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(54) CABLE SYSTEM

(57) A cable system A in which a cable 3 can be pre-
vented from becoming slack when a travelling body 2
completes ascending, starts descending or completes
descending stairs, a step or bump is provided. The cable
system A includes the cable 3 connecting a base device
1 and the travelling body 2, a reel device 10 disposed on
the travelling body 2, a motor controller 40 that controls
a motor 15 of the reel device 10 and an acceleration
sensor 50 that detects an acceleration of the travelling
body 2 in a vertical direction. The motor controller 40
basically makes the motor 15 free when the reel 12 is

rotated in an unreeling direction and the motor controller
40 basically provides the reel 12 with a rotary torque in
a reeling direction when the reel 12 is rotated in the reeling
direction. Moreover, even when the reel 12 is rotated in
the unreeling direction, the motor controller 40 provides
the reel 12 with the rotary torque in the reeling direction
if an end of sudden change of attitude of the travelling
body 2 such as when a front or a rear of the travelling
body 2 is suddenly moved downward is detected based
on information on acceleration in the vertical direction
obtained from the acceleration sensor 50.
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Description

Field of the Invention

[0001] The present invention relates to a cable system
including a reel device.

Background of the Invention

[0002] It is a known art to remotely control the motion
of a crawler-type travelling body by using a remote con-
troller (base device). A crawler-type travelling body is pro-
vided with a video camera. Image signals from the video
camera are transmitted to a remote controller. An oper-
ator operates the remote controller while monitoring the
motion of the crawler-type travelling body with a display
monitor that accompanies the remote controller. Remote
control signals from the remote controller are transmitted
to the crawler-type travelling body to make the crawler-
type travelling body turn or move forward, backward, or
otherwise.
[0003] Systems for transmitting the image signals and
the remote control signals include a wireless system and
a wired system. A wired system is usually adopted when
a crawler-type travelling body is used in a place where
radio signals are not easily received such as in a building
with winding passages and under the water. In the wired
system, a crawler-type travelling body and a remote con-
troller are connected with a long cable. Signal transmis-
sion wires are included in the cable. Feeder wires as
power lines may also be included in the cable as neces-
sary.
[0004] A robot for rescue operation or exploration may
work in a site inside a building. Sometimes, an operator
has to control a controller at a place distanced from the
site by 100 meters or more, sometimes as far as 1000
meters, due to poisons, radiation, explosion risk and oth-
er risks that prevent him from getting closer to the site.
Wired crawler-type travelling bodies are predominantly
adopted for such robots.
[0005] In the wired crawler-type travelling body men-
tioned above, a reel for winding a cable therearound may
be disposed in a base station where an operator is sta-
tioned, or may be disposed in the crawler-type travelling
body.
[0006] In a case where a reel is disposed in a base
station, when a crawler-type travelling body heads for a
site a long distance away, it is required that the crawler-
type travelling body unreel a cable from the reel in the
base station and move drawing the long cable. This may
cause too much load to the crawler-type travelling body.
[0007] To avoid such a situation, it is appropriate to
dispose a reel on a crawler-type travelling body when a
base station is a long distance away from a site. In this
case, a cable is unreeled as the crawler-type travelling
body is moved, and therefore, the load may be limited.
It is preferable that a power line that tends to be heavy
is not included in the cable but only a signal transmission

wire that is thin, light-weight and strong is included in the
cable.
[0008] However, when a reel is disposed on a crawler-
type travelling body as mentioned above, a thin and long
cable may be would around the reel. This may lead to a
problem that the cable may become slack and hook onto
a part of the crawler-type travelling body or the cable may
get tangled, becoming unable to transmit signals, and as
a result, making the crawler-type travelling body immov-
able.
[0009] Patent Document 1 to be identified later disclos-
es a reel device disposed on a crawler-type travelling
body. The reel device includes a reel around which a
cable is wound, a motor connected to the reel and a ro-
tation sensor that detects rotation of the reel.
[0010] In Patent Document 1, the motor is controlled
by a motor controller basically as follows. When the crawl-
er-type travelling body is moved in a direction (forward)
away from the remote controller (base station) and the
rotation of the reel in an unreeling direction is detected
by the rotation sensor, the motor is made free, allowing
the cable to be smoothly unreeled from the reel device,
thereby preventing the cable from becoming too tense
and from providing resistance against the forward move-
ment of the crawler-type travelling body.
[0011] When the crawler-type travelling body is moved
in a direction (backward) toward the remote controller,
the motor is activated to reel the cable onto the reel, there-
by preventing the cable from becoming slack.
[0012] The basic control as mentioned above alone
may cause inconvenience. For example, when the crawl-
er-type travelling body is moving forward, the motor is
made free and the cable is allowed to unreel. In this con-
dition, if the crawler-type travelling body is stopped sud-
denly, the reel will keep rotating due to the inertia, causing
the cable to be unreeled more than necessary and to
become slack.
[0013] To solve this problem, Patent Document 1 dis-
closes an acceleration sensor that detects acceleration
in a front-rear direction disposed in a crawler-type trav-
elling body. When the crawler-type travelling body is
stopped suddenly while moving forward as mentioned
above, the motor is activated to rotate the reel in a reeling
direction to reel the cable in response to the acceleration
in a backward direction detected by the acceleration sen-
sor.

Prior Art Documents

Patent Documents

[0014] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2008-254927
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Summary of the Invention

Problem to be Solved by the Invention

[0015] There still remains a problem unsolved by the
Patent Document 1. Details will be given below.
[0016] When the crawler-type travelling body com-
pletes ascending stairs, a front side of the crawler-type
travelling body is suddenly moved downward due to the
gravity, and an attitude of the crawler-type travelling body
is suddenly changed from an inclined attitude to a hori-
zontal attitude. Then the crawler-type travelling body
strongly hits a floor surface located on top of the stairs
and makes a landing (end of sudden change of attitude).
Since the reel is pulled by the cable accompanying the
sudden change of attitude of the crawler-type travelling
body, the reel is rotated rapidly, unreeling the cable rap-
idly. Even after the crawler-type travelling body com-
pletes landing, the reel keeps rotating rapidly due to the
inertia. This causes the cable to become slack, and the
slack portion may get tangled onto the reel rotating in the
unreeling direction or may spread near the reel disorderly
or hook onto a part of the crawler-type travelling body,
making the crawler-type travelling body immovable and
preventing the crawler-type travelling body from return-
ing.
[0017] An attempt is made in the Patent Document 1
to control the reeling of the reel by detecting a completion
of ascending stairs as described above based on the
acceleration information in the front-rear direction from
the acceleration sensor. However, the attempt fails to
bring about a satisfactory result.
[0018] Particularly when the cable is 100 meters or
longer, problems similar to those described above that
occurred at the completion of ascent also happened at
a start of descent and at a completion of descent.

Solution to the Problem

[0019] The present invention was made to solve the
problems mentioned above. The present invention pro-
vides a cable system including: a cable connecting a base
device and a travelling body, functions of the cable at
least including transmission of signals; a reel device dis-
posed on the travelling body, the reel device having a
reel onto which the cable is to be wound, a motor that
drives the reel and a rotation sensor that detects a rota-
tion of the reel; a motor controller that controls the motor
of the reel device; and an acceleration sensor that detects
an acceleration of the travelling body in a vertical direc-
tion; the motor controller basically opening a motor drive
circuit for driving the motor or bringing a supply current
to the motor to zero when it is determined that the reel
is rotated in an unreeling direction for unreeling the cable
based on sensed information from the rotation sensor;
the motor controller basically activating the motor to pro-
vide the reel with a rotary torque in a reeling direction
when it is determined that the reel is rotated in a reeling

direction for reeling the cable based on the sensed infor-
mation from the rotation sensor; and the motor controller
activating the motor to provide the reel with the rotary
torque in the reeling direction if an end of sudden change
of attitude of the travelling body is detected based on
information on acceleration in the vertical direction ob-
tained from the acceleration sensor even when the reel
is rotated in the unreeling direction.
[0020] In the cable system having the features de-
scribed above, the reel can be provided with the rotary
torque in the reeling direction immediately after the sud-
den change of attitude of the travelling body that may
happen when the travelling body completes ascending,
starts descending or completes descending stairs or a
large step or bump. Therefore, the reel can be restrained
from rotating rapidly in the unreeling direction due to the
inertia. Moreover, since the direction of rotation of the
reel can be reversed to the reeling direction in a short
period of time, the amount of slack of the cable can be
reduced, and the slack can be removed in a short period
of time.
[0021] Preferably, the motor controller detects the end
of sudden change of attitude of the travelling body based
on a differential value of the acceleration in the vertical
direction obtained from the acceleration sensor.
[0022] Since the differential value of the acceleration
is used in the cable system having the features described
above, responsiveness can be further enhanced.
[0023] Preferably, the motor controller judges whether
a rotation speed of the reel in the unreeling direction de-
tected by the rotation sensor exceeds a reference value
or not when the end of sudden change of attitude of the
travelling body is detected, and only when the judgment
is positive, the motor controller activates the motor to
provide the reel with the rotary torque in the reeling di-
rection.
[0024] In the cable system having the features de-
scribed above, false detection that may be made when
depending on the information on the acceleration in the
vertical direction only can be surely avoided. Specifically,
when the travelling body receives a vibration in the ver-
tical direction while moving an uneven surface, the trav-
elling body can be prevented from being misjudged as
completing ascent or starting descent. As a result, un-
necessary provision of the rotary torque in the reeling
direction to the reel that can hinder the travelling body
from moving forward can be avoided.
[0025] Preferably, the reel device further includes a
reel diameter detector that detects a diameter of the reel
with the cable wound around the reel; and the motor con-
troller (a) calculates an unreeling speed at which the ca-
ble is unreeled from the reel based on the diameter of
the reel detected by the reel diameter detector and the
rotation speed of the reel in the unreeling direction de-
tected by the rotation sensor, and (b) judges whether the
unreeling speed of the cable exceeds a reference value
when the end of sudden change of attitude of the travel-
ling body is detected, and only when the judgment is pos-
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itive, the motor controller activates the motor to provide
the reel with the rotary torque in the reeling direction.
[0026] In the cable system having the features de-
scribed above, just like the cable system described in the
previous paragraph, false detection that may be made
when depending on the information on the acceleration
in the vertical direction only can be surely avoided.
[0027] Preferably, the reel device further includes a
reel diameter detector that detects a diameter of the reel
with the cable wound around the reel; and when the reel
is rotated in the unreeling direction, the motor controller
(a) calculates an unreeling speed at which the cable is
unreeled from the reel based on the diameter of the reel
detected by the reel diameter detector and the rotation
speed of the reel in the unreeling direction detected by
the rotation sensor, (b) opens the motor drive circuit to
minimize a resistance of the motor when the unreeling
speed of the cable is smaller than a travelling speed of
the travelling body, and (c) closes the motor drive circuit
to restrict the rotation of the reel by the resistance of the
motor when the unreeling speed of the cable is greater
than the travelling speed of the travelling body.
[0028] In the cable system having the features de-
scribed above, even when the reel is rotated in the un-
reeling direction, a cause of the slack of the cable can
be removed by restricting the rotation of the reel if the
unreeling speed of the cable is greater than the travelling
speed of the travelling body.

Advantageous Effects of the Invention

[0029] According to the cable system of the present
invention, the slack of the cable that may be generated
immediately after the sudden change of attitude of the
travelling body that may be made when the travelling
body completes ascending, starts descending or com-
pletes descending stairs or a large step or bump can be
restrained, and the slack that may be generated can be
removed in a short period of time. As a result, inconven-
ient situations such as the slack portion spreading near
the reel disorderly can be avoided.

Brief Description of the Drawings

[0030]

FIG. 1 is a schematic side view of an exploration
system including a cable system according to an em-
bodiment of the present invention.
FIG. 2 is a cross-sectional plan view of a reel device
of the cable system together with a block diagram
showing a schema for controlling a motor of the reel
device.
FIG. 3 is a partially cut-away front view of a reel di-
ameter detection mechanism of the reel device.
FIG. 4 is a flow chart for controlling the motor of the
reel device.
FIG. 5A is a schematic view of a crawler-type trav-

elling body of the exploration system, showing the
travelling body immediately before completing as-
cent of stairs when moving forward.
FIG. 5B is a schematic view of the crawler-type trav-
elling body, showing the travelling body immediately
after changing its attitude from an inclined attitude
to a horizontal attitude after completing ascent of the
stairs.
FIG. 6A is a schematic view of the crawler-type trav-
elling body, showing the travelling body immediately
before starting descent of the stairs when moving
forward.
FIG. 6B is a schematic view of the crawler-type trav-
elling body, showing the travelling body immediately
after changing its attitude from the horizontal attitude
to the inclined attitude after starting descent of the
stairs.
FIG. 7A is a schematic view of the crawler-type trav-
elling body, showing the travelling body immediately
before completing descent of the stairs when moving
forward.
FIG. 7B is a schematic view of the crawler-type trav-
elling body, showing the travelling body immediately
after changing its attitude from the inclined attitude
to the horizontal attitude after completing descent of
the stairs.
FIG. 8A is a schematic view of the crawler-type trav-
elling body, showing the travelling body immediately
before completing descent of the stairs when moving
backward.
FIG. 8B is a schematic view of the crawler-type trav-
elling body, showing the travelling body immediately
after changing its attitude from the inclined attitude
to the horizontal attitude after completing descent of
the stairs.

Description of the Preferred Embodiments

[0031] An exploration system including a cable system
A according to an embodiment of the present invention
will be described hereinafter with reference to the draw-
ings. As shown in FIG. 1, the exploration system includes
a remote controller 1 (base device), a crawler-type trav-
elling body 2 (travelling body) and a long cable 3 con-
necting the remote controller 1 and the crawler-type trav-
elling body 2.
[0032] The remote controller 1 has a display monitor
1a. The crawler-type travelling body 2 includes a motor
and a battery for moving the travelling body. The cable
3 includes optical fibers that may transit signals.
[0033] Video cameras 4a, 4b (exploration device) are
disposed on the crawler-type travelling body 2. The video
camera 4a takes images of the view ahead of the crawler-
type travelling body 2 and the video camera 4b takes
images of the view behind of the crawler-type travelling
body 2. As an exploration device, in place of the video
camera or in addition to the video camera, a sensor such
as an infrared sensor, a chemical detection sensor, a
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temperature sensor or a radiation sensor may be used.
[0034] An operator remotely controls the crawler-type
travelling body 2 to make the crawler-type travelling body
2 turn or move forward, backward, or otherwise, viewing
images from the video camera 4a during the forward
movement of the crawler-type travelling body 2 and view-
ing images from the video camera 4b during the back-
ward movement of the crawler-type travelling body 2 dis-
played on the display monitor 1a.
[0035] The cable system A includes the cable 3 men-
tioned above and a reel device 10 that may reel and un-
reel the cable 3. The reel device 10 is disposed on a rear
portion of the crawler-type travelling body 2, for example,
and includes a pair of supports 11 (device bodies) fixed
to a top surface of a base of the crawler-type travelling
body 2, a reel 12 rotatably supported by the supports 11
and a cable moving mechanism 13. An axis of the reel
12 extends horizontally perpendicular to directions in
which the crawler-type travelling body 2 moves forward
and backward.
[0036] The cable moving mechanism 13 is supported
by the pair of supports 11 in the vicinity of the reel 12.
The cable moving mechanism 13 may move the cable 3
in an axial direction of the reel 12 accompanying a rota-
tion of the reel 12, and when the cable 3 reaches a ter-
minal point of a range of moving, reverse the moving
direction of the cable 3, thereby making the cable 3
wound around a body 12a of the reel 12 generally evenly
in a direction of an axis of the body 12a.
[0037] One end of the cable 3 is connected to a con-
verter built in the remote controller 1. The converter con-
verts optical signals sent from the cable 3 to the remote
controller 1 into electrical signals and converts electrical
signals sent from the remote controller 1 to the cable 3
into optical signals.
[0038] As mentioned above, the cable 3 is wound
around the body 12a of the reel 12 via the cable moving
mechanism 13 of the reel device 10. The other end of
the cable 3 is connected to a rotary joint (not shown)
disposed in the reel 12 and further connected to electrical
signal wires of a plurality of systems via a converter and
a hub.
[0039] The electrical signal wires of the plurality of sys-
tems are provided for transmitting control signals to a
motor driver of the motor for moving of the crawler-type
travelling body 2, transmitting image signals (exploration
signals) from the video cameras 4a, 4b, etc. Conversion
between optical signals and electrical signals is also per-
formed by the converter of the reel device 10.
[0040] As shown in FIG. 2, the reel device 10 includes
a motor 15 for the reel and a rotation sensor 16 such as
a rotary encoder.
[0041] The motor 15 is a DC motor with brush, for ex-
ample, and is fixed to a side wall of the support 11 and
connected to the reel 12 via a built-in gear train.
[0042] The rotation sensor 16 detects a direction of
rotation of the motor 15 (thereby, of the reel 12). Specif-
ically, the rotation sensor 16 detects whether the motor

15 is rotated in a reeling direction or an unreeling direc-
tion. The rotation sensor 16 also detects rotation speed
(number of rotations per unit time) of the motor 15.
[0043] The reel device 10 further includes a reel diam-
eter detection mechanism 20 (reel diameter detector)
shown in FIGS. 1 and 3. The detection mechanism 20
includes a contact arm 21 rotatably supported by the sup-
port 11. The contact arm 21 includes a rotary shaft 21 a,
a pair of left and right arm portions 21b, a support shaft
21c and a rotary roller 21 d (contact portion). The rotary
shaft 21a extends parallel to the axis of the reel 12. One
ends of the left and right arm portions 21b are fixed to
the rotary shaft 21 a. The support shaft 21c is disposed
between the other ends of the arm portions 21b and ex-
tends parallel to the rotary shaft 21 a and the axis of the
reel 12. The rotary roller 21d is rotatably supported by
the support shaft 21c.
[0044] The detection mechanism 20 further includes a
torsion spring 23 (biasing member) and an angle sensor
24 such as a potentiometer.
[0045] The torsion spring 23 is wound around one end
portion of the rotary shaft 21a. One end of the torsion
spring 23 is caught by the rotary shaft 21a. The other end
of the torsion spring 23 is caught by the support 11. The
rotary roller 21d of the contact arm 21 is biased down-
ward, i.e. toward the body 12a of the reel 12, by an elastic
force of the torsion spring 23. Thereby, the rotary roller
21d of the contact arm 21 is constantly in contact with a
portion of the cable 3 located outside in a radial direction
of the reel 12. To avoid complicated drawing, cable 3 is
omitted in FIGS. 2 and 3.
[0046] The angle sensor 24 is disposed near the other
end portion of the rotary shaft 21a. The angle sensor 24
is attached to the side wall of the support 11 via a bracket.
The angle sensor 24 is connected to the other end portion
of the rotary shaft 21 a via gears 25, 26. The angle sensor
24 detects an angle of the contact arm 21. The more an
amount of the cable 3 left would around the reel 12, the
closer to horizontal the angle of the contact arm 21 is.
Accordingly, the angle of the contact arm 21 detected by
the angle sensor 24 substantially indicates an amount of
the cable 3 left wound around the reel 12, and substan-
tially indicates a diameter of the reel 12 including the
cable 3 wound around the reel 12.
[0047] As shown in FIG. 2, the cable system A further
includes a motor driver 30, a motor controller 40 including
a microprocessor and an acceleration sensor 50.
[0048] The motor driver 30 includes a motor drive cir-
cuit that supplies drive current to the motor 15 and a
current-sensing circuit 31 that detects electrical current
flowing in a coil of the motor 15.
[0049] The acceleration sensor 50 is attached to the
support 11, for example, and detects acceleration in at
least two axes, specifically, an acceleration in a front-
rear direction of the crawler-type travelling body 2 (this
acceleration information is to be referred to as acceler-
ation A hereinafter) and an acceleration in a vertical di-
rection of the crawler-type travelling body 2 (this accel-
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eration information is to be referred to as acceleration B
hereinafter).
[0050] The motor controller 40 controls the motor 15
by sending control signals to the motor driver 30 based
on sensed information from the rotation sensor 16, the
angle sensor 24, the current-sensing circuit 31, the ac-
celeration sensor 50 and a rotation sensor 60 that detects
rotation of a sprocket of the crawler-type travelling body 2.
[0051] The control of the motor 15 by the motor con-
troller 40 is described hereinafter with reference to a flow
chart of FIG. 4.
[0052] Firstly, in Step S1, information on the rotation
direction and the rotation speed R of the reel 12 detected
by the rotation sensor 16, information on angle of the
contact arm 21 detected by the angle sensor 24, infor-
mation on acceleration A and acceleration B detected by
the acceleration sensor 50, and information on rotation
direction and rotation speed of the sprocket of the crawl-
er-type travelling body 2 detected by the rotation sensor
60 are read.
[0053] In the following Step S2, a reel diameter D (di-
ameter of the reel 12 including the cable 3 wound around
the body 12a of the reel 12) is calculated from the infor-
mation on angle of the contact arm 21 detected by the
angle sensor 24. The reel diameter D includes informa-
tion on the amount of the cable 3 left wound around the
reel 12.
[0054] In the following Step S3, a judgment is made
whether the reel diameter D is greater than a threshold
value D0. The threshold value D0 corresponds to the reel
diameter when the amount of the cable 3 left wound
around the reel 12 is slight. If a positive judgment is made
in Step S3, the control then proceeds to Step S4, where
a current correction coefficient k, to be described later,
corresponding to the reel diameter D is calculated. In this
embodiment, the current correction coefficient k is in-
creased in proportion to the reel diameter D (i.e. in pro-
portion to the amount of the cable left wound).
[0055] If a negative judgment is made in Step S3, the
control then proceeds to Step S5, where an alarm signal
is outputted, alarming that the amount of the cable left
wound is approaching zero. After that, Step S4 is exe-
cuted. The alarm signal is sent to the remote controller
1 via the cable 3 and alarm is displayed on the display
monitor 1a or notified by voice. The operator can stop
the forward movement of the crawler-type travelling body
2 in response to the alarm notification.
[0056] In the following Step S6, speed F at which the
cable 3 is unreeled from the reel 12 (length of the cable
3 unreeled per unit time) is calculated from the rotation
speed R of the reel 12 received from the rotation sensor
16 and the reel diameter D from the following formula: 

Further in Step S6, a travelling speed V of the crawler-
type travelling body 2 is calculated based on the detection

information from the rotation sensor 60 and a differential
value X of the acceleration B from the acceleration sensor
50 is calculated.
[0057] In the following Step S7, a judgment is made
whether the rotation direction of the reel 12 is the unreel-
ing direction or not. If a positive judgment is made (i.e.
the reel 12 is judged to be rotated in the unreeling direc-
tion), basically an unreeling control by making the motor
free to be described later is performed. If a negative judg-
ment is made (i.e. the reel 12 is judged to be either rotated
in the reeling direction or stopped), basically a reeling
control by activating the motor 15 is performed.
[0058] The basic control mentioned above proceeds
differently depending on various conditions as detailed
below:

When the reel 12 is judged to be rotated in the un-
reeling direction in Step S7 described above, a judg-
ment is made in Step S8 whether the rotation speed
R of the reel 12 is equal to or higher than a reference
rotation speed R0 or not. The reference rotation
speed R0 is far lower (extremely low speed) than the
rotation speed of the reel 12 during the normal for-
ward movement of the crawler-type travelling body
2. When the crawler-type travelling body 2 is normal-
ly moving forward, a positive judgment is made in
Step S8.

[0059] If a positive judgment is made in Step S8 (i.e.
the reel 12 is judged to be rotated in the unreeling direc-
tion at a rotation speed equal to or higher than the refer-
ence rotation speed R0), the control then proceeds to
Step S9 to basically maintain the unreeling control.
[0060] If a negative judgment is made in Step S8 (i.e.
the reel 12 is judged to be rotated in the unreeling direc-
tion but at an extremely low speed), it is assumed that
the cable 3 may become slack, and the reeling control
to be described later is performed to prevent or remove
the slack.
[0061] In Step S9, judgment is made whether an un-
reeling speed F of the cable 3 is higher than the forward-
ing speed V of the crawler-type travelling body 2. When
the unreeling speed F of the cable 3 is higher than the
forwarding speed V of the crawler-type travelling body 2,
the cable 3 may become slack.
[0062] If a negative judgment is made in Step S9, the
control then proceeds to Step S10 to basically maintain
the unreeling control. If a positive judgment is made in
Step S9, the control then proceeds to Step S11 to restrain
the unreeling speed of the cable 3. In Step S11, the motor
is not free as will be described later, but the motor drive
circuit is closed and the rotation of the reel 12 in the un-
reeling direction is restrained by the resistance at the
motor 15.
[0063] Following Step S9 or Step S11, the control then
proceeds to Step 10, where a judgment is made whether
the travelling speed V of crawler-type travelling body 2
is equal to zero (meaning that crawler-type travelling
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body 2 is stopped) or not. If the crawler-type travelling
body 2 is stopped while the reel 12 is rotated in the un-
reeling direction, the cable 3 may become slack. If a pos-
itive judgment is made in Step S10, the control then pro-
ceeds to the reeling control to be described later to pre-
vent or remove the slack.
[0064] If a negative judgment is made in Step S10, the
control then proceeds to Step S12 to basically maintain
the unreeling control.
[0065] Step S12 is provided for detecting an end of
sudden change of attitude of the crawler-type travelling
body 2.
[0066] Details are described below citing an example
of when the crawler-type travelling body 2 completes as-
cending stairs. As shown in FIG. 5A, when the crawler-
type travelling body 2 is ascending stairs, the crawler-
type travelling body 2 is inclined. When the crawler-type
travelling body 2 completes ascending the stairs, the
crawler-type travelling body 2 is rotated such that a front
side of the crawler-type travelling body 2 is moved down-
ward due to the gravity and an attitude of the crawler-
type travelling body 2 is changed to the horizontal attitude
shown in FIG. 5B. This sudden change of attitude of the
crawler-type travelling body 2 may cause the reel 12 to
be suddenly displaced upward (when the reel 12 is dis-
posed in the rear portion of the crawler-type travelling
body 2 as in this embodiment). A pulling force of the cable
3 may cause the reel 12 to be rotated in the unreeling
direction in a high speed. Then the reel 12 may keep
rotating due to the inertia. As a result, without an improve-
ment such as the one provided in this embodiment, the
cable 3 may become slack and the slack portion may get
tangled or may spread near the reel 12 disorderly.
[0067] Step S12 is executed for preventing or removing
the slack of the cable 3 as mentioned above at an early
stage. In Step S12, a judgment is made whether the dif-
ferential value X of the acceleration B in the vertical di-
rection is greater than a reference value X0 or not. As
mentioned above, when the crawler-type travelling body
2 completes ascending stairs or a step or bump, more
specifically, at the end of the sudden change of attitude
of the crawler-type travelling body 2, the crawler-type
travelling body 2 may strongly hit a floor surface at an
upper end of the stairs or the step or bump, and the dif-
ferential value X of the acceleration B in the vertical di-
rection is increased and exceeds the reference value X0.
[0068] In Step S12 of this embodiment, only when two
conditions are met, the crawler-type travelling body 2 is
judged to have ended the sudden change of attitude,
wherein one condition is that the differential value X is
greater than the reference value X0 and the other con-
dition is that the rotation speed R of the reel 12 in the
unreeling direction is greater than a reference value R1.
This is to avoid misjudgment that may be made when the
crawler-type travelling body 2 is vibrated while moving
on an uneven surface. Specifically, the differential value
X may become greater than the reference value X0 at a
time like this, and it may be misjudged to be caused by

the completion of ascent of the stairs or the step or bump.
The reference value R1 is greater than the reference val-
ue R0 adopted in Step S8.
[0069] In Step S12, similar results can be obtained by
comparing the unreeling speed F of the cable 3 with a
reference value F1 instead of comparing the rotation
speed R of the reel 12 with the reference value R1.
[0070] If a positive judgment is made in Step S12, the
control then proceeds to the reeling control to be de-
scribed later and the reel 12 is provided with a rotary
torque in the reeling direction. Thereby, the reel 12 is
restrained from being rotated at a high speed in the un-
reeling direction due to the inertia, and instead, the ro-
tating direction of the reel 12 is immediately reversed to
the reeling direction. As a result, the slack of the cable 3
is limited, and the slack is removed in a short period of
time. Thus, an inconvenient situation such as the slack
portion of the cable 3 spreading near the reel 12 can be
avoided.
[0071] The following are other modes in which the at-
titude of the crawler-type travelling body 2 may be
changed suddenly. As shown in FIGS. 6A and 6B, when
the crawler-type travelling body 2 starts descending
stairs or a big step or bump while moving forward, the
attitude of the crawler-type travelling body 2 changes
suddenly from the horizontal attitude to an inclined atti-
tude. Moreover, as shown in FIGS. 7A and 7B, when the
crawler-type travelling body 2 completes descending
stairs or a big step or bump while moving forward, the
attitude of the crawler-type travelling body 2 changes
suddenly from the inclined attitude to the horizontal atti-
tude because a rear end of the crawler-type travelling
body 2 falls from the last step of the stairs or the big step
or bump. In such a case, as with when the crawler-type
travelling body 2 completes ascending stairs, the cable
3 may be pulled strongly and the reel 12 may be rotated
in the unreeling direction at a high speed. However, end
of the sudden change of attitude can be detected based
on the differential value X of the acceleration B in the
vertical direction in Step S12, and the reel 12 can be
provided with the rotary torque in the reeling direction,
and the slack of the cable 3 can be removed in a short
period of time.
[0072] During the backward movement of the crawler-
type travelling body 2 as well as the forward movement
of the crawler-type travelling body 2, the cable 3 may be
pulled strongly accompanying a sudden change of atti-
tude of the crawler-type travelling body 2, and the reel
12 may be rotated in the unreeling direction at a high
speed. For example, as shown in FIGS. 8A and 8B, when
the crawler-type travelling body 2 completes descending
stairs while moving backward, the attitude of the crawler-
type travelling body 2 changes suddenly from the inclined
attitude to the horizontal attitude. At this time, the cable
3 is pulled, the reel 12 reverses direction of rotation from
the reeling direction to the unreeling direction and is ro-
tated in the unreeling direction at a high speed. Accord-
ingly, as with at the sudden change of attitude while mov-
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ing forward, positive judgments are made in Steps S7
and S8 and a negative judgment is made in Step S9. The
control then proceeds to Step S12, and a positive judg-
ment is made in step S12 (i.e. end of sudden change of
attitude is detected). As a result, the reel 12 can be pro-
vided with a rotary torque in the reeling direction, and the
slack of the cable 3 can be removed in a short period of
time.
[0073] As mentioned above, the reeling control is per-
formed when the following judgments are made:

(a) when the reel 12 is judged to be rotated in the
reeling direction or stopped in Step S7;
(b) when the rotation speed of the reel 12 is judged
to be extremely low in Step S8 even when the reel
12 is rotated in the unreeling direction;
(c) when the crawler-type travelling body 2 is judged
to be stopped in Step S10 even when the reel 12 is
rotated in the unreeling direction; and
(d) when the attitude of the crawler-type travelling
body 2 is judged to be changed suddenly such as
when the crawler-type travelling body 2 completes
ascending, starts descending or completes de-
scending the stairs or the step or bump in Step S12
even when the reel 12 is rotated in the unreeling
direction.

[0074] The reeling control will be described in detail
below. In Step S13, a judgment is made whether the trav-
elling speed V of the crawler-type travelling body 2 in the
backward direction is equal to or greater than a reference
travelling speed V0. The reference travelling speed V0
is far lower (extremely low speed) than the normal trav-
elling speed in the backward direction. Accordingly, when
the crawler-type travelling body 2 is normally moving
backward, a negative judgment is made in Step S7 and
a positive judgment is made in Step S13, and the control
then proceeds to Step S14, where duty control of supply
current to the motor 15 is carried out such that the reel
12 is provided with the rotary torque in the reeling direc-
tion and a sensed current sensed at the current-sensing
circuit 31 becomes a set current Iu. Thereby, the cable
3 can be reeled with a relatively large rotary torque.
[0075] If a negative judgment is made in Step S 13,
that is if a judgment is made that the crawler-type trav-
elling body 2 is moving forward or moving backward at
a speed lower than the reference travelling speed V0
(including zero speed), the control then proceeds to Step
S15, where the motor 15 is controlled to generate the
rotary torque in the reeling direction of the reel 12 and to
make the sensed current sensed at the current-sensing
circuit 31 a set current Id. The set current Id is smaller
than the set current Iu. The rotary torque generated at
Step S 15 is smaller than the rotary torque generated at
Step S14.
[0076] If the reeling control is to be performed based
on the negative judgment in Step S7, the negative judg-
ment in Step S8, the positive judgment in Step S10 or

the positive judgment in Step S12, the reeling control is
performed in Step 14 or Step 15.
[0077] If the negative judgment is made in Step S12,
the control then proceeds to Step S16 to basically main-
tain the unreeling control. In Step S16, a judgment is
made whether the acceleration A in the backward direc-
tion is equal to or greater than a reference value A0. If a
negative judgment is made in Step S16, that is if the
acceleration A is an acceleration in the forward direction,
a zero acceleration or a an acceleration in the backward
direction but smaller than the reference acceleration A0,
the control then proceeds to Step S17, where the motor
15 is free (inactivated). Specifically, a part of the drive
circuit connected to the coil of the motor 15 is opened,
preventing the electric current from flowing into the coil
even when the reel 12 is rotated. This allows the cable
3 to be unreeled smoothly.
[0078] If a positive judgment is made in Step S16, that
is if the crawler-type travelling body 2 is judged to be
stopped suddenly while moving forward, the unreeling
control (making the motor free) of Step S17 is not per-
formed. Instead, the control proceeds to Step S18, where
the motor 15 is activated so that the sensed current be-
comes a set current Id’, thereby providing the reel 12 with
the rotary torque in the reeling direction. The set current
Id’ is smaller than the set current Iu of Step S14. The set
current Id’ may be equal to or different from the set current
Id of Step S15.
[0079] In the control of motor current in Step S 14, the
set current Iu is determined by multiplying a fixed current
value Iu0 by the current correction coefficient k. Similarly,
the set current Id of Step S 15 is determined by multiplying
a fixed current value Id0 by the current correction coef-
ficient k, and the set current Id’ of Step S18 is determined
by multiplying a fixed current value Id’0 by the current
correction coefficient k. Thereby, the rotary torque can
be adjusted according to a change in the amount of the
cable 3 left wound (i.e. change in a weight of the reel 12
including the cable 3 wound around the reel).
[0080] The mode of control of the present invention is
not limited to the embodiment described above, but var-
ious modifications can be made. For example, in the un-
reeling control, instead of opening the motor drive circuit
in Step S 17, the supply current to the motor may be
made zero.
[0081] While in the embodiment described above, the
end of sudden change of attitude of the travelling body
is detected based on the differential value of the accel-
eration in the vertical direction, the end of sudden change
of attitude may be detected based on the acceleration in
the vertical direction.
[0082] The inclination sensor disposed in the travelling
body may be used as an acceleration sensor that detects
acceleration in the vertical direction. It is because infor-
mation on inclination of the inclination sensor includes
information on the acceleration of the travelling body in
the vertical direction.
[0083] The motor controller that controls the motor of
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the reel device may be disposed in the base device.
[0084] The cable may include the optical fiber for trans-
mission of signals and feeder wires. In this case, a power
source for the crawler-type travelling body and the reel
device may be disposed near the base device.
[0085] A distance sensor such as a laser distance me-
ter may be used as the reel diameter detector which may
detect the amount of the cable left wound around the reel
from information on distance to the portion of the cable
located outside in the radial direction of the reel in a non-
contacting manner.
[0086] While the acceleration sensor 50 is disposed in
the support 11 of the reel device 10 in the embodiment
described above, there is no particular limitation to the
location of the acceleration sensor 50, and the acceler-
ation sensor 50 may be disposed in a front portion of the
crawler-type travelling body.
[0087] The travelling body is not limited to the crawler-
type travelling body, but may be a travelling body includ-
ing a plurality of wheels.

Claims

1. A cable system comprising:

a cable (3) connecting a base device (1) and a
travelling body (2), functions of the cable (3) at
least including transmission of signals;
a reel device (10) disposed on the travelling
body (2), the reel device (10) having a reel (12)
onto which the cable (3) is to be wound, a motor
(15) that drives the reel (12) and a rotation sen-
sor (16) that detects a rotation of the reel (12);
a motor controller (40) that controls the motor of
the reel device (10); and
an acceleration sensor (50) that detects an ac-
celeration of the travelling body (2) in a vertical
direction;
the motor controller (40) basically opening a mo-
tor drive circuit for driving the motor (15) or bring-
ing a supply current to the motor to zero when
it is determined that the reel (12) is rotated in an
unreeling direction for unreeling the cable (3)
based on sensed information from the rotation
sensor (16);
the motor controller (40) basically activating the
motor to provide the reel (12) with a rotary torque
in a reeling direction when it is determined that
the reel (12) is rotated in a reeling direction for
reeling the cable (3) based on the sensed infor-
mation from the rotation sensor (16); and
the motor controller (40) activating the motor
(15) to provide the reel (12) with the rotary torque
in the reeling direction if an end of sudden
change of attitude of the travelling body (2) is
detected based on information on acceleration
in the vertical direction obtained from the accel-

eration sensor (50) even when the reel (12) is
rotated in the unreeling direction.

2. The cable system according to claim 1, wherein the
motor controller (40) detects the end of sudden
change of attitude of the travelling body (2) based
on a differential value of the acceleration in the ver-
tical direction obtained from the acceleration sensor
(50).

3. The cable system according to claim 1 or 2, wherein
the motor controller (40) judges whether a rotation
speed of the reel (12) in the unreeling direction de-
tected by the rotation sensor (16) exceeds a refer-
ence value or not when the end of sudden change
of attitude of the travelling body (2) is detected, and
only when the judgment is positive, the motor con-
troller (40) activates the motor (15) to provide the
reel (12) with the rotary torque in the reeling direction.

4. The cable system according to claim 1 or 2, wherein
the reel device (10) further comprises a reel diameter
detector (20) that detects a diameter of the reel (12)
with the cable (3) wound around the reel (12); and
the motor controller (40)

a) calculates an unreeling speed at which the
cable (3) is unreeled from the reel (12) based
on the diameter of the reel (12) detected by the
reel diameter detector (20) and the rotation
speed of the reel (12) in the unreeling direction
detected by the rotation sensor (16), and
b) judges whether the unreeling speed of the
cable (3) exceeds a reference value when the
end of sudden change of attitude of the travelling
body (2) is detected, and only when the judg-
ment is positive, the motor controller (40) acti-
vates the motor (15) to provide the reel (12) with
the rotary torque in the reeling direction.

5. The cable system according to any one of claims 1
to 3, wherein the reel device (10) further comprises
a reel diameter detector (20) that detects a diameter
of the reel (12) with the cable (3) wound around the
reel (12); and when the reel (12) is rotated in the
unreeling direction, the motor controller (40)

a) calculates an unreeling speed at which the
cable (3) is unreeled from the reel (12) based
on the diameter of the reel (12) detected by the
reel diameter detector (20) and the rotation
speed of the reel (12) in the unreeling direction
detected by the rotation sensor (16),
b) opens the motor drive circuit to minimize a
resistance of the motor (15) when the unreeling
speed of the cable is smaller than a travelling
speed of the travelling body (2), and
c) closes the motor drive circuit to restrict the
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rotation of the reel (12) by the resistance of the
motor (15) when the unreeling speed of the ca-
ble is greater than the travelling speed of the
travelling body (2).
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