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SUMMARY

SUMMARY

In the current rapidly ageing world, there is no commercial or social sense to design,
develop or attempt to market products and services whose usability is unnecessariiy,
challenging to people, whether they be young or old, able-bodied or less able. There
is the need to design and develop products with some functional capabilities that
fulfill the needs of the widest possible population.

This thesis is a research of how the inclusive design concepts can be applied and
integrated in the process of product planning and its conceptual design. The
methodology consists of a series of methods, considerations and activities that must
be undertaken to perform a good design focusing on disabled people with the help of
useful tools of the inclusive design.

In addition, in this thesis is given a methodology for incorporating inclusive design
concepts in  reconfigurable manufacturing systems to enhance their key
characteristics with the focus on a user centered approach, considering fully able
users. The methodology comprehends an evaluation system for a FMS and the
proposal to improve the system oriented to users.

This thesis represents the use of wireless sensor technology to improve the assistive
characteristics of products in the first part of mechatronic product design; and the
addition of automation characteristics to the reconfigurable manufacturing systems

to improve the system features and provide a better customization to users.

Two case studies are developed in this thesis; the first gne is the conceptual design
of three mechatronic products and their improved capabilities with inclusive design.
Then, a second case study with the addition of inclusive design to a existing
manufacturing cell to achieve reconfigurability and improve its characteristics with

the inclusive design approach.
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CHAPTER 1 INTROOUCTION

Chapter I - INTRODUCTION
1,1 Background

Mowadays there are many products designed for one or many purposes. Companies
always look for increased revenues and due to this aim; they deveiop products with an
expectation of customer satisfaction by giving a variety of functions, presentations,
objectives and performances.

Most of design companies engaged to design and manufacture of products, have
forgotten the user-centered approach, this is, a design to fit, a universal design that
involves the widest possible population, contemplating their cleverness, acceptability
and usability.

The preoccupation of Governments such of England, lapan and United States of
America, concerning the respect for disabled and old people, they have created laws to
protect and to promote the design of products that considers these excluded people.

However, Governments around the world are responding to the ethical arguments in
favor of grealer social inclusion facilitated by the appropriate inclusive design of
products, services and environments with new legislation.

Much of the legislation is focused on prohibiting discrimination on the grounds of
functional capability. In many countries, such legislation is regarded as an extension of
comparable laws countering discrimination based on gender or ethnicity. Perhaps the
most commaonly known example of this is the 1990 Americans with Disabilities Act
{ADA, 1990}, which was enacted as civil rights legislation.

In the United Kingdom, the 1995 Disability Discrimination Act (DDA, 1995) provides
much of the same directions on employers, manufacturers and service providers to
avoid discrimination against employees, customers and service users with functional
impairments.

In Mexico, much of the laws concerning disabled people are specifications for making
buildings and facilities accessible and usable by physically handicapped people.
Although, these laws do not forbid the discrimination of disabled population, and are
only focused on physical impairments and facilitating access inte building and public
places.

The adoption of inclusive design is not just of benefit when considering customers,
Employers will find themselves having to increasingly consider making their work-
places more accessible and inclustve. The concept of “work-places accessibility” is
typically associated with building design and wheelchair access in particular, An
accessible work-place requires not only that employees can get to and from their work-
place, but also that they can interact with the equipment and tools necessary for
productivity.

In most of cases, the equipment used to perform the job piaces additional demands on
the user over and above those required for the task itself. In such cases, the user can
be considered to have been disabled by the equipment.
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1.2 Research Justification

Due to the lack of interest and attention of companies and government in Mexico to
the disabled people and workplace environments, it is necessary to create a model that
comprises both issues of products and services designed to fit basic and affordable
necessities of people; and in the other hand, to improve waorkplaces within factories to
create products.

In a rapidly ageing world it no lenger makes commercial or social sense to design,
develop or attempt to market products and services whose usability is unnecessarily
challenging to people, whether they be voung or old, able-bodied or less able.

According to the need of inclusive design into products and services, this research
work is directed towards elaborate a methodology for designing products with an
inclusive design focus, considering the user acceptability and usability, utilizing a user-
centered approach to provide a useful guideline. Develop an inclusive design guide. A
logical first step is to create a document that provides design teams with information
about the nature of the various types of disabilities and various strategies for
addressing their needs.

The development of technology, and in particular new technology and the products
based on it, has the potential to provide solutions to many of the causes of exciusion
encountered by people with functional impairments. That is the reason to take
advantage of the new technology available to enhance and add functionality to
products and services. However, its potential can only be realized if the needs of the
wider population have been taken into account during its application in the design of
the products based upon it.

1.3 Objective of the Research

» To develop a methodelogy that incorporates inclusive design concepts into
mechatronic product design, with the purpose of improving characteristics of
products in order to adapt them to the user main disability and needs: a key
technology used to improve mechatronic product design was the use of wireless
sensor technology.

+ To demonstrate that the concept of inclusive design can be implemented in
product design, covering specific needs with effective results.

+ To develop a methodology for a Ffexible manufacturing systerm in order to
reconfigure it and convert it into reconfigurable manufacturing system with the
use of inclusive design concepts to improve the Reconfigurable Manufacturing
Systems characteristics and to make it easy to use, understand its functionality
and reconfigure it by the user,

» To demonstrate the feasibility to configure virtual and physical arrangements of
cell with the inclusive design approach.
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CHAPTER 1 INTRCDUCTION

1.4 Scope of the Research

= Action Research Methodelogy has been used in this thesis o plan, to observe
and to act, and reflect on the implementation of inclusive design in mechatronic
product design and later in the reconfiguration of a flexible manufacturing cell.

s« The use of Inclusive Design concepts to cover the user-centered approach
based on the User Pyramid te denote the user requirements.

» The Inclusive Design Cube is used in this thesis 1o provide three functional axis
of users, these are motion, cognitive and sensory to classify the user
interaction,

» Three products have been planned and conceptually designed as case studies to
demaonstrate inclusive desigh concepts and accomplishment of user needs.

« Wireless Technology has been used as an underpinning fechnology to add
functionality to products features, to satisfy the different user level
requirements.

» An additional case study has been developed related to the Analysis and
assessment of a Flexible Manufacturing System to achieve reconfigurability, and
the addition of Wireless Sensor Netwarks to improve its operation, converting
this FMS into a Reconfigurable Manufacturing System.

1.5 Key Contributions

s Develop a conceptual mechatronic preduct design with the incorporation of
Inclusive Design concepts.

» Develop a methodology for integrating the Inclusive Design appreach in the
developing of Reconfigurable Manufacturing Systems.

s Integration of Wireless Technclogy to conceptual design of mechatronic
products and into reconfigurable manufacturing systems to add functionality.

1.6 Thesis Organization
This thesis project is organized in eight chapters.

Chapter 1: Introduction

Chapter 2: Literature Review

Chapter 3. Research Methodclogy

Chapter 4: Methodology for Product Design incorporating Inclusive Design

Chapter 5: Case study for designing three products with inclusive design

Chapter 6: Methodology for integrating inclusive design in a flexible manufacturing
system in order to achieve reconfigurability

Chapter 7: Case study for reconfigurable manufacturing system

Chapter 8: Results and Conclusions with further research
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CHAPTER 1 INTRODUCTICN

Chapter 2 brings important literature review about Inclusive Design, describing
concepts, trends, applications and state of the art. Also, this chapter presents
literature of Reconfigurable Manufacturing Systems and Wireless Sensor Networks with
descriptions of the current studies about them.

Chapter 3 describes the Action Research methodology used through the case studies to
demonstrate the planning, acting, observation and reflection of inclusive design
approach implemented first on product design and later in reconfigurable
manufacturing systems.

Chapter 4, here the Methodology for product design is described, the methodology add
the inclusive design approach to improve characteristics of mechatronic products to
assist impaired and fully-able people.

Chapter 5 contains a case study that describes the application of the methodology
through several steps, and demonstrates the applicability of inclusive design in the
design of products.

Chapter 6, here is the Methodology to evaluate a FMS in order to achieve RMS
characteristics, and a methodology to integrate inclusive design into & reconfigured
FMC with the use of wireless sensor networks.

Chapter 7 the application of the methodology in a flexible manufacturing cell to
demonstrate its reconfigurability through a series of steps, the integration of inclusive
design approach to add characteristics oriented to users and the application of wireless
sensor networks to add functionality and flexibility.

Chapter 8, here the author presents the results of application of the methodology and
his conclusions about the process developed in both case studies.
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CHAPTER 2 LITERATURE REVIEW

Chapter 2 - Literature Review

2.1 Inclusive Design

Automation far Inclusive Design is characterized for facilitating accessibility to people
who does not have normal physical and/or mental capabilities. In this way, it is
necessary to develop devices, sensors and design practices forward to domestic and
urban automation, so people with any disability is able to interact and to get adapted
to products and services with no problem.

People not included in the normal design of products, buildings, houses, among
others, are within the framework of exclusive design, an example of this are
handicapped people, because of the existence of many people in conditions that
disable them in some way and that makes evident the need of redesigning certain
products and services so excluded people can use them normally, despite the
difference in capabilities and accessibility.

When taking a look at products commonly used, immediately it is possible to detect
inconveniences to use them in case of a disability. Many of these impairments are
caused by design decisions made without considering users, because there are
products that present unnecessary difficuities for many users. Their causes are
trivial, but their solutions may also be trivial.

Solutions that are more inclusive will explicitly address the usability and accessibility
needs for the widest range of users, and not necessarily require a deep review to
improve products.

Many products seem to be designed for young population, excluding old people or
people with functional impairments persisting in the view that these people are in
some way undesirable customers. However, there is an urgent need of developing
design methods based on a better understanding of such factors related to
disabilities and aging, which will lead to minimize the impact of impairments and to
improve life quality.

2.1.1 Inclusive Design — one among many terms

Inclusive design in one of many terms used nowadays in professions focused to
environment, like construction industry, and in the action field of government. This
term shares a similar background and also has objectives related to other terms such
as universal design, design for all and, recently, “respect for people” (CEBE - Special
Interest Group in Inclusive Design, 2002).

However, it is not the purpose to invest time in making distinctions among these
different terms, nar evaluating which is better; the objective is to do an effective job
independently of the terminociogy used, to determine the factors that should be
modified when analyzing products from an inclusive perspective.

Inclusive design is a process that results in inclusive products or environments which
might be used by all people no matter their age, gender or disability. It is an
evolutionist and complex concept which definition can be extended in order to
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include not only age, gender and disability, but also ethnic group, income, education,
culture, etc. (Shipley, 2D00)

Not all the products exclude users, just some of them, and sometimes unnecessarily.
A product designed to minimize exclusion will be called inclusive or universally
designed.

Research has shown that while many companies agree with the principles of
designing inclusively, they consider it impractical for them to adopt such practices.
The reasons commonly cited are:

Insufficient financial resources / time

Ihadequate access to product users

Inexperience in dealing directly with users

A lack of dermand from commissioners of the designs

Despite these many companies could adopt inclusive design practices for many
products and services as possible,

2.1.2 Why the interest in inclusive design?

There are arguments in favor of doing inclusive design practices, which address both
the ethical case and the business case for adopting inclusive design.

The Ethical Case

The ethical motivations For wanting to design for a wider range of user capabilities
and avoid unnecessary exclusion are easily identified. The foundation of the ethical
case for inclusive design is that many users are excluded from sing everyday
products and services because they do not have the necessary functional capability
to interact with them. This is not the fault of the user, it is the fault of the design of
the products and services for not providing enough support for the user,

The social argument reflects the changing nature of aging, disability and
technological skills necessary to participate fully in modern society,

Inclusive design is not only about handicapped people, but alsc about those who due
to their age have difficulties to walk, move or to chronicle ills like arthritis that
disable some movements to take or use products designed outside inclusive design
practices.

Nevertheless, old people, pregnant wornen, children, blind people are also important
objectives who have the need, temporary o permanent, of living in an adequate
environment adapted to their capabilities.

The Business Case
Governments around the world are responding to the ethical arguments in favor of a

greater sociai inclusion facilitated by the appropriate inciusive design of products,
services and environments with new legislation.
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Much of the legislation is focused on prohibiting discrimination in the grounds of
functional capability. In many countries, such legislation is regarded as an extension
of comparable laws countering discrimination based on gender or ethnicity.

In other countries, governments consider a main fault that companies do not
adequate their services 1o attend peopie with functional impairments.

As time goes, there is more population older than 50 years, retired and close to the
third age to be considered as potential customers. Consequently, it has an
economical sense to make sure they are not excluded, given that there is a global
market of products and services designed or old people.

There is also a need that industry responds with products to facilitate the
independency at work and at home for many people. And alse to generate design
methods based on @ better understanding of age and capabilities, which should be
focused to minimize the impact of disabilities and in this way, improve accessibility.

There are many products that are essential to facilitate the independency. These
include, for example: household products, food containers, clothes, communication
devices, formats to get information, lighting, infrastructure. These products and
many others are part of an integral aspect of life for population in general.

It is indispensable to remark that the mentioned research about inclusive design has
been carried out in developed countries like Japan, United States, England, etc. Also
in Mexico part of the population is handicapped or has a disability due to their age;
which is considered as part of excluded groups.

Next it will he analyzed the disabled population in Mexica.
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2.1.3 In Mexico

In Mexico there are around 2 million people with some type of disability, which
reveals that there is a wide need of redesigning many products and services in order
to make them inclusive.

Disabled Population in Mexico

Disability

Language

Auditive

Visual

Motion |

1 ==

0 200 400 600 800 1000
Population (thousands)

Figure 2.1 Disabled population in Mexica. Source: INEGI, 2000.

After analyzing the given information, it is worth to specifically emphasize that there
is a need to develop knowledge and understanding about the user reguirements for
finished products.

Despite the national reality, normativity has focused just in the right to health; this
has been recognized in the articie 4th in the Constitution and regulated by the
General Health Law. Physical disability is regulated by social assistance, by
preventing disability and with rehabilitation of handicapped people. But the problem
of handicapped people requires more than just the general health perspective.

Global trends are moving to leave the medical and social assistance model, to adopt
the handicapped model as a human rights topic. And this is why the application of
the Mexican legislation related to this subject is deficient, since it has been totally
surpassed.

Perdomo, Gerardo. 2004, says about the legislative situation about handicapped
people:

The subject of handicapped people rights is been taken to the legislative agenda. At
this moment the commissions of health, social security, social development and
legisiative studies in the Senate are analyzing a memorandum and some law
initiatives, with the purpose of condensing a specific ordering in this subject that
allows the integration of handicapped people in social, economic and cultural
processed in the country, based in a wide knowledge and warranty of their human
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rights and to the establishment of mechanisms that lead to equality of circumstances
and opportunities within the society.

The new order must guarantee the rights of handicapped pecple, and it is necessary
to protect and promote these rights. Among them figure the right to equality, right
to not to be discriminated or excluded, and those that allow disabled people to have
a full access to education, employment and training, health, social services, culture
and sports, media mass and [ransportation. It also sheould include laws related to
architectonic, urban development and housing support for the disabled population.
The effective warranty of these rights will be the main objective of the law.

To achieve the feasibiity of these legislature, it is indispensable a simple
constitutional modification that supports its expedition, defining the competencies of
the federation, the states and the Federal District, as the responsibilities of the
different organisms that will apply and observe the achievement of the law.

There is much work to do vet, and it is necessary to sum efforts to apply, justify and
dignify the handicapped population in Mexico.

For a better interpretation of functiona! needs of excluded people, it has been
designed a tool called Inclusive Design Cube. {Clarkson & Keates, 2000)

2.2 Inclusive Design Cube

AT The volume of any part of the cube represents the total mimber of
T e e 74 users with the range of capabilities described by its dimensions
- - ! ‘ )
N s ﬁ Assisted by i
% R : . L carer
§ % 22 oan Increasing :
N 7 % motion
% ::// \ | capability LF . Special purpose
%- 2 v . design
S - : 3 Modular/customisable
2 a7 Intressing .
_— % it . design
Increasing 4 cogritive comprises
sensary \‘\‘ capability .
capability \ . User aware
The lower right front comer of the design
cube represents the fully able user h

Figure 2.2 Inclusive Design Cube, {Scurce: Clarksan & Keates, 2000)

Individual parts of the cube represent populations that can be assisted by a
particular design.

The cube in its current form has qualitative axes ranging from full capability to no
capability. The motion axis represents such factors as strength and coordination
capability; the sensory axis covers audio and visual capability; while the cognitive
axis recognizes the range of intellectuval capability.
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At the low capability end of each scale, it is likely that many of the needs of daily
living will be met by a carer. As capability increases, special purpose design will
provide products to suit specific needs., for example, wheelchairs, walking frames,
hearing aids and spectacles where such products are not intended for general use by
the whole population. Modular or customizable design allows for variations in product
user interfaces to accommodate a wider range of abilities than a standard interface.
Finally, user aware design is intended to result in products which appeal to as wide a
range of capability as possible.

The cube is essentially an extension of the user pyramid proposed by Benkzton
{1923}, and shown in the next figure.

2.3 Users pyramid

F People with %
reduced strength 'Y
and mobility

Able-bodied pepple
and those with
minor disabilities

Figure 2.3 Users Pyramid (Benkzton, 1993)

» As can be seen in the figure, the most dependent people are those which are in
wheelchairs and people with very limited strength and mobility in their arms
and hands, and they are found in the upper part of the pyramid.

¢« In the middle are the people with reduced strength and mobility caused by
disease and age-related impairment.

« Finally, in the bottorm of the pyramid are found the able-bodied of fully capable
users together with elderly people who have minor disabilities like reduced
strength and mchility, or impaired hearing or sight.

Automation for inclusive design applied in the upper part of the pyramid is
considered the hardest to do because the person does not have the motion ability to
access, move or control any automatic device to do a specific activity independently.
In this case it is necessary to automate using sensors that interpret certain
movements done by the person so after that it can be easily carried out any
predetermined action by the autcmation technology.

In the middle level of the pyramid it can be applied an automation technology that
comprehends a conjunctions of controls and sensors for those people who does not
have an extreme mction impairment, and that in some way are able to control an
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automated system through pushing buttons, walking or just moving their hands or
arms.

According to the available information related to handicapped people {visual, moticn
and hearing), the main difficulty they have and that makes them more dependent on
aothers is moving through any place, it can be in any building, when getting into a
public transportation unity or just when going out to the street.

For these is necessary to make a detailed observation of these people movements,
their anthropometry and basic functional needs, to understand and then propose a
solution in design and in technology.

2.4  Using the Inclusive Design Cube to identify the potential market

The inclusive design cube is intended to be used as a diagnostic tocl to assess the
potential for expanding the market for a product. It is believed that by focusing on
the market benefits of inclusive design is more likely that companies will be
encouraged to develop new, more accessible products.

The inclusive design cube is initially intended to be used as a gualitative tool.
However, it would be more useful as a quantitative tool coupled to recent
demographic and impairment data. In addition, if it was also linked to the latest
ergonomic data and guidelines it would allow the designer to understand what user
interface features are required to meet the user capability targets.

2.5 Automation Technologies

According to the objective of this thesis the author is providing useful information
about wireless technology, its characteristics and functionalities that will be
considered to support the products and facilities.

There are Technologies based on sensors, actuators, computers, transmitters-
receivers, radio frequency devices and more; to automate houses and buildings that
are required by customers for comfort and hoeme entertainment.

2.5.1 X10 X’—-ﬂ%

X10 is a communication language that allows compatible devices to talk to each
other using an existing electrical installation at home. Many compatible products with
X10 are very accessible and the fact that they use the same electrical cables at home
means that do not require additional expenses for installation.

The installation is simple: a transmitter is connected somewhere in the house and
sends its control signal {on, off, bright, attenuation, etc.} to a receiver which is
connected somewhere else in the house.

X10 is easy to use, just push a button in the transmitter and the signal is sent
through the electric cable in the house to a receiver.
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with simple digital dialing or buttons each product is assigned to one of the 256
supported addresses in the system. If it is wanted that two products turn on or off
simultaneously, is needed to set the same address in the desired devices. All
compatible products with X10, can be used and configured to create an automation
network at home. The brands that work directly with X10 are: Leviton, Stanley, 1BM,
DS, ACT, HomePro, etc.

It is estimated that there are approximately 10 million of American homes with
compatible products with X10. This is because the system has many advantages
above other systems and types of remote control products:

Cheap

Does not need new electric cable installations
Easy installation

Hundreds of compatible products

Controls up to 256 lights and electric devices
Around 20 years of experience

It is worth to mention the benefits of automation with X10, as:
Comfort

It is possible to control the TV from the coach, or to attenuate the lights when
getting ready for watching a movie. Adjust the temperature from bed or control the
volume of all the home audio system from any room. Or just turn on the heating in
the bathroom 5 minutes before waking up, so it is warm when taking a shower.

Safety
Have different products that make it easier to access a house, since opening the

garage, getting in the house with the lights already turmed on. Lock doors and
windows, putting an active alarm that detects any movement or intrusion suspicion.

2.5.2 MOTES

MOTES are wireless sensors that consist in Processor and Radio boards, connected
among themselves in a network of various sensors and controlled by an operative
system called Tiny0s, support radio signals from two channels.

MOTES are thin and small, autonomous, are computers that have batteries as source
of power and radio terminals which enable them to communicate and exchange
information with others, as auto-organize in ad hoc networks. MOTES can be used to
detect objects in movement and draw their path.

Currenitly Intel Company is working in collaboration with researchers’ community to
explore the potential of new applications for MOTES and sensor networks. Potential
markets in a future include transportation and deliveries, fire fight and rescue
operations, home automation and even interactive toys.

Intel is interacting with home and industrial automation companies to develop and
promote low energy consumer radio frequency technology.
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An application for MOTES would be the Sense Table, which is a simple application of
MOTES in a network for their use in a tangible interface. Sixteen MOTES are wireless
connected. Each MOTE uses a magnetometer for sensing metallic objects on the
table. The sensors network calculates and looks for an object position once it has
changed its position.

Figure 2.4 MOTE sense table

The system operates independently of any PC externally connected. In the
application of the Sensors Table, a mote added to a PC gets the information from the
motes that are in the Sensors Table and generates an appropriate visualization of the
cbtained data.

2.5.3 RFID (Radio Frequency Identification Technology)

Radio Frequency Identification {(RFID) uses radio waves to communicate to the RFID
reader to identify individual items on which RFID tag is placed. RFID tags placed on
items listen to the query generated from the RFID reader and responded back by
transmitting their unique code id. There are two types of RFID, depending on the
communication methodologies and power source of RFID tag. The two types of RFID
are — Active RFID and Passive RFID.

+ Passive RFID

Passive RFID tags does not have own power supply, but absorbs power from the
radio frequency generated from the reader and transmitted back a response. Passive
RFID response contains typically the unique ID number only due to low power
availability. Lack of power supply makes the passive RFID range of transmission from
inches to 20 feet.

+ Active RFID

Active RFID has its own power source and has more memary to keep additicnal
information other tan the unigue id. Due to own power source its transmission range
can extend up to 100 feet. It can store additional information received from the RFID
reader.
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How does RFID tracking work?

A RFID based system; each item is fitted with a RFID tag. The RFID tag is basically
an electronic radio transmitter comprising of 2 micro-chip and an antenna and a tiny
battery, everything fabricated on a thin plastic sheet. 1t can be easily attached to a
variety of items directly. Each RFID tag has a few bytes of memory built on to it
which contains its unique identification number and it periodically sends out a radio
signal carrying the same. A receiver device, called the RFID reader detects the signal
emitted by each tag as soon as it enters into its radio range and interprets the
identification number. The RFID tags that are powered with a tiny battery are known
as Active RFID tags and can be read from a distance as high as 100 feet. The
detection range of a RFID reader can be adjusted so that it defines an area in the
enterprise. Simply put, when a RFID tag is detected by a particular RFID reader, it's
known that the item where the tag is put on is present in the area where the reader
is sitting.

System Architecture of RFID Subsystem

The RFID based asset tracking and inventory management solution uses a simple yet
scalable architecture for the RFID subsystem to suit the needs of a variety of
application domains. It uses a number of individual software components that work
collaboratively for smooth processing of the RFID tag information (such as Tag ID,
time of detection, area where detected, etc) and feed the information to the
inventory management solution.

A number of RFID readers are place within the sensing place, depending on its
shape, size, number of strategic detection points and other factors. Each RFID reader
defines an area in the enterprise. Data that is captured by the readers are sent to a
software called Concentrator. The concentrator software can receive RFID
information from several reader devices. It processes the information and buffers
them for a predefined time period. There is another piece of software called Collector
which collects buffered data from the Concentrators. For higher tag densities,
additional Collectors can be added to the systeam. The Collector software performs
additional processing and finally puts the data into an SQL Server database.

The RFID based asset tracking and inventory management solutions can be
developed depending on customer requirements as suitable for the business process
of the organization.
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Areas of application of RFID Technology

The major application area of RFID tracking is in manufacturing, service and retail
chains. However it can be applied in many other ways. RFID tracking can be used in
any area where some kind of tracking is necessary. Some interesting applications are
described here.

» In Hospitals and Health care, each patient can be tracked by a RFID tag. RFID
tags in form of wrist-bands are now available in the market. Doctors and
nursing staff can see detailed information of the patient on a hand-held PC or
PDA, just by standing near the patient's bed.

» In large farms, dairies, etc., RFID tags can be used to track live stock. Active
RFID tags in form of ear tags have started coming to the market.

* RFID tracking can be used in any organization for employee/visitor tracking
within its premises,

¢« In Airlines, RFID technology can be used for tracking baggage with 100%
accuracy.

+ In a city transport system, RFID tags can be used on high priority vehicles such
as police cars, ambulances, fire trucks, etc., so that when they arrive at a
crossing, the traffic signaling system can automatically switch on green lights
only for that lane and red lights for all cther lanes.

As it can be seen, RFID Technology can achieve the wireless sensor network
characteristics:

+ Low power consumption: By only receiving energy from the radio frequency
generated from the reader and transmitted back.

*  Wireless Sensor Network: Their architecture allows an arrangement that
intercommunicate several receivers to a concentrate in arder to obtain more
infarmation.

2.5.4 Wireless Sensor Networks

Wireless sensor nefworks are a sensible choice for data acquisition frameworks as
wireless sensors can be conveniently placed in non-accessible places, support
mobility and dynamic topology and can scale better than their wired counterparts. As
such, they are widely used in sensing applications like temperature, pressure,
acoustics, and motion detection as well as for data acquisition in monitoring,
manufacturing, biodevices etc.

A wireless sensor network is a collection of wireless sensors covering a small area,
typically less than 10m. Every sensor performs independent sensing, processing and
transmission of data over wireless link to a data collection node. The data collection
node aggregates data from multiple sensors and processes it.

In general, wireless sensor networks are deployed for data acquisition purposes,
They have a fixed pattern of data flow. Sensors transmit smail amount of data at
periodic intervals of time. The data may be as small as few bytes. Usually the data

652466
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contains the value of one or more sensed attributes. The time interval between
successive data transmission by a sensor depends on the reguirement of the
application. For example, for a sensor for surveillance purposes, the data
transmission can be quite frequent while for environment monitoring it could be
significantly infrequent.

Wireless network sensors are a strategic soclution to acquire signals from tool
machines, like speeds, vibration, temperatures, and the very advantage of this kind
of sensors is that they do not need wires for power supply and signal transmitting,
since they are equipped with batteries and the signal acquired is transmitted through
radio waves,

Constituents of Wirefess Sensors

A wireless sensor can have size of the order of millimeters. In this, resides a
transducer unit that converts the sensed analog signals to digital, a control unit that
receives digital input from the sensing unit and performs protocol operations, a radio
unit which transmits the packet over wireless link and a battery which is the power
source of the entire device. The control unit can function at micro-watts level while
the radio transmissions typically require energy in miliwatts.

Prodocod Lat
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Transdueer
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Figure 2.5: Functional components of a typical wireless sensor (Agrawal, et.al., 2003}

The network protocol is realized in the control unit which is a microcontroller. The
network protocol runs through the information and configures the sensor
dynamically. The data flows unidirectionally from transducer unit to the control unit.
The control unit contains memory units to save data, an Arithmetic and Logic Unit
{ALU) to do calculations, comparisons and other data manipulations, a timer unit to
schedule data transmissions, a protocol unit to implement the network protocol
functions, and finally a CPU to contral all the above units. For low power
consumption, the CPU should function at low speeds. The radio unit hosts the MAC
protocol functionality. The MAC protocol handles data transmission over wireless link.

One of the important characteristics of sensor networks is that the data transmission
does not require higher power radio signals as the sensors are located close to gach
other.
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Fixed network or Ad-hoc network

The characteristics of wireless sensor networks are highly related to their topclogical
configuration. A wireless sensor network can be an ad-hoc network or a fixed
network. In an ad-hoc network, sensors can organize themselves in clusters of sub-
networks and perform higher level functions of routing or mobility management
between themselves. In the fixed network, a higher peer usually called an access
point manages communication between groups of sensors. Sensors of different
groups communicate via their access points. Thus, for fixed wireless sensor
networks, much of the functionality of IP layer may be redundant.

They are easily deployed and depending on the type of network they can achieve a
throughput of approximately 40 Kbps that can be sufficient enough for all the
recompiled data sent. They are usually organized in a multi-hop network, and each
node has its own sensors, embedded processors and low-power radios, every single
one running with batteries. (Ye, Heidemann and Estrin, 2002)

Actual manufacturing systems require the unconditional support that technology can
offer nowadays and the integration of WSN to Reconfigurable Manufacturing Systemis
facilitate the monitoring, data acquisition (signal conditioning), signal processing
techniques, and decision making routine to analyze the data and classify the results.
(Mehrabi and Kannatey-Asibu Jr, 2000)

The major challenges in the design of a wireless sensor network are the power,
storage, processing and computing limitations of the sensor,

Wireless Sensor Networks Applications

A typical application can be an automatic guided vehicle where a wireless sensaor
network is used for positioning, guidance and interaction with surrounding machines
and robots. In the extreme case the product itself can be equipped with a radio
node, making it possible for the assembly robots to interact wit the product during
the assembly. This would make it possible to conduct tests, software downloads and
identification during assembly process of complex and variable products.

Wireless sensor network (WSHN) is a recent research topic. This network is composed
of hundreds or thousand of autonomous and compact devices called sensor nodes.

Wireless Sensor Network has the potential for many applications: e.g. for military
purpose, it can be used for monitoring, tracking and surveillance of borders; in
industry for factory instrumentation; in a large metropolis to monitor traffic density
and road conditions; in engineering to monitor building structures; in environment to
moniter forest, oceans, precision agrictlture, etc. Others applications include
managing complex physical systems like airplane wings and complex ecosystems.

A sensor node is composed of a power unit, processing unit, sensing unit, and
communication unit. The processing unit is responsible to collect and process signals
captured from sensors and transmit them to the network. Sensors are devices that
produce a measurable response to a change in a physical condition like temperature
and pressure. The wireless communication channel provides a medium to transfer
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signals from sensors to exterior world or a computer netwark, and also a mechanism
of communication to establish and maintenance of WSN, which is usually ad-hoc.

Characteristics and Requirements of Sensor Node

Energy-Efficiency

Sensor node must be energy efficient. Sensor nodes have a limit amount of energy
resource that determines their lifetime. Since it is unfeasible to recharge thousands
of nodes, each node should be as energy efficient as possible. Hence, energy is the
major resource, being the primary metric for analysis.

tow-cost
Sensor node should be cheap. Since this network will have hundreds or thousands of
sensor hodes, these devices should be low cost.

Distributed Sensing

Using a wireless sensor network, many more data can be collected compared to just
one sensor. Even deploying a sensor with great line of sight, it could have
obstructions. Thus, distributed sensing provides robustness to environmental
obstacles.

Wireless

The sensor node needs to be wireless. In many applications, the envireament being
monitored does not have installed infrastructure for communications. Thus, the
nodes should use wireless communication channels, & node being wireless also
enable to install a network by deployving nodes and can be used in many others
studies for example liguid flow of materials.

Muiti-hop

A sensor node may not reach the base station. The sclution is to communicate
through multi-hop. Another advantage is that radio signal power is proportional to
r4, where r is the distance of communication. It can be more energy economic to
transmit many short-distance messages than one-long distance message.

Distributed processing

Each sensor node shouid be able to process (ocal data, using fiitering and data fusion
algorithms to collect data from environment and aggregate this data, transforming it
to information.
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2.5.5 Honeywell - Hometronic

Are technologies developed with the purpose of satisfying some comfort needs at
home, such as:

QOpening of blinds

Closing water and gas valves (safety)

Security systems like alarms and motion sensors
Femote control with mobile telephony

Control panel for lights and temperature
Autornatic locks for opening doors

Room access with security numeric keyboard

Among other products fabricated by this company. These products receive and
transmit signals by:

* Radio frequency «  Temperature, illumination and
* Electric cables motion sensors
«  Infrared port +  Computer serial port

Its objective market is homes, because nowadays they have no other application,
they are directed to those people that look for comfort in their automated houses
and with operations than can be executed by a central system automatically.

The integration of this technology with other mentioned above, would be easy due to
the open source software they use, that can be configured to work with applications
related to X10 and MOTES. Also because to their fiexibility to operate through
traditional electric cables In any installation capable of receiving signals.

Based on the needs and with the existing products that use the technologies X10 and
MOTES it is proposed to automate what already has been produced and/or develop
new automated products and services.

In a further description of the methodology, there will be a part of observation and
interview with the user or people who assist handicapped and old people, whit the
purpose of detecting those needs that require to be fulfilled with a product.

Once obtained the types of disability, functional need, technologies with their
respective advantages, is fundamental to analyze the coupling they can have among
them to offer technologic soluticns.

MNext is given a series of types of handicapped people and age-related impairments,
with the functions of the existing technologies that can cover those deficiencies.
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Avdilable technologies
X10
MOTES

Deaevices / Functions:

Mavement and approximation
SEN3OTS

Temperature and humidity
SENISCLS

Detection of vibrations and paths
Switches

Dimmers

Pistons

Soleroid valves

RF Transceivers
Reprogrammable controls
Answer machines

Water and air thermostats
Transistors

Modules en/off for electric
devices

Flectric locks

Maotors for blinds

Maotors for curtains
Pneumatic actuators
Remote controls

Note: The need of moving through halls, rooms, or in public places has been the
most important to handicapped people with moving impairments and old people.

Cnce the customer requirements have been identified and the technological options
reviewed, it is convenient to create “kits” of products categorized according to the
main disability of the user.
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Inclusive Design

Mction
Wheelchairs
Access to buildings
Up / down stairs

Reduction of Strength
Arthritis

QOpen door handies
Open jars

Group of Applications
Open doors

Activate ventilation
Turn on / off lights

SENsOrs
Modify level of tables

Interconnected presence

Visual Impairment

Bright and flashing switches
Rermote controls

Detection of paths

The operative system that controls the MOTES is open-source software called
Tiny0S, which can be modified to intercommunicate with the interface of the
Firecracker software that contreols the X10 to execute output signals.

TinyQs

-+
<+
<+

—

MOTES

Firecracker

Hormetronic

X10

Figure 2.6 Integration of various technologies through software

This is a schematic description of the integration of wvarious technologies using
software, without modifying the principle of functionality of each one of them, but
adding the efforts and advantages that each one provides with the purpose of

facilitating the user interaction with his or her environment.

Following some products that might be able to be fabricated with the integration of
the technologies X10, MOTES and Hometronic will be proposed. These options are
useful to visualize the different solution alternatives for the existing needs, and thus
understand the flexibility given by each technology to integrate to the objective of a

solution.
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Answer with X10 and MOTES
Proposed products:

1. MOTES sensors that defect presence and fum on the lights with X10 devices
- according to luminous conditions, and at the same time open the doors when
- passing through.
2. Detechon of inside ‘temperature and regulation of environmental wecﬂher
using.cir conditioner.or heating as needed.
3. Detecfion of proximity fo doors and their automatic opening for less
: _;frequen’red places. On the other hand, the most used doors will be con’rrolied
by a portable radig-control.
4. “Manudl and awomatic temperature control for shower, by a main hermahc'
- control thiat regulates femperature without using handles.
5, Remote Control with illgmination functions and to open f close and lock: doors
6. Self-adjustable height table for having medls or for reading (wheelchairs).

Table 2.1 Proposal of products to respond tc a variety of impairments

The six proposed products are composed by X10 and MOTES Technologies, their
functional characteristics must be analyzed in accordance to their achievement of the
Inclusive Design Cube qualitative axis with the [abeis:

« IMC Incremental Motion Capability
» ICC Incremental Cognitive Capability
» ISC Incremental Sensory Capability

Products designed for assisted people are the ones that require sensors and onfoff
devices completely automated that do not imply any interaction from the user. The
type of modular / customizable design goes for those pecople that do not have a
severe impairment and that can be designed and adjusted to specific needs. These
can be also operated in a manual mode for people who assist disabled customers.

A specific purpose product is designed to fulfill those specific needs and that can not
be configured for other functions, but for those that it was designed to perform.

r\'::irr;;n l:::;n Low Strength,
Minimum Minimum Minimum SMediEmr Low Minirmum
Coordination Coardination
Minimum Minimum Medium Meodium High Minimum
Only visual Only tachle ; . Only tactile Only visual Only visual
) " High Visual . ] ’
perception perception perception perception perceptian
Assisted by Madular Modular § Modular / Moduiar ¢ Assisted by
carer Customzable Custamizable Custemizable Customizabie carer

Tahle 2.2 Table of relationship between 1DC axis and products praposed
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Frovides control for

Provides control for blinds, windows

n extremities X
Senses ¢ doors, windows

pasition and other devices and elgctronlc
devices
Not needed Medium High

Detects movement Provides heip with 'Ilprr'?:;?;:l;zd
! illumination and muminat

resence and paths . \ control of several
P P visual signals .
devices

Table 2.3 Relationship of how wireless technology improves the 1DC qualitative axis

MQOTES sensors reach a higher leve! in the user pyramid, where people with motion,
visual and auditive impairments are located, and do not require cognitive capability
from the user because it is @ component of active automation.

X10 devices make easy the movement, ccordination, auditive and visual operations,
just getting instructions from the MOTES to carry on its functions, although the
control require some intellectual capability to be operated.

HOMETRONIC technology demands a wide knowledge in the control of electronic
devices, weather, illumination and other devices, but also can be controlled with
MOTES sensors to perform its functions.

2.6 Usability, accessibility and inclusive design
According to Jakob Nielsen (1993) system acceptability is the goal that designers

should be aiming for and can be achieved by meeting the social and practical
acceptability objectives for the system.

Procluct fractical

accetability acceptanility
Social
acceptability

Figure 2.7 Acceptability: A combination of practical and social issues (Nielsen, 1993)

Nielsen further identifies usefulnass, constituting usability and utility, as a key
objective ta providing practical acceptability.

M. & MANUFACTURING SYSTEMS 23 LUIS MANLEL GUIZAR CASTREJON



CHAPTER 2 LITERATURE REVIEW

2.6.1 Designing for social acceptability

Inclusive design does not require the application of new skills or techniques. Instead
it requires the designer to modify his or her perception of what the user really wants.

The encapsulation and presentation of the user-wants should include the additional
factors such as the effects of age, experience and impairments, so that the designers
can respond to them.

Common appreoaches often focus on providing inspiration to the designers,
encouraging the right frame of mind, rather than a list of specific requirements.

A model such as IDED generates specifications based on user reguirements,
identified by store-telling approach, and that is how this company knows about the
user interaction with the envirgnmen{. I{ is a direct contact with the user,

Another approach is simply to expose designers to end-users, This is the approach
used for empathic design proposed by Gheerawo and Lebbon (2002),

2.6.2 The goal of social acceptability

Social acceptability, as defined by Nielsen (1993) is achieved when the product
meets the expectations and aspirations of the user. For brevity, we shall refer to
these as the “user wants”, Social acceptability reguires that issues such as the
following are addressed:

Does the product logk nice?

Do I trust this product?

Does this product stigmatize me in any way?
Do I want this product?

Is this product ‘cool’?

Although this list is not exhaustive, merely indicative of the {ype of attributes
associated with social acceptability. When considering the design of assistive
products in particular it is also important to add ‘non-stigmatizing’ to the list of
attributes.

In other words, a socially acceptable product must be one that the user is happy or
content to use.

As Cooper {1999) says, the only successful products are those that the users want to
use,

While this may be true for most mainstream commercial products, it does not
necessarily apply to so-called assistive or rehabilitation products, which are often
bought on behalf of the user by an intermediary, such as a health authority.

Designing for social acceptability requires the designer to be provided with
information about what constitutes a socially acceptable product for the target users
and then using a suitable design appreach that is responsive to those reguirements.
Keates & Clarkson (2003},
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2.6.3 Identifying what user wants

Before applying any design model for the inclusive design of a product, it is
important to ohserve and guestion the custemer, to understand what really needs
and wants; this is relevant because in a first instance there is a need to be satisfied
with a product and after that a desire of the user. This means that once the product
has been designed to fulfill the specifications it is necessary to add an aesthetic value
that will make the product acceptable,

Some people want a product that draws attention to itself, such as a memory aid or
prompt to take medication, while others would prefer something more discreet,
especially if the product is to be used in public.

Traditionally, defining the user expectations for a product has been a remit of market
researchers, or other specialist professionals, such as ethnographers, who study
customs, habits, trends and life styles in specific regions.

Keates y Clarkson (2003}, provide a brief summary of typical methods to identify
what user wants:

» Questionnaires: A series of pre-prepared questions asked either in writing or
orally.
Interviews: Either pre-structured or free-form.
User observation: Watching the users perform the task, either using an
existing product or prototype.
Focus groups: Discussion groups addressing a specific topic.
Ethnographic methods: Use of 'cultural probes’ {cameras, diaries, etc.)

Each of the above methods has its limitations, as mentioned next:

Queastionnaires are only as useful as the guestions that are on them. If the wrong
questions are being asked, then the informaticon obtained will be of limited use. Also,
if the questionnaires are mailed out (as compared to being completed in the
presence of a researcher}, then they often suffer from low response rates.

Conversely, interviews are time-intensive, requiring one-on-one fime between the
interviewer and the interviewees, so are anty really practical for small samples.

Similarly, user observation is also time-intensive, and also often requires the use of
specialist equipment for recording and analyzing the observation sessions. The
observers also have to be aware of the need to not interfere in how the user
performs the task, to avoid influencing the data collected.

Focus groups are a current favorite among market researchers. They offer feedback
form many users in a short space of time, and so are considered good value for
money. However, the principal weakness of focus groups is that they can be
influenced by a small vociferous minority who impress their opinions an the other
participants.

Ethnographic methods rely on providing the users with recording media (‘cultural
probes’), such as cameras, diaries and tape recorders. The users then make use of
the media to keep a record of what they consider to be important over a period of
between a few days to a week. The strength of this approach is that the user is left
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at complete liberty over what to record, thus preventing the researcher from
influencing the outcome.

However, the principal weaknesses of ethnographic methods are that the user may
not record anything that is relevant and also that the data collected needs to be
interpreted and this is in turn subject to the interpretation of the researcher
performing the analysis.

After knowing about thaese different methods, it is also necessary to make additional
considerations in particular the effects of age and experience need tc be addressed.
{Keates and Clarkson, 2003)

The Effect of Age

When designing for a different age range, the designers need to be attuned to the
aesthetic and aspirational values of the users. Similarly, each generation will have
developed different sets of technological skills, knowledge and experience.

The Effect of Experience

When asking or identifying user's opinions, many of those opinions will be tempered
by the past experiences of the users.

When considering the design of a radical new technology, the usefulness of the
feedback will potentially be restricted by the ability of the participants to understand
the potential of the new technology.

When considering the issues for designing inclusively, it has to be remembered that
many older users may have different educational background to younger ones,
especially when talking about computers and electronic devices.

The Effect of Disabilities

A person who has suddenly developed or acquired a functional impairment, for
example from a stroke or an accident, will feel an immediate loss in capability. The
psychological effect of this can be devastating and can be difficult to come to terms
with,

However, someone who acquires or develops a functional impairment over a long
peried of time, often with gradual erosion of capability, may be more accepting of
the decrease in capability, especially if it is a result of the aging process.

Finally, someone who has born with a congenital impairment that is present from
birth often has a completely different view of what to expect from life from that of
someone who has experienced full functional capability.

Identifying and understanding the psychological impact of the impairments is often
as important as understanding the physiological factors. The impact is alse very
user-dependent and often varies significantly from person to person.
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2.6.4 The goal of practical acceptability

Having considered designing for the goal of social acceptability, the next step is to
consider practical acceptability.

Jakob Nielsen’s (1993) definition of practical acceptability divided it into:

Cost
Compalibility
Reliability
Usefulness

Of these, usefulness is subdivided further into utility and usability, where utility is
the provision of the necessary functionality by the product or service to perform the
desired task.

Usability is defined as including:

Ease or learning
Efficiency of use
Ease of remembering
Low (user) error rates

Most designers focus on providing the necessary utility, or functionality of the system
required for the task, and the social acceptability, such as the aesthetic
characteristics, for user who match their own capabilities and preferences. There are
two reasons for these. The first is that these are indisputably wvery important
ohjectives to address. The second is that a minimally effective solution can be
obtained in the minimum of time.

This is the easiest way to achieve a product design without adapt it to non-required
specification from the user, these are more commercial products and non-
customized.

However, as Poulson (1996) says that such minimally effective solutions are
increasingly unacceptable to the wider population. He argues that usability, i.e. the
extent to which a product can be used by specified users to achieve specified goals
(ISQ, 1928), is also important and needs to be designed directly inte the product or
service.

The usability and acceptability principle proposed by Nielsen is contained in the next
figure.
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Product Practical Usefulness

Acceptability Acceptability

Usability Easy to learn

Cost Efficient to use

Sodal
Acceptability

Compatibility Utility Easy to remember

Reliabifity Few errors

ther Accesibility Fun to use

Figure 2.8 Usability and Acceptability principles (Mielsen, 1993

Usability is often regarded as a specialist activity. Many usability professionals wouid
claim that is sufficiently complex that most designers need specialist help in
identifying and achieving usability goals. However, they are severely limited in their
suitability for design for accessibility. The limitation arises from the wide variation of
functional capabilities across the population. This is that a commonly accepted as
usable system product development can be used by all peopie.

Many valid usability techniques are also limited because of their configuration for
accessibility design, which classifies them as inflexible.

A traditional usability approach would take a user selected on the basis of his or her
skill and experience, and a solution would be developed that was usable by that
individual, An accessihility approach needs to consider an extra level of information,
that of how the specific user maps to the target population in terms of functignal
capability and not just skill and experience.

When designing for accessibility, and thus for inclusivity, the users identified should
represent the observed spread of capabilities in the population. Hence, some users
should have high functional capability (low impairment), others should have
moderate functional capability {moderate impairment} and finally there should also
be users with low functional capability (high impairment).

However, identifying and securing access to representative users can be expensive
and time-consuming, s¢ an increasingly popular approach to inclusive design is to
design for the more extreme end-users.

The principal weakness of working only with extreme users is that unless the
designers have been briefed that these users are still only a representative simple,
and do not span the entire spectrum of users, then they may be tempted to optimize
for those individual users only.

Accessibility design approaches have had to be developed to complement traditional
usability approaches and encourage broader interpretations of the end-users. These
approaches are variably referred to as ‘design for all’ {(Europe}, ‘universal design’
(USA and Jlapan) and ‘inclusive design’ (UK) and are typically specific
implementations or derivations of ‘user-centered design’ (Newell and Gregor, 2002).

There are several existing approaches to designing more inclusive products.
However, there are shortcormings of each of these approaches that prevent from
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being useful across all circumstances. The principal weakness stem from the targeted
nature of the approaches.

Initially it was recognized that the disabled and elderly people were the principal
groups excluded form using most products. The solution appeared obvious, if such
users could not use the products, then developing special products designed specially
for them would solve the problem. Thus concepts such as ‘design for disability’
(Coleman, 2001) appeared.

While many good products were developed using design for disability approaches,
they were outnumbered by those that were either expensive, inappropriate or simple
did not offer the necessary utility. The focus of the products developed, including
many assistive technology products, was often on very specific needs arising from
very specific circumstances. Also, many of the products had to be designed from
scratch. This made for very long development times, with resultant high costs.

Many products were developed with no thought of whether someone would actually
want to use, or be seen using them. As people rebelled against using ugly,
stigmatizing, expensive products with poor usability, it was clear that new
approaches to design were required.

"Design for all” was another early concept in the debate about how to design more
inclusive products. There is no single clear definition of its goal, unlike for example
the seven principles of universal design {Story, 2001},

The Principles of Universal Design

1. Equitable use

2. Flexibility in use

3. Simple and intuitive

4. Perceptible information

5. Tolerance for etror

6. Low physical effort

7. Size and space for approach and use

Table 2.4 Universal Design

It is commonly, but incorrectly, interpreted as being a ‘one preduct for all' type
approach. A more accurate description it is a philosophy that encourages designers
to consider the needs of the wider range of users and typically results in products
designed for the largest possible population, but not the entire population.

A number of newer, more focused design approaches were developed to overcome
the shortcomings of the earlier methods. For exampie, 'transgenerational design’
{Pirkl, 1993) focuses on designing preducts that do not exclude on the grounds of
age. 'Rehabilitation design’ focuses on design for specific impairment types (Hewer et
al., 1995).

However, each of these design approaches has been developed to meet the needs of
designing for specific user groups. Consequently, when combined the existing
approaches may offer a complete coverage of the population needs, individually they
do not.
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One of the most fundamental questions facing a desigher when considering how best
to design inclusively is that of whether to adopt a ‘top-down’ or 'bottem-up’
approach.

2.6.5 Mainstream Products vs. Assistive Technology

Design approaches such as rehabilitation design and design for disability correspond
to top-down approaches and the products developed are typically classified as
assistive technology. That is they provide remedial assistance to restore or replace a
functionality capability.

The corolary to top-down is bottom-up, in other words, taking a mainstream product
and pushing the boundaries of the design to include as many potential users as
possible. This is the type of approach that is most commonly associated with
inclusive design. Here, mainstream products are considered to be products that have
been developed purely for the commercial market and withaut explicit reference to
user functional capabilities.

2.7 Product Design Modeis With Inclusive Design Approach
2.7.1 Top-down approaches

These approaches for inclusive design are conceptually the easiest t¢ understand and
appreciate. They also come as close as possible to guaranteeing that the least ahble
users will be able to use the product. If done wel, the products and services
developed using this approach should be so fundamentally accessible that other
peopie outside of the initial user group considered should be able to use them.

The principal weakness on the top-down approach is that products and services
developed using a top-down approach may be too specialized and optimized for a
small user group and fail to be transferable to other sections of the population. Thus
the products may end up only being sold to the small target group for which they
were originally designed and fail {0 penetrate the mainstream market.

The inherent small market for over-specialized products was the pitfall that trapped
and ultimately killed many rehabilitation robotic products, expensive technology, and
long development cycles, and in some cases, the development of rival mainstream
technologies.

Another issue that frequently affects the success of products developed using top-
down approaches is the perception that they are 'medical’ devices, Many were
designed to meet a specific ‘medical’ need, and were often purchased by health
authorities, for whim aesthetic value was a low priority compared to functionality and
longevity. This is known as the medical model of inclusive design.

For products developed using the top-down approach is essential that they are
designed to appeal to the largest possible audience if they are to have any chance of
succeeding commaerciaily.
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2.7.2 The bottom-up approach

Bottom-up approach aim to take a mainstream product that is to be designed for
able-bodied users and make it more inclusive,

in this approach, most designers will design for themselves, based on the
assumption that most users will be like them, unless told specifically to do otherwise.

Bottom-up approaches offer great potential for cormmmercially successful products.
Starting at the bottom of the users pyramid and expanding upwards means large
numbers of people are included by the product.

However, it must be noted that for each unit move up the pyramid, the additional
number of people included diminishes.

Another difficulty with bottom-up approaches is that they can only go a limited
distance up the pyramid. The products being developed will still be fundamentally
hased on those optimized for the mainstream market, albeit with any unnecessary
barriers to access and use removed.

It is unlikely that extreme user requirements will be met using a bottom-up appreach
and thus the products developed this way will probably never cover all of the
potential users. This is an unfortunate limitation as it is likely that it will be the same
extreme users who will be unable to access many of the products developed using
bottom-up approaches.

Thus it is highly probable that bottom-up approaches will always need to be
complemented by top-down ones to provide coverage of the needs of the whole
population.

2.7.3 Designing for the whole population

For inclusive design it is preferable to adopt whichever approach is more suitable for
the intended users {bottom-up for more mainstream users, top-down for more
assistive products) than to risk producing a product that fails to satisfy either the end
of the market because it was designed as an unhappy compromise between the two
approaches.

Indeed, the recognition of the limitations of each design approach and how they tend
to apply to one extreme of the user population or the other indicates that the
prospects of ever designing a single acceptable product for the entire population are
slim.

However, there are other approaches, as the modular design proposed by Beitler,
Harwind and Mahoney (1996). In the case of modular design, a common base unit is
developed and a range of interfaces is made available to the user, who is able to
selact his or her preferred choice.

Rapidly customizable design takes the same principle of choices made by the user,
but instead of offering a determined interface, it modifies the structure base to get
adjusted to the user preferences.
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The need for rapidity is important to keep the process simple, cheap and attractive
to the customer,

The ability to tailor or customize the interface to the needs of the user appears tc be
an intrinsically sound idea. However, there is a potential difficulty when relying on
the user exploring the wvarious interfaces configuration to discover the best set-up for
their needs.

The problem is that many users will tend to settle on the first ‘satisfactory’
configuration even if there is a better solution available. The reasons for this include:

» The desire to comply with the norm - User wants to use the same that other
people for not feeling different,

» The difficulties of exploration - Selection among different options take too long,
it is better to have a settled one.

Another cause of difficulty is that if the interface is rigidly optimized for the user's
current needs and then those neeads subisequently change, the interface may need to
be changed or modified as well.

In summary, the different approaches to designing for the whole population fall into
three fundamental categories:

+ User aware design: pushing the boundaries of ‘mainstream’ products to include
as many people as possible,

« Customizable/modular design: design to minimize the difficulties of adaptation
to particular users.

» Special purpose design: design for specific users with very particular needs.

2.7.4 Design Models

There are many models of design that help to describe the nature of the design
process. However, because of the special focus on inclusive design, it is necessary to
consider some theories and models that would be useful in mechatronic product
development to be proposed on Chapter 5.

The Inclusive Design Cube is a tool that helps to visualize and communicate the
needs from different population sections. Therefore, for the application of inclusive
design practices it is necessary to have a rigorous methodology. Next, some models
that can be used to establish an inclusive design methodology will be analyzed.

Design is subdivided into a series of activities that enables the initial market need or
idea to be converted into the manufacturing instructions that fully describe the
product that is to be made:

Clarification of the task

The starting point for the design process is an idea or a market need, often stated in
vague, and sometimes contradictory, terms. Before the subsequent design phases
start, it is important to clarify the task by identifying the true requirements and
constraints.
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Conceptual design
Concepts with the potential of fulfilling the overall functional and physical
requirements listed in the specification are generated.

Embodiment design
In this phase the foundations are laid for the detail design through a structured
development of the concept.

Detail design

Finally, the precise shape, dimensions and tolerances of every component have to be
specified. The result of this phase is detailed manufacturing instructions, which can
take various forms including detail drawings, programs for CNC machines, test
schedules, etc.

However, these activities are not considered as rigorous steps to be followed, but it
is @ guide to understand the general design process of a product. Many of the
product design descriptions are normally focused to the process design more than on
the end user and that is why any of the models for design go toward achieve the
maximum of acceptability.

Waterfalf Mode!

The waterfall model is an approach to design with a focus on evaluation, verification,
validation and review,
In this mode!, verification and validation may be defined by:

=  Verification: “Are we building the thing correctly?”

« Validation: "Have we built the correct thing?”

Review
Speacify the
raquirements \
Design the
product \
Verificotion

Validation

Figure 2.9 Waterfall Model: Design with a focus on evaluation, verification, validation and review (FDA,
1997)
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Evaluation of acceptahbility, in the form of verification and validation, emerges as a
critical component of inclusive design, ensuring that evidence of performance
{whether satisfactory or otherwise) is available. Of particular importance is the early
definition of the evaluation requirements, which in turn may influence the design.

In addition, the evaluation of the design must aiso be done in the context of its
expected use. Ideally, this involves a range of tests, including user trials, to provide
representative performance data. For genuine inclusivity, where a product is used as
a part of a system, the full system must be evaluated.

Evaluation of acceptability must be done together with the specification of
requirements, living feedback continuously to the precedent product design step,

with the purpose of that when the preduct is evaluated and the acceptability is
implicit the maodifications to the prototype would be minimal.

V-Mode/!

The V-model adapted from a software design emphasizes the importance of user-
product interaction design and product evaluation.

Build - Evolgbte
knowledge base knowledge base:

N /

Deliver the
product

Figure 2.10 A software V-model adapted for inclusive design {Keates & Clarkson, 2000)

The addition of a knowledge base to support the product design reflects the
importance of user-information and the ‘knowing user’ activities within the
knowledge loop to evaluate the product from the designer and the end-users point of
view.

M. 5. MANUFACTURING SYSTEMS 34 LLIS MANUEL GUIZAR CASTREJCN



CHAPTER & LITERATURE REVIEW

Shigley and Mischke Mode!

This model of design process emphasizes two facets of design - analysis and
optimization; and iteration of the evaluation, analysis and optimization toward the
recognition of the need and problem definition; as part of a continuous observation

of the development as function of the main requirements.

-——P[ Recognition of need ]1*

eration

LoIay

Figure 2.11 An iterative model of design {Shigley & Mischke, 2001}

Thus far the design approaches discussed have their ¢rigins in engineering design.
Product design approaches typically have a different focus, away from rigorous
‘define/design/evaluate’ cycles and more towards identifying and satisfying the user
social acceptability requirements. A good example of this is the model used by IDEQ

{Myerson, 2001).
IDEOC Modef

« Observation » Breinstorming + Prototyping - Implementation

Figure 2,12 IDEQ design medel, (IDEO, 2004) http: /fwww.) comfabout/?x=38y=4
{obtained on March 2004)
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User observations are the starting point for every design program. All IDEO
designers are seasoned observers of people and how they interact with the world.
We engage end users throughout the design process to evaluate the desirability of
new ideas and possible solutions.

Brainstorming is part art, part science. Promote every kind of ideas trying to be
visual, defer judgment, encouraging wild ideas, building on the ideas of others, and
staying focused on a topic. Brainstorming is not just a good idea but an
inexhaustible source of inspiration and fresh thinking to get a wider spectrum of the
needs to have in mind when designing.

Prototyping is the ianguage of innovation and a way of life at IDEQ. Prototyping is
problem-solving in three dimensions. Ranging from simple proof-of-concept models
to looks-like/works-like prototypes that are practically finished products, prototyping
lets you fail early to succeed sooner.

Implementation completes the cycle of ideation to drive the concept to its final form.
All the possibilities have been evaluated, the prototypes validated and refined, and
what is left is to do it. The project team performs detailed design and engineering,
chooses manufacturing partners if necessary, and works with the client to perform a
timely and successful launch.

IDEQ has a 5-step methodology:

1. Understand the market, customer, technology and the identified limitations of
the problem. After that, during the project development attack those
constraints, and, first of all, it is important to understand the current
perceptions.

2. Observe people in real life situations to find what identifies them, what confuse
them, what they like, what they do not like, which needs are not covered by
products and services in the market.

3. Visualize new concepts and the customer that will use them. This is the phase
in the process where the brainstorming has to be more intense. Visualization
takes the form of a renderization or simulation done by computer. In this step a
video is done where customer is interacting with the future preduct, before the
product is manufactured.

4. Evaluate and y refine prototypes in rapid iterations. Try to not get limited to
the few prototypes generated at the beginning of the process, because these
will change, There is no good idea that ¢an not be improved, and plan a series
of improvements., Here ideas from the internal team, customers, stakeholders
and people who know the primary market are taken into account. The product
is observed: for what it works, for what functions it deces not work, what
confuses people, what they seem to like about the product, and is in this way
how the preduct is improved increasingly on each step

5. Implement the new concept for commercialization.
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This methodology in appearance simple has been useful for designing from toys until
e-commerce business. IDEO is recognized by its methodology centered on the user,
in which analyzes its prototype directly with the customer and is a part in the
product development process.

One of the most straightforward approaches to design states that there are three
principal stages of design (Blessing, Chakrabarti y Wallace, 1995):

1. Define the problem: The problem definition should explicitly include reference
to the intended target users.

2. Develop a solution: An appropriate design approach should be adopted for the
target users.

3. Evaluate the solution: The target users should be included in the evaluation
process.

These stages apply to all design processes, whether designing product interfaces, or
design approaches.

Developing a usable and accessibie solution for a wider range of user capabilities
involves understanding the fundamental nature of the interaction. Typical interaction
with an interface consists of the user perceiving an output from the product, deciding
a course of action and then implementing the response.

These steps can be explicitly identified as perception, cognition and motor actions
(Card, Moran and Newell, 1983) and relate directly to the user’s sensory, cognitive
and motor capabilities respectively.

The 7-level approach is an extremely flexible design approach. It forms the basis of
all of our inclusive design activities and also shares many elements with other
madels.
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Figure 2.13 The 7-level design approach {Keates & Clarkson, 2003)

Both the 7-level approach and the inclusive design cube (IDC} share the same
inherent emphasis on the interaction consisting of perceptual, cognitive and motor
actions. Consequently, if the 7-level approach has been adopted as the framework
for the development, then the inclusive design cube can be adopted to monitor the
population coverage achieved by different design choices.

By using the 7-level approach in combination with the Inclusive Design Cube it has
been identified a deficit in the use and accessibility of products, which suggests going
back to the product design or redesign.

All mentioned models contain in some way the next steps and formats:

Structure

Needs analysis

Evaluation

User focus

System focus

Representation

User involvement

User information and Analysis
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Cambining the 7-level approach with the inclusive design model allows highlighting
the need for frequent review stages and iteration.

A more comprehensive approach to inclusive design is shown next:

Identify ideal design Review

ideal design

Review
requirements

T Develop product design Review
Model levels 1-2 —P product design
“ > v__
I -Acceptable product

Model levels 3-5

A A
~

Moded levels 6-7

Figure 2.14 The combination of the 7-level approach with the inclusive design model to highlight
the need for frequent review stages and iteration. (Keates & Clarkson, 2003)

2.8 Reconfigurable Manufacturing Systems

A Reconfigurable Manufacturing System (RMS) is designed at the outset for rapid
change in structure, as well as in hardware and software components, in order to
quickly adjust production capacity and functionality within a part family in response
to sudden changes in market or in regulatory requirements. {(Koren, 1999)

Reconfigurable systems must be designed at the outset to be reconfigurable, and
must be created by using hardware and software modules that can be integrated
quickly and reliably; otherwise the reconfiguration process will be both lengthy and
impractical, Reconfiguration allows adding, removing, or modifying specific process
capabilities, controls, and software or machine structure to adjust production
capacity in response to changing market demands or technology (See Table 2.5).

For a manufacturing system to be readily reconfigurable, the system must possess
certain key characteristics:

Modufarity. In a reconfigurable manufacturing system, all major components are
modular {e.g. structural elements, axes, controls, software and tooling).
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Integrability. Machine and control modules are designed with interfaces for
component integration. The integrated system performance is predicted based on a
given performance of its components and the interfaces of both software and
machine hardware modules.

Customization. This characteristic has tweo aspects: customized flexibility and
customized control. Customized flexibility means that machines are built around
parts of the family that are being manufactured and provide only the flexibility
needed for those specific parts, thereby reducing cost. Customized control is
achieved by integrating control modules with the aid of open-architecture
technology, providing the exact control functions needed.

Diagnosabitity. Detecting unacceptable part quality is critical in reducing ramp-up
time in RMS. As production systems are made more reconfigurable and are modified
more freguently, it becomes essential to rapidly tune the newly reconfigured system
so that it produces quality parts.

Convertibility. In a reconfigurable system the optimal operating mode is configured
in batches that should be completed during one day, with short conversion times
between batches. Conversion requires changing tocls, part-programs, and fixtures,
and also may require manual adjustment of passive degrees-of-freedom.

Modularity, integrability, and diagnosability reduce the reconfiguration time and
effort; customization and convertibility reduce cost. Therefore, these key RMS
characteristics determine the ease and cost of reconfigurability of manufacturing
systems. A system that possesses these key characteristics has a high level of
reconfigurability.

R s

R i diveis B
Safturare B FER TR L

Fion LHC, Robate 40
Bultw are FME

Reconfigurable
Software

| Reconfigurable
Controlers

System Configuration
Hules & Economics

Table 2.5 - Comparison of the key hardware and software
features of manufacturing systems (Koren, 1999)

There are many aspects of reconfiguration. These include various configurations of
the production system, reconfiguration of the factory communication software,
configuration of new machine controllers, building blocks and configuration of
modular machines, modular process and modular tooling. (See Figure 2.15).
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Figure 2.15 — Aspects of reconfiguration (reconfigurable system, software,
controtier, machine, and process) for RMSs (Karen, 1999)

At the system level, there can be several system configurations for production of the
same part family. Development of the necessary tools and methodologies to design
the system, and evaluation of various configurations is needed. According to the
software / hardware architecture, it should have certain features to support the five
key characteristics of RMS. Some of these are:

It must own a modular structure and be open-source such that upgrading and
customization of the system is practical while integration of new software is possibie.

Control of RMSs is another important subject to be studied. The controller should
have the ability to reconfigure and adapt itself to the new conditions based on
market demand, such as damping, mass, and inertia will change accordingly.

A development of a unified approach for design and construction of reconfigurable
machine-tool systems is needed because is ancther important chalienge in the
design or RMS.

The CAD techniques would help in the reduction of lead time, and that the system
would be readily diagnosed for reliability and product quality problems. A rapid
restructuring of a system requires component design for reusability and quick
integration.

Ease of upgrading requires that the components be designed for substitution, and
that the system be designed for a goed integration of new technology and then a
new functionality.

The RMS require technology applications in order to be more functional. They include
system design and configuration for RMSs, their software and communications
reguirements, control and monitoring, machine design aspects of RMSs, processes
and tooling, and intelligent senscors and multi-sensor data fusion for system
reliability.

It is important to clearly observe the effects of changes in the system configuration
on factors such as part quality, and system productivity, reliability, and cost of the
system (Socd et al. 1993; Hassan, 1994)
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An integral part of RMSs is the software required to handle tasks at various levels
such as control, monitoring and communications among mechanical, electrical and
electronic components (at low level) as well as higher levels tasks such as process
planning, user interface, process control, data collection/report from the process,
etc.

Therefore, the structure and functionality of the communication and control software
is very critical and directly affects the performance of the entire system. The modular
nature of RMSs requires that the software/hardware of the system be in a modular
form; i.e., consist of separate entities totally decoupled from the rest of the system
such that addition/madification of a component is possible. Furthermore, it should be
extensible (i.e., be able to respond to new features, environments, and
requirements), modifiable/reusable {(easy o modify and usable in different
programs, if necessary), and most importantly reconfigurable (able to accommodate
different configurations and to support internal/external interactions of modules
without modifications in the software). (Mehrabi, Ulsoy, Koren, 2002),

Some considerations must be performed; those are that the object-oriented
programming is a reasonable choice as already has been used in other areas for real-
time control applications (Awad et al. 1996). With the same importance is the
hardware architecture that should be compatible and responsive to the properties of
the software interacting efficiently to support the essential features of RMS.

2.8.1 Process and quality aspecls of RMS

Once a RMS is reconfigured, the production system must typically be adjusted before
it can consistently produce at the reguired quality and production volume, this is
referred to as ramp-up. This ohijective requires diagnostics, calibration, and ramp-up
methodologies,

One of the key factors in evaluating the product quality is precisian in machining. To
achieve that, the cutting operation is tightly controlled by using real-time data
collected from sensors located at different locations of workpiece, tool, and machine-
tool {(Rac, 1986; Kannatey-Asibu, 1987; Rivin and Kang, 1992; Rivin, 1994; Ni,
1993).

Some variables are required to make the real-time measurements, these are:

Dimensional errors

Quality of surface finish

Thermal deformations during machining

Dynamic deformations of the workpiece: chatter vibration, cutting force,

condition of the chip, and identification of the cutting for process monitoring

{Chrysolouris et al, 1992),

« Thermal deformation, dynamic deformation of the machine elements, and
structural vibration of the machine-tool {(Ferreira and Liu, 1986)

s« Wear failure, and thermal deformations of the tool (Rao, 1986; Li and

Albestawi, 1996),

Regardless of the type of process, there are several key components in modern
intelligent senscor-based machine maonitoring systems including: data-acquisition
system which consists of sensors and signal conditioning systems for collecting
{remote/local; software/hardware; on/off line) data {for monitoring and reliability
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estimation), signal processing techniques to extract valid data (software), and
decision making (software] routine to analyze the data and classify the results
{software). In essence, the entire process of control and monitoring is very similar to
the actions of humans and ideaily, should duplicate the response of an experienced
and efficient machine operator. Further details of general description and
ciassifications of the sensors {contact/non-contact], technigues of measurements
{direct/ indirect) and sensor-data fusion (to improve the accuracy and reliability) and
their features and limitations are provided in (Mehrabi and Ulsoy, 1997-b).

Other major sensing applications are described in the further Wireless Sensor
Networks topic.

2.8.2 Future trends of Manufacturing Systems

There is an existing need of improvements and standardization of wvarious
components, such as data interfaces, protocols, communication systems, etc., so
that data can be transferred to the desired location at a faster rate.

As reported, there is a lack of available tools and methodologies to analyze the
trade-off among processes, equipment, life-cycle costs, and initial investment. Also,
there is a lack of effective communication among product designers, process
designers and machine-tool designers as it is necessary for design of an optimized
manufacturing system. {(Mehrabi, Ulsoy, Koren, 2002}.

The manufacturing systems need to advance with the proper machine-toals and
equipment. Machine-tools are going to be changed in terms of their structure
{modular structure), components (controllers, hardware / software, spindles, toaling,
sensors, etc); and new design concepts and methodologies should be developed for
these purpeses (Garro and Martin, 1993). With those fundamental changes the
success of the future Reconfigurable Manufacturing Systems is achieved.
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Chapter 3 - Action Research
3.1 Overview

The present research work was developed using learning cycles, where instructions
learned and understood from previous experimentations gave the improvement and
capability to execute the research in both cases, the first case the author
experimented with the creation and application of inclusive design methodology to
mechatronic product design, then through this experimentation the author reflected
and improved a new methodology that could be directed further to a reconfigurable
manufacturing system.

This chapter contains information about the concepts and definitions of Action
Research, also contains the research development carried out by the author and
describes the steps followed through the process of experimentation and learning
from each stage.

3.2 What is Action Research?

Action research can be described as a family of research methodologies which pursue
action (or change) and research (or understanding) at the same time. In most of its
forms it does this by using a cyclic or spiral process which alternates between action
and critical reflection and in the later cycles, caontinuously refining methods, data and
interpretation in the light of the understanding developed in the earlier cycles {Dick,
2001).

The action research consist of planning and experimentation, a process in which
somebody poses an action, then act and later check if the action was well done. If
this not occurs, then is deeply analyzed and observed what could be done differently,
this process of act and check is repeated as much as it needs.

Action research has been recognized for its breadth as a field of research practice
and its depth as a discourse of theoretical insight. (Kemmis, 2000}, It does not have
cne widely accepted definition. According to some reasons for the difficulty of
formulating a generally accepted definition of action research, and argues why action
research should not be confined but should be both clarified for communication and
open for development.

A warking definition authored jointly by the participants at the Brisbane International
Symposium on Action Research in 1989, is the following:

If the researcher is in a situation in which:

+ Data-gathering by participants themselves {(or with the help of others) in
relation to their own questions;

e Participation (in problem-posing and in answering questions)} in decision
making;

« Copllaboration among members of the group as a “critical community”

» Self-reflection, self-evaluation and self-management by autonomous and
responsible persons and groups;

e Learning progressively by doing and by making mistakes in a “self-reflective
spiral” of planning, acting, observing, reflecting, replanning, etc;
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» Reflection which supports the idea of the "self-reflective practitioner”
« Then this is a situation in which action research is occurring.

+ Action research has some characteristic differences from most other qualitative
methods {Dick, 2000). Action research tends to be:

e Cyclic: Similar steps tend to recur, in a similar sequence;

s Participative: The clients and informants are involved as partners, or at least
active participants in the research process;

« Qualitative It deals more often with language than with numbers; and

» Reflective: Critical reflection upon the process and outcomes are important
parts of each cycle.

3.3 About the Action Research process

A pragmatic form of defining and explaining action research is a diagrammatical
model as a spiral of cycles (Figure 3.1), each consisting of four moments or phases
in action research:

1. Planning;
2. Acting;

3. Dbserving
4. Reflecting

This model is based on Kurt Lewin’s work, explicated by Kemmis and McTaggart
{1988). It is a simple, helpful model of the continuous and iterative process. It
involves research and development, intellectual inquiry and practical improvement,
reflection and action.

The spiral of action research oucke

Sourees Zuber-Skerritt 120010
Figure 3.1 The spiral of action research cycle {Zuber-Skerritt, 2001)
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These steps are basics in the spiral procass through which the researchers work on:

 Develop a plan of critically informed action to improve what is already
happening,

* Act to implement the plan

¥ Observe the effects of the critically informed action in the context in which it
occurs, and

b Reflect on these effects as the basis for further planning, subsequent critically
infarmed action and so on, through a succession of stages

It is thus an emergent process which takes shape as understanding increasas; it is
an iterative process which converges towards a better understanding of what
happens.

Action research is generalized on the form that it has evolved (Zuber-Skerritt,
1992): Al adopt a methodical, interactive approach embracing problem
identification, action, planning, implementation, evaluation, and reflection. The
insights gained from the initial cycle feed into planning of the second cycle, for which
the action plan is modified and the research process repeated.

Most writers coincide that action research is cyclic, and it has a spiral structure. One
crucial step in each cycle consists of critical reflection. The researcher and others
involved first recollect and then critique what has already happened. The increased
understanding which emerges from the critical reflection is then put to good use in
designing the later steps.

The cyclical process of action research allow the researchers to take a course of
action, make an experimentation, then analyze it and make the corrections properly
in order to achieve a know-now that is going to be used in later situations. By this
process, the objective of reflection s that the researcher will improve the next plans’
executions and will connect similar events happened in both situations. The critical
reflection is the core process, as it is seen on Figure 3.2,

il el vl petion

Figure 3.2. Critical reflection as a core process (Dick,2000)
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3.4 Action Research focused on Inclusive Design applied to Mechatronic
Product Design and further to Reconfigurable Manufacturing Systems

The Action Research process in this research work is applied on the development of

products and cells by using the inclusive design approach as a model to improve the
human-machine interaction,

The application of Action Research to both cases of the project is described in the
following process:

Observe Observe
Reflect Reflect
Product
Design et Act
Plan Plan

Figure 3.3 Action Reseach process

The stages developed in this process are described in the chapters corresponding to
the case studies.

The case studies developed in this thesis project, are the following:

MECHATRONIC PRODUCT DESIGN
+ Automatic Shower

s Automatic control for lights and doors
+ Control for lights and doors

RECONFIGURABLE MANUFACTURING SYSTEM

s Flexible Manufacturing System
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Chapter 4 - Methodology for Product Design incorporating
Inclusive Design

4.1 Methodology

The main purpose of the methodology for design and manufacturing of mechatronic
inclusive products is that of provide designers a simple and adaptable procedure that
supports on each of the product development phases to achieve a right application
focused on end-user needs.

This methodology incorporates several tools that will lead the designer in an
analytical and evaluative way, with the aim of developing products with a high
accessibility and usability for disabled or old people. In this way, the purpose of this
methodology is to provide a guide for the development of any mechatronic product
with the intention of automating a system or activity with comfort, health or any
other purposes.

This Metheodology is widely based on Product Planning and Conceptual Design for the
products to develop, for each of the mentioned phases several activities are
proposed for being carried out along the development process.

4.2 Product Design Phases

On each design phase there is information that will define the characteristics, details
and constraints of the product, so it requires accuracy and reliability to carry out
each phase properly to be sure that the results will be adequate for the product
definition to develop.

Product Planning: Here, customer requirements are translated into technical
requirements. It comprehends the process of gathering information related to main
characteristics of the product to define. Also the objectives of the project as well as
an action plan are stated.

Conceptual Design: Technical characteristics of the product are defined; design
problems, functions and sub-functions are identified; design alternatives are
proposed in accordance to the defined functions as well as solutions for contradiction
problems within product variants; and evaluation of conceptual solutions to solve
functionality difficulties.

Detail Design: In this phase the precise shape, dimensions and tolerances of every
component have to be specified. The result of this phase is detailed manufacturing
instructions, which can take various forms including detail drawings, programs for
CNC machines, test schedules, etc.

Prototype: The purpose of generating a prototype is that of testing it to verify its
functioning and its characteristics that are susceptible to failure during its use.

M. 5. MANUFACTURING SYSTEMS A8 LUIS MANUEL GUIZAR CASTREJON



CHAPTER £ METHODOLOGY

Table 4.1 Product Development with Inclusive Design

_No. | Activity | ‘Format | -Teok | Approach | Recorded | Respons
Product Planning Activities
I
1opuser F-ID-001 . - | R-ID-001 LG
observation
¢ |MNeeds F-ID-002 |  Word : R-ID-002 LG
identification
3 Classification of .
user ability F-1D-003 Excel User Pyramid R-1D-003 LG
4 Categorize user .
according to his | £-1D-004 Excel Dé;‘:'ﬁs(':“fbe R-1D-004 LG
disability grade J
5 Generate
product F-1D-005 Word - R-ID-005 LG
specifications
6 | Products F-ID-006 |  Word . R-1D-006 LG
proposal
7 Evaluate
products Ty Inclusive I
according to F-1D-007 Excel Design Cube R-1D-007 LG
user capabilities
8 Product
selection F-I1D-008 Excel Pugh Tables R-ID-008 LG
9 Product
definition F-ID-009 Word - R-1D-009 LG
10 Project . .
planning F-IB-010 Project Gantt Diagram | R-ID-010 LG
11 . Benchmarking —
Market analysis | ¢y, 54 Excel Parametric | R-ID-011 LG
- Benchmarking )
Analysis
12 Patent Analysis E-10-012 Internef Patent Analysis | R-TD-012 LG
13 | Identify market : Interviews
needs F-ID-013 InfoPath (questionnaires) R-1D-013 LG
14 | Technical : Qualisoft ~
requirements F-1D-014 Word QFD R-1D-014 LG
15 | Technical How's
characteristics F-ID-015 Excel generated in R-ID-015 LG
of the product the QFD
Conceptual Design Activities
16 Functional F-1ID-017 | PowerPoint Functional R-ID-016 LG
Decomposition Decomposition
17 Generation of F-ID-018 | Matrix Word | Morphological | R-1D-017 LG
concepts Matrix
18 | Select the F-ID-019 Word Marphological | R-ID-018 LG
concept Matrix
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4.2.1 Product Planning Activilies

1. User Observation

Objective: To observe the user according to the appropriate approach, so the
designer gets closer {0 user experience, in a way that will be possible to emphatically
analyze his/her interaction with the envircnment.

During observation it must be described in details which are the main needs of the
customer, and also what the customer wants according to his perception.

2. Need Identification

Otjective: Determine those needs perceived from the customer that are possible to
improve using the top-down, bottom-up or a combination of both approaches,
according to the type of user.

Once the need is detected, it is labeled as an objective to achieve by the designer,
this is, the name of the problem to be solved.

3. Classification of User Ability

DObjective: Determine user ability according to the user pyramid and to its
specifications of users with low functional capability, moderate functional capability
or high functional capability.

This analysis and classification will help the designer to determine the complexity of
the system to develop, to define the grade of flexibility that should be applied to the
design.

4. Categorize the user according to his/her disability grade

Objective: Utilize the inclusive design cube to determine the capability of the user
related to the following factors;

« Maotion: Mobility in their extremities, strength and precision.
» Cognitive: Intellectuai capacity.
+ Sensory: Auditive and visual.

Based on this, it will be determined the kind of product that is going to be designed,
according to the user capability classified as:

Assisted by a person

Special purpose design
Modular / customizable design
Used-centered design

According to this, the product could be configured in accerdance to the variables
required by the user; the design will be called flexible,
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5. Generate Product Specifications

Objective: To establish the product functions and needs to be satisfied, including
those functional, sensory, motion, cognitive and capability needs identified.

The characteristics that must have the product to achieve the design objective will be
described. This will be a brief description about product functions to give a clear idea
about what is to be fabricated to then generate a proposal of products.

6. Products Proposal

Objective: In proposing products to be developed, it will be presented a table where
a brief description of each product has to be done.

In many cases it will not be a variety of products to choose from, but it will be
proposed only one type of product {solution) for the problem identified previously.
Based on one type of product different sclution alternatives and modifications will be
proposed.

7. Evaluate Products in accordance to user capabilities

Objective: Determine the type of users that are able to use the proposed products;
the product will be analyzed using the inclusive design cube to evaluate its practical
acceptability.

This is done with the aim of ruling out those products that do not comply with users’
capabilities. That is why some of the options proposed will not have ease of use for
users with certain functional impairments.

8. Product Selection

Objective: Select the product that better fulfill user specifications and motion,
cognitive and sensory capabilities.

Briefly, it means that the product should be easy te use and intuitive for the user.
This is, the customer should be able to use the product without reading a user's
guide.

9. Product Definition
Objective: Describe product cperation characteristics such as mechanical, electrical,
electronic and interfaces properties. Also it must include the main function to be

carried out by the product and other functions that it will be able to perform.

This definition will be the starting point for the functicnal decomposition of the
product, which will be detailed later.
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10. Praoject Planning

QOtjective: Generate a schedule of the project in a table where all the activities to be
done, responsible for each activity, cobjectives and sequences are to be
chronologically specified.

In the planning of the project it will be estimated the time to be consumed on each
phase from product planning to prototype, this is, to consider the operation time for
each of the activities per day.

11. Market Analysis

Objective: To look for a product similar to the one proposed to obtain the main
characteristics to make a comparison and then propose maodifications to the new
product, and to avoid the non-acceptable characteristics.

This market analysis of similar products, also called Benchmarking, has to be done
with the idea that the new product will be better than the others, even they have
similar functions.

12. Parametric Analysis

Dbjective: Identify possible connections between parameters, considering the
evaluated products. It is suggested to prepare graphs about the parameters which
are in some way connected, but for doing this it is necessary to get information from
competitor products for comparing with the new product and locate it showing its
position in the market and identify opportunity areas to make it competitive,

13. Patent Analysis

Objective: Search for patents of similar products to avoid copying and to find new
ideas to generate a more refined product.

There are many sources where to get relevant information related to patents
worldwide, such as:

« hitp://www.uspto.gov  Search for patents within the USA
s http://es.espacenet.com Search for patents among European countries
«  http://www, impi.gob.mx Search for patents in México

14. I[dentify Market Needs

Obiective: To know more characteristics that might be added to the product based
on experience and knowledge of people with similar products.

This knowledge is obtained from questionnaires and interviews to experts (which
apply a specific technology), technologists (producers and developers) and
customers (distributors and end users)
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15. Technical Requirements

Objective: Determine technical specifications from information gathered in the
customer and experts interviews, competitive benchmarking and patent analysis.

A tool is used to determine the mentioned specifications, making a match between
customer needs and the desired characteristics in the product with its technical
requirements.

16. Technical Characteristics

Objective: Translate the technical characteristics of the product as permanent
requirements of the product development; these will be the most important issues to
be satisfied with the design.

Once the technical requirements were generated from the information obtained with
the QFD, it will lead the path for defining the main specifications of the product,
those that will achieve the customer expectations and needs, but in engineering
terms.

4.2.2 Conceptual Design Activities
17. Functional Decomposition
QObjective: Decompose the product into its main functions and sub-functions, in a
way that the resultant model shows the relations between functional elements,
making it easy to visualize and understand.
Creativity is enhanced by the ability to decompose problermns and manipulate partial
solutions. By first decomposing a design task into its functional elements, solutions
to each element are more apparent due to the reduction of complexity.

18. Concept Alternatives

Objective: Propose solution alternatives for each product sub-function, using the
morphological matrix tool.

In the morphological matrix options for each system sub-function will be described,
from the functional decomposition, were improvements or simple modifications are
going to be proposed without changing the product original integrity.

15, Concept Selection

Qbjective: Select the best configuration of the product evaluating the options for
each function and physical characteristic of the product with the appropriate criteria.

The proposed solution has to be defined and it is necessary to explain why the other
alternatives were discarded for future references.
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4.3 Product Planning Activities

In this phase, the idea of the product that is going to be developed is established, for
doing this it is necessary to get as much information as possible to be used on the
conceptual design phase, and for these a set of formats is proposed.

The general objective of this phase is to propose a product which specifications
satisfy the needs detected on observation of users, market analysis and technical
requirements.

This methodology stresses the importance of users’ opinion through the whole
development of design process.

The mentioned formats have a classification that consists of six digits in the form F-
1D-#+#4#, where: F refers to format, ID refers to Inclusive Design, and ### the last
three digits refer to the format number.

Next the formats proposed for each activity in the product development will be
shown and described.

4.3.1 User Observation

Logo User Observation F-1D-001
Needs Description Difficulty Identified

Table 4.2 Format for User Dbservation activity

In the needs column the observed needs have to be written down, these might be
related to motion, manual activity, grasping of objects, among others. These fields
are open for designers to include any other activity that needs to be considered.

In the column labeled Description, each activity done bye the user has to be
described in detail.

On the column of identified difficulties, the limitations of the user when interacting
with the product will be described, and in case the user can not perform a
determined activity it is necessary to specify the origin of that impairment.
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4.2.2 Need Identification

Need Identification F-1D-002

Logo

Difficulty Type Description

Table 4.3 Format for Need Identification activity

Difficulty refers to the limitations to carry out a determined activity.
Type refers to the kind of difficulty identified; it can be classified as motion, cognitive

and sensory.
On Description, observed details and other comments will be written down, and the

difficulty identified will be labeled.

4.3.3. Classification of User Ability — User Pyramid

USER PYRAMID

Level 3

Figure 4.1 User Pyramid Scheme

On the level 1 people with the lowest capability (extreme users) and with more
dependence will be included, such as people in wheelchairs or have a severe visual

or auditive impairment.
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On leve! 2 people with reduced strength or mobility caused by disease or age-related
impairment that do not reguire to be assisted by carer,

On level 3 are included able-hodied or fully capable users together with elderly
people who have minor disabilities like reduced strength and mobility, or impaired
hearing or sight.

4.3.4. Categorize the user according to his/her disability grade

- Assisted by carer

Motion \\ N
capability

Special purpose
design

¥

ognitive
Sensory capability Modular /
capability Customizable
Design

Figure 4.2 Inclusive Design Cube Scheme

Depending on user motion, sensory and cognitive capability, users will be cataloged
as Assisted User, Special Purpose Design according to user needs, and

Modular/Customizable Design conformed by different interchangeable or removable
functions.

4.3.5. Generate Product Specifications

Logo Product Specifications F-I1D-005

Function Motion Cognitive Sensory

Table 4.4 Format for Product Specifications activity

In the column Function, a function to be performed by the product will be described,
and if it corresponds to any of the abilities included in the Inclusive Design Cube, it
has to be described in the appropriate field according to the grade of difficulty of
product use.
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4.3.6. Products Proposal

Loego Products Proposal F-1ID-006

Product Description Image

Table 4.5 Format for Products Proposal activity

On Product, the name of the proposed product will be stated.

The Description will be brief about the main function of the product and the need
satisfied with it. On Image, a picture of the proposed product will be presented, in
case of having one.

4.3.7. Evaluate Products in accordance to user capabilities

Product Evaluation using the

Inclusive Design Cube F-1D-007

Logo

Qualitative Axis Product 1 Product 2 Product n
Strength and
Coordination

Capability
Intellectual
Capabhility

Sensory Capability

Type of Design

Table 4.6 Format for Product Evaluation using the Inclusive Design Cube activity

Following annotations will be placed in the intersection of the qualitative axis row
with each product column:

In the row related to Strength and Coordination: Void, Minimum, Minimum or
Maximum Strength, Minimum or Maximum Coordination.

On the Intellectual Capability row: Void, Minimum, Medium, High.
And on Sensory Capability: Only visual, tactile or auditive perception, High, Medium

or Low visual perception; High, Medium or Low auditive perception; High, Medium or
Low tactile perception.
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On the row of User Aware Design the corresponding type of design is selected according to the
Inclusive Design Cube and its qualitative axis as Assisted User, Modular and Customizable, or
Specific Purpose.

4,3.8. Product Selection

Logo Product Selection F-ID-008
- Product Ideas
Criteria Importarnce Product 1 Product 2 Product n
Criterion 1
Criterion 2
Criterion 3
Criterion 4
Criterion 5
Criterion 6
Total +
Total -
Sum
TOTAL

Table 4.7 Format for Product Selection activity

With this format, the product alternatives are evaluated to select the most
ecanomically and technically feasible. At least five criteria are to be evaluated.

The Pugh table is & specialized tool for product concept evaluation to make a
selection among several alternatives.

Examples of the criteria to evaluate can he:
Ease of use

Technology

Antiguity

Knowledge

Popularity, among others,

On the fields in the column Importance a value is given in the range from 1 to 10,
where 10 is the most important.

On the fields of the Products’ columns a + (positive) sign has to be assighed for
those options that satisfactory achieve the criterion, a 0 for neutral options or for
those that do not apply, and a - {negative) sign for options below the stated
criterion.
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4.3.9. Product Definition

After the activity of product selection; it is required to give a detailed description of
the product, including its main objectives, primary and secondary markets and all
the assumptions made about the product.

The information that has to be defined in this activity is:

Product Description
Key Business Goals
Primary Market
Secondary Market
Assumptions
Stakehaolders

The propaesed format is:

Loge Product Definition F-15-009

Name of Product

Product Description

Key Business Goals

Primary Market

Secondary Market

Assumptions

Stakeholders

Table 4.8 Format for Product Definition activity
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4.32.10 Project Planning
A schedule is to be stated (Gantt Diagram} to determine the scope of the project in
accordance to available time. In this, the product development phases to be included
are: Product Planning, Conceptual Design, Detailed Design and Pratotype.

The format is:

Logo Product Definition F-ID-010

Name of Product Time

Activities Week WEEk W§Ek WiEI( Wi_Ek Week n...

Product
Planning

Canceptual
Design

Detailed
Design

Prototype L

Table 4.9 Format for Product Definition activity

4.3.11. Market Analysis— Competitive Benchmarking

Search for all available information about similar or analogous products. Gathered
information will be related to technical parameters or product properties,

Information must be arranged in the following sections:

General Function of Product

Most important properties of the Product (at [east five)}
Similar products or competence products

Matrix Analysis

Correlations

References

« & 9 & & »

Tool used: Parametric Analysis
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The format is the next:
Logo Competitive Benchmarking F-1D-011

i. Describe general function of Product.

|

ii. Define the most important properties of the Product (at least five).

Property 1

Property 2

Property 3

Property 4

Property 5

Property 6

Property 7
Property 8

Property 9

Property 10

iii. Name of similar products or competence products:

Freduct 1

Product 2

Product 3

Product 4

Product 5

iv, Matrix Analysis

Product 1

Product 2 Product 3 Product 4

Product 5

Property 1

Property 2

Property 3

Property 4

Property 5

v. Correlations

vi. Referentes

Table 4.10 Format for Competitive Benchmarlang activity
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4.3.12 Patent Anaiysis

Logo Patent Analysis F-1D- 012
Title
Date of
Patent No. registration Date of Issue
Assighee ] Inventors
Analyzer I Date of Analysis

Pages of interest:

Functions:

Results:

Important Figures:

Claims:

Table 4.11 Format for Patent Analysis activity
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4.72.12 Identify Market Needs

Logo Market Needs Identification F-1D-013

MName of Product:

Customer: Interviewer:
Address: Date:

Would you like to get information about the
design process?

User type:

Queastion Customer Answer Interpreted Need Importance

Typical Use

What do you
like?

What do not
you like?

Suggested
Improvements

Tahble 4.12 Format for Market Needs Identification activity
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4.3.14. QFD Quality Function Deployment

QFD is an evaluation tool for technical requirements, using the format the obtained
infermation will be an importance value for each technical requirement (“How").

QFD is a format that shows the relations between customer requirements ("What's")
and technical requirements {"How’s”); each customer requirement is a ‘what’ that
has to be satisfied by a technical requirement, "how’, which has to be tangible and is
presented with its measure unity at the bottom of the diagram. At the top of the
diagram the relation between technical reguirements, ‘which’s’ are presented as
weak, medium or strong, positive or negative. The diagram also gives an evaluation
for each competitor using information gathered from customer, and on the other
hand by using technical information.

QFD format used for proposed products should be the next:

Téenicas Customer
Assessmen
Cararteristicas
3 [Funcionalica Fisitas Castos 83:::”
Tablers parn Rapadera ‘&l ‘ gls = ¥ cuazt
A omicy % E E .E E Kepnae
[ _E Bl E = e
BlalEiE|Ri ¥ :
‘elEl S [ £
I
NI HHEE
2 Fl- a3 I|&| T [
Direclion of Improvemnent 14 + 4
4 3 IFéct oo usar b0 & o H Boe
E Iride con aga s p & s & .
§ E e spoge sl [7.0 .l ! 3] L
B - — |
E g o k. | # LS LR R::)
H EE Fach oo b o | & » .
]
% = |Reskterte als Y C
E ¥ oo E.C S ® i >0
£ Fad e imor 10 > o®
B |pweo Eo| o | @ *RC
o E Corsams poca |- :
u kel k.0 Pa & & t)q
Liniditscte s : i% : £
£ E|Ei,|z|=
E|l¥ w|c|EIE, ¥z 3
‘ _—
: tie Fogadna. EIX
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!E @ Hrawrk . & @ (|0 B 5 wear sy 3
i CHRLT Y
i“ - vt 4 & . » G D] 4+ oeDesnn o
H i : 0 [ © o Smaker The Betar 0
E L . : ) 1 Herrinal Tha s O
. : o B g Hegmee 3
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Wiighisd knpoglan ce E S22 |5 8|2 |G| ]|E wovermm o
-, - r~ ~ -4 el ~ o« 1 Fosi=n
Fomlotas inportance n_.l.l-Jil.l__l-

Figure 4.3 Format for Quality Function Deployment activity

This QFD diagram was obtained with the Qualisoft QFD Designer® software.
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4.3.15 Technical Characteristics of the Product

Once the technical requirements were defined on the QFD, the objective values to be
improved have to be stated on the following format,

Logo Technical Characteristics of the Product F-ID-015

Important Technicai
Requirement (How)

Reqg. 1

Objective Value

Req. 2

Req. 3

Req. 4

Req. 5

Table 4,13 Format for Technical Characteristics of the Product activity

4.4 Concept Design Activities
4.4.1 Functional Decomposition
To have a better visualization of the information gathered during the functional

decomposition activity the proposed format is presented with the following
arrangement:

Logo Functional Decomposition F-ID-016
Function 1 Function 2 Function 3 Function 4 Function 5
Sub function 1.1 Sub function 3.1 Sub function 5.1
Sub function 1.2 Sub function 3.2 Sub function 5.2

Sub function 2.1

Sub function 2.2 Sub function 4.1
Sub function 4.2

Figure 4.4 farmat for Functional Decomposition activity
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4.4.2 Concept Generation

This activity refers to the different marphologies that can be found for each function
performed by a product, and from which the product might adopt the configuration
that better contributes to achieve its specific objective.

]
(7 Logo Morphological Matrix F-ID-017

_ Possible Solutions

Current Solution | PATENTS New -

L 1deas.
':--fu3ncti'on:-:_:_f.-1_ : 2 _3.- il R _4 AT 5. 7;;..;6
1.1

Fu n;tidh

1.0 1.2

1.3

2.1
2.0

2.2

3.1
3.0

3.2

Table 4.14 Format for Concept Generation activity
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4.4.3 Concept Selection

The best concept is selected based on a criterion applied to each possible solution,
and with this procedure it is easier to make a more accurate selection of solutions for
each product functions and sub-functions.

Logo Morphological Matrix F-1D-017

Possible Solutions

Current Solution. | PATENTS New

: ou : o Ideas
. sob. T T _ — T
Function function | 1 -2 3 4 5 6 |

1.1 /

1.0 1.2 oé

1.3

2.1 \

2.2 L

3.1 o«

3.0 N

3.2 \.

Table 4.15 Format for Cancept Selection activity
4.5 PRODUCT DESIGN MODELS APPLYING INCLUSIVE DESIGN
The product design models proposed in the present research job are based on an
inclusive design approach.
The proposed model is centered on the user as an issue to be considered along all
the phases in the product design; this is that the user participates on each stage of
the product development to evaluate the product characteristics and the proposed

solutions,

Models for Product Planning and Conceptual Design phases are proposed as follows:
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Figure 4.5 Model for mechatronic product design with :
inclusive design approach - Product Planning ' Analyze Market:
Benchmark

Parametric Analysas

‘Modify
current
products

v

Identify
Al 5 constraints
naﬁ:gp£ze em Generate product Verify:
Inclusive Desrgng specifications in _customer l
“'Cube accordance to: understanding
: » Sensory perception rcention Gather
» Knowledge a?::l oo?nfo " *|  customer
« Motion opinion

Categorfze users
in accordance to
User Pyramid - d Simuiation
S ' Generate
Technical
Requirements

Indude . kb o | Design
dttributes: . _ user
mdacated by . interface
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Ideas
Generation

Constraints and
Assumptions

Figure 4.6 Modoel for Maechatronic Product Design with inclusive Design Approach - Conceptual Design

TRIZ - CREAX

.~ Solution to constraints and

QFD

contradictions -

Alternatives far
adaptation to user

Morphological Matrix

v

Concepts
Generation

v

Evaluation of
Concepts by
the User

Proposed

—¥ Concepts
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Chapter 5: Case study for conceptual design of three products
with inclusive design

5.1.1 Introduction

The present chapter describes the implementation of the proposed methodology for
Inclusive Products Design.

Proposed products include a combination of two technologies, X10 and MOTES,
described in Chapter II.

Only the Xi0 technology is available in the market with several products for home
automation, but no one of them is designed to fulfill an inclusive design approach,
but they are designed for fully capable users.

On the other hand, MOTES are not available yet, but they are being subjected to
laboratory testing and research for different scientific areas. However,
experimentation with MOTES has been carried out on home automation applications,
reason for which they could be of great use on Inclusive Design products,

The proposed products are:

1. Automatic Shower Control Panel
2. Remote Control for Lights and Doaors
3. Lights and Doors Control Sensors

The proposed methedology for the development of these products will follow a logical
sequence of activities that will lead the designers to obtain satisfactory results on
each stage of the design.
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5.1.2 Phase of Product Planning

Activities of product planning are intended to lead designers to obtain a product

definition,

project planning and technical

desighed depending on what the customer wants.

requirements for the product to be

|

Phase MNo. Activity Format Tool Technique | Responsible

1 F-1D-001 - - R-ID-001 LG

2 F-1D-002 Word - R-ID-002 LG

3 F-ID-003 Excel User Pyramid R-ID-003 LG

4 | FID-004 | Excel | INUSVEOESON [ pipooog LG

5 F-1D-005 Word - R-1D-005 LG

6 F-ID-006 Word - R-1D-006 LG

7 | FID-007 | Excel | UMD | po1pogoy LG

8 F-1D-008 Excel Pugh Tables R-ID-008 LG

Product 9 F-1D-009 Word - R-1D-009 LG
=-?ianning-:; 10 F-1D-010 Project Gantt Diagram R-ID-010 LG

. Benchmarking —
11 F-ID-011 Excel Parametric R-ID-011 LG
Analysis
12 F-ID-012 | Internet Patent Analysis R-1ID-012 LG
13 | F-1D-013 | Infopath | _INEVIEWs 1 p 15 013 LG
{questionnaires})
1A Qualisoft L
14 F-1D-014 ~Word QFD R-ID-014 LG
) How's generated A
15 F-ID-015 Excel with the OFD R-1ID-015 1 LG

Table 5.1 Format that defines the activities, techniques, tocls and formats stated for pro

duct planning.

Wext, each activity in the product planning phase is developed in accordance with the
product to be developed.

i 5. MANUFACTURING SYSTERS
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Product 1
5.2 Automatic Shower Controi Panel

1. User Cbservation
Chjective: To aobserve the user according to the appropriate appreoach, so the

designer gets closer to user experience, in a way that will be possible to emphatically
analyze his/her interaction with the environment.

Logo User Observation F-1D-001
Needs Description Difficulty Identified
Control Calculate adequate
water Combine cold and hot water fram hoth temperature in
temperature faucets to get warm water accordancg ’Fo handles
position
Cantrol Control faucets cpening moving both Increa_se pressure
keeping desired
pressure handles
temperature
Open Open hot and cold water faucets for
faucets water outlet Turn handles

Table 5.2 Format for User Observation applied tp Automatic Shawer Contrel Panel praduct,
2. Need Identification

Cbiective: Determine those needs perceived from the customer that are possible to
improve using the top-down, bottom-up or a combination of both approaches,
according to the type of user.

Logo Need Identification F-ID-002
Difficulty Type Description
Caleulate User has to regulate the temperature by
adequate 5 gradually turning the bhandles. It is difficult to
. ensary .
temperature in Motion havg an exact control of temperature while
accordance to turning the handles. Due to this, an automatic
handles position contral for temperature is required
Increase Pressure has to be increased or diminished
pressure Sensory without changing the temperature, which
keeping desired indicates synchronization in the turning of both
temperature handles.
Movement of handles can be substituted by the
Turn handles Motion use of buttons to regulate water temperature
and pressure.

Table 5.3 Format for Need Identification applied to Autormatic Shower Control Panel praoduct.
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3. Classification of User Ability — User Pyramid

Objective: Determine user ability according to the user pyramid and to its
specifications of users with low functional capability, moderate functional capability
or high functional capability.

Figure 5.1 User Pyramid applied to Autoratic Shower Control Panel product.
4. Categorize the user according to his/her disability grade

Objective: UtHlize the inclusive design cube to determine the capability of the user
related to the following factors:

« Motion: Movement of extremities, strength and precision.

s Cognitive: Inteliectual capability.

s Sensory: Auditive and vjsual.

Assisted by
carer

Maotion
Capability

/Cognitive

Capability

Sensory
Capability

Figure 5.2 Inclusive Design Cube evaluation applied to Automatic Shower Cantrol Panel product.

Low Motion Capability
Low Senscry Capability Special Purpose Design
Low Cognitive Capability
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5. Generate Product Specifications

Objective: To establish the product functions and needs to be satisfied, including
those functional, sensory, motion, cognitive and capability needs identified.

Logo ]I Product Specifications F-I1D-005
Function | Motion Cognitive f Sensory.
Show a water

Will assure that

Regulate temperature .
temperature - display the user will not
feel changes on
(temperature, biue temperature
/ red caolor, ete.)
Show a water Control panel will
pressure display (a adjust the
Regulate pressure - drawing with the pressure level
different faucet without changing
outlet sizes) temperature
COpen / Close Will avoid wrist Will avoid that user
faucets twisting over the confuse the -
1 handles handles

Table 5.4 Format for Product Specification applied to Automatic Shower Control Panel product.

6. Products Proposal

Objective: In proposing products te be developed, it will be presented a table where
a brief description of each product has to be done.

Logo Praoducts Proposal F-1D-006

Product Description ] Image
Automatic Temperature Control Panel
Control Panel | embedded in frontal or lateral wall of
the shower, it will have solenoid valves
in the system to regulate water flow,

A sensgar embedded in the wall will turn
on the water and pressure on a Not available
predetermined mode.
Tabte 5.5 Format for Products Proposal applied to Automatic Shower Control Panel product.

Not available

Sensor for
Water Control
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7. Evaluate Products in accordance to user capabilities

Objective: Determine the type of users that are able to use the proposed products;
the product will be analyzed using the inclusive design cube to evaluate its practical
acceptability.

Product Evaluation using the
Logo Inclusive Design Cube F-1D-007
— . Water Providing
Qualitative Axis Control Panel Sensor
Strength and
Coordination Minimum Null -
Capability
Intellectual _
Capability Minimum Null -
Sensory Low Visual and Low Visual and )
Capability Tactile Perception Tactile Perception
Design Type Specific Purpose Assisted by carer -

Table 5.6 Format for Product Evaluation using the Inclusive Design Cube
applied to Automatic Shower Control Panel product.

£. Product Selection

Objective: Select the product that better fulfill user specifications and motion,
cognitive and sensory capahilities.

Logo Product Selection F-ID-008
Product Ideas
Criteria Importance Control Panel Watesr Providing

ensor i
Ease of Use 10 0 n -
Safe 10 N . -
Technology 6 + 0 -
Modernity 7 + - -
Flexible 9 + - -
Appearance 7 + 0 -
Total + 4 1 _
Total - -1 -3 -
Sum 3 i) _
TOTAL 23 -16 N

Table 5.7 Format for Praduct Selection applied ta Automatic Shower Contral Panel product.

M. 5. MANUFACTURING SYSTEMS

75

LLIS MAMUEL GUIZAR CASTREJON




CHAPTER & CASE STUDY FOR METHATRONIC PROCLCT CONCEPTUAL DESIGN

9. Product Definition

Objective: Describe product operation characteristics such as mechanical, electrical,
electronic and interfaces properties. Also it must include the main function to be
carried out by the product and other functions that it will be able to perform.

Logo Product Definition F-ID-009

. Shower Temperaturefa_nd'Pressure Control Panel . =

' IEEAER ISP Electronic control panel to facilitate water
Product Descrip_t_lon_- temperature and pressure through a digital
: : display and by graduated buttons.

Gt Prototype presentation on October 2004
""" Product launching on January 2005
Substitute conventional systems for showers
Approximate product cost: $300 USD

‘ { Handicapped population.
Primary Market 1 Old people.
People with arthritis,

Dressing rooms at universities or sporting
installations.
Secondary Market Homes, as a comfort device,

SRR Companies that sales bathroom accessories.
Hotels.

The control panel is designed for people with
motion impairments.

The control panel is safe against electrical
shocks.

It is easy to handle.

Deoes not require maintenance, only cleaning.

Assumptions

People with reduced strength and mobility in
arms and hands.
Pecple in wheelchairs.
Stakeholders Nurses who assist people with impairments due
________ | toage.
ERERRE People who wants comfort.

Table 5.8 Format for Product Definition applied to Automatic Shower Control Panel product.
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10. Project Planning

Objective: Generate a schedule of the project in a table where all the activities to be
done, responsible for each activity, objectives and sequences are to be
chronologically specified.

Logo Project Planning F-ID-010
Name of Product Tiempo
Activities | Week 1 | Week 2 | Week 3 | Week 4 | Week 5 Week n ...
Product To To To To To .
Planning define define define define define To define
Conceptual To To To To To To define
Design define define define define define
Detailed To To To To To To define
Design define define define define define
To To To To To i
Prototype define define define define define To define

Table 5.9 Format for Project Planning applied to Automatic Shower Contrel Panel product.
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CASE STURY FOR MECAHATROMNIC PROD.ICT CONCEPTUAL DESEM

11. Market Analysis — Competitive Benchmarking

Loge

Benchmarking

F-ID-011

a. Describe general function of Product.

[

Temperature and Pressure Contral Panel for automatic shower

b. Define the most important properties of the Product (at least five).

Property 1 Price

Property 2 On / OFf Function

Property 3 Buktan for temperature control

Property 4 Optoelectronic Presence Sensor

Property 5 Indicator of person presence

Property 6 Display with indicators for pressure and temperature
Property 7 Pressure Control

Property 8 Thermostat

Property 9 Water saver

Property 10

Stainless

Property 11

Easy to clean, smooth surface

Property 12

Button for pressure of water outiet selection

Property 13

Use of batteries and electric current

Property 14

Activation with hands movements

Property 15

Records of temperature and pressure combinations

Property 15

Minimum number of buttons

¢. Name similar products or competence products:

Product 1 Senzor - Saba 1 TLB

Product 2 Hydrotek - HS0QO0C

Product 3 CNACC - YD-450

Product 4 Kingsway Technology - Ku-620Q

Product 5 N

Table 5.10 Format for Competitive Benchmarking applied to Autematic Shower Control Panel product.
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d. Matrix Analysis

T
g = :
i =
o s < ]
L oy : o
, b [&] o 0
= o g !
£ % E a 1
T P
7] 'g_ E £
Z b
Price Mia TR MiA M/A
On § Off Function YES YES I YES YES
Button for temperature control NO ' MO NO | NGO
Optoelectronic Presence Sensor YES YES YES NQ
Indicator of person presence YES NG NG NO
Display with indicators for pressure and
temperature NG NO NG NC
Pressure Control NO NO NG NO
Thermostat YES NO MO NO
Water saver ¥ES YES YES NO
Stainless YES YES YES YES
Easy to clean, smooth surface YES YES YES YES
Button for pressure of water outlet selection NO NO N HO
Use of baiteries and electric current YES YES Elect. Batter
Current ¥
Activation with hands movements YES NO NO YES
Recur@s Qf temperature and pressure NO NO NO NO
combinations
Minimum number of buttans MN/A N/A N/A N/A

Table 5.11 Format for Matrix Analysis applied to Automatic Shower Control Panel proguct.

e. Correlations.

It is not possible to generate any correlations due there is no information about the
price of the product, but it is possible te detect characteristics that are missing in the
analyzed products in comparison with the proposed product.
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12. Patent Analysis

Objective: Search for patents of similar products to aveid copying and to find new
ideas to generate a more refined product,

Logo Patent Analysis F-ID-012
Title
Date
Patent Mo. Date of Registration of
Issu
e
Assignee Inventors
Analyzer Date of Analysis

Pages of interest:

Functions:

Results:

Important Figures:

Claims:

Table 5.12 Format for Patent Analysis applied to Automatic Shower Control Panel product.
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13. Identify Market Needs

Objective: To know rmore characteristics that might be added teo the product based
on experience and knowledge of people with similar products,

]
Logo Market Needs Identification | F-ID-013
Name of Product: Water Temperature and Pressure Pangl Control for Shower
Customer: Casa Hogar Ma. Esperanza Nuestra Interviewer; Guizar, Luis.
Address: Av. Luis Elizondo #402. Col Altavista, Date: April 12, 2004
Monterrey, N.L.
Would you like to keep informed about the
rocess? Yes
User type: 0ld pecple and people who assists them
Question Customer Answer Interpreted Need TImpn:nrtam:e

Do you find it | Yes, is a product that makes easier | It is a product that will be useful g
useful? showering old people to old people carers.

That simplifies the activity of

Wha!: do you Ease of use showering the user. Diminishes 10
like? T -
activity time.
Users think that it is dangercus

What qo not That it might be dangerous because of the combination of 10

you like? .

water and electricity.

Suggested Nane _

Improvements

J

Table 5.13 Format for Market Needs ldentification applied te Automatic Shower Control Panel product.
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14, QFD Quality Function Deployment

Objective: Determine technical characteristics form customer requirements.

Logo Quality Function Deployment - QFD F-ID-014

Revuieramientos Técnicos Custorner
_| Assessmem
o |Funcionalida Ea'aétsfﬁst'tas Costes | ) Senzoc
= i Cds = [P Hyoren
Tabiero para Regadera E B 5|3 ] & g [ Chet,
Atomatica S| E|Z & = Kngsuay
E = m = 8 - T
=lml|l5 ®Bl|® m E o
A EIRE
O _— hl
- - =
CIFIm BRI 8 (]S 0 o5 s oaos
Direction of gt ovemart + 1 +
] E raci e usar 6.0 | @ ] ® boe
B linceconagua |5 ® "
A E tibia - $.1
o
/< n 3 |seapsesoln |70 & B
AV E =
. S| T keawqre o ole| [e - > EB(
A el 18
AJE .Enﬁ Fil de ket 7.0 O | »
3 &
E Y & |Resistente a la ol
= < ) <0 o fer {7
\\/ £ g S CorrasEon FAN b4 e
o _ —
\\<><\ 2 Faci de brpiar [9.C 1 O®
B [paratc B0 | o 2 ePO
§ Consuma poca | g o I i )
] energia -
F w
Unidades Z 5| &
E|E| . |lal®
E |+ w|lw| E|E|&F |22
_ N N Fik Regadera £IP
Organizational Difficulty - = Ciaxe: SA2002 007
N R m|lale|leie|RIR mi“g"'q .
i) Hrunp 2yl
£ [7) Sencar 5 (LR F ‘.E_: WeacBSymbul !
EE 2 ::"A"l“:‘;" 4 9 $ ® |- B _BEGRE::} T Medum Symbol 3
= E € Krgsuay N L RR ] ® 5200 3R ] 4 Larger The Bemer
§ ] H [w] ] 4 Gmater The Getier 0
- 2 N $ ) Mermnsl The gast 0
L D L J§< Strong Negatowe -2
=1 o = x Megative -1
. Q [=] H [=] o 5 a [ =] [ =) I
Weighted imporiance e | B RSB S S|P smoafoune @
_ (=T T o I S R B IV O e I - | {7} Peshue 3
Relative Imporiance ﬂ
I e | |

Table 5.14 Farmat for QFD applied to Autcmatic Shower Control Panel product.
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15. Technical Charac

teristics of the Product

Objective: Translate the technical characteristics of the product as permanent
requirements of the product development; these will be the most important issues to

be satisfied with the

design,

Logo

Technical Characteristics of the Product

F-1D-015

Reguirement {How

Important Technical

Objective Value

)

Control Panel
Cimensions {(mm)

250 x 200 x 30

(mm)

Display Dimensions

120 x 90

Price

USD $300

Table 5.15% Format for Technical Characteristics applied to Autcmatic Shower Control Panel praduct.

16. Functional Decomposition

QObjective: Decompose the product into its main functions and sub-functions, in a
way that the resultant model shows the relations between functional elements,
making it easy to visualize and understand.
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TEMPERATURE
“Combine hoi _ Verifi I?e_ep_:}_ .
and cold water ‘temperature selected . Reduce
S : _ P temperature temperature
Open/ Sense R Isolate Level hot / \
- Close valves * temperature Sense water piping water flow Close hot Increase
: in cold and temperature water flow cold water
hot piping at the outlet flow
"Regulate
opening of Hot water
~ both valves - finishing

M. 5. MANUFACTURING SYSTFMS

LUIS MANLULL SUIZAR CASTREJON

Figure 5.3 (a) Format for Functional Decompaosition applied to Automatic Shower Control Panel praduct.
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CASE STUGY TOR MECHATRGNIC PRODUCT ZESICHN

Close water

AN

Level water
output
pressure

Open hot
water
valve

Open cold
water valve

Release air
from piping

Output
pressure

AN

Open hot
water
valve

Open cold
water valve

Figure 5.3 (b) Format for Functional Decompasition applied to Automatic Shower Control Panel product.
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CHAPTER & CASE STUCY =072 MECHATRONIT PRODUCT DESIGHN

18. Concept Generation

(Objective: Propose solution alternatives for each product sub-function, using the
morphological matrix tool.

Function f;‘ég;n | option1 Option 2 Option 4 Option3
Close Close hot Put a central Close nozzle
water and cold feed valve .
with a flood-
outlet walter before the ate
(1) vaives faucet g
Have a deposit
Level Free air Put pump to Open both with hot gnd
Regulate | pressure maintain ! valves
from : . cold water at
Pressure | of faucet L pressure in simultaneousi
2 (2) pipelines both pipelines v the top of the
installation.
Put an
Hydro
Output as&?{; er Reduce pneumatic
Pressure different diameter of system for
(3) tvpes of outlet pipe water feeding
f:ﬁcets ta the system

Table 5.16 Format for Concept Generation applied to Automatic Shower Control Panel product.

19. Concept Selection

Objective: Select the best configuration of the product evaluating the options for
each function and physical characteristic of the product with the appropriate criteria.

Selection can be done directly from the morphological matrix pointing out the
selected options with a line,

REGULATE TEMPERATURE
1. Combine cold 2. Verify 3. Keep indicated 4, Decrease
and hot water Temperature temperature temperature
1.1.1;1.1,2 1.2.5 1.3.3 1.4.1;1.4.3

REGULATE PRESSURE

1. Close water outlet 2. Level pressure of faucet 3. Output pressure

2.1.2 2.2.3 233

Table 5.17 Format for Concept Selection applied to Automatic Shower Control Panel preduct,
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Product 2
5.3 Kit for Lights and Doors Control

1. User Observation
DObjective: To observe the user according to the appropriate approach, so the

designer gets closer to user experience, in a way that will be possible ta emphatically
analyze his/her interaction with the environment.

Logo User Observation F-1D-001

Needs Description Difficulty Identified

To reach the light
switches. Distance of
displacement to control
lights from the switch.

Turn on User wants to turn off or turn on the
and oft lights in accordance to his/her location in
lights a determined installation.

Open / Open and close doors according to the
Close path described by the user in a specified
Doors installation.

Lock the doors where privacy is required,
Lock doors | besides the doors that are access from

outside the building.
Table 5.18 Format for User Observation applied to Kit for Lights and Doaors Contral product.

Push or pull door, turn
handles.

Use keys, turn a lock,
push lecking button.

2. Need Identification

Objective: Determine those needs perceived from the customer that are possible to
improve using the taop-down, bottom-up or a combination of both approaches,
according to the type of user.

Logo Need Identification F-ID-002
Difficulty Type Description

Reach light switches is difficult for people in
Reach light wheelchairs, paraplegics, and others who have
switches, Motion / any impairment on their upper extremities.
Displacement to | Sensory (visual | Distance for displacement is an obstacle for
control the impairment) people who have any difficuity for walking. This
lights. indicates that it is necessary to apply a method

on a remote control basis.

Moving hands or the extension of arms to push
or pull a door can be difficult or even impossible

Push or pull Motion for some people. It is required a system that
door, turn opens and closes the door displacing it from the
handles. axis formed by the hinges. Also there is a need
of help to pull the door once the user goes
through it.
Use keys, turn a This implies the movement of hands and arms
lock, push Mation for turning or for applying a pressure over the
locking button. fingers.

Table 5.19 Format for Need ldentification applied to Kit for Lights and Doors Control product.
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CHAPTER & CASE STUDY FOR METHATIRGMNIC PROGUCT DESIGN

3. Classification of User Ability — User Pyramid

Objective: Determine user ability according to the user pyramid and to its
specifications of users with low functional capability, moderate functional capability
or high functional capability.

Figure 5.4 User Pyramid applied to Kit for Lights and Doors Contral product,
4. Categarize the user according to his/her disability grade

Objective: Utilize the inclusive design cube to determine the capability of the user
related to the following factors:

e Motion: Movement of extremities, strength and precision.

» Cognitive: Intellectual capability.

« Sensory: Auditive and visual.

Assisted by carer

Motion b

Capability Special purpose

design

\ /Cog nitive N

Sensory Capability |[ﬂ::> ™,
Capability

Dhociom
Figure 5.5 Inclusive Design Cube evaluation applied to Kit for Lights and Doors Coﬁfﬁt&f'pgb'duct.

Modular /
Customizable

Low Motion Capability
Low Sensory Capability Modular / Customizable Design
Normal Cognitive Capability
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CASE STUDY =R MECHATRONIC PRCDUCT DESIGN

Design of this product is flexible to be configured according to the user requirements
and needs, and also allows increasing the number of devices installed.

5. Generate Product Specifications

Objective: To establish the product functions and needs to be satisfied, including
those functional, senscry, motion, cognitive and capability needs identified.

Logo

Product Specifications

F-1D-005

Function

Motion Cognitive

Sensory

Turn ON / OFF

Avaoid movement of

Will help users to
turn on/off lights

from going back to -
lock doors.

lights arms and hands to by indicating the
use the switches. - lecation of the
light source.
Avoid the effort of
Open / Close dlsplgcmg and Will ensure to the
moving upper
Doors i user that the
extremities to - doors are closed
perform these '
actions.
Lock Doors Avoid the user Will ensure to the

user that the
doors are locked.

Table 5.20 Farmat for Product Specifications applied to Kit for Lights and Doors Control product.

6. Products Proposal

Objective; In proposing products to be developed, it will be presented a table where
a brief description of each product has to be done.

Logo

Products Proposal

F-1D-006

Product

Description

Image

Remaote Contral

Remote Control for turn on/off lights
and to control apening/closing/locking
of doors with status indicators for each

through internal wiring.

for Doors and | device controlled. The kit will include
Lights timers, istons for doors, resence .
¢ Sensors, )?(10 modules, transceigers and Image not available
other electronic devices. It will use X10
wired and wireless signal.
A control embedded in the wall that will
Wire Main control the turning on/off of lights, as
Control for the locking/opening and closing of
Lights and doors. It needs pistons for doors, Image not available
Doors transceivers, and receivers. It will work

Table 5.21 Format for Products Proposal applied to Kit far Lights and Doors Contral product.
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7. Evaluate Products in accordance to user capabilities

Objective: Determine the type of users that are able to use the proposed products;
the product will be analyzed using the inclusive design cube to evaluate its practical
acceptability.

—

Product Evaluation using the

Logo Inclusive Design Cube F-ID-007
Qualitative Axis | Remote Control Main Contral -
Strength and
Coordination Very Minimum Minimum -
Capability
Intellectual Capahility Minimum Minimurn -
. Visual y tactile Visual y tactile )
Sensory Capability minimum minimum
. Modular / Modular / )
Type of Design Customizable Customizable

Table 5.22 Format for Product Evaluation using Inclusive Design Cube
applied to Kit for Lights and Doors Control product.

8. Product Selection

Objective: Select the product that better fulfill user specifications and motion,
cognitive and sensory capabilities.

Logo r Product Selection F-1D-008
' Ideas de Producto '

Criteria Importance | Remote Control Main Control -
Ease of use 10 + 0 -
Safe g + + -
Technology 5 + - -
Medernity b + + ~
Flexible 9 + - -
Appearance 8 + + -
Tota!l + e] 3 -
Total - 0 -2 -
Sum 6 1 -
TOTAL 47 23 1 -

Tabie 5.23 Format for Product Selection applied to Kit for Lights and Doors Contrel product.
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CASE STUDY FOR MECHATROMIC PRODUCT DESIGN

G, Product Definition

Objective: Describe product operation characteristics such as mechanical, electrical,
electronic and interfaces properties. Also it must include the main function to be
carried out by the product and other functions that it will be able to perform.

Logo

|

Product Definition l F-ID-Q09

Remote Control Kit, transmitter-receiver and piston
- for controlling illumination and doors opening

Product Description .

Kit for turning on/off lights and gpening doors using a remocte
control, transceivers and pistons.

Key Business Goals

“| Prototype presentation on November 2004

Launching of product on January 2005

Facilitar el acceso de las personas en el interior de una
instalacién

Approximate cost of product: Control USD $70, two
transceivers USD $50 and pneumatic piston USD $280.

“Primary Market

People in wheelchairs
Blind pecple
Third age peopie

Sécbndqry_. Market.

Pagple who want to install it at their homes for comfort.
Companies that sales illumination equipment.

People who want to install it at their offices.

Cantral lights and doors for safety at educative installations,
public buildings, etc.

" Assumptions

The control is easy to use; it has just a few buttons.
Installation of transceivers does not require qualified personal.
The installation of pneumatic pisten requires highly
capacitated persenal.

The kit is designed for people with motion impairments.

The control has visible buttans and of easy tactile perception.
The control will use two batteries.

Do not require maintenance, just clearing,

Stakeholders

Peaplte with difficulties to maove their hands and arms.
People in wheelchairs

Disabled people assistants

People who look for ease of displacement in frequented
places.

Table 5.24 Format far Pdeuct Definition applied to Kit for Lights and Doors Contral product.
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10. Project Planning

Objective. Generate a schedule of the project in a table where all the activities to be
done, responsible for each activity, objectives and sequences are to be
chronologically specified.

Loge Project Planning F-ID-010
Name of Product Time

Activities | Week 1 | Week 2 | Week 3 | Week 4 | Week 5 | Week n

Preduct To be Te be To be To be To be To be
Planning defined | defined | defined | defined | defined | defined
Conceptual To be To be To be To be To be To be
Design defined | defined | defined | defined | defined | defined
Detailed To be To be To be To be To be To be
Design defined | defined | defined | defined | defined | defined
Prototype To_ be To_ be To_ be Tol be To_ be Tol be
defined | defined | defined | defined | defined | defined

Table 5.25 Format for Project Planning applied to Kit for Lights and Doors Cantral product.

M. 8. MANUFACTURING SYSTEMS Q2 LUIS MANUEL GUIZAR CASTREJON



CHAPTER & CASE STUDY FOR MECHATRCMIC FRODUCT DESIGH

11. Market Analysis ~ Competitive Benchmarking

} Logo } Benchmarking F-ID-011

|

i. Describe general function of Product.

Kit of Remote Control, Transmitter-Receiver and Piston
for Ilumination and Door Opening Control

ii. Define the most important properties of the Product (at least five).

Property 1 Price

Property 2 Number of buttons in control

Property 3 Luminous intensity control {Dimmer)
Property 4 Number of devices controlable simultaneously
Property 5 Lights cantrol

Property 6 Doors opegning control

Property 7 Timer for door opening

Property 8 Compatible with X10

lil. Mame of similar products or competence products:

Product 1 X10 PowerHouse Wireless Remote Control System RC5000

Product 2 | aAputomatic Sliding Door Systemn

Table 5.26 Format far Benchmarking applied to Kit for Lights and Doors Control product,
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iv, Matrix Analysis

| o | &
ooy = 2
22« T E
2E82 8
pEzE o2
ES t‘g’ = LA 'ﬁ in
fUE¥ £
ofs | 2<
wx 2 a
Price Us4$43 $290
Number of Buttons in Control g 2 —|
Luminous Intensity Control (Dimmer} YES NO
Number of Devices Controlable Simultaneously B 1
Lights Control YES NO
Daoors Opening Control YES YES
Timer for Door Qpening NO YES
Caompatible with X10 YES YES

Table 5.27 Farmat for Matrix Analysis applied to Kit for Lights and Docrs Control product,

iv. Carrelations

It is not possible to generate any correlations due there is no information about the
price of the product, but it is possible to detect characteristics that are missing in the
analyzed products in comparison with the proposed product.
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12. Patent Analysis

Objective: Search for patents of similar products to avoid copying and to find new
ideas to generate a more refined product.

Logo Patent Analysis J F-ID-012
LTitle
Date
. . of
Patent No. Date of registration Issu
e
Assignee 1 Inventors
Analyzer Date of analysis
| Pages of Interest:
Functions:
Results:
Important Figures:
Claims:

Table 5.28 Format for Patent Analysis applied to Kit for Lights and Doors Control product.
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CASE STUDY FOR MECHATRONIC PRCEUCT DESIGHN

13. Identify Market Needs

Ohbjective: To know more characteristics that might be added to the product based
on experience and knowledge of people with similar products,

Logo

Market Needs Identification ‘

F-ID-013

rﬂame of Product: Kit of Remote Cantrol for Lights and Daors

Customer: Casa Hogar Ma. Esperanza Nuestra

Interviewer: Guizar, Luis.

Monterrey, N.L.

Address: Av. Luis Elizondo #402. Col Altavista,

Date: April 12th, 2004

process? Yes

Would you like to keep informed about the

Question Customer Answer Interpreted Need Importance
It is a product that principally
will be useful for peaple that
assist old people for controlling
Do you think it Yes, it is a device that will help lights and docrs when the 10
is useful? users and patients patient needs it according to
their displacement
requirements.
Users want to control lights in all o
What do you | That it is able to contrgl many doaors | the building, and alsc the mare 10
like? and all the lights. utilized docrs.
What do not ) } .
you like?
Suggested ) i
Emprovements

Table 5.29 Format for Market Needs Identification applied to Kit for Lights and Doors Cantral product,
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14. QFD Quality Function Deployment

Objective: Determine technical characteristics form customer requirements.

Logo Quality Function Deployment - QFD F-ID-014

-
Ir Requerimientos Témniros Customer
; Assessment
Control Remoto Transnusor Costo
=< recepbot D) w0
=}
E = H: - o E % . Lewien
Control Remoto para | = € |8 = T 2 g I3 7
Luces ¥ Puertas 6|0 |uglSiees| B FlE o
S (m ‘g o=l & o E a = < = E
Z |o E|S a1 = E Rl O R
=R EelglEgl el g
ERES B BE Rl E[T|B
E |5 l5ie | =|E 8 &
[ = e | = =
001 3 3 4 5
Direction of Improvement + + T |+ 4+ |+
-E Peguefo 5.0 @& | O[O Fas O ®
E
o Tamaio de los
E & botones B0 @ |2 ce
b=l —
- 5 JE Facil de usar BO| @ [ @ |® ® O
Z o Resisterite |01 ) O ®
> 7
< >( g B |Deteccion de sefi (2.0 @ O & .
E E‘E. Respuesta ripida |4.0 : [ T [
[T
E = 5 Confiable 2.0 [ ] (SN
= 2 a0 20| C Ao oo A= e O
O | Balocoreumo dery o — - &
snargiz s * b
8 22
[a) =
Unidades E|lE|E| 2|3 alE
= ki
Orgahizational DEfcuky
E O:(m [ ' ' ' ‘ _' O
= E @ Leviton a [ ] L] L ] | ]
§ ] 3 ] G |& @O
T o 2
& o |
[
al|lolo o |loc|ao
. : - | 5| = : : - |lale
Weighted knportance g E E g E § T § = 8
retwe wooortonce | | NN e o I

Tahle 5.30 Format for QFD applied to Kit for Lights and Doors Cantrol preduct.
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15. Technical Characteristics of the Product

Objective: Translate the technical characteristics of the product as permanent
requirements of the product development; these will be the most important issues to
be satisfied with the design.

Logo Technical Characteristics of the Product F-ID-015
Impeortant Technical .
Reguirement (How) Objective Value
Size of remote control 12x8x1.5
(em}
Number of buttons 15
Action radio (m) 20
Response time (s) 0.1s
Price (USD %) 400
Recharge time (min) 30

Table 5.31 Format for Technical Characteristics applied to Kit for Lights and Dieors Control product,

16. Functional Decomposition

Objective: Decompose the product into its main functions and sub-functions, in a
way that the resultant model shows the relations between functional elements,
making it easy to visualize and understand.
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: i Regulate Turn off
“Turn on light luminous E 'i:ights:': g
_ L intensity o
Turn on Increase Low . Turn, Turn off
from RC-. “Intensity intensity ~off all one by one
“One button for | | Twé buttons; one
- turn onfoff .. for:turning on,
lights : and one for.
i “turning off

Figure 5.6 (@) Format for Functional Decomposition applied to Kit for Lights and Doors Control product,
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Open door B

- button

PUSh .::.

Daor o_p'én_:f
: walg’ '

. C;;.Ios'e ﬂq&
By i’ci':rz“m-:'r : i Push button

Presence

sensor

Figure 5.6 (b)Y Format for Functional Decornposition applied to Kit for Lights and Doors Control product.
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18. Concept Generation

Objective: Propose solution alternatives for each product sub-function, using the morphological matrix tool.

Function -Sub-Function .Option 1 Option 2 Option 3 ~Dption 4 Option 5
Open Door With pneumatic With electrical - 3 -
(1) piston piston Sliding door
Open Door
Door Wait Timer Presence Sensor Sense with MOTES - -
Functions (2)
1 . .
) Close Door Close with Eri:aan'llZ?iac
spring-damper P . Electrical piston - -
(3) pressure in
system ;
piston
Function Sub- Option 1 . 'Oﬁi.:'ion 2 Option 3 Option 4
Function o T b T
Turn on With X10
lights transmitter- With MOTES - -
(1) raceiver
Light Regulate
Functlons . . . . .
luminous . Attenuator Leviton | Low intensity when there is
{2) . ; Dimmer X10 -
intensity X10 no people
(2)
Turn off i
, Turn off by Turn off with X10 .
h?;:)ts l pecople absence lamp module Turn off with MOTES -
Table 5.32 Format for Cancept Generation applied to Kit for Lights and Doors Controt product,
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19. Concept Selection

Objective: Select the best configuration of the product evaluating the options for
each function and physical characteristic of the product with the appropriate criteria.

Selection can be done directly from the morphological matrix pointing out the
selected options with a line.

DOOR FUNCTIONS

1. Open Door [ 2. Open door wait 3. Close Door

1.1.1; 1.1,3 1 1.2.3 1.3.3

LIGHT FUNCTIONS

1. Turn on lights 2. Regulate bright intensity | 3. Turn off lights

2.1.1 2.2.1 | 2.3.2

Table 5.33 Format for Concept Selection applied to Kit for Lights and Dooars Control praduct.
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Product 3
5.4 Sensor for Lights and Doors Control

1. User Observation
Objective: To observe the user according to the appropriate approach, so the

designer gets closer to user experience, in a way that will be possible to emphatically
analyze his/her interaction with the environment.

Lege User Observation J F-ID-001
Needs Description Difficulty Identified

To reach the light

User wants to turn off or turn on the switches. Distance of

Turn on/off lights in accordance to his/her location

lights . . - : displacement to control
in a determined instattation. lights from the switch.
Open and close doors according to the
Open / Close path described by the user in a Push or pull docr, turn
doors handies.

specified installation.

Lock the doors where privacy is
Look doars required, besides the doors that are

access from outside the building.
Table 5.34 Format for Uger Observation applied 1o Sensor for Lights and Dooars Centrol product.

Use keys, turn a lock,
push locking button.

2. Need Identification

Objective: Determine those needs perceived from the customer that are possible to
improve using the top-down, bottom-up or a combination of both approaches,
according to the type of user.

Logo Need Identification F-1D-002
Difficulty Type Description
Reach light Reach lig_ht switches is difficult for people in
switches. Motion/ wheel_chanrs, paraplegics, _and others who _h_ave
Requires Sensory (tactile any |mpa|rmeqt on their upper extremities.
displacement for and visual Distance for d|splacerrfent is an obstlacle fgr
controlling impairment) peoplle who have any difficulty for wall_ung. This
lights. requires an autonomous system adjusted to
user needs.
Moving hands or the extension of arms to push
Push or pull Motion ar pull a door can be difficult or even impossible
door, turn for some people, It is required an automated
handles. system that responds immediately when a
person wants to go through the door.
Use keys, turn a For many people it is impossible to manipulate
lock, push Motion objects using their hands, and it is necessary a
locking button. system that locks doors automatically.

Table 5.35 Format for Need ldentification applied to Sensor far Lights and Doors Control product.
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3. Classification of User Ability — User Pyramid

Qbjective: Determine user ability according to the user pyramid and to its
specifications of users with low functional capability, moderate functional capability
or high functional capability,

Figure 5.7 User Pyramid applied to Sensor for Lights and Doors Contral product.

4. Categorize the user according to his/her disability grade
Objective; Utilize the inclusive design cube to determine the capability of the user
related to the following factors:

s Motion: Mobility in their extremities, strength and precision.

« Cognitive: Intellectual capacity.

e Sensory: Auditive and visual.

ﬂ:> ~ Assisted by carer

Mation \‘., *
Capability

Special purpose
design

/Cognitive

Capabilit
Sensory P 4

Capability

Medular /
Customizable
Design

Figure 5.8 Inclusive Design Cube evaluation applied to Sensor far Lights and Doors Control product.

Very Low Motion Capability
Low Senscry Capability User Assisted by Carer
Does Not Require Cognitive Capability
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Design of this product

is fiexible to be configured

in accordance with

the

requirements and user needs, and also allow increasing the number of installed

devices,

5. Generate Product Specifications

Objective: To establish the product functions and needs to be satisfied, including
those functional, sensory, motion, cognitive and capability needs identified.

—
Logo Product Specifications F-ID-005
Function Motion Cognitive Sensory
Will avoid user's Will turn on Ilght.s (if
. needed) according
displacement and to user's
Turn On / Off movement of his .
) - Lo displacement,
lights extremities, doing it i
. attenuating the
automatically when -
. . areas where the
detecting his
resence user has passed
p . through,
Will avoid the user Will open doors
Open / Close the activity of when user goes
Doors opening and clesing through, and will
deors, doing it - close them after the
autematically. user has passed.
Lock Doors Will avoid the action ) lt.ﬁgt( feoourjs;;n gl:;s:as
of locking doars. q privacy
and outer doors.

Table 5.35 Format for Product Specification applied to Sensor for Lights and Deors Control praduct,

6. Products Proposal

Objective: In proposing products to be developed, it will be presented a table where
a brief description of each product has to be done.

Logo Products Proposal F-ID-006
Product Description Image
Sensors for Presence, path and velocity sensors

to detect user and send on/off
signals for doars opening and lights
furning on.
Presence and movement sensors for
turning on lights and door opening.
Table 5.37 Format for Products Proposal applied to Sensor for Lights and Doors Control product.

lights and

doars control Image Not Available

X10 Sensors

Image Not Available

M. §. MANUFACTURING SYSTEMS 105 LUIS MANUEL GUIZAR CASTREION




CRAPTER £ CASE STUDY FOR MECHATRON C PROCLCT CONTEPTUAL DEIIGH

7. Evaluate Products in accordance to user capabilities

Objective: Determine the type of users that are able to use the proposed products;
the product will be analyzed using the inclusive design cube to evaluate its practical
acceptability.

Product Evaluation using the

Inclusive Design Cube F-1D-007

Logo

_— . Sensors for lights
Qualitative Axis and doors cor?trm X10 Sensors -
Strength and

Coordination Null Nuli -

Capability

Intellectual
Capability Null Nutt )
Sensory Capability Visual minimum Visual minimum -
Type of Design Assisted User Assisted User -

Table 5.38 Format for Product evaluation with Inclusive Design Cube
applied to Sensor for Lights and Doors Control product.

8. Product Selection

Objective: Select the product that better fulfill user specifications and motion,
cagnitive and sensory capabilities,

Logo Product Selection F-1D-008
Product Ideas
Criteria Importance | Sensor for lights X1Q Sensor -
and door control

Ease of use 7 + + -
Safe 10 + - -
Technology g + + -
Modernity 7 + 0 -
Flexible 8 + - -
Appearance 9 + + -
Total + 6 3 -
Total - 0 -2 -
Sum 6 1 -
TOTAL 50 7 -

Table 5.39 Format for Product Selection applied te Sensor far Lights and Doors Control product.
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9. Product Definition

Cbjective: Describe product operation characteristics such as mechanical, electrical,
electronic and interfaces properties. Also it must include the main function to be
carried out by the product and other functions that it will be able to perform.

Logo

Product Definition F-1D-009

Presence, movement and path sensors for automatic
doors opening and lights control

Product Description

Presence, movement and path sensors that detect when a
person walks nearby and that will send signals to turn on
lights and open dogrs automatically.

Key Business Goals

Prototype presentation in September 2004
Launching of product an December 2004

| Facilitate access of people to buildings and hames.

Approximate cost of product USD%$450

Primary Market

| Disabled population {visual, intellectual and motion)
{ Third age people

People in wheelchairs

Secondary Market

1 Homes
| Hospitals

Offices

-| Restricted access places

Assumptions

1 The system is designed to avoid action lights and opening of

doors.

:: Does not require physical interaction to be used, just
| pregramming the opening doors and turning on of lights
1 times.

Does not require maintenance, just cleaning and do not block
the sensors.

Stakeholders

Automation products praducers.

1 Producers of domestic electranic devices.

Table 5.40 Format for Product Definition applied to Sensor for Lights and Doors Control product.
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10. Project Planning

Objective: Generate a schedule of the project in a table where all the activities to be
done, responsible for each activity, objectives and sequences are to be
chronologically specified.

Logo Project Planning F-1D-010
Name of Product Time
Activities | Week 1 | Week 2 | Week 3 | Week 4 | Week 5 | Week n
Product To be To be To be To be To be To be
Planning defined | defined | defined | defined | defined | defined
Conceptual To be To be To be To be To be To be
Design defined | defined | defined | defined | defined | defined
Detailed To be To be To he To he To be To be
Design defined | defined | defined | defined | defined | defined
Prototype To_ be TO. be To_ be To_ be Tcu' be To be
defined | defined | defined | defined | defined | defined

Table 5.41 Format for Project Planning applied to Sensar for Lights and Doors Cantrol product,

11. Market Analysis - Competitive Benchmarking

Logo

Benchmarking F-1D-011

i. Describe general function of Product,

Presence, movement and path sensors (MOTES) for
automatic doors opening and turning on lights

ii. Define the most important properties of the Product {at least five).
Property 1 Price
Froperty 2 Ease of changing to manual mode. (turn off system)
Property 3 Detection distance
Property 4 Time of doors opening
Property 5 Time of lights turning on
Property 6 Times programming
Property 7 Lights intensity control
Property 8 Programmable according to illumination characteristics
Property 9 Works even in darkness
Property 10 Compatible with X10

Property 11

Utilizable in the open

M. 5. MANUFACTURING SYSTEMS 08

LUIS MAMNUEL GUIZAR CASTREJON




CHAFTER & CASE STJDY FOR MECHATRONC PROCUCT CONCEPTUAL DESIGN

Property 12 Has an option tc open doors
Property 13 Electrical energy save
Property 14 Expansion capability (number of lights and doors)

iii. Name of similar products or competence products:

Product 1 Leviton - wall mounted occupancy sensor

Product 2 200 Series Wireless PIR Motion Detector

Product 3 Decora-Style Temperature and Light Sensor

Product 4 Version II Wireless X10 Motion Sensor

Product 5 Automatic Sliding Door System with Proximity Sensor

Table 5.42 Format for Benchmarking applied 10 Sensor for Lights and Doors Control product.

iv. Matrix Analysis,

g 43 = | 8% |25

sE | TE 235 85 2%t

=85 O n g HIRS “ » E(%

c O g wC a=s X2 =5 e

295 | &g 529 =€ | g4

589 35 |§25| &3 |59¢

-5 22 |ag3| Bs |£2§88

id - =

2 Ss I £ | <o

Price US$60 US$110 US$120 Uss UsS5310
Ease of changing to manual mode. (turn off system) YES YES YES YES YES
Detection distance 40 it l 80 ft it 304 10f
Time of doors opening Nity [ Mit NI NiA NO

Upto
Time of lights turning on Unto 30 NC MO 256 NG
ming
Times programming YES YES ND YES YES
Lights intensity contral MO NO NO ND NiA,
Programmat_)le according to illumination NO NO YES NO NIA
characteristics

Works even in darkness YES YES YES YES N/&
Compatible with X10 YES YES YES YES YES
Utilizable in the open MO YES NO NO YES
Has an opticn to open doors NO MO NO YES YES
Electrical energy save YES YES YES YES H/A
Expansiaon capability (number of lights and doors) YES ‘ ¥ES YES YES NO

Table 5.43 Format for Matrix Analysis applied to Sensor for Lights and Doors Control product.
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v. Correlations

Relation price vs. Detection Distance

Detection Distance i
70 e : : 1+ Leviton Sensor
B i i e B

¥ 200 Seties Detecto

Decara Style Sensor

- Version I Sensor

x Automatic Door
_ System |

o & e wn :
0 100 200 300 400
Price

Figure 5.9 Relation between price and detection distance for different
suppliers of electronic devices for controlling dears and lights.

Relation Price vs . Programming according
Availability luminosity

" Leviton Sensar
w 200 Series Detectoq
| Decora Style Senso

= Version 11 Sensor

*x Automatic Door
Systerp_

0 100 200 300 400

Price

Figure 5.10 Relation between price and programming according luminosity f
or different suppliers of electronic devices for controlling doors and lights.
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13. Patent Analysis

Objective: Search for patents of similar products to avoid copying and to find new
ideas to generate a more refined product.

1 ] — 1
Logo Patent Analysis F-ID-012

Title

Date]

. . of

Patent No. Date of Registration Issu

e
Assignee Inventors
Analyzer l Date of analysis

Pages of Interest:

Functions:

Results:

Important Figures:

Claims:

Tahle 5.44 Format for Patent Analysis applied to Sensor for Lights and Doors Cantrol product.
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14. Identify Market Needs

Objective: To know more characteristics that might be added to the product based
on experience and knowledge of people with similar products.

Logo Market Needs Identification F-10-013

Name of Praduct: Remote Cantrol Sensors far Lights and Doors

Customer: Casa Hogar Ma. Esperanza Nuestra Interviewer: Guizar, Luis.

Address: Ay, Luis Elizondo #402. Col Altavista, Date: April L7th, 2004
Monterrey, M.L.

Would you like to keep informed about the
| process? Yes

Type of User: Old people and carers

Question Customer Answer Interpreted Need Importance

Yes, it is a system that wil Eliminate the time of attention

Do you find it L ; . ; to continuous activities that
useful? eliminate th‘? time invested in demand too much time to the 10
routine tasks.
personal.

What do you That the system would work by wish that the system works

. - automatically and to be totally 10
?
like? itself autcnomaous
What do not That it can fail and da not comply | Provide safety about the system 10
you like? with its tasks accuracy
Suggested That it is passible to add more . -
Improvements lights and doors Expansion Capability &

"

Table 5.45 Format for Market Meeds Identificaticn applied to Sensor for Lights and Doors Control product.
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15. QFD - Quality Function Deployment

Objective: Determine technical specifications from information gathered in the
customer and experts interviews, competitive benchmarking and patent analysis.

I
Logo Quality Function Deployment - QFD ' F-ID-014

- - 1
! Requetimiemos Iecnl-:us customer
AsSessiTen
—
E beneral J Lz Puenlas ") Levrsn
F T ] w & v
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e | ~
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[
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Table 5.46 Format for QFD applied to Sensor for Lights and Doaors Control product.
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16. Technical Characteristics

Objective: Translate the technical characteristics of the product as permanent
requirements of the product development; these will be the most important issues to
be satisfied with the design.

Logo Product Technical Characteristics F-ID-015
Important Technical -
Requirement {How) Qbjective Value
Successful trials (%) 100
Price 400
Lights Response Time (s} 0.1
Response Distance {m) 2.5
Velocity (m/s) 0.3

Table 5.47 Format for Technical Characteristics applied to Sensar for Lights and Doors Cantral product.

17. Functional Decomposition

Objective. Decompose the product into its main functions and sub-functions, in a
way that the resultant model shows the relations between functional elements,
making it easy to visualize and understand.
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DETECTION

Detect " -

Preserice

 MOTES MOTES
| “arranged on. placed on
ceiiings hands

Movemerit
MOTES . MOTES
placed on arranged on
clothes walls

‘Detect
Path

MOTES
Ng’two rk

A

MOTES
conftected
to a PC

MOTES
carried by
the user

Figure 5.11 {a} Format for Functicnal Decompasition applied to Sensor for Lights and Doors Control product.
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- Open Door o
' = Wait Close Door
- Open Dgor e
/\ “Timer, Do not detect
- , - resence
path Movement i
betection Deatection
: B o Presence
Sensor

Figure 5.11 (b} Farmat for Functional Decomposition applied to Sensor tar Lights and Deors Contral product,
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) Turn iigﬁts._
on...: =

With-presence
detection

movement.

of hands o

ILUMINATION

“Regulate
Tuminous
intensity

T

L Witha

predetrmined
- path

~ Increase

intensity
- with
proximity

oooff

Turn lights -

intensity

distance

Attenuate”

according to .

Do not
detect
presence

“Wwith timer
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18. Concept Generation

Objective: Propose solution alternatives for each product sub-function, using the morphological matrix tool.

‘Function Sub-Function Option 1 Option 2 -Option 3 Option 4 Option 5
Open Door With pneumatic With electric . _ -
(1) piston piston Sliding Doors
Open Door With X10
Daoar Wait Timer Movemeant Sense with MQTES - -
Functions {(2) Sensor
(1) ) Eliminate
Close Door QIose with pneumatic o
spring-damper . Electric Piston - -
(3) svstern pressure in
4 piston
~ Function . Sub-Function Option 1  Option 2 Option 3 Option 4
Turn On Lights With X10 . -
(1) transmitter- receiver With MOTES
Light
- Regulate . .
Functions . . Attenuation of lights
Luminous . Attenuator Leviton :
{(2) Intensity X10 Dimmer X10 when turning on and -
off
(2) _
. Presence Sensor . Turning off with a
Turn Off Lights . ' Turns off with a X10 ;
(3) turning off by lamp module MOTES signal of user )

absence of people

path indicator
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Function Sub-Function ' _Optio_ﬁ’ 1 'IZOption 2 Option 3 Option 4
Detect(l;r;esence X10 Sensors MOTES - )
Detection
Functions
(3) Detect 2"2")“""‘&“* X10 Sensor MOTES ) -
Detect Path Series of X10
(3) Sensors MOTES Network ) )

Table 5.48 Farmat for Concept Generation applied to Sensor for Lights and Doors Control product.
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19. Concept Selection

Objective: Select the best configuration of the product evaluating the options for
each function and physical characteristic of the product with the appropriate criteria.

Selection can be done directly from the morphological matrix pointing cut the
selected options with a line.

DOOR FUNCTIONS

1. Open Door 2. Open Door Wait 3. Close Doar

1.1.1;1.1.3 1.2.3 1.33

LIGHT FUNCTIONS

1. Turn On Lights 2. Regulate luminous 3. Turn Off Lights
intensity
2.1.1 2.2.1 2.3.3
DETECTION FUNCTIONS
1. Detect Presence | 2. Detect Movement 3. Detect Path
3.1.2 | 3.2.2 3.3.2

Table 5.49 Format for Cancept Selection applied to Sensor for Lights and Doors Control product.
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5.5 EVOLUTION OF PRODUCTS WITH INCLUSIVE DESIGN APPROACH

5.5.1 Automatic Shower
The concept is an automatic shower that is easy to use by the suppression of
handles; it has buttons that represents the elemental functions that the product

performs.

__Cognitive

PRESSURE

Improvement with Inclusive Design in the Cognitive Axis
b Know how it works,
} Ease to recognize functions.
¢  The user knows how to regulate water temperature and pressure.

Wireless Technology Functions adding functional capability

b Distance: The product has a wireless sensor that determines the distance
between user and shower control panel.

When the user gets closer the shower works normally, but when user gets far the
shower turns off and the user is ready to scap up,

Improvement with Inclusive Design in the Motion Axis

P Know how to use the product
P Simplification of use {from handles to buttons)
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Wireless Technology Functions adding functional capability

b Presence: The shower begins its operation after detecting person presence
during ten seconds. This can happen if the user cannot push buttons.

¥ Position: The shower can detect the presence of a child if he is to short to
reach the buttons.

S_enspry___

Improvement with Inclusive Design in the Sensory Axis
b  Know how to identify and measure functional parameters
Wireless Technelogy Functions adding functional capability

b Temperature: Detect the cutput temperature to determine the regulation of
internal water temperature (tactile).

¢ Sound alarm: To notify user that hot water is getting finished.

¢  Visual Display: Display visual numbers and icons that represents water
temperature and pressure respectively.
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5.5.2 Control for Lights and Doors
The concept is that the user can open/close doors and turn on/off lights of his home

or another place. The design comprehends a control that is easy to interpret its
functions and easy to use,

Improvement with Inclusive Design in the Cognitive Axis

The product represents:

Lights buttons

Door buttons

ON/OFF Button

Large size control

The lights buttons have an icon that represents an cpened door and another

icon with a closed door

& The door buttons have an icon that represents a lamp turned on and anocther
icon to represent a lamp turned off,

L A R

Wireless Technology Functions adding functional capability
Powered by X10
& It sends the signal frequency to each module integrated with lights and doors,

and each has a unigue address that is activated by the user when he presses
the particular button.
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Improvement with Inclusive Design in the Motion Axis

¥ Soft buttons

b Handy size control

¥ Elimination of switches
d Braille language

Wireless Technology Functions adding functional capability

Powered by X10
# The system opens/close a door when the user presses a door button
¢ The system turns on/off a light when the user presses a light button

Improvement with Inclusive Design in the Sensory Axis
b Visual: Display to show activated lights and doors, larger buttons.
b Auditive: Socund alarm to confirm open/close on/off actions.
¢ Tactile: To differentiate between door buttons and light buttons.

Wireless Technology Functions adding functional capability

Powered by X10
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¥  The system confirms to the user when a door is opened/closed and when a
light is turned on/off.

5.5.3 Automatic Controf for Lights and Doors

. Cognitive

Improvement with Inclusive Design in the Cognitive Axis
¥ Do not require previous knowledge to use both the doors and lights,
¥ It does not require understanding of functions.

Wireless Technology Functions adding functional capabhility

¥ Distance: Dimming the lights (turning on) while the user is getting closer and
turning off {dimming} while the user is getting far

Motion

Improvement with Inclusive Design in the Motion Axis
¥ Allow the use of doors and lights with hands-free operation.
Wireless Technology Functions adding functional capability
& Presence: Detect the presence of the user to turn on lights and open doors

b Path: Detect the user walking path to prevent mistakes with activating the
elements unnecessarily.
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¥ Monitor (duration on door opening and lights on): The wireless sensors detect
while the user is using the system.

Sensory

Improvement with Inclusive Design in the Sensory Axis

¥ Visual: Display the range of detection of sensors.
¥ Auditive: To confirm that the light or door has been activated

Wireless Technology Functions adding functional capability

b Presence: Wireless sensors detect the user presence to maintain the devices

activated when the user does not move.
¥ Distance: Wireless sensors detect the user proximity to the system to

determine the lights intensity and anticipated door opening.
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5.6 ACTION RESEARCH CYCLE FOR MECHATRONIC CONCEPTUAL PRODUCT
DESIGN

The steps followed by the author during the Action Research process applied in this
case study for Mechatronic Product Design, are:

Plan

Incorporate the inclusive design approach to a product design methodology with the
use of wireless technology in order to add assistive characteristics to accomplish
specific user requirements/disabilities.

Act & Observe

+ Creation of a Product Design Methodology that inveolves Inclusive Design

+ Development of Product planning and Conceptual Design of three assistive
mechatronic products

» Evaluation of mechatronic products according to wusers’ reguirements,
inclusive design cube and user pyramid,

Observe: These products fulfill a range of needs, and they cover some impairments
as following described:

Product 1 - Automatic shower: People who cannot twist a wrench - People with
motion impairment such arthritls, paralysis, visual impairment.

Product 2 - Automatic control for lights: People with age related effects, wheelchair
users with a severe impairment such quadripiegia.

Product 2 - Control for lights and doors: Wheelchair users {with low severity
impairment), arthritis, etc.

Reflect

o The more disabled people, the more automatic products required

o Products must be designed considering three ways: motion, sensory and
cagnitive as Inclusive Design Cube explains.

o Wireless technology must automate products according to the user mobility
level.

o Wireless technelogy has many applications in mechatronic products that could
be used to add more functions

c With the addition of Wireless Technology, products can be more or less
assistive by carrying out simple or complex tasks.

Once developed the conceptual phases of product design with the inclusive design
approach, the author consecutively reflected over other applications that can be
develaped in aother products or systems.

Now, the application of inclusive design in reconfigurable manufacturing systems, as
the user can understand and interact with it quickly and effectively.
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The author’s reflection about inclusive design is given here:

Products must be designed to cover the inclusive design motion axis to make them
easy to drive with hands, complying with minimum requirements of farce and
coordination to use them. For those people who are severely disabled, product
design must be easier, including hands-~free operation by detecting approximation of
user to the product, interpretation of user’s desire of moving from one place to
another, and attending user special needs as hand twisting, lifting, and other
concerning diseases such arthritis, motion disability and old age impairments.

About visual and auditive aids, products where designed in order to help and allow
those people who have visual and auditive impairments, by providing big displays,
large buttons, easy-to-understand signals, etc.; in the other hand, these products
have auditive alarms to report operations carried out, to confirm entered instructions
and to warn when problems occur.

In the cognitive issue, the author learned that products must be easy to understand
about their functions, status and usahility. Also, the product must have an active
error prevention, to prevent user to do an unexpected task. For disabled peopile,
products must interact by facilitating the usability and having interpretation of user
disability through offering customized configurations.
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CHAPTER 6 - METHODOLOGY FOR INTEGRATING INCLUSIVE
DESIGN IN THE DEVELOPMENT OF RECONFIGURABLE
MANUFACTURING SYSTEMS

6.1 Methodology of Inclusive Design Incorporated in a RMS

Methodology that Incorporates Inclusive Design Methods to
Evaluate FMS to Determine Its Reconfigurability

)
Analyze FMS limitations /
Establish reconfigurabilty
Determine RMS characteristics [ - levels criteria
Understand user interaction | ¢

7

Evaluate the FMS to achieve
l reconfigurability characteristics

Identify Inclusive Design
Cube axis requirements

-

Match reconfigurability characteristics |
with Inclusive Design Cube axis

METHOZO DY FORE INTEGRATING ID WITH RIS

Determine how each reconfigurability
requirements will be inclusive

Figure 6.1 - Methodology of RMS with Inclusive Design
6.1.1 LIMITATIONS IN FLEXIBLE MANUFACTURING SYSTEMS

Even though a flexible manufacturing system has a lot of advantages to improve the
manufacturing of products in low time rates and medium throughput compared to
other manufacturing systems. The characteristics of representative flexible cells are
represented in the following table.

Machines are lald out in & predetermined layout to simplify and minimize material
movement

Cell has assembly or production sequences and routes for all components. All
relevant engineering, design work, and support is done by the group of operators in
the cell.

Cell does its own inspection and work scheduling.

Cell produces a family of similar components that requires similar machines, or
workstations in the cell.

Table 6.1 Characteristics of a representative cell {Irani, 1999)
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Many machines need to be duplicated to create independent cells. A FMS may lack
the ability to completely process a new part within any single cell due to the
nonavailability of equipment. It is totally recognized that a FMS fails to deal with
jong-term changes in part demand. Another potential disadvantage of FMS is its
lower machine and labor utilization compared to a functional or process layout.
(Irani, 1999). Also a load imbalance of machines may occur when some machines
types must be duplicated among several cells. This may result in low utilization rates
on certain machine types. Finally, when machine breakdowns occur, the production
rate of a cell may be hindered because it lacks more machines of similar function to
replace the disabled machine. (Burbidge, 1979).

Some other disadvantages arise due to the methods available for design and
evaluation of cells, some of the disadvantages are listed in the following tabie,

Disadvantages of cells

Need for high investment in machine installation and relayout

Lack of flexibility in handling demand changes, product mix changes, infrequent
ordering of parts, variable lot sizes, changes in part designs and process plans,
improvements in manufacturing technology, etc.

Imbalance of utilization of machines and labor
Impiementation problems associated with methods used for cell formation

Lack of a comprehensive celi formation method

Data collection and analysis is time-consuming

Significant difficulty in incorporating the impact of dynamic operational factors into
the cell design process.

Table 6.2 Disadvantages of flexible manufacturing cells, {Irani, 1999)

Flexible Manufacturing Systems {FMS) can produce a variety of products, with
changeable volume and mix, on the same system. FMSs consist of expensive,
general-purpose computer numerically controlled (CNC) machines. The combination
of high equipment cost and low throughput makes the cost per part relatively high.
(Koren et. ai., 1999)

Koren says that the high cost of FMS is one of the major reasons for the low level of
acceptance or satisfaction with FMS. Its CNC machines are not designed around the
part. Rather, general-purpose CNCs are built before the manufacturer selects
machines and before process planning is undertaken to adapt the machines and the
process to the part. The flexible systems and machines are constructed with all
possible functionality built in. It is alse a common assumption that FMS should be
able to produce (1) any part {within the machine envelope), (2) at any mix of parts,
and {3) in any sequence. This approach increases cost since it requires a parallel
system structure for FMS that utilizes high-power, general-purpose multi-axis CNCs
with a very large tool magazine and multiple sets of tools, this is a very expensive
solution.

Three coordinates — capacity, functionality, and cost — define the difference between
RMS and the traditional FMS approach. (Koren et. al., 1999)
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6.1.2 DETERMINATION OF RMS CHARACTERISTICS

Reconfigurable systems must be designed at the outset to be reconfigurable, and
must be created by using hardware and software modules that can be integrated
quickly and reliably; otherwise, the reconfiguration process will be both lengthy and
impractical. Achieving this design goal reguires a RMS that has the several key
characteristics listed below:

Modularity: In a RMS all major components are modular (e.g. structural elements,
axes, controls, software and tooling). Those can be transacted between alternate
production schemes to achieve the optimal arrangement to fit a given set of neads.

Integrability: The ability to integrate modules rapidly and precisely by a set of
mechanical, informational, and control interfaces that enable integration and
communication.

Convertibility: The ability to easily transform the functionality of existing systems,
machines, and controls to suit new production requirements.

Diagnosability: The ability to automatically read the current state of a system and
controls so as to detect and diagnose the root-cause of defects, and subsequently
correct operational defects quickly,

Customization: The ability to adapt the customized flexibility of production systems
and machines to meet new requirements with a family of similar products.

Reconfigurable Manufacturing Systems are systems capable of being quickly adapted
to changing capacity and variabllity requirements by providing exactly the needed
functionality and capacity at any time.

6.1.3 UNDERSTANDING USER INTERACTION

The major appreach in the development of reconfigurable manufacturing systems is
the variations that can occur in variety and amount of product demand. With the
evaluation of fiexible manufacturing system in order to achieve reconfigurability,
user centered approach must be considered to develop RMS with compatibility and
usability oriented to user interaction, understanding and comprehension of the five
key characteristics of the reconfigurable system. (see Figure 6.2)

Having considered designing for the goal of social acceptability, the next step is to
consider practical acceptability. Jakob Nielsen's (1993} definition of practical
acceptability divided it into:

» (ost

« Compatibility
« Reliability

s Usefulness

Cf these, usefulness is subdivided further into utility and usability, where utility is
the provision of the necessary functionality by the product or service to perform the
desired task.
Usability is defined as including:
s+ Ease of learning
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+« Efficiency of use
» Ease of remembering
= lLow (user) error rates

With the consideration of user interaction, the objective of the Methodology
described in this chapter is toc prepare a Flexible Manufacturing System with the
characteristics of a Reconfigurable Manufacturing System in order to improve the
user learning, understanding, perception and interaction with the support of Inclusive
Design Methods.

_F_Iexible

Reconfigurable

actu

Figure 6.2 - Flexible Manufacturing System with the additicn of inclusive design concepts toward
Reconfigurable Manufacturing System

The Flexible Manufacturing System that achieves reconfigurability characteristics,
with the application of Inclusive Design Concepts turns the system into a
reconfigurable manufacturing system with a user-centered approach.

The system must be assessed with the consideration of the reconfigurability levels
proposed by the author and the capabilities that the system own in order to verify it
possibility to achieve reconfigurability.

The reconfigurability levels page comprehends the assessment of the five key
characteristics of RMS in terms of provided support by hardware and software.
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6.1.4 RECONFIGURABILITY LEVELS
~ Table €,3 : Recanfigurability levels to assess a system reconfigurability
- ~Hardware: = | Software. =~ - -
Mumber of modules and variety § Software compatibility to aliow
of operations covered combination of modules with own
{functions) functions
. 1. All functions required 1. Highly compatitie
Modularity 2. Some functions required 2. Only certain types of functions
exist. 3. Limited to one function at a
3. Single module warking or time
limited functions covered. ¢
| Number of modules allowed to | Software reconfigurability to
{ integrate on cell allow integration of modules
- 1. All type of modules {CNC 1. All type of programs
Integrability machines, robots, actuators) supported (CNC, vision, robot)
2. Some modules are allowed 2. Some programs are allowed
3. Confined system 3. Non upgradeable software.
Number of components, tools Software flexibility to support
and sub-modules available configuration on changeovers
1. All necessary components to | 1. Fully able software to support
Convertibility changeover all changeovers

2. Some components exist to
perform some operations
3. Very limited components.

2. Some changeovers are
allowed by the software
3. No flexibility allowed to
perform changeovers

Diagnosability

The system count with product
tracking and error
identification.

1. All Modules have accurate
capacities to detect quality
problems,.

2. Not all modules detect
quality issues.

Software has a sub-module for
detection and prevention of
errors

1. Software can detect quality
problems in each process stage
2. Software depends on machine
responding concerning quality
reporting

3. Software does not perform the
diagnosing task.

Customization

Maodules are arranged within
cell layout to perform a variety

| of processes

1. All modules have the ability
to be moved.

2. Some modules are fixed
same others are movable,

3. All modules are fixed.

Software is customizable for

| each process required

1. Software can be adjusted to
all types of processes.

2. Software is limited to allow
some configurations.

3. Software is not able to

i perform changes during cell

custamization.

The scale used in

each cell of the reconfigurability table is given to assess a system
and to determine its reconfiguration capabilities to have an idea of how the designer
can propose an improvement regarding the system limitations.
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6.2 - IDENTIFICATION OF INCLUSIVE DESIGN CUBE AXIS REQUIREMENTS
IN RECONFIGURABILITY CHARACTERISTICS

A)dularity \

In arder to be inclusive must fulfitl the IDC axis requirements,

+» In the Motion axis

Modules have to be easily inter-connectable, with
distinctive geometries; light, easy to grasp with a
minimum of force and coordination.

¢« In the Sensory axis

User must identify how modules interconnect through
visual aids such as colors, icons, labels or numbers.

« In the Cognitive axis

Facilitate the understanding of modules integration

\ with a process flow with a logic seguence. /

Figure &.3 Modularity fulfilis the requirernents of the Inclusive Design Cube

6.2.1 MODULARITY

The major components can contribute to make the cell more flexible when allowing
configuration changes due to functional requirements in a short setup time, for
example, a machining system can easily be reconfigured by simply removing, adding
or changing the constituent units,

The modules can also contribute to reduce the product development lead time,
translated into parallel development activities that are possible once the interfaces
between the modules have been considered.

Modules have the advantage of having easy service and upgrading because their
ability to be easily added or replaced.

Modules are grouped into the following functions:

=  Move: Robot

= QOperate: Robot, ASRS,

* Assembile: Robot, Assembly table
»  Transport: Conveyor, Robot

» Inspect: Inspection Station

= Load: All

=  Unload: All

= Machine: Mill

» Store: ASRS

»  Control: Main computer and PLCs

Also the modules can be subdivided into:
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=  Components- toals, clamping devices, containers, shells, etc,
*  Sub-moedules- Machining: Milling, Turning, Shearing, Drilling, etc.

The objective of modularity applied to cell is to provide users exchangeability,
flexibility and variety of functions given by each module.

To make the FMS modular and inclusive it has to achieve the three qualitative axis of
the Inclusive Design Cube (1DC}, as described in the table.

ﬁntegrability

In order to be inclusive must fulfill the IDC axis requirements.

+» Inthe Motion axis

Modules have to be easily interconnectable, with
distinctive geometries; light, easy to grasp with a
minimum of force and coordination.

s In the Sensory axis

User must identify how modules interconnect through
visual aids such as colors, icons, labels or numbers.

s In the Cognitive axis

Facilitate the understanding of modules integration

\ with a process flow with a logic sequence. j

Figure 6.4 Integrability fulfills the requirements of the Inclusive Design Cube

6.2.2 INTEGRABILITY

To know how many modules can be interconnected with which modules, which are
compatible according to their functions and capabilities. For example, placing a robot
hetween a machining station and a conveyor, because their functions are: for the
conveyor, transport; for the robot, unload, transport and load; and for the machine,
to operate. The purpose is to integrate. There is a product and control flow among
the modules. This flow of information makes possible that each element in the
process knows what part of it is being carried out.

This is a basic example of virtual integrability for a manufacturing cell.

An example of wrong virtual integrability would be to place ASRS, robot and
machine, because the robot cannot take the work piece directly from the ASRS and
bring it to the machine.

To make the FMS integrable and inclusive it has to achieve three gualitative axis of
the Inclusive Design Cube (IDC), as described in the table.
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Convertibility
In order to be inclusive must fulfill the IDC axis requirements.

« In the Motion axis

The machining, assembling and control modules
must be reachable, easy to fit and connect using
geometric forms in the matching outputs and inputs
in order to reduce changeover {ime.

» In the Sensory axis

Components (tools} must be identifiable and easy to
interpret their interconnectivity and functionality
with colors and codes to differentiate tools
belonging to each module,

« In the Cognitive axis

Modules, components and sub-modules must be
identifiable in geometric forms, colors and codes in
a way {0 UNDERSTAND the matching functionality of
each component within their corresponding module
or sub-module,

Figure 6.5 Convertibility fulfills the requirernents of the Inclusive Design Cube

6.2.3 CONVERTIBILITY

In a reconfigurable system it may be necessary to make manual adjustments to the
components such as connecting them to the control module, changing tocls, part-
programs or machining modules (for example: milling or turning) and short
conversion times are required. Due to this, user must do theses changes precisely,
quickly and error free. To get these results, user needs to understand, identify and
skillfully handle machining, assembly and control modules, which are the ones that
require more adjustments during each conversion.

For example, in the case of a process that requires a tool different from those
commonly used by the robot, the new toaol can be added in the assembling table
without causing any delays in the conversion time; only by a quick adjustment of
robots software module to integrate and convert the new tool.

To make the FMS convertible and inciusive it has to achieve the three qualitative axis
of the Inclusive Design Cube {IDC), as described in the table.
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Diagnosability
In order to be inclusive must fulfili the IDC axis requirements.

+ In the Motion axis

User will be able of modify the components position,
like tools, clarmping devices, etc. with accuracy.

¢« 1In the Sensory axis

System must have a screen that displays in real-
time the spatial distribution of products,
camponents, modules and submodules, to notify the
user the activity of the system with an acoustic
alarm,

s In the Cognitive axis

By means of monitoring the status of process, user
will identify the most common preoblems that happen
during each process, and will know how to prevent
and correct unexpected problems in the process.

Figure 6.6 Diagnesability fulfilts the requirements of the Inclusive Design Cube

6.2.4 DIAGNOSABILITY

User will know the system status, by monitoring the cell with sensors by means of
information obtained in real-time of product flow, position of components, modules
and submoduies, in order to diagnose the system functionality, coupling and
behavior, also including the prevention and correction of problems regarding parts
quality.

The infaormation displayed that user will be up-to-date is about the application of
each companent as is used during the process within the cell, also will be notified
about the product status, if this is been machined, transported, assembled or stored.

Machine application software as from machine or robot will be capable of finding
quality problems concerning to programming errors, sequence, and logic procedures
introduced by user.

To make the FMS diagnosable and inclusive it has to achieve the three qualitative
axis of the Inclusive Design Cube (IDC), as described in the table.
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Customization
In order to be inclusive must fulfilt the IDC axis requirements.

+ In the Motion axis

The control modules with an open-architecture
technology would be upgradeable and customizable
to the flexibility, facilitating the user to configure the
control madules easily.

s In the Sensory axis

The control module would have a visual label to
indicate what PLCs are waorking and supporting each
module (machining, transporting, etc.)

+ In the Cognitive axis

The user will know the amount of options to
configure the cell, it means, selecting and
distributing the modules according to the processes
and product flow.

Figure 6.7 Customization fulfills the requirements of the Inclusive Design Cube

6.2.5 CUSTOMIZATION

The arrangement of cell modules, sub-modules and components when they are
needed will be criented to the parts family and the control modules that will be
modified to achieve those changes in cell distribution. According to the user
inclusion, user will be able to configure the cell based on his knowledge to take
modules and arrange them in order to provide the necessary flexibility to specific
parts.

User will have many options to configure the cell, using machining, assembly,
inspection, transporting and storing modules regarding the software modules
necessary to do any process. The customization process will be further demonstrated
on Chapter 4.

To make the FMS customizable and inclusive it has to achieve the three qualitative
axis of the Inclusive Design Cube (IDC), as described in the table.
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6.3 - APPLICATION OF THE EVALUATION METHODOLOGY TO A FMS
IN ORDER TO IDENTIFY ITS OPPORTUNITIES

6.3.1 MODULARITY

Motion

= Force: Modules are light, easy to grasp and handie

o Are Modules light, easy to grasp, easy to handle?, do they require force
to move and join with others?.

»  Speed: Module with easy mobility (lightweight) to move, push and pull them
quickly.

» Copordination: Modules with geometric forms to couple with others.
o Are Modules easy to connect with others?

o Is the Manufacturing system easily reconfigured by simply removing,
adding or changing the constituents units or medules of the system?

RMS-ID Modularity-Motion

Enhance modules mobility and handling within the cell by minimizing the use of force
and coordination in short time.

Sensory

= Visual: Modules are easy to identify and recognize by their functions.

o Do the modules have a visual ID to know what functions they cover?
v Auditive: Modules have and identification device to coupling properly.

o Do the modules have an auditive warning for coupling tasks?

RMS-ID Moduiarity-Sensory

Are the Modules easy to identify with an identification tag that describes their
functions and show coupling capability with other moduies?

Cognitive

« Intellectual: Modules are simple to interpret about their functions, forms and
fitting.
o Does the organization and categorization of modules allow the user to
understand and learn guickly about how to integrate them?

RMS-ID Modularity-Cognitive

Evaluate the user knowledge about modules and components in function of his
dominion of an amount of modules.

Control Software

o How many modules does the control module support?
o Does the control module have an easy user interface to reconfigure it?

L
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6.3.2 INTEGRABILITY

Motion

»  Force: Machine and control modules do not require too much force to mave
! and interconnect them.

o Does the user require too much force to move modules in the way of
matching them?

» Coordination: Machine and control modules easily place, connect and fit with
other family components. Also, software is easy to understand and shows a
easy configuration interface for each application.

o Does the placing of machine and control modules require a high
coordination skill?

Do the modules have a handy interface with user?

Does the software have a friendly interface that allow user configure it
guickly and correctiy?

RMS Integrability-Motion

All the modules, sub-modules and components are easy to integrate without
requiring user’'s extreme force and accurate coordination.

Sensory

*»  Visual: User is able to rapidly visualize connections with colors, icons and
geometric forms of modules in order to interconnect them and setup the
proper software as fast as possible.

o Does the user identify the integrability of modules by perceiving visual
identification and differentiation of each module, sub-module and
component?

o Does the user can identify the suitable software for each module and
process configuration?

» Auditive: The coupling of modules, sub-modules and components is confirmed
with a sound alarm that indicates if the devices are placed in a correct
reaching distance for operation purposes.

o Do the system count with a notifying alarm that confirms the correct
coupling of modules, sub-modules and components corresponding to
their spatial distribution, height, orientation, declination, and other 3D
constraints?

o Are the system, machine and control modules designed with interfaces
for integration purposes allowing user to efficiently integrate hardware
and software?

RMS-1D Modularity-Sensory

The system must be easy to integrate modules, sub-modules and components by the
proper directions displayed to user, A
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ag -]
Cognitive

» Intellectual: The user is prevented of connecting modules that do not have
functional relationship.

The user understands the medules integration by means of operation flow
with a logical sequence.

¢ Is the system able to inform user about wrong settings and
configuration of each module?

o Does the user understand what possible configurations of cell can be
done in order to satisfy his planned processes?

RMS Integrability-Cognitive

The user understands the functionality given by the integration of the modules in a
configuration according to their functions.

Control Software

o] Does the control module support exchangeability of modules?

0 How much time does the control module takes to reconfigure it in order to
perform a module exchange? The least 1 2 3 4 5 The most (days)

o Poes the integration is stable in terms of software and hardware?
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6.3.3 CONVERTIBILITY

Motion

= Force: User can changeover the modules with light components and sub-
modutes that do not require much force to couple, assembly, adjust, screw
on, etc,

o Do the modules and components require force in order to fit and
connect them?

c Can user make the proper adjustments, screwing up, clinch and other
with a minimum force?

»  (Coordination: Modules, Sub-modules and components have a margin of safety
in the connection interface that facilitates the user coordination during the
changeover process.

o Do the modules have a proper interface that allows the correct
modification and prevent to users of errors during the work?

o LCan user make the proper adjustments by guickly changing, removing
and modifying components in machining modules with a little accuracy
and precision?

RMS Convertibility-Motion

Facilitate to user the handling, connecting and matching of modules, sub-modules
and components by requiring the least force and coordination.

Sensory

»  Visual: The identification of tooling, components and sub-modules is required
by having visual aids in each element to relate them to a group of modules.

o Do the machine, assembly and control elements have a visual attach to
make them identifiable when changeover is required?

o Can user identify the belonging components and sub-modules of each
major module by a visual tag or a screen that displays in real-time the
position of each module pointing out if they are well or wrang placed?

=  Auditive: If a component or sub-module is placed in a wrong module {i.e. a
clamping device in the conveyor), it can be detected and notified to user by
means of a sound alarm avoiding the continuing process.

o Does the system counts with sound alarms to prevent of errors during
the setup and changeover time?

RMS Convertibility-Sensory

Systemn will be prepared for facilitate Lo user the changeover and setup of machines,
while showing visual and auditive aids to make these gperations faster.
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Cognitive

= Intellectual: the objective of this convertibility concerning is that user can
understand and learn how the maodifications can be done when probiems raise
in a determined process for each major module. This imply, that user will
know how to use the correct tools, clamping devices and other elements to
their corresponding machines in terms of place and time,

o Can user understand and learn how wrong settings are put right?

o Does the user know what compaonent or sub-madule corresponds to a
determined major module?

o If a failure happens, is the user able to identify what is the concerning
of system halting and correct the problem adequately?

RMS Convertibility-Cognitive

System must enable user to make the proper modifications and changeovers with
minimum effort and allowing them to learn quickly the changeover procedure of each
module,

Control Software

0 How many components are allowed to change by each module?.

0 Is it the software easy to reconfigure in order to recognize new components
added to modules?
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6.3.4 DIAGNOSABILITY

Motion

= Force: System will detect whether a human error on placing elements or
infermation introduced wrongly has tempted a system halt.

o Is the system able to identify quality problems attributing them to
human error?

* Coordination: User is able to access the control module to know the system
status by simply clicking on a screen the section of cell that has trouble.

o Is the system able to notify user the problems concerning to product
flow, machine operation and modules arrangement?

RMS Diagnosability-Motion

System must prevent of errors by pointing out the physical settings done by the
user,

Sensory

=  Visual: Cell must own a sensor map on a screen that displays the position of
product, components, and sub-modules within the layout.

o Does the cell have a scanning system that provides status information
of each cell element?

»  Auditive: The same sensor map screen must show to user what errors are
going on with a beep,

o Does the cell diagnose its own system with an alarm during the
machine, assembly or inspecting operation?

RMS Diagnosability-Sensory

System must show in real time the system functionality and behavior through a
interface with visual and auditive aids.

Cognitive

= Intellectual: User is able to know what problems due to human errors like
configuration of software and hardware, placing of components, etc. are
happening in the cell and how he can interpret each indicator shown in a

screer.

o Does the user know what is happening on the cell in real time when a
problem occurs?

o Is the user able to detect quality problems during the process?

o Can the user assign a quality problem to a specific operation by
knowing what machine failed due to human error?

RMS Diagnosability-Cognitive

The objective of this Diagnosability-cognitive issue is to help user to understand
when a quality problem occurs, and enable him through the identification of errors
during the confiquration of cell.
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Control Software

o] Is the software able to detect programming errors?
o Is the software able to detect product quality fails?
o] Is the software able to prevent mistakes of user during programming or by

product out of specification?
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6.3.5CUSTOMIZATION

Motion

Customized flexibility: Arranging modules around family parts
Customized control: Setting up control modules to accomplish process

» Force: Modules must be easily moved and adjusted with others by user
{flexibility)

Control meodules can be configured according to the process by maving few
switches, buttons or clicks.

o Are the modules capable of moving through the cell?
Do the modules have levels of height, distance and orientation?

» Coordination: Modules are easy to place according to orientation, reach range,
with low accuracy demanding.

o Do the modules have a default measure to couple each other?

RMS Customization-Motion

Enable user to arrange modules with ease, by the minimum requirement of force and
coordination due to incorporated measures and levels to arrange them.

Sensory

»  \Visual: System shows to user what modules, components and sub-modules
are activated during the distribution arrangement of cell.

o Is the system able to detect what components are used in a
determined process?

» Auditive: System help to user by preventing him to connect incompatible
modules or components with modules, facilitating the configuration,

o Is the system able to detect errors in the cell configuration about
matching incompatible moduies or placing sub-modules in other non
corresponding modules?

RMS Customization-5Sensory

System has an intelligent interface with user that displays the real-time arrangement
of cell and prevents of wrong configurations in control modules to users.

Cognitive

» Intellectual: User can learn quickly about how to accommodate modules,
configure control modules in a little time with the prevention of errors that
cause the spent of time and resources.

o Does the user understand the logic arrangement of cell modules,
compenents and sub-modules in order to achieve a correct and
functional cell configuration?

RMS Customization-Cognitive

User is able to accommodate modules and configure control modules, by taking
advantage of the cell flexibility and customization to the process requirements.
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The assessment is applied regarding the hardware and software issues, also with the
information of control module to evaluate the customization and adapting capabilities
of the system to perform the changes required by each of the five key characteristics
of RMSs,

6.4 Inclusive Design applied to a Reconfigurable Manufacturing Cell

The reconfigurabie manufacturing systems are focused on functionality and capacity
demanded, they require a quick adaptation to the market needs, but also a guick
adaptation of their internal components. This adaptation is translated into
changeover of machines that must be tasked by cells users. That is why people play

an important role in the reconfigurable manufacturing systems arranging them in
short times, accurate movements and in a low learning curve process.

The Inclusive Design apply to this type of manufacturing systems because its main
objective is to adapt products to the functional needs of people, facilitating the
interpretation, driving and evaluation of the designed product used by a user with
predetermined skills.

The elements of the Inclusive Design Cube Axis that are Cognitive, Sensory and
Motion make a complement with the five key characteristics of RMS. The cube axis
represents all the functionality given by each modularity, integrability, etc. given to
such ergonomic characteristics of users by implementing an adaptable system to
achieve both machine (products) and user requirements,

The motion axis represents such factors as strength and co-ordination capability; the
sensory axis covers audic and visual capability; while the cognitive axis recognizes
the range of intellectual capabillty. The characteristics of reconfigurable
manufacturing systems will have a complementary functionality by introducing the
inclusive design tocls to adapt products and systems to user.

6.5 Matching the Inclusive Design Cube Axes with the Characteristics of
Reconfigurable Manufacturing Systems to determine how the
reconfigurability characteristics can be inclusive.
Earacteristics of Inclusive Design Cube Axis
Reconfigurable [
Manufacturing Motion Sensory Cognitive
Systems
Design components | Major modules Learn the
easy to grasp and must be identifiable | functionality of
Modularity move, light and in groups by using each component
easy to plug each visual, auditive and | and modules.
ather. tactile indicators.
Modules with Capable of identify | The user will know
. interfaces that compatible how to integrate
Integrability allow easy maodules to different modules
interconnection and | integrate them with some
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upgradeabhility.

according to their
functions and
visual id tags.
Using visual and
auditive signals to
recognize
interconnection.

restrictions and
capabilities.
System must help
to understand
guickly its
integration and
configuration
modes

Convertibility

Facilitate the inter-
conneactivity
between
components and
modules by
designing them
easy to match and
changeover.

User must identify
each component
according to its
own module, by
means of visual
and auditive in the
order to facilitate
changeover.

Allow the user to
make changes to
machines by the
guick
understanding of
modifications
required when
problems arise.

Diagnosability

System must be
able to prevent of
mistakes to user.

Place sensors to
diagnose the
system
functionality and
workpiece tracking
by displaying visual
and auditive
signals.

Understand the
status of process
while the user
observes the
52nsors signals in
the software
module.

Customization

Enable the user to
configure the
system (hardware
and software)
according to his
requirements and
preventing
mistakes of
connecting some
non-compatible

Allow and facilitate
the configuration of
hardware through
visual and auditive
aids that indicate
successful
connections and
display the new
control
configuration of

Know how to select
different modules
and components
for specific
processes and
arrange them
within the cell
layout,

components system that
support new
arrangement,
A highly ergonomic | Easy perception | Low learning curve
system designed to | and understanding | and easy.
Results satisfy .. customer {'of  modules and | reconfiguration -of
work on a RM5S. components cell.
functions ]

Table 6.4 - Match beﬁrﬁéen characteristics of RMS and Inclusive Design Cube Axis

For understanding the different capabilities of each user or group of users, it is
necessary to observe and analyze students of each laboratory’s group; each group
accomplish the “fully able user”, but the skill needed to use the eguipment would be
based on the criteria of the inclusive design cube.
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6.6 A METHODOLOGY OF HOW WIRELESS SENSOR NETWORKS (WSN)
FUNCTIONALITY CAN IMPROVE THE ELEMENTS OF A FMS TO MAKE THE
SYSTEM A RMS

Methodology of How WSN Functionality Can Improve
The Elements of a FMS to Make the System a RMS

~

Identify FMS components

Describe Wireless Sensor Network

>—I_. functionality

Add WSN functionality to FMS
components to achieve reconfigurability

Identify FMS limitations to
achieve reconfigurability

Identify RMS characteristics

requirements

6.7 Description of how Wireless Sensor Network functionality improves
the operation of a RMS,

6.7.1 WSN supporting Modularity

1. RFID Tags attached to each module {machining, assembly,..} to know the
position and proximity of each other.

2. RFID Tags will help to count how many items of each module are going to be
used in the cell arrangement.

3. RFID can be used to track compenents of a particular module to know its
current position,

4. A Receiver with its RFID Tag can display the position of each module within
the cell, to know its presence.

5. On each pallet a RFID Tag can be placed to track the product and to know its
current operation,

6.7.2 WSN supporting Integrability

1. When ordering physically the cell modules to do a particular operation, based
on unitary functions of each module to avoid mistakes in the physical
configuration.

2. Sensors will send information about the setup status of the modules so the
control system recognizes the process to be carried out, as it can be
assembly, machining or inspection.

M. 5. MANUFACTURING SYSTEMS 149 LLIS MAMUEL GUIZAR CASTREJON




CHAPTER & WMETHCDGLOGY FOR INTEGRATING ID WITH RIS

3. Sensors can detect errors in the spatial distribution of the modules, for
example, operation distance.

4. User can learn to interconnect the modules correctly when getting a feedback
or when having to comply certain constrains to start the process. For this, itis
proposed to have a display that shows the layout of the modules in the cell
with warnings when any component is out of the action range and an
approval signal when the configuration is fully constrained and then the
control module activates the setup to the execution of the process.

5. The software must be connected to the control module, which will get the
information from the WSN, this in order to predict in some way the process to
be done, it means that the software will activate the functions for machining
when the WSHN detects that this operation is integrated in the process or that
activates the robot contreller when it is included to any process.

6.7.2 WSN supporting Convertibility

1. Components will have sensors to know their position, integration with any
module and availability.

2. Sensors will prevent users from setting components in a wrong module,
example, a clamping device for assembly set in conveyor pallet.

3. Sensors will indicate to the user the proper software application for each
machine change. For example, if the machining module it is being used a
milling tool the software has to indicate that the process to be done is one of
milling; and when another tool change is done, now to a turning tool, the
system has to identify the change in the process and activate the turning
functions.

6.7.4 WSN supporting Diagnosability

1. Sensors will monitor and approve the maodifications done to the components
and modules during the process by helping users to do this with accuracy.

2. Sensors will track the parts during the whole process, while notifying to the
control module about the status of parts.

6.7.5 WSN supporting Customization

1. Sensors will interpret the type of process by the arrangement of modules and
notify this to the control module.
2. Sensors will predict the necessary software according to the integration of
modules.
3. The logic of process programming can be detected by sensors to setup the
flow of functions on each module.
4. Sensors will detect what process is going to be done, as regards to the logic
of functions performed by modules according to their arrangement.
Functions are described as: Maove, Transporf, Operate, Load, Unload.
Logic: Connect multiple conveyors to a robot
Non logic: Connect an ASRS with robot

As the attributes of Wireless Sensor Networks, such corresponding MOTES and RFID,
they can match the characteristics of Reconfigurable Manufacturing Systems, as
shown in the following table:
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6.8 __Application of Wirele:
g Functional

“haracteristics

Monitoring Distance

Modularity

Detect .
ortentation.of -

integrability

| Convertibility

that ar: ready -
to use '

Detect
. . workpiece
eled by the | workpiec s workpiece to | orientation
srkpiece use'the” BT know its | during process

transformation
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The Functional characteristics of wireless sensor netwerks, both MOTES and RFID,
can deliver sensing applications that work together with the functions of each module
with the ghbjective of improve the tracking of product, compeonents and the modules
current status.

Once integrating wireless sensor networks with reconfigurable manufacturing
systems characteristics, it is important to consider the functionality that can be
added with the application of wireless technology.

Characteristics of RMS Wireless Sensor Networks

Modularity Each sensor in @ module with a RFID to identify used
and available components.

Integrability Each sensor in a module with a RFID to identify
compatibility with other modules.

Convertibility Sensors will provide information about the status of

components adjustment in order to improve the
conversion time,

Diagnosahility Sensors will provide information about connectivity of
modules, status of product flow and status of machines.
Also will guide to interconnect modules easily and error
free,

Customization Sensors will determine whether a group of modules is
warking and provide this information to the contro!

system in order to activate the proper control software.
Table 6.5: Wireless sensor networks improving characteristics of RMS

6.8.1 RFID applicability

RFID can be used for Advanced Planning, while detecting a new product or process
required to be done, it can send a signal to control module in order to prepare the
modules and components according to the new process executed. RFID can be
mainly used to add this Advanced Planning feature to the convertibility characteristic.
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Chapter 7 - Case study for the application of Inclusive Design
Concepts in a Flexible Manufacturing Cell to convert it into a
Reconfigurable Manufacturing System

7.1 Overview

Reconfigurable systems must be designed at the outset to be reconfigurable, and
must be created by using hardware and software modules that can be integrated
quickly and reliably; otherwise, the recenfiguration process will be both lengthy and
impractical. Achieving this design goal requires a RMS that has the several keay
characteristics listed below:

Modularity: In a RMS all major compenents are modular (e.g. structural elements,
axes, controls, software and tooling). Those can be transacted between alternate
production schemes to achieve the optimal arrangement to fit a given set of needs.

Integrability: The ability to integrate modules rapidly and precisely by a set of
mechanical, informational, and control interfaces that enable integration and
communication.

Convertibility: The ability to easily transform the functionality of existing systems,
machines, and controls to suit new production requirements,

Diagnosability; The ability to automatically read the current state of a system and
controls so as to detect and diagneose the root-cause of defects, and subsequently
correct operational defects quickly.

Customization: The ability to adapt the customized flexibility of production systems
and machines to meet new reguirements with a family of similar products.

Reconfigurable Manufacturing Systems are systems capable of being quickly adapted
to changing capacity and variability requirements by providing exactly the needed
functionality and capacity at any time.

Advances in reconfigurable manufacturing will not occur without machine tools that
have the modular structures to provide the necessary characteristic of gquick
reconfiguration. The modular design of machine tools is a key enabling technology to
reconfigurability, as the machining system can easily be reconfigured by simply
removing, adding or changing the constituent units or modules of the system or the
machine. Reconfigurable Manufacturing Systems need a modular structure to meet
the requirements for changeability, which is provided by a modular system structure.
The primary goal in developing recenfigurable manufacturing systems is to develop
machine modules, which can be quickly exchanged between different manufacturing
systems. This exchangeability can be accomplished by equa! structure of the
machines and the control systems and the standardization of the interfaces
combining the modules.

To make easy reconfigurability not only the physical system must be updated, but
alsc the management and control software must take into account the new
characteristics, because this is needed to ensure the proper flow of materials, tools,
and information.

M. 5. MANUFACTURING SYSTEMS 153 LLIS MANLUEL GUIZAR CASTREION



CHARTER # CASE STUDY — INCLUSIVE DESIGN APPLED TO A FMS 70 CONYERT T INTO A RIS

7.1.1 The Mechatronic Manufacturing Cell of Mechatronics Department at
Monterrey Tech,

Figure 7.1 Mechatronic Manufacturing Cell
The ohjective of this work is to apply inclusive design in this cell briefly explained

Inclusive - Wireless Sensor
Mechatronic Design Networks
Manufacturing
Cell with user ¢ ¢
centered Enhance Add functional
approach adaptability capabilities
capabilities
Flexible and A System with
reconfigurable adaptability for
» system for —————p several users,
different users powered by
and exercises wireless
sSensors

Figure 7.2 Application of Inclusive Design to Manufacturing Cell
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The case study is based on the Monterrey Tech, Campus Monterrey mechatronic
laboratory facility; the activities developed on this work are described here:

The objective is to improve a mechatronic manufacturing cell with user centered
approach, A system s given, the mechatronic cell, and the users are defined as
students and instructors whose utilize the cell to perform exercises,

The application of inclusive design approach is to improve the cell capabilities by
adapting them to the user understanding, interaction and visualization. The result is
a flexible and reconfigurable system for several users and also adaptable for different
exercises.

The incorporation of wireless sensor networks allow the addition of functional
capabilities to facilitate the user interaction, cell diagneosing and the physical
arrangement of cell, also in the proposed application the WSN delivers impraving on
control configuration to support physical modifications, and allow changes in
software to adjust the interface to users,

7.2 Scope of the Methodology Application

When a reconfiguring proposal is given, some aspects must be considered due to a
scope level of application, in this case, the reconfiguring proposal only applies to a
Cell Controller Level.

The cell controller level includes certain control types that are inherent to their own
machines. All the modules are subjected to redistribution and reprogramming to
achieve virtual and physical configurations that will be described later.

The configurations mentioned during the development of the methodology, will
include functions and attributes of modules, also the positioning of them within the
cell to comply with assembly, machining or other related configurations.

The virtual and physical configurations will be displayed in Unified Model Language
diagrams with both functional and control descriptions for each configuration.

The current cell controller level scheme is shown in the following figure:
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Cell
Controller
CNC PLC Vision ASRS : Conveyor
Controller Controlier Controller

[

Mill
Machine
Tool

— 5 o T
[ASTSSQSW ][ Robot] [ vision ] [ ASRS } [Conveyor}
1 1 t i

Components | Tools, clamping devices,
of Modules containers, shells and
other components

Figure 7.3 : Map of the controller level of the current cell

Physical configurations can be carried out regarding flexible control and software that
support positional and functional changes. To facilitate the rapid configuration of cell,
some assumptions must be considered,

7.3 Assumptions to be considered to perform the proper configurations

The physical modifications made to the cell can be done under the following
assumptions: :

« Control Module is reconfigurable; it can be adjusted to the different physical
configurations,

+ Software is adaptable and modifiable in order to enable cell capabilities

+ Cell Modules {(Robot, ASRS, Conveyor, CNC Machine Teool, Vision Station,
Assembly Table} are able to mave through the physical space.

The assumptions described above are current cell constraints that do not allow the
physical movement of equipment. Due to this, it is necessary to make further
research about the flexibility and reprogramming of control and software modules.
The further research can be better described on the last chapter.
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7.4 Evaluation of FMS to achieve reconfigurability characteristics.
7.4.1 Does the Cell have RMS Characteristics?

Actual Manufacturing Cell does not comply with the Reconfigurable Manufacturing
System characteristics, as is explained here:

Modularity: It only has one component of each type, like one Storage system that
only can be connected with one Conveyor. The number of components of the Cell is
not enough to form groups by functional characteristics.

Integrability: The system only can be integrated in one way, with a flow shop layout
from storage system to assembly and finally to the mill.

Convertibility: The components of this cell are fixed to the floor, they can not be
moved, and it would take a lot of time changing the cell distribution to do a different
task.

Diagnosability: The system is unable for detecting process quality, as product
assembled or manufactured, neither can track products through processes,

Customization: It cannot be customized due to limited components of each type, the
machines canngt be built around parts and does not provide the flexibility required.

A system that possesses these key characteristics has a high level of
reconfigurability.

In order to have a reconfigurable cell, it would be necessary to take major
components into modules, This rapid adaptability is possible by the use of
mechanical modules, control modules, hydraulic and electric modules. Modules that
can be exchanged and integrated represent a modular set.
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7.5 Assessment of Flexible Manufacturing Cell

7.5.1 MODULARITY

Motion

o Are Modules light, easy to grasp, easy to handle?, do they require force to
move and join with others?,

No, they do not have handles, and are fixed to the fioor.
Are Modules easy to connect with others?

The interfaces are difficuft to interconnect, and they reguire some adiustments

Is the Manufacturing system easily reconfigured by simply removing, adding or
changing the constituents units or modules of the system?

9]

o O Q

o No. the software and hardware (s already predefermined and do not alfow
changes

Sensory

Do the modules have a visual identification to know what functions they cover?

No, they do not have icons neither other type of functions descriptions.
Do the modules have an auditive warning for coupling tasks?

o MNo, they do not have auditive aids of coupling confirmation

o O o

Cognitive

o Does the organization and categorization of modules allow the user to
understand and learn quickly about how to integrate them?

o Yes, thev are capable of be understood.

Control Software

o How many modules does the control madule support?

o It only supports the current capacity of modutes it is designed to fit this
systern, the software supports more modules.

o Does the control module have an easy user interface to reconfigure it?
o No, the programming of cantrol module require advanced knowledge
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7.5.2 INTEGRABILITY

Motion

o Does the user require too much force to move modules in the way of matching
them?

o Al modules are fixed.

o Does the placing of machine and control modules require a high coordination
skill?

c No, it does not require a high coordination skifl, it is egsy to perform.

¢ Do the modules have a handy interface with user?

o Yes, all modules have it.

o Does the software have a friendly interface that allow user configure it guickly
and correctly?

o It requires advanced knowledge.

Sensory

o Does the user identify the integrability of meodules by perceiving visual
identification and differentiation of each module, sub-module and component?

o Yes, they identify the modufes, sub-modules and components guickly.

o Does the user can identify the suitable software for each module and process
configuration?

o Yes, the user know what software corresponds for each module and process

o Do the system count with @ notifying alarm that confirms the correct coupling of
modules, sub-modules and components corresponding to their spatial
distribution, height, orientation, declination, and other 3D constraints?

o No, the system does not have this type of system.

o Are the system, machine and control modules designed with interfaces for
integration purposes allowing user to efficiently integrate hardware and
software?

a Yes, it is egsy to reconfigure it virtually.

Cognitive

o Is the system able to inform user about wrong settings and configuration of each
module? Onfy Robot and CNC Machine.

o Does the user understand what possible configurations of cell can be done in
order to satisfy his planned processes?

o Yes, it is easy fo understand.

Control Software

¢ Does the control module support exchangeability of modules?

o Yes, it allows the exchangeability.

o How much time does the control module takes to reconfigure it in order to
perform a module exchange? The least 1 2 3 4 5 The most (days)

o Does the integration is stable in terms of software and hardware?

o Itis not stable in the current celf configuration, but there is not a new
configuration proved.
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7.5.32 CONVERTIBILITY
Motion J
¢ Do the modules and components require force in order to fit and connect them?

They are easy to fit in their own modules

o Can user make the proper adjustments, screwing up, clinch and other with a
minimum force?

o Yes, with minimum force.

c Do the meodules have a proper interface that allows the correct modification and
prevent to users of errors during the work?

o It does not have mistake prevention features.

o Can user make the proper adjustments by quickly changing, removing and
modifying components in machining modules with a little accuracy and
precision?

o Yes, it is easy, vertically only.

Sensory

o Do the machine, assembly and control elements have a visual attach to make
them identifiable when changeover is required?

Only id labels in the two cells

Can user identify the belonging components and sub-modules of each major
module by a visual tag or a screen that displays in real-time the position of each
module pointing out if they are well or wrong placed?

o {hisis a fulure plan

o Daoes the system counts with sound alarms to prevent of errors during the setup
and changeover time?

o No, the modules does not have any alarm to prevent errors,

Cognitive

o Can user understand and learn how wrong settings are put right?
Only on zero of workpiece and tooling compensation,

Does the user know what component or sub-module corresponds to a
determined major moduie?

o The user deterrnines what components are going to be placed on each modufe.

If a failure happens, is the user able to identify what is the concerning of
system halting and correct the problem adequately?

0

o Yes

Control Software

o How many components are allowed to change by each module?. There is not
limit on components allowed by module

o Is it the software easy to reconfigure in order to recegnize new components
added to modules? Yes, the software can be reconfigured to recognize _more

components.
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7.5.4 DIAGNOSABILITY

Motion

o Is the system able to identify quality problems attributing them to human error?

o No, it only uses control variables that identifies product guality,

o Is the system able to notify user the problems concerning to product flow,
machine operation and modules arrangement?

o No, only detects product tracking.

Sensory

o Does the cell have a scanning system that provides status information of each
cell element?

o Yes, through industrial network with PLCs

o Does the cell diagnose its own system with an alarm during the machine,
assembly or inspecting operation?

o Robot has guditive/visual alarms, CNC machine has visual alarm, Vision station
has a visual alarm.

Cognitive

o Does the user know what is happening on the cell in real time when a problem
occurs?

o Not with accuracy, the user does not why gccurs.

o Is the user able to detect quality problems during the process?

o Only on vision station.

o Can the user assign a quality problem to a specific operation by knowing what
machine failed due to human error?

o Only with user experience, the machining process could be done bub the user
does not know if it is well done.

Control Software

o Is the software able to detect programming errors?

o Yes, during the compifation process,

o Is the software able to detect product quality fails?

o No, it does not t fails on product quality during the process, but onl

detects on vision station on final product.

o Is the software able to prevent mistakes of user during programming or by
product out of specification?

o Yes, it has that capacity.
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7.5.5 CUSTOMIZATION

M‘Iotion

]

Are the modules capable of maving through the cell?

o No, put the controf is capable.

s Do the modules have levels of height, distance and orientation?

o The modules does nat have these features

o Do the modules have a default measure to couple each other?

o Yes, but only the robot can displace in a rail.

Sensory

o Is the system able to detect what components are used in a determined
process?

o Yes, {t detects the components immediately.

o Is the system ahle to detect errors in the cell configuration about matching
incompatible modules or placing sub-modules in other non corresponding
modules?

o It dpes not detect any errors, 1.€. a container can be placed anvwhere.

| Cognitive

o Does the user understand the logic arrangement of cell modules, components
and sub-modules in order to achieve a correct and functional cell configuration?

o Yes, the wuser understand what arrgngement of moduwles are correct and

functional.

Control Software

¢ Is the software able to detect changes in the distribution of modules within the
physical space?
No, it does not detect those changes.
Is the software able to determine what processes are going to be undertaken
(i.e. assembly, machining, etc) according to the arrangement of modules?

o No, it is not able to interpret the purpose of arrgngements, only related tg
communication issyes.

L
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7.6 Reconfiguring Proposal

The author proposes the joint of the two manufacturing cells, ance having this, there
will be more choices to mix cells components and to accomplish with the
recanfigurable manufacturing systems characteristics.

According to the RMS, they are implemented on large manufacturing systems, due to
this, cells must own two or more components of the same type {i.e. 2 mill machines)
to be reconfigured and distributed within a given layout. The objective of unification
of both cells is the ability to swap the cell components with different purposes
oriented to requisites of exercises, processes, customization, etc.

The challenge in this case is to design an optimum reconfigurable cell in terms of
productivity, functionality and reconfiguration time.

Once having the joined cells, they would have the following assumptions given by
RMS key characteristics:

Modularity: Considering Modularity, it comprises the sectioning of cell components
into groups, to adjust them in certain types of configuration. Groups could be of
machining, assembling, transporting, storing, controlling, and more. By combining
this, the cell could be configured to work as a job shop, by adapting the components
according to the different jobs required.

Integrability: With different work configurations, cell components would have the
connectivity each other to combine functionalities (i.e. robot with conveyor to
remave products out of specifications) also the cell could be prepared to interconnect
more components as is required for capacity and variability of processes, it would
have the upgradeability to support more machines, conveyors, robots, etc.

Example:

Convertibility: The system must have the easiness to reconfigure the modules,
interconnect in few minutes and rearrange them to fulfill the several processes as
components are needed.

Diagnosability: The control system will provide timely information about the process
flow, detecting the flow of product, adjustability of components, errors and

Customization: Configure the layout and components according to the user
requirements, the user will know how to use the available components.

The proposal is better viewed on the demonstration of the concept that shows the
modeling and simulation of the different configurations that can be carried out in the
single cell and in an integrated cell as the reconfiguration proposal determines.
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7.7 Demonstration of the Concept and Simulation
7.7.1 PHYSICAL AND VIRTUAL CONFIGURATIONS

The present demonstration of the concept is divided into two approaches; the first
one is described by physical and virtual configurations that can be carried out by the
users and laboratory instructors, In the other hand, there is a simulation procedure
to demonstrate the RMS characteristics and the user interaction with a reconfigured
manufacturing cell.

Thus, in a first order, the descriptions of both configurations physical & virtual are
represented in Unified Model Language (UML) to show the functions and attributes of
modules and components, demonstrating a product flow sequence and operations of
cell elements. Also the state diagrams used in this phase, determine the logic
sequence of control module that has to be performed to integrate elements and
deliver the required exercise in both assembly and machining configurations. There
were developed activity and state diagrams. The activity diagrams describe the
functions carried out by each module and describe the flow of workpiece through the
cell modules.

Furthermore, the arrangement of modules of both p_hysical and virtual configurations
can be visualized on the simulation with DELMIA® software, a brief description of
reconfigurability achieving and user interaction will be written after each display
image.

o Physical Configuration

A physical arrangement, the sum of resources, integrated to work on
simultaneous and complementary gperations using all the modules or some of
them.

Objective: Demenstrate that the configurations based on redistribution of cell
layout can be deployed by the user, complying with the inclusive design
approach.

Development: The proper description of the physical configuration can be
observed in the next UML activity diagram.

o Virtual Configuration

Consider the current cell, in a first phase machine and assembie from the
original product from ASRS. Finished product is stored again in the ASRS. In a
second phase, the ASRS works together with the conveyor, which has an
inspection station to verify the assembly. The second phase, the Robot
interacts with the machining station witheut using assembly operation
(assembly table)

Objective: Determine how to have different work configurations for a fixed
configuration in the manufacturing cell.

Development: The proper description of the virtual configuration can be
observed in the next UML diagram.
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VIRTUAL CONFIGURATIONS

7.7.2 UML Activity Diagram for Virtual Assembly Configuration -

Functional
t b 1 t ] t
' ' | | I |
1 1
ASRS | Conveyor | Robot i Assembly | Robot | Conveyor | ASRS
i i i Table | | ]
| 1 1 1 ] \
] ] | L] 1 I
1 ] 1 1 1 1
| 1 1 1 1 1
4 Y
Load Transport Take Assemble Take and Transgar Take
workpiece ta robot and waorkpieces transport Lt workpieces
an transpar & and B assembled ASRES and store
conveyor tto workpieces them
Assy. o
Tahir conveyor
Take Transport (—Take ﬁ\l
workpiere te robat and
b and load transpor
on tio
canveyaqr Assy.
Table
——
Figure 7.4

7.7.3 UML Activity Diagram for Virtual Machining Configuration -
Functional

ASRS Robot CNC

Machine

Conveyor Raobot Conveyar ASRS

Load Transpart Take Machining T1ake and Transpor Take
warkpiece to robot and workpiece transgart tta warkpiece
on transpar and release workpiece ASRS and store it
conveyar L e CNC it te

Machine Canveyor

Figure 7.5
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7.7.4 UML State Diagram for Virtual Assembly Configuration - Control

| ] 1 1 ' 1
' 1 1 1 t [
1 1 1 1 | i
ASRS ' Conveyor ' Robot ' Assembly | Robot ! Conveyor | ASRS
I ' 1 1 I
: | ( Table | | |
1 1 | 1 1 1
1 1 1 1 1 1
1 ) | 1 1 1
| I 1 1 1 1
- 1 2 3 4 5 [}
Workpiere Transported Taken workpieces Taken and Workpie Workpieces
A stored to rabot andg Aand B fransporte ces taken and
transpor assembieg d Transpor stared
ted to assembieg ted to
AS5Yy, workpieces ASRS
Tahle to
L‘ ra COMveyar
Workpiece
- f 9 —— A wailting
Warkpiece Transported Taken M~
B stared to rabagt and
trans
porte
d to
Assy.
Tahie

Control Instructions

Figure 7.8

Activated by user

WEm N kLN

confirm finished operation

Conveyar sends signal to PLC and Robot performs its operation

Robot gets ready and wait for next workpiece

Robot finish its assembie operation and performs the next

Rabot executes the transparting operation

Robot sends signal to conveyor

Conveyor sends signal to PLC and ASRS delivers the next warkpiece
ASRS sends signal to PLC and Conveyor begins its transporting operation
Conveyor sends signal to PLC and Robot take and transpaort workpiece
10 Robot finishes its operation to begin the assembly operation

11. Robot performs the assembly operation

12. ASRS stores the assembled warkpieces and send a signal to PLC to
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7.7.5 UML State Diagram for Virtual Machining Configuration - Control

ASRS Conveyor Robot CNC

Machine

Robot

Conveyar ASRS

i
[}
]
1
]
t
i
I
I
I
I
b

[ ——mm——————

warkpiece Transported Taken Workpieces Taken and workpie Workpiece
A stared ta robot and Aand B transporte e taken and
transpor Machined d Transpor stored
ted to workpiece ted to
CHC to ASRS
Machine conveyar

Figure 7.9

Control Instructions

1. Activated by user

2. Conveyor sends signal to PLC and Rabaot perferms transparting operation

3. Robot delivers workpiece and sends signal to PLC when Robot gets away from CNC
Machine, and CNC Machine begins the machining operation

4. CNC Machine finishes its operation and sends signal to PLC and then Robot take the
workpiece to deliver on conveyor.

5. Raobot delivers workpiece on conveyor and sends a signal to PLC and then Conveyar
transports the workpiece to the ASRS

6. Conveyor transports the workpiece and sends a signal to PLC and then ASRS takes the
workpiece to store it.

7. ASRS sends signal to PLC to confirm finished operation
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PHYSICAL CONFIGURATIQNS

7.7.6 UML Activity Diagram for Physical Assembly Configuration -

Functional

ASRS1

Load
wark.piece
A on
conveyor

Laad
warkpiece
b on

conveyaor

Conveyor 1

Transport
to robot 1

Convevyor 2

Transport
ta robot 1

Robot 1

Rabot 2

Take
and
transpor
I te
Table 1

Take WF & from
table 1 and

transport ta Assy.
Table

Take
a2nd
transpar
tto
Table 1

Take WP E from
table 1 and

transport to Assy.
Table

Figure 7.10

Assembly
Table

Assemole
wipTkpiece
A with B

7.7.7 UML Activity Diagram for Physical Machining Configuration -

Functional
I 1 | | 1 1
| | | | : |
ASRS1 | Conveyor i Robot | CNC } Robot1l | Robot2 | Assembly
! d | Machine | ' ! Table
] 1 1 1 1 1
1 1 1 1 1 1
I 1 1 1 I 1
1 1 1 | 1 |
TN . ™ 4
Load Transpart Take Machining Take and Transpar Assemble
workpieca to robot 1 angd warkpiece transport tta workpiece
A an transpor 1 and workpiece Assembl 1 with
convevar 1 tto CNC relaase it 1ts y table workpiece
Machine CONVeyor 2
1
' ™y
Lead Take Machining Take and Transpor
workpiece Transport and warkpiece transport Lto
Baon tp robot 2 transpor 2 and workpiece Assemni
conveyar 2 Eto CNC release it 2o v table
Machine COnveyor
2

Figure 7.11
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7.7.8 UML State Diagram for Physical Assembily Configuration - Control

I
I
I
I
I
|
|
]
1
1
1

ASRS Robot 1 Robat 2 Robot 2 /

Assembly
Table

Conveyor 1

|
I
|
|
|
1
1
1
1
I
]
>

[ I

Wwarkpiece Transported Taken Taken from
A stored ta robot 1 and tabie 1 and
transpar transparte
ted ta 4 to
Takle 1 assembry Taken and
rahla transporte 6
d
ASRS 2 Conveyor 2 assembied
workpieces

@

ta

workpiece Transperted Taken Taken from canvevar
B stored to robaot 1 and table 1 and

transpor transporte

ted ta dto

Takla A assembly

tahla

Figure 7.12
Control Instructions

1. Activated by user

2. When Conveyor 1 finishes the transpaorting operation, it sends a signal to PLC and Robot 1
takes the workpiece

3. Rabot 1 places the workpiece on table 1 and sends a signal te PLC and Robot 2 takes the
warkpiece and place it on assembly table

4. Robot 2 sends a signal to PLC and Robot to confirm waiting for woerkpiece

5. Robot 2 sends a signal to PLC to confirm that the workpiece B is already piaced on Assembly
table to begin assembly cperation

€. Robpt 2 sends a signal to PLC to confirm finished operation

7. Conveyor 1 sends a signal to PLC and ASRSZ unleads workpiece B to deliver it in Conveyor 2.
8. ASRSZ sends a signai to PLC and Conveyor 2 begins the transporting aperaticn

9. Canvevaor 2 finishes transporting operaticn and sends a signal tc Robot 1 to take the
workpiece

10. Robat 1 sends a signal to PLC and Robot 2 takes the workpiece B from table 1
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7.7.9 LML State Diagram for Physical Machining Configuration - Control

Robot 1 CNC

Machine 1

]
ASRS E Conveyor 1 Robot 1 Table Rabot 2
1
1
1
I
I
1

fd e ————

b s m——— —

1

*\
Warkpiece Transported Token and Workpiece Waorkpiece Taken and
A stared to roget 1 transported A Machined Iy and
to CNC transhorted transporie
Machine 1 d to Assy.

table

CNC
Machine 2

Conveyor 2
10

Waorkpiece Transparted Taken and Workpiece Warkpiece Taken and

B stored to rebot 1 transparted B machined 8 transparte
to CNC transported d to Assy.
Machine 2 table

Assembly
Tahle

Figure 7.13

Contral Instructions

Workpiece
1. Activated by user Aanc
2. Conveyor 1 finishes transporting operation and sends a signal to PLC and Workprece

B

then Robot 1 takes the workpiece Assembled

3. Robat 1 sends a signal to PLC when it finishes delivering the workpiece and
CNC Machine 1 begins the machining operation

4, CNC Machine 1 sends a signal to PLC and Robot 1 takes machined workpiece
5. Rabot 1 places the warkpiece A on table and sends a signal to PLC to
confirm workpiece positioning

6. PLC sends a signal ta Robot 2 to begin its transporting operation to
assembly table

7. ASRS 1 sends a signal to PLC and ASRS 2 begins the unicad of workpiece
8. ASRS ? finishes delivering workpiece and then sends a signal to Conveyor 2
to begin the transporting operation

9. Conveyor 2 sends a signal to PLC and Robot 1 takes the workpiece from
conveyor

1{). Robat 1 sends a signal to PLC and then CNC Machine 2 begins the machining
operation

11. CNC Machine 2 finishes its operation and sends a signal to Robot 1 to take
the workpiece

12. Robot 1 places the workpiece B on table and sends a signal to PLC to
confirm workpiece pasitioning

13. PLC sends a signal to Robot 2 to beqgin its transporting operation ta
assembly table

14, PLC sends a signal to Rabot 2 to perfarm the assembly operation of both
workpieces
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7.8 SIMULATION
7.8.1 VIRTUAL CONFIGURATION

13 freldal 30ATRG ]

F'i‘gu're 7.14 Vi;‘t‘ua:'l' (-Zongi;j;hrat-ioﬁ
DESCRIPTION OF VIRTUAL CONFIGURATION

Fixed components: As can be seen, in this virtual configuration all modules are fixed
in their original pesitions, no physical changes can be made.

Product flow: Product flow can be done in one way, this is coming from the ASRS,
transported through the conveyor and taken by the robot to do assembly of
machining processes,

Modules utilized: Modules can be utilized by selecting them from the software
module, this is, if an assembly configuration is required, all modules will be selected
to work with exception of CNC Machine.

Functions and attributes utilized: The functions and attributes that must be carried
out, the user will be responsible of using them

Contribution to Inclusive Design

Users can interact with the cell, by selecting modules in the software module and
know each function that are required to be performed in the cell, and his sensory
capability can be aided by quickly identification of modules, operations and
components,
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FUNCTIONS AND ATTRIBUTES OF VIRTUAL ASSEMBLY CONFIGURATION

L LURIYET el TN I es]
[+ EE L R L s e e

b, ¢ AR vz
Figure 7.15 Virtual Assembly Canfiguration

Contribution to Inclusive Design

User selects in the software module the modules and components required to
assembie by simply clicking on the easy-to-use program.

User can visualize what tools are necessary to perform the assembly operation and
can make the tool change

User understands what effects are those of programming all modules, and the
operations that ¢can be carriad out by the robot {transport and assembly).
Contribution to Reconfigurable Manufacturing System

Convertibility: User can make changes to the programming and robot's components
to do a different assembly operation.

Modularity: User can interact and demonstrate how some minimum modules can
perform the process required.

Customization: It is demonstrated that the user can select and configure the
necessary modules for any operation with fixed modules.
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FUNCTIONS AND ATTRIBUTES OF VIRTUAL MACHINING CONFIGURATION

LOILHR VS - ettt TR ]

Contribution to Inclusive Deasign

User selects in the software module the modules and components required to
assemble by simply clicking on the easy-to-use program.

User can visualize what tools are necessary to perform the machining operation and
can change a tool or clamping device in the CNC Machine.

User understands what effects are those of programming and integrating all modules
to execute a machining process, from storing to machining and to storing again.
Contribution to Reconfigurable Manufacturing System

Convertibility: User can setup the machine because of the addition of a new tool and
intreducing a new CNC program.

Diagnosability: User can diagnose the current machining status and track the
product from the storing state until the machining process.

Customization: Here the user can add a new component, this is the CNC Machine
that is necessary (and well selected) by the user to perform machining operation.
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7.8.2 PHYSICAL CONFIGURATIONS

Machining

Assembly

Figure 7.17 Physical configurations

Contribution to Inclusive Design

User can redistribute the layout according to the required operations; the physical
maoving of modules can be performed easily with minimum force.

User can integrate and visualize each module according to their functions and
distribution in the layout.

According to the required process, user is able to select the proper modules and
reconfigure the software for a determined exercise.

Contribution to Reconfigurable Manufacturing System
Modularity: Modules are selected according to the functions needed.

Integrability: All modules with their respective components are integrated and
interconnected to the layout.

Convertibility: Some changeovers to modules are performed for redistributing cell.

Diagnosability: The software allows to track the product and to detect quality
problems.

Customization: The modules are grouped into a predetermined layout to perform one
or more activities.
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PHYSICAL CONFIGURATIONS

7.8.3 ASSEMBLY

DESCRIPTION OF ARRANGEMENT:

In this cell arrangement, there are three different workpieces that are going to be
assembled, the conditions are:

Cell must have the following modules:

(2} Robots

{2) ASRS

User must know the fallowing obligatory actions:

Configure the control module to support the new arrangement

Place at least one workpiece in one ASRS

One robot is for transporting and the other one is for transporting and
assembly

Two conveyors must be oriented towards the transporting robot.

Transporting robot is necessary to balance the product flow speed of conveyor
and ASRS.

Uy

g U
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7.8.4 PHYSICAL MACHINING CONFIGURATION

S TDELR S 2 - [=minbleritiglis o 1l Peaen]

Ko

Figure 7.19 Physical Machini.r.\g Coﬁfiguraticun
DESCRIPTION OF ARRANGEMENT:

In this cell arrangement, there are four different workpieces (A,B,C & D) that will be
machined and then assemblied.

The process consists of first machining the workpiece C and waorkpiece D, then the
workpieces A and B arrive to the Robot 1 to be transported to the Robot 2 and wait
for the workpiece C and D until their machining is finished. Then, Robot 1 takes both
pieces {C & D) and transported to the Robot 2 to perform the assembly operation
and deliver the finished product.

Arrangement conditions

Cell must have the following modules:
{2) Robots

{2) CNC Machines

(2) ASRS
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User must know the following obligatory actions:

Configure the control module to support the new arrangement

Flace two workpieces in one ASRS 1 and the other ones in the ASRS 2

Robot 1 is for taking the workpieces from the conveyors, supply workpieces to
machines, and extract and deliver workpieces to robot 2. Robot 2 must only
take workpieces from Robot 1 and assemble.

Qne workpiece per CNC machine

Transporting robot is necessary to balance the product flow speed of conveyor
and ASRS.

Ul

b
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7.9 Methodology Overview
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7.10 Action Research Cycle in RMS

The steps followed by the author during the Action Research process applied in this
case study of Reconfigurable Manufacturing Systems, are;

RECONFIGURABLE MANUFACTURING SYSTEM
Revised Plan

Create 2 Methodology for a Flexible Manufacturing Cell in order to achieve
reconfigurability (RMS) with the integration of Inclusive Design to add characteristics
{motion, cognitive, sensory) for users;

The integration of WSN to add functicnality and support for Reconfigurability
{Modularity, Integrability, Convertibility, Diagnosability, Customization), and
facilitating the user interaction with the RMS,

Also, the plan contemplates the following tasks:

« A Methodology that incorporates Inclusive Design methods to evaluate FMS to
determine its Reconfigurability.

» Application of the Evaluation Methodology to a FMS in order to identify

s Demonstrate how the methodology can be applied to a Mechatronics Cell

Act & Observe

+ Development of a Methodology for & FMC to convert it into RMS achieving
Inclusive Design goals.

» Development of a Methodology that incorporates WSN to add functionality to
a existing FMC.

» Development of a Evaluation Methodology to assess the reconfiguration
capability of for a cell.

« Application of such evaluation methodology to determine Reconfigurability
Levels,

+ Determinate critical factors and key characteristics of RMS, which can be
improved by WSN and consequently the adaptation of a FMC to the inclusive
design approach.

Reflect

»

A RMS with its key characteristics (Modularity, Convertibility,...) can be

oriented to satisfy the three qgualitative axis of the Inclusive Design Cube:

Motion, Cognitive and Sensory.

The use of WSN can facilitate to the user the correct interaction with an RMS,

Inclusive Design approach makes a FMC adaptable to users, as it is actually

adaptable to a variety of products.

¢ Any user can understand and interact with the RMS key characteristics
through making them easily identifiable and manageakle.

= Most of the tools used in this research cycle can be implemented in other

projects to enhance their characteristics with inclusive design approach.
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CHAPTER 8 - RESULTS AND CONCLUSIONS

8.1

Results

The following results were achieved in the development of this research job:

Development of a methodology to design assistive mechatronic products with
the improvement of inclusive design approach.

Demonstration of the methodology with the conceptual design of three
products.

Development of a methodology to evaluate Flexible Manufacturing System in
order to determine its reconfigurability capabilities using Inclusive Design
concepts,

Use of Inclusive Design concepts to enhance reconfigurability issues in flexible
manufacturing system.

Identification of how wireless technology functicnalities are applied to a
Recanfigurable Manufacturing System in order to improve and support its key
characteristics.

Case study of manufacturing cell with the modeling of functional and control
behavior.

8.2 Conclusions

The application of Inclusive Design concepts in the development of Mechatronic
Products contributed to:

The Inclusive Design is a very useful tool that can and should be integrated
into all design processes, whether for products or services, with the
responding to the needs and wants of the widest possible range of users.

The inclusive design cube and users pyramid are tools that provide useful
information about user to determine his needs and to provide technical
specifications related to the product to be designed.

The Action Research methodology helped the author to apply the inclusive
design concepts in the product conceptual design and generate a reflection of
this application to refine a plan of inclusive design study that was applied
later in a flexible manufacturing system.

The development of the case study was important due to the opportunity of
considering the user limitations that restrict the usability and acceptability,
and to provide effective responses with products that achieve his special
needs.

When developing a product concept, the author noticed that if a product
covers the more severely disabled user needs, consequently it is more
automated and it can cover the needs and wants of other users.
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The application of inclusive design concepts is not limited only to satisfy
disabled people needs, but aiso is conceived 10 assist fully able people.

Wireless technology is a tool that improves product functionality with sensing
and then responding to predetermined actions, expected and unexpected
events.

The sensibility of the more disabled people, the more automatic products are
required. And the maore assistive the product is, it can be used by a wider
range of population, in other words, it is more inclusive!

The application of Inclusive Design concepts in the development of Reconfigurable
Manufacturing Systems contributed to:

8.3

The Inclusive Design is a very useful tool that can be integrated in the cell
reconfiguration through the addition of Inclusive Design Cube axis in the five
key characteristics of reconfigurable manufacturing systems, to determine
how each RMS characteristic could be oriented focusing on user interaction.

The Action Research methodology helped to apply the reflection based on the
primary application of inclusive design concepts in mechatronic product
design and next to refine the plan in order to apply the ID concepts in the
reconfiguration of flexible manufacturing system.

The application of inclusive design cube in the analysis of the flexible
manufacturing systern determined the major limitations involved in modules
to carry out a proposal based on inclusive design benefits oriented to user.

The author highlights that Inclusive Design concepts were applied in the cell
reconfiguration to improve ease of learning, efficiency of use, ease of
remembering, low error rates facilitating the user interaction with the
reconfigured system, and supporting the user decisions for customization
purposes.

The development of the case study was important to show the wireless sensor
networks applications that can be performed within a manufacturing cell,
through the enhancing of reconfigurable manufacturing system
characteristics, such modularity, integrability, conwvertibility, diagnosability
and customization.

General Conclusion

Inclusive design is @ new approach that must be applied in the development of new
products and improvement of services, the reason is to obtain a well satisfied user
that interacts with an entity that its purpose is to facilitate its usability and
acceptability.
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8.4 Further Research

+ Carry out the inclusive design approach to the subsequent stages of
mechatronic product design to improve the product features making it
inclusive.

* The author proposes the review of the action research cycles developed in
this thesis waork to improve the application ¢ycles in other types of projects.

« Evaluate the impact of wireless technology in the reconfiguration of a system
and investigate more applications of sensors. The following petential areas of
development were identified:

» Control: Research over the possibility of reconfigure a cell control system to
make it flexible to physical arrangement changes.

« Sensor applications: The developing of a sensors map to track workpieces,
machines and its components within the cell. And other applications that
could match any other requirements of cell configurations.

» Interfaces: The research over the system interface, modules interfaces, and
sub-module interfaces to determine the standardization of machines and
modules to make feasible the interconnection of these subsystems.

s System Levels: The present research is developed in cell levet, and the
same methodology can be applied in other cycle oriented to machine level or
major levels,
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Acceptability

Concept popularized by usability expert Jacob Nielsen in his book *Usability
Engineering” whereby system acceptability is "whether the system is good enough to
satisfy all the needs and reguirements of the users and other potential stakeholders”,
Acceptability can be subdivided into social and practical acceptability.

Accessibility

Along with utility (functionality) and usability, is a requirement for the practical
acceptability of a product or service. Accessibility is the ability of a user to physically
interact with a product or service, for example to reach it, has enough strength to
move it, etc.

Ageing

Is characterized by the acquisition of progressive multiple minor impairments
predominantly related to sight, hearing, dexterity, mobility and cognition. In
combination these can lead to high levels of capability loss and need for support. Clder
people do not see themselves as disabled and are likely to be offended by the term.,

Capability

The ability to perform tasks or activities. The Disability Follow-up Survey defined 13
capabilities necessary for participation in everyday life. Seven of those capabilities are
important for product and service design: locomotion, reach and stretch, dexterity,
vision, hearing, communication, and intellectual function,

Carer-assisted

Supported by ancther person to perform tasks and activities. If we are to deliver a
truly inclusive mix of products, services and environments, it is important that people
who are reliant on carers are also accommodated, and that implies considering both
user and carer, and the two in combination. Here it is important to note that older
people are often cared for by spouses or relatives (who may also be older adults
themselves), in which case their requirements could be significantly different to those
of younger disabled people and their personal assistants (who are also likely to be
younger). NB the term "personal assistant’ is currently preferred by vounger disabled
people.

Customizable

Computer aided manufacture has made it possible to customize individual products at
the production line and assembly level. Coupled with Internet technology such as
personal avatais carrying unigue descriptions of individuals, this capability offers the
possibility of including & wide range of users within the owverall specification of a
product and delivering unigue items matching individual requirements.

Design Exclusion

Term {or appreach) developed as a way to give substance to the idea of inclusive
design, by focusing attention on those excluded by particular design of products,
services or environments. This has resulted in significant attempts to describe how this
can happen, to provide case study examples of design exclusion and inclusive design
practice, and to make it possible to quantify design exclusion with reference to
population data. The key point made is that some people will always be excluded by
any specific design, and that design decisions should only be taken with due
cansideration of the impact an the users.
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Design for All

European eqguivalent to Universal Design, with an emphasis on infoermation on
communication technology (ICT). Current EU goal is to encourage the establishment of
national centers of excellence across Europe. These are envisaged as virtual, rather
than physical centers.

Design for Disability

A significant tradition mainly focused on aids and adaptations to everyday equipment
and buildings. Related to the medical model of disability (and ageing), the underlying
intent is essentially prosthetic, with origins in post travma rehabilitation, particularly of
war veterans. More recently the approach has been extended to encompass a much
broader range of impairments, while attitudes have shifted away from design for
disability towards inclusive design.

Design for our Future Selves

A concept developed at the RCA, through the Design-Age program, as a way of
encouraging voung designers to engage with the challenge of designing for pecple
other than themseglves. It became the theme for many events at the RCA and of an
annual competition open to all graduating students, resuiting in many concept
exemplars of age-friendly design. It has the advantage of making considerations of
ageing a future-oriented activity and a driver for innovation.

Disability

In the past, people were seen as disabled by their condition, whereas the current move
is towards understanding disability as the result of a mismatch between individuals and
their social and physical environment. Some congenital conditions and traumatic
events lead to considerable impairment and so to high levels of potential disability. In
the US the term accepted is 'peopie with disabilities’, in Europe ‘disabled people’ tends
to be preferred.

Disability Follow-up Survey (DFS)

Commissioned by the UK Department of Social Security, a follow-up to the 1996/7
Family Resources Survey, aimed at providing up-to-date information on the physical
and emotional characteristics of disabled people. Data from over 7,000 participants
was collected.

Ethnography

Observing users (and users interacting with products, etc.) in real-life situations. The
development of small video cameras and desktop-editing software makes this a very
fertile and rapidly expanding form of design research in both social sciences and the
design community,

Family Resources Survey (FRS)

Criginally launched in October 1992 and commissioned by the UK Department of Social
Security (DSS) primarily to meet the information needs of the DSS, for example in the
forecasting of the needs for state benefits. The 1996-97 survey provided the basis for
the subsequent Disability Follow-up Survey.

Functional Impairment
Reduction in the ability to perform an action or activity. Interchangeable with the
concept of ‘capability loss'.
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Impairment

Health conditions, congenital conditions, the ageing process and traumatic events can
result in impaired capability. Whether or not this impaired capability gives rise to
disability is significantly determined by social and environmental factors, and
impartantly by the design of environments, products, systems and services.

Independence

For older people the most impertant factor is independence or the ability/possibility of
living in their own home for as long as possible. Independence can be compromised by
inappropriate design, and is also conditional on being able to carry out key and
instrumental activities of daily living like bathing, dressing, cooking and also
communicating with family and friends and participating in other aspects of cormmunal
life.

Medical Model: disability and ageing

Implies that people are disabled as a consequence of their own candition, and seeks to
either remedy or correct the impairment through medication, rehabilitation and
surgery, etc., or to offer adaptive aids and equipment as a physical remedy. See also:
Social Mode!

Medical Model: assistive technology

Presumes that assistive technology is designed to meet the specific needs rising from a
particular medical condition. In other words assistive technology is rehabilitation
equipment only. The extension of this logic is that the 'users’ are thought as ‘patients’
and that the ‘customers’ are typically the health authorities that purchase and
prescribe such equipment. See also: Social Mode/

Modular

Designs that, by virtue of interchangeable units or elements can be configured to suit
or fit different users, thus extending the range of users potentially served by a single
design or product,

Participation

Along with social integration, the most impartant quality of life factor for disabled
people. Some severely disabled people would prefer the help of a personal assistant or
carer where activities are difficult or time-consuming to perform. Self-realization and
social involvement are extremely important te younger disabled people. To them,
being there and taking part are key.

Rehabilitation Design

Closely related to the above, but with a primary focus on enabling social participation
of people with severe impairments. Much work in this area has been concerned with
developing one-off solutions and specialist equipment for small numbers of people.
New and emerging technologies are making adaptive or customizable interfaces and
intelligent assistants a2 real possibility. No matter how inclusively we design in the
future, there will always be a need for highly specialist customized solutions, making
this an important field alongside inclusive design.

Soacial Inclusion

Europe-wide political objective, aimed at combating social discrimination,
marginalization and conflict due to age, disability, poverty or ethnicity. Particularly
important in respect of the diversity of immigrant populations in the EU and aspirations
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