1-Description Mobile Climbing Robot and Service System Having a Climbing Robot S Technical Area

~ The invention relates to a mobile climbing robot and a 10 service system having a climbing robot,
which can be used to clean a facade of a building, for example. Background Information 15 Publication
CH 670 248 A5 makes known an arrangement compﬁsing a vertically movable cabin for working on
structures having a curved or planar surface. The arrangement is used in particular for working on
large 20 surfaces, such as cooling towers, masonry dams, sides of ships, and the like. The
arrangement comprises a cabin for this purpose, which is equipped with a crawler drive having suction
cups. Using theéPersettapddee the cabin can be moved along the facade of the building, wherein 25 the
suction cups are used to increase the adhesion between the crawler drive and the building facade.
However, the use of the crawler drive is limited to smooth surfaces having a relatively small curvature.
The crawler drits dabléitGoveFcofies br eafnnseeasifie 36 vyefebriie Staifs and steps in the facade.
Publication US £15%}, 529 makes known a climbing robot having a front leg and a rear leg. The two
legs are

Technical Area

The invention relates to a mobile climbing robot and a
10 service system having a climbing robot, which can be used

to clean a facade of a building, for example.

Background Information

15
Publication CE 670 248 A5 makes known an arrangement
comprising a vertically movable cabin for working on
structures having a curved or planar surface. The
arrangement 1s used in particular for working on large

20 surfaces, such as cooling towers, mascnry dams, sides of
ships, and the like. The arrangement comprises a cabin
for this purpose, which is equipped with & crawler drive
having sucticn cups. Using the crawler drive, the cabin
can be moved along the facade of the building, wherein

25  the suction cups are used to increase the adhesion
between the crawler drive and the building facade.
Howewver, the use of the crawler drive is limited to
smooth surfaces having a relatively small curvature. The
crawler drive is unable to cvercome, or cannot easily

30 overcecme stairs and steps in the facade.

Publicaticon US 5 551 525 makes known a climbing robot

having a front leg and a rear leg. The two legs are



2:.interconnected by way of a knee joint, and each comprises a rotatable foot joint. Although a robot of
that type can overcome steps in the building facade, the use thereof for autonomous building cleaning
is limited since the 5 freedom of motion thereof is inadequate. Advantages of the Invention 10 The
problem addressed by the invention is that of providir@ a mobile climbing robot that can climb along
any type of surface, such as curved and angled surfaces, overhangs, and ceilings, for example, and
can overcome stairs. 15 The problem is solved by a mobile climbing robot having the features of claim
1. The mobile climbing robot according to the invention 20 comprises a central joint, by which a first
leg is connected 1¢ arseoonddegdlmadditipns thearobotcomprises a fitstdaatwhighis connected to the

first leg by way of a fggtttggiéoi@t for rotation a first foot joint for tilting..Furthermore, a second foot
is 25 provided whicﬁ IS connecte%ot% t 815%%bn% I(@élkgl(faﬂl/gvf[\l/::lﬁ‘;1 0?%153%%0%%1%%%#0%%%? rGtation and a
second foot joirft Y6 tiRG. Finalg, the wobilewelikibing rébstectomplises asnothing disposed on the

first foot for attaching,an dmplement, 30 Advantageous developments.of the jnvention will be apparent

from the features indicated in the dependent claims. 3 In an embodiment of the climbing robot
according 1o the TRRABnCthefirst and the setbnited 4#e Hdat faterally relative to one another. This

has the advantage
Advantages of the Invention

10 The problem addressed by the inventiocn is that of
providing a mobile climbing robot that can climb along
any type of surface, such as curved and angled surfaces,
overhangs, and ceilings, for example, and can overcome
stalrs.

15
The problem is solved by a mobile climbing robot having

the features of claim 1.

The mobile climbing robot according to the invention

20  comprises a central Jjoint, by which a first leg is
connected to a second leg. In addition, the robot
comprises a first foot which is connected to the first
leg by way of a first foot joint for rotation and a Ffirst
foot joint for tilting. Furthermores, a second foot is

25 provided which is connected to the second leg by way of a
second foolt joint for rotation and a second foot joint
for tilting. Finally, the mobile climbing rcbot comprises
a mounting disposed cn the first foot for attaching an
implement.

30
Advantageous developments of the invention will be
apparent from the features indicated in the dependent

claims.



5 that the two legs can be moved past one another, thereby resulting in the greatest possible freedom
of motion. In another embodiment of the climbing robot according to the invention, the first and/or the
second foot is 10 equipped with a suction cup. The result is greater adhesion of the climbing robot on
the foundation on which the climbing robot moves. As’an alternative or in addition thereto, the first 15
and/or the second foot of the climbing robot can be equipped with a magnet. This is advantageous in
particular when the climbing robot is supposed to move on a metallic, magnetic surface. Using the
magnet, the extent of the adhesion of the foot or feet on the 20 metallic surface can be controlled in a
simple manner. To this end, the magnet is advantageously designed as a switchable electromagnet.

Furthermore, in-the case ftge climbing r got according 25 to the invention, the first and/or the second
foot can be equ}tr?péac? w?t]ﬂ%a? C ar\%\?%}hig ?s g \?ar?%b%%ﬁé%n %8%?&@%%‘%%?%8 c |Pnb§rkwlg€§ robot is
supposed to mave aérian uneven surfaceagdchias & heavity dtractared stifface, for example. 30 To

solve the problemitisfuitherrmors provided that, in.the.case of the climbing robat agearding to the

invention, the first and/or the second foot is equipped 4 with a drilling device. The robot can thus
create poirts o & sGAGcE 6F the BBjett BNRFhBRYER SibpbsetitodhBlésso it'damisdid onto these

points. Howevergtheldrilliag devicecan-alsodie: used 40 pedornanaron the.S:surface of the object.
The robot can therefore drill holes in the wall of the building e.g. at points of a facade of a building that
are difficult to access. According to another feature of the invention, it can be 10 improved further by
equipping the climbing tdlsat with etEctecal arhydraukic drives for:mbvingahededs andtar the feet.

the invention, the first and/or the second foot is
10  equipped with a suction cup. The result is greater
adhesion of the climbing robot on the foundation on which

the climbing robot moves.

As an alternative or in addition thereto, the first

15 and/or the second foot of the climbing robot can be
equipped with a magnet. This is advantageous in
particular when the climbing robot is suppesed to move on
a metallic, magnetic surface. Using the magnet, the
extent of the adhesion of the foot or feet on the

20 metallic surface can be controlled in a simple manner. To
this end, the magnet is advantageously designed as a

switchable electromagnet.

Furthermore, in the case of the climbing robot according
25 to the invention, the first and/or the second foot can be
equipped with a claw. This i1s advantageous in particular
when the climbking robot is supposed to move over an
uneven surface, such as a heavily structured surface, for
example.
30
To solve the problem it is furthermore provided that, in
the case of the climbing robot according te the

invention, the first and/or the second foot is eguipped



According to another embodiment of the climbing robot 15 according to the invention, a cleaning
device is provided as the implement. Using the cleaning device, the robot can then autonomously
clean e.g. the facade of the building, the hull or superstructure of a ship, or the surface of a solar or
photovoltaic installation. 20 In addition, a service systém is provided that comprises the
above-described climbing robot for a surface of an object such as the facade of a building, for
example. To this end, the service system has a supply station for 25 supplying the climbing robot. In
addition, the service system includes a windlass which can be attached to the object to lower the
supply station ant:$ecurethé climbing vdbet. 30HAccosding to=a developmenttof the sefwce system,
the _supply stati%@l_irjcqjlgd%% gfcaogé_roé Jr;r}t}ji‘gr 8gntr9}l{ing ghgglig}piqq rgbsotéHS Inogggitigg, 'ghe supply
station of the service system can include a supf)?y container f6r cleaning aggﬁt. ccording to another
development ofthEservieeisystam, BIRe sopply station incliites an émergyssourcé for the drive of the
climbing robot. Finglly; the service.systam.qan be.equipped with.a egmera pounted.on the climbing

robot, and a display _screen for 10 displaying the information delivered by the camera. In addition, the
service system tah B &qlipEdsnith a%dntrdl it foPebnraling thé elimbing Fébét. 15 Brief
Description of the Drawings Fhewavention isrexplained:ingreater detaibin thesfolewing using a plurality

of embodimentsfand ith, reference, to. 13 figures. 20 Figure. 1 shows a first possible embodiment of the
mobile climbing r%%%i%cgg?damg %ﬁhc%lr}l%e%%%eﬁ, ina tr(gleé%diﬁqugntsigr?alav%v?/.s55 Figure 2 shows a

second possible embodiment of the mobile climbing robot according to the invention, in a
three-dimensionaliew; ., Figute,3 shows first.nossible fype gfmatio,of the 30glimbing robot.
10 improved further by equipping the climbing robot with
electrical or hydraulic drives for moving the legs and/or

the feet,

According to another embodiment of the climbing robot

15 according to the invention, a cleaning device is provided
as the implement. Using the cleaning device, the robot
can then autonomously clean e.g. the facade of the
building, the hull or superstructure of a ship, or the
surface of a solar or photovoltaic installation.

20
In addition, a service system is provided that comprises
the above-described climbing robot for a surface of an
cbject such as the facade of a building, for example. To
this end, the service system has a supply station for

25 supplying the climbing robot. In addition, the service
system includes a windlass which can be attached to the
object to lower the supply station and secure the

climbing robot.

30 According to a development of the service system, the
supply station includes a control unit for controlling

the climbing robot.



Figure 4 shows a second possible type of motion of the climbing robot. 6 Figure 5 shows the
sequence of motions of the climbing robot for overcoming a step and an overhang. 5 Figure 6 shows
the climbing robot when cleaning a surface without using the revolute joints on the feet. Figure 7
shows the climbing robot once more when cleaning asurface, wherein the revolute joints on the 10
feet are used in this case. Figure 8 shows the climbing robot when cleaning a corner and a surface.
15

In addition, the supply station of the service system can

include a supply container for cleaning agent.

According to another develcpment of the service system,
5 the supply station includes an energy source for the

drive of the climbing robot.

Finally, the service system can be equipped with a camera

mounted on the climbing robot, and a display screen for
10 displaying the information delivered by the camera. In

addition, the service system can be eguipped with a

control unit for controlling the climbing robot.

15 Brief Description of the Drawings

The invention is explained in greater detail in the
following using a plurality of embodiments and with
referencs to 13 figures.
20
Figure 1 shows a first possible embodiment of the mobile
climbing robot according to the inventicn, in a

three~dimensional wview.

Z25 Figure Z shows a second possible embodiment of the mobile
climbing robot according to the invention, in a

three-dimensional view.

Figure 3 shows a first possible type of motion of the

30 climbing robot.

Figure 4 shows a second possible type of moticn of the

climbing robot.



Figure 9 shows the climbing robot when cleaning a larger surface. Figure 10 shows the climbing robot
once more when cleaning a corner and a larger surface. 20 Figure 11 shows another possible
sequence of motions of the climbing robot for cleaning a surface. Figure 12 shows the climbing robot
together with a 25plurality of signal transmitters for controlling the climbing robot. Figure 13 shows the
service system with the climbing robot on the facade of a building, in a three-30dimensional view.
Ways to Implement the Invention

10

15

20

25

30

Figure 5 shows the seguence of motions of the climbing

robot for overcoming a step and an cverhang.

Figure 6 shows the climbing robot when cleaning a surface

without using the revolute joints on the feet.

Figure 7 shows the climbing robot once more when cleaning
a surface, wherein the revolute joints on the

feet are used in this case.

Figure 8 shows the climbing robot when cleaning a corner

and a surface,

Figure 9 shows the climbing robot when cleaning a larger

surface.

Figure 10 shows the climbing robot once more when

cleaning a corner and a larger surface.

Figure 11 shows another possible sequence of motions of

the climbing robot for cleaning a surface.

Figure 12 shows the climbing robot together with a
plurality of signal transmitters for controlling

the climbing robot.
Figure 13 shows the service system with the climbing

robot on the facade of a building, in a three-

dimensional view.

Ways to Implement the Invention



7 A first possible embodiment of mobile climbing robot 15 according to the invention is shown in figure
1. Climbing robot 15 comprises two legs 1 and 2 which are 5 interconnected by way of a common joint
3. Joint 3 is disposed and designed between legs 1 and 2 such that legs 1 and 2 are offset laterally
relative to one another. This has the advantage that the two legs 1 and 2 can be moved past one
another, thereby enabling the robot to 10 stride forward similar to a human. First leg 1 is connected to
a first foot 8 by way of a first foot joint for tilting 4 and a first foot joint for rotation 5. Foot 8 comprises a
first suction cup 8.1, a 15 second suction cup 8.2, and a third suction cup 8.3. Suction cups 8.1, 8.2
and 8.3 are controllable and are used to provide sufficient adhesion on a planar surface so that robot

L5 Is securely aghered (hefsta utheimore, aivolable.device meuntiag L1 Whigh cajries 20 a

cleaning device 10 at one end is provided on first foot 8. Cleaning device I0 can be a suction device,
for example. THEStRtON deVi€e EoMprisEya 58Bti6HF cORREEoF 10t 1 diHich tan beladrimetted to a

hose which is netgepicted..Clganing devige 1Q.gan alsg,gontajm agponge 25 which is supplied with a
cleaning agfent bﬁgv%y?of connector 10.1. Second leg 2 is connected to a second foot 9 by way of a
ilti

second foot joint 16FHiItiRG & aNa A Secdi fovt jGinE 3HEFrot&tidH 7° Setdhb Fodt & Ssimilar to first foot
8, comprises a fiistsustian ug %ds acsesdncksuction Cupy9.2, andda thiedisuctioteeup &53. 8 Electrical,
hydraulic, or pneumatic.drives are-integrated intojoints 3, 4,5, 6 and 7. Lines can be integrated into
the housing of legs 1 and ‘Jjé\é% I%§ﬁ£e§m€8§ﬁﬁ:§r?tﬂ3? tﬁg%%yghgvc\)/n?ﬁl%gﬁ?é) ?tehre'se lines are routed
out of the legs With & éerindcter $dventege dantha conhettor 2.2 on thessetohddey. The lines are

interconnectablgyeway of copnectors dnd and.2.d.and, adose whichiis not shgwndp figure 1. These
lines can be 10 used as supply lines and/or drain lines. The lines can be used, for example, to carry

away the haterfi dramn Y B eanifig Had £o dr 1" &@Pply cleaning head 10 with cleaning agent.

First leg 1 is connected toc a first foot 8 by way of a
first foot joint for tilting 4 and a first foot joint for
rotation 5. Foot 8 comprises a first suction cup 8.1, a

15 second sucticn cup 8.2, and a third suction cup 8.3.
Suction cups 8.1, €.2 and 8.3 are contrcollable and are
used te provide sufficient adhesion on a planar surface
so that robot 15 is securely adhered thereto.
Furthermore, a pivotable device mounting 11 which carries

20 a cleaning device 10 at one end is provided on first foot
8. Cleaning device 10 can be a suction device, for
example. The suction device comprises a suction connector
10.1 which can be connected to a hose which is not
depicted. Cleaning device 10 can also contain a sponge

25 which is supplied with a cleaning agent by way of

connector 10.1.

Second leg 2 1s connected to a second foot 2 by way of a

second feoot joint for tilting 6 and a second foot joint
30 for rotation 7. Second foot 9, similar to first foot 8§,

comprises a first suction cup 9.1, a second suction cup

9.2, and a third suction cup 2.3.



15 In one embodiment, suction cups 8.1 to 9.3 are designed such that they automatically adhere via
suction to a planar surface when pressed thereon. Mobile cleaning robot 15 shown in figure 2 differs
from 20 the cleaning robot shown in figure 1 in that it comprises a first hose or a first tube line 13.1, a
second hose or a second tube line 13.2, and a third hose or a third tube line 13.3. The drives in joints
3,4, 5, 6 and 7 can be supplied with hydraulic fluid or compressed air by way of 25lines 13.1, 13.2 and
13.3. The hydraulic fluid or compressed air is used to supply energy to the drives. An implement 12
designed as a wiper is fastened to mounting 11. 9 Cleaning robot 15 is suitable for autonomously
cleaning buildingfacadés i a drydravsétimanner, rordfomwioiking atpointsmaf a buidding that are difficult
to access, such;as g cogling fower gr adtall puilding, In addition, 5 cleaning robot 15 is also suitable for
cleaning the hull or superstructure of a ship or the surface of a solar installation or a photovoltaic
installation. Instead of the cleaning device, a drilling device can be 10fastened to foot 8. By way

thereof, robot 15:is €apable etautenemeausty; drilling holes inthe surfage ot the ebjeghop which it is
supposed to hold its%lf, in agrder to autonomously create retaining points for itself. The retaining points

can be used by the TOBof I8 RardNEE its 15hbid orthe GBI THe Jj8EEEant be @ Biifting, a bridge,

or a ship, for example. The dritting:device cah alse besysedviadritk hotesinta the masonry of the
puiding for onNAIeepong2Q T aveder Sl 1, ove e feplgledgiappicaly In figure 3. Ina
ite j out fo

first step 20, robot'15 rotates by way of revolute joint 7 a ot9, and so t6ot 8 Makes a circular
motion. This métign irtherslanest the trawingisytepictedrasefiist step- 20 infigufe 3. knd second 25

step 21, foot 9 is detached fram the foundatiop-and. swivaled past first fQot:§ (perpendicylar to the

plane of the drawing) in a 180 arc. Next, foot 9 attachs itself
10 used as supply lines and/or drain lines. The lines can be

used, for example, to carry away the material drawn up by
cleaning head 10 or to supply cleaning head 10 with

cleaning agent.

15 In one embodiment, suction cups 8.1 to 9.3 are designed
such that they automatically adhere via suction to a

planar surface when pressed thereon.

Mobile cleaning robot 15 shown in figure 2 differs from
20 the cleaning robot shown in figure 1 in that it comprises
a first hose or a first tube line 13.1, a second hose or
a second tube line 13.2, and a third hose or a third tube
line 13.3. The drives in Joints 3, 4, 3%, 6 and 7 can ke
supplied with hydraulic fluid or compressed air by way of
25 lines 13.1, 13.2 and 13.3. The hydraulic fluid or
compressed air is used to supply energy to the drives. An
implement 12 designed as a wiper is fastened to mounting

11.

30  As shown in figures 1 and 2, foot 8 can be equipped with

various implements 10, 12.



to the foundation once more using suction. In a third step 22, foot 8 is again swiveled in a circular
motion 30 about foot 9. Revolute joint 7 is used primarily once more for this purpose. 10 Mobile robot
15 can also perform a sequence of motions of the type shown in figure 4. In a first step 23, the leg
having foot 9 is detached from the foundation and, as'shown in figure 4, is moved upwardly in the
plane of the 5 drawing, in that legs 1 and 2 are moved apart from one another. Foot 9 then attaches
itself to the foundation using suction and, in a subsequent step 24, foot 8 is drawn toward it. As soon
as foot 8 is securely attached to the foundation once more using suction, next step 25 10 takes place,
which correspofids ¢o: step 23l tedardite theiseguencewxf matiensmokigure S shows dghe sequence of

motions of robof 15 whel oyggcao&nigg.%n vgrhan (steps 26, 27, 28 and 29) and when 15 overcoming
a step (steps 30, 31 and 32). Theeradij_l]s o% ac%%n%f r"é%%t Tgh uerﬁﬂ’g &garfl%ﬁrg) i8S %Wr?in figure 6. In
the sequence of AckEnR$ 8Rowh iA figjure BLrcotidpemairts stillfarid-fodt Swithaieasing device 20 12 is

moved along cleaning:surface;35.:6.4. inadircle, in thatirobgt, 15Jetates about faot.Q using revolute
joint 7. Instead thereof, cleaning device 12 can also be moved along a straight trajectory 33. Tilting

joints 4 and 6 ahdCENtFAT jGiRCS are Usk B fifis Pukhése- A 585Gty oF Sudh &traight cleaning
trajectories 33 ecan bergisposed-nextdoone:anather i paralled.ultiisds indicategk-hy straight line 32.
Figure 7 shows .annsottgﬁﬁg%t}%m of mgtiog OfOrQOEi e :fg clirrpbgng d{OQOt 15. For example, the robot can
follow two straiglht trajectorlesnBéﬁ and” §.E which aré (ﬁsfc)’oéae Aext{b one another in parallel. For
this purpose, robot 15 rotates using revolute joint 7 about foot 9 and,

Instead of the cleaning device, a drilling device can be

10 fastened to foot 8. By way thereof, robot 15 is capable
of autconomously drilling holes in the surface of the
object on which it is supposed toc hold itself, in order
to autonomously create retaining points for itself. The
retaining peints can be used by the robot to increase its

15  hold on the object. The object can be a building, a
bridge, or a ship, for example. The drilling device can
also be used to drill holes into the masonry of the

building for other reasons.

20 Two ways for robot 15 to move are depicted graphically in
figure 3. In a first step 20, robot 15 rotates by way of
revolute joint 7 about foot 9, and so foot 8 makes a
circular motion. This motion in the plane of the drawing
is depicted as first step 20 in figure 3. In a second

25 step 21, foot 9 is detached from the foundation and
swiveled past first foot 8 (perpendicular to the plane of
the drawing) in a 180° arc. Next, foot 9 attachs itself
to the foundation once more using suction. In a third
step 22, fcot 8 1s again swiveled in a circular motion

30 about foot 9. Revolute joint 7 is used primarily once

more for this purpose.



11 simultaneously, the position of foot 8 is adjusted using central joint 3 and revolute joint 5. Various
possible patterns of motion that robot 15 can 5 perform to clean the facade of a building will be
explained in the following with reference to figures 8, 9 and 10. Figure 8 shows a corner of a building,
and cleaning robot 10 15 is located in the vicinity of this corner. As soon as foot 9 becomes securely
adhered to the building facade, the cleaning procedure can be started. For this purpose, in a first step,
the robot can clean a surface 39 parallel to the lower edge of the building, and, in a 15 second step, a
surface 40 that is parallel to the vertical building edge. Next, foot 8 with cleaning device 12 is moved
slightly closer td‘foot's; antbthe Adrizontakdnd vericab cleaning ofithechuitdingdacade isscontinued.

Another pattern.gfmetign of ¢, cleaning 30.19bet is denicteglinpringlple fyrther gbgye in figure 8. As
indicated, the robot can also clean circular segments 36, 37 and 38. To ¢ ean a argergsurface on the
facade of a builafig: 2% robt 18 -ids iRlicsteddn figore dNisidgandns. 25 - zadrbé moved and thereby

clean the facaderusing overlagping, gircular metions.Jhe-special-geqmelry of gohet 15 gnables it to
follow circular c(ljeanin trajectories 41, 42 and 43 and square or rectangular cleaning trajectories 3044.

12 of the chrner usiny circutar dtlgﬁﬁinbﬁggje%to?fé%. TheSfudtPatfsh fPmeTidhaR fryite 10 shows how
individual cleaningtrafectories 46 30 5iccan overtap swhernsthercleaningeroboh followsaircular cleaning

using suction and, in a subsequent step 24, foot 8 is

drawn toward it. As soon as foot 8 1s securely attached

to the foundation once more using suction, next step 25
10 takes place, which corresponds to step 23 in regard to

the seqguence of moticns.

Figure 5 shows the sequence of meotions of robot 15 when
overcoming an overhang (steps 26, 27, 28 and 29) and when

15  overcoming a step (steps 30, 31 and 32).

The radius of action of robot 15 during cleaning is shown
in figure 6. In the sequence of actions shown in figure
6, foot 9 remains still and foot 8 with c¢leaning device

20 12 is moved along cleaning surface 35, e.g. in a circle,
in that robot 15 rotates about foot 9 using revolute
jeint 7. Instead thereocf, cleaning device 12 can also be
moved along a straight trajectory 33. Tilting fjeints 4
and 6 and central Jjoint 3 are used for this purpose. A

25  plurality of such straight cleaning trajectories 23 can
be disposed next{ to one another in parallel. This is

indicated by straight line 32.

Figure 7 shows another pattern of motion of mcbhile

30 climbing robot 15. For example, the robot can follow two
straight trajectories 33.1 and 33.2 which are disposed
next to one another in parallel. For this purpose, robot

15 rotates using revolute joint 7 about foot 9 and,



Strajectories 46 to 51. Cleaning robot 15 can also clean a square surface 60, as shown in figure 11. 10
As shown in figure 12, if robot 15 is situated on a large surface, such as the facade of a building, a
plurality of signal transmitters 70, 71 and 72 can be provided at various points of the building to
transmit control signals and position signals to robot 15.15A portion of a building 73 is shown in a
three-dimensional view in figure 13, wherein cleaning robot 15 is part of a service system. The service
system comprises a windlass 74 which is disposed in the upper region of 20 building 73 such that it
can move along the building. Windlass 74 is used to lower a supply station 76. Supply station 76 can
include e.g. an energytsogrcesoy the-trve of fobotnl 5 andesuply contginer faf cleaning agent.

Cable 75 is used.to:hald sy@%d%vigggqg% 95&253 Safetycable for robot 15. Robot 15 can be

additionally equipped with“a camera 14, by way of which information on the position of the robot can
be obtained. Camera 14 can also be used to obtain information about the state of the facade. 30 The

preceding desctiption of the esibodiments agearding o the,present inventionis used merely for
illustrative purpgses and not for the purpose of Iimiting the 13 invention, Various changes and

modificatiohs al&poSdiBle Rithih the stope’ G thaSndentior Withdttfeatind ths scope of the invention
and the equivalertsithereof. Forexaniple ] thei patterhsiofradtier explained with-reference 5 to figures
8, 9 and 10 may also he used with other objects such as ships and solar installations, for example. 10

Figure 8 shows a corner of a building, and cleaning robot

160 15 is located in the vicinity of this corner. As soon as
foot ¢ becomes securely adhered to the building facade,
the cleaning procedure can be started. For this purpose,
in a first step, the robot can clean a surface 39
parallel to the lower edge of the building, and, in a

15 second step, a surface 40 that is parallel to the
vertical building edge. Next, foot 8 with cleaning device
12 is moved slightly closer tc foot 9, and the horizontal
and vertical cleaning of the building facade is
continued. Another pattern of motion of the cleaning

20 robot is depicted in principle further above in figure 8.
As indicated, the robot can also clean circular segments

36, 37 and 38.

To clean a larger surface on the facade of a building,

25 robot 15 - as indicated in figure 9 using arrows 45 - can
be moved and thereby clean the facade using overlapping,
circular motions. The special geometry of robot 15
enables it to follow circular cleaning traijecteries 41,
42 and 43 and square or rectangular cleaning trajectories

30 44.

Figure 10 shows how the robot, once it has cleaned a

corner of the facade, continues cleaning in the vicinity



14 List of reference characters 1First leg 2Second leg 53Central joint 4First foot joint for tilting 5First
foot joint for rotation 6Second foot joint for tilting 7Second foot joint for rotation 108First foot 8.1First
suction cup 8.2Second suction cup 8.3Third suction izp 9Second foot 159.1First suction cup

9.2Second suction cup 9.3Third suction cup 10Cleani

190

15

20

Z5

30

g device 11Device mounting

of the corner using circular cleaning trajectories. The
illustration to the right in figure 10 shows how
individual cleaning trajectories 46 to 51l can overlap
when the cleaning robot follows circular cleaning

trajectories 46 to 51.

Cleaning robot 15 can also c¢lean a sqguare surface 60, as

shown in figure 11.

As shown in figure 12, if robot 15 is situated on a large
surface, such as the facade of a building, a plurality of
signal transmitters 70, 71 and 72 can be provided at
varicus points of the buillding Lo transmit centrol

signals and positicon signals to robot 15.

A pertion of a building 73 1s shown in a three-
dimensicnal view in figure 13, wherein cleaning robot 15
is part of a services system. The service system comprises
a windlass 74 which is disposed in the upper region of
building 73 such that it can move along the building.
Windlass 74 is used to lower a supply station 76. Supply
station 76 can include e.g. an energy source for the
drive of robet 15 and a supply container for cleaning
agent. Cable 75 is used to hold supply device 76 and as a
safety cakle for robot 15. Robot 15 can be additionally
equipped with a camera 14, by way of which information on
the pesition of the robot can be obtained. Camera 14 can
also be used to obtain information about the state of the

facade.

The preceding description of the embodiments according to
the present inventicon is used merely fcor illustrative

purpcses and not for the purpcse of limiting the



20 12Wiper 13.1First hose 13.2Second hose 13.3Third hose 14Camera 25 15Climbing robot 20First
step 21 - 31Steps 32Baseline 33.1Cleaning surface 30 33.2Cleaning surface 34Position of the
cleaning device 35 - 40Cleaning surfaces 45Directioq39f motion 15 46 - 51
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inventicn. Various changes and modifications are possible
within the scope of the invention without leaving the
scope of the invention and the eguivalents thereof. For
example, the patterns of motlion explained with reference
to figures 8, 9 and 10 may also be used with other
obijects such as ships and solar installations, for

example.
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List of reference characters

1 First leg
2 Second leg
5 3 Central Jjoint
4 First foot joint for tilting
5 First foot Hdoint for rotation
6 Second foot joint for tilting
7 Second foot joint for rotation
10 8 First foot
8.1 First sucticn cup
8.2 Second suctiocon cup
g.3 Third sucticn cup
9 Second foot
15 9.1 First suction cup
9.2 Second suction cup
9.3 Third suction cup
10 Cleaning device
11 Device mounting
20 12 Wiper
13.1 First hose
13.2 Second hose
13.3 Third hose
i4 Camera
25 15 Climbing robot
20 First step
Z21 —~ 31 Steps
32 Baseline
33.1 Cleaning surface
30 33.2 Cleaning surface
34 Positicn of the cleaning device
35 - 40 Cleaning surfaces

45 Direction of motion
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46 - 51 Cleaning surfaces

60 Cleaning surface

70 Signal transmitter

71 Signal transmittier
5 72 Signal transmitter

73 Building

74 Windlass

75 Cable

76 Supply station
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1. A mobile climbing robot, comprising a central joint (3), by way of which a 5first leg (1) is connected
to a second leg (2), comprising a first foot (8) which is connected to the first leg (1) by way of a first
foot joint for rotation (5) and a first foot joint for tilting (4), comprising a second foot (9) which is
connected to 10 the second leg (2) by way of a second foot joint for rotation (7) and a second foot
joint for tilting (6), and comprising a mounting (11) for attaching an implement (10; 12) disposed on a
first foot (8). 15 2. The climbing robot according to claim 1, wherein the first leg (1) and the second leg
(2) are offset laterally relative to one another. 3. The climbing robot according to claim 1 or 2, wherein
the first and/or tezsseond foot (8, 9) are 20equipped with a suction cup (8.1, 9.1). 4. The climbing
robot according to claim 1, 2 or 3, wherein the first and/or the second foot (8, 9) are equipped with a
magnet. 5. The climbing robot according to one of the claims 1 25to 4, wherein the first and/or the

second foot (8, P) are egipped withra.ehaw. 6, Jhe, climbing robot according to one of the claims 1 to
5, 30wherein the first. ag%&g}q% §§80gd é%%tt@a I9) ja(gt]a_ ggui(pﬂe’d \élg;[hw% (B:l[riléiggW eiv(i: e
5 first leg (1) is connected to a second leg (2},
- comprising a first foot (8) which is connected to
the first leg {1} by way of a first foot joint for
rotation (5) and a first foot joint for tilting (4},
- comprising a second foot (9) which is connected to
10 the second leg (2} by way of a second foot joint for
rotation (7) and a second foot Jjoint for tilting (6),
and
- comprising a mounting (11} for attaching an

implement (10; 12) dispcsed on a first foob (8.

15 2. The climbing robot according to claim 1,
wherein the first leg (1} and the second leg (2) are

offset laterally relative to one another.

3. The climbing robot according to claim 1 or 2,
wherein the first and/or the second foot (8§, 9) are

20 equipped with a suction cup (8.1, 9.1).

4. The climbing robot according te claim 1, 2 or 3,
wherein the first and/or the second foot (8, 9) are

equipped with a magnet.

5. The climbing robot according to one of the claims 1
25 to 4,
wherein the first and/or the second foot (8, 9) are

equipped with a claw.

6. The climbing robot according to one of the claims 1
to 5,
30 wherein the first and/or the second foot (8, 9) are

equipped with a drilling device,



17 7. The climbing robot according to one of the claims 1 to 6, - wherein drives are provided for
moving the legs (1, 2) and the feet (8, 9), and 5- wherein the drives are designed as electrical or
hydraulic drives. 8. The climbing robot according to one of the claims 1 to 7, wherein the implement
(10; 12) is a cleaning device. 10 9. The use of the cIiPnBing robot according to one of the claims 1 to 8,
for cleaning an object. 10. The use of the climbing robot according to claim 9, wherein the object is a
building, a bridge, a ship, 150r a solar installation. 11. A service system having a climbing robot
according to one of the claims 1 to 10, - comprising a supply station (76) for supplying the climbing

robot (15), and 20- cemprising,awipdliass.(74) disposecon the. biect (73) for lowering the supply

station (76) and securing the climbing robot (15). 12. The service system according to claim 11,

wherein the supply statiofr (76) comprises a control
- whereln drives are provided for moving the legs (1,

2) and the feet (8, 9), and
5 - wherein the drives are designed as electrical or

hydraulic drives.

8. The climbing robot according to one of the claims 1
To 7,

wherein the implement {(10; 12) is a cleaning device.

10 8. The use of the climbing robot according to one of the
claims 1 to 8,

for cleaning an object.

10. The use of the climbing robot according to claim 9,
wherein the object is a building, a bridge, a ship,

15 or a sclar installation.

11. A service system having a climbing robot acceording to
one of the claims 1 to 105,
- comprising a supply station (76) for supplying the
climbing robot (15), and
20 - comprising a windlass (74) disposed on the object
(73) for lowering the supply station (76) and

securing the climbing rcobot (15).

12. The service system according to c¢laim 11,
wherein the supply station (76} comprises a control

25 unit for controlling the climbing rcbot (15).

13. The service station according to claim 11 or 12,
wherein the supply station (76) comprises a supply

container for cleaning agent.

14, The service system according to one of the claims 11
30 to 13,



25unit for controlling the climbing robot (15). 13. The service station according to claim 11 or 12,
wherein the supply station (76) comprises a supply container for cleaning agent. 14. The service
system according to one of the claims 11 30to 13, 18 wherein the supply station (76) comprises an
energy source for the drive of the climbing robot (15)?@5. The service system according to one of the
claims 11 to 14, 5- comprising a camera disposed on the climbing robot (15), comprising a display
screen for displaying the information delivered by the camera, and comprising a control unit for
controlling the 10climbing robot (15).

wherein the supply station (76) comprises an enerqgy

source for the drive of the climbing robot (15).

15. The service system according to one of the claims 11

to 14,

5 - comprising a camera disposed on the climbing robot
(13},
- comprising a display screen for displaying the
information delivered by the camera, and
- comprising a control unit for controlling the

10 climbing robot (15).



