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(54) Title: DEVICE FOR POSITIONING AT AUTOMATIC FUELLING OF VEHICLES

(57) Abstract

The invention relates to the automatic fuelling of
) vehicles, primarily cars and comprises a robot. The
invention is characterised in that the positioning system
includes an optical sensor means (23) arranged adjacent
the robot (2) and functioning to detect optically the
position of the fuel-tank flap (12) of a vehicle parked for
fuelling, relative to the rest position of the robot head
(3), and to deliver to a robot computer (29) a signal
relating to said relative position. The invention is further
characterised 1n that the computer (29) is programmed
| to bring the opening device (11) into abutment with the
fuel-tank flap (12) and to open said flap with the aid of
a predetermined movement plan, and in that the sensor I
means (23) ts adapted to detect the position of the orifice

of the fuel-tank pipe or of the adapter (10) relative to the current position of the robot head and to send to the computer (29) a signal
relating to said relative position.
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DEVICE FOR POSITIONING AT AUTOMATIC FUELLING OF VEHICLES

Field of the Invention

The present invention relates to an arrangement for

1l

positioning a zrobot for the automatic fuelling o:

vehicles, primarily cars.

Description of the Related Art

A prior arrangement comprises a robot which 1includes a

fuelling nozzle or corresponding device, and which when
the vehicle is located in a predetermined position 1in
relation to the robot functions to move the refuelling

nozzle automatically from a rest position to a vehicle

L.t

fuelling position in response to 1s sensing and control

means. The fuelling nozzle includes a rigid first tube

which is adapted to be moved by the robot towards an
adapter provided with a hole associated with the wvehicle

fuelling 1location. A flexible, second tube 1s arranged

for movement within the first, rigid tube from a first

F

end position in which the outer free end of the second

tube 1is located within the first tube, to a second

position in which the second tube projects out from the

first tube. A tube connection is provided between said

hole and the vehicle fuel-tank pipe. The robot 1s

constructed to move the free end of the second tube

axially out of the first tube and down 1into said tube

connection, or down into the wvehicle fuel-tank pipe, and

pump fuel through the second tube and into the fuel tank.

In a prior method of opening and closing the fuelling-

tank flap of a wvehicle, a vehicle-mounted transponder,

which co-acts with a transceiver unit fitted to the robot
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head, contains information relating to the particular
pattern of movement, or movement plan, that i1s to be
carried out by the robot head in relation to the wvehicle
to be fuelled at that time. The transceiver unit also co-
acts with the transponder to initially position the robot

head in relation to the wvehicle.
It 1s desired to simplify this positioning process and
also the flap opening process. It 1s also desired to

obviate the use of microwave equipment.

These objects are fulfilled by the present invention.

Summary of the Invention

The present invention thus relates to a positioning
arrangement pertaining to automatic fuelling of wvehicles,
primarily cars, said arrangement comprising: a robot
having a xrobot head that 1s movable relative to said
robot to enable said robot head to be brought from a rest
position to a predetermined position relative to a
vehicle fuel-tank pipe, by means of a positioning system,
wherein said robot head comprises an outer tube and an
inner tube housed within said outer tube and movable
axlially out of said outer tube, wherein said outer tube
1s adapted to be docked with an adapter attached to an

inlet orifice of the fuel-tank pipe so that subsequent to

docking of said outer tube, a free forward end of said
inner tube 1s 1ntended to be projected down to a lower
position into the fuel-tank pipe to deliver fuel through
said 1inner tube and 1nto the fuel-tank pipe, said robot
head comprising a bellows-like element having an open,
free end adapted to be sucked firmly against a fuel-tank

flap of the wvehicle through a medium of a subpressure 1in
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said bellows-like element for opening the fuel-tank flap'

grivtey

in response to movements of said robot head taking place

in accordance with a movement plan, wherein said
positioning system comprises an optlcal sensor means

disposed adjacent said zrobot and adapted to detect

optically the position of the fuel-tank flap of a vehicle
parked for fuelling purposes relative to said rest
position of said robot head and therewith deliver to a
robot computer a signal relating to said relative
position, said computer being programmed to guide said

opening device into abutment with the fuel-tank flap and

to open the fuel-tank flap 1in accordance with a

predetermined movement plan, wherein sailid sSensor means

p—
p—

functions to detect the position of an orifice of the

fuel-tank pipe or of said adapter relative to a current

position of said robot head after the fuel-tank flap has
been opened, and therewith deliver to said computer a
signal relating to this current, relative position, and
wherein said computer thereafter causes said robot head
to effect said docking and carry out said movements 1in a
reverse order and therewith close the fuel-tank flap when

fuelling has been completed.

The invention also relates to a positioning arrangement

gr—

pertaining to the automatic fuelling of vehilcles,

primarily cars, sald arrangement comprising: a robot

which includes a robot head that is movable relative to

said robot to enable the robot head to be brought from a
rest position to a predetermined position relative to a
vehicle fuel-tank pipe, wherein the robot head includes
an outer tube and an inner tube housed within said outer
tube and movable axially out of said outer tube, wherein
the outer tube 1s adapted to be docked with an 1inlet

orifice of the fuel-tank pipe so that subsequent to
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docking of said outer tube, a free forward end of the
inner tube 1s extended into the fuel-tank pipe to deliver
fuel through the inner tube and into the fuel-tank pipe,
the robot head including a fuel-tank flap opening device

tat includes a flexible member having an open, free end

which 1s adapted to engage a fuel-tank flap of said
vehicle through the application of sub-atmospheric
pressure 1n sald flexible member, said opening device
operable to open tie fuel-tank flap in response to
movements of the robot head, said movements taking place
1in accordance with a predetermined fuel tank flap
movement plan, an optical sensor carried by the robot to
optically scan a body panel of the vehicle to detect the
position, relative to the rest position of the robot
head, of the fuel-tank flap by detecting the position of
a gap Dbetween edges of the fuel-tank flap and a
surrounding vehicle body panel surface on a vehicle
parked for fuelling purposes and to transmit to a robot
computer a first signal relating to said relative
position of the fuel-tank flap; wherein the computer is
programmed to gulide the opening device of said robot head
into abutment with the fuel-tank flap and to open said
flap 1n accordance with the predetermined fuel-tank flap
movement plan; wherein the sensor optically detects the

position of a fuel-tank pipe orifice relative to the

position of the robot head after the fuel-tank flap has
been opened, and wherein the computer receives a second
signal relating to that relative position of the fuel-
tank pipe orifice; and wherein in response to the first
and second position signals the computer provides output
signals to cause the robot head to effect docking, and to
carry out robot head movements 1in a reverse order and
therewith close the fuel-tank flap when fuelling of the

vehicle has been completed.
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Brief Description of the Drawings

The 1invention will now be described 1n more detall with

gr—tv

reference to an exemplifying embodiment thereof and also

with reference to the accompanying drawings, 1n which

Figure 1 i1llustrates a vehicle and a robot of the kind in

gquestion viewed from above;

Figure 2 is a front view of a vehicle positioned adjacent

a robot;

Figure 3 illustrates the front part of a robot head and

an adapter attached to the upper orifice of a wvehicle

fuel-tank pipe;

Figures 4 and 5 i1llustrate the rear part of one side of a

vehicle, showing the fuel-tank flap;

Figure 6 1llustrates schematically a closed fuel-tank

flap and a flap opening device;

Figure 7 1illustrates gschematically a fuel-tank flap

opened by means of the opening device; and

Figure 8 is a block schematic of the control elements of

one form of the invention.

Description of the Embodiments

Figure 1 1s a schematic 1llustration of a vehicle

automatic refuelling station, primarily for cars 1, which

includes a robot 2 that has a robot head 3 which 1s
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movable relative to the robot so as to be brought to a

gu—
p—

predetermined position relative to the fuel-tank pipe o:
the wvehicle. The robot 1s movable 1n the directions
indicated by the double-headed arrow 4. The robot head 3
1s movable 1n the direction 1ndicated by the double -
headed arrows 5 and 6 and also 1n a direction

perpendicular to the plane of the paper.

The front part of the robot head 1s shown in larger scale
in Figure 3. The ropbot head 3 includes an outer tube 8
and an 1nner tube 9 which 1s housed within the outer tube
and which can be moved axially within said outer tube and

o

outwardly therefrom. The outer tube 8 i1is intended to be

docked with an adapter 10 attached to the upper orifice

of the fuel-tank pipe 7. Subsequent to docking, the free,
front end of the 1nner tube 9 1s moved to a position
further down 1n the fuel-tank pipe, whereafter fuel 1is

delivered to the fuel-tank through the inner tube 9.

The robot head 3 1s positioned relative to the fuel-tank
pipe 7 of the wvehicle by means of a positioning system
that 1ncludes a transceiver unit 8a adjacent the robot
head, which 1s ©preferably designed to operate at
microwave frequencies, and a passive transponder 7a 1is

mounted on the wvehicle at a predetermined position in

relation to the fuel-tank flap. By passive transponder is

meant a transponder that receives a signal from the

transceiver and re-transmits this signal without adding

any further energy to the signal, 1.e. reflects the

signal. The transponder 1ncludes 1information relating to

a predetermined robot movement plan for opening the fuel-

tank flap.
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The robot head 3 carries a fuel-tank flap opening device
11, which is shown in larger scale in FIG. 6. The opening

device 11 is constructed to open the fuel-tank flap 12 ot

a vehicle 1 in response to movements of the robot head.

Opening device 11 includes a resilient, bellows-like

element 18 which is mounted for pivotal movement on a
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shatt 20 against a spring force exerted by a spring 19, said
pivot shaft being located at right angles to the plane 1in
which the robot head moves during an opening operation. The
pivot shaft 20 will thus normally extend vertically. In its
5 rest state, the bellows-like element 18 extends parallel with
the outer tube 8 of the robot head. The forward, free end 21

of the bellows-like element 18 is open, whereas its other end

22 1s connected to a suitable known source of sub-pressure

(not shown).
10

Figure 6 shows the opening device in a position to which it
has been brought by the robot head and in which the front end
21 of said element abuts a vehicle fuel-tank flap or cover

plate 12, 1i.e. a position in which the openling operation
15 shall commence.

An opening and docking sequence 1is carried out in the
following way: The vehicle is placed in a predetermined
position in relation to the robot, although reasonable
20 deviations from this predetermined position are allowed. The
robot 1is then positioned relative to the fuel-tank flap.
Subsequent hereto, the robot computer guides the robot head
for movement in accordance with a predetermined plan, wherein
the opening device is moved to the position shown in Figure
25 6, by means of the robot head. A sub-pressure 1s then

generated 1n the bellows-like element 18, which is therewith

sucked firmly against the fuel-tank flap.

The robot head then continues to move in accordance with the

30 movement plan until the position shown in Figure 7 is

reached, 1in which the fuel-tank flap has been opened.

Upon completion of this movement, the robot head docks the
outer tube 8 with the adapter and the inner tube 9 is then

35 inserted down into the fuel-tank pipe. Fuel is then delivered

to the fuel-tank pipe through the inner tube.
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When the wvehicle has been refuelled, the aforedescribed

movements are carried out in the reverse order, therewith

closing the fuel-tank flap and returning the robot to its

orilginal starting position.

Figures 6 and 7 show an example in which the fuel-tank flap

l1s pivoted about a vertical axis at one edge of the flap.

The features described above are also found described in the

aforesaid Swedish patent specification.

One problem encountered resides in arranging microwave
equipment in connection with the robot head and using the
transponder to bring the robot to its starting position.
Another problem 1s that the transponder must be positioned

accurately 1n a predetermined location on the vehicle.

The present invention solves these problems.

According to the invention, the positioning system includes
an optical sensor means 23 arranged in connection with the

robot 2. The sensor means is adapted to detect optically the

position of the fuel-tank flap 12 of a vehicle parked for
fuelling in relation to the rest position of the robot head 3
and therewith deliver to a robot computer a signal relating
to sald relative position. The computer 29 is programmed to
bring the opening device 11 on said robot into abutment with

the fuel-tank flap and to open said flap in accordance with a

predetermined movement plan.

After the fuel-tank flap has been opened, the sensor means 23
functions to detect the position of the orifice 7 of the
fuel-tank pipe or the adapter 10 relative to the current
position of the robot head 3, and therewith deliver to the

computer 29 a signal relating to this relative position.
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Thus, 1in accordance with the invention, the sensor means 23

detects both the position of the fuel-tank flap and the

position of the adapter orifice.

The computer 29 1is programmed to thereafter cause the robot
head 3 to carry out said docking, and also to carry out the
aforesaid movements in the reverse order and therewith close

the fuel-tank flap, when fuelling of the vehicle has been
completed.

The optical sensor means is sultably mounted on the upper
part of the robot and inclined downwards, as shown in Figure
2. The broken 1lines 24 in Fiqures 1 and 2 define the

approximate extent of the area sensed or scanned by the

SENSOr means.

According to one preferred embodiment, the optical sensor
means 1s a suitable, known scanning laser, preferably an IR
laser, and a signal processing circuit adapted to detect the

fuel-tank flap and its position relative to the rest position
of the robot head.

Several different kinds of scanning lasers suitable for use
to thils end are commercially available. Although the scanning
laser used will preferably be a low-power IR laser, it will
be understood that other lasers may alternatively be used.
There may be used a scanning laser that deflects the laser
light in mutually parallel 1lines in both a horizontal and

vertical direction, such as a laser having a wobbling laser

light deflecting mirror.

Such a laser can be used to detect reflected laser light

and/or to measure distances.

In the 1illustrated embodiment, the 1laser is adapted

conveniently to first scan a predetermined area within which
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the fuel-tank flap of a correctly parked car is located, and
therewith detect the fuel-tank flap by detecting reflected
laser light. It is well known to detect objects and shapes
with the aid of scanning lasers. The fuel-tank flap can be
readily identified by means of the signal processing circuit,
by virtue of the channel-shaped recess or gap 25 that runs

between the fuel-tank flap and the surrounding chassis. This
circuit 1is programmed to look for a rectangular or round

shape, formed by the channel-shaped recess.

The predetermined area may encompass part of one side of a
vehicle or the whole of one side thereof. The robot may be

arranged to move 1in the direction 4 along the whole of one

side of a vehicle.

Subsequent to the laser having identified the fuel-tank flap,
the signal processing circuit functions to determine the
angles defined by the laser beam against the fuel-tank flap
in the horizontal plane and the vertical plane. The laser
then functions to measure the distance to some point on the
flap. Knowledge of the aforesaid angles and said distance
reveals the position of the fuel-tank flap relative to the

robot head. This calculation is carried out suitably by the

robot computer or by a computer that includes the signal

processing circuit.

According to one alternative embodiment, the optical sensor
means 1ncludes an appropriate, known device for detecting
visible light, such as a lens and a CCD element, i.e. video
equipment, and a signal processing circuit adapted to detect
the fuel-tank flap and its position relative to the rest
position of the robot head by image processing. It is well
known to detect objects by image processing. In this respect,
the fuel-tank flap 1s detected in a manner corresponding to
that described above, wherewith the channel-like recess or

gap 25 extending around the flap is detected by virtue of its
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shape. The aforesaid angles are then determined by the signal

processing circuit.

The distance to the fuel-tank flap is determined by the video

equipment focusing the flap and therewith sensing the set

focal distance. The video equipment may also be movable
around a suspension point 26, so as to enable the equipment
to be Dbrought into alignment with the fuel-tank flap and

therewith determine the distance to said flap with the aid of

a known autofocus system of the kind used on video cameras.
The video equipment may also be arranged to zoom in the fuel-
tank flap and therewith enhance the accuracy at which

distance is determined by means of said autofocus system.

The sensor means is adapted to detect the position of the

orifice of the fuel-tank pipe or of the adapter in relation

to the position of the robot head, after the fuel-tank flap
has been opened.

It 1s preferred that the edge surface 30 of the adapter 10
around the adapter orifice has a reflectivity that differs
from the reflectivity of the remainder of the adapter. This

enables the optical sensor means to detect the orifice more

readilly.

According to one highly preferred embodiment of the
invention, the predetermined movement plan for opening the
fuel-tank flap includes the free end 21 of said opening
device 11 gripping the flap 12 between its centre point and
the rear edge 33 of said flap when said flap is pivotal and
lncludes a movement component that extends outwards and in a

direction towards the front edge 27 of said flap. The free

end of the opening device will preferably engage the flap
close to its rear edge, opposite its front edge, so as to

reduce the pulling force required to open the flap.
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An automatic fuelling station of the present kind 1s

constructed so that cars whose fuel-tank flaps are on the

right side of the car drive to a position on the left of a
robot, whereas cars whose fuel-tank flaps are on the left
side of the car drive to a position on the right of a robot.
Alternatively, a robot may be provided on each side of the
drive-in. The driving direction is always the same when
fuelling a vehicle at a given robot. Since almost all makes
of car have a fuel-tank flap which is hinged at the front
edge of the flap, as seen in the driving direction of the
car, the robot need not be provided with information as to

the edge on which the flap is hinged.

According to one embodiment of the invention, the sensor

means and the computer are adapted to detect the shape and

size of the fuel-tank flap.

According to another preferred embodiment of the invention
the computer is programmed to calculate the surface centre of
gravity of the fuel-tank flap and to calculate the position
of said point relative to the position of the robot head.
This enables the position of the flap relative to the rest

position of the robot to be determined very accurately.

According to one important embodiment, the computer 1s
programmed to calculate the aforesaid predetermined movement
plan for opening and closing the fuel-tank flap on the basis
of the size of the fuel-tank flap 12 and the point at which
the opening device 11  will come to engage the flap. In this
regard, movement of the opening device 11 can be calculated

so that the free end of the bellows-like element will follow

the broken line 34 1n Figure 7.

Figure 8 1is a block schematic illustrating the invention,

where the robot computer 1is referenced 29. The computer

memory 1is referenced 30. The sensor means 23 sends to the
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computer signals that are processed in a signal processing
circuit referenced 31. This circuit may be included by the
computer or may be completely or @partially separate
therefrom, as indicated in broken lines, and in such case
5 connected to the computer. The computer actuates operating
circuits 32 on the basis of these calculations, these

circuilts actuating the robot 2 in turn.

It will be apparent from the aforegoing that positionling,
10 opening of the fuel-tank flap and docking are easier to carry
out, since only one sensor means is required and since this
sensor 1s mounted separate from the robot head. Neither is it
necessary to 1include means for transferring the aforesaid
code to the robot so as to enable it to carry out a

15 predetermine movement plan. Furthermore, the invention

obviates the need of using microwave equipment.

It will also be apparent that the present invention enables

the owner of a vehicle to begin using an automatic fuelling

20 system very easily. All the owner is required to do 1is to

provide the vehicle with an adapter. No transponders or other

codes need be mounted on the vehicle.

Although the invention has been described above with
25 reference to a number of exemplifying embodiments thereof, 1t

will be understood by the person skilled in this art that

modifications can be made.

The present invention is therefore not restricted to these
30 embodiments, since modifications and variations can be made

within the scope of the following Claims.
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CLAIMS

A positioning arrangement pertaining to automatic
fuelling of vehicles, primarily cars, said
arrangement comprising: a robot having a robot head
that 1s movable relative to said robot to enable
sald robot head to be brought from a rest position
to a predetermined position relative to a vehicle
fuel-tank pipe, by means of a positioning system,
wherein said robot head comprises an outer tube and
an inner tube housed within said outer tube and
movable axially out of said outer tube, wherein said
outer tube 1s adapted to be docked with an adapter
attached to an inlet orifice of the fuel-tank pipe
so that subsequent to docking of said outer tube, a

free forward end of said inner tube i1is intended to

be projected down to a lower position into the fuel-
tank pipe to deliver fuel through said inner tube
and 1nto the fuel-tank pipe, said robot head
comprising a bellows-like element having an open,
free end adapted to be sucked firmly against a fuel-
tank flap of the wvehicle through a medium of a
subpressure 1n sald bellows-like element for opening
the fuel-tank flap in response to movements of said

robot head taking place in accordance with a

movement plan, wherein said positioning system

comprises an optical sensor means disposed adjacent

sald robot and adapted to detect optically the

position of the fuel-tank flap of a vehicle parked

for fuelling purposes relative to salid rest position

of said rcobot head and therewith deliver to a robot

computer a signal relating to said relative

position, sald computer Dbeing programmed to guide

sald opening device into abutment with the fuel-tank
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flap and to open the fuel-tank flap 1n accordance
with a predetermined movement plan, wherein said
sensor means functions to detect the position of an
orifice of the fuel-tank pipe or of said adapter
relative to a current position of said robot head
after the fuel-tank flap has been opened, and
therewith deliver to said computer a signal relating
to thils current, relative position, and wherein said
computer thereafter causes said robot head to effect
sald docking and carry out said movements 1n a
reverse order and therewith close the fuel-tank flap

when fuelling has been completed.

An arrangement according to c¢laim 1, wherein said

optical sensor means comprises a laser and a signal

processing clrcult adapted to detect the fuel-tank

flap and 1ts position relative to said rest position
of said robot head and also to detect the position
of the orifice of the fuel-tank pip or of said
adapter relative to said position of said robot

head.

An arrangement according to c¢laim 2, wherein said

laser 18 an IR laser.

An arrangement according to c¢laim 1, wherein said
optical sensor means comprises a visible 1light
detecting device and a signal processing circuit
adapted to detect the fuel-tank flap position
relative to said rest position of said robot head
and also to detect the position of the orifice of
the fuel-tank pip or of said adapter relative to

sald position of said robot head.
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5. An arrangement according to claim 4, wherein said

visible light detecting device comprises a lens and

a CCD element.

6 . An arrangement according to any one of claims 1 to
5, whereln sailid sensor means and sald computer are

adapted to detect a shape and a size of the fuel-
tank flap.

7. An arrangement according to any one of claims 1 to
6, wherein said computer 1s programmed to calculate
a surface centre of gravity of the fuel-tank flap

and to calculate a position of the centre relative

to a position of said robot head.

8 . An arrangement according to claim 7, wherein said
predetermined movement plan for opening the fuel-

tank flap 1includes said free end of said opening

device engaging the fuel-tank flap between the

centre and 1its rear edge, where the fuel-tank flap
18 hinged, and 1i1includes an outwardly directed
movement component and a movement component directed

towards a front edge of the fuel-tank flap.

9. An arrangement according to claim 8, wherein said
computer 18 programmed to calculate said
predetermined movement plan for opening and closing
the fuel-tank flap on the basis of a size of the
fuel-tank flap and on a point at which said opening

device will come to engage the fuel-tank flap.

10. An arrangement according to any one of claims 1 to

9, wherein a reflectivity of a edge surface around
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salid orifice of said adapter differs from the

reflectivity of the remainder of said adapter.

A positioning arrangement pertaining to the
automatic fuelling of vehicles, primarily cars, said
arrangement comprising: a robot which 1ncludes a
robot head that 1s movable relative to said robot to
enable the robot head to be brought from a rest
position to a predetermined position relative to a
vehlicle fuel-tank pipe, wherein the robot head
includes an outer tube and an 1nner tube housed
within said outer tube and movable axially out of
sald outer tube, wherein the outer tube 1s adapted
to be docked with an inlet orifice of the fuel-tank
pipe so that subsequent to docking of said outer

tube, a free forward end of the 1nner tube 1is

extended 1into the fuel-tank pipe to deliver fuel
through the inner tube and into the fuel-tank pipe,
the robot head including a fuel-tank flap opening
device tat 1ncludes a flexible member having an
open, free end which 1s adapted to engage a fuel-
tank flap of said wvehicle through the application of
sub-atmospheric pressure 1n said flexible member,

gsald opening device operable to open tie fuel-tank

flap 1in response to movements of the robot head,
salid movements taking place 1n accordance with a
predetermined fuel tank flap movement plan, an
optical sensor carried by the robot to optically
scan a body panel of the vehicle to detect the
position, relative to the rest position of the robot
head, o©f the fuel-tank flap by detecting the
position of a gap between edges of the fuel-tank
flap and a surrounding vehicle body panel surface on

a vehicle parked for fuelling purposes and to
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transmit to a robot computer a first signal relating
to said relative position of the fuel-tank flap;
wherein the computer 1s programmed to guide the
opening device of said robot head into abutment with
the fuel-tank flap and to open said flap 1in
accordance with the predetermined fuel-tank flap
movement plan; wherein the sensor optically detects
the position of a fuel-tank pipe orifice relative to
the position of the robot head after the fuel-tank
flap has been opened, and wherein the computer
receives a second signal relating to that relative
position of the fuel-tank pipe orifice; and wherein
in response to the first and second position signals
the computer provides output signals to cause the
robot head to effect docking, and to carry out robot
head movements 1in a reverse order and therewith
close the fuel-tank flap when fuelling of the

vehicle has been completed.

An arrangement according to claim 11, wherein the

optical sensor includes a laser, and the positioning

arrangement includes a signal processing circuit for

receiving an  output signal from the sensor
indicative of the fuel-tank flap and 1its position
relative to the rest position of the robot head, and
also 1ndicative of the position of the orifice of
the fuel-tank pilpe relative to the position of the
robot head.

An arrangement according to claim 12, wherein the

laser 18 an IR laser.
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An arrangement according to c¢laim 12, wherein the
laser 1s a scanning laser that deflects laser 1light
in mutually parallel 1lines 1n both horizontal and

vertical directions.

An arrangement according to c¢laim 11, wherein the
optical sensor 1includes a visible 1light detecting
device, and the positioning arrangement 1includes a
signal processing circuit for receiving an output
signal from the sensor 1ndicative of the fuel-tank
flap and 1ts position relative to the rest position
of the robot head and also 1indicative of the
position o©of the orifice of the fuel-tank pipe

relative to the position of the robot head.

An arrangement according to claim 15, wherein the

visible light detecting device includes a lens and a

CCD element.

An arrangement according to claim 11, wherein the

sensor 18 operable to detect the shape and the size

of the fuel-tank flap.

An arrangement according to claim 17, wherein sensor
output signals are transmitted to the computer to
determine the position of the centroid of the fuel-
tank flap and to determine the position of the fuel-

tank flap centroid relative to the position of the

robot head.

An arrangement according to claim 18, wherein said

predetermined movement plan for opening the fuel-
tank flap i1includes the free end of said opening

device engaging the fuel-tank flap between its
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centroid and a flap rear edge, wherein the flap 1is
hinged, and wherein the movement plan includes an

outwardly directed movement component and a movement
component directed towards a front edge of said

flap.

An arr'angement according to claim 19, wherein the
computer 1is programmed to calculate distances
corresponding with the predetermined movement plan
for opening and closing the fuel-tank flap on the
basis of the size of said flap and on a calculated

point at which the opening device engages said flap.

An arrangement according to claim 11, wherein an

edge surface around the orifice of the fuel-tank

pipe has a reflectivity that differs from the

P
p—

reflectivity of structure surrounding the orifice,

to facilitate detection of the orifice by the

optical sensor.

An arrangement according to claim 11, wherein the

inlet orifice of the fuel-tank pipe includes an

adapter.

An arrangement according to claim 22, wherein the
adapter has a reflectivity that differs from the
reflectivity of structure surrounding the orifice,
to facilitate detection of the orifice Dby the

optical sensor.

An arrangement according to claim 11, wherein the
optical sensor 1s a unitary sensor that is carried
by the robot, and the vehicle does not carry a fuel-

tank flap position transmitting means.
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An arrangement according to claim 24, wherein the
optical sensor i1ncludes a laser, and the positioning
arrangement i1ncludes a signal processing circuilt for
recelving an  output signal from the sensor
indicative of the fuel-tank flap and its position

relative to the rest position of the robot head, and

also 1ndicative of the position of the orifice of
the fuel-tank pipe relative to the position of the
robot head.

An arrangement according to claim 25, wherein the
laser 1s a scanning laser that deflects laser light
in mutually parallel lines in both horizontal and

vertical directions.
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