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Fig. 1 Block diagram of computerised system with CD camera for measurement of surface properties.

Abstract: In this paper, a case-study of the THERMOWET
measurement system control application is condueted
it's software engineering aspects are described.

Keywords: software engineering, measurement systems,
design patterns, analysis and digital images pedcgs

1. INTRODUCTION

The Computer Engineering Department of Technical
University of Lodz with co-operation of Warsaw Ueigity
of Technology and Industrial Electronic Institutelf) in
Warsaw has built a computerized device for the raated
measurement of surface phenomena occurring during o "5
contact of liquid and solid phases [1] (block dagrof the

Fig. 2 Computerised system for the automatic measaments of the

system is shown in Fig. 1, and device’s photo o B). The
system is capable of measuring the surface tensfoa
liquid and the wetting angle of a solid by a liquger a
wide range of temperatures (up to 180D

Both the surface tension and wettability of soliolg
liquid at an elevated temperature are essentiamany

surface tension and the wetting angle of materialsat high

temperatures. (1 — the CCD camera of the vision sigsn; 2 — the
specimen feeding mechanism, 3 — the computer keylidaand mouse
(in a drawer); 4 — the system of electric control ad the system of
technological gas supply; 5 — the computer and prter; 6 — the monitor

enabling the convenient observation of the profilef a specimen to be
made; 7 — the heating chamber of the furnace).

indqstrial_ branch_es: metallurg_y ' _foundry, surface In many metallurgical processes, an important and
engineering, yveldmg,_ glass-making industry, _etdneT ometimes a predominant role is played by the pinena
background information about ~surface tension an(iccurring at the interfaces of the liquid and tbédsstate.

wettability can be found in the fundamental work [2



These phenomena occurs in welding, making of coitpos  camera filter adjustment mechanism.
materials with the participation of the liquid pbasintering  6.The image acquisition module responsible for video

of powders, saturation of porous structures, cgatiefining camera communication using the frame grabber stdnda
of metals to eliminate non-metallic inclusions, riduy or 7.The image-processing library containing algorithmed
processes of crystallisation from the liquid phalaus, the for image segmentation and filtering.

knowledge of physical-chemical processes occurring8.The image analysis library containing algorithmsdis
between a liquid and a solid is a significant tesbgical for physical and chemical parameter calculation

problem. However, it should be stressed that in some operating on images of the specimen.

processes it is important to obtain the best ptesssib  The mutual dependency between the modules is @ebpict
wettability (e.g. technologies of bonding), while others in Fig.3.

interfacial interactions are harmful and shouldebminated
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(e.g. the reaction between a crucible and a charge) Thermowet appiication
This article presents project of new software, WWhic pope— pe———
takes whole control over THERMOWET measuremen << componert >> Serial communication modulel- - - “simage acquisition module

¥ML P rocessor

system. Main project's structural and functional

requirements are oriented to application stabifigxibility, ’“
functionality, separate modules re-usability andghhi '
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2. PROJECT SPECIFICATION

The main requirements set upon the application by .
divided into structural and functional requirements v P ———
The structural requirements specify that the core Mk
functional modules of the application should beeipehdent
of the physical communication media and the
communication protocols used. Moreover, the core
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Database module

functional modules are expected to form encapdilate Fig. 3 THERMOWET system’s module dependencies.

entities, with references to the other ones impfeing the The task/experiment scheduler realizes the coréraon
“uses” relationship of the object-orientation starti The functionality of the application.

latter requirement is legitimate in view of the pibte re- The two out of the seven designed relationships are

usage of the separate modules in other projectscif8p  collaboration relationships rather than implemeatat
modules span the image acquisition and processind, dependencies, reflecting the inner design of theénma
serial port communication. module being dependent on the inner workings of the

The functional requirements specify that the aion  ,rocessing modules with the input/output and ustriace
allows for experiment planning and archiving, astofor  ,odules being separate entities.

dynamic algorithm library linking and conform to eth
MODBQS s_erial communication stz_:mdard. In aqlditidre 4. THE SERIAL COMMUNICATION
application is expected to provide interface appedp for
classes of users having access to the desired ssbpe The serial communication module spans the
functionality reflecting different modes in whichhe functionality specific to serial port communicati@sues as
experiments may be conducted. well as higher abstraction level data formattimyluding

In view of the above mentioned requirements, thdrotocol-specific frame generation. The classedizing
modular structure [3] of the application introdudesage  low-level, binary data transmission collaboratehwihose
acquisition and processing |ibrary modules, seriaresponsible for dEViCG-SDECifiC communication. Thter
communication module, task scheduling and userfage account for being part of an adapter design pattesnides

module. action methods to other modules.
The core entity of the serial communication modisle
3. THE MODULAR STRUCTURE the abstract device driver, reflecting the funcaiity of a

) o ) . ) physical device at logical level. The corresponditass is
The project distributes the desired functionatigtween depicted in Fig.4. The abstract driver uses prdteow

separate modules: .. frame libraries that incorporate the communicastandards
1.The XML processor used as means of description i3 frame communication layer. The abstract deviveed s
storing and loading experiment parameters. _ an analogy to the abstract JDBC (Java Database
2.The task/experiment-scheduling module responsibie f connectivity) database driver. Therefore, the alostbase
task scheduling and experiment planning. . driver class defines the universal functionalitieifiace that
3.The database module responsible for experiment dagil)eciﬁc drivers should implement. Moreover, iipected
storage. ) that there may exist differences between scopes of
4.The graphical user interface module. functionality of drivers controlling different class of

5.The serial communication module responsible for&54 yeyices yet using the same low-level communication
communication with the temperature controller anqibrary.



monitor of the enclosing class. The result strieturevents
overlapping calls to communication methods.

CommDevice

Hdevictiam s Stirg The system-specific communication libraries caiatie
ol ler #accessModeint . . . . .

Tremeontol —— P with the class hierarchies responsible for sindlaracter
I ELCC TN ot transmission and frame-level character bundle fttinga

sovengokan The designed single-character transmission protocol

<< implementation >> :jzzﬂzfgjﬁzizgw)m factory iS depicted in F|96
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Fig.4 The CommDevice class representing the logicadbmmunication
device.

The abstract device driver is expected to be phdn . ThalanTT IR
adapter design pattern, providing collections oticsc I ’ |
methods to other modules. UTF8ConmProtocol [RTUCarmP rotocoll ASClicommPratocol
The serial communication module distributes thepss
of responsibility involving physical device commaoaiion,
bit packing and frame formatting among separatssels,
incorporating the “uses” object-orientation relasbip. Fig.6 The CommProtocolFactory class incorporatingisgle-character

Each entity representing different scope of resilitg is transmission modes.

designed as an abstract base class for specific ) )

implementations. Each abstract base class is delatea The class hierarchy incorporates the two mostuteady
corresponding abstract factory class, resultingpétter re- USed transmission modes in control applicationsCA&nd
usage possibilities and structural dependencies. RTU, and is extensible enough for implementation of

additional modes, such as UTF-8.
The designed frame-level character bundle fornttin

CommLibrary factory is depicted in Fig.7. The class hieraraigorporates
the two most frequently used transmission standands
(porthia me:String, “int): PortHandle 1 1 1 H
e S rvesstioce . control applications, MODBUS and JBUS and is extgas
Eeaamsloot e o) ot enough to incorporate other standards.
+getCi ties(por) u.ﬁm’k.P tHa. ) Co riies
+getCommState (portHa ndle : PortHandle ). CommState
+setComm PawsedportHa ndie:PortHandke paused . boolkean) booka n
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Fig.7 The FrameLayerProtocolFactory class incorportéing frame-level

Fig. 5 The CommLibrary class realizing the physicalmplementation of character bundle formatting standards.

the communication functionality.

The bridge design pattern is used to separatéogieal The abstract class representing the logical
device entities from the system-specific commumcat communication device driver is designed to be iitber
libraries, creating a mutually independent linkviegn the  from to incorporate the possible physical devicesr avhich
structure and the implementation. The libraries arghe communication may be implemented, as depicted i
implemented as subclasses of the main abstraatyilofass, Fig.8.
as depicted in Fig.5. This is justified in viewtb& possible The device factories are introduced for further

re-usage of the abstract driver classes in projacgeting at  extensibility of the solution to different operagisystems.
different host operating system.

Many of the communication methods at logical devic
level are designed to be synchronized using aniémpl
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Fig.8 The SerialCommDevice inheriting from the abstct class
representing the logical communication device drive

5. TASK EXPERIMENT SCHEDULER MODULE

Basic requirement set upon the Experiment Schedule

module is to take over whole control over the Thewnst
measurement system.

Experiment controlling processes consist of twarap
threads, which
device. Functionality of Task Experiment Scheduhedule
is depicted in Fig.9.
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Fig.9 Task Experiment Scheduler functionality.

responsibility concentrates on sdpar

6. CONCLUSION

The use of the bridge and abstract factory desigiems
[4] allows for portable separation between the congmts
realizing the logical and physical functionalitieEhis is
particularly important in design of industry-deded
control applications, an example of which s
THERMOWET. The result solution is highly maintaitab
and flexible enough to possible changes that may be
introduced during further project development. émtjgular,
the benefits of this approach are indicated indasign of
the serial communication module.
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The use of separate therm controller's thread was

dictated by therm controller’s tendency to over tominthe
setpoint temperature. This solution gives the Bhbitio
modify linear temperature growth or change the datp
temperature of current program segment.

Online specimen’s image analysis affords possjbittit
change infrared filter automatically,
brightness became to high to differ it from feeddable.

when specifmen

Appropriate choice of infrared filter is extremely
important for precise surface tension and wettgbili
calculations.



