifted from180the results are depicted in Table
IX; the best result is obtained by combining alleth
information. Here, 89.47% correctly detection itaied too
against 78.95% with information regarding only gmeplitude
ratio and 73.68% with information regarding onlyeth
difference of variation.

TABLE IX. PERCENT OF CORRECT DECISION FOR ASYNCHRONOUS
MACHINE WITH SHIFTED SENSORSTHE NUMBER IN BRACKETS INDICATES THE
NUMBER OF NO DETECTIONTHE BEST RESULT IS HIGHLIGHTED IN BOLD FONT

No fault fault fault Overall
fault 5A 10A 15A Results
Fusion of only
information
regarding the
difference of
variation in each 100 100 100 16.66 73.68
position 0) 0) 0) (5) 5)
3
(n i)
4V
Fusion of only
information
regarding the
amplitude ratio in 0 83.33 83.33 83.33 78.95
each positon W | o | oo @
(N Mgy;)
iz M
Fusion of all the
mass functions
3
Lr_wlm,,i )n 100 100 83.33 | 83.33 89.47
"3 (©) ) (€] (€Y @
(N Myi)
iz

V. COUNCLUSON

In this paper a diagnosis method developed forctiete of
the inter-turn short circuit in the stator windiirg induction
motor is presented. It is based on a fusion teclnigith the
belief function theory. This method is interestimgcause it is
non-invasive, inexpensive and easy to implemen
Furthermore, it does not require the knowledgehefrhachine
healthy state. It uses the load variation to penfahe fault
detection and two specific pieces information, nigméhe
difference of variation "DoV" and the ratio of thenplitudes
"ROA", to detect the fault probability. The influem of the
precision in the sensor positioning around the rimechnd the
influence of the faulty severity are consideredha study to
analyze the method reliability. It can be obsertiedt this
method allows a low shifted in the sensors positiovhich do
not modify the diagnosis results. However, the rimfation
provided by the sensors are dependent on the tfvehort
circuit current and the load of the machine, so ¢kasors
must be adapted to faulty level to obtain a highectéon
percentage level and reliability.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

[10

[11

[13

[14

[15

(16

[17

]

]

t[12]

]

|

]

]

REFERENCES

L. Frosini, S. Zanazzo and A. Albini, "A waveletdesl technique to
detect stator faults in inverter-fed induction mefo 2016 XXII
International Conference on Electrical MachineE\@), Lausanne, pp.
2917-29232016.

K. H. Kim, "Simple Online Fault Detecting Scheme &hort-Circuited
Turn in @ PMSM Through Current Harmonic Monitorihdgn IEEE

Transactions on Industrial Electronics, vol. 58, 60 pp. 2565-2568,
2011.

D. G. Dorrell and A. Salah, "Detection of rotor entricity in wound
rotor inductio machines using pole-specific seatofis," 2015 IEEE
Magnetics Conference (INTERMAG), Beijing, , pp. 12D15.

R. Pusca, C. Demian, D. Mercier, E. Lefevre, R. BRom “An
improvement of diagnosis procedure for AC machineing two
external flux sensors based on a fusion proceds lvgtief functions”,
38th annual conference on I|EEE Industrial Elect®niSociety,
IECON2012, October, Montreal, Canada, pp. 507852812.

R. Pusca, R. Romary, A. Ceban, and J.-F. Brudny,OAline Universal
Diagnosis Procedure Using Two External Flux Sengqpglied to the
AC Electrical Rotating Machines," Sensors, vol. #f), 10448-10466,
2010.

H. Henao et al., "Trends in Fault Diagnosis forcileal Machines: A
Review of Diagnostic Techniques,” in IEEE Industrilectronics
Magazine, vol. 8, no. 2, pp. 31-42, 2014.

F. Vedrefio-Santos, M. Riera-Guasp, H. Henao, MedrSanchez and
R. Puche-Panadero, "Diagnosis of Rotor and Statmyminetries in

Wound-Rotor Induction Machines Under NonstationaDperation

Through the Instantaneous Frequency,” in IEEE Taetitns on

Industrial Electronics, vol. 61, no. 9, pp. 4945892014.

V. F. Pires, D. Foito, J. F. Martins and A. J. BjréDetection of stator
winding fault in induction motors using a motor agei current signature
analysis (MSCSA)," 2015 IEEE 5th International Gaehce on Power
Engineering, Energy and Electrical Drives (POWERBNRiga, pp.
507-512, 2015.

A. Soualhi, G. Clerc and H. Razik, "Detection aniddmosis of Faults
in Induction Motor Using an Improved Artificial AnClustering
Technique," in IEEE Transactions on Industrial Eiewics, vol. 60, no.
9, pp. 4053-4062, 2013.

Y. Gritli, C. Rossi, D. Casadei and F. Filippetguare current space-
vector signature analysis for rotor fault detection wound-rotor
induction machine,” 2016 XXII International Confaoe on Electrical
Machines (ICEM), Lausanne, pp. 2894-2898, 2016.

S. S. Refaat, H. Abu-Rub, M. S. Saad, E. M. Abacali@b and A. Igbal,
"Discrimination of stator winding turn fault and halanced supply
voltage in permanent magnet synchronous motor usiNgN," 4th
International Conference on Power Engineering, @nand Electrical
Drives, Istanbul, pp. 858-863, 2013.

ChiaChou Yeh, R. J. Povinelli, B. Mirafzal and N. @. Demerdash,
"Diagnosis of stator winding inter-turn shorts imuction motors fed by
PWM-inverter drive systems using a time-series datang technique,”
2004 International Conference on Power System Taoby,.
PowerCon 2004, vol.1, pp. 891-896, 2004.

S. Kim, M. Ouyang and X. Zhang, "Compute spearmarretation
coefficient with Matlab/CUDA," 2012 IEEE Internatial Symposium
on Signal Processing and Information Technology6AH), Ho Chi
Minh City, , pp. 55-60, 2012.

R. Romary, R. Corton, D. Thalilly, and J. F. Brudtigduction machine
fault diagnosis using an external radial flux sehs@he European
Physical Journal - Applied Physics, vol. 32, pp5-132, 2005.

P. Smets and R. Kennes, “The Transferable Belielléifo Artificial
Intelligence, vol. 66, pp. 191-243, 1994.

P. Smets. "Analyzing the combination of conflictinglief functions".
Information Fusion, vol. 8, n°4, pp.387-412, 2007.

T. Denceux, “Analysis of evidence-theoretic decisiales for pattern
classification”, Pattern Recognition, vol. 30, #095-1107, 1997.



