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FIG. 6 illustrates the two direction detectors of FIG. 5 when a cable passing through
the two direction detectors is moved in a negative direction of the y-axis according to an

embodiment of the present invention;

FIG. 7A illustrates a passive length detector according to an embodiment of the pre
sent invention;

FIG. 7B illustrates some parts of an active length detector according to an embodim
ent of the present invention;

FIGS. 8A and 8B are a plan view and a side view illustrating a reel according to an
embodiment of the present invention;

FIG. 9 is a cross-sectional view illustrating an outer case into which an apparatus fo
r detecting the tension, moving direction, and length of a cable can be assembled accordin
g to an embodiment of the present invention; and

FIG. 10 is an assembled view illustrating an apparatus for detecting the tension, mo

ving direction, and length of a cable according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
TECHNICAL PROBLEM
The present invention provides an apparatus for detecting the tension, moving direc

tion, and length of a connector such as a cable or a rope.

TECHNICAL SOLUTION
According to an aspect of the present invention, there is provided a movement dete
cting apparatus comprising: a connector having one end connected inside the movement
detecting apparatus and other end disposed at an outer side of the movement detecting a
pparatus; and a length detector detecting an extension length of the connector from the m
ovement detecting apparatus.
According to another aspect of the present invention, there is provided a movement
detecting apparatus further comprising: a connector including one end connected inside t
he movement detecting apparatus and other end disposed at an outer side of the moveme
nt detecting apparatus; and a direction detector measuring a movement of the connector i
n horizontal and vertical directions in a plane substantially perpendicular to a tension force

applied to the connector so as to detect a direction of the tension force applied to the con

nector.
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According to another aspect of the present invention, there is provided a movement
detecting apparatus further comprising: a connector including one end connected to insid
e the movement detecting apparatus and other end disposed at an outer side of the move
ment detecting apparatus; and a tension detector measuring a tension force applied to the
connector by detecting a minute change in a parameter of the tension detector when the
other end of the connector is pulled away from the movement detecting apparatus.
According to another aspect of the present invention, there is provided a movement
detecting apparatus further comprising: a connector including one end connected inside t
he movement detecting apparatus and other end disposed at an outer side of the moveme
nt detecting apparatus; a tension detector measuring a tension force applied to the conne
ctor by detecting a minute change in a parameter of the tension detector when the other e
nd of the connector is pulled away from the movement detecting apparatus; a direction det
ector measuring a movement of the connector in horizontal and vertical directions in a pla
ne substantially perpendicular to the tension force so as to detect a direction of the tensio
n force applied to the connector; and a length detector detecting a length of the connector
extended from the movement detecting apparatus by the tension force applied to the conn

ector.

ADVANTAGEOUS EFFECTS

As described above, the detecting apparatus includes a connector including one en

d connected inside the detecting apparatus and the other end disposed at an outer side of

the detecting apparatus, a tension detector measuring a tension force applied to the con
nector by detecting a minute change in a parameter of the tension detector when the other
end of the connector is pulled away from the detecting apparatus, a direction detector det
ecting a movement of the connector in horizontal and vertical directions in a plane substan
tially perpendicular to the tension so as to detect a direction of the tension force applied to
the connector, and a length detector detecting a length of the connector extended from th
e movement detecting apparatus by the tension force applied to the connector. When th
e connector such as a cable is pulled, the detecting apparatus detects information about p
ulling conditions of the cable. Therefore, when a user walks with a dog robot by holding t
he cable of the detecting apparatus which is attached to the dog robot, the detecting appar
atus provides information about cable-holding conditions to inform the dog robot of user's i
ntention, so that the dog robot can follow the user according to the user’s intention. Thus

3
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, automatically-movable devices such as the dog robot can be conveniently used by emplo
ying the detecting apparatus since the detecting apparatus provides information about use
r's intention.

BEST MODE
According to an aspect of the present invention, there is provided a movement dete
cting apparatus comprising: a connector having one end connected inside the movement
detecting apparatus and other end disposed at an outer side of the movement detecting a
pparatus; and a length detector detecting an extension length of the connector from the m
ovement detecting apparatus.
According to another aspect of the present invention, there is provided a movement
detecting apparatus further comprising: a connector including one end connected inside t
he movement detecting apparatus and other end disposed at an outer side of the moveme
nt detecting apparatus; and a direction detector measuring a movement of the connector i
n horizontal and vertical directions in a plane substantially perpendicular to a tension force
applied to the connector so as to detect a direction of the tension force applied to the con
nector.
According to another aspect of the present invention, there is provided a movement
detecting apparatus further comprising: a connector including one end connected to insid
e the movement detecting apparatus and other end disposed at an outer side of the move
ment detecting apparatus; and a tension detector measuring a tension force applied to the
connector by detecting a minute change in a parameter of the tension detector when the
other end of the connector is pulled away from the movement detecting apparatus.
According to another aspect of the present invention, there is provided a movement
detecting apparatus further comprising: a connector including one end connected inside t
he movement detecting apparatus and other end disposed at an outer side of the moveme
nt detecting apparatus; a tension detector measuring a tension force applied to the conne
ctor by detecting a minute change in a parameter of the tension detector when the other e
nd of the connector is pulled away from the movement detecting apparatus; a direction det
ector measuring a movement of the connector in horizontal and vertical directions in a pla
ne substantially perpendicular to the tension force so as to detect a direction of the tensio

n force applied to the connector; and a length detector detecting a length of the connector
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extended from the movement detecting apparatus by the tension force applied to the conn
ector.

MODE OF THE INVENTION

FIG. 1 is a schematic view illustrating an apparatus for detecting the tension, movin
g direction, and length of a connector according to an embodiment of the present inventio
n. In the following description, a flexible cable is described as an example of the connect
or. However, the present invention is not limited to the flexible cable. The present inven
tion can be applied to various connectors.

The detecting apparatus includes a cable 100, a tension detector 110, a direction d
etector 120, and a length detector 130. One end of the cable 100 is connected inside the
detecting apparatus, and other end of the cable 100 is disposed at an outer side of the d
etecting apparatus. For example, the cable 100 may extend from the detecting apparatu
s through a hole or opening formed therein. The tension detector 110 measures the tens
ion of the cable 100. For example, when the other end of the cable 100 is pulled, the ten
sion detector 110 detects even a slight change in the tension of the cable 100. The direct
ion detector 120 detects the direction of the cable 100 when the cable is stretched by dete
cting the movement of the cable 100 on a plane perpendicular to the direction of a tension
force acting on the cable 100. The length detector 130 measures the stretched length o

f the cable 100 from the detecting apparatus.

FIG. 1 is a schematic block diagram of the detecting apparatus.

FIG. 2 is a view illustrating the cable 100 as an example of the connector of the det
ecting apparatus according to an embodiment of the present invention. The cable 100 ca
n be formed of a fiexible material.

As explained above, one end of the cable 100 is connected inside the detecting ap
paratus. For this, the end of the cable 100 is connected to the tension detector 110 in th
e embodiment shown in FIG. 2. The other end of the cable 100 is provided with a grip 10
2, such that a user can easily puil the cable 100 to move the detecting apparatus by using
the grip 102.

A winding unit such as a reel (or roller) is installed in the detecting apparatus at a lo
cation near the cable 100 coupled to the tension detector 110. The cable 100 can be aut

omatically wound around the reel. The reel will be described later in more detail.
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When the cable 100 is not pulled by a user (e.g., when the cable is completely wou
nd around the reel), substantially no tension force is applied to the cable 100. Thus, in thi
s case, the cable 100 may have a normai length (free length). Meanwhile, when the cabl
e 100 is pulled by a user (e.g., when the cable is partially or fully extend from the reel), the

user may perceive a tension force acting on the cable 100 by a winding mechanism of th
ereel. The detecting apparatus of the present invention automatically measures the tens
ion and moving direction of the cable 100 when the cable 100 is pulled.

When the user releases the cable 100, the cable 100 is rewound onto the reel, and
thus returns to its normal length.

FIG. 3 illustrates the cable 100 and the tension detector 110 that are coupled to eac
h other according to an embodiment of the present invention. The tension detector 110 i
ncludes a cable portion 112 connected to the cable 100, a coupling portion 114 to be coup
led to the reel disposed inside the detecting apparatus by a fastener such as a screw so a
s to connect the cable 100 to the inside of the detecting apparatus, and a tension gauge 1
16 measuring the tension of the cable 100 by detecting a change in the length of the tensi
on detector 120 when the cable 100 is pulled from the reel.

The tension gauge 116 may include a strain gauge.

The strain gauge is also called an extensometer. The strain gauge is used fo mea
sure a change in the distance between two given points of a deforming solid body (i.e., the

strain of the deformed solid body).

The strain gauge can be provided in various forms, such as mechanical, optical, ele
ctrical resistance, and sonic type strain gauges. The types and characteristics of the strai
n gauge are well known to those of skill in the related art. Thus, a detailed description of
the strain gauge will be omitted.

A tension of the cable 100 caused by a pulling force is measured by the strain gaug

The direction detector 120 detects the direction of the cable 100. The direction de
tector 120 may be a passive direction detector or an active direction detector. A detailed
description of the direction detector 120 is given with reference to FIGS. 4A through 4D.

FIGS. 4A and 4B are a plan view and a side view illustrating a passive direction det
ector 120 according to an embodiment of the present invention.

Referring to FIG. 4A, the passive direction detector 120 includes a movable part 12
2 accommodating the cable 100 and allowing the cable 100 to slide according to a tension
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force, a variable resistance part 124 connected to the movable part 122 and having a resi
stance varying according to the movement of the cable 100, and a detecting part (not sho
wn) detecting the stretched length of the cable 100 using a resistance value of the variable
resistance part 124.

Referring to FIG. 4B, the direction detector 120 can be rotated in the direction of arr
ow. The cable 100 passes through the movable part 122, and the variable resistance par
t 124 measures the amount of rotation of the movable part 122 caused by movement of th
e cable 100. A screw hole 126 is formed in the direction detector 120 to receive a screw
to rotatably fix the direction detector 120 to a body of the detecting apparatus. The screw

functions as a rotation axle of the direction detector 120. The detecting part is now sho
wn in FIG. 4B.

FIG. 4C illustrates some parts of an active direction detector according to an embo
diment of the present invention.

Referring to FIG. 4C, the active direction detector includes a motor 127 and an enc
oder 129 measuring the rotation angle of the motor 124. The motor 127 and the encoder

129 correspond to the variable resistance part 124 of the passive direction detector 120 il
lustrated in FIGS. 4A and 4B. The motor 127 rotates in the reverse direction of the arrow

shown in FIG. 4B to apply a tension force to the cable 100. The encoder 129 measures
the rotation angle of the motor 127 to detect a current moving direction of the cable 100.

A tension force applied to the cable 100 by the motor 127 is transmitted to a user h
olding the grip 102 of the cable 100. For example, when a user instructs a robot to move
to a location where the robot cannot approach, the robot can inform the user that the locati
on is unapproachable by pulling the cable 100 using the active direction detector. In this
way, the user can be informed of the state of the robot. Thus, the user can manipulate th
e robot more stably and conveniently.

FIG. 4D shows images of assembled parts of a direction detector according to an e
mbodiment of the present invention.

FIG. § illustrates two direction detectors combined to measure the movement of a ¢
able in x-axis and y-axis directions according to an embodiment of the present invention.

Referring to FIG. 5, two direction detectors having the same structure as the directi
on detector illustrated in FIGS. 4A and 4B or FIG. 4C are combined in such a manner that
the two direction detectors cross at right angles with their movable parts 122 being located

centrally. With this configuration, the movement of a cable can be measured both in the
7
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x-axis and y-axis directions. Here, an origin 128 can be defined in the center of slots of t
he movable parts 122. The cable passes through the intersection area of the movable pa
rts 122.

When the two direction detectors are configured using the passive direction detect
or illustrated in FIGS. 4A and 4B, variable resistance parts 124 of the direction detectors a
re used to measure the movement of a cable in the x-axis and y-axis directions, respective
ly. Similarly, when the two direction detectors are configured using the active direction de
tector illustrated in FIG. 4C, a motor 127 and an encoder 129 of one direction detector is u
sed to measure the movement of a cable in the x-axis direction, and a motor 127 and an e
ncoder 129 of the other direction detector is used to measure the movement of the cable i
n the y-axis direction.

FIG. 6 illustrates the two direction detectors of FIG. 5 when a cable passing through
the two direction detectors is moved in a negative direction of the y-axis.

When the two direction detectors are configured using the passive direction detecto
rillustrated in FIGS. 4A and 4B, the variable resistance part 124 of one of the direction det
ectors may be a horizontal variable resistance part that has a resistance varying according

to the x-axis component in the movement direction of the cable, and the variable resistan
ce 124 of the other direction detector may be a vertical variable resistance part that has a
resistance varying according to the y-axis component in the movement direction of the cab
le. When the cable is pulled, a detecting part of the direction detectors may measure the
direction of the pulled cable using resistance values of the horizontal and vertical variable r
esistance parts 124.

In other words, when the cable is pulled, the movable parts 122 of the direction det
ectors are moved according to the movement of the cable, and the x-axis and y-axis comp
onents in the movement direction of the cable parts 122 are measured according to the co
rresponding variable resistance value. Then, the detecting part measures the direction of

the pulled cable using the resistance values of the variable resistance parts 124.

FIG. 7A illustrates a passive length detector according to an embodiment of the pre
sent invention.

The passive length detector includes a reel 131 and a rotation gauge. An end of a
cable 100 is connected to a tension detector 100 that is fitted into a mounting hole 133 of
the reel 131, and the cable 100 is wound around the reel 131. When the cable 100 is p

ulled out, the rotation gauge measures the rotation angle of the reel 131, such that the len
8
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gth of the cable 100 pulled from the reel 131 can be detected. The rotation gauge can be
configured as follows.

The rotation gauge includes a first gear 135, a second gear 136, a variable resistan
ce part 138, and an extended length detection part (not shown). The first and second ge
ars 135 and 136 are connected to the reel 131 through a shaft 134 attached to a hole 132
of the reel 131, such that the first and second gears 135 and 136 can rotate according to t
he rotation of the reel 131. The variable resistance part 138 is connected to the second g
ear 136 through a shaft 137 of the second gear 136 and has a resistance that varies accor
ding to the rotation of the second gear 136. When the cable 100 is pulled out from the re
el 131, the extension length detection part measures the length of the cable 100 pulled fro
m the reel 131 by measuring the rotation angle of the reel 131 using the resistance the var
iable resistance part 138.

In detail, when the cable 100 is pulled out from the reel 131, the reel 131 is rotated |
n the direction of the arrow in FIG. 7A.  As a result, the first gear 135 connected to the re
el 131 through the shaft 134 is rotated, and the second gear 136 engaged with the first ge
ar 135 is rotated. The rotation of the second gear 136 changes the resistance of the vari
able resistance part 138. The extension length detection part can determine the length of

the cable 100 pulled from the reel 131 by using the variation of the resistance of the varia
ble resistance part 138. For this, an initial resistance of the variable resistance part 138
may be previously measured and stored.

The first and second gears 135 and 137 are used to match the resistance variation
range of the variable resistance part 138 with the allowable rotation angle of the reel 131.

Thus, the gear ratio of the first and second gears 135 and 137 may be determined by the
characteristics the variable resistance part 138 and the reel 131.

For example, when the allowable rotation angle of the reel 131 is small, only one ge
ar can be used between the reel 131 and the variable resistance part 138. Further, as sh
own in FIG. 7A, when the allowable rotation angle of the reel 131 is large, two gears can b
e used between the reel 131 and the variable resistance part 138 to adjust the rotation of t
he variable resistance part 138.

FIG. 7B illustrates some parts of an active length detector according to an embodim
ent of the present invention.

The active length detector includes a motor 139-1 and an encoder 139-2 measuring

the rotation angle of the motor 139-1. The motor 139-1 and the encoder 139-2 respecti
9
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vely correspond to the variable resistance part 138 of the passive length detector illustrate
din FIG. 7A. The cable 100 can be wound around the reel 131 or released from the reel
131 by rotating the motor 139-1, and the length of the cable 100 extending from the reel 1
31 can be detected by measuring the rotation angle of the motor 139-1 using the encoder
139-2.

In detail, power is transmitted from the motor 139-1 to the reel 131 through the first
and second gears 135 and 136, and thus a force is applied to the cable 100. This force
may be transmitted to a user holding a free end of the cable 100. For example, when a u
ser instructs a robot to move to a location where the robot cannot approach, the robot can
inform the user that the location is unapproachable by applying a force to the cable 100 us
ing the active length detector. In this way, the user can be informed of the state of the ro
bot. Thus, the user can manipulate the robot more stably and conveniently.

FIGS. 8A and 8B are a plan view and a side view illustrating a reel 131 according to

an embodiment of the present invention.

FIG. 9 is a cross-sectional view illustrating an outer case into which the apparatus f
or detecting the tension, moving direction, and length of a cable can be assembled accordi
ng to an embodiment of the present invention.

The outer case includes a body 141, a rotary part receiving portion 142, and an ope
ning 144. The rotary part receiving portion 142 includes a coil spring 143 and receives th
e reel 131, A cable 100 passes through the opening 144, and the moving direction detec
tor 120 is disposed at the opening 144. Other parts of the detecting apparatus can be ac
commodated inside the outer case.

The reel 131 is connected to the coil spring 143. Thus, when the cable 100 is pull
ed out and then released, the cable 100 can be automatically wound around the reel 131.

In other words, the coil spring 143 can function as a rotating axle of the reel 131.

FIG. 10 is an assembled view illustrating an apparatus for detecting the tension, mo
ving direction, and length of a cable according to an embodiment of the present invention.

In FIG. 10, a cable 100, a tension detector 110, a direction detector 120, and a leng
th detector 130, and a body 141 of an outer case are illustrated using reference numerals,

while other parts of the detecting apparatus are not labeled for clarity. However, if nece
ssary, the non-labeled parts are described using like reference numerals used in FIGS. 2 t

hrough 9.

10
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For example, the direction detector 120 has a movable part 122 having a semi-sph
erical shape, and the cable 100 passes through a center portion of the movable part 122.
When the cable 100 is moved, the movable part 122 is also moved according to the mov
ement of the cable 100, and thus the direction of a pulling force of the cable 100 can be d
etected from the movement of the movable part 122. The diameter of the semi-spherical
movable part 122 is larger than an opening 144 (refer to FIG. 9).
Although only a vertically-mounted direction detector 120 is shown in FIG. 10, a hor
izontally-mounted direction detector 120 can be further mounted on the body 141 of the o
uter case in combination with the vertically-mounted direction detector 120, like the embod
iment illustrated in FIG. 5.
When the cable 100 is pulled out, the reel 131 is rotated and thus the cable 100 ca
n extend outward. Here, a tension force applied to the cable 100 is detected by the tensi
on detector 110. Further, the movement of the cable 100 in a plane perpendicular to the
tension force is detected in horizontal and vertical directions by the direction detector 120,
so that the direction of the tension force applied to the cable 100 can be measured. Furt
hermore, the extended length of the cable 100 can be measured by detecting the rotation
angle of the reel 131 using the length detector 130.
The detecting apparatus according to the present invention can be attached to mob
ile devices having wheels or legs. For example, the detecting apparatus can be attached
to a robot. In this case, when a user pulls the cable of the detecting apparatus using the
handle attached to an end of the cable, the tension, moving direction, and extension leng
th of the cable are automatically measured and sent to the robot to inform the robot of the
users’ intention. Thus, the robot can automatically move according to the users’ intention
For example, when the user holding the handle of the cable moves fast, a larger tensio

n force is applied to the cable and thus the cable extends much more. This situation can
be informed of the robot by the detecting apparatus of the present invention, and thus the
robot can recognize that the user moves fast and automatically keep in step with the user.

For example, when the detecting apparatus of the present invention is attached to a

dog robot, a user could walk with the dog robot using the cable of the detecting apparatu
s as if the user were walking with a real dog.

For example, when the detecting apparatus of the present invention is attached to a
n automatically-movable toolbox, a user can adjust the speed and direction of the (heavy)
tool box using the cable of the detecting apparatus.

11
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As described above, the detecting apparatus includes: a connector including one e
nd connected inside the detecting apparatus and the other end disposed at an outer side
of the detecting apparatus; a tension detector measuring a tension force applied to the co
nnector by detecting a minute change in a parameter of the tension detector when the oth
er end of the connector is pulled away from the detecting apparatus; a direction detector d
etecting a movement of the connector in horizontal and vertical directions in a plane subst
antially perpendicular to the tension so as to detect a direction of the tension force applied

to the connector; and a length detector detecting a length of the connector extended from

the movement detecting apparatus by the tension force applied to the connector. When

the connector such as a cable is pulled, the detecting apparatus detects information abo
ut pulling conditions of the cable. Therefore, when a user walks with a dog robot by holdi
ng the cable of the detecting apparatus which is attached to the dog robot, the detecting a
pparatus provides information about cable-holding conditions to inform the dog robot of us
er's intention, so that the dog robot can follow the user according to the user’s intention.
Thus, automatically-movable devices such as the dog robot can be conveniently used by e
mploying the detecting apparatus since the detecting apparatus provides information abou
t user's intention.

While the present invention has been particularly shown and described with referen
ce to exemplary embodiments thereof, it will be understood by those of ordinary skill in the

art that various changes in form and details may be made therein without departing from

the spirit and scope of the present invention as defined by the following claims.

12
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CLAIMS

1. A movement detecting apparatus comprising:
a connector including one end connected inside the movement detecting apparatus
and other end disposed at an outer side of the movement detecting apparatus; and
a length detector detecting an extension length of the connector from the movemen
t detecting apparatus.

2.

The movement detecting apparatus of claim 1, wherein the length detector compris
€es:

a reel connected to the end of the connector and used for winding the connector; a
nd

a rotation gauge detecting an extension length of the connector by measuring an ro

tation angle of the reel when the connector is pulled.

3.
The movement detecting apparatus of claim 2, wherein the rotation gauge compris
es:
a gear connected to the reel and rotating according to a rotation of the reel;
a variable resistance part connected to the gear and having a resistance that varies
according to the rotation of the gear; and
an extension length detection part detecting an extension length of the connector b

y measuring the rotation angle of the gear using the resistance of the variable resistance p

art.

4.
The movement detecting apparatus of claim 2, wherein the rotation gauge compris

es:
a gear connected to the reel and rotating according to a rotation of the reel;

a motor connected to the gear and rotating the gear; and

13
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an encoder detecting an extension length of the connector by measuring a rotation
angle of the motor.

5.

The movement detecting apparatus of claim 1, further comprising a direction detect
or detecting a moving direction of the connector in horizontal and vertical directions in a pl
ane substantially perpendicular to a tension force applied to the connector so as to detect
a direction of the tension force applied to the connector.

6.

The movement detecting apparatus of claim 1, further comprising a tension detecto
r measuring a tension force applied to the connector by detecting a minute change in a pa
rameter of the tension detector when the other end of the connector is pulled away from th
e movement detecting apparatus.

7. A movement detecting apparatus comprising:
a connector including one end connected inside the movement detecting apparatus
and other end disposed at an outer side of the movement detecting apparatus; and
a direction detector detecting a moving direction of the connector in horizontal and
vertical directions in a plane substantially perpendicular to a tension force applied to the ¢

onnector so as to detect a direction of the tension force applied to the connector.

8.

The movement detecting apparatus of claim 7, wherein the direction detector comp
rises:

a movable part including a slot through which the connector runs out of the movem
ent detecting apparatus, the slot allowing a movement of the connector along the siot whe
n a tension force is applied to the connector;

a variable resistance part connected to the movable part and having a resistance th
at varies according to a movement of the movable part caused by a movement of the conn
ector; and

a detecting part detecting a direction of the tension force applied to the connector u
sing a resistance value of the variable resistance part.
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9.

The movement detecting apparatus of claim 8, wherein the variable resistance part
comprises:
a horizontal variable resistance part having a resistance that varies according to the
x-axis component in the movement direction of the movable part: and
a vertical variable resistance part having a resistance that varies according to the y-
axis component in the movement direction of the movable part in an y-axis direction,
wherein the detecting part detects the direction of the tension force applied to the ¢

onnector using resistance values of the horizontal and vertical variable resistance parts.

10.  The movement detecting apparatus of claim 7, comprising:

a movable part including a slot through which the connector runs out of the movem
ent detecting apparatus, the slot allowing a movement of the connector along the slot whe
n a tension force is applied to the connector;

a motor applying a force to the connector; and

an encoder detecting a direction of a pulling force applied to the connector by meas
uring a rotation angle of the motor.

11.

The movement detecting apparatus of claim 7, further comprising a tension detecto
r measuring a tension force applied to the connector by detecting a minute change in a pa
rameter of the tension detector when the other end of the connector is pulled away from th

e movement detecting apparatus.

12. A movement detecting apparatus comprising:
a connector including one end connected inside the movement detecting apparatus
and other end disposed at an outer side of the movement detecting apparatus; and
a tension detector measuring a tension force applied to the connector by detecting
a minute change in a parameter of the tension detector when the other end of the connect

or is pulled away from the movement detecting apparatus.
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13.

The movement detecting apparatus of claim 12, wherein the connector is connecte
d inside the movement detecting apparatus via a winding unit, and the tension detector inc
ludes:

a connector portion connected to the connector;

a coupling portion connected to the winding unit; and

a tension gauge measuring a tension force applied to the connector by detecting a
change in a length of the tension detector when the connector is pulled from the winding u
nit.

14.
The movement detecting apparatus of claim 12, wherein the tension gauge compris

es a strain gauge.

15. A movement detecting apparatus comprising:

a connector including one end connected inside the movement detecting apparatus

and other end disposed at an outer side of the movement detecting apparatus;

a tension detector measuring a tension force applied to the connector by detecting
a minute change in a parameter of the tension detector when other end of the connector is

pulled away from the movement detecting apparatus;

a direction detector detecting a moving direction of the connector in horizontal and
vertical directions in a plane substantially perpendicular to the tension so as to detect a dir
ection of the tension force applied to the connector; and

a length detector detecting a length of the connector extended from the movement

detecting apparatus by the tension force applied to the connector.
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