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TITLE OF THE INVENTION

METHOD FOR THE SELECTION OF PHYSICAL OBJECTS IN A RO-
BOT SYSTEM

BACKGROUND OF THE INVENTION

Field of the invention:

The present invention relates to systems and
methods wused for manipulating physical objects. 1In
particular, the present invention relates to a method
for the selection of physical objects in a robot sys-

tem.

Description of the Related Art:

Robot systems have widely been used in many
industries to perform repetitive tasks that require
little capability to actually model wvisually or cogni-
tively physical objects being manipulated or that re-
quire little skill to take a hold on and to move. Ro-
bots can also be built to work in environments hostile
to human floor workers or to be able to work with ma-
terial hazardous to humans such as toxic or radioac-
tive materials, waste or massive objects. It is desir-
able to make such robot systems as autonomous as pos-
sible to minimize the amount of human involvement
needed.

When the aim is to have the robot arm to ma-
nipulate objects, the robot arm is commonly equipped
with a device suitable for gripping the objects of in-
terest. Such a device can, for example, resemble a
hand, a claw or a clamp. While programming the robot
to perform repetitive tasks is relatively easy, there
are difficult problems in automatically manipulating
objects, especially related to recognizing the objects
from a varying environment or an environment crowded
with other objects, and manipulating an object which

resides among other objects. Namely, other objects may
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cover the object partially or in whole, thus making it
difficult to pin down the exact location of the object
to instruct the robot arm to move to, or the other ob-
jects can obstruct the movements of a robot hand
thereby making pre-programmed movements unsuitable for
the task.

The problem of recognizing objects is common-
ly dealt with wusing pattern recognition algorithms,
which search for objects in sensory data such as digi-
tal camera 1images. Such algorithms are an actively
studied field. While there are many algorithms which
can even recognize objects against an uneven back-
ground, pattern recognition algorithms generally work
best when the background is both uniform and predeter-
mined. Previously, objects of predetermined type have
been searched from a clear operating area and they
been selected from the operating area as recognized
objects. Sets of actions can be performed on a select-
ed object of a known type. The set of actions can be
chosen based on the type of the object, for example
placing different kinds of objects in different bins.

However, there are possibilities for error in
determining of the type of an object. For example, im-
age recognition algorithms can produce false results,
identifying an object as that of a wrong type. Fur-
ther, even if the object has been correctly recog-
nized, the gripper could fail to grip the intended ob-
ject, for example, if the intended object is obscured
by another object which could get gripped instead, or
if the gripper is not moved to the right position be-
fore gripping as a result of inaccuracies in control-
ling the robot arm. There is also the possibility that
several objects are inadvertently gripped at the same
time, for example, 1if the objects are located close
together or they are stuck together. In applications
such as recycling and waste management, it is im-

portant that the purity of a sorted group of objects
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is high, namely, that as few as possible objects of a

wrong type end up in the sorted groups of objects.

SUMMARY OF THE INVENTION:

The invention relates a method comprising:
receiving first sensor data from at least one first
sensor; determining a target position from the first
sensor data, said target position comprising at least
one of a posgition in space and an orientation for a
gripper in association with a robot arm; starting to
issue at least one first instruction to at least one
of the robot arm and the gripper in order to move the
gripper to the target position; receiving force feed-
back sensor data from at least one of the at least one
first sensor and at least one force feedback sensor,
associated with at least one of the robot arm and the
gripper, to determine a failure in carrying out the at
least one instruction; receiving second sensor data
from the at least one first sensor; determining a suc-
cessful gripping of an object from the second sensor
data; receiving verification sensor data from at least
one second sensor, 1in response to the determining of
the successful gripping; and issuing at least one se-
cond instruction to the robot arm in order to move the
arm to a predetermined position to release the grip of
the gripper.

The invention relates also to an apparatus,
comprising: means for receiving first sensor data from
at least one first sensor; means for determining a
target position from the first sensor data, said tar-
get position comprising at least one of a position in
space and an orientation for a gripper in association
with a robot arm; means for starting to issue at least
one first instruction to at least one of the robot arm
and the gripper in order to move the gripper to the
target position; means for receiving force feedback

sensor data from at least one of the at least one
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first sensor and at least one force feedback sensor,
associated with at least one of the robot arm and the
gripper, to determine a failure in carrying out the at
least one instruction; means for receiving second sen-
sor data from the at least one first sensor; means for
determining a successful gripping of an object from
the second sensor data; means for receiving verifica-
tion sensor data from at least one second sensor, in
response to the determining of the successful grip-
ping; and means for issuing at least one second in-
struction to the robot arm in order to move the arm to
a predetermined position to release the grip of the
gripper.

The invention relates also to a computer pro-
gram embodied on a computer readable medium, the com-
puter program comprising code for controlling a pro-
cessor to execute a method comprising: receiving first
sensor data from at least one first sensor; determin-
ing a target position from the first sensor data, said
target position comprising at least one of a position
in space and an orientation for a gripper in associa-
tion with a robot arm; starting to issue at least one
first instruction to at least one of the robot arm and
the gripper in order to move the gripper to the target
position; receiving force feedback sensor data from at
least one of the at least one first sensor and at
least one force feedback sensor, associated with at
least one of the robot arm and the gripper, to deter-
mine a failure in carrying out the at least one in-
struction; receiving second sensor data from the at
least one first sensor; determining a successful grip-
ping of an object from the second sensor data; receiv-
ing verification sensor data from at least one second
sensor, 1in response to the determining of the success-
ful gripping; and issuing at least one second instruc-

tion to the robot arm in order to move the arm to a
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predetermined position to release the grip of the
gripper.

The invention relates also to a method com-
prising receiving first sensor data from at least one
first sensor; determining a target position from the
first sensor data, said target position comprising at
least one of a position in space and an orientation
for a gripper in association with a robot arm; start-
ing to issue at 1least one first instruction to at
least one of the robot arm and the gripper in order to
move the gripper to the target position; receiving
force feedback sensor data from the at least one first
sensor or at least one force feedback sensor, associ-
ated with at least one of the robot arm and the grip-
per, to determine a failure in carrying out the at
least one instruction; receiving second sensor data
from the at least one first sensor; determining a suc-
cessful gripping of an object from the second sensor
data; receiving verification sensor data from at least
one second sensor, 1in response to the determining of
the successful gripping; and issuing at least one se-
cond instruction to the robot arm in order to move the
arm to a predetermined position to release the grip of
the gripper.

The invention relates also to an apparatus,
comprising: means for receiving first sensor data from
at least one first sensor; means for determining a
target position from the first sensor data, said tar-
get position comprising at least one of a position in
space and an orientation for a gripper in association
with a robot arm; means for starting to issue at least
one first instruction to at least one of the robot arm
and the gripper in order to move the gripper to the
target position; means for receiving force feedback
sensor data from the at least one first sensor or at
least one force feedback sensor, associated with at

least one of the robot arm and the gripper, to deter-
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mine a failure in carrying out the at least one in-
struction; means for receiving second sensor data from
the at least one first sensor; means for determining a
successful gripping of an object from the second sen-
sor data; means for receiving verification sensor data
from at least one second sensor, in response to the
determining of the successful gripping; and means for
issuing at least one second instruction to the robot
arm in order to move the arm to a predetermined posi-
tion to release the grip of the gripper.

The invention relates also to a computer pro-
gram embodied on a computer readable medium, the com-
puter program comprising code for controlling a pro-
cessor to execute a method comprising: receiving first
sensor data from at least one first sensor; determin-
ing a target position from the first sensor data, said
target position comprising at least one of a position
in space and an orientation for a gripper in associa-
tion with a robot arm; starting to issue at least one
first instruction to at least one of the robot arm and
the gripper in order to move the gripper to the target
position; receiving force feedback sensor data from
the at least one first sensor or at least one force
feedback sensor, associated with at least one of the
robot arm and the gripper, to determine a failure in
carrying out the at least one instruction; receiving
second sensor data from the at least one first sensor;
determining a successful gripping of an object from
the second sensor data; receiving verification sensor
data from at least one second sensor, in response to
the determining of the successful gripping; and issu-
ing at least one second instruction to the robot arm
in order to move the arm to a predetermined position
to release the grip of the gripper.

The invention relates also to an apparatus
comprising a memory and at least one processor config-

ured to receive first sensor data from at least one
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first sensor, to determine a target position from the
first sensor data, said target position comprising at
least one of a position in space and an orientation
for a gripper in association with a zrobot arm, to
start to issue at least one first instruction to at
least one of the robot arm and the gripper in order to
move the gripper to the target position, to receive
force feedback sensor data from at least one of the at
least one first sensor and at least one force feedback
sensor, associated with at least one of the robot arm
and the gripper, in order to determine a failure in
carrying out the at least one instruction, to receive
second sensor data from the at least one first sensor,
to determine a successful gripping of an object from
the second sensor data, to receive verification sensor
data from at least one second sensor, in response to
the determining of the successful gripping, and to is-
sue at least one second instruction to the robot arm
in order to move the arm to a predetermined position
to release the grip of the gripper.

In one embodiment of the invention, the at
least one instruction comprises a signal indicating at
least one move for the robot arm and/or the gripper.
In one embodiment of the invention, the at least one
instruction 1is a simple driving voltage applied for
controlling at least one of rotation, elevation and
gripping.

In one embodiment of the invention, a first
learning entity within the apparatus registers the
successful gripping and the first sensor data.

In one embodiment of the invention, a first
learning entity within the apparatus registers an un-
successful gripping and the first sensor data, in re-
sponse to a determined failure in carrying out at
least one of the at least one instruction.

In one embodiment of the invention, an arm

movement control entity or the first learning entity
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within the apparatus predicts likelihood for the suc-
cessful gripping from the first sensor data using the
information registered in the first learning entity.
The arm movement control entity issues the at least
one first instruction to the robot arm in response to
the likelihood.

In one embodiment of the invention, the arm
movement control entity issues at least one third in-
struction to the robot arm to move the gripper to a
verification position.

In one embodiment of the invention, the veri-
fication position corresponds to a verification envi-
ronment where the at least one second sensor provide
may be applied to the object without interfering ob-
jects. In one embodiment of the invention, the verifi-
cation environment has a constant background.

In one embodiment of the invention, the appa-
ratus is configured to determine a type of the object
from the verification sensor data from the at least
one second sensor.

In one embodiment of the invention, the step
of starting to issue the at least one first instruc-
tion to the robot arm or the method generally further
comprises: providing first coordinates to the robot
arm; receiving first intermediate sensor data from the
at least one first sensor; and determining an actual
position of the gripper in a sensor coordinate system
using the first intermediate sensor data. These steps
may be carried out by the arm movement control entity
within the apparatus.

In one embodiment of the invention, the step
of starting to issue the at least one first instruc-
tion to the robot arm or the method generally further
comprises: determining an error between the actual po-
sition of the gripper and the first coordinates;
providing second coordinates to the robot arm; receiv-

ing second intermediate sensor data from the at least
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one first sensor; determining a second actual position
of the gripper in a sensor coordinate system using the
second intermediate sensor data; and checking whether
the error is smaller than a predetermined threshold.
If the error is larger than the threshold the method
may continue with the steps of determining the error
again, providing the second coordinates, receiving se-
cond intermediate sensor data and determining the se-
cond actual position.

In one embodiment of the invention, the step
of starting to issue the at least one first instruc-
tion to the robot arm or the method generally further
comprises: registering an association between coordi-
nates of the robot arm and the position of the gripper
as determined in the sensor coordinate system in a se-
cond learning entity.

In one embodiment of the invention, the step
of starting issue the at least one first instruction
to the robot arm or the method generally further com-
prises: constructing a conversion function between co-
ordinates of the robot arm and coordinates in the sen-
sor coordinates system, using the association regis-
tered.

In one embodiment of the invention, the step
of determining a target position from the first sensor
data further comprises: determining an initial target
position in the sensor coordinate system; and compu-
ting the target position from the initial target posi-
tion using the conversion function.

In one embodiment of the invention, the con-
version function is a conversion matrix computed using
at least the association registered between coordi-
nates of the robot arm and the position of the gripper
as determined in the sensor coordinate system. Simi-
larly, other similar associations may be used to com-

pute the conversion matrix.
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In one embodiment of the invention, the ob-
ject of interest is located in an unstructured arena,
that 1is, an environment or generally a three-
dimensional space, which is not predetermined in one
or several of its characteristics, such as background
color or geometry, and which can include, in addition
to the objects of interest, other objects of unknown
characteristics. For example, a pile of trash could
constitute an unstructured arena, that is, an operat-
ing space of a robot. An unstructured arena can also
change as time progresses. For example, as pieces of
trash are removed from the pile, the pieces of trash
can shuffle, move or collapse. New trash can also get
added to the pile.

In one embodiment of the invention, the in-
vention includes a robot arm controlled by a control-
ling unit and installed so that it can reach objects
which reside in an unstructured arena.

In one embodiment of the invention, the sys-
tem furthermore includes a gripper attached to the ro-
bot arm and controlled by the controlling unit. The
gripper can, for example, be a device which grips ob-
jects by enclosing them, in a way resembling a hand or
a claw.

In one embodiment of the invention, the sys-
tem furthermore includes at least one sensor device
which can be used to produce sensory data about the
unstructured arena. One such sensor device can be, for
example, a digital camera oriented to wview the un-
structured arena.

In one embodiment of the invention, the grip-
per includes sensors which can be used to measure
whether the gripper is in contact with objects in the
unstructured arena, for example when the gripper 1is
moved and it collides against an object, or when an

object is gripped.
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In one embodiment of the invention, the sys-
tem furthermore includes a predetermined verification
position for the robot arm, located and oriented in
such way that the robot arm, gripping an object, can
be moved and oriented in such way that at least one
sensor can then view the object against this arena.
Such arena can, for example, comprise a flat surface
of known and constant color, such that the gripped ob-
ject can be placed by the robot in this background and
thus more accurately viewed by sensors, or it can con-
sist of other kind of setup suitable for wverification
of the object type by the sensors used.

In one embodiment of the invention, the sys-
tem includes a first learning system configured to re-
ceive data from the sensors and to output a location
in the unstructured arena, where the likelihood of a
successful gripping operation is suitably high, to the
controller unit.

In one embodiment of the invention, the sys-
tem includes a second learning system configured to
receive data from the sensors and output the likeli-
hood that a gripping operation performed at this loca-
tion will result in gripping an object of desired
type.

In one embodiment of the invention, the con-
troller unit is configured to move the robot arm so
that the gripper is located at a previously determined
location in the unstructured arena, and then to grip
an object at this location.

In one embodiment of the invention, the suc-
cess of the gripping operation is then determined us-
ing data from sensors. If the grip is not successful,
the robot arm is then moved to different location for
another attempt. Upon a successful gripping operation
the controller unit is configured to then move the ob-
ject to a predefined verification position, and the

type of the object is determined by performing a veri-
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fication operation. The verification operation re-
ceives as its input sensor data and outputs the deter-
mined type of the object.

In one embodiment of the invention, the sys-
tem is further improved by utilizing learning systems,
which may run in the apparatus.

In one embodiment of the invention, there 1is
a learning system, which may be referred to as a first
learning system or a first learning entity. For each
gripping attempt, the sensor data preceding the move-
ment of the arm and the result of the evaluation of
the gripping operation are applied to the first learn-
ing system. The first learning system is configured to
calculate a location in the unstructured arena where a
successful gripping operation is likely, thus improv-
ing the operation of the system as new attempts at
gripping objects are made.

In one embodiment of the invention, there 1is
a learning system, which may be referred to as a se-
cond learning system or a second learning entity. The
sensor data preceding the movement of the arm and po-
sition and orientation of the robot arm before and af-
ter the moving of the robot arm are also applied to
the second learning system, which is configured to
calculate an efficient way to move the robot arm to
the determined target location, thus speeding up the
operation of the robot system as new movements of the
robot arm are made.

In one embodiment of the invention, the com-
puter program is stored on a computer readable medium.
The computer readable medium may be a removable memory
card, a removable memory module, a magnetic disk, an
optical disk, a holographic memory or a magnetic tape.
A removable memory module may be, for example, a USR
memory stick, a PCMCIA card or a smart memory card.

The embodiments of the invention described

hereinbefore may be used in any combination with each
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other. Several of the embodiments may be combined to-
gether to form a further embodiment of the invention.
A method, a system, an apparatus, a computer program
or a computer program product to which the invention
is related may comprise at least one of the embodi-
ments of the invention described hereinbefore.

The benefits of the invention are related to
improved quality in the selection of objects from an

operating space of a robot.

BRIEF DESCRIPTION OF THE DRAWINGS:

The accompanying drawings, which are included
to provide a further understanding of the invention
and constitute a part of this specification, illus-
trate embodiments of the invention and together with
the description help to explain the principles of the
invention. In the drawings:

Fig. 1 is a block diagram illustrating a ro-
bot system for the selection of physical objects in
one embodiment of the invention;

Fig. 2 is flow chart illustrating for the se-
lection of physical objects in a robot system; and

Fig. 3 is a block diagram illustrating a com-
puter comprising two learning systems in one embodi-

ment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS:

Reference will now be made in detail to the
embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

Figure 1 1is a block diagram illustrating a
robot system for the selection of physical objects in
one embodiment of the invention. In Figure 1 a data
processing apparatus 100, in short an apparatus, com-
prises a central processing unit (CP) 110 and memory

150. Some embodiments of the invention employ multiple
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processors CPl1 through CPn, plus a load distribution
unit for distributing load among the multiple proces-
sors. The one or more processors control the robot arm
by executing programs 152 stored in one or more memo-
ries 150. During execution, the programs 152 set up
and update various parameters and variables 154 in the
memory 150. Some parameters may be represented, for
example, as tables, arrays, lists, sparse or dense ma-
trixes or other data structures.

In addition, the data processing apparatus
100 comprises or utilizes external input-output cir-
cuitry 120 which constitutes a user interface of the
data processing apparatus. The input-output circuitry
120 comprises an input circuitry 122 and an output
circuitry 124. A keyboard interface and a display in-
terface are illustrative but non-restrictive examples
of such input circuitry 122 and an output circuitry
124.

In order to communicate with external devic-
es, the data processing apparatus 100 typically com-
prises or wutilizes external reception/transmission
circuitry 130 which comprises a transmission circuitry
("TXn”) 132, reception circuitry (“RXn”) 134 and an
internal or external antenna 136. The suffix “n” in
connection with the TXn and RXn indicates that the da-
ta processing apparatus may utilize several different
interfacing technologies for communicating with the
physical world, which in the present example includes
the robot arm and, optionally, a separate verification
environment.

Wireless local-area networks (WLAN) and
short-range wireless interfaces, such as infrared, ra-
dio or Bluetooth, are illustrative but non-restrictive
examples of such wireless reception/transmission cir-
cuitry. Instead of such wireless communication tech-
nologies or in addition to them, the data processing

apparatus may utilize wired connections 138, such as a
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USB (Universal Serial Bus), any parallel or serial in-
terface, or other types of industry-standard interfac-
es or proprietary interfaces. At the preceding level
of generalization, all elements 110 through 138 can be
conventional as used in the relevant art.

In addition to the conventional sections, the
memory 150 of the data processing apparatus 100 con-
tains a collection of programs 152 for implementing
the inventive user entry method. The programs 152 uti-
lize wvarious data structures, variables and parame-
ters, collectively denoted by reference numeral 154.

Reference numeral 160 generally denotes a ro-
bot system from which at least some portions are con-
trolled by the data processing apparatus 100. The ro-
bot system 160 comprises at least one robot, denoted
by reference numeral 170, but it can comprise addi-
tional robots, one or more conveyors, such as conveyor
belts, stationary sensors, illumination devices, ana-
lyzers, or the like. In the present example, the ro-
bot 170 is shown in a schematic illustration which re-
sembles an arm with rotating members, but other types
of implementations are equally possible. As shown in
Figure 1, the robot arm 170 comprises a gripper 171
which is somewhat analogous to a hand or claw. The ro-
bot arm 170 is capable of moving the gripper 171 with-
in an operating area 172. Various movements of the ro-
bot arm 170 and gripper 171 are effected by actuators,
collectively denoted by reference numeral 173. By way
of example, the actuators can be electric, pneumatic
or hydraulic, or any combination of these. The actua-
tors may move or rotate various elements of the robot
arm 170, as indicated by the straight and curved dou-
ble-headed arrows in Figure 1.

The operating area 172 of the robot includes
a portion called unstructured arena 180. The unstruc-
tured arena 180 comprises various objects, collective-

ly denoted by reference numeral 181. In an illustra-



WO 2011/161304 PCT/FI12011/050414

10

15

20

25

30

35

16

tive but non-restrictive example, the unstructured
arena 180 1is a conveyor belt, or the portion of the
conveyor belt that intersects the robot’s operating
area 172. The data processing apparatus has little or
no a priori information on the objects 181 within the
unstructured arena 180, such as the size, shape and/or
color of the objects of interest. In some embodiments
of the invention, the data processing apparatus 100
may have some a priori information on the objects of
interest, or it may have gained information on the ob-
jects by learning, but at least the background (other
objects), the position and orientation of the objects
of interest are typically unknown a priori. That is,
the objects 181 may be in random positions and orien-
tations in the unstructured arena 180, and the objects
181 may overlap each other. Therefore, it is benefi-
cial to dedicate a portion of the robot’s operating
area 172 to a structured arena 182, in which the grip-
per 171 can be observed the gripper 171 and any ob-
jects gripped by it under relatively constant condi-
tions and against a known background. As used herein,
the term relatively constant conditions and background
mean that any changes in the structured arena 182 oc-
cur so slowly that they can be compensated for by mak-
ing and storing periodic observations of it.

In one embodiment of the invention, struc-
tured arena 182 may also be inspected using at least
one gsecond sensor among sensors 176 or using at least
one gsecond separate sensor device 176d, which is ap-
plicable particularly in structured arena 182. Struc-
tured arena may simply be a specific position of robot
arm 170 and/or gripper 171, which enables the at least
one second sensor to be used without disturbing ele-
ments of unstructured arena 181. Separate verification
may involve inspecting or analyzing the contents of
the gripper with additional equipment, that is, the at

least one second sensor 176d. An illustrative but non-
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exhaustive list of such additional equipment includes
1) an additional imaging device which observes the
gripper contents from a different direction and/or at
different wavelengths and/or at higher resolution than
the collocated camera does; 2) an additional illumina-
tion device which illuminates or irradiates the con-
tents of the gripper at different wavelengths and/or
energy levels from those present in the unstructured
arena; 3) a gas analyzer; and 4) a laser scanner.

A set of electrical drivers 174 converts data
processing signals, in other words, instructions from
the data processing apparatus 100 to appropriate volt-
age and power levels for controlling the actuators. In
response to control signals 175 from the data pro-
cessing apparatus 100, the actuators perform wvarious
mechanical functions including but not necessarily
limited to: positioning the gripper 171 over a specif-
ic location within the operating area 172, lowering or
raising the gripper, and closing and opening of the
gripper. In some embodiments the actuators comprise an
actuator for tilting the gripper 171 and the collocat-
ed camera 176c such that the camera monitors the grip-
per against a known background. Thus in such embodi-
ments a structured arena 182 can be implemented by
tilting the gripper 171 and camera 176c, and no move-
ment to a different position is needed.

The data processing apparatus 100 may utilize
wireless connections via interface 136 and/or wired
connections via interface 138 in order to communicate
with the robot system 160.

The robot system 160 in general and the robot
170 in particular comprise various sensors, collec-
tively denoted by reference numeral 176. By way of ex-
ample, the sensors 176 comprise various position sen-
sors 176a which indicate the position of the robot arm
170 and gripper 171, as well as the open/close status
of the gripper 171. The open/close status of the grip-
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per 1s not restricted to a simple yes/no bit. In one
embodiment of the invention, the gripper 171 may indi-
cate a multi-bit open/close status in respect of each
of its fingers, whereby an indication of the size
and/or shape of the object(s) in the gripper may be
obtained.

In addition to the position sensors, the set
of sensors may comprise strain sensors 176b, also
known as strain gauges or force feedback sensors,
which indicate strain experienced by various elements
of the robot arm 170 and gripper 171. In an illustra-
tive but non-restrictive implementation example, the
strain sensors comprise variable resistances whose re-
sistance wvaries depending on the tension of compres-
sion applied to them. Because the changes 1in re-
sistance are small compared to the absolute wvalue of
the resistance, the variable resistances are typically
measured in a Wheatstone bridge configuration.

In one embodiment of the invention, the
strain sensors 176b act as force feedback sensors
which indicate a possible failure of a gripping opera-
tion. Failure may be indicated by a force exerted on
an outer side of gripper 171, which reveals that the
gripper may not be opened to a fully open position on
the indicated target location of the arm, or a force
in any side that exceeds a preset threshold.

Furthermore the set of sensors may comprise
at least one image sensor or camera 176c collocated
with the robot arm. In the present context, a collo-
cated camera 176c means that the camera 176c constant-
ly monitors an area under the gripper 171.

Position data signals from the wvarious sen-
sors 176 are converted to appropriate levels and for-
mats by drivers, collectively denoted by reference nu-
meral 177. The converted data signals are transmitted
to the data processing apparatus 100 as input signals
178.



WO 2011/161304 PCT/FI12011/050414

10

15

20

25

30

35

19

The software or set of programs 152 within
the memory 150 of the data processing system 100 com-
prise various programs. As used herein, a “program”
means a set of computer program instructions whose ex-
ecution by one or more processors CPl1 .. CPn has the
effect that the data processing system 100 instructs
the robot system 160 to perform a well-defined high-
level operation. An example of a high-level operation
is moving the robot arm to a specified position. The
corresponding program may utilize various software
drivers, routines or dynamic link libraries to convert
the high-level operation to a series of low-level op-
erations, such as outputting an appropriate sequence
of output signals 175 via the electrical drivers 174
to the actuators 173 of the robot system 160. Alterna-
tively or additionally, some or all of the programs
152 may receive sensor data 178 from the robot system
160 and perform one or more analyzes on the sensor da-
ta.

At a minimum, the set of programs 152 com-
prise programs for arm movement, denoted by reference
sign AM, which instructs the robot arm 170 to move to
a specified position and, optionally, to tilt the
gripper 171 such that its contents can be observed
against a known background. The set of programs 152
also comprise a gripping sequence control program GSC
and gripping sequence evaluation program GSE. Execu-
tion of the gripping sequence control program GSC
causes the data processing apparatus 100 to instruct
the robot arm 170 and gripper 171 to attempt a grip-
ping operation, which includes approaching, by the
gripper 171, a position that includes a candidate ob-
ject to be gripped, and closing the gripper 171. A
partial object of the invention is to provide a meth-
od, data processing system and program product capable
of determining whether or not the attempted gripping

operation was successful. This determination is per-
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formed by the gripping sequence evaluation program
GSE.

In one particular implementation, the grip-
ping sequence evaluation program GSE utilizes the po-
sition sensors 176a and/or the strain sensors 176b of
the gripper 171 to determine whether or not the grip-
per 171 actually gripped something. In other words,
the determination may be based on sensing whether or
not the gripper becomes fully closed when instructed
to do so, or whether the gripper holds something which
prevents the gripper from becoming fully closed. The
gripping sequence control program GSC may utilize the
strain sensors 176b to set an upper limit on the ap-
plied gripping force, so as not to damage the gripped
object and/or the gripper itself.

In another implementation, the gripping se-
quence evaluation program GSE may alternatively or ad-
ditionally utilize the collocated camera 176¢c to moni-
tor if the camera’s field of vision includes something
that moves along with the gripper and, consequently,
remains essentially constant even if the movement of
the gripper changes the background of the view of the
camera 176c. For instance, the arm movement program AM
may move and/or tilt the gripper 171, the contents of
the gripper and the collocated camera 176c to the
structured arena 182. The collocated camera may form
an image of the gripper and its contents. This current
image of the gripper and its contents is then compared
with a known, previously-stored image of the gripper.
In the comparison, any differences between the current
and pre-stored images may be caused by the contents of
the gripper, dirt in the gripper or changes in back-
ground or illumination. In order to ensure that any
differences between the current and pre-stored images
reflect actual contents of the gripper, it may be ben-
eficial to periodically update the pre-stored image of

the gripper when it is known to be empty, whereby any
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dirt or changes in background or illumination can be
compensated for.

Instead of mechanically sensing whether the
gripper becomes fully closed or visually inspecting
it, or in addition to such technigues, the robot arm
may comprise a strain gauge configured to weigh the
gripper 171 and its contents. By subtracting a known
net weight of the gripper from its current weight, the
weight of the gripper contents can be obtained. This
information, either on its own or in combination of
the other two pieces of information can contribute to
the determination as to whether the gripping operation
was successful. All such techniques can be summarized
by saying that the success of the gripping operation
can be determined by comparing current status infor-
mation from the gripper with known status information
from the gripper. The term “known status information”
means that the gripper was known to be empty or its
contents were known when the known status information
was obtained.

In one embodiment of the invention, programs
AM, OR, GSC, GSE, VO, Ll and L2 may be implemented as
separate software entities such as, for example, sub-
routines, processes, threads, modules and program code
sequences.

Figure 2 1is flow chart illustrating a method
for the selection of physical objects in a robot sys-
tem. The robot system comprises a control apparatus.

At step 200 first sensor data 1s received
from at least one first sensor to the apparatus.

At step 202 a target position is determined
from the first sensor data by the apparatus.

At step 204 the apparatus starts to issue at
least one first instruction to a robot arm in order to
move a gripper within the robot arm to the target po-

sition. The at least one first instruction may be is-
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sued in parallel with the step 206 where the apparatus
receives force feedback sensor data.

At step 206 the apparatus receives force
feedback sensor data from at least one force feedback
sensor associated with at least one of the robot arm
and the gripper in order to determine a failure in
carrying out the at least one instruction.

At step 208 the apparatus receives second
sensor data from the at least one first sensor.

At step 210 the apparatus determines a suc-
cessful gripping of an object from the second sensor
data.

At step 212 the apparatus receives verifica-
tion sensor data from at least one second sensor, in
response to the determining of the successful grip-
ping.

At step 214 the apparatus issues at least one
second instruction to the robot arm in order to move
the arm to a predetermined position to release the
grip of the gripper. Thereupon, the method is fin-
ished.

In one embodiment of the invention, a data
processing apparatus such as data processing apparatus
100 illustrated in Figure 1, receives input data from
the sensors at least one sensor, for example, a collo-
cated camera. The data processing apparatus extracts a
subset of sensor data for object recognition by an ob-
ject recognition program. The object recognition pro-
gram is used for extracting from the sensor data fea-
tures corresponding to objects of interest, said fea-
tures then forming a data set that is used as the in-
put of a learning system. The present invention allows
for virtually any kind of object recognition system to
be used, and such system can therefore be well matched
to the conditions of the unstructured arena and the
specific application of the invention. To help better

understand the invention, an example of an object
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recognition system configured for recognizing red ob-
jects by utilizing the collocated camera is now de-
scribed.

In one embodiment of the invention, input da-
ta received from the collocated camera is a digital
image which consists of a 2-dimensional array of pix-
els, each pixel having a numerical value for the red,
green and blue color component, hereinafter designated
as the R-, G- and B-values, respectively. For the pur-
poses of this example, we now assume that the image
produced by the camera includes exactly one object of
interest.

The number of pixels in data corresponds to
the resolution of the camera. To decrease the amount
of computations the image data received from the cam-
era is down-sampled to a resolution determined suita-
ble for analysis. The suitable down-sampling resolu-
tion can be determined empirically.

The resulting down-sampled image is then nor-
malized to account for changes in lightning condi-
tions. The normalization may be done separately for
each pixel in the down-sampled image. After the nor-
malization, a set of features is calculated from the
image, such as the location and orientation of the ob-
ject of interest, and these features are used as the
input for the first learning system. For brevity, only
the calculation of the location (x,y) of the object of
interest, where x and y are coordinate values in the
coordinate system of the image, is now considered as
an example of such feature, although the invention is
not restricted to only this feature and benefit can be
gained from having several different features availa-
ble to be used as the input for the learning system
Ll.

In one embodiment of the invention, the cal-
culation of the location (x,y) of the object of inter-

est proceeds in the following manner. First the pixels
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which correspond to the object of interest in the
down-sampled normalized image are determined. Many
suitable algorithms for this task are known from 1lit-
erature. In this example, the pixels corresponding to
the object are recognized based on the color wvalues,
that is, the object is presumed to be red, meaning
that red pixels in the image correspond to an object
of interest in the image. Once the pixels correspond-
ing to the object of interest have thus been deter-
mined, the location (x,y) of the object can be deter-
mined by calculating a centroid of the area where the
determined pixels are located. Good and free implemen-
tations of many suitable algorithms are available, and
it is easily achieved for example by using the cvFind-
Contours () function in the OpenCV Library to determine
the set of points (xi, yi) which form a curve enclos-
ing the pixels, and then calculating the mean value of
the curve point coordinates, which corresponds to the
coordinates of the centroid of the object in the im-
age.

In one embodiment of the invention, when the
object recognition program has determined the data
set, in this example the location (x,y) of the object
of interest, an arm movement program of the data pro-
cessing apparatus instructs the robot arm to move to a
location in world coordinates corresponding to the lo-
cation (x,y) in image coordinates of the recognized
object. To facilitate this arm movement program per-
forms a conversion from the image coordinate system to
the world coordinate system, a known method for which
is to multiply the coordinate vector (x,y) with a 2x2
conversion matrix M, M having been chosen so that it
performs this conversion with an acceptable accuracy
and such choice depending on the camera setup. When
the robot arm has been moved to the determined loca-
tion, a gripping sequence control program performs a

gripping attempt, which includes instructing the robot
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arm to lower a gripper to the recognized object and to
close the gripper.

In one embodiment of the invention, during
the gripping attempt, sensor data from the robot arm,
particularly, from the gripper is received by the data
processing apparatus. In one embodiment of the inven-
tion, the sensor data may indicate that the gripper
has collided with an object. More particularly, the
sensor data may indicate that the robot arm or gripper
fails to move in response to an instruction to move,
or that the instruction to move causes an abnormal
level of strain in some elements of the robot system,
as measured by the strain gauges. In such cases the
gripping attempt is aborted. An aborted gripping at-
tempt will be considered a failure in a subsequent
evaluation step.

In one embodiment of the invention, after the
gripping attempt has been performed, the gripping se-
quence evaluation program extracts sensor data, par-
ticularly sensor data that reflects the contents of
the gripper. The success of the gripping attempt is
determined from this extracted data. As stated in con-
nection with Figure 1, the success of the gripping at-
tempt can be determined on the basis of any of the
following: 1) an indication that the gripper has
closed around an object of a minimum size; 2) a com-
parison of a current image of the gripper plus con-
tents with a pre-stored image of the gripper with
known contents; and 3) the difference Dbetween the
weight of the gripper plus current contents and the
weight of the gripper plus known contents.

In one embodiment of the invention, 1if the
collision detection or any combination of the analysis
of the gripper contents indicates that the gripping
attempt resulted in a failure, another gripping at-
tempt is performed involving the moving of the robot

arm.
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In one embodiment of the invention, following
a determination of a successful gripping attempt the
data processing apparatus instructs the robot arm to
perform a set of predetermined operations on the
gripped object. Such operations can be chosen to de-
pend on the type of the object, for example if the
system is used for sorting different kinds of objects
in different bins. Since the location of the object
was determined based on the sensor data, the type of
the object is known or regarded as known at this
point, and the known type can be used for choosing the
set of operations to be performed on the object. For
instance, in a trash-sorting application, the wvarious
object types can correspond to recycling channels: re-
usable bottles, recyclable plastics, metals, burnable
matter, compostable matter, hazardous waste, and so
on.

However, at this phase, the type of the ob-
ject may be determined erroneously. Some more ambi-
tious embodiments of the inventive method comprise a
separate verification for additional wverification of
the type of the object or objects in the gripper. If
the gripping attempt was deemed successful, a verifi-
cation operation program calls the arm movement pro-
gram such that the robot arm, and particularly the
gripper, 1is instructed to move to a predetermined ver-
ifying position. A separate verification is performed
in this verifying position. In some implementations
the separate verification involves inspecting the con-
tents of the gripper in the structured arena. In other
implementations the separate verification may involve
inspecting or analyzing the contents of the gripper
with additional equipment. An illustrative but non-
exhaustive list of such additional equipment includes
1) an additional imaging device which observes the
gripper contents from a different direction and/or at

different wavelengths and/or at higher resolution than
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the collocated camera does; 2) an additional illumina-
tion device which illuminates or irradiates the con-
tents of the gripper at different wavelengths and/or
energy levels from those present in the unstructured
arena; 3) a gas analyzer.

A benefit of the separate verification is
that the type of the object is known with an improved
confidence 1level, which increases the 1likelihood of
selecting an appropriate operation on the gripped ob-
ject.

In one embodiment of the invention, the exem-
plary embodiment described above is further improved
by the present invention by utilizing at least one ma-
chine learning system at different steps of the opera-
tion.

In one embodiment of the invention, the oper-
ation of the system posits two learning problems,
which relate to calculating wvarious parameters from
sensor data. This could be achieved using a set of
predetermined calculations, but such system would be
inflexible and specific to a set of operating condi-
tions and hence likely not optimal for operation in an
unstructured arena, the conditions of which can not by
definition be known at the time the predetermined cal-
culations would be defined.

In one embodiment of the invention, a first
learning problem relates to determining from a data
set received form the system a set of parameters for a
gripping operation to be attempted.

In one embodiment of the invention, a second
learning problem relates to determining the parameters
for moving the robot arm to grip an object of inter-
est.

The embodiments of the invention described
hereinbefore regarding Figure 2 may be used in any
combination with each other. Several of the embodi-

ments may be combined together to form a further em-



WO 2011/161304 PCT/FI12011/050414

10

15

20

25

30

35

28

bodiment of the invention. A method, a system, an ap-
paratus, a computer program oOr a computer program
product to which the invention is related may comprise
at least one of the embodiments of the invention de-
scribed hereinbefore.

Figure 3 1is a block diagram illustrating a
computer comprising two learning systems in one embod-
iment of the invention. In Figure 3 there is show a
computer 300, which comprises a random access memory,
at least one processor and a secondary memory (not
shown). The internal functions within computer 300 are
illustrated with box 302. Computer 300 executes a
first learning entity 314, a second learning entity
312, a verifier entity 310, an arm movement control
entity 320, a gripping sequence control entity 318 and
an object recognizer 322. First learning entity 314
and second learning entity 312 both are examples of a
learning system. It should be understood that although
the system in Figure 3 is illustrated as comprising of
separate parts labelled 310, 312, 314, 316, 318, 320
and 322, this division into these parts serves as an
explanation of the present invention and the number of
parts can be different depending on the method of im-
plementation. The different parts can be implemented
as the parts of a computer program executed on a sin-
gle computer system. In this description the control-
ling unit is taken to include the parts in Figure 3.
In one embodiment of the invention, computer 300 cor-
responding to data processing apparatus 100 illustrat-
ed in Figure 1.

First learning entity 314 takes as input fea-
tures extracted from the sensor data obtained from a
plurality of sensors such as a sensor 304 and a sensor
306. The features are extracted by an object recogniz-
er entity 322 from sensor data illustrated with arrow
342. First learning entity 314 calculates a set of pa-

rameters 332 for arm movement control entity 320, us-
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ing features illustrated with arrow 330 to be used for
performing a gripping operation, the goal being that
that the likelihood of a successful gripping operation
using these parameters is relatively high. Such param-
eters can include, for example, the location of the
target object or the orientation the gripper before a
gripping operation is attempted. An example of using
first learning entity 314 for calculating the likely
location of the object of interest in an unstructured
arena 1s now given as an example of the operation of
first learning entity 314. For brevity, the example
only presents the calculation of the likely location
(x,vy) and the invention is not restricted to this.

The coordinates (x,V) received by first
learning entity 314 from object recognizer entity 322
correspond to the location of a recognised object in
the coordinate system of a camera. The camera is pref-
erably fixed to the robot arm, so the camera image at
any moment corresponds to the location and orientation
of the robot arm. In order to grip the object, the ro-
bot arm needs to be moved to a location and orienta-
tion where the gripper is in a good position to grip
the object, said position 1likely depending on the
properties of the object, the gripper and other ob-
jects 1in the arena where the robot arm operates and
other possible factors. First learning entity 314 is
used to calculate, based on previous Jgripping at-
tempts, a location in the image coordinate system from
where a successful gripping operation is most likely.

First learning entity 314 takes as input data
items 338 which comprise the parameters of previous
attempts from a success evaluator entity 316, which
determines success of gripping sequence information
340 obtained from gripping sequence control entity
318. In this example the data items 338 consist of co-
ordinates (x,y) corresponding to a gripping attempt

with the centroid of the recognised object at (x,V),
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and the corresponding evaluation of the gripping at-
tempt at (x,y) regarding whether it was successful or
failure. These data items are then used to calculate
the output 332 of first learning entity 314. Output
332 from first learning entity 314 to arm movement
control entity 320 1is preferably not a single point
but instead a distribution of points. Many regression
or classification algorithms suitable for calculating
the distribution are known from literature, for exam-
ple, the maximum likelihood method or support wvector
machines can be used to achieve this. In this example,
the output 332 could be, for example, a bivariate nor-
mal distribution parameterised by the centre (xg, Vo)
and standard deviations o, and o, for both coordinates
x and vy, which are calculated using the well known
maximum likelihood method.

Using the described learning system in learn-
ing entity 314 provides several benefits compared to
simply using an object recognition system to determine
the location of an object. As the output is not merely
one point but a distribution, it is possible during
the operation to either use the optimal point, which
in this example would be the centre (x¢,vo) of the dis-
tribution, or to select different points from the dis-
tribution according to their likelihood. This allows
the system to continuously learn by having data of new
gripping attempts applied to the learning system and
thus adapt to the conditions of the unstructured are-
na. Even if insufficient data of the operating envi-
ronment was gathered before installing the system, the
system can learn while in operation and new data can
improve the results further. Another benefit is that
if the conditions change, e.g. a collision deforms the
gripper or moves the camera mount, and as a result the
optimal gripping position relative to the object’s po-
sition in the camera image changes, the system learns

to compensate for these changes.
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The arm movement control entity 320 then
moves the robot arm to the determined gripping loca-
tion. To move the robot arm towards an object, the
difference of the object’s location as determined by
object recognizer entity 322 and the location of most
likely successful gripping position determined by
first learning entity 314 is calculated. This differ-
ence is then converted into a difference in physical
world coordinates used to control the robot arm. The
conversion cannot be assumed to be perfect, and thus
the algorithm must compensate for it in real time dur-
ing the approach. At each step, the location of the
object in the image is computed as described above and
compared to the most 1likely successful gripping posi-
tion. The difference between the two, which is a vec-
tor of coordinates in the camera coordinate system, is
converted into world coordinates by multiplying the
coordinate vector by a conversion matrix M, and the
robot arm is moved accordingly. In addition, a slight
low-pass filter is preferably applied in the conver-
sion phase to make the movement smoother. The effect
of this algorithm is that even for a conversion matrix
M which corresponds to only a roughly correct trans-
formation between the coordinate systems, each step
moves the robot arm closer to the intended position.
The direction may not be exactly towards the object,
and thus at the next step when a new location of the
object i1s available, extracted by object recognizer
entity 322 from the camera image corresponding to a
new gripper position, the direction of the movement is
changed. This results in a spiral shape for the ap-
proach path, which will eventually converge so that
the object’s location as seen by the camera coincides
with the most likely gripping position.

Second learning entity 312 is used to deter-
mine a more efficient way of moving the robot arm to a

determined gripping location. Second learning entity
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312 receives information on position of the robot arm
and/or the gripper from the robot arm 308, as illus-
trated with arrow 344. Second learning entity 312 also
takes as its input data on past gripping sequences. To
illustrate the operation of the second learning sys-
tem, a simple example with only the coordinates (x,vV)
is now given, which corresponds to the previous exam-
ple. In this example, the data applied to the second
learning system comprises a difference (X, Ve¢), 1n
camera coordinates, between the location of the object
and the most likely gripping position at the beginning
of a gripping sequence, and the difference (x4, va) be-
tween the world coordinates of the robot arm at the
beginning of the gripping sequence and after the grip-
ping sequence has been terminated.

As its output 334 to gripping sequence con-
trol entity 318, second learning entity 312 calculates
a conversion matrix ML such that when ML is multiplied
by a vector (X, Ve, 1), a good approximation of the
corresponding difference (xq,vq) 1s obtained. ML can be
calculated from the past gripping attempt data using
e.g. a method known in literature as ridge regression,
but other suitable methods are equally possible within
the scope of the invention. It should also be noted
that although the calculation in this example involves
only coordinates in two-dimensional space, the de-
scribed method is equally applicable to more compli-
cated movements of the robot arm, for example movement
including a third dimension in space or rotations of
different parts of the robot arm.

Using second learning entity 312 is benefi-
cial as the output matrix ML can be used to shortcut
the movement algorithm of the robot arm by using it as
the matrix M to calculate the target for the robot arm
movement in one movement, and after that correcting
the remaining error with the movement algorithm de-

scribed before.
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After the robot arm has been moved, a grip-
ping operation is performed, and the evaluation step
is performed to determine if the gripping was success-
ful. If the evaluation result indicates that the grip-
ping did not succeed, the execution returns to moving
the arm to another location. If the result indicates a
success, the type of the object is verified by verifi-
er entity 310, as illustrated with arrow 336.

When at least one processor executes func-
tional entities associated with the invention, a
memory comprises entities such as success evaluator
entity 316, learning system entity 314, learning sys-
tem entity 312, verifier entity 310, arm movement con-
trol entity 320 and gripping sequence control 318. The
functional entities within computer 300 illustrated in
Figure 3 may be implemented in a variety of ways. They
may be implemented as processes executed under the na-
tive operating system of the network node. The enti-
ties may be implemented as separate processes or
threads or so that a number of different entities are
implemented by means of one process or thread. A pro-
cess or a thread may be the instance of a program
block comprising a number of routines, that is, for
example, procedures and functions. The functional en-
tities may be implemented as separate computer pro-
grams or as a single computer program comprising sev-
eral routines or functions implementing the entities.
The program blocks are stored on at least one computer
readable medium such as, for example, a memory cir-
cuit, memory card, magnetic or optic disk. Some func-
tional entities may be implemented as program modules
linked to another functional entity. The functional
entities in Figure 3 may also be stored in separate
memories and executed by separate processors, which
communicate, for example, via a message bus or an in-

ternal network within the network node. An example of
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such a message bus is the Peripheral Component Inter-
connect (PCI) bus.

The exemplary embodiments of the invention
can be included within any suitable device, for exam-
ple, including any suitable servers, workstations,
PCs, laptop computers, PDAs, Internet appliances,
handheld devices, cellular telephones, wireless devic-
es, other devices, and the like, capable of performing
the processes of the exemplary embodiments, and which
can communicate wvia one or more interface mechanisms,
including, for example, Internet access, telecommuni-
cations in any suitable form (for instance, voice, mo-
dem, and the like), wireless communications media, one
or more wireless communications networks, cellular
communications networks, 3G communications networks,
4G communications networks, Public Switched Telephone
Network (PSTNs), Packet Data Networks (PDNs), the In-
ternet, 1intranets, a combination thereof, and the
like.

It is to be understood that the exemplary em-
bodiments are for exemplary purposes, as many varia-
tions of the specific hardware used to implement the
exemplary embodiments are possible, as will be appre-
ciated by those skilled in the hardware art(s). For
example, the functionality of one or more of the com-
ponents of the exemplary embodiments can be implement-
ed via one or more hardware devices.

The exemplary embodiments can store infor-
mation relating to various processes described herein.
This information can be stored in one or more memo-
ries, such as a hard disk, optical disk, magneto-
optical disk, RAM, and the 1like. One or more data-
bases can store the information used to implement the
exemplary embodiments of the present inventions. The
databases can be organized wusing data structures
(e.g., records, tables, arrays, fields, graphs, trees,

lists, and the 1like) included in one or more memories
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or storage devices listed herein. The processes de-
scribed with respect to the exemplary embodiments can
include appropriate data structures for storing data
collected and/or generated by the processes of the de-
vices and subsystems of the exemplary embodiments in
one or more databases.

All or a portion of the exemplary embodiments
can be implemented by the preparation of application-
specific integrated circuits or by interconnecting an
appropriate network of conventional component cir-
cuits, as will be appreciated by those skilled in the
electrical art(s).

As stated above, the components of the exem-
plary embodiments can include computer readable medium
or memories according to the teachings of the present
inventions and for holding data structures, tables,
records, and/or other data described herein. Computer
readable medium can include any suitable medium that
participates in providing instructions to a processor
for execution. Such a medium can take many forms, in-
cluding but not limited to, non-volatile media, vola-
tile media, transmission media, and the 1like. Non-
volatile media can include, for example, optical or
magnetic disks, magneto-optical disks, and the 1like.
Volatile media can include dynamic memories, and the
like. Transmission media can include coaxial cables,
copper wire, fiber optics, and the like. Transmission
media also can take the form of acoustic, optical,
electromagnetic waves, and the 1like, such as those
generated during radio frequency (RF) communications,
infrared (IR) data communications, and the like. Com-
mon forms of computer-readable media can include, for
example, a floppy disk, a flexible disk, hard disk,
magnetic tape, any other suitable magnetic medium, a
CD-ROM, CDRW, DVD, any other suitable optical medium,
punch cards, paper tape, optical mark sheets, any oth-

er suitable physical medium with patterns of holes or



WO 2011/161304 PCT/FI12011/050414

10

15

36

other optically recognizable indicia, a RAM, a PROM,
an EPROM, a FLASH-EPROM, any other suitable memory
chip or cartridge, a carrier wave or any other suita-
ble medium from which a computer can read.

While the present inventions have Dbeen de-
scribed in connection with a number of exemplary em-
bodiments, and implementations, the present inventions
are not so limited, but rather cover various modifica-
tions, and equivalent arrangements, which fall within
the purview of prospective claims.

It is obvious to a person skilled in the art
that with the advancement of technology, the basic
idea of the invention may be implemented in wvarious
ways. The invention and its embodiments are thus not
limited to the examples described above; instead they

may vary within the scope of the claims.
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CLAIMS:

1. A method, comprising:
receiving first sensor data from at least one
first sensor;
determining a target position from the first sen-
sor data, said target position comprising at least one
of a position in space and an orientation for a grip-
per in association with a robot arm;
starting to issue at least one first instruction
to at least one of the robot arm and the gripper in
order to move the gripper to the target position;
receiving force feedback sensor data from at least
one of the at least one first sensor and at least one
force feedback sensor, associated with at least one of
the robot arm and the gripper, to determine a failure
in carrying out the at least one instruction;
receiving second sensor data from the at least one
first sensor;
determining a successful gripping of an object
from the second sensor data;
receiving verification sensor data from at least
one second sensor, in response to the determining of
the successful gripping; and
issuing at least one second instruction to the ro-
bot arm in order to move the arm to a predetermined
position to release the grip of the gripper.
2. The method according to claim 1, the meth-
od further comprising:
registering the successful gripping and the first
sensor data to a first learning entity.
3. The method according to claim 2, the meth-
od further comprising:
registering an unsuccessful gripping and the first
sensor data to the first learning entity, in response
to a determined failure in carrying out at least one

of the at least one instruction.
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4. The method according to claim 2 or claim

3, the method further comprising:

predicting a likelihood for the successful grip-
ping from the first sensor data using the information
registered in the first learning entity; and

issuing the at least one first instruction to the
robot arm in response to the likelihood.

5. The method according to claim 3, the meth-
od further comprising:

issuing at least one third instruction to the ro-
bot arm to move the gripper to a verification posi-
tion.

6. The method according to claim 5, wherein
the wverification position corresponds to a verifica-
tion environment where the at least one second sensor
provide may be applied to the object without interfer-
ing objects.

7. The method according to claim 6, wherein
the wverification environment has a constant back-
ground.

8. The method according to claim 5, the meth-
od further comprising:

determining a type of the object from the verifi-
cation sensor data from the at least one second sen-
sor.

9. The method according to claim 1, wherein
the step of starting to issue the at least one first
instruction to the robot arm further comprises:

providing first coordinates to the robot arm;

receiving first intermediate sensor data from the
at least one first sensor; and

determining an actual position of the gripper in a
sensor coordinate system using the first intermediate
sensor data.

10. The method according to claim 9, wherein
the step of starting to issue the at least one first

instruction to the robot arm further comprises:
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determining an error between the actual position
of the gripper and the first coordinates;

providing second coordinates to the robot arm;

receiving second intermediate sensor data from the
at least one first sensor;

determining a second actual position of the grip-
per in a sensor coordinate system using the second in-
termediate sensor data; and

checking whether the error is smaller than a pre-
determined threshold.

11. The method according to claim 9, wherein
the step of starting to issue the at least one first
instruction to the robot arm further comprises:

registering an association between coordinates of
the robot arm and the position of the gripper as de-
termined in the sensor coordinate system in a second
learning entity.

12. The method according to claim 11, wherein
the step of starting issue the at least one first in-
struction to the robot arm further comprises:

constructing a conversion function between coordi-
nates of the robot arm and coordinates in the sensor
coordinates system, using the association registered.

13. The method according to claim 11, wherein
the step of determining a target position from the
first sensor data further comprises:

determining an initial target position in the sen-
sor coordinate system; and

computing the target position from the initial
target position using the conversion function.

14. An apparatus, comprising:

means for receiving first sensor data from at
least one first sensor;

means for determining a target position from the
first sensor data, said target position comprising at
least one of a position in space and an orientation

for a gripper in association with a robot arm;
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means for starting to issue at least one first in-
struction to at least one of the robot arm and the
gripper in order to move the gripper to the target po-
sition;

means for receiving force feedback sensor data
from at least one of at least one force feedback sen-
sor, associated with at least one of the robot arm and
the gripper, and the at least one first sensor, to de-
termine a failure in carrying out the at least one in-
struction;

means for receiving second sensor data from the at
least one first sensor;

means for determining a successful gripping of an
object from the second sensor data;

means for receiving verification sensor data from
at least one second sensor, in response to the deter-
mining of the successful gripping; and

means for issuing at least one second instruction
to the robot arm in order to move the arm to a prede-
termined position to release the grip of the gripper.

15. A computer program embodied on a computer

readable medium, the computer program comprising code
for controlling a processor to execute a method com-
prising:

receiving first sensor data from at least one
first sensor;

determining a target position from the first sen-
sor data, said target position comprising at least one
of a position in space and an orientation for a grip-
per in association with a robot arm;

starting to issue at least one first instruction
to at least one of the robot arm and the gripper in
order to move the gripper to the target position;

receiving force feedback sensor data from at least
one of at least one force feedback sensor, associated

with at least one of the robot arm and the gripper,
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and the at least one first sensor, to determine a
failure in carrying out the at least one instruction;
receiving second sensor data from the at least one
first sensor;
determining a successful gripping of an object
from the second sensor data;
receiving verification sensor data from at least
one second sensor, in response to the determining of
the successful gripping; and
issuing at least one second instruction to the ro-
bot arm in order to move the arm to a predetermined
position to release the grip of the gripper.
16. The computer program according to claim
15, wherein said computer program is stored on a com-
puter readable medium.
17. The computer program according to claim
16, wherein said computer readable medium is a remova-
ble memory card, a holographic memory, a magnetic disk

or an optical disk.
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