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(54) Title: FORCE SENSOR CORRECTING METHOD

FIG. 1

(57) Abstract: The present invention provides a force sensor correcting method which is simple and capable of performing correc
tion, with the force sensor remaining mounted at the end of an arm without an exchange of an end effector. In the present inven

o
© tion, a force sensor 1 of one robot 101 has already been corrected, and a force sensor 2 of the other robot 102 is an object to be

corrected. First, hands 3a, 3b of a pair of robots 101, 102 are made to abut on each other (abutting step). A detected signal of the
corrected force sensor 1 of the one robot 101, generated by execution of the abutting step, is converted into a measured value indi

o cating a force or a moment (measurement step). Based on the measured value obtained in the measurement step, a value indicating
a force or a moment acting on the hand 3b of the other robot 102 due to a reaction generated by the abutting step is obtained (cal

o culation step). The conversion data is updated such that a detected signal, outputted by the force sensor 2 as the object to be cor
rected of the other robot 102 in the abutting step, is converted into an identical value to the value indicating the force or the m o
ment obtained in the calculation step (correction step).



DESCRIPTION
FORCE SENSOR CORRECTING METHOD

Technical Field
[0001] he present invention relates to a correcting method

for a force sensor mounted in a robot in a robot system.

Background Art
[0002] here is known an industrial robot system which

includes a robot provided with an end effector such as

a hand at the end of an arm via a force sensor. In

this kind of robot system, in the case of the robot

performing assembly of parts, a force or a moment

component generated at a wrist portion at the time of

an assembly operation is detected by the force sensor,

to control a posture of the robot including the hand.

[0003] t the manufacturing stage of a force sensor,

variations in output with respect to an external force

occur, and hence the output needs to be corrected.

Therefore, when the sensor is a six-axis force sensor,

respective axes, such as forces Fx, Fy, Fz and moments

Mx, My, Mz, are provided with a force by means of

weights or the like, to perform correction based on the

outputs. This corrected force sensor is mounted on the

arm and used.

[000 ]Meanwhile, when the robot mounted with the force sensor

is in use, an excessive load may be erroneously applied,

to cause occurrence of plastic deformation or the like,

thereby leading to lower measurement accuracy. In that

case, what has been done is to temporarily remove the

force sensor from the arm and perform a re-correction

operation, which requires time and trouble. As opposed

to this, there has been proposed one that corrects a

force sensor in a mounted state (see PTL 1 ) . In PTL 1 ,

first, reference data is previously acquired when the

force sensor is normally functioning. Then, when the

force sensor needs to be corrected, the correction is



performed such that a posture of a robot is changed in

a predetermined pattern, thereby to change a posture of

the force sensor and obtain a changed amount of an

output signal of the force sensor, which is compared

with reference data and then updated. It is described

that by the above manner, the correction can be

performed with the force sensor remaining mounted in

the robot .

[0005 ]However , in the foregoing conventional correcting

method, the reference data needs to be acquired

beforehand. Further, there has been a problem in that,

when an end effector provided at the end of the arm is

not the end effector at the time of acquiring the

reference data, the end effector has to be exchanged,

which requires time and trouble.

[0006] In recent years, a robot system provided with a pair of

robots set so as to perform collaboration work has been

proposed and a method for correcting a force sensor in

a simpler manner in the case of a large number of

robots has been desired.

[0007 ]Therefore, an object of the present invention is to

provide a force sensor correcting method which is

simple and capable of performing correction, with the

force sensor remaining mounted at the end of an arm

without an exchange of an end effector.

Citation List
Patent Literature

[0008]PTL 1 : Japanese Patent Application Laid-Open No. Hll-

237296

Summary of Invention
[0009] he present invention is a force sensor correcting

method in a robot system which includes a pair of

robots each having an arm and an end effector provided

at the end of the arm via a force sensor, the method

including an abutting step of making the end effectors

of the pair of robots abut on each other, a measurement



step of obtaining a first detected signal of the force

sensor of one robot and a second detected signal of the

force sensor of the other robot, generated by execution

of the abutting step, and a correction step of updating

conversion data of the other robot, which converts the

second detected signal, outputted by the force sensor

of the other robot, into a value indicating a force or

a moment such that the second detected signal is

converted into an identical value to a value indicating

a force or a moment based on the first detected signal

of the force sensor of the one robot.

[0010 ]According to the present invention, since the force

sensor as an object to be corrected is corrected with

the corrected force sensor taken as a reference, it is

neither necessary to mount the end effector as a

reference and acquire reference data beforehand, nor to

exchange the end effector, thereby facilitating the

correction.

[0011] Further features of the present invention will become

apparent from the following description of exemplary

embodiments with reference to the attached drawings.

Brief Description of Drawings
[0012] [Fig. l]Fig. 1 is an illustrative view showing a

schematic configuration of a robot system according to

an embodiment of the present invention.

[Fig. 2A]Fig. 2A is a view showing an example of a

correcting method for a force Fx(Fy) in the force

sensor .

[Fig. 2B]Fig. 2B is a view showing an example of a

correcting method of a moment My(Mx) in the force

sensor.

[Fig. 2C]Fig. 2C is a view showing an example of a

correcting method for a force Fz in the force sensor.

[Fig. 2D] Fig. 2D is a view showing an example of a

correcting method of a moment Mz in the force sensor.

[Fig. 3A]Fig. 3A is a view showing an example of a



correcting method for correcting the force Fz of the

force sensor as an object to be corrected by use of the

force Fx acting on the corrected force sensor in the

force sensors in another embodiment.

[Fig. 3B]Fig. 3B is a view showing an example of a

correcting method for correcting the moment My of the

force sensor as the object to be corrected by use of

the force Fx acting on the corrected force sensor in

the force sensors in another embodiment.

[Fig. 4 ]Fig. 4 is an illustrative view showing a

schematic configuration of a robot system according to

still another embodiment of the present invention.

[Fig. 5A]Fig. 5A is a view showing a state before

position correction of the robot is performed in

correction of the force sensor.

[Fig. 5B]Fig. 5B is a view showing a state after the

position correction of the robot has been performed in

the correction of the force sensor.

[Fig. 6A]Fig. A is a view showing a state before

position correction of the robot is performed in

correction of the force sensor in still another

embodiment .

[Fig. 6B]Fig. B is a view showing a state after the

position correction of the robot has been performed in

the correction of the force sensor in still another

embodiment .

Description of Embodiments
Thereinafter , an embodiment of the present invention

will be described in detail with reference to the

drawings. Fig. 1 is an illustrative view showing a

schematic configuration of a robot system according to

an embodiment of the present invention. As shown in

Fig. 1 , a robot system 100 includes a pair of robots

101, 102. Using the pair of robots 101, 102 enables a

collaboration work. The pair of robots 101, 102 has an

identical configuration, and is provided on a



horizontal surface of a rack 200, plane-symmetrically

to a virtual vertical surface P . One robot 101 has a

multi-joint arm 4a, and a hand 3a as an end effector

fitted to the end (wrist part) of the arm 4a via a

force sensor 1 . Further, the other robot 102 has a

multi- joint arm 4b, and a hand 3b as an end effector

fitted to the end (wrist part) of the arm 4b via a

force sensor 2 . Base ends of the respective arms 4a,

4b are fixed to the horizontal surface of the rack 200.

The respective arms 4a, 4b are multi-joint ones each

having a horizontal joint, a vertical joint, and the

like, and each joint is provided with a driving unit

such as a motor, not shown. Further, the robot system

100 includes a force measuring device 5 , a robot

controlling device 6 , and a controller 7 .

[0014] The force sensors 1 , 2 are, for example, six-axis force

sensors, and ones for detecting mutually orthogonal

three force components Fx, Fy, Fz, and three moments Mx,

My, Mz around the axes thereof. The respective force

sensors 1 , 2 have a plurality of detecting elements,

not shown, and voltages as detected signals dl, d2 are

outputted from the respective detecting elements.

Hereinafter, the voltage outputted by the force sensor

1 is referred to as a first detected signal dl, and the

voltage outputted by the force sensor 2 as a second

detected signal d2 .

[0015] The first detected signal dl and the second detected

signal d2 are inputted into the force measuring device

5 . The force measuring device 5 has a calculating unit

51 that performs calculation to convert the inputted

first detected signal dl into a first measured value Dl

as a value indicating a force or a moment based on

first conversion data cl. Further, the force measuring

device 5 has a storing unit 52 that stores the first

conversion data cl to convert the first detected signal

dl into the first measured value Dl . That is, the



calculating unit 51 reads the first conversion data cl

from the storing unit 52, to convert the first detected

signal dl into the first measured value Dl . Further,

the calculating unit 51 of the force measuring device 5

performs calculation to convert the inputted second

detected signal d2 into a second measured value D2 as a

value indicating a force or a moment based on second

conversion data c2 . Moreover, the storing unit 52 of

the force measuring device 5 stores the second

conversion data c2 to convert the second detected

signal d2 into a second measured value D2 . That is,

the calculating unit 51 reads the second conversion

data c2 from the storing unit 52, to convert the second

detected signal d2 into the second measured value D2 .

The conversion data cl, c2 stored in the storing unit

52 are conversion parameters, such as a matrix, a

conversion equation, a conversion table, and the like,

for converting, for example, voltage values indicating

the detected signals dl, d2 into the measured values Dl,

D2 indicating a force or a moment.

[0016] The controller 7 serves to exercise control all over

the system, and based on the respective inputted

measured values Dl, D2, operation commands il, i2 to

the respective robots 101, 102 are outputted to the

robot controlling device . The robot controlling

device is one that supplies currents II, 12

corresponding to the operation command il, i2 to the

motors, not shown, provided in the robots 101, 102, to

actuate the motors so as to actuate the robots 101, 102.

[0017 ]Incidentally , there are cases where the force sensors 1 ,

2 deteriorate due to an excessive load or a secular

change, to cause lower accuracy, thus requiring

correction. In the present embodiment, the force

sensor 1 is the corrected force sensor, and the force

sensor 2 is the force sensor as the object to be

corrected. Herein, the corrected force sensor is a



force sensor that has hardly deteriorated due to an

excessive load or a secular change, and holds its

accuracy. The force sensor 2 is a force sensor that

has deteriorated due to an excessive load or a secular

change, and is suspected to have lower accuracy.

Hereinafter, there will be described a correcting

method for the force sensor that updates the conversion

data c2 for converting the detected signal d2,

outputted by the force sensor 2 as the object to be

corrected, into a value indicating force or a moment.

[0018] Figs. 2A to 2D are views for illustrating the

correcting method for the force sensor 2 . Herein, the

force sensors 1 , 2 will be described as six-axis force

sensors each being capable of detecting the force Fx in

an X-axis direction, the force Fy i a Y-axis direction,

the force Fz in a Z-axis direction, the moment Mx in

the X-axis direction, the moment My in the Y-axis

direction, and the moment Mz in the Z-axis direction.

1. Correcting method for force F (Fy)

[0019] Fig. 2A shows an example of a correcting method for the

force Fx(Fy). First, the controller 7 actuates the

pair of robots 101, 102 such that the hands 3a, 3b as

the respective end effectors of the robots 101, 102

abut on each other via the robot controlling device

(abutting step) . In this case, the pair of robots 101,

102 are activated such that the respective robots 101,

102 have plane-symmetrical postures with respect to a

Y-Z plane (virtual plane) PI. Then, the robot 101 is

moved in the X direction and the robot 102 is moved in

the -X direction, to bring the hands 3a, 3b into

contact with each other. At that time, magnitudes of

the force Fx in the X-axis direction that occur in the

force sensors 1 , 2 are identical according to the law

of action and reaction.

[0020] Next, the calculating unit 51 of the force measuring

device 5 converts the detected signal dl of the



corrected force sensor 1 of the one robot 101,

generated by execution of the abutting step, into the

measured value Dl indicating the force Fx by use of the

conversion data cl (measurement step) . In the case of

Fig. 2A, the measured value Dl is -fx.

[0021] ext, based on the measured value Dl obtained in the

measurement step, the calculating unit 51 of the force

measuring device 5 obtains a value fx indicating the

force Fx acting on the hand 3b of the other robot 102

due to a reaction generated by the abutting step

(calculation step) . Specifically, since the measured

value Dl is -fx and fx is acting on the hand 3b by the

reaction, the calculating unit 51 performs calculation

for inverting the sign of the measured value Dl,

thereby to obtain the value fx.

[0022] ext, the calculating unit 51 of the force measuring

device 5 updates conversion data c2 such that a

detected signal d2, outputted by the force sensor 2 of

the other robot 102 in the abutting step, is converted

into an identical value to the value fx indicating the

force Fx, obtained in the calculation step (correction

step) . Thereby, the force Fx of the force sensor 2 is

corrected. Further, it is found that, when the arms 4a,

4b are rotated by 90° in the Z-axis direction, the

force Fy of the force sensor 2 can also be corrected in

the same manner as above.

2. Correcting method for moment M (Mx)

[0023] ig . 2B shows an example of a correcting method for the

moment My(Mx). In this case, as the abutting step, the

robot 101 having the hand 3a mounted with the corrected

force sensor 1 and the robot 102 having the hand 3b

mounted with the force sensor 2 as the object to be

corrected are moved so as to have plane-symmetrical

postures at a predetermined angle with respect to the

Y-Z plane PI. The arm 4a is moved in the X direction

and the arm 4b is moved in the -X direction, to bring



the hands 3a, 3b of both arms into contact with each

other. With the contact having the predetermined angle,

the force is generated in a place distant from the

mounting surfaces of the force sensors 1 , 2 , and

thereby, a moment -my is detected by the force sensor 1 .

Hereinafter, it is found that Mx and My can be

corrected in the same manner as (1. Correcting method

for Fx (Fy) ).

[0024] hat is, the calculating unit 51 of the force measuring

device 5 converts the detected signal dl of the

corrected force sensor 1 of the one robot 101,

generated by execution of the abutting step, into the

measured value Dl(-my) indicating the moment My by use

of the conversion data cl (measurement step). Next,

based on the measured value Dl obtained in the

measurement step, the calculating unit 51 of the force

measuring device 5 obtains a value my indicating the

moment My acting on the hand 3b of the other robot 102

due to a reaction generated by the abutting step

(calculation step) . Next, the calculating unit 51 of

the force measuring device 5 updates the conversion

data c2 such that the detected signal d2, outputted by

the force sensor 2 of the other robot 102 in the

abutting step, is converted into an identical value to

the value my indicating the moment My, obtained in the

calculation step (correction step) . Thereby, the

moment My of the force sensor 2 has been corrected.

This also applies to the moment Mx.

3. Correcting method for force Fz and moment Mz
[0025] Fig. 2C shows an example of a correcting method for the

force Fz, and Fig. 2D shows an example of a correcting

method for the moment Mz. In this case, as the

abutting step, the robot 101 having the hand 3a mounted

with the corrected force sensor 1 and the robot 102

having the hand 3b mounted with the force sensor 2 as

the object to be corrected are moved so as to have



plane-symmetrical postures with respect to an X-Y plane

(virtual plane) P2 . Correction of the force Fz is

performed by moving the arm 4a in a Z direction and the

arm 4b in a -Z direction, to generate a force of Fz.

Correction of the moment z is performed such that, for

example in the six-axis vertical multi-joint, a portion

corresponding to an axis J6 is rotated, to generate a

force of Mz.

[0026] Hereinafter, according to the present embodiment, the

force sensor 2 as the object to be corrected is

corrected with the corrected force sensor 1 taken as a

reference. . Therefore, at the time of correcting the

force sensor 2 , it is neither necessary to fit an end

effector as a reference for acquiring reference data

beforehand, nor to exchange the end effector.

Accordingly, correction of the force sensor 2 is

simplified, and the force sensor 2 can be corrected

with high accuracy while remaining mounted at the end

of the arm 4b.

[0027] t is to be noted that, although the Y-Z plane (virtual

plane) PI and the X-Y plane (virtual plane) P2 are

considered as different virtual planes, they may be an

identical virtual plane, and in this case, it may be

the virtual vertical plane P shown in Fig. 1 .

[0028 ]Herein, changes in the end effector and the arm, or the

like, may occur due to a change in production process,

or the like. When lengths of the end effector and the

arm change, a contact point may be displaced from an

assumed one, thereby leading to lower correction

accuracy. As a countermeasure against that, shapes of

the end effector and the arm may be included in the

parameters of the robot controlling device and position

correction may then be performed, but it requires time

and trouble.

[0029] Accordingly, in the present embodiment, as shown in Fig.

1 and Figs. 2A to 2D, the robot 101 mounted with the



corrected force sensor 1 and the robot 102 mounted with

the force sensor 2 as the object to be corrected are

made to have plane-symmetrical postures with respect to

the virtual vertical plane P , thereby bringing the

hands 3a, 3b into contact with each other. Even when

shapes of the hand 3a (3b) and the arm 4a (4b) are

changed, the contact positions become plane-symmetrical,

thereby facilitating the correction regardless of the

shapes of the hand 3a (3b) and the arm 4a (4b). From the

above, it is found possible to provide a simple method

in which the force sensor 2 can be corrected while

remaining mounted in the robot 102.

[0030] ext, there will be described a correcting method for

the force sensor 2 as the object to be corrected in

another embodiment. The correcting method shown so far

has been a method for the force sensors 1 , 2 with the

same axis. However, the method is not restricted

thereto, but correction of the force sensor 2 is

possible so long as a force or a moment acting on the

force sensor 2 as the object to be corrected can be

measured.

[0031] Figs. 3A and 3B are views each showing the correcting

method for the force sensor 2 in another embodiment.

Hereinafter, a description will be given with reference

to Figs. 3A and 3B. Fig. 3A shows an example of a

correcting method for the force Fz of the force sensor

2 as the object to be corrected by use of the force Fx

acting on the corrected force sensor 1 . As the

abutting step, the hand 3a mounted with the corrected

force sensor 1 and the hand 3b mounted with the force

sensor 2 as the object to be corrected are moved so as

to be orthogonal to each other. Then, the arm 4a is

moved in the -Z direction and the arm 4b is moved in

the Z direction, to bring the hands 3a, 3b into contact

with each other. Thereby, a force of -fx is generated

in the corrected force sensor 1 , and the force fz with



the same magnitude as fx is generated in the force

sensor 2 as the object to be corrected. This is used

to correct the force sensor 2 .

[0032 ]Specif ically describing, the calculating unit 51 of the

force measuring device 5 converts the detected signal

dl of the corrected force sensor 1 of the one robot 101,

generated by execution of the abutting step, into the

measured value Dl(-fx) indicating the force Fx by use

of the conversion data cl (measurement step). Next,

based on the measured value Dl(-fx) obtained in the

measurement step, the calculating unit 51 of the force

measuring device 5 obtains a value fz indicating the

force Fz acting on the hand 3b of the other robot 102

due to a reaction generated by the abutting step

(calculation step) . Next, the calculating unit 51 of

the force measuring device 5 updates conversion data c2

such that the detected signal d2, outputted by the

force sensor 2 of the other robot 102 in the abutting

step, is converted into an identical value to the value

fz indicating the force Fz obtained in the calculation

step (correction step) .

[0033] ext, Fig. 3B shows an example of a correcting method

for the moment My of the force sensor 2 as the object

to be corrected through use of the force Fx on the

corrected force sensor 1 . As the abutting step, the

hand 3a mounted with the corrected force sensor 1 and

the hand 3b mounted with the force sensor 2 as the

object to be corrected are moved so as to be orthogonal

to each other. Then, the arm 4a is moved in the X

direction and the arm 4b is moved in the -X direction,

to bring the ends of the hands 3a, 3b into contact with

each other. Thereby, the force Fz with the value fz is

generated in the corrected force sensor 1 , and the

moment My with the value my is generated in the force

sensor 2 as the object to be corrected. The magnitude

of the value my of the moment My is: my = fz.x L , where



the length of the hand 3b is L . This is used to

correct the force sensor 2 .

[0034] Specif ically describing, the calculating unit 51 of the

force measuring device 5 converts the detected signal

dl of the corrected force sensor 1 of the one robot 101,

generated by execution of the abutting step, into the

measured value Dl(fz) indicating the force Fz by use of

the conversion data cl (measurement step). Next, based

on the measured value Dl(fz) obtained in the

measurement step, the calculating unit 51 of the force

measuring device 5 obtains, by calculation of my = fz x

L , the value my indicating the moment My acting on the

hand 3b of the other robot 102 due to a reaction

generated by the abutting step (calculation step) .

Next, the calculating unit 51 of the force measuring

device 5 updates the conversion data c2 such that the

detected signal d2, outputted by the force sensor 2 of

the other robot 102 in the abutting step, is converted

into an identical value to the value my indicating the

moment My obtained in the calculation step (correction

step) . In such a manner, when the sensor is the six-

axis sensor, there can be performed 3 (= 6 x 6 )

different correcting methods.

[0035] ext, a correcting method for the force sensor in still

another embodiment will be described. In this

embodiment, position correction by means of a camera is

used to correct the force sensor 2 as the object to be

corrected. Fig. 4 is an illustrative view showing a

schematic configuration of a robot system according to

still another embodiment of the present invention. In

the arm made up of a horizontal multi-joint, a vertical

multi-joint, and the like, an error might occur with

respect to a position command from the robot

controlling device. Thereat, a robot system 100A shown

in Fig. 4 includes similar devices to the respective

devices shown in the robot system 100 of Fig. 1 , and



also includes a vision measuring device 9 that performs

processing on a camera 8 and an image taken by the

camera 8.

[0036] Figs. 5A and 5B are views for illustrating a correcting

method for the force sensor, where Fig. 5A shows a

state before position correction of the robots 101, 102

is performed, and Fig. 5B shows a state after position

correction of the robots 101, 102 has been performed.

In the abutting step, as shown in Fig. 5A, the hand 3a

and the hand 3b may be displaced from a predetermined

corrected position. Thereat, the camera 8 is used to

perform position correction of the respective robots

101, 102 in the following procedure.

[0037] n the abutting step, first, the hands 3a, 3b of the

pair of robots 101, 102 are imaged by the camera 8 , to

acquire images. The vision measuring device 9

processes the image transmitted from the camera 8 , to

calculate an error from the predetermined corrected

position. That calculation result is transmitted to

the controller 7 , and position commands are given to

the arms 4a, 4b through the robot controlling device 6 ,

to perform position correction of the pair of robots

101, 102. Once again, images of the hands 3a, 3b are

acquired with the camera 8 , and when an error from the

predetermined correcting position is within an

allowable range, the position correcting operation is

completed. Then, as shown in Fig. 5B, the hands 3a, 3b

of the pair of robots 101, 102 are made to abut on each

other. It should be noted that the measurement step,

the calculation step and the correction step are

similar to in the foregoing embodiments, and

descriptions thereof thus will not be repeated.

[0038] n such a manner, correction including position

correction of the hands 3a, 3b and the arms 4a, 4b with

the camera 8 is performed, to make it possible to

execute the correction operation for the force sensor 2



with higher accuracy.

[0039] ext, a correcting method for the force sensor in still

another embodiment will be described. Figs. 6A and B

are views for illustrating a correcting method for the

force sensor in still another embodiment, where Fig. A

shows a state before position correction of the robots

101, 102 is performed, and Fig. 6B shows a state after

position correction of the robots 101, 102 has been

performed. In this embodiment, concavo-convex units

10a, 10b for positioning, which can be fitted into each

other, are formed in the respective hands 3a, 3b.

Herein, the concavo-convex unit 10a of the hand 3a and

the concavo-convex unit 10b of the hand 3b are designed

so as to have a fitting tolerance being a position

error within a correction accuracy allowable range.

[0040] n the abutting process, the controller 7 is manually

operated such that the concavo-convex units 10a, 10b of

the respective hands 3a, 3b are fitted into each other,

to allow minor adjustment of the arms 4a, 4b through

the robot controlling device 6 . Thereby, positioning

of the respective hands 3a, 3b is performed. As

another method, the arm 4a can be activated by

impedance control by use of the value of the corrected

force sensor 1 of the hand 3a, which is generated at

the time of the operation to fit the concavo-convex

units 10a, 10b. Since the impedance control by means

of the force sensor is a known technique, a description

thereof will be omitted. With the impedance control

performed manually or by means of the corrected force

sensor 1 , the position correcting operation is

completed. It should be noted that the measurement

step, the calculation step and the correction step are

similar to in the foregoing embodiments, and

descriptions thereof thus will not be repeated.

[0041] n such a manner, the concavo-convex units 10a, 10b of

the hands 3a, 3b are used to perform positioning of the



hands 3a, 3b, thereby to be able to execute the

operation to correct the force sensor 2 with higher

accuracy .

[0042] he present invention is preferably applicable to an

industrial assembly robot, and the like.

[0043] hile the present invention has been described with

reference to exemplary embodiments, 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.

[0044] This application claims the benefit of Japanese Patent

Application No. 2010-150245, filed June 30, 2010, which

is hereby incorporated by reference herein in its

entirety.



CLAIMS
[1] A force sensor correcting method in a robot system

which includes a pair of robots each having an arm and

an end effector provided at the end of the arm via a

force sensor,

the method comprising:

an abutting step of making the end effectors of the

pair of robots abut on each other;

a measurement step of obtaining a first detected signal

of the force sensor of one robot and a second detected

signal of the force sensor of the other robot,

generated by execution of the abutting step; and

a correction step of updating conversion data of the

other robot, which converts the second detected signal,

outputted by the force sensor of the other robot, into

a value indicating a force or a moment such that the

second detected signal is converted into an identical

value to a value indicating a force or a moment based

on the first detected signal of the force sensor of the

one robot .

[2] The force sensor correcting method according to claim 1 ,

wherein in the abutting step, the end effectors of the

pair of robots are made to abut on each other in plane-

symmetrical postures.

[3] The force sensor correcting method according to claim 1 ,

wherein in the abutting step, the pair of robots is

imaged, to perform position correction of the pair of

robots, and the end effectors of the pair of robots are

made to abut on each other.

[4] The force sensor correcting method according to claim 1 ,

wherein

Concavo-convex units that can be fitted into each other

are formed in the respective end effectors, and

in the abutting step, positioning is performed with the

concavo-convex units of the respective end effectors

being fitted into each other.



AMENDED CLAIMS
received by the International Bureau on 09 December 201 1 ( 09. 12.201 1)

[1] (Amended) A force sensor correcting method in a robot system

which includes a pair of robots each having an arm and an end

effector provided at the end of the arm via a force sensor,

the method comprising:

an abutting step of imaging the pair of robots to perform

position correction of the pair of robots and making the end

effectors of the pair of robots abut on each other;

a measurement step of obtaining a first detected signal of the

force sensor of one robot and a second detected signal of the

force sensor of the other robot, generated by execution of the

abutting step; and

a correction step of updating conversion data of the other robot,

which converts the second detected signal, outputted by the

force sensor of the other robot, into a value indicating a force

or a moment such that the second detected signal is converted

into an identical value to a value indicating a force or a moment

based on the first detected signal of the force sensor of the

one robot .

[2] The force sensor correcting method according to claim 1 ,

wherein in the abutting step, the end effectors of the pair of

robots are made to abut on each other in plane-symmetrical

postures .

[3] (Canceled)

[4] The force sensor correct ing method according to claim 1, wherein

Concavo-convex units that can be fitted into each other are

formed in the respective end effectors, and

in the abutting step, positioning is performed with the

concavo-convex units of the respective end effectors being

fitted into each other.



Statement under Article 19(l)

Claim 1 is amended to recite more specifically the abutting

step.

Claims 2 and 4 are unchanged.

Claim 3 have been canceled.













A . CLASSIFICATION O F SUBJECT MATTER
INV. B25J9/16 B25J13/08 G01L25/00
ADD.

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

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B25J G01L

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 practical, search terms used)

EPO-Internal , INSPEC

C. DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

BONITZ R G ET AL: "CALIBRATING A 1-4
MULTI -MANI PULATOR ROBOTIC SYSTEM" ,
I EEE ROBOTICS & AUTOMATION MAGAZINE, I EEE

SERVICE CENTER, PISCATAWAY, NJ , US,
vol . 4 , no. 1, 1 March 1997 (1997-03-01) ,
pages 18-22 , XP000688537 ,
ISSN : 1070-9932 , DOI : 10. 1109/100.580975
pages 18, 19 ,21 - page 22 ; f i gures 3-5

DE 199 60 482 Al (GI ESECKE PETER [DE] ) 1-4
21 June 2001 (2001-06-21)
the whol e document

US 2005/273198 Al (BISCHOFF RAINER [DE] ) 1-4
8 December 2005 (2005-12-08)
paragraphs [0008] - [0025] , [0068]
[0072]

□ Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date

or priority date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle o r theory underlying the

considered to be of particular relevance invention
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" documentwhich may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published prior to the international filing date but in the art.

later than the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

4 October 2011 10/10/2011

Name and mailing address of the ISA/ Authorized officer

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

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Prokopi ou, Pl aton



Patent document Publication Patent family Publication
cited in search report date member(s) date

DE 19960482 Al 21-06-2001 NONE

US 2005273198 Al 08-12-2005 AT 473072 T 15-07-2010
DE 102004026813 Al 29- 12-2005
EP 1602456 A2 07-12-2005
ES 2348152 T3 30- 11-2010
J P 2005342885 A 15-12-2005


	abstract
	description
	claims
	wo-amended-claims
	amend-statement
	drawings
	wo-search-report

