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

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 climbing robot

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



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 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 TGatjomt f6F rdtdtish anta firsk RSt jomt fortildRg. EGthermiiRt &5§stond foot is
25 provided whiclkis eanbeetetldotheseconddeg byuyay of asecongdfoehjpintfepotatian and a
second foot joig% feorr Cgicl)tijar;gg.sléigalsl)y, .trrlle 8%% C'ﬂ?}{‘ r abgt ggmpcr'sees a 6renotl.gwtirn %isposed on the
first foot for attaching an imple?ner?t. 36 dvanjtageo S evéllopfnen § of tie mvention will be apparent
from the featuréstindicatechirrtie depgentert clainms:i83g is limited since the

5 freedom cof motion thereof is inadeguate.

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.



In an embodiment of the climbing robot according to the invention, the first and the second leg are
offset laterally relative to one another. This has the advantage 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 foetrorert anrtbe 2 bmetalic surface can:kecentelied-it a giraple-manner. To this
end, the magn% isea%via})ngag%guslﬁides{gnend las a switchab&e flectromag@%t. Furthermore, in the case
of the climbing ro‘lfno?accor’ding 2510 the ir?ventlon? the firat andidr the second foot can be equipped
with a claw. This is=sadvantageoas iy patticutarwhen the clinibing robet islsappdsed tegrove over an

uneven suface; slich.as aheavily struciured.syrface; fgggéa%k@ée-a%oolﬂesp!vec%ere@?b'em Itis

furthermore provided that, in the case of the climbing robot according to the invention, the first and/or
the second foof B lipped 2 Witlt aodrfifiiG 8evices Therdbot &R tHuS Erdité pdints on the surface of
the object on which it is supposed to move, so it can hold onto these points. However, the drilling
device can alsg be use%to perform work on the 5 surface of the ob%ect. The robot can therefore drill

holes in the walf o the BLiITI 8 Y A Bointe of & facade st 4 uiiding thaC e dititittd access.

the invention, the first and/cr 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 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
Tc solve the problem it is furthermore provided that, in
the case of the climbing robot according to the

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



According to another feature of the invention, it can be 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 object such as the facade of a building, for example. To this end, the service system has a

supply station Tor'25 &upplyihg'the EiBing robBE 1A Aifticit InE ¥ePvies LR fidlides a windlass

which can be aftached tethe:objecttodnwesithe supply station and secusesthe slimbinrg robot. 30
According to a developmen;ftof the service s ster&etahe su pll){tstatlo%éncludes a&)éltrol unit for

controlling the%ﬁr%%ingSPo&o . Bn agc]ﬁ |oﬁ, tthoe supﬁff skation of the s&%fé%réysfém can include a

supply containékforiclaanifg dgentcaAceorsing to anether developmentiofithecservice system, 5 the
supply station includes.ag energy sgyree fordhe driys of the climbing rabat. Einglly, the service system

can be equipped with a camera mounted on the climbing robot, and a display screen for 10 displaying
the informatior 8éferéd by the“camerE 1RRRIdiIbN; e Setvife sytert EahheEqaipped with a control

unit for controlling the:climbing-roboi: 15 Brief Descsiption of the Drawings-Ihe invention is explained
in greater detail in the following using a plurality of embodiments and with reference to 13 figures. 20
According to ancother feature of the invention, it can be
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.



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
robot according to the invention, in a three-dimensional view.  Figure 3 shows a first possible type of
motion of the 30climbing 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 a surface, wherein the
revolute joints 6f tAEAD" 168t arkltfsetimrthis 6adé1ion 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.



Figure 8 shows the climbing robot when cleaning a corner and a surface. 15 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 k1 shows another possible sequence of motions of
the climbing robot for cleaning a surface. Figure 12 shows the climbing robot together with a

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



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 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 stueten supHibla 1osecone:suction ewp 812 andk athird sustien cup 8.3. Suction

cups 8.1, 8.2 anglc%.]?  are cqcrgrqclggle S‘QQ are unsej{jstos%rgv\\{lildei%u@ciegt gdpesigfio fnplanar surface
so that robot 15§ Séciirely adheréd thereto, Furthérmiore. a pivotabie dévice moanting 11 which

carries 20 a cleatiny dévicetpratone émd is- provided on fitstiobt 8. &feaning device 10 can be a
suction deyice; for example.. The suction.deyice, camprises g sugtion conneator 19,1 which can be

connected to a hose which is not dépicted. Cleaning device 10 can also contain a sponge 25 which is

supplied with érRRPRRTageAt By W GIedifietdsi 16 29 Setontided 258 €onnetted &8 second foot 9

by way of a seconddoot jgint fer-tilting 6 and a.second-foot jeint 3@ fertotatien e Second foot 9, similar
to first foot 8, co,mpri%es a first suction cup 9.1, a second suction cup 9.2, and a third suction cup 9.3.
This has the advantade that the twoe legs 1 and 2 can be
moved past one ancther, thereby enabling the robot to

10 stride forward similar tc a human.

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.



Electrical, hydraulic, or pneumatic drives are integrated into joints 3, 4, 5, 6 and 7. Lines can 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 connector 1.1 @n leg 1 and a connector 2.1 on the second leg.
The lines are interconnectable by way of connectors 1.1 and 2.1 and a hose which is not shown in
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 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 aotsre Vig 2lctiGy T atplafar SHfECEWhehisredged tierebh. MOLHE@ES&Ring robot 15
shown in figure 2differsifri@m 20 the cleanmng:rabot 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%:18<2 andr13:8. The¢ dydedulit fluid or compressedairis usegstolsupply 2nergy to the

drives. Anjmplement.12 designed.as a wipgLis fastened.ig moynting 41, 9 Cleaning Jobot 15 is

suitable for autonomously cleaning building facades in a dry or wet manner, or for working at points of
a building that b€ @ffiediR t& aeEEss, Biiehcds &dolifig toweiEbr & taP BuRtdingT In addiidn, 5 cleaning

robot 15 is alsq syitable-for gleaning the,bult of syperstructure-eta ship orthe surface of a solar

installation or a ghotovoltaic installation. Instead of the cleaning device, a driIIingzdevice can be
are interconnectable by way of connectors 1.1 and 2.1 and

a hose which is not shown in 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 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.



10 fastened to foot 8. By way thereof, robot 15 is capable of autonomously drilling holes in the surface
of the object on which it is supposed to hold itself, in order to autonomously create retaining points for
itself. The retaining points can be used by the robot t9 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 sE¢6Rd 25%tER2AE faot 9 & dEtabABA Frdrfithé foeRatIPaNd SWiveléddast first foot 8

(perpendicularda the ptane of the-drawing) in-g 1800.ar¢. Nextdoot 9.attaghsiitselftadhe foundation
once more usin% suction. In %tgr%agef)d%%, foot 8 is again swiveled in a circular motion 30 about foot

9. Revolute joiRt7 75 USEF primarily bhca mdre ot this Sufpose: St Motfle 16658 15 can also perform a
sequence of motionsad the type shgwndrdiguee 4a I alfirststepcd3idhe leg havingitaot 9 is detached

from the faundation and, as.sfiawn in figure,d, s Jnoved upwady dadhe plane. gt the § drawing, in that

legs 1 and 2 are moved apart from one another. Foot 9 then attaches itse e foundation using
suction and, in%F stibSEGFErRtstep 22, f6ot?8 Bdiawrt towardsit s s6or AsHodP84s securely attached

to the foundation oncemere Hsing sugtion; Hext step-23 A0-4akes plage, which corresponds to step 23
in regard to the sequence of motions. Figure 5 shows the sequence of motions of robot 15 when

overcoming an overhang (steps 26, 27, 28 and 29) and when 15overcoming a step (steps 30, 31 and
32). The radius ot aetioh of rabat 15 during gleanirigis shownin fighte 6einithe sequence of actions

shown inlfé)gur%gstcoeortagdretnaaiggoséillﬁn%@o&gywié%g!:%%néqg xdoVic?te 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,



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 another 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 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, 11 simultaneously,
the position of%?gt fs adjusted Gsingeehta? jGift3 ARt rRvoRfief6iRE 5OVariots Possibie patterns of

motion that robatd Sceaya perfenm torcleanthe facaderofa buildingwilkbe explained ingthe following
with referencektlo figuresfs, %agd,lo.dFilgSurgjfcfh ws a corner of a building, and cleaning robot 10 15
is located in theViciRfly of this Corfier” RESobi as 158t & bEcomMEsEdcurdlyatiterdd to the building

facade, the cleaning:procetiige candie startech #or thisspuipose nintd firgt steg; thé robet can clean a
surface 39, parg@glﬁ%ag lower gdge log&ge puggi&}gzhag eiqn%\; dsea%oa?gtstgpb a suIJ{face 40 that is
. : . . i

parallel to the vertical building edge. Next, foot 8 with cleaning device 12 is moved slightly closer to
foot 9, and thedittizontal dritPverticalereanirigi6tthe bBliking facade i dortipdediAmother pattern of

motion of the cleanipg 20-xobot is depicted in principle, iurtheg ahoven figuke 8z Asdndicated, 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 - aiAbiatéd i figdre: 9 BSIn AR S 45°°Eal bt mdbEH St thd BT BRAN the facade
using overlapping, idircutfar-motians-iT ke Spetial geapietry afrobobilb enables itdp folfow circular

cleaning feajectaries 4,42, 8nd, 43 and square or rectanguiay dleaning Irajecories

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,



3044. Figure 10 shows how the robot, once it has cleaned a corner of the facade, continues cleaning
in the vicin 12 of the corner using circular cleaning trajectories. The illustration to the right in figure 10
shows how individual cleaning trajectories 46 to 51 can overlap when the cleaning robot follows
circular cleaning trajectories 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. 15 A portion of a building 73 is
shown in a thréddithEAgivRaFview i fgiesis Wwhereln ErRARINy FebGtBIBYsaIt B aervice system.

The service system €9mpyisas:a wingdlass F-which isdisposed 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 15 and a supply container for
cleaning agenty &aible: 7 548 siseidite hald supply deévice 7ooand asta 2bisafety Tabdesfor robot 15. Robot
15 can be.addj ig&@gﬁ equipped.with 3 camera 14, .b¥..V\éay. of. which inf%rmatgjoen on the position.of the. ...

' BuiLd ;
robot can be obtained. Camera 14 can also be u%ea to obtéllﬁ mflo?%a"f'lon about the state of the

facade. 30 The:tecetiiyg déscriptiorf of thievémbodirhenissdecordivr tocthéipresent Mvefition is used
merely for illusirative purposes and not for the purpose of limiting the

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



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 with reference 5 to figures 8, 9 and 10 may.also be used with other objects such as ships
and solar installations, for example. 10 14 List of reference characters 1First leg 2Second leg
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

(1]

10

15

20

25

30

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

trajectories 46 fto bl.

Cleaning robot 15 can also clean a square 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 building to transmit control

signals and position signals to robot 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
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
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,

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



8.2Second suction cup 8.3Third suction cup 9Second foot 159.1First suction cup 9.2Second suction
cup 9.3Third suction cup 10Cleaning device 11Device mounting 20 12Wiper 13.1First hose
13.2Second hose 13.3Third hose 14Camera 25 15Glmbing robot 20First step 21 - 31Steps
32Baseline 33.1Cleaning surface

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
5 to figures 8, 9 and 10 may alsc be used with other
objects such as ships and solar installations, for

example.

10
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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 joint for rotation and a first foot joint for tilting, comprising a second foot
which is connected to the second leg by way of a sg:gond 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
accordingtaistesm 1, wherein the first and/or he 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 15 equipped with
a magnet. 4. The climbing robot according to claim 1, wherein the first and/or the second foot are

equipped with enotzile. @RSLAYeslivtbingphieirareotting 4 irinby Wagrein Medirs #ars/asghg second
foot are ‘connected to a second ieg,_ comprising a first foot which is connected to the first leg by
5 - way of a first foot joint for rotation and a first foot joint for filting, comprising a sécond
foot which is connected to the second leg by way of a second foot joint for rotation and
a second foot joint for filting, and comprising a mounthi'ng for attaching an implement
disposed on a first foot, wherein the first leg and the second leg are 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.

Ty
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.



equipped with a drilling device. 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 or
hydraulic drives. 25 7. The climbing robot according to 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 claitd 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,
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 8- faffrdige sistesnin ievisgppisisthiigrobotmisesdirmpnirel ainit forenipfielhagathagiinbing

robot. i ' Clvolels [ wherein the supply statjon comprises a
10supply ﬁiﬁiﬁéﬁgggﬁg F:E\%ent. E%S. T%%I?é;%/]?g E%‘%@Hﬁé’c&dﬁ%%ﬁaﬁﬁ%?%%m%e N
supply stafIREdrippeesm baardyriv statico et sedusing the dimbing robot. 15 14. The service
systeg according to claim 10, comprising a camera disposed on the climbing robot, and comprising a
control unit for controlling the climbing robot. 18 Abstract Mobile Climbing Robot 5 The mobile
climbing robot! A% P AL AMG RSt REFREMED I BRiprise s WhesinHieir @) byteftocarisidey 6l) is

Connecte@mm@ﬁﬁﬁgrlgg%u|H§Mt@%5ﬁ}p§ rpgt 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

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.

T
[
;



(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 18

Ahstract
Mobile Climbing Robot

5 The mobile climbing robot (15} according to the inventicn
comprises a central joint (3), by which a first leg (1)
iz 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 rctation

10 {5y 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; 12y is dispesed on the first foot (8).

15

Figure 1



