UDC 621
TADEUSZ CZYZEWSKI

Cracow University of Technology

INTERACTIVE VISUALIZATION OF WORKING MOVEMENTS
IN PRO/ENGINEER SYSTEM

CAD 3d cucmemu 6yau cmeopeHi 0415 noainweHHs1 KoHcmpykyitll. Ilpome 6oHu 3'a8a5110mbcst dysce KOPUCHUM 05
sidepcmea pisHUX cumyatorwvux docaidxceHsv [ eizyanizayii npodykmy. Bisyasizayis mosxce npusodumucsi do yinell, wo
npedcmasasatomucs, ane 8 0essKOMy psdy Moje makKoxic CAyicumu, wob ynpasasamu abo ye modxce 6ymu esemeHm 0idzHOCMUKU.
Y emammi 6ya0 onucaxo sukopucmanus cucmemu CAD & memi gi3yaaizayii pyxy MexaHizmie mawuH 8 yac npubausHe do liozo
peasbHo20 Hacy pyxy. Tak sampumyi 8 npedcmasaeHHi pyxy dogedemuvcs 6ymu make mase, Wo ye Hadaa0 6 npasuabHy OYIHKY
DYXy MexaHisMy 014 onepamopd, KUl KOHmMpooe tio2o pobomy. Peanizayia Ybozo ys84eHHA 0451 MAWUHHO20 YCMAMKY8AHHS,
siKe pyxu y pasi nHeemamuyHoi i zidpasaiuHoi i30u eidHOCHO weudki, He Modxcaua docsizmu 3a AONOMO20H0 38UYALIHUX KOMAHO
360pie a6o HamxHeHHA pyXxy. Y npedcmagaeHomy nanepi 6y8 3anponoHo8aHUll, NUWYYU 8AACHY NPO2paMy, IKA BUKOPUCMOBYE
Mampu4Hi nepemeopeHHs 04 3amiHu nos3uyii. Y npozpamHomy 3abe3neveHHi, wjo 6ydyemoucs, 6y8 6UKOPUCMOBY8AHUM
omoueHHsiM Pro/inscenep 3 6i6aiomekoio Pro/nakem po3pobHuka 1 C++ Moot npoepamysaHHs. Ha npukaadi eubparozo
MeXAaHi3My 6yAuU npedcmas/ieHUMU HACMYNHUMU KpOKAMU peaaizayii npoyecy eisyasaizayii, sik Hanpukaad: 6ydyroyucs
dodamky, sikull eukopucmogye 6ibaiomeky Pro/nakem po3po6Huka, nidzomosky daHux 8xi0HUX daHux npozpam, 8UKOHAHHS
icmomHo20 Mamemamu4Ho20 nepemeopeHHs i 1l020 BUKOHAHHA 8 npoepami. Byau makosc anpokcumosaui npobaemu 3'edHABCSA
3 BUKOHAHHAM Memody | BUCHOBKAMU, sIKI 8106y8a.ucs nicast nonepedHix aHasisis.

CAD 3D systems was mainly made to improve record construction. However they appear very useful for leadership of
different simulating researches and visualization of product. Visualization can be led in presentational purposes but in some
range can also serve to control or it can be element of diagnostics. In lecture was described making use of CAD system in
visualization purpose of machines mechanisms movement in time approximate to its real movement time. So delay in movement
presentation has to be such small, that it would give correct evaluation of mechanism movement for operator which is
supervising its work. Realization of that presentation for machinery, which movements in case of pneumatic and hydraulic drives
are relatively fast, isn’t possible to accomplish with help of ordinary commands of assembly or motion animation. In presented
paper was proposed writing the own program, which uses matrix transformations for position changing. In software building
was used Pro/Engineer environment with Pro/Toolkit library and C++ programming language. On example of chosen
mechanism were presented next steps of realization of visualization process, such as: building of application which is using
Pro/Toolkit library, program input data preparation, execution of essential mathematical transformation and its
implementation in program. There were also approximated problems connected with method implementation and conclusions
that were occurred after preliminary analyses.

1 Introduction

Reliability is a very important parameter of each industrial machine. Frequently when the machine works in
different conditions some of it’s mechanisms could brake-down and damage. Therefore it is significant that work of
such machine will be constantly control. When defect occurs the control system informs about that machine operator,
and after that repair actions take place. This kind of approach minimize time in which machine couldn’t execute of
specified work so it’s productivity increases. One of main components of such control system, beyond series of sensors
which measure machine’s work parameters, is work visualization system. Visualization system for perform it’s task,
must realize virtual motion of machine in the same time when machine moves or time close to machine movement time.
Visualization of machine work could be done in many ways, however the best solution for that purpose is using of
machine virtual model constructed in CAD system. Three-dimensional model could be used for precise presentation of
even most complex work movements of particular mechanisms.

This lecture presents visualization method which uses Pro/Engineer CAD system and virtual model of
machine. In purpose of method realization was written an application supported by Pro/Toolkit library. Application
calculates suitable matrix transformations of virtual model during simulation of machine work movements and finally
realize machine virtual movement. All operations are executed in real time.

2 Softwar e communication with Pro/Engineer system

Creation of client application, which makes a request from CAD system (which performs server part) to
execute some operations in system, is connected with usage of suitable for that system application programming
interface. In Pro/Engineer environment the basic application programming interface stands Pro/Toolkit. 1t is pack of
tools delivering for a programmer huge function library written in C language, which enables safe and controlled access
to Pro/Engineer. Computer program which uses Pro/Toolkit library could work in two modes:
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Fig. 1. Definition of system variable
3 Visualization of work movements
In presented algorithm, visualization of work movements is realize in two steps: first includes determining
suitable matrix transformations for each assembly component, second enclose process of component visualization after
transformation it’s position and orientation. For calculate matrix transformations, it is necessary to prepare suitable
input data set, which contains initial position matrices of each assembly component. This data set is directly prepared in
Pro/Engineer system after creation of drives for particular mechanism of machine.

3.1 Preparation of input data set for application

Input data, which are used by application for calculation of suitable matrix transformations, are generate with
the aid of Animation module of Pro/Engineer system. For generate such data, it is necessary to pass into Animation
mode by choosing suitable position from menu Applications (fig. 2a), next create essential drives and conduct
simulation of machine work. Building of drives was presented on fig. 2b. In that purpose it is needful to pointing
kinematic connection, to which in real machine is applied drive and describing character of input function. When all of
drives are create then it is possible to conduct a simulation separately for each of drives. Particular simulations proceed
in whole range of movement for a given drive. Export of input data, which are used by external application, was
presented on fig. 3. For generate suitable data set for chosen drive, it is necessary to conduct movement simulation by
pressing Start the animation button (1). When the simulation finish it is possible to write generated data to text file
placed on computer hard drive. Exporting data is done by pressing Export the animation button (2). Structure of file, in
which data are store was shown on fig. 3 in window mark by number (3). As we can see stored data include information
about following frames of machine movement animation. Single frame includes set of matrices which contains
information about position and orientation of each assembly component. Number of frames and animation time is
determined by parameters of input function which initiate the movement and is defined during drive creation process.
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Fig. 2a. Starting Animation module Fig. 2b. Creation of drive
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Fig. 3. Export of input data

3.2 Processing input data

Application input date are divided into suitable sets and store in separate files. Single input data file contains
information about position and orientation of each assembly component in whole range of movement come from only
one specific drive. Amount of files which contains input data sets equals number of machine drives. For assign position
and orientation of each assembly component, which arise from complex movement produced by working of all machine
drives, it is necessary to calculate some matrix transformations. Algorithm which enables determining of that
transformations was presented on fig. 4.
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Fig. 4: Calculation of matrix transformations

3.3 Viewing movement animation

When the transformation matrices for each assembly component was determined that it is possible to create
animation frames and view complex machine movement. Animation could be create in two ways. First require to collect
all frames included in animation and view it by special panel, which enables to control animation process. Second
enables to create and view only one chosen specific animation frame. In described method was used second way so the
interactivity of visualization process was acquired. Thus first step during movement animation viewing is creation
suitable animation frames. The algorithm of it’s creation was described on fig. 5.

Next step after animation frame creation is suitable viewing of it. This is realize by calling Pro/Toolkit
function called ProSingleAnimationPlay. Algorithm of viewing movement animation was presented on fig. 6.
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Fig. 6. Viewing of animation frame

Final effect of visualization mechanism performance illustrates fig. 7. In right bottom corner of figure is placed
external application, which realize machine motion. Always after setting drive in specific position, which is realized by

setting position one of three sliders, is generated complex motion of machine. User is observing that motion in
animation form, which is realize in real-time.
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Fig. 7. Visualization mechanism during work

4 Summary and conclusions

In assumption, motion visualization algorithm should be interactive and realized in real-time. Therefore
calculations of matrix transformations must be done in possibly shortest time. Most time-consuming are calculations
connected with determining reverse matrices. So applying most efficient algorithm, which will be realize that
transformation, enables to view movement animation in real-time. External application, which was written in purpose of
testing proposed visualization method, determine inverse matrices by using Gauss-Jordan method. It is very effective
because isn’t necessary to calculate matrices determinants or create algebraic complement matrix, which considerable
reduce number of mathematical transformations lead up to matrix inversion. It is also very important to match optimal
number of movement simulation steps during input data generation. Enlargement number of steps leads to increase
accuracy of machine motion representation in CAD system but simultaneously increases number of generated matrices,
which could cause substantial decrease of algorithm capacity.
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