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Abstract: The purpose of this research is to apply systems engineering and RFID technology
to develop a service management information system, which includes the functions of
operation revenue, operation expenditure, service timing and account balance enquiry, and
management related statistics and analysis. This research is separated in two stages. In the
first stage, Delphi software technology and SQL database are used to develop the
management system, whereas in the second stage RFID technology is added in to the
customer consumption record management and enquiry system to improve management
efficiency. The development of the system is based on systems engineering and Delphi
software. The process of systems engineering includes demand estimation, conceptual design,
preliminary design, detailed design and development, logistic support and maintenance.
Integrating systems engineering with Delphi software technology can facilitate to develop
new product at low cost and upon customer’s need. Blanchard and Fabrycky are applied in
the development of our product, including demand analysis, functional analysis, function
configuration and system design. Four main parts in the service management information
system, including operation revenue, has been finalized. And we also assisted the enterprise
to launch the system, which now has used for two years. The system performs stably and the
functions we develop cater the customer’s need completely.

Introduction

Research background: Science and technology is the motivation of world. Human beings
have created and accumulated uncountable science and technology in the history, especially
since the industrial revolution, the growth of science and technology becomes more dramatic.
In the recent years, we even see the scene of knowledge exposure and enter into an
information age. Not only the science and technology, but also the society and entrepreneur
have become more complicated. The flow of information results in more complicated
systems worldwide. The components are connected tightly, and a mistake in any segment
may lead to a complete failure. Therefore, it is an inevitable trend to integrate, to manage,
and to analyze science & technology and knowledge in all aspects. Only by employing
system engineering methods, integrating different technology required, managing and
analyzing the corresponding programs, can we address more complicate problems, meet
more intricate requirements, and deploy the more precious resources in more efficient ways.

Systems engineering is an interdisciplinary methodology to develop and identify a human-
product-procedure-linked program by comprehensively involving the complete efforts and
technologies developed by different disciplines, which consider and integrate how to balance
life-cycle and to meet customer’s requirements. According to Introduction to Systems
Engineering [1], Systems engineering is a deterministic systems program, which is used in
the following areas:
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(1) Apply iterative processes including functional analysis, synthesis and integration,
optimization, definition, design, testing to translate the need of operation to system
performance parameter and the statement of the system structure.

(2) Integrate corresponding technology parameters to ensure the physical and functional
compatibility, and the cooperation in the planning interface, so as to optimize the
definition and design of the whole system.

(3) Integrate the parameters of performance, productivity, reliability, maintenance ratio,
maneuverability into other expertise, so as to format the whole project operation.

Systems engineering is not simply engineering, but a methodology integrating management
and engineering. In fact, systems are composed of a serial processes, from the demand
estimation, design and construction by engineers and manufacturing to the use of the
consumers. As for the life-cycle of the whole system, according to Blanchard and Fabrycky
in Systems Engineering and Analysis [2], it can be divided into demand, conceptual design,
preliminary design and detailed design, complete development, producing and resembling,
use of product, maintenance, elimination and recycle. Each procedure composes a serial
procedure; and the ultimate objective of each procedure is to evolve as a most economic and
efficient product or system according to the logical flow within system life-cycle. Systems
engineering requires the cooperation and efforts from many engineering and management
experts, without which it is impossible to bring the efficiency of integrated technology into
play, and to construct compound systems required by the real world. In 2005, Hitchins [17]
proposes simple and compacted definition for systems engineering, which is not limited in
the aircraft product as before and closer to the commercial use. Therefore it is commonly
used. Later Hitchins proposes a more practical five-level definition, whereas the conventional
systems engineering belongs to the second level. Sheard and Lake [18] also make a clear
comparison and analysis between the measurement of systems engineering and MIL-STD-
499B and EIA-IS 632, which is still popularly adopted in Australia and other countries.

Demand analysis plays an important role in systems engineering. Darle and Shanks [19]
propose that demand analysis should be based on customer’s perspective, indicating that
when applying to system demand, perspectives could be interpreted into systems or
subsystems under developing, or certain systems under the system environment that would
trigger the systems to take required reaction. Perspective organization is a hierarchical
structure. So it can provide a certain range, and to induct a whole analysis procedure. In
1970s, Ross [20] develops a structural analysis method, which applied graphics and a
hierarchical structured method into a series of modularized blueprints, and gradually
optimized in order to finally find a solution. Yourdon [21], De Marco [22], Rumbaugh [23],
Shlaer and Mellor [24] all develop respective methods to define system demand; such as
hierarchical structure, packaging, data flow chart, state transition graph, and object
information model were used to define system functions, procedures, entities, and events.
Elizabeth, Ken, and Jeremy [25] discuss the establishment and capturing method of
traceability in demand project, and the indices that could be derived from such traceability.
These papers provide an overview of recent academic research on the idea of the integration
of knowledge management and systems engineering.

Innovation, speed, value, and globalization are SMEs’ motivation to upgrade and transform,
and to create new competitive advantage. In the fierce competition market, due to quick
technology evolution, products life-cycles become shorter, and products markets become
global markets. Hence the development of product innovation has now become more

4 0 )




important. Application of systems engineering and management to the establishment of
SMESs’ operation system structure and development structure of product innovation could
cater to customer’s need. Therefore, it is a future industrial trend to employ systematization
conception to reorganize enterprise’s operation structure, which would add value to
enterprise by enhancing effectiveness and strengthening mutual cooperation and support.
Without continually keeping update to new conception and technique, the internal part of
enterprise could not take the reins of its whole objective and need in different stage and
period, not to mention to survive and thrive.

Meanwhile, another technology — RFID has also been recognized and actively developed and
utilized among countries all over the world. According to the CNET Taiwan (2004) [3]
vocabulary dictionary, Radio Frequency ldentification, or RFID, is an advanced wireless
identification technology. Through attached microchip tag, article information could be
linked to computer network, and its status could also be identified and tracked. Liu et al.
(2004) [3] point out that RFID operation structure could be separated as four main
components: Tag, Reader, Antenna, and back-desk computer system.

Regarding to the operation mechanism of RFID, Zhuang (2004) [4] indicates that Tag and
Reader work in a coupling manner. The processing flow is as follows:

(1) Reader transmits RF signals;

(2) Tag receives the RF signals, which are then transformed to direct voltage to provide
energy to Tag;

(3) When Tag is charged with enough energy, Reader would transmit information signals to
Tag;

(4) After Tag receives the information signals, it would demodulate the signals.
Demodulated signals are used to control the Operation Tag in the Tag’s digital circuit.
Operation Tag transmits back the processed information or Tag’s stored information to
Reader. After receiving the information, Reader would send the information to its
control unit to process. Meanwhile, regarding to the RFID system, there are several
advantages mentioned by Regal Scan Tech [5] as follows:

(1) The size of RFID is small.

Due to size constraint, traditional magnetic bar code is not easy to be embedded in
small articles. But RFID does not have such problem. Hitachi even developed a kind
of micro RFID chip, which is only 0.1 mm thickness and 0.4*0.4 square millimeter.
Such RFID chip is so thin that it can be embedded in the paper currency. Hence, due
to its mini-volume, RFID can be hidden in various articles.

(2) RFID can provide information actively.

With the advantage of wireless telecommunication technology, RFID has the
function to actively provide article information. For example, when it is used in the
consumption market, customers do not have to pay their bill in the cashier;
moreover, when customers are moving their trolleys in the supermarket, the RFID
sensors will automatically account the whole article price in the trolleys. And when
certain article is sold out, it will also notify the supermarket manager to replenish it.

(3) RFID has advantage in storage capacity, processing speed, and security.
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Besides the advantage of more storage capacity than traditional bar code and more
difficult to be counterfeited, RFID’s recognition and reading speed can reach 250
Tags per second. Such a multi-tag performance is far more effective than traditional
bar code, which could only scan one tag in one time (Line-of-site).

(4) RFID is more durable.

Generally, traditional paper or plastic bar code would fail to be identified when it is
placed in rainy or moisture environment, or damaged during transportation. But
RFID has the reuse property, which means it can be used thousands and millions
times. And it can also work in relatively harsh environment. Therefore RFID is
more durable than traditional bar code, which helps to reduce cost.

With its characteristics and properties, RFID’s application becomes versatile. Many scholars
investigate the extensive use of RFID technology, ranging from medical treatment, food,
security, management, etc.. Many foreign companies have employed RFID in many ways, to
name a few, process control (flexible manufacturing, outsourcing), supply chain management
(logistic center, transportation, order, return of goods), warehouse management (storage,
backup copy), and so on. In addition, RFID has improved Enterprise Resource Planning
(ERP), bar code, and automatic technology to a higher level. According to Chappel et al’s
research [6], RFID can reduce 8% working capital when it is applied to manufacturing. In
Chappel et al’s another research paper [7], RFID can be used to address the problem of
inventory inaccuracy. Dong Li, Ou Tang, Christopher O’ Brein [8] discuss the application of
RFID to track food supply chain. Their research showed that it would both meet the
customers’ interest and reduce manufacturers’ loss by utilizing RFID to track perishable
products’ manufacturing and on-shelf date, and to adjust product price automatically.
Konrad Lorincz, David J. Malan, et al [9] also develop a RFID attached medical treatment
system - Sensor Networks for Emergency Response, which use RFID-based tracking
technology to locate a patient who requires immediate attention, and meanwhile to trace his
relevant information such as case history, doctor-in-charge, treatment situation, and so on.
Therefore when there is a need for an emergent response, such a technology could facilitate
the rescuer to seize the vital time to take immediate on-field medical treatment. J.H. Kuan,
C.K. Chuang, G.L. Lai [10] develop an RFID system coupling with the current entrance
control system, which was also integrated with a middleware system, to enhance the present
capacity of the security system, in their Industry-Academy Cooperation Project sponsored by
Ministry of Education. The entrance can be opened automatically by using the new control
system because each car having hung the Auto-tag inside the car itself will be checked
carefully. The license information can be seen on the screen of the computer by Digital Video
and by executing the new software developed in this paper. This new system was completed
the reliability test, and also was conducted field test in Jinxiu China Community, North Cun
District, Taichung City. In the field test, J.H. Guan and D.X. He [11] discover that the
problems caused by signal and interface transmit distant would lead to unstable system signal.
Therefore system network design is adjusted to stabilize the system operation. J.H. Kuan,
H.C. Chang, C.K. Chung [12] develop a document management system using RFID
technology in the project management program sponsored by Aeronautical Engineering
Division in Chung Shan Institute of Science and Technology. Using this system, project
manager could effectively manage and track various documents in certain project planning,
so as to enhance management effectiveness. Regarding to RFID-based locating technology,
Ni, Liu, Lau and Patil [14] utilize active RFID technology to develop a location sensing
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prototype system. They pointed out that three major application problems that RFID vendors
have to overcome in order to compete in a new and growing market: 1) none of the currently
available RFID products provides the signal strength of tags directly; 2) the long latency
between a tracking tag being physically placed to its location being computed by the location
server; and 3) the variation of the behavior of tags. Chen, Chiang, Chu, Huang, and Tsui [15]
also use RFID technology to solve the positioning inaccuracy caused by environmental

factors. To meet community management requirement, J.H. Kuan, G.L. Lai, Y.S. Wang

[16] combine systems engineering technique, which is used to carry out demand analysis,
functional analysis, and configuration, with Delphi, SQL database, Zigbee and Visual
Studio.NET technology, and employ wireless transmit technology and electric wave signal
strength to tackle the network setup problem and positioning problems in the car park with
irregular shape. They successfully develop an integrated system including an entrance control
system and a parking lot management system, which could automatically control vehicles
entering and leaving, and examine whether the car parking is complied with the regulation,
which would result in relieving administrative officer’s work load and reducing dereliction of
duty. Z.H. Guan [25] combine systems engineering technology with famous systems
engineering software — CORE to cater the customer’s need for RFID to track manufacturing
in batch product line, which would not only reduce 30% systems development cost, but also
quickly satisfy customer’s need when the system is launched. Mark Roberti [26] believes that
next-generation RFID technology promise to bring a new level of performance previously
thought impossible. Two companies that are still in stealth mode — RF Controls and Mojix —
are sponsored by U.S military and NASA respectively. The former company is undergoing
the development of Inventory Tracking and Control System, or ITCS, which mainly uses
beam-steerable phased-array antennas, an aerospace technology, to locate a tag in 3-D. This
antenna is also called Smart Antenna, which is a sensitive receiver consisting of an antenna
array, an EPC-compliant reader, a powerful controller and a signal processor. The sensitive
receiver allows the ITCS to use less RF energy than conventional RFID systems, which
extends the read range well beyond that of a conventional system. The ITCS also allows
users to take a zonal approach to tag location. Mojix system — called Space Time Array
Reader (STAR) — can cover hundreds of thousands of square feet space, and read passive
Tags with great precision — even within 1 square feet. ITCS and STAR both underwent secret
field test in selected warehouses. John Edwards [27] emphasized that RFID could help
businesses operate more efficiently while protecting the environment. Recycle-Bank, a
Philadelphia-based company that works with municipalities to boost their recycling rates,
through tracking each household's recycling activity by providing bins embedded with RFID
tags. A reader-and-antenna system mounted on the sanitation truck records the weight of each
pickup. When a truck finishes its route, it returns to its base, where data is transferred
wirelessly to a Recycle-Bank server. Recycle-Bank hopes to triple its business during 2008.
The statistics shows that households participating in the program earn an average of $8 per
week, depending on how dutifully they recycle their house waste. In addition, Recycle-
Bank’s service benefits the local governments in the landfill fees. It turns out to be a win-win
situation for every party involved: household, Recycle-Bank, and local government.

Research Objective: The objective of this paper is to use systems engineering and RFID
technology to establish a service management information system, which consists of
operation revenue, operation expenditure, service timing and account balance enquiry, and
management related statistics and analysis. This research is separated into two stages. In the
first stage, Delphi software technology and SQL database are used to develop the
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management system, whereas in the second stage RFID technology is added in to the
customer consumption record management and enquiry system to improve management
efficiency. The development of the system is based on systems engineering and Delphi
software. The process of systems engineering includes demand estimation, conceptual design,
preliminary design, detailed design and development, logistic support and maintenance.
Integrating systems engineering with Delphi software technology can facilitate to develop
new product at low cost and upon customer’s need. Blanchard and Fabrycky are applied in
the development of our product, including demand analysis, functional analysis, function
configuration and system design. Four main parts in the service management information
system, including operation revenue, has been finalized. And we also assisted the enterprise
to launch the system, which now has used for two years. The system performs stably and the
functions we develop cater the customer’s need completely.

Systems Engineering Technique and Object Oriented
Software Design

System development process: Main methods employed in this research include: (1) Systems
engineering and management is utilized to carry out demand analysis and functional analysis,
and to effectively analyze the correlation between customer needs and product development
in order to extract the necessary and feasible needs, which is the basis of product design and
drafting system specifications; (2) CORE developed by Vitech Corporation is a very effective
software to establish the system engineering software; (3) Delphi and SQL database are used
to develop middleware. Besides the methods mentioned above, this paper is particularly
accomplished by the two notions stressed by Systems Engineering: (1) top-to-down way to
develop; 2) emphasis on the conception of life cycle, as shown in figure 1.

Application of CORE developed by Vitech Corporation: According to INCOSE, the tools
and software used to accomplish the systems engineering and management program should
possess the property of traceability which can trace customer’s original requirements. Hence
system engineer could link to customer’s requirements to their source. Such kind of tools
provides traceability among the successive documents that are used to review the system
development. Among tools recommended by the INCOSE, CORE is one of the relatively
excellent software. CORE’s main functions include integrated system design repository,
system definition language (SDL), dynamic graphical view generators, automatic document
generation, and so on.

Application of object-oriented design software: The system presented in the paper, whose
middleware is developed by Delphi and Access database, is designed by the following
information technologies: visualized program design tools, windows-based human-computer
interface, multi-layer program design, enterprise network / internet, and other resources.
Because windows-based operation system and application software provide multi-thread
operation environment and friendly user interface, such a platform has become popular in
present information system front end operation. This trend also promotes the significant
innovation in the development of program language and tools of windows-based software.
The objects in the developed software include functions of integrated development
environment, visualized graphic design, object-oriented program design, and so on. As the
most popular software development tool, Borland Delphi is used for the visualized graphic
design. It provides various design elements, which could be directly added in the forms. The
functions consist of designer’s operation interface, linkage and operation with database, and
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so on. There are two main design modes: object-oriented program design and multi-layer
program design.
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Figure 1: System Development Process Diagram

Developing System’s Behavior Model

The system presented in the paper is applied to the service industry using time rate system,
such as feet massage healthcare house, cosmetic skincare SPA house, and so on. The system
consists of four main functions: operation revenue, operation expenditure, service timing and
account balance enquiry, management-related statistics and analysis. The operation revenue
function enables to input clients’ services ordered, calculate consumption bills, identify
charge methods, collect bills and top up account by RFID, and start service time countdown.
To ensure service quality, when a service is over, the system will record the bill charged (or
deduct from the RFID stored value card), and calculate employee’s income. The operation
expenditure part includes service items’ procurement expense and employee’s wages.
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Functions of service timing and account balance enquiry include: 1) According to different
service, before the employee provides the service, start service time countdown triggered by
RFID tag, and keep the service type in his work record; 2) Clients can check the balance in
the RFID stored value card whenever they want in the service counter. The functions of the
remaining part of the management-related statistics and analysis include enquiring
employee’s work record in certain time lot, client’s consumption record, client’s discount and
bonus using history, enquiring clients who do not pay a visit for a long time.

The system’s major tasks include utilizing RFID tag for clients to top up their stored value
card, which would enhance management efficiency. Especially for such kind of service
industry, it has to record operation revenue and employee’s income everyday, and to pay
wages every half month. In addition, during the busy season when there are always short for
hands, part-time or temporary staff are recruited and paid according to their experience.
Therefore, information technology and RFID technology strongly promote the management
efficiency and service quality. Because this system is required to provide immediate assistant
to user everyday, the working environment should satisfy the following requirements: 1)
Local area network should be equipped in user’s working environment; 2) User should be
indoor, and there should have enough room to place personal computer and to establish RFID
reader and digital counter. According to the demand conception defined by Blanchard [2], the
following points should be always kept in mind: 1) What is the model and parameter used to
estimate demand; 2) Where the elements mentioned above should be placed; 3) How and
how long to use this system; 4) Where to use the system; 5) How, who, and how long to
maintain this system. The demand should wholly descript user’s need, which should be
included in the objectives of system design, and be measurable and displayable. The needs
include response time, consideration in special situation, MTBF, MTTR, and availability.
Figure 2 presents the transformation of system demand and formation of system specification;
Figure 3 is a system demand layer tree. The system can also perform system functional
analysis according to system operation requirements. In systems engineering realm, so-called
function is to take certain actions (only one or a series) to complete the need satisfaction
objectives. The system should have the following functions: 1) automatically start service
management system when the personal computer is turned on; 2) respond to user’s input in 2
seconds; 3) allow the user to input user ID within 10 meters and meanwhile start service time
countdown; 4)store and update client’s account information and service information, and
calculate operation revenue and employee’s wages and other related information; 5) system’s
MTBF should be within 8760 hours, MTTR be 24 hours, and can be restored to normal status

within 1 hour.
User's User’'s L[\ System’s System’s
Demand Scenario ’—‘/ Scenario Demand

w3t e

Specification /\J Unfold
/ Design Function Functions to Functional

Evaluation \]—‘Configuration Elements Analysis

Figure 2 Transformation of system demands and formation of system specification
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Figure 3 System Demand Layer Tree

Figure 4 presents system’s first layer Function Flow Block Diagram (FFBD). Under normal
situation, RS232 Network Converter and Digital Counter should keep in turn-on status, and
turn on HealthCare Management package. Four major functions mentioned above should
also be started. Figure 5 presents system’s second layer FFBD (serial number 5), which
performs the function that after receiving the service orders from client (non-member) or
member, the system will designate an employee and calculate account receivables and
service time according to the service type. The system will perform the service time
countdown function when employee’s proprietary tag is read by the RFID reader when he
starts to provide service. The system will also automatically file this employee’s working
record. When service is over, system will input cash amount paid by client, whereas deduct
charge from member’s RFID stored value card by RFID reader. CORE provide N2 diagram
to illustrate data flow between functions. Figure 6 is the N2 diagram corresponding to
systems presented in Figure 5.
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Figure 4 System’s first layer FFBD
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Figure 6 N2 diagram corresponding to systems presented in Figure 5

Systems engineering technology should also be applied to evaluate its working environment,
besides analyzing the system functions designed. The elements beyond the system includes
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non-member client, buildings, mobile phone base, local area network (which can link to
internet). The decomposed functions illustrated in the figures are compiled according to
National Institute of Standards and Technology (NIST) and Federal Information Processing
Standards Publication 183 (FIPS PUB 183). Hence the figures could clearly display the
function decomposition and various functions’ ICOM (Inputs, Controls, Outputs,
Mechanisms).

Building System’s Physical Model

After finishing the demand analysis and functional analysis, CORE is used to build Demand
vs. Function Tree to ensure that each demand would be satisfied by corresponding function.
Figure 7-series present the System Hardware Tree, in which Figure 7-1 unfolds the first layer
with second layer SYS 1.3, and Figure 7-2 unfolds the first layer with second layer SYS 1.2.
Figure 8 presents the Physical Block Diagram. To ensure the system keeps the linkage among
preliminary file, system demand, system functions, and hardware, CORE is utilized to draw
the tracing diagram illustrated in Figure 9. Figure 10 is system entities installation illustration.
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Figure 7-1 System Hardware Tree (First layer with second layer SYS 1.3)
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Conclusion

This paper combines systems engineering techniques with CORE developed by Vitech
Coporation, which saves 50% working hours. System analysis is also completed, which
includes 13 operation requirements and 24 key functions derived from these requirements. In
addition, information needed in the system function configuration and detailed design is also
fully collected. The research shows that:

(1) When analyzing a new system, systems engineering process, which starts from conceptual
design related to environment, external system and internal system, to further division of
demands and functions, then to developing system’s software and hardware by function
configuration method, can successfully satisfy customer’s optimization requirement.

(2) Vitech’s CORE facilitates to keep the wholesome between system demands and functions
match. In addition, when designer is considering of the function flow, CORE can help add,
amend the FFBD at any moment. Hence designer can quickly perform the analysis, and keep
good communication with user.

(3) The results of the research can be integrated with the application of object-oriented
software. So when carrying out the function program planning, designer can consider
combining appropriate forms and components (in the component tray) with the unfolding and
configuration of functions.

(4) The research successfully finishes certain diagrams, including System Demands Layer
Tree, FFBD, N2 Diagram (which is unfolded to the third layer). These diagrams can be used
as important foundation in system development.

According to customer’s requirements, this research fulfill the development of service
management system in two separate stages. Based on the demands of the service
management system and systems engineering technology, coding is completed for several
modules, including basis information, daily operation, operation information analysis, and so
on. Basic information module consists of 6 forms; daily operation module has 7; and
operation information analysis module has 6. Other achievements include SQL database
installation, management software installation and launch for use. As for basic information,
besides employee information and customer information, the system is designed with the
input interfaces to gather the basic information of service types, payment methods, and
operation revenue according to customer’s requirements; in addition, according to
employee’s habitual input manner and to the operation requirement during client service, the
system includes the daily operation record and statistic function, which includes client’s
voucher consumption history, employee’s service history, payment and gathering records in
daily operation, and operation revenue and expenditure. Furthermore, in order to cater client
relationship management requirements, the systems has the function to query the records of
clients who come to the healthcare house and those who do not, and client’s voucher
consumption history. Finally, according to enterprise’s accounting requirements, the system
can provide employee wage report and monthly/annual operation reports. Presently the
management system has been put into use according to the planning schedule. In addition, as
requested by the enterprise’s need to enhance client service quality, the system combines
RFID technology with client’s stored value card, and makes service time transparent, both of
which help promote management efficiency and service quality.
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