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What is engineering?

• “the application of science and 
mathematics by which the 
properties of matter and the 
sources of energy in nature are 
made useful to people” 
[Merriam-Webster]
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What is engineering?

• “the application of a 
systematic, disciplined, 
quantifiable approach to 
structures, machines, products, 
systems or processes” [IEEE]
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Engineering design

• Engineering design is the process of devising a solution to a given 
problem through a systematic, disciplined, quantifiable approach 
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Engineering 
Design

Problem 
Statement

Solution

• Engineering design is a problem solving activity to come up with a 
feasible solution from a set of possible solutions



Feasible solution

• In engineering, a problem usually has many possible solutions that 
satisfy requirements

• Engineering design involves choosing a feasible solution that satisfy 
constraints
• Example constraints: cost, power source, physical dimensions or weight
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“Wicked problem”

• Many engineering problems can be 
considered “wicked problems”
• Open ended and vaguely defined

• There are usually several alternative 
ways to solve the problem

• How to solve wicked problems?
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Source: https://www.wicked7.org/what-is-a-wicked-problem/



Solving a wicked problem
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This Photo by Unknown Author is licensed under CC BY

• A wicked problem is one that could 
be clearly defined only by solving it 
or by solving part of it

• Therefore: A wicked problem has 
to be solved once in order to 
define it clearly and then solved 
again to create a solution that 
works

https://courses.lumenlearning.com/technicalwriting/chapter/unit-3-using-appropiate-language-and-tone-avoiding-confusing-terms-lecture-2/
https://creativecommons.org/licenses/by/3.0/


Steps in engineering design

1. Define the problem

2. Gather pertinent information

3. Generate multiple solutions

4. Analyse and select a solution

5. Implement the solution

• Not necessarily linear but more iterative: knowledge gained at 
any step may be used to inform earlier tasks and an iteration in 
the process

10



Defining the problem

• Done at the proposal stage

• Involves gathering the requirements
• For industry projects, this may involve 

identifying product functions and features

• Refining the problem statement to identify 
the real problem to be solved and setting 
the design goals
• For certain projects (e.g. industry projects), this 

may also involve stating the project success 
criteria
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This Photo by Unknown Author is licensed under CC 
BY-NC

https://freepngimg.com/png/88486-television-behavior-wallpaper-question-desktop-human-highdefinition
https://creativecommons.org/licenses/by-nc/3.0/


Gathering pertinent information

• Expand your knowledge about the 
problem and existing solutions

• Conduct background research to know 
how existing work solves the problem 
and their limitations

• This phase may reveal facts that can lead 
to the redefinition of the problem
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This Photo by Unknown Author is licensed under CC BY-SA-NC

https://www.enago.co.kr/academy/how-can-you-tell-if-your-research-is-making-an-impact/
https://creativecommons.org/licenses/by-nc-sa/3.0/


Generating multiple solutions

• Conceptualize multiple possible 
solutions and refine them to a 
sufficient level of detail that a 
comparison can be done among 
them
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https://smallgroup.pressbooks.com/chapter/problem-solving/
https://creativecommons.org/licenses/by-nc-sa/3.0/


▶ Articulating your design

• Articulating and documenting your design solution is critical as 
often the case, someone else would be implementing it

• This usually involves the use of appropriate diagrams with different 
level of detail:
• High-level design: usually refers to the system architecture and is depicted 

in a systems architecture diagram

• Detailed or low-level design: usually refers to the design of every 
component in the system
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▶ ▶High-level design

• Use systems level diagrams that you have learnt in the past

• Usually includes the different systems/subsystems that your project 
is using/interfacing with 

• Show how your system/subsystem interacts with the other 
components, including external stakeholders
• Interacting components are usually directly connected using lines or arrows

• At the systems level, defer decisions as much as possible!

15



▶ ▶ System architecture example 1

16

Source: Rabl, Tilmann, Hans-Arno Jacobsen, and Serge Mankovskii. "Big data challenges in application performance 
management." Proc. 5th Extremely Large Database Conf.. 2011.



▶ ▶ System architecture example 2
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▶ ▶ System architecture example 3
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▶ ▶ System architecture example 4
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Hardware

Source: Dinesh, M., and K. B. Bhaskar. "Smart Highway Accident Alert Using Raspberry Pi Camera." Journal of Digital 
Integrated Circuits in Electrical Devices 5 (2020).

MCU

RTCOscillator

900 MHz RF 
Transceiver

SD Card

Temperature 
Sensor



▶ ▶ Low-level design

• Use appropriate diagrams that you have learnt in the past

• For software, you can use the 4+1  architectural view model 

• For algorithms and protocols, flowcharts, state diagrams, message 
sequence diagrams, timing diagrams or even pseudocodes would 
also be suitable

• For hardware, you can use circuit schematics diagrams and/or 
wiring diagrams
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Analysing and selecting a solution

• Functional analysis to assess whether proposed design would 
meet the functional requirements

• For designs involving human users, there is also a need to analyse 
ergonomics and user-friendliness

• Other aspects include: performance, cost, safety

• The types and amount of analysis depends on type of problem and 
the needs that the solution must address, and the constraints 
imposed on the design
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▶Modelling & simulation

• Modelling: abstraction process used to represent some aspects of a 
system

• Simulation: uses the model and provides a means of conducting 
designed experiments with that model to better understand the 
system, its behaviour, and relationships between subsystems, as 
well as to analyse aspects of the design

• Engineers use modelling and simulation to construct theories or 
hypotheses about the behaviour of the system, then use those 
theories to make predictions about the system
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▶Model types
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• Iconic: visually equivalent but incomplete 
2-dimensional or 3-dimensional 
representation

• Analogic: functionally equivalent but 
incomplete representation; the model 
behaves like the physical artefact even 
though it may not physically resemble it

• Symbolic: model is represented using 
symbols such as equations and captures 
relevant aspects of the process or system in 
symbolic form

1) 
https://www.popularmechanics.com/technology/infra

structure/a20907/third-grader-bridge/

F = ma

2) He, Xiaowei, Mathieu Le Provost, and David R. Williams. 
"Dynamic active flow control of the roll moment on a 
generic ucas wing." 2018 AIAA Aerospace Sciences Meeting. 
2018.

Source: 1

Source: 2



Implementing the chosen solution

• Development and testing of the chosen design

• May involve the development of a prototype to test the chosen 
solution under certain conditions
• Feedback may be used to refine design or motivate the selection of an 

alternative design solution

• Documentation of the design solution as well as of the tradeoffs
for the choices made in the design of the solution is critical!
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▶ Prototyping

• An abstraction process where a partial representation (that 
captures aspects of interest) of the product or system is built

• A prototype may be an initial version of the system but lacks the full 
functionality of the final version

• For hardware, the prototype may actually be the first fully 
functional version of a system or it may be a model of the system

• For software, the prototype is an abstract model of part of the 
software, not constructed with all of the architectural, performance, 
and other quality characteristics expected in the finished product
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▶ Software prototypes (4 common types)

• Source: https://medium.com/fold-line-gold/four-common-types-of-software-prototypes-
8fa275c0602f
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▶Hardware prototypes (3 stages)

• Source: https://predictabledesigns.com/the-essential-guide-to-
prototyping-your-new-electronic-hardware-product/
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Proof of concept (POC) “Looks like” prototype “Works like” prototype

Source: 
https://community.element14.com/members-
area/personalblogs/b/ralph-yamamoto-s-
blog/posts/camera-module-for-raspberry-pi-
pico

Source: 
https://medium.com/abilista/prototype-of-your-
invention-b87e8efb0c08

Source:
https://predictabledesigns.com/the-essential-guide-
to-prototyping-your-new-electronic-hardware-
product/



Reality check

• Your design probably ignored unknown unknowns
• System may behave unexpectedly in certain situations

• Your system has higher probability of failing than working…
• Design errors

• Implementation errors

• Runtime errors

• Many other sources of noise/error

• How to improve success probability?
• Test thoroughly to uncover many errors

• Design for robustness: make system work correctly even in the presence of 
errors!



And even when it works most of the time…

Does it solve the problem that you want to 
solve in the first place?





What next? Design review

• You should engage with your supervisor or peers for feedback 
before prototyping/implementing your chosen solution

• Suggested activity:
1. Develop several design solutions to your problem

2. Choose one of the design solutions using appropriate analysis

3. Document your decisions and chosen design using appropriate diagrams 
and explanations

4. Present your chosen design solution, including your decisions, to your 
supervisor and/or peers and ask for feedback
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