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(57) Abstract: To allow a robot body to quickly resume operation, using
simple control, when a main power supply is restored after a failure. A calcu-
lation unit divides a series of operations of the robot body into a plurality of
operation blocks in advance and causes the robot body to perform operations
sequentially from one operation block to another using power supplied from
the main power supply (S21 to S25). The calculation unit causes the robot
body to continue operation using the power supplied from an auxiliary
power supply, even if the main power supply fails, until the operation block
being processed at the time of the failure of the main power supply out of the
plurality of operation blocks is finished (S27). The calculation unit causes
the robot body to stop operation, when the operation block being processed
at the time of the failure of the main power supply is tinished, until the main
power supply is restored from the failure (S28). When the main power sup-
ply is restored from the failure, the calculation unit causes the robot body to
resume operation beginning with an operation block next to the operation
block caused by the calculation unit to be performed by the robot body in the
process of step S27 (830, S31, and S22).
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Description

Title of Invention: ROBOT CONTROLLING APPARATUS AND
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ROBOT CONTROLLING METHOD
Technical Field

The present invention relates to a robot controlling apparatus and robot controlling

method which control motions of a robot body when a main power supply fails.

Background Art

Conventionally, industrial robots which perform automatic processing or assembly
operations stop operation due to a failure of a main power supply in case of a power
failure during automatic operation. After restoration of power, an operator has to
restore operating conditions and discharge work-in-process. Consequently, a robot
reset operation becomes complicated and requires time, resulting in reduced
throughput of the production line.

Thus, a robot controlling apparatus has been proposed which automatically performs
a reset action of a robot body when the main power supply is restored after a power
failure (see PTL 1). The robot controlling apparatus memorizes a stop position of the
robot body, state of a hand of the robot body, and the like if the robot body stops in the
middle of an operation due to a power failure. When the main power supply is
restored, the robot controlling apparatus reads a recovery program corresponding to a
memorized state of the robot body out of multiple recovery programs. Next, the robot
controlling apparatus returns the robot body to its initial state according to the read

recovery program and them causes the robot body to resume operation.
Citation List
Patent Literature

PTL 1: Japanese Patent Application Laid-Open No. H08-294886
Summary of Invention

Technical Problem

However, it is assumed that the robot body will take various postures according to
operations. Also, it is necessary to take into consideration the position and state of the
workpiece being handled when the robot body stops. Furthermore, it is troublesome to
create, in advance, a large number of recovery programs capable of dealing with these
diverse circumstances. Besides, since the recovery program is executed after
restoration of power, it takes time before operation can be resumed.

Thus, it is a feature of the present invention to provide a robot controlling apparatus

and robot controlling method which allow a robot body to quickly resume operation,
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using simple control, when a main power supply is restored after a failure.
Solution to Problem

The present invention provides a robot controlling apparatus for controlling a robot
body which runs on power supplied from an auxiliary power supply when a main
power supply fails, the robot controlling apparatus comprising: an operation con-
trolling unit adapted to divide a series of operations of the robot body into a plurality of
operation blocks in advance and cause the robot body to perform operations se-
quentially from one operation block to another using power supplied from the main
power supply; an operation continuing unit adapted to cause the robot body to continue
operation using the power supplied from the auxiliary power supply, even if the main
power supply fails, until the operation block being processed at the time of the failure
of the main power supply out of the plurality of operation blocks is finished; and an
operation stopping unit adapted to cause the robot body to stop operation, when the
operation block being processed at the time of the failure of the main power supply is
finished, until the main power supply is restored from the failure, wherein when the
main power supply is restored from the failure, the operation controlling unit causes
the robot body to resume operation beginning with an operation block next to the
operation block caused by the operation continuing unit to be completed by the robot
body.

Also, the present invention provides a robot controlling method for controlling a
robot body which runs on power supplied from an auxiliary power supply when a main
power supply fails, the robot controlling method comprising: dividing a series of op-
erations of the robot body into a plurality of operation blocks in advance and causing
the robot body to perform operations sequentially from one operation block to another
using power supplied from the main power supply; causing the robot body to continue
operation using the power supplied from the auxiliary power supply, even if the main
power supply fails, until the operation block being processed at the time of the failure
of the main power supply out of the plurality of operation blocks is finished; causing
the robot body to stop operation, when the operation block being processed at the time
of the failure of the main power supply is finished, until the main power supply is
restored from the failure; and causing the robot body to resume operation, when the
main power supply is restored from the failure, beginning with an operation block next
to the operation block completed so far by the robot body.

Advantageous Effects of Invention

According to the present invention, when the main power supply fails, since the

robot body is stopped operating after the operations in the operation block are finished,

there is no need to prepare recovery programs which can deal with every possible
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posture of the robot body. Also, when the failed main power supply is restored, since
the robot body is caused to perform operation by beginning with an operation block
next to the finished operation block without the need to return to its initial posture, the

robot body can resume operation quickly.
Further features of the present invention will become apparent from the following de-

scription of exemplary embodiments with reference to the attached drawings.

Brief Description of Drawings

[fig. 1A]Fig. 1A is a block diagram showing a schematic configuration of a robot
system equipped with a robot controlling apparatus according to an embodiment of the
present invention. Fig. 1 is comprised of Figs. 1A and 1B.

[fig.1B]Fig. 1B is a block diagram showing a schematic configuration of a robot
system equipped with a robot controlling apparatus according to an embodiment of the
present invention. Fig. 1 is comprised of Figs. 1A and 1B.

[fig.2A]Fig. 2A is an explanatory diagram showing an example of division of a series
of operations of a robot body into operation blocks carried out in such a way as to
equalize operation time.

[fig.2B]Fig. 2B is an explanatory diagram showing an example of division of a series
of operations of a robot body into operation blocks carried out in such a way as to
equalize an amount of consumed electrical power.

[fig.3]Fig. 3 is a sequence diagram showing actions performed by a power supply
monitoring device, a supply power switch-over unit, and the robot controlling
apparatus when a main power supply fails and when the main power supply is restored
from the failure.

[fig.4]Fig. 4 is a flowchart showing actions of a calculation unit of the robot con-
trolling apparatus.

Description of Embodiments

An embodiment of the present invention will be described in detail below with
reference to the accompanying drawings. It should be noted that the robot controlling
apparatus and robot controlling method according to the present invention is in no way
limited to the embodiment described below. Figs. 1A and 1B are block diagrams
showing a schematic configuration of a robot system equipped with a robot controlling
apparatus according to an embodiment of the present invention.

The robot system 100 shown in Figs. 1A and 1B include multiple robots 100A,
100B, ..., and achieves automatic assembly and the like as the robots 100A, 100B, ...
performs collaborative work or share work on a production line. Each of the robots
100A, 100B, ... includes a robot body 102 and a robot controlling apparatus 101
adapted to control the robot body 102 based on operation data. The robot body 102 is



WO 2012/105194 PCT/JP2012/000488

[0014]

[0015]

[0016]

[0017]

equipped with a multi-joint arm (not shown) and an end effector such as a hand (not
shown) and adapted to perform various operations including, for example, a processing
operation of workpieces to be processed, an assembly operation of the workpieces, and
grip and transport operation of the workpieces. Also, each of the robots 100A, 100B, ...
includes a vision camera 103 adapted to capture images of workpieces and a controller
104 adapted to control the vision camera 103.

The robot controlling apparatus 101 includes a power supply circuit 121, a commu-
nications controller 122 adapted to conduct send/receive communications with respect
to peripheral devices, and a calculation unit 123 adapted to perform a computational
process for trajectory calculations and the like. Also, the robot controlling apparatus
101 includes nonvolatile memories 124 and 125 free from data loss even if power
supply stops as well as a volatile memory 126 temporarily used in computations and
the like.

The nonvolatile memory 124 memorizes motion data used for motions of the robot
body 102. The motion data includes motion planning data of industrial robots, a system
control program, a trajectory generation program, and a control program for a vision
camera as well as control data and a control program for ancillary facilities (not
shown).

The calculation unit 123 performs the process of carrying out trajectory calculations
and generating a robot motion plan based on the motion data and the process of
dividing a series of operations of the robot body 102 into multiple operation blocks in
advance based on the motion data and causing the robot body 102 to perform op-
erations sequentially from one operation block to another. Also, the calculation unit
123 performs trajectory generation and trajectory correction based on workpiece
conditions detected by the vision camera 103. The motion planning data of the robot
body 102 included in the motion data is made up of the operation data on each of the
operation blocks resulting from the division and data on an execution sequence of the
operation blocks. Alternatively, the motion planning data may be made up of a series
of operation data and data on start and end points of each of the operation blocks
resulting from the division. The nonvolatile memory 125 memorizes an operation
block identifier of the current operation block. The volatile memory 126 is used to
temporarily hold computational data during trajectory calculations of the robot body
102.

The robot body 102 includes servo motors 131 and position detecting units 132
installed on respective axes, where the servo motors 131 are adapted to drive the axes
and the position detecting units 132 are adapted to detect axial positions. Also, the
robot body 102 includes axial control units 140 installed for respective axes. Each axial

control unit 140 is made up of an axial power supply circuit 141, a communications
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controller 142 adapted to perform communications control, a driver 143 used to drive
the motor, a calculation unit 144 adapted to perform computations for servo motor
control, and a memory 145. These components perform distributed control of the re-
spective axes.

As the position detecting units 132, it is desirable to use absolute encoders which do
not require a reference position detecting action after power restoration. The axial
control units 140 provided for the respective axes make the communications con-
trollers 142 receive motion commands from the communications controller 122 of the
robot controlling apparatus 101, drive the servo motors 131 based on the motion
commands, and transmit data needed for trajectory correction and axial control in
terms of axial positions. Based on positional information from the position detecting
units 132 and detection results produced by servo motor drive current detecting units
(not shown), the calculation units 144 perform position feedback control, speed
feedback control, and drive current control of the servo motors 131.

Also, the robot system 100 includes a power supply monitoring device 106. Also, the
robot system 100 has auxiliary power supplies 107 installed on the respective robots
100A, 100B, .... Furthermore, the robot system 100 has supply power switch-over units
108 installed on the respective robots 100A, 100B, ... in order for each robot to be
supplied with power by switching a drive power supply system between a main power
supply 105 and the auxiliary power supply 107. The supply power switch-over units
108 do switching to allow the respective robots 100A, 100B, ... to run normally on the
power supplied from the main power supply 105 and run on the power supplied from
the respective auxiliary power supplies 107 when the main power supply 105 fails. The
main power supply 105 is a commercial power supply, a generator, or the like.

The auxiliary power supply 107 is a backup power supply with sufficient electrical
power capacity to supply power needed for motions of the robot body 102 from start to
end of one operation block. The auxiliary power supply 107 includes an uninterruptible
power supply system and an inverter, where the uninterruptible power supply system is
connected to the main power supply 105 and made up of a rectifier and a power
storage device such as a rechargeable battery or capacitor. The power storage device is
charged with electrical power supplied from the main power supply 105 after
conversion from alternating current into direct current by the rectifier. When supplied
from the auxiliary power supply 107 to the robot body 102 and robot controlling
apparatus 101, the electrical power is subjected to conversion from direct current into
alternating current by the inverter and an ac voltage as with the main power supply 105
is applied to the robot body 102 and robot controlling apparatus 101.

The power supply monitoring device 106 includes a power supply circuit unit 151, a

communications control unit 152, and a voltage monitoring unit 153. The power
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supply monitoring device 106 runs on the power supplied from the auxiliary power
supply 107. The supply power switch-over unit 108 includes a power supply selector
switch 161 and a control unit 162 adapted to control the power supply selector switch
161.

The voltage monitoring unit 153 of the power supply monitoring device 106
monitors for a power failure of the main power supply 105 such as a voltage sag or in-
terruption. The communications control unit 152 exchanges signals with the control
unit 162 of the supply power switch-over unit 108. More specifically, the voltage
monitoring unit 153 determines whether the voltage of the main power supply 105 is
above or below a threshold voltage set in advance. If the voltage of the main power
supply 105 is below the threshold voltage (in case of a power failure), the commu-
nications control unit 152 outputs a power switch-over request to the control unit 162
of the supply power switch-over unit 108, requesting the power supply to be switched
from the main power supply 105 to the auxiliary power supply 107. On the other hand,
when the voltage of the main power supply 105 is above the preset threshold voltage
(when power is restored), the communications control unit 152 outputs a power
switch-over request to the control unit 162 of the supply power switch-over unit 108,
requesting the power supply to be switched from the auxiliary power supply 107 to the
main power supply 105.

The control unit 162 of the supply power switch-over unit 108 has a communications
controller (not shown) and switches a supply power path by operating the power
supply selector switch 161 when a power switch-over request is received by the com-
munications controller.

Division into operation blocks for the robot which runs on the power from the main
power supply 105 will be described. Fig. 2A is an explanatory diagram showing an
example of division into operation blocks carried out in such a way as to equalize
operation time. In the following description, it is assumed that the robot system 100 is
made up of robots 100A, 100B, and 100C. The robot 100C has a configuration similar
to the configuration of the robots 100A and 100B.

In the present embodiment, description will be given of a case in which the robots
100A, 100B, and 100C operate one after another in this order, each starting to operate
after the immediately preceding robot finishes operation. When the robots 100A, 100B,
and 100C perform automatic assembly by dividing work among them on a production
line, waiting times are provided for delivery of assembly parts.

The calculation unit 123 of the robot controlling apparatus 101 of the robot 100A
divides a series of operations of the robot body 102 of the robot 100A into multiple
(five in Fig. 2A) operation blocks Al to AS in advance and causes the robot body 102

to perform the operations in the operation blocks Al to A5 in sequence. The cal-
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culation unit 123 of the robot controlling apparatus 101 of the robot 100B divides a
series of operations of the robot body 102 of the robot 100B into multiple (four in Fig.
2A) operation blocks B1 to B4 in advance and causes the robot body 102 to perform
the operations in the operation blocks B1 to B4 in sequence. The calculation unit 123
of the robot controlling apparatus 101 of the robot 100C divides a series of operations
of the robot body 102 of the robot 100C into multiple (three in Fig. 2A) operation
blocks C1 to C3 in advance and causes the robot body 102 to perform the operations in
the operation blocks C1 to C3 in sequence. That is, when power is supplied from the
main power supply 105, the calculation units 123 of the robot controlling apparatus
101 of the robots 100A, 100B, and 100C function as operation controlling units
(described later) adapted to run based on a program.

In Fig. 2A, the calculation unit 123 of the robot controlling apparatus 101 of the
robot 100A divides the series of operations of the robot body 102 in such a way as to
equalize operation time of the robot body 102 among the operation blocks Al to AS.
Similarly, in Fig. 2A, the calculation unit 123 of the robot controlling apparatus 101 of
the robot 100B divides the series of operations of the robot body 102 in such a way as
to equalize operation time of the robot body 102 among the operation blocks B1 to B4.
Similarly, in Fig. 2A, the calculation unit 123 of the robot controlling apparatus 101 of
the robot 100C divides the series of operations of the robot body 102 in such a way as
to equalize operation time of the robot body 102 among the operation blocks C1 to C3.
In this way, the operation time of the robot body 102 is set to be equal among the
operation blocks.

Although the operation time of the robot body 102 is equal among the operation
blocks Al to AS, the amount of consumed electrical power of the robot 100A varies
among the operation blocks Al to AS. Therefore, the auxiliary power supply 107 of the
robot 100A is set to an electrical power capacity high enough to supply electrical
power to the robot 100A in the operation block in which the operation of the robot
body 102 consumes the largest amount of electrical power out of the operation blocks
Al to AS. The same is true for the auxiliary power supplies 107 of the robots 100B and
100C.

Consequently, when the robots 100A, 100B, and 100C operate simultaneously, starts
and ends of operation in operation blocks are timed properly among the robots, sta-
bilizing the motions of the robots.

Next, description will be given of a case in which the amount of consumed electrical
power is equalized instead of the operation time. Fig. 2B is an explanatory diagram
showing an example of division into operation blocks carried out in such a way as to
equalize the amount of consumed electrical power.

In Fig. 2B, the calculation unit 123 of the robot controlling apparatus 101 of the
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robot 100A divides the series of operations of the robot body 102 in such a way as to
equalize the amount of electrical power consumed by motions of the robot body 102
among the operation blocks Al to AS. Similarly, in Fig. 2B, the calculation unit 123 of
the robot controlling apparatus 101 of the robot 100B divides the series of operations
of the robot body 102 in such a way as to equalize the amount of electrical power
consumed by motions of the robot body 102 among the operation blocks B1 to B4.
Similarly, in Fig. 2B, the calculation unit 123 of the robot controlling apparatus 101 of
the robot 100C divides the series of operations of the robot body 102 in such a way as
to equalize the amount of electrical power consumed by motions of the robot body 102
among the operation blocks C1 to C3. In this way, although the operation time of the
robot body 102 varies among the operation blocks the amount of electrical power
consumed by the operation of the robot body 102 is set to be equal among the
operation blocks. Therefore, when the robot body 102 operates in the given operation
block after switching to the auxiliary power supply 107, the electrical power stored in
the auxiliary power supply 107 is used effectively.

A case in which the robots 100A, 100B, ... run on the power supplied from the main
power supply 105 has been described above, and description will be given below of
actions taken in case of a power failure of the main power supply 105 such as a voltage
drop or interruption.

Fig. 3 is a sequence diagram showing actions performed by the power supply
monitoring device 106, supply power switch-over unit 108, and robot controlling
apparatus 101 when the main power supply 105 fails and when the main power supply
105 is restored after the failure.

If a failure of the main power supply 105 is detected (S1), specifically, if the voltage
of the main power supply 105 falls below the threshold voltage, the power supply
monitoring device 106 outputs a power switch-over request to the supply power
switch-over unit 108, requesting the power supply to be switched from the main power
supply 105 to the auxiliary power supply 107 (S2). Upon receiving the power switch-
over request (S3), the supply power switch-over unit 108 switches the power supply
path from the main power supply 105 to the auxiliary power supply 107 (S4). Next, the
supply power switch-over unit 108 transmits an auxiliary-power-on signal to the robot
controlling apparatus 101, indicating that the power supply path has been switched to
the auxiliary power supply 107 (S5). Upon receiving the auxiliary-power-on signal
(S6), the robot controlling apparatus 101 carries out steps for dealing with a power
failure (described later).

Next, if it is detected that the main power supply 105 has been restored from the
failure (S11), specifically, if the voltage of the main power supply 105 rises above the

threshold voltage, the power supply monitoring device 106 outputs a power switch-
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over request to the supply power switch-over unit 108, requesting the power supply to
be switched from the auxiliary power supply 107 to the main power supply 105 (S12).

Upon receiving the power switch-over request (S13), the supply power switch-over
unit 108 switches the power supply path from the auxiliary power supply 107 to the
main power supply 105 (S14). Once the power supply is switched from the auxiliary
power supply 107 to the main power supply 105, the robot controlling apparatus 101
can perform processing using the main power supply 105 and the robot body 102 can
be driven by the main power supply 105. Next, the supply power switch-over unit 108
transmits an main-power-on signal to the robot controlling apparatus 101, indicating
that the power supply path has been switched to the main power supply 105 (S15).
Upon receiving the main-power-on signal (S16), the robot controlling apparatus 101
initializes internal variables and the like and then transmits a startup-complete signal
(S17). The supply power switch-over unit 108 receives the startup-complete signal
(S18). The supply power switch-over unit 108 counts a predetermined time-out period
after the switch over from the auxiliary power supply 107 to the main power supply
105. If there is no notification about completion of startup from the robot controlling
apparatus 101 within the predetermined period, the supply power switch-over unit 108
notifies the operator of a startup time error of the robot controlling apparatus 101.

Next, actions of the calculation unit 123 of the robot controlling apparatus 101 will
be described. Fig. 4 is a flowchart showing actions of the calculation unit 123 of the
robot controlling apparatus 101. The processes of the calculation unit 123 described
below are based on a program stored in the memory 124.

First, the calculation unit 123 divides a series of operations of the robot body 102
into multiple operation blocks in advance. Then, the calculation unit 123 reads the
operation data on one operation block to be handled out of the memory 124 (S21) and
causes the robot body 102 to start the operations in the operation block (S22). The cal-
culation unit 123 determines whether or not an auxiliary-power-on signal such as
described with reference to Fig. 3 has been received from the supply power switch-
over unit 108 (S23). If no auxiliary-power-on signal has been received (S23: No), the
calculation unit 123 determines whether or not the robot body 102 has finished the op-
erations in the current operation block (S24). If the operations have not been finished
(S24: No), the calculation unit 123 causes the robot body 102 to continue operation
until the operations in the operation block are finished, while waiting for an auxiliary-
power-on signal.

When the operations in the current operation block have been finished (S24: Yes),
the calculation unit 123 determines whether or not there is a next operation block
(S25). If there is a next operation block (S25: Yes), the calculation unit 123 reads the

operation data on the operation block out of the memory 124 (S21) and performs
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similar processes (S22 to S25). When the operations in all the operation blocks are
finished (S25: Yes), the calculation unit 123 finishes processing and waits until the
robot body 102 is caused to perform next operations.

Through process actions in steps S21 to S25, the calculation unit 123 causes the
robot body 102 to perform operations sequentially from one operation block to another
by drawing power from the main power supply 105 (operation controlling unit and
operation controlling step).

Next, if an auxiliary-power-on signal is received while the robot body 102 is working
(S23: Yes), the calculation unit 123 saves an operation block identifier in the memory
125 (S26), where the operation block identifier represents the operation block the robot
body 102 is currently working on. The reception of the auxiliary-power-on signal by
the calculation unit 123 means that the main power supply 105 has failed and has been
replaced by the auxiliary power supply 107. Consequently, the robot body 102 and
robot controlling apparatus 101 are running on the power supplied from the auxiliary
power supply 107.

Next, the calculation unit 123 causes the robot body 102 to continue operation using
the power supplied from the auxiliary power supply 107 until the operation block
being processed at the time of the failure of the main power supply 105 out of the
multiple operation blocks is finished (S27: operation continuing unit and operation
continuing step).

Next, when the operation block being processed at the time of the failure of the main
power supply 105 is finished, the calculation unit 123 causes the robot body 102 to
stop operation until the main power supply 105 is restored from the failure (S28:
operation stopping unit and operation stopping step). When causing the robot body 102
to stop operation, the calculation unit 123 may put the robot body 102 on standby in a
predetermined posture to ensure that operation can be resumed quickly when the main
power supply 105 is restored.

The calculation unit 123 causes the robot body 102 to stop operation until a main-
power-on signal is received (S29: No), but upon receiving a main-power-on signal
(S29: Yes), the calculation unit 123 reads the operation block identifier saved in the
memory 125 (S30). Next, in order to cause the robot body 102 to resume operation by
beginning with the operation block next to the operation block finished in step S27, the
calculation unit 123 identifies a next operation block based on the read operation block
identifier and reads the operation data on the next operation block (S31). Since the cal-
culation unit 123 has received a main-power-on signal, the main power supply 105 has
been restored from the failure, and thus the robot body 102 and robot controlling
apparatus 101 run on the power supplied from the main power supply 105.

Before causing the robot body 102 to resume operation in the next operation block,
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the calculation unit 123 corrects work position coordinates and a robot motion
trajectory according to the workpiece conditions detected by the vision camera 103
(S32). Also, when multiple robots perform collaborative work, time adjustments may
be made, for example, by providing wait times. If no such correction process is
necessary, step S32 may be omitted.

After going through steps S30, S31, and S32, the calculation unit 123 causes the
robot body 102 to resume operation by beginning with the operation block next to the
operation block finished in step S27 (S22). The processing steps of S30, S31, and S22
make up an operation resuming step of causing the robot body 102 to resume
operation. The process actions of the calculation unit 123 described above eliminate
the need for the operator to perform a restoration operation directly.

Thus, according to the present embodiment, when the main power supply 105 fails,
the robot body 102 is stopped after the operations in the operation block are finished.
This eliminates the need to detect and memorize the posture of the robot body 102 and
position of the workpiece even if the operation of the robot body 102 stops due to a
power failure. Also, there is no need to prepare recovery programs which can deal with
every possible posture of the robot body 102. Furthermore, according to the present
embodiment, the robot body 102 is caused to assume a predetermined posture before
restoration of the main power supply 105, eliminating the need to return the robot body
102 to its initial posture when the failed main power supply 105 is restored. After
restoration of the main power supply 105, the robot body 102 is caused to resume
operation by beginning with the operation block next to the finished operation block.
This allows the robot body 102 to resume operation quickly, making it possible to
increase throughput of the production line using simple control.

The present invention has been described by referring to the above embodiment, but
the present invention is not limited to this. Although in the above embodiment, the
robot body is caused to assume a predetermined posture in step S28 when the main
power supply fails, this is not restrictive. Although the operations in the next operation
block can be performed quickly in a more reliable manner if the robot body is caused
to assume a predetermined posture, as long as the operations in the next operation
block can be performed quickly, the robot body may be stopped in any posture, such as
a posture in which the robot body has finished operation.

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2011-020569,



12

WO 2012/105194 PCT/JP2012/000488

filed February 2, 2011, which is hereby incorporated by reference herein in its entirety.
Reference Signs List
[0051] 101 Robot controlling apparatus
102 Robot body
105 Main power supply
107 Auxiliary power supply
123 Calculation unit (operation controlling unit, operation continuing unit, operation

stopping unit)
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Claims

A robot controlling apparatus for controlling a robot body which runs
on power supplied from an auxiliary power supply when a main power
supply fails, the robot controlling apparatus comprising:

an operation controlling unit adapted to divide a series of operations of
the robot body into a plurality of operation blocks in advance and cause
the robot body to perform operations sequentially from one operation
block to another using power supplied from the main power supply;

an operation continuing unit adapted to cause the robot body to
continue operation using the power supplied from the auxiliary power
supply, even if the main power supply fails, until the operation block
being processed at the time of the failure of the main power supply out
of the plurality of operation blocks is finished; and

an operation stopping unit adapted to cause the robot body to stop
operation, when the operation block being processed at the time of the
failure of the main power supply is finished, until the main power
supply is restored from the failure, wherein

when the main power supply is restored from the failure, the operation
controlling unit causes the robot body to resume operation beginning
with an operation block next to the operation block caused by the
operation continuing unit to be completed by the robot body.

The robot controlling apparatus according to claim 1, wherein when the
robot body stops operation, the operation stopping unit causes the robot
body to assume a predetermined posture.

The robot controlling apparatus according to claim 1 or 2, wherein the
operation controlling unit divides the series of operations of the robot
body so as to equalize operation time of the robot body among the
operation blocks.

The robot controlling apparatus according to claim 1 or 2, wherein the
operation controlling unit divides the series of operations of the robot
body so as to equalize an amount of electrical power consumed by
motions of the robot body among the operation blocks.

A robot controlling method for controlling a robot body which runs on
power supplied from an auxiliary power supply when a main power
supply fails, the robot controlling method comprising:

dividing a series of operations of the robot body into a plurality of

operation blocks in advance and causing the robot body to perform op-
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erations sequentially from one operation block to another using power
supplied from the main power supply;

causing the robot body to continue operation using the power supplied
from the auxiliary power supply, even if the main power supply fails,
until the operation block being processed at the time of the failure of
the main power supply out of the plurality of operation blocks is
finished;

causing the robot body to stop operation, when the operation block
being processed at the time of the failure of the main power supply is
finished, until the main power supply is restored from the failure; and
causing the robot body to resume operation, when the main power
supply is restored from the failure, beginning with an operation block
next to the operation block completed so far by the robot body.

[Claim 6] The robot controlling method according to claim 5, wherein when the
robot body stops operation, the robot body is caused to assume a prede-
termined posture.

[Claim 7] The robot controlling method according to claim 5 or 6, wherein
operation time of the robot body is equal among the operation blocks.

[Claim 8] The robot controlling method according to claim 5 or 6, wherein an
amount of electrical power consumed by operation of the robot body is

equal among the operation blocks.



PCT/JP2012/000488

1/5

P —— e ——————

WO 2012/105194

[Fig. 1A]

oﬂ o B ®@
) _ L L aamouvo
Q [ Aiowaw | ol
INNONID3Ea] |~ NN _ Nos  —tol
NOILISOd NOLLYINDT¥D !
T
gamioanod | |
SNOLLYIINWWOO [T 72 T,
oo 1|
A1ddns ¥3mod m \\ \\ \
el SVim Ze NOLVID MO 9l LINWONTHOLINOW] | —ec)
Pl aonan 1| == _ | ( V00
= 1 | = 7
INAONILOA3A ] LINN z=| | onm HI|S N
NOWSOd ™[] Noi¥inowo 22| || |0 siOlvONIARo|T 5"
(@]
5\@'\& N o AONEH H | ° LN LNDHD |-
vl | gamioainod L I = Kgens | | ATddnS ¥IMOd
/] SNOILYOINNWINOD ANOWAN Hd e 43IM0Od f
crl LNOdD T = AvIIXNY ¢ 1GL g
Al xddnS ¥3mod . 2| ! w 7 901 504
19 S T
........ - 7 7 p 80, L0}
201 o7l scb Wk b 1w gl ol
\ | vl 'Ol
" L Ol



2/5

PCT/JP2012/000488

WO 2012/105194

[Fig. 1B]

lllllllll

| Aowaw

1INN ONILD3130
NOILISOd

1INN
NOLLYINI YD

| (W—

H  ¥3ANG

dITIOHINOD
SNOLLYOINNIWWOD

LNog0
AlddNS ¥3M0d

[ Adowaw

LINN ONILD3130
NOILISOd

1INN
NOLLYINO 1Y)

||||||||||||||||||||

7

H u3ANG

|

JITIOHINOD
SNOILYOINNAWOD

1INOYI0
AlddNS HImod

— ¥ITIOHINGD ~_ 01
VHINYD
NOISIA [0}
2 1IN |
mm NOLYINO WD
< | —
22| [ wonan H|5 LNN
=1 3| ||10dIN0o
=5 o
30 _ O
S 23 o
riow_H|
o }
Eo__\ﬁ_\,_ e T~ B0
o ABVIIXNY
2l [/ 7
801 10

\

L0}

®®



A

PCT/JP2012/000488

OPERATIONS
OF ROBOT 100C

€2 40074
NOILVH3dO
220714
NOILYY3dO

1300019
NOILVH3dO

OPERATIONS
OF ROBOT 100C

£IM0018 -
...... NOLLV3dO |
¢o 10014
NOILLYH3d0

1 M2018
NOILY43d0

3/5

OPERATIONS
OF ROBOT 100B

¥8 X004
NOLLYY3dO

€9 %0014
NOILYH3dO

¢g 00714
NOLLYY3dO

}g Y0074
NOILYH3dO

OPERATIONS
OF ROBOT 100B

TIME

g ¥0014d
NOILVH3dO

€8 %0074
NOILYH3dO
¢gd Y0074
NOILvH3dO

|||||||||||||||||||||||||||||

18 100714
NOLLYY3dO

OPERATIONS
OF ROBOT 100A

WO 2012/105194

[Fig. 2A]

G¥ X004
NOILVYH3dO
¥ 0014
NOILVY3dO
€Y 10014
NOILYH3d0

¢y 10014
NOILVH3dO
}¥YX0014
NOILVY3dO

OPERATIONS
OF ROBOT 100A

Gy 0014
NOILYHd3dO

$Y %0078
NOILY43dO
....... Y01 |
NOILv¥3dO0

LY Y0014
NOILVd3dO

[Fig. 2B]

TIME




4/5

WO 2012/105194 PCT/JP2012/000488
[Fig. 3]
POWER SUPPLY SUPPLY POWER ROBOT CONTROLLING
MONITORING DEVICE SWITCH-OVER UNIT APPARATUS
| | |
DETECT FALUREOF | g1 | |
MAIN POWER SUPPLY | |
I POWER i |
SWITCH-OVER
TRANSMIT POWER / ~ REQUEST / RECEIVE POWER |
SWITCH-OVER SWITCH-OVER S3 :
REQUEST REQUEST |
I \ A |
. 82
| SWITCH TOAUXILIARY | g4 |
POWER SUPPLY S6
| AUXILIARY- |
| POWER-ON L
. TRANS T SIGNAL RECEIVE
| AUXILIARY-POWER- AUXILIARY-POWER-
- ON SIGNAL ON SIGNAL
| S
| | S5 I
S11 i
> |
DETECT RESTORATION | |
OF MAIN POWER SUPPLY l 13 |
POWER y i
! SWITCH-OVER |
TRANSMIT POWER /'~ REQUEST RECEIVE POWER |
SWITCH-OVER SWITCH-OVER
REQUEST REQUEST 1 4 |
| \3\12 . |
SWITCH TO MAIN POWER SUPPLY | 1 5
l

|
|
|
|
|
|
|
|
|

315 TRANSMIT MAIN-
POWER-ON SIGNAL
RECEIVE

STARTUP-
\7éOMPLETE SIGNAL

518

MAIN-POWER-

ON SIGNAL
POWER-ON SIGNAL

RECEIVE MAIN-

STARTUP-
COMPLETE
SIGNAL TRANSMITS
STARTUP-
COMPLETE SIGNAL

S17



5/5

WO 2012/105194 PCT/JP2012/000488

[Fig. 4]

( STRT )

-

Yy
READ OPERATIONDATA  |—~— 9521

A

/

START OPERATIONS OF
OPERATIONBLOCK . [ S22

/

S23

AUXILIARY-
POWER-ON SIGNAL
RECEIVED?

YES

Y

SAVE OPERATION | 526
BLOCK IDENTIFIER

/

OPERATIONS
IN CURRENT OPERATION
BLOCK FINISHED?

\

S27

OPERATIONS
IN CURRENT OPERATION
BLOCK FINISHED?

S25

OPERATIONS
IN ALL OPERATION BLOCKS
FINISHED?

NO

STOP PROCESSING S28

y

MAIN-
POWER-ON SIGNAL
RECEIVED?

S29

READ OPERATION  |~_830
BLOCK IDENTIFIER

Y
READ OPERATION DATA [~ S31

Y
CORRECT WORK POSITION f~—S32

|




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2012/000488

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO5B19/4067
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO5B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, COMPENDEX, INSPEC, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X FR 2 895 927 Al (ESSILOR INT [FR]) 1,2,5,6
13 July 2007 (2007-07-13)
A abstract; figure 1 3,4,7,8
page 3, line 6 - page 4, line 6
page 5, line 27 - page 6, line 24
page 8, lines 7-10
page 19, line 23 - page 20, line 33
claims 1,10
A WO 2010/069369 Al (ABB RESEARCH LTD [CH]; 1-8
LUNDBERG IVAN [SE]; MELLANDER ROGER [SE];
ZELAY) 24 June 2010 (2010-06-24)
the whole document
A US 6 356 806 B1 (GROB FRANZ [DE] ET AL) 1-8
12 March 2002 (2002-03-12)
the whole document
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

24 May 2012

Date of mailing of the international search report

13/07/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schriefl, Josef

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/JP2012/000488

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DE 40 31 057 Al (RIETER AG MASCHF [CH])
25 April 1991 (1991-04-25)

the whole document

WO 2005/091112 Al (ABB AB [SE]; DHARMASIRI
RANJITH [SE])

29 September 2005 (2005-09-29)

the whole document

EP 1 247 622 A2 (ELAN SCHALTELEMENTE GMBH
& CO [DE]; REIS GMBH & CO MASCHINENFABRIK
[DE) 9 October 2002 (2002-10-09)

the whole document

1-8

1-8

1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/JP2012/000488
Patent document Publication Patent family Publication
cited in search report date member(s) date
FR 2895927 Al 13-07-2007  NONE
WO 2010069369 Al 24-06-2010 CN 102256755 A 23-11-2011
EP 2379286 Al 26-10-2011
US 2012059516 Al 08-03-2012
WO 2010069369 Al 24-06-2010
US 6356806 Bl 12-03-2002 DE 19857436 Al 21-06-2000
EP 1011035 A2 21-06-2000
Us 6356806 Bl 12-03-2002
DE 4031057 Al 25-04-1991 CH 680116 A5 30-06-1992
DE 4031057 Al 25-04-1991
WO 2005091112 Al 29-09-2005  NONE
EP 1247622 A2 09-10-2002  EP 1239354 Al 11-09-2002
EP 1247622 A2 09-10-2002
EP 1267234 A2 18-12-2002

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

