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SPECIFICATION
INTERFERENCE PREVENTING METHOD FOR INDUSTRIAL ROBOTS
TECHNICAL FIELD

The present invention relates to an interference preventing
method for industrial robots and handling robots used for the same,
;nd more particularly, a method which can return a robot which is
made to stop its operation by the occurrence of a trouble to a
predetermined position and prevents the interference of the robot
with an object disposed around the robot during a handling
operation in which works which are stacked on a work sfack base is
gripped one by one and works are fed_to a working machine such as a
press or a press brake or a packaging machine such as a binder one by
one and are stackéd on a stack base one by one, and a robot used for

the method.
BACKGROUND OF THE INVENTION

Conventionally, as shown in Fig. 7, this type of robot is
disposed in front of a working machine 50 such a press brake. The
robot is constructed such that a first arm 53 which is rotatable on
a horizontal axis ( a first axis J1 ) is radially conne_cted to an

upper portion of a support strut 51 mounted on a £loor by means of a



)

first rotated joint 52. A second arm 55 which is rotatable on a
horizontal axis ( a second axis J2 ) is radially connected to a
distal end of the first arm 53 by means of- a second rotated joint 54.
A third arm 57 which is rotatable on a horizontal axis ( a third

axis J3 ) is connected to a distal end of the second arm 55 in a

coaxial direction by means of a third rotated joint 56. A hand 59

which is rotatable on a horizonta_l axis ( a fourth axis J4 ) is
connected to a distal end of the third arm 55 by means of a fourth
rotated joint 58. These rotated joints are respectively provided |
with servo motors M1,M2,M3,M4 and position detecting méans such as
encoders for detecting the rotating positions of these rotated
joints. By constantly detecting the position of the hand 59 with
the position defecting means, the rotating angles of these rotated
joints are controlled such that the hand 59 traces a plurality of
points which are prelimina:fily taught and stored in memory. The
coordinates of the position of the center of the hand 59 is
Cartesian coordinates made of an X coordinate ( a direction of
arrow X ) which is a traverse distance of the hand 59 when the hand
59 is moved in parallel in a horizontal direction by a combination
of the rotatio_ns of the first to third rotated joints and a Y
coordinate ( a direction of Y) which is a traverse distance of the
hand 59 when the hand 59 is parallelly moved in a vertical direction
by a combination of the rotations of the f£irst to third rotated
joints. The posture of the hand 59 is controlled by two polar

coordinates made of an A coordinate which is a rotating angle of the



hand 59 around the fourth axis J4 and a B coordinate which is a
rotating angle of the hand 59 around the third axis J3. The origin
of the coordinates of four axes is arbitrary and a basic posture of
the robot may be pfedetermined as such an origin. The hand 59 is
provided with a gripping element such as a vacuum cup 60. The Sewo
motors M1 to M4 are controlled by a microcomputer installed in a
control panel 61.

With such a robot 62, a series of operations which comprise
desce_nding the hand 59 to suck énd pick up a work which is not yet
subjected any wquing from a work supply base 63, advancing and
inserting one edge of the work into the working machine 50 to bend
the. work, retracting the work froml the working machine 50 to a
predetermined position where the hand is rotated about a horizontal
axis, subjecting the other edge of the work to the working of the
working machine 50, and stacking the work on d product stacking
base 64 after working on the work is completed, and returning the
hand 59 to the work supply base 63 to pick up a next work which is not
yet subjected to any working, are carried out as a cycle and these
cyclic operations are repéated. It must be noted, however, that
the lifting amount of the hand is changed corresponding to the
hei_ght of works remaining on the work supply base 63 as well as on
the product stacking base 64.

To carry out the above-mentioned repetitious operations in
a most efficient manner, the robot 62 is preliminarily taught so as

to execute operations on the above-mentioned four axes in an



overlapping manner or simultaneously. Since the robot 62 carries
out the operations in accordance with seguences and timings which
are preliminarily taught, no trouble occurs so long as the
operations are carried out in a normal routine. However, when a
trouble such as dropping of the work in the ﬁidst of the routine
work occurs and the operation of the robot is stopped accordingly,
the robot 62 is returned to a fixed position where the position of
the work can be determined, e.g. a position on the work supply base
or a position on the mold of the working machine and the work is
gripped again.

Then, the work is returned to a position Where the robot is stopped
while being gripped by the robot and the robot is operated again in
accordance with a program of the original routine.
Conventionally, in such a case, a next target position to which the
hand is to be moved is taught and the hand is moved to the target
position with an automatic manipulation or the hand is moved to the
target position with a manual manipulation such that the hand is
moved little by little by maﬁually operating the axes one after
another.

To move the hand to the taught target position with the
automatic manipulation, howevef, the operations on the four axes
are carried out simultaneously without any sequence, the work or
the hand may heavily comes into contact with objects located around
the robot and accordingly the hand may be broken or ruptured. On

the other hand, the manual manipulation which is carried out by



operating the axes one after another at a low speed takes a
considerable operating time thus lowering an operating efficiency.

Accordingly, it is an 6bject of the present invention to
provide an interference preventing method which can enhance the
efficiency in an operation to return the robot to the normal
operation after the occurrence of a trouble and the robot which can

carry out the method.
DISCLOSURE OF INVENTION

.The interference preventing method for industrial robots
according to the present invention is characterized in t'hat, an
operation to automatically move a hand of a robot toward a taught
target position, comprises a step of reading the present position
of the hand, a step of computing the difference between the taught
target position and the present position of the hand, a step of
judging whether this difference is within a predetermined range or
not, a step of setting the moving speed of the hand to a
preaetermined normal speed when the difference is within the
predetermined range, a step of setting the moving speed of the hand
to a predetermined low speed when the difference is out of the
predetermined range, and a step of moving the hand automatically to
the target position at the set speed. The above-mentioned '
predetermined raﬁge ' is determined in view of the kind .of

operation, the size of the work or the size and shape of an object



disposed around the robot-. The above-mentioned ' movement of the
hand ' includes a revolution of the hand around a horizontal axis 6r
a vertical axis in additioh to the traverse of the central _point of
the hand in a space. In this case, the central point of the hand
does not move and the hand is only angularly shifted.

According to the method of the present invention, present
positions are determined by a plurality of coordinates and the
difference between the taught target position and at léast
coordinates on one axis is éomputed and the judgement is made bésed
on the difference. Alternatively, it may be possible to set the
moving speed of the hand to a low _speed when at least one of the
coordinates is out of the predetermined range.

The handling robot according to thé present invention is a
type of a robot which repeats an operation to pick up a work from a
predetermined position and transfer the work to another position in
place in accordance with the taught path and the operational
sequence. The handling robot comprises a hand to grip the work, a
mechanism to move the hand, a detector which detects the present
position of the hand, means for teaching a target pqsition of the
hand, a inechanism for moving the hand, méans for storing the moving
speed of the hand which varies. at least in two stages and a
predetermined range of difference between these speeds, means for
computing the difference between a taught target position and the
present position of the hand, means for judging whether the

difference is within the predetermined range or not, and means for



setting the moving speed of the hand to a normal speed when the
obtained difference is within the predetermined range while
setting the moving speed of the hahd to a low speed when the
obtained difference is not within the predetermined speed.
According to the method of the present invention, without
computing whether the interfererice actually takes place or not,
based on the fact whether the distance between the taught target
position and the present position is within the predetermined range
_or'not, it. is judged whether the probability of interference is
high or not. Namely, in a case that the distance from the present
position to the target position is short,. which takes piace, for
example, when the work which is not subjected to any working is
dropped right after the Woj:k is picked up from the work supply base,
the probability of the interference is relatively low. On the
other hand, in a case that the hand must be moved or shifted over a
long distance from the present position to the target position,
which takes place, for example, when the work which is already
subjected to working is dropped just before being stacked on the
product stacking base, the probability of interference is
relatively high. Based on this principle obtained by experience
that.when the distance b.etween the present position and the target
position., namely, the distance to be moved is long, the probability
of interference is high, while when the distance to be moved is
shor._'t, the probability of interference is low, the present

invention uses the ' difference ' between the target position and



the present position as a criterion for judging the probability of
interference. Accordingly, the present invention has an advantage
that the coﬁputation for the judgement whether the interference
occurs or not becomes simple enabling a high speed judgement, while
preventing the interference with an enough safety.

Furthermore, when the hand is to be moved over a short
distance, tﬁe hand is moved at a normal speed so that the high
operational efficiency is assured, while when the hand is to be
moved over a long distance, the speed is shifted to a low speed so
that an operator can forcibly.stop the movement of the hand just
before the hand causes an interference thus reliably preventing
such an interference. After forcibly stopping the movement of the
hand, the operator manually manipulates the robot such that the
hand is moved to a position which can prevent the interference. The
hand is automatically moved to the target position when there is no
lpossibility of interference. It may be possible to determine the
target position again after the hand is stopped right before the
occurrence of the interference. In this manner, according to the
present invention, the interference can be reliably prevented with
a simple computation as a whole by changing the operational speed
based on the difference of distance between the present position
and the target position, while skillfully combining the automatic
operation and the manual operation.

The above-mentioned interference prevention method is

provided for a robot which can trace a route which prevents the



interference, namely, the robot which has more than two traverse
coordinates; The method, however, is more effective for .the robot
which has a complicate traverse coordinate system comprising more
thah three or four traverse coordinates. 1In such a case} the
above-mentioned method is applied to any one of the traverse
coordinates which is liable to cause the interference or is applied
to a plurality of traverse coordinates and all operations are
carried at a low speed when the differgnce between the present
position and the target_ position is out of a predetermined range.

The robot according to the present invention is provided for

carrying out the above-mentioned interference preventing method.
BRIEF EXPLANATION OF DRAWINGS

Fig. 1 is a schematic flow chart showing one embodiment of
the interference preventing method according to the present
invention.

Fig. 2 is a schematic diagram showing the steps of main
routine of the handling method to whiéh the method of Fig. 1 is
applied.

Fig. 3 is a schematic flow chart showing the main routine of
Fig. 2.

Fig. 4 is a schematic diagram showing the detail of another
embodiment of the interference preventing method of the present

invention.



Fig. 5 is a schematic diagram showing the detail of another
.embodimen.t of the interfereﬁce preventing method of the presént
invention. |

Fig. 6 is a schematic diagram showing the detail of another
embodiment of the interference preventing method of the present
invention.

Fig. 7 is a schematic view showing the handling robot used
for the method of the present invention and peripheral devices

thereof.
BEST MODE FOR CARRYING QUT INVENTION

The interference preventing method and the robot used for
the method are e#plainéd with reference to embodiments thereof in
conjunction with attached drawings hereinafter.

In the drawings, Fig. 1 is a schematic flow chart showing
one embodiment of the interference preventing method according to
the present invention, Fig. 2 is a‘ schematic diagram showing the
steps of main routine of the handling method to which the
interference preventing methodl is applied, Fig. 3 is a schematic
flow chart showing the main routine of the interference preVenting
method, .Fig. 4, Fig. 5 and Fig. 6 are schematic diagrams showing the
detail of other embodiments of the interference preventihg method
of the present invention, and Fig. 7 is a schematic view showing the

handling robot used for the method of the present invention.
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The entiré steps of the handling method to which the method
of the present invention is applied.are explained with reference to
Fig. 2 and Fig. 3. In Fig. 2 and Fig. 3, numeral 1 indicates a work
supply base which supplies works which are not subjected to any
~ working, numeral 3 indicates a working machine such as a press
brake, and numeral 4 indicates a product stacking base on which
products 10 which are subjectéd to working are stacked. Setting
the reference position of a handl6 at a point P1l, the hand 6 is
descended to a point P1 ( an arrow S1 ) and a suction cup 7 is
forcibly made come into contact with the work 2 on the work supply
basé 1l so as to adhere the work 2 by suction, then the hand 6 is
iifted ( an arrow direction S2 ). This step constitutes ' work
pick-up step ' in Fié. 3.

Subsequently, the hand 6 is rotated 180 ° around a
horizontal axis ( the third axis J3 in Fig. 7 ) and is advanced to
the workihg machine 3 ( an arrow S3 ) so as to place one edge of the
work 2 on a bending mold 8 and a punch 9 is descended to .bend the edge
of the work in a V shape, for example. In this bending operation,
the hand 6 of the robot is rotated around the center of bending ( the
first axis J1 in Fig. 7 ) while maintaining the adhering of the work
2 by suction. Then, thé hand 6 is retracted ( an arrow direction
S4 ) and is rotated 180 ° around a vertical axis, and another edge
of the work 2 is subjected to the bending operation in the same
manner. This operation constitutes ' working step ' in Fig. 3.

Then, the hand 6 is again retracted and is moved to transfer
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the product 10 obtained as a result of working to a point P3 above
the product stacking base 4, while maintaining its posture. There,
the hand 6 is rotated 90 ° around a vertical axis, and is descended
to place the product 10 on the produét stacking base 4 and is lifted
to geturn to the reference position ( P2 ). These operations
constitute ' work take-out step ' and ' return-to-origin step '
respectively.

The main routine is made of these steps and in an actual
operation, it is prqgrammed such that the above-mentioned cyclic
steps are repéated a desired number of times. However, since the
desdending and lifting strokes of the hand 6 at the t:i;me of picking
up the work which is not subjecfed to any working from the work
supply base 1 as well as at the time of placiﬁg the product 10 on the
product mounting base 4 must be changed corresponding to the height
of the works on the work supply base 1 and the height of products on
the product mbunting base 4 which change corresponding to the
humber of repetitious operations.

So long as the ab’ove—menfioned main routine is executed
normally, there arises no prbblem. Howevef, when a trouble suéh as
dropping of the work 2 which is not subjected to working or the
product 10 occurs in the midst of the operation ( T in the right side
of Fig. 3 ), the above-mentioned cycle is temporarily stopped.
Then, the operation is started again by a manual manipulation and
if the manual maﬁipulation is carried out making use of a sub

routine Rs of the interference preventing method of the present
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invention, the robot can efficiently return to a normal routine
operation by a combination of an automatic manipulation and a
manual manipulation while preventing the occurrence of

interference.

(casg1)

For the purpose of brevity, é case is considered in which
the-work 2 which is not yet subjected to any working is moved or
shifted f£from the work mounting base 1 to the product stacking base 4
one by one. In this case, when a suction trouble occurs in the
midst of traverse from the _point P2 to the poin_t P3 and the hand 6 is
stopped at a position in the vicinity of the point P3, the hand 6 is
returned to the point Pl where an absolute positioning of the work 2
can be determined so as to determine the relative positions of the
hand 6 and the work 2. A new work 2 or the dropped work 2 is again
sucked by the hand 6 at the point Pl1. Subsequently, the hand 6
which holds the work 2 is moved to the point P3 where the operation
is s;topped while watching the hand 6 and the work 2 no*l‘; to interfere
and continues the main routine from this position. It may be
possible to input the point P3 as a target position and
automatically move lthe hand 6 and the work 2 from the point Pi to the
point P3. 1In such a case, however, the hand 6 directly moves toward
the point P3 while carrying out a l1lifting movement ( in a direction
of Y axis ) and a lateral movement ( in a direction of X axis )

simultaneously so that the hand 6 is liable to cause an
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interference with a guide 11 or a magnet floater.

According to the present invention, if the p:obability of
interference is checked at a step I of the sub routine shown in Fig.
1, firstly, the coordinates of the point P3 which represent the
present position are read on ( step II ).

The difference between the present position and the target
position to which the hand 6 is moved is computed ( step ITI ). The
judgement is made whether the difference is within a predetermined
range or hot (step v ). If the difference is within the
predetermined range, the moving spéed éf the hand 6 is set to a
normal speed ( step V ), while if the difference is out of the
preéetemined range, the moving speed of the hand 6 is set to a low
speed ( step VI ). For example, provided that the coordinates ( x,y
) of the point P1 are ( 500, 400 ), and the predetermined range is x
=4 100 and y == 100, and the coordinates ( X,¥ ) of the taught
target point P3 are ( 1500, 1400 ), the present position ( 500, 400 )

is read at the step II, and the difference Xd, Yd between the
coordinates of the present position and the.coordinates ( 1500,
1400 ) of thé target position is computed at the step III. 1In this
case, since X4 — 1000 and Yd = 1000, it is judged that both
coordinates exceed the allowable range * 100. Accordingly, the
speed of the.hand 6 is set to the low speed in the steﬁ VI and the
hand 6 is moved from the point P1 to the point P3 at the low speed.

In this manner, even when the work 2 is liable to come into

contact with the guide 11, the operator can readily stop the
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operation of the hand 6 before the work comes into contact with the
guide 11 thus preventing the interference.
After stopping the operation of the haﬁd 6, the operator, by a
manual manipulation, lifts the hand 6 in a direction of ¥ axis until
the.work 2 is lifted to a point PC which exceeds the guide 11, and
subsequently 1lifts the hand 6 in a direction of Y axis while moving
the.hand 6 in a lateral direction by a manuai manipulation, for
example. Then, the hand 6 is again moved automatically from a
position in the wvicinity of the point P3 following the routine
shown in Fig. 1. Since the difference between the position and the
target position is within the allowable range (+ 100 ), the hand 6
is moved to the target position at the normal speed. Accordingly.
the positioning of the hand 6 to the target position by the
cumbersome manual manipulation can be obviated. It may be possible
to execute the sub routine from the point i—"C while setting the point
P3 as the target position for preventing the interference. After
reaching the point P3 ( target position ). the operation is started
again based on the program of the original main routine. As shown
in Fig. 1, when the interference checking is not carried out, the
operation is directly advanced to the step V to make the hand 6 move
at a normal speed.

When a suction trouble ocﬁurs at a point Pn which is a
position\ slightly above the point P1, the hand 6 is returned to the
point P1l and the work 2 is again sucked by the hand 6 at the point Pl

in a manner as mentioned previously. If the coordinates of the
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point Pn are taught as the target position and the operation is
executed based on the sub routine shown in Fig. 1, the difference
between the present position and the target position falls within
the allowable range in the judgement in the step IV, and the moving
speed of the hand 6 is set to a normal speed ( step V) and the hand 6
is moved toward the point Pn at the normal speed. Accordingly, the
operation can be returned to the original routine efficiently.

After stopping the operation at the point P3 or the point Pn, it may
be possible to execute the sub routine shown in Fig. 1 to return the
hand 6 to the point Pl while setting the point Pl as the target
position. 1In such a case, corresponding to the diétance between
the target position and the present position, the hand 6 can be also
moved either at a low speed or at a normal speed so that the operator
can stop the movement of the hand 6 Jjust before the hand 6

interferes with the guide 11.

(CASE 2)

Fig. 4 shows a case in which the hand 6 which adheres the
work 2 by suction is lifted from the work supply base 1 and the hand
6 is rotated 180 ° on the third axis J3 in the midst of movement
thereof from a point Q3 to a point Q4 and the work 2 is dropped by a
suction trouble during the rotation of the hand 6 between the point
Q3 and the point Q4. In this case, the hand 6 is returned to a point
Q1 by a manual manipulation. Then, after setting the point Q4 as the

target point, the operation is started again based on the sub
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routine shown in Fig.

1 with an édhering of the work 2 by suction as a first step.
Pro;rided that an allowable aﬁgle of an inverting angle B of the
third axis J3 is set to * 5° , since the present position is 0 °
and the target position is 180 ° , the difference between the target
position and the present position becomes 180 — 0 = 180 °*>10°
and it is judged that the difference is out of the predetermined
range at the step IV. Accordingly, the moving speed of the hand 6
is set to a low speed at the step V and the hand 6 is moved to the
point Q4 at the low speed. In this case, even when the traverse or
shift amounf of the hand 6 in_a direction of ¥ axis is within an
allpwable range, the hand 6 is moved at the low speed in view of the

allowable value of the inverting angle B.

(CASE 3)

Fig. 5a and Fig. 5b show a case in which the work 2 is picked
up from the work supply lbase 1 and the work 2 is rotated 180 ° right
after a slight 1ifting thereof and the operation is sfopped in the
midst of the rotation because of a trouble during the rotation and
the operation is again returned to a normal operation. In Fig. 5a,
since an inverting angle B is set to 45 ® , if the rotation of the
hand 6 is continued, the work 2 interferes with the works 2 mounted
on the work supply base 1. Accordingly, the hand 6 must be rotated
at a low speed. |

On the other hand, in Fig. 5b, since the inverting angle B exceeds
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90 ° and is close to 135 ° , the hand 6 can be rotated at a normal
speed. Namely, provided that the target angle is set to 180 ° , the
allowable angle should .be set to 90 ° . 1In this case, in Fig. 5a,
since the difference between the target angle and the present angle_

-]

is 180 ° — 45° =135 ° > 90 ° , the rotating speed of the hand 6 is
set to be a low speed, while, in Fig. 5b, since the difference
between the target angle and the present angle is 180 ° — 135 ° = 45
° < 90 ° , the rotating speed of the hand 6 is set to be a normal
speed. Although, in case 2 and case 3, hand 6 is inverted at an

angle B, the allowable rotating value varies depending on changes

of conditions around the robot and on the target position.

(CASE 4 )

Fig. 6 shows a case in which one edge of the work 2 is
inserted in the bending mold 8 of the bending machine 3, the hand 6
is retracted, the hand 6 is .rota{:ed on the vertical axis J4, the
hand 6 is advanced so as to insert the other edge of the work 2 in the
bending mold 8. In these steps, when the work 2 is dropped in the
midst of rotatiqn from a point R3 to a point R4, the work 2 is placed
and positioned in the bending mold 8 again and the hand 6 which is
returned to the point Rl grips the work 2 and the hand 6 is operated
to move to the position R3 based oh the sub routine shown in Fig. 1.
In this case, the allowable angle Ad of a revolving angle A is set to
+ 45° . Since the present posi.tion (A =0 °) is read by an

encoder and the difference between the target p_osition ( A =180
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°) and the present position is 180 ° > 45 ° , the hand 6 is
revolved at a low speed. Accordingly, even when the retracting and
revolving of the hand 6 are carried out simultaneouslf,and the
possibility of interference of the work 2 with the mold arises, the
operator can stop the movement of the hand 6 right before the
occurrence of the interference. Whep the hand 6 is not set to a low
speed operation, the operation of the hand 6 is continued at a
normal speed.

The above-mentioned interference preventing method can be
carried out using the robot 62 sﬁown in Fig. 7 while incorporéting
the sub routine shown in Fig. 1 to the conventional operétional
program. As means for reading the present position of the hand 6,
the encoders which are already incorporated in the original robot
for reading the rotating aﬁgle can be utilized as it is, while the
conventional teaching means can be utilized as means for teaching
the target positions. Although the above-mentioned embodiment of
the present invention is explained in view of the robot having 4
degrees of freedom on rotated joints (J1 to J4 ) and 4 moving
coordinates ( X, Y, A, B ), the robot having 2 to 3 degrees of
freedom or equal to or more than 5 degrees of fr;eedom can be used in
the interferencé preventing method of the present invention .' :

Although the embodiment is mainly explained in view of cases
in which the operation is returned to the main routir_le after 5eing
stopped by the occurrence of a trouble, the method of the present is

not restricted to these cases and can be applied to other cases,
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e.g. a case in which the method is appliéd_ to teaching of an
operational 'ro_ute based on a basic routine so as to make the hand

move to a specified target position efficiently.

Industrial Applicability

The interferen.ce preventing method of the present invention
can readily return the operation to the original routine while
preventing the interference in such a case that the work is dropped
in the midst of the operation so that the operational efficiency is
enhanced. The robot of the present invention carries out such a

method.
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I
CLAIMS

1. An interference preventing method for industrial robots
in which a hand of a robot is automatically moved toward a tauéht
target position, comprising a step of reading the actual position
of the hand, a step of computing the difference between the taught
target position and a present position of the hand, .a step of
judging whether the difference is within a predetermined range or
not, a step of setting the moving speed of the hand to a
predetermined normal 'speed when the difference is within thé
predetermined range, a step of setting the moving speed of the hand
to a predetermined low speed when the difference is out of the
predetérmined range, and 'a step of moving the hand automatically to
the target position at the set speed.

2. An interference preventing method for industrial robots
according to claim 1, in which present positions are determined by
a piurality of coordinates and the difference between the taught
target position and at least coordinates on one axis is computed
and the judgemeﬁt is made based on the difference.

3. An interference preventing method for industrial robots
according to claim 1, in which the moving speed of the hand is set to
a low speed when at least one of the coordinates constituting the
taught position and the- I;resent positions is out of the
predetermined range.

4. A handling robot of a type which repeats an operation to
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pick up a work from a predetermined position and transfer the work
Ito another position in place in accordance with a taught path and an
operational -sequence, comprising a hand to grip the work, a
mechanism to move the hand, a detector which detects a present
position of the hand, means for teaching a target position of the
hand, a mechanism for moving the hand, means for storing the moving
speed of the .hand which varies at least in two stages and a
predetermined range of difference between these speeds, means for
computing the difference between a taught target position and the
present position of the hand, means for judging whether the
dif:.Eerez;ce is within the predetermined range or not_, and means for
setting the moving speed of the hand to. a normal speed when ‘the
obtained difference is within the predetermined range while
sgtting the moving speed of the hand to a low speed ﬁhen the

obtained differenge is not within the predetermined speed.

- 22 =



