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T R A M W A Y  DIAGNOSTIC SYSTEM

In th is paper a system  fo r au tom atic d iagnostics o f  rail-vehicles is described. D istributed 
m easuring system s in w hich m easurem ent o f  instantaneous values o f  physical quantities takes place in 
m any devices linked b y  a com m on bus are m ore and m ore com m only  used in practice. T he  paper presents 
the m odel and test results o f  the m odel w hich w as developed in the D epartm ent o f  M etro logy  and 
N ondestructive  T esting  o f  the  E lectrotechnical Institute.

SY STE M  D IAG NO ST YC ZN Y  DLA T R A M W A JÓ W

W  artykule  op isano system  autom atycznej d iagnostyki pojazdów  szynow ych. R ozproszone 
system y pom iarow e, w  których pom iar w artości chw ilow ych w ielkości fizycznych m a m iejsce  w  w ielu 
urządzeniach  połączonych w spólną szyną, są  coraz częściej w ykorzystyw ane w  praktyce. A rtykuł 
p rezentuje m odel (i w yniki testu), który  został opracow any w  Z akładzie M etro logii i Badań 
N ieniszczących Insty tu tu  E lektrotechniki.

1. IN TRO DU CTION

M odern tram w ays are equipped w ith diagnostic systems fulfilling driver assistance 
functions in vehicle driving and correcting autom atic control o f  subassem blies.

The tram w ay engineer gets additional inform ation on the vehicle, displayed on the 
monitor screen, concerning various analog physical quantities such as velocity, voltage and 
current at different points o f  the object [2]. B inary signals characterizing the condition o f 
drive, brakes, supply system , internal and external lighting, heating and other subassem blies 
or read out apart o f  the analog quantities.

The CAN BUS gives the possibility  to include into m onitoring and com plex diagnostics 
all board equipm ent o f  the vehicle (F ig .l). The netw ork forms a distributed system  [3] w hich 
gives possibility to develop softw are w ithout any need to change the main hardware.

1 E lectrotechnical Institute, D epartm ent o f  M etro logy and N ondestructive Tests, Pozaryskiego 28, 
04-703 W arsaw , Poland, nm b@ iel.w aw .pl

mailto:nmb@iel.waw.pl


62 Katarzyna BIERNAT, Robert FRANASZEK, Artur MATUSZEWSKI, Stefan WOJTOWICZ

Due to com puter technology m any new  features were gained, w hich im prove safety and 
facilitate service. The d iagnostic system  presented is a part o f  a greater system  com prising all 
netw ork vehicles as well as vehicles in the depot together w ith the local depot netw ork.

2. D ISTR IB U TED  TRA M W A Y  C O M M U N IC A TIO N  SY STEM

The presented diagnostic system  is a part o f  a larger netw ork system  [9] com prising the 
vehicle set and the depot system  (F ig.2).

Inform ation on the tram  board equipm ent are supplied by the vehicle CAN netw ork. All 
m easuring and control equipm ent is connected w ith the network.

F ig .l.  D istributed d iagnostic system
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Fig .2. T he com m unication  system  o f  tram w ay depot

Fig.3 shows selected tram w ay elem ents under diagnostic control. C onsoles 1 and 2 provide 
communication w ith the driver and enable the tram  to be controlled. The diagnostic system  3 
connected w ith the bus reads data and transfers diagnostic decisions. The drives 7 and 8 
transfer its basic param eters to  other equipm ent by means o f  the netw ork. Brakes 6, doors, 
lighting and heating are also controlled. The distributed m easuring system  is a set o f  
independent m icroprocessor devices controlled by the netw ork. The installation softw are 
permits to create an integrated environm ent o f  m easuring data processing. The devices fulfill 
functions o f  intelligent m easuring sensors, m easuring transducers, diagnostics, m onitoring 
and com m unication system s controlling the actuator components.
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Fig.3. Basic com ponents o f  tram w ays

V alues o f  physical quantities are transm itted by the netw ork to system s o f  further processing 
and diagnostic system s w hich in turn control the actuator elem ents.

3. M EA SU RIN G  SYSTEM

In m easuring  system s, the basic problem s are tim e and the sequence o f  events. 
C om m unication by netw ork  is connected w ith transm ission o f  statem ents w ith lim ited speed. 
Transm ission o f  statem ents m ost often, takes undeterm ined am ount o f  tim e. Problem s o f  tim e 
and coordination as w ell as synchronization algorithm s in distributed system s w ere discussed

in [11-
In m easurem ent applications in distributed system s the sequence o f  events in different 

processes is o f  decisive im portance. The m easuring model expresses the relationship  between 
the m easured input quantities, the influencing and interfering quantities and the value o f  the 
m easurand. A dopting the notation o f  [7] [8] w e have:

y ~ f ( x l ,X 2,..,X n,W t,W2,..,W m,Z l ,Z 2,..,Z k)  ( 1)

Taking into account correlation betw een the com ponents o f  the X  vector, the standard 
uncertainty squared can be expressed by relationship [8]:

(2)
t i H dxi dx i

In d istributed system  there is an uncertainty connected w ith netw ork transm ission. The 
input quantity  values in the tim e 4  are m easured 4„-. U ncertainty is introduced by blocs o f  the 
functional m easuring chain, from  the m easuring sensor through analog and digital traducers 
and processing algorithm s. Each elem ent processes the value and uncertainty from  the input, 
adding its own uncertainty [4]. The value o f  the input quantity at the tim e m om ent 4  which 
was m easured at the tim e m om ent 4„- is determ ined by the signal prediction m ethod w ith the 
signal dynam ics taken in to  account. W ith the delays taken into account the m easurem ent 
model is in the form:
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y = f
x \ > x 2 X„ > A/^1 > >"> Atfa/

w l , w 2 , . . ,w ,„ , z I, z 2 , . . , z i
(3)

The general m odel perm its to determ ine the values o f  the m easured quantity and uncertainty, 
with known M values o f  signal sam ples and their delays, o f  the determ ined prediction, 
function P. The netw ork in a m easuring system  is an elem ent in the processing chain. The 
probability density  distribution o f  the output random  variable, can be determ ined i f  there is a 
determined correspondence rule betw een input and output. A ccording to the uncertainty 
propagation m odel distribution o f  the output random  variable is a convolution o f  the 
transformed input distribution and the probability density distribution o f  the error introduced 
by the elem ent. By sim plifying the relationships to distributions param eters the standard 
uncertainty is treated as a distribution param eter. Function P determ ines the m ethod o f 
determining uncertainty values on the basis o f  the series o f  input values and delays. Prediction 
problems are discussed in [5],

4. D IAG NO STIC PROCESS M ODEL

The param eters o f  the vehicle m odel are determ ined on the basis o f  inform ation from the
network. A reas characteristic for norm al operation conditions and failure conditions were
created in the space o f  these param eters. The used probabilistic model o f  decision credibility 
allows the correctness o f  diagnosis to be estim ated. Representation o f  the m easuring signals 
can be w ritten in the form  o f  the relationship:

W O O  (4)

which expresses relations betw een signal estim ation obtained as a result o f  the representation 
procedures. A ccording to the m odel, the m easured values are a superposition o f  the signal 
generated by  the object and o f  the random  process:

x ( 0  =  s( t)  + n(t) (5)

The random  process is determ ined by the probability  density function and the autocorelation 
function. If the analytical function is no t known then (w ith an assum ed m odel) the model 
parameters should be estim ated: the expected value and variance. The expected value the 
measured signal instantaneous value at each point k is given by the relationship:

E{X{tk) ) = s k (6 )

Variance o f  the signal instantaneous value at each point k is given by the relationship:

* ; = £ { « / , ) - £(*& )))*}  (7)

In the practice the probability  density  distribution in not known or it is difficult to  be 
estimated in analogical form. Then according to estim ation o f  m easurem ent uncertainty the 
approximate random  spread o f  the signal at point k  is determined.
Extraction algorithm s perform  the function transform ation o f  the represented input values into 
feature values. D enoting the input quantity value vector by X, and the uncertainty vector by 
u(X), the function determ ining the i-th feature value has the form:
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c, =  G ( X , u ( X ) , A )  (8 )

W ith the correlation betw een vector X  com ponents taken into account, the standard 
uncertainty squared can be expressed by  the relationship [7]:

2 , ,  A A d G  dG , 
u = T7~7 T U(X' ’x i ) (9)M j ? i d x , d x j

The classification algorithm s act basing on determ ining a set o f  conditions I f  and testing the 
probability o f  satisfying the logical expression which includes decision rules.

w = k (c ,u(C),b ) (10)

The condition is a function o f  the vector o f  features/properties C, o f  uncertainties connected 
w ith the features u(C)  and the vector o f  fixed param eters B. The random  m odel causes that the 
logical expression can assum e values o f  zero or unity, w ith a p robability  possible to be 
estim ated. The expression:

P (W  > 0) > Pt => £>,. = 1 (11)

means that the classifier assum es the value o f  unity for the i-th decision w hen the probability 
that W<0  is h igher than the assum ed one. In case when the probability  o f  m eeting  the 
opposite condition is h igher than the assum ed one then the value o f  zero  o f  the i-th decision is 
assumed:

P (W  <  0) > P0 => D, =  0 (12)

In other cases, it is no t possib le to  decide, w ith probabilities assum ed earlier, w hat value is to 
be ascribed to the i-th decision. In such a case, the w ay o f  proceeding is decided by the 
strategy verified in practice. I f  one o f  the above conditions is satisfied, the decision on 
diagnosis is adopted w ith the assum ed probability  o f  correctness. Lack o f  such a decision 
leads to  a situation w hen no  decision is adopted. A good practical solution is m aking a 
decision w ith a known probability  calculated from known data on uncertainty. The receiver 
gets m easurem ent values and uncertainties w ith various delays. A delay o f  one step results 
from natural cause-effect sequence and it does not introduce any additional uncertainty. If  the 
delay is higher, then the m issing data is determ ined currently according to the prediction 
principles. In this case the uncertainty is estim ated as a param eters o f  o set o f  m ean-square 
errors o f  prediction. For linear uncertain ty  the function is:

ui(k ) = kiui l +u,  o (13)

The value uio m eans an uncertainty at the i-tch point at k= 0, w hile un is an increase in
uncertainty for one delay. N etw ork operations o f  representation algorithm s introduce an
uncertainty:

uA k ) = k x,u xa + u io(x i)  (14)

Transm ission betw een the representation block and the feature extraction block introduces 
additional uncertainty:

c,. = G ( X , u ( X ) , k xiu xn + h ,.0 (* ,.),/f) (15)

Sim ilarly, transm ission betw een the feature extractor and classifier introduce uncertainty:
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Wt =  K i(C ,u (C ) ,u iT(C ) ,B )  (16)

The com ponents o f  uncertainty are transferred from m easuring inputs and are 
introduced by consecutive processing stages. A ccording to the adopted propagation model the 
uncertainty transferred to the diagnostic conditions causes that decisions are m ade w ith a non
zero diagnosis error probability.
One o f the quantities m easured in a tram is the electric current. The consecutive phases o f 
processing in the diagnostic system  are shown below:
- m easuring N  consecutive current values /,,
- determ ining the m easured signal feature according to:

f s r = i Y l <  ( '7 )
1=1

- determ ining the probability  o f  m eeting the condition deciding on class D according to the 
classification rule:

(18)
- making decision on counting the m easurem ent result to diagnostic class D according to 

formula
P (W ) > P, => D = 1 P (W )<  P0 => D  = 0

- the result is the value D.

100
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Fig.4. M easurement  values and measurement uncertainty

The value o f  the feature determ ined from m easurem ents is 85 w hile the standard uncertainty 
is 4.6. The distribution o f  the spread around the mean value is not know n. For normal 
distribution, the probability  that the value o f  the feature is less than 1B=96 is P(I<96) > 0.95. 
On the basis o f  the results obtained it can be stated that D =l with P=0,9.
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5. CO N CLU SIO N

In the D epartm ent o f  M etrology and N ondestructive Testing o f  the Electrotechnical 
Institute there w as developed and carried out a diagnostic system  for an urban tram. 
Laboratory tests and experim ental operation allow the follow ing conclusion to be stated:

- re liability  o f  vehicles is im proved,
continuous m onitoring o f  tram  com ponents reduces and facilitates service, 
open program m ing perm its diagnostic rules to be added,

- relatively  low cost o f  the system  fully justifies installation.
The solution presented here can be successfully  applied in other vehicles equipped w ith the 
internal CAN BUS.

6 . FIN A L REM ARKS

The diagnostic system  discussed here is being installed in m odernized urban tram w ays 
in W arsaw. Further w ork  is concentrated on the follow ing problems: 

optim ization o f  processing algorithm s, 
im plem entation o f  visual diagnostic systems, 
im plem entation o f  the local depot network.

The diagnostic com puter system  is a part o f  the vehicle local netw ork and the depot netw ork 
connected w ith it. T his approach perm its new  functional elem ents to be introduced into the 
system and the already im plem ented ones to  be m odified.
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