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[57] ABSTRACT 

The vehicle control system operates vehicles over the 
right-of-way'divided into a plurality of zones and has 
control means for govemung safe operation of the vehi 
cle in accordance with traffic conditions. The improve 
ment comprises means of selecting both a desired 
speed limit and speed command control for communi 
cation to the vehicle occupying any of the zones in ac 
cordance with the conditions of traf?c in advance of 
the zone, the selecting means is effective to select a rel 
atively low command speed control zone in accordance 
with the selection of a relatively low speed control for 
at least one zone in advance of the vehicle in accor 
dance with the safe stopping distance. Means commu 
nicates the selected limit and command speeds for each 
zone from the wayside to the vehicle occupying the 
zone and means controls operation of each vehicle in 
accordance with the selected speed limit and speed 
command controls communicated to the vehicle from 
the wayside. 

6 Claims, 20 Drawing Figures 
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VEHICLE CONTROL SYSTEM 

BACKGROUND OF INVENTION 

This invention relates to a vehicle control system and 
in particular to the system for controlling automatically 
the operation of a plurality of vehicles along a guide 
way from a centralized location. _ 
Operatorless automatic vehicle control systems re; 

quire a number of safety and supervisory sub-systems 
for safe and ef?cient operation. Normally, an auto 
matic vehicle protection system is necessary which 
must be substantially fail-safe in order to provide for 
safe public transportation. An automatic vehicle opera 
tion subsystem is included in order to provide the nor 
mal control of the vehicle within the restraints of the 
safety sub-system and a supervisory system is provided 
in order to provide such functions as, for example, per 
formance monitoring, route control or other supervi 
sory requirements. 
The basic functions of an automatic vehicle control 

system must provide for protection of trains from head 
on and rear-end collisions, speed regulation and, of 
course, safe passenger door operation. In addition, the 
system which operates automatically must establish 
safe remotely controlled switch routing and checking 
and include vehicle responsive apparatus which oper 
ates in accordance with certain supervisory controls. 
When utilizing other than typical railroad vehicles for 

the transportation of persons in a rapid transit system, 
new concepts are employed in order to provide a safe 
system which encounters problems unique to non 
railed vehicles. An obvious example would be the use 
of a vehicle shunt to determine the position of the train 
in the system, while with non-rail vehicles, it is appar 
ent that some other system must be utilized which is at 
least as reliable as the vehicle shunt for determining the 
position of the vehicle. 
To those familiar with railroad signaling art, it is obvi 

ous that conventional track coupled signaling means is 
not effective with a railess or air cushioned vehicle and 
that some effective means must be devised in order to 
communicate effectively between vehicle and the way 
side and a centralized control location. 

It is therefore an object of the present invention to 
provide an arrangement which substantially obviates 
one or more of the limitations and disadvantages of the 
described prior arrangements. 

It is another object of the present invention to pro 
vide a system which may effectively determine the posi 
tion, direction and safe speed of an automatically con 
trolled vehicle. 

lt is another object of the present invention to pro 
vide an improved system for communicating between 
the vehicle and the wayside for maintaining those com 
munications in a safe manner. 

SUMMARY OF INVENTION 

A vehicle control system has been provided for oper 
ating vehicles over a right-of-way divided into a plural 
ity of zones having control means for governing safe 
operation of the vehicles in accordance with traffic 
conditions. The improvement comprises, means for se 
lecting both the desired speed limit control and speed 
command control for communication to the vehicle oc 
cupying any of the zones in accordance with conditions 
of traf?c in advance of such zone. The selecting means 
is effective to select a relatively low command speed 
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control for each zone in accordance with the selection 
of relatively low limit speed control for at least one 
zone in advance of the vehicle in accordance with the 
safe stopping distance. Means is provided for commu 
nicating the selected limit and command signal for each 
zone from the wayside to the vehicle in the associated 
zone and means for controlling operation of each vehi 
cle is included which operates in accordance with the 
speed limit and speed command controls communi 
cated to the vehicle from the wayside. 
There is included in a vehicle control system an over 

speed detection apparatus including a pair of high pass 
filters having inputs governed by actual vehicle speed 
signals for delivering outputs of the respective ?lters in 
accordance with the actual speed limit inputs only pro 
vided that the frequency of the inputs is above the fre 
quency of the high pass ?lters. Checking means is pro 
vided including an oscillator generating and check sig 
nal having a frequency higher than the frequency of the 
high pass ?lters and a switching means for alternately 
applying the check frequency to the inputs of the ?lters 
so that the ?lters alternately deliver output check fre 
quency signals. The output means is governed jointly 
by the output of the high pass ?lters and is operable to 
one state or another only when one of the ?lters at a 
time is delivering an output, or operable to the other 
state when both ?lters deliver outputs comtemporane 
ously. 
The vehicle control system has means on the vehicle 

for demarcating the ends thereof and wayside marker 
means at an entering boundary for zones responsive to 
the passage of each end of the vehicle for respectively 
assuming ?rst and second conditions in accordance 
with the passage of an odd or even number of demar 
cating means respectively. Occupancy means for each 
zone is responsive to its associated wayside marker and 
registers occupancy in accordance with the ?rst condi 
tion until cancelled while reset means governs the oc 
cupancy means and is itself governed jointly by the ?rst 
condition for the next two wayside markers in advance 
of the vehicle and the second condition for its associ 
ated marker for cancelling the occupancy indication. 
The control system includes means for selecting the 

direction of traffic along a guideway and means respon 
sive to the vehicle presence upon entering a zone from 
either direction for registering the occupancy condition 
thereof. The means governed jointly by the occupancy 
responsive means and the direction selecting means 
renders the control means operative to restrictive as 
pects in accordance with the selected number of zones 
behind the leading vehicle relative to the selected di 
rection of traffic. 
For a better understanding of the present invention, 

together with other and further objects thereof, refer; 
ence is had to the following description taken in con 
nection with the accompanying drawings, while its 
scope will be pointed out in the appended claims. 

DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and IB are diagrams of the general plan of 
the present invention. 
FIG. 2 is a diagram of vehicle carried control equip 

ment. 
FIG. 3 is a diagram of wayside equipment used in 

conjunction with the vehicle carried‘ control equip 
ment. 
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FIG. 4 is a detail of the overspeed and motion detec 

tor from FIG. 2. 
FIG. 5 is a diagram showing the distribution of speed 

limit and command controls for a number of occupied 
blocks. 
FIG. 6 is a diagram showing safe stopping distances 

for speed limit control and speed command control. 
FIGS. 7A-B—C illustrate the check in-check out 

safety subsystem. 
FIGS. 8A—B are further illustrations of apparatus 

shown in block form in FIG. 5. 
FIG. 9 is a drawing showing means to communicate 

speed limit and speed controls from the wayside to the 
vehicles. 
FIGS. l0A-B show an alternate embodiment of a 

check in-check out system. 
FIG. 11A is a drawing of vehicle to wayside transmis 

sion means. 
FIG. [18 is a drawing of vehicle to wayside receiver 

means. 

FIGS. l2A-B show means to transmit logic for com 
munication from the wayside to the terminal proces 
sors. 

FIG. 13 shows the relation of partitioned drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The system of the present invention generally in 
cludes systems for automatic vehicle protection AVP, 
automatic vehicle operation AVO, and automatic vehi 
cle supervision AVS. 
The automatic vehicle protection safety subsystem 

includes normally located wayside elements for vehicle 
protection, block occupancy memory, vehicle control 
signal generation, selection and transmission, switch 
interlocking and control, and platform door control. 
On the vehicle, safety hardware is included for receiv 
ing vehicle control signals, for governing the maximum 
speed, for initiating irrevocable stops on either a ser 
vice or emergency brake basis as required, for permit 
ting automatic door operation only when safe, and for 
preventing automatic movement in the reverse direc 
tion. 
Other parts of this system which are necessary for ef 

?cient controls of the vehicle include transmitters and 
receivers for communicating digital information from 
the lead vehicle of these trains to the wayside at ap 
proaches to switches and station platforms. These mes 
sages contain information relative to the routing of the 
vehicle, the identity and malfunction status, and station 
operation. Apparatus is also provided for communicat 
ing digital data from the wayside to terminal processers 
serving a number of designated areas. These terminal 
processers serve as intermediate links between the way 
side and the central processing unit. 
A general description of this system proceeds as fol 

lows in respect to FIGS. IA & 1B. The system com 
prises a guideway layout GW divided into a number of 
blocks of which blocks A through G are shown in the 
drawing. Vehicle VI travels within the guideway GW in 
one of a number of selected routes as established by 
commands communicated from the vehicle VI to the 
wayside for controlling the switches SW. Each block 
includes a wayside loop 20 which extends the full 
length of the block for continually transmitting infor 
mation to the vehicle within the particular block, in this 
case vehicle V]. A terminal processor 21, couples the 
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apparatus with a centralized location having a master 
process control computer, not shown. Communications 
from the computer are transmitted to each vehicle (and 
individual wayside located apparatus) over the termi 

5 nal processor 21 for a selected area. Each terminal pro 
cessor 21 provides a link between the computer and a 
number of related blocks. Each block includes commu 
nication apparatus linking the terminal processor 21 
and the vehicle V1 located therein. 
The terminal processor 21 includes a master control 

generator 22 which in this embodiment produces a 
number of code rate frequencies. For purposes of 
speed selection, three frequencies F1, F2 and F3 are 
utilized, F1 and F2 respectively indicative of low and 
medium speed limits and the combination of F1 and F2 
high speed limit. F3 is used in conjunction with the F1 
and F2 signals for varying command speeds transmitted 
to the vehicle V1. That is, F1 and F2 are used to desig 
nate speed limits, while combinations of F1, F2 and F3 
indicate the command speeds which are less than or 
equal to speed limit signals. Speed commands are used 
in conjunction with speed limits of low, medium and 
high as shown in the following table: 

20 

2 5 Speed 
Limit zero low medium high th high 
Speed 
Command zero zero zero low tg medium th high 
Signals none F1 F2 F2, F3 F1, F2 Fl,F2, 

' F3 

30 The additional frequency F3 is utilized to add versa 
tility to the system so that speed commands and speed 
limits have different characteristics. In addition, the F3 
signal is communicated over non-vital apparatus be 
cause it is not necessary to provide fail-safe communi 
cations for the speed command. The reason for this is 
that the speed limits control and the vehicle will go into 
an emergency stop condition if it is travelling faster 
than the speed limit signal permits regardless of the 
speed command signal. 
The layout of FIGS. 1A & 1B illustrates the general 

con?guration of the system with respect to communi 
cation of speed limits and speed controls to the loops 
20 in accordance with the condition of blocks in ad 
vance of the vehicle V1. Each block has a block occu 
pancy sensor 23 which read transmitters 28-28’ for 
demarcating the ends of the vehicle. When the front or 
leading end of the vehicle encounters the sensor 23, oc 
cupancy is registered for that block, in this case, block 
C. Occupancy detector 24 registers the occupancy of 
the vehicle in block C and transmits a signal rearwardly 
to speed selection units 25 for at least four previous 
blocks. It should be noted that this diagram is a plan 
view of the system and it is intended that the vehicle 
may travel in either direction along the guideway GW. 
For purposes of simply illustrating the concept of the 
invention in this drawing, control is shown only for one 
direction; that is, from left to right. The drawing shows 
the vehicle VI in block C, therefore, the detector 23 
has provided a signal to the occupancy detector 24 for 
registering occupancy of the vehicle V1 in block C. In 
addition, the speed selectors 25 for the preceding four 
blocks receive a signal that block C is occupied and 
their speed controls are adjusted in accordance with a 
preselected speed limit pattern for this con?guration. 
Such a pattern, for example, may provide that block B 
directly in back of the vehicle is at stop, while block A 
is at low speed and the previous two blocks, not shown, 
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may be at some medium or high speed in accordance 
with the safe stopping characteristics of vehicle V1 fol 
lowing. For purposes of this discussion, however, it is 
only necessary to show that some selected number of 
blocks rearward of the vehicle must be informed of the 
occupancy status of the vehicle. 
The occupancy detector 24 provides a signal to OR 

gate 26 which initiates a signal to ampli?er 27 which is 
keyed for enabling communication of speed code sig 
nals to the loop 20 from the speed selection unit 25 as 
sociated with block C. In addition to keying the ampli 
?er 27 for the loop 29 in block C, a line 28 is also cou 
pled to the OR gate 26 for block D in advance of the 
vehicle; so that block is keyed for the approach of the 
vehicle V1 as it crosses from C to D. When the vehicle 
Vl leads or crosses the boundary into block D, its con 
dition is detected for block D by the sensor 23 and reg 
istered in the associated occupancy detector 24 for 
block D. This condition is immediately communicated 
to the speed selection unit 25 for block C which resets 
the occupancy detector for block C along lead 29. This 
cuts off the input to OR gate 26 along lead 30 and re 
moves the keying from the ampli?er 27 for block C. 
Under these conditions, the vehicle entering block C 
while block D is occupied will be placed in an irrevoca 
ble emergency braking situation because no signals are 
communicated to loop 20 for block C. Such a condition 
is indicative of a malfunction because, as previously 
stated, at least one clear block must be provided rear 
ward of a vehicle. As the train progresses along the 
guideway GW, it keys the block ahead and resets the 
block behind thereby providing itself with a protective 
zone and information relative to its position is commu 
nicated to at least four blocks rearward of the vehicle 
so that trains following may be safely controlled in ac 
cordance with stopping distances which are character 
istic of the vehicles used in this system. 
Frequency signals generated by the speed selection 

unit 24 are communicated to the vehicle V1 over the 
loop 20 via receiver antenna 40 illustrated in FIG. 2. 
Filter 41 passes frequencies F1, F2, F3 and they are 
communicated through ampli?er 42 to modulation de 
tector 43. The modulation detector 43 is capable of 
picking out the speed limit and command signals and 
energizing relays in accordance with the transmitted 
signals for energized inputs to speed control 44 which 
governs the running speed of the vehicle. Other signals 
including a modulation frequency for the door control 
46 may also be transmitted through the antenna and 
decoded at 43 for operating the doors in accordance 
with the proper positioning of the vehicle at a station 
platform. 
Overspeed and motion detector 45 is responsive to 

the modulation detector 43 for holding off emergency 
brake release 50 and the power controller 51. An input 
from tachometer 47 compares the actual vehicle speed 
with the speed limit as detected by signals from the 
modulation detector 43. The emergency brake release 
50 may be a mechanically actuated apparatus which 
holds off application of the emergency brakes in accor 
dance with a signal from the overspeed and motion de 
tector 45 if the speed limit signal is lower than the ac 
tual speed as determined by the tachometer 47. Power 
controller 51 is coupled to the emergency brake release 
and decouples motive power for the vehicle Vl when 
the emergency brakes are released so that the vehicle 
will come to a safe and rapid stop when an unsafe con 
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dition is detected. Direction detector 49 provides a sig 
nal to the motion detector 45 for assuring that the vehi 
cle is travelling in the proper direction and the brake 
assurance unit accelerometer 48 provides a signal to 
the detector 45 for acknowledging that the vehicle is 
slowing down in accordance with a change in speed 
limit or speed command signals as provided through 
the detector 43. 
The motion detector 45 signals a door control appa 

ratus 46 for preventing their operation if the vehicle V1 
is moving at the train platform. When the train is 
stopped, a holding brake detector 52 governing the 
door control 46 assures that the brakes have been ap 
plied. Inputs from the brake detector 52 and the mo 
tion detector 45 are transmitted to levitation control 53 
which deleviates the car V] at the station platform. The 
levitation of the vehicle may be an air bag suspension 
or an air cushion system, but for purposes of this dis 
cussion it is important to note only that it is necessary 
to align the vehicle V1 with the station platform longi 
tudinally within the limits of a berthing loop 60 on the 
wayside (see FIG. 3) and also level with respect to the 
station platform. When leveling is complete, the signal 
is communicated to berth tone generator 54 which pro 
duces a distinctive tone for transmission at its output 
loop 55. 
A berthing loop 60 located mainly at the station plat 

forms or docking areas receives a signal from the berth 
transmitting loop 55 if the vehicle Vl has stopped 
within the con?nes of the loop 60. A signal from the 
transmitting loop 55 is fed through filter 64 detector 65 
and level detector 66 before a door open command 
may be provided to the command selector 67. These 
constraints assure ?rst that the vehicle has stopped, the 
brakes have been applied, the vehicle is level with re 
spect to the train platform and ?nally that the vehicle 
Vl has stopped within the proper con?nes of the berth 
ing loop 60. When a door open command is initiated, 
the command selector 67 provides a signal to ampli?er 
68 for opening the doors, this signal is received at‘an 
tenna 40 and ?ltered at 41 ampli?ed at 42 and decoded 
in the demodulator 43. The door open command which 
would be some distinctive frequency is transmitted to 
door control 46 for actuating the vehicle doors. It 
should be noted as stated with respect to FIG. 3 that the 
occupancy sensor 61 and occupancy detector 62 must 
key the OR gate 63 so that the amplifier 68 is capable 
of transmitting the command signal for a door open 
designation to the vehicle. 

After a selected dwell time as determined by the cen 
tral control unit, a signal from control is coupled to 
command selector 67 for deactivating the door open 
command which essentially cuts off the distinctive door 
control frequency which is transmitted over the loop 60 
to the vehicle V1. The doors on the vehicle then close 
in accordance with the cessation of the door open com 
mand signals and if the vehicle doors properly close, 
levitation control 53 is apprised of this condition and 
actuates apparatus'for raising the car to its operative 
position. The brakes of the vehicle are also released in 
this sequence and when brake release is detected, 
speed control 44 is conditioned for accepting signals 
from the wayside for proceeding to the next scheduled 
stop. 
As described with reference to FIG. 3 in accordance 

with the occupancy of the blocks ahead of the vehicle 
V1 command speed selector 67 provides signals to the 


















