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[s7] ABSTRACI‘ 
A piling planning method for cargoes in which an oper 
ator can designate a piling position of each of the vari 
ous cargoes, and by displaying the piling result graphi 
cally on a graphic terminal, a piling patern is deter 
mined so that vacant space is reduced, and by using a 
final piling pattern, a piling position and a piling order 
of each cargo, and a piling operation sequence of the 
palletizing robot are determined. A piling system is 
provided in which cargoes supplied thereto are piled on 
a pallet in accordance with piling planning data pre 
pared by a piling planning device which executes the 
above piling planning method. 

18 Claims, 16 Drawing Sheets 
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F I G . 7 
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PILING PLANNING METHOD AND FILING 
SYSTEM OF CARGOES BY PALLETIZING ROBOT 

Matter enclosed in heavy brackets I: ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of estab 
lishing a piling plan for determining information re 
quired to automatically pile the cargoes requested to be 
transported onto a transporting jig such as pallet, con 
tainer, etc, (hereinafter referred to as a pallet), by 
means of a palletizing robot, that is, for determining that 
piling disposition which will efficiently pile the cargoes, 
a piling order for each cargo and an operation sequence 
of the robot are established. The present invention fur 
ther relates to a piling system for automatically piling 
the cargoes on the pallet based on the established plan. 
As a device for automatically piling cargoes on a 

pallet, there are auto-palletizers and palletizing robots 
(called robot palletizers). These devices are only capa 
ble of piling cargoes having the same size on one pallet. 
As a result, if the number of kinds of cargoes to be piled 
on one pallet increases due to the progress of transpor 
tation of cargoes of many kinds but small quantity, it 
will be impossible to pile by means of the conventional 
palletizing robot. 

In case of piling automatically the cargoes of various 
different sizes on one pallet by means of automatic pil 
ing device such as a palletizing robot (hereinafter re 
ferred to simply as a robot), the following problems 
arise: 

(1) In case of selecting a cargo piling disposition man 
ually, due to a large increase in the number of combina 
tions of piling dispositions, the mounting efficiency with 
respect to the effective mounting space on the pallet 
tends to be reduced. For this reason, there is a require 
ment for a method of establishing the piling disposition 
of cargoes, which method is capable of realizing high 
mounting efficiency even when the cargoes are of dif 
ferent sizes (hereinafter the established piling dispo 
sition is referred to as a piling pattern). 

(2) In order to pile each cargo by means of the robot, 
it is necessary to teach the robot an operation for each 
cargo. Since the content of this operation differs for 
each cargo, the man-hours for the teaching increases in 
the conventional operation teaching method of the 
playback type. Therefore, there is a requirement for a 
method of automatically deciding, simultaneously with 
the establishment of the aforementioned piling pattern, 
an order of cargoes to be piled and a sequence of robot 
operations, which are used as operation teaching data 
for the robot. 

(3) In order to supply the cargoes to the robot in the 
aforementioned piling order, it is necessary to search for 
cargoes of the designated kind among the various kinds 
of cargoes and to send them to the piling device. In 
particular, when various kinds of cargoes are to be piled 
on one pallet, if the search and supply of the cargoes are 
performed manually, the man-hours will be increased 
and the speed of supply will be lowered. For this rea 
son, a marshalling method is necessary to supply the 
cargoes to the piling device in conformity with the 
above piling order. 
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SUMMARY OF THE INVENTION 

A first object of the present invention is to provide a 
piling planning method which is capable of determining 
in a short time and with a simple manipulation, the 
piling pattern which realizes a high mounting efficiency 
of cargoes in a limited effective mounting space on a 
pallet when the transportation of the cargoes by the 
pallet is requested, and at the same time, is capable of 
deciding automatically a cargo piling order and a robot 
operation sequence based on the above piling pattern 
for the purpose of reducing the man-hours required to 
teach the robot the operations thereof. 

Further, a second object of the present invention is to 
provide an automatic piling system which solves each 
of the aforementioned problems, and provides a piling 
disposition and a piling order with higher mounting 
efficiency on a pallet for cargoes of different sizes and 
for an arbitrary cargo piling requiest, and which is capa 
ble of reducing the man-hours for teaching the opera 
tion sequence and reducing the man-hours required 
from the arrival to the supply of the cargoes. 

In order to achieve the ?rst object, the piling plan 
ning method according to the present invention is fea 
tured in providing the following two functions: 

(1) In order to pile various kinds of cargoes on a pallet 
by utilizing, without a waste of space, the effective 
mounting space determined depending on the type of 
the pallet, in the present invention, a piling position of 
each cargo is designated by an operator within the 
above effective mounting space depending on the kind, 
shape and quantity of the cargoes, and based on the 
result of this designation, a computer displays the dispo 
sition condition of the piled cargoes on a graphic termi 
nal graphically to facilitate the recognition of vacant 
space. These procedures are repeated, and a piling pat 
tern for each cargo is determined one after the other 
through communication between the computer and the 
operator. 

(2) By using data of the above ?nal piling pattern, a 
piling order for each cargo is determined in accordance 
with a predetermined rule. 

Further, once the final piling disposition and the pil 
ing order for each cargo have been determined, for any 
cargo, before that cargo is piled, it is possible to know 
the disposition conditions of the cargoes (already piled 
cargoes) which have already been piled. Therefore, for 
each cargo, an operation route and speed which avoid 
contact of that cargo with the already piled cargoes can 
be selected. In this manner, the operation sequence of 
the robot is determined. 

Furthermore, in order to achieve the second object, 
the piling system according to the present invention is 
featured by comprising piling planning means for pre 
paring a piling disposition of a cargo on a transporting 
jig, a piling order and an operation sequence of piling 
means based on given sizes of a plurality of cargoes to 
be transported, control means receiving data from the 
piling planning means for controlling each means in the 
system in accordance with the data, marshalling means, 
receiving the cargoes in an arbitrary order, for sending 
the cargoes in accordance with the piling order from 
the control means, supply means for supplying the car 
goes sent from the marshalling means to a position of 
the transporting jig, and piling means for piling the 
supplied cargoes on the transporting jig in accordance 
with the operation sequence. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a schematic diagram of a piling installation 
useful to explain the background of a method according 
to the present invention. 
FIG. 1b is a schematic diagram, partially in block 

form, showing an arrangement of an automatic piling 
system according to the present invention. 
FIG. 2 is a diagram showing a positional de?nition of 

a cargo on a pallet. ' 

FIG. 3 is a diagram showing an example of a selected 
piling order. 

FIG. 4 is a diagram showing an example of an opera 
tion sequence. 

FIG. 5a is a block diagram showing an overall ar 
rangement of a system which realizes a piling method 
according to the present invention. 

FIG. 5b is a block diagram showing an overall ar 
rangement of the piling planning device in FIG. 1b. 
FIGS. 6 to 10 are tables showing examples of storing 

forms of various data stored respectively in memory 
sections, in the method according to the present inven 
tion. 
FIG. 11 is a flowchart for controlling in the method 

of the present invention. 
FIGS. 12 to 14 show respectively examples of pic 

tures on a display screen. 
FIG. 15 is a block diagram of the control device 1H 

in FIG. 1b. 
FIGS. 16 to 20 are tables of various data stored in 

memory sections of the control device in FIG. 15. 
FIG. 21 is a ?owchart of a control operation of the 

piling planning device 16 in FIG. 1b. 
FIGS. 22a and 22b, 23 and 24 are flowcharts of con 

trol operations of the control device in FIG. 15. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First, a ?rst embodiment of the present invention will 
be described in detail with reference to the drawings. 

FIG. 1a is a schematic diagram of a palletizing robot 
and its associated facilities which constitute the back 
ground of a piling planning method which achieves the 
?rst object of the present invention. Reference numeral 
1A designates a robot, 18 a pallet, 10 a device for auto 
matically taking out a designated cargo as is the case in 
an automatic warehouse, ID a supply conveyor for 
cargoes, 1E an identifying device of cargoes, 1F a 
cargo, and 1G a pallet on which cargoes have been 
piled. Cargoes are placed on the supply line 1D from 
the automatic warehouse in accordance with a prede 
termined piling order. On the other hand, in accordance 
with a predetermined operation sequence, the palletiz 
ing robot 1A piles each cargo 1F one after the other on 
the pallet 1B. 
The method according to the present invention de 

cides these cargo piling position, cargo piling order and 
robot operation sequence. 
FIG. 2 shows a positional de?nition of a cargo 2B on 

a pallet 2A. For example, a piling position of a cargo is 
designated by setting rectangular coordinates having 
the origin at the left end on the side of the robot. More 
speci?cally, the coordinates of a point 2C which is the 
nearest on the cargo to the origin are de?ned as a piling 
positive of the cargo 28. Further, a piling direction of 
the cargo is determined depending on which of a longer 
direction (displayed with a symbol L) or a shorter direc 

25 

40 

50 
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tion (displayed with a symbol S) of the cargo 2B is in the 
X axis direction. 
FIG. 3 shows an example of a display of a piling 

order of each cargo in a plan view. In this example, 
cargoes are piled according to a priority rule in which, 
as a rule, the cargoes are disposed, as viewed from he 
robot side, (i) from below to upper, (ii) from back to 
forward, and (iii) from left end to right end. 

FIG. 4 shows an example of an operation route of the 
robot in piling a cargo 4B supplied on a supply con 
veyor 4A to a position 4D over and across already piled 
cargoes 4E and 4C. The numeral 4F designates an oper 
ation point, and 4G is an example of the operation route. 
If each piling position of such already piled cargoes has 
been known, an optimum route can be determined to 
pass through the previously piled cargoes by keeping 
away from these cargoes which form obstacles along 
the path. Thus, if the position of the already piled cargo 
is given as expressed in the coordinate system as in FIG. 
2, an operation sequence of the robot can be deter 
mined. 

FIG. 5a is a block diagram which schematically 
shows the overall arrangement of a system for realizing 
the piling planning method according to the present 
invention, in which the reference numeral 10 designates 
a computer, 21 a light pen for inputting data, 22 a 
graphic display unit, 23 a hard copy output device, and 
24 designates an auxiliary memory unit. 
The computer 10 is comprised of a control section 19 

which operates in accordance with a program stored in 
a memory section 11, and is comprised of ?ve data 
memory sections 12 to 16. In the memory section 12, for 
instance, as shown in FIG. 6, speci?cation data for each 
type of pallet which has been registered beforehand is 
expressed in the form of a table and then stored. Fur 
ther, in the memory section 13, for example as shown in 
FIG. 7, speci?cation data for each cargo which has 
been registered beforehand and the required piling 
quantity are stated in a table. In the memory section 14, 
there are stored cargo piling positions and piling direc 
tions which are inputted from the light pen 21 by the 
operator. In the memory sections 15 and 16, a cargo 
piling order and a robot operation sequence which are 
calculated by the computer from the contents of the 
memory sections 12 to 14 are respectively stored. 
The operator who utilizes the method of the present 

invention, determines beforehand a type of pallet suit 
able for the required quantity from a given chit request 
ing piling of cargoes, and establishes a general piling 
policy for each cargo with respect to this pallet. The 
operator, ?rst designates the type of pallet on which the 
cargoes are to be piled, and then designates a cargo 
code, piling position and piling direction of the cargo to 
be piled at ?rst. This designation is performed through 
the light pen 21. The computer 10 sets this input infor 
mation in the memory section 14. In this instance, in the 
memory section 14, for example in the form of FIG. 8, 
the data showing the coordinates (X axis, Y axis and Z 
axis) of the piling position of the cargo and the piling 
direction (longer direction L and shorter direction S) 
are set. 

Next, the computer 10 displays in the form of a plan 
view on the display unit 22, a piling disposition condi 
tion of the cargoes which have already been piled. The 
operator viewing the picture displayed on the display 
unit 22 looks for vacant piling space, and determines 
whether to further pile or not. In this case, the piling is 
continued, the above procedures are repeated, and the 
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cargoes are piled one after the other in the effective 
piling space on the pallet. 
The operator, after repeating the above procedures, 

determines that the piling is completed ?nally, and the 
computer 1|] decides a piling order of each cargo on the 
basis of the information of the piling positions set within 
the memory section 14, and sets the piling order in the 
memory section 15. In this case, in the memory section 
15, for example in the form of FIG. 9, data indicating 
the piling order and the cargo code for each cargo 
placed in this form in an earlier piling order is set. Fur< 
ther, the computer 10 determines a robot operation 
sequence for each piling order based on the information 
set in the memory sections 12 to 15, and sets the robot 
operation sequence in the memory section 16. In this 
case, in the memory section 16, for example in the form 
of FIG. 10, data indicating the operation sequence for 
each piling order is set. 
FIG. 11 is a rough ?owchart of a program stored in 

the memory section 11 to perform the aforementioned 
control operation. 
With reference to operation steps 31 to 46 of the 

flowchart, concrete operations in the method of the 
present invention will be described in detail hereinafter. 

Step 31: In response to an actuation input from the 
light pen 21, the content of the pallet-table of FIG. 6, 
that is, a list of the pallet codes and pallet speci?cations 
is displayed on the display unit 22. 

Step 32: The computer 10 waits for an input of the 
pallet-code from the light pen 21. The operator, view 
ing the content of the display on the display unit 22, 
selects a suitable pallet, and after inputting the pallet 
code from the light pen 21 proceeds to the next step. 

Step 33: Based on the pallet'code inputted from the 
light pen 21, speci?cation data corresponding to the 
pallet is searched out from the memory section 12, and 
the speci?cation data is displayed on the display unit 22. 

Step 34: The computer searches out the speci?cation 
data corresponding to the pallet from the memory sec 
tion 12, and also searches out piling data of the already 
piled cargoes from the memory section 14, and displays 
on the display unit 22, for example in the form of FIG. 
12 at A, the speci?cation data of the designated pallet 
and a plan view of the cargoes piled in the effective 
piling space on the pallet. Further, on the same display 
screen, after searching out the piling remaining quantity 
from the memory section 13, a list of remaining cargoes 
to be piled is displayed, for example in the form of FIG. 
12 at B, on the display unit 22. Further, on the same 
display screen, a section menu of the piling direction is 
displayed, for example in the form of FIG. 12 at C. 

Step 35: The computer waits for an input of the cargo 
piling position. The operator presumes a position con 
sidered to be suitable, and inputs the coordinates of the 
position, for example as shown in FIG. 12 at D with the 
light pen. After completion of the input, the sequence 
proceeds to the next step 36. 

Step 36: The computer waits for an input of the cargo 
code. The operator presumes a cargo code considered 
to be suitable, and designates that cargo, for example as 
shown in FIG. 12 at E with the light pen. In the exam 
ple of FIG. 12, a cargo code S01 is selected. After com 
pletion of the input, it proceeds to the next step 37. 

Step 37: The computer waits for an input of the cargo 
piling direction. The operator presumes a piling direc 
tion (L or S) considered to be suitable, and designates L 
or S in the selection menu of the piling direction as 
shown, for example in FIG. 12 at C, with the light pen. 
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6 
In other words, as to the piling direction, if the longer 
direction of the cargo is desired to be in the direction of 
the X axis direction, L is designated, whereas if the 
shorter direction of the cargo is desired to be in the X 
axis direction, then S is designated. After completion of 
the input, it proceeds to the next step 38. 

Step 38: The computer sets the inputted cargo piling 
position, cargo code and cargo piling direction in a 
predetermined column of the table in FIG. 8, which 
table has been prepared and indicates a cargo piling 
condition. Next, the computer, based on the information 
set in the memory sections 12 to 14, displays on the 
display unit 22 a diagram of a piling disposition condi~ 
tion on th pallet, for example in the form shown in FIG. 
13. Further, the computer calculates mounting ef? 
ciency of the cargoes piled accumulatively, and displays 
it on the same display screen. Then it proceeds to step 
39. 

Step 39: The computer waits for an input indicating 
whether to display the already piled cargoes in a rotated 
position or not. As the number of the already piled 
cargoes increases, since there are many cargoes of dif 
ferent heights, in frequent times it is difficult for the 
operator to recognize a piling position for the next pil 
ing, that is, vacant space from the diagram displaying 
the piling disposition condition, for example in the plan 
view as in FIG. 13. In such a case, the operator may 
request the rotational display to the computer. When 
the operator designates the rotational display, it pro 
ceeds to step 40, and if it is not, it proceeds to step 42. 

Step 40: The computer waits for an input of a rotation 
angle. The operator presumes a suitable rotation angle, 
and selects and designates a suitable angle in a rotation 
angle menu displayed on the display unit 22. After com 
pletion of the input, it proceeds to the next step 41. 

Step 41: The computer, based on the information 
inputted in the step 40, displays on the display unit 22 a 
piling disposition condition diagram of the already piled 
cargoes viewed from the designated angle, for example 
in the form shown in FIG. 14. Then it proceeds to step 
42. 

Step 42: The computer waits for an input of informa 
tion relating to whether or not the above piling dispo 
sition condition is satisfactory. The operator viewing 
the display screen, inputs reply information as to 
whether or not he is satis?ed with the piling disposition 
condition. The computer judges the input information, 
and if it is satisfactory proceeds to step 43, and if it is 
not, returns to the step 34. 

Step 43: The computer, using the information of the 
?nal piling position and the piling direction obtained 
within the memory sections 14, determines the piling 
order of each cargo according to the predetermined 
prior rule, and sets the result in a predetermined column 
of the table of FIG. 9 prepared within the memory 
section 15 and indicating the cargo piling order. Then it 
proceeds to step 44. 

Step 44: The computer, using the information of the 
final piling position and the piling order obtained in the 
memory sections 14 and 15, calculates, for each cargo, 
the coordinates of the already piled cargoes, and de 
cides the operation sequence of the robot, which avoids 
collision with the cargoes, and sets the result in a prede 
termined column of the table of FIG. 10 which is pre 
pared within the memory section 16 and indicates the 
robot operation sequence. Then it proceeds to step 45. 

Step 45: The computer commands the terminal de 
vice 23 to output a hard copy of necessary displayed 














