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(57) ABSTRACT 
A robot-position detecting device includes: a position-data 
acquiring unit that acquires position data indicating actual 
positions of a robot; a position-data input unit that receives 
the position data output from the position-data acquiring 
unit; and a position calculating unit that calculates a com 
putational position of the robot through linear interpolation 
using first and second position data input to the position-data 
input unit at different times. 
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ROBOT POSITON DETECTING DEVICE 
AND ROBOT SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation application of U.S. application Ser. 
No. 13/371,810 filed Feb. 13, 2012, which claims priority to 
Japanese Patent Application No. 2011-0478.63 filed Mar. 4, 
2011 all of which are expressly incorporated by reference 
herein in their entireties. 

BACKGROUND 

1. Technical Field 
The present invention relates to a robot-position detecting 

device that detects the position of a robot and a robot system 
including the robot-position detecting device. 

2. Related Art 
There are known methods for correcting a target position 

of a robot that grips a workpiece. For example, in Japanese 
Patent No. 4539685, an image pickup apparatus, which 
picks up an image of a workpiece, and a robot are respec 
tively moved to predetermined positions such that the work 
piece gripped by a robot and a reference mark provided in 
the robot are arranged in an image pickup area of the image 
pickup apparatus. The image picked up by the image pickup 
apparatus is Subjected to image processing, whereby a center 
coordinate, a tilt, and the like of the workpiece with respect 
to the reference mark are acquired. A position correction 
amount concerning a target position of the robot is calcu 
lated on the basis of the acquired center coordinate and the 
like. 

In the method disclosed in Japanese Patent No. 4539685, 
it is possible to accurately calculate the position correction 
amount concerning the target position of the robot. How 
ever, the robot needs to be stopped when the image for 
calculating the position correction amount is picked up. 
Since the robot is stopped to calculate the position correction 
amount in a predetermined position, the throughput of the 
apparatus decreases by an amount equivalent to the time in 
which the robot is stopped. To Suppress Such a decrease in 
the throughput, it is desirable to pick up an image of a 
moving a workpiece without stopping the robot and to 
acquire the position correction amount of the robot on the 
basis of the position of the robot at the time of the image 
pickup and the picked-up image of the workpiece. 
On the other hand, data from an encoder indicating the 

position of the robot is usually input to a robot controller 
through serial communication. Therefore, the data is input to 
the robot controller at a time that is later than a time of the 
output of the data by a communication time between the 
encoder and the robot controller corresponding to a com 
munication period, a data amount, and the like of the serial 
communication. When the data is input, if the robot is 
constantly moving as explained above, a position calculated 
based on the encoder and a position obtained from the image 
are different from each other on a time axis. 

SUMMARY 

An advantage of Some aspects of the invention is to 
provide a robot-position detecting device and a robot system 
that can improve the accuracy of the position of a moving 
robot. 
An aspect of the invention is directed to a robot-position 

detecting device including: a position-data input unit to 
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2 
which position data indicating the position of a robot is input 
from an encoder, and a position calculating unit that 
acquires the input position data and calculates the position of 
the robot. The position calculating unit receives a command 
for detecting the position of the robot, calculates, using first 
position data acquired at a first timing earlier than the 
command, second position data acquired at a second timing 
later than the command, and a communication time required 
for communication between the encoder and the position 
data input unit, a position at a timing later than a timing of 
the input of the command by the communication time 
through linear interpolation of the first position data and the 
second position data, and outputs a result of the calculation 
as the position of the robot at the time the command is input. 

With the robot-position detecting device, the position of 
the robot is output by the linear interpolation on the basis of 
the timing later than the timing of the input of the command 
by the communication time required for the communication 
between the encoder and the position-data input unit. There 
fore, timings of data used in the linear interpolation are 
Substantially equal timings on a time axis. Therefore, the 
position of the robot calculated by the linear interpolation 
using the first position data and the second position data is 
a position obtained by correcting a moving distance of the 
robot using the communication time. Consequently, it is 
possible to accurately detect the position of the moving 
robot. 
The robot-position detecting device may be configured 

Such that the position calculating unit includes a command 
detecting unit that detects the command at a period Ts 
shorter than a predetermined period T for acquiring the 
position data input to the position-data input unit from one 
encoder. 

With the robot-position detecting device described above, 
the times when the command can be detected are more than 
the times when position data are input from the one encoder. 
As a result, it is possible to detect the position of the robot 
at time closer to the timing of the input of the command. 
The robot-position detecting device may be configured 

Such that the position calculating unit acquires position data 
from different encoders at periods T/n obtained by equally 
dividing the predetermined period T by an integer n equal to 
or larger than 1 and outputs, for each of the encoders, the 
position of the robot at the time the command is input. 

With the robot-position detecting device described above, 
the position of the robot is calculated for each of the different 
encoders. Therefore, it is possible to more accurately detect 
the position of the robot at the time the command is input. 
The robot-position detecting device may be configured 

Such that the position calculating unit determines whether 
the acquired position data is normal, and when the position 
calculating unit determines that the position data immedi 
ately before the detection of the command is not normal, the 
position calculating unit uses, as the first data, position data 
acquired immediately before the not normal position data 
was acquired. 

Since the position data input from the encoder is an 
electric signal, it is likely that the position data is affected by 
noise or the like. If the position of the robot is calculated 
using position data affected by noise or the like, the reli 
ability of the position of the robot calculated by the position 
calculating unit is deteriorated. In this regard, with the 
robot-position detecting device having the configuration 
explained above, the position calculating unit determines 
whether the acquired position data is normal and, when it is 
determined that the position data immediately before the 
detection of the command is not normal, the position cal 
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culating unit uses, as the first position data, position data 
acquired immediately before the not normal position data 
was acquired. Therefore, it is possible to calculate the 
position of the robot using normal position data. 
The robot-position detecting device may be configured 

Such that, when the position calculating unit determines that 
the position data immediately after the detection of the 
command is not normal, the position calculating unit uses, as 
the second position data, position data acquired immediately 
after the not normal position data was acquired. 

Usually, as the first timing and the second timing are 
temporally far apart from each other, the linearity in posi 
tions between the timings is further lost. In the robot 
position detecting device, since linear interpolation is used, 
as the first timing and the second timing are temporally far 
apart from each other, a larger error can occur between the 
position of the robot calculated by the position calculating 
unit and the actual position of the robot. In this regard, with 
the configuration explained above, for example, when a 
timing of the input of the position data, which is a timing 
immediately after the detection of the command, is set as a 
reference timing, even if the first timing and the second 
timing are temporally furthest apart from each other, the first 
position data is position data input at a timing immediately 
preceding the reference timing and the second position data 
is position data input at a timing immediately following the 
reference timing. As a result, it is possible to improve the 
accuracy of a calculated position of the robot as compared 
with calculating the position of the robot on the basis of 
position data acquired earlier than the first timing and 
position data acquired later than the second timing. 

Another aspect of the invention is directed to a robot 
system including: a robot that conveys a workpiece; an 
encoder that outputs position data indicating the position of 
the robot; a command output unit that outputs a command 
for detecting the position of the robot; and a robot-position 
detecting unit that receives the input of the position data and 
the command and detects, on the basis of the position data, 
the position of the robot at the time the command is input. 
The robot-position detecting unit is the robot-position 
detecting device. 

With the robot system according to this aspect of the 
invention, even if the command output unit outputs a com 
mand during movement of the robot, it is possible to 
accurately detect the position of the robot. 
The robot system may further include: a camera that picks 

up, at a time when the command is input from the command 
output unit, an image of a predetermined image pickup range 
that includes the workpiece as it is being moved by the 
robot; a workpiece-position acquiring unit that acquires the 
position of the workpiece on the basis of the image acquired 
by the camera; and a target-position correcting unit that 
corrects the target position on the basis of the position of the 
workpiece acquired by the workpiece-position acquiring 
unit and the position of the robot detected by the robot 
position detecting unit. 

With the robot system described above, it is possible to 
correct the target position of the robot on the basis of a 
relative position of the position of the robot and the position 
of the workpiece at the timing when the command is input 
from the command output unit. As explained above, the 
position of the robot detected by the robot-position detecting 
unit is a position detected while the robot is being moved. As 
Such, the accuracy of the position determination is 
improved. In other words, it is unnecessary to stop the robot 
in order to correct the target position. It is also possible to 
improve the accuracy of a correction amount for the target 
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4 
position of the robot. As a result, it is possible to convey, 
while Suppressing a decrease in the throughput of the robot 
system, the workpiece to a position to where the workpiece 
should be conveyed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference 
like elements. 

FIG. 1 is a perspective view showing a schematic con 
figuration of a robot system according to an embodiment of 
the invention. 

FIG. 2 is a front view showing a front structure of a robot. 
FIG. 3 is a functional block diagram showing a system 

configuration of a robot system. 
FIG. 4 is a timing chart showing timings when position 

data of encoders are acquired. 
FIG. 5 is a diagram showing data stored by a storing unit 

of a data processing unit. 
FIG. 6 is a diagram in which the position of the robot is 

associated with time and is an explanatory diagram for 
conceptually explaining a calculation process for calculating 
the position of the robot. 

FIG. 7 is a flowchart showing a procedure of processing 
for calculating the position of the robot. 

FIG. 8 is a flowchart showing the procedure of the 
processing for calculating the position of the robot. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

A robot-position detecting device and a robot system 
according to an embodiment of the invention are explained 
below with reference to FIGS. 1 to 8. First, a schematic 
configuration of the robot system according to the embodi 
ment is explained with reference to FIGS. 1 and 2. 
As shown in FIG. 1, in a robot system 10, on a side of a 

conveyor 11 that conveys a workpiece W along a conveying 
direction Cv at predetermined conveying speed, a robot 12 
of a horizontal multi-joint type that selectively grips the 
workpiece W conveyed by the conveyor 11 and performs 
predetermined work is arranged. A camera 13 is set on an 
upstream side of the robot 12 in the conveying direction CV. 
The camera 13 picks up, from above, an image of the 
workpiece W conveyed on the conveyor 11. In the robot 
system 10, the workpiece W is selected as a workpiece target 
on the basis of the image picked up by the camera 13. The 
position of the workpiece W selected as the workpiece target 
is obtained on the basis of the image and an encoder 14 that 
measures a conveyance amount of the conveyor 11. The 
workpiece W selected as the workpiece target is carried to a 
predetermined position on a workbench 15 located in a 
movable range of the robot 12. To accomplish this, the 
workpiece W is lifted to predetermined height by the robot 
12. 
As shown in FIG. 2, in the robot 12, a base shaft 22 that 

is pivotable with respect to a base 21 about a control axis C1 
extending along the vertical direction is provided at the 
upper end of the base 21 set on a floor surface or the like. 
A first motor 23 provided in the base 21 is forwardly and 
reversely rotated, whereby the base shaft 22 pivots about the 
control axis C1. 
The proximal end of a first horizontal arm 24 extending in 

the horizontal direction is coupled and fixed to the base shaft 
22. A supporting shaft 25 is coupled and fixed to the distal 
end of the first horizontal arm 24. The supporting shaft 25 
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supports a second horizontal arm 26 to be pivotable with 
respect to the supporting shaft 25 about a control axis C2 
extending along the vertical direction. 
A second motor 27 is disposed at the proximal end of the 

second horizontal arm 26. The second motor 27 forwardly 
and reversely rotates to thereby receive reaction from the 
supporting shaft 25. The second horizontal arm 26 pivots, 
with the reaction, in the horizontal direction with respect to 
the first horizontal arm 24 about the control axis C2. 
An up-down rotating shaft 29 that pierces through the 

second horizontal arm 26 is provided at the distal end of the 
second horizontal arm 26. The up-down rotating shaft 29 is 
supported to be rotatable with respect to the second hori 
Zontal arm 26 and movable in the up and down directions. 
A hoisting motor 30 provided in the second horizontal arm 
26 is forwardly and reversely rotated, whereby the up-down 
rotating shaft 29 is lifted and lowered along a control axis C3 
extending in the vertical direction. A rotation motor 31 
provided in the second horizontal arm 26 is forwardly and 
reversely rotated, whereby the up-down rotating shaft 29 is 
forwardly and reversely rotated about a control axis C4 
thereof extending along the vertical direction. A tool Such as 
a hand that grips an object to be conveyed or a hand that 
machines an object to be machined can be attached to a 
workpiece section 32 of the up-down rotating shaft 29. 
A detection sensor 35 that detects that the workpiece W 

passes a detection line FL is provided in a conveying path for 
the workpiece W conveyed to the workbench 15. The 
detection sensor 35 includes a light emitting unit 36 that 
emits detection light LB, which is formed by a laser beam 
having high directivity and convergence, along the horizon 
tal direction and a light receiving unit 37 that receives the 
detection light LB emitted from the light emitting unit 36. 
The light emitting unit 36 and the light receiving unit 37 are 
set to hold the movable range of the robot 12 between the 
units and such that the detection light LB is temporarily 
blocked by the workpiece W conveyed from the conveyor 11 
to the workbench 15. 
A camera 39 that picks up an image of the workpiece W 

from below at the same time as the detection of the work 
piece W by the detection sensor 35 is provided on the lower 
side of the detection sensor 35. In the robot system 10, a 
relative position of the workpiece W with respect to the 
robot 12 is obtained on the basis of the image picked up by 
the camera 39 and the position of the robot 12 at the time of 
the image pickup. A target position of the robot 12 is 
corrected to convey the workpiece W to a predetermined 
position set in advance. 
A system configuration of the robot system 10 having the 

configuration explained above is explained with reference to 
FIGS 3 to 8. 
As shown in FIG. 3, the robot system 10 is collectively 

controlled by the controller 50. The controller 50 is a control 
device that controls to drive the robot 12. The controller 50 
controls a positioning action of the robot 12 to move to the 
target position and controls a tracking action of the robot 12 
to track the workpiece W moving on the conveyor 11. 

In the controller 50, robot data indicating, for example, 
the structure and action characteristics of the robot 12 and an 
area in the movable range of the robot 12, which is a tracking 
area where the robot 12 can track the workpiece W on the 
conveyor 11, is set in advance. Further, data concerning 
various positions indicating, for example, a relative position 
of the conveyor 11 and the robot 12, a relative position of the 
conveyor 11 and the camera 39, and a relative position of the 
robot 12 and the camera 39, workpiece data indicating the 
type and the shape of workpiece, and the like are set in the 
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controller 50. The robot data, the data concerning the various 
positions, and the workpiece data are used for the driving 
control of the robot 12. 
The controller 50 includes a user-program storing unit 51 

that stores a user program and a user-program executing unit 
52 that executes the user program Stored in the user-program 
storing unit 51. The controller 50 further includes a work 
piece-position storing unit 53 that stores an initial position of 
the workpiece W recognized by the camera 13 and a 
workpiece-position updating unit 54 that calculates a present 
position of the workpiece W. the initial position which is 
stored in the workpiece-position storing unit 53, on the basis 
of a moving distance of the conveyor 11. The controller 50 
further includes a command-value generating unit 55 that 
generates a track of the workpiece section 32 (joint angles on 
the control axes C1 to C4), converts the track into a motor 
command value (a pulse), and outputs the motor command 
value to a motor control unit 57 explained later. Further 
more, the controller 50 includes a workpiece-target detect 
ing unit 56 that detects the workpiece W. which is a 
workpiece target, from a positional relation between the 
tracking area and the workpiece W and the like and a motor 
control unit 57 that controls the motors 23, 27, 30, and 31 on 
the control axes C1 to C4 according to the motor command 
value from the command-value generating unit 55. 
The user program stored in the user-program storing unit 

51 (e.g., memory) is a computer program for executing 
various kinds of processing necessary for moving the work 
piece section 32 of the robot 12 to track the workpiece W set 
as the workpiece target. Further, the user program is a 
computer program for executing various kinds of processing 
necessary for moving the workpiece W gripped by the 
workpiece section 32 to the predetermined position on the 
workbench 15. 
The user-program executing unit 52 executes the user 

program. The user-program executing unit 52 treats, as a 
workpiece target, the workpiece W detected as the work 
piece target from a detection result of the workpiece-target 
detecting unit 56. Further, the user-program executing unit 
52 calculates information necessary for causing the robot 12 
to, for example, track the selected workpiece W. calculates 
information necessary for moving the robot 12 to the target 
position, and communicates the calculated data to the com 
mand-value generating unit 55. 
The position of the workpiece W being conveyed from a 

workpiece-position acquiring unit 58 explained later is input 
to the user-program executing unit 52 functioning as a 
target-position correcting unit. The position of the moving 
robot 12 calculated by a position calculating unit 60 is also 
input to the user-program executing unit 52. The user 
program executing unit 52 corrects the target position of the 
robot 12 on the basis of the position of the workpiece W 
input from the workpiece-position acquiring unit 58 and the 
position of the robot 12 input from the position calculating 
unit 60, calculates information necessary for moving the 
robot 12 to the corrected target position, and communicates 
the calculated data to the command-value generating unit 
55. 
The workpiece-position updating unit 54 calculates the 

initial position of the workpiece W from the image of the 
workpiece W on the conveyor 11 picked up by the camera 
13 and stores information concerning the initial position in 
the workpiece-position storing unit 53. On the other hand, 
the workpiece-position updating unit 54 calculates a con 
veying distance of the workpiece W by the conveyor 11 on 
the basis of the number of conveyor pulses obtained by 
integration of conveyor pulses input from the encoder 14. 
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The workpiece-position updating unit 54 calculates a dif 
ference between the number of conveyor pulses during the 
image pickup (in the initial position) of the workpiece W and 
a present number of conveyor pulses and calculates a 
conveying distance from the initial position of the workpiece 
W according to a product of the difference between the 
numbers of pulses and a conveying distance per unit con 
veyor pulse set in advance. The workpiece-position updating 
unit 54 is configured to be capable of sequentially calculat 
ing the present position of the workpiece W conveyed on the 
conveyor 11 by adding the conveying distance of the work 
piece W calculated as explained above to the initial position 
(a coordinate in an X axis direction) of the workpiece W 
calculated during the image pickup stored in the workpiece 
position storing unit 53. 
The workpiece-target detecting unit 56 compares the 

present position of the workpiece W and the tracking area at 
a predetermined execution period. When the present posi 
tion of the workpiece W reaches (enters) the tracking area, 
the workpiece-target detecting unit 56 detects the workpiece 
Was the workpiece target. When the present position of the 
workpiece W exits the tracking area, the workpiece-target 
detecting unit 56 detects the workpiece W excluded from the 
workpiece target. The workpiece-target detecting unit 56 
communicates a result of the detection to the user-program 
executing unit 52 and the command-value generating unit 
55. 
The command-value generating unit 55 generates, on the 

basis of input various data, a track for moving the robot 12 
to the target position and calculates joint angles on the 
control axes C1 to C4 for the robot 12 to follow the track. 
The command-value generating unit 55 outputs the joint 
angles on the control axes C1 to C4 for causing the robot 12 
to follow the track to the motor control unit 57 as target joint 
angles. In this embodiment, the motor control unit 57 
controls one motor at a control period T and controls the 
motors at different timings. The motor control unit 57 
according to this embodiment sequentially controls the 
motors 23, 27, 30, and 31 at a period T/n obtained by 
dividing the control period T by the number of control axes 
n (n is an integer equal to or larger than 1, in this embodi 
ment, in 4) and sequentially outputs, at the period T/n, 
power outputs corresponding to the target joint angles of the 
motors output from the motors output from the command 
value generating unit 55. Specifically, the controller 50 
Switches the motors, which are control targets, at the period 
T/n in the order of the first motor 23, the second motor 27, 
the hoisting motor 30, and the rotation motor 31. 

Further, the controller 50 includes a workpiece-position 
acquiring unit 58 that acquires the position of the workpiece 
W at the time of the detection of the workpiece W by the 
detection sensor 35 and the position calculating unit 60 that 
calculates the position of the robot 12 at the time of the 
detection. 
The workpiece-position acquiring unit 58 acquires posi 

tion data of the workpiece W by Subjecting image data input 
from the camera 39, which picks up, from below, an image 
of the workpiece W reaching the detection line FL, to image 
processing. The workpiece-position acquiring unit 58 cal 
culates, through the image processing, a coordinate value of 
the center position of the workpiece W in an image pickup 
range of the camera 39 and outputs the coordinate value to 
the user-program executing unit 52. 

The camera 39 is electrically connected to the trigger 
signal generating unit 59 functioning as a command output 
unit. When the trigger signal serving as the command is 
input from the trigger-signal generating unit 59, the camera 
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8 
39 picks up an image of the image pickup range of the 
camera 39 and outputs image data of the picked-up image to 
the workpiece-position acquiring unit 58. 
When the workpiece W is detected by the detection sensor 

35, the trigger-signal generating unit 59 generates the trigger 
signal serving as the command. The trigger-signal generat 
ing unit 59 outputs the generated trigger signal simultane 
ously to the camera 39 and a trigger-signal input unit 61 
explained later. 
The position calculating unit 60 functioning as a robot 

position detecting device and a robot-position detecting unit 
is explained in detail. 
As shown in FIG. 3, the position calculating unit 60 

includes the trigger-signal input unit 61 functioning as a 
command detecting unit, a position-data input unit 62, and 
a data processing unit 63. 
The trigger signal output by the trigger-signal generating 

unit 59 is input to the trigger-signal input unit 61. The 
trigger-signal input unit 61 detects a state of the trigger 
signal at a detection period for the trigger signal. The data 
processing unit 63 detects, at a detection period Ts (=T/n) 
obtained by dividing the control period T for the motors by 
the number of control axes n (in this embodiment, n=4), the 
state of the trigger signal detected by the trigger-signal input 
unit 61. 
A first encoder 64, a second encoder 65, a third encoder 

66, and a fourth encoder 67 that detect joint angles on the 
control axes C1, C2, C3, and C4 on the basis of absolute 
positions of the motors 23, 27, 30, and 31 are connected to 
the position-data input unit 62. The encoders 64 to 67 detect 
the joint angles corresponding thereto in every half time 
(=T/2) of the control period T for the motors, which is a 
communication time Td required for communication of the 
encoders and the position-data input unit 62 and outputs 
position data indicating the detected joint angles to the 
position-data input unit 62. 
The position-data input unit 62 includes a determining 

unit 68 that determines whether input position data is 
normal. The position-data input unit 62 associates the posi 
tion data input from the encoders 64 to 67 with a determi 
nation result of the determining unit 68 concerning the 
position data. 
The data processing unit 63 acquires the position data 

input to the position-data input unit 62 and the determination 
result associated with the position data. If the data process 
ing unit 63 acquires the position data corresponding to the 
respective encoders simultaneously from the position-data 
input unit 62, the data processing unit 63 needs to be 
configured to correspond to the position data. It is likely that 
the configuration of the data processing unit 63 is compli 
cated. Therefore, a counter incremented at every period T/n 
is incorporated in the data processing unit 63. The counter 
indicates a count value corresponding to a control axis set as 
a control target. As shown in FIG. 4, the data processing unit 
63 sequentially acquires the position data from the encoders 
64 to 67 at every control period T such that a control axis 
indicated by a count value of the counter and a control axis 
corresponding to the position data input to the position-data 
input unit 62 match. 
The position data from the encoders are input to the 

position-data input unit 62 through serial communication in 
the communication time Td. Therefore, the position data 
acquired by the data processing unit 63 is position data 
indicating a position detected by the encoders at a timing 
that is earlier than a timing when the position data are 
acquired by the communication time Td. 
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As shown in FIG. 5, the data processing unit 63 includes 
a storing unit 70 in which an area for storing various data 
concerning a joint angle on the control axis C1, joint angle 
on the control axis C2, a joint angle on the control axis C3, 
and a joint angle on the control axis C4 is provided in 
advance. 

In this embodiment, among the timings when position 
data from an encoder is input to the position-data input unit 
62, the next timing of the detection of the trigger signal is set 
as a reference timing in the encoder. In the storing unit 70, 
an area for storing a first position, which is position data 
acquired earlier than the reference timing, is provided for 
each of the control axes C1 to C4. A first position 73a is the 
position data input from the first encoder 64. A first position 
73b is the position data input from the second encoder 65. 
A first position 73c is the position data input from the third 
encoder 66. A first position 73d is the position data input 
from the fourth encoder 67. Further, in the storing unit 70, 
an area for storing a second position, which is position data 
acquired later than the reference timing, is provided for each 
of the control axes C1 to C4. A second position 74a is the 
position data input from the first encoder 64. A second 
position 74b is the position data input from the second 
encoder 65. A second position 74c is the position data input 
from the third encoder 66. A second position 74d is position 
data input from the fourth encoder 67. 

In the storing unit 70, concerning the position data indi 
cating the first position, an area for storing, for each of the 
control axes C1 to C4, a first flag indicating whether the 
position data is normal is provided. A first flag. 75a is 
associated with the position data input from the first encoder 
64. A first flag 75b is associated with the position data input 
from the second encoder 65. A first flag 75c is associated 
with the position data input from the third encoder 66. A first 
flag 75d is associated with the position data input from the 
fourth encoder 67. Further, in the storing unit 70, concerning 
the position data indicating the second position, an area for 
storing, for each of the control axes C1 to C4, a second flag 
indicating whether the position data is normal is provided. A 
second flag 76a is associated with the position data input 
from the first encoder 64. A second flag 76b is associated 
with the position data input from the second encoder 65. A 
second flag 76C is associated with the position data input 
from the third encoder 66. A second flag 76d is associated 
with the position data input from the fourth encoder 67. 

The data processing unit 63 determines, every time the 
data processing unit 63 acquires position data, whether the 
position data is normal. When the data processing unit 63 
determines at a timing earlier than the reference timing that 
position data is normal, the data processing unit 63 updates 
the first position to the position data and sets the first flag to 
“0”. On the other hand, when the data processing unit 63 
determines at a timing earlier than the reference timing that 
position data is abnormal, the data processing unit 63 sets 
the first flag to “1” without updating the first position to the 
position data. The data processing unit 63 sequentially 
executes, on the control axes C1 to C4, the update of the first 
position and the setting of the first flag until the trigger signal 
is detected. When the trigger signal is detected, the data 
processing unit 63 stores the first positions and the first flags 
at the time of the detection in a predetermined area of the 
storing unit 70 as first timing data 77. 
When the data processing unit 63 determines at a timing 

immediately after the reference timing that position data is 
normal, the data processing unit 63 updates the second 
position to the position data and sets the second flag to “0”. 
On the other hand, when the data processing unit 63 deter 
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10 
mines at a timing immediately after the reference timing that 
position data is abnormal, the data processing unit 63 sets 
the second flag to “1” without updating the second position 
with the position data. The data processing unit 63 acquires 
position data at the next timing immediately after the 
reference timing and updates the second position to the 
position data irrespective of whether the position data is 
normal. When all the second positions are updated, the data 
processing unit 63 stores the second positions and the 
second flags in the predetermined area of the storing unit 70 
as second timing data 78. 

In the storing unit 70, an area for storing a detection flag 
79 indicating whether the trigger signal is detected is pro 
vided. When the trigger signal is detected, the data process 
ing unit 63 sets the detection flag 79 to “1”. When a 
calculated position of the robot 12 is output to the user 
program executing unit 52, the data processing unit 63 sets 
the detection flag 79 to “0”. 
As shown in FIG. 5, in the storing unit 70, an area for 

storing control axis data 80, which is data indicating a 
control axis set as a control target at the time of the detection 
of the trigger signal, is provided. The data processing unit 
stores, on the basis of a count value of the counter incor 
porated therein, in the control axis data 80, data indicated by 
the control axis at the time of the detection of the trigger 
signal. Every time the trigger signal is detected, the data 
processing unit 63 calculates, on the basis of the first timing 
data 77, the second timing data 78, and the control axis data 
80, joint angles on the control signals C1 to C4 at the time 
of the detection of the trigger signal and detects the position 
of the robot 12. 
A calculation method for the position of the robot 12 by 

the position calculating unit 60 is explained with reference 
to FIG. 6. In FIG. 6, the first position, which is a joint angle 
at a first timing, is represented as Pa, the second position, 
which is a joint angle at a second timing, is represented as 
Pb, and a joint angle at the time of the detection of the trigger 
signal is represented as P(k). The communication time Td 
in this embodiment is a halftime (T/2) of the control period 
T for the motors. 
When the second timing data 78 is stored, the data 

processing unit 63 selects, for each of the control axes C1 to 
C4, on the basis of a combination of the first flag and the 
second flag, one calculation formula out of four calculation 
formulas set in advance according to the combination. The 
data processing unit 63 Substitutes the first position, the 
second position, and a constant k based on the control axis 
data 80 in the selected calculation formula to thereby 
calculate joint angles on the control axes C1 to C4 at the time 
of the detection of the trigger signal. The constant k is a 
constant determined for each control axis on the basis of a 
relation between a control axis set as a calculation target and 
a control axis set as a control target at the time of the 
detection of the trigger signal. With the period T/n set as a 
reference, a period from a timing when the trigger signal is 
detected until the reference timing is represented as “T/nxk' 
using the constant k. 

For example, when the control target at the time of the 
detection of the trigger signal is the control axis C1 (the first 
motor 23), if the calculation target is the control axis C2 (the 
second motor 27), since the trigger signal is detected earlier 
than the reference timing concerning the second encoder 65 
by the “period T/n', the constant k is “1”. If the calculation 
target is the control axis C3 (the hoisting motor 30), since the 
trigger signal is detected earlier than the reference timing of 
the third encoder 66 by “2xperiodT/n', the constant k is “2. 
If the calculation target is the control axis C4 (the rotation 
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motor 31), since the trigger signal is detected earlier than the 
reference timing by “3xperiod T/n', the constant k is “3”. If 
the calculation target is the control axis C1 (the first motor 
23), since the trigger signal is detected earlier than the 
reference timing by the control period T, the constant k is 
“4. 
When both the first flag and the second flag of the control 

axis set as the calculation target is “0”, i.e., the first timing 
and the reference timing are temporally apart from each 
other by the “control period T and the reference timing and 
the second timing are apart from each other by the “control 
period T', the data processing unit 63 calculates a joint angle 
on the control axis at the time of the detection of the trigger 
signal using Formula (1) below. 

P(k) = Pa + (1) T - T x(Td + T-A) 
Pt - P. 

= P -- 4 x(3 i) 

When the first flag of the control axis set as the calculation 
target is “0” and the second flag of the control axis is “1”, 
i.e., the first timing and the reference timing are temporally 
apart from each other by the “control period T and the 
reference timing and the second timing are temporally apart 
from each other by “2xcontrol period T', the data processing 
unit 63 calculates a joint angle on the control axis at the time 
of the detection of the trigger signal using Formula (2) 
below. 

P(k) = Pa + (2) x(Td + T-A) 
= P -- Plex(3-2) 

When the first flag of the control axis set as the calculation 
target is “1” and the second flag of the control axis is “0”. 
i.e., the first timing and the reference timing are temporally 
apart from each other by “2xcontrol period T and the 
reference timing and the second timing are temporally apart 
from each other by the “control period T', the data process 
ing unit 63 calculates a joint angle on the control axis at the 
time of the detection of the trigger signal using Formula (3) 
below. 

(3) 

Pt - P. 2k 

6 x(5-7) 

When both the first flag and the second flag of the control 
axis set as the calculation target are “1”, i.e., the first timing 
and the reference timing are temporally apart from each 
other by “2xcontrol period T and the reference timing and 
the second timing are temporally apart from each other by 
“2xcontrol period T', the data processing unit 63 calculates 
a joint angle on the control axis at the time of the detection 
of the trigger signal using Formula (4) below. 

(4) Pt - P. 
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12 
-continued 

= Pa + Plex (S-2 = Pa + - x(5- ) 

Specifically, in Formulas (1) to (4), a joint angle at the 
time of the detection of the trigger signal is calculated by 
linear interpolation performed using position data at the first 
timing and position data at the second timing. An amount of 
change of the joint angle in a period of the communication 
time Td is calculated using a rate of change of the joint angle 
based on the linear interpolation. An actual joint angle at the 
time of the detection of the trigger signal is calculated by 
adding up the joint angle at the time of the detection of the 
trigger signal calculated by the linear interpolation and the 
amount of change of the joint angle in the period of the 
communication time Td. 
More specifically, as shown in FIG. 6, the joint angle Pa 

is actually a joint angle at time earlier than the first timing 
by the communication time Td. The joint angle Pb is a joint 
angle at time earlier than the second timing by the commu 
nication time Td. Therefore, a straight line 81 shown by the 
linear interpolation indicates a joint angle in a period earlier 
than a period until the first timing or the second timing by 
the communication time Td. In other words, a straight line 
82 obtained by translating the straight line 81 by a distance 
equivalent to the communication time Td indicates a relation 
between a joint angle acquired according to the first timing 
and the second timing and an actual timing when the joint 
angle is embodied. Therefore, since a difference between the 
straight line 82 and the straight line 81 is an amount of a 
change of the joint angle equivalent to the communication 
time Td at a rate of change of the joint angle, an actual joint 
angle at the time of the detection of the trigger signal is 
calculated by adding the amount of change of the joint angle 
to the joint angle indicated by the straight line 81. In other 
words, in the straight line 81 shown by the linear interpo 
lation using the position data at the first timing and the 
position data at the second timing, a joint angle at a time 
later than the time of the detection of the trigger signal by the 
communication time Td is calculated as an actual joint angle 
at the time of the detection of the trigger signal. 
A procedure of the processing to calculate the position of 

the robot in the data processing unit 63 having the configu 
ration explained above is explained with reference to FIGS. 
7 and 8. This processing is repeatedly executed. 
As shown in FIG. 7, first, concerning a control axis 

indicated by a count value of the incorporated counter, the 
data processing unit 63 acquires, as position data at the first 
timing, position data associated with a determination result 
of the determining unit 68 (step S10). Subsequently, the data 
processing unit 63 determines, on the basis of the position 
data acquired in step S10, whether the position data is 
normal (step S11). 
When the data processing unit 63 determines in step S11 

that the position data is normal (YES in step S11), the data 
processing unit 63 sets the first flag to “0” and updates the 
first position to the position data (step S12). The data 
processing unit 63 shifts to the next step S14. On the other 
hand, when the data processing unit 63 determines in step 
S11 that the position data is abnormal (NO in step S11), the 
data processing unit 63 sets the first flag to “1” and does not 
update the first position (step S13). The data processing unit 
63 shifts to step S14. 

In the next step S14, the data processing unit 63 deter 
mines whether the trigger signal is detected at the present 
detection timing via the trigger-signal input unit 61. 
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When the trigger signal is not detected in step S14 (NO in 
step S14), the data processing unit 63 shifts to step S10 again 
and acquires, via the position-data input unit 62, position 
data at the first timing concerning a control axis indicated 
next by a count value of the counter. In other words, the data 
processing unit 63 sequentially executes, on the control axes 
C1 to C4, the update of the first position and the setting of 
the first flag until the trigger signal is detected in step S14. 
When the trigger signal is detected in step S14 (YES in 

step S14), the data processing unit 63 sets the detection flag 
79 to “1” (step S15). The data processing unit 63 stores, on 
the basis of a count value of the counter, in the control axis 
data 80, data indicating a control axis at the time of the 
detection of the trigger signal (step S16). The data process 
ing unit 63 stores data indicating states of the first positions 
and the first flags, which are stored at the time of the 
detection of the trigger signal, in the predetermined area of 
the storing unit 70 as the first timing data 77 (step S17). 

Subsequently, the data processing unit 63 sequentially 
acquires position data of the control axes C1 to C4 at the 
reference timing (step S18). The data processing unit 63 
sequentially acquires, as position data at the second timing, 
position data of the control axes at a timing immediately 
after the reference timing (step S19). 

In the next step S20, the data processing unit 63 deter 
mines, on the basis of the position data acquired at the timing 
immediately after the reference timing, whether the position 
data are normal. Concerning the control axis, the acquired 
position data which is determined as normal in step S20, the 
data processing unit 63 sets the second flag to “0” (step S21) 
and then updates the second position to the acquired position 
data (step S24). 
On the other hand, in the step S20 concerning the control 

axis, the acquired position data which is determined as 
abnormal, the data processing unit 63 sets the second flag to 
“1” (step S22). The data processing unit 63 acquires position 
data at the next timing as position data at the second timing 
(step S23). The data processing unit 63 updates the second 
position to the acquired position data while maintaining a 
state of the second flat at “1” (step S24). 
As shown in FIG. 8, when the update of the second 

positions completely ends concerning the control axes C1 to 
C4, the data processing unit 63 stores data indicating states 
of the second positions and the second flags in the prede 
termined area of the storing unit 70 as the second timing data 
78 (step S25). 
When the second timing data 78 is stored, the data 

processing unit 63 checks states of the first and second flags 
concerning the control axes C1 to C4 (step S26). The data 
processing unit 63 selects calculation formulas according to 
the first and second flags. Specifically, concerning the con 
trol axis, both the first flag and the second flag which are “0” 
(YES in step S27 and YES in step S28), the data processing 
unit 63 selects Formula (1) (step S30). Concerning the 
control axis, the first flag which is “0” (YES in step S27) and 
the second flag which is “1” (NO in step S28), the data 
processing unit 63 selects Formula (2) (step S31). Concern 
ing the control axis, the first flag which is “1” (No in step 
S27) and the second flag which is “0” (YES in step S28), the 
data processing unit 63 selects Formula (3) (step S32). 
Concerning the control axis, both the first flag and the 
second flag which are “1” (NO in step S27 and NO in step 
S28), the data processing unit 63 selects Formula (4) (step 
S33). 
When the calculation formulas are selected for the control 

axes C1 to C4, the data processing unit 63 substitutes the 
constant k based on the first position, the second position, 
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14 
and the control axis data 80 in the selected formulas (step 
S34). Consequently, the data processing unit 63 calculates 
the position of the robot 12 indicated by joint angles on the 
control axes C1 to C4 (step S35). The data processing unit 
63 outputs the calculated position of the robot 12 to the 
user-program executing unit 52 (step S36) to thereby set the 
detection flag 79 to “0” and then once ends the series of 
processing. 
The action of the robot system 10 having the configura 

tion explained above is now explained. 
In the robot system 10 having the configuration explained 

above, the workpiece W conveyed by the conveyor 11 is 
selectively gripped by the robot 12. The workpiece W is 
detected by the detection sensor 35 when the workpiece W 
is being conveyed to the predetermined position on the 
workbench 15. In other words, the workpiece W is detected 
by the detection sensor 35 when the robot 12 is moved to the 
target position of the robot 12. When the workpiece W is 
detected, the position of the workpiece W at the time of 
workpiece detection is acquired on the basis of image data 
picked up by the camera 39. An actual position of the robot 
12 at the time of the detection is calculated by the position 
calculating unit 60 on the basis of the positions of the robot 
12 before and after the workpiece detection. The target 
position of the robot 12 is corrected on the basis of the 
position of the workpiece W and the actual position of the 
robot 12. 
As explained above, with the robot system 10 according 

to this embodiment, effects such as those listed below can be 
obtained. 

(1) The position calculating unit 60 according to the 
embodiment calculates, concerning each of the control axes, 
an actual joint angle at the time of the detection of the trigger 
signal by adding, to a joint angle at the time of the detection 
of the trigger signal acquired by linear interpolation using 
position data at the first timing and position data at the 
second timing, an amount of change of a joint angle in the 
communication time Td calculated using a rate of change of 
the joint angle based on the linear interpolation. In other 
words, concerning the joint angle acquired by the linear 
interpolation performed using the position data at the first 
timing and the position data at the second timing, a joint 
angle at a time later than the time of the detection of the 
trigger signal by the communication time Td is calculated as 
the actual joint angle at the time of the detection of the 
trigger signal. With Such a configuration, even during the 
movement of the robot 12, it is possible to accurately detect 
joint angles on the control axes C1 to C4 at the time of the 
detection of the trigger signal. In other words, it is possible 
to accurately detect the position of the moving robot 12. 

(2) The data processing unit 63 of the position calculating 
unit 60 acquires, at different timings, position data concern 
ing a joint angle on the control axis C1, position data 
concerning a joint angle on the control axis C2, position data 
concerning a joint angle on the control axis C3, and position 
data concerning a joint angle on the control axis C4. The 
position calculating unit 60 calculates, concerning the con 
trol axes C1 to C4, actual joint angles at the time of the 
detection of the trigger signal. As a result, the joint angle on 
the control axis C1, the joint angle on the control axis C2, 
the joint angle on the control axis C3, and the joint angle on 
the control axis C4 are calculated. Therefore, it is possible 
to highly accurately detect an actual position of the robot at 
the time of the detection of the trigger signal. 

(3) The position calculating unit 60 determines whether 
position data input to the position-data input unit 62 is 
normal and calculates joint angles on the control axes C1 to 
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C4 using calculation formulas selected according to the 
determination. Consequently, it is possible to suppress the 
position of the robot 12 from being detected according to 
position data affected by a deficiency related to transmission 
of position data Such as noise. As a result, it is possible to 
improve the accuracy of the position of the robot 12 detected 
by the position calculating unit 60. 

(4) In the robot system, usually, it is extremely rare that 
the position data will continue to be determined to be 
abnormal. For example, position data is determined as 
abnormal when a deficiency occurs in a cable that connects 
the position-data input unit 62 and the encoders or in the 
encoders themselves. Therefore, if special processing is 
executed, for example, when abnormal data are continuously 
input to the position-data input unit 62 from the same 
encoder, a new component for executing the processing is 
separately necessary. It is likely that the configuration of the 
position calculating unit 60 is complicated. In this regard, in 
the embodiment, the position calculating unit 60 is config 
ured on the premise that at least one of two continuous 
position data output from the same encoder is normal data. 
As a result, it is possible to more simply configure the 
position calculating unit 60. 

(5) Since the position of the robot 12 is calculated using 
linear interpolation, as the first timing and the second timing 
are temporally further apart from each other, a large error 
may more easily occur between a calculated position of the 
robot 12 and an actual position of the robot 12. In this regard, 
in the position calculating unit 60, even when the first timing 
and the second timing are temporally furthest apart from 
each other, first position data is position data input at a 
timing immediately preceding the reference timing and 
second position data is position data input at a timing 
immediately following the reference timing. As a result, it is 
possible to improve the accuracy of the calculated position 
of the robot 12 as compared with the position of the robot 12 
calculated on the basis of position data acquired earlier than 
the first timing and position data acquired later than the 
second timing. 

(6) In the embodiment, the communication time Td is set 
to a halftime of the control period T for the motors and a 
period at which the data processing unit 63 acquires position 
data from the encoders is set to the control period T for the 
motors. When an output period of the encoders is smaller 
than the communication time Td, in Some case, the second 
timing is a timing earlier than a timing when the commu 
nication time Td elapses from the reference timing. In Such 
a case, it is likely that the straight line 82 obtained by 
translating the straight line 81 shown in FIG. 6 by the 
communication time Td cannot be caused to correspond to 
a total period from the first timing to the reference timing 
and the position of the robot 12 immediately before the 
reference timing cannot be calculated. In this regard, in the 
embodiment, since the period at which the data processing 
unit 63 acquires position data from the encoders is the 
control period T larger than the communication time Td, it 
is possible to cause the straight line 82 obtained by trans 
lating the straight line 81 by the communication time Td in 
FIG. 6 to correspond to the total period from the first timing 
to the reference timing. As a result, it is possible to Surely 
calculate the position of the robot 12 at the time of the 
detection of the trigger signal. 

(7) In the robot system 10, it is possible to correct the 
target position of the robot 12 while moving the workpiece 
W. In other words, it is unnecessary to stop the robot 12 in 
order to acquire a correction amount of the target position. 
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As a result, it is possible to Suppress the throughput of the 
robot system 10 from decreasing. 

(8) Moreover, the target position of the robot 12 is 
corrected on the basis of the actual position of the robot 12 
at the time of the detection of the trigger signal. Conse 
quently, it is possible to arrange the workpiece W in the 
predetermined position on the workbench 15 at high accu 
racy. 
The embodiment can also be appropriately changed and 

carried out as explained below. 
As in the embodiment, the position calculating unit 60 can 

be applied to a robot system that detects the position of a 
robot while moving the robot. 
As explained above, in the robot system, it is extremely 

rare that the position data will continue to be determined to 
be abnormal. Therefore, the position calculating unit 60 
according to the embodiment is configured on the premise 
that at least one of two position data continuously acquired 
from the same encoder is normal position data. However, 
this configuration may be changed. The position calculating 
unit 60 may be configured on the assumption that abnormal 
position data are continuously input. 

For example, in the data processing unit 63, a counter that 
counts, concerning position data at the first timing and 
position data at the second timing, the number of times an 
abnormality of the position data continues is provided for 
each of the control axes C1 to C4. The data processing unit 
63 stores, as the position data at the first timing, normal 
position data acquired last time until normal position data is 
acquired. When normal data is acquired for the first time at 
a timing later than the reference timing as the position data 
at the second timing, the data processing unit 63 updates the 
second position to the position data. Under Such a configu 
ration, the data processing unit 63 calculates, on the basis of 
count values of the counters, a period from the first timing 
to the reference timing and a period from the reference 
timing to the second timing. It is desirable to perform linear 
interpolation on the basis of the calculated periods, the 
normal position data at the first timing, and the normal 
position data at the second timing and calculate the position 
of the robot 12 at the time of the detection of the trigger 
signal. 
With the configuration explained above, when abnormal 

data are continuously acquired, it is possible to end the series 
of processing assuming that the accuracy of a calculated 
position of the robot 12 is low on the basis of count values 
of the counters. It is also possible to urge maintenance of the 
robot 12 by notifying a user that the abnormal position data 
are continuously acquired. 
The position calculating unit 60 according to the embodi 

ment may be configured not to calculate the position of the 
robot 12 at the time of the detection of the trigger signal 
when it is determined that position data acquired at a timing 
immediately before or immediately after the reference tim 
ing is abnormal. 
The position calculating unit 60 according to the embodi 

ment calculates joint angles on the control axes C1 to C4 
respectively on the basis of position data input from the 
encoders having detection targets different from one another. 
However, the position calculating unit 60 is not limited to 
this. In the embodiment, for example, the position calculat 
ing unit 60 may calculate only a joint angle on the control 
axis C1 and a joint angle on the control axis C2. With such 
a configuration, since joint angles related to an X axis 
direction and a Y axis direction in the target position of the 
robot 12 are corrected, when workpiece such as disc-like 
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workpiece is arranged, it is possible to reduce a load on the 
position calculating unit 60 if the direction of the workpiece 
is not regarded as important. 
The trigger-signal input unit 61 according to the embodi 

ment is configured to be capable of detecting the trigger 
signal at the detection period Ts (T/n) obtained by dividing 
the control period T for the motors with the number of 
control axes n (n is an integer equal to or larger than 1, in this 
embodiment, n=4). However, the trigger-signal input unit 61 
is not limited to this. The trigger-signal input unit 61 may be 
configured to be capable of detecting the trigger signal at a 
period shorter than the period T/n. With such a configura 
tion, it is possible to reduce a difference between time the 
workpiece W is detected by the detection sensor 35 and time 
the trigger signal is detected by the data processing unit 63. 
Therefore, it is possible to more highly accurately calculate 
the position of the robot 12 at the time of the detection of the 
trigger signal. The trigger-signal input unit 61 may be 
configured to be capable of detecting the trigger signal at a 
period longer than the period T/n. With this configuration, 
the difference between the time the workpiece W is detected 
by the detection sensor 35 and time the trigger signal is 
detected by the data processing unit 63 is larger than that in 
the configuration explained above. The accuracy of a cal 
culated position of the robot 12 is deteriorated. However, 
since the position of the robot 12 is calculated by the linear 
interpolation taking into account the communication time 
Td, it is possible to obtain a position closer to an actual 
position than a position obtained in the configuration for 
detecting the position of the robot 12 only with the position 
data from the encoders. 
The position calculating unit 60 according to the embodi 

ment calculates joint angles at the time of the detection of 
the trigger signal after determining whether the position data 
input from the encoders are normal. However, the position 
calculating unit 60 is not limited to this. The position 
calculating unit 60 may calculate joint angles without deter 
mining whether the position data are normal, for example, as 
long as reliability of the position data is sufficiently guar 
anteed. With Such a configuration, since it is possible to omit 
the determining unit 68 of the position-data input unit 62, it 
is possible to further simplify the configuration of the 
position calculating unit 60. 
The position calculating unit 60 according to this embodi 

ment takes the opportunity of the detection of the trigger 
signal to calculate the position of the robot 12 at the time of 
the detection of the trigger signal. However, the position 
calculating unit 60 is not limited to this. For example, a timer 
that takes the opportunity of gripping of the conveyed 
workpiece W to start time measurement may be provided in 
the position calculating unit 60 to detect the position of the 
robot 12 when a predetermined time elapses after the 
workpiece W is gripped. In other words, a command for 
detecting the position of the robot 12 is not limited to be 
input from outside of the position calculating unit 60. The 
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18 
position calculating unit 60 may be configured to generate 
the command on the inside thereof on the basis of a control 
program set in advance. 

In the embodiment, the timing immediately after the 
detection of the trigger signal is set as the reference timing 
based on the input of the trigger signal. However, the 
reference timing is not limited to this. The reference timing 
should merely be a timing specified by the detection of the 
trigger signal. For example, the detection time of the trigger 
signal may be set as the reference timing. 

In the embodiment, the position calculating unit 60 func 
tioning as the robot-position detecting device is embodied in 
the robot system 10 including the robot 12 of the horizontal 
multi-joint type having the four control axes. However, the 
robot-position detecting device is not limited to this. The 
robot-position detecting device can be embodied in a robot 
system including a robot that conveys the workpiece W. For 
example, the robot-position detecting device may be embod 
ied in a robot system including a multi-joint robot having six 
control axes. Further, the terms grip and gripping do not 
necessarily mean grasped and include any ability to retain. 
What is claimed is: 
1. A robot system comprising: 
a position deciding unit including a first camera and an 

encoder that cooperate to decide a position of a work; 
a robot for moving the work; 
a second camera that takes an image of the work moved 
by the robot; 

a detection sensor that detects the work when the work is 
moved to a target position by the robot, the detection 
sensor including a light emitting unit that emits light 
toward a light receiving unit, and movement of the 
work is detected by the detection sensor when the 
movement of the work interrupts receipt of the light by 
the light receiving unit; and 

a controller that controls the robot, 
wherein the second camera is triggered to capture the 

image while the work is being moved, and 
wherein the robot includes: 

a position data acquiring unit, which is an encoder 
provided in the robot; 

a position calculating unit that receives a command for 
detecting a position of the robot and calculates the 
computational position of the robot; 

wherein first position data of the robot is data acquired 
at a timing earlier than the command; 

second position data of the robot is data acquired at a 
timing later than the command; and 

the position calculating unit includes a command detect 
ing unit that detects the command at a period Ts shorter 
than a predetermined period T for acquiring the posi 
tion data input to a position-data input unit from the 
encoder provided in the robot. 
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