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PROCESS AND DEVI CE FOR CONTROL AND MONI TORI NG OF A TRAFFI C

CONTROL SYSTEM 5 The present invention concerns a process
and a device in accordance with the preambl e of patent claim1 or 10.

Various procedures are used in signal boxes to assign travel routes for

rail road traffi; ' ' e ' ' i h
the princi pi e BROSESS ANDBEVICE FOX SUNTROIAND MANTFORING B A306RFIG |
routes are recorded. DE-AS 10 30 383CONFROLSYSEEMS 35 35 785 C2,
colum 4, lines 38-47) describes an electronic signal box in which the
target | oads ~of all travel route segnents to be included in the

i ndi vidual travel routes are stored in a table provided in a nenory.
The signal orders for the individual travel route segnents are derived
from the dgviati onsTRepré&eit invérdivh conderas aUstocesdaid.a dévice inhgvtordahce ithatht s
a large nenory 15 requi rement, which increases substantially with the
size of the sypreambleof patentglaimol orelp). At larger train stations, nore

t han 50,000 start/finish conmbinati ons can be programed under certain
circunstances. In this process, in order to attain the necessary degree of
safety, it is VARAS protedurésare (ised ifsighabboxas to d8sip@travel Autdddot Milidad traffic.
sel ectively programmuabl e travel routes have been correctly chosen and

stored. 20  Electronic signal bexes; werkingingaeordance aviththe grinciple of sgoused dharts,aye ae

f f et however . .el ecironi.c r,Qute Infer i j ons .ar

ot mar 119 0 ABRnbry i5yFich B iCce el tives e respflefy PIEAS ) 0 74 GRSl Brops 33,
32 308. In the3sTRSGE columin'AC1ies 382417) dtribies @iy Blbctfonié!siinal bbatin whithdhe {#@get 16Mls
conputers marked as start and end are entered 1nto the networked

nul t i - conput erofsl snrexehroyte segments to be inclydedinthe individuahtravel routescace gtosieq inrp table

duri t hi . i ted B .
owi tches. o | ARG EAR AP i 868 SRR R inbiauf BEL ouse sopmelBWe derived
unnecessary Stfgm f dd0itions betwees tRfét¥d AbtubFIbadsOFHKS hbWeldr! éntéllselhfgethéinory
signal box leads to "superfluous" processing procedures, which assune

unj usti fi &bl e nenvipement,ombich ingreases substantially withithe size of/the system to e controlled. At

To red t k =PS 35 35 785 C2  targef-
o mat o 1 9t SRR ierS 264 A s, SooBipfond g e pEg ol Bl
points, whi ch gildrbimsiances. In thid Provesy Hllortey toldiRiffthe heteb@iPy d&dSYPiafety, ifis

correct determ nation and decentralized storage of information in the

appropri at e menesessary to ensurerthag dllodata relating 4o thedselegtival programmable travel routes have

been correctly chosen and stored.

20 .
In order to guarantee the greatest possible degree of safety, however, electronic route
-~ interlocking stations are primarily in use today, such as are described for example in DE-PS
32 32 308. In the course of the search for travel routes, data words for the comjjuters
marked as start and end are entered into the networked multi-computer system linked in
25  accordance with the track diagram; during this process, data words are deposited for a great
many switches, a large portion of which will not be needed later. The unnecessary storing and
deleting of data words in this electronic signal box leads to “superﬂubus” processing

procedures, which assume unjustifiable proportions, particularly in complex systens.

30 To reduce costs, in a process known from DE-PS 35 35 785 C2; target-group
information is stored in track segments located near tapering switch points, which simplifies
the search for travel routes. However, the correct determination and decentralized storage

of information in the appropriate memory units entails a corresponding cost.
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DE 43 20 574 Al describes a sinplified nonitoring of a systemcontrolled by
an el ectroni c signal box operating according to the track di agram
principle. Herein, individual partiah.controls are assigned to

several track elenents at the sane tine, in order to becone

operative for them h t at r

TR s means, 5 oplbal) 305 A B o Gl mbGRIE ANkl GARSAcd B
-arise as a resaléctronfc signakdpaodpeeiting accordingac ehertrackgiiagiarh peintiply. Herein, individual
condi tions ofthe_ individual track segnents 6Fven t hi.s advant ageo

sol uti on, homal conérals,greassigned;te several rack (3% the samg time, iy order to become

S 111 02t Ok BEh G, wit roged 40 e s piPrloses, By il i,
32 82 peratiomat rﬂa}ﬁxﬂwomavmded vdmlmnlﬂmthervmelaﬁse amrdsahdfummectedly

h t f t |dent{fied th h th t f d
onpari Son of CEREFS; HNeR oA onions of thn Bk R SEEONS. Ever icadvaregsous
addi ti onal t t
t her eby. 15%11‘“%’ Wg%%mfromﬁﬁgﬁg?@% géage}%ﬁkx a‘%‘?’g eﬂgi?%eﬁtr 1Flgm

processi ng er rsignal bex) be obt ai ned when all inportant commands

- pertaining to safety are processed through two i ndependent ways at
practical |y double cost, where, in operation with only one conputer, the
doubl e prggessing Egﬁ o4 PREp :
an |nterp§ged OI-hcorrr \?gralle?g{ i”%‘r“&%‘?%’ﬁlmt roﬁsﬁm&ﬁ ?l;le §3¢

processed or de32s308; eny:ﬁmms eflthe2@mponents, which can lEadrtbhﬁihanﬁn@rﬁ&%n% datd) are
describes a device in which the operator of a control rq};stem S

al most  conpl etidenified @wgbﬁhmsmramg‘omamn 0ﬁex<éus1\¢¢r@& dataswords, This.hewveyer,
oo oc bt RGN bl oo et Bl B Sy, "

processi ng system These rul es of Ioglc are 25 to be prepared during the
deS|gn|ng of a signal box and tested for accuracy. |n order to '

guar ant eelTonpr eherliis/ knaym fom DErA%MWe?E?Sﬂb#téKOfGPﬂQ‘b@P@ ms%elﬁﬁ’@\ﬁaﬂéﬂ |

at great cost l. t
The obj ect of ‘{hg&medr (‘a""sh('éa'lrlltai’l lln 3 | on | sgﬁﬁgegg@%"% sen nao:ge%rg%élérgg
control and 3Gndeféiﬂ%htm&ﬂpﬁéuoiﬂi daiibfe ccstcwnére,qh opmﬁcmwtth\dnl}gmwomwrahe

and nonitori ng el enent s by nmeans of which at |east two tracks for
rai | bor ne vehidouble pEagessing Gmdsew@rmmgwommetmms@nd an interposed

n' aceor dance SRR VerBGHRyroirdh, Ffbues bbbl sof SR SusSiid BRARRLS LT

| ow cost agmd whi ch guarantees a high safety

Further, EP 0 683 082 Al describes a device in which the oﬁe’rato‘r of a control
system is almost completely freed of monitoring tasks. Here, previously programmed
combinations of switch conditions are read out by an indicating device and tested for
compatibility with rules of logic stored in a data processing system. Theée rules of logic are

25  to be prepared during the designing of a signal box and tested for accuracy In order to
guarantee comprehensive safety, error-free rules of logic must be prov1ded at great cost for

all switch conditions which might arise.

The object of the present invention is therefore to present a process for control and

30  monitoring of a traffic control system having actuators and monitoring elcmcnts, by means |
of which at least two tracks for railborne vehicles can be controlled at low ¢cost while meeting
stringent safety requirements. Further, a traffic control system operating m accordance with
the inventive process, which can be designed at low cost and which guarantees a high safety
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standard, is to be created. This object is attained through
t he measures specified in the characterizing portion of patent
clainms 1 or 8. Advant ageous enbodi ments of HZhe invention are listed in
further - cl ai ns. The process in accordance with the
|nvent|on per sign of traffic systens, in

particul ar of %@é‘#gm c%ﬁ&f boxes in railroad technol ogy. The use of

t wo ‘i ndependent nethods for control and regulation results in | ower

costs for the design of the 10 system and at the sane tine in ingreased
oper ational saf ety. Thipebjestds atained oush|tb@mea%ﬁeweclﬁed in the charagenizing, pertion

or ocess. aga i bash i § 3 87 AdUaitabbdt BotoBichebind uVesiln a sy W RiiHR,

oper ati ons§ anglaimge act uat ed accordl ngly, where each of the changes
in the positions or conditions of the actuators to be perfornmed by
the control process takes place only after successful testing for 15

P ocess, Thus, ¢ e ThsphogheshaBSoniics st e TRBEEH Bty b 4iui B of oaff
since the progfyseins; sai‘ ?arncluﬁr sﬁéléa%iu@hignﬂfboké@nbﬁﬂi&d%chnology The fi&bd%fwvéy

check for permSS| b| of the changes in the positions or conditions of

t he actmdmnmmedlqdef@r qsmtrobasi negdatlmsreiswepmrmsf@fmtﬂhe design efithe

process. The gontrol cess bly wor ks ok di

Phe secur Ko riptem 3pd fshe fethe GiRg it RoreBScdghetulngl splef pditieffed R ligkalfba's?
rel ease of the {raddqbuteQdll Actubiord 8érAcpBidiAd fo B irhGdl rBﬁt@%é §locked by a control
according to the secured chart pr|n0|ple are nonitored by the t est process,

in this case process, mpdmgquﬁtsﬁhssﬂg\medmdawm and:¢quitep] operations; awhasn
case i s tested her at or s d/or .nonitori
Bt aOKIEy, ttire. tach of B8 0 S o pOGsGR b ididhns, of e

ﬂj

el ements to bt

al located tr aV&{uafdw&ﬁoe p%ﬂﬁnﬁ’éd“b the Sonfrol dﬁ%@éﬁs pAies pRde only after successful testingfor

control process according to the secure hart principle can be designed

easily 15  peymissibiitybyatteshprogess avhich is indepiendsmt of the controlguocens Trlm,u the eengrol

and condltlons of t he ,act yat ded e. i ndi v d vel
oo Ot s (o Geate e 3 logrer st B beiront & sl nteAted.yt On the Buk'of

elimnates a @aivhbéntﬁ A fdrcﬁéhﬁxsﬁﬁﬁ{faf b d30in (e tpBSitibAREK c&k&ﬂén’%”%f the
principle with the probl ens déscri bed above. For verification of the

_positions and mmrsbynsesn@m@s&aﬂmdsmdepmdent of the congrad pricegs: ocess for the
actuators is perforned advantageously in accordance with the track
di agram princi ple, through which all positions and conditions of the

act uat or sl ocked f-pie control process preferably works according to the secured chart principle. The
~ allocation and possibly also the release of the travel route initiated by the control process
according to the secured chart principle are monitored by the test process, in this case
according to the track diagram principle, in that each case is tested as to whether the
actuators and/or monitoring elements to be blocked and actuated are being used for a
25  previously allocated travel route, and are thus already blocked.

The control process according to the secured chart principle can be designed easily
by constructing a table in which are entered the positions and conditions of the actuators
provided for the individual travel routes. The travel routes thus can be switched easily, which

30  eliminates a costly travel route search according to the track diagram p_rinéiple w1th the
problems described above. For verification of the positions and conditions desigtlated by the
control process for the actuators is performed advantageously in accordance with the track
diagram principle, through which all positions and conditions of the actuators blocked for
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ot her travel routes are taken into consideration. Thus the positions and
conditions to be switched are not tested on the basis of nunerous
rul es of |ogic prepared in advance, but 4. rather on the basis of the

actually existing condition of the entire system An increased

operational s ' : nsi .. Eur .
test in accor %ﬁe&@@?&“ﬁg&é%ﬁt@gﬁ&l agr g'msiﬁ%sﬁ%?g%%u{dékaélg%%@glgn%{ﬁeow o
cost, since tRwitechéd &Rinod iébtaboiptiRitasis of numBFoud ailes bPlogltf prepartd inadvande) but
programm ng the travel routes, which is costly, is elimnated.

The use of nodather enrthe basis ebtheictglly existingeandifionof the entirersyster. | An jncsessed e
to realize .he.cant r ol 0 s accardi.ng, t h rack..di agr ; ' -
i nerpl ot PRohGH S50 S RS ol AU ekl hlthehel e 1B i floordampe
process, whi clwi'ttstﬂmﬁm%-pﬁncgi@takwpﬁé& atMoRCESHE ,sirice thé cérifécdt and complehs €
performed according to the secured chart principle. The neasures in .

accor dance wi tpreparation of hest rulessfior programming thetravel rousess which is gostlyais ielimingted.
system control based on two independent processes, tailored to a

pl anned rail topology and a required | evel of safety, wth the | east

possi bl e cost. The Themké fmédefifetrol techbRggin PhitichRa | alsoaflaked itpBasibie o realize
systens according to the 15 .secured chart principle and in l'arger systens

accordi ng to thecontrakproerss aeconding tonthee track diagram principle at/retlyced; ogit. cbe guaramee
the realigati of the contro rocess _are.eli,m nated,. . ,honweye s e e
bocause (5. + Sf Foauires sEEH he taskpREGR: whlch i nacbenaE SL 1 Bl brogemn i it
of the test case peHbRAGPSccHIEIVNHE Scurdd chBR priféipleO The MkaSEes in acédrdance with
The invention is explained in greater detail with the aid of a drawing in

t he fol | ow ng the inventiom thus ssake Hopassible to realize a spstgm contrhbbased on 4wp riedependent
systemwi th two paral | el track ich ¢ be connect t ach .

ot her s t v PeosHiEeh Fagre i aanakl i oBihey Bk § Mkt Teykl of iy, wit fh e
the track di agoiBl@éost. TheTbhir6lProcessBGREfABRTexlizel ixﬁ,rﬁh_l%r syas%eéns ackondi Itghgé’\ﬁ

the track diagramof a prepared travel routé fromCto B, ] 1 g.
shows t hel% r askeuted gharh psinciplepanshin later systems acaording tothe\track Piagram principle.

A Lo 30 B oliftyshCiieh SR e riabfot B fheconyol iR Sp sl g

connecting 1t r aekfustithe required prédflof saftty EdPbS Wlet %?ée%ﬂat%@uﬁi tﬂéﬂuse#etﬂ@'te@f‘ -

are attached to each of these connecting tracks 12, " GE.21.
tracks GL1, Gprocessindependent of thecconirbl pnoeess. segnents, which are

20 The invention is explained in greater detail with the aid of a drawing in the following

examples. Herein,

Fig. 1 shows a railroad system with two parallel tracks, which can be connected to each
other via two connecting tracks and two switches each,
25  Fig. 2 shows the track diagram of the system in accordance with Fig.1,
Fig.3 shows the track diagram of a prepared travel route from Cto B, and
Fig.4 shows the track diagram of a prepared travel route from A to D.

Fig. 1 shows a railroad system with two parallel tracks GL1, GL2 going from A to

30 B or from C to D which can be connected to one another by two connecting tracks GL12,
GL21 and two switches W1, W3 or W4, W2 which are attached to each of these connecting

tracks GL12, GL21. The tracks GL1, GL2 are divided into different segments, which are
monitored by the clear-signal indicators FM1,...,FM14. The track segments around the



.nonitored by the cl ear - si gnal indicators FML, ..., FM4. The track segnents

around the WO 98/076090 98/ 07609 PCT/CH97/00303
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switches W,...W up to the mddle of the correspondi ng connecting tracks
G.12, G.21 are nmoni tored by the cleargsignal indicators FM3, FMb,
FMLO and FML2. Provided foll ow ng the segnents associated with the

cl ear-signal ipdi rs . . rr%ﬁl anti |

S5, or S8. Asg'\ggﬁ%g 0...%\5%&@?}?&(1%2@%? a %ﬁéﬁotﬁe n&@ﬁ?g%%’iﬁmgﬁw
i ndi cat or s FMonirelf b thedi€artsigakindiostoss FM3 A5, FMA0 afih FMi2. Provided following
The followi ng travel routes can _be set between points A _ B J{%égnd I%M
departing fr oihe segmentssssaciated,with she elear-signal indieatoss EMIn M yand FMig are
Travel route 1. Fr V] r . : Hthe! : B
via track G_l,%'gg%ﬁ%ﬁ’ﬁﬁg ’rdar(a:ig’&q%gl,g%drl %khefeg(t:ngﬁfﬁg% |cr11£g}8&|mt &éﬂr%@n&l
track G.25k apfllidaters FMA-dnd FM11 are the sigaals 52 uadS3 oFS6amd\STo D via track G.1,
.connecting track G.12 and track 2 (see Fig. 4), Travel route 4 From

Cto Dvia track 32, and 15 Travel route 5 FromCto B via track G.2,

connecting track ) i Q. . .
request for all ocgﬁéﬁa@gﬂ §tﬁ%§lvré?@%§tb§s%fb3& %e?é,r?g}tseAt ?ageﬁ“d%lﬁmji‘?jgﬁé’m
cont r ol poﬁt%&%i@@(‘éﬁ&luﬂinh shaiit\toites)s a_ssoci at ed WI t h this route
agai nst ot her requests for the al l ocation of additional travel

routes (for exanple, one of the travel routes 2,3,4 or 5) and 20 control

operatio a tu S r.di Each of the changes in the -
positiongl%or &gavaefmugé)ﬁxré&&oa%&%twgéﬁhators to be perforned by the
control procegyadehicifie RIFR6m Atb)B Haltfdck GL1, confiettiag 36k IGIL k25 tiaok) 2f oénnecting

permssibility by a test process which is independent of the control
process. Monitoring of tragk&iL2dcand sackBll,possibly al so the rel ease of the

travel route initiated i he cantrol pr r.di .
secured chart 1n|5?‘feh|’é‘?‘§? é Fl"%m&btr?gy B’? W&&f’zﬁm{}%ég@aﬁgﬁﬁga@gg&% gégiég?l%h@
track di agr anpavelfduté 2 From ¢ D vR@ackOGES, and tested as to whether the
actuators and/or nonitoring elenents to be bl ocked and actuat.ed are bei 233

used for ¥  Travel poute b FiemC tolB vis trackiGL2 seosneqting teack S22 1and tragkid (seerfig,

bl ocked. For travel routes 1,..., 5 the track segnents
S1,...S8, W,... W, FML,...FML4 are in 30 the conditions listed in Table

%obgggw Thi s Tabl estherRaiicacor aliscation b€ travdd réute CRE Exdmgsle travel route 1?),3:‘0091&0110
, in which the target |oads of all travel route segnents to be
i ncl uded in t peocess blocks all actuators associated with this route against other requests for the
allocation of additional travel routes (for example, one of the travel routes 2,3,4 or 5) and
20  control operations, and actuates them accordingly. Each of the changes in the positions or
conditions of the actuators to be performed by the control process takes place only after
successful testing for permissibility by a test process which is independent of the control
process. Monitoring of the allocation and possibly also the release of the travel route initiated
by the control process according to the secured chart principle is done by the test process
25  according to the track diagram ptincipk;,, in that each case is tested as to whether the
actuators and/or monitoring elements to be blocked and actuated are being used for a

previously allocated travel route, and are thus already blocked.

For travel routes 1,..., 5 the track segments S1,...S8, W1,...W4, FM1,.. FM14 are in

30 the conditions listed in Table 1 below. This Table 1 corresponds to the table described in
DE-AS 10 30 383, in which the target loads of all travel route segments to Be included in the
various travel routes are stored. Travel routes 1,...5 can thus be set by means of a control

process.
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(El enent)

route 4
o .
St op

Go

5 &4

St op

€

St op

Go

any

10 W
strai ght
strai ght
di verted
st rai ght
di verted
any

cl ear

cl ear

cl ear
FMb

cl ear

.25

routes are stored. Travel routes 1,...5 can thus be set by
means of a corWiOp98/07609 process. WD 98/ 07609 PCT/CH97/00303
: -6-
Travel route | Travel route 2 Travel route 3  Travel
Travel route 5 S1 K @ Go
any : any gz o St op
St op — Ty —any -SS '
(Element)st o | Travel route 1 Tagygl route 2 Travel routgyhy | Travel route 4 Trayelypute 5
St St op an any
Go
;51 8o SRy~ Go étnp Xny St-op- 7y
s2 o sm@G Stop any| Stop anySt op any
Stop STOp S7 any
S3 Q0 S8 any Go | S8 Stop
Sto o] - Sto o]
S|s4 po i S pt%%;er{ %}Y P :?Ig',er% et s OP
85 strai glheny W2 | Stop Stet r ai ght | Go di vg6e ed
§fralmﬁf verted V\5 . sty al ght
S6 dlm d Cg tm ahI Stop stra S‘RP \ g}o‘g .
s7 di ver{es Gol r ai ght Go st r af gbt Go
Fivit chgar chear chear
S8 any 1%y FMWR Stop cl Stop | ear | Stop
to[wi W Toige [t Maversd __ | o € | sruig
a4 Sy SRy———>p
w2 any | straight diviaiged straight any | straight diverted
clhear Cl ear ahn an
w3 straight diverted diverted y straight straight
W4 straight diverted straight straight diverted
FM1 clear clear clear any any
15| M2 clear clear clear any any
FM3 clear clear clear any any
FM4 clear any any any any
FM5 clear clear any any clear
FM6 - clear clear any any clear
20| FM7 clear clear any any clear
FM8 any any any clear clear
FM9 any any any clear clear
FMI10 any clear clear clear clear
FM11 any clear clear clear clear
FMI12 any clear clear clear clear
FMI3 any any clear clear any
FM14 any any clear clear any
Table 1
30

To ensure a required safety standard for signal boxes working according to the
secured chart principle, such as are known from DE-AS 10 30 383, very high safety
standards must be chosen in particular in the preparation of the software. The so-called

Software Integrity Level is determined by a process named in European Norm EN 50 126.
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The 1Ol T QoW ng SoT T

lows in said stlandard:

war e IntengT)i Level's are

0

non safety related

Table 2

Known signal boxes operating in accordance with the secured chart prihciple must
therefore be designed and executed at great expense in consideration of the highest Software
Integrity Level in accordance with European Norm EN 50128. In train stations with a

relatively large number of travel routes, the result is thus an enormous expense for these

known signal boxes.

0

e
I

FNb cl ear cl ear an ~any
clear 20 FMMWO 98/07609 cl ear cl ear PCT#G¥97/00303
any cl ear FvB any any

any cl ear cl ear FMB any

any any cl ear 7- cl ear FMLO

any cl ear _ cl ear cl ear cl ear
FML1 ntext, ious risk 25 humah! (8" dangers to hpman fbat
clear 25 Bthg% the Yarelaorlllﬁ risk s (dangersctloeélr > Cang cl ear ﬂ{
cl ear ecoldgimt dangers, dhfigers to goods) must hmyaken into consideratiamy The following
cl ear cle an

any iqtegntyl,evelsaredgﬁgeé}asfollowsmsaldw d: y Table 1 3
To ensure a required safety standard for signal boxes working according to
t he secured chart principle, such as are known from DE-AS 10 30
383, very high safety ards nust| be chos articular int
preparati oh ofl_the sdiIUAe Intqgfgyggv alled §M€ W EArity | evd
is determ ned|by a process ngmed in Europear] Norm EN 50 wkﬁf’lu

98/ 07609 _ gh_

PCT/ CH97/ 00303 3 high -7-

In this conteft—the—vartous—rrsk—factors—{tdangers—tofroman e, —dargers
to human heal tjh, ecol o@i cal dangers, dangers to gomadi}mnust be taker

Therefore, in accordance with the invention it is ensured that the risk factors to be

considered in the design of a signal box operating according to the combined secured chart
and track diagram principles can be lowered a safety level, so that the softiware necessary for
the control process, while maintaining the required safety standards, can be prepared at a low
Software Integrity Level for signal boxes and thus at low expense.

Each change in the positions or conditions of the actuators to be performed by the

control process according to the secured chart prin;:iple thus takes place only after successful

testing for permissibility by a test process which is independent of the control process. It is

known from Norm EN 50128, section B, 17 or

from DE-AS 24 02 875, that protection from

processing errors can be achieved when all commands important for safety are processed

through two independent pathways, where, in operation with only one computer, the double

processing of commands is performed with two different programs and an interposed



.5 Software Integrity Level Software Integrity
4 WO 98/07609 very high PCT/CH97/00303
3 hi gh - 2
medi um 1 ,

| ow 10 0 ' 8- non
safety rel ated Table 2 Known si gnal boxes operating
i n accordance W . r I JXG] . 5 r b

dos: gned- and SSBblpd YEERAEI e Sl PEUEINE pRiBAed rdert B Ghifalid: Bpcause
Sof t war e thé idependeit tet/ Plockss wsrks aecdrdifg 't the fradkodi pie) Hdivesity
In train stations wth a relatively |arge nunber of travel routes, |

the result is chaekokthe paamisshilityof skechangesrin thaspositions or cenditipnsnf gheractuasersds

Chat the ri sk FoiEDD, Bifad pEpRSERindY Geiurth bophifa § RIS cofkdush inB IfdpERGent
oper at i ng ﬁCC(ifaﬂivV]@s,t Q toifmemiiN Pﬁsée@eswca&dﬁigafd the securedNéharf Pfiliciplleastidasn

principles can be 'owered a safety level, so that the software necessar

f or t he independent testds performed according to thertrack diageam pringipled Thetest gccording

i gnar boxes. dr4te RSP Gpsin pritinid Hiaransees high WBhR o Wiy 12/ kKRR iShhcethe
positions or GRREIrbute ssard and Procassicanirélatedring fo the itk RBrafly systéeh are eliminated,

control process according to the secured chart principle thus takes place
only after sudberesiltis alow cost farghe designoandimplemestation of thegst procsss. Menitosiog of
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command verification program through which the processed orders are

conpar ed.1Because t he i ndependent test process works according to
the track di agram ptincipl a diversit . £check of th rmssibiljty
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i ndependent 5 pat hways, a command is processed according to the secured
chart princi plcompuigr. Jtwill be assumed in the following for the sake of simplicity that, as shown in Fig.
1, the control process is controlled by a control process computer PR1 and the test process
20 by a test process computer PR2. The control process computer PR1 has a memory which
among other things serves to store the data of the secured chart. The test process computer
PR2 has a memory which among other things serves to store the assigned travel routes and
preferably also to store the track diagram of the monitored route network. The control of
the actuators and the monitoring of the conditions of the track segments is performed as in

25  the signal boxes known from prior art.

When travel route 1 is set by the control process, all corresponding actuators are
blocked against other requests for travel routes and control operations. If travel route 5 has
already been assigned, the conditions of the track segments associated with travel route 5 are

30  stored in the test process computer PR2. The control process is able to assign the travel .
routes automatically. To guarantee the necessary safety, all control commands generated by
the control process according to the secured chart principle are verified, element by element,
in the test process according to the track diagram principle on the basis of the actual position



|ndependent test is performed according to the track diagram principle. The -
test accordi ng WO 98/07609t he track di agram principl e guarant eei’(ﬁ[‘/ﬁ]liﬂﬂlﬂ%%
degree of safety, as is known. Since the travel route search and
process control according to the track diagram system are eli m nated,
the result is a low cost for the design and igipl enentation of the test
i process. Mnitoring of 10 the allocation and possibly al-so the rel ease of
- the travel rout

secured chart pﬁﬂrl?gla&llue |sa'8ye EQ SE%:M‘ 6‘3?‘@’3‘?2&”&%8“’?%‘8“‘?’5&99%%9??%

di agram pri nci ptaking intbhainsﬂmlﬁoﬁame trfvel eeﬁted alreadyo assigtiedicin tpasticalat uegarding
and/ or nonitoring el emrents to be b ocked and actuated are being, used

for a previousl ylcampe@a@ éGV?lr@V&qs ang negded flank progtection, and plgared)if agppnilicts are

Plngg;ggdeﬁ? the(ril can e confrolef.r%}ogaﬂgﬁﬁﬁe (#l AT gsszinn f&%cg’rsel

conput ers oper aghonld bdﬂsepafx&.'}d elvexpthoﬁ srgailGSMs sélfon Stop ll’d:ﬁth@pﬁbvﬁhﬁ@;ﬁogramed
conputer. It will be assuned in th e ovmng or the sake of sinplicity

that, as shown travelyoyte (see Table 3), this mﬁe@met@evbyéhmeptmmwsspt@bms

o o S 5 PAOR s ksl A e

anong ot her thlﬂﬂlﬁeSGWH@axﬂoﬁtﬁé@drﬁrdlbﬁ)odﬁtlﬁhﬂfedtdﬂ&aﬁ%ﬁbf&d’eﬁ&t@éd.- The test

process conputer PR2 has a nmenory which anong ot her things serves to
store the assigned travel routes and preferabl y aI SO to store the
track diagram of the nonitored routeretwork—Ttre—cont tire

actuators af8d the nonitoring of the| Travél rowted of the tr'Edvel;ugnteSts is
perfornmed as i The Srgnal DOXES Known Trom prior @art.

When travel []?é@?‘%e'%)et by the cl®Prol process, all [c¥PPespondi ng
actuators are bl ocked agai nst other requests for travel routes and
cont rol operatlons If travel route 5 has al ready been assigned, the
condi tions ofth@alwéck segnents associated with travel route 5 are 30 -
stored in the test process conputer PR2. The control process is able to
~assign the travel routes automatically. To guarantee the necessary

safety, alliscontrol Patiahee, it Cirilsalbedefeymined by medn 6f the bdst frocessaetftiser the flank
according to the secured chart principle are verified, el enent by el enent,

in the test proprotestionSonthe assigned traueliroutelis sticaredadn ravel coyse & shown ireFiga3, flank

(I;fCT; gigg;:gggi)gp&%i&hgﬂ is secured by Smth?sanngnals S3 and S8. For this purpose, Syﬂtch Wi

of the actuat or i bivgRed il Shevonditibi Straighe'afd Sigails 53 and S$in thEondition"St6Y. e TR fifabel
and are tested, taking into consideration the travel routes already

~assigned, in pam%&l showndp Hig 4nflank protectiomissapised by Signala $2) S$ Bl!d 4. §mals %

e howeverd arah S8 pRhiodHd if lHeReRfuan e, ot b talf ropts can peiclifl et
Signal S3 5 ﬁﬂb@bﬂs‘iab@n&@égaﬁﬂd@mﬁ/ﬁﬁeth&%&ﬂm@ WiliRbthestrivel f&litesPdr x@é&l@txons

for the previously programed travel route (see Table 3), this wll
be di scovered |Mdlﬁeﬁmamlmlssbﬂrepr(ﬁummgwmlmblsclearedamrrphﬁeof

condi ti ons cont gl yietlddky! fadss Bl SR 56 nlcHlorh BP1eht 36kesd SOMBINL PRS 596 bie

double-check the actions of the control process.

25 _ _
After a command to assign a travel route is successfully executed, the control process
could, for example, determine whether the elements listed in the corresponding rows of the
secured chart (Table) are used for other routes, reserved, or cleared for switching (the
control process thus does not see a route, but rather the arbitrarily arranged segments of a
30  row of'the secured chart). As soon as all the units of a row of the secured chart are cleared
' and reserved for assigning a new route, a d‘ouble-checkihg according to the track diagram
principle takes place. The test process, working according to the track diagram principle,
makes use here of the data on the track topology at least for every assignable route. The
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doubl e-checking can be perforned at greater or |esser expense. For

i nstance, dfly individualunit.a| t er ati ons pl anned by the control process will be
tested as to whether they lead to a correct assignment of the route.
If, for exanple, an incorrect setting is planned for a switch, this wll

not be recogni zed bymi‘ﬁrefe@féﬂreﬁibo&mﬁéﬁthemeﬁﬁbxbﬂ&ﬂaﬁtﬂm&s&eﬁ@ﬁtmg‘adcbﬁimgto
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setting of 20  are independent of the topology of the routes to be assigned (for example, a decentrallyf
positioned signal lamp is to be incorporated into a route serving express train traffic). The
signal lamp thus becomes an element in the corresponding row of the secured chart and is

monitored by the test process with the aid of the list of parameters.

25 As described at the outset, the control process is realized more easily by the secured
chart principle in small systems, and by the track diagram principle in larger systems
(accordingly, the test process is realized by means of the track diagram or, respectively, the
secured chart principle). In between is a zone in which the control process can be realized
according to the secured chart principle or the track diagram principle with little difference

30  inregardto the c'ost. It should be noted, however, that systems have the tendency to grow
and that products are supposed to exhibit a gradually increasing performance capacity with
each generation. The choice of principle by which to realize the control process is therefore

to be decided from case to case and under consideration of the existing basic requirements
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and the prepared devel opnent prognosis. Thus, the
performance capacity of both processes should preferably be tailored to
each other with consideration for the totality of safety requirenents to be
~nmet. For exanple, 5 t he perfornmance capacity of the control process can
" be reduced in regard to the neeting of the safety requirenments, if a
correspondi ngly greater performance capacity is selected for the
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cost. WD 98/ 07609

PCT/ CH97/ 00303

-12- _
WHAT |'S CLAI MED: 1. Process for control and noni tCIII“IuUIIlIIrI“IIJIlIIrIII“I
traffic control system which has actuw?m PISCLAIMED: nonit
by neans of which at |east two tracks for rail borne vehicles*can B

controlled by a control process which, upon request for aIIocatlon of a

t I t bl k th t vat di t I
route against de ﬁ’éw?qsgaq;é@p%owdaﬁp%foﬁx‘% Qg COmFol B3P it s aghiafrg and
cont ol oper at ohbior S aid b e 6EAHCHG Yeas i ASHAITLE Allbbie VORles 3libe

of t he changes in ositions”or conditions of the actuators to be
performed L t lentroliidty a control ppycessashich, aipes resjuest donallogativin afia Eu@l:emsé locks

testing for per SSIbIIIty b est process which,is nde

the control &I,II gs@ﬁE‘I‘F‘ qtgavp Efoaﬁg‘sI%&W@ﬂ %‘II tI‘)’ &k fter
t uat {;

actuators r&fz%éaﬁs?i;l!oo 1'@%%&&“39& et routm‘?’é’cﬁﬂﬁma xﬁthtOéach

the allocation an trav el ng used for a

previously al | afdiexRatgesitcthe positions oposhditicnstofi e axhuaterdyo be perforimied biyethe controb
2. Process in accordtaalrclce wth clai 21@%@ lt%a'Ct r| zed, hg iy thﬁéprgg%tsr l. his
process oper at F0Cess es placeonly W%l SHAg 11|

test procegs o I
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principle and tdﬂd/otﬁ@hn@ing(‘élﬁﬁemwwh}&ladmd di:tn@eﬂﬁmttheallmmnkn anchrpiense of the
princi pl e. 20 3. Process in accordance w th cI a| me% _
characterized itfavehsouteqge being used fosa previously r?‘éIRae%“dp?rﬁctE%s aleeady
whol e after bl %ci&l%g all control units or after bl oc_:kl ng and before

changi ng each individual control unit. 4. Process in
accordance with claim2 or 3, characterized in that all control commands 25
generated by the control process accordln to the secured chart, principle

are verifibd i r2-Precess in accondange cierized: ig thatthecoptrolpraegss pperates
rinciple, elengn I
8f thepact uat or ér@% ‘IeﬂIgﬁI]%cIkl |nf o@?%ﬁi IcItIEhStt BTR3NS ltCIIIII?Ing ele IIrBIII@

secured chart principle or the control process operates according to the secured chart

principle and the test process operates according to the track diagram principle.

20 3. Process in accordance with claim 1 or 2, characterized in that the test by the test process
takes places as a whole after blocking all control units or after blocking and before changing

each individual control unit.

4. Process in accordance with claim 2 or 3, characterized in that all control commands
25  generated by the control process according to the secured chart principle are verified in the
test process according to the track diagram principle, element by element, on the basis of the
actual positions of the actuators and the existing information from the monitoring elements
-and are tested, takirig into consideration predefined criteria, in particular regarding the travel
route to be assigned, possible conflicts with already assigned travel routes and/or needed
30 flank protection, and cleared if no conflicts are discovered.

5. Process in accordance with claim 4, characterized in that the test process opei‘ating

according to the track diagram principle has a list of parameters, which serves to check the
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conflicts with already assigned travel ‘rolte¥ ahd/or needed 30 fl ank

- protection, and cleared if no conflicts are discovered. 5. Process
in accordance with claim4, characterized ipg.hat the test process
- operating according to the track diagramprinciple has a |list of
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settings which are not directly connected with the track to be assigned.

6. Process in accordance with onge ofthe preyious,clajnms, characterized in

that the el emerf: Processin agcordance Noth mm?%ﬁ%v%%af&mﬁ%%éﬁ?g‘emﬂ“

performed in aggo o s | - ok 1 saft
Wélgﬁ%eﬁﬂcggggimlﬁ%?lg{ gég?/ Hror%ess is$ oﬁtné&’glf at&{]or&ﬁicé Widfthe safety

t echnol ogy. ance w one e previous

clai ms, cha§ actregulatishsiof railtedd tebimobapyt r ol process nonitors the
establi shnent of thé travel route and then rel eases the actuators for
rel ease of the travel route. 8. Process in accordance with one of

10 ith
cllear ed by ¢ he Tt EEReRh okl i) G of e piSFiels blmd, Bpracterized th WA anf Biffo

process prbaéss GRoHifdrd the lesAbEEAhRnO6f the eravelidlite dd Thenelbakesatie hothatorsfor
and are used to check further travel routes to be assigned. 15

9. Process in delsasecpfithetrayel Foute.ai m 8, characterized in that a travel route
recor ded ii)?the menory i s del eted, el enent-by-elenent using standard
rel ease as " the appropriate el enents becone clear, by the test
process after t)Protesyift hécokdinceithlonk DF the chimb 2¢7) ¢haravterized h ghstcthé data for the
passed. 20 10. Device for performng the process in accordance with

claim1 for thdrayekmoutgicleared by the test prasassiase starpddn asmemory coutrelledbydhe toptprogess

whi ch has actuators and njtoring .uni,ts and - '

| east two trac 3@4 ‘69“%“&? H’gdﬁ?eo %‘%Y'g}’%% a?éwegg&%lrfﬂ%s’l %@a‘&% ugé%%{:lfegkﬁrther
process whi ch, tbﬂi}éﬂrdh@é%%%baé#ggneal | ocation of a travel route, blocks all
the actuators 25 corresponding to this travel route agai nst other

requests tbSall ocat e further travel routes and control operations,
oD Sl hem oo A SR S s s B RS
process takes memory is deleted, element-by-element using standard release as the appropriate elements
become clear, by the test process after the vehicle for which the travel route was assigned has
passed.
20
10. Device for performing the process in accordance with claim 1 for the control and
monitoring of a traffic control system, which has actuators and monitoring units and by
means of which at least two tracks for railborne vehicles can be controlled by a control
process which, upon request for allocation of a travel route, blocks all the actuators
25  corresponding to this travel route against other requests to allocate further travel routes and
control operations, and sets them accordingly, characterized in that each of the changes in
the positions or conditions of the actuators to be performed by the control process takes
place only after successful testing for permissibility by a test process which is independent |
of the control process, and in that the control process and independent test process is
30  controlled by software that is stored in computers operating in parallel or separately, or only |

in one single computer.

11. Device in accordance with claim 10, characterized in that the control process opérates



- place only after successful testing for permssibility by a test process
whi ch i s i ndepaN@:98/07609 of the control process, and in thaPCTACHIH030R
process and i ndependent test process is 30 controll ed by software that
is stored in conputers operating in parallel or separately, or only

I n one single conputer. 11. Device_jq0 accordance with claim 10,
characterized in that the control process operates WO 98/ 07609
PCT/ CH97/ 00303 . arle . 3 - sobdii
according to thagc?rrd g&todﬁhgﬁaglfndéa %“éi%‘f‘ glpgnadldttﬁg t?ség tr 005? soggesrgxegpagﬁogé!géto the
accordi ng to t lkecured chart peificiple,cor irihiat the contol proeess operiates tabedrding ¢o tersecured chart
process operates, according to the secured chart rinciple arid t he

t est process ow@nalpbsanééhwaﬁmgcesswﬁeteﬁmﬁe%@;ﬂﬁmsﬁidmsr grinciples 12.
Device in accordance with claim 10 or 11, characterized in that the control
process can be controlled by a control process conmputer (PR1) and the

test process can, Deviesiiatdrdadce With claim 10 ér X1¢eharpéterieadincthap thesson{roHrpcess can -
13. Device in accordance with claim 12, characterized in that the cont rg&)b
Yy

process conput ée controlled byra ponteol peocess eomputen (Bl )and shestest praeass gan brocontioll

the secured chart,. .and in th t est process conputer (PR2) has a
menory whi ch s&@%@r?‘é?s%f%?%'ﬂ%s@%g?l‘ed travel routes and preferably -
also to store the track diagram of the nonitored route network, or in that

the test process conputer (PR2) has a nenpry which serves to store
the data of thd3sBevieein acopsdance with claignl?, xhamm«i;@ thafthegonigplpresess computer
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route netppgééss computer (PR2) has a memory which serves to store assigned travel routes and
preferably also to store the track diagram of the monitored route network, or in that the test

process computer (PR2) has a memory which serves to store the data of the secured chart

and in that the control process computer (PR1) has a memory which s‘e‘rv'e's to store the

15  assigned travel routes and preferably also to store the track diagram of the monitored route

network.
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