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Abstract. This article describes the sofiware usable in the automated palletizing process.
In addition to the implemented deployment methods, other strong tools such as the two-
dimensional drag & drop editor and the three-dimensional preview and editor (virtual
reality) are available, too. Editing of new positions for the objects is facing the problem of
collisions. This problem is solved by implemented calculations and algorithms. Software
output contains coordinates and orientation of each object. This is a closer look inside of
it, its functions, the main idea of the program as well as pictures of its GUI (Graphical
User Interface).
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1. INTRODUCTION

Palletization process has been largely affected by automation. The load planning is
very difficult when it comes to its stability and an efficient usage of the loading area.
Nowadays the process of automated palletizing is a very important part of the production
system. This article introduces a new software product created especially for the palletiz-
ing process planning. This software is called Pallet Sjf STU and is developed at the Fac-
ulty of Mechanical Engineering (Slovak University of Technology in Bratislava). The
whole software is programmed in Java programming language. Its main aim is to find op-
timal deployment of objects according to the pallet dimensions. The criterion of optimal-
ity is the maximal number of objects stored on one pallet. Here are implemented several
tools for the creation of the whole load and the control of its quality. Quality control is
based on calculations and algorithms to find collisions between objects. In the next part of
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this article the modules for deployment of objects, collision control, virtual reality and ro-
bot control module are described.

2. DEPLOYMENT OF OBJECTS

The main task of the software is to design an optimal layout of objects on the pallet.
Thanks to the implemented methods of deployment the user can choose the best layout.
The first step to generate results is to enter this input data:

= Pallet dimensions (load length, width and maximum height)

= Type of object (prism or cylinder)

= Object dimensions (length, width, height of the prism / height and diameter of the

cylinder)

The analysis can start after entering all necessary input data. Software evaluates the
entered data and chooses the optimal deployment method thanks to implemented algo-
rithms. The optimality criterion is the highest number of objects stored on one pallet. The
deployment method that can store up maximum of objects is chosen automatically. If the
user is not satisfied with automatically selected result then he can manually select de-
ployment type of method.

For prism — shaped objects the following methods are well known:

= 1 block, 2 block and 3 block method

= Steudls 4 block method, and,

= Smith and DeCannis 4 block method.

For cylinder — shaped objects the following deployment methods are best known:
= "Raster" method, and,

= "Cross" method.

The next step is the calculation of coordinates. Its output are three coordinates (X, y
and z) and orientation (horizontal / vertical) of the object. For each object three coordi-
nates and one orientation are generated. In the following sections the well known deploy-
ment methods of objects on the pallet are described.

2.1. Single block, 2 block and 3 block method

The method using a single block is the simplest method for resolving the pattern of
prisms on the palette. There are only two possible options to place the prisms: vertical
and horizontal. Block dimensions are identical to dimensions of pallet. Calculation of co-
ordinates for horizontally oriented prisms is (2):

B,]—=B+l(l‘—l);%+wu—l); H} (1)

Calculation of coordinates for horizontally oriented prisms is (2):
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w [
P =l—+w(i-1);—+I(j-1),; V
) [2 (i -1); 5 (J=D; } ©)
Where:
L — the length of the pallet [ — the length of the prism
W — the width of the pallet w — the width of the prism
With these conditions: L>Wand A4 >B

The method for using 2 or 3 blocks (Fig. 1) is basically an extension of the single
block method. In the method of 2 blocks we are trying to find the best combination of
vertically and horizontally oriented prisms along the length of the pallet. Optimum com-
bination contains the smallest unused space between prisms. We can also use the third
block to fill in an empty area above the second columns (columns of vertically oriented
prisms) using inverted prisms.
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Fig. 1 Two — block and three — block deployment

Analogically we can use this method for the width of the pallet and find the best solu-
tion for placing the prisms. The advantage of these methods is the simplicity and clarity.
The disadvantage is that it does not provide an optimal solution for every problem.

2.2. Steudls 4 block method

This method divides the storage area for four blocks located in the corners of the pal-
let. These blocks are rotated, depending on the direction of stored objects (horizontal or
vertical). This method was described by Harold J. Steudl in 1979; therefore it is also
known as the Steudl algorithm. It is a recursive method using dynamic programming. Dy-
namic programming is used for process optimization. It divides a big problem into small
sub problems. These sub problems are then solved and the results for future potential use
are stored.
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The first step of this method is finding an efficient combination of horizontally and
vertically oriented prisms on a circuit of pallet. In other words, we are trying to find the
smallest gap between combination of horizontal and vertical oriented prisms stored in
length (width) of pallet. We can do this by using objective function (3):

F,(S,) = Max[ X, * I+ Y, *w+ F,_(S,)]
X, *¥l+Y,*w<D,
n=1,2,3,4

3

Where:
F,(S,) — max sum of horizontally and vertically oriented prisms on n side with state
variable Sn at the beginning of the side.

X, — number of objects of length L placed along side n

Y, — number of objects of width ¥ placed along side n

D, — length of the pallet

S, — is a state variable that defines the initial conditions for side .

This state variable can take these three values:

= Prisms are only horizontally oriented along side n of the pallet

= Prisms are only vertically oriented along side 7 of the pallet

= Prisms are vertically and horizontally oriented along side n of the pallet.

Objective function is calculating each combination of three values from Sn. For the
three possible values of Sn and four blocks of prisms we can use this calculation: 3* = 81.
So we have to choose the best result from 81 results. Objective function Fn (Sn) can be
described as maximizing the utilized length of each side. However, we have to include the
pattern of prisms on the previous side. It can also be defined as minimizing the unused
circuit of the pallet.

In the second step we have to fill in the unused area. This step is linked by 2 problems.
The first one is filling of empty area which can hold one or more prisms. The second problem is
overlap of individual blocks which can be identified, for example, in this case (4):

D - X< Xyl and D, - X,I< X,l (4)

Steudls method is very good for creating an efficient pattern of prisms on pallet, but
we have to be careful not to create an overlapped area.

2.3. Smith and Decanis 4 block method

Fig. 2 shows the layout of prisms on the pallet according to Smith and Decannis
method. It is investigating all the possible combinations of the shown layout. At first
sight, this method is similar to the Steudl one, but the number of objects in the blocks 1-3
and 2-4 is not equal. The principle of determining the number of objects across the width
and length of each block is different. The first step is to define the first block. The second
block needs to be higher than the first one. The third block needs to be wider than the
second one and the fourth block is created in the remaining empty space. All the possible
dimensions of the first block as well as those of the other blocks are calculated. Then we
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can choose the best solution for our dimensions of prisms and pallet. This solution con-
tains the highest number of prisms which we can store on one pallet.

Objective function for this method is (5):
MaxZ=a*b+c*d+e* f+g*h (5)

Optimization is finished after generating all possible combinations. This method does
not allow overlapping of blocks, as it can occur in the Steudl method, but we can find
more unused space between blocks. This problem can be solved either by adding another
block or several blocks into this empty space.

N o] K
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Fig. 2 Smith and DeCannis deployment method

2.4. Cylinders

In terms of methodology, the cylinder is the easiest shape for planning the layout on
the pallet. Fig. 3 shows two simple layouts of cylinders, which are not so difficult. In the
first case we can see losses in-between the cylinders. In the latter case we are trying to
eliminate these losses but not always successfully. This case is effective only if the num-
ber of cylinders in the first row equals to that of the cylinders in the second row. We can-
not say which of these layouts is more efficient because sometimes the number of cylin-
ders on the pallet is equal in both of them. More advanced software can evaluate both
layouts and give the best solution to the user.
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Fig. 3 Deployment patterns of cylinders

Calculation of coordinates for "raster" alignment of cylinders (6):
d , d .
E,j—[5+d(l—1),5+d(J—1)} (6)

Calculation of coordinates for "cross" alignment of cylinders (7):

LA P A PR,
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After resolving the question of layout, it is necessary to answer the question of stabil-
ity. Between the layers of cylinders the pads are inserted that enhance the stability of the
whole system. It is inappropriate to combine both types of layout between the layers. To
ensure stability, we are using different accessories, such as walls, fences, packing wash-
ers, belts, etc.

3. TwO — DIMENSIONAL EDITOR

Creating an object layout by implemented algorithms from software is very limiting.
Users mostly want to manually change generated positions of the objects. The two—di-
mensional editor (Fig. 4) gives the opportunity to perform those changes. It is a separate
window with workplace, table and control buttons. Generated coordinates of objects are
the input data to this window. New coordinates and orientation are generated for each
object after editing and this information is the output from window. Coordinates for each
object are written in the table. So number of rows in this table equals to number of ob-
jects. Columns are coordinates (x, y and z), orientation (0°, 90°) and index of the object.
New coordinates and orientations are generated after editing positions.
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Fig. 4. Two - dimensional editor - Steudl algorithm (four block algorithm)

The workplace is an important part of this window. There is a two-dimensional pre-
view of the objects stored in the layer as well as an outline of the pallet dimensions. We
can manipulate objects by using the mouse "drag & drop" method and control keys of
keyboard. Objects which require change of orientation (e.g. prism-shaped objects) are
rotated by mouse-clicking. Each object has its own JPanel (part of Java JRE library). All
JPanels are managed by JLayeredPane() — it is a good control system that allows easy
manipulation of objects. Controlling objects by keyboard has more accuracy. SPACE
button is used for changing the object selection; therefore, the index of object is very im-
portant here. ARROWS are used for manipulating objects. In some cases it is necessary to
input a new object of another shape (in mixed loads) to a workspace. That's possible by
clicking on ADD OBJECT button and selecting from menu wanted shape.

4. VIRTUAL REALITY

Coordinates of the end effector position do not provide an excellent idea of the chosen
solutions. Therefore, it is necessary to incorporate the graphic element into the program
which would indicate a solution in three — dimensional (3D) preview. Two — dimensional
(2D) rendering would be sufficient when we are analyzing only one layer of the load. For
multilayer solutions 3D models are better, so it is necessary to use virtual reality interface
(Fig. 5). There are many interfaces that can provide rendering of the objects in space. We
chose Java3D interface, which includes well known OpenGL GLUT library. This inter-
face is mainly used for modeling components, technical applications and technical prod-
uct development. It can provide rendering the object in space and it allows its manipula-
tion. It is also used in computer games and simulations. This interface can be controlled
by programming languages like C++ and Java. Before starting the program we have to in-
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stall Java3D library. This library contains forms, shapes, functions, materials, scenes,
movements, calculations, etc. The biggest advantage of Java3D interface is that we can
have 3D model in the same window with GUI (Graphical User Interface) components like
buttons, text boxes, labels, etc. For this purpose we have used two JPanel components.
The first contains command buttons with labels and the second is used as canvas for 3D
preview.

Fig. 5§ Virtual reality 3D model

Dimensions of the object, dimensions of the pallet and coordinates with the rotations
of objects are used as input data to the model. After drawing the solution into a virtual re-
ality model the user can rotate and control the load by mouse. This module can draw a
static or dynamic model of the load. The static model has no movements but we can con-
trol it with the mouse. The dynamic model is still rotating.

5. ROBOT CONTROL

An inevitable function of this software is its communication with the SCARA robot.
The control system knows several commands for controlling the robot movements, for
example: MOVE 100, 100, 90, 50 (go to coordinates 100, 100, 90, 50). Serial link is used
for sending the individual commands and also for receiving the answers from the control
system. This connection is made by the USB port. We have created a simple window to
control the robot from our computer (Fig. 6). It contains a text line to send simple com-
mands, a text field to write the entire program for the robot and a history text field which
contains sent commands. Another text field is used for writing the answers from the robot
control system. If we will send the entire program from the first text field to the control
system, the error will occur because the buffer will be full. The control system buffer can
handle only 50 lines of the program at once, so it is necessary to send the entire program
line after line to it. To solve this problem we have created two synchronized threads. The
first thread sends individual commands to the control system of the robot (output) and the
second thread is reading replies from it (input). Thread output is inactive until the thread
input does not catch the answer from control system of the robot. After catching the an-
swer, the next line of the program is sent by thread output and again waits for the re-
sponse.



Progressive Methods and the Tools Used in New Palletizing Software 73

Input stream and History

Status: Dhscomnecred

Saevw0 ON

ALERTElEGR 1“0

=Lk

Speed & Acceleraion Send program = Siop ™

Fig. 6 Robot control module

The whole process will be repeated until the entire program is sent line by line. The
second problem is the automatic generation of the commands for robot. For this we have
created template commands to store only one basic object. To this template the variables
to the coordinates are placed. These variables are automatically changed after each cycle
of storage. The control program is reading them from a table that imposes a program for
planning the layout of objects. Each coordinate has a characteristic variable. According to
the number of lines in this table we determine the number of cycles. If an error occurs in
the control program of the robot we can start it again from the last performed command.
The last part of the window is a line that informs the connection status to the robot control
system via USB. If the connection is ok, then the green sign CONNECTED is shown. If
an error occurs then the red sign DISCONNECTED is shown. Refreshing the connection
can be done through the CONNECT button.

6. CONCLUSION

Knowledge of the methods used for two-dimensional layout is essential for creating
three-dimensional and mixed loads. Mixed load consists of one or more shapes. Many
software products have implemented these methods in their algorithms. They use them for
evaluation, calculation and creating optimal layout of objects on the pallet. When three —
dimensional distribution is used then it is necessary to create a virtual reality model of
pallet load. Thanks to this model we can analyze load and fill the empty area using the
methods for two — dimensional loading.
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PROGRESIVNE METODE I ALATI KORISCENI
UNOVOM PALETSKOM SOFTVERU

Ovaj rad opisuje softver koji se koristi u procesu automatizovanog paletizovanja. Pored primenjenih
metoda realizacije, postoje i druge jake alatke kao Sto su dvodimenzionalni povlaceci editor i
trodimenzionalni pregledac i editor (virtualna stvarnost). Editovanje novih poloZaja objekta suocava se
sa problemom sudara. On se reSava primenjenim proracunima i algoritmima. Softverski izlazi sadrze
koordinate i orijentaciju za svaki objekat. On se sagledava dublje, iznutra, kao i njegove funkcije;
predstavija se i glavna ideja programa i slike GUl-ija (grafickog korisnickog interfejsa).

Kljucne reci: paletizovanje, automatizacija, softver, metoda realizacije
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