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Abst ract : The s imulat ion process can be applied to behaviour analys is of complex
systems . whose physical modelling in a laboratory enviro nment would be unatta inable,
expensive or time consu ming. In addition to the cla,ssical approach to s imulation model
monitor ing using numerical, graphical and sta t ist ica l results, experience that has
shown t he addi tion of a visual presentation using animat ion signi ficantly improves the
s imu lat ion process as a whole. Special attention in this paper is given to the modell ing
of production processes as parts of modern product ion sys te ms . This paper also
presents an example of produ ct ion process simulat ion model ani mat ion, using
com mercial animation software (Proof Animat ion ). Experience based on t he animated
simulat ion models shows that simulation model development significan tly speeds up,
a nd model ver ifica t ion becomes mu ch easier. Also , animation of the s imu lation is w ry
useful in explaining t he simulat ion to managers who may not be as technical ly skilled
as those who haw performed the analysis . This approach enables easier development ,
organisa t ion and plann ing of the product ion processes under investigat ion .
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1. INTROD UCTI ON

Computer software to model dynamic systems has~n existing for more than
t hree decades . Dur ing: th is period, computer modelling and simulat ion have been
enhanced by powerful simu lation languages . statist ica l techniques, and graph ical
modell ing techniques. As the field of simulation language design has matured, the
level of sophistication and performance expected by s imulation analysts has increased.
Simulat ion users a re demanding: sophisticated graphical, statist ical, and ot her tools to
assist in the analysis of complex syste ms.



258 B. Radenkovid, A Markovi~ , Z. Radojil::ic I Production Process Simulation Model

Until the early 1980's, computer graphics technology was expensive and
available only on large mainframe computers . Nowadays, it is possible to buy smal l,
powerful and somewhat low-priced personal compute rs that have excellent graphics
and an imation facilities. Thus , computer graphics nowadays are replacing the more
tradit ional printed report as a presentation medium. Since 1976, when Hu rrion
published his thesis on Visual Interactive Simulation (VIS ), the use of visual iconic
pictures in s imulati on, or animation, as it is called in the United States, has dominated

•
simula tion . The use of a nimated compute r graphics now forms an integral part of
near ly every simu lat ion project, and most s imulat ion so ftware provide so me animation
compone nt or interface towards existing animation tools 12).

Computer graphics and animation can assist in all phases of a simulati on
project, from its initial problem specifica tion to the final project of implementation. A
very important aspect of using an imation is the possibility of watching simulat ion
dynamics in a simula tion run phase. Instead of relying on printed results a t the end of a
simulat ion, it is now possible to observe the dynamics of a model unfold in the form of a
video film 131.

2. GRAPHICS AND ANIMATION IN DISCRETE SIMULATION

Discrete-event simulat ion (DES) deals with the modelling of systems that can
be represented by a series of events. The simulation describes each discrete event,
moving from one to the next as time progresses . The activity, as the second important
DES concept , can be defined as a set of operations whi ch transform the condit ions of
one or more system ent iti es . Condition changes are shown in initial and final stages of
the activity. The process as the third important DES concept represents a series of
s imultaneous, logically connected events describing these phenomena from t hei r
initialisation all the way to the end <Fig. 1) . The modelled systems are dynamic and,
a lmost invariably, stochast ic 151.

Act ivity II :

•
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•

Process ------>. !
•
•
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Figure 1. Relation between event , act ivity and process

For the animation of sys te ms defined in this way, the crea tion of a direct
relation between event concepts, activities and processes, on the one hand, and
cor responding concepts of computer animat ion on the other, is significant ly important.
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The concept of linking graphics with discrete simulation began in the mid­
1970s and became a standard pract ice by the mid· 1980s. Di fferent methodologies in the
use of simulat ion graphics have emerged from the Uni ted States and the UK. The
technique adopted in North America is represented by the usage of high-resolution
colour graphics terminals in order to animate the dynamics of a simulation, but not let
t he user interact with the model while it is runn ing. This approach is often called post­
processing graphics . The method developed in the UK uses graphics to animate a model
as it is running, but also allows the user to interact during the execution of the model,
and is known as visual interactive simulat ion [41 .

There arc basically two types of graphics animat ion used for discrete event
simulation. Both methods are obliged by current graphics hardware technology. The
two basic representational methods can be summarised as 131:

1. Character graphics. Most common micro-computer screens are text -based . Text can
be placed on t he screen at locations defined by a grid of 24 rows by 80 colu mns. The
repeated drawing and erasing of text a t slightly different locations will give the
impression of elements moving. This simple technique can give a surpris ingly
realistic view of a simulat ion model, especially if colour is used to code elements in
the model.

2. High resolution bit-mapped graphics. The technology fo r high-resolution bit­
mapped graphics has been improving dramatically, and becoming increasingly cost­
effective. The display area of the screen is divided into a gr id which usually consists
of 640 rows by 480 columns. The intersection of a row and a column is known as a
pixel, and it can be displayed by one of many different colours.

Lately, vector graphics have become a sta ndard graphics type of animat ion in
the simulat ion of discrete events and as graphics hardware becomes less costly and
more cost -effective it is certain that animation systems for simulat ion will begin to use
three-dimensional models of representation on a routine basis.

3. POST-PROCESSING GRAPHICS

Post -processing animation is one of t he most-used techniques in animati ng
discrete-event models . This approach means that the animator is driven by output from
the simulation logic. A! Fig. 2 shows, simulation model development and picture
development represent two separate exercises 111. The developer or analyst uses a
software tool to design the picture, usually employing a high quality graphics terminal.
In designing the static background, he must select icons to represent the enti ties
(perhaps designing new ones as required ) and position the queues or activities (objects)
in the picture'. The simulation program is written as if there wen' no visual outputs.
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FiJ!url! 2 , Interaction between developer and an imator in
post -processing animation

When the simu la t ion runs , it produces formatted ou tput whi ch is decoded by
the a nimator. The output produced by the running s imulat ion. coupled with the
information for the sepa ra te ly designed display. enables the animator to identify the
position of the object on the sc reen and move the icon representing the entity from one
place to the other .

This approac h has so me advantages that can be summarised as :

• Post -processing allows full exploitat ion of the processing power and graphics
hardware, maximisin g the performance.

• It allows animations to run on a computer other than the one used to run
simula t ion.

• Post -processing allows more detailed study of long-term sys tem behaviour t hrough
rapid animation exec ut ion. and fast-forwarding.

• Finally, and perhaps more importantly, an imat ions can be based on models
developed using a wide variety of simulati on softwa re - or eve n usi ng a non ­
s imula tion progr amming language or other software environme nt .

4. EXAM PLE

In discrete-event simu la tion, a computer animation IS mostly applied to
ohserve the dyn amics of the following systems:

• Transportat ion means in industries
• Massive transportation means in cities
• Highway transportation
• Flexible manufacturing system
• Distribution cent re
• Just-In -rime mnnufactunng
• Computer operating system performance
• La rge scale on-line compu terised transaction processing etc .
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An example shall be discussed here of us ing animation in the simulation of
production processes in wood industries concern ing to the production of laminated
wood rafters which are products in modern building.

4.1 Description of a real system

The laminated wood production process consists of a ser ies of operations
related tec hno logical ly and in time which create a final product (laminated wood rafter)
out of the initial raw material . The basic technology creati ng the simulation model
includes the following operations (6):

1. delivering of raw materials
2. cutting, machine processing
3. ripping, machine processing
4. nibbling, machine processi ng
5. creating the lam inated wood rafter , craftsmen hand-work

4.2 Implementation on simulation language GPSSIH

For the above described system, a simulation model was developed and
implemented in GPSSfH simulation language which was consequently enlarged by
correspondi ng commands - macro definitions <Fig. 3.a) and macro calls (Fig. 3.b) thus
enabling t he creation of a special data file which is necessary for model animation.

When the simulation is run, GPSSIH gene rates a data file wit h an ATF
extension used by the animation software, in t his case the PROOF Animation .

4.3 Animation with PROOF Animation software

Proof Animation is a family of general purpose systems animation software for
IBM PC AT or compatible computers . It is a vecto r-based. file-driven, and post­
processing animation system 17) which consists of:

• A CAD-like drawing capability for creating layouts and defining shapes and paths.
• A set of animation commands and the ability to process programme-generated

sequences of these commands.
• A set of presentation commands and the ability to process hand-tailored sequences

of these commands.

Proof animation does not attempt to create photoreal istic seque nces or frame­
by-frame effects. It is used to create a precisely described. smoothly moving description
of a complex system whose states are constantly chan ging.

Proof Animation is independent of any specific simulat ion or programming
language and it s open command set allows a wide variety of software to be used.
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•
• Proof Animation Macro Definitions
•
PUTTIME STARTMACRO

TEST NEACI ,&ATITIME,' +3
BPUTPIC FILE~ATF,(ACI )

TIME •.•
BLET &ATITIME=ACI
ENDMACRO

•
CREATE START~lACRO

PUTTIME ~lACRO

BPUTPIC FILE~ATF,(#B)

Create #A ·
ENDMACRO

•
DESTROY STARTMACRO
PUTTIME ~lACRO

BPUTPI C FILE~ATF,(#A)

Destroy"
ENDMACRO

•
PLACEON STARTMACRO
PUTTIME MACRO

BPUTPIC FILE~ATF,(#A)

Place· On #B
ENDMACRO

(al

CREATE MACRO daskal,XlDl
PLACEON MACRO XlDI,CP5/

BLET &MFS2=&MFS2·1
WRITE MACRO Mfs2,&MFS2

ADVANCE 3,1
QUEUE RPARAC
SEIZE PARAC

PLACEON MACRO XlDl ,CP6
SETCOLOR MACRO XlDI ,5

DEPART RPARAC
ADVANCE PHtDD)' 2117+3
RELEASE PARAC
BLET &DPAR~&DPAR+ I

PLACEON ~lACRO XlDI ,CP7
ADVANCE 4,1
BLET &MFS3=&MFS3+ I

WRITE ~lACRO Mfs3,&MFS3
DESTROY ~lACRO XlDl

(b)

Figure 3 . Part of the GPSS/H code with corresponding
macro definitions (a) and macro calls (b)

Animation preparation consists of at least two stages:

1. Production of layout for the animation
2. Creation of the run animat ion file

Except the drawing of the layout itself (fixed objects), the production of a layout where
the animation is run cons ists of the creation of all object classes participating in
animation (Fig. 4 ), 88 well as the definition of paths used for the object movements
tFig. 5) . The description of the layout is saved in the layout file.
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Figure 4. Animat ion layou t with fixed objects and paths (Draw mode)

The creation of a data file with a description of the animation run is in most cases the
output from one of the simulat ion languages (in this case GPSS/H) and includes
commands to create and deleting objects, change the places of objects, place objects on
a desired path, etc .

An animation detail from the production process of laminated wood rafters is
presented on t he Fig. 6. The present condit ion of this process can be noted from the
Figure, including the utilisat ion of existing machinery, the condit ions of inter­
operat ional storage, etc. Observi ng the animation as a whole it is possible to follow the
dynamics of the production process now and control the quality of the operation itself.
It is also possible to spot crit ical points in the process as well as values which represent
crucial parameters in t he system's operation.
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Figure 5. Path definitions in the layout file (Path mode)
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Figure 6. An animation detail

5. CONCLUSION

Graphics animation is one of the most efficient ways to present and monit
s imulat ion dynamics. A simulation model observed not only by means of standard
s imulation results, but also visually, becomes more clear, comprehensive and approa-
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chable to eventual users. For analysts it enables a more simplified analysis of the
process and avoiding error. Thus, this method. has become a necessary component of
any significant simulation project. The importance of computer animation in DES can
be measured by the fact that most avai lable software today is supported by a certain set
of com mands which are a direct function of the simulation animation. On the other
hand, some or this software has its own incorporated an imation modules. The
possibil ity or using animat ion in behaviour control in a single production process in
the field or wood processing is described in this paper. For the implementation PROOF
Animation software was chosen and its main characteristics were also described.
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