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1. Field of the Invention

The present invention relates to an unmanned operating method for a
crane and the apparatus thereof, and more particularly, to a crane used in a
harbor for moving a container.

Descripti f Related Art

Generally, a .crane is used for loading a ship with containers piledl in a
yvard 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 opefating 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 arrangément relationship between the driving speed

pattern- in 'the._."':-' unmanned ‘operating -method and the trolley and hoist which
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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 thé trolley 20 and hoist 30 is separately obtained
experimentally or empirically.
For example, if the driving speed pattern of FIG. 1A is for 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 positioh_, 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

dlfficult to conbrol exactly the SWay of the spreader or the position of
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which are installed on-a crane will be descrlbed with reference to FIG 1.
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
operating method 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.

Another object of the present invention is to provide an apparatus for
achieving the unmanned operating method according to the present
invention.

The above object of the present invention is attained by an unmanned
operating method for a crane having a spreader for holding/releasing a
container being in a first target position for moving the container to a
second target position, the method comprises the steps of:

inputting the position information of the first target position and
second target position; calculating a reference driving speed pattern
according to the input position information; detecting a sway angle of the
spreader while driving the crane according to the reference driving speed
pattern; compensating the reference driving speed pattern by a fuzzy
opefation according to an error value between the present state and target
state of the crane; detecting ._:"ﬁtl__gfe_i::_:.;;positions of the spreader and container

after stopping at the target position; adjusting the position of the spreader
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picking up/dropping off the container.

The other object is attained by an uﬁmanhed driving apparatus for a
crane having a spreader which can hold/release. a container being in a first
target position for moving the container to a second target position, the
apparatus comprises: |

position information inputting means for inputting the position
information of the first target position and second target position; a fuzzy
logic controller having a speed pattern generator for calculating the
reference driving speed -pattern of the crane according to the position
information and a fuzzy operation controller for performing a compensation
of the reference driving speed pattern of eéch point of time depending on
external error factors according to a predetermined information when driving
the crane according to the reference driving speed pattern, for allowing the
spreader to stop at a target position with a less sway; and a position
detector for providing sway information of the spreader during moving the
spreader to the fuzzy logic controller and détecting the positions of the

spreader and container when the spreader reaches a target position so that

the spreader holds/releases the container exactly.

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 m which:

FIGs. 1A and 1B are diagrams for explaining an unmanned operating
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crane according to the pres_ent' invention;

FIG. 3 is a schematic diagram showing ;an example of the position
detector shown in FIG. 2;

FIG. 4 is a perspective Qiew 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. il 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 Ia 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 wﬁole appearance of a crane
which detects the edge of a spreader and container using a position
detector; . .

FIQ. 16 is a 'diagrafri for .,é:iplaining an edge detecting method of a
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FIG. 17 is a diagram for explammg 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 end 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 fuz_zy 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
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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
ob_tained in speed pattern generator 111 according to the surrounding errors.
Here, the speed pattern generator 111 generates each primary reference
driving speed pattern V, and V2 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
AV, and AV: 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, 2 ) and target speed and the error variation, and the error

between the present accelerated speed ( %, ¥, z ) and target speed and the

error variation. The speed pattern generator 111 adds the adjusted values A
V1 and AVz with Vi and V3, respectively, to obtain each reference driving
speed pattern of trolley and hoist, V+ and V.

The fuzzy operatlon controller 112 operates the trolley and hoist
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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 Vr and Vu
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 AVt and AVa. 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 Ay and Y is By, then, Z is Ci.
2. If Xis A2 and Y is Bs, then, Z is Ca.

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 x3 is generated. much in a negative
dlrectlon but the posxtton and state (Xl, x2) of the trolley/hoist do not reach
a target state then the accelerated speed is increased.

Rule 2-. If a vibration angle x3 is generated much in a positive direction
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~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 detecté 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 maving distance of the sensor

installation equipment 143.is jnstalled in the servo motor 144. The position
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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 15 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 conta'iner. 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 mstalled m one 51de of the trolley 20 and a operating
room 21 is installed in’ the other stde thereof. A spreader 40 is tied up in

the trolley 20. The laser beams scanned from the sensor 141 faces the
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" 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 ar_ound 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 sr)reader 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 lengfh of the string 41 to which the spreader 40
is hung can be known by lnstallmg the encoder to the hoist for adjusting
the helght of the spreader 40 .

FIG. 9 is a ;opﬁplan v1ewj of the spreader where the skew is

generated. As shown in FIG. 9, a skew angle is the angle formed between
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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 lbetween
the measuring point and the cénter 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 spréader 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 ihdicated by double-dashed lines 140e are
laser beam scanning areas by the position detector, and the points indicated
by dotted lines 141d thhm the scanmng areas are points to which the
sensor -scans oncé That lS 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.

_12_



detector showmn in FIG 2; FIG 4 is a perspective viewof _a trolley fo

~crane to which the p05|t|on det ect OnhlsSH&VHaslBaed:R aced; FI |G ngngg_ﬁHi\samN '
view of a crane used in a harbor; VI ew 1 t heepLACED ey and
spreader shown in FIG 5 FIG 7 |s g mn l! t he sj

sway is generated; FIG 8 is a side vi e trolley and spreader when

viewed in the arrow direction shown'in FIG 7; FIG 9 is a plan view of the
spreader i n whikh thiskemy, sifgeher sébr 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 aﬁd 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 1:405'.j§an;i 1"%1_0b"_: scan laser beams in the width direction of

the spreader 40 and container 10 as in the aforementioned embodiment, and
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of a crane used in a harbor; FIG 13 is a posri-on—tdetector,
spreader and container; FIG 14 is a plan view of a spreader or container
i ndi cating scanning loci of |aser beanms; FIG 15 is a front. view show ng
the whol e apeepbsifion dktart6f AW 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 l_aser beams are
shown in FIG. 14'.
FIG. 1.4 is a top-plan view bf 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 _'bpsifiop "detector. If a trolley 20 to which a
pair of position dete(.:lt(.)ré:' 140a and '140b. are attached moves to reach a

target container 10, the position detectors 140a and 140b detects the edges
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of the spreader 40 .and_ container 10, thereby recognizing the position and
posture of the spreader 40 and container 10. At this time, the. princ-i_ple..mf
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 seﬁsor 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 - bcanmng pomts ex1st1ng in the areas for the spreader
40, the scanning pom”t eXIStmg ‘at the end thereof is located and the edge of

the spreader 40 is detected with the position information of the very
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status of the containers piled in a yard usmg ‘a L position detector, FL.G—18
" is a flowchart showi ng the sequence Ths SheetTHﬁsIB@d:Ii aced€t €1 M irAG SHEET HAS BEEN

- position of a spreader and contai _ner on det ectjor; REREACEROA
and 19B are a flowchart for explaini n
or

operatior ef—t-he—ct+ane
on whi ch an unnmanned driving apparatus

according to the present
Invention is installed; FIG 20 is a flomchart for explaining in detail the

pi ck-up Opers%hﬁﬁ]gs%\ﬁ't.ifh Rfer Word®%mong 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 edg'e.

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 contaihers 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 posit_ion 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 contamers 10 is determined by obtaining the
dlstance*fr.om the exposmg 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

_16_.



FI Gs. 21A and 21B are a flowhart for explaining in detail the drop-off
operation shown in FIG 19. Detail edrhissaex HstBe@iReplacdihe | NV @i QikefsiasiiRen
in FIG 2, the unmanned driving appar he accordl ngpkm acke
pr esent i nvention includes a fuzzy IOEI!HIIHH ﬂﬂmmi 110, aldrive 12Q for
driving various.conponents of the c¢cra 130 for ‘being driven
according to signals of the drive 120. The unmanned drivi ng apparatus for a
crane accor stongd tin &herapeesenmtirollery ehei mumbef tdfetierehides calqilatdd QBing the
detector 140 for detecting the position and posture of the spreader

value.

FIG. 18 is a flowchart showing the séquences 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 pointé 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- descrlbed An automatlc mode is selected by a console and a

first target position for plckmg up a target container and a second target

- 17 -



“and container. The p05|t|on det ector 140 has a_sens 141 and a sensor

controller

142, which will be descThis8hees ‘iﬂ |I Wne
3. I'n the unmanned dri vi ng appar at usgmﬁimﬁf ccordi ng @g?&%ﬁ@eﬂ,‘,

present invention, there are i nstal I

dat a

y pad 160 for |JuEtt|nq

positieﬁ 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 1s 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/tro_lley 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
.driv-{llig speed.li*i pattef’h the sway angle is measured with a sensor to

compensate the secondary reference drlvmg speed pattern through the fuzzy
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to the fuzzy logic control | er 110, @ master switch 170 for operating the

crane manual Iy on necessity and a syﬂlgs},&tm&eﬂk dectin I
an autonatic node. The fuzzy |ogic c as as @BEQMETHMBEEN
generator 111 for obtaining a refer ma

eed pa tern“?ﬂ’-ASE‘?rol | gy

and a fuzzy operation controller 112 sa I ng the*reference driving
speed pattern obtained in speed pattern generator 111 according to the

surroundi ng (ﬁferrgfléar FRIe: tHd€a %B%Fdsﬂéécf € 5'tt efat 8[5ta]HtJdr Qf(ﬁ'ﬁgﬁi eﬁ(fhtlae

primary reference i ving speed pattern [ an [err etr ey an
hoi st by a compensated actual speed pattern, the driving speed or position of the

hoist/trolley is adjuste_d 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 dfop-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 Ehe con’tamer 1s hled wgth the spreader to lift the container

B
vt

(steps 404 and 405)
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m croconput er, etc. depend| ng on t he target p05|t|on |nput
pad 160 and the present states of tTtnsISlhwaasrBtemmced | f

e
reference driving speed pattern of t hoi st ils ObREPLASED t he

speed pattern generator 111 execut es le u 0 obtai
[err] and [err] through a fuzzy operation uzzy control rules with I nput
values, i.e., the position of the'trolley, the driven state of the hoist,

. Wee’l?ttthhse B%Sﬁ-gfe ZE’BSEF% ﬂéti/ch%rt for @?ﬁlatlﬁi'hge n Qfé%éﬁ t&et Weg)—to?f

t he sway angl e of € sprea error vari

the present s an target speed and the error var| ation,
and the erro'p%%?ﬂlod showh if I\M(. E’q

If the crane stops travelling in the direction of the gantry and the
troiley moves to a target position {o 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 termmated (sbeps 506 and 507) After terminating to drive the hoist,

the container is released from the spreader (step 508). Thereafter, the

_20_



bet ween the present accel erated speed (Xx,V, z) “and target s

error variation. The speed pattern deingheetiHas Betd Repdeddelis t he |pydjisiSHERT WAS BEEN

[err] and [err] with [err] and [err], I to obtai n eREPHACED

reference driving speed pattern of t t, [err{—angd—ferri—The
e trolley and hoist =~ . -8- '

fuzzy operation controller 112 operates t
| execution is terminated .if the container is' released from the spreader (st_ep
509). On the other hémd, if the contaiﬁér is not released from the spreader,

a drop-off failure error is display.ed- (step 510). |
As described above with reference to FIGs. 2 to 21, in the unmanned
operating method for a crahe according to the present invention and the
apparatus therefor, since Ithe sway of the spreader due to the disturbance
like the wind or the po.sition 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.
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according to the reference drrvrng speed patterns [err] and [err] obtained

fromthe speed pattern generator ﬂ"!!lishmd-ladéteaadzte mon
[ﬁ due to tﬁé"%lﬁifw%&h

such as a sway angle of the spreade,r

present position to conpensate the |ng speed: patte’r ns E]Derrl
and [err] through the fuzzy operation. Here the i nput ~vattues of the fuzzy
operation are the error bétween the present states of t m st
and target stategapdst BgiRkgQL: variation, the error be[lm"m]“""wm“u |
driving speeds of 1%2 tr "l ﬁ‘e‘y“é‘and hoi st and the dri vr ng spee¢d. by thes *

reference driving spggd, pattaes &1?91 DG pbhlalis VR Alrfhe Hding" 4 YprBLide ey

the present sway
' holding/releasing a container being in a first target position for moving the

container to a second target position, said apparatus comprising:

position information inputting means for inputting the position
information of said first target position and second target position;

a fuzzy logic controller having a speed pattern generator for
calculating the reference driving speed pattern of said crane according to
said position information and a fuzzy operation controller for performing a
compensation of said reference driving speed pattern of each point of time
depending on external error factors according to a predetermined information
when driving said crane according to said reference driving speed pattern,
for allowing said spreader to stop at a target position with a less sway;
and

a position detector for providing sway information of said spreader
during moving said spreader to said fuzzy logic controller and detecting the
positions of said spreader and container when said spreader reaches a target

position so that said spreader attaches/detaches said container exactly.

2. The unmanned driving apparatus for a crane as claimed in claim
1, 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.

3. The unmanned driving apparatus for a crane as claimed in claim

-2 -



angl e suppl | ed by the Egﬁlt on detector and target sway angle and the error

-vari ation, Ween 4*he di st urbances neasured ‘

the error he 'out 6‘0”“1 mn “m,n Iconpens tmdsmtﬂa,qs@tm

t he referenc d patter err]. The i nREPLACED ues
e

are deducted by the fuzzy control rdl d fdzzy control Leses—are - .
est abl i shed by human experiences and ratlonal thoughts. For exanple, in the

case where 2nptHeréitt isald espead epattéid génaidto oRbingU basdrprivlagy | driding peed
fuzzy control rules are defined as follows. 1. If Xis [err] and Y is

[err], theng,edrs Jfekdild trolley and hoist according to said position information and

adjusts said obtained primary driving speed pattern 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 varietion, 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 vari.ation, to obtain

said reference driving speed pattern.

4. The unmanned driving apparatus for a crane as claimed in claim
2, wherein said fuzzy operation controller executes a compensation of said
reference driving speed pattern 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.

5. The unmanned driving apparatus for a crane as claimed in claim
2, wherein said position detector has a sensor for measuring the distance
from a predetermined object by scanning a laser beam with a constant
angle range, a Sensor. mstallatxon equlpment having said sensor installed
therem and movable in the length direction of said spreader and an encoder

for measuring the moving distance of said sensor installation equipment.

- 923 -



2. If Xis [err]_and Y is [err}-then, Zis [err]. The fuzzy control rules

much in a negative he p03|t|on anll stat®e (X, [er

vent P&“&E”Zﬁ”%&%@é@iéé‘&iﬁ%ﬂ =1 IIIEWI MR - - '11"%’ Lo éf
the

trolley/hoist do n et state, then, the accelerated speed is
I ncreased. Rul e 2. a vi bratlon angle [err] is generated much in a
positive direction .

6. The unmanned driving apparatus for a crane as claimed in claim
5, wherein two of said position detector are diagonally disposed in the lower

portion of said trolley.

7. The unmanned driving apparatus for a crane as claimed in claim
6, wherein sensor of said diagonally disposed position detector scans laser

beams in the width direction of said spreader.

8.  The unmanned driving apparatus for a crane as claimed in claim
7, wherein one more position detector having a sensor for scanning laser
beams in the length direction of said spreader is provided in the lower

portion of said trolley.

9. An unmanned operating method for a crane having a spreader for
holding/releasing a container being in a first target position for moving the
container to a second target position, said method comprising the steps of:

inputting the position information of said first target position and
second target position;

calculating a reference driving speed pattern according to said input
position information;

detecting a sway angle of said spreader while driving said crane
according to said reference driving speed pattern;

compensatmg sald reference drlvmg speed pattern by a fuzzy

operatlon according to an error value between the present state and target
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-9- but the poéltlén and state (xl X2) of the trorteytrhoist do not reach a

with the control based on the oper &t o' s* expel Lence

e R e
erer

conpensates the r : ng ispeed patterns. Meanwhi | e, the p05|t|on

detector 140 detects with a sensor 141 the sway angle of the spreader when

movi ng the $tavk! eff saidl ctappe! idstedtids 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.

ll.. 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 operatlng method for a crane as claimed in claim

10, wherem said < _sway angle detectmg step of said spreader includes the

steps of..

|



det ect ed sway angl e to the fuzz o eratlon control ler 112. The nethod of

il be described] ““Eﬂm‘im” "o Iﬂﬂ!ﬂllﬂlllll ﬂlﬂﬂl LLinesac s e

the target p05|t| of the cdnt & nér nd® spreadér- anel—s—u-pp%—r—es—
themto the contro he trolley and hoist, thereby enabling the
“spreader of the crane to pick up or drop off the container at a precise
position. The netdegsttig delcedihitiad ddpe positionsnofindid apredderohavimeg spr eadey
and container with the position detector 140 will be described in detail

later. FlI Gpy3 deandirfif M@t béarflspgram showi ng an exanpl e of the position

detecting two changed edge positions of said spreader when said
trolley travelling by scanning leser 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 tafget swa'; 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
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detector shown in FIG 2. As shown in FIG 3, the position detector

equi prent 143. The
bal | screw 146 i nst

Iatlon equipmént "143 i novdbl e BERAGER

Seanni ng ?aZZ?SBQSWH“ﬁM?ﬁ“’?ﬁ“T3l||iﬂL|ﬂlﬂ|ﬂﬂl|ﬂ [Wll<or [ stecavimsmeen
on a .

Itting band 145 by nmeans of a *serve—frotor-—

144. An encoder 147 for neasuring the noving distance of the sensor
i nstal | ati ehceder pnstalled4id ssid oriral, |enong) sali dieided aneasr ahdd. The
position detector 140 has a driving panel 148 for controlling to drive the
servo nmotor 144 insHaldceifhgt BEEEE Hf sAIOLPRIadePr disd doheaipenswithl4aidc aeleeted

| aser

beans
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 boun.daries 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 skéw 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 methiod for a crane as claimed in claim



10 and at the sarretlrre er\)e Ilnearl alonﬁthe ballscrew 146. FIG 4 is a

perspective viTh etmrl?@blh@«}' of t ﬂm ﬂ
shown in FIG 3 shovvn [

140a and 140b
140a and 140b are preferably posi ti oned dlagonatly for

LT HEemsm e

ds of the troltey’ 20 Two po<|t|oﬁEd-éFE%tlors

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.

ed operatmg method for a crane as claimed in claim

9, further comprising the step "of detectmg the container load status by



det ecti ng di agonal edges of t'"ﬁmé"'épreéiaé'r"TO“and—COﬁP&Fner 10, as shown. The

ZiQﬁ"[ZSéi‘lﬁeZﬁH*“m*“m g ect  d TN mﬂ Emf TR e ey

in the length di spreader* 40 at TH&T 4%
say, the p05|t|o Oa and 140b can detect di agoﬁaT‘ edges of the
cont-ai ner 10 by being noving into a necessary position irrespective of the

I engt h of tdwecting ahecheibbt & comaing. dépendinsi dri ehe dRistddwref d4idatralldy 14pb
can detect two diagonal edges of the spreader 40. Such position detectors

140a and 14Qb @k N8sél HRAFRaldhgethd FEWASHN@ERERAEN: IJHMEVRY thé tyard.

24. An apparatus for identifying positions of a spreader and container
for a crane having the spreader for holding/releasing the container, said
apparatus compriéing: |

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 compnsmg the steps of

ok

debectmg and memorlzmg two edge positions of the initial spreader



Is efficient to dispose the p05|t|orr detectors 140a and 140b di agonal ly, as

the spr E'GTEIISEI‘EWM et oned | I IDRREIRRAD: >0 Seacs wot
e

with referenc 10 FIG 5.i§ afr'ont® vi'ew of | t he B5P4ABERIsed
I n a harbor. conta| ners. 10 are | oaded on—tthe—borTom A
trolley 20 is installed in the crane 100. The trolley is novable left and
right. A sepgeie ldtkwdy tanel pkewt amn ndetgatiendtet Sby nsiaahiregl laseroheamisie of
the trolley 20 and a operating

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.




room21 is installed in the other side thereof. A spreader 40 is tied up in

the trolley 20. The "T“a*bser yeams™ scanned fromthe sensor 141 f cigﬁ% rt?fETHAsléEEN

spreader 40. InliGzped (ile view of the trolley and spreader{'s
FIG 5. As sho nd 6, the sensor 141 faces the edges arnund
e 1] -
Abstract of the Disclosure

An unmanned operating method for a crane for moving containers in

use in a h_arbor_ and the apparatus therefor compensates the influence due to
a disturbance. such as the wind in driving fhe crane, detects the position
and posture of the spreader and crane, thereby allowing the container to be
attached and detached automatically. Accordingly, a crane automation for

moving containers is achieved.



ends of the spreader 40. The' | aser beans 'bv the sensor 141 are scanned in
the width direction of the spreader 40:and the sensor 141 is vab ‘_g,m] Tad BN

| ength direction of the spreader 40 at tTtﬁsShemrHastBemeRe lanedneas fﬁ
m ved the ength

angl e or skew angle, the sensor 141 is: no
direction of the spreader 40. FIG 7 is a e spreader i n which
a sway is generated. In FIG 7, the dotted |ne a |n Icates an initial
position of the spreader 40 where the sway and skew are not generated and

the solid Iine 40b indicates the position of the spreader 40 where the sway
is generated. The vertical

FIG. 1A (PRIOR ART)
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FIG. 1B (PRIOR ART)
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points 141d are scanning points at which the | aser beams are scanned one
time in the width direction of the spreader 40. FIG 8 is a g 'e Vi EW O BEEN
the trolley 20 and spreader 40 when viewed i-n the arrow di rectT"ﬁlé%?ggf EF
and shows that the sway angle is known by the sway extent of the der
40 and the length of a sty ‘ ich the spregdeN 40 i s hung.” That is
"to say, the sway angle c ) | ' c% nparing the t the two _
initial edges of the spre eg gc bef ' erat’_cl V\nththetwo

edges thereof after: g Y é gengij ket doffHak Béen Re: laced
string 41 to which t&e s r 40 =E |\H“|““\“|”
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I's hung can be known by installing the encoder to the hoist for adjus
t he hei ght of the spreader 40. FIG 9 is a top-plan view of t Sé[ de\B\SBEEN
where the skew is generated. As shown in FIG 9, a skew angle F?‘Q%@p@ﬂgbe

formed between -12- a side of the initial spreader 40 i ndi d@_g_ed_,_w_-a—
dotted li ne 40a and a side of
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the spreader 40 where a skew is-generated indicated in a solid |ine 40b.
The skew angle is obtained by the variation of edges of a co

' Sttt pui It
t he spreader 40 and the distance between the center of the s

of
. DT IS EHEER HAS BEEN
point. That is to say, the variation of the edges of the congtant RFOARED of
the spreader 40 is nmeasured by the position detector, and th

grstance
bet ween the nmeasuring point and the center of the spreader- 40 is neasured, —
t hereby enabling to know the skew angle. O course, in order hf JOQW.
whet her only the sway is generatdd |i(§ the spreader 40 or not, a5 Heen Replaced
of the edges of two left and r n Il

|

i ght ‘'ends shoul d be detected, asmmﬂl/mﬂ
FIG 9. .

20 140b

100
w20 Wi
- [
3| [V T _J
T M0
&




L5 a top-plan view of the spreader in which a sway and skew are
Pt aneously generated. In this case, the average noving di E‘ﬂﬂAQTBEEN
's’pre.ader 40 generated by the sway is known al so by measu |W§ CED
varlatlon of two edges with the position detector and the swdy an

be cal cul ated by considering the length of the string. The skew angle 43 is
easily obtained by considering the variation of tw edges-andt he’d"l’? ance
of two sensors. FIG 11 is.a diragram for expl aini ng a net hoﬁo i“

the position of a spreader or. cont ai -nFr[@déhows the top-p 1‘\‘\\““\“ “‘\

spreader or
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container. In FIG 11, the portions indicated by doubl e-dashe '

ar e, aser beam scanni ng areas by the position detector, and |{Ths ‘fi‘dﬁEﬁ% ¥
i ndi cat ed by dot'ted |ines 141d within the scanni ng areas are¢ poi FES
whi ch the sensor scans once. That is to say, the sensor of tte posSition
-detector scans the |aser beans in the width direction of the spreader_ AQ_or__F
contai ner 10 and noves in the Iength direction thereof at the sane tine.

il
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141d 'y0g ~ SKEW ANGLE

FIG. 10
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-13; In this way,
contalner 10,

position detector detects both ends of the spreader 40 or co

if t he sensor
t he scanni ng di stance changes sharply. ThereforE?

reaches'the end of the spreader 40 _or

wid BBEET HAS BEEN

nk ai NGigpdALED

t hereby knowi ng exactly the position and posture of the spreager 400k

cont ai ner 10.

predet er mi ned angl e (45 degrees) and | aser beans are scanned,
detecting the edges of the spreader 40 and contai ner
and gantry directions.
posture of the spreader 40 or

In further way,

Ther ef or e,

the two sensors are rotated into._a

t he crane changes the p05|t|

FIG.12

100
160c 20 140b
\_ {7/

] N\ T 1

| -— )
o ] ¥ AT
40
.10

40
10

140d FIG. 14

| 16"0th ~—140d

140d

t her eby
10 fr onT@hﬂwﬂ&stﬁ

MO




contai ner 10 accordlhg to the position information of the spreader 40 or

contai ner 10 obtained by the position detector and pick up/dr¢ gf EPEASBEB«
contai ner exactly. That is to say, the p05|t|on det ect or dete{ LAMEY _

i nformati on of the spreader while theéé ?h s noving and s onlles the
i nformation to the fuzzy controller, ¢ J ' =s the position and posture

of the spreader or container so that the spreadeagfan pi ck up—and-dropoff
t he contai ner exactly. Meanwhile, in order to de

. , ct the spreader and
contai ner, one or nore = - : lsSheetHasBeenR,ill

o ee— (WA

140q 1
“140b -
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position detector nmay be installed in the lower trolley. A spre—of TN
case will be described with reference to FIGs. 12 to 14. F ﬁ:usBEIEEEH&SPFWn
view of the-crane used in a harbor, FIG 13 is a side view]of tﬂ@"-ﬁﬁ tion
detector, spreader and contai ner. As shown in FIG 12, threée-posttTon
detectors 140a, 140b and 140c are installed on the crane 166-—se—as—to-be
move horizontally in the |lower troll : ng them tvvo 0|t|on
detectors 140a and 140b scan | aser Iral ﬁfge width direl Re laced
spreader 40 and container 10 as in the aforemnentioned errbodl " m

'REMOVE POINTS NOT MEASURED —~— 200

i

DIVIDE MEASURED POINTS IN AN INTERVAL
BY A DISTANCE X —~ 201

FIND AREAS WHERE POINTS EXCEEDING | _»p9
A CRITICAL NUMBER EXIST AMONG
ALL AREAS

SELECT AN AREA CLOSE TO A VALUE

OF HOIST ENCODER 203

SET A POINT HAVING THE LARGEST — 204
X VARIATION AMONG POINTS IN THE
AREA AS THE EDGE OF SPREADER

SELECT AN AREA HAVING THE LARGEST
CRITICAL VALUE AMONG AREAS BEING
BETWEEN HOIST ENCODER AND YARD

~ 205

SET A POINT HAVING THE LARGEST 206
X VARIATION AMONG POINTS IN THE
AREA AS THE EDGE OF CONTAINER




-14- the position detector 140c scans laser beans around one end of the

| ength ditrection of the spreader 40 and container 10 in the pfemngth
di rection @ﬁ,sgﬁa&m@@ acl0. At this time, the scanning |Ojlr"“§gs'[{q‘FgHASBEEN

scanned Ias ovvn in FIG_14 FI 4 is a top-pl an VEEWSP a
spr eader or shown in FI ]I canning |l oci™T40d of two
| aser beans in thca
START

SELECT AUTOMAT!C MODE FROM CONSOLE —— 301

INPUT COORDINATES FOR PICKING UP AND ~— 302

DROPPING OFF TARGET CONTAINER VIA A KEY

BOARD

T
COMPARE FIRST TARGET POSITION WITH PRESENT  |~_ 303

POSITION AND OBTAIN FIRST REFERENCE DRIVING
SPEED PATTERN BY A FUZZY OPERATION

|

CONTROL SPEED/POSITION OF HOIST & TROLLEY  I~_ 304
AND CONTROL SWAY

COMPARE TARGET POSITION WITH STOP POSITION {~_ 305

MEASURE POSITION ERROR OF TROLLEY/GANTRY ~— 306
AND MERASURE SKEW ANGLE WITH SENSOR

COMPENSATE FOR POSITION ERROR OF TROLLEY ~— 307

|

- COMPENSATE FOR SKEW ANGLE —~— 308

Y
PICK-UP SEQUENCE ~— 309




wi dth direction of the spreader 40 or container 10 and the other scannin
l ocus is displayed in the length directi.on of the spreader ' P&
10. That is to say, the two position detectors 140a and 14 thﬁe&“@E'{Hpéo

edges of the width direction of the spreader 40 or contain W
ot her position detector 140c det ECtFEQEdPSn@ t he | engt h tdirtection of the
spreader 40 or container 10, thereby éc t he postureof—the—spreader __
40 or container 10 exactly. The posture of the spreader 40Thor contai ner 10

can be measured simultaneously by scanmng a | aser beam one} hect Ha placed
way, if one nore position detector is al | ed, al though t m ’
scanni ng '

COMPARE TERMINATION POSITION WITH

PRESENT POSITION AND OBTAIN SECOND
REFERENCE DRIVING SPEED PATTERN BY [~ 310
A FUZZY OPERATION

1

CONTROL SPEED/POSITION OF HOIST AND}~_ 311
TROLLEY AND CONTROL SWAY

|

COMPARE TERMINATION POSITION ~— 312
WITH STOP POSITION

\

MEASURE POSITION ERROR OF TROLLEY/ [~ _ 313
GANTRY AND MEASURE SKEW ANGLE BY
SENSOR

COMPENSATE FOR POSITION ERROR

TROLLEY ~_ 314
COMPENSATE FOR SKEW ANGLE _ 315
DROP OFF SEQUENCE I~ 316

Y

C END)




| aser beans in the width direction, do not nove in the Iength direction of
t he spreader 40 or container 10, differently fromthose in Llile
af orenenti oned enbodi nent, they can detect the position and .ﬂﬁéstw%'r(’é@st%”
spreader 40 and container 10. FIGs. 15 and 16 show states where feHACED -
position of the containers |loaded in the yard and. intervals thérebetween .
are detected. Here, FIG 15 showffhe ovwdr@ | appearance of "The crane whictr— —
detects the edges of the spread\é\/?__g;@\I c:th

ner with a positighg
If atrolley 20 to which a pair of position detectors 140a an Eﬁke%Re laced
attached noves to reach a I II“,"III Il

- ( START ) :

401
o~

COMPENSATE FOR POSITION
ERROR OF TROLLEY

1 )

400
TROLLEY - NO

IN—POSITION?

- YES
r

DESCEND SPREADER BY }j— 402
DRIVING HOIST

DROP OFF 403
SPREADER?
__ 404
STOP DRIVING HOIST
, __ 405

HOLD CONTAINER




target container 10, the position detectors 140a and 140b detects the edge

-15 of the spreader 40 and contai ner 10, thereby recognizin T'i-ﬂ? mslgﬂmeu -
and posture of the spreader 40 and container 10. At this ti 1 @pLACED
principle of detecting the edges will be described in deta||__w|_fh [ of orenee-

of- t he

to FIG 16. FIG 16 is a diagramfor explaining the edge detectlng et hod
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spreader and container. In FIG 16, the dots. parked along the outer surface '
of the spreader 40 and container 10 are scanning points of th Hi%&-rﬂ:- qpEeeEN |
scanned by the sensor 141. If the sensor 141 scans the spreadgr HePOACED
contai ner 10 positioned in the |lower portion thereof, the scanning polnts

“are positioned on the surface of the spreader 40 and container 10. At this
time, the scanning points scanned o he surfaces of the spreader 40 and
container 10 are different in their k i@pn%ﬂfé mati on. That o} S 4 B8AReplaced

~ scanni ng points dispersed from the sensor 141 to the exposin
are divided by a distance and areas where the scanni ng poi nt sﬂm
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DESCEND SPREADER BY
DRIVING HOIST ™~ 505

506

DROP OFF
SPREADER

STOP DRIVING HOIST|~_ 507

i
RELEASE CONTAINER|~_ 508

509

NO
- DROP-OFF FAILURE 510
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each di stance exceed a, predeterm ned crfi |§ ngeéEEgr*e iREPURIEMENT SHEET !
Pé.l’tICU| arly, since there is no corrpone EP%Dcrane‘ | ' :
the sensor 140 and spreader 40, the firkt area annng Lb!e IVI_d?dO Te ar
determ ned as the area of the spreader 40. Also, in order jtjo th,z Eg]

areas for the spreader 40 and contai ner 10yfor sure, the in ara) £
length ranging fromthe trolley and spreader, supplied frgm & of STVE¢ c%?:?
- (not shown) of thd/NMANNED QBERAEING TMETHODOFO®R A XORANEhANIDeas of

b;ganni ng points nmeasured in the sensor 141, the areas being around the
hoi st encoder val ues are deterTHERdAPPARATYSOTHERESW eader 40. In this

e

¢

e

Sheet Has Been Reilaced

Backaround of the Inventn III|\I|HIII|||||I|IH

1. Field of the Invention

The present invention relates to an unmanned operating method for a
crane and the apparatus thereof, 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 a
yard in a'harbor or for unloading containers from a ship. Suchl 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 positio.n. 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 ov_ercome ~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



manner ,

40, the scanning point existing at the endfpesaar Has BeEny
of the spreader 40 ThgS qcﬁ‘}
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are installed on a crane will be described with reference to FIG. 1.

FIGs. 1A and 1B explain an unmanned operating method for a
conventional crane, in which FIG. 1A is a graph showing an exafnple 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 for the trolley
20, the horizontal travelling speed of the trolley 20 is increased in a
constant ratioﬁ 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 fof varying and adjusting the driving speed of the trolley 20 and
hoist 30 moderately has béen conventionally used so that the spreader or
contaiper 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



sharp di stance vari atlon corrpar ed wi th the next scannl ng, pmant—wt—hi—s——-—-?

portion is recogni ilbﬂﬁ liavlacﬂds de ¢Hﬂs@ﬁsiﬁg{g(§£§zﬂ?t IREPOEQEMNEIGT SHEET

edge of the spreader as Cofposepem canni pornts
di vided by the criti area'_nf the_scanni nglp |fr’1©s7eﬂcrl'utﬂgﬁg
the exposing surface 50 and the area for the spreader 40 iis| determ ned as

the container 10. The edge of the contaim@er 10 is al so det ect et—+rr—the—sah
‘net hod as tﬁat o] detectlﬁﬂhidg @Edt‘he S read r 40 as g _
ot her wort@elieynAlsgyeacenr br B HONE hiional owkmenged | OPRFRE IO SuBgS-
t her eby se.nsmg{thepmtlon and ture,
since i1t is -difficult to holdmg?reledsmg 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
operating method 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.

Another object of the present invention is to provide an apparatus for
achieving the unmanned operating 'mgthod according .to the present
invention.

The above object of the present invention .is attained by an unmanned
operating - method for a crane having a spreader for holding/releasing a
container being in a first target position for moving thg container to a
second target position, the method comprises the steps of:

inputting the position information of the first target position and
second target position; calculating a reference driving speed pattern
according to the input position information; detecting a sway angle of the
spreader while driving the crane according to the reference driving speed
pattern; compensating the reference driving speed pattern by a fuzzy
operation according to an error value between the present state and target
state of the crane; detecting the positions of | the spreader and container

after stopping at the target position; adjusting the position of the spreader



of the spreader 40 and contai ner 107 FI G[TT7 TS a—th agam{r o NI
t he met hod of det chisish tHHsiBbenéRe geqtion dgélé 'ﬁﬁﬁﬁé&md SP"ﬁ ":E - ﬁs&%-E-T

cont ai ners. | oaded | shown, {a pl éf‘FF‘?/ of 2 a @Jl%'g‘ge
| oaded on the exp03| in rows The contat 1? l' a [ oS
I n such a manner. are p|| er al ﬁ;s Such a state ot the yard is
det er m ned by the hei ght of the contain 10 with a sensdgr 141 of the

BS?:HSE HEPEURG, ot 8, ?ﬁ*ﬁé@fﬁﬁs i1 ey itBatend e Fahgiier s T,
- encoder pic dkl%%aag/ér%%%sng gsthe container.

The other object is attained by ah unmanned driving apparatus for a
crane having a spreader which can hold/release a éontainer being in a first
target position for moving the container to a second target position, the
apparatus comprises:

position information inputting means for inputting the position

_information of the first target position and second target position; a fuzzy
logic controller having a speed pattern '_ generator for calculating the
.reference driving speed pattern of the crane according to the position
information and a fuzzy operation controller for performing a compensation
6f the reference driving speed pattern of each point of time depending on
external error- factors according to a predetermined information when driving
the crane according to the reference driving speed pattern, for allowing the
spreader to stop at a target position with a less sway; and a position
detector for providing sway information of the spreader during moving the
spreader to the fuzzy logic cdntroller and detecting the positions of the
spreader and container when the spreader reaches a target position so that

the spreader holds/releases the container exactly.

Brief Description of the Drawings

The above objects and advantages of the present invention will become
more aﬁparent by describing in detail a preferred embodiment thereof with
reference to the attached drawings in which:

FlGs. 1A and 1B are diagrams for explaining an unmanned operiuting



nunber of
area with the areas of the scanning points. The nunber of {
on the nunmber of rows of the containers 10 is determ ned by
di stance fromthe exposing surface 50 to the surface of thg
Of course, at this tine, since the value of the .height of t
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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

arrow direction shown in FIG. 7,

. 8 is a side view of the trolley and spreader when viewed in the

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



stored in a crane controller, the nunber of tiers can be galrcg{;a{,/gm WSERY
the value. FIG 18 is a flowhart show ng the sequences ¢

determ ning the positions of the spreader and container W th_ay gg&p %%?1
detector. Laser beans are scanned into the spreader and copt ai'n al -
sensor and anong the scanni ng points, &qpm nts which arje
renoved (step 200). The thus rreasured scerni ng points ard divided by a

i nt erval | stance (step 201). At this tine, the divided
scanni ng g‘g‘%ﬁ?g %ﬁje%gl VI d into areas where the scanning points exceedi ng

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. 19Al 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; an_d

'FIGs. 21A and 21B are a flowchart fér 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 pi'esent 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



a critical number exist and an area close to the neasured:y

e g
hoi st encoder is selected as the spreader (steps 202 and EG% LATHM:
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where the distance is sharply changed is selected in the

Meanwhi l e, in the divided areas, the arpa havi ng the | arge

)

critical val

g |

detected in that way and is set as the edge of the spreadgr { ?’ebcgoﬁ%
B

is selected anpbng the spreader area andg—areas between the{exposing surtac

"D

and is determ ned as..t he contai ner oi nt e the TCE—vartat
Sharp’ 1 o et SavaRuon s uiPoae Hisralled el inllckly ' v T o Fmtting dath
descri bed ab%ve (steps 205 and 206). As descri bed ati‘?VF,io ftort r(])%el?ftmegs gk];e

the spred@erthgnduzzy "logic controller 110, a master switc

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 Vi and V2 of the trolley and hoist by a
microcomﬁuter, 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
refereﬁce driving speed pattern of the trolley and hoist is obtained, the
speed pattern generator 111 executes a simulation to obtain adjusted values
AV, and AV: 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 (%, ¥ 2 ) and target speed and the error variation, and the error

between the present accelerated speed ( %, y, 2 ) and target speed and the

error variation. The speed pattern generator 111 adds the adjusted values A
Vi and AVe with Vi and V2, respectively, to obtain each reference driving
speed pattern of trolley and hoist, V+ and Vu.

The fuzzy operation controller 112 operates the trolley and hoist



container are detected, the positions of the spreader and cafqgﬁimmgmm“r
easily determned. FIGs. 19A and 19B are a flowchart for explgrnrrmg—tte
overall operation of the crane having an unmanned driving apparga L‘?m‘qggg
crane according installed therein. Referring to FIG 19, thelovera
operation of the crane will be described. An automatic nodejiis_seleocted—y~
a console and a f| rst target position f o8 pi cKki ng up a target container and

a second éc%%g mg to the reference dnvmg speed patterns V+ and Vu 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 presént
position to compensate the reference driving épeed patterns V1 and Vi
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 betweén the disturbances measured by a sensor and
the error variation, and fhe output values are the compensated values of the
reference dri\_/ing speed patterns AVt and AVu. 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. f Xis Ay and Y is By, then, Z is Ci.
2. If X is Az and Y is By, then, Z is Ca.
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 x3 is generated much in a negative
‘direction but the position and state (xi, x2) of the trolley/hoist do not reach
a target state, then, the accelerated speed is increased.

Rule 2. If a vibration angle xs is generated much in a positive direction



position for dropping off the target container are input vi
(step 301 and 302). At this time, coordinates are input in

controller conpares the first target position and the preseht
state where the container is not picked 49 and obtains a pr
driving speed pattern for driving a trolTey or hoist through a fuzzy

oBer a1 9B pdon. ML b L LTSRS Bt S TR L,
to 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 fuézy operation controller 112, The method of
measuring the sway angle with the sensor 141 of the position detectc;r 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 fi).(ed on the sensor installation
equipment 143. The sensor in:-s'tallation 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 heams



conpensate the primary reference driving speed pattern thro@@%@ﬁm&ﬂ
operation and the actual speed pattern is obtained. Accordi - »
conpensat ed actual speed pattern, the driving speed or posigion foﬁlﬂgags
hoist/trolley is controlled and the sway is controlled (step}304). ;
after conparing a first target position apgl.a stop position Lihe —
trolley/gantry position error and skew aﬁge of the spreadey are neasured

R A A T

compensated  gg6enp i§0 Aldpadie ViR B BRIELMIOPE HECW D 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 det;ect 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 sénsor 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



conpensated proceeds to a process for picking up the contairner—step suvé_
which will be describe in detail with reference to FIG 20iF&PeRCEMENEEH B
pi ck-up process, the second target position.(termn nation p@ |tion6 i n [
step 302 and the present position are conpared and a seconddry=- e e
driving speed pattern is obtained by a fjgzzy operation (st 310). Wile
travel ling according to the obtained secondary reference dii viTmg—Speed

-

pattern, the évvaﬁ angle is nmeasured with a sensor to conpensate—the
secondar V&S A0e drivi ng speed pattern through the fuzzy

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 veftical
points 141d a;'e 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 FIC. 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 séy, 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



19 operation and the actual speed pattern is obtained. S EMENT SHEET
t he conpensated actual speed pattern, the driving speed or rtion of the
hoist/trolley is adjusted and the sway is controlled (stepi3117.00T 166%
term nation position is reached, after conparing the term natii on position
wWith the stop position, the troll ey/gantrggposition error i
the skew angl e of the spreader is also ng red (steps 312 and 313) . The .

position 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 spfeader 40 or not, the variation of the edges
of two left and right ends should be détected, 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 spreadt::r 40 generated by the sway is known also by measuring the
variation of two edges with the position detector and the sway angle 43 caﬁ
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 poéition detector, and the points indicated
by dqtted 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 thé width direction of the spreader 40 or container 10

and moves in the length direction thereof at the same time.



error and skew angle of the trolley are conpensated with thertPsCEMENSIFHEET
position error and skew angle of the trolley (steps 314 and . Alter
conpensation, the spreader is descended to |and the contain (.SVGQJC'BJ]GQS
The drop-off sequence will be described in detail with refefdnce to FIG 21 .
later. FIG 20 is a flowhart for expigining in detail the pilek—tp
operation shown in FIG 19. If the troHd ey stops at ‘a targe DOSITInn oot
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the trofl EXntla?ngrorlbe ti'ne 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 épreader 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, spreadef 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



due to the error and the position of the trolley is again d PaTsTe

401 and 400). On the other hand, if the trolley is in the h F &&%“&ﬁéﬁe,éj‘
the hoist is driven to descend the spreader (step 402). The it ia 1915
determ ned whet her the spreader is dropped off on the hol di posi F];n g
the container (step 403). If the sprea.df:{]_ i's not dropped off,} the process
Is fed back to steps 402 and 403 until e spreader is droppged off on the

Neanani | éhe{ POstFongdalEeabii 400 HHS MREYopreBdoRTaitbh NS ENEnGt Ao beah

Y R dirmetiannef the Spidader 40 and container 10 i 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 e-xactly. 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 reuch a

target container 10, the position detectors 140a and 140b detects the edges



(steps 404 and 405). REPLACEMENT SHEET -20- FI Gs. 21A and—2iB—are 4
flowchart for explaining in detail the drop-off operation s HoREPUAGEMENT

If the crane stops travelling in the direction of the gantriyfand the
yf—? ot 1995
-15_

ET

of the spreader 40 and container 10, thereby recognizing the 1positioh  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 sénsor 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 thé sensor 141 to the expdsing surface 50
are divided bsl 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 infofmation 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 poiﬁts existing in the areas for the spreader
40, the scanning ppint existing at the end thereof is located and the edge of

the spreader 40 is detected with the position information of the very



trolley nmoves to a target position to stop, it is detern need-wh
containers are piled up in the |ower target container. That RE§LP\6F°§§U? QE:ET

is determ ned whether the tier of the container is greater {tfian oneTa@Etha
Ef

| oad positions of other containers piled in the |ower conta er alld
target container are detected to nmeasurg. the position error t he

trolley/gantry direction and the skew anhgl e of the spreader i greater than {

one (steps 500 and 501 A‘I‘ igensat ng t he Hg OF h

trolley &ng" EM%’@? ‘bf° fE WAL q8Mong: 6% S "t"b"% h%‘” %s‘iiﬁ‘%‘d"%r}rbr‘ €
I t det d whet h h | I
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sharp distance variation, compared with the next scanning point, this portion
is recognized as an edge.

As described above, after locating the ecdge 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



504). O course, at this time, if the trolley is not in th eg EMENT.S ET‘
position, the steps 501 to 504 are repeated. Meanwhile, in -+$igh?§
tier of the container is smaller than one, which neans that oth 1995 i
containers are not piled up in the |ower container, it is defe ﬁfﬁﬂﬁr

whet her the trolley is in the permt pc %ltlon of the target] position by t E
si gnal of encoder (step 504a). At t hi S¢ ne if the target fontainer is not |
in the perm 05|t|on th on _co tion is pade, by—t+he—tT0l

nconer " EboiaR) B rfle GEuRE, oo HERBRE B el chd, B et S e
hoi st is driven to descend the spreader holdlng the container (step 505).

In this r, the processes of

FIG. 18 is a flowchart showing the sequences of the method of
determining the positions of the spreader and container with a position
detector. Las_er 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 scahnihg points are divided by
a interval depending on the distance (step 201). At this time, the divided
scanning p'oints are divided into areas where the scanning points exceeding
a critical nurﬁber 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 cri_tical 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 c.ontainer can he
easily determined.

FIGs. 19A and 19B are a flowchart for explaining the overall
operation of the crane having an unmarined 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 selecued by a console and a

first target position for picking up a target container and a second target



determ ni ng whether the drop-off is nade or not are repeat gd—whiTe
descendi ng the spreader. |f the container is dropped off, tfﬂ;ﬁp&ﬁF§MEH?st'
hoist is term nated (steps 506 and 507). After termnatingiltp dr Ttm
hoi st, the container is released from the spreader (step H0B) fTb&r

t he execution is termnated if the caoptainer is rel eased Eromthe _
spr eader (step) 509). On the other harfe~ if the container {i SThot rel eased

!

fromthe Sgsl(ta‘on 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 poeition and the present position in a
state where the container is not picked up and obtains a primary reference
driving speed patterﬁ 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, a.fter comparing a first target position and a stop position, the
trolley/gantry position error and skew angle of the spreader afe measured
(steps 305 and 306). The pdsition 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 F IG. 20 later. |

After the pick-up process, the second target position (termination
position) input in step 302 and. Lhe 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 swayv angle is measured with a sensor to

compensate the secondary reference driving speed pattern through the fuzzy



a drop-off failure error is displayed (step 510). As descr irbed—abovewTth
reference to FIGs. 2 to 21, in the unmanned operating net hd REPOACEMENR SEEET

according to the present invention and the apparatus therefidf, since %J%n
r‘
e

sway of the spreader due to the disturbance |ike the wind gr| thg PE&di
error of the trolley i's conpensated, tbgysway of the spreadey is not nearly
produced when the spreader stops at a target position, TherleforeT—ustng T he
unmanned operatin t hod for crang according to the, pr S.&D.L-_J—W@-R—(—i—-?-ﬁ-———'
and t ho SPEERURS 2for@eoradtirls Sl Batem nifoPRIAREhnAAPSNEIBE ngo  the
containers. Al so, since the unmanned operating, .

- 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 contuiner
(step 403). If the spreader is not dropped off, the process is fed bhack to
steps 402 and 403 until the spreader is dropped off on the containér. 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).



met hod for a crane according to the present invention and t
therefor can detect the positions of the spreader and cont
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as to hold and rel ease the container without an operator, t

¢ unnanned

driving of a crane is allowed. Wiile only certain enbodinent$ of7 tOGT 1995

I nvention have been specifically .descr_iéi__g herein, it wll

ppar ent t hat

numer ous nodi fications nmay be nade t her W t hout departin

fromthe

i on

spirit and SC&?&SP tZl}kh %nldn'gﬁgtare a flowchart for explaining in detail the drop-off

operation shown in FIG. 19.

If the crane stops trairelling 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 iﬁ the lowef target container. That is to say, it is
determined whether the tier of the container is greater than one and the
load positions bf 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 aécording 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 tgrminating to dri?e the hoist,

the container is released from the spreader (step 508). Thereafter, the



-22- What is Cained is: 1. An unmanned driving apparatus for_a.crane—
having a spreader for holding/releasing a container, a hoiShepCEMBENTBHEETY
spreader up and down. and a trolley for noving the spreadef plrorizonrarly,
t hereby noving the container froma first target position [ a.?qypquQS
target position, said apparatus conpri 'ﬂm: target positiopiinformation

I nputting nmeans for inputting the targ '

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 gnmanned
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, Theréfore, using the unmanned operating method for a crane
according to the present invention and the apparatus therefor _takes less
time in hc;lding and r_elea_sing 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.
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equi prent  for det'ecfinf the p05|t|ons of ihe spreader —and jcpnt ai ner by
scanning a | aser beam and an encoder foa'-—-rreasurl ng the mjv

t he sensor i g@k a| . at |!on egm pnment, thereby providing sway {iLnforpgation of
t he spreader ng of the spreader and position infornmation of

t he spreader _and
1. An unmanned driving apparatus for a crane having a spreader for

holding/releasing a container being in a first target position for moving the
container to .a second target position, said apparatus comprising:

position information inputting means for inputting the position
information of said first target position and second target position;

a fuzzy logic controller having a speed pattern generator for .
calculating the reference driving speed pattern of said crane according to
said position information and a fuzzy operation controller for performing a
compensation of said reference driving speed pattern of each point of time
depending on external error factors aééording to a predetermined information
when driving said crane aécording to said reference driving speed pattern,
for allowing said spreader to stop at a target position with a less sway;
and

a position detector for providing sway information of said spreader
during moving said spreader to said fuzzy logic controller and detecting the

positions of said spreader and container when said spreader reaches a target

position so that said spreader attaches/detaches said container exactly.

2. The unmanned driving apparatus for a crane as claimed in claim
1, 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.

3. The unmanned driving apparatuv_s for a crane as claimed in claim

This Sheet Has Been Re ’i
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2, wherem said speed pattern generator obtains each primary driving speed
pattern of said trolley and hoist according to said position information and
adjusts said obtained primary driving speed pattern 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 targét speed and the error variation, and the error between the
present accelerated speed and target speed and the error variation, to obtain
said reference driving speed pattern.

4, The unmanned driving apparatus for a crane as claimed in claim
2, wherein said fuzzy operation controller executes a compensation of said
reference driving speed pattern according to the error between the present
states of said trollev and hoist and target states and the error variation, the
error betwéen 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.

5. The unmanned driving apparaﬁis for a crane as claimed in claim
2, wherein said position detector has a sensor for measuring the distance
from a predetermined object by scanning a laser beam with a cun.étant
angle range, a sensor instailatinn equipment having said sensor installed

therein and movable in the length direction of said spreader and an encoder

for measuring the moving distance of said sensor installation equipment.

. This Sheet Has Been Replaced
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- 23 - factors at Ieasf I.ncl udLng~p05|t|on |nformat|on provi ded by said
posi tion detector, thereby ﬁrow di ng dr ifjvinmg—stgmats—t+e~a len N SHEET
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the | ower.

apparatus for a [err as clarmed in clarm I, Wnerermr-sai
sensors of said position detector are ghagonally di sposed
position of said troIIey

6. The unmanned driving apparatus for a crane as claimed in claim
S5, wherein two of said position detector are diagonally disposed in the lower

portion of said trolley.

7. The unmanned driving apparatus for a crane as claimed in claim
6, wherein sensor of said diagonally disposed position detector scans laser

beams in the width direction of said spreader.

8. The unmanned driving apparatus for a crane as claimed in claim
7, wherein one more position detector having a sensor for scanning laser
beams in the length direction of said spreader is provided in the lower

portion of said trolley.

9. An unmanned operating method for a crane having a spreader for
holding/releasing a coﬁtainer being in a first larget position for moving the
| container to a second target position, said method comprising the steps of:
" inputting the position information of said first target position and
second target position; |
calculating a reference driving speed pattern according to said input
position information;
detecting a sway angle of said spreader while driving said crane
according to said reference driving speed pattern;
compensating said reference driving speed pattern by a fuzzy

operation according to an error. value between the present state and target

Thxs Sheet Has Been Replaced
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3. The unmanned driving apparatus—for a crane as claiwed, i
wherein said fi rs“ ser bealrm,@, gHEdTe A8 BREN Hi
~spreader. 4. The mﬂgmmllﬁlmﬂ apparat us freEPLECEY ane

claim2 or 3, furthert cdnpmM ssng+a Secondi-serser—a+sposed -
position of said trolley, for scanning_jaser beans in the lemngth directio

of said spreader. 5. The unmanned dri apparatus for a crane as cl ai med

inclaiml, wherein said sway information of said spreader rs—eatculared by
t he 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 necessi_ty.

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 positiqn 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:
This-Sheet Has Been Re ,i
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changed di stance between two initial a [é‘d"/esd‘g:% posi t1 O‘ns of |
spreader detected by scanning | aser; rﬂ'&“ﬁnﬁi‘g trol |y REPLACH iﬁlé] ET
spr ad”er d

§a;§ﬁi)ﬁn|§§$lor

and the | ength of h, sal

driving appar at us”muﬂul"]mmmmb ai me claim 1 whe?e
i nfornation of said spread r &nd container is cal cuI ated by }dividing each}
area of said spreader and container ac@érding to the di sta ce etween said
first sensors 8nd the points, s an ed tﬁ_efroin based o gst-arrce-varue
of said spreadEftestiRgutwe iRitiah £dge pasitionsng d@ﬂ&c‘t‘?“ﬁ@ IBg 1Y $VaY

spreader and sai d contai ner.
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
erro.r between the present states of said trolley and hois_t and target states
and the error variation, the error between the present driving speeds of said
trolley and h;)ist 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 whlch is measured by a hoist

Thls Sheet Has Been Reﬂlac
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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

édges 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
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~container after stopping at said target

contai per . and | TTNTBMIVIREGIR: oo oFf °saf

state of said crane; detecting the positi

ald, s ppeader—amnd
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gg v e Bt
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operating nethod fér & cfarfe as claine 8| n claim?9, \/\herel n d obta| ned

reference driving speed pattern is ea ference

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;
detérmining 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 detectmg the contamer load status by

is Sheet Has Been Reﬂlaced :
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h that each

driving speed-pattern _of a hoist for novi |
necessity and. trolley for noving said spri@htfe?"
11. The unmannj”j}'m,mm’mm d for a drane™s
wherein said refj [ Epeed pattern 1s obtained s
primary driving speed pa'ftesrn*of 'said trolley and hoist is i
according to said position information29said obtained prinbhry driving sne-c-:«;l—t
pattern i s adjusted_ through a simulation depending on, the position of said
trol | ey, deteeting; the, heighte obiconsrigen slependinge oar th Positiane Of t yaid pirelen by
position and target position due to the sway angle of said spreader and the
error vas¢amting, [asee 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

This Sheet Has Been Reilaced
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error between the present speed and target speed an he el Lt hedit 8ReET
and the error between the present accel ¢ra Eil PLX@éMEﬁM"

s o s

spreader includes "t hé -30-

t ar Al S CAATTU

ggt hodfor) a Zgag-ramgs

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. e
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-26- detecting two initial edge positions of said spreader having no sway
by scanning | aser beans; detecting two changed edge positiQ '
spreader when said trolley travelling by scanning |aser béaﬁgpummmMENTSHEET
conparing said two initial and changed edge positions of salr reader gn

determ ning the sway angl e of said spreader considering the Ie.n'gtm[:'bf
string to which said spreader is hung. 13. The unmanned opeg¢rlati ng net hod
for a crane as clained in claim -1- -

——

FIG. 1A(PRIOR ART)

x(m/sec)
Xmax |____
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FIG. 1B(PRIOR ART)
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12, wherein said reference driving speed is conpensated according to the
error between the present states of said trolley and hoi st ard-target T
states and the error variation, the error between the prese REBLAGENENT SHEE
speeds of said trolley and hoist and the driving speed by saijfd ref eren‘fgﬁ
driving speed pattern and the error variation, the error be en7t 06 b
present sway angle supplied by said position detector and tgrget sway angle
and the error variation. 14. An unmanr&y.operating nethod fdr*a—trane as

claimed in claimi11l, wherein said steg of detecting tEk posilLions—ef—satt
spreader and
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contai ner includes the steps of: scanning | aser beans into said spreader
and container with a sensor; dividing scanned points into areas '

to a distance selecting areas of said spreader and contai ner j BESEHCEMENT SHEET
predet erm ned val ue, a distance value of said spreader whichjijs neasured by
a hoi st This Sheet Has Been Re | aced -7 OCT 1995

-3-

o

13
: ]
!
{ i
! L
1
) N
}
,o:: t
C L -
| - l':'
| HI
| "
!
| 111!
{ nn
- n !
t gt
ML
| 1l
| [ “'ﬂ'"‘,a
m l :'} 3
. [ 1!
v | e 0|!
™ | e L}
; >l
] —r‘--i L
T (SN Ry =
! < ﬁ vl ]
- l
A ﬁ""l : 4
i . T
{ /I:.rh" A
' / il \
| 0!
, bt 1 9
<« |
' L aud
ot |
e e -



-27- encoder installed in said crane, anong said divided areas; and

detecting edges of said spreader and container with said sel-ectedareas |
sai d spreader and container. 15. The unnanned operating neﬁh@d%ﬁéFmﬁhx

as.claimed in claim 14, wherein said sai'd | aser beans are sci

nned t
predeterm ned angle (45 degrees) while said sensor noving téo?arc? tmﬁ' 3995
di agonal edges of said spreader and corftai ner in each |engt

T,direction.

FIG. &
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16. The unmanned operating nethod for a crane as clainmed in CL§L3114*~—~———"1
wherein the edges of said spreader and contai ner detected i ggghﬂcéﬂaﬁTSHEET
.detecting step are boundaries of scanning points at which tHhe.eH

changes sharply anong said detected areas of said spreader gn ggpﬁ?"hq@gﬁ
17. The unmanned operating nethod for a crane as clained in ai )
wherein in said step of detecting posfﬁkons of said spreader| and cortat+trer;

t he skew angl e of said spreader an ner i s obtained by}conparing._sai AJ
‘det ected edges of sdid spreader a Icgt ner wwth initial edges thereof.
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18. - The unmanned operating nethod for a crane as clained in claim 14,

wherein in said dividing step, the areas where scanni ng poi nt gexceediny a
critical number exist are scanned and divided anong all areas JJRERIASHEMENT SHEET
poi nts. 19. The unmanned operating nmethod for a crane as cl ai in clam
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14, wherein said | aser beans are scanned in the width direction while said
sensor noving toward two di agonal edges of said spreader ' ’j
each length direction. 20. The unnmanned operating nethod @&mﬁAcEMﬁﬁT§ EET
clainmed in claim19, wherein in said | aser beam scanning
beans are further scanned toward one end of the |length di
spreader and container in the length di,rection of said spriehder and

contai ner. 21. The unmanned operating et hod for a crane ot-ai-rred—tN
claim 10, wherein said picking-up step includes the steps pf:
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descendi ng said spreader by driving said hoist;

spreader is dropped off or

determning steps if it

not ;

is determ ned that said spreader is

determ ni ng whet her said

and feedi ng back to said descending._and

of f.- 22. The unmanned operating nethod for a crane as claine

wherein said dropping-off step includes-8he steps of: descendi 19_573'9%-[ 1995
spreader by driving said hoist; determ ning whepper said spr aFeri

dr opped of f or
steps if it is

not; and feeding back to Egid d9scending and
n .
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determined that said spreader is not dropped off. 23. The unmanned
operating nethod for a crane as clained in claim9, furtheryeefprtsTNg { e -
step of detecting the container |oad status by -29- det ecRER e.:.ﬁ,u-ih ..“ﬂ----
of container depending on the position of said trolley by sconnln

beans al ong the rows of containers |oaded in the yard. gﬂ 1’:1

9-
FIG. 18
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24. An apparatus for identifying positions of a spreader andi
a crane having the spreader for hol ding/rel easing the contal
.apparatus conprising: a sensor installation equi prment |nstaII
| ower portion of said trolley novable in the length directio
spreader and neasuring the noving distggce with an encoder;

con§ g: E@E_ﬂ{_%ﬁr
3,051 19%

n a SEensor

i

t he di stance

installed in said sensor ins nt for neasurin I's
from scanni ng poi nts by scgfini ng §ﬁ&ﬁ‘l’ beansyto the | ower portromrwtiTa
const ant - angl e range. FIG. 19A
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25,

apparatus for identifying positions of a

oasmeny

spreader .and

container as claimed in claim?24, wherein said apparatus is dL@@Qﬁggm‘MTsﬁEEf
diagonally in the | ower portion of said trolley. 26. The |QLUb Tor
identifying positions of a spreader-and container as claine E
wherein one nore position identifying apparatus for detectin ne en

the length direction of said spreader’ jﬁgd contai ner is provijded.in *h“ .

| ower portion of said trolley. 27.

thod for measuring

skew angle of a spreader conpri si ng steps of:

FIG. 19B
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jway angl e_and
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A FUZZY OPERATION
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TROLLEY AND CONTROL SWAY

{

COMPARE TERMINATION POSITION ~— 312
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“detecting and nmenorizing two edge positions of the initial

where a sway and skew are not generated by scanning |aser b

two edge positions of said spreader where a sway and skew af &

scanni ng | aser beans; and conparing two edge positions of s
before and after a

-12-
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UNMANNED OPERATING METHOD FOR A CRANE
THE APPARATUS T F

Abstract of the Disclosure

An unmanned operating method for a crane for moving containers in

use in a harbor and the apparatus therefor compensates the influence due to
a disturbance such as the wind in driving the crane, detects the position
and posture of the spreader and crane, thereby allowing the container to be
attached and detached automatically. Accordingly, a crane automation for

moving containers is achieved.
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UNMANNED DRIVING APPARATUS FOR A CRANE

Bacl { of the I .
L. Field of the I i
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 Arz

Generally, a crane is used for loading a ship with containers piled in a
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 boist for
moving the econtainer up and down, and a trolley for moving the spreuder
horizontally. When the crane is driven manually, the ftrolley is driven
horizontally at a maximum speed and then is rapidly décelerated at a
constant position to reach a target po_sitiOn. In this case, it is difficult for
the trolley to stop at fhe 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
targét ‘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.




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 partern of FIG. 1A 1s for 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 dué to external factors like initial vibration
of u spreuder, 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,
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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
containcr is exactly held and released.

The above object of the present Invention is attalned 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 abparatus comprising: . |

target position Information inputting means for inputting the target
position information of said first target position and sald second target
position: |

a position detector having a sensor installation equipment instalied
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 cbntlnef by scanning a laser beam,
and an encoder for measuring the moving distance 6# the sensor
installation equipment, thereby prqvldlng sway Information of the

spreader during the moving of the spreader and position information of
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the spreader and contalner when the spreader reach_e_s a target position
to a fuzzy logic controller:

the fuzzy loglc _cnnirnller having a speed pattern generator for
calculating a reference driving speed pattern of the crane according to
the target position Information Input by sald target position information
inputting means, and a fuzzy operation controller for performing a
compensation of sald reterence driving speed pattern of each point of
time depending on factors at least Including position information
provided by sald position detector, thereby providing driving signals to
a driver; and

the driver for driving sald holst and trolley according to said

driving signals provided by sald fuzzy loglic controller.

Brief Descrintion of the Drawi

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

:
i
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1. An unmanned driving apparatus for a crane having a spreader for

What is Claimed is:

holding/releasing a container, a hoist for moving the sprcader 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 cquipment installed
movably 10 the trolley along the length direction of the spreader, a first two
sensors installed to the sensor ins_ta]lation equipment for detecting the
pusitions of the spreader and container by scanning a laser beam, and an
encoder for measuring the moving distance of the sensor installation
cquipment, 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 }eference driving speed pattern of the crane according to the
tai-get 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
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factors at least including position information provided by said position
detectar, thereby providing driving signals to a driver; and

the driver for driving said hoist and a trolley according to said driving
signals pravided by said fuzzy logic controller. .

2. The unmanncd driving apparatus fin a uuane 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 cfane 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 unmanhed dﬁving apparatus for a crane as claimed in claim
.1. wherein said position information of said spreader and container is
calculated by dividing eacfa area of said spreader and container according to
the distance between sajd 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.
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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, —

T



