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Abstract

The invention relates to a device and method for maintaining the
capability for precise navigation of an automated guided vehicle (TFS),
comprising the following method features: a) an automated guided vehicle
(1) is automatically sent into a testing station (26) for checking and
cleaning of its laser scanner; b) the vehicle (1) is moved within the testing
station (26) by means of its drive and the position of the vehicle is
checked; c) if the positioning is correct, the laser scanner (2) of the vehicle
(1) is cleaned; d) the result of the cleaning process is checked; e) and the

vehicle (1) drives out of the testing station (26).
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Device and method for maintaining the capability for precise

navigation of an automated guided wvehicle

The invention relates to an apparatus and to a method for
maintaining the precision of the navigation capability of a
driverless transport vehicle. Driverless transport systems are
a means of choice 1in modern manufacturing plants for

controlling the flow of material in a data-optimized fashion.

With respect to the prior art, document DE 699 01 363 T2
discloses a control system for an automatically guided vehicle
(AGV), which is based on the aim of providing a guidance system
for automatically guided wvehicles that is improved over the
known prior art. In addition, an AGV guidance system is to be
provided that utilizes a first guidance mechanism for guiding
the AGV along high-speed portions of the path and a second
guidance mechanism for guiding the AGV along low-speed portions
of the path.

In document DE 699 01 363 T2, a guidance system for guiding an
AGV, having the following features, is claimed:

a plurality of non-neighboring rail segments; a steering
mechanism for guiding the AGV along the rail segments, and an
electric control unit for guiding the AGV between the rail
segments, wherein the electronic control unit of the AGV steers

from one rail segment to one of the other rail segments.

Furthermore known from document DE 20 2013 011 145 Ul, filed
by the applicant, is a driverless transport vehicle for the
secure transport of heavy loads, based on the aim of providing
an autonomous transport vehicle with which fast and especially
secure transport of loading racks with loads of up to more than
1000 kg in weight can also be effected in large workshops
without problem even in the case of slight inclines. 1In
document DE 20 2013 011 145 Ul, claim 1 claims a driverless
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transport vehicle for the secure transport of heavy loads in

the form of loaded carriages which are movable on castors,

having the following features:

a) a vehicle housing (40) having a central 1lifting mandrel
(15), a left 1lifting mandrel (28) and a right 1lifting
mandrel (20) for receiving and transporting a carriage (1)
using a docking crossbeam (5) integrated in the carriage
(1), having two drive wheels (7) which are driven by in
each case one drive (16) separately on both sides in the
center of the vehicle housing (40) on in each case one
separately mounted rotary shaft, wherein a rotation
measurement sensor (33) is provided on each drive wheel
(7), and wherein support wheels (19) are provided in each
case in pairs on the front side and on the rear side of the
vehicle housing (40), and wherein at least one laser
scanner (2) is mounted in the outer region of the vehicle
housing (40),

b) a drive motor for driving a lifting spindle (23), which
pushes the central lifting mandrel (24) into a central
opening in the docking crossbeam using a compression spring
(34) and pushes the left lifting mandrel (28) and the right
1lifting mandrel (20) into corresponding further openings
in the docking crossbeam (5) using a pressure plate (27),
wherein a system for supplying energy to the transport
vehicle by way of inductive lines, laid in the ground,
using an induction current collector (39) is provided,

c) an emergency stop system having emergency off-switches (9)
on the transport vehicle and emergency off-switches (8) on
the carriage, wherein the lock of a pressure-loaded brake
shoe (45) is released at the same time upon actuation of
the emergency off-switches at each castor (3) of the
carriage (1).

The present invention is based on the object of specifying an

Date Recue/Date Received 2022-08-11
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apparatus and a method which provide the possibility of
maintaining the precision of the navigation capability of a
driverless transport vehicle, or of a transport system, in
particular the ability of one or more laser scanners to

function, over the entire running time of the vehicle.

This object is achieved by

an apparatus for maintaining the precision of the navigation
capability of a driverless transport vehicle (TFS), having the
following features:

a) a test station (26) for the temporary stay of a transport
vehicle (1) has an open front side and a delimited rear side,
wherein in each case two depressions (10) for receiving the
drive wheels (11) and two depressions (25) for receiving the
support wheels (24) are provided in a surface region (9) on
the bottom,

b) a test line (18) is provided in the horizontal direction on
the rear side of the test station (26) at the height of the
laser scanner (2) of a transport vehicle (1), wherein in each
case the marking of a test point (13) for the angle adjustment
of a laser scanner (2) of a transport vehicle (1) is provided
at the same height in the width of the surface region (9) on
the left-hand and the right-hand side of the surface region
(9),

c) a device (19) for moving a cleaning apparatus of the front
side of a transport vehicle (1), in particular of the laser
scanner (2), is provided on the rear side of the test station
(26), and additionally a position sensor (20) for the
computational capturing of the position of the transport
vehicle (1) is provided on the longitudinal sides of the inner
region of the test station (26) in the region of the front side
and of the rear side of the transport vehicle (1) in each case
on both sides, and that a delimitation device (23), consisting

of transparent, flexible material or of rods marking the

Date Recue/Date Received 2022-08-11
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corners of the goods carrier, serves for marking the end of

the goods carrier (3), and that the cleaning apparatus consists

of a spray nozzle (16) for the cleaning liquid, a brush (15)

and a blasting nozzle, that the surface region (9) in the test

station (26) has a charging device for electrical energy for
charging the electric storage devices of the transport vehicle

(1), and

a method for maintaining the precision of the navigation

capability of a driverless transport vehicle (TFS), having the

following method features:

a) a driverless transport vehicle (1) is sent autonomously
into a test station (26) for checking and cleaning the
laser scanner thereof and for checking the electric
battery, wherein the control of an FTS and the
coordination of the respective work processes are effected
by way of a central computer via a central control unit
controlled using WLAN,

b) the transport vehicle (1) is moved within the test station
(26) by way of its drive, and the position thereof is
checked,

c) if the positioning is correct, the laser scanner (2) of
the transport vehicle (1) is cleaned,

d) the result of the cleaning process is checked,
e) the transport vehicle (1) drives out of the test station
(26) .

The transport vehicle (1) can also be charged with
electrical energy during the stay in the test station
(26), and a computer program having a program code for
performing the method steps when the program is executed
in a computer, and a machine-readable carrier with the
program code of a computer program for performing the

method when the program is executed in a computer.

The invention will be explained in more detail below.

Date Recue/Date Received 2022-08-11
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Specifically:
figure 1: shows an overview of the travel path of a
transport vehicle
figure 2: shows a side view of a process of loading a
transport vehicle
figure 3: shows a plan view of a transport vehicle during
the alignment of the laser scanner in a test station 26
figure 4: shows a side view of the test station 26
figure 5: shows an overview of the processes in the test
station 26
figure 5a: shows the continuation of the overview of

figure 5

Figure 1 shows an overview of the travel path of a transport

vehicle 1. Shown at the center of figure 1, seen from above,
is a driverless transport vehicle 1 on a street 6 in the form
of a junction and two turnoffs. Such a transport vehicle 1is
also referred to as a driverless transport vehicle (FTF).
Designated on the front side of the vehicle 1 in the driving
direction is a laser scanner 2. A placement region 4, in which
a goods carrier 3, for example a pallet that is to be picked
up, having two reference points 7 can be seen, is illustrated
on the left-hand side of the street 6, shown in the form of a
cutout. The reference points shown on the left-hand and the
right-hand corner on the front side of the goods carrier 3 can
be used by the laser scanner of the vehicle 1 for identifying
the goods carrier itself and also for locating the exact place
for the pickup thereof by way of the vehicle 1. For this reason,
a driving ray s, traveling to the lower reference point 7, and
a further driving ray (without designation), traveling to the
upper reference point, are drawn in figure 1 starting from the
center point of the laser scanner 2 for illustrative purposes.
Furthermore, an angle alpha between the driving ray s and the
horizontal plane, which 1is necessary for calculating the

distance of the laser scanner 2 from the respective reference
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point 7, is drawn 1in the case of the upper driving ray in
relation to a horizontal reference line. A delimitation device

23 forms the termination with respect to the street 6.

Figure 2 shows a side view of a process for loading a transport
vehicle.

Figure 2a shows a goods carrier 3 having two standing feet 22,
which can be seen in this view, and with a delimitation device
23 on the rear side from the side. The delimitation device 23
serves for marking the end of the goods carrier 3. On the
opposite side, which carries the delimitation device 23, of
the goods carrier 3, a transport vehicle 1 is shown in side
view before it moves in under the goods carrier 3, in which
the laser scanner 2 scans the dimensions of the goods carrier
3.

The delimitation device 23 can consist for example of a
transparent flexible material or of rods that mark the corners
of the goods carrier 3. The lifting apparatus 21 for lifting
the goods carrier 3 can be seen on the upper side of the

transport vehicle 1.

Figure 2b shows a transport wvehicle 1 with its 1ifting

apparatus 21 and a goods carrier 3 placed thereon as a
navigation aid in the side view. After the goods carrier 3 is
lifted, the measurement field of the laser scanner 2 under the
delimitation device 23 becomes exposed for the path
orientation.

The rearward delimitation device 23 in the case of each goods
carrier 3 1is also present in the same form on the left-hand
and the right-hand side. This is not drawn in figure 2b. The
lateral delimitation devices 23 make a precise orientation
possible for the laser scanner 2 of a transport vehicle during
the drive-in under a goods carrier 3 because said lateral
delimitation devices 23 reflect the lateral delimitation lines

of the goods carrier 3 exactly in signal-technological terms
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and, as a result, the goods carrier 3 can be captured exactly.

Figure 3 shows a plan view of a transport vehicle 1 during the
alignment of the laser scanner in a test station 26.

In each case a reference mark 5 for the orientation for a
transport vehicle 1 is attached on the front side of the test
station 26 on the left-hand and the right-hand side. The
section indication A-A shown on this side is an indication
relating to the view in figure 4.

A main drive wheel 11 can be seen from above in each case in a
respective depression 10 for fixing the relevant main drive
wheel 11 on both longitudinal sides on the transport vehicle 1
that is shown at the center of fiqure 3 and is located in a
surface region 9 in the test station 26.

Located thereabove is the alignment and fixing device 27, which
serves for aligning the lifting stage 31 and the lifting device
21. The fixing cones 29 of the lifting stage 21, which protrude
into the reference openings 30 of the alignment device 27,
serve for exact alignment. It is possible using the alignment
device 27 and the lifting device 21 to align and fix the
transport vehicle 1 with accurate positioning in the test
station 26.

In this position of the transport vehicle 1, a charging mat 8
for charging the transport vehicle with electrical energy is
attached over the entire length of the transport vehicle to
the base area of the underbody, wherein figure 3 shows on the
front side and the rear side of the transport vehicle in each
case one partial piece of the charging mat 8 protruding.

On the front side of the transport vehicle 1, the laser scanner
2 and an associated device 12 for aligning the laser scanner 2
can be seen from above. Opposite the device 12 for aligning
the laser scanner 2, a test line 18 1is provided at the
corresponding working height of the laser scanner 2 on a

perpendicular delimitation surface in the test station 26,
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wherein in each case one test point 13 for the angle adjustment
of the laser scanner 2 is provided at the same height of the
test line 18 and at the same time at the working height of the
laser scanner in the lateral direction. The test line 18 also
serves the laser scanner 2 for measuring the distance. For the
evaluation, the distance data are compared to specific
parameters and likewise needed for checking and aligning the
laser scanner 2. Since it is necessary for the alignment of
the laser scanner 2 that the transport vehicle is located
exactly at the place that is specified herefor, a precision
sensor 20 for location determination is provided in each case
on both sides of the transport vehicle 1 at a specific distance
from the vehicle in the upper region of figure 3. In addition,
two further precision sensors 20 for the location determination
on the opposite side are provided on the opposite side of the
transport vehicle. The signals of the sensors 20 are captured
by computer and control the use of the measurement procedure
of the laser scanner 2. In the case of a necessary location
change of the transport vehicle in the longitudinal direction,
corresponding control signals are sent to the main drive wheels
11. Necessary corrections of the transport vehicle 1 in the
transverse direction can be captured by computer and be easily
performed in a data-technological fashion. In a dedicated
configuration level, provision may be made for further sensors
to be also located at the front side and the rear side of the
transport vehicle and for all the sensors to mutually monitor
one another in terms of their position.

For cleaning the laser scanner 2, a spray nozzle for cleaning
liquid 16 is provided on a carrier 17 at the rear wall of the
test station 26, wherein a brush 15 can be guided with a spray
nozzle 16 along the front side of the transport vehicle. A
blasting nozzle 14 serves, in conjunction with the spray nozzle
16 and the brush 15, for drying the cleaned surfaces or the
cleaned vehicle components. The cleaning tools shown are

Date Recue/Date Received 2022-08-11
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examples and can be modified in view of the temperatures
prevailing in the operating space and/or of the atmospheric
conditions.

In a specific structural embodiment, the result of the cleaning
process is checked by way of the radiant power of the cleaned
laser scanner 2 to be measured using a measurement apparatus
which can be connected upstream (not illustrated). The
intervals of cleaning of the laser scanner 2 of a transport
vehicle and the respective results of the cleaning process are
captured by data-technological means and are evaluated with

respect to the lifetime of all installation parts.

Figure 4 shows a side view 26 of the test station 26 according
to the section A-A in figure 3. A reference mark 6 is shown on
the front side for the orientation for a transport vehicle 1.
The main drive wheels 11 in this figure 4 are shown in the
depression 10 of the transport wvehicle 1 and its 1lifting
apparatus 21 in connection with the support wheels 24 in the
side view, wherein the support wheels 24 are also held in a
specific respective bottom depression 25. The figure here shows
the extended 1lift device 21, which fixes the transport vehicle
1 from the upper side with exact positioning using the fixing
cones 29 1in the reference openings 30 of the alignment
apparatus 27. The position senscors 20 described in figure 3
can be seen here held with corresponding support elements on
the bottom surface. Also shown in this view in the region of
the height line 18 is the holding of the test points 13 for
the angle adjustment. The laser scanner 2 and the device 12
for aligning the laser scanner are here likewise shown. The
brush 15 on its angled carrier 17 for the cleaning head is
moved transversely to the drawing plane by way of the device
19.

Figure 5 shows an overview of the processes in the test station

Date Recue/Date Received 2022-08-11
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26.

Here, the driverless transport vehicle is referred to as FTF
for the sake of simplicity.

Control and coordination of the movements of the FTF used in
the respective installation is effected using a WLAN signal
that is operated via a central computer and a central control
unit.

Eight of a total of 18 steps are shown here, of which in each
case data are ascertained that result in the ascertainment of
current operating data required for the analysis of the total
operating data and for controlling the installation.

The 1st step relates to the navigation of an FTF to the test
station and charging station 26, in which a test unit and a
cleaning apparatus for the laser scanner 2 are located.

The 2nd step relates to the drive into the test station 26. An
FTF here drives into the charging station 26, controlled via
WLAN, with the aid of the navigation of a laser scanner 2 and
two reference marks 5.

The 3rd step relates to fixing the wheels of an FTF. The FTF
drives up to the position depressions (10, 25) until the wheels
latch into the depressions. The 1lifting stage 31 extends upward
and the fixing cones 29 latch into the reference openings 30
of the alignment apparatus 27.

The 4th step relates to the exact position within the test
station 26 and ascertains damage to the FTF. The sensors 20
ascertain the exact position of the FTS within the charging
station 26 in the direction of the X,Y,Z-axes and at the same
time, damage to the horizontal outer skin of the FTF can be
detected by way of pattern recognition.

The 5th step relates to a height test and intensity test of
the laser scanner. A height test and a distance test of the
laser scanner 2 and a laser beam intensity test are performed
using the test line 18. The data are transmitted to the central

computer for evaluation.
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The 6th step relates to a laser scanner angle test, distance
test and an intensity test using the test points 13. An angle
range measurement (lateral measurement region) of the laser
scanner 2 and a distance test are performed with the aid of
the measurement points 13 and an intensity test is performed.
The data are transmitted to the central computer for
evaluation.

The 7th step relates to a laser cleaning by way of the cleaning
apparatus (19, 16, 15, 14) based on the evaluation of step 5
and step 6. The cleaning process by the cleaning apparatus is
initiated owing to the analysis and the evaluation of step 5
and step 6.

The 8th step relates to a height test, distance test and
intensity test of the laser scanner. A height test of the laser
scanner 2 and a laser beam intensity test are performed using
the test line 18. The data is transmitted to the central
computer for evaluation.

Repetition of step 5 to check the result of the cleaning. The

data are transmitted to the central computer for evaluation.

Figure 5a shows the continuation of the overview of figure 5.

The 9th step relates to a laser scanner angle test and an
intensity test using the test points 13. An angle range
measurement of the laser scanner 2 and a distance test are
performed with the aid of the measurement points 13 and an
intensity test is performed. Step 6 is repeated to check the
result of the cleaning.

The 10th step relates to an assessment from step 8 and step 9.

Characteristic numbers for the automatic alignment of the laser
scanner 2 via the alignment apparatus 12 are produced. The
alignment can also, depending on a deviation, only be performed
by data-technological means. Owing to the evaluation of step 8

and step 9, step 7, relating to the cleaning, can be repeated,
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or the realignment of the laser scanner 12 is performed owing
to the output of characteristic numbers to the alignment
apparatus 12.

The 1lth step relates to a laser scanning final test with
respect to the height, the angle, the distance, and the
intensity.

The laser scanner undergoes a final test which is to have a
result within a tolerance range. If this is not the case, step
7 and step 10 are repeated.

The 12th step relates to the process of the electrical charging
of the FTS.

The FTF is checked for its state of charge and, if necessary,
the electric battery is charged.

The 13th step relates to driving the FTF out of the station
26, The FTF leaves the station 26 in a technically correct
condition (aligned, cleaned, and charged) for further
operational use.

The 14th step relates to the further use of the FTF. The FTF
receives an order from the central computer and the control
unit to transport a specific goods carrier from its current
location to a different location.

The 15th step relates to the drive of the FTF to the placement
region 4.

The FTF drives, controlled using coordinates and with the aid
of the reference marks 5, along the street 6 to the placement
region 4, where the goods carriers are held.

The 16th step relates to capturing the specific goods carrier
3.

Upon arrival at the placement region 4, the laser scanner 2
captures the exact position of the goods carrier 3 wvia the
rubber aprons 23.

The 17th step relates to the pick-up of the goods carrier 3
using the 1ifting device 21. The FTF drives, on account of the

exact position determination and capturing, under the goods
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carrier 3 through the delimitation device 23 and lifts it.
The 18th step relates to the continued drive of the FTF.
The FTF leaves the placement place and drives to the storage

place (location) determined via the central computer.
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List of reference numbers

driverless transport vehicle or transport system (FTF)
laser scanner

goods carrier (for example a pallet)

placement region

reference mark

sStreet

reference point on goods carrier

charging mat (charging device for electrical energy)

W W ~J o U b w N

surface region for the charging mat, the check, the

alignment and the cleaning of a driverless transport

vehicle

10 depression in the base area for fixing the drive wheels
(FTF)

11 main drive wheels of a driverless transport vehicle

12 device for alignment of a laser scanner

13 test points for the angle adjustment of a laser scanner

14 blasting nozzle for drying of a cleaning apparatus

15 brush for cleaning in the cleaning apparatus

16 spray nozzle for cleaning liquid

17 carrier for the cleaning head

18 test line for height setting of a laser scanner

19 device for moving the cleaning apparatus

20 position sensors for location determination of a
driverless transport vehicle

21 1lifting apparatus for a goods carrier

22 standing foot for goods carrier

23 delimitation device

24 support wheel

25 bottom depression for a support wheel

26 test station and charging station

27 fixing and alignment apparatus for lifting device 21

28 supports for alignment apparatus 27

Date Recue/Date Received 2022-08-11
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29 fixing cones for lifting stage 31 for goods carrier 3
30 reference openings for fixing cones 29
31 lifting stage
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Claims

1. An apparatus for maintaining the precision of the navigation
capability of a driverless transport vehicle having the following

features:

a test station (26) for a temporary stay of the transport vehicle
(1), the test station having an open front side and a delimited rear
side, wherein there are provided first two depressions (10) for
receiving two drive wheels (11) and second two depressions (25) for
receiving two support wheels (24), the first two depressions and
second two depressions being provided in a surface region (9) at a

bottom of the test station,

a test line (18) being provided in a horizontal direction on the
rear side of the test station (26) at a height of a laser scanner (2)
of the transport vehicle (1), wherein marking of a test point (13)
for angle adjustment of the laser scanner (2) of the transport vehicle
(1) is provided at the height of the laser scanner on a left-hand

side and a right-hand side of the surface region (9), and

a device (19) for moving a cleaning apparatus to the front side
of the transport vehicle (1), wherein the device is being provided on

the rear side of the test station (26) facing the laser scanner (2).

2. The apparatus as claimed in claim 1,
characterized

in that a position sensor (20) for computational capturing of a
position of the transport vehicle (1) 1s provided on longitudinal
sides of an inner region of the test station (26) that is situated at
the front side and the rear side of the transport vehicle (1) on both

sides.
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17

3. The apparatus as claimed in claim 1 or 2
characterized

in that a delimitation device (23), consisting of transparent,
flexible material or of rods used for marking corners of a goods

carrier, serves for marking an end of the goods carrier (3).

4. The apparatus as claimed in any one of claims 1 to 3,
characterized

in that the cleaning apparatus consists of a spray nozzle (16) for a

cleaning liquid, a brush (15), and a blasting nozzle (14) for drying.

5. The apparatus as claimed in any one of claims 1 to 4,
characterized

in that the surface region (9) in the test station (26) has a charging
device for electrical energy for charging electric storage devices of

the transport vehicle (1).

6. The apparatus as claimed in claim 5,

wherein the transport vehicle (1) is charged with electrical energy
during the temporary stay in the test station (26) by a charging

device.

Date Regue/Date Received 2023-03-28
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charged and cleaned
for operational use.
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FTS receives order from the
central computer to transport
a specific goods carrier from

its location to a different location

Data

Analysis-evaluation

FTS drives, controlled using
coordinates and with the aid
of the reference marks 5, to

the goods carrier region 4

Data

Laser scanner 2 captures the
exact position of the goods
carrier 3 via the side aprons 23

Data

FTS drives, based on exact
position capturing, under the
goods carrier 3 and lifts it
using lifting device 21

Data
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Analysis-evaluation

Analysis-evaluation

FTS leaves the goods
carrier location 4

Data

Analysis-evaluation
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