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2. A trafyypoesmeiy' ol

ri zed inthat the pa55|ve units (3) are tags which transmt
and receive at frequencies, preferably _ 1 - at 27 MHz. 3. A
traffic control systemaccording to claim1 or 2, 10 character
I zed inthat . the transmt and re- ceive facilities (4, 5) of

t he passi ve,

to one or nore successively interrogating nobile units (1).
system according to claiml, ¢ h a - pcepkosipess2C t e
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The invention concerns a traffic control system of the
type defined in the introductory portion of claim 1, and
the use of such a system in connection with train traffic.
The invention moreover concerns a use and a method of con-
trolling the movement of a mobile unit, said method being

of the type defined in the introductory portion of claim
11.

The work on increasing the train speeds has created a need
for ensuring reliable train control systems.

EP-A-145 464 discloses a train control system wherein
transponders, épplying a coded response to an inguiry, are
located along the track. A train receives information on
the code of the next transponder from a control centre,
and the train reports when this code has been detected. If
the transpénder is not detected, the train is brought to a
standstill. '

GB-A-2 219 833 discloses a traffic information system for
use in bus traffic. A transmitter is prqvided at each bus
stop, transmitting a code to a bus when interrogated,

whereby the position of the bus may be determined. This

information may be used e.g. in traffic control centres

for putting on more buses if necessary.

Us 5129 605 discloses a system wherein a plurality of

different position determination systems are used for
determining the exact position of a train. The whole is
controlled by a control centre which coordinates the in-
formation.

|



store capacity in the formof a ROM (9) for the identifi-
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‘code (25) and the RAM (8) for tfe-trat ages - and
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L35 df the system being that the train is provided with
a computer which receives traffic information, such as

stop signals and speed limits, from a plurality of trans-

mitters along the track. Thus, the computer may bring the
train to a standstill irrespective of what the train
driver does when the train arrives at a stop signal. The
signals and the transmitters are controlled from a central
signalling post. . |

The object of the invention is to provide a system making
it possible to control a mobiie unit, such as a train,
which can take place without interference from-a_traffic
control centre as long as the flow of traffic is smooth.

This object is achieved in that the traffic control system
is provided with the constructive features defined in the
characterizing portion of claim 1. The use of stationary,
passive units arranged along a track obviates the need for
running cables along the track. Thus, it is easy to encap-
sulate the stationary units so as to avoid ingress of
water. The system is thus extremely insensitive to wind
and weather. The stationary units apply a unique code to
an interrogation, and the computer of a mobile unit can

determine its position, .the positions of the stationary
~units, following mounting, being determined exactly and

30

stored electronically. The mobile unit can hereby deter-
mine its position on the basis of the unique code by an
electronic look-up table. The mobile unit simultaneously

-receives traffic information, such as speed limits and

35

data concerning the last-passed train on the point con-
cerned of the section. It is hereby possible to control
the speed pilot of the train by data obtained directly
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C L M S * - 3- a catal og
stored in,‘*.@g ov16y € associated with the com puter, pefBKILHNAS: t he
position of the unit in response to the informati on code (25)
Teceived fromone of said.sta-- tionary units |f ArTa '
control unit (12)-:has.an 5. . .associated display
cal cul ated posi- . - -tion. 7 3Axtraffid ' |
according to-ctltaimé6, ¢ h a- i racteri zed intha ' ont r o
unit (12) is 10 nor eover associated with a cal culating unif, whjc

cal cu- £2AM LN 5 R GONRRY (W Tre A% RETRRA rthe EXREFLG L gor -
sponse to the piggriy athy r£if$o Gl riERKRY n forhabtamngsondeniing the bagtaffic

from a predet AR LoD 6 Do 1o bY mogsinte Y Firtibte WD 2y e
by the displ aydistgnce to themregeding itrair dnd ofdeterminertke dis-
8. Atrajfic coidd YAt EMRE Gvhmtht AWML tdn or the mobile unit
' may thus be adjusted according to this information. This
train control may be made additionally safe in that the
trains automatically transmit the message to a central
control unit, if they no longer keep an expected time-

10 table, :  so that subsequent trains can calculate more safely
whether the section ahead is unoccupied by combining data ‘
obtained from the stationary units with data concerning
anomaly for a train ahead.

=W vu— =

15 Expediently, as stated in claim 2, the stationary units

' . are tags which transmit and receive at low frequencies,
preferably at 27 MHz. The tags may hereby be buried and
thus“concealed-and proteqted against wind and weather.

20 Since the stationary units -are constructed as stated in
claim 3, it is possible to produce a very inéxpensive and
practically maintenance-free traffic control system, be-
cause the circuits are powered by the electromagnetic

_ energy released by the mobile units through their interro-

25 gation signal. :

As stated in claim 4, the mobile units may store traffic
information in the stationary units, and these traffic
messages may consist of the interrogation time of the mo-

30 bile.unitfand~identity informétioh-concerning the mobile
unit, as stated in claim 5. These data are communicated to
the next unit and are then erased, since they are no
'longer;offinterest,.As stated in claim 6, the traffic mes-
sages may comprise speed limits and information on local

35 conditions, and this information may be a warning of work
along the track, etc.
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clains 1-7, char acteri zed inthat the control units (7)

of the stationary units (3) store traffic nes- sa

concer ni‘ﬂB’f’ﬂ%"?mvenent of a nobile unit in a sec??gwﬁlﬁyﬁﬁéz RAM ( 8)
i n which the corresponding i nf or mat i on..Q.--Nes-t-astrwasgap, nobil e |
unit was stored. . '25- - . 9. Atraffic contripl; ng to any of
t he § "clains 3- 8, char act erdi-z § it r ol

units (7) -of the statlonary units (3) store tiakiie—ppeemsma—zisages (24)
of a permanent nature in the ROM (9), and that - these nessages are

stored only mststateé tonplatn oh, othe gmlculated @esttion ctafprmatio
procedure. € %n % (42401 Oxfrné Oinﬁﬁﬁé’ﬂ&‘i%ﬁh@%éﬂ any of
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the clainms 1- 3Y|n conn on mnt traln net hod of

controlling Pﬁ%sﬂﬁkeﬂeﬁ%t%ﬁraPYhRHWQF Val“es ?H)a%ﬂ% QE#EF QiR
interrogati ogié2fid)ohr@Mmape mobile

5 _
As stated in claim 8, the control unit of the mobile unit
' calculates the distance to the last-passed mobile unit -
optionally in time - which takes place on the basis of the
received traffic messages from the stationary units and
10 optionally from a traffic conttol centre if the last-
passed unit does not keep a predetermined timetable. ‘l

Storage of driving-technical information expedienfly takes

place as stated in claim 9, while more permanent traffic
15 messages are stored after the completion of a successful

recognition procédure, i.e. a mobile unit is to validate

that it is entitled to store the type of messages con-

cerned,'and such a procedure is usually called a hand-

shaking procedure. Corfesponding procedures are performed
20 when such permanent traffic messages ére erased.

The traffic control system defined in claims 1-10 may be
used in connection with a large number of mobile units,
‘and these follow a more or less predetermined route. This
25 may e.g. be taxiing of aircraft in airports, where the
pilot himself can taxi the aircraft to a gate, and the
control tower does not have to interfere as long as there
-is no other aircréft along the route concerned. The system
‘¢an be used in connection with public bus traffic, since a
30 computer incorporated in a bus can transmit information to
a traffic control centre if the bus does not keep the
‘timetable. The traffic control centre can then display the
expected changed arrivals at subsequent bus stops. The
passéngers will hereby be kept currently informed of the
35 expected arrival of the next bus. However, the system
finds particular application within traffic control sys-
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the established timetable is. kept. The train drivers are

-_-no_longer referred to visual signals ‘along the track, but

~can drive the train on the basis of their knowledge of the

10

15

position of the train and the knowledge of the position of
the last-passed train. This opens up the prospect of in-
troducing driver-less trains, where the computer of the
train controls its movements. The invention also concerns
a method which is distinguished by the subject-matter de-
fined in claim 12.

The invention will be explained more fully below in con-

nection with a preferred embodiment and with reference to

the drawing, in which:

. £fig. 1 schematically shows the control system of the in-

20

25

30

35

vention in connection with a train:

fig. 2 shows in plan view how the control system of the
train communicates with a stationary unit through an in-
ductive coupling by means of frame aerial;

fig. 3 schematically illustrates the communication between
the computer of the locomotive and a stationary unit and a
traffic control centre; '

fig. 4 schematically shows the structure of a stationary

unit;

fig. & shows hew the information may be protocolized with
an interrogation and a subsequent reply in a traffic con-
trol system according to the invention; and

This Sheet Has Been Re'ilaced

Ml

determned in



20

10

15

20

25 -

30

35

30 35

WO 96/09199 PCT/DK95/00382

-6 -

fig. 6 shows how the interrogation may be designed, when
éimultaneously storing-data of a more permanent nature.

The traffic control system of the invention is shown in

fig. 1 and is implemented in the shown embodiment in a
train 1 travelling on rails 2. Stationary units 3 or tags
are provided along the tfack, said tags preferably operat-
ing at 27 MHz, so that they lend themselves to being
buried, e.g. along a track, without interfering with the
transmission and reception conditions of these tags. The
stationary units 3, which are shown in greater detail in
fig. 4, all contain a predetermined identification code. .
These stationary units are provided along the.tragk at a
predetermined distance of e.g. 100 meters or 500 metéré,
and the positions of the stationary units are subsequently
determined very precisely, and the position of the unit is
stored together with the information code as a table in an
electronic store. These electronic tables are subsequently
copied in the computers-of'all mobile units, which can
subsequently determine their own positions exactly by a
table look-up when they detect a stationary unit. The
mobile unit 1 communicates with the stationary unit 3
through a frame aerial 17, which is connected to a com-
puter 12 through a transmitter/receiver 16. This electro-
magnetic signal is received by a frame aerial 4 on the
stationary unit, which will be explained in connection
with fig. 4. In reply to an intefrogation the stationary

‘unit transmits its identification code as well as storéd
' traffic messages by means of which the computer 12 can

calculate its own position and ensure that there are no
other trains or mobile units immediately ahead on the
rails. If the stationary unit 3 contains information con-
cerning speed limits, such information may be used via the
computer 12 for controllihg the maximum speed of a traffic
pilot 13. Further, the'computer 12 can calculate the dis-
tance to the last-passed mobile unit, which can be shown
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changed arrival's at subsequent bus stops. The passengers w |

*hereby be kept currently informed of the 5 expected arrival of the

next bus. However, the system finds particular application within

traffic control sys- tems in corméction with railway traffic as

stated in claim "~ 10. Here, the train driver can drive the train

wi t hout interference fromthe traffic control center %? | ong. as 10
item (éﬁ
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subj ect - mat t ert%fdM BLVeF @ay @lep compunicate with the computer 1

through a driver interface 19 in the form of a keyboard.
The computer is moreover connected to a unit 11 from which
driving-technical data are obtained. It is thus here that
10 the computer receives information on the actual speed of
the train. The computer 12 is finally connected to a unit ‘
13 from which it receives information on driving-technical
initiatives, i.e. activation of brakes, activation of
throttle control, etc. It is noted that two-way
15 communication is involved, so-that the computer 12
-receives information on driving-technical initiatives, but
can also take over the control from the train'driver, if,
owing to the received information, the computer detects a
- situation where such interference is required.
20 S
Simultaneously, the computer 12 is in radio communication
" with a traffic control centre 15, which takes place via a
transmitter/receiver 18 with associated aerial. The com-
puter 12 currently receives relevant information via this
25 radio connection, and this information comprises time ad-
justments, the passage points of time of the system being
currently stored in the Stationary units, so that a cer-
tain precision is required with respect to the points of
time. The information also comprises current information
30 on other trains, if these do not keep the predetermined
‘timetables, and the amount of deviation involved for these
trains timewise. Trains are identified by means of prede-
termined identification codes. The centre simultaneously
transmité current interrogations to which the computer
35 merely replies OK as long as the timetable is kept. In
case of deviations from the timetable beyond permitted



The invention wll be explained nore fully below in con- nection
with a preferred enbodinent and with reference to the drawing, in
which: WO3§/09199 fjg. 1 schematically shows the control s¥ST®RIHPOBhe i n- .
vention in connection with a train; fig. 2 shows in plan view how
the control system of the train communicates with a stationary unit

t hrough an in- 30 ductive coupling bygneans of frane aerial;

.fig. 3 schematically illustrates the communicati on between t he
conputer of the loconotive and a stationary unit and a traffic
control centté&lerahces, the computer of the train communicates the

amount of these deviations, which is determined by means
of the position determination compared with predetermined
timetables stored in the store of the computer.

5 _ . _ |
Fig. 4 shows the stationary unit 3 which, as mentioned
before,-comp:ises:a frame aerial 4 or coil, which communi-
cates with the control unit 7 or CPU of the stationary
unit via a transmitter/receiver interface. The control

10 unit 7 is'powered from the transmitter/receiver interface,

which takes place bysmeahs of a rectifier circuit 6 that ‘I
rectifies the radio signal and supplies a DC vbltage to
the control unit 7 over its associated stores. The control
unit 7 hss a PROM 9 in which the program sequences neces-

15 sary for the function are stored together with the unique
identification code of the control_uhit. The stationary
unit moreover has a RAM in which traffic messages are
stored. Traffic messages in the form of passage points of
time or interrogation points of time and train information

20 are overwritten on previous, corresponding information,
while traffic messages of a more permanent nature, such as
speed limits and the like, are stored in separate store
sections in the RAM 8. '

25 The communication between a ﬁobile unit 1 and a stationary
~unit 3 may take place e.g. as shown in fig. 5. The mobile
unit first gives a password 20 which partly ensures that
. the unit is allowed to store data in the RAM of the sta-
tionary unit, partly starts the power supply to the sta-
30 . tionary unit. After the password 20, an information code
21 is given, followed by driving-technical information in
the form of interrogation point of time and optionally
speed. When-the-stationary unit has received these data,
it transmits it unique information code 25 by means of
35 which the mobile unit can determine its position by a
table look-up. It shbsequently transmits traffic messages
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fig. 4 schematically shows the structure of a stationary

consisting ﬁéftly of information on the last-passed mobile

unit, said information being designated 26, as well as in-

formation of a more permanent nature, such as speed limits

and warnings of work along the track. The last-mentioned
permanent data are designated 27.

Fig. 6 illustrates how data may be composed, if the mobile

unit is to be permitted to store data which are of a more
permanent nature. The data order is by and large the same
as above, the mobile unit supplying a password 20, an

identification code 21 followed by driving-technical data

22, and then the mobile units supply another password 23 .
which, if the stationary unit recognizes it, petmits the
mobile unit to store information of a more permanent na-
ture, said information being designated 24 and comprising
speed limits and the like, as mentioned above. When the
stationary unit has recognized these data, it supplies a
reply, as shown in connection with fig. 5.

The invention has been explained above in connection with
train control systems, but it is clear that a number of
advantages can be achieved by implementing a system of the

type described above along the roads in major Danish

towns, where the knowledge of the exact positions of cars
and buses may be used for improving the service to bus
passengers, improving the safety of taxi drivers and aid-

ing emergency vehicles by creating green waves through the
towns.

The invention may moreover be used in connection with
taxiing of aircraft in airports, so that the control
towers are relieved of this type of job.

Further, the system opens ﬁp the prospect of putting
driver-less trains into operation.
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Patent Claims:

1. A traffic control system for mobile units (1) and com-

'prising.

- a plurality of stationary, passivé units (3) having
electronic store capacity (8, 9) and transmit and re-
ceive facilities (4, 5), said store containing an in-
formation code (25) which is unique to the unit and is
related to the position of the unit concerned:;

- at least one mobile unit (1) having a computer (12)
with associated store capacity and having transmit and
receive facilities (16 17):

- said stationary units'(3) when interrogated (20-22) by
a mobile unit (1, supplying its information code (25)
enabling the mobile unit (1) to calculate its position,

characterized in

- that the stationary units, in addition to their infor-
" mation codes (25), contain stored traffic messages (26,
27) which are supplied together with the information
- code (25) upon interrogation from the mobile unit (1),

- and that the movement of the mobile unit (1) can be

adjusted according to the traffic information (26, 27)
received.

2. A traffic control system according to claim 1, ¢ h a -
racterized in that the passive units (3) are
tags which transmit and receive at low frequencies, pre-
ferably at 27 MHz. ' '

[
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tags preferably operat- - ing at 27 , Sso-that they I end t hensel ves
to being buried, e.g. along a track, without interfering with the 10

transmssion At [eSREAR. RGOy der ol iy Wiain 3 &3] onary

units 3, which are shown 1 n greater contain a

predet er mi ned ¢ deri i iR |"br€=‘- dodez e d if‘l’tﬂb’#— skhe |W§lﬂiﬁlw xer
provi ded al ongdfife tfélﬁklié\iiét (4, 5) el gadntdl Saeforére whitd0

meters or 500 ters and the posjtions of ¢ tationar nits are
subsequently . 59?% é%?ﬁ)%ir rjé't‘* uctive aﬁﬂi‘fh‘e‘%&"ﬁ’? cﬂ'ﬁ/ {H® uni t
is 5 st orimtém:sg&ﬂomsﬂgﬁéﬂe ( Zﬁ-czzmtisarrenmm and ab| response

el ectronic stq pléd in
t he conputers éo ?#]eﬁ?;ﬁo% e un'p‘i?lh'P %ﬁ%&bwoﬁsequenﬁﬁy dﬁfoer m ne
their own posimesgagesdc26é<527%), as suppl:tqiu andohap therstatlonaryct a
stationary L”“ﬁniﬂg“ﬂ?) compr ¥y |gn W éré%&ﬁ“&léé%fﬁhﬂ&té&féﬁiﬁtﬁﬁﬁfﬁﬁ”y

unit 3 hr ou frame aeri al 17 whi ch 1 s connect ed to a com
puter 12 thr o@‘FP%Pt‘F%ﬁ’%?ﬁ?Xeﬂ"} rhe frm of R (LLifer e identifiqic
signal iis recataetb®ycadd r(@%) amid ad RAMN(8 efor the traffic messages

(26-27), and that the electronic circuit is powered with
energy collected by the inductive coil.

4. A traffic control system according to claim 1 or 3,

15 characterized in that the electronic circuits
of the stationary units (3) have a control unit adapted to
record traffic messages received from a mobile unit (1)
and to store these messages in the RAM (8) and to subse-
quently supply the messages to one or more successively

20 interrogating mobile units (1).

5. A traffic control system according to claims 1-4,
characterized in that traffic messages (21,
22) supplied by a mobile unit (1) to one of the stationary
25 units comprise interrogation point of time and identity
information concerning the interrogating unit.

6. A traffic control system according to claims 1-5,
_ ‘characterdized in that the traffic messages
30 '(21-24) contain information (24) on speed limits and in-
. formation on local conditions in general.

7. A traffic control system according to claims 1-6,

characterized in that the mobile units (1)
35 have a control unit (12) which, by a look-up in a catalog

stored in the store associated with the computer, deter-
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di splay 14 tgéévthdwFPﬁtv§PI B0 FOREELS, ¥R ééﬁe BPS an assPﬁFSFﬁ&thﬁ' such
as the actualplayedd4f tohdispdiay, thieccalculatednposdidibne preV|oust
cal cul ated position; the latter may be shown either in an

al phandneric representation or 5 as a graphic repriesentation on a map
or a map seg®ent A tgaffic control system according to claim 7, c h a -

racterized in that-the control unit is moreover

associated with a calculating unit which calculates the
distance to the last-passed mobile unit in response to the
10 received traffic messages and messages from a traffic con-

trol centre, if the movement of the last-passed unit dif- ‘I

fers from a predetermined timetable, and that this dis-
tance is displayed by the display (14), optionally in the
form of a stop order.
15 .
9. A traffic control system according to claims 1-8,
characterized in that the control units (7)
of the stationary units (3) store traffic messages (21-22)
concerning the movement of a mobile unit in a séction of
20 the RAM (8) in which'the corresponding information on the
last-passed mobile unit was stored.

10. A traffic coéntrol system ‘according to claims 1-9,
characterized in that the control units (7)

. 25 of the stationary units (3) store traffic messages (24) of
a permanent nature or of longer duration in the ROM (9),
and that these messages are stored only after the comple-
tion of a successful recognition procedure.

30 .11. Use of a traffic control system_accqrding to claims 1-
10 in connection with train traffic, said system ensuring
that the traffic on a track segment ahead can be monitored
directly from the train itself.

35 12. A method of controlling the movement'of a mobile unit
(1) and comprising interrogation (20-22) from the mobile
_
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“train driver may al so communicate with the conputer 12 t hrough a

mor Gover sl JUMARTUP RIS 2> o1 e, oS0,

are obtained. It is t hus ‘here fhat 10 t he conpafer= rmati on
on the actual speed of the train. The conp ltﬁ'ﬂsﬁﬁEE§HASrﬁEEN/
connected to a unit 13 from whi chr i%3 recei {es i RERAEEDN on
drivi-ng-techni cal initiati ves i ..e.- activa : i vation
of thrott]e control,_etc. i d that two-

1S 15
communi cat i on Y% kDMK SE R tqﬁir"‘llﬁie 5(: lﬁ:ﬁawngeg\@ltar%% pas-
i nformati on onsike umbts e(c:h)v odiich) tirftresgsondwitto the imtmrmdgatiarke over

the control fr t tr iMer.q.] . t V,
i nfornmation, tﬁ% ilf ‘Ut%‘%& e% se]ééétronlcas]fltﬁv%%éél)mer giixﬁegﬁinﬁﬂma-
interference iticmcﬁmd%d(Z@D. followigignwhighe cthe \positkiammfitthe lll_Dbile n

radi o cogmuni C@,t,j_enP) is d&éﬂnﬁxédaiﬁ'fe%%é’lt&efﬁé% nfgue\i

pl ace via a ranspmtter/receiver 18 Wth associated aerial. The com
puter 12 currektPy ¢4 (23 rel evant information via this 25 r adi
connection, and th| s i nformation conprises tine ad- justnents, the

passage points he system bein currently stored in the
stationary unl?s §o tﬂa?é\ f z'e'd %?n precision is required with

respect to the points of time. The information also conprises

current, A nfor r t
pr edet equn n@f,g,gntﬁg molta g? &’ﬁi‘@ %i ra#éééerrli)tén éfédew {@%n&nvoé ved for
t hese t?ﬁ?ﬁ%i% mﬁwwtﬂ%l (46=42) | trgrtheRr dwith fghe unvkqys ckn= ‘

formation code,

and that the movement of the mobiie unit (1) is controlled
15 in response to the determined position and the received
traffic information (26-27).
20
25

30

35
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termned identification codes. The centre simultaneousl| y transmts

current i Ry§ogpyigsi ons to which the conputer 35 merely ' ‘as
4ong as the t? netabl'e is kept. In case of deviati onsiﬁflhﬁﬁ?{é{z
ti met abl e beyond permtted - WD 96/ 09199 _
- PCT/ DK95/ 00382 1/3 - 8- t ol er ances,
the conputer of the train comuni cates the/ anount of these
- deviations, which is determ ned by neans - of the position
determ nati on conpared with predeterm ned ~ timetables stored in the
store of the_conputer. 5 Fig. 4 shows the stationaryv upit 3 which,
as mentionetﬁ before, conprises a franme aerial 4 or doil, whigh
comuni - cates with the control unit 7 or CPU of the ry
unit via a fransmtter/receiver interface. The control 10 unift “18is
powered frogn the transm tfter/ recei ver int erface, whi ch talkdes pl acg
by nmeans of |a rectifier Tircuit 6 that : rectifiestw I g signal
and supplie$ a DC voltage to AN . P
13\ _1
| 6~
17 <
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2
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‘the control unit 7 over its associated stores. The control unit 7
has a PROW,§oé &pich t he program sequences neces- 15 : #9 %F
. 96/ . . : 'SﬁééP
.function are’s éred together with the unique i dentif c#p% de of

the control unit. The stationary ' unit noreover has a RAMin which
traffic nessages are stored. Traffjg, nessages in the form of passage
poi nts of ' time or interrogation poi‘nts of tinme and train information
20 are overwitten on previous, corresponding information, whi | e
traffic nessages of a nore pernanent nature, such as ' speed limts
and the like, are stored in separate stare sections in the RAM 8.

25 The comruni cation betwegn a nobile unit 1 stationary

unit 3 may take place e.g. as ghown in fig. 5. The[nobile unit first
gi ves a password 20 which partlly ensures that the unit is allowed to

store data in the RAM of the sta- 1 nit, partly starts the
power supply to the sta- 30 tionarly uniit. After the password 20, an
i nformati on code 21 is given, followed by dpining.t chn,ggp
information in the formof intgrrogation po}nt of tjyme pnd .
optionally speed. Wen the statfionajy upt pas rece vedl these data,
it transmts it unique information co 25 b[’ ans of 35\-ﬂi M ch the
nobile unit can termne its posifffonby tabj e | ook-lp. It
subsequently transnmits traﬁ##e—ﬁes%;ges '
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-9- wo %A9Rbsting partly of information on the |ast-paggaakokiotiske
.unit, said information being designated 26, as well as in- formation
of a nore permanent nature, such as speed limts and war ni ngs of
work along the track. The |ast-nmentioned 323 per manent data are
desi gnated 27. ' Fig. 6 illustrates how data may be conposed, if the
nobi | e unit is to be permtted to store data which are of a nore
per manent nature. The data prder is bﬁgand | arge the sanme 10 as above,
the nobile unit supplying password , an identificatifon code 21
foll owed by driving-technicphl data 22, and then the nobijle units
supply anot her password 23. mhiEh, if the stationary unift recognizes
it, permts the mobije unit to ptore informati on of a nore permanent
na- 15 ture, said inforjmation beinp designated 24 and conprj si ng
"speed limts and the |ike, hs nenti onefl above: Wen the stationary
unit has recogni zed these data, it supplies a
& R
N pN
<
AN
~
~ AR: N O
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frepl%, as shown in connection with fig. 5. 20 The invention has been
expl ai ned. above in connection with train control systens, but it is
zcl eari that a nunber of - advant ages can be achi eved by inplenenting a
system of the type descri bed above along the roads in mgjor Danish

t owns, where the know edge of the exact positions of cars 25 and buses
may be used for inproving the service to Bus passengers, i nproving
the safety of taxi drivers and aid- i ng emergency vehicles by
creati ng green waves through the t owns. 30 The i nventi on may
mor edver be uSdFERTEGTRect GRERTH system called, pufomatis H2ih S port s,
so that -t he caoglol(ATC) had Gsers develiopldde\fotr ahd purpgoges off improving
Furt her, the st.em URwt:he ect t] Ler-J ess
raine i nto ogSrat] SRroty- il JYeRRr Protedtt ddihedt g it ige ¥
WO 96/ 09199 human errdzEPlonCitibe part of the traigr/dmomnmEp3gdne of the

5 basics of the system being that the train is provided with

a compufer which receives traffic information, such as
stop signals and speed limits, from a plurality of trans-
mitters along the track. Thus, fhe computer may bring the
train to a standstill irrespective of what the train '

; 10 driver does when the train arrives at a stop signal. The
signals and the transmitters are controlled from a central
signalling post.

-

Finally, US 3 940 765 discloses a traffic control system
15 for trains, having a plurali8ty of stationary passive
| units and of the type according to the introductory parﬁ:
of claim 1. This knde system doe snot enable the trains
i to transmit messages to the stationary units.,

20 The object of the invention is to provide a system making
it possible to control a mobile unit, such as a train,
which can take place without interference from a traffic
control centre as long as the flow of traffic is smooth.

i 25 This object is achieved in that the traffic control system
is provided with the constructive features defined in the
characterizing portion of claim 1. The use of stationary,
passive units arranged along a track obviates the need for
running cables along the track. Thus, it is easy to encap-

30 'sulate the stationary units so as to avoid ingress of
water. The system is thus extremely insensitive to wind o
and weather. The'stationary units apply a unique code to
an interrogation, and the computer of a mobile unit can
determine its position, the positions of the stationary

'35  units, following mounting, being determined exactly and
stored electronically. The mobile unit can hereby deter-
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Patent Cl ai ms 1. Atraffic contro
systemfor nobile units (1) and com 5 pri sing: . - a
plurality of stationary, passive units (3) haV|ng el ectronic

store capacity (8, 9) and transnit and re-

5), said store containing an in- 10 formati on code (25) which is

unique to the unit and is

concer ned,

with' associ ated store capacity

retaded to the position of the unit

- at least one nobile unit (1) haV|ng a conputer (12)
and having tranpsmt and receive

facilities (Mming7its position ongthe Resis o‘?.%r'frh%n?‘?%q‘f%)c‘?@‘%rpy an
i nterrogat ed 428c€29ndy look~up tabbeDPhé emolvile (Unisuphhyl tanédssly

|nfornat|on codqe

g
10
15

g 20
25

30

35

veg traffic 1nformation, such as speed limits and
data concerning the'last-passed mobile_unlt, such as a
train on the point concerned of the section, which sup¥
plies these data to the stationary units. It is hereby
possible to control the speed pilot of the train by data
obtained directly from the stationary unit. As mentioned,
the traffic information may also include information con-
cerning the last-passed train, it being hereby possibie to
estimate the distance to the preceding train and to deter-
mine the distance to it. The movement of the train or the.
mobile unit may thus be adjusted according to this infor-
mation. This train control may be made additionally safe
in that the trains automatically transmit the message to a

central control unit, if they no longer keep an expected

timetable, so that subsequent trains can calculate more
safely whether the section ahead is unoccupied by combin-
ing data obtained from the stationary units with data con-

'cerning anomaly for a train ahead.

Expediently, as stated in claim 2, the stationary units
are tags which transmit and receive at frequencies, pre-
ferably at 27 MHz. The tags may hereby be buried and thus
concealed end protected against wind and weather. |

Since the stationary units are constructed as stated in
claim 3, it is possible to produce a very inexpensive and
practically maintenance-free traffic control system, be-
cause the circuits are powered by the electromagnetic

energy released by the mobile units through their interro-

gation signal.

As stated in claim 4, traffic messages may consist of the

interrogation time of the mobile unit and identity infor-
mation concerning the mobile unit. These data are communi-

AMENDED SHEET
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“enabllng the nobile unit (1) to calculate its position, 20 ' c har

aciteri zedin - that the stationary units, in addition to

their infor- : mat i on codes (25), contai'n stored traffic nmessages

(26, 25 . 27) which are supplied together  with the tnformation

code (25) upon interrogation fromthe nobile unit (1), : - and that
t he novenent of the nobile unit (1) can De” adj usted according to
the traffic information (26, 27) 30 recei ved. 2. A

traffic Contégkﬁéyﬁéeghécﬁgﬁg'ﬁﬂlgoaﬁbaégélthén e?asemhlcﬁnce thef &r& T |

zedinthat t assive unit transnit and
recei ve at |aq/1@eqa§nefe§ntﬁres -355 StaF@@abeC&?1@75N+Ehe trafficsheet

Has Been Reph@s88ges may comprise speed limits and information on
local conditions, and this information may be a warning of
5 work along the track, etc.

As stated in claim 6, the calculated position information
may be displayed on a display, the information being re-
presented either by numerical values or as a graphic in-
i 10 dication on a map.

As stated in claim 7, the control unit of the mobile unit
calculates the distance to the last-passed mobile unit -
. optionally in time -~ which takes place on the basis of the
15 received traffic messages from the stationary units and
optionally from a traffic control centre if the last- . .
passed unit does not keep a predetermined timetable.

Storage of driving-technical information expediently takes
20 place as stated in claim 8, while more permanent traffic
messages are stored after the completion of a sucéessful
recognition procedure, i.e. a mobile unit is to validate
that it is entitled to store the type of messages con-
5 | cerned, and such a procedure is usually called a hand-
g 25" shaking procedure. Corresponding procedures are performed
: when such permanent traffic messages are erased.

The traffic control system defined in claims 1-9 may be
used in connection with a large number of mobile units,

30 and theée follow a more. or less predetermined route. This
may e.g. be faxiing éf ailrcraft in airports,.where the
pilot himself can taxi the aifcraft to a gate, and the
control tower does not have to interfere as long as there

_ is no other aircraft along the foute concerned. The system
: 35 can be used in connection with public bus traffic, since a
' computer incorporated in a bus can transmit information to

AMENDED SHEET .
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“v3. Aitraffic control systemaccording to claim1 or 2, char ac
t eri zedinthat the transmt and re- o ceive facilities (4, 5)
of the passive, stationary units - 5(3) conprise a passive, inductive
coili(4) over which the 5 i nterrogation signal (20-22) is received
and a response . signal (25-27), with information code (25) and
traffic a trﬂﬁﬁ%ﬁg@@“é?%lzq??tF% 3 pphe Jous fees Pt keeRt Be®onary

units (3) compime€aBlel MRYret&flf et e6bhOROT GehtdetcRVEh@n display Shaere

capacity in the fo of, a 9).for the identifi- 10 catlon code
(25) and a.Fuﬁf?%fégérc?ﬁgg%ag%f%ivﬁ£§si e§3§sequent b?§6§59??'at €t hat the
el ectroni c cipasséngsrpowklibdheréby be kept cenzegiylyoihformedbyft bbe

I nductiye coi : fLLEL4C r m 0L gl to claim
1 or 3,g 15 éfpe%tﬁdaéfréygftoé‘%ﬁé é%gtdgg%h?%ﬁ§%§%ﬁé gﬁ%c%?%ﬁ?% circuits
of the stati ofbRgsuprrticelangprhicahien| wikhingtupfsictgontrol sysrecord

traffic messaggfis’ efctyRlettOBhawIBRI L1 VNAY t2affic as staBedl 2nSEDAEm
these messageg,in,ine R (BlafN9alPoSUPSEh arive the train without
interference from the traffic control center as long as

. 10 the established timetable is kept. The train drivers are

E no longer referred to visual signals along the track, but
can drive the train on the basis of their knowledge of the
position of the train and the knowledge of the position of
the last-passed train. This opens up the prospect of in-

15 troducing driver-less trains, where the computer of the

train controls its movements.

The invention also concerns a method which is distin-
guished by the subject-matter defined in claim 11.
20
The invention will be explained more fully below in con-
nection with a preferred embodiment and with reference to
" the drawing, in which:

i 25 fig. 1 schematically shows the control system of the in-
i vention in connection with a train;

fig. 2 shows in plan view how the control system of the
train communicates with a stationary unit through an in-
30 ductive coupling by means of frame aerial;

fig. 3 schematically illustrates the communication between
the computer of the locomotive and a stationary unit and a
traffic control centre;

. 35
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quently supply the nessages to one or nore successively 20
interrogating nobile units (1). 5. .Atraffic control system

= according to clainms 1-4, characteri zedinthat

traffic nessages (21, 22) supplied by a nobile unit (1) to one of
t he stationary 25 units conprise_interrogation point of time and
identity i nformation concernr the interrogating unit.

6. A traffic control system according to clains 1-5, char ac

teri ?ﬁgn hhé&h&ﬁﬁt?&éii&¢sﬁ8§§agﬁé st§9cture(8% 34Ltseﬂaahg¥|

|nfornat|on on spee Imts and 1 n- formati on on
condi ti ons iBR Eneral 7. Atraffic control system according
to clainms 1-6, characteri zedinthat the nobile units

(1) 35 . hav cont ol I cat
Stbred in tnEi8: obconBuB hey Hhk thiPmiRiRE paY BacPaproBolizBachiEhl,
Been Repl acedn interrogation and a subsequent reply in a traffic con-
' trol system according to the invention; and

10
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THIS SHEET-HAS BEEN W0 96/ 09199 REPLACED
- PCT/|DK95/ 00382 - 12 m nes .the position of the
Lunl t‘ in rﬁmwﬂmmlmﬁm forma- tion code (25) recéived from one of
sald'stat (3), and that the control unit (12) has an
associ ated dis- play (14) to display the calculated position. 5 '
8. Atraffic control system according tokimim7, cha- ract e
ri zedinthat the control unit is noreover associated with a

cal cul ati ng it which cal tes the tance to the | ast- passed
nmobi | e unit :g E?e¥p%n”§e toc¢J r%%“?r%/deecéfraffl c messages and

nessages fromea—traffrc—comn —t+rot—centre; if the novenent of the
| ast - passed unit dif- fers froma predetermned tinmetable, and that
this dis- tance is displayed by the display (14), optionally in the

formof a stob ordigbragfic contral sygiemrfor diphile uilisnh bk ARdiGRIT 0
clainms g-8, prisingth ar act er i zedinthat the control units (7)
of the stationary units (3) store traffic nessages (21-22)
concerning the nmovenent of a nobile unit in a section of

- a plurality of stationary, passive units (3) having

electronic store capacity (8, 9) and transmit and re-

ceive facilities (4, 5), said store containing an in-
i 10 formation code (25) which is unique to the unit and is
related to the position of the unit concerned;

- at least one mobile unit (1) having a computer (12) _
with associated store capacity and having transmit and
15 receive facilities (16, 17);

¢ at g i -+ eams

- said stationary units (3) when interrogated (20-22) by
a mobile unit (1),.supp1ying its information code (25)
enabling the mobile unit (1) to calculate its position,
20 and '

- in addition to their information codes (25), containing
stored traffic messages (26, 27) which are supplied
: together with the information code (25) upon
% 25 interrogation from the mobile unit (1),

and that the movement of the mobile unit (1) can be
adjusted according to the traffic information (26, 27)
received,

: 30 )
5 characterized in that

that the electronic circuits of the stationary units (3)

have a control unit (7) adapted to record traffic messages
35 received from a mobile unit (1) and to store these mes-
sages in a RAM (8) and to subsequently supply the messages

% —;l"\"'\ AL"-'--'
L '.l..d. ,_.l yr Yowne |



20 “the RAM (8) in which the correspondi ng i nformation on the

| ast - pas s stored. 10. Atraffic.control system
i acc@rdi njmllmﬂ“nuﬂmmma characteri zed in that the
congrol unit§ (%) 5% * of the statlonary units (3) store traffic nessages
(24), of a permanent nature or l.onger duration in the ROM (9),
and ‘'t hat these nessages are stored onIy & fer the conpl e- tion of a
successful recognition procedure. - 11. Use of a traffic control
syst.em accor di.n 0 | r raffic,
sai d systen1gh§%P%n§&lﬁb¥E 5 cceiﬁigeégé#%x% on%%EE? ggéﬁegbegﬁead can
be ronitored(1). directly fromthe train itself. 12. A net hod
of controlllng t he nnvenent of a nobile unit (1) and conprising

L5 E11°PRT ) OB S R el 2o B SRR T R
5 racterized in that the passive units (3) are
tags which transmit and receive at frequencies, preferably
at 27 MHz.

3. A traffic control system according to claim 1 or 2,
10 characterized in that the transmit and re-
ceive facilities (4, 5) of the passive, stationary units
(3) comprise a passive, inductive coil (4) over which the
i interrogation signal (20-22) is received and a response
; signal (25-27), with information code (25) and traffic
15 messages (26-27), is supplied, and that the stationary
units (3) comprise an integrated electronic circuit haviﬁg
storé capacity in the form of a ROM (9) for the identifi-
cation code (25) and the RAM (8) for the traffic messages
; (26-27), and that the electronic circuit is powered with
. 20 energy collected by the inductive coil.

4, A traffic cont:ol'system according to any of the
claims 1-3, characterized in that traffic
messages (21, 22) supplied by a mobile unit (1) to one of
- 25 the stationary units comprise interrogation point of time
' and identity information concerning the interrogating
unit.

5. A traffic control system according to any of the

30 claims 1-4, c h a racterdized in that the traffic
messages (21-24) conéain information (24) on'speed limits
and information on local conditions.

[

6. A traffic control system adcording tb-any of the
i 35 claims 1-5, characterized in that the mobile
; units (1) have a control unit (12) which, by a look-up in

! SErTaIES AT
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Lunit iEUlty of prearranged statlonary, pas- sive units
(3), to the interrogation (20-22), supply an

electronlcally stored, unique informa- tion code (25), follow ng
whi ch the position of the nobile 5 unit (1) is determined in response
to 'the unique inform- tion code (25), character
zedin 10 catdd ééafrera)bm Scrdidtdde asesf&difa%@lvﬁcéﬂ qmecaédra/ stored
traffic |nfornat|on 6-27) together wth the uniq formation
code, PULGRy t e”c“l'r‘é‘?ﬁ) RO TR %b*f‘?% ‘Hh"r"t j(“.[)"?%?‘lﬂﬁﬂ | ed
15 : in resgansenfdridte aetesde b pasde Dredinfrdnh e e \wiid sta-
trafTIC Info“n%ﬁé¥§(&§%égq(3), and that the control unit (12) has an

5 associated display (14) to display the calculated posi-

i tion.

7. A traffic control system acdording to claim 6, ¢ h a -
racterized in that the control unit (12) is

% 10 moreover associated with a calculating unit which calcu-
lates the distance to the last-passed mobile unit in re-
sponse to the received traffic messages and messages from
a traffic control centre, if the movement of the last-

- passed unit differs from a predetermined timetable, and

| 15 that this distance is displayed by the display (14),

optionally in the form of a stop order. .

8. A traffic control system according to any of the
% claims 1-7, characterized in that the control
; 20 .units (7) of the stationary units (3) store traffic mes-
- sages (21-22) concerning the movement of a mobile unit in
a section of the RAM (8) in which the corresponding
information on the last-passed_mobile unit was stored.

P25 9. A traffic control system according to any of the
claims 3-8, characterized in that the control
units (7) of the stationary units (3) store traffic mes-
sages (24) of a permanent nature in the ROM (9), and that
these messages are stored only after the completion of a

" 30 Succeésful recognitiqp procedure.

10. Use of a traffic control system according to any of
the claims 1-9 in connection with train traffic.

35 o 11. A method of cohtrolling the movement of a mobile unit
(1) and comprising interrogation (20-22) from the mobile

e ﬁq -t
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unit to one of a plurality of prearranged stafionary, pas-
sive units (3), which, in response to the interrogation
(20~-22), supply an electronically stored(_unique informa-
tion code (25); following which the position of the mobile
unit (1) is determined in response to the unique informa-
tion code (25),

characterized in

that the mobile unit (1) receives electronically stored
traffic information (26-27) that is supplied to one of the
stationary passive units from a previous mobile unit and
that the mobile unit further recéives the unique informa-~
tion code, ' |

and that the movement of the mobile unit (1) is controlled

in response to the determined position and the received
traffic information (26-27).
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(S7) Abstract

. Atraffic control system for mobile units comprises a plurality of stationary, passive units having electronic store capacity and transmit
and receive facilities. The store of the passive units contains an information code which is unique to the unit and is related to the position
of the unit concerned. A mobile unit has a computer with associated store capacity and transmit and receive facilities. When interrogated
by a mobile unit, the stationary units supply their information code, enabling the mobile unit to calculate its position. The store of the
. | stationary units, in addition to the information codes of said units, contains stored traffic messages which are supplied together with the

information code upon interrogation from the mobile unit. The movement from the mobile unit can be adjusted according to the traffic
information received.




