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ABSTRACT

An implementation of an expert system to provide unbiased informa-
tion about the most suitable technology for specific applications in 
healthcare. The prototype is developed as a web tool to be used in 
ordinary personal computers. The idea is to provide with relevant in-
formation to health care administration specialists such that they can 
make appropriate decisions about the selection and implantation of 
WIT (Wireless Identification Technologies). The expert system prototype 
can provide expert advise to help critical decision makers in health-
care facilities, health professionals, innovators, and entrepreneurs to 
select the most suitable technology for the specific application.The 
system uses membership functions to fire four different figure of merit 
or indicators: technical feasibility, cost, commercial availability and 
proven documentation. The advising results are consistent to proven 
application projects and show high performance dominance using 
UHF Active RFID for high demanding applications such as new born 
monitoring and patient assistance. Other non-critical applications such 
as cabinet monitoring and garement owner ID can be developed 
using HF or UHF Passive RFID technologies at various frequencies. This 
prototype follows an effort to create a fundamental platform that could 
facilitate and stimulate the adoption of WIT in the healthcare industry.

Key Words: WIT, wireless technologies, expert system prototype, health 
care.

RESUMEN

Se muestra la implementación de un sistema experto para generar 
información imparcial acerca de la tecnología más factible para 
aplicaciones específicas en el área del cuidado de la salud. El pro-
totipo se desarrolla como una herramienta Web para poder usarse 
en computadoras personales comunes. Con ello se intenta proveer 
de información relevante a especialistas en administración de insti-
tuciones dedicadas al cuidado de la salud para que puedan tomar 
decisiones más atinadas sobre selección e implantación de equipo 
de tecnología de identificación inalámbrica o WIT. El prototipo de 
sistema experto desarrollado produce recomendaciones expertas 
para ayudar a los encargados de tomar decisiones relevantes a 
instalaciones hospitalarias, profesionales de la salud, innovadores y 
emprendedores en la selección de la tecnología más apropiada para 
la aplicación específica. El sistema usa funciones de membresía para 
activar cuatro figuras de merito o indicadores: factibilidad técnica, 
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INTRODUCTION

The structure and applications for an expert 
system to help in the decision to adopt Wirless 
Identif ication Technologies was developed1. 
The system was developed using five major at-
tributes2:

1. Design an application and technology structure 
for classification and user interaction purposes.

2. Establish the set of applications and technologies 
available for the user.

3. Define evaluation scheme for each application 
and each of the available technology solutions 
using semi-automatic methods-

4. Evaluate every technology for each application 
based on the collected knowledge and the previ-
ously defined evaluation criteria.

5. Define a fuzzy logic membership function to 

map the evaluation of each technology with the 
feedback to be provided to the user.

The evaluation scale for each technology was 
described for every application1. Also, membership 
functions were defined to provide feedback to the 
user about the most suitable technology for a spe-
cific application depending upon the total evalu-
ation3-22. The application tables section contains 
the detailed scoring of seventeen technologies for 
ten applications outlined in1. A total of 680 unique 
assessments were performed: four attributes of sev-
enteen technologies, for ten applications.

The structures presented earlier1 and the evalu-
ation results on Tables I thru X are combined here 
to develop a prototype software. An overview of 
the prototype parts is presented. This prototype will 
be used to test the proposed expert system and 
analyze the obtained results.

costo, disponibilidad comercial y documentación probada. Los re-
sultados obtenidos son consistentes con aplicaciones probadas en 
proyectos y muestran un dominio de tecnologías de alto desempeño 
usando RFID UHF activa para funciones de alta demanda como 
monitoreo de infantes recién nacidos y asistencia a pacientes. Otras 
aplicaciones no tan críticas como monitoreo de gabinetes e ID de 
accesorios personales pueden desarrollares usando RFID HF (o UHF) 
pasiva a diversas frecuencias. Este prototipo da seguimiento en la 
creación de una plataforma fundamental que facilite y estimule la 
adopción de tecnologías WIT en la industria del cuidado de la salud.

Palabras clave: WIT, tecnologías inalámbricas, prototipo de sistema 
experto, cuidado de la salud.

Table I. Newborn location monitoring (best technologies with figure of merit > 7).

Technology TF CA EC DC Total

UHF active RFID at 915 MH 3 3 2 1 9
Ultrasound from 20 to 60 MH 3 2 3 1 9
UHF active RFID at 433 MH 3 2 2 1 8
uW active RFID at 2.45 GH 3 2 2 1 8

Table II. Equipment location tracking (best technologies with figure of merit > 7).

Technology TF CA EC DC Total

UHF active RFID at 915 MH 3 3 2 1 9
Ultrasound from 20 to 60 MH 3 2 3 1 9
UHF active RFID at 433 MH 3 2 2 1 8
uW active RFID at 2.45 GH 3 2 2 1 8
UWB RFID at 60 GH 3 2 2 1 8



42 Revista Mexicana de Ingeniería Biomédica • volumen XXXII • número 1 • Julio 2011

www.medigraphic.org.mx

Table III. Cabinet inventory monitoring (best technology with figure of merit > 7).

Technology TF CA EC DC Total

HF passive RFID at 13.56 MH 3 3 2 1 9

Table IV. Garement owner identification (best technology with figure of merit > 6).

Technology TF CA EC DC Total

UHF passive RFID at 915 MH 3 3 2 1 9
HF passive RFID at 13.56 MH 2 2 2 1 7

Table V. Patient assistance request (best technologies with figure of merit > 7).

Technology TF CA EC DC Total

UHF active RFID at 915 MH 3 3 2 1 9
Ultrasound from 20 to 60 MH 3 2 3 1 9
UHF active RFID at 433 MH 3 2 2 1 8
uW active RFID at 2.45 GH 3 2 2 1 8
UWB RFID at 60 GH 3 2 2 1 8
Wi-Fi ID at 2.45 GH 3 2 2 1 8

Table VI. Patient movement monitoring (best technologies with figure of merit > 7).

Technology TF CA EC DC Total

UHF active RFID at 915 MH 3 3 2 1 9
Ultrasound from 20 to 60 MH 3 2 3 1 9
UHF active RFID at 433 MH 3 2 2 1 8
uW active RFID at 2.45 GH 3 2 2 1 8
Hybrid IR-RF (UHF/IR) 2 2 2 1 7
UWB RFID at 60 GH 2 2 2 1 7
Wi-Fi ID at 2.45 GH 3 2 2 0 7

Table VII. Patient proximity monitoring (best technology with figure of merit > 6).

Technology TF CA EC DC Total

UHF passive RFID at 915 MH 3 3 2 1 9
HF passive RFID at 13.56 MH 2 2 2 1 7

Table VIII. Patient temperature monitoring (best technology with figure of merit > 6).

Technology TF CA EC DC Total

UHF active RFID at 915 MH 3 3 2 1 9
UHF active RFID at 433 MH 3 2 2 1 8
uW active RFID at 2.45 GH 3 2 2 1 8



43Barbosa-Ávila JG, et al. Implementation of an expert system for adopting wireless identification technologies (WIT) in healthcare

www.medigraphic.org.mx

STRUCTURE OF THE EXPERT SYSTEM PROTOTYPE

The structure of the expert system prototype 
comprises three fundamental areas: the user en-
vironment, the knowledge base as structured on1, 
and the content management environment. The 
user environment will allow non-experts to define 
a WIT application and consult its recommended 
technologies or request advise for a customized 
application. The knowledge base is represented 
as relationships and information tables in a da-
tabase. The content management environment 
enables registered experts or knowledge engi-
neers to update the contents of the expert system. 
Traditionally, the user and content management 
environments are known as consulting and de-
velopment environments, as described below by 
Turban, et al.

Expert Systems (ES) can be viewed as having 
two environments: the development environment 
and the consultation (run time) environment. The 
development environment is used by an ES builder 
to build the components and put knowledge into 
the knowledge base. The consultation environment 
is used by a non- expert to obtain expert knowledge 
and advice. These environments can be separated 
once a system is completed23.

The consulting (user) environment consists of 
six sections: Home, About, WIT 101, Applications, 
Advise and Contact. The most important section is 
Applications, where the user can request existing 
information on the knowledge base, or request ad-
vise on a new application. Each of the six sections 
is described below.

• Home: Displays lists of the recently consulted 
application, WIT news, and personalized mes-
sages. Additionally, related surveys or polls can 
be presented in this section.

• About: In the prototype stage of the expert sys-
tem, this section displays information about the 
development of the current prototype.

• WIT 101: An introduction to WIT is presented, as 
well as a list of associated acronyms, a glossary 
of terms and links to relevant sites.

• Application: This section will enable users to con-
sult the knowledge base to find information about 
a specific WIT application.

• Advice: In this section, users can request advise 
for applications not yet defined in the knowledge 
base.

• Contact: Contact information and a contact 
form are provided in this section.

• The following section outlines the design process 
and testing of the expert system prototype. A 
conceptual design (illustrations) is presented 
first. Then, screens of the working design are 
presented. The prototype was developed using 
Microsoft(R) Visual Studio 2008 and Microsoft(R) 
SQL Server 200524,25.

PROTOTYPE DESIGN

The prototype design was developed using a WEB 
environment and programmed in Java. The first 
screen of the prototype design shows a login screen 
where users are redirected to the consulting or de-
veloping environment, depending upon their profile. 
The following sections describe the environments 

Table IX. Refrigeration facilities temperature monitoring (best technology with figure of merit > 6).

Technology TF CA EC DC Total

UHF active RFID at 915 MH 3 3 2 1 9
UHF active RFID at 433 MH 3 2 2 1 8
uW active RFID at 2.45 GH 3 2 2 1 8
Wi-Fi ID at 2.45 GH 2 2 2 1 7

Table X. Room temperature monitoring (best technology with figure of merit > 6).

Technology TF CA EC DC Total

UHF active RFID at 915 MH 3 3 2 1 9
UHF active RFID at 433 MH 3 2 2 1 8
uW active RFID at 2.45 GH 3 2 2 1 8
Wi-Fi ID at 2.45 GH 2 2 2 1 7
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and provides some details about the structure of 
the WEB expert system application.

CONSULTING ENVIRONMENT

The home screen for users is displayed in Figure 1. 
The links for each section are in the top menu. A list 
of consulted applications, WIT news, received mes-
sages and a poll about WIT adoption is presented 
below the top menu. Figure 2 illustrates the design 
of the section WIT 101, where basic information 
about WIT is provided.

The applications design screen (Figure 3) consists 
fundamentally of three list boxes that enable users 
to introduce the required application. The three list 
boxes contains the application structure defined 
in1: object, variable and action. If the application 

exists in the knowledge base, the most suitable 
applications are presented to the user after click-
ing «Go». The recommended applications are 
displayed in descending order, depending upon 
their total evaluation (Figure 4). Application design 
examples are displayed when the corresponding 
link is clicked (Figure 5) and evaluation details are 
available for the user when clicking the link next to 
each technology (Figure 6). This last feature is an 
important characteristic of expert systems: making 
the reasons of the advise available to the user3.

The next section, advice (Figure 7) enables the 
user to request help from an expert or knowledge 
engineer, if the advice for the application is not 
available in the knowledge base or if a new ob-
ject, variable or action is required. Finally, Figure 8 
displays the screen design for the contact section.

Figure 1. Home screen design.

Figure 2. WIT 101 screen design.

Figure 3. Applications screen (Advise request phase).

Figure 4. Applications screen (Advise response phase).
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DEVELOPMENT ENVIRONMENT

In the expert system prototype, the main differences 
between the user environment and the develop-
ment environment are in the «Applications» and 
«Advise» sections. Expert users and knowledge 
engineers can add or edit applications and reply 
to advise requests sent by the users. The process to 
add or edit applications comprises three steps. Step 
one is defining the application on the basis of the 
object, variable and action required. In this step new 
instances of the three parameters can be defined 
(Figure 9). Step two is editing the evaluation of each 
technology for the specified application (Figure 10). 
For new applications, the default technology evalu-
ation values for every criteria are set to zero. Step 
three presents the advise that will be presented to 

Figure 5. Applications screen (Examples phase).

Figure 6. Applications screen (Evaluation advise response 
phase).

Figure 7. Advise request screen.

Figure 8. Contact screen.

Figure 9. Application add/edit screen (Step 1).
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Figure 10. Application add/edit screen (Step 2).

Figure 11. Application add/edit screen (Step 3).

the user. The editor (i.e. the expert user or knowledge 
engineer) can click on the link at the bottom of the 
screen to add an example of the application at 
hand (Figure 11). The «Advise» section enables ex-
pert users or knowledge engineers to reply to users 
requests of advise (Figure 11).

PROTOTYPE TESTING

The prototype designed was used to develop a 
simple web application for testing and demonstra-
tion purposes. In Figure 12 the results screen for 
the test application «Newborn location tracking» 
is presented and the results match the application 
information (Tables I thru X in the application tables 
section). The evaluation details of the second rec-

Figure 12. Expert system prototype testing - applications 
(consulting).

Figure 13. Expert system prototype testing - evaluation 
details.

ommended technology (Ultrasound) are presented 
when clicking the «Evaluation details» button on the 
right, as depicted in Figure 13. Additionally, applica-
tion examples are displayed when clicking on the 
link in the bottom of the page (Figure 14).

RESULTS ANALYSIS AND FINDINGS

After testing each of the ten applications defined 
in the knowledge base, both from the consulting 
and from the development environment, it was 
found that:
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Figure 15. Expert system prototype testing - adding new 
applications.

Figure 16. Expert system prototype testing - editing evalu-
ation.

• Evaluations in red found in Figure 12 (0 and 1) 
are either not technically feasible or not commer-
cially available, so it represents an impractical 
approach.

• Evaluations in orange found in Figure 12, par-
ticularly when the score of the technology for 
a specific application was 2, were defined as 
unconventional. After closer analysis of the test-
ing results, it was found that applications with this 
evaluation have great innovation potential. For 

Figure 14. Expert system prototype testing - application 
examples.

example, ultrasound temperature monitoring or 
monitoring assets with passive technologies. Both 
applications are not yet available, but tempera-
ture sensors may be mounted on ultrasound tags 
and a mobile passive reader could monitor as-
sets with passive tags (i.e. instead of having fixed 
readers and mobile tags, passive readers could 
be mobile too). The combinations that cause 
this evaluation are usually low feasibility and low 
commercial availability, or low feasibility and high 
cost.

• When technology evaluation for a specific ap-
plication is 4 there is moderate innovation po-
tential, but more information about the specific 
application is required to provide an adequate 
advise (moderately uncertain).

• If the result of a technology evaluation is 5 for 
a specific application, the success of its imple-
mentation is not easy to predict (uncertainty is 
higher).

• Evaluations of 6 and 7 are moderately uncertain. 
These are feasible approaches that may work 
under specific circumstances. Cost evaluation is 
usually perceived as affordable in some cases, 
commercial availability and feasibility are usually 
moderate or high. If there are proven cases, they 
have been mostly experimental.

• An evaluation of 8 is a fairly good evaluation, and 
typically indicates that one or two of the three 
parameters is 3 (high). Cost is usually 2 (moder-
ate). Commercial availability is also 2, unless it is 
based on standard frequencies. Feasibility usually 
2 or three.
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• Nine was the highest evaluation any application 
achieved. Mostly because commercial avail-
ability (CA) and estimated cost (EC) is moderate 
or high, that is, the respective evaluations were 
either 2 and 3, or 3 and 2. When CA is 2 and EC 
are evaluated as 3 it means the technology is not 
based on standards, but prices are affordable. 
When CA is 3 and EC is 2, it means the technology 
is standards-based, but prices are still somewhat 
high. This might indicate a low adoption in the 
healthcare industry.
— An evaluation of 10 might indicates that the 

selected technology for the desired application is 
a perfect fit and that there is no need for further 
research, because the technology for the specific 
application is highly feasible, commercially avail-
able, cost effective and there are proven cases.

— The sequence of screens displayed in order 
to provide a complete information to the applica-
tion engineer are illustrated in the following figures:

• Figure 13 shows the evaluation details about 
specific suitable technologies available from the 
previous step (Figure 12).

• Figure 14 shows a more detailed application 
about the newborn location monitoring. This 
screen is available upon request by the user 
engineer.

• Figure 15 shows a screen where an additional 
application can be created to see which other 
development opportunities may be available.

• Finally Figure 16 illustrates a table with specific 
weights for different technologies available and 
their pertinence to be used in this application. The 
technologies receiving higher scores are much 
more suitable for the specific application under 
study. The following section illustrates the applica-
tions table with different RFID technologies.

Application tables

To perform an evaluation process for each 
technology, Figure 17 shows the complete process 
evaluation to determine the figure of merit for each 
technology according to the application and its 
specifications.

The following application tables illustrate different 
RFID technologies applied to Healthcare. The Table 
Nomenclature is: TF = Technical feasibility, CA = 
Commercial availability, EC = Estimated cost (Buy 
or develop), DC = Documented, proben cases.

The dominant technologies provide a consistent 
way to measure the impact of the referred tech-
nology. Health Institutions and hospitals around the 
world have provided with consolidated cases3-22 
that support the results obtained by the expert sys-
tem. The figure 18 shows technology specifications 
overlapping with application tendencies. This figure 
illustrates the selected specifications that match 
with specific applications demanded by health 
care institutions. The reader is invited to correlate 
the three axis: application, technology and the fre-
quency specification. Additional technologies and 
applications can be added to the expert system 
and it could generate a wider range graph than 
the illustrated in Figure 18.

CONCLUSIONS

An expert system to provide advice in the decision 
making process of selecting WIT technologies in 
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Figure 17. Evaluation process to determine the figure of 
merit for each technology according to the application 
and its specification.
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Figure 18. Applications, frequency and WIT technology 
reported by health care institutions and obtained by the 
expert system.
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Health Cara facilities has been implemented based 
upon reported successful cases, considering the 
experience of biomedical engineers from a hospi-
tal and the experience of electronic engineers in 
the field. The expert system prototype developed 
can provide advise to help decision makers, health 
professionals, innovators, and entrepreneurs to 
select the most suitable technology for particular 
applications.

It was also demonstrated that three factors, tech-
nical feasibility, cost and proven documentation, 
can determine the type of wireless identification 
technology to be used: the type of the objects 
to be identified, the variable to identify and the 
required action to take. Additionally, it was demon-
strated that it is possible to define a set of applica-
tion parameters to be specified by non-experts in 
order to provide fundamental expert advice for the 
user. Moreover, it was found that the score of each 
technology for any given application provided in-
sight about the maturity or innovation potential of 
the evaluated technology. The most demanding 
applications, such as new born care and patient 
assistance require a high performance RFID Active 
UHF technology with frequencies of 915 MH. This 
is consistent with the reported successful cases in 
the literature. Moreover, Ultrasound obtains high 
marks in specific applications also. Passive RFID 
technologies are dominant for low demanding and 
non crucial applications such as cabinet inventory 
and garement owner ID. The expert system can be 
further developed to include new and experimental 
technologies that are been in experimental stages 
now. These may include sensor, BioMEMS or special 
purpose devices that are now being introduced 
in many health care facilities. Therefore update 
mechanisms are also available, which are crucial 
to ensure the expert system continuous improve-
ment, since the capabilities of wireless identifica-
tion technologies can change over time, and new 
technologies may be developed.
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