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An Object-Oriented Model of Measurement Systems
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Abstract—This paper presents a general object-oriented model
for measurement systems. The limitations of the conventional g, Sermar! Sigaal Trals Dt
function-oriented models are examined in the light of the gen- Traued P —
eralized concept of measurement and its theoretical framework

proposed previously by the authors. The proposed model iden- Fig. 1. Functional representation of a measurement system.
tifies five classes of objects, i.e., measured object, measuring

instrument, reference standard, human observer, and operating
environment. Each is characterized by its own attributes and symbolic representation directly into knowledge: measured
operations or functions at three levels, i.e., internal, operational, properties= symbolic data= knowledge, where the acquired

and environmental. The interactions between them are also mod- .
eled, including the coupling between the measured object and knowledge may be low-level facts (e.g., the magnitudes of

the measuring instrument, the human—instrument interface, the measurands), or in a structural or relational form (e.g., empir-

calibration, and the interference. It serves as both a modeling ical models). The former is essentially the conventional result

framework and a practical tool for description, analysis and of measurement.

dfesign, and, in partticulalrt, fq:lc;prgputelr-ait(jed a_nqus;is and ?vetsign This paper will discuss the modeling of measurement sys-

of a measuring system. It will find applications in instrumentation . . : .

engineering agndymeasurement reszgrch and education. tems, in partlcular,_an ob!ect-orl_ented mode_l of me_asurement
systems. But the discussions will be made in the light of the

) lnéjlc_ax Tern:jsTMeasbqrertner)t sfi?jncelt rzm(ejasurerpent syslter_n datdageneralized knowledge-driven concept of measurement and its
analing, modeling, object-oriented metnods, system analysIs an Conceptual framework [1]

design, virtual instrumentation.

Il. CONVENTIONAL MODELS AND THEIR LIMITATIONS
I. INTRODUCTION

EASUREMENT systems may be modeled using Var__Tradltlo_nally, measurem_ent systems are usually modeled
. . . %nth functional representations. The architecture of these rep-
lous representation schemes at different levels of a sentations typically consists of three basic stages, the input

straction, e.g., linguistic, graphical, and mathematical. A ypically ges, P

an abstraction of some measurement system, a model osiRae including a sensor or transducer, the signal processing
. - L stage, and the output stage, each of them represented as
captures the essential system characteristics, with irrelevan . oo
nput—output functional blocks or elements, as shown in Fig. 1.

details omitted to reduce the syst_em complexity. A vyel_'- Functional representations are well established. This kind
developed model does not only function as a useful descriptio . . e
Fmodel is often used as the basis for the classification

of a measurement system, it also greatly facilitates its an measuring instruments. Thev are verv useful for studvin
ysis and design. Modeling has played an increasing rol 9 ' y y ying

in instrumentation and measurement systems, especiaIIyS? tic and dynamic characteristics through transfer functions

: -~.of each element. They can also be computer-based models,
complicated measurement systems and, more recently, virttal

instrumentation. using conventional functional programming languages.

A model is inevitably limited by the explicit and/or implicit, ©0mmon to the modeling in various problem domains,

assumptions made in its design and use. While the expl rlzte intrinsic limitations of a functional model arise from its

assumptions are usually justified to reduce the system co. w level of abstracju'on. Its reusuablllt.y IS Very poor as It
. . . . 1S intended for specific systems. Despite of the wide use of
plexity, the implicit assumptions often reflect an underlyin

- . o gtructural or modular design concept, it is rather inflexible
conceptual framework and originate franpriori propositions

about measurement systems. Practical difficulties will ofteannd often difficult to modify. The size of this kind of model,

arise if its underlying theoretical framework is inadequate Oerspeually a computer-based one, often increases exponentially

flawed. with complexity.

in [1], in the epistemological context of measurement. P ' €Y 9 P P

. o measurement system, e.g., the coupling interactions between
generalized concept of measurement based upon a “knowledge

pyramid” was also proposed in [1], i.e., measurement trange instrument and the measured object, although work has

. ; : recently been reported to extend these models [2]-[3]. As
forms the measured properties or attributes through interhal <Y ' rep . . . [21-[3]
originated mainly from control engineering, functional models
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widely used, and the distinctiveness of measurement science
has been seriously obscured. This is probably one of the most
important reasons why measurement science has attracted little
theoretical interests, compared with control engineering.

I1l. OBJECTORIENTED MODEL OF A MEASUREMENT SYSTEM

A. Object-Oriented Methods

The object-oriented approach views a system as a collec-
tion of discrete objects that contain both data structure and
behavior. The data structures and behavior or operations of an
object are defined by a class. An object is an instance of a
class. Objects can interact with other objects.

The history of object-oriented methods is closely associated
with computer programming. The use of object-orientation first
appeared in the development of a discrete event simulation
language (Simula) in Norway 30 years ago [5]. As they began
to mature in the late 1980'’s, object-oriented methods shifted to
other areas, e.g., system analysis and design. Indeed, they hﬁ?@}(@. Architecture of an object-oriented model for measurement systems.
become a general modeling approach in the past ten years [6].

The power of the object-oriented approach lies largely in its
closeness to the natural view of the real-world. By raising t]

6r measurement systems, which may become a practical

level of abstraction from the function-level to the object-leve vol to solve the problems with the existing function-oriented

it focuses on the real-world aspects of a system and provi [1%8 dels
a better model of the problem space. Its consistency with the )

real-world also provides a unifying platform for all the relate Shown in Fig. 2 is the architecture of an object-oriented
W provide unitying p'a . gnodel for measurement systems. It captures the important
activities, e.g., analysis, design, and implementation.

. o : : rehations in a measurement system and embraces five objects
The essential characteristics of the object-oriented approaog subsystems, i.e., measured object, measuring instrument

ir!clude_inform_ation hiding or encapsulation, inheritance_, afliman observer referencing standard, and operating envi-
piecewise refmement._ Objects encapsulate both the'r.d%ﬁment. The model represents a measurement system at
structures and operations and they thus work at a h'g}ﬁfee levels internal (measuring instrument), operational and

level of abstraction. This makes the object-oriented modg vironmental. The measurement can be affected by all the
more stable than the convectional functional model becauﬁ\?

the chan in rations or functions are d led and re subsystems and their interactions, with the measuring
€ changes in operations or functions are decoupled and @i ment as the core of the model. The model allows for the
localized within objects.

: . . systematic study of the objects or subsystems in a measuring
The inheritance comes from the class hierarchy structure,slgzstem and their interrelations.

which a class can have its own data structure and operatio Although the model architecture has revealed important

and can also m.h.em them fror.n. 'FS p'aren.t cIass(e;). .Althou%gpects of a measurement system, it is necessary to refine it in
the concept originated in artificial intelligence, its mherenr%‘Iore detail. The object model shown in Fig. 3 gives further

existence in class hierarchy structure is unique with the objea tails about the relations between the five classes of objects
oriented approach. The reusability of similar objects is one o

. - 4 . N a measurement system. Notations used here are based on
the most important benefits of object-oriented methods. y

The feature of piecewise refinement results from the obje Rumbaughtet al. [6]. A class is represented by a box with

. ) . . . . ree regions, the top region is the class name, the middle
orientation and, in particular, its separated external and mter%l 9 b reg

: : : : . : e represents the list of attributes, the bottom one the list of
views of an object. Together with encapsulation, it provides P

a powerful mechanism to achieve high productivity googperationfs. For sirr_1plicity the lists of attribuFes a_nd o.perations
maintainability, system integrity, and reliability ’ re not given in Fig. 3 (some _examples given in Figs. 4_6).'
’ ' ' The associations between object classes are modeled using

multiplicity symbols. A solid ball is for “many,” meaning zero
or more; a hollow ball for “optional,” meaning zero or one;

Although there is much literature regarding object-orienteal line without multiplicity symbols represents a one-to-one
methods, it is nontrivial to develop a sound object-orienteabsociation unless otherwise specified (e.g:).1
model for measurement systems. This is partly because th®ue to their importance, four associations have been mod-
object-oriented methods have been strongly influenced bled as four classes in Fig. 3, namely, the coupling between
computer programming, which has often obscured the natuhe measured object and the measuring instrument, the hu-
of the approach, and it is partly also because of lacking a soumdn—instrument interface, the interface and the calibration.
conceptual framework in measurement science, as discus8edassociation class is represented as a box attached to the
above. The authors have developed an object-oriented moagdociation by a loop.

B. Object-Oriented Model of a Measurement System
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Fig. 4. Object model of a measuring instrument.
Fig. 6. Object model of the measured object.

Itis clear from the model that the operating space of ﬂ}gmporally. This indicates that many practical measurement

measurement system is not only determined by measurin . . o o
instrument, but also by the object instances of the four assgt%f%blems are inadequately defined and specified. This is par
i
t

. A ._ficularly true if the measured object is modeled according to
ation classes. It has highlighted problems such as the vali : S
- e generalized concept of measurement, as shown in Fig. 6,
and boundary conditions of a measurement [4]. ) Lo
S where the relational knowledge about the measured object is
Of course, each object in the model can be further broken
usually the purpose of a measurement.

down to more detailed objects according to piecewise reflne-Other classes in Fig. 3 can be modeled using similar tech-

ment. For example, the measuring instrument object is further . ; .
. . . : . nigues. Together with Fig. 3, they represent the object model

modeled in Fig. 4, in which a small diamond is drawn at the " .
of a measurement system. An object-oriented model also deals

assembly end of an aggregation relationship. A triangle is use . .

7 . . . ; . Ith functional and dynamic aspects of a measurement system
for specialization or inheritance relationship, with the pare . . .

! . . They are compatible with the conventional concept of
class connected to the apex of the triangle and the child cl 5]5 . :
) . measurement, and an object-oriented model has thus accom-

to the base of the triangle. The knowledge extraction class : ;
S ) . . deated conventional functional models.
is introduced in accordance with the generalized concept 0
measurement.

The coupling between the measured object and the mé%-
suring instrument has often been neglected in traditionalAs an instance of an object-oriented model class, the pro-
models and may be modeled as shown in Fig. 5. Althougtosed model will inherit the benefits of object orientation.
looking familiar, loading and sampling, the latter in particulaiThese include a higher level of abstraction, good reusability,
have profound implications in a measurement system. Allgh productivity, good maintainability, system integrity, and

measurands go through a natural sampling, both spatially aetlability.

ADVANTAGES AND L IMITATIONS OF THE PROPOSEDM ODEL
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The proposed model is suitable for both simple and compteristics in a wider view. Its inherent consistency with the
cated measurement systems. In fact, it is capable of modelkigpwledge-oriented measurement concept has the potential
networked or distributed measurement systems. As indicatedsolve the problems associated with traditional function-
in Fig. 3, the model generally supports multiple measurimyiented models. It will provide a more satisfactory solution
instruments, multiple measured objects, or human observets. the modeling of a measurement system.

With the encapsulation (or information hiding) and a higher With the model as both a conceptual framework and a prac-
level of abstraction, the model is closer to the nature view ti€al tool, its applications include classification and systematic
the real-world and has highlighted the knowledge extraction ofganization of measuring devices; description, analysis, de-
a measurement system. The proposed model is thus inheresifyn and performance evaluation of measurement systems; and

consistent with the generalized concept of measurement, wheirtual instrumentation.

the knowledge about the real-world is the ultimate purpose of
any measurement.

The model reusability is a very important feature of an
object-oriented modeling. Obviously, the potential reusabilit
relies upon the availability of a library of previously developed
objects or classes. Thus, the benefit may not be very clear ki
the early stage of the object-oriented modeling as only a small
number of components have become available. Also difficult{s]
may arises from the standardization for the use of these
objects [7]. The specification of an object-oriented componerjt]
is usually more complicated than functional procedures.

1

(5]

It should be pointed out that there is no unique implementas]
tion using an object-oriented approach. The actual model as an
abstraction of a practical measurement system varies accordifyg
to the purpose of the modeling and the understanding of system
characteristics.

Serving as both a framework and a practical tool, the pro-
posed model will certainly find applications in instrumentation

V. APPLICATIONS

engineering, and measurement research and education. As a

framework, it has integrated various aspects of a measure
system. It also helps to identify and highlight the critic
aspects of a measurement system.

As a practical tool, it can be used for the classification a
systematic organization of measuring devices or systems,
in the development of a relational database of measurem
systems. The model also potentially allows for the evaluati
of the performance of a measurement system. It will
generally useful in the description, analysis, and design o
measuring instrument or system.

As object-oriented methods are closely related to the soft-
ware development, the proposed model can be readily applied
to virtual instrumentation, where its use may be further ex-
tended to the full life-cycle of a virtual system including
system implementation and maintenance. The model will al
be applicable in networked or distributed virtual measureme
systems, e.g., through the Internet and the World Wide We

VI.

An object-oriented model for measurement systems
been discussed in connection with the generalized conc
of measurement [1]. The proposed model has the advanta
of an object-oriented method. In addition, in the modeling

CONCLUSIONS

ulaacturing metrology,
papers on sensors, transducers, instrumentation and measurement.
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