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The meaning of Design

Design is as much an art as it is a science.
(The simple definition) Design is the ability of people to show their 
creativity in deciding the shape of an object, whether physical or 
virtual.
Simply; design is to create something that has never been.

Design is a plan for arranging elements in such a 
way as best to accomplish a particular purpose

Charles Eames



Formal definition

Design establishes and defines solutions to and pertinent structures for 
problems not solved before or new solutions to and which have 
previously been solved in a different way.
Design is also a process that is used to systematically solve problems.

Design is an overall different types of total work process 
which has a different types of overall user perspective and 
drives specific development although totally based on 
different types of specific customers’ needs.



Types of design
Architectural Design Project living spaces for the human being: buildings, parks, public squares, houses.

Design of Spaces
It is responsible for carrying out projects of the use and adaptation of the spaces 
according to specific needs of its usefulness: commercial, residential, educational, 
labor.

Industrial Design Projects industrial production objects for human use from a spoon to the body of a 
car or the fuselage of an airplane, through furniture, tools, artifacts.

Graphic Design Reproduce significant visual messages: logos and brands, posters, magazines, book 
covers, websites.

Fashion Design Design and make clothes and clothing accessories: clothes, shoes, jewelry.

Textile Design
Combination of some methods of graphic design with some others of industrial 
design and fashion design, consists of conceiving and configuring fabrics and 
patterns for the textile industry: prints, yarns, embroidery, fibers.

Interactive Design Focused on the design of digital interfaces and software.



Ability to design is both a science and an art

Science is learned through techniques and methods 
used.

Art is best learned by doing design.

Discovery is getting the first sight of, or first knowledge of 
something.

Invention Design may or may not involve invention as 
some are truly inventive but most are not.

Design should not be confused with discovery.
Design is the product of planning and work.



Design requires both Analysis and Synthesis

Analysis

Decomposing problem into 
manageable parts
Ø To understand performance / 

behavior of parts in service using 
appropriate discipline of science / 
engineering and computational tools

Ø Usually involves simplification of real 
world problems through models

Synthesis

Identification of Design 
Elements that will comprise
Ø Product
Ø Its decomposition into 

parts
Ø Combination of part 

solutions into a total 
workable system



Industrial design

Industrial design is the creation and development of concepts and 
specifications that optimize the function, value and appearance of 
products and systems for the mutual benefit of both user and 
manufacturer:

Appearance The form, styling and colors of the product must convey 
a pleasing feeling to the user.

Maintenance Design features should not hinder maintenance and 
repair.

Human 
Factors

The ergonomic and human-interface design of the 
product should facilitate its utilization in a safe manner.



Engineering design
It is the systematic, intelligent generation and evaluation of
specifications for artificats whose form and function achieve stated
objectives and satisfy specified constraints.

Artifact Human-made objects

Form The shap of the artifacts

Function Those things the artifact is supposed to do

Specification description of properties of the object being designed

fabrication spec.s= set of plans
for making the designed artifact
design spec.s = evaluation
benchmarks

Objective attribute of the designed artifact that make it “good”

Constraint specification which the artifact must meet to be acceptable



Phases of engineering design

IDEATION

IMPLEMENTATION
(ERP)

REFINEMENT

• Problem identification
• Preliminary ideas
• Preliminary design

• Modelling
• Design
• Analysis
• Design visualization
• Manufacturing 

simulation

• Servicing
• Financing
• Marketing
• Producing
• Planning
• Documenting

3D 
MODEL



Engineering design problems

Open-ended problem

Problems for which there is no 
singular correct answer nor 
singular solution path. 
Because of having several
acceptable solutions

Ill-structured problem

Mirror real world problems where 
data are conflicting or inclusive, 
where disputants disagree about 
appropriate assumptions or theories, 
or where values are in conflict.
Because their solutions can not 
normally be found by applying
mathematical formulas or algorithms
in a routine or structured way.



Design Process



The design process

"Designing means transforming the given 
problem statement into a full description 
of a technical system. The direct content 
of the design process consists of thinking 
out (conceptualizing) and describing the 
structures of a technical system.”

V. Hubka, W.E Eder, “Design Science”, 
Springer, London, 1996



Steps approach to problem solving

Problem 
Inquiry

Specifying 
Goals

Determining 
Means

Solution 
Optimization

Construction 
and 

Verification

Convince 
Others



The Impact of WW II on product design
The engineering design processes became necessary only after WW II 
when the products which were being developed became more 
complex.

This complexity of the products and the 
associated division of labor required 
greater use of physical laws, 
mathematics, information theory, mat 
materials selection, and systematic design 
techniques. 
These design and development 
techniques were then used in civilian 
industry after the war.



Product design process

Engineering product design is a process 
of creating new products through 
efficient idea generation and concept 
development to manufacture.
Product design process is a set of 
planned activities that convert an idea 
into a product and make it commercially 
available to the end user.

Analysis

ConceptSynthesis



Product design process



Product design process
Product design processes may vary according to the products such as 
whether they are tangible or intangible.
This will also change depending on how the engineering product 
innovation is driven, whether it is Demand-pull innovation (Market-
pull) or Invention-push (Technology-push) innovation.

Technology (invention) push
Research & 

Development Production Marketing Need ?

Market (demand) pull
Research & 

Development Production Marketing
Expressed 

market 
need



Design driven innovation

Design driven innovation (DDI) has 
emerged to be an alternative way to 
generate sustainable competitive 
products or services.
Design driven innovation is a push 
approach. 
The goal is to design a product that gives 
customers a new meaning that they 
have never seen before.

Incremental Change Radical Change

Meaning
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Market 
driven user 

centered 
incremental 
innovation

Disruptive 
technology-driven 
innovation

Design-
driven 
innovation 
of 
meaning



Design driven innovation

P. Kembareni T.M. Simatupang, D.Larso, D.Wiyancoko, “Design Driven Innovation Practice in 
Design-preneur led Creative Industry”, J. of Techn. Management & Innovation, Vol. 9. No.3 (2014).

DDI Process Theoretical Framework DDI Process Conceptual Framework



Comparison between scientific & engineering 
design methods

Existing Knowledge

Scientific Curiosity

Hypothesis

Logical Analysis

Proof
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m
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State of the Art

The Need of Society

Conceptualization 
& Modeling

Feasibility Analysis

Production or 
Acceptable Product
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Different areas of engineering design



The traditional product development process

Customer requirements
(sales and marketing)

Conceptual design
(Industrial designers)

Support and 
Service

Distribution 
and SalesManufacturing

Detailed design
and analysis

(engineering)

Disposal
(not our problem)



Most common design process

No

Idea
generation

Final
design

Preliminary
design

Feasibility
study

Process
planning

Product
feasible?

Yes

Prototype

Manufacturing

Design & Manufacturing
Specifications



Flow chart of the design process

Define
Problem

Problem statement
Bench marking

PDS, QFD
Project planning

Product
Architecture

Arrangement
of physical

elements to 
carry

out function

Gather 
Information

Internet,
Patents
Trade

Literature

Concept
Generation

Brainstorming
Functional

decomposition
Morphological

chart

Evaluation
of Concepts
Pugh concept

Selection
Decision
matrices

Configuration
Design

Prelim. Selection
of matls. & mnfg.

Modeling & sizing
of parts 

Parametric 
Design

Robust design
Tolerances
Final dims.

DFM

Detail 
Design

Detailed drawings
& 

Specifications

Conceptual design

Preliminary / Embodiment design



Design stages and their outputs

Problem identification
(market analyst-design brief)

Detail design
(Development & Research Engineer)

Embodiment design
(Design Analyst)

Conceptual design
(Product designer)

Manufacture
(Process Planner and Production Engineer)

Specifications

Concepts

Layouts

Drawings

Product

St
ag
es

O
ut
pu

ts



Types of Product design processes

• The design process with 3 stages
• Descriptive - linear

• The design process with 4 steps
• The design process with 5 stages
• Extended - linear
• Prescriptive
• Prescriptive - with feedback

• The design process with 7 steps



Problem Formulation – Customer Need 
Identification
A design process must yield an optimal solution:  The objective and 
constraints of the problem must be defined clearly and, preferably, in a 
tangible manner.
Let us consider the development of Sony’s Walkman:
Need:  Provide individuals with a device capable to 
replay tape/CD-recorded music, while they are 
mobile, with a carry-on power source and in a 
private listening mode.
Objectives:  Integral power source, earphone 
connection, and affordable.  
Constraints:  Size, weight and durability. 



Problem Formulation
Quality Function Development (QFD)



The design process with 3 stages
One of the simplest models of the design process highlights 3-stages.

Generation

• Various
concepts are
generated

Evaluation

• Design is 
tested against
the design
goals

Communication

• Design is 
communicated
to the
manufacturers



The design process with 3 stages
Descriptive - linear

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Look for 
different concept 
schemes to 
achieve the 
client’s 
objectives

Sy
nt

he
sis

An
al

ys
es

Several competing 
concepts

Final choise from 
among them



The design process with 3 stages
Descriptive = linear
Client’s statement
Asking questions to elaborate the
meaning of a clientʼs statement is part of 
the design process. 
They can not be answered by applying
usual mathematical models. 
There are not any equations to define the
meaning of safe or marketability.

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Sy
nt

he
sis

An
al

ys
es



Client’s Statement

The designer–client–user triangle shows 
three parties involved in a design effort: Designer

UserClient

A client, who has objectives that must 
be realized. 
The users of the design, who have their 
own wishes. 
The designer, who must design 
something that can be built and that 
satisfies everybody.



The questions in simple design problem

ØHow is it to be used ?
ØHow much should it cost ?
ØIs there a market for it ?
ØWill it be made of steel, aluminum ?
ØWhat is the design load?
ØIs the design economically feasible ?
ØIs there a more efficient design ?
And so on ...



Asking questions for solving problem

Clarifying the objectives (i.e. color, cost)
Establishing user requirements
Identifying constraints
Establishing functions
Establishing design specifications
Generating design alternatives
Modeling / Analysing the design
Testing & evaluating the design (test model)
Refining & optimizing the design (optimize features)
Documenting the completed design (fabrication specs)



The design process with 3 stages
Descriptive = linear
Schemes is used as an outline solution
having the spatial and structural
relationship of the principle components.

Estimating costs, weights and overall
dimensions.

OUTPUT è several competing concepts

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Sy
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The design process with 3 stages
Descriptive = linear
Conceptual design
The first creative stage of any design 
concepts such as the choice between 
gasoline or electric powered vehicles.

The most important rule in conceptual 
design stage is to generate a few concepts 
and then select the best.

No sufficient data to desicard any concepts.

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Sy
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The design process with 3 stages
Descriptive = linear

Concept Generation
Typically the hardest part of design so 
involves
• Brainstorming
• Functional decomposition
• Diagramming or Morphological 

charts
Final 

Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Sy
nt

he
sis

An
al

ys
es



Brainstorming

Brainstorming is a method design teams use to generate ideas to solve 
clearly defined design problems. In controlled conditions and a free-
thinking environment, teams approach a problem.



Brainstorming

It was first introduced in 1948 by advertising 
executive Alex F. Osborn in his book "Your Creative 
Power."



Functional decomposition

It is a term that engineers use to describe a 
set of steps in which they break down the 
overall function of a device, system, or 
process into its smaller parts. 



Functional decomposition

This is usually accomplished through thoughtful analysis and team 
discussions of project information and the result is a chart that 
describes the problem and or solutions in increasing detail. 



Pros and Cons

Advantages
• The simplicity of functional 

decomposition diagrams makes it 
very easy to understand complex 
systems.
• Knowing the exact functions and 

sub-functions that make up a 
system allows for more efficient 
organization and better planning.
• Each function can be treated as an 

individual unit, making it possible 
to localize problems at the atomic 
level.
• Makes it apparent which areas are 

more complex than other areas.

Disadvantages
• Either not going deep enough or 

going too deep when breaking 
down a system.
• Doing an unnecessary amount of 

work by creating everything from 
scratch instead of relying on 
templates.
• Excluding clients from the 

discussion.



Functional decomposition

Function 
decomposition 
steps

G. Sun, S.Yao, J.A. Carretero, “An experimental approach to understanding 
design problem structuring strategies”, J. of Des. Res., (2016)



Example: Automated Pencil Sharpener



Example : A hair dryer

J.Pailhes, M.Sallaou, J-P. Nadeau, G.M. Fadel, “Energy based functional decomposition in 
preliminary design”, Journal of Mechanical Design, Vol. 133, N.5 (2011), pp.1-11.



Diagramming or Morphological chart

Morphological Chart Analysis is one of the formal design tools enabling 
collaborative product development. The method was first introduced 
by K.W. Norris in 1963.
In September 1962, Kenneth Norris presented a conference paper “The 
morphological approach to engineering design,” which describes the 
influence of Fritz Zwicky on his and his brother’s engineering work.

Norris, K. W. (1963). “The morphological approach to engineering design”. In J. C. Jones and D. G. 
Thornley (eds.), Conference on Design Methods, Macmillan, New York, pp. 115-140.



Diagramming or Morphological chart

The morphological chart method is based on the General 
Morphological Analysis (GMA) method developed by F. Zwicky, for the 
investigation of non-quantifiable problem complexes.
The method is used for breaking down a problem into sub-functions 
(problem decomposition), generating numerous sub-solutions for these 
(design divergence), and selecting and combining the suitable sub-
solutions into alternative overall solutions (design convergence).

Zwicky, F. (1947). “Morphology and Nomenclature of Jet Engines”. Aeronautical Engineering 
Review, Vol. 6, No 6., s. 49-50. 
Zwicky, F. (1948). “The Morphological Method of Analysis and Construction”. Courant. 
Anniversary Volume. New York: Intersciences Publish., pp. 461-470.



Diagramming or Morphological chart

The morphological chart is 
a table that lists the sub-
functions on the first 
column, and places 
numbers in the cells of the 
heading row to represent 
sub-solutions (generally 
around six).

A-J. Fougeres, E.Ostrosi, “Fuzzy agents communities for product integrated configuration”, 11th 
International Conference on Intelligent Systems Design and Applications (ISDA), (2011)



The morphological method

Norris summarizes the morphological method as applied to 
engineering design as follows: 

STEP 1 Set out the field of investigation
STEP 2 Determine the basis of comparison
STEP 3 Set out assumptions to be fed into the basis of comparisons

STEP 4
“Reduce” the field of investigation by means of a process of 
elimination using the results of 2 and 3 and by any other 
means.



Morphological analysis chart 

Omitting rockets and other space vehicles, 
Norris Brothers Ltd. generated a 
morphological analysis of self-propelled 
vehicle configurations that yielded the 
chart, which includes a total of 81 possible 
vehicles.

A. Álvarez, “The Norris Brothers Ltd. morphological approach 
to engineering design – an early example of applied 
morphological analysis”, Acta Morphologica Generalis, Vol.3 
No.2 (2014), pp.1-6.



The design process with 3 stages
Descriptive = linear

Is design 
feasible ?

Is 
there an unkown 

or vague 
component ?

Add detail research 
discard design

Build/model/simulate/
prototype

Will 
concept 
work?

Acceptable concept Discard concept

no

yes

no

no

yes

yes

Conceptual design

s



The design process with 3 stages
Descriptive = linear
Preliminary design
• It is the embodiment of schemes. 
• Design concepts with their most

important attributes are embodied and
endowed.
• Selection and sizing the major

subsystems, based on lower-level
concerns

(taking into account the performance specifications and the
operating requirements)

OUTPUT è final choise from among them

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Sy
nt

he
sis

An
al

ys
es



The design process with 3 stages
Descriptive = linear
Detailed Design :
It is the third and final stage of the
process with refining the choices
down to down to specific part types
and dimensions. 
Specification rules : formulas, 
algorithms

OUTPUT è final design

Reflect the designer’s experience

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Sy
nt

he
sis

An
al

ys
es



Design process with 4 steps

Clarify the Task

Conceptual Design

Embodiment 
Design

Detail Design



Pahl and Beitz’ Systematic Approach

Pahl and Beitz’ Systematic Approach 
(PBSA) describes engineering design 
as a sequence of four phases: 
(1) Task Clarification, 
(2) Conceptual Design, 
(3) Embodiment Design, 
(4) Detail Design.

G.Pahl, W.Beitz, “Engineering Design: A 
Systematic Approach”, Springer, 2007.



Clarify the task

The design process begins with clarifying 
the design task through to the creation of a 
requirements list. Within the requirements 
list, all requirements are listed as either a 
demand (D) or a wish (W). 

Ø Analyze market and company situation 
Ø Perform technological forecasting
Ø Find and select product ideas 
Ø Formulate a product proposal 
Ø Clarify and elaborate requirements



Requirement list

A requirement list is a nested list, four levels 
deep, that is used to capture requirements.
The clarification of the task with the help of a 
requirements list will have helped to focus 
attention on the problems involved and will 
have greatly increased the particular level of 
information.



Conceptual design

Conceptual design is an early phase 
of the design process, in which the 
broad outlines of function and form 
of something are articulated.
It is a framework for establishing the 
underlying idea behind a design and a 
plan for how it will be expressed 
visually.



Conceptual design

During this phase of the design project the design team should 
investigate other concepts or alternatives.

Conceptual 
design

Detailed 
design

Research

Design Evaluation

TestingImplementation

Deployment

Requirement
SWaPsAlternative

Designs



Conceptual design

Conceptual design is mainly 
composed of three 
subprocesses: 
• requirements engineering,
• concepts generation, 
• evaluation and comparison of 

concepts.

Christophe F., Coatanea E., Bernard A. “Conceptual Design. In: The International Academy for Production 
Engineering”, Laperrière L., Reinhart G. (eds) CIRP Encyclopedia of Production Engineering. Springer, Berlin, 
Heidelberg, (2014).



Conceptual design

This phase of the design process doesn't take a lot of time, but an 
inappropriate selection here can cause insurmountable problems later.

https://www.yankodesign.com/2013/07/26/love-this-iwatch/



Conceptual design

Conceptual design can be 
more effective when the 
design space  is broad and 
accelerated by including 
problem solving and solution 
triggering tools in its 
structure.



Conceptual variants
To allow a confident decision to be made about 
the most suitable principle solution (concept) 
variant, the selected working structures have to 
be developed to a state that allows evaluation.



Theory of Inventive Problem Solving (TRIZ)

Between 1946 and 1985, Genrich Saulovich
Altshuller and his colleagues developed an 
algorithmic approach to problem-solving, 
Theory of Inventive Problem Solving (TRIZ).

Genrich Saulovich Altshuller
(1926 - 1998)

Теория решения изобретательских задач 
(Teoriya Resheniya Izobretatelskikh Zadatch)



Theory of Inventive Problem Solving (TRIZ)

TRIZ was chosen as an 
appropriate analogical tool 
due to the systematic 
structure, relevance to the 
product domain and the 
depth of analogies available 
due to the field having been 
thoroughly explored.

300AD 1940 1960 1980 2000

Time
2020

Content

Heurestics 
rules of thumb

Soviet TRIZ

Simplified TRIZ
De Bono/Buzan

Functional Analysis

QFD
6𝜎 DFMEA

MH Analysis

I. Ekmekci, E.E. Nebati, “Triz Methodology and Applications”, Procedia Computer 
Science 158 (2019) pp.303–315



Evolution of the TRIZ body of knowledge

1946 1985 Time

Level of theoretical 
formalization

Axiomatic 
reformulation

Deductive 
unification

Formative 
stage

- Notion of contradiction
- Levels of inventiveness
- Trial & errors reduction
- Trends of engineering

systems evolution

- 40 principles
- Matrix
- 39 engineering parameters

- Substance-field modeling
- 76 Inventive standards

- 8 laws divided in 3 categories
- Ideality
- Resources

Growth of ARIZ 
process

5th wave : OTSM –
Complex problem 
management

4th wave : Systems of 
inventive standards

3rd wave : Laws of engineering
systems evolution

2nd wave : Invention Principles

1st wave : Consciousness

ARIZ Evolution



Flow Chart for TRIZ



Contradictions Matrix

This tool features the 39 most 
commonly used engineering design 
parameters (size, shape, strength, 
manufacturability, reliability, etc.) 
arranged in a two-dimensional matrix. 

Contradiction matrix is one of the main TRIZ tools. The contradiction 
matrix consists of a list of parameters so that the parameter that is 
getting better can be identified. The most well known of the versions 
of this tool is the ‘Contradiction Matrix’ published by E.Domb. 

Domb, E., “Contradiction Matrix”, TRIZ Journal, Sept 1997. 



Example
If one joint with a heavy component which 
must be disassembled is considered, a low 
disassembly speed will be obtained due to the 
weight, but when disassembling the speed 
must be as fast as possible, resulting in a 
contradiction. 
In order to break this contradiction, 2, 8, 15 
and 38 inventive principles might be used.
2. - Taking out. 
8. - Anti-weight. 
15. - Dynamics. 
38. - Strong oxidants



Classical Contradictions Matrix



The updated Contradictions Matrix



Algorithm of Inventive Problem Solving (ARIZ)

ARIZ is an innovative 
problem-solving 
algorithm. ARIZ is a multi-
step process to find an 
inventive solution. 
ARIZ has been developed 
over a number of years, 
and is a detailed, 
sequential process that 
systematizes the 
individual TRIZ heuristics.



Algorithm of Inventive Problem Solving (ARIZ)

ARIZ is a special analytical tool that gathers substance-field analysis, 
conflict analysis, required function analysis and other techniques.
It is list of (about 85) step-by-step procedures that incrementally 
evolves a complex problem to a point where it is simple to solve.

Алгоритм решения изобретательских задач 
( Algorithm of Inventive Problems Solving)



A brief history
1956 : Genrich Altshuller
developed the first version of ARIZ.
1965 : The name ARIZ was 
introduced (ARIZ-56).
ARIZ-64 : the first Table of Inventive 
Principles was developed
ARIZ-68 :
ARIZ-71 : 39x39 Contradiction 
Matrix Table with 40 Inventive 
Principles 
ARIZ-77 :
ARIZ-82 :
ARIZ-85C : the last modification



Function Model of ARIZ-85C

T. Benjaboonyazit, “Solving the Problem of ARIZ Using ARIZ (Algorithm of Inventive Problem Solving): Case 
Study on Pipeline Maintenance System Design”, Int. J. Systematic Innovation, 4(2), 1-16 (2016)



Augmented Pahl & Beitz systematic design 
approach and ARIZ conceptual design detail

Pahl G, Beitz W “Konstruktionslehre”, Springer, Berlin, (1977)



Susbstance -Field Model of problem
Substance-Field (Su-Field) model is for 
analyze the problems related existing 
technological systems.
Substance-Field (Su-Field) Analysis is a 
TRIZ heuristic that is based on 
modelling.
Both substances and fields are sketched 
as circles.
Su-Field Analysis consists of 5 Steps and 
utilises 5 Model Solutions.



Susbstance -Field Model of problem
The representation also allows a designer to analyze its elements and, 
following a procedure, assess how and what must be changed in order 
to find a solution. 
These procedures are detailed and therefore omitted in this work, 
however more information can be found in Altshuller and Savransky.

Substance-Field (Su-Field) Models

Useful Harmful Useful Insufficient



Susbstance -Field Model of problem
Su-Field models and standard inventive solutions can be used as 
independent tools, as well as elements of more elaborate 
methodologies.

Incomplete models

S

S1 S2

S
F

F

S1 S2

Full Su-Field model A chain Su-Field

A dual Su-Field
S,S1,S2,S3: substances
F,F1,F2: fields



A summary of the main relationships in Su-
Field models



Design repository

It was developed by Matthias Messer.
It is a tool intended to increase a 
designer’s ability to explore design 
options with ease by providing a catalog 
of solution variants from underlying 
phenomena that cause a certain 
behavior.

A snippet of the two components of the repository 

In the first section, the underlying phenomenon is found by 
relating the input and output of the key function in a table of 
phenomena. 

Once the phenomenon is found, a design catalog can be 
opened for that phenomenon based on the desired length 
scale.



Design repository

A design repository is an intelligent, 
knowledge-based design artifact 
modeling system used to facilitate 
the representation, capture, sharing, 
and reuse of corporate design 
knowledge.
The term design repository can 
describe either the modeling system 
(the underlying representation, 
interfaces, and mechanisms) or a 
specific design artifact model and its 
content.

S.Szykman, R.D. Sriram, C.Bochenek, J.W. Racz, J. Senfaute. Design Repositories: 
Engineering Design’s New Knowledge Base, IEEE Intelligent Systems · June 2000, pp.48-55



Embodiment Design

This phase is also referred to as

Øpreliminary design
Øsystem-level design. 

The term Embodiment design is coined by G. Pahl and W. Beitz and 
adopted mostly by modern European engineering product design 
managers.

Pahl G and Beitz W, “Engineering Design: A Systematic Approach”, Springer, Berlin, (2007) .



Embodiment Design

After the concept, or a couple of concepts, have been selected for 
further study, the shape, size, power, materials, configuration, etc. 
begin to take form. 
The first sketch showed only rudimentary form and shapes. 
Next the configurations and connections must start to emerge from the 
design processes. 



Embodiment Design

The classical embodiment approach can be separated in three main 
steps:

The second step to develop detailed solutions from the 
preliminary solutions designed in the first step. 

The first step starts from the design concept and aims to develop 
preliminary solutions that meet the customer requirements.

After the preliminary solution is designed, evaluation and 
verification phases are performed to check the solution regarding 
technical and economic criteria.



Embodiment Design
Embodiment design phase of an engineering product design follows 
the concept design phase where various concepts are generated and 
evaluated to produce a single final concept.

Product architecture

Design configuration

Parametric design



SCAMMPERR method

S - Substitute - components, materials, people
C - Combine - mix, combine with other assemblies or services, integrate
A - Adapt - alter, change function, use part of another element
M - Magnify - Make it enormous, longer, higher, overstated, added features
M - Modify - increase or reduce in scale, change shape, modify attributes 
(e.g. colour)
P - Put to another use
E - Eliminate - remove elements, simplify, reduce to core functionality
R - Rearrange - change the order, interchange components, change the 
speed or other pattern.
R - Reverse - turn inside out or upside down.



SCAMMPERR method

SCAMMPERR method is a 
technique of creativity also 
called "crushing technique" 
proposed by Alex Faickney
Osborn in 1953 and developed 
by Bob Eberle in 1971.

A.F. Osborn, “Applied Imagination”, Oxford: Scribner’s, 1953. 
B. Eberle, “Scamper on: For Creative Imagination Development”, Cheltenham : Hawker 
Brownlow Education, 1990. 
B. Eberle, “Scamper on: Games for Imagination Development”, Texas: Prufrock Press Inc, 1996.



SCAMMPERR method

SCAMMPERR is a technique which provides a methodical and practical 
way of stimulation of the divergent thinking, the imagination, the 
originality, and the intuition.
In general, there are two important ways to develop the SCAMMPERR 
method.



SCAMMPERR method

Generate creative ideas from a 
problem or a topic: using 
SCAMMPERR for creativity and 
problem solving.

Apply SCAMMPERR on the results 
of a previous technique of 
stimulation of ideas: it aims to 
filter all the resulting ideas to 
focus on the best ones.

To improve 
a service SCAMMPERR

Idea 1
Idea 2
…

SCAMMPERR Best idea 1
Best idea 2

Idea 1
Idea 2
Idea 3
…



SCAMMPERR method

One of the great uses of 
SCAMMPERR as well is using 
it as a filter for the results of 
a brainstorming session.
In the example below we 
run all the ideas we have 
from brainstorming to focus 
on the best ideas.



SCAMMPERR operators
S Substitute Components, materials, elements (ideas, people, features, servises)

C Combine Mix, combine with other ideas or services, add functions, elements 
or systems

A Adapt Alter, change functions, modify a part of an element, utilize a part of 
another element

M Magnify Enlarge, make it enormous, higher, longer, add functions, features or 
additional capabilities

M Modify Modify scle (increase or reduce it), shape (color, audio, …), attributes 
(texture, design, …)

P Put to another use Use it in a diffetent context, identify more usage or advantages
E Eliminate Delete elements, components, reduce, simplify, minimize

R Rearrange Change the order, the sequence, interchange components, change 
patterns,

R Reverse Turn inside out, upside down, transpose, revese usage



General process of SCAMMPERR

Expert

Validator

Users
Choose

Send decisions

Idea or claim

Respond

Analyse and make 
decisions

Elaborate SCAMMPERR 
online questionnaire 
and publish it

Analyse and make 
the final decision



Case diagram of SCAMMPERR

Validator

Expert
User

Dblog

SCAMMPEPR Online 
Questinnaire

SCAMMPERR

Propose Problem/Idea

Make decisions

Mark decisions

Apply SCAMMPERR

Consult decisions

Publish online 
SCAMMPERR Questinaaire

Choose validators

Evaluate users

Promote users

Monitoring 

User

Validator

Expert



Detail Design

After the configuration of each of the components and the connections 
between the components is set in the embodiment phase, the 
tremendous task of detail design begins. 
What size bolt, how many bolts, glue or bolt or weld, materials to be 
used, details of the power system.



The design process with 5 stages
Extended = linear
The 3-stage model can be formally extended to a 5-stage model.
It is a linear model.

Pre-processing :
Problem definition – identifying the work done with the client’s
statement

Post-processing :
Design communication – identifying the work done after detailed
design



The design process with 5 stages
Extended = linear

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design Fabrication specs & 
documentation

Problem Definition

Design Communication



The design process with 5 stages
Prescriptive

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Problem Definition

Design Communication

Fabrication specs

& documentation

#10 document design

#9 refine & optimize design

#7 model / analyze design

#8 test & evaluate design

#5 establish design specs

#6 generate alternatives

#1 clarify objectives

#2 establish user reqir.s

#3 identify contraints

#4 establish functions



Analysis of Design Solutions 

Every design problem is unique and requires different types of analysis. 
The following is a list of analysis that may need to be considered :

Functional analysis Manufacturability/Testability 
Industrial design/Ergonomics Product safety and liability 
Mechanical/Strength analysis Economic and market analysis 
Electrical/Electromagnetic Regulatory and Compliance 



The design process with 5 stages
Prescriptive

Client’s 
statement

documented to the client 10 design tasks identified within the 5-
stages

Problem 
definition

clarifying the objectives
Output èdetailed objectives + contraints

Conceptual 
design

generation of concepts
Output èscheme + design specifications

Preliminary 
design

identification of the principal attributes.
Output èa selected design

Detailed design refienment and detailed definition
Output è final design review

Design 
communication 

documenting the fabrication specs.
Output è fabrication specifications



The design process with 5 stages
Prescriptive – with feedback

Final 
Design

Conceptual design

Client’s
Statement

Preliminary design

Detailed design

Problem Definition

Design Communication

Ve
rif
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Product



The design process with 5 stages
Prescriptive – with feedback
Two important elements in design are thinking and behaviour. The first
of them is feedback and the other is iteration.

1st loop : feedback (internal)

The results of performing the test and evaluation task are feed- back
into the preliminary design stage to verify that the design performs.

2nd loop : iteration (external)

User feedback provides validation for the design.



The design process with 5 stages
Prescriptive – with feedback

Input clientʼs statement

Sources codes & regulations, experts

Tasks Ø clarifying design objectives
Ø identifying constraints

Methods Ø objectives tree
Ø requirements matrix

Means Ø brainstorming
Ø user survey & questionnaires

Output
Ø Detailed objectives
Ø Constaints
Ø functions

Problem 
definition
stage



The design process with 5 stages
Prescriptive – with feedback

Input constraints & functions

Sources competitive products

Tasks Ø establishing design specs
Ø generating design alternative

Methods Ø performance specification method
Ø morphological chart

Means Ø brainstorming
Ø reverse engineering

Output Ø conceptual design
Ø design specification

Conceptual 
design
stage



The design process with 5 stages
Prescriptive – with feedback

Input conceptual design

Sources heuritics & simple models

Tasks Ø model and test
Ø evaluate conceptual design

Methods Ø weighted objectives tree
Ø pairwise comparision chart

Means Ø metric definition
Ø simulation & computer analysis

Output Ø a selected design

Preliminary
design
stage



The design process with 5 stages
Prescriptive – with feedback

Input selected design

Sources design codes & handbooks

Tasks Ø refine the chosen design
Ø optimize the chosen design

Methods Ø discipline specifications
Ø CADD

Means Ø formal design reviews
Ø beta testing

Output Ø proposed fabrication specs
Ø final design review

Detailed
design
stage



The design process with 5 stages
Prescriptive – with feedback

Input fabrication specs

Sources feedback from clients

Tasks Ø document the completed
design

Methods N/A

Means N/A

Output
final report
1- fabrication specs
2- justification for fabrication specs

Design 
communi-
cation
stage



The design process with 7 steps
Define the problem 

Do background 
research

Specify requirements

Brainstrom, evaluate, 
choose solution

Develop and 
prototype solution

Test solution

Solution meets 
requirements

Solution meets requirements 
partially or not at all

Communicate results

Based on results and 
data, maka design 

changes, prototype, 
test again and review 

new data



Overview of Design Method
Planning
Requirement list
Product inquest
Product strategies
Project management
House of Quality

Conceptual Design
Invention methods (Brainstorming, TRIZ …)

Evaluation Methods
Sensitivity analysis

DFX-guidelines
Design review

Embodiment Design
Requirement list
Product inquest
Product strategies
Technology management
Project management

Detailed Design
Checklists for design review

Evaluation methods
Optimization strategies

Method



Overview of Computer Aided Tools
Planning
Requirements management
CAD-based design space

Conceptual Design
CAD

FEM (dimensioning)
Topology optimization
Technology databases

Material databases

Embodiment Design
CAD and DMU & FEM (proof of concept)
Parameter optimization
Technology databases
Material databases
Feasibility studies

Detailed Design
CAD and Digital Mock Up

FEM (proof of design)
Parameter optimization

Tools



Role of Computer Aided Tools in Product 
Development



Trends in product design



Trends in Product Development

• Increased variety, “mass 
customization”
• Increased focus on customer 

requirements
• Decreased product lifecycles
• Increased product complexity
• Decreased time to market
• More design by suppliers
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Time to market

Product life























Product lifecycle management

PLM refers to the handling of a good 
as it moves through the typical 
stages of its product life: 
development and introduction, 
growth, maturity/stability, and 
decline.
It represents an all-encompassing 
vision for managing all data relating 
to the design, production, support 
and ultimate disposal of 
manufactured goods.



Product lifecycle management



Trends in product development



Abbrivations
ARIZ Algorithm of Inventive Problem 

Solving 

CE Concurrent engineering

DFD Data flow diagram

DfE Design for environment

DPD Dynamic product development

FFBD Functional flow block diagram

FSSD Framework for strategic sustainable 
development

GMA General Morphological Analysis

LCA Life-cyle assesment

MSPD Method for sustainable product 
development

PLM Product lifecyle management

SPD Sustainable product development

TRIZ Theory of Inventive Problem Solving 


