
UNMANNED DRIVING APPARATUS FOR A CRANE Background of the Invention 1. Field
of the Invention The present Invention relates to an unmanned driving
apparatus for a crane, and more particularly, to a crane used in a harbor
for moving a container. 2. Description of Related Art Generally, a crane is
used for loading a ship with containers piled in [err] yard in a harbor or
for unloading containers from a ship. Such a crane is 



provided with a spreader for holding and releasing a container, a hoist for
moving the container up and down, and a trolley for moving the spreader
horizontally. When the crane is driven manually, the trolley is driven
horizontally at a maximum speed and then is rapidly decelerated at a
constant position to reach a target position. In this case, it is difficult
for the trolley to stop at the target position and the spreader sway is
severely generated. Therefore, it takes much time to pick up or drop off a
container in driving the crane manually. To overcome such a problem, there
is proposed an unmanned operating method for a crane. In the unmanned 



operating method, a driving speed pattern of a trolley and hoist is
pre-determined in order to minimize the spreader sway when reaching a
target position, and the trolley and hoist are driven according to the
driving speed  pattern. The arrangement relationship between the driving
speed pattern in the unmanned operating method and the trolley and hoist
which are installed on a crane will be described with reference to FIG. 1.



-2- FIGs. 1A and 1B explain an unmanned operating method for a conventional
crane, in which FIG. 1A is a graph showing an example of the driving speed
pattern in the conventional unmanned operating method and FIG. 1B is a
schematic diagram of the trolley and hoist for a general crane. According
to the conventional unmanned operating method, a constant driving speed
pattern is preset as shown in FIG. 1A, and the trolley 20 or hoist 30 is
driven for moving the container 10 as shown in FIG. 1B. The driving speed
pattern of the trolley 20 and hoist 30 is separately obtained 



experimentally or empirically. For example. if the driving speed pattern of
FIG. 1A is tor the trolley 20, the horizontal travelling speed of the
trolley 20 is increased in a constant ratio at a starting time, is
decreased at a constant point of time and is again increased to be a
maximum speed. Then, the horizontal travelling speed of the trolley is
maintained to be a maximum speed for a predetermined interval. When the
trolley 20 is to be stopped, the traversing speed is made to be decreased
in a constant ratio, is increased at a point of time and then is again
decreased. 



That is to say, when the trolley 20 stops at a target position, a method
for varying and adjusting the driving speed of the trolley 20 and hoist 30
moderately has been conventionally used so that the spreader or container
sways less. However, such conventional unmanned operating method generates
frequent errors due to external factors like initial vibration of a
spreader, the vibration of a control system  or the wind. Thus, it is
difficult to control exactly the sway of the spreader or the position of
trolley. Also, according to the conventional unmanned operating method,  



since it is difficult to holding/releasing the container exactly, a
separate driver is required. As the result, conventionally, the perfect
automation of the crane cannot be realized. Summary of the Invention It is
an object of the present invention to provide an unmanned driving apparatus
for a crane by which a spreader can reach an exact target position with a
less sway than that by the conventional method and a 



container is exactly held and released. The above object of the present
invention is attained by an unmanned driving apparatus for a crane having a
spreader for holding/releasing a container, a hoist for moving the spreader
up and down, and a trolley for moving the spreader horizontally, thereby
moving the container from a first target position to a second target
position, said apparatus comprising: target position information inputting
means for inputting the target position information of said first target
position and said second target 



position: a position detector having a sensor installation equipment
installed movably to the trolley along the length direction of the
spreader, a first two sensors Installed to the sensor installation
equipment for detecting the positions of the spreader and container by
scanning a laser beam, and an encoder for measuring the moving distance of
the sensor installation equipment, thereby providing sway information of
the spreader during the moving of the spreader and position information of



the spreader and container when the spreader reaches a target position to a
fuzzy logic controller: the fuzzy logic controller having a speed pattern
generator for calculating a reference driving speed pattern of the crane
according to the target position information input by said target position
information inputting means, and a fuzzy operation controller for
performing a compensation of said reference driving speed pattern of each
point of 



time depending on factors at least including position information provided
by said position detector, thereby providing driving signals to a driver;
and the driver for driving said hoist and trolley according to said driving
signals provided by said fuzzy logic controller. Brief Description of the
Drawings The above objects and advantages of the present invention will
become more apparent by describing in detail a preferred embodiment thereof
with reference to the attached drawings in which: 



FIGs. 1A and 1B are diagrams for explaining an unmanned operating    -5-
method for a conventional crane; FIG. 2 is a block diagram of an unmanned
driving apparatus for a crane according to the present invention; FIG. 3 is
a schematic diagram showing an example of the position 



detector shown in FIG. 2; FIG. 4 is a perspective view of a trolley for a
crane to which the position detector shown in FIG. 3; FIG. 5 is a front
view of a crane used in a harbor; FIG. 6 is a side view of the trolley and
spreader shown in FIG. 5; FIG. 7 is a plan view of the spreader in which a
sway is generated; FIG. 8 is a side view of the trolley and spreader when
viewed in the arrow direction shown in FIG. 7; FIG. 9 is a plan view of the
spreader in which a skew is generated; 



FIG. 10 is a plan view of the spreader in which a sway and skew are
simultaneously generated; FIG. 11 is a diagram for explaining a method of
detecting the position of a spreader or container; FIG. 12 is a front view
of a crane used in a harbor; FIG. 13 is a side view of a position detector,
spreader and container; FIG. 14 is a plan view of a spreader or container
indicating scanning loci of laser beams; FIG. 15 is a front view showing
the whole appearance of a crane 



which detects the edge of a spreader and container using a position
detector; FIG. 16 is a diagram  for explaining an edge detecting method of
a    -6- spreader and container; FIG. 17 is a diagram for explaining a
method for detecting the loading 



status of the containers piled in a yard using a position detector; FIG. 18
is a flowchart showing the sequence of a method for determining the
position of a spreader and container using a position detector; FIGs. 19A
and 19B are a flowchart for explaining the overall operation of the crane
on which an unmanned driving apparatus for a crane according to the present
invention is installed; FIG. 20 is a flowchart for explaining in detail the
pick-up operation shown in FIG. 19; and 



FIGs. 21A and 21B are a flowchart for explaining in detail the drop-off
operation shown in FIG. 19. Detailed Description of the Invention As shown
in FIG. 2, the unmanned driving apparatus for a crane according to the
present invention includes a fuzzy logic controller 110, a drive 120 for
driving various components of the crane, and a driver 130 for being driven
according to signals of the drive 120. The unmanned driving apparatus for a
crane according to the present invention further includes a position
detector 140 for detecting the position and posture of the spreader 



and container. The position detector 140 has a sensor 141 and a sensor
controller 142, which will be described in more detail when describing FIG.
3. In the unmanned driving apparatus for a crane according to the    -7-
present invention, there are installed an input key pad 160 for inputting
data 



to the fuzzy logic controller 110, a master switch 170 for operating the
crane manually on necessity and a switch 150 for selecting a manual mode or
an automatic mode. The fuzzy logic controller 110 has a speed pattern
generator 111 for obtaining  a reference driving speed pattern of a trolley
and a fuzzy operation controller 112 for compensating the reference driving
speed pattern obtained in speed pattern generator 111 according to the
surrounding errors. Here, the speed pattern generator 111 generates each
primary reference driving speed pattern [err] and [err] of the trolley and
hoist by a 



microcomputer, etc. depending on the target position input to the input key
pad 160 and the present states of trolley and hoist. If each of the primary
reference driving speed pattern of the trolley and hoist is obtained, the
speed pattern generator 111 executes a simulation to obtain adjusted values
[err] and [err] through a fuzzy operation by fuzzy control rules with input
values, i.e., the position of the trolley, the driven state of the hoist,
the error between the present position (x, y, z) and target position due to
the sway angle of the spreader and the error variation, the error between
the present speed  ( x, y, z ) and target speed and the error variation,
and the error 



between the present accelerated speed (x,y,z) and target speed and the
error variation. The speed pattern generator 111 adds the adjusted values A
[err] and [err] with [err] and [err], respectively, to obtain each
reference driving speed pattern of trolley and hoist, [err] and [err]. The
fuzzy operation controller 112 operates the trolley and hoist    -8- 



according to the reference driving speed patterns [err] and [err] obtained
from the speed pattern generator 111 and detects each moment error factors
such as a sway angle of the spreader, disturbance due to the wind or
present position to compensate the reference driving speed patterns [err]
and [err] through the fuzzy operation. Here, the input values of the fuzzy
operation are the error between the present states of the trolley and hoist
and target states and the error variation, the error between the present
driving speeds of the trolley and hoist and the driving speed by the
reference driving speed pattern and the error variation, the error between
the present sway 



angle supplied by the position detector and target sway angle and the error
variation, and the error between the disturbances measured by a sensor and
the error variation, and the output values are the compensated values of
the reference driving speed patterns  [err] and   [err]. The input values
are deducted by the fuzzy control rules. The fuzzy control rules are
established by human experiences and rational thoughts. For example, in the
case where input variables are X and Y and an output variable is Z, the
fuzzy control rules are defined as follows. 1. If X is [err] and Y is
[err], then, Z is [err]. 



2. If X is [err] and Y is [err] then, Z is [err]. The fuzzy control rules
used in the unmanned driving apparatus for a crane according to the present
invention are as follows. Rule 1. If a vibration angle [err] is generated
much in a negative direction but the position and state (x,, [err]) of the
trolley/hoist do not reach a target state, then, the accelerated speed is
increased. Rule 2. If a vibration angle [err] is generated much in a
positive direction   



-9- but the position and state (x1, X2) of the trolley/hoist do not reach a
target state, then, the accelerated speed is decreased. That is to say, the
fuzzy operation controller 112 executes a fuzzy deduction in accordance
with the control rules obtained based on the operator's experiences and
compensates the reference driving speed patterns. Meanwhile, the position
detector 140 detects with a sensor 141 the sway angle of the spreader when
moving the trolley and supplies the 



detected sway angle to the fuzzy operation controller 112. The method of
measuring the sway angle with the sensor  141 of the position detector 140
will be described in detail later. Also, the position detector 140 detects
the target position and posture of the container and spreader and supplies
them to the controller of the trolley and hoist, thereby enabling the
spreader of the crane to pick up or drop off the container at a precise
position. The method of detecting the position and posture of the spreader
and container with the position detector 140 will be described in detail
later. FIG. 3 is a schematic diagram  showing an example of the position 



detector shown in FIG. 2. As shown in FIG. 3, the position detector
includes a sensor 141 which can measure the distance to the object by
scanning laser beams. The sensor 141 is fixed on the sensor installation
equipment 143. The sensor installation equipment 143 is movable along a
ballscrew 146 installed on a fitting band 145 by means of a servo motor
144. An encoder 147 for measuring the moving distance of the sensor
installation equipment 143 is installed in the servo motor 144. The
position detector 140 has a driving panel 148 for controlling to drive the
servo motor 144 installed therein. In other words, the sensor 141 can scan
laser beams 



10 and at the same time move linearly along the ballscrew 146. FIG. 4 is a
perspective view of the trolley of the crane on which the position detector
shown in FIG. 3 is fixed. As shown in FIG. 4, a pair of position detectors
140a  and 140b are on both ends of the trolley 20. Two position detectors
140a and 140b are preferably positioned diagonally for 



detecting diagonal edges of the spreader 40 and container 10, as shown. The
sensors 141a and 141b installed in the position detectors 140a and 140b can
scan laser beams in the width direction of the spreader 40 and can be moved
in the length direction of the spreader 40 at the same time. That is to
say, the position detectors 140a and 140b can detect diagonal edges of the
container 10 by being moving into a necessary position irrespective of the
length of the container 10. Of course, the position detectors 140a and 140b
can detect two diagonal edges of the spreader 40. Such position detectors
140a and 140b can be disposed in a line as necessary. However, it 



is efficient to dispose the position detectors 140a and 140b diagonally, as
shown in FIG. 4. The method of measuring the sway angle and skew angle of
the spreader using the aforementioned position detectors will be described
with reference to FIGs. 5 to 10. FIG. 5 is a front view of the crane used
in a harbor. As shown in FIG. 5, containers 10 are loaded on the bottom. A
trolley 20 is installed in the crane 100. The trolley is movable left and
right. A sensor 141 of the position detector is installed in one side of
the trolley 20 and a operating 



room 21 is installed in the other side thereof. A spreader 40 is tied up in
the trolley 20. The laser beams scanned from the sensor 141 faces the    11
spreader 40. FIG. 6 is a side view of the trolley and spreader shown in
FIG. 5. As shown in FIGs. 5 and 6, the sensor 141 faces the edges around
the both 



ends of the spreader 40. The laser beams by the sensor 141 are scanned in
the width direction of the spreader 40 and the sensor 141 is movable in the
length direction of the spreader 40 at the same time. In measuring a sway
angle or skew angle, the sensor 141 is not necessarily moved in the length
direction of the spreader 40. FIG. 7 is a top view of the spreader in which
a sway is generated. In FIG. 7, the dotted line 40a indicates an initial
position of the spreader 40 where the sway and skew are not generated and
the solid line 40b indicates the position of the spreader 40 where the sway
is generated. The vertical 



points 141d are scanning points at which the laser beams are scanned one
time in the width direction of the spreader 40. FIG. 8 is a side view of
the trolley 20 and spreader 40 when viewed in the arrow direction of FIG. 7
and shows that the sway angle is known by the sway extent of the spreader
40 and the length of a string 41 to which the spreader 40 is hung. That is
to say, the sway angle can be known by detecting and comparing the two
initial edges of the spreader 40 before the sway is generated with the two
edges thereof after the sway is generated. Of course, the length of the
string 41 to which the spreader 40 



is hung can be known by installing the encoder to the hoist for adjusting
the height of the spreader 40. FIG. 9 is a top-plan view of the spreader
where the skew is generated. As shown in FIG. 9, a skew angle is the angle
formed between    -12- a side of the initial spreader 40 indicated in a
dotted line 40a and a side of 



the spreader 40 where a skew is generated indicated in a solid line 40b.
The skew angle is obtained by the variation of edges of a constant point of
the spreader 40 and the distance between the center of the spreader at the
point. That is to say, the variation of the edges of the constant point of
the spreader 40 is measured by the position detector, and the distance
between the measuring point and the center of the spreader 40 is measured,
thereby enabling to know the skew angle. Of course, in order to know
whether only the sway is generated in the spreader 40 or not, the variation
of the edges of two left and right ends should be detected, as shown in
FIG. 9. 



FIG. 10 is a top-plan view of the spreader in which  a sway and skew are
simultaneously generated. In this case, the average moving distance 42 of
the spreader 40 generated by the sway is known also by measuring the
variation of two edges with the position detector and the sway angle 43 can
be calculated by considering the length of the string. The skew angle 43 is
easily obtained by considering the variation of two edges and the distance
of two sensors. FIG. 11 is a diagram for explaining a method of detecting
the position of a spreader or container and shows the top-plan view of the
spreader or 



container. In FIG. 11, the portions indicated by double-dashed lines 140e
are laser beam scanning areas by the position detector, and the points
indicated by dotted lines 141d within the scanning areas are points to
which the sensor scans once. That is to say, the sensor of the position
detector scans the laser beams in the width direction of the spreader 40 or
container 10 and moves in the length direction thereof at the same time.



-13- In this way, if the sensor reaches the end of the spreader 40 or
container 10, the scanning distance changes sharply. Therefore, the
position detector detects both ends of the spreader 40 or container 10,
thereby knowing exactly the position and posture of the spreader 40 or
container 10. In further way, the two sensors are rotated into a
predetermined angle (45 degrees) and laser beams are scanned, thereby
detecting the edges of the spreader 40 and container 10 from the trolley
and gantry directions. Therefore, the crane changes the position and
posture of the spreader 40 or 



container 10 according to the position information of the spreader 40 or
container 10 obtained by the position detector and pick up/drop off the
container exactly. That is to say, the position detector detects the sway
information of the spreader while the trolley is moving and supplies the
information to the fuzzy controller, and detects the position and posture
of the spreader or container so that the spreader can pick up and drop off
the container exactly. Meanwhile, in order to detect the spreader and
container, one or more 



position detector may be installed in the lower trolley. An example of this
case will be described with reference to FIGs. 12 to 14. FIG. 12 is a front
view of the crane used in a harbor, FIG. 13 is a side view of the position
detector, spreader and container. As shown in FIG. 12, three position
detectors 140a, 140b and 140c are installed on the crane 100 so as to be
move horizontally in the lower trolley 20. Among them, two position
detectors 140a and 140b scan laser beams in the width direction of the
spreader 40 and container 10 as in the aforementioned embodiment, and  



-14- the position detector 140c scans laser beams around one end of the
length direction of the spreader 40 and container 10 in the length
direction of the spreader 40. At this time, the scanning loci of the
scanned laser beams are shown in FIG. 14. FIG. 14 is a top-plan view of a
spreader or container. As shown in FIG. 14, the scanning loci 140d of two
laser beams are displayed in the 



width direction of the spreader 40 or container 10 and the other scanning
locus is displayed in the length direction of the spreader 40 or container
10. That is to say, the two position detectors 140a and 140b detect two
edges of the width direction of the spreader 40 or container 10 and the
other position detector 140c detects an edge of the length direction of the
spreader 40 or container 10, thereby detecting the posture of the spreader
40 or container 10 exactly. The posture of the spreader 40 or container 10
can be measured simultaneously by scanning a laser beam one time. In this
way, if one more position detector is installed, although two sensors for
scanning 



laser beams in the width direction, do not move in the length direction of
the spreader 40 or container 10, differently from those in the
aforementioned embodiment, they can detect the position and posture of the
spreader 40 and container 10. FIGs. 15 and 16 show states where the
position of the containers loaded in the yard and intervals therebetween
are detected. Here, FIG. 15 shows the overall appearance of the crane which
detects the edges of the spreader and container with a position detector.
If a trolley 20 to which a pair of position detectors 140a and 140b are
attached moves to reach a 



target container 10, the position detectors 140a and 140b detects the edges
-15 of the spreader 40 and container 10, thereby recognizing the position
and posture of the spreader 40 and container 10. At this time, the
principle of detecting the edges will be described in detail with reference
to FIG. 16. FIG. 16 is a diagram for explaining the edge detecting method
of the 



spreader and container. In FIG. 16, the dots marked along the outer surface
of the spreader 40 and container 10 are scanning points of the laser beams
scanned by the sensor 141. If the sensor 141 scans the spreader 40 and
container 10 positioned in the lower portion thereof, the scanning points
are positioned on the surface of the spreader 40 and container 10. At this
time, the scanning  points scanned on the surfaces of the spreader 40 and
container 10 are different in their position information. That is to say,
scanning points dispersed from  the sensor 141 to the exposing surface 50
are divided by a distance and areas where the scanning points existing at 



each distance exceed a predetermined critical number are divided.
Particularly, since there is no components of the crane in the middle of
the sensor 140 and spreader 40, the first area among the divided areas are
determined as the area of the spreader 40. Also, in order to divide the
areas for the spreader 40 and container 10 for sure, the information of the
length ranging from the trolley and spreader, supplied from a hoist encoder
(not shown) of the crane is considered. That is to say, among the areas of
scanning points measured in the sensor 141, the areas being around the
hoist encoder values are determined as those for the spreader 40. In this 



manner, among the scanning points existing in the areas for the spreader
40, the scanning point existing at the end thereof is located and the edge
of the spreader 40 is detected with the position information of the very
-16- scanning point. In other words, among the scanning points existing in
the area for the spreader 40, since the scanning point being at the end has
a 



sharp distance variation, compared with the next scanning point, this
portion is recognized as an edge. As described above, after locating the
edge of the spreader 40, among areas composed of the scanning points
divided by the critical value, the area of the scanning points excluding
the exposing surface 50 and the area for the spreader 40 is determined as
the container 10. The edge of the container 10 is also detected in the same
method as that of detecting edge of the spreader 40 as described above. In
other words, the edges of the spreader 40 and container 10 are detected,
thereby sensing the position and posture 



of the spreader 40 and container 10. FIG. 17 is a diagram for explaining
the method of detecting with a position detector the load status of the
containers loaded in the yard. As shown, a plurality of containers 10 are
loaded on the exposing surface 50 in rows. The containers 10 loaded in rows
in such a manner are piled in several tiers. Such a state of the yard is
determined by the height of the containers 10 with a sensor 141 of the
position detector while moving a trolley (not shown). At this time, the
position detector detects the position of the trolley by means of a trolley
encoder and scans laser beams. The 



number of rows of the containers 10 is detected from the exposing surface
area with the areas of the scanning points. The number of tiers depending
on the number of rows of the containers 10 is determined by obtaining the
distance from the exposing surface 50 to the surface of the containers 10.
Of course, at this time, since the value of the height of the containers 10
is    -17- 



stored in a crane controller, the number of tiers can be calculated using
the value. FIG. 18 is a flowchart showing the sequences of the method of
determining the positions of the spreader and container with a position
detector. Laser beams are scanned into the spreader and container with a -
sensor and among the scanning points, the points which are not measured are
removed (step 200). The thus measured scanning points are divided by a
interval depending on the distance (step 201). At this time, the divided
scanning points are divided into areas where the scanning points exceeding 



a critical number exist and an area close to the measured value of the
hoist encoder is selected as the spreader (steps 202 and 203). The point
where the distance is sharply changed is selected in the spreader area
detected in that way and is set as the edge of the spreader (step 204).
Meanwhile, in the divided areas, the area having the largest critical value
is selected among the spreader area and areas between the exposing surface
and is determined as the container, a point where the distance variation is
sharp is selected and is determined as the edge of the container, as
described above (steps 205 and 206). As described above, if the edges of
the spreader and 



container are detected, the positions of the spreader and container can be
easily determined. FIGs. 19A and 19B are a flowchart for explaining the
overall operation of the crane having an unmanned driving apparatus for a
crane according installed therein. Referring to FIG. 19, the overall
operation of the crane will be described. An automatic mode is selected by
a console and a first target position for picking up a target container and
a second target   



position for dropping off the target container are input via a key board
(step 301 and 302). At this time, coordinates are input in a matrix with
respect to a tier and row of the first and second target positions. A
controller compares the first target position and the present position in a
state where the container is not picked up and obtains a primary reference
driving speed pattern for driving a trolley or hoist through a fuzzy
operation (step 303). While travelling according to the obtained primary
reference driving speed pattern, the sway angle is measured with a sensor
to 



compensate the primary reference driving speed pattern through the fuzzy
operation and the actual speed pattern is obtained. According to the
compensated actual speed pattern, the driving speed or position of the
hoist/trolley is controlled and the sway is controlled (step 304). Then,
after comparing a first target position and a stop position, the
trolley/gantry position error and skew angle of the spreader are measured
(steps 305 and 306). The position error of the trolley is compensated
according to the data obtained by the sensor and the skew angle is also
compensated  (steps 307 and 308). The spreader whose skew  angle is 



compensated proceeds to a process for picking up the container (step 309),
which will be describe in detail with reference to FIG. 20 later. After the
pick-up process, the second target position (termination position) input in
step 302 and the present position are compared and a secondary reference
driving speed pattern is obtained by a fuzzy operation (step 310). While
travelling according to the obtained secondary reference driving speed
pattern, the sway angle is measured with a sensor to compensate the
secondary reference driving speed pattern through the fuzzy  



19 operation  and  the actual speed  pattern  is obtained. According  to
the compensated actual speed pattern, the driving speed or position of the
hoist/trolley  is adjusted and the sway is controlled  (step 311). If the
termination position is reached, after comparing the termination position
with the stop position, the trolley/gantry position error is measured and
the skew angle of the spreader is also measured (steps 312 and 313). The
position 



error and skew angle of the trolley are compensated with the thus measured
position error and skew angle of the trolley (steps 314 and 315). After
compensation, the spreader is descended to land the container (step 316).
The drop-off sequence will be described in detail with reference to FIG. 21
later. FIG. 20 is a flowchart for explaining in detail the pick-up
operation shown in FIG. 19. If the trolley stops at a target position, it
is determined whether the trolley is in the holding position (step 400). At
this time, if the trolley is not in the holding position, the position of
the trolley is corrected 



due to the error and the position of the trolley is again determined (steps
401 and 400). On the other hand, if the trolley is in the holding position,
the hoist is driven to descend the spreader (step 402). Then, it is
determined whether the spreader is dropped off on the holding position of
the container (step 403). If the spreader is not dropped off, the process
is fed back to steps 402 and 403 until the spreader is dropped off on the
container. After the drop-off, the  process proceeds to  step  404.
Meanwhile, if it is determined that the spreader drops off the container,
driving the hoist is stopped and the container is held with the spreader to
lift the container 



(steps 404 and 405).    REPLACEMENT SHEET -20- FIGs. 21A and 21B are a
flowchart for explaining in detail the drop-off operation shown in FIG. 19.
If the crane stops  travelling in the direction of the gantry and the 



trolley moves to a target position to stop, it is determined whether other
containers are piled up in the lower target container. That is to say, it
is determined whether the tier of the container is greater than one and the
load positions of other containers piled in the lower container and the
target container are detected to measure the position error of the
trolley/gantry direction and the skew angle of the spreader if greater than
one (steps 500 and 501). After compensating the position error or the
trolley and skew angle of the spreader according to the measured error
values, it is determined whether the trolley is in the permit position
(steps 502, 503 and 



504). Of course, at this time, if the trolley is not in the permit
position, the steps 501 to 504 are repeated. Meanwhile, in step 500, if the
tier of the container is smaller than one, which means that other
containers are not piled up in the lower container, it is determined
whether the trolley is in the permit position of the target position by the
signal of encoder (step 504a). At this time, if the target container is not
in the permit position, the position compensation is made by the trolley
encoder (504b). If the target container is in the permit position, the
hoist is driven to descend the spreader holding the container (step 505).
In this manner, the processes of 



determining whether the drop-off is made or not are repeated while
descending the spreader. If the container is dropped off, the drive of the
hoist is terminated (steps 506 and 507). After terminating to drive the
hoist, the container is released from  the spreader (step 508). Thereafter,
the    execution is terminated if the container is released from the
spreader  (step) 509). On the other hand, if the container is not released
from the spreader, 



a drop-off failure error is displayed (step 510). As described above with
reference to FIGs. 2 to 21, in the unmanned operating method for a crane
according to the present invention and the apparatus therefor, since the
sway of the spreader due to the disturbance like the wind or the position
error of the trolley is compensated, the sway of the spreader is not nearly
produced when the spreader stops at a target position, Therefore, using the
unmanned operating method for a crane according to the present invention
and the apparatus therefor takes less time in holding and releasing
containers. Also, since the unmanned operating 



method for a crane according to the present invention and the apparatus
therefor can detect the positions of the spreader and container exactly so
as to hold and release the container without an operator, the unmanned
driving of a crane is allowed. While only certain embodiments of the
invention have been specifically described herein, it will apparent that
numerous modifications may be made thereto without departing from the
spirit and scope of the invention.   



-22- What is Claimed is: 1. An unmanned driving apparatus for a crane
having a spreader for holding/releasing a container, a hoist for moving the
spreader up and down. and a trolley for moving the spreader horizontally,
thereby moving the container from a first target position to a second
target position, said apparatus comprising: target position information
inputting means for inputting the target 



position information of said first target position and said second target
position: a position detector having a sensor installation equipment
installed movably to the trolley along the length direction of the
spreader, a first two sensors installed to the sensor installation
equipment for detecting the positions of the spreader and container by
scanning a laser beam, and an encoder for measuring the moving distance of
the sensor installation equipment, thereby providing sway information of
the spreader during the moving of the spreader and position information of
the spreader and 



container when the spreader reaches a target position to a fuzzy logic
controller: the fuzzy logic controller having a speed pattern generator for
calculating a reference driving speed pattern of the crane according to the
target position information input by said target position information
inputting means, and a fuzzy operation controller for performing a
compensation of said reference driving speed pattern of each point of time
depending on   



- 23 - factors at least including position information provided by said
position detector, thereby providing driving signals to a driver; and the
driver for driving said hoist and a trolley according to said driving
s1ignals provided by said fuzzy logic controller. 2.  The unmanned driving
apparatus for  a  [err] as claimed in claim 1, wherein said first two
sensors of said position detector are diagonally disposed in the lower
position of said trolley. 



3.  The unmanned driving apparatus for a crane as claimed in claim 2,
wherein said first sensors scan laser beams in the width direction of said
spreader. 4.  The unmanned driving apparatus for a crane as claimed in
claim 2 or 3, further comprising a second sensor, disposed in the lower
position of said trolley, for scanning laser beams in the length direction
of said spreader. 5.  The unmanned driving apparatus for a crane as claimed
in claim 1, wherein said sway information of said spreader is calculated by
the 



changed distance between two initial and changed edge positions of said
spreader detected by scanning laser beams when said trolly is travelling,
and the length of a string to which said spreader is hung. 6.  The unmanned
driving apparatus for a crane as claimed in claim 1, wherein said position
information of said spreader and container is calculated by dividing each
area of said spreader and container according to the distance between said
first sensors and the points scanned therefrom, based on the distance value
of said spreader measured by the encoder, and detecting edges of said
spreader and said container. 



24 - 7. The unmanned driving apparatus for a crane as claimed in claim 1,
wherein said position detector is capable of determining the sway angle and
skew angle of the spreader and/or container.   



-25- state of said crane; detecting the positions of said spreader and
container after stopping at said target position; adjusting the position of
said spreader according to said detected positions of said spreader and
container; and picking up/dropping off said container. 10. The unmanned
operating method for a crane as claimed in claim 9, wherein said obtained
reference driving speed pattern is each reference 



driving speed pattern of a hoist for moving said spreader up and down on
necessity and trolley for moving said spreader horizontally on necessity.
11. The unmanned operating method for a crane as claimed in claim 10,
wherein said reference driving speed pattern is obtained such that each
primary driving speed pattern of said trolley and hoist is obtained
according to said position information, said obtained primary driving speed
pattern is adjusted through a simulation depending on the position of said
trolley, the driven state of said hoist, the error between the present
position and target position due to the sway angle of said spreader and the
error variation, the 



error between the present speed and target speed and the error variation,
and the error between the present accelerated speed and target speed and
the error variation. 12.  The unmanned operating method for a crane as
claimed in claim 10, wherein said sway angle detecting step of said
spreader includes the steps of:    



-26- detecting two initial edge positions of said spreader having no sway
by scanning laser beams; detecting two changed edge positions of said
spreader when said trolley travelling by scanning laser beams; and
comparing said two initial and changed edge positions of said spreader and
determining the sway angle of said spreader considering the length of a
string to which said spreader is hung. 13. The unmanned operating method
for a crane as claimed in claim 



12, wherein said reference driving speed is compensated according to the
error between the present states of said trolley and hoist and target
states and the error variation, the error between the present driving
speeds of said trolley and hoist and the driving speed by said reference
driving speed pattern and the error variation, the error between the
present sway angle supplied by said position detector and target sway angle
and the error variation. 14. An unmanned operating method for a crane as
claimed in claim 11, wherein said step of detecting the positions of said
spreader and 



container includes the steps of: scanning laser beams into said spreader
and container with a sensor; dividing scanned points into areas according
to a distance selecting areas of said spreader and container based on a
predetermined value, a distance value of said spreader which is measured by
a hoist This Sheet Has Been Re laced   



-27- encoder installed in said crane, among said divided areas; and
detecting edges of said spreader and container with said selected areas of
said spreader and container. 15. The unmanned operating method for a crane
as claimed in claim 14, wherein said said laser beams are scanned to a
predetermined angle (45 degrees) while said sensor moving toward two
diagonal edges of said spreader and container in each length direction. 



16. The unmanned operating method for a crane as claimed in claim 14,
wherein the edges of said spreader and container detected in said edge
detecting step are boundaries of scanning points at which the distance
changes sharply among said detected areas of said spreader and container.
17. The unmanned operating method for a crane as claimed in claim 16,
wherein in said step of detecting positions of said spreader and container,
the skew angle of said spreader and container is obtained by comparing said
detected edges of said spreader and container with initial edges thereof. 



18. The unmanned operating method for a crane as claimed in claim 14,
wherein in said dividing step, the areas where scanning points exceeding a
critical number exist are scanned and divided among all areas of scanning
points. 19. The unmanned operating method for a crane as claimed in claim
-28- 



14, wherein said laser beams are scanned in the width direction while said
sensor moving toward two diagonal edges of said spreader and container in
each length direction. 20. The unmanned operating method for a crane as
claimed in claim 19, wherein in said laser beam scanning step, said laser
beams are further scanned toward one end of the length direction of said
spreader and container in the length direction of said spreader and
container. 21. The unmanned operating method for a crane as claimed in
claim 10, wherein said picking-up step includes the steps of: 



descending said spreader by driving said hoist; determining whether said
spreader is dropped off or not; and feeding back to said descending and
determining steps if it is determined that said spreader is not dropped
off. 22. The unmanned operating method for a crane as claimed in claim 10,
wherein said dropping-off step includes the steps of: descending said
spreader by driving said hoist; determining whether said spreader is
dropped off or not; and feeding back to said descending and determining
steps if it is 



determined that said spreader is not dropped off. 23. The unmanned
operating method for a crane as claimed in claim 9, further comprising the
step of detecting the container load status by    -29- detecting the height
of container depending on the position of said trolley by scanning laser
beams along the rows of containers loaded in the yard. 



24. An apparatus for identifying positions of a spreader and container for
a crane having the spreader  for holding/releasing the container, said
apparatus comprising: a sensor installation equipment installed in the
lower portion of said trolley movable in the length direction of said
spreader and measuring the moving distance with an encoder; and a sensor
installed in said sensor installation equipment for measuring the distance
from scanning points by scanning laser beams to the lower portion with a
constant angle range. 



25.   The  apparatus for identifying  positions of a  spreader and
container as claimed in claim 24, wherein said apparatus is disposed
diagonally in the lower portion of said trolley. 26.   The  apparatus for
identifying  positions of a spreader and container as claimed in claim 25,
wherein one more position identifying apparatus for detecting one end of
the length direction of said spreader' and container is provided in the
lower portion of said trolley. 27.  A  method for measuring sway angle and
skew  angle of a spreader comprising the steps of: 



detecting and memorizing two edge positions of the initial spreader    -30-
where a sway and skew are not generated by scanning laser beams; detecting
two edge positions of said spreader where a sway and skew are generated by
scanning laser beams; and comparing two edge positions of said spreader
before and after a 



sway and skew are generated and determining the sway angle and skew angle
of said spreader.    




















