EPICS Design Process

Project Identification Phase Tasks

Deliverables

- Conduct needs assessment

- Describe social context in which project partoperates

- Identify community partner contact

- Identify outcomes or deliverables

- Determine duration of the project

- Identify benchmark products (prior art)

- Identify users and beneficiaries

- Define the customer requirements (objectives/caimgs)

- Project Charter

Specification Development Phase Tasks

- Complete high level Functional Decomposition adjpct

*Project Partner and Advisor approval required prior to moving to next phase

Deliverables

- Define how users will interact with project

-@&yAnalysis

- Compare to benchmark products (prior art)

- Develop evaluation criteria

- Develop customer specifications and get projactner
approval

- Customer Specifications Docume

-

- Complete full Functional Decomposition

- Funcabdecomposition

- Develop design specifications

- Project SpediitcaDocument

Conceptual Design Phase Tasks
- Generate potential solutions

*Project Partner and Advisor approval required prior to moving to next phase

Deliverables

- Complete Decision Matrices

- Analyze/evaluate potential solutions

- Proof of Concept/Rapid Prototype

- Choose best solution

- Project Conceptual DeRigport

Detailed Design Phase Tasks

- Develop using bottom-up implementation (freeze
interfaces)

*Project Partner and Advisor approval required prior to moving to next phase

Deliverables

- Project Detailed Design Report

- Design/analysis/evaluation of project, sub-mosdaed/or
components

- Prototype version of project

- Prototyping of project, sub-modules and/or congmis

- Field test prototype/get feedback from users

- Complete DFMEA analysis of project

Production Phase Tasks

- Complete production version of the project

*Project Partner and Advisor approval required prior to moving to next phase

Deliverables
- Deted project

- Complete user manuals/training material

- Prapsdivery Report

- Complete delivery review

- Delivery checklist

- User manuals

*Project Partner, Advisor and EPICS Admin approval required prior to delivering

Service/Maintenance Phase Tasks

Deliverables

- Evaluate performance of fielded project

- FieltRedject Report

- Determine what resources are necessary to suapart

maintain the project

|
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EPICS Design Process

Project Identification

Specification
Development

Redesign
Retirement

Conceptual

Design
Service Detailed
Maintenance Design

Production

Definitions of Analysis, Reproduction and Design (Horenstein,299)
The following definitions may be helpful in distimghing between analysis, reproduction, and
design.

Analysis: If only one answer to the problem exists, andifig it involves using
mathematical/computational models or tools, thendttivity is probably analysis. Examples of
analysis are simulating the response of a cirairtgicircuit simulation tools, conducting an
experiment to obtain data, or deriving simple equmst of motion to determine expected forces.

Design If more than one solution exists, and if deaidupon a suitable path, demands
creativity, choice taking, testing, iteration, angaluation, the activity is most certainly design.
It can include analysis, but it also must involvéeast one of these other elements.

Reproduction: Process of recreating something that has alrbadg designed. For example,
copying oscillator circuit from an electronics boakd substituting resister values to set the
frequency is an example of reproduction, not design

Characteristics of Good Design vs. Bad Design (Henstein, 1999)

Good Design Bad Design

1. Works all of the time 1. Works initially, bstops working after a
short time

2. Meets all technical requirements 2. Meets spiye technical requirements

3. Meets cost requirements 3. Costs more thstmoild

4. Requires little or no maintenance 4. Requimeguent maintenance

5. Is safe 5. Poses a hazard to the user

6. Creates no ethical dilemma 6. Fulfills a néed is questionable
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Design and the Design Process

Dym and Little (2004) define engineering desigtéd‘a thoughtful development of objects that
perform desired functions within given limitsThis “thoughtful development” can be described
as a process. There are many different desangptd the design process, varying from a few
steps to over a hundred. Although they are diffgrénere is a commonality among them that
conveys a general knowledge of the process asedamth design. We have developed the
EPICS Design Process model and will use it in these to demonstrate and guide you through
the design process.

The EPIC Design Process consists of the followingses:
* Problem Identification
» Specification Development
» Conceptual Design
* Detailed Design
* Production
* Service and Maintenance
* (Retirement)

The EPICS Design Process is not intended to beieréor design, or simply an exercise that
you need to complete. It is a heuristic (genernalgple or “rule of thumb”) for design and will
guide your “thoughtful development”, help you tdetenine the “desired functions within given
limits”. Although the overall goal is to move tlugh the phases, sometimes you gain new
knowledge about the requirements, constraints,exbnand/or capabilities of technologies being
used that make it necessary to iterate, or go tmapkevious phase and complete it again.

Project Identification Phase:

The following are a set of guidelines to help youavk through the Project Identification
phase. As you work through this phase, you shoulduch on each of the major steps listed
below. Some aspects of each step may not be difg&pplicable to your project, but all
projects will have something related to each of tlee steps.

The goal of the Project Identification phase ibétter understand the need that your project
partner has asked you to help address, and beganslate the statement of need expressed by
the project partner into tangible and specific rezgaents that will guide your design. Although
it is tempting to devote very little time and atien to this phase to get to the “real work” of
your project, the success of your project depemdsoa well you complete this phase. The
knowledge and insight that you learn from this ghsisould be summarized in the Project
Charter. Both the Project Partner and Team shappdove the Project Charter as the guiding
document for the overall project. It is importéamit the new team members read the Project
Charter to gain an understanding of the motivatittis also helpful for team members to review
the document throughout the design to prevent scogep. It is natural for both the customer
and designers to want to add functionality to tbsigh as the progress inspires new ideas.
However, it is important that any changes to thapsde deliberate, and that everyone
understands, and agrees to, the impact of the elsang

The following are a set of tasks to help you bsgiar project and work through the Project

Identification phase. As you work through this gdayou should touch on each of the major
tasks listed below. For each of the tasks thezegyaiding questions. Some questions for a
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particular task may not be applicable to your mjevhile other information not listed here
might be critical to include. The objective i ho just answer the questions, but to use the
guestions to help you understand the project, wisyneeded, the “big picture” of how the
project will be used, and all of the people whoiarpacted by your project.

1. Conduct Needs Assessment:

As a result of conducting the needs assessmentpyoject team should be able to describe
the goal(s) of the project and why it is needetie Tollowing questions can be used to help
guide this assessment:

* What is the main goal of the project?

* What will you or your team achieve?

* What need or needs of your community partner is pooject intended to meet?

* Why is your project important to your project panth

* What issues will your team address that would ecaddressed otherwise?

* What product or processes is your project partogeatly using, and what are the

problems with current approach that is motivatimg project?
* How is your design going to be used?

It is likely that your project will begin with a vieal statement from your project partner
describing a need for which they are requesting help to address through the design or
redesign of a product. Your project partner magcdbe existing products that address some
aspect of the need, but have shortcomings that tiveir effectiveness to meet their

particular needs, or describe a particular solutiotine need as part of their needs statement.
It is important to separate the need from the gmiuvhen conducting the needs assessment.

2. Describe Social Context in which project partner oprates

The social context of your community partner reffeer complex matrix of variables (social,
cultural, economic, political, and /or organizaayrthat influences the operation of your
project partner and how your project partner redgdo the particular social issue outlined in
their stated mission and goals. At all stagabefdesign of your project these “social facts”
(and your perception or understanding of them) ttutss the larger social reality into which
your design solution will be embedded. Therefbis important that you be able to describe
and begin to understand the social context of pooject partner; this understanding is a
critical starting point in being able to assessitiglications of any design decisions you
make and how these decisions will impact the stalkiehs in the project. The following are
important questions and factors to consider inimgibut your description of the social
context of your project partner:

Understanding the social challenge addressed by tipeoject partner and the client

served: What is the mission of my project partner? Or npadicularly, describe in-depth
the larger social challenge your project partnetiempting to address (e.g., drug use;
poverty; science, technology, and math educatimoients with disabilities). Describe the
clients that your project partner serves and timéqodar challenges these clients face in their
situation. (Note: This is may be different from desing the end-user of your project.) Are
there stereotypes or prejudices associated wietbkents? Describe those prevailing
stereotypes or prejudices. Describe any differencesltural understanding or behavior that
affect the issue your project partner confronteaw the issue is framed. Describe how
particular factors come into play in assessingctielenge your project partner is attempting
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to address and the clients they serve: socio-ecanstatus (especially issues of poverty and
lack of resources), gender, race, ethnicity angligsical or cognitive disability. In some
cases your project will deal directly or indirectiyth specific social issues, for example,
crime or poverty. It is important to gain knowledgn the factors and issues associated with
these and other social challenges in additiongparding to the particular needs or wants
requested by your project partner.

Understanding the project partner as an organizatio: How does my project partner’s
organization interface with other groups or orgatians? How is my project partner
organized? What body or persons govern the behafmy project partner? How is my
project partner funded? What constraints do fun@iigon the organization? What
institution(s) impact the patterns of behaviorsestpd of my project partner and how the
organization responds to particular social issuge, (lamily, education, economic, political,
religious, health-care, social service)? Are thheglations (city, county, state, federal,
and/or professional) that dictate the behaviorude the operation of your project partner?

Identify community partner contact: Who is the primary contact for this project? Wisat
their role in the organization? What is the beaywand time of day to contact them?

Identify outcomes or deliverables: What are going to be the project results? When the
project is finished, what will be left behind bywand your team? Be specific. When you
have achieved these outcomes, everyone shouldsiaddryou have completed the project.

For many projects, you will be delivering a workipgpduct that meets the needs of the
community partner. For other projects, your prbjeam will produce a design report which
describes how your project partner would implenkatproject. This is common for project
teams that design a building or an outdoor venke d soccer complex.

. Determine duration of the project: When will the project be started, and when withiéet
the objectives and deliver the outcomes? Are tfemt®rs related to the timeline of the
project and/or need that significantly impact ilssess? Are there critical resources that
could impact the timeline of the project?

Identify benchmark products (prior art): This might be done as related to the discussion
of the goal. For example, a project partner mayetaproduct that they are using or are
aware of, but this product does not meet their s@ed significant way. In this case,
discussion of the current product is helpful in erstanding the need that the new project is
intended to meet. Even if the project partnerisaware of any products that might meet the
need, researching and benchmarking products impartant part of determining the
requirements and providing ideas for potential Sois.

Identify users and beneficiaries: Many times your project partner may not be theatlire
user of the project you are designing, but it temaed for the clients that they serve. Itis
important to understand all of those people whohmige involved in the project, and gain an
in-depth understanding of those users. You widrgidy those aspects in the specification
phase, but you should start by identifying whoubkers and beneficiaries are and what you
know about them in general. Who are other stakignslin the design? For example, will
other people at the organization be involved intta@ntenance of the project?

. Define the customer requirements (objectives and aastraints): Customer requirements
are generally statements about essentials asdetis form, function, and usability of the
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project. When working with project partners, desigams will often generate a long list of
attributes or requirements for the project. mportant to determine which of the
requirements are objectives, constraints, functiand implementation requirements. Dym
and Little (2004) differentiate these customer rexruents in the following way:

* Objectives or goals: ends that the design strives to achieve; desttatwes and
behavior; usually expressed as “being” statemerhai the design will be)

» Congtraints: restrictions or limitations on behavior or performe; important
because they limit the size of the design space

* Function: things a product or design are supposed to dotmmaco perform; they
are discussed in more detail in the Product Spatiin and Conceptual Design
phases

* Implementations or means. ways of executing the functions or specific atttéou
solutions (e.g., made of wood)

To illustrate how Customer Requirements can beldpee, let’'s consider an example given by
Dym and Little (2004). They were asked by a comnygari'design a bottle to hold juice.”

To learn more, they interviewed company represemeimiand developed the following
requirements, which consist of objectives, constsaand functions. The following is a partial
list of attributes the authors identified in thztte

List 3.4 BEVERAGE CONTAINER Augmented Attributessti(partial list from text)

Safe > DIRECTLY IMPORTANT
Perceived as Safe Appeals to Parents
Chemically Inert Constraint on Safe
Environmentally Benign Safe

Environmentally Benign Appeals to Parents
Preserves taste Promotes Sales

Easy for Kids to Use Appeals to Parents
Resists Range of Temperatures Durable for Shipment
Resists Forces and Shocks Durable for Shipment
Easy to Distribute Promote Sales

Durable for Shipment Easy to Distribute

Easy to Open Easy for Kids to Use
Hard to Spill Easy for Kids to Use
Appeals to Parents Promotes Sales
Chemically Inert Constraint on Preserves Taste
No Sharp Edges Constraint on Safe
Promotes Sales DIRECTLY IMPORTANT

Source: Dym and Little, 2004, p. 57. Please naéttheconstraints are italicized.

Once the requirements (objectives, constraints famctions) are identified, it is helpful to
organize them in a hierarchical list or tree. Toléofving is a combined objectives/constraint tree
for the desired “juice bottle.” Again, tloenstraints are italicized.

SAFE BEVERAGE CONTAINER
1. Safe
a. Environmentally benign
b. No sharp edges
c. Chemically inert
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2. Promotes Sales
a. Easy to distribute
i. Durable for shipment
1. Resists forces, shocks
2. Resists temperatures
b. Preservestaste
c. Appeals to parents
i. Easy for kids to use
1. Easyto open
2. Hard to spill
ii. Perceived as safe
lii. Environmentally benign

Please note that customer requirements can, arel/dlve and become more defined throughout
the design. In the example above, the requireigiResist temperatures” will need to be
further defined as to what exact temperatures dnéatner needs to withstand. Or in your
project, your project partner may indicate thas important that your design is lightweight, so
you include that as one of your objectives or regaents. At this point, you may not know
exactly how many pounds they consider to be ligigtte but only that this should be one of the
requirements for the design. You will determina@asurable weight as part of the Project
Specifications phase.

When determining the customer objectives/requirdmeinis important to make sure that the
requirement statements do not unnecessarily imppeaific solution. Often the project partner
will describe what they want, and not necessarityatthey need or the underlying need that they
wish to address. That is why it is important tion@hate specific solution attributes from the
requirements list as much as possible. For exampbve, although Dym and Little (2004) were
asked by a company to “design a bottle to holdgjyiby eliminating “bottle” as a constraint,

they were able to clarify that the company reaheded a “safe method of packaging and
distributing” the juice. This revised requiremstatement opened up a number of solution
possibilities for the design.

Deliverable:

All documents required for this phase should inclué a cover page listing the team and
project, along with a title describing what the reprt is, the date it was created, and all
authors who contributed to it. Within the report itself, all pages should be numbered, and
there should be a header containing the title of #report.

Project Charter: The Project Charter is the main document for thisse of the design process.
It should contain a summary of all steps compleladng the phase, including the following
elements which are described above:

Project goals and motivation (Needs assessment)
Social context of the project partner

Community partner contact

Outcomes or deliverables

Duration of the project

Benchmark products (prior art)

Users and beneficiaries

Customer Requirements (objectives and constraints)

N A WNE
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Approval of the Project Charter by both the Profeattner and the Team Advisor is needed
before the team moves to the next phase of thgmesocess, Project Specification.

Project Specification Phase

The following are a set of guidelines to help youavk through the Project Specification
phase. You will need to have completed all necesgaasks from the Project Identification
phase before proceeding with this phase. If thisiiase was completed previously, you will
need to review the design documents from that phasé\s you work through this phase,
you should touch on each of the major steps listdaelow. Some aspects of each step may
not be directly applicable to your project, but all projects will have something related to
each of these steps.

The main purpose of the specifications phase tattsform the customer requirements, which
may be vague and unquantifiable, into customerdmsign specifications, which are concrete
and quantifiable. The purpose of this is to arave set of criteria to determine whether your
project is successful or not. There will be twganaasks in this phase, the development of the
customer specifications, which are presented t@tbgct partner for approval, and the
development of the design specifications, whichraoee detailed and outline all of the specific
functions and specifications for the project. Teselopment of the design specifications is
simply a continuation of the customer specificasiodevelopment process.

1. Basic Functional DecompositionThe first step in translating the customer requeats
into specifications is to identify all of the majonctions the project will need to perform.
This is done through a technique called a functideaomposition. Based on the functional
statement developed during the Project Identiftcaphase, along with the customer
requirements, you will determine what the main tiors are that the project will need to
perform. Later on in specifications developmermicgss, you will need to do a full
functional decomposition. However, for the purgosedeveloping the customer
specifications, you should stop when you have deos®d the project into the main
functions that will be relevant to the project part For example, the project partner will
most likely not care about the specific functiotyatiecessary for maintaining a database, but
they will want to know what data they can put ird @@t out.

To perform a functional decomposition, start outleyermining the main function your
project needs to perform (which should be the sasngour functional statement from the
previous phase). Break this function down into frztions. Continue this process until
you reach the basic functionalities for the prajeEhe key to a functional decomposition is
that you only look at th&unctionalities required for the project and not get caught tmgki
about ways to implement those functionalities. tTitahe key task in the conceptual design
phase. At this point, all you care about is whai ypeed the projetd do, nothow it will do

it. Additional information on functional decompositican be found in Lima and Oakes
Service-Learning: Engineering in Your Community on page 61. Below is an example of
what a basic functional decomposition might loddeli
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Functional Decomposition Skeleton

Primary FunctiovL

AN

Sub-function Sub-function
Sub-function Sub-function

Functional Decomposition: Example 1

Talkie Board
Cad User Interface Mode Selection Sound System
Identification
Control
Identify Identify Present a:é]e;(;if)le Change between Record Access
specific when cards in to record/play, put Iplay messages
cards cards viewable teacher, on/take off, power messages dynamically
placed or manner cards to on/off
removed student
Functional Decomposition: Example 2
Allow people to
volunteer over the
internet
v v v
Allow users to Allow volunteers Allow staff to
access site though to select events assign volunteers
username and and hours to events
password
v v
Different Username and
privileges for password creation
volunteers and and maintenance
staff

2. User Interaction: Another key step in developing the specificatifsrsyour project is to
determine how a user will interact with the projethe user interface is a key component to
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any design, since this will be the only way somewiilebe able to make use of the project.
Therefore, you will need to spend a great deahoé tunderstanding how you want to
someone to interact with the project. More infotimaon user interaction can be found in
Lima and OakeService-Learning: Engineering in Your Community on page 58.

One major task you will need to complete during 8tep is a user analysis. A user analysis
is exactly what it sounds like: an analysis of ymtended user. You will need to determine
what actions your users are capable of performtgt their level of understanding will

likely be, and what they will likely need to useuygroject for. You should refer back to the
information you gathered during the Project Idecaifion phase to help start your analysis.
For instance, if you are designing a project taded by recent Latino immigrants, listing all
of the instructions only in English would be a pcbbice, since your main target users will
likely speak very little English. Likewise, if yore developing a kiosk to be used by
children, placing the user interface at a heightwef feet is also not the best idea, since many
children may not be able to reach it. Your tasthesefore to understand your users so that
you can effectively target your project toward them

There are several ways to gain this needed undeistpof your users. A common
approach, which is also the most efficient, isgersl time with the users in the setting in
which they will be using your project. If you &arging to develop a better device then one
currently being used, try to observe them usingctiveent device. This will give you a
better understanding of what your users are caplale well as better illustrating the issues
you are trying to address with your project. Basedhe observation, it is often helpful to
develop a scenario, which describes the user angdrtiduct, and how they interact in the
environment. The scenario can also be used ta@eapotential solutions.

Another common way to gain insight into your user® talk with your project partner.
This can be done by a formal or informal intervielr.most cases, they are dealing with
your intended users on a daily basis and have diwafanformation to share.

In addition, there are several other techniqueséguiring information about the user:
literature review, user surveys and questionnafoesis groups, ethnography, role-playing,
semantic differentials, and paired comparisons p&ihic modeling is used often in inclusive
design to develop a better understanding of hosea might experience a situation or
product. This is a “method whereby an individuesing various props and scenarios, is able
to simulate the deterioration of physical and peteal abilities in everyday scenarios, for
example, by using spectacles the feign the effdfatsduced visual acuity (Nicolle and
Maguire 2003).

3. Benchmark research:During the Project Identification phase of theigegprocess, you
researched into already existing products thatrgdtéo address the same (or similar) needs
which you are attempting to address. Now you usk the criteria you have just developed
to analyze and compare those already existing jpteduuring this process, you should be
looking to see if you think any of these existimgqucts will fulfill all of the needs of the
customer as well as starting to gather informagibaut what values you may assign to your
criteria as you develop your specifications. Miofermation about finding benchmark
products can be found in Lima and Oalsesvice-Learning: Engineering in Your Community
on page 60.

4. Evaluation Criteria: Once you have determined what exactly you will ngaar project to
do and how someone will use it, you will then neeéfind ways to evaluate different design
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options. What you need to develop are a set ofpcenensive, measurable criteria that can
be used during the evaluation process. You shuoaNeé criteria for each of the basic
functions you’'ve developed. Your criteria shoulsbarelate back to the user requirements,
the user analysis, and the constraints. You Wath aeed to have specific criteria for the user
interface. These criteria should not have anyifipe@lues associated with them at this
point; these are simply a list of the measuralikibates of the design.

Categories of Evaluation Criteria (Voland 2004):

* Physical: space allocation or dimensional requirements, dignits, material
characteristics, energy or power requirements

* Functional/Operational: acceptable vibration ranges, operating times,
input/output requirements

* Environmental: moisture limits, dust levels, intensity of lighentperature
ranges, noise limits, potential effects upon peoplether systems that share the
same environment

» Economic:limits on production costs, depreciation, operatingts, service or
maintenance requirements, existence of compettlgtions in the marketplace

» Legal: governmental safety requirements, environmentabdution control
codes, production standards

* Human Factors/Ergonomics:strength, intelligence, and anatomical dimensions
of the user

Example Criteria:
» Height of the user interface
* Access speed
* Memory capacity
* Tipping force
* Tensile strength

5. Customer Specifications DevelopmentNow that you have your criteria for judging
designs and an idea of what has already been goneare ready to create the customer
specifications for your project. Specifications #ne values associated with the measureable
criteria developed before; that is, the values giaiming to meet. For instance, one of
your criteria might be the access time for a dagalmpiery. Your specification would then be
the actual time you want that query to take. Whantifiable and measurable specifications
will be used to evaluate designs? For more helgemerating your specifications see Lima
and Oakes$ervice-Learning: Engineering in Your Community starting on page 57.

Examples:
Criteria: Specification:
Height of user interface 3 feet
Access Speed 105
Memory Capacity 20 MB
Tipping Force 75 Ibs
Tensile Strength 400 MPa

6. Project Partner and Advisor Approval: Once you have completed the development of the
main functionalities and customer specificationstifie project, you must get the approval of
the project partner and the advisor before comigwith the specification development
process. This is to ensure that the directionar@uheaded is on the right path. This may
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require setting up a meeting or simply communigptimer the phone or via email. In any
case, you must make sure the specification mebtth project partner’s expectations
before proceeding.

7. Complete Full Functional Decomposition:These last two steps are simply a continuation
of the previous steps. In most cases, what thiegrpartner needs to know is not detailed
enough for a team to design the project. You thidfrefore need to continue your functional
decomposition to get to the most basic functions ywoject will need to perform. For
instance, if you'’re project includes a functiontisig that it needs to store and play sounds,
that function can be broken down into the sub fiomst of addressing the sounds for access,
accessing the appropriate sounds, recording dngtsounds, and reading and playing the
sounds. The project partner doesn’t need to krbef this, but as a designer, you will.

The process for the full functional decompositisithie same as for the high level
decomposition conducted earlier. You should $tarh where you left of previously and
continue to divide the functions down into more amore basic functions until you reach a
level where the functions cannot be broken downfartper.

8. Develop Design SpecificationsThe last step in this phase is to develop a cetapist of
specifications for the design, based off of théfuhctional decomposition and the
previously completed steps. You will again needdwelop criteria for the new functions
identified and come up with specific targets focleaf those criteria.
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Specification Development

Process
Requirement 1 »  Function 1 > Criteria 1 » Specification 1
Criteria 2 »| Specification 2
[ Criterian Specification n
' Function n > Criteria 1 : Specification 1
Criteria 2 »| Specification 2
[ Criterian »| Specification n

User Analysis

Constraints

Benchmarks
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Example

Play sounds fof | Record and Length of .| Messages last 5
different cards "| store sounds message - seconds

Memory .| Each message
Requirements| | takes 128KB

Number of .| Need to store 15

messages messages
y  Uniquely .| Number of .| Need to identify
identify cards cards 16 cards
Place or .| Accommodate
remove cards both
Play sound for| .| Sound must be
card tied to card

User Analysis

Constraints

Benchmarks

Deliverables:

All documents required for this phase should inclue a cover page listing the team and
project, along with a title describing what the reprt is, the date it was created, and all
authors who contributed to it. Within the report itself, all pages should be numbered, and
there should be a header containing the title of #report.

1. Functional Decomposition:The first deliverable required for this phaseld tlesign
process is the functional decomposition. You atpiired to perform a functional
decomposition of your project and produce a desggord outlining that decompaosition.
You may present the decomposition in any way yaosh (outline, table, diagram, etc),
but you must include:

a. Hierarchy of functions

b. Explanations for functions identified, includingustification for inclusion,
specifically what that function does, and how iates to other functions

c. Discussion of functions not included and justificas for not including them

2. User Analysis: A user analysis should be carried out during phigse of the design
process and should be documented in a design redauar record should include the

following elements:
a. Characteristics of the users (age, gender, mentaphysical capabilities, etc.)
b. Impact on the design
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3. Customer Specifications DocumentThe customer specifications document is what you
will provide to the project partner when discussiviiether you have identified all of the
appropriate functions and specifications. The duent should include:

a. A brief summary of the functional statement and@oer requirements from the
project identification phase

b. A table outlining all of the functions identifiethe specifications developed for
those functions, and any applicable prior artifaetsearched for reference

4. Design Specifications DocumentThe design specifications document is the main
document for this phase of the design processhdtild include a summary of all steps
completed during the phase, with an in-depth dsonsof the specifications developed.
The document should include the following elements:

a. Table of contents to all documents created dutingyghase of the design process

| Title | Author(s) |Date | Location | Brief Description |

b. Summary of the functional decomposition
c. Detailed description of user interaction with puatje
d. Table outlining evaluation criteria and a discussibthe development of the
criteria
e. Results of prior artifact research
f. Table outlining the design specifications as welhaletailed discussion of how
the specifications were developed
g. Refer back to the explanation of how the factatet below affected the Project
Identification phase, and explain how and why #etdrs affecting the
specifications development phase are similar dewnt, identifying the factors
that are most important for this phase and how tbekte to each other:
i. Aesthetic — issues related to the physical appearanappeal of the
project, both in terms of the external and intedesgign
ii. Economic — issues related to the cost of the projeduding the cost
development, production, maintenance and in terfrb®thh monetary and
time costs
lii. Environmental — issues related to ecological effastwell as effects on
the working environment of the users
iv. Ethical — issues related to the professional resipdity, intellectual
property, adherence to standards and codes, etc
v. Health and Safety — issues related to the riskaofhor injury to the user
vi. Inclusiveness — issues related to how the desigetafwho is able to use
the project
vii. Manufacturability — issues related to the constamncof the design
viii. Political — issues related to hierarchies of powithin an organization or
between organizations
iXx. Social — issues related to gender, age, race/@thraalture, socio-
economic status, etc
X. Sustainability — issues related to the long-tereafsthe design, including
maintenance and repair
xi. Usability — issues related to the overall abilifyaauser to perform the
tasks the project was designed for
h. Discussion of how the information gathered and meights developed during
this phase of the design process will impact ther&uphases
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Project Conceptual Design Phase:

The following are a set of guidelines to help youavk through the Conceptual Design
phase. You will need to have completed all necesgaasks from the project specification
phase before proceeding with this phase. If thisiiase was completed previously, you will
need to review the design documents from that phasé\s you work through this phase,
you should touch on each of the major steps listdaelow. Some aspects of each step may
not be directly applicable to your project, but all projects will have some work related to
each of the following steps.

1. Generate Potential SolutionsNow that you have a solid understanding of what you
project will need to accomplish based on the spatibns developed during the
Specification Development phase, it is now timetart developing possible solutions that
will meet those specifications. The first stephis process is to come up with a number of
possible alternative solutions. A number of difg@rtechniques for coming up with
alternative solutions is shown below.

» Functional Decomposition:One of the best places to start for generatingsde with
the functional decomposition you completed durimg $pecifications phase. From the
functional decomposition, you can see everythirag ylou need your project to do. Now
you can start exploring different design possileditfor implementing those specific
functions. One way to do this is to look at eaafction listed at the lowest level of your
decomposition and brainstorm different ways to enpént that function. More
information about brainstorming can be found next.

» Brain Storming: Brainstorming is one of the most common ways toegate ideas.
When brainstorming, the key is to think of as mateas as possible, no matter how
strange or impractical they may seem. You shoatdeject any ideas at this point;
simply keep a record of all the ideas that wereegated.

The key to effective brainstorming is to try andess information and ideas that are not
normally triggered by the problem. This can leadreative and innovative new ideas.
One method to aid in the brainstorming process isse an “idea list.” The purpose
behind the idea list is to write down all of thé&ied ideas you have. The next step is to
look at this list and determining if you can applyy parts of the SCAMPER acronym to
it:

Substitute — can you use a different method, dewcenaterial or changed the
environment?

Combine — can you combine ideas together to produmster idea?

Adapt — what ideas are similar that could be emdlateadapted to fit the current need?

M odify, Minify, Magnify — can you change the curret¢a, make it smaller or larger in

some way?

Put to other uses — can you use the idea in a ney®? wa

Eliminate — are there any ideas that have been showat work?

Reverse, Rearrange — would an opposing idea givagdiional information, or can
you interchange the key elements of the idea tm fanew one?

Looking at the elements in your list with thesegible actions in mind can lead to the
generation of new ideas. More information on sBmMming can be found in section 4.6

Copyright © 2008 EPICS -16 - 9/14/2008



EPICS Design Process

of Lima and OakeService-Learning: Engineering in Your Community starting on page
106.

Many have found that In order for brainstormindg&most effective, it is helpful to have
rules to guide the brainstorming session. In thekiMaking Things Happen, Scott
Berkun recommended the following rules:

1. Yes, and....: This requires each person to listen to the dtleas, and then, if at all
possible, to build on them. “The intention ike&ep things moving positively and to
develop a habit of listening to others in ordenhétp them with their ideas, instead of
just waiting to say your own.”

2. Be committed to what you are saying:Do not follow what you are saying with an
apology, or by remarking that your idea is dumkaame.

3. No blocking questions: “Questions put ideas, and the people asking tloenthe
defensive.” Instead, look at how you can takeidea and move it in a positive
direction.

4. Make the other guy (or girl) look good. “Rewards should go to the people who
help amplify, express, or draw out the best ideas fother in the group.”

» Prior Artifacts Research: Another way to generate possible solutions,assgou did
when developing the specifications, is to look hatothers have already done. This can
be a bit tricky, since you cannot simply copy waabther person has done, especially if
that product has been patented. However, lookinghat has been done can show you
how other people have tried to address the sanmegonoand help you develop your own
approaches. Common ways to research prior agifaetto do web searches, patent
searches, talk to members of other EPICS teams, etc

. Mini Tape iPod & Griffin :

Requirement Recorder Talk Talkie Board

Ability to record sounds 4 v 4

Sound Access 4

Volume v v v

Different modes v v v

Power Control v v

Multiple message accessibility v v

Cost< $50 v -

2. Potential Solution Analysis:

Decision Matrix of Requirements: Once you have a number of possible solutions, you
will need to create a decision matrix to help cteobstween the different options
available. A decision matrix is a systematic wagvaluate the possible alternatives in
your design. The decision matrix consists of aofebmparison criteria along the left
hand side (for most cases those will be your spatibns), a column weighting each
criteria, and then a column for each of your prggosolutions. See the table below to
see how a decision matrix can be set up:

Weights Potential Solutions

Criteria for | 1 =low, 5 = high OptionA | OptionB | Option C
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Comparison
Criteria l 2
Criteria 2 1
Criteria 3 5

Once you have your matrix set up, you will needadhrough an evaluate each of the
potential solutions against the criteria. You darthis by ranking them for each criteria,
assigning a value to them based a scale you ser gfgssify them in any other way that
works for you. The objective is to have some wagdmpare each of the potential
solutions and decide, based on the weights assigneatch criterion, which option is
best. The difficulty lies in deciding how to weighch of the criteria selected. This is
because all of the criteria are interrelated. iRstance, you may need to select a
particular material to use for the constructioradfiosk. One of your functional criteria
may be the strength of the material. This may edtate to safety, since the kiosk will
have to be strong enough to perform its functiotin@ut injuring anyone. However, as
the strength of the material increases, the cogteomaterial also increases. The choice
of material used to construct the kiosk will al$i@et the aesthetics as well as the
manufacturability, since stronger materials arermftarder to work with. You will need
to sort through how each of the criteria you depeltiects other criteria in order to
determine your weightings.

At this point, it may be important to meet with yquoject partner in order to get their
input on how to weight the criteria. Going bacloto previous example, you may feel
that the cost is the more important, but the ptgpactner may feel that the added safety
of the stronger material is more important for wak that they do and are willing to
wait a bit longer or have the project cost a bitenbit means it will be safer. For more
information on decision matrices, see Lima and @&kevice-Learning: Engineeringin
Your Community on page 62.

Below is a list of categories you should use toallgy your criteria, as well as some
example criteria:

Category Example Criteria

Functional Performance - Storage capacity

Will the design do what | need it to?
- Processing speed

- Measurement accuracy
- Structural integrity

Form (physical aspects) - Size

Does the design fit the physical constraints?

- Weight

Are there any aesthetic constraints?
- Décor of the deployment location

Aesthetics :
- Promotion of use
- Appearance of internal or external design
Are there any economic constraints?
. - Cost of development
Economic

- Cost of construction
- Cost of maintenance

Environmental

Are there any environmental constraints?
- EPA requirements
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- Disposal issues

Ethical

Are there any ethical issues involved with the gle3i
- Intellectual property

- Codes or Standards

- Professional conduct

Health and Safety

Are there any health or safety issues?
- Risk of physical injury

- Risk of emotional or mental harm
- Can be used for unintended uses

Inclusiveness

Does your design unnecessarily exclude certairs@ser
- Dexterity requirements

- Cognitive requirements

- Non-adaptability

Manufacturability

Are there any manufacturability constraints?
- Ease of production
- Accessibility of materials

Are there any political issues?

Political - Local, state, or federal codes, policies, and stedsl
- Relationships of power between or within organizadi
Are there any social issues?

Social - Discrimination based on gender, age, race/ethnicity

culture, socio-economic status
- Impact on community’s way of life

Sustainability

Are there any sustainability issues?

- Maintenance requirements

- Ease of maintenance

- Availability of materials needed for repairs

Usability

Are there any usability issues?
- Clarity of user interface

- Clarity of instructions

- Training requirements

» Examples of Decision Matrices

Example 1:
Weights Potential Solutions
Criteria for 1 =high, 5 = low Microcontroller PLD Discrete Lagi
Comparison
Volume
Control S 1 2 3
Current 4 5 1 3
Draw
Phygcal 4 5 1 3
Sze
Ease of
Devel opment 2 2 1 3
Number of
Instructions 1 1 2 3
Memory 3 1 2 3
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Access
[ nput/Output
Capabilities 2 1 2 3
Cost 2 3 1 2
Total: =sum(weight*rank) 37 36 67
Example 2:
Weights Potential Solutions
Criteria _for 1 = high, 5 = low Steel Aluminum Wood
Comparison
Srength 2 1 2 3
Weight 3 2 1 3
Appearance 4 3 2 1
Ease of use 1 3 2 1
Cost 3 3 2 1
Total: =sum(weight*rank) 32 23 23

= Proof of Concept/Rapid Prototype:Besides using a decision matrix to help you arealyz
potential solutions, another option is to develgpa@of of concept or rapid prototype in
order to better understand the potential solutiémproof of concept or rapid prototype
will allow you to test the feasibility of the pot#ad solution, both in terms of the ease of
implementation and its functionality. These arféedént from the prototype that will be
developed during the detailed design phase inalpabof of concept or rapid prototype is
not intended to be close to a final product. Thly purpose of the proof of concept or
rapid prototype is to test the feasibility of aidesor an aspect of a design.

The key to developing a proof of concept or raputqtype is to get to a working model
quickly. It doesn’t have to be perfect, as longt aglequately demonstrates how the
potential solution would work in the final project.

In addition to allowing you to better analyze aguidial solution, a proof of concept or
rapid prototype also serves as a communicatiow#fdyour customer. You may be
able to visualize what a potential solution wilbkolike, but your customer may not.
Having a “physical” model to show the customer arplain how the potential
solution(s) will function will help when discussitige direction of the project with the

customer.

3. Choose Best SolutionOnce you have analyzed all of the potential sohgjat is time to
decide on one solution to pursue for the desigh@froject. Based off of the various
analyses performed during this step on each ddifferent potential solutions, you will need
to justify why you have chosen the solution youéhaYou will need to refer to your

decision matrices and specifications.

However, just because you have chosen one soldties not mean that it will be the one
that ultimately leads to a completed project. Yoay get part way into your design and
realize that what you thought was the best option’twvork after all. Don’t limit yourself

to this solution and try to force it to work. Yshould return to this phase and reanalyze all
of the potential solutions. Maybe you have comesgnew information that you didn’t
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have before, or developed new potential solutidRedo your analysis of the potential
solutions and move forward with the one that béstiie new information you have.

Below are several ways to document your decision:

» Design Decision TableA design decision table is a way to consolidatefdhe
different decisions you made about the design yuelthosen. One of the best ways to
organize your table is to list each of the differemctions your project will need to
perform (based on your functional decompositiorg kst the solutions chosen to fulfill
all of those functions. You should also have aicol listing the overall reasons for
choosing those solutions.

Function Solution Justifications
- LED/Photosensors and
LED/Photosensor for microswitches are cheap
. detection of card with and easy to use
Card Identification : . ) :
microswitches for - All easily interface with
placement digital logic and

microcontrollers

- Switches and buttons are

Use of toggle switches for| cheap and easy to use

Mode Selection mode selection and locking - All easily interface with

pushbutton for power digital logic and
microcontrollers

- Enough storage capacity
for required number of
sounds

- Easy access to stored
sound clips

- Built in play and record
ability

- Easily interfaced with
digital logic and
microcontrollers

- Easy to place and remove

Slotted tray for holding cards

cards - Easy to view cards when

placed at a 45angle

Play and Record Sounds ISD25120 Sound Chip

User Interface

» Design RecordsTo accompany your Design Decision Table, you shaigo have
design records outlining each of the solutions ehand discussing in greater depth the
reason for choosing that solution. A design reéeimply a short report detailing some
specific aspect of the design. In future phasdbefiesign, they may be used to outline
how a specific component was designed or how ttopara specific task required to
implement the design. However, for the purposdsisfphase, they should be focused
on what a specific solution entails and why it whesen.

4. Project Partner and Advisor Approval: Once you have decided on the approach that will
be use for the design of the project, you musttgeapproval of the project partner and the
advisor before transitioning to the next phasénefdesign process. This may require setting
up a meeting where you can demonstrate any prdaisncept or rapid prototypes, or simply
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communicating over the phone or via email. In eage, you must make sure the proposed
designs meet with the project partner’'s expectatlmafore proceeding.

Deliverables:

All documents required for this phase should inclue a cover page listing the team and
project, along with a title describing what the reprt is, the date it was created, and all
authors who contributed to it. Within the report itself, all pages should be numbered, and
there should be a header containing the title of #report.

1. Decision Matrices:For each element in the design for which a potestiation was
chosen, you should have a design record. Includdte design record should be:
a. Decision Matrix
b. Description of all potential solutions compared
c. Description and rationale for comparison criteria
d. Reasoning for selecting the chosen solution

2. Proof of Concept/Rapid Prototype:If you created any proofs of concept or rapid
prototypes during the conceptual design phase,gheyld also be accompanied by a
design record. Each design record should include:

a. A description of the solution being tested

b. Purpose for creating the proof of concept or rggatotype to test the solution

c. Detailed description of the development of the prdaconcept or rapid prototype
d. Discussion of the results of testing or other infation gathered

3. Conceptual Design ReportThe conceptual design report is the main docunwerthfs
phase of the design process. It should includerargary of all steps completed during
the phase, with an in-depth discussion of the amestution(s). The document should
include the following elements:

a. Table of contents to all documents created dutingyghase of the design process

| Title | Author(s) |Date | Location | Brief Description |

b. Summary of all decisions made with references tigterecords for decision
matrices
c. Summary of all proofs of concept or rapid prototypesated, the information
gathered from them, and references to all desigords created
d. Detailed discussion of the overall approach chdsethe project and how each
chosen solution will meet the specifications laid for the project
e. Refer back to the explanation of how the factatet below affected the Project
Identification phase, and explain how and why #drs affecting the
specifications development phase are similar dewht, identifying the factors
that are most important for this phase and how tkate to each other:
I. Aesthetic — issues related to the physical appearanappeal of the
project, both in terms of the external and intedesign
il. Economic — issues related to the cost of the prajeduding the cost
development, production, maintenance and in terffrb®th monetary and
time costs
iii. Environmental — issues related to ecological effastwell as effects on
the working environment of the users
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iv. Ethical — issues related to the professional resipdity, intellectual
property, adherence to standards and codes, etc
v. Health and Safety — issues related to the riskaafnhor injury to the user
vi. Inclusiveness — issues related to how the desigatafwho is able to use
the project
vii. Manufacturability — issues related to the constamcof the design
viii. Political — issues related to hierarchies of powighin an organization or
between organizations
ix. Social —issues related to gender, age, race/éihraalture, socio-
economic status, etc
X. Sustainability — issues related to the long-termafsthe design, including
maintenance and repair
xi. Usability — issues related to the overall abilifyaauser to perform the
tasks the project was designed for
f. Discussion of how the information gathered and meights developed during
this phase of the design process will impact ther&uphases

Project Detailed Design Phase:

The following are a set of guidelines to help youavk through the Detailed Design phase.
You will need to have completed all necessary task®m the project conceptual design
phase before proceeding with this phase. If thisiase was completed previously, you will
need to review the design documents from that phasé\s you work through this phase,
you should touch on each of the major steps listdaelow. Some aspects of each step may
not be directly applicable to your project, but all projects will have some work related to
each of the following steps.

1. Bottom-up Development:One of the differences between the functional dgxsition and
specifications development tasks and the designmaplémentation of the actual system is
that with the previous steps, you start from therall system and gradually get more
specific; with the design and implementation, ytartdrom the specific and build up to the
entire system. This is necessary since for magepts, the system does not exist without the
components. Software development can be diffenetfiat the structure of the main
program can be set up, but it still will not furactiuntil each of its subcomponents is
developed.

One aspect that is critical to developing a fumitig system, and often needs to be decided
on early in the design, is determining how eaclcsaiponent of the system will
communicate with each other. This is called “fiegzhe interfaces.” This ensures that as
each subcomponent is developed separately, whgratbedinally brought together, they will
be able to function together. More informationbmitom-up development can be found in
Lima and OakeService-Learning: Engineering in Your Community on page 63. Below are
some examples of what types of considerations teebd taken into account during this
step:

Mechanical:

- How will different physical parts connect?

- What types and where will fasteners be used?

- What forces does each component need to be ahbknttlie from other components?
Electrical:

- How much voltage or current will be supplied/reesi?¢

- What type of signals will be sent (digital, anal®g)
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- How many inputs/outputs?

Software:

- How will each element or subroutine in the prog@mmunicate with the main
program?

- What format will the input/output information be?in

- How many inputs/outputs?

2. Design/Analysis/Evaluation of Project and Componeist The main task in this phase of
the design process will be taking the ideas youihale conceptual design phase and
transforming them into an actual design for younjget. You should design each of the
subcomponents of the project following the bottopnraplementation described above.
This is one of the most challenging aspects ofigmgn process, because it will require you
to use knowledge and skills from a number of déferareas.

First of all, you will be required to use the doiary knowledge you have gained through
your formal education. This knowledge will take different forms depending on your
major and how far along you are with your degr¥eu will also need to use less formal
disciplinary knowledge, possibly acquired duringemships or other practice, in order to
successfully complete your design.

However, you will also be required to obtain nevowitedge during the design of the project.
This may be new knowledge that is directly reldateglour discipline, or it may be something
completely different. For instance, you may beslttrical engineer working on a circuit,
but you don’t have background using a specific typehip. You will need to do research
into how to use that chip effectively in order ®s@yn your project. Likewise, you may be
an educator working on the content for a softwaiogegt. In order to successfully complete
the design, you may need to learn some basic prognag in order to add your content into
the program.

The main result of this step in the detailed degigase will be the diagrams, drawings,
schematics, etc needed to construct the prototyffeeqroject. The design of each of the
components should be outlined in design records.

You will also likely need to add additional spec#tions to your list as you work through the
detailed design of your project. These speciftcegiwill deal mostly with the
implementation of the design, and will be spedifiche project.

3. Prototyping of Project: After you have developed and analyzed your designsaper, it's
time to develop a working prototype. This will te@ you to select materials for the
implementation and may also force you to make nmaatibns to your original designs. At
the end of this step, you should have a fully fiorehg prototype.

4. Field Testing/User FeedbackOne of the most important steps in this phaséefiesign
process is get feedback on your prototype fronptiogect partner and/or the users. During
this process, you will likely find a number of pteims with your current design as well as
additional functionalities that are needed. Thezseall be addressed when you develop the
final version of the design that will be deliveredthe project partner.

5. Design for Failure Mode and Effect Analysis (DFMEA) As part of this phase in the

design process, you will need to conduct a DFMEA/aur design. This is a technique to
explore the possible ways your project might faibrder to address them prior to delivering
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the project. It is also a method for documentimag tyour team has explored the possible
ways the project will fail and taken them into agcb This is especially important in
industry, where if a project fails in a way thguires someone, documentation may mean the
difference between your company losing milliongloflars in a lawsuit or not. More
information on DFMEA can be found in Lima and Oakess/ice-Learning: Engineeringin

Your Community on page 65.

A DFMEA is a process by which a detailed and quatiie analysis of the different ways a
design can fail can be generated. Through the D&kMit6cess, each aspect of a design will
be analyzed for possible ways it can fail, and tbach of these failures will be rated based
on some criteria. The four criteria that will beed are:

1) Failure Mode: What went wrong with the design?

2) Effect of Failure: What will happen if this failure occurs?

3) Cause of Failure:What caused this failure to occur?

4) Current Process Control for Effect: What measures are in place to prevent this
failure and its effects?

The overall process proceeds as follows: firstpfithe possible ways in which the design
might fail are determined (failure modes). Forteatthe failure modes, numerical values
are then assigned for the effect, the cause, anddhtrol criteria, as outlined below. Finally,
the numbers assigned to each of the three craegianultiplied together to come with an
overall estimate of the severity of the failure.itha rating for the severity of each failure,
severe flaws in the design can be identified aapdsstan be taken to protect against these
types of failures.

Effect of Failure
The following figure shows the rating system foe thffect of Failure category. A ranking of
one indicates that the failure has very little toaffect on the operator or the overall

functioning of the device. A ranking of ten wourdlicate that the failure is catastrophic to
both the user and the actual device itself.

Copyright © 2008 EPICS -25 - 9/14/2008



EPICS Design Process

Severity Rating Guidelines

Effect Criteria: Severity of Effect Defined Ranking
Hazardous: May endanger operator. Failre mode affects safe operation and/or involves non- 10
Without  |compliance with government requlation. Failure will occur_WITHOUY warning.
Waming
Hazardous: tay endanger operator. Failure mode affects safe operation and/or involves non- 9

With Waming {compliance with government requiation. Faiture will occur WITH we ming.

Very High Major disruption to production line. 100% of product may have to be scrapped. 8
Item inoperable, loss of primary function. Customers very dissatisfied.

High Minor disruption to production line. Product may have to be sorted and a portion 7

(less than 100%) scrapped. Item cperable, but at a reduced level of performance.

Customers dissatisfied.

Moderate Minar disruption to production line. A portion (less than 100%) may have to be &

scrapped (no sorting). Item operable, but some comfort/corvenience item(s)

inoperable. Customers experience discomfort.

Low Mi nor disruption to production line. 100% of product may have to be re-worked. 5

Item operable, but some comfort/convenience item(s) operable at a reduced level

of performance. Customers experience some dissatisfaction.

VeryLow Minor disruption to production line. The product may have to be soned and a 4

portion (less than 100%) re-worked. Fit/finish/squeak/rattle item does not conform.

Defect noticed by most customers.

Minor Minor disruption to production tine, A portion (less than 100%) of the product may 3

have to be re-worked on-line but out-of-station. Fit/fimish/squeak/rattle item does

. not conform. Defect noticed by average customers.

Very Minor Minor disruption to production line. A portion (less than 100%) of the product may 2

have to be re-worked on-line but in-station. Fit/finish/squeak/rattle item does not
conform. Defect noticed by discriminating customers.

None No effect. 1

Cause of Failure

The following figure shows the rankings for the €awf Failue category. This category
ranked based on the likelihood of failure. A rargkof one would indicate that the failure
almost improbable, while a ranking of ten would gest that the failure would occur or
(or more) every ten times the operatses the device.

Occurrence Rating Guidelines

Probability Likely Failure Rates Rating
. . . > 100 per thousand pieces 10
Very High: Persistent Failures .
50 per thousand pieces a
. . 20 per thousand pieces 8
High: Frequent Failures -
10 per thousand pieces 7 ]
5 per thousand pieces 6 7
Moderate: Occasional Failures 2 per thousand pieces 5
1 per thousand pieces 3 ]
. . 0.5 per thousand pieces 3
Low: Relatively Few Failures - -~
0.1 per thousand pieces 2 n
Remote: Failure is Unlikely < 0.01 per thousand pieces 1

Process Controls

The following figure shows the rankings for the &&ss Controls category. This categor
based on the ability to detect the situation thtcause the failure before it is allowed
actually cause the failuréA ranking of one for this category says that theseaof the failurt
is easy to detect, and thus easy to prevent. Kngrof ten says that the cause is aln
impossible to detect, and thus there is no wayedipt and prevent
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Detection Rating Guidelines

Detection Criteria Rating
Almost Impossible | . Absolute certainty of non-detection. 10
- Very Remote Controls will probably not detect. 9
Remote ) Controls have poor chance of detection. 8
Very Low Controls have poor chance of detection. 7
Low Controls may detect. ) 6
Moderate Controls may detect. - 5
Moderately High Controls have a good chance to detect. 4
High Controls have a good chance to detect. 3
- Very High Controls almost certain to detect. 2
Very High Controls certain to detect. 1

Summary

The figure below is a quick reference summary of each®tliree categories and th
rating system.

Failure Mode Effects .Analysis Rating Guidelines

Ravting - Severity of Effect Likelihood of Occurrence Ability to Detect
10 Hazardouf Without Warning 1in2 Cannot Detect
— Very High -
9 Hazardout With Warning 1in3 Very Remote
8 Very High ' 1in8 Remote
Ve High .
7 ... High : 1in 20 Very Low
6 Moderate ~ 1in 80 Low
5 Low Moderate 1in 400 Moderate
4 Very Low 1in 2,000 Moderately High
-3 Minor 1in 15,000 High
- Low -
2 Very Minor 1in 150,000 Very High
1 o None - /Unlikely 1in 1,500,000 § Almost Certain

Using the DFMEA can help designers to anticipatdf@ms that will come up whe
building and testing designs. By determining wirablems may occur befc the design is
complete and incorporating those elements intaléseggn, a more sound design will
created and the time required to test and debuddbign will be greatly diminished. N
only that, but there will also then be a documesting thepossible ways that the desi
could fail, and giving the ways that these problemse addressed. This will help other:
understand some of the design decisions that wadenas well as helping to keep you
your company, from getting sued for alure in a device.

Example of Completed DFMEA:
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Procgss Potential Failure Potential Failure 0 Potential Causes Q Current Process 9 X
# Function Modes (process Effects (Y's) g of Failure (X's) 3 Controls for Effect ﬂ g
(Component) defects) 0
1 Timer Timer running Inaccurate time 3 Configuration drift 2 None 7 42
too fast
2 Timer Timer Outpgttmg Time Corruption 6 Data Bus error 3 Daily observation 6 108
Incorrect time
3 Timer Timer Outpgttmg Time Corruption 6 Chip Error 1 Daily observation 6 36
Incorrect time
4 Timer T'mer:ooﬁfssttmg No time display 6 Chip Error 1 Daily observation 6 36
5 Timer T'mer:ooﬁfssttmg No time display 6 Bus Error 2 Daily observation 6 72
6 Timer T|mer_Fa|I|ng to Fatigue of laser 7 Incorrect/ drifting 3 Daily observation 5 105
idle setup
7 Timer T|mer_Fa|I|ng to No Reset 6 Incorrect/ drifting 3 Daily observation 6 108
idle setup
8 Timer T|mer_Fa|I|ng to Fatigue of sensor 7 Incorrect/ drifting 3 Daily observation 5 105
idle setup
9 Timer Timer |_dle S too Maze deactivates 7 Incorrect/ drifting 3 Daily observation 5 105
quickly setup
) Signal is Destroy attached .
10 Timer overdriven part 9 Part Fatigue 2 Zeener / fuse 4 72
) Signal is Destroy attached . .
11 Timer overdriven part 9 Power Input Spike 3 Power Regulation 2 54
Run Time
) segment does Goal light does not . .
12 Timer not activate illuminate 3 Part Fatigue 1 Other Observation 6 18
correctly
13 Timer Internal Data Inaccurate Time 3 Cosmic Rays 1 None 8 24
Corruption Y
) Internal Data . . Reset to default
14 Timer Corruption Logic Lock-up 7 Cosmic Rays 1 state possible 3 21
fuse blows inside laser maze will not voltage spike from
15 power of power strip have power 8 outlet 2 undetectable 10 | 160
open circuit to laser maze will not " . regular
16 power ower stri have power 8 power strip is off 1 maintenance to 10 80
P P p verify wire integrity
open circuit to laser maze will not regular
17 power . 8 wear and tear 2 maintenance to 3 48
power strip have power e :
verify wire integrity
18 power open C|rCU|_t to laser maze will not 8 someone unplugs 1 undetectable 10 80
power strip have power power strip
19 power open C'rcu'.t to laser maze will not 8 power outage 1 undetectable 10 80
power strip have power
photodetector L
20 sensor not receiving photode_tector not 6 photodetect(_)r not 1 protected_ within 5 12
detecting laser plugged in housing
power
hotodetector photodetector 12V
21 sensor %ot receivin photodetector not 6 battery to DC 2 diagnostic on 7 84
9 detecting laser solder has come maze startup
power loose
22 sensor dirty optics photodgtector not 6 dust_|n5|de of 2 routine 3 36
detecting laser display maintenance
23 sensor broken photodgtector not 6 wear and tear 3 diagnostic on 5 90
photodetector detecting laser maze startup
2 sensor broken photodgtector not 6 manufacturer 2 diagnostic on 5 60
photodetector detecting laser defect maze startup
Copyright © 2008 EPICS - 28 - 9/14/2008




EPICS Design Process

photodetector not

laser may not
provide equal

occasional checks

25 sensor weak laser detecting laser 6 output throughout on laser output 3
lifetime
26 sensor sensor is offset photodgtector not 6 incorrectly test before release 36
detecting laser mounted
27 sensor sensor is offset photodgtector not 6 dlspla_y has been mount with sturdy 96
detecting laser jarred brackets
separate from specific mirror not improper maintenance and
28 Mirrors P rod functional, must be 7 attachment, violent checku 112
reattached handling P
improper .
29 Mirrors separraotg from mirror breaks 7 attachment, violent maméﬁg?ﬂﬁe and 56
handling P
component .
30 Mirrors poor reflection laser bea.”? |_0_ses 5 fatigue, scratch on maintenance and 60
some visibility surface checkup
wear and tear,
Maze reduce functionality tilting / maintenance and
31 Components broken of display 5 mishandling of checkup e
kiosk
mirror cannot be
32 Rod / Knob bent rod manipulated, rod 6 improper usage by maintenance and 96
needs to be patrons checkup
replaced
improper usage by maintenance and
33 Rod / Knob broken rod safety hazard 9 patrons checkup 144
A . . design so the rods
34 Rod / Knob injuring a child safety hazard 9 rod St'Ckm.g too far do not stick out of 36
walking by out of display Kiosk very far
. improper usage by .
35 Rod / Knob knob falls off rod cannot be easily 4 patrons, improper maintenance and 80
turned checkup
attachment
the rod can be improper usage by maintenance and
36 Rod / Knob "stopper" breaks | moved in and out of 4 patrons, improper checku 64
display attachment P
components break, improper usage by maintenance and
37 Rod / Knob "stopper" breaks rendering project 8 patrons, improper checku 128
unfunctional attachment P
improper usage by maintenance and
38 Rod / Knob "stopper" breaks safety hazard 9 patrons, improper checku 144
attachment P
39 Signage colors fade aesthetics, harder to 2 fatlg_ue, exposure keep covere;d 8
read to direct sunlight under plastic
. . . interactive ) change bulbs
40 Signage light bulbs die education is down 3 fatigue regularly 27
. ) interactive voltage spike, .
41 Signage light bulb pops education is down 3 wear and tear Power Regulation 18
. . voltage spike, .
42 Signage light bulb pops safety hazard 10 wear and tear power regulation 60
kiosk weight
43 Footings Overload footing breaks 5 underestimated, strength testing 75
wear and tear
footings fail, wear .
. damage to N strength testing,
44 Kiosk collapses 4 and tear, improper : 36
components usage by patrons maintenance
footings fail, wear strength testing
45 Kiosk collapses damage to kiosk 6 and tear, improper maintenance ' 54
usage by patrons
footings fail, wear strength testing
46 Kiosk collapses safety hazard 10 | and tear, improper maintenance ' 90
usage by patrons
Copyright © 2008 EPICS - 29 - 9/14/2008




EPICS Design Process

points where not maze cannot be I . secure laser to
a7 laser intended completed 6 jarring of display maze 144
points where not . I . secure laser to
48 laser intended points at user 9 jarring of display maze 162
laser maze cannot be circuit should be
49 laser disconnects from 6 jarring of display independent of 108
completed ;
power display
laser does not short somewhere
50 laser have correct sensor is not tripped 5 in circuit Diagnostics Mode 100
power
laser quits B manufacture check before
51 laser internally will not output beam l defect installation c
laser does not .
52 laser have correct laser Wt')“ not output 7 shor@ Somewhefe good circuit design 84
power eam in circuit
mirrors do not . .
53 laser bounce parallel sensor will SOt be 5 display jarred Re-s_ec(;l_re Imlrrors 120
to ground trippe in display
mirrors do not . . check mirror
54 laser bounce parallel sensor'wnl not be 5 'mp“’pef'y alignment before 60
tripped mounted mirrors .
to ground delivery
mirrors do not . check mirror
55 laser bounce parallel points at user 9 'mp“’pef'y alignment before 81
mounted mirrors .
to ground delivery
mirrors do not secure mirrors in
56 laser bounce parallel points at user 9 display jarred displa 162
to ground play
LED become circuit should be
57 display disconnected no display of goal 4 jarring of display independent of 96
from power display
LCD become circuit should be
58 display disconnected no display of time 5 jarring of display independent of 90
from power display
LED become circuit should be
59 display disconnected no highlight of goal 4 jarring of display independent of 72
from power display
60 display I?Etgrrfglcl); no display of time 5 Fatigue Diagnostics Mode 75
61 display I?Etgrrfglcl); no display of goal 4 fatigue Diagnostics Mode 60
. LCD short . . circuit improperly - .
62 display internally no display of time 5 powered good circuit design 45
63 display I?rﬁ:tSrrS]gI(I); no display of time 5 fatigue Diagnostics Mode 75
64 display I?rﬁ:tSrrS]gI(I); meltdown 9 Power Surge Power Regulation 36
65 display I?rﬁ:tSrrS]gI(I); meltdown 9 fatigue Diagnostics Mode 135
LCD are not short somewhere
66 display powered will not show time 5 ST Power Regulation 30
correctly in circuit
LCD not short somewhere
67 display powered meltdown 10 in circuit Power Regulation 60
correctly
LED not short somewhere
68 display powered no display of goal 4 in circuit Power Regulation 24
correctly

6. Project Partner and Advisor Approval: Once you have decided on the approach that will
be use for the design of the project, you musttgeapproval of the project partner and the
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advisor before transitioning to the next phaséefdesign process. This may require setting
up a meeting where you can demonstrate any prdaisncept or rapid prototypes, or simply

communicating over the phone or via email. In eage, you must make sure the proposed

designs meet with the project partner’'s expectatlwafore proceeding.

Deliverables:

All documents required for this phase should inclué a cover page listing the team and
project, along with a title describing what the reprt is, the date it was created, and all
authors who contributed to it. Within the report itself, all pages should be numbered, and
there should be a header containing the title of #report.

1. Design RecordsDesign records are short reports outlining someipaspect of the
project, which in this case is the design of theaponents of your project. All of your
designs for the various components of your prageould be documented in design
records. The design records should include:

a.
b.

C.
d.

Explanation of the purpose of the component, indgads intended functionality
Explanation of how it interacts with the other canpnts of the system,
including the inputs received and outputs generhyetthe component
Schematics, diagrams, drawings, etc. showing tegydef the component
Discussion of decisions made during the desigh@tbmponent, including any
assumptions made

2. Prototype: One of the deliverables for this phase of thegteprocess is a functioning
prototype of the project. It should be used tofgetiback from the project partner and/or
the users on the design.

3. Detailed Design Report:The detailed design report is the main documenthis phase
of the design process. It should contain a summobayl the steps completed during this
phase. In addition, it should include the follog/i@lements:

a.

Table of contents to all documents created dutighase of the design process

| Title | Author(s) |Date | Location | Brief Description |

Description of the overall design approach forghgect as well as descriptions
of each of the components and how they all interact
Pointers to all of the design records outlining die¢ailed design of each of the
components
Description of the prototype, including materiateed and any changes made to
the designs during the construction process
Detailed description of any field testing done whle prototype, including what
tests were performed as well as what the results aed any feedback received
Comparison of the prototype to the specifications
Summary of major design decisions made in the desighe project
Complete bill of materials for creation of the miype
Refer back to the explanation of how the fact@tet below affected the Project
Identification phase, and explain how and why #edrs affecting the
specifications development phase are similar dewnt, identifying the factors
that are most important for this phase and how tbekate to each other:

xii. Aesthetic — issues related to the physical appearanappeal of the

project, both in terms of the external and intedesgign
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xiii. Economic — issues related to the cost of the prajeduding the cost
development, production, maintenance and in terfrb®thh monetary and
time costs

xiv. Environmental — issues related to ecological effestwell as effects on
the working environment of the users

xv. Ethical — issues related to the professional resipdity, intellectual
property, adherence to standards and codes, etc

xvi. Health and Safety — issues related to the riskaaihor injury to the user

xvii. Inclusiveness — issues related to how the desigatafwho is able to use
the project

xviii. Manufacturability — issues related to the constamncof the design

xix. Political — issues related to hierarchies of powithin an organization or

between organizations
xX. Social — issues related to gender, age, race/dthraalture, socio-
economic status, etc

xxi. Sustainability — issues related to the long-termafsthe design, including
maintenance and repair

xXii. Usability — issues related to the overall abilifyaauser to perform the
tasks the project was designed for

J. Discussion of how the information gathered and meights developed during
this phase of the design process will impact ther&uphases

*The materials for DFMEA came from 1996-2003, SigrBa Qualtec, SSQ 321, version 2.1.2.

Production Phase:

The following are a set of guidelines to help youavk through the Production phase. You
will need to have completed all necessary tasks frothe project detailed phase before
proceeding with this phase. If this phase was cortgied previously, you will need to review
the design documents from that phase. As you wotkrough this phase, you should touch
on each of the major steps listed below. Some asfeof each step may not be directly
applicable to your project, but all projects will have some work related to each of the
following steps.

1. Complete Deliverable Version of ProjectThe main task in the production phase is to
develop the version of the project that is readgdtiver to the project partner. In some
cases, this may be a cleaned up version of thetyps. In others, it may involve the
complete fabrication of a new version of the prbjda any case, you should end up with a
working project that is ready to deliver to thejpod partner.

While putting together the final version of the jet, you may need to make some minor (or
major) modifications to the design. If any suchdifications are made, they need to be
outlined in design records.

2. User and Training Manuals: The other key task in this phase is the developmienser
and training manuals. Any product must come widnoals that instruct the user how to
operate the product. Your EPICS project is novied#int. You need to provide a manual
instructing the project partner how to use allief teatures of the project. You should
include diagrams and pictures along with text exaleons. Lists of steps are always helpful.
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3. Delivery Review: Prior to delivering the project to the projecttpar, you must go through a
delivery review. It does not need to have takexlin the same semester, as long as it was
reviewed. The delivery review takes place durtmgdesign reviews. You will present all of
the information on the functioning of the projentlademonstrate the finished (or almost
finished) project.

4. Project Partner, Advisor, and EPICS Admin Approval: After you have completed the
project and are ready to deliver it, you must fiyst the project partner’s, your advisor’s, and
the EPICS administration’s approval and completedilivery checklist. This is needed to
ensure that the project is safe and ready for beapdoyed to the community. In order to get
the EPICS administration’s approval, you will needet up a meeting with either Carla or
Professor Oakes, at which point you will demonstsaitur completed project.

Deliverables:

All documents required for this phase should inclué a cover page listing the team and
project, along with a title describing what the reprt is, the date it was created, and all
authors who contributed to it. Within the report itself, all pages should be numbered, and
there should be a header containing the title of #report.

1. Completed Project: This deliverable needs no explanation.

2. User Manual: As discussed above, you will need to produce ams@ual for your
project. Your manual should include:
a. Instructions for using all features of the project
b. Troubleshooting tips
c. Contact information for any problems

3. Delivery Checklist: The delivery checklist is a one page documentERACS requires
to be completed for every project delivered. Kumes that everything is in order before
placing the project out in the community. The faram be accessed at:
http://epics.ecn.purdue.edu/forms/?formname=dsliverecklist

4. Project Delivery Report: The Delivery report is the main document for thisge of the
design process. It should include a summary ofciuanges made to the design along
with a complete set of schematics/drawings/etctaihdf materials for creating the
project. The document should include the followahgments:

a. Table of contents to all documents created dutmgyghase of the design process

| Title | Author(s) |Date | Location | Brief Description |

b. Summary of any design changes made in the pro¢gssduction

c. All schematics, circuit diagrams, CAD drawings, eéeded to reproduce the
design

d. Instructions for the creation and assembly of ttogeot

e. Complete parts list and bill of materials, inclugliocations where replacement
parts can be acquired

f. References to the user manual and any feedbackthemelivery review

g. Outline of any agreements made with the projedinearat time of delivery
(maintenance schedule, updating, etc)

h. Refer back to the explanation of how the factatet below affected the Project
Identification phase, and explain how and why #drs affecting the
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specifications development phase are similar dewint, identifying the factors
that are most important for this phase and how tbekte to each other:
i. Aesthetic — issues related to the physical appearanappeal of the
project, both in terms of the external and intedesgign
ii. Economic — issues related to the cost of the projeduding the cost
development, production, maintenance and in terfrb®thh monetary and
time costs
lii. Environmental — issues related to ecological effastwell as effects on
the working environment of the users
iv. Ethical — issues related to the professional resipdity, intellectual
property, adherence to standards and codes, etc
v. Health and Safety — issues related to the riskaofhor injury to the user
vi. Inclusiveness — issues related to how the desigitafwho is able to use
the project
vii. Manufacturability — issues related to the constancof the design
viii. Political — issues related to hierarchies of powithin an organization or
between organizations
iXx. Social — issues related to gender, age, race/@threalture, socio-
economic status, etc
X. Sustainability — issues related to the long-termafsthe design, including
maintenance and repair
xi. Usability — issues related to the overall abilifyaauser to perform the
tasks the project was designed for

Fielded Project Report
1. Evaluate performance of fielded project: How is finoject performing? Does it (still)
meet the needs of the project partner? Shouldekign continue to be deployed as is, or
is redesign or retirement required?
2. Determine resources required to support and maititai project: Does the project
require any fixes? Who on the team is prepargumduvide service for the project is
needed? Is additional training required?
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