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must have a method of operation which is suffi- ciently flexible for the
vehicle to be able to direct BACKGROUND OF THE INVENTION
itself to any possible destination station from any possible origin
station. Possible solutions to the Field Of The Invention
5   method and apparatus for controlling movement of such vehicles would
include having each vehicle This invention pertains to transportation net-
with on-board computers which have a complete works and more particularly
to a method and ap-    memory of the entire transportation network and
paratus for controlling the movement of a vehicle  are pre-programmed such
that at any given origin through a transportation network.
10station they know the proper direction to take at any one of a plurality
of junction points throughout IIescription Of The Prior Art
the network on way to a destination station. How- ever, such a scheme for
operating the control of a A need for a fuel efficient economical rapid
mass transit system requires a substantial amount transit system exists.
The current state of mass   15  of programming logic. Also, once the logic
has transit systems includes busses and railway sys-   been established, it
is not easily modified. There- tems as well as underground subway trains
and      fore, such a system is not sufficiently flexible in the elevated
trains and the like. All of these systems  event of congestion in any
specific location on the attempt to move large numbers of people in large
network to adapt to the congestion to re-route vehicles. As a result, the
vehicle must stop at a   20  vehicles. Also, if the network is expanded or
other- plurality of stations to allow passengers to embark  wise modified,
the logic programs must be modi- and disembark as desired. Therefore, the
effective  fied and rewritten. This is a costly practice and average speed
of the vehicle is reduced by the     may make a personal rapid transit
system prohib- constant stopping and starting. Most riders make   itively
expensive. numerous stops between their point of origin and   25  An
alternative to on-board memorization of the their intended destination.
transit network is to have centralized memorization A personal rapid
transit system would eliminate  with a central computer controlling
movement of several of the above problems since each vehicle   the vehicles
with means for providing communica- carries a small number of passengers
desiring to   tion between the vehicle and the central logic unit. go to
the same destination. As a result, each ve-  30Information to be
transmitted would include infor- hicle bypasses all intermediate stops.
Therefore,  mation from the vehicle indicating its location and the average
speed of the vehicle can be greatly    desired destination. The central
computer would increased while its maximum speed remains the      transmit
to the vehicle the sequence of turns nec- same. Delays associated with
stopping at inter-    essary at all approaching junctions needed to arrive
mediate points are eliminated. The advantages of a   35  at the desired
destination. The vehicle would nec- personal rapid transit system have been
known to   essarily have an on-board microprocessor to ac- those skilled in
the art. However, construction of  cept the variety of information received
from the such a system and its method of operation have     central logic
unit and use this information to effect been elusive.
operation of on-board switching devices. The prob- A personal rapid transit
system having individ-  40  lem associated with the extensive use of a
central- ual cars which move about a common track or        ized computer
is that a substantial amount of in- guideway is shown in my commonly
assigned U.S.     formation must be exchanged between the vehicle Patent
No. 4,522,128 issued June 11, 1985. Also,   and the central computer on a
regular basis. As the further improvements and details in the vehicle and
amount of necessary information transfer increases, guideway are shown and
described in commonly  46  the possibility of an error in transmission
increases. assigned U.S. Patent 4,671,185 issued June 9,      One possible
source of such errors would be noise 1987 and Patents 4,665,829 and
4,665,830, both    in the transmission. issued May 19, 1987. The
aforementioned patents       It is recognized that the probability of error
in a teach a vehicle sized for a small number of pas-   transmission of
information can be extremely low if sengers which is moved along a
guideway. The   50the amount of information being transferred is mini-
aforesaid U.S. patent 4,665,830 enumerates several  mal. However, in
transit systems that have a plural- articles which generally discuss
transit systems.  ity of stations and a wide variety of routes connect- The
development of a personal rapid transit    ing the stations, the amount of
information which system presents certain problems with respect to   would
be transmitted to a vehicle as to the se- the apparatus and method for
controlling move-  55  quence of turns it must take to achieve its destina-
ment of vehicles from an origin to a destination.  tion can become
extremely large such that the For example, a personal rapid transit system
hav-  possibility for error in a transmission is not accept- ing vehicles
which are to be guided by computers   able. 2  
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guiding one or more ve-    points with the parameters defining a network
divid- hicles through a network having a plurality of routes  ing line
which divides the network into a plurality of and a plurality of junctions
each allowing a choose  stations which include a first set of stations
obtain- of two directions. A destination code is stored in  able by a
vehicle being directed in a first direction the vehicle, and the vehicle
compares the stored   5   at the branch point and a second set of stations
code and successive codes received from each      obtainable by a vehicle
being directed in a second junction and obeys the word instructions from
each  direction at the branch point. A vehicle is assigned successive
junction according to specific rules.  the location-defining coordinates of
a destination To improve a control system, for instance ac-  station and is
moved along a path segment toward cording to US-A- 3,933,099 the method
according   io  an approaching branch point. The coordinates of to the
present invention identifies line-defining pa-  the destination station and
the line defining param- rameters for each of a plurality of branch points
eters at the branch point are compared to deter- with said parameters
defining a dividing line     mine if the destination station is a member of
a first through a network. With said line dividing said   set or a second
set for that branch point. The plurality of stations is divided into a
first and a   15vehicle is directed in a first direction if the destina-
second set of stations. Location defining-coordi-  tion station is
determined to be a member of the nates of a destination station is
associated with a  first set and in a second direction if the destination
vehicle, and said coordinates are compared to said  station is determined
to be a member of the sec- line-defining parameters of a branch point to be
ond set. approached. The system then determines whether  20 said
destination station is a member of said first or  BRIEF DESCRIPTION OF THE
DRAWINGS second set for said approaching branch point and directs said
vehicle in dependence of which set     Figs. 1-8 show, in schematic format,
a trans- said station belongs to.                            portation
network with a plurality of stations in- 25    terconnected by a plurality
of path segments; OBJECTS AND SUMMARY OF THE INVENTION                Fig.
9 is a schematic view of the transportation network of Figs. 1 through 8
with one of the path It is the object of the present invention to pro
segments broken; vide a method and apparatus for controlling the     Fig.
10 is an enlarged view of a schematic of a movement of a vehicle through a
transportation   30    station on a network having a left-handed en-
network.                                            trance; A further
object of the present invention is to  Fig. 11 is an enlarged schematic
view of a provide a method and apparatus for controlling the  station for a
network having a right-handed en- movement of a vehicle through a network
where       trance; information is transmitted from a stationary point to
35  Fig. 12 is a block diagram showing transmitting, the vehicle to provide
the vehicle with information  receiving and computing means for the present
necessary to determine the direction the vehicle    invention; should take
at a network junction point.            Figs. 13a and 13b show a flow chart
showing A yet further object of the present invention is  logic for
controlling the direction of a vehicle at to provide a method and apparatus
for controlling   4o  a branch point; and the movement of a vehicle through
a network and     Fig. 14 is a graphical view of a network dividing
requiring a minimal amount of information transfer  line. between the
moving vehicle and a stationary in- formation source.
DESCRIPTION OF THE PREFERRED EMBODI- According to a preferred embodiment of
the   45  MENT present invention, there is provided a method and apparatus
for controlling the movement of a vehicle  In Figs. 1-8, the solid lines
schematically show through a network. The network includes a plurality  a
transportation network. The transportation net- of stations interconnected
by a plurality of path  work is identical in each of Figs. 1-8. The network
segments. A plurality of juncture points connects  so  includes a plurality
of stations schematically shown the path segments and includes a plurality
of     at numerals 30-48, inclusive. The stations 30-48 branch points which
require a vehicle approaching  are interconnected by a plurality of path
segments a branch point to be directed in either a first or  indicated by
the solid lines extending between a second direction. The method of the
invention in-  plurality of juncture points indicated by the nu- cludes the
steps of establishing a coordinate sys-  55 merals 10-17 and 20-27. The
path segments are tem for the network and assigning location-defining
unidirectional and a vehicle on a path segment coordinates to each of the
stations. Une-defining  may only move in a direction indicated by the
parameters are identified for each of the branch  arrows adjacent the
segments in the figures. 
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the path segments are the     that station-off points 30b and 46b operate
like solid lines extending between Juncture points 10-17  merge points. and
20-27. The plurality of juncture points may be   A plurality of left-handed
stations such as sta- divided into separate groups including a plurality of
tion 30 are disposed on the network and includes merge points 20-27 and
branch points 10-17. A      stations 30, 31, 32, 33, 34, 42, 44, 48. The
remain- mrge point is any juncture point which receives  ing stations are
right-handed stations such as sta- vehicle traffic from two path segments
and merges  tion 46. the vehicle traffic into a single path segment exiting
A network like that described above can be the merge point. For example,
with reference to   used in a plurality of transit systems such as per-
merge point 26, traffic enters merge point 26 from   io  sonal transit
systems as well as material handling either of branch segments extending
between junc-  systems. Preferably, the network of the present ture points
14 and 26 and juncture points 24 and  invention is described in reference
to a personal 26. The vehicle traffic which enters merge point 26  rapid
transit system having vehicles and guideways may only exit through the path
segment extending  described in the aforementioned commonly as- between
juncture points 15 and 26.           15signed U.S. patents. In this
embodiment, the path- A branch point is defined as a juncture point  ways
will be formed of the guideways disclosed in where vehicles entering the
branch point may ar-  these references. For example, with reference to rive
from only one path segment but may exit the  U.S. Pat. No. 4,522,128 (which
is incorporated branch point on any one of two path segments. For  herein
by reference), a vehicle 10 is shown in a example, with reference to branch
point 12, it can   20  guideway 12. The vehicle has wheels 22 which rest be
seen that vehicle traffic enters branch point 12  on channels 18 to provide
verticle support for the only from the path segment between points 12 and
vehicle 10. A plurality of guide wheels 28 bear 16. Traffic leaving branch
point 12 may leave on  against channels 29 to provide lateral support as
the path segment extending between point 12 and   the vehicle moves on a
path segment extending point 21. Alternatively, traffic may leave branch
25between juncture points. Again with reference to point 12 on the path
segment extending between    the the figures of U.S. Pat. No. 4,522,128,
and also points 12 and 20.                                 with reference
to the disclosure of the patent, the As shown in the figures, there are a
plurality of  vehicle 10 includes a switch arm 32 which is network stations
30-48 located at various points  pivotable between a left switch position
and a right along the network. The stations are schematically  3o  switch
position. As a vehicle is approaching a shown as waysides on path segments.
Best shown    branch point, the switch arm 32 must be switched in Figs. 10
and 11, the stations will be described  to the left position if a left turn
is desired or to the with reference stations 30 and 46. Station 30 is
right position if a right turn is desired. Likewise, this disposed on the
path segment extending between    procedure must be followed as the vehicle
ap- juncture points 11 and 10. Associated with station   35  proaches a
station-on point. If the vehicle is ap- 30 are two juncture points 30a and
30b. When a    proaching a left-handed station and it is desired to vehicle
is approaching station 30 on the path seg-  enter the station, the switch
must be in the left ment and if station 30 is its destination station, the
position. If it is not desired to enter the station, the vehicle moves off
the path segment at juncture    switch must be in the right position.
Conversely, if point 30a which will conveniently be referred to as   40
the vehicle is approaching a right-handed station a "station-on" point. A
vehicle leaving station 30  and it is desired to enter the station, the
switch must pass through juncture point 30b to return to  must be in the
right position. If it is not desired to the path segment. Station 30b will
conveniently be  stop at the right-handed station, the switch must be
referred to as a "station-off" point. Station 46,  in the left position.
Finally, as a vehicle is ap- which is shown enlarged in Fig. 11, also
includes a   45  proaching a merge point, the switch must be in the
station-on point 46a and a station-off point 46b.  left position if the
vehicle is approaching from the Figs. 10 and 11 differ in that station 30
of Fig. 10 is  left. The switch must be in the right position if the a
left-handed station in that a vehicle approaching  vehicle is approaching
the merge point from the the station must exit to the left at station-on
point  right. 30a. To leave station 30 and return to the path  50In a
personal rapid transit system having a segment, a vehicle must approach the
path seg-    network such as that shown in the figures, it will be ment
from the left at station-off point 30b. As   appreciated the stations could
represent a wide shown in Fig. 11, station 46 is a right-handed    variety
of differing locations within a community. station in that a vehicle
entering station 46 from the  For example, stations 30, 40, 42 and 46 could
path segment exits to the right at station-on point  55  represent stations
adjacent parking lots in residen- 46a. A vehicle at station 46 entering the
path   tial neighborhoods. Stations 39, 41 and 37 could 



segment approaches the path from the right at     represent centralized
urban areas which include station-off point 46b. It can be seen from the
above  business, government and educational areas. The 4    7
EP 0 259 443 B1                    8 remaining stations could represent any
one of a    amount of information which must be transferred to variety of
areas such as residential areas and shop-  the vehicle can become enormous.
As the amount ping areas. It will be apparent that an individual or  of
information increases, the probability of error in a small group of
individuals entering a personal   transmission becomes intolerably high.
vehicle at anyone of stations 30-48 could desire to   5  Another problem
associated with the above go to anyone of the remaining stations.
Therefore,  schemes is the method of controlling the vehicle at any given
time there can be a plurality of individ-  must acknowledge the possibility
that the network ual vehicles moving around the path segments       will
change over time. For example, new path seg- heading to a wide variety of
destination stations.  ments may be added and old path segments de-
Additionally, in response to anticipated needs for  10leted. Also, stations
can be added or subtracted vehicles at a given station, it would be
desirable to  from given path segments. Each one of these move vehicles
from a station having a large num-   changes requires substantial
reprogramming of ei- ber of empty vehicles but low anticipated vehicle
ther the on-board computer or the central com- need to a station having a
low number of empty     puter. Such programming can become extremely
vehicles but a high level of anticipated vehicle  is  expensive. need.
Therefore, in addition to having a plurality of  In order to effectively
control the movement of occupied vehicles moving to a plurality of randomly
a vehicle in such networks with a minimum amount determined destination
points, there can also be a  of information transfer between a stationary
source random number of empty vehicles moving toward a    of information
and the vehicle, the present inven- plurality of randomly determined
stations.    20  tion has been conceived. With respect to the As a vehicle
moves from a point of origin to a  branch points 10-17, it will be
appreciated that as a point of destination, it is probable the vehicle will
vehicle approaches each of these branch points, a pass through a plurality
of juncture points. At each  decision is required as to whether the vehicle
one of these juncture points, the vehicle must be in  should be in a left
switch mode or a right switch either a right switch or a left switch
orientation. As   25   mode. I have determined that this can be accom-
previously noted, the vehicle can be programmed    plished by dividing the
plurality of stations into two at its point of origin for any given
destination point  sets for each branch point. The first set will include
to be instructed to make the proper sequence of    those stations which are
most efficiently attained left and right switching throughout the network
to  by a taking a left turn at the branch point. The obtain its destination
point through the most effi-  30  second set will include those stations
which are cient path. However, such a scheme either involves  most
efficiently attained by taking a right turn at the the vehicle being
provided with on-board program-  branch point. At each branch point, a
determination ming having the proper sequences of left and right  is made
whether the destination station is in the switching for every destination
conceivable from   first set or the second set and a left turn or right
every possible point of origin. Alternatively, the  35turn is made
accordingly. To this end, a coordinate sequencing scheme can be relayed to
an on-board    system is established for the network. In each of computer
from a central computer. However, both    Figs. 1-9, a Cartesian coordinate
system is super- of these alternatives are undesirable. Neither of  imposed
including orthogonal X and Y axes inter- these alternatives adequately
provides for the pos-  secting at a predetermined reference point (0,0). It
sibility to reprogram the vehicle once travel is  40  will be appreciated
that while a Cartesian coordi- initiated. Such a need may result due to
congestion  nate system is preferred, any other coordinate sys- in a given
path segment or due to damage or        tem, such as radial coordinates,
may be employed. accident on a path segment. Also, the scheme          Each
of the stations 30-48 is assigned a pair of involving the central computer
requires transfer   location defining coordinates which may be alge- from
the central computer to the vehicle of a wide   45  braically referred to
as (err) where i = 30, 31, 32, variety of information. Namely, the vehicle
must be  ... , 48. With location defining coordinates [err] informed of
every station along its way and wheth-  assigned to each of the stations
30-48, a plurality er or not it is a left-handed station or a right-  of
network dividing lines can be defined for each of handed station. Likewise,
the vehicle must be in-  the branch points 10-17. For example, with refer-
formed of all merge points along its path and   so  ence to Fig. 1, a
network dividing line 10014 shown whether or not the merge point will
require a left-  as a dashed line is provided for branch point 14. handed
or right-handed switch. Finally, the vehicle   As can be seen, the network
dividing line must be informed of every branch point along its   10014
includes two line segments with a first line path and instructed as to
whether or not the vehicle  segment having a slope S14' and passing through



should branch to the left or the right. It will be   55a point (X14,Y14).
The line also includes a second appreciated that in personal transit
systems for   segment which passes through the same point and urban areas,
the networks will be substantially larg-  has a slope Si 4. The network
dividing line 10014 is er than those shown in the figures. As a result, the
selected to divide the area of the network into two 5    9
EP 0 259 443 B1                    10 domains indicated by domain R and
domain L. The    matically identified at 206 which includes logic 207
positioning of the line 10014 is selected such that  to process the
information to generate identification the stations within domain R are
most efficiently  of the approaching juncture point and switch logic
attainable by taking a right turn at branch point 14.  208 to generate a
command to throw a switch to the case of Fig. 1, having determined that
sta-   5   either the right or the left position. A destination tons 41,
42, 43 and 44 are most efficiently attain-  transducer 209 holds
coordinates of the destination able by taking a right turn at branch point
14 and  station and is readable by the switch logic. The that the remaining
stations are most efficiently at-  command from the switch logic is
modified from a tainable by taking a left turn at branch 14, line
transducer 210 to a switch torquer 211 to throw the 100[err] drawn as shown
and the parameters  10switch 213. A proximity sensor 212 identifies
[err]are readily determinable    whether or not the switch has been
properly thrown with respect to the coordinate system.             and
feeds this information via a transducer 215 It will be appreciated that the
nature of the   back to the switch logic. network dividing line will vary
for each of the       The equipment schematically shown in Fig. 12 branch
points. Accordingly, Figs. 2, 3, 4, 5, 6, 7   15is known in the art. The
switch torquer is preferably and 8 show network dividing lines for branch
points  such as the switch throw mechanism identified by 15, 16, 12, 11,
13, 10 and 17, respectively. The  the numeral 50 in U.S. Pat. 4,522,128 to
throw the positioning of the network dividing line for each of  switch
shown therein. Proximity sensors are old the branch points is established
by identifying at  and well-known in the art and commercially avail- each
of the branch points those stations which are  20  able items. Equipment
for transmitting and receiv- most efficiently attained by taking a
right-hand turn  ing information across segmented transmission at the
branch point and those which are most       lines are disclosed in a
publicly available paper efficiently attained by taking a left-hand turn at
the  entitled "Odometer Data Downlink Collision Avoid- branch point.
ance System Demonstration Report" produced by The network dividing line is
provided as being   25  the Boeing Company and prepared under contract a
plurality of connected straight line segments sep-  number DOT-UT-80041
with a release date of Au- arating the two sets of stations into the
right-hand  gust 16,1982. domain R of the network and the left-hand domain
The information which is transmitted and the L of the network for that
branch point. Whether a  logic by which that information is used to control
station is considered most efficiently attainable by   30  the movement of
a vehicle through the network will a right or left turn will depend upon a
variety of  now be described. When a passenger enters a factors for the
particular network such as the length  vehicle at a point of origin, the
coordinates of the of the path segments and anticipated traffic. With
desired destination station are entered into the des- reference to the
figures, it can be seen that each of  tination transducer 209. As the
vehicle moves along the dividing lines is uniquely defined by the coordi-
35 the path segments, whenever the vehicle passes a nates of the
intersection points of its constituent  juncture point, a wayside
transmitter transmits to line segments and by the slopes of its end line
the vehicle information identifying the type of the segments.
next approaching juncture point and parameters At each of the juncture
points (including the   concerning that juncture point. More specifically,
station-on and station-off points) means are pro-  40  the vehicle is
supplied with information identifying vided for transmitting to a vehicle
the identifying  the approaching juncture point as being either a
parameters of the next juncture point it will ap-  merge point, branch
point or station-on point. If the proach. Preferably, the transmission
means will in-  approaching juncture point is a merge point, the clde
segmented transmission lines at each of the   vehicle is instructed as to
whether it is a merge juncture points which communicates with the ve-  45
point which will require left-hand switching or right- hicle through radio
transmitters and receivers lo-  hand switching. If the approaching juncture
point is cated on the vehicle which pass close to the trans-  a station-on
point, the location defining coordinates mission lines as the vehicle moves
through the     of the station will be transmitted to the vehicle as
guideway. The segmented transmission lines are     well as information
whether the station is a right schematically shown in Fig. 12 as three
parallel  50  station or a left station. Finally, if the approaching
communication lines 201 which are connected to a   juncture point is a
branch point, the wayside trans- wayside computer 202 and transmitter 203
shown     mitter will transmit to the vehicle the parameters 



in schematic format. The on-board equipment is     which define the network
defining line for that shown within the schematic outline 200 of the ve-
branch point. hicl and includes a receiver 204 for receiving  55    The
information received from the wayside information from the wayside line 201
and a trans-  transmitter is fed to the on-board microprocessor ducer 205
for modifying this information in a digital  206 which uses the information
to determine how format to be received by a microprocessor sche-    to
throw a switch. For example, if the approaching 6    11                EP 0
259 443 B1                    12 juncture point is identified as a being a
merge point  [err] is compared to Y* so generated and if YD requiring a
left switch, the microprocessor 206 de-  is greater than Y*, for the
particular branch point, termines whether or not the vehicle is in a left
this will indicate whether or not YD is to the left or switch mode. If not,
the switching mechanism is    to the right. Accordingly, the microprocessor
deter- commanded to switch to the left mode. Likewise, if   5   mines that
the point is in the right or left domain. the approaching junction point is
identified as being  If the network dividing line for the branch point a
merge point requiring a right switch, the micro-  comprises two line
segments having the slopes [err] processor determines whether the switch is
in a    and S2, the wayside will transmit the parameters right mode and, if
not, executes a command to      [err] to the vehicle microprocessor. The
effect switching to the right position.       io   microprocessor compares
[err] is If the approaching juncture point is a station-on  smaller, the
problem is treated identical to that of point, the on-board microprocessor
compares the    the single line segment with the processor comput- location
defining coordinates of the approaching   ing Y* = [err]If XD is greater
than or equal station to the location defining coordinates of the  to
[err]e processor computes Y* = [err]. destination station. If the
coordinates are identical,  15The comparison between [err] and the re- the
microprocessor commands the switch to be       maining logical steps are as
above. thrown in either a right or left mode depending on     If the branch
point dividing line has three line whether the station is a right station
or left station,  segments with slopes [err]the identify- respectively.
ing parameters of [err]are If the approaching juncture point is a branch
20  transmitted to the vehicle microprocessor. The point, the
microprocessor 200 performs an alge-    microprocessor computes
[err]compares [err] braic algorithm to compare the location defining   X2.
If XD is less than X2, the problem is treated coordinates of the
designation station and the co-  identical to that of a network dividing
line having ordinates of the intersections of the constituent line  two
line segments as described above. If [err] segments of the network,
dividing line and the   25  greater than or equal to [err] is computed as
slopes of the end segments of the network dividing  being equal to [err]
with the comparison line. The algorithm determines whether the coordi-
between [err] being as above. nates lie on the right domain R or left
domain L of    An ambiguity can exist depending on whether the branch
point. If the coordinates, of the destina-  a vehicle approaches a branch
point from the left tion station are in the right domain R, the micropro-
30  or the right when viewed in the drawings. For cessor executes necessary
commands to insure       example, a vehicle approaches branch point 16 that
the switch is thrown to the right. Alternatively,  from the right. In this
case, the right domain R is if the coordinates are in the left domain L,
the   above the network dividing line 100[err] (Fig. 3). microprocessor
executes switch left commands.      Conversely, a vehicle approaches branch
point 17 The algorithm may be described by reference   35  from the left.
In this case, the right domain R is to a vehicle having a destination with
coordinates  below the network dividing line 10017 (Fig. 8). (XD,YD) and
approaching a branch point having a    Therefore, the vehicle must be
transmitted one network dividing line consisting of up to three line
additional item  of binary information as it ap- segments having
intersection points with coordi-  proaches a branch. point. Namely, having
deter- nates [err]. The line segments are  40   mined whether the
destination coordinates [err] shown in Fig. 14. The slopes of the line
segments  lie above or below the network dividing line, the are [err]. The
equations for the three lines  vehicle must be instructed whether a right
or left are:  [err]                                             turn is
required. For vehicles approaching from the Where [err] are the
intersection on   so  algebra and is readily made by the microprocessor the
Y axis of the lines having slopes [err] once the line defining parameters
are known. respectively.                                      Conversely,
for a vehicle approaching from the If a branch point has a network dividing
line  right, a right turn is required for all destination which consists
only of the line segment having the  stations where YD is large. (Again,
[err] is defined as slope [err], the branch point information transmitted
s5  being large where YD is greater than a Y-coordinate to the vehicle will
be the parameters [err] of a point on the dividing line having an X-coordi-



The microprocessor 206 will use this information to  nate equal to [err]).
Therefore, the vehicle must be generate a comparison point Y*, where Y* =
S1XD    transmitted a binary variable of alternatives Type A 7    13
EP 0 259 443 B1                    14 or Type B where Type A indicates a
right turn is   and desires to proceed to station 37. In the initial
required if YD is large and Type B indicates a left  position with a
vehicle at rest at station 43, the turn is required if YD is large. By way
of example,  vehicle has already passed a juncture point and branch point
16 is a Type A branch point and       received transmitted information
regarding the next ranch point 17 is a Type B branch point.     5
juncture point Namely, the vehicle has passed the From the foregoing, it
can be seen that the   station-on point for station 43 and received
informa- logic can accommodate a network dividing line     tion that the
next juncture point is a station-off point made up of a plurality of line
segments. For each  which merges from the right of a pathway. Accord-
additional line segment, an additional Intersecting  ingly, the vehicle
switch will be in a switch right segment coordinate point and an additional
slope   10   mode. must be submitted to the vehicle and an additional    A
passenger desiring to travel to station 37 step must be made in the logic.
This is a very     enters the vehicle at station 43 and through any small
requirement in that each addition of a line  suitable means such as
magnetic card, keyboard segment will result in requiring only a single pro-
or otherwise informs the vehicle of the coordinates gramming step being
added to the logic. Accord-  15  of the destination station 37 (these
coordinates will ingly, the on-board computer can readily handle    be
referred to as (err).With the destination networks which would include
network dividing      coordinates encoded, the vehicle proceeds onto lines
having many line segments.                   the path segment extending
between points 14 and The switch logic performed by the micropro-     26.
After the vehicle passes the station-off point for cessor is shown in Figs.
13a and 13b. If a switch   20  station 43, the identifying information and
param- left is required, the microprocessor determines    eters for the
upcoming junction point 26 are trans- from the proximity sensor 212 whether
the switch   mitted to the vehicle. In this example, the vehicle is thrown
left. If it already is in a left position,  will receive information that
the next juncture point nothing further need be done. If not, a signal is
is a merge point and requires a switch right mode. given to throw the
switch to the left and to auto-  25  Since the vehicle is already in a
switch right mode, matically set the vehicle to slow down after a     no
further action is taken until after juncture point predetermined time
delay. After this command is    26 is passed and identification information
and given, the proximity sensor is analyzed to see if the  parameters for
the next approaching juncture point switch was thrown as required. If it
was, the vehicle  15 are received. This information identifies juncture is
given a command to maintain vehicle speed   30  point 15 as a Type A branch
point with the network signal which overrides the slow down signal and
dividing line 100,5 (as shown in Fig. 2) having the interrupts the time
delay. At this point, no further  defining parameters of [err]. The action
is taken until the next juncture point is   on-board microprocessor
performs the above de- reached. If the switch was not thrown as required,
scribed logic to compare these parameters to the after the previous
described time delay, the vehicle  35  destination coordinates [err].
Determing will slow down to a safe speed so the problem can  these
coordinates to lie in the left domain L of the be resolved. Comparative
logic is shown for a      network, the microprocessor commands the switch-
switch right requirement.                         ing mechanism to switch
to a left mode. In the foregoing examples, it will be appre-       After
passing branch point 15, the on-board ciated where there are a plurality of
line segments  40  computer is transmitted information concerning the
connected to form the network dividing line, only  next approaching
juncture point which is a station- the slopes of the end line segments, the
points of  on point for station 44. The transmitted information
intersection and the turn alternative (Type A or   includes information
identifying the upcoming point Type B) need be transmitted to the vehicle.
Al-    as a station-on point which is for a left-handed though slopes of
intermediate line segments may   45  station and also provide the on-board
computer be necessary in performing the above described     with the
coordinates of the station which will be algorithm, on-board logic can
easily derive these  referred to as (err). The on-board computer
intermediate slopes from the transmitted informa-  compares these
coordinates to the destination co- tion. For example, if the on-board
computer is     ordinates [err] and notes they are not identical programmed
to receive the information in the pre-  so  and, accordingly, switches the
switch to a right determined sequence of the intersection point hav-  mode
to avoid entry onto station 44. Also, at this ing the smallest X value to
the point having the   point, the on-board logic informs the microproces-
largest point value, the intermediate line segment  sor that the next
approaching juncture point is a slopes can be determined through simple
algebra.   station-off point and the right switch mode should 



Having described the network, its equipment  545  be maintained. When
passing the station-off point, and logic, the method of the present
invention will  information concerning the next approaching junc- be
described with reference to a particular example  ture point 25 is
transmitted to the vehicle. The where a passenger enters a vehicle at
station 43   transmitted information will indicated that juncture 8    15
EP 0 269 443 B1                   16 point 25 is a merge point requiring
the vehicle to  layout for the network dividing lines based on input be in
a switch left mode. Noting that the vehicle is  parameters such as
minimizing transportation time currently in a switch right mode, a command
will  between the branch point and the destination sta- be issued switching
the vehicle to a switch left  tion. mode.
5       In light of the ease by which the system can be When juncture 25 is
passed, information will be  modified simply by changing the line defining
pa- transmitted to the vehicle concerning the next ap-  rameters for the
individual branch points, the sys- proaching juncture 16. The transmitted
information  tem is very well suited to handle troublesome prob- will be
that juncture 16 is a Type A branch point  lems such as congestion or need
for rerouting due having a network dividing line [err](shown in Fig.  io
to accidents or damage to a path segment. Antici- 3) with line defining
parameters of [err] pating that a central logic unit will receive informa-
[err]. With these parameters, the on-  tion concerning the location of
vehicles and their board microprocesor will perform the above de-
destinations, such a unit can easily determine in scribed logic and
determine that the coordinates  advance whether a particular path segment
will [err]of the destination station lie in the right  15  approach an
unreasonably congested state. If a domain R of the network and will command
the      central logic unit so determines that a path seg- switch mechanism
to assume a switch right mode.   ment will, in the future, be at its
saturated state, After passing juncture point 16, the vehicle will  then,
as to future passengers, the vehicles can be receive information concerning
the next approach-  rerouted away from the potentially troublesome ing
point. The information the vehicle will receive is  20  path segment. This
is easily done by providing that the next approaching point is a station-on
point  each of the branch points 10-17 with alternate line- for a
right-handed station having location defining  defining parameters. For
example, branch point 16 coordinates of [err]. The on-board micropro-
could be provided with an alternate network divid- cessor will compare
these coordinates to the co-  ing line [err](shown in Fig. 9) which is
estab- ordinates [err] of the destination station and  25  lished assuming
the path segment between junc- will determine that these coordinates are
identical.  ture points 13 and 23 is no longer available. In the Informed
that the station is a right-hand station, the  event a central computing
unit determines that the microprocessor will note that the vehicle is
already  path segment between points 13 and 23 is becom- in a right switch
mode and will maintain the vehicle  ing close to being congested, the
central comput- in a right switch mode to enter the station 37 at  3o  ing
unit can modify the information at the wayside which point the desired trip
will be completed.  transmitter at juncture point 25 such that a vehicle
From the foregoing, it can be seen how vehicle  passing juncture point 25
will be transmitted line movement through a network can be controlled
defining parameters [err] according to the method and apparatus of the
[err]. As a result of this modification of information present invention.
Specifically, it can be seen that  35  at juncture point 25, all vehicles
passing this junc- the amount of programming for the on-board com-  ture
point and approaching branch point 16 will be puter is minimal and that the
amount of necessary  directed at branch point 16 in a direction for most
information transmitted between the vehicle and a  effecient travel to a
destination point assuming that wayside station is small. The only
transmission to  path segment 13-23 is unavailable for travel. Once the
vehicle is transmission of the destination co-  40  the potential for
congestion on the path segment ordinates at the point of origin and the
parameters  between points 13 and 23 has passed, the central of approaching
juncture points.                   computing unit can replace the
substituted informa- The present invention is particularly suitable to
tion at juncture point 25 with the parameters of line transportation
networks where the network structure  [err] (shown in Fig. 3). is subject
to change. For example, additional sta-  45  As a result of the foregoing,
it can be seen how tions and additional path segments may be added.  the
objects of the present invention have been As path segments and stations
are added, network  achieved in a preferred manner. The amount of dividing
lines for any given branch point may    information which must be
transmitted from a sta- change. However, there is no need to change any
tionary point to the moving vehicle is held to a of the on-board logic for
the vehicles. All that is  50  minimum to thereby insure that only accurate
changing are the parameters which will be fed to  transmissions, without
error, are sent to the vehicle. the vehicle as it passed the preceding
juncture   Also, since it is an easy task to establish and 



point. Reshaping and defining the parameters of   change the network
dividing lines in response to the network defining line for any given
branch point  changes in the network, this system is very flexible is a
very simple task. For small networks it can be   55  to permit growth of
the network and to accom- done manually. For very large networks, it would
modate changes in congestion and delay. While be well within the skill of
the art to provide com-  the preceding is a preferred embodiment, it will
be puter programs which will find the most efficient  appreciated that the
scope of the invention is in- 9    17                 EP0259443B1
18 tended to include such modifications and equiv-          attainable by a
vehicle directed in a first direc- alents of the disclosed concepts as will
appear to      tion at said branch point (10-17) and assuming those skilled
in the art. Accordingly, it is intended    a predetermined path segment is
closed to that the scope of the present invention only be          vehicle
traffic and a second set attainable by a limited by the scope of the claims
which are ap-   5     vehicle directed in a second direction at said pended
hereto.                                            branch point and
assuming said predetermined path segment is closed to vehicle traffic.
Claims 3. A method according to claim  2 comprising 1. A method of
controlling movement of a vehicle  io    identifying a plurality of
alternative line-defining through a network having a plurality of stations
parameters for each of said branch points with (30-48) interconnected by a
plurality of path        each one of said plurality, defining a network
segments, a plurality of juncture points (10-17;     dividing line assuming
a different predeter- 20-27; 30a,30b) connecting said path seg-
mined path segment Is closed to vehicle traffic. ments and comprising a
plurality of branch   is points (10-17) requiring a vehicle approaching
4. A method according to claim 1 wherein said a branch point to be directed
in either a first or   line dividing said plurality of stations is a second
direction, the method comprising the          straight line and said
parameters comprise a steps of:
slope (S) of said line and coordinates (XY) of a (a) establishing a
coordinate system for said   20  point on said line. network; (b) assigning
location-defining coordinates    5. A method according to claim 1 wherein
said (X;Y) to each of said stations;                   line dividing said
plurality of stations is a plu- (c)  identifying  line-defining  parameters
rality of connected line segments with said (X,Y;S) for each of said branch
points with  25   parameters comprising coordinates of intersec- said
parameters defining a dividing line          tions of said line segment and
slopes of line through said network with said line dividing       segments
at ends of said dividing line. said plurality of stations into a first set
of stations attainable by a vehicle being di-     6. A transportation
network comprising: rected in a first direction at said branch   3o
(a) a plurality of stations (30-48); point and a second set of stations
attainable        (b) a plurality of path segments connecting by a vehicle
being directed in a second              said stations (30-48); direction at
said branch point;                      (c) a plurality of branch points
(10-17) con- (d) associating location-defining coordinates        necting
said path segments; (X;Y) of a destination station with a vehicle;   35
(d) a plurality of location-defining coordi- (e) moving said vehicle along
a path seg-            nates (X;Y) associated with said stations; ment
toward an approaching branch point              (e) a plurality of
line-defining parameters (10-17);
(X,Y;S) for said branch points (10-17) with (f) comparing said coordinates
(X;Y) of said         said parameters (XY;S) defining a dividing
destination station to line-defining param-   40    line through said
network and dividing said eters (X:Y,S) of said approaching branch
plurality of stations (30-48) into a first set point and determining
whether said destina-          attainable by a vehicle being directed in a
tion station is a member of a first set or a         first direction at
said branch point (10-17) second set for said approaching branch
and a second set attainable by a vehicle point; and
45         being directed in a second direction at said (g) directing said
vehicle in a first direction      branch point (10-17); if said destination
station is determined to        (f) a vehicle disposed on said network for
be a member of said first set and in a               movement along said
path segments; second direction if said station is deter-           (g)
means for associating (209) location- mined to be a member of said second
set.    50       defining coordinates of a destination station 



with said vehicle; 2. A method according to claim 1 further com-
(h) means for comparing (206) said coordi- prising:
nates with said line-defining parameters and identifying alternative
line-defining param-        determining if said destination station is a
eters for each of said branch points with said   55     member of a first
set or a second set; alternative parameters defining an alternative
(i) means (210,211,213) for alternatively di- line through said network
with said line dividing      recting said vehicle to said first and second
said plurality of stations (30-48) into a first set    directions. 10    19
EP 0 259 443 B1                    20 7. A network according to clam 6
comprising:             (d) comparing said coordinates of said des- means
for transmitting (202,203) line-defin-      tination station to said
line-defining param- ing parameters of an approaching branch point
eters and determining whether said destina- to said vehicle.
tion station is a member of a first or second 5         set for said
approaching branch point; and 8. A network according to claim 7 wherein
said         (e) directing said vehicle in a first direction plurality of
juncture points (10-17; 20-27;          if said destination station is
determined to 30a,30b) includes a plurality of merge points         be a
member of said first set and in a (20-27) with a vehicle at a merge point
re-          second direction if said station is deter- quired to be
directed in a predetermined direc-  10   mined to be a member of said
second set. tion; means for transmitting (202,203) to a ve-   11. In the
network of claim 10 wherein said plural- hicle approaching a juncture point
information     ity of juncture points further comprises a plu- defining
said juncture point as a branch point     rality of merge points (20-27)
with a vehicle at or a merge point.                         15       a
merge point required to be directed in a predetermined required direction;
the method 9. A network according to claim 7 wherein said         further
comprising the steps of: plurality of juncture points (10-17; 20-27;
(a) moving said vehicle toward a juncture 30a,30b) includes a plurality of
station-on           point (10-17; 20-27; 30a,30b); points (30a) connecting
a station with a path  20     (b) transmitting to said vehicle information
segment with a vehicle at a station-on point          defining said
juncture point as a branch (30a) required to be directed in a predeter-
point (10-17) or merge point (20-27); and mined required direction to
arrive at said sta-      (c) directing said vehicle in said predeter- tion;
mined required direction if said juncture means for transmitting (202,203)
to a ve-  25     point is a merge point. hide approaching a juncture point
information defining said juncture point as a branch point  12. In the
network of claim 10 wherein said plural- or a station-on point.
ity of juncture points further comprises a plu- rality of station-on points
connecting a station 10. In a network having a plurality of stations as-
30  with a path segment with a vehicle at a station- signed
location-defining coordinates and inter-    on point required to be
directed in a predeter- connected by a plurality of path segments
mined required direction to arrive at said sta- having a plurality of
juncture points (10-17; 20-  tion; the method further comprising the steps
27; 30a,30b). connecting said segments and         of: comprising a
plurality of branch points (10-17),  35  (a) moving said vehicle toward a
juncture said branch points having associated line-de-         point;
fining parameters (XYS) defining a dividing         (b) transmitting to
said vehicle information line through said network which divides said
defining said juncture point as a branch plurality of stations into a first
set of stations    point or station-on point; and attainable by a vehicle
being directed in a first  40  (c) directing said vehicle in said predeter-
direction and a second set of stations attain-        mined required
direction if said juncture able by a vehicle being directed in a second
point is a station-on point. direction, said network further including
trans- mission and receiving means (202,203;204) for   Patentansprilche
transmitting information to a vehicle, comput-  45 ing means (206,207)
associated with a vehicle  1. Ein Verfahren zum Steuern der Bewegung ei-
for analyzing information received by a vehicle    nes Fahrzeugs durch ein
Netzwerk, das eine and means for directing (210,211,213) said ve-
Vielzahl von Ober eine Mehrzahl von Wegseg- 



hicle in a first or second direction; a method of  menten miteinander
verbundene Stationen (30 controlling movement of a vehicle to a destina-
50  - 48) und eine Vielzahl von Knotenpunkten (10 tion station comprising:
- 17; 20 - 27; 30a - 30b) aufweist, die die (a) transmitting to said
vehicle location-de-    Wegsegmente miteinander verbinden und eine fining
coordinates of said destination station;  Mehrzahl von Verzweigungspunkten
(10 - 17) (b) moving said vehicle along a path seg-        aufweisen, das
ein Richten eines sich an einen ment toward an approaching branch point;
55  Verzweigungspunkt anndhernden Fahrzeugs in (c) transmitting to said
vehicle line-defining   eine erste odor eine zweite Richtung erfordert,
parameters of a dividing line associated with   wobei das Verfahren die
folgenden Schritte said approaching branch point;
aufweist:    21                EP 0 269 43 B1                     22
c   L  M (a) Errichten eines Koordinatensystems fOr      nierenden
Paramotern fOr jeden der Verzwei- das Netzwerk;
gungspunkte, wobei jeder aus der Mehrzahl (b) Zuordnen von den Ort
definierenden Ko-      von ein Netzwork teilenden Union definieren-
ordinaten (X; Y) zu jeder der Stationen;        den Paramatern davon
ausgeht, daB ein ande- (c) Identifizieren von eine Unie definieren-   5
res Wegsegment fur einen Fahrzeugverkehr den Parametem (X, Y.; S) fOr jeden
der          geschlossen ist. Verzweigungspunkte, wobei die Parameter eine
Tellungslinie durch das Netzwerk defi-  4. Verfahren nach Anspruch 1, wobei
die Llnie, nieren, die die Mehrzahl der Stationen in       die die Mehrzahl
von Stationen aufteilt, eine eine erste Gruppe von Stationen, die durch
to  gerade Linie ist und die Parameter eine Stei- an dem Verzweigungspunkt
in eine orste          gung (S) der Unie und die Koordinaten (X, Y)
Richtung gerichtete Fahrzeuge erreichbar        eines Punktes auf der Unie
beinhalten. sind und eine zweite Gruppe von Stationen, die durch ein
Fahrzeug, das an dem Ver-      . Verfahren nach Anspruch 1, wobei die die
zweigungspunkt in eine zweite Richtung go-  i5  Mehrzahl von Stationen
aufteilende Unie aus richtet wird, erreichbar sind;                  elner
Mehrzahl von miteinander verbundenen (d) Zuordnen von den Ort definierenden
Ko-      Liniensegmenten besteht, wobel die Parameter ordinaten (X; Y)
einer Bestimmungsstation       die Koordinaten der Schnittpunkte der Union-
zu einem Fahrzeug;                              segmente und die
Steilheiten der Linienseg- (e) Bowegen des Fahrzeugs entlang eines  2o
mente an den Enden der Toilungslinie auf- Wegsegments in Richtung auf einen
sich          weist. nlhemrden Verzweigungspunkt (10 - 17); (f) Vergleichen
der Koordinaten (X; Y) der  6. Ein Transportnetzwerk mit:
Bestimmungsstation zu den die Linie defi-         (a) einer Mehrzahl von
Stationen (30 - 48); nierenden Parametern (; Y, S) des sich   25       (b)
einer Mehrzahl von die Stationen (30 - annahernden Verzweigungspunktes und
Be-           48) verbindenden Wegsegmenten; *stimmen, ob die
Bestimmungsstation ein            (c) oinor Mehrzahl von die Wegsegmente
Element aus einer orsten Gruppe oder aus          miteinander verbindenden
Verzweigungs- einer zweiten Gruppe fOr den sich nahem-           punkten
(10 - 17); den Verzweigungspunkt ist und           30        (d) einer
Mehrzahl von den Ort definieren- (g) Richtoen des Fahrzeugs in eine erste
den, den jeweiligen Stationen zugeordneten Richtung, wenn die
Bestimmungsstation als          Koordinaten K(; Y); ein Element aus der
ersten Gruppe be-              (e) einer Mehrzahl von eine Linie
definieren- stimmt wird und in eine zweite Richtung,          den
Parametern (X, Y; S) fOr die Verzwei- wenn die Station als ein Element der
zwei-  3s     gungspunkte (10 - 17) wobel die Parameter ton Gruppe bestimmt
wird.                         (X, Y; S) eine Teilungslinie durch das Netz-
werk definieren und die Mehrzahl von Sta- 2. Emn Verfahren nach Anspruch 1,
welter mit:           tionen (30 - 48) in eine erste Gruppe, die
Identifizieren von alternativen die inie definie-    von einem Fahrzeug,
das an dem Verzwei- renden Parametern fOr jeden der Verzwei-  40
gungspunkt (10 - 17) in oine erste Richtung gungspunkte mit den
alternativen Parametern,         gerichtet wird, orreichbar sind und eine
die eine alternative Unie durch das Netzwork         zweite Gruppe, die
durch ein Fahrzeug, das bilden, wobei die Linie die Mehrzahl von Sta-
an dem Verzweigungspunkt (10 - 17) in eine tionen (30 - 48) in einen ersten
Satz von Sta-       zweite Richtung gerichtet wird, erreichbar tionen, die
von elnem an dem Verzweigungs-  45      ist, aufteilt; punkt (10 - 17) in
eine erste Richtung gerichte-     (f) einem auf dem Netzwork zur Bewegung
ton Fahrzeug unter der Annahme, daB ein vor-         entlang der
Wegsegmente angeordnetes 



gegebenes Wegsegment fOr den Fahrzeugver-            Fahrzeug; kehr
geschlossen ist, erreichbar sind, und in       (g) Mitteln zum Zuordnen
(209) Von den Ort einen zweiten Satz von Stationen, die von el-  so
definierenden  Koordinaten einer Bestim- nem an dem Verzweigungspunkt in
eine zweite          mungsstation zu dem Fahrzeug; Richtung gerichteten
Fahrzeug, unter der An-         (h) Mitteln zum Vergleichen (206) der Koor-
nahme, daB das vorgogebene Wegsegment fOr            dinaten mit den die
Linie definierenden Pa- einen Fahrzeugverkehr geschlossen ist, er-
rametern und Bestimmen, ob die Bestim- reichbar sind.
55         mungsstation ein Element aus einer ersten Gruppe odor aber aus
einer zweiten Gruppe 3. Verfahren nach Anspruch 2, unter Identifizieren
ist; und einer Mehrzahl von altemativen eine Linie defi- 12    23
EP 0 259 443 B1                   24               l I s M (i) Mitteln
(210, 211, 213) zum alternativen   mittel (206, 207), die einem Fahrzeug
zum Richten des Fahrzeugs in die erste oder in     Analysieren der von
einem Fahrzeug empfan- die zweite Richtung.                           genen
Information zugehorig sind und Mittel zum Richten (210, 211, 213) des
Fahrzeugs in 7. Ein Netzwerk nach Anspruch 6, mit:        5       elne
erste oder in eine zweite Richtung auf- Mittein zum Obertragen (202, 203)
von die         weist; Linie definierenden Parametern elnes sich an
ein Verfahren zum Steuern der Bewegung ei- das Fahrzeug annghemden
Verzweigungs-             nes Fahrzeugs zu einer Bestimmungsstation
punktes.                                          mit: 10        (a)
Obermitteln von den Ort definierenden 8. Ein Netzwerk nach Anspruch 7,
wobel die              Koordinaten des Bestimmungsorts zu dem Mehrzahl von
Knotenpunkten (10 - 17; 20 - 27;       Fahrzeug; 30a - 30b) eine Mehrzahl
von Sammelpunkten          (b) Bewegen des Fahrzeugs entlang eines (20 -
27) aufweist, wobei ein Fahrzeug an           Wegsegments in Richtung auf
einen sich einem  Sammelpunkt in elne vorgegebene   i5         annahernden
Verzweigungspunkt; Richtung gerichtet werden muG;                      (c)
Obermitteln von die Linie definierenden Mittel zum Obertragen (202, 203)
einer den          Parametern einer Teilungslinie, die dem Knotenpunkt als
elnen  Verzweigungspunkt            sich anntlhemden Verzweigungspunkt
zuge- oder einen Sammelpunkt definierender Infor-         horig sind, zu
dem Fahrzeug; mation zu elnem sich an den Knotenpunkt an-  20     (d)
Vergleichen der Koordinaten der Bestim- nahemden Fahrzeug.
mungsstation mit den die Linie definieren- den Parametem und Bestimmen, ob
die Be- 9. Ein Netzwerk nach Anspruch 7, wobei die
stimmungsstation ein Element einer ersten Mehrzahl von Knotenpunkten (10 -
17; 20 - 27;       oder einer zweiten Gruppe fOr den sich nd- 30a - 30b)
eine Mehrzahl von Stationsanfangs-  25   hemden Verzweigungspunkt ist; und
punkten (30a) aufweist, die eine Station mit        (e) Richten des
Fahrzeugs in eine erste einem  Wegsegment verbinden, wobei ein
Richtung, wenn die Bestimmungsstation als Fahrzeug an einem
Stationsanfangspunkt (30a)        ein Element aus der ersten Gruppe erkannt
in elne vorgegebene erforderliche Richtung ge-      wird und in eine zweite
Richtung, wenn die richtet werden muB, um an der Station anzu-  30
Station als ein Element aus der zweiten kommen;
Gruppe erkannt wird. Mittel zum Obertragen (202, 203) einer den Knotenpunkt
als einen  Verzweigungspunkt      11. In dem Netzwerk von Anspruch 10,
wobel die oder als einen Stationsanfangspunkt definie-      Mehrzahl von
Knotenpunkten weiter eine Mehr- render Information zu einem sich an den
Ver-  35  zahl von Sammelpunkten (20 - 27) aufweist, zweigungspunkt
annahernden Fahrzeug.              wobei ein Fahrzeug an elnem S&mmelpunkt
in eine vorgegebene Zwangsrichtung geflhrt wer- 10. In einem  Netzwerk mit
einer Mehrzahl von        den mu3, wobel das Verfahren welter die fol-
Stationen, denen den Ort definierende Koordi-     genden Schritte aufweist:
naten zugeordnet sind und die die durch eine   40   (a) Bewegen des
Fahrzeugs in Richtung auf Mehrzahl von Wegsegmenten miteinander ver-
einen Knotenpunkt (10 - 17; 20 - 27; 30a - bunden sind, die eine Mehrzahl
von die Seg-         30b); mente miteinander verbindende Knotenpunkte
(b) Obermitteln von den Knotenpunkt als (10 - 17; 20 - 27; 30a - 30b) und
eine Mehrzahl     einen Verzweigungspunkt (10 - 17) oder ei- von
Verzweigungspunkten (10 - 17) aufweisen,  4s    nen Sammelpunkt (20 - 27)
definierender 



wobei die Verzweigungspunkte zugeh6rige,            Information zu dem
Fahrzeug; eine Linie definierende Parameter (X, Y. S)         (c) Richten
des Fahrzeugs in die vorgege- haben, die eine Teilungslinie durch das Netz-
bene Zwangsrichtung, wenn der Knoten- werk definieren, die die Mehrzahl von
Statio-       punkt ein Sammelpunkt ist. nen in eine erste Gruppe von
Stationen, wel-  so che durch ein Fahrzeug, das in eine erste     12. In
dem Netzwerk von Anspruch 10, wobei die Richtung gerichtet wird, erreichbar
ist, und      Mehrzahl von Knotenpunkten weiter eine Mehr- eine zweite
Gruppe von Stationen, die durch       zahl von Stationsanfangspunkten
aufweist, die ein Fahrzeug, welche durch eine zweite Rich-      eine
Station mit einem Wegsegment verbin- tung gerichtet wird, erreichbar sind,
aufteilt,  55  den, wobei ein Fahrzeug an dem Stationsan- wobei das
Netzwerk weiter Sende- und Emp-        fangspunkt in eine vorgegebene
Zwangsrich- fangsmittel (202, 203, 204) zum Obertragen       tung gefUhrt
werden muB, um die die Station von Information zu einem Fahrzeug, Rechen-
zu erreichen; wobei das Verfahren welter die 13    25                 EP 0
259 443 B1                           !J  Lj IlIJ.   M     ! folgenden
Schritte aufweist:                         tion de destination est un
element dudit (a) Bowegen des Fahrzeugs in Richtung auf          second
ensemble. einen Knotenpunkt; (b) Obertragen von den Knotenpunkt als ei-
2. Procede selon la revendication 1 comprenant - -     nen
Verzweigungspunkt odor einen Sta-   5        de plus: tionsanfangspunkt
definierender Information         identification de parametres de
substitution zu dem Fahrzeug; und                             de d6finition
d'une frontibre pour chacun des- (c) Richten des Fahrzeugs in eine vorgege-
dits points de bifurcation, lesdits parambtres bone Zwangsrichtung, wenn
der Verbin-            de substitution definissant une frontiere de
dungspunkt ein Stationsanfangspunkt ist.  ro     substitution dans ledit
reseau, ladite frontibre divisant ladite pluralite de stations (30-48) on
Revendlcatlons                                         un premier ensemble
de stations atteignables par un vehicule dirig4 dans une premibre di- 1.
Proced6 de commande du deplacement d'un             rection audit point de
bifurcation (10-17), en vehicule dans un reseau ayant une pluralit4 de   is
supposant qu'un segment de ligne preddtermi- stations (30-48)
interconnectees par une plura-    ne est ferme au trafic de vehicules, et
en un lit de segments de ligne, une pluralit4 de         second ensemble de
stations atteignables par points de jonction (10-17 ; 20-27 ; 30a, 30b)
un vehicule dirige dans une seconde direction raccordant lesdits segments
de ligne et une        audit point de bifurcation, en supposant que
pluralite de points de bifurcation (10-17), un   2o  ledit segment de ligne
predetermine est ferm6 vehicule approchant d'un point de bifurcation
au trafic de vdhicules. devant etre dirig6 vers une premiere ou une seconde
direction,                              3. Procede selon la revendication 2
comprenant le proced4 comprenant les etapes de:
I'identification d'une pluralite de parametres de (a) dtablissement d'un
systeme de coordon-  25   deflnition de frontibres de substitution pour
nees pour ledit reseau;                          chacun desdits points de
bifurcation, chacun (b) affectation de coordonnees de definition
desdits parambtres de ladite pluralite dMfinis- de position (X; Y) &
chacune desdites sta-       sant une frontibre de division du reseau en
tions;                                           supposant qu'un segment de
ligne predetermi- (c) identification de parambtres de deflnition   9o  ne
different est ferm4 au trafic de vehicules. de frontibre (X, Y ; S) pour
chacun desdits points de bifurcation, lesdits parambtres d4-  4. Procddd
selon la revendication 1 dans lequel finissant une frontiere de division
dans ledit  ladits frontiere de division de ladite pluralite de reseau,
ladite frontibre divisant ladite plurali-  stations est une droite et
lesdits parambtres te de stations en un premier ensemble de   a5
comprennent une pente (8) de ladite droite et stations atteignables par un
vehicule dirigd     les coordonnees (X, Y) d'un point de ladite dans une
premibre direction audit point de       droite. bifurcation et on un second
ensemble de Ks      stations atteignables par un vehicule dirige  5.
Procede selon la revendication 1 dans lequel dans une seconde direction
audit point de   40   ladite frontibre de division de ladite pluralit6 de
bifurcation;                                     stations est une pluralite
de segments de droi- (d) association des coordonnees de defini-      to
relies, lesdits parambtres comprenant les tion de position (X ; Y) d'une
station de        coordonn~es des intersections desdits seg- 



destination avoc un v6hicule;                    ments de droite at les
pentes desdits seg- (o) deplacement dudit v6hicule sur un seg-  45   ments
de droite aux extremit6s de ladite fron- ment de ligne vers un point de
bifurcation       tibre de division. approchant (10-17); (f) comparaison
desdites coordonndes (;      6. Un rdseau de transport comprenant: Y) de
ladite station de destination avoc les       (a) une pluralit6 de stations
(30-48); parametres de definition de frontibre (X, Y;   50  (b) une
pluralite de segments de ligne re- S) dudit point de bifurcation approchant
et        liant lesdites stations (30-48); determination de l'appartonance
de ladite          (c) une pluralite de points de bifurcation station de
destination audit premier ensem-        (10-17) interconnectant lesdits
segments de ble ou audit second ensemble ; et                  ligne; (g)
orientation dudit vehicule dans une pro-  s5   (d) une pluralite de
coordonnees (X, Y) de mibre direction si ladite station de destina-
definition de position associ6es auxdites tion est un 6lement dudit premier
ensemble         stations; et dans une seconde direction si ladite sta- 14
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S I (e) une pluralitd de parambtres de d6finition    nissant ledit point de
jonction comme un point de frontibre K(, Y; S) pour chacun desdits       de
bifurcation ou un point de station d'entree. points de bifurcation (10-17),
lesdits para- metres d6finissant une frontibre de division  10. Dans un
reseau ayant une pluralitd de stations dans ledit reseau, ladite frontibre
divisant   5  affectees de coordonneos de ddfinition de po- ladite
pluralit6 de stations (30-48) en un       sition et interconnectdes par une
pluralit4 de premier ensemble de stations atteignables        segments de
ligne et ayant une pluralit4 de par un vehicule dirige dans une prominbre
points de jonction (10-17 ; 20-27 ; 30a, 30b) direction audit point de
bifurcation (10-17) et  reliant lesdits segments et comprenant une en un
second ensemble de stations attei-  to     pluralitd de points de
bifurcation (10-17), les- gnables par un vehicule dirig6 dans une
dits points de bifurcation 4tant associds & des seconde direction audit
point de bifurcation     parambtres de definition de frontibre (X, Y; S)
(10-17);                                         ddfinissant une frontibre
de division dans ldit (f) un v6hicule place sur ledit rdseau de
rdseau, qui divise ladite pluralite de stations on fagon & so d6placer sur
lesdits segments  15     un premier ensemble de stations atteignables de
ligne;                                        par un vehicule dirige dans
une premibre di- (g) des moyens (209) d'association des           rection
et on un second ensemble de stations coordonneos d'une station de
destination         atteignables par un vehicule dirige dans une avec ledit
vehicule;                            seconde direction, ledit reseau
comprenant de K!        (h) des moyens (206) de comparaison des-  2o
plus des moyens d'emission et de reception dites coordonneos avec lesdits
parambtres        (202, 203 ; 204) pour transmettre des informa- de
d~finition de frontibre et de ddtermina-     tions A un vehicule, des
moyens de traitement tion de l'appartenance de ladite station de      (206,
207) associes & un v~hicule pour analy- destination audit premier ensemble
ou audit      ser les informations regues par un vehicule et second
ensemble;                        25       des moyons d'orientation (210,
211, 213) dudit (i) des moyens (210,211,213) pour diriger        vehicule
dans une premibre ou une seconde alternativement ledit vehicule vers
lesdites     direction; premibre et seconde directions.                  un
proc6dd de commando du d~placoment d'un vAhicule vers une station de
destination 7. Un rdseau selon la revendication 6 comprenant  3o
compronant: (a) transmission audit vehicule des coordon- des moyens (202,
203) de transmission             nees de ddfinition de position de ladite
sta- audit vehicule des parambtres de definition de       tion de
destination; frontibre d'un point de bifurcation approchant.      (b)
deplacement dudit vehicule sur un seg- 36        ment de ligne vers un
point de bifurcation 8. Un rdseau selon la revendication 7 dans lequel
approchant; ladite pluralite de points de jonction (10-17 ;      (c)
transmission audit vehicule des paramb- 20-27 ; 30a, 30b) comprend une
pluralite de          tres de definition de frontibre de la frontibre
points de convergence (20-27), un vehicule &         de division associde
audit point de bifurca- un point de convergence devant 8tre dirigd   4o
tion approchant; vers une direction pr~ddtermin~e;                    (d)
comparaison desdites coordonnees de 



ledit reseau compronant des moyens (202,          ladite station de
destination avoc lesdits pa- 203) de transmission & un vehicule approchant
rambtres de definition de frontibre et deter- d'un point de jonction d'une
information ddfi-       mination de l'appartenance de ladite station
nissant ledit point de jonction comme un point  4s   de destination & un
premier ou a un second de bifurcation ou un point de convergence.
ensemble pour ledit point de bifurcation ap- prochant ; et 9. Un reseau
selon la revendication 7 dans loquel        (e) orientation dudit vehicule
dans une pre- ladite pluralite de points de jonction (10-17 ;      miere
direction si ladite station de destina- 20-27 ; 30a, 30b) comprend une
pluralit4 de   so     tion appartient audit premier ensemble et points
(30a) de stations d'entree reliant une        dans une seconde direction si
ladite station station & un segment de ligne, un vehicule            de
destination appartient audit second en- atteignant un point de station
d'entrde (30a)        semble. devant Otre dirig4 dans une direction requise
prdddterminee pour arriver a. ladite station;  as  11. Dans le reseau de la
revendication 10 dans ledit reseau comprenant des moyens (202,       lequel
ladite pluralite de points de jonction 203) de transmission A un vdhiculb
approchant      comprend de plus une pluralite de points de d'un point de
jonction d'une information defi-     convergence (20-27), un vehicule a un
point de 15    29                EP 0 259 443 B1                    30
I    c   L   M        ! convergence dtant dirig4 dans une direction requise
preddtermin6e; l procddd comprenant de plus les 4tapes de: (a) ddplacement
dudit v~hicule vers un point de jonction (10-17 ; 20-27 ; 30a, 30b);   5
(b) transmission audit vdhicule d'informa- fons definissant lI point de
jonction comme un point de bifurcation (10-17) ou un point de convergence
(20-27) ; et (c) orientation dudit vAhicule dans ladite di-  70 rection
requise preddterminoe si ledit point de jonction est un point de
convergence. 12. Dans le r~seau de la revendication 10 dans lequel ladite
pluralit6 de points de jonction   15 comprend de plus une pluralitd de
points de stations d'entree reliant une station a un seg- ment de ligne, un
v6hicule atteignant un point de station d'entree 4tant dirig6 dans une
direc- tion pr~d6termin~e requise pour arriver & ladite  20 station; le
proc6d4 comprenant de plus les 4tapes de: (a) ddplacement dudit vdhicule
vers un point de jonction; (b) transmission audit v~hicule d'informa-  25
tions ddfinissant le point de jonction comma un point de bifurcation ou un
point de sta- tion d'entr6e ; et (c) orientation dudit vdhicule dans ladite
di- rection requise pr~ddterminee si ledit point  30 de jonction est un
point de station d'entrde. 35 40 45 50 55 16    


