
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 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 is unable to overcome, or cannot easily 30 overcome stairs and steps in the facade.
Publication 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 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 connected to the second leg by way of a second foot joint for rotation and a second foot joint
for tilting. Finally, the mobile climbing robot comprises a mounting disposed on the first foot for
attaching an implement. 30 Advantageous developments of the invention will be apparent from the
features indicated in the dependent claims.  3 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 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
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 is furthermore provided
that, in the case of the climbing robot according to the invention, the first and/or the second foot is
equipped  4 with a drilling device. The robot can thus create points 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 also be
used to perform work on the 5 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 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 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.  5 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 equipped 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
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 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 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  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
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 is connected to a second foot 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 a first suction cup 9.1, a second suction cup 9.2, and a third suction cup 9.3.  8 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 on 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 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 building facades in a dry or wet manner, or for working at points of a building that are difficult
to access, such as a cooling tower or a tall building. 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 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 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 1800 arc. Next, foot 9 attachs itself 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
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 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 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 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 foot 8 is adjusted using central joint 3 and revolute joint 5. 



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 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 to 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 trajectories 41, 42 and 43 and square or rectangular cleaning trajectories 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 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 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 about the state of the facade. 30 The preceding description of the embodiments according
to the present invention is used merely for illustrative 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 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 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 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 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  



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



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 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 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 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 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 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 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,
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
10supply 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 controlling the climbing robot.  18 Abstract Mobile Climbing Robot 



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 


