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ME4182: Capstone Design

Roger J. Jiao

Customer Needs and Requirement Analysis

• Product Development Process

• Customer Needs Identification

• Product Definition

• Requirement Analysis
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Why today’s topic on Requirement Analysis?
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Product Development Process
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General Product Development Process

Phase 0 Phase 1 Phase 2            Phase 3 Phase 4               Phase 5
(aka. Embodiment Design)
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Phase 0: Product Planning

 To develop a product plan and 
project mission statements, a 5-
step process can be used:

– Identify opportunities.

– Evaluate and prioritize projects.

– Allocate resources and plan timing.

– Complete pre-project planning.

– Reflect on the results and the process

 Though the process is presented as linear, the activities 
of evaluating projects and allocating resources can be 
iterative and even dynamic.

MRD - Market Requirements Document
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Identify opportunities!!

 One example in my capstone design class:
– When brainstorming project ideas: 

 One student team proposed to extend their Heat Transfer 
Course Project to Design a Body Heat Powered Watch 

 How do you think about this idea for their capstone design?

Wildlife Conservation

You have to identify a compelling use case 
scenario that your product will uniquely excel!!
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Smart Drone Dispatching System for Harsh Last Mile Delivery 
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Phase 1: Concept Development

 Sometimes called the Front-end process, and it 
demands more coordination among functions.

– A concept is a description of the form, function, and features of a 
product and is often accompanied by:
 a set of specifications,

 an analysis of competitive products, and

 an economic justification of the project.

– The entire front-end process rarely proceed in a sequential 
manner, instead they may overlapped in time and iteration are 
often necessary.

MRD
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Phase 2: System-level Design

 Generate Product Architecture – aka. Embodiment Design
– This consists of mappings of functional elements to physical elements.

– Functional elements are the individual operations and transformations that 
contribute to the overall performance

– Physical elements are the parts, components, and subassemblies that 
implement the product’s function.
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(Product) System Architecture

 Define major sub-systems and interfaces

 Develop plan for product option and extended product family

 Identify suppliers of key components

 Define final assembly schemes. 

 Not the physical product structure; nor the assembly drawing!
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Phase 3: Detail Design

 Complete industrial and part design documentation

 Complete detail design of parts
– define final geometry of parts

– choose final material

– assign tolerances

 Design tooling

 Define QA processes

 Begin procurement of long-lead tooling
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Phase 4: Testing and Refinement

 Reliability, life and performance testing

 Obtain regulatory approvals

 Implement design changes

 Facilitate supplier ramp-up

 Refine fabrication and assembly processes

 Train workforce and suppliers

 Develop promotion and product launch materials

 Facilitate field testing
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Phase 5: Production Ramp-up

 Product is made using intended production system

 Work out remaining problems in the production processes

 Evaluate production output

 Transition to ongoing production is gradual and continuous.

 At some point in this transition, the product is launched and becomes 
available for widespread distribution.
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Summary

Capstone design 
focuses on this Front-

End Design stage!
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Customer Needs & Product Definition
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Concept Development Process

 The many Front-end activities in the concept 
development phase

• Front-end of PD need not be a fuzzy process.
• Structured methods exist for each process step 
• This is not strictly sequential - generally a parallel and iterative 

process.

Identify
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Establish
Target

Specifications
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Product
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Test
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Set
Final

Specifications

Plan
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Development

Development
Plan

Mission
Statement Select

Product
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Perform Economic Analysis

Benchmark Competitive Products

Build and Test Models and Prototypes
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Identifying Customer Needs

 Understand the customers needs.

 Effectively communicate it to the 
development team.

 Outputs a set of carefully 
constructed customer needs 
statements, organized in a 
hierarchical list with weightings.
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Establishing Target Specifications

 Precise description of product

 Translate customer needs to technical terms

 Targets for the specifications are set early

 The output is a list of target specifications
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Identifying Customer Needs
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Customer Needs Process

 Define the Scope
– Mission Statement

 Gather Raw Data
– Interviews
– Focus Groups
– Observation

 Interpret Raw Data
– Need Statements

 Organize the Needs
– Hierarchy

 Establish Importance
– Surveys
– Quantified Needs

 Reflect on the Process
– Continuous Improvement
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Typical Procedure of Identifying Customer Needs

 Step 1. Gather Raw Data From Customers
– Interview

– Survey/Questionnaire

– Focus groups

– Observation

– Lead users

Need 2.1 Rehabilitative Video‐Game

Does not require patient to move beyond 

safe area to activate sensors. 2 Not sure how you are defining the safe area

Need 2.2 Rehabilitative Video‐Game Safe for Physical Therapist to operate. 3

Need 2.3 Rehabilitative Video‐Game Does not use hazardous materials. 3

Need 2.4 Rehabilitative Video‐Game Can be cleansed/sterilized. 3

Need 2.5 Rehabilitative Video‐Game Durable‐can hold up to repetitive use. 3

Need 3.1 Rehabilitative Video‐Game

Communicate easily with physical 

therapist. 3

Need 3.2 Rehabilitative Video‐Game

Simple adjustments of variability and 

difficulty. ie. Physical Therapist 

understands easily how much they are 

increasing or decreasing both. 3

Need 3.3 Rehabilitative Video‐Game Provide PT with Users Manual 3

Need 3.4 Rehabilitative Video‐Game Simple feedback to patient 3

Need 3.5 Rehabilitative Video‐Game

Easily repairable/no maintenance 

required 3

Need 3.6 Rehabilitative Video‐Game

Modular design for dissasembly and 

application for other SD projects using 

software or furthering development of 

software. 3

Need 4.1 Rehabilitative Video‐Game Fits within budget 3

Need 4.2 Rehabilitative Video‐Game Something more about cost? 3 Maybe something about repairs being cost effective

Need 5.1a Rehabilitative Video‐Game

Keeps patients attention with stimulating 

game 3

Need 5.1b Rehabilitative Video‐Game

Not too difficult where patient will loose 

interest or inhibit patients willingness to 

rehabilitate. 3

Need 5.2 Rehabilitative Video‐Game Recognizes and trains correct movements 1 Not sure how the game would do that ‐ seems more like a therapist thing.  Guess I would need you to explain it to me.

Need 5.3 Rehabilitative Video‐Game

Recognizes amount of force in correct 

area 2

Need 6.1 Rehabilitative Video‐Game

Follow Road map idea of having attributes 

that can be applied other projects 3

Need 6.2 Rehabilitative Video‐Game

Other level of difficulty classes could 

develop other games and applications 3

Anything I missed? 
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Typical Procedure of Identifying Customer Needs

 Step 2. Interpret Raw Data in Terms of Customer Needs
– Affinity Diagram (Also Known as the K-J Method or Affinity Charts)

– Tutorials: 
 http://www.balancedscorecard.org/portals/0/pdf/affinity.pdf

 https://www.moresteam.com/toolbox/affinity-diagram.cfm

 http://asq.org/learn-about-quality/idea-creation-tools/overview/affinity.html

– Free online tool for affinity diagramming: http://memosort.com/
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Typical Procedure of Identifying Customer Needs

 Step 3. Organize the Needs into a Hierarchy
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Typical Procedure of Identifying Customer Needs

 Step 4. Establish the Relative Importance of the Needs

Need The Product Needs to Importance

1.1 Adjustability

Provide different speeds(reaction time) for varying levels of 

rehabilitation 9

1.2 Adjustability Variable Distances 9

1.3 Adjustability Fit Children (usually smaller than average) 3

1.4 Adjustability Fit Adults (Max 330 lbs male) 3

1.5 Adjustability Fit Patients sitting (Wheel chair) 9

2.2 Safety Can be cleansed and sterilized 9

2.3 Safety Can hold up to repetative use‐safety of device 3

2.4 Safety Can hold up to repetative use‐safety of patient 9

3.1 Ease of Use ‐ PT Communicate easily with Physical Therapist 9

3.2 Ease of Use ‐ PT Provide Physical Therapist with an easy to understand Users Manual 9

3.3 Ease of Use ‐ PT Simple Assembly 3
3.3 Ease of Use Easy Storage 3

3.4 Ease of Use Doesn't take up a lot of space and can be in the gym area 9

3.5 Ease of Use Easy to move(Portability) 9

3.6 Ease of Use Simple Visual Feedback 9

3.7 Ease of Use Simple Auditory Feedback 9

3.8 Ease of Use Doesn't take a lot of strength to hit target 9
4.1 Cost Fits within budget 3

4.2 Cost Low cost repairs 9

5.1 Rehabiliation Keeps patient's attention with fun and stimulating game 9

5.2 Rehabiliation Provide PT with objective measure of patient progress 9

Product Definition  Specifications
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Concept Generation

Phase 1
Concept

Development

Phase 2 Phase 5Phase 4Phase 3
System-Level

Design
Detail
Design

Testing and
Refinement

Production
Ramp-up

Mission
Statement

Development
Plan

Establish
Target
Specs

Generate
Product
Concepts

Select a
Product
Concept

Test 
Product
Concept

Plan 
Downstream
Development

Perform Economic Analysis
Benchmark Competitive Products

Build and Test Models and Prototypes

Phase 0
Product
Planning

Identify
Customer
Needs

Set
Final
Specs
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The Product Specs Process

 Set Target Specifications
– Based on customer needs and benchmarks

– Develop metrics for each need

– Set ideal and acceptable values

 Refine Specifications: Ask “In terms of what” Questions!
– Based on selected concept and feasibility testing

– Technical modeling

– Trade-offs are critical

 Reflect on the Results and the Process
– Critical for ongoing improvement
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A Case Example of 
Customer Need Identification and Product Specifications: 

Mountain Bike Suspension Fork
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Start with the Customer Needs

Next…
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Establish Metrics and Units

Next…
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Link Metrics to Needs

Next…
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Benchmark on Customer Needs

Next…
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Benchmark on Metrics

Next…
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Assign Marginal and Ideal Values
 Requirement Specification
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Quality Function Deployment (House of Quality)

 Tutorial: http://en.wikipedia.org/wiki/Quality_function_deployment

technical
correlations

benchmarking 
on needs

customer
needs

engineering
metrics

target and final specs

relative
importance

relationships between
customer needs and
engineering metrics
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Requirement Analysis

Interactions/Interrelationships between Functions:

To describe how multiple functions work 
logically/interactively as a coherent system!
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Function Decomposition

Functional
description

inputs outputs

Take a “systems” approach to design

The goal of problem decomposition is to help identify the 
few critical functions for your design.

Every Product Function has a series of inputs and outputs 
that describe the behavior of the function. 
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Step 1: Decompose Into Smaller Sub-Problems

 Problem: Most design challenges are too complex to be solved as a 
single problem.

 Solution: Divide into simpler, manageable subproblems, also called 
problem decomposition.

 1. step: represent problem as a black box operating on material, 
energy and signal flow

 2. step: functional decomposition by dividing the single black box into 
sub-functions to create a more specific description of the problem

– Goal: to properly describe the functional elements

without implying a specific technological working

principle or a physical solution.

– There is no single correct way of creating a function

diagram or a functional decomposition.

– It is best to create a number of drafts and then work to

refine them into a single diagram..
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Function Structure Diagram

 Tutorial: http://npdbook.com/stages-of-the-design-process/function-structure-diagram/
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A Technique for Functional Decomposition & Analysis

 Follow the flows (energy, material and signal) and determine what 
operations are required

 Decomposition by Sequence of User Actions
– Useful method for simple technical products

 Example: Nail gun
– Move tool to gross nailing position.

– Position the tool precisely.

– Trigger the tool.

 Decomposition by Key Customer Needs
– Useful technique for products where form and shape are the primary 

design problem, not the working principle
 Example: Nail Gun

– Fires nails rapid succession.

– Fits in tight spaces.

– Has large nail capacity.

– More examples for such products:
 Storage container, toothbrush, ice cream scoop, etc.
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The Example of Designing a Hand-held Nailer

The design team decomposed the problem into several subproblems:  Energy Source, Material (nails), Initiate action

Store
nails

Store or
accept

external
energy

Isolate
nail

Convert
energy to

translational
energy

Apply
translational

energy to nail

Sense
trip

Trigger
tool

Energy

Nails

"Trip" of
tool

Driven
nail

Hand-held
nailer

Energy (?)

Signal (?)

Material (nails)

Energy (?)

Signal (tool "trip")

INPUT OUTPUT

Material (driven nail)
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IDEF0 Functional Modeling

 Tutorial: http://www.idef.com/idef0.htm
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Data-Driven Optimal Fleet Management
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Morph Charts
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An Example of Coffee Maker Function Decomposition
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An Example of Coffee Maker Morphologic Matrix 
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Summary

Essentially design is a Mapping between “what we 
want to achieve” and “How we want to achieve it”


