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Abstract

After some considerations on the cost implications of fully
automated systems, the paper presents the methods which could lead
to a reduction of these costs development of diagnosis and main-
tenance aids, flexible hodes of operation, alteviation of the cons-
traints relative to track protection in these systems.
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Introduction

Fully automated urban transportation systems havemyﬁndergune
considerable development since the'beginning_of the eighties, and
the opening of the first'dines'in'Usaka,ikbbe and Lille, -

The main reasons ‘for | this success are that“these'systems per—
form well in terms‘of‘availability, safety and quality of service,
and that they appear as sufficiently cost-effective to be competi-
tive with are conventional mass transit systems. '

However, the coStﬁnof-fuldcautbmatibn' is.often_ a subject of
discussion for authoritieg or.-operators concerned with the imple~
mentation of new-transit systems. in their area of interest,

The discussion maY?take pléce:in_fatt.at'two levels &

cessary for traffic or ehvirqnmentalrrgasonSf the question is to
choose between a conventional manual system or an unmanned ohe.
In that tase,'cast-consideratians may intervene, but they are se-

- condary -£a pplitjcal;ur,sociq[ogical‘cgnsiderati hs.
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- for smaljer cities or less congested areasy where the operation
of Light Rail Transit (LRT) systems may be acceptable, the neces-
sity for an unmanned system to drive on a ful ty~dedicated and
well protected infrastructure implies important supplementary
costs, and is generally a decisive factor in favor of the LRT so-
iution,

In this paper; we examine successively both of these aspects,
and analyze how the economics of unmanned systems may be improved.

Unmanned versus manned-driven systems oh fully segregated infra-
structure

For such systems, the cost question is of secondary importan—
ce ;7 in fact the extra cost for full automation represents only 3
to 5 % of the total investment cost for a line, and this extra cost
can be recovered, during the life of the systemy by the savings due
to staff reductions. A study (1) made on a Lilte-type line shows
that, as soon as the freguency on the line is sufficiently ‘high,
that is {0 say for a rolling stock over about 20 trains, the balan-
. €& between the extra investment costs of the fixed Automatic Train
" Control (ATC) equipments (which are almost independant of the size
© nf the"-roiling stock);  and the savings due to . staff reductions
“{which are proportional to the number of- trains) is positive
(Fig. 1). : T
S L approximate ‘updated
" Supplementary: costs " * * “extra costs for
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- Fig. 1 : Variations of the balance sheet of entirely -
S automatic’ operation with | the size wof the
train fleet (discounted over 20 years with
& discount rate of § %) - :
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sSome extra costs,

In fact the decision on the oriving mode for Mmass transit sys-
tems appears to be more dependant on political or sociological con-
siderations than Oh ecohomic ones, :

A decrease in the cost  of zutomation may have a positive jn-
fluence on this kind of decision, and we shall examine the diffe-

rent factors which could contribute ip future to reductions in
costs, ' '

Alleviation on the cost of Automatic Train Contro| (ATC) "equipments

As it appears on Figure 1, the influence of the price of the
fixed ATC equipments is relatively important, and may be a factor

for rejecting full automation for lineg with {ow frequencies.

tion (ATO) equipments in interstations and stations, as well as in
the teérminals and garage zones,; some extra Automatic Train Protec—
tichr  C(ATP) equipments, and the communication equipment between
ground and vehicles, hecessitated by -the absence of ‘drivers, ™ -

_Among the méinlﬁetﬁbdsﬂiwhich can-lead.. to cost reductiens for

*his equipment, we suggest :

~ an in;tgﬁﬁealuse“,of-microprbcessors:w~whith-wflI“aIIOW'fof”a“re~
duction in the number of electronic cards B

tigﬁ._1Jhi§]alléviates..thecastn~ofwfixed"*equipment‘ along the
tracks,'but;slight{y,incrgases the . on-board equipment conplexity,
and hecessarily implies. microprocessors in such a safety func-
tion. This type of systems is used in Vancouver.__Detrnit, and
will be use¢‘in‘Lyonszbﬁyn; . - R S R S

T In the longer tern, ‘it nay be envisaged. to suppress total ly the

“camuuni cation lines. along the tracks, and to substitute to them

microawave links which have .the property to.propagate welt in tun-
nelg (2, - C e e E = -

o It is;éxpectedsthatisuch-methods can lead to reductions on the
- order-of 30 ¥ of the ATC cost, : Coet T s e T

~ Devel opment gf_diaqnosisuand maintenance aidg 3. o

The weight*-af‘udiagnosis,‘and‘*maintenance*costs of the "ATC
. equipment represents annually about 2 tg 4 %4 of the carresponding
S investrment costs and cannot be negiected._Amang the developments
- which may'be,expected in the future, we can mentian'the'develapment
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__'defettinq falls on the track. SEETLE

'tﬂmat§¢;system!,depending@ufnthemstatiansisi:elT* “”t'

of expert systems for the on—line diagnosis of electronic equipment
failures. The effect of such a development would be to reduce the
direct maintenance costs mentioned above, and todecrease the num-—

ber of spare trains which are necessary: generally in order of 8 to
10 % of the fleet.

Moreover, thanks to a better treatment of failure situations,
the requirements relative to the performances or redundancies of
equipments, which are now considered as necessary to cope with
these situations, could be alleviated. = - -

Alleviation of platform protections 1

In the first unmanned transportation systems, platform doors
were geherally provided for the protection of users against two
main causes of accidents~falling on the track and the dragging away
of a passenger by the doors of a vehicle starting from a station.

In some recent systems already opened to the public or under
construction, like Vancouver, Miami, Detroit, the Docklands Line or

~the Lyons D Line, this 'constraint " has been alleviated, and these

lines are not equipped with platform-dOOfs (Table 12,7

‘i@Taﬁféfi:t,Platfcrm prutettionéhiniéiiétﬁﬁghiA;T:'F“:
P . arban automatic‘systems:_ S

wa

inuéameilihéé;wfike Vancouver or Lyons, the prevailing rule is
that passenger should be ensured a level of safety at least equal

t0 that:ﬁrQVidedaby,a'driver,*whith-impfieé’an*bffitient'deviteﬁfnr

detecting falls onto the track-along the stations platforns, and a
protecting device, - such as doors: with sensitive edges to prevent
the risk of dragging a passenger away. o T

-

. ~In the Docklands:: or wtheiMiamiﬁlines,inbthihé?iéfpr§v1déd;fat

”Thé'elimination;of%p!atformedoérs lEédsit6”§a¢iﬁ§§.of”éﬁﬁﬁf”ﬁ@

to 30 % of the extra fixed equipments,-necessitated‘“y a fully au-

Goailan
B i ?

Systems : Systems without platform doors
vith platform. - oo ——p
doors . ... b with falls ““7™". Githout ~falls -
¥obe ' - ] #v Vancouver? 5 E5 5T L SM ad
- Osaka - _ , Detroit s
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transport capacity along the line,

Flexibility of operation :

One of the main advantages of fullylautoﬁated systemslis their
great flexibility of operation : o

= flexibility with tige H

Unmanned systems can adapt instantaueausly to unpredicted va-
riations of the demand, without any constraint due to crew schedu-
ling. o o o
Furthermore, |ike in many more conventicnal systems, it is
possible to use variable size trains according to the time of day,
and this flexibility, which allows savings in ehergy and maintenan-
ce without altering the quality of service, ig already used in the
Kobe Portliner systen.

— Spatial flexibility .

This kind of flexibifify; which may fead to far greater sa-
vings, is practically not in yse now-in*conventidnai“systems,,_but
could be favoured by the developmentfof-fu{i automatin@lwhiﬁh:a!—

lows a great reqularity in the.scheduIeS-af'the-trains;

Generally the trains actupancy:varies:regUléf}y*élth;aﬁlinej:‘ )
a typiqaldistribution;of-octupancy-is;ﬁnr'iﬂsténce"fiTrustf§t¢d79n_'

oror o P RN ERTRRREe x
R R

T g o
s 0
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'J'Afié.:2 i Typical accuﬁancy factor = L > :
e A VAL idtedine 1y o braim capacity T .

A possible mode

af'aperatinn'mayipghéfsta5in maduiating_the“ffﬁiﬁa'*
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_ _ . 1 Savings ‘| . and ~{vings over -
~ Operation Mode = | - on ¢ Maintenance] 20 years
| Investments | Annual (discount
. : ‘Savings | rate +5%) -
Flexibility with time s Lo 1 '
operation with hal f~trains| o 1 200 000 ‘2,8 ‘
during peak-off perioads 1 #/year millions $
| Seatial flexibility s Lo o o
{Operation with hal f-trains €3 ] - ' 12,7
on the vhole line during | o , S00 000 - |  to
off-peak pericds and per— |- 7,8 1 $/year 14,2
manently on the terminal - | millions ¢ | - | witlions ¢

. {~Operation with mcdulated

Two possibilities may be envisaged :

- without altering the frequency at the extremities of the ti-
ey, Dy cutting the trains in two parts in stations & and B, and
serving the outer portions of the line by reduced size trains
—which is hardly possible with unmanned trains- but which implies
an extra ATO and ATP equipment on board each train (Fig. 3.

PdB G
o Q L5 DN - - SN . - DR = DU Dt o,
Q A- of B
N+ | - - 200 m. o) o
= e a a
——

Fig. 2 : Line operation with variable size
trains according to the zone

. with a lower freqﬁency at the extremities of the tine, by

sending only one train over two - (or more) towards the outer gta-

tions, the other trains turning back -at stations & and B.

A theoretical study undertaken on Lille Line 1 has led to the

, “following resultsﬁsoncarning the 'savings whith'tbu{d:be‘prQVided'by
such a mode of operation (Table 2). ' ‘ o o

Operation 5'Updatedf8a;

parts of the line :

frequency during peak. . | 10,8 _ ' | 16,3
“hours, the frequency .inm ... o Qe 400 000 1 to
terminal ZGnesfbeing;hafij ©:12¢300 4 g tyear ¢ 17,8
of ‘the .frequency of .the | mitlions ¢ | =

millions ¢
central zone :

Table 2 : Savings associated with different flexible .~
‘-mcdgsiquqperaticn;ﬂnﬁa'line ~- o
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~peak periods “ are very ‘low and
hardly_justify the increased compl exi

The ‘savings (energy + maintenance) .
of half-gize trains during the off
ity of the line operation. By

contrast, the operation of a line wi
cording to  the served Zone  al lows

an  important reduction on the
rolling-stock and generates very sig

nificant savings.

Another evaluation of this kind of ¢

taken on Toulouse Line A (Fig., 4)
rities.

Reration has been under-
on behalf of the Tout cuse autho-
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. ,6,simulatinn_mpdelflS);ghasﬁbéen-deVeJapedwon a digital! compu-
o oter Iﬁacintosh‘;IJig which.displays: thechﬁeVconfigUrationfandﬁthe
.Progression of the trains (Eig;£5)fmThe'fi?ét;resultstobtained=with
;ﬁthis*simufatiaﬂ:have;shﬁwn that suchuaﬁmode?ﬁf?operation‘(Tul{?fre—
~ . quency. .on.onhe part.of:the line,.-half frequency- “on the other ohe)
i would- be possible even with current traffic perturbations ; the sa-
vings generated would -be on the order of - 'B'trains, that is to say

- @n investment of 12,3 millions ¢, Gl . o




- 4 Presentstion Simelation Alture Perturbation en station L) <, . .
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Fig. § : Toulouse Line A simulation

— Specific track designs : ‘

Due to the great regularity of trains, and to the facility for
modulating the trains sizey, full automation lends itself well to
specific track designs like for instance :

- lines with branches : for such lines, full automation may
allow separating the trains into two parts at the station preceding

the embranchment, and to serve both branches with an equal quality
of service.

« one~way tracks : although the use of one-way tracks penali-
ses the frequency of a line, it may generate important savings on
public works, and is already of relatively current practice, at
least on LRT lines. It may be of a great interest in asscciation
with spatial flexibility schemes mentioned above, and full automa-—
tioh may contribute to cptimise the intervals between trains.

Unmanned systems versus LRT systems

Obviously when considering investment costs, LRT systems with
partially or totally at-grade tracks are more attractive, especial-
ly for medium size cities in which the demand is relatively fow, _ t

|
|
i
|

than systews with fully separated and protected tracks, the cost
per ki vratic between these two types of systems being currently on
the order of 2 to 3. S :
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However many of new LRT lines, as well as renovated lines in
alder networks, have how, for envircdhmental or traffic reasons, a
great partion of their length on separated tracks. '

Starting from these considerations, and from the premise that
unmanned systems are already allowed to land and start in non pro-
tected stations, we wonder 1f it would not be possible to extend
unmanned driving to such LRT systens. The main conditions for such
an evolution should certainly be, at least on the beginning :

= that the major part of the line be on  separated and well
protected tracks. Interfaces with users or other traffic should be

altowed only in some limited zanes, [ike stations and at-grade
street crossings. '

~- that these zones he equipped with efficient automatic mohi-
toring devices for the detection of risks of intrusions on the

tracks, conpleted by a visual survey from a control center through
closed circuit television Cameras. '

One of the main interests of such a mode.of-operatidﬁ'wdu!d be
to altow peripheral zones in a city to be served &t relatively fow

cost by fully automated systems built in the central zone on wel|
separated and protected tracks. SRR ‘ ;

Researches are underway in France (4) on the possibilities of
using automatic TV image.pfocessing for the mqnitoring"qf}iqterseg—

tion which could be crossed at-grade by automated tRTijstemé;-"
Conclusion

We have tried to show that there is potential for extending

the use of fully automated systems. It appears that this mode of -

operation is already quite cost: effective, and that it should be
taken seriously in consideration for each new mass transit projects

in a city.

The most Promising aspects  of full automation could derive
from the fol lowing ideas :

'~ to take benefit of its flexibility to adopt new operation modes

allowing an optimal adaptation of the offer to the demand,

= {0 extend the use of full automation to LRT systems on not total-
'y segregated tracks. ' _ .
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