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	Which medical imaging technique? - Practical

	
	
	

	Investigate aspects of biomedical signal processing

                                                           

	Subject(s):  Science, Design & Technology
Approx time: 45 mins 
	
	Key words / Topics: 
· digital
· analogue
· signals
· circuits
· applications & implications of science and technology 


	Suggested Learning Outcomes
	
	

	· Understand that different types of waves have different types of properties that can be exploited for medical purposes and know what those properties are 
· As a result of the above, have an understanding of the workings of different types of imaging systems and know that their different properties mean that they are suited to different tasks, specifically in hospitals

	

	Introduction
	
	

	The use of different types of signals is hugely important in all areas of healthcare. Signal processing engineers are involved in everything from extracting information from the body’s own electrical and chemical signals to using wireless signals to allow search-and-rescue robot swarms to communicate with each other.

These resources allow students to investigate the wide range of sophisticated imaging technology available in modern hospitals, and to explore the latest ideas in search-and-rescue robotics.

Purpose of this activity

The ‘Which Imaging Technique?’ activity is extended with this additional practical session in which students investigate aspects of signal processing.

	
	
	

	Activity
	
	Teacher notes

	1. Arrange students into teams of three or four. There will need to be an even number of teams in the class.

Explain the session.

Biomedical signal processing is all about extracting clinically useful information from signals produced by the body.

These are usually electrical signals in the brain, heart and wider nervous system. These signals can be recorded and processed in a number of ways, mainly involving the use of computers to create images.

A crucial part of this process is the conversion of the analogue signals produced by the body into digital signals which can be processed by computers.

The task that students are going to undertake is to work in teams to convert an analogue brain signal (that you will have drawn prior to the lesson (see Teacher notes) into a digital format and transmit it across the classroom to another team using flashes from the LED on the Digital Communicator they will need to build. The other team will record the digital format and rebuild the original waveform from that information.

The teams will need to split the task into two parts which will be carried out simultaneously. These parts are:

· creating a digital signal from the analogue waveform 
· building the digital communicator 
Ensure that teams have assigned the tasks to particular team members before beginning the activity.

(ca 10 minutes)

2. Give each team copies of the following: 
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  Building the Digital Communicator (Handout)
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  Analogue to Digital Conversion (Helpsheet) 
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  Record Your Waveform (Worksheet)
Also give those students doing the waveform conversion a completed waveform printout. They will need to prevent other teams from seeing this.
Ensure that all teams have got the necessary equipment and materials for building the digital communicator.

Start the activity. (ca 5 minutes)


	
	Pre-lesson preparation required:  Draw a number of simple waveforms, using the provided blank Waveform Printout worksheet. These should be no more than one complete cycle and should vary from each other in terms of their basic form, amplitude and wavelength. There should be one completed waveform sheet for each team.
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  Waveform Printout (Worksheet) 

The construction of the digital communicator is straightforward but it will probably be useful to run through the analogue-to-digital and digital-to-analogue conversion process with the whole class.



	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	 
	
	The ‘Seeing Illness’ challenge tasks students with designing a new sensor system to detect passengers who may be carrying a dangerous disease.
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Sensing Illness (Challenge)

	
	
	

	Resources
	
	Required files                              [image: image6.png]
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	Resources required per team

· 1 x non-latching push to make switch 
· 2 x 3-metre leads and one short one (ideally with crocodile clips attached)
· 1 x LED 
· 1 x 470 ohm resistor 
· 1 x 9V PP3 battery 
· 1 x battery snap 
· 6 – 10 Crocodile clips (quantity depending on the terminals)
As an alternative to using crocodile clips, this circuit could be constructed using two prototype boards (also known as breadboards): one for the battery & switch side and the other for the LED & resistor side. In this case, the wire will be pushed into the relevant connection on the prototype board, rather than wrapped or twirled around the connector on the crocodile clips. 
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  Building the Digital Communicator (Handout)
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  Analogue to Digital Conversion (Helpsheet) 

[image: image11.png]


  Record Your Waveform (Worksheet)
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  Waveform Printout (Worksheet) 
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  Sensing Illness (Challenge)



	
	
	

	Additional websites
	
	

	· Wikipedia: Entry for ‘Medical imaging’ (http://en.wikipedia.org/wiki/Medical_imaging) provides a good overview of the variety of medical imaging techniques available.
· Cancer Research UK: The section ‘Cancer tests’ within ‘General cancer information’ (https://www.cancerresearchuk.org/about-cancer/cancer-in-general/tests) provides details of different cancer tests.


	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· FILM: Mind Mapping 

· FILM: Mind Control

· ACTIVITY:  Engineers Can Read Your Mind
· ACTIVITY:  Making Waves
· ACTIVITY:  Medical imaging
Main (Options)

· ACTIVITY:  Which medical imaging technique?
· ACTIVITY:  Which medical imaging technique? Practical
	Extension (Options)

· ACTIVITY: Robot Swarms

Plenary

· GAME: Move It

· QUIZ: Brainwaves

· Opportunities within activity for presentations, peer/self assessment

· Reflection on Objectives and PLTS skills used

	
	
	

	The Engineering Context    [image: image14.png]




	· The story Mind Mapping 

· The story Mind Control


	
	
	


	Curriculum links 

	England: National Curriculum
Science 

· KS3 1a, 3c, 3d, 3e, 24c 
· KS4 1.2a,c, 1.3a, 2.3b
Design & Technology 

· KS3 2a, 2b, 3b, 3d, 4c
GCSE

AQA Design and Technology 

· 3.1.1, 3.1.4, 3.2.5
Edexcel Design and Technology

· 1.1.4, 1.2.2, 1.3.2, 1.6.2, 1.6.3, 5.2.1, 5.2.2, 5.2.3, 5.2.5, 5.2.6, 5.6.1, 5.6.2, 5.7.3, 5.8.1
Eduqas Design and Technology

Technical principles - Core knowledge and understanding

· 1. The impact of new and emerging technologies on: industry, enterprise, sustainability, people, culture, society, the environment, production techniques, systems

· 2. How the critical evaluation of new and emerging technologies informs design decisions; considering contemporary and potential future scenarios from different perspectives, such as ethics and the environment

· 5. How electronic systems provide functionality to products and processes, including sensors and control devices to respond to a variety of inputs, and devices to produce a range of outputs

Technical principles - In-depth knowledge and understanding

· 1. The sources, origins, physical and working properties of the material categories or the components and systems, and their ecological and social footprint

· 6. Specialist techniques and processes that can be used to shape, fabricate, construct and assemble a high quality prototype, including techniques such as wastage, addition, deforming

· and reforming, as appropriate to the materials and/or components being used

OCR Design and Technology

· 2.1a, 3.1a, 3.3a, 5.2a, 5.2b, 5.2c, 5.4a, 6.4a, 6.4b

AQA Engineering

· 3.2.5, 3.3.2, 3.3.3, 3.6

AQA Combined Science: Synergy

· 4.7.2.2, 4.7.2.4

AQA Combined Science: Trilogy

· 6.2.1.1, 6.2.1.3

Edexcel Combined Science

· 10.2, 10.10, 10.13, 10.16, 10.17

Eduqas Combined Science

7.1d, 7.1f

OCR Gateway Science Combined Science A

· P3.2

OCR Twenty First Century Science Combined Science B

· P3.1

AQA Physics

· 4.2.1.1, 4.2.1.3

Edexcel Physics

· 10.2, 10.10, 10.13, 10.16, 10.17

Eduqas Physics

· 7.1c, 7.1d, 7.1f

OCR Gateway Science Physics A

· P3.2

OCR Twenty First Century Science Physics B

· P3.2


	Northern Ireland Curriculum
Science

Developing pupils’ knowledge, Understanding and Skills

· develop skills in scientific methods of enquiry to further scientific knowledge and understanding:
· Using electricity
· Sound and light
(Objective 2) Developing pupils as Contributors to Society
· ethical awareness

(Objective 3) Developing pupils as Contributors to the Economy and the Environment
· investigate a product of economic importance to determine the science behind it

Technology & Design

Developing pupils’ Knowledge, Understanding and Skills

· manufacturing – selecting and using materials fit for purpose; safe use of a range of tools and processes appropriate to materials, demonstrating accuracy and quality of outcome
· control – incorporate control systems, such as mechanical, electronic or computer-based, in products and understand how these can be employed to achieve desired effects.

(Objective 1) Developing pupils as Individuals

· abide by health and safety rules when using tools, machines and equipment
(Objective 2) Developing pupils as Contributors to Society

· ethical Awareness
Learning Outcomes

· demonstrate practical skills in the safe use of a range of tools, machines and equipment;

· show deeper understanding by thinking critically and flexibly, solving problems and making informed decisions, using Mathematics and ICT where appropriate;

· work effectively with others;

· communicate effectively in oral, visual (including graphic), written, mathematical and ICT formats showing clear awareness of audience and purpose.

	Scotland: Curriculum for Excellence
Sciences

· SCN 3-09a, SCN 3-11b, SCN 3-20a, 3-20b

· SCN 4-09a, SCN 4-11b, SCN 4-20a, 4-20b

Technologies

· TCH 3-01a, TCH 2-12a / TCH 3-12a, TCH 3-13a, TCH 3-15a
	Wales: National Curriculum
Science

· KS3 Skills (Enquiry; Communication 1-3; Developing 1-7)

· KS3 Range (How things work 1, 3, 6)


· KS4 Skills (Enquiry & Practical skills 1; Communication 1)

· KS4 Range (Energy, Electricity & Radiation 2, 4)

Design & Technology
· KS3 Skills (Designing 1, 2) 

	
	


	Assessment opportunities

	

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Creative Thinker

· Team Worker




