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Abstract. This article analyzes graphical methods for desmengineering system. The crea-
tion tasks of the house heating automated desigtersyare solved with Unified Modeling
Language. Graphical system can select types oft@di and valves, design pipes and specifi-
cation. It discerns objects-classes: radiator, ejapipe and specification, which have some
properties and methods that ease programmer’s Wtrdk.program selects geometry parame-
ters of radiators from radiators database by usictiveX Data Objects technology, which by
programming method connects drawing and databasevily's graphical objects have addi-
tional data from which exchange of data betweemplgcal system and database is executed.
The program, knowing radiators’ and pipes’ geomedigsigns house heating system. Design
system and example of the house heating projeqirasented. Graphical methods of the house
heating automated design system are discussedantlisions are made.

Keywords: Object-oriented programming, house heating desigmfieédl Modeling
Language, Visual Basic for Application programmiagguage.

1 Introduction

Unified Modeling Language (UML) is still being adwaed today. It evolves theoreti-
cal fundamentals and creates programming systenaufomation modeling process. Model-
ing language UML is used for designing varied paogs and systems [1, 2]. Projects of house
design are presented by modeling language UML impfged with Computer Aided Design
(CAD) systems [3, 4].

Now we can use object-oriented programming langiéageal Basic for Applications
(VBA), working in the graphical system AutoCAD ersmment. Various CAD systems use
VBA language for solving data analysis and prepamah geographic information system [5],
to design programs for input data access, textubutata generation, and output map creation
[6], the ray tracing procedure [7], generated paogg can be used to perform automatically
the drawing work of 3D modeling of gears via theges of instruction commands form
SolidWorks software [8], an environmental changesleh is applied within a geo-referenced
database of the selected region [9].

This article analyzes graphical methods of the bdwesating automated design system.

2 Modeling of systems objects

Collaboration diagram describes collection of otgewhich in special situations work
as united ensemble. The diagram presents ensermstdéits (connections that link objects) and
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actions (sending messages). It accents the stegen#ble structure. The messages in collabo-
ration diagrams are numbered for showing the sgnalider. Collaboration diagram describes
particular situation and is useful to present dibjecrange analysis results, but is limited be-
cause we can show few messages in the diagram.

In this collaboration diagram (Fig. 1) user corgralform from which it begins to de-
sign the house heating systehimen the system automatically finds fund-requiradiators in
the database and draws the heating devices. Alter the system automatically finds fund-
required pipes and valves in the database and dtewgipes and valves. Finally, the system
automatically designs the house heating systemspidtification and draws it.

1:Control
User .
4:Connection
———

Form Radiator : Database
- = e 5:Find E—
TFror 3:Design
13:(.‘01111ectiy’/ |
13 Find 8:Connection
15 Design 6:Draw Valve
!
ilhy \{lesign 9:Find
16 Draw 7:Design
Specification Drawing Pipe
10 Draw

Fig. 1: Automated house heating design systemtomiéion diagram

The collaboration diagram presents the overall mehef all objects belonging to en-
semble and their functions. It is possible that albtobjects shown up in the collaboration
diagram are going to end up in the final classcsétme. Designer can change some objects to
other class properties or define additional methods

3 Class objects of a house heating drawing

The class diagram presents system’s static steiclire house heating system in the
drawing is composed from aggregation links conrteatiasses: radiator, valve, pipe and
specification (Fig. 2). All messages from collalimma diagram example for the object’s ra-
diator (design, connect, find, draw) are preseraedlass operations. Object-oriented pro-
gramming greatly facilitates a programmer’s workdese tasks are divided, as you can see
from Figure 2, into four parts; and from Figure duycan see these parts’ dynamic links,
which we need to embody into the program.

Let’s create class radiator from object radiatothie class diagram. All operations (de-
signing, connect up, finding, drawing) are progragdnas class procedures. In this way, class
procedures become class methods, common varialoless-properties [10].
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Other procedures such as building envelope appi@tiand heat waste calculation
system have formed a database table with ratechdigrower of each room of a house. Then
we make the following operations: first, by programg method we connect to the radiators
database. Secondly, we automatically find useftdne in the database. Thirdly, according to
that information we design radiator. Finally, wendrthe designed object and analogically,
valve and pipe classes are created.

Specification

Drawing

Spec_designing ()
Spec_drawing ()

SN T

Radiator Valve Pipe
Connect Connect3 Connect2
Designing () Valve_designing () Pipe_designing ()
Connectup () Valve_connectup () Pipe_connectup ()
Finding () Valve_finding () Pipe_finding ()
Drawing () Valve_drawing () Pipe_testing ()

Pipe_drawing ()

Fig. 2: Class objects of a house heating systeasidg

Modern programming database control technology ¢ivA&X Data Objects (ADO)
[11]. An example of procedure with varialdennectcan read a concrete recost from the
databaséHeating.mdb” table"Radiators"(Fig. 3).

R

No Name Length Height | Power ||
| 15 De Longhi 21-18 700 00 177
| 20 De Longhi 21-14 500 500 1178
| 21 De Longhi 21-27 400 400 1254
| 22 De Longhi 21-23 200 S00 1346
| 23 De Longhi 21-18 Fo0 500 1374
| 24 De Longhi 21-10 S00 300 1374
| 25 De Longhi 21-32 1000 400 1393
| 26 De Longhi 21-28 200 S00 15814
| 27 De Longhi 21-24 200 500 15870
| 28 De Longhi 21-15 G001 900 1643
| 29 De Longhi 21-33 1000 400 1602
30 De Longhi 21-28 200 00 1767

Fig. 3: Database table radiators

We automatically find useful record in the databaséd according to that information
we design radiator in the room. We quarry for powokradiator that is not less than the one
presented in the procedure fragment:

Public Sub Finding(rec, pow) (2)
rec.MoveFirst (2)
rec.Find "[Power]>=" & pow (3)
End Sub 4)

We will study information about drawing in Drawirdgterchange Format (DXF), a
format which occurs in many graphical systems. Boéel data are grouped by registered ap-
plication name. Each registered application’s grbagins with a 1001 group code with the
application name as the string value. The grouppsdd00 through 1071 describe extended
data. We can append additional data, which are daxteended data, to the graphical entities.
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Knowing DXF file structure and codes, we can crgatggramming methods for creating ele-

ments’ specifications in the drawing [12].

241 (41 0.1

25] (42 . 0.0)

2] (10 100.0 50.0)
27] (40 0.1)

28] (41 . 0.1

29] (42 . 0.0)

300 (10 100.0 0.0)
31] (40 0.1)

321 (41 0.1)

33] (42 . 0.0)

34] (2100.00.01.0
[35] -3 ["Rradiator” (1000 . "De Longhi 21-28"] (1040 . 900.0) (1040 . 500.0) (1040, 1514.00)

Fig. 4: Drawing Interchange Format

The next procedure is drawing graphical objectrddiator with recordec from the
database of graphical object parameters and cgetiien extended data of new graphical ob-
ject. Information is named ‘Radiator’. There areirf@xtended data name of object, length,
height and power of the radiator. Names and vatteshed with codes “1000” and “1040”:

The next procedure selects graphical objects witerneled data in the drawing and
form specification of graphical objects [13].

4 Example. Automated design system of the house lieg

An engineer frequently designs the house heatistesy. This work is done faster if
special programming procedures for calculating @edalizing graphical objects are used. In
the presented automated design system of the Hmateng a user writes to programs form
information about house. Program’s control buildemyelope appreciation and procedure re-
sults for heat wastes calculation shown in FigurBrbgram’s procedure results for designing
house heating systems drawing are shown in Figure 6

[ Project data  Quattet ——————————— — Rated heat wastes Fram all envelopes
B Yirkuligkiy 77 ity
= " ety [ vinius = & quarter level From envelopes: 504 W
From heat bridges: 536 W
Hause purpose: Dwelling-house __.z Morthward: I 0,27 " House level
Total: 1040 W
Starey:
— Construction data Envelope data "
r— Rated heat wastes concern ventilation
2 Fisfitame
Murnber of storeys: 2 External wall: 510 i Forced ventilation: L4 W
Outside air infiltration: 296 W
Is basement: Yes Inkernal wall: 250 i
’ Identify: Total: 470 W
Basement floor: 280 i ki
Basement height: 2100 T - 320 101
(e L T Heating systems pover
Floor-to-floor height: | 2700 mm Roof: 160 i 104 ’7 i
[ oK ] Calculote |
Heat release coefficients and inertias x|
Envelope Thickness Heat release coefficient Heat inettia
Wik
External wall 0,51 | 0,361 | 5,22
Internal wall 0,25 0,3
Basement Floor: 0,28 I 0,215 I 14,04
Floor: 0,32 0,611
Roof: 0,16 | 0,202 | 6,02
" [ [0
- [ 120 =
Change data |

Fig. 5: Main menu and house information, the buaddénvelope appreciation and heat wastes
calculation
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Fig. 6: A part of a house heating systems drawing

5 Conclusions

Graphicalmethods of the house heatirgutomated design system:

The system is modeled by UML. Presented projectvshgystem’s object classes and
their methods and properties.

Object-oriented programming language, which diyeatlows to implemented UML
project, is used for designing the graphical systBneaking down the system into classes
with specific properties and methods allows writiagprogram with individual modules,
which simplifies and clarifies programmer’s work.

Designing systems’ connection with databases igsszry. Engineering objects are
selected from objects’ assortment tables. Suclesatdn easily be written to the database ta-
bles and the program automatically finds the rjgdrameters of graphical element.

Extended data with object’s actual informationtiaehed to the drawing graphical ob-
jects. That makes it easy to form specificationgtie drawing’s objects.

A graphical environment and a working programmiagguage in this environment
are required for design of such systems. For exampsual Basic for Application program-
ming language works with the AutoCAD environment.

Four graphical objects are defined: radiator, vapipe and specification. The radia-
tors, pipes and valves are selected from the ds¢abad while drawing them the extended
data with object’s actual information is appended.
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METODY GRAFICZNE W PROJEKTOWANIU SYSTEMU OGRZE-

WANIA DOMU

W artykule dokonano analizy graficznych metodzymerskich systeméw projektowania.
Zadania tworzenia automatycznego systemu projekt@na@grzewania domu rozggywane g

z pomoa Unified Modeling Language. System graficznyzmovybr& typy grzejnikéw i za-
wordw, rur i specyfikacje projektu. Rozmiia obiekty-klasy: chtodnicy, zawory, rury i speeyf
kacji, ktére mai pewne whciwosci i metody, ktére utatwiaj programécie prag¢. Program
wybiera parametry geometrii grzejniki z bazy danygizejnikbw za pomag technologii
ActiveX Data Objects, ktére metodami programistyemntaczy z rysunkami. Graficzne
obiekty rysunkowe majdodatkowe dane, z pompktoérych wykonywana jest wymiana danych
pomiedzy systemem graficznym i bazlanych. Program, zrgj geometi grzejnikow i rur,
automatycznie projektuje ogrzewanie doméw. Systeojegtowania i przyktad projektu ogr-
zewania domu zostaly przedstawione w pracy w kdotekgraficznych metod zautomaty-
zowanego systemu projektowania.



