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 Product Planning

 Identifying Customer Needs

 Product Specification

 Conceptual Design
 Concept Generation

 TRIZ 

 Concept Selection

 Detail Design

 Analysis (FEM/CFD)

 Prototype

 Manufacturing

 Marketing

(Product Design and Development by K T Ulrich & S D Eppinger)

Product Development Cycle

Materials to 
be covered today
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Characteristics of Successful Product

 Product Quality ↑

 Product Cost ↓

 Development time ↓

 Development Cost ↓

 Development Capability ↑

 Environmental impact ↓
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What is your vision?
-Volvo: Drive for life

-Nokia: Connecting people

-TA’s ?

-Yours ?

6
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The Challenges of Product Development

 Trade-offs

 Dynamics

 Details

 Time Pressure

 Economics

 Creation

 Satisfaction of 

Social and 

Individual Needs

 Team Diversity

 Team Spirit

 Environmental 

regulation 
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Development Processes and Organizations

PDD chapter 2
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Product planning

 (PDD Ch 3)

 What product development 
project will be undertaken?

 What mix of fundamentally new 
products, platforms, and 
derivative products should be 
pursued?

 How do the various projects 
relate to each other as a 
portfolio?

 What will be the budget and 
time frame for the project?Biomedical Equipment
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Product Planning Process
Four types of product development projects

- New product platforms

- Derivatives of existing product platforms

- Incremental improvements to existing products

- Fundamentally new products
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Product Planning Process (cont.)

1. Identify opportunities

2. Evaluate and prioritize projects

3. Allocate resources and plan timing

4. Complete pre-project planning

5. Reflect on the results and the process
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Step 1. Identify opportunities

 Opportunity Funnel (                 )

 Bring together inputs from across the enterprise

 Identifying customer needs

 Interview with lead users

 Implication of trends in lifestyle, demographics, and 

technology

 Benchmarking competitor’s products

Example of identifying customer needs – Vaccine delivery system
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Step 2. Evaluate and prioritize projects (1)

 Select the most promising project to pursue

- From hundreds or thousands opportunities,

- Four basic perspectives in evaluation 

1. Competitive Strategy

2. Market Segmentation

3. Technological Trajectories

4. Product Platform Planning
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Step 2. Evaluate and prioritize projects (2)

1. Competitive Strategy

- Technology leadership

- Cost leadership

- Customer focus

- Imitative
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Step 2. Evaluate and prioritize projects (3)

2. Market Segmentation

Product segment map: comparison with competitors
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Step 2. Evaluate and prioritize projects (4)

3. Technological Trajectories

Technology S-curve: when to develop new product
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Technology Roadmap

Step 2. Evaluate and prioritize projects (5)
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Balancing the portfolio - ‘Product-Process change matrix’

Step 2. Evaluate and prioritize projects (6)
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Step 3. Allocate Resources and Plan Timing

Resource allocation

Aggregate planning: pursue only those projects can 

reasonably be completed within the budgeted resources

Project timing

Pipeline management

- Timing of introduction

- Technology readiness

- Market readiness

- Competition



20

Step 4. Complete Pre-Project Planning

 Product vision statement

 Example: “develop a networked, mid-range, digital 

platform for imaging, marking, and finishing” (Xerox’s 

Lake)

 Mission Statement

 Brief description of the product

 Key business goal

 Target market for the product

 Assumptions and constraints 

 Stakeholder
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Example of a mission statement
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Brainstorming

 Throughout the early stages of your project, your team 

should answer several "what", "why", and "how" 

questions

 One of the  methodologies is brainstorming
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Brainstorming Rules 

1. Collect as many ideas as possible from all participants with no criticisms or 
judgments made while ideas are being generated. 

2. All ideas are welcome no matter how silly or far out they seem. Be creative. 
The more ideas the better because at this point you don't know what might 
work. 

3. Absolutely no discussion takes place during the brainstorming activity. 
Talking about the ideas will take place after brainstorming is complete. 

4. Do not criticize or judge. Don't even groan, frown, or laugh. All ideas are 
equally valid at this point. 

5. Do build on others' ideas. 

6. Do write all ideas on a flipchart or board so the whole group can easily see 
them. 

7. Set a time limit (i.e., 30 minutes) for the brainstorming. 
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Brainstorming Sequence 

1. One team member should review the topic of the brainstorm using "why", 
"how", or "what" questions. 

Example) The topic for the brainstorm is developing a training course on syringes.                  
What should we focus on as the content? 

2. Everyone should think about the question silently for a few moments. Each 
person might want to write down his/her ideas on a sheet of paper. 

Example:

(1) Types of syringes; (2) Parts of syringes; (3) Syringe manufacturers; (4) 

Categories of syringes; (5) How syringes work. 

3. Everyone suggests ideas by calling them out. Another way is to go around 
the room and have each person read an idea from his/her list until all 
ideas have been written on the board or flipchart. (Note: The team 
member in charge of the brainstorming session should be enforcing the 
rules.) 

4. One team member writes down all ideas on board or flipchart. 
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Making the final selection 

1. When all the ideas have been recorded, combine ideas as much as 
possible, but only when the original contributors agree. 

Example:
(1) Types of cars and (4) Categories of cars (from example under #2 above) 
are really the same, so number 4 is eliminated. 

2. Number all of the ideas. 

3. Each member votes on the ideas by making a list of the numbers of the 
ideas he/she thinks are important or should be discussed further. This list 
should contain no more than one third of the total number of ideas. 

4. After counting the votes, cross out ideas with only one or two votes. Then 
vote again until only a few ideas remain (i.e., 3 or 4). If there is no clear-
cut winner, then vote again or discuss the remaining ideas and determine 
which idea best answers the original question. 



2626



27

Deposition

chamber

On/off

Switch

Air filter

Powder

Feeder II

Vacuum pump

Powder

Feeder I

Controller

Air

Compressor
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 Product Planning

 Identifying Customer Needs

 Product Specification

 Conceptual Design
 Concept Generation

 TRIZ 

 Concept Selection

 Detail Design

 Analysis (FEM/CFD)

 Prototype

 Manufacturing

 Marketing

(Product Design and Development by K T Ulrich & S D Eppinger)

Product Development Cycle
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What are specs?

 PDD ch. 5

 Example of suspension forks for the mountain 

bike market

 “language of the customer” is sometimes too 

subjective

 Specification spell out what the product has to 

do in precise, measurable detail

 Consist of a metric and a value
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Customer needs into spec.

“The average time

to assemble

the fork to the 

frame is 

less than 75 

Seconds”
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Establishing target specs.

 Step 1:

List of metric
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Needs-metric matrix

 Quality Function 

Deployment (QFD)
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Step 2: competitive benchmarking 
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Alternative 

competitive 

benchmarking
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Step 3: set 

ideal and 

marginally 

acceptable 

target 

values for 

each 

metric

 Next step to 

set final 

specs
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 Product Planning

 Identifying Customer Needs

 Product Specification

 Conceptual Design
 Concept Generation 

 TRIZ

 Concept Selection

 Detail Design

 Analysis (FEM/CFD)

 Prototype

 Manufacturing

 Marketing

(Product Design and Development by K T Ulrich & S D Eppinger)

Product Development Cycle
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Design Thinking - Polymorph

 Polymorph

 Thermoplastic material that can be shaped and reshaped any 

number of times.

Sequential step to use polymorph

Application of polymorph

http://www.google.co.kr/url?sa=i&rct=j&q=polymorph&source=images&cd=&cad=rja&docid=-ufoiXhdnoP1sM&tbnid=KtO6p496k-2N4M:&ved=0CAUQjRw&url=http://emerald-magpie.deviantart.com/art/polymorph-queen-2-179959719&ei=IeVPUf21H-a0iQewlYGYCw&bvm=bv.44158598,d.aGc&psig=AFQjCNHwYuVVio0jl-a10FB0ontIaja1wQ&ust=1364276584253069
http://www.google.co.kr/url?sa=i&rct=j&q=polymorph&source=images&cd=&cad=rja&docid=GiTurLaaqFXrRM&tbnid=IIWn1_RJPCdOPM:&ved=0CAUQjRw&url=http://emerald-magpie.deviantart.com/art/Trio-polymorph-sculpture-188075577&ei=tuVPUZHSNIaiigfrwoGgDA&bvm=bv.44158598,d.aGc&psig=AFQjCNHwYuVVio0jl-a10FB0ontIaja1wQ&ust=1364276584253069
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Preface

 Questions after establishing target specs:
 What existing concepts could be adapted for this application?

 What new concepts might satisfy the established needs and 
specs?

 What methods can be used to facilitate the concept generation 
process?

EXHIBIT 6-1
An existing hand-held nailer for the professional market.

PDD ch. 6
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The Activity of Concept Generation - (1)

 Product concept

 An approximate description of the technology, working 

principles, and form of the product

 Importance of concept

 A good concept is sometimes poorly implemented in 

subsequent development phases, but a poor concept can rarely 

be manipulated to achieve

 Consumes 5% of budget and 15% of development time

 No excuse for a lack of diligence and care for sound concept 

generation

 Generate hundreds of concepts
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The Activity of Concept Generation - (2) 

 Five-step 

method
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STEP 1:  Clarify the Problem

 General understanding 

 Mission statement, customer needs, and target specs.

 Problem Decomposition

1.  Functional decomposition (Exhibit 6- 4)

2.  Decomposition by sequence of user actions

3. Decomposition by key customer needs

 Focus initial efforts on the critical subproblems 

 Divide a complex problem into simpler problems such that these 

simpler problems can be tackled in a focused way



4242
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STEP 2: Search Externally

 Finding existing solutions throughout the development 

process

 Expand and Focus strategy

 Five good ways to gather information from external 

sources 

 Interview Lead Users

 Consult experts

 Search patents (goldfire, patent search site)

 Search published literature

 Benchmark related products (Thomas register)
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STEP 3: Search Internally - (1)

 Use of personal and team knowledge and 

creativity

 Four guidelines 

 Suspend judgment !!

 Generate a lot of ideas

• More ideas the better concept

 Welcome ideas that may seem infeasible 

 Use graphical and physical media 

• foam, clay, cardboard, and other 3D media
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STEP 3: Search Internally - (2)

 Techniques to stimulate new ideas
 Make analogies 

• natural or biological analogy

 Wish and wonder
• “I wish we could…”, “I wonder what would happen if…”

 Use related stimuli
• Passing each one’s idea to group members

 Use unrelated stimuli
• Random photo of objects

 Set quantitative goals
• Assign 10~20 concepts

 Use the gallery method

 TRIZ



47

STEP 3: 
Search Internally - (3)

47
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STEP 4: Explore Systematically – (1)

 Fragments for each subproblems and 

combinations of the fragments

 Two tools for managing 

 Concept Classification Tree

 Concept Combination Tree
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STEP 4: Explore Systematically – (2)

 Concept Classification Tree

 Divide possible solutions into independent categories 

• Pruning of less promising branches

• Identification of independent approaches to the problem

• Exposure of inappropriate emphasis on certain branches

• Refinement of the problem decomposition for a particular 

branches (Exhibit 6-8)
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EXHIBIT 6-7

A classification tree for the nailer energy source concept fragments.
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STEP 4: Explore Systematically – (3)

 Concept Combination Tree

 Guides in selectively considering combinations of 

fragments
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STEP 5: Reflect on the Results and the Process
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 Product Planning

 Identifying Customer Needs

 Product Specification

 Conceptual Design
 Concept Generation

 TRIZ 

 Concept Selection

 Detail Design

 Analysis (FEM/CFD)

 Prototype

 Manufacturing

 Marketing

(Product Design and Development by K T Ulrich & S D Eppinger)

Product Development Cycle
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TRIZ  

 Problem Solving & Innovation Ability = 

Knowledge Innovation Ability Thinking Tool Interest * 

Time

TRIZ

Teoriya Reshniya Izobretatelskikh Zadatch

(Theory of Inventive Problem Solving)

Genrich Altshuller
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 TRIZ (Teoriya Reshniya Izobretatelskikh Zadatch)

 (Theory of Inventive Problem Solving)

Example of TRIZ I

Two-joint keyboard

One-joint keyboard

General keyboard

Laser projection keyboard

Rolling and 
portable

Elastic keyboard

Touch keyboard
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Bended Display

Samsung Project ‘Valley’ for foldable mobile
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Chairs

Archbishop Maximian’s
throne
c. 550 Thonet, 1904

Blow, De Pas, 
D’Urbino, 

Lomazzi and 
Scolari, 1967

?
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Floating chiar?

floating chair2008

Oki Sato, fadeout chair



63



64

40 principles of TRIZ  

 From Genrich Altshuller’s 40 principles: TRIZ 

Keys to Technical Innovation

 One of easy way to apply TRIZ

 In order to utilize these principles, you need to 

almost memorize them

 Try to apply for your project
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40 principles of TRIZ

1. Segmentation ( )

2. Extraction ( )

3. Local quality ( )

4. Asymmetric ( )

5. Consolidation ( )

6. Multifunction ( )

7. Nesting ( )

8. Counterweight ( )

9. Preliminary counter action

( )

10. Preliminary action ( )

1 6

7

8

10
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40 principles of TRIZ

11. Preliminary compensation (

)

12. Equipotential ( )

13. Do it reverse ( )

14. Curvature increase ( )

15. Dynamicity ( )

16. Partial or excessive ( )

17. Dimension change ( )

18. Vibration ( )

19. Periodic action ( )

20. Continuity of useful action (

)

11
16

13

17
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40 principles of TRIZ

21. Rushing through ( )

22. Convert harmful to useful
( )

23. Feedback ( )

24. Intermediate ( )

25. Self-service ( )

26. Copy ( )

27. Cheap short life
( )

28. Replacing mechanical system 
( )

29. Pneumatics and hydraulics 
system ( )

30. Flexible membrane and thin 
film ( )

23
25

26
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40 principles of TRIZ

31. Porous material ( )

32. Changing color ( )

33. Homogeneity ( )

34. Rejection and regeneration (
)

35. Parameter change ( )

36. Phase transformation ( )

37. Thermal expansion ( )

38. Oxidant ( )

39. Inert environment ( )

40. Composite material ( )

36

37

40
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 Product Planning

 Identifying Customer Needs

 Product Specification

 Conceptual Design
 Concept Generation

 TRIZ 

 Concept Selection

 Detail Design

 Analysis (FEM/CFD)

 Prototype

 Manufacturing

 Marketing

(Product Design and Development by K T Ulrich & S D Eppinger)

Product Development Cycle
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Reusable syringe with dosage control

 PDD ch. 7

 Two major problems 

of existing product

 Cost (stainless steel)

 Accuracy of dose 

metering

 Concept selection is a 

convergent process
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Seven concepts for the outpatient syringe
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Seven concepts for the outpatient syringe (2)
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Seven 

concepts for 

the outpatient 

syringe (3)
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Methods to choose a concept

 External decision

 Product champion

 Intuition

 Multivoting

 Pros and cons

 Prototyping and test

 Decision matrices
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Iterative process
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Two step methodology

1. Concept screening
 Quick, approximate evaluation aimed at producing 

a few viable alternatives

 Screening matrix

 Pugh concept selection (Stuart Pugh, 1990)

2. Concept scoring
 More careful analysis of these relatively few 

concepts in order to select the single concepts

 Scoring matrix
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Concept screening

 Step 1: prepare the selection matrix

 Step 2: rate the concepts

 Step 3: rank the concepts
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Concept screening (2)

 Step 4: combine and 

improve the concepts

 Step 5: select one or 

more concepts

 Step 6: reflect on the 

results and the 

process
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Concept scoring

 Step 1: prepare the selection matrix

 Step 2: rate the concepts

 Step 3: rank the concepts

 Step 4: combine and improve the concepts

 Step 5: select one or more concepts

 Step 6: reflect on the results and the process
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