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ABSTRACT: A switch device for placement in a floor for an 
automatic vehicle guidance system utilizing a reed switch en 
cased in the floor having armature plates extending from the 
reed switch to the floor surface to detect the presence of a 
vehicle. 
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AUTOMATIC GUIDANCE SYSTEM FOR VEHICLES 

This application is a division of y copending application Ser. 
No. 680,182, filed Nov. 2, 1967 , now U.S. Pat. No. 3,512,601 
issued May 19, 1970. 

This invention relates to guidance systems and particularly 
to guidance systems for unmanned self-propelled ‘vehicles 
such as tractors which are utilized in warehouses and the like 
for transporting loads from one destination to another. 

BACKGROUND OF THE INVENTION 

It has been well known that an unmanned self-propelled 
vehicle may be guided along a predetermined path defined by 
an energized conductor by sensing the position of the conduc 
tor and ‘guiding the vehicle along the path de?ned by the con 
ductor. Such a system is shown, for example, in the U.S. Pat. 
to Paulus et al. No. 2,317,400. In such systems, various deci 
sion points are provided as where the paths intersect, diverge 
or converge as well as when the vehicle reaches the desired 
destination. In the U.S. Pat. to De Liban No. 3,147,817, there 
is disclosed a system wherein the guide path is de?ned by con 
ductors that are energized at two different frequencies at least 
at the decision points and the sensor on the vehicle is con 
trolled or tuned at a decision point so thatit is responsive only 
to one of the two frequencies. Obviously, such a system 
requires separate energizing sources for the various paths as 
well as accurately controlled sensor means. In the U.S. Pat. to 
Barrett No. 3,245,493, there is discloseda system whereinat 
each decision point, there is a gap or spacein the guide path 
and the steering mechanism of the vehicle is locked in a 
straight line by an internally generated signal so that the sen 
sor that normally guides the vehicle is, in effect, bypassed at 
the decision point. Such a system is undesirable in that the 
movement of the vehicle is not being positively controlled 
while the vehicle is in this gap between conductor portions. 
Among the objects of the present invention are to provide a 

guidance system which effectively controls the vehicle by 
selective energization of a single conductor closed circuit 
system at the decision points; which is relatively simple and 
requires a minimum of maintenance: which utilizes novel con 
trol devices; and wherein the control devices derive their ener 
gy from the guide path conductor. 

SUMMARY 

The guidance system disclosed herein comprises a guide 
path to be followed‘by the‘vehicle which is de?ned by a con 
ductor or wire embedded in the floor. The conductor is con 
nected to produce a single closed circuit energized by a con 
stant current oscillator. The vehicle includes sensor means 
which follows the energized conductor and guides the vehicle 
along the path. The path may contain various decision points 
such as points at which portions of the conductor are brought 
into close proximity so that the vehicle must decide which 
path to follow, such as points where the paths intersect, 
diverge and converge. The guide path includes separately 
energizable portions at such decision points, controlled by 

which are selectively energized 
upon signal from the vehicle so that only that portion is ener 
gized which lies along the direction in which it is desired that 
the vehicle travel. Where a plurality of vehicles are provided, 
provision is made for causing a leading vehicle to energize a 
holding loop at a point behind the leading vehicle which 
produces a signal that is received by a succeeding vehicle and 
causes the succeeding vehicle to be stopped until the leading 
vehicle has passed the predetermined point. Similar blocking 
devices are associated with the aforementioned decision 
points. 
Some of the guide path control devices derive energy from 

the guide path conductor and incorporate a novel construc 
tion. ' 

DESCRIPTION OF THE DRAWINGS 

, FIG. 1 is a diagram of a typical guide path embodying the 
guidance system of the present invention. 
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2 
FIG. 2 is a partly diagrammatic fragmentary view of a vehi 

cle utilized-in the system. 
FIG. 3 is a diagrammatic plan view of a vehicle utilized in 

the system. 
FIG. 4 is a schematic wiring diagram of the intersection 

shown in FIG. 1 when utilized for a single vehicle system. 
FIG. 5 isa schematic diagram of the point of divergence of 

the path shown in FIG. 1 when utilized for a single vehicle 
system. 

FIG. 6 is a schematic diagram of the point of convergence in 
the guide path shown in FIG. I when utilized for a single vehi 
cle. 

FIG. 7 is a schematic diagram of a portion of the guidance 
system shown in FIG. 1 wherein a plurality of vehicles are 
used. 

FIG. 8 is a schematic diagram of the intersection shown in 
FIG. 1 wherein a plurality of vehicles are used. 

FIG. 9 is a schematic diagram of the diverging point shown 
in FIG. I when a plurality of vehicles are used. 

FIG. 10 is a schematic diagram of the converging point 
shown in FIG. 1 when a plurality of vehicles are used. 

FIG. 11 is a wiring diagram showing the manner in which 
the portion of the guidetpath containing the diverging and 
converging points is electrically connected. 

FIG. 12 is a block diagram of the control system. 
FIG. 13 is a fragmentary side elevational view of a portion 

of a ?oor module in position. 
FIG. 14 is a part sectional elevational view of the module 

shown in FIG. 13. 
FIG. 15 is a part sectional elevational view of another form 

of module. 
FIG. 16 is a plan view of the same. 
FIG. 17 is a schematic diagram of the same. 
FIG. 18 is a wiring diagram of the same. 

GENERAL DESCRIPTION 

Referring to FIG. 1, the guide path 10 shown is utilized for 
controlling the movement of one or more vehicles such as 
tractors which may pull trailers between stations 1, 2 and 3. As 
shown, the guide path includes an intersection I, a diverging 
intersection II wherein the vehicle can move in one of two 
paths 21, 22, the latter extending to station 3, and a converg 
ing intersection III. 
As will appear more clearly hereinafter, the guide path 20 is 

defined by a single circuit comprising conductors or wires em 
bedded in the floor and so connected that at all times a single 
circuit is defined. The conductor is energized by a constant 
current oscillator, for example, at a frequency of 2 kc. and 
one-eighth amperes. 

Referring to FIG. 2, the vehicle T which may comprise a 
tractor is provided with rear drive wheels 24 that are driven by 
a motor 25 through a differential 26 and a front dirigible style 
steering wheel 27 that is steered by a steering motor 28. A 
control system is provided on the vehicle which senses readers 
along the guide path and produces an appropriate signal for 
selectively energizing portions of the guide path along which 
the vehicle is to pass, as more fully described hereinafter. The 
control system includes a programming selector or sensor 29 
into which the operator places or selects a destination to 
which the vehicle is to be guided. 

Referring to FIG. 3, the vehicle includes sensor means 30 
which are utilized to control the steering motor 28 and steer 
the vehicle along the energized guide path as described, for 
example, in the U.S. Pat. to I-Iosking et al. No. 3,039,954, is 
sued June 19, 1962. In addition, the vehicle has a permanent 
magnet 31 thereon which is utilized in the path control system 
and a selectively energizable electromagnet 32 which is also 
utilized in the path control system. 

Further, the vehicle supports a signal device path as a 
pickup coil 33 that is utilized in controlling the movement of 
the vehicle and particularly in stopping the vehicle in the 
event that a leading vehicle is interrupted in its movement or is 
closer than a predetermined interval with respect to the suc 
ceeding vehicle. 
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In addition, selectively energizable sensing means in the 
form of two bars 34, 35 supporting sensing devices are pro 
vided for sensing or reading signals placed in predetermined 
positions along the path of the vehicle to produce guidance of 
the vehicle along the shortest path and to stop the vehicle at 
the predetermined destination. 

GUIDE PATH CONTROL SYSTEM —-SINGLE VEHICLE 

Referring to FIG. 1, in areas of the guide path wherein the 
guide path intersects other paths or portions of the guide paths 
move into close proximity so that it is necessary to make a 
decision as to which path is to be followed by the vehicle, the 
path control is achieved by selectively energizing one of two 
portions at such points shown in FIG. 1 as I, II and Ill. 

Referring to FIG. 4, the manner in which the decision is 
made at points of intersection is shown schematically in FIG. 
4. Thus, a vehicle approaching the intersection along path 
portion 50 defined by a conductor momentarily actuates a 
normally closed monostable device 51 that controls a bistable 
device 56 which energizes a portion 52 of the intersecting 
guide path 53 and deenergizes a portion 54. The bistable 
device 56 incorporates a holding circuit which maintains the 
portion 52 energized. Thus, as the vehicle approaches the in 
tersection of paths 50 and 53, only path 50 is energized and 
the sensor means on the vehicle will thus cause the vehicle to 
follow along path 50. As the vehicle further moves and passes 
the intersection, a second normally open monostable device 
55, in advance of conductor portion 52, returns the bistable 
device 56 to its original state to deenergize the bypass circuit 
52 so that current will ?ow through the normal path 54. 
Similarly, when a vehicle approaches the intersection along 
path 53, a normally closed monostable device 57 is utilized to 
energize a bypass portion 58 and deenergize the principal por 
tion 59' of the path 50. Speci?cally, monostable device 57 ac 
tuates a bistable device 59in the bypass circuit 58 to energize 
the bypass circuit 58 until the vehicle has passed the intersec 
tion and momentarily energizes a normally open monostable 
device 60 which deenergizes the bistable device 59 to deener 
gize the circuit 58 and reestablish the flow of current across 
portion 59' of path 50. 
The monostable devices 51, 55, 57 and 60 may comprise 

reed switches that are embedded along the path and in the 
floor and are actuated by a magnet on the vehicle such as a 
magnet 31 (FIG. 3). The bistable devices 56, 59 may comprise 
monostable reed switches with a holding circuit. As sown in 
the schematic diagram FIG. 4, the bistable devices 56, 59 in 
clude a normally closed pair of contacts 62 which is electri 
cally connected to complete a circuit between portions 53, 54 
of the conductor. Tl-le bistable device further includes a hold 
ing circuit 63. When the monostable device 51 interrupts the 
current flow through the portions 54, current can only ?ow 
through the holding circuit 63 and thus maintains the contacts 
62 in open position until the second monostable device 55, 
which is normally opened, is momentarily closed to short cross 
the holding circuit 63 and reestablish current flow between 
portions 53, 54 of the conductor. The second bistable device 
59 is similarly connected. 
The manner in which the conductor is selectively energized 

and wired in order to control the vehicle at a point of diver 
gence such as shown at point II in FIG. 1 is shown in FIG. 5 
wherein a bistable device 65 which is a two position device 
without a holding circuit is provided in the path of the vehicle 
and normally completes a circuit thereby energizing a portion 
66 that extends in the normal path of the main portion 67 of 
the guide path. The bistable device 65 normally interrupts the 
flow of current to a second portion 68 of the conductor that is 
aligned and extends between the portion 67 in the direction 
and the portion 68' in the direction of the diverging path. Por 
tion 68' is energized by a conductor portion 69 that is parallel 
to another portion 70, and the latter is interconnected to the 
portion 66 by a portion 71. It can be seen that the portions 69, 
70 have current flow therein in opposite directions so that 
there is no net signal which would produce a steering signal to 
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4 
the vehicle. As the vehicle approaches the point of diver 
gence, if the electromagnet 32 on the vehicle is properly ener 
gized as will occur when a decision is made by the path control 
system to cause the vehicle to diverge, the energized elec 
tromagnet 32 on the vehicle will actuate the bistable device 65 
to break the circuit to the portion 66 and complete the circuit 
to the conductor portion 68 so that the vehicle will follow the 
energized conductor portion 68 in the diverging path. The 
bistable device 65 will remain in this position until it is again 
actuated by an opposite signal from the electromagnet 32 of a 
succeeding vehicle to return it to a condition for energizing 
conductor portion 66 so that the vehicle will follow in a nor 
mal path between portions 67 and 72a. A resistor 67a is pro 
vided in parallel with portions 66, 68 to maintain a load in the 
circuit during momentary switching and thereby obviate the 
possibility that the guide might be momentarily open-circuited 
during switching. 
The manner in which the control of conductor path ener 

gization at a point such as the point of convergence III in FIG. 
1 is shown schematically in FIG. 6 wherein the portion of the 
guide path 72 is electrically connected to a bistable device 75 
of the aforementioned B type such that current normally ?ows 
through a guide path conductor portion 76 that extends from 
alignment with the bypass portion 68' and is electrically con 
nected to a portion 77 aligned with the portion 72b. The 
bypass conductor portion 68 has a portion 78 extending paral 
lel to interconnecting portion 79 so that no signal is normally 
produced in that area. If a vehicle is on the bypass conductor 
path 68 and approaches the point of divergence, it passes 
through to the main path 77. 

If, however, a vehicle approaches along the path 72, the 
permanent magnet 31 on the vehicle actuates the bistable 
device 75 interrupting the flow to the portion 76 and per 
mitting the flow of current to portion 81 so that the vehicle 
will pass along the main path to the portion 77. After the vehi 
cle passes the point of convergence, a monostable device 82 
that is normally open is momentarily closed to short circuit the 
holding circuit of the bistable device 75 and reestablish ?ow of 
current to the portion 76. 

In the aforementioned description, the monostable devices 
of the simple switch type have been designated by the letter A, 
the monostable devices with a holding circuit have been 
designated by the letter B, and the bistable devices have been 
designated by the letter S. 

In devices of the B-type, the impedance of the holding cir 
cuit portion is made much greater than the impedance of the 
guide path portion. Thus, for example, in FIG. 6 the im 
pedance of the holding portion is much greater than the im 
pedance of the guide path portion 80-79-76 which is in 
parallel therewith. Thus, the two paths will divide the current 
in inverse proportion to their resistances. The current ?ow 
through path 81 is negligible compared to the current ?ow 
through path 79 and the radiating signal will be in the same 
proportion as the currents. When the device 75 of the B-type 
is switched, the path 79 will be an open circuit and all the cur 
rent will be forced to travel through the path 81. When the 
current is in the path 79, the power absorbed from the signal 
generator will be small compared to the power absorbed from 
the signal generator when the current is in the path 81. Since 
in the system of the present invention the circuits normally 
maintain the B-type modules in the deenergized position ex 
cept when being traversed by a vehicle, only a few of the B 
type devices are “on” at any time so that the total energy ab 
sorbed by the B-type devices is relatively low. Thus, it can be 
seen that in all cases the impedance of the path in parallel with 
the holding circuit is maintained at a low level. 

It may be noted that in each of the ?gures, the arrows 
represent travel of the vehicle as well as instantaneous current 
?ow. 
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FLOOR MODULES 

As will be apparent, the monostable and bistable devices 
that are positioned in the floor are preferably in the form of 
encapsulated modules. In the schematic drawings heretofore 
shown, the modules have been also designated by the letters 
A, B and S. The module A in the preferred form comprises a 
monostable reed switch. The module B comprises a monosta 
ble reed switch with a holding circuit. THe module S com 
prises a bistable reed switch. 

Referring more speci?cally to FIGS. 13 and 14, the module 
A comprises a casing 100 in which a subassembly is posi 
tioned. The subassembly comprises angularlyrelated arma 
ture plates 102 which are fixed by an adhesive 103 to a plastic 
support 104 that has a hollow opening supporting the encap 
sulated reed switch 105. A silicon rubber dipped coating is ap~ 
plied to the subassembly and an epoxy resin 106 holds and en 
capsulates the coated subassembly in the casing 100. The en 
tire module is inserted in an opening in the floor with the 
upper end of the armature projecting beyond the easing into 
substantially flush relation with the floor surface and the leads 
L extending laterally outwardly and connected to the conduc 
tor in a suitable manner. Grouting material G is provided 
around the upper end of the armature. 
The B module as shown in FIGS. 15 and 16 is substantially 

identical to the A module except that it includes a coil. wound 
around the switch 105 and associated electronic elements 
which are shown in schematic form in FIG. 17. 

Referring to FIG. 18, the B-module in addition to the nor 
mally closed contacts includes a holding circuit heretofore 
described by the designation M which comprises two parallel 
branches I10, 111 that have oppositely directed diodes 112, 
113 and oppositely wound coils 114, 115 therein. Capacitors 
116, 117 are provided in parallel with the coils 114, 115. VgBy 
this arrangement, the AC current which is diverted into the 
branch of the B-module when the contacts are opened is con 
verted to a DC current that creates a constant magnetic ?eld 
in the vicinity of the reed and maintains the contacts in open 

. condition until the B-module is reset by short circuiting across 
the contacts as occurs when an A-module is subsequently mo 
mentarily closed. 
The S-module is substantially identical to the A-module ex 

cept that instead of a monostable reed 105, a bistable reed 
, switch is provided. 

GUIDE PATH CONTROL SYSTEM -—MULTIPLE 
VEHICLES 

Where multiple vehicles are used on a guide path such as 
shown in FIG. 1, it is essential to provide that one vehicle will 
not contact another, both in the normal movement along a sin 
gle path and at the points of decision such as at the intersec 
tion I, diverging point II and converging point III. 

In the movement of the vehicle along a single portion of the 
conductor, interference or contact between successive vehi 
cles is eliminated by selectively energizing a'holding coil or 
beacon 85 rearwardly of the vehicle to produce a signal that is 
sensed by the coil 33 on the vehicle to stop the vehicle, (FIG. 
7). The coils 85 are selectively energized by bistable devices 
86 of the type heretofore described which are electrically con 
nected so that they normally permit current flow through the 
conductor path. However, as a vehicle passes each bistable 
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tarily interrupts the flow of current through the main conduc 
tor so that current will flow through the holding circuit 88 of 
the bistable device energizing the holding coil 85 rearwardly 
of the vehicle and in the path of the succeeding vehicle. As the 
preceding vehicle moves past the bistable device 86, the per 
manent magnet thereon momentarily completes a circuit to a 
monostable device 89 that is electrically convected to the suc 
ceeding bistable device 86 and momentarily shorts the holding 
circuit 88 thereof to deenergize the holding coil 85. The ar 
rangement is such that one bistable device 86 is actuated to 
energize its respective coil 85 before the monostable device 
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89 is actuated to deenergize the previously energized holding 
coil 85a. 
The manner in which such a blocking or stopping system is 

utilized at a point of intersection such as intersection II in FIG. 
1 is shown schematically in FIG. 8 wherein the conventional 
wiring of FIG. 4 is enclosed in broken lines. Where a plurality 
of vehicles are used, in addition, bistable devices 86 that con 
trol holding coils 85 and are reset by monostable devices 89 
are provided along the length of the intersecting guide path 
conductors. However, each bistable device 86 not only ener 
gizes its respective holding coil 85 but, in addition, energizes 
an additional holding coil 90 along the opposite path of the 
conductor so that a vehicle approaching along the intersecting 
path will be stopped until the first vehicle passes through. It 
should be noted that the holding coils 85 and 90 are schemati 
cally shown side by side for simplicity, but in actual installa 
tions may be laid one on top of another, or in the same slot in 
the floor, so that one sensor will sense either coil 85 or coil 90 
or both when they are energized. 

Similarly, as shown in FIG. 9, where multiple vehicles are 
used at the point of divergence, a bistable device 86 is pro 
vided on both the main and diverging paths for energizing 
holding coils 85 for interrupting the movement of a succeed 
ing vehicle. As shown, appropriate holding coils 85 are pro 
videdfor controlling the movement along the main path, the 
divergent path and the branch path so that it is not possible 
that one vehicle will overtake another. 
As shown in FIG. 10, in the case of the converging point III 

in FIG. 1, the bistable devices 86 not only energize a holding 
coil 85 for stopping a succeeding vehicle but, in addition, 
energize a holding coil 91 along the converging path to inter 
rupt a vehicle that may be coming along the converging path 
toward the point of intersection. In the system shown in FIG. 
10, additional monostable devices 92, 93 are provided. A 
vehicle passing over device 92 will actuate B module 86-1. 
The vehicle, in turn, passes over device 93 and deactivates B 
module 86-2. This effectively transfersthe hold command 
from 86-2 to 86—-1 so that device 89-3 will reset the hold 
command 86-1 as the vehicle passes over 89-3. Also 89-3 
will reset the holding of the intersection. 
The manner in which the electrical connections are made in 

the area of the guide path between diverging point II and con 
verging point III is shown in FIG. 11 wherein return paths 69a, 
78a are provided between the portions 72a and 69 and the 
portions 78 and 72b, respectively. The cross hatching 
represents areas in which the current ?ow is in opposite 
directions so that there is no net signal which would interfere 
with steering. 

It can be seen that in each of the path control connections 
that are made by the various monostable or bistable devices, a 
continuous circuit is maintained both in the main and what 
might be termed divergent or convergent branch paths. As a 
result the uniform maintenance of current supply is substan 
tially insured throughout the entire conductor. 
Each of the monostable and bistable devices are inserted in 

the ?oor preferably in small capsules so that they can be actu 
ated as desired by appropriate devices on the vehicle such as 
permanent or electromagnets. 
Although the use of the modules has heretofore been 

described in connection with the control of the energization of 
one or two paths in a guide path, the modules may also be util 
ized to control more than two paths. 

CONTROL SYSTEM -—SUMMARY 

Referring to FIG. 12 which is a schematic diagram of the in 
terrelationship between the control system on the vehicle and 
the path control system along the path, the horizontal line 
represents the floor which has embedded therein a conductor 
heretofore described. The vehicle supports sensor means 30 in 
the form of coils which are utilized to actuate a steering con 
trol for operating a steering motor to steer the front wheel of 
the vehicle and follow the path. 
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The monostable and bistable modules A, B and S which 
control the selection of energization of portions of the guide 
path at the decision points and the holding loops which pro 
vide a signal for stopping the vehicle are provided in the floor. 
The vehicle also supports permanent magnet 31 that actu~ 

ates the monostable and bistable modules A and B and elec 
tromagnet 32 that actuates the bistable decision point module 
S and sometimes A. In addition, a sensor senses the energiza 
tion of a holding coil to stop the vehicle. 
Permanent magnet 31 is mounted along the centerline of 

the tractor and actuates all modules in line therewith of the A 
or B type. Electromagnet 32 is mounted a predetermined set 
distance from the centerline of the vehicle and actuates all 
modules in the floor a set distance from the centerline of the 
vehicle, the modules being of the S or A type. 
As shown, the vehicle supports a program into which the 

operator sets a signal determining the destination of the vehi 
cle. into this program, a code sensor provides a signal depend 
ing upon the reading from signals along the ?oor. Speci?cally, 
magnets embedded in predetermined manner in predeter 
mined locations in the floor produce signals that are read by a 
code sensor and compared in the programmer to produce a 
stop signal or a path control signal. The stop signal causes the 
drive motor to be deenergized and the brake to be energized. 
An appropriate path control signal selectively energizes the 
electromagnet 32 so that the proper decision will be made at 
any decision point, like diverging point II, to guide the vehicle 
through the shortest path. In the event that there is a failure of 
a reading signal sensing the guide path, for example, due to 
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deenergization of the guide path, a stop signal is provided to 
the start-stop control for stopping the vehicle. 

I claim: 
1. A switch device for placement in a ?oor comprising a cas 

mg, 
an armature in said casing having an end thereof exposed' 
whereby when said casing is placed in the floor, the end of 
said armature extends and faces upwardly, 

a reed switch positioned beneath said armature, 
and encapsulating material surrounding said armature and 

said reed switch and filling said casing, 
said armature comprising angularly related armature plates. 
2. The combination set forth in claim 1 including a plastic 

support to which the armature plates are adhered. 
3. The combination set forth in claim 2 wherein said plastic 

support has a hollow opening in which said reed switch is posi 
tioned. ‘ 

4. The combination set forth in claim 3 wherein said arma 
ture plates, plastic support and reed switch comprise a subas 
sembly, 
and an insulating coating applied to said subassembly. 
5. The combination set forth in claim 4 wherein said encap 

sulating material comprises epoxy resin. 
6. The combination set forth in claim 5 wherein said reed 

switch comprises a monostable reed switch. 
7. The combination set forth in claim 5 wherein said reed 

switch comprises a bistable reed switch. 
I’ i t i t 


