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 AS makes known an arrangement comprising 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 the g\fvfé:?td??vne, 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 %%gﬁgwqi;&%%%ri&%g)s&mggg tq és,mci%tg ssurgf.:lcceens1 Ig{a&v‘ifrig1 a raelatively srr_lall curvature.
The crawler drive is unable to overcome, or cannot easily 30 overcome stairs and steps in the facade.

Publication US"5 5811525 Reakes known a climbing robot having a front leg and a rear leg. The two
legs are Zjinterconnected 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

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
comprising & vertically movable cabin for working on
structures having a curved or planar surface. The
arrangement 1s used in particular for werking 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 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.
However, the use of the crawler drive is limited to
smooth surfaces having a relatively small curvature. The
crawler drive 1s unable to overcome, or cannot easily

30  overcoms stairs and steps in the facade.

Publication U3 5 551 525 makes known a clinmbing robot

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



5 freedom of motion thereof is inadequate. Advantages of the Invention 10 The problem addressed by
the invention 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 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 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 first foot joint for tilting. Furthermore, a second foot is 25 provided
which is connettief tFHEEESSH 6 BY Wy 'offa §8E6nd Fidtjoint Tt retatioraid alsscbnd foot joint
for tilting. Finally, the mehile:clirabing;rohot comprisessa: mountingtdisposed: enthe dirsifaot for
attaching an implement. 30 Advantagequs develgpments of the invention will be apparent from the
features indicated ﬁwc%%edgp%ﬁgerﬁnc%?ﬁﬁs. ?\'%ﬁn«g‘mé%aﬁﬁ%gﬁt c?ﬂ%e%?i?nb%ge rrgpg%?; according to the
invention, the firstapd theweecondieg aré offsef katerally rélativeno ore arother.tThis has the

advantages5 that the iyo legs . can hig moved past one anpther thereby

Advantages of the Invention

10 The problem addressed by the invention 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, Ifor example, and can overcome
stairs.

15
The problem is sclved 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 to a second leg. In addition, the rcbhot
comprises a first foot which is connected to the first
leg by way of a first foot joint for rotation and a first
foot jeint for tilting. Furthermcre, a second feoot is

25 provided which is connected to the second leg by way of a
second foot joint for rotaticon and a second foot joint
for tilting. Finally, the mobile climbing robot comprises
a mounting dispcsed on the first foot for attaching an
implement.

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

claims.



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 thg 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 of the climbing

robot accordingr25:to the-iodention, the firstand/onthe seeend foclcan-be eguippechwith a claw. This
is advantageomis ipeg%rtigglart\%her% que glimrlgygigobot IS su p(zsed to move.over an uneven surface,
such as a heawfi/ Structared sureface, for e?iamp .30 To Solve tite %Fo%lé’m it i[5 furthermore provided
that, in the caskadfethe climbind abbutadcording tothehinventidn,theHiFsttdued/ad thersegend foot is

equipped 4 with, 3 driling device. The rohot,can, this,create points onthe surface.of. the object on

which it is supposed to move, so it can hold onto these points. However, the drilling device can also be
used to performSidrktamithe B stitfacerGrRthethjects The dbot 8&A tHereforecdriiPHoles 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 irilvention,ﬂt can be 10 imc%roved further bg equipping the climbing robot with electrical or
hydraulic drivestof FOVING tHhe egs™ r tHe fe&t. Ao %W& RSthe? €RTB6diRtent of the climbing

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

the cilimbing rcbot 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 te 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 1s advantageocusly designed as a

switchable elecirncmagnet.

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 c¢law. This is advantageous in particular
when the climbing robot is supposed to move over an
uneven surface, such as a heavily structured surface, for
example.
30
To solve the problem it 1s furthermore provided that, in
the case of the climbing robot according to the

invention, the first and/cr the second foot is egquipped



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 ghotovoltaic installation. 20 In addition, a service
system 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 and secure the climbing robot. 30 According to a

development of e’ s@nfide §ystein dRéistiply SRtBAAREIURE & E8frSIRGHE forkdHireRing the

climbing robot.ch loradditiertdhe supplystation-afiherservicesystem canipghisiesa sypply container
for cleaning agent. According to another development of the service system, 5 the supply station
includes an er%g?érf éoﬁr%eﬁ‘org(fﬁlé1 d?ll?/tg%f?ﬁ% %Iirﬁ%?nsge rtgboolt.nlglsnalIy,gﬁw%eegé‘}rﬁrce“gfstem can be
equipped with adaméraombtmted: ondthelimbihg robet] and adisplaynsereeh fon 10tdisplaying the

information deliygred by the camerg, Jp addition, the;service sysiem can he gquipped with a control

unit for controlling the climbing robot.” 15 Brief Description of the Drawings The invention is explained
in greater detafln ©fe fllowifg ity afplbrsditybf-embodifedts aid Mthreferehce to 13 figures. 20
Figure 1 shows adirstpessible-embediment.af-theraobile elimbing rebataccording to the invention, in
a three-dimensional view. 25 Figure 2 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 30ctimbing goliot. Figure«4 sliewswarsecond pessiblestypecof matior af the:climbing robot.

10  improved further by eguipping the climbing robot with
electrical or hydraulic drives for moving the legs and/cr

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 autonomcusly clean e.g. the facade of the
bullding, the hull or superstructure of a ship, or the
surface of a solar or photoveoltaic installation.

20
In addition, a service system 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 roboft. In addition, the service
system includes 2z windlass which can be attached to the
cbhiject to lower the supply station and secure the

climbing robot.

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

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 robotonce more when cleaning a surface, 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 Figure

In addition, the supply station of the service system can

include a supply container for cleaning agent.

According to another development 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
reference to 13 figures.
20
Figure 1 shows a first possible embodiment of the mobile
climbing robot according to the invention, in a

three-dimensional view.

25 Figure 2 shows a second possible embodiment of the mobile
climbing reobot according to the invention, in a

three-dimensional view.

Figure 3 shows & first possible type of motion of the

30 climbing robot.

Figure 4 shows a second possible type of motion of the

climbing robot.



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 surfage. 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 7

Figure 5 shows the sequence of mcotions of the climbing

robot for overcoming a step and an overhang.

5 Figure & 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

10 feet are used in this case.

Figure 8 shows the climbing robot when cleaning a corner

and a surface.

15 Figure 9 shows the climbing rcboet 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 moticns of

the climbing robot for cleaning a surface.

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

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

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

30 dimensional view.

Ways to Implement the Invention



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

15 is securely adhered theseto. Fusthermmaienapivetable-deviee anownting; 11 wieh Tarries 20 a
cleaning device 10 at.one epd i%‘?rovided on first foot % Cleaning_.device 10 cay be a suction device,
&) e 1 3 OW) 196 %

ccordin nvention 18 s I 10 ure 1. imbin
for example. The stiction device comprises 4 Stiction connector 10:TPWhich cart b&"Contécted to a

hose which is mebdépicted: @lpanigdévce 19scan alsoicéhtaimiaispenge 25 which is supplied with a
cleaning agent by way of connecter 10,1, Secondleg2-is connected to,3 second fgot 9 by way of a

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

8, comprises fr3Paefonr tp®e £ 1gs_EoRA SRfBN €¥H0.2, aRd athirdSuctiontcu9s. 8 Electrical,

hydraulic, or pneumatie drivesaredategrated-into joints) 3.:14,4 6and e Lings-¢an be integrated into
the housing of legs 1 and 2, 5 In the embodiment of the robot shown in figure 1, these lines are routed

out of the legs With a ¥ohnedfor T TBh 71 A" E8fin&etdr 2°P6n thé $éconddeg >Fhe lines are
interconnectablebyivay of conreetors Acl-andiz:t ang &heseé whichlisnobshawndn figure 1. These

lines can,be 1%_%'?% 2s:5upply gngﬁﬁpgé%r 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.

First leg 1 is connected to a first foot B8 by way of a
first foot Joint for tilting 4 and & first foot joint for
rotation 5. Foot 8 comprises & 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 15 is securely adhered thereto.
Furthermore, a pivotable device mounting 11 which carries

20 & 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 is connected to a second foot ¢ by way of a

second foot joint for tilting © and a seccond foot joint
30 for rotation 7. Second foot 9, similar to first fooct 8,

comprises a first suction cup 9.1, a second suction cup

9.2, and a third suction cup 9.3.



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 i,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 buildifig $&CEdES r a /Y 67 Wet tnaffe P BF f8RWo fking At BBirs Bf ATBwRRTG Bt are difficult
to access, such:asca ¢ootirg tawenor g talf buikding. 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 10 fastened to foot 8. By way
thereof, robot 18 iszcapablelof auttrgmausty drllieg hotesninthersurfatelefthelobject on which it is

supposeddo hald itself, i, order 1o, autanomously ereate fefaining peints for {selt. Jhe retaining points
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 ekarfple FFe BFHRTCHSVde €an diso bedisetitbldrill K6tRE$Rtethelmasefry of the

building for othesfeasans: 20 Twonways forrobotA5tadnave. are depicted-geaphically in figure 3. In a
first step 20, robot 15 rotatesé}kr)ﬁ%/ Wa#)f revolute joint 7 about foot 9, and so foot 8 makes a circular
& prané o

motion. This miotivn’ifA th 2 Graming i depicteq a8 Firststep 20 APfiguire™3.3R% second 25
step 21, foot 94s detachediframitherfoundatiom and siviveted pastTirstfool 8r(perpendiedar to the

plane of the drawing).ig %1§§9§?”i-i'}'1%’§’ foot A attachs itself fo. the fgundation once more using
suction. In a third step 22,? t 8 is again swiveled in a circular motion
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
iine 13.3. The drives in Jjoints 3, 4, 5, & and 7 can be
supplied with hydraulic fluid or compressed air by way of
25 lines 13.1, 12.2 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 eqguipped with

varicus implements 10, 12.



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
corresponds to step 23 in regard to the sequence of motions.  Figure 5 shows the sequence of
motions of rob6t £5 Wheh &¢&rtbntingish sverhafgistéis 26,27 P9 EAd 29} BFrRNWHEN 150vercoming

a step (steps 36 31-and;32).cEhe rdids 9f actjon of fekotlks during cleaning is shews in figure 6. In
the sequence of actions{_shov¥n in gggi%g, foot 9 remains still and foot 8 with cleaning device 20 12 is

moved along cleaning s0fface 35, &g a Girtfa?in fHat robot LS Fotatds aBSGERDE 9 using revolute
joint 7. Insteadsthereefs clearing deyviceckZcaralso be moved atbngya straighidrajectory 33. Tilting

joints 4 angl 6 and central jpint 3 are used farhis,putpgse. A25 plurality,of such.strajght cleaning
trajectories 33 can be disposed next to one another in parallel. This Is indicate %y straight line 32.
Figure 7 show$ BndHi& FatierA 'ofifiofidn &f Mobie 30 Embity fobot 15 For exaiple, the robot can

follow two straight trajecterigs 33-1 angdrdi-2which are disposed-nexi;to one another in parallel. For
this purpose, robot 15 rotates using revolute joint 7 about foot 9 and, 11 simultaneously, the position

of foot 8 is adjusted using central joint 3 and revolute joint 5.
Instead of the cleaning device, a drilling device can be

10 fastened to foot 8. By way thereof, robot 15 is capable
of autonomously drilling holes in the surface of the
obiject on which 1%t is suppoesed to held itself, in order
tc autonomously create retaining points for itself. The
retaining points can be used by the robot to increase its

15 hold on the object. The cbject 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

puilding 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
revoiute jeint 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, feoot 9 1s detached from the foundation and
swiveled past first foot 8 (perpendicular to the plans of
the drawing) in a 180° arc. Next, foot 9 attachs itself
to the foundation cnce more using suction. In a third
step 22, foot 8 1s again swiveled in a circular motion

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

more for this purpose,



Various possible patterns of motion that robot 15 can 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 thjs 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 to foot 9, and the horizontal and vertical cleaning of the building facade is continued.
Another patterH P m6ticiPBPthe’ CleaRihg 20 YobGts Hepicted $A pRinEMHIE Furtheriasveih figure 8. As

indicated, the robet eapalse.sigan: eirulansegments,36, 31 apd 38::k0 cleana largegsurface on the
facade of a bu'IdigthS ggbot ]95 - as indicated in _figure 9 using arrows 45 - can be moved and thereby

clean the facadé Usihg 6V&tapping, Sirdular oo™ The Specil Gebontatn 8F robitt 15 enables it to
follow circular eleaningitrajectories 41, 42 and#3iangwsguale ot nedtangples ctearfing tkajectories 3044.

Figure 10 showss haw the robot, once It has.cleaned a.comer oLthe facade continyes cleaning in the
vicin 12 of the corner using circular cledning trajectories. T e illustration to the right in figure 10 shows
how individual #Tednifg trajectérids 4eso 51 eanbverlapsfhdn tie Eleanimyprsbotfelows circular

cleaning trajectories;46 te blo Clearing rabgt 15:canalse clean-a sguare suefage 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 plurdfiff8f SiGHAFFardmitfsis 077 1%hd 79 cah e prévitiéd bY vakibasyoints of the
building to transmit eentfolsignalscand:positiansignalste rebetttmnlb next step 25

10 takes place, which corresponds to step 23 in regard to

the sequence of moticns.

Figure & shows the sequence of motions of robkot 15 when
overcoming an overhang (steps 26, 27, 28 and 29) and when

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

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

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

25 plurality of such straight cleaning trajectories 33 can
be disposed next to one ancther in parallel. This is

indicated by straight line 32.

Figure 7 shows another pattern of motion of mobile

30 climbing robot 15. For example, the robot can follow two
straight traijectories 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,



A 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 moveﬁlong 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 robot 15 and a
supply container for cleaning agent. Cable 75 is used to hold supply device 76 and as a 25 safety
cable 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 abtitthetstafesfthe fataleP 30 THe preceditp deScripticiidfhiecsmBeaidents according

to the present kwentign is used mergly: fordiustrative; purposes and not for the purpose of limiting the
13 invention. Various changes and modifications are possible within the scope of the invention without
leaving the scope of the invention and the equivalents thereof. For example, the patterns of motion
explained withreference Sdodfigrtires @ Otand 4 0cnayalsahe tised with other-okjeets such as ships

and solar @ste\ggg%% JOESX%T&%% 8141'_':"%!33585{3 .r%f.gr%n%eug %rla%er%ijl@r% EIgeg 2Second.leg. ..o
explained in the following with reference to figures 8, 9

and 10.

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

16 15 is lccated in the vicinity of this corner. As soch 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
rarallel 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 to foot 9, and the horizontal
and vertical cleaning of the bullding facads 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 metions., The special geometry of robot 15
enables it to follow circular cleaning trajectories 41,

42 and 43 and sguare 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



53Central joint 4First foot joint for tilting SFirst 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 cup 9Second foot 159.1First suction cup 9.25econd suction cup 9.3Third suction cup
10Cleaning device 11Device mounting 20 12Wiper 13.1First hose 13.2Second hose 13.3Third hose

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

when the cleaning rcobot follows circular cleaning

(1]

trajectories 46 fto bl.

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
varicus points of the building to transmit control
signals and position signals to robot 15.

15
A 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 1s 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 energy source for the
drive of robot 1 and a supply container for cleaning
agent. Cable 75 is used to hold supply device 76 and as a

25 safety cable for robot 15. Robot 15 can be additionally
egquipped with a camera 14, by way of which information on
the position of the robot can be obtained. Camera 14 can
alsc be used to obtain information about the state cof the
facade.

30
The preceding description of the embodiments according to
the present invention is used merely for i1llustrative

purpcses and not for the purpcose of limiting the



14Camera 25 15Climbing robot 20First step 21 - 31Steps 32Baseline 33.1Cleaning surface 30
33.2Cleaning surface 34Position of the cleaning device 35 - 40Cleaning surfaces 45Direction of
motion 15 46 - 51 Cleaning surfaces 60 13

10

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 moticn explained with reference
to figures 8, 9 and 10 may also be used with other
objects such as ships and solar installations, for

example.



Cleaning surface 70 Signal transmitter 71 Signal transmitter 5 72 Signal transmitter 73 Building
74

14

List of reference characters

1 First leg
Z Second leg
5 3 Central joint
4 First foot Jjcint for tilting
5 First foot Joint for rotation
6 Second foot jeint for tilting
7 Second foot doint for rotation
168 First foot
8.1 First suction cup
8.2 Second suction cup
8.3 Third sucticn cup
9 Second fcot
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 hcse
13.2 Second hose
13.3 Third hose
14 Camera
25 15 Climbing robot
20 First step
21 ~ 31 Steps
32 Baseline
33.1 Cleaning surface
30 33.2 Cleaning surface
34 Position of the cleaning device
35 - 40 Cleaning surfaces

45 Direction of motion



Windlass 75 Cable 76 Supply station 10 16 Claims 1. A mobile climbing robot, comprising a
central joint, by way of which a first leg is connected to a second leg, comprising a first foot which is
connected to the first leg by 5 way of a first foot joinltgor rotation and a first foot joint for tilting,
comprising a second foot which is connected to the second leg by way of a second foot joint for
rotation and a second foot joint for tilting, and comprising a mounting for attaching an implement
disposed on a first foot, wherein the first leg and the second leg are offset laterally relative to one
another. 10 2. The climbing robot according to claim 1, wherein the first and/or he second foot are
equipped with 4%uictiph cup. Cleaning surfaces

60 Cleaning surface

70 _ Signal transmitter

71 Signal transmitter
5 7z Signal transmitter

73 Building

74 Windlass

75 Cabkle

76 Supply station

10



3. The climbing robot according to claim 1, wherein the first and/or the second foot are 15 equipped
with a magnet. 4. The climbing robot according to claim 1, wherein the first and/or the second foot are
equipped with a claw. 205. The climbing robot according to claim 1, wherein the first and/or the second
foot are equipped with a drilling device. 6. The cljmbing robot according to claim 1, wherein drives
are provided for moving the legs and the feet, and wherein the drives are designed as electrical or
hydraulic drives. 25 7. The climbing robot according to claim 1, wherein the implement is a cleaning
device. (Ba#mmethod of using the climbing robot according to claim 1, for cleaning an object. 30 9. A
method of using the climbing robot according to claim 8, wherein the object is a building, a bridge, a
ship, or a solar installation. 17 10. A service system having a climbing robot according to claim 1,

cr?mpt;isin‘% %fﬂﬂﬁ?@ﬁ?\i@ﬁﬁgrr?mp,lymtﬂmigaﬁg]bi@nﬁmtjl@mg §9m%;§si5? Fﬁ_ﬁé}ﬁdéaﬁ%gi%oged on
the object for ring the su station and securing the climbing robot. 11. The service system
accordingE g]gfga}?{rgdﬁ? évﬁ%?{e)ﬁlgt esIppy g?é%%l‘?ﬁ(ﬁ%ﬂgg&’ gp‘?&ﬂ%&??’ﬂﬂﬁ%ﬁ%tﬂﬁ@ﬁﬁafd?@ E¥mbing
roboé W The Sest/icetsipinéivacotariiimg dodlaifirst Goohjeiatrdheisinpp ¥ itmeom paissRia
10supply ' r cleani t. 13. The,service system according ta claim 10, wherein the
supply St a8 I e e 18 B A B0 Sy b de Mo iAo G
system aécspdipcdasibiointCpcdittingsiagd campraidisposeduntinefoliratingind ein anblearBafising a
control unjidoscontglling e cimbing reiRoln 4 § aPsiract Mobile Climbin 9e§ obat offset laterally

relative to one another.

2. The climbing robot according fo claim 1, wherein the first and/or the second foot are

equipped with a suction cup.

3. The climbing robot according to claim 1, wherein the first and/or the second foot are
16  equipped with a magnet.

4. The climbing robot according to claim 1, wherein the first and/or the second foot are
equipped with a claw. |

20 5. The climbing robot according to claim 1, wherein the first and/or the second foot are
equipped with a driliing device.

STy
i 5

6. The climbing robot according to claim 1, wherein drives are provided for moving the
legs and the feet, and wherein the drives are designed as electrical orhydraulic drives.
25

- 7. The climbing robot according fo claim 1, wherein the implement is a cleaning device.

8. A method of using the climbing robot according to claim 1, for cleaning an object.

30 9. A method of using the climbing robot according to claim 8, wherein the object is a
building, a bridge, a ship, or a solar installation.



5 The mobile climbing robot (15) according to the invention comprises a central joint (3), by which a
first leg (1) is connected to a second leg (2). In addition, the robot comprises a first foot (8) which is
connected to the first leg (1) by way of a first foot joint for rotation 10(5) and a first foot joint for tilting
(4). A second foot (9) is connected to the second leg (2) by way of a second foot joint for rotation (7)
and a second foot joint for tilting (6). A mounting (11)/for attaching an implement (10; 12) is disposed
on the first foot (8). 15 Figure 1

10. A service system having a climbing robot according to claim 1, comprising a supply
station for supplying the climbing robot, and comprising a windlass disposed on the
object for lowering the supply station and securing the climbing robot.

11. The service system according to claim 10, wherein the supply station comprises a

control unit for controlling the climbing robot.

12, The service system according to claim 10, wherein the supply station comprises a

10 supply container for cleaning agent.

- 13. The service system according to claim 10, wherein the supply station comprises an

energy source for the drive of the climbing robot.

15 14. The service system according to claim 10, comprising a camera disposed on the

climbing robot, and comprising a control unit for confrolling the ciimbing robot.
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