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(57) ABSTRACT

A control device is provided with a communication unit and
a processing unit. The communication unit makes commu-
nication with a tool that is used for the work of fastening a
fastener (for example, a screw) and with an image pickup
unit for capturing an image of the work site where the work
is being performed. The processing unit executes a deter-
mination process of determining whether or not the work is
being performed normally on the basis of the fastening
torque applied to the fastener by the tool and the image
captured by the image pickup unit.
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CONTROL DEVICE AND WORK
MANAGEMENT SYSTEM USING SAME

TECHNICAL FIELD

[0001] The present invention relates generally to a control
device and a work management system and, more particu-
larly, to a control device for managing a work using a tool
and a work management system using the same.

BACKGROUND ART

[0002] Conventionally, in a work of fastening (tightening)
a fastener such as a bolt to a predetermined position on a
target object, there is known a fastening management system
or fastening tool provided with a device or mechanism for
preventing an omission of fastening (see, e.g., Patent Docu-
ment 1). The fastening management system according to
Patent Document 1 includes a torque wrench serving as a
fastening tool and a management device for managing
fastening position information.

[0003] The torque wrench outputs a fastening torque,
which is applied to fasten the fastener, to the management
device through wireless communication. Further, the torque
wrench specifies a fastening position based on signals out-
putted from an acceleration sensor, a gyro sensor and a
geomagnetic sensor when the torque wrench has been
moved. Then, the torque wrench outputs fastening position
information indicating the fastening position to the manage-
ment device via, e.g., a wireless communication medium.
The management device acquires the fastening torque and
the fastening position information outputted from the torque
wrench via a communication medium to thereby manage the
acquired fastening torque and fastening position informa-
tion.

[0004] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2013-188858

[0005] However, in the conventional example, although it
is possible to perceive a position where the worker fastens
the fastener by using the tool (i.e., a position where the work
using the tool is done by the worker), it is impossible to
check a state of the work using the tool, which is problem-
atic. For example, even though the worker thinks that the
fastener has been fastened, actually, the fastener may not be
fastened correctly. In this case, it is impossible to check
whether or not the fastener has been fastened correctly and
successfully (i.e., the state of the work using the tool) in the
above conventional example.

SUMMARY OF THE INVENTION

[0006] In view of the above, the present invention pro-
vides a control device capable of checking a state of a work
using a tool and a work management system using the
control device.

[0007] In accordance with an embodiment of the present
invention, there is provided a control device including: a
communication unit configured to make communication
with a tool used during a work of fastening a fastener and
further make communication with an image pickup unit
configured to capture an image of a working site where the
work is performed; and a processing unit configured to
execute a determination process of determining whether or
not the work is being performed successfully based on a
fastening torque applied to the fastener by the tool and the
image captured by the image pickup unit.
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[0008] In accordance with another embodiment of the
present invention, there is provided a work management
system including: the control device described above; the
tool including a communication unit configured to transmit
data of the fastening torque to the control device; and a
wearable device including a communication unit configured
to transmit data of the image pickup unit and the captured
image to the control device.

[0009] With such configuration, it is possible to check a
state of the work using the tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a schematic block diagram of a control
device and a work management system according to an
embodiment.

[0011] FIG. 2 is a schematic diagram showing an example
of the work management system according to the embodi-
ment.

[0012] FIG. 3 is a schematic diagram showing an example
of a tool in the work management system according to the
embodiment.

[0013] FIG. 4 is a schematic diagram showing another
example of the tool in the work management system accord-
ing to the embodiment.

[0014] FIG. 5 is a flowchart showing an operation of the
work management system according to the embodiment.
[0015] FIGS. 6A and 6B respectively show a state in
which a screw is tightened correctly and a state in which the
screw is tightened incorrectly in the work management
system according to the embodiment.

[0016] FIG. 7A is a schematic diagram of a part manage-
ment system and FIG. 7B is a schematic block diagram of
the part management system to which the work management
system according to the embodiment is applied.

DETAILED DESCRIPTION

[0017] As shown in FIGS. 1 and 2, a control device 2
according to an embodiment of the present invention
includes a communication unit 23 and a processing unit 24.
The communication unit 23 makes communication with a
tool 3 which is used in a fastening work using a fastener
(e.g., a screw 10) as well as an image pickup unit 41 for
capturing an image of a working site where the fastening
work is carried out. The processing unit 24 executes a
process of determining whether or not the fastening work is
being performed normally based on a fastening torque
applied to the fastener by the tool 3 and an image captured
by the image pickup unit 41.

[0018] Further, as shown in FIGS. 1 and 2, a work
management system 1 according to the embodiment of the
present invention includes the control device 2, the tool 3
and a wearable device 4. The tool 3 includes a communi-
cation unit which transmits data on the fastening torque to
the control device 2. The wearable device 4 includes the
image pickup unit 41 and a communication unit 43 which
transmits data on the captured image to the control device 2.
[0019] Hereinafter, the control device 2 and the work
management system 1 according to the present embodiment
will be described in detail. However, the following configu-
rations described below are only examples of the present
invention, and the present invention is not limited to the
following embodiments. Thus, it will be understood by those
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skilled in the art that various changes and modifications may
be made without departing from the scope of the present
invention.

[0020] As shown in FIG. 1, the work management system
1 of the present embodiment includes the control device 2,
the tool 3 and the wearable device 4. The work management
system 1 further includes a host device 5 which makes
communication with the control device 2.

[0021] The control device 2 includes a display unit 21, a
storage unit 22, the communication unit 23 and the process-
ing unit 24. The display unit 21 is formed of, e.g., a liquid
crystal display, an organic EL (electro-luminescence) dis-
play or the like and is configured to display various infor-
mation such as instructions for a worker W1 by using at least
one of a message and an image. In the control device 2 of
the present embodiment, the display unit 21 is formed of a
touch panel-type liquid crystal display.

[0022] The storage unit 22 includes, e.g., an electrically
erasable programmable read-only memory (EEPROM), a
flash memory or the like and is configured to store various
information such as applications which are operated by the
processing unit 24. Further, the storage unit 22 stores, for
each working site, data on the fastening torque transmitted
from the tool 3 and data on the image captured by the
wearable device 4. Besides, the storage unit 22 stores, for
each working site, a torque (target torque) required when
fastening the fastener, data on an image (instruction image)
representing the working site where the work needs to be
done by the worker W1, and an image (reference image)
showing a normal state where the fastener is tightened
properly. Here, the fastener is a member such as the screw
10 (see FIG. 6A) or a bolt.

[0023] An example of data stored in the storage unit 22 is
shown in Table 1. Table 1 shows data for a case where the
worker W1 tightens the screw 10 as the fastener. In Table 1,
“No.” is the number assigned to each working site where the
work is to be done by the worker W1. Further, “Standard”
represents a nominal size (e.g., ‘M8’, ‘M10’, etc.) of the
fastener required for each working site.

TABLE 1
Target Fastening

Stan- Torque Instruction Torque Reference Captured
No. dard (N-m) Image (N -m) Image Image
1 M8 20 =10% A(l) 19.8 B(1) c1)
2 MI0 40 = 10% A(2) 39.6 B(2) )
N-1M8 20:10% AN-1) 185 BIN-1) CNN-1)
N MIO 40 =10% A(N) 40.5 B(N) Cc(N)
[0024] The communication unit 23 is formed of a com-

munication module in compliance with wired and wireless
communication standards (e.g., Bluetooth (registered trade-
mark) and WiFi (registered trademark)). In the control
device 2 of the present embodiment, the communication unit
23 makes wireless communication with the tool 3 and the
host device 5, and makes wired communication with the
wearable device 4 via a cable CA1 (see FIG. 2). However,
the communication unit 23 may make wireless communi-
cation with the wearable device 4 and may make wired
communication with the tool 3 and the host device 5 via
respective cables (not shown).
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[0025] The processing unit 24 includes, e.g., a CPU (cen-
tral processing unit), and executes various processes by
operating the applications stored in the storage unit 22.
Specifically, the processing unit 24 executes a process of
transmitting an instruction signal to the wearable device 4 by
reading out the data on the instructions from the storage unit
22. Further, the processing unit 24 executes a process of
determining whether or not the fastening work is being
performed successfully by the worker W1 based on a
fastening torque applied to the fastener by the tool 3 and an
image captured by the image pickup unit 41. The determi-
nation process will be described in detail later. The control
device 2 of the present embodiment is formed of a tablet-
type portable electronic device as shown in FIG. 2. There-
fore, the control device 2 is excellent in convenience since
it can easily be carried by the worker W1 while the work is
performed. However, the control device 2 is not limited to
the tablet-type portable electronic device.

[0026] For example, the control device 2 may be formed
of a smartphone. Alternatively, the control device 2 may be
formed of a programmable logic controller (PLC), a per-
sonal computer (PC) or the like. Further, the control device
2 preferably includes at least the communication unit 23 and
the processing unit 24, and optionally includes the display
unit 21 and the storage unit 22. For example, instead of the
display unit 21, the control device 2 may be provided with
an audio output unit (not shown) for outputting voice
instructions about the work to the worker W1. Alternatively,
the control device 2 may include both of the display unit 21
and the audio output unit.

[0027] The tool 3 is configured to apply a predetermined
torque to the fastener so as to tighten the fastener to a
workpiece 11 (see FIG. 6A). Here, the workpiece 11 is a
target object, such as a wood plate or an iron plate, on which
the work (in this case, the work of tightening the fastener)
is done. As shown in FIG. 1, the tool 3 includes a measuring
unit 31 configured to measure the fastening torque applied to
the fastener and the communication unit 32 configured to
make communication with the control device 2.

[0028] The tool 3 may be, e.g., a torque wrench, an electric
impact driver or the like. An electric impact wrench may be
another example of the tool 3. Further, the impact driver and
the impact wrench may be operated by, e.g., compressed air
power other than electric power. Alternatively, the tool 3
may be a manual screwdriver. In any example of the tool 3,
the tool 3 necessarily includes the communication unit 32,
but may not necessarily include the measuring unit 31. If the
tool 3 does not have the measuring unit 31, the tool 3 may
transmit, as the fastening torque, a setting torque set by a
torque limiter (which will be described later) to the control
device 2.

[0029] Hereinafter, a torque wrench 300 and an impact
driver 310 will be briefly described as examples of the tool
3 with reference to FIGS. 3 and 4.

[0030] The torque wrench 300 includes a head 301, an arm
303, a grip 304 and a case 308 as shown in FIG. 3. The arm
303 includes therein a magnetostrictive load cell (detecting
unit) 305. The case 308 includes therein a CPU (torque
calculating unit) 306 and a communication I/F (interface)
307.

[0031] The head 301 is a member serving as a rotation
center when the fastening work is performed by the worker
W1. At the head 301, a socket insert 302 to which a socket
302A is affixed is provided. The socket 302A is a member
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into which the fastener such as a bolt is fitted. By rotating the
head 301 in a state where the fastener is fitted into the socket
302A while the socket 302A is affixed to the socket insert
302, it is possible to apply a predetermined torque to the
fastener. In other words, the socket 302A corresponding to
the nominal size of the fastener is mounted to the head 301,
and the torque is applied to the fastener through the socket
302A by the rotation of the head 301. Further, at the socket
insert 302, the socket 302A corresponding to the nominal
size of the fastener may be appropriately affixed.

[0032] The grip 304 is a member gripped by the worker
W1 when fastening the fastener. The grip 304 has a shape
such that it can be easily gripped by the worker W1. The arm
303 is a rod-shaped member which transfers the force
applied to the grip 304 to the fastener through the head 301.
The arm 303 includes therein a torque limiter (not shown).
[0033] The torque limiter is a mechanism which is oper-
ated when a torque applied to the fastener reaches a preset
torque value to prevent an excessive torque from being
applied to the fastener. Since the torque limiter is a conven-
tionally known mechanism, a detailed description thereof
will be omitted. Further, the preset torque causing the torque
limiter to be operated can be set by, e.g., an adjustment knob
(not shown). The adjustment knob is also well known in the
art, a detailed description thereof will be omitted.

[0034] The load cell 305 includes a strain gauge (not
shown). The load cell 305 is slightly deformed depending on
the torque applied whenever fastening the fastener. The load
cell 305 measures a strain due to the deformation by using
the strain gauge and outputs an electrical signal proportional
to the strain to the CPU 306. That is, the load cell 305
outputs an electric signal corresponding to the torque
applied to the fastener. The CPU 306 calculates a fastening
torque based on the electric signal outputted from the load
cell 305. That is, in the torque wrench 300, the load cell 305
and the CPU 306 correspond to the measuring unit 31.
[0035] The communication I/F 307 is formed of a com-
munication module in compliance with the wireless com-
munication standard (e.g., Bluetooth (registered trade-
mark)). Here, the communication I/F 307 is configured to
transmit a signal including data of the fastening torque
calculated by the CPU 306 to the control device 2 through
wireless communication using an antenna (not shown). That
is, in the torque wrench 300, the communication I/F 307
corresponds to the communication unit 32. Alternatively, the
communication I/F 307 may be configured to transmit the
signal including the data of the fastening torque calculated
by the CPU 306 to the control device 2 through wired
communication using a cable (not shown).

[0036] Further, the torque wrench 300 may include a
liquid crystal display (not shown), which is exposed on one
surface of the case 308, to display information about the
fastening torque and the like. With such configuration, the
worker W1 is able to check the fastening torque immedi-
ately.

[0037] The impact driver 310 includes an impact mecha-
nism 311, a motor 312, an output shaft 314, a magnetostric-
tive torque sensor 316 (first detecting unit), an acceleration
sensor 315 (second detecting unit) and a control circuit 317
(torque calculating unit) as shown in FIG. 4. Further, the
impact driver 310 includes a cylindrical body 318 (body
part) and a grip 319 which protrudes in a direction (down-
ward in FIG. 4) intersecting an axial direction of the output
shaft 314 from a circumferential surface of the body 318.
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[0038] At one end of the grip 319 (a lower end of the grip
319 in FIG. 4), a battery pack 320 including a resin case and
a rechargeable battery 321 accommodated in the resin case
is detachably attached. The impact driver 310 is operated by
electric power supplied from the rechargeable battery 321.
Specifically, the impact driver 310 is operated by supplying
the electric power from the rechargeable battery 321 to each
of the motor 312 and the control circuit 317 through electric
wires 323 and 324.

[0039] Further, the grip 319 is provided with an operation
lever 325 which can be pushed in by the worker W1. A
switch circuit (not shown) is mechanically connected to the
operation lever 325. When the operation lever 325 is pushed
in by the worker W1, the switch circuit outputs an operation
signal to the control circuit 317.

[0040] The impact mechanism 311 is coupled to a shaft
313 of the motor 312. The impact mechanism 311 is
configured to generate a pulse-like impact force according to
the rotation of the shaft 313 and apply the generated impact
force to the output shaft 314. That is, the impact mechanism
311 generates the pulse-like impact force. The motor 312 is
formed of, e.g., a brushed DC (Direct Current) motor or a
brushless DC motor. The motor 312 is accommodated in the
body 318 such that the shaft 313 coincides with an axis of
the body 318. A driving current is supplied to the motor 312
from the control circuit 317 through the electric wire 324.
Further, an RPM (revolutions per minute) and a rotational
speed of the shaft 313 of the motor 312 are controlled by the
control circuit 317.

[0041] The output shaft 314 is rotatably attached to one
end (left end in FIG. 4) of the body 318 so as to coincide
with the axis of the body 318. The output shaft 314 is
configured to be rotated by the impact force applied from the
impact mechanism 311. At a front end of the output shaft
314, a bit 314A corresponding to the nominal size of the
fastener such as the screw 10, a bolt or the like is affixed. By
fitting the bit 314A into the fastener while the bit 241A is
affixed to the output shaft 314, it is possible to apply a
predetermined torque to the fastener by using the impact
driver 310. That is, the bit 314A corresponding to the
nominal size of the fastener is affixed to the output shaft 314,
and the output shaft 314 is rotated by the impact force
applied from the impact mechanism 311.

[0042] The torque sensor 316 is configured to measure, in
a non-contact manner, a strain generated in the output shaft
314 by the torque applied to the output shaft 314 when
fastening the fastener. Then, the torque sensor 316 outputs
an electrical signal proportional to the strain to the control
circuit 317 through an electric wire 322. That is, the torque
sensor 316 measures a torque applied to the output shaft 314.
[0043] The acceleration sensor 315 is attached to a groove
(not shown), which is formed by carrying out D-shaped
cutting at a portion of the output shaft 314 for example. The
acceleration sensor 315 is configured to detect at least one of
an angular velocity of the output shaft 314 and a circum-
ferential acceleration of the output shaft 314. The accelera-
tion sensor 315 may further detect a radial acceleration of
the output shaft 314 in addition to the circumferential
acceleration of the output shaft 314.

[0044] Further, a pair of communication coils (not shown)
are provided at the output shaft 314 to supply electric power
to the acceleration sensor 315 and to transmit a detected
value of the acceleration sensor 315 to the control circuit
317. One (first communication coil) of the communication
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coils is fixed to the circumferential surface of the output
shaft 314. The other one (second communication coil) of the
communication coils is formed in a cylindrical shape and the
output shaft 314 passes through a center thereof. The second
communication coil is arranged to face the first communi-
cation coil.

[0045] When the control circuit 317 supplies AC current to
the second communication coil, the AC current flows
through the first communication coil by the mutual induc-
tion. The acceleration sensor 315 converts the AC current
flowing through the first communication coil into DC cur-
rent and stores charges in, e.g., a capacitor (not shown) to
thereby ensure an operating power. Further, the acceleration
sensor 315 transmits the detected value to the control circuit
317 through the second communication coil and the electric
wire 322 by supplying a pulse signal having a frequency
different from that of the AC current inputted from the
control circuit 317 to the first communication coil.

[0046] The control circuit 317 includes a microcomputer
(microcontroller) and a communication module in compli-
ance with the wireless communication standard (e.g., Blu-
etooth (registered trademark)). The control circuit 317 has a
function of controlling the rotation of the shaft 313 of the
motor 312 based on the operation signal outputted from the
switch circuit in response to the pushing operation of the
operating lever 325.

[0047] In the impact driver 310, the control circuit 317
calculates the fastening torque on the basis of an inertia
torque of the output shaft 314 and the bit 314 A calculated
based on the detected value of the torque sensor 316 and the
detected value of the acceleration sensor 315. That is, in the
impact driver 310, the torque sensor 316, the acceleration
sensor 315 and the control circuit 317 correspond to the
measuring unit 31. Further, the control circuit 317 has a
function of stopping the operation of the motor 312 when the
calculated fastening torque reaches a preset torque value.
[0048] Further, the control circuit 317 has a function of
transmitting a signal including data of the calculated fasten-
ing torque to the control device 2 through wireless commu-
nication using an antenna (not shown). That is, in the impact
driver 310, the control circuit 317 corresponds to the com-
munication unit 32. Alternatively, the control circuit 317
may be configured to transmit the signal including data of
the calculated fastening torque to the control device 2
through wired communication using a cable (not shown).
[0049] The wearable device 4 is constituted by attaching
the image pickup unit 41 and the display unit 42 to a device,
e.g., glasses, a goggle or a helmet to be mounted on the head
of the worker W1. In the work management system 1 of the
present embodiment, the wearable device 4 is constituted by
a glasses-type device as shown in FIG. 2 and includes the
image pickup unit 41, the display unit 42, the communica-
tion unit 43 and the processing unit 44 as one unit.

[0050] The image pickup unit 41 is formed of, e.g., a CCD
(charge-coupled device) image sensor or CMOS (comple-
mentary metal oxide semiconductor) image sensor. The
capturing range of the image pickup unit 41 is substantially
equal to the display range of the display unit 42, and also is
substantially equal to the field of view of the worker W1 to
whom the wearable device 4 is attached. Therefore, the
image pickup unit 41 can capture a range approximate to the
field of view of the worker W1. Further, since the capturing
range of the image pickup unit 41 does not exactly coincide
with the field of view of the worker W1, preferably, correc-
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tion processing may be performed on the captured image so
as to make the capturing range equal to the field of view of
the worker W1. Further, as shown in FIG. 6A, the image
pickup unit 41 captures an image so that the captured image
is viewed from a direction perpendicular to an installation
surface of the workpiece 11 (working site) (i.e., a direction
perpendicular to the plane of FIG. 6A). Further, the “per-
pendicular” may not be exactly “perpendicular” in the strict
sense.

[0051] The display unit 42 is formed of, e.g., a head-
mounted display (HMD) or the like and is configured to
display various information for the worker W1 by using at
least one of the message and the image. The head-mounted
display may be a projecting type display which enable
observation of the image by forming a virtual image by
using a half mirror or the like, or may be a projecting type
display which forms an image directly on the retina by using
the lens of the eyes.

[0052] The communication unit 43 is formed of a module
in compliance with the wired communication standard and
is configured to make communication with the control
device 2 through the cable CA1. The communication unit 43
may be formed of a module in compliance with the wireless
communication standard (e.g., Bluetooth (registered trade-
mark). In this case, the communication unit 43 makes
wireless communication between the control device 2 and
the wearable device 4.

[0053] The processing unit 44 includes, e.g., a CPU and is
configured to realize various processes by executing pro-
grams. Specifically, the processing unit 44 executes a pro-
cess of capturing an image of the working site by using the
image pickup unit 41 based on an instruction signal trans-
mitted from the control device 2. Further, the processing unit
44 executes a process of displaying instruction contents for
the worker W1 on the display unit based on data included in
the instruction signal transmitted from the control device 2.
Additionally, the processing unit 44 executes a process of
transmitting data of the image captured by the image pickup
unit 41 to the control device 2.

[0054] The host device 5 is constituted by, e.g., a pro-
grammable logic controller (PLC), a personal computer
(PC), a server and the like. The host device 5 has a function
of communicating with the control device 2. In the work
management system 1 of the present embodiment, the con-
trol device 2 makes wireless communication with the host
device 5 through a wireless access point 51 (see FIG. 2)
included in the host device 5. Further, the host device 5 has
a function of collectively managing data transmitted from
the control device 2. Specifically, the host device 5 stores,
for each work, data of the captured image and data of the
fastening torque transmitted from the control device 2 to
thereby manage the history of the works performed by the
worker W1.

[0055] A timing of transmitting data to the host device 5
from the control device 2 may be arbitrarily set. For
example, the control device 2 may regularly transmit data to
the host device 5, or may transmit data to the host device 5
at the time when all of the works are completed. Alterna-
tively, the control device 2 may transmit data to the host
device 5 when the control device 2 receives a request for
data transmission from the host device 5.

[0056] Hereinafter, an operation of the work management
system 1 of the present embodiment will be described with
reference to FIG. 5. First, when the worker W1 manipulates
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the control device 2 to start the work, the processing unit of
the control device 2 executes a process of transmitting an
instruction signal including data of the work to the wearable
device 4 (step S1). Alternatively, the processing unit 24 of
the control device 2 may be triggered to execute the step S1
by the worker’s manipulation on one of the tool 3 and the
wearable device 4.

[0057] The processing unit 44 of the wearable device 4,
upon receiving the instruction signal, executes a process of
projecting (displaying) data of an instruction image repre-
senting the working site included in the instruction signal
and other instruction data required for the work (e.g., the
standard fastening torque and the nominal size of the screw
10) on the display unit 42 (step S2). The worker W1
identifies the working site by looking at the instruction
image projected on the display unit 42. Further, the worker
W1 makes preparations for the work using the tool 3 by
looking at the instruction data (step S3). For example, when
the tool 3 is the impact driver 310, the worker W1 installs the
bit 314A corresponding to the nominal size of the screw 10
on the output shaft 314 or sets the setting torque.

[0058] Next, the worker W1 manipulates the image pickup
unit 41 of the wearable device 4. This manipulation allows
the processing unit 44 to execute a process of capturing an
image of the working site and an area around the working
site through the image pickup unit 41 (step S4). At this time,
the worker W1 may adjust a position of the image pickup
unit 41 prior to the capturing process, for example, by
moving his/her head, such that the working site is positioned
at the center of the field of view. Further, in the case of
displaying a frame defining the capturing range on the
display unit 42, the worker W1 may adjust the position of the
image pickup unit 41, for example, by moving his/her head
such that the working site is positioned in the frame. Then,
the processing unit 44 executes a process of transmitting
data of the captured image to the control device 2.

[0059] The processing unit 24 of the control device 2,
upon receiving the data of the captured image, executes a
process of checking whether or not the worker W1 would
work in a correct working site by comparing the captured
image with the instruction image of the working site stored
in advance (step S5). In this checking process, for example,
a similarity is evaluated by comparing the data of the
captured image with the data of the instruction image. Then,
it is determined as normal (that is, the worker W1 would
work in a correct working site) if the evaluated similarity is
equal to or greater than a predetermined threshold, and it is
determined as abnormal (that is, the worker W1 would work
in a wrong working site) if the evaluated similarity is smaller
than the predetermined threshold. If it is determined as
normal (YES in step S5), the processing unit 24 executes a
process of transmitting to the wearable device 4 a start signal
instructing the worker W1 to start the work (step S6).
[0060] Here, the “similarity” may be a digitized parameter
indicative of the degree of similarities between the data of
the captured image and the data of the instruction image. For
example, a difference image between the captured image and
the instruction image is obtained, and the similarity may be
evaluated based on the number of pixels which have gray
values smaller than a predetermined value in the difference
image. Alternatively, for example, a difference image
between the captured image and the instruction image is
obtained and a binary image is obtained by binarizing the
difference image. Then, labels are assigned to regions in the
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binary image and the similarity may be evaluated based on
an area of each labeled region.

[0061] Ifitis determined as abnormal (NO in step S5), the
processing unit 24 executes a process of transmitting to the
wearable device 4 a signal instructing the worker W1 to
capture an image of the working site again. Then, the
sequence of the steps S1 to S5 is repeated until it is
determined that the worker W1 would work in a correct
working site.

[0062] The processing unit 44 of the wearable device 4,
upon receiving the start signal, executes a process of pro-
jecting on the display unit 42 an image or a message of
urging the worker W1 to start the work (step S7). The worker
W1 starts the work using the tool 3 by looking at the image
or the message projected on the display unit 42 (step S8). In
this example, the worker W1 performs the task of tightening
the screw 10 to the workpiece 11 by using the tool 3. In this
case, the measuring unit 31 of the tool 3 measures the
fastening torque applied to the screw 10 when tightening the
screw 10. Once the work is completed, the communication
unit 32 of the tool 3 performs a process of transmitting data
of the fastening torque measured by the measuring unit 31
to the control device 2 (step S9).

[0063] Upon receiving the data of the fastening torque, the
processing unit 24 of the control device 2 determines that the
work by the worker W1 has been completed. Then, the
processing unit 24 executes a process of transmitting, to the
wearable device 4, a signal instructing the worker W1 to
capture an image of the working site after the work (step
S10). Upon receiving this instructing signal, the processing
unit 44 of the wearable device 4 executes a process of
projecting on the display unit 42 an image or a message of
urging the worker W1 to capture an image of the working
site after the work.

[0064] The worker W1 manipulates the image pickup unit
41 by looking at the image or the message displayed on the
display unit 42. This manipulation allows the processing unit
44 to execute a process of capturing an image of the working
site and an area around the working site through the image
pickup unit 41 (step S11). At this time, similarly to the step
S4, the worker W1 may adjust a position of the image pickup
unit 41 prior to the capturing process, for example, by
moving his/her head. Then, the processing unit 44 executes
a process of transmitting data of the captured image to the
control device 2.

[0065] Further, although the worker W1 captures an image
of the working site and the area around the working site by
manipulating the image pickup unit 41 in the steps S4 and
S11, the capturing process may be performed automatically
by the image pickup unit 41. For example, the image pickup
unit 41 may automatically capture an image of the working
site when the working site is positioned inside the frame
displayed on the display unit 42.

[0066] The processing unit 24 of the control device 2,
upon receiving the data of the captured image, executes a
process of determining whether or not the work has been
performed normally (successfully) based on the fastening
torque acquired in advance and the data of the captured
image (step S12). If it is determined as normal (YES in step
S13), the processing unit 24 determines that the work in the
current working site has been completed, and executes a
process of transmitting an instruction signal for the next
working site to the wearable device 4. If it is determined as
abnormal (NO in step S13), the processing unit 24 executes
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a process of transmitting an instruction signal for the work
to be performed successfully to the wearable device 4. Then,
the sequence of the steps S6 to S13 is repeated until it is
determined that the work by the worker W1 is performed
successfully. Further, the sequence of the steps S1 to S13 is
repeated until the work is completed for each and every
working site.

[0067] In this example, if it is determined as abnormal in
the step S13, the processing unit 24 of the control device 2
instructs the worker W1 to perform the same working task
again. However, this instruction is optional, and it may be
also possible for the processing unit 24 to instruct, after the
work is completed for each and every working site, the
worker W1 to perform the same working task again only for
each unsuccessful work.

[0068] Hereinafter, the determination process in step S12
will be described in more detail. First, the processing unit 24
of the control device 2 executes a process of comparing the
fastening torque transmitted from the tool 3 with a target
torque. For example, for the work corresponding to “No. 17
of Table 1, the fastening torque measured by the tool 3 is
19.8 (N'm), which is within a range of the target torque of
20+10% (N'm). Therefore, in this case, the processing unit
24 determines that the screw 10 is sufficiently tightened. On
the other hand, if the fastening torque is not within the range
of the target torque, the processing unit 24 determines it as
abnormal (that is, the work has been performed unsuccess-
fully).

[0069] Meanwhile, even though the fastener (here, the
screw 10) is sufficiently fastened, it does not surely mean
that the work has been performed normally. For example, as
shown in FIG. 6A, when the screw 10 is not inclined with
respect to the workpiece 11 (working site) as viewed from a
direction perpendicular to an installation surface of the
workpiece 11 (i.e., a direction perpendicular to the plane of
FIG. 6A), it can be determined that the screw 10 has been
tightened correctly (that is, the work has been performed
successfully). On the other hand, as shown in FIG. 6B, when
the screw 10 is inclined with respect to the workpiece 11 as
viewed from the direction perpendicular to the installation
surface of the workpiece 11, it can be determined that the
screw 10 has not been tightened correctly (that is, the work
has been performed unsuccessfully). Further, the “perpen-
dicular” may not be exactly “perpendicular” in the strict
sense.

[0070] Therefore, when it is determined that the fastener
has been sufficiently fastened, the processing unit 24
executes a process of comparing data of the captured image
with data of a reference image. For example, in this process,
similarly to the step S5, a similarity is evaluated by com-
paring the data of the captured image with the data of the
reference image. Then, it is determined as normal (that is,
the work has been performed successfully) if the evaluated
similarity is equal to or greater than a predetermined thresh-
old, and it is determined as abnormal (that is, the work has
been performed unsuccessfully) if the evaluated similarity is
smaller than the predetermined threshold. For example, for
the work corresponding to “No. 1” of Table 1, when the
similarity evaluated by comparing data C(1) of the captured
image with data B(1) of the reference image is equal to or
greater than the predetermined threshold, the processing unit
24 determines it as normal (that is, the screw 10 has been
fastened correctly to the workpiece 11). On the other hand,
when the evaluated similarity is smaller than the predeter-
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mined threshold, the processing unit 24 determines it as
abnormal (that is, the screw 10 has not been fastened
correctly to the workpiece 11).

[0071] Further, in the determination process, the process-
ing unit 24 may determine whether or not a diameter of the
head 100 of the screw 10 matches up with its standard (e.g.,
‘M8, ‘M10’ and the like) by comparing the data of the
captured image with the data of the reference image. For
example, when a M8 screw is accidentally fastened in a
working site where a M10 screw has to be fastened, the
determination of the processing unit 24 is made as abnormal.
Therefore, the processing unit 24 can determine whether or
not the screw 10 of the standard appropriate for the working
site is fastened.

[0072] Further, in the determination process, when the
fastening torque has an abnormal value excessively greater
than the target torque, the processing unit 24 may determine
that there is an abnormality in the measuring unit 31 of the
tool 3. In this case, by notifying the worker W1 of the
abnormality occurred in the measuring unit 31 of the tool 3
through the tool 3 or the wearable device 4, it can be urged
to repair or replace the tool 3.

[0073] Further, in the determination process, the process-
ing unit 24 acquires the fastening torque regularly from the
tool 3 during a time period (work period) from the start to
the end of the work, and may determine whether or not the
fastening work is successfully performed on the basis of data
of the time series. For example, when the fastening torque is
substantially constant in this work period, the processing
unit 24 can determine that the fastening work has been
performed successfully. On the other hand, when the fas-
tening torque varies discontinuously in the work period, the
processing unit 24 can determine that the fastening work has
been performed unsuccessfully.

[0074] As described above, in the control device 2 and the
work management system 1 of the present embodiment, it is
determined whether or not the work by the worker W1 is
being performed normally based on the fastening torque
applied by the tool 3 to the fastener and the captured image
of the working site taken by the image pickup unit 41.
Accordingly, the control device 2 and the work management
system 1 of the present embodiment can check whether or
not the fastener has been fastened successfully (i.e., a state
of the work using the tool 3). Therefore, with the control
device 2 and the work management system 1 of the present
embodiment, it is possible to improve work efficiency by
providing appropriate instructions to the worker W1 depend-
ing on the state of the work. Furthermore, with the control
device 2 and a work management system 1 of the present
embodiment, it is also possible to reduce mistakes made by
the worker W1 by checking the state of the work. Thus, there
is an advantage that it is possible to improve the quality of
a product made through the work.

[0075] In particular, in the control device 2 of the present
embodiment, the processing unit 24 obtains the similarity in
the determination process by comparing the captured image
with the reference image showing the state in which the
fastener is fastened normally in the working site. Further, the
processing unit 24 determines whether or not the work is
being performed normally based on the comparison result
between the fastening torque and the target torque required
for the work and the comparison result between the simi-
larity and the predetermined threshold. With such configu-
ration, it is possible to more accurately check whether or not
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the fastener has been fastened successfully. This configura-
tion may be optionally employed.

[0076] Further, in the control device 2 of the present
embodiment, upon receiving the data of the fastening torque,
the processing unit 24 determines that the work by the
worker W1 has been completed. Then, the processing unit
24 may execute a process of transmitting, to the wearable
device 4, a signal instructing the worker W1 to capture an
image of the working site after the work. Upon receiving this
instructing signal, the image pickup unit 41 of the wearable
device 4 may automatically capture an image of the working
site. In other words, in the control device 2 of the present
embodiment, the image capturing timing of the image
pickup unit 41 may be determined by using the signal from
the tool 3 as a trigger. In this configuration, the image
capture of the image pickup unit 41 is performed at the
timing when the worker W1 completes the work using the
tool 3. Therefore, there is an advantage that it is possible to
capture an image of the working site without the use of the
hands of the worker W1. This configuration may be option-
ally employed.

[0077] Further, the control device 2 of the present embodi-
ment includes the display unit 21 configured to display
instructions about the work for the worker W1 by using at
least one of a message and an image. In this configuration,
it is possible to visually show the instructions to the worker
W1. This configuration may be optionally employed.
[0078] Further, in the control device 2 of the present
embodiment, the captured image is an image when the
working site is viewed from the direction perpendicular to
the installation surface. Therefore, the control device 2 can
determine whether the fastener is fastened in the direction
perpendicular to the installation surface, and thus it can be
easily determined whether the fastener is fastened correctly
on the installation surface. This configuration may be
optionally employed.

[0079] Further, in the work management system 1 of the
present embodiment, the wearable device 4 includes the
display unit 42 configured to display instructions about the
work for the worker W1 transmitted from the control device
2 by using at least one of a message and an image. Therefore,
in this work management system 1, the worker W can easily
check the instructions about the work by simply orienting
his/her eyes to the wearable display unit 42. This configu-
ration may be optionally employed.

[0080] Further, in the work management system 1 of the
present embodiment, it is preferable that the tool 3 is the
torque wrench 300 having the head 301, the load cell
(detecting unit) 305 and a CPU (torque calculating unit) 306.
In this configuration, it is possible to obtain a fastening
torque by measuring a torque actually applied to the fastener
from the tool 3. Therefore, it can be accurately determined
whether the work has been performed successfully. The use
of the torque wrench 300 as the tool 3 is optional.

[0081] The tool 3 may be the impact driver 310 having the
impact mechanism 311, the output shaft 314, the magneto-
strictive torque sensor 316 (first detecting unit), the accel-
eration sensor 315 (second detecting unit), and the control
circuit 317 (torque calculating unit). Also in this configura-
tion, it is possible to obtain a fastening torque by measuring
a torque actually applied to the fastener from the tool 3.
Therefore, it can be accurately determined whether the work
has been performed successfully. The use of the torque
wrench 300 as the tool 3 is optional.
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[0082] Further, in the work management system 1 of the
present embodiment, the wearable device 4 is a device to be
mounted on the head of the worker W1 such as protective
glasses, a goggle, or a helmet. In this configuration, since the
field of view of the worker W1 is substantially the same as
the capturing range of the image pickup unit 41, it is
advantageous in that it is easy to capture an image of the
working site. Further, in this configuration, since the infor-
mation such as the instructions about the work is projected
on the display unit 42 present in the field of view of the
worker W1 without being aware of it, it is advantageous in
that the worker W1 can easily perform the work, and hardly
overlooks the instructions about the work. This configura-
tion may be optionally employed.

[0083] Further, in the work management system 1 of the
present embodiment, at least one of the wearable device 4
and the control device 2 may have a function of outputting
voice instructions about the work for the worker W1. In this
configuration, it is possible to provide the instructions about
the work to the worker W1 through auditory communica-
tion. Thus, the work can be easily performed since the
worker W1 does not need to interrupt the work. This
configuration may be optionally employed.

[0084] Further, the work management system 1 of the
present embodiment includes the host device 5. The host
device 5 stores, for each work, the data of the captured
image and the data of the fastening torque transmitted from
the control device 2. In this configuration, by using the host
device 5, it is possible to manage the history of the works
performed by the worker W1. Thus, it is advantageous in
that the work management and the quality control can be
easily carried out together.

[0085] Furthermore, in the work management system 1 of
the present embodiment, the host device 5 may store infor-
mation about devices (e.g., the tool 3 and the wearable
device 4) electrically connected to the control device 2. The
information about each device may include, e.g., corrective
information of various parameters of the device, position
information of the device, information of the worker W1
handling the device, information of the time at which the
work using the device is performed and the like. In this
configuration, not only the fastening torque for each work
can be managed, but also the devices connected to the
control device 2 and the worker W1 handling the work can
be managed. Thus, the work management can be carried out
in a more detailed manner. For example, in this configura-
tion, it is possible to change a working plan to more
precisely perform the work by referring to the history of
working hours or the working skill of the worker W1
handling the device. Further, in this configuration, it is also
possible to provide individual guidance, such as reading a
working manual, to the worker W1 with low working skill.
[0086] It is optional for the work management system 1 to
include the host device 5. If the work management system
1 does not include the host device 5, it is preferable that the
storage unit 22 of the control device 2 stores the data of the
fastening torque, the data of the captured image and the
information about devices for each work. With this configu-
ration, the control device 2 can have the same function as
that of the host device 5.

[0087] Meanwhile, the work management system 1 of the
present embodiment may be used in conjunction with a part
management system 6 shown in FIGS. 7A and 7B. The part
management system 6 is a system used in a so-called cell
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production method of taking parts P1 out sequentially from
a plurality of part boxes 71 and assembling the extracted
parts P1 according to a predetermined production plan. As
shown in FIGS. 7A and 7B, the part management system 6
includes a shelf 7 consisting of the plurality of part boxes 71,
a plurality of display devices 8 respectively mounted on the
part boxes 71 in a one-to-one relationship, and a work
platform 9 where the worker W1 performs the work. In each
of the part boxes 71, the parts P1 are arranged. Different
types of parts P1 may be disposed in the respective part
boxes 71. Alternatively, the same type of parts P1 may be
disposed in some of the part boxes 71. In the part manage-
ment system 6, the control device 2 of the present embodi-
ment controls the plurality of display devices 8.

[0088] The display devices 8 are electrically connected to
the control device 2 by cables (not shown). Each of the
display devices 8 is configured to be turned on in response
to a signal transmitted from the control device 2. The control
device 2 is configured to turn on one of the display devices
8 according to the predetermined production plan to urge the
worker W1 to take out the parts P1 from the part box 71
corresponding to the turned-on display device 8. Further,
each of the display devices 8 is provided with a switch (or
a lever) 81 operable by the worker W1. Each display device
8 can be turned off by manipulating the switch 81 by the
worker W1 in a state in which the display device 8 is turned
on.

[0089] Hereinafter, an operation of the control device 2 in
the part management system 6 will be described in detail.
The processing unit 24 of the control device 2 determines,
based on a signal outputted from one display unit 8 by
manipulating the switch 81, that a part P1 has been extracted
from a part box 71 corresponding to the display unit 8. When
it is determined that the part P1 has been extracted, the
processing unit 24 executes a process of transmitting to the
wearable device 4 a signal instructing the worker W1 to
capture an image of the extracted part P1. Upon receiving
the above instruction signal, the processing unit 44 of the
wearable device 4 executes a process of projecting on the
display unit 42 an image or a message of urging the worker
W1 to capture an image of the extracted part P1.

[0090] The worker W1 manipulates the image pickup unit
41 by looking at the image or the message projected on the
display unit 42. By this manipulation, the processing unit 44
executes a process of capturing an image of the extracted
part P1 through the image pickup unit 41. Alternatively, the
processing unit 44 may execute a process of automatically
capturing an image of the extracted part P1 through the
image pickup unit 41 upon receiving the signal from the
control device 2. Then, the processing unit 44 executes a
process of transmitting data of the captured image to the
control device 2.

[0091] The processing unit 24 of the control device 2,
upon receiving the data of the captured image, executes a
process of checking whether or not the worker W1 has
extracted a correct part by comparing the captured image
with a reference image of the part P1 stored in advance. In
other words, the processing unit 24 executes a process of
determining whether or not the correct part P1 is extracted
from any one of the plurality of the part boxes 71 by
comparing the captured image of the extracted part P1
obtained by the image pickup unit 41 with the reference
image of the part P1 stored in advance. In this process, for
example, a similarity is evaluated by comparing the data of
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the captured image with the data of the reference image of
the part P1. Then, it is determined as normal (that is, the
worker W1 has extracted a correct part P1) if the evaluated
similarity is equal to or greater than a predetermined thresh-
old set in advance, and it is determined as abnormal (that is,
the worker W1 has extracted an incorrect part P1) if the
evaluated similarity is smaller than the predetermined
threshold.

[0092] Ifitis determined as normal, the processing unit 24
executes a process of turning on a display device 8 corre-
sponding to a part box 71 in which a part P1 to be extracted
subsequently is accommodated. If it is determined as abnor-
mal, the processing unit 24 executes, e.g., a process of
flickering a display device 8 corresponding to a part box 71
in which a correct part P1 is accommodated, or a process of
transmitting to the wearable device 4 a signal instructing the
worker W1 to extract a correct part P1.

[0093] In this configuration, it is advantageous in that the
control device 2 can manage the work of assembling the
extracted part P1 (in this embodiment the work of fastening
the fastener) together with the work of extracting the part P1
in the previous step. Further, in this configuration, if it is
determined in the determination process that the worker W1
has extracted an incorrect part P1, the control device 2
notifies the worker W1 of the determination result, thereby
urging the worker W1 to extract a correct part P1.

[0094] In the control device 2 and the work management
system 1 of the present embodiment, the determination
process is performed for the work of fastening the fastener.
However, the determination process may be performed for
other working tasks. For example, in a case where a drilling
work is to be performed on the workpiece 11, the tool 3
transmits data of a torque applied to the workpiece 11 during
the drilling work to the control device 2. Further, the image
pickup unit 41 captures a working site where a hole is
formed after the drilling work. Then, the processing unit 24
of the control device 2 executes a process of determining
that the hole formed in the workpiece 11 has a sufficient size
if the torque transmitted from the tool 3 exceeds a target
torque. Further, the processing unit 24 obtains a similarity by
comparing data of the captured image with data of a refer-
ence image, and executes a process of determining whether
or not the hole has been correctly and successfully drilled
into the workpiece 11 by comparing the similarity with a
threshold set in advance.

[0095] Further, in the work management system 1 of the
present embodiment, the image pickup unit 41 is provided in
the wearable device 4. However, the image pickup unit 41
may be provided in the tool 3, for example. In this case, the
tool 3 may have a function of executing a process of
capturing an image of the working site by using the image
pickup unit 41 based on an instruction signal transmitted
from the control device 2 and a process of transmitting data
of the image captured by the image pickup unit 41 to the
control device 2.

[0096] Further, in the work management system 1 of the
present embodiment, although the wireless communication
using Bluetooth (registered trademark) is performed
between the control device 2 and the host device 5, the
wireless communication using the wireless communication
standard such as WiFi (registered trademark), ZigBee (reg-
istered trademark) or the like may be performed therebe-
tween. Further, the mobile communication standard such as
LTE (long term evolution) for mobile devices may be used
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for the wireless communication between the control device
2 and the host device 5. The wireless communication using
the mobile communication standard is particularly effective,
for example, when the control device 2 is installed outdoors
and the worker W1 performs work outdoors.

[0097] Further, it is particularly preferable that the wire-
less communication is performed by using the mobile com-
munication standard for mobile devices because established
services, which are provided through the mobile network,
such as location-based service using GPS (global position-
ing system) and a weather forecast, can also be used. That
is, in this case, since the location of the control device 2 can
be specified by the GPS, it becomes possible for the host
device 5 to manage the locations of the control device 2 and
the worker W1. Further, it is possible to check the environ-
ment (e.g., hot and humid climate) of an area where the
control device 2 is located through the weather forecast.
Therefore, it is possible for the host device 5 to estimate and
manage the lifetime of the devices including the tool 3 and
the wearable device 4 according to the use environment of
the control device 2.

[0098] Further, in the work management system 1 of the
present embodiment, the tool 3 may be a battery-operated
device (e.g., the impact driver 310) using a rechargeable
battery (secondary battery) 321. In this configuration, a
cable between the tool 3 and a power source, or a cable
between the tool 3 and a compressed air source (air com-
pressor) becomes unnecessary. Thus, the worker W1 can
easily handle the tool 3 without regard to cables.

[0099] Further, in the work management system 1 of the
present embodiment, the control device 2 is configured to
control a single tool 3 and a single wearable device 4.
However, the control device 2 may be configured in a
different way. For example, the control device 2 may be
configured to control each of a plurality of sets, each
including the tool 3 and the wearable device 4. Further, in
the work management system 1 of the present embodiment,
the host device 5 is configured to make communication with
a single control device 2. However, the host device may be
configured to make communication with each of a plurality
of control devices 2.

1. A control device comprising:

a communication unit configured to make communication
with a tool used during a work of fastening a fastener
by a worker and further make communication with an
image pickup unit configured to capture an image of a
working site where the work is performed; and

a processing unit configured to execute a determination
process of determining whether or not the work is being
performed successfully based on a fastening torque
applied to the fastener by the tool and the image
captured by the image pickup unit.

2. The control device of claim 1, wherein the processing
unit obtains, in the determination process, a similarity by
comparing the captured image with a reference image show-
ing a state in which the fastener is successfully fastened in
the working site, and

the processing unit determines whether or not the work is
being performed successfully based on a comparison
result between the fastening torque and a target torque
required for the work and a comparison result between
the similarity and a threshold set in advance.
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3. A work management system comprising:

the control device of claim 1;

the tool including a communication unit configured to
transmit data of the fastening torque to the control
device; and

a wearable device including a communication unit con-
figured to transmit data of the image pickup unit and the
captured image to the control device.

4. The work management system of claim 3, wherein the
wearable device further includes a display unit configured to
display instructions about the work for the worker transmit-
ted from the control device by using at least one of a
message and an image.

5. The work management system of claim 3, wherein the
tool is a torque wrench including:

a head to which a socket corresponding to a nominal size

of the fastener is affixed, the head being rotated to apply
a torque to the fastener through the socket;

a detecting unit configured to output an electric signal
corresponding to the torque applied to the fastener; and

a torque calculating unit configured to calculate the fas-
tening torque based on the electric signal.

6. The work management system of claim 3, wherein the

tool is an impact driver including:

an impact mechanism configured to generate a pulse-like
impact force;

an output shaft to which a bit corresponding to a nominal
size of the fastener is affixed, the output shaft being
rotated by the impact force applied from the impact
mechanism;

a first detecting unit configured to detect a torque applied
to the output shaft;

a second detecting unit configured to detect at least one of
an angular velocity of the output shaft and a circum-
ferential acceleration of the output shaft; and

a torque calculating unit configured to calculate the fas-
tening torque on a basis of an inertia torque calculated
based on a detected value of the first detecting unit and
a detected value of the second detecting unit.

7. The work management system of claim 3, wherein the
wearable device is a device to be mounted on the worker’s
head.

8. The work management system of claim 3, wherein at
least one of the wearable device and the control device is
configured to output voice instructions about the work for
the worker.

9. The work management system of claim 3, further
comprising a host device configured to make communica-
tion with the control device,

wherein the host device stores, for each work, data of the
captured image and data of the fastening torque trans-
mitted from the control device.

10. The work management system of claim 9, wherein the
host device stores information about devices electrically
connected to the control device.

11. The work management system of claim 3, wherein in
a part management system including a plurality of part
boxes each containing parts and a plurality of display
devices mounted on the part boxes in a one-to-one relation-
ship, the control device is configured to turn on one of the
display devices according to a progress status of a work of
extracting the parts to urge the worker to extract a part from
the part box corresponding to said one of the display
devices, and
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the processing unit further executes a process of deter-
mining whether or not a correct part has been extracted
from the part box corresponding to said one of the
display devices by comparing an image of the extracted
part captured by the image pickup unit with a reference
image of the part stored in advance.
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