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	1
	Programme Title
	Bioengineering: Biomedical Imaging & Sensing

	2
	Programme Code
	EEET36 (MSc)
EEET37 (PG Diploma)
EEET38 (PG Certificate)

	3
	JACS Code
	H160, H166, H167

	4
	Level of Study
	Postgraduate

	5
	Final Qualification
	MSc (Eng)

	6
	Intermediate Qualification(s)
	Postgraduate Diploma, Postgraduate Certificate

	7
	Teaching Institution (if not Sheffield)
	Not applicable

	8
	Faculty
	Engineering

	9
	Home Department
	Electronic & Electrical Engineering

	10
	Other Department(s) involved in teaching the programme
	ACSE

	11
	Mode(s) of Attendance
	Full-time

	12
	Duration of the Programme
	2 year

	13
	Accrediting Professional or Statutory Body
	The Institution of Engineering and Technology(IET)/Institute of Physics and Engineering in Medicine(IPEM)

	14
	Date of production/revision
	February 2016


15. Background to the programme and subject area

	Biomedical Imaging and Sensing is, in a broad sense, a set of competencies to support medicine: collecting data from patients via a wide range of physical sensing/imaging processes and using computational processes to extract information that is of use to clinicians. In an even wider sense, this subject also covers extracting an analysing data from very large databases to help inform medical therapies.
This programme will provide graduates from a range of numerate disciplines, including engineers and scientists, wishing to develop their skills further, with a thorough understanding of the sensing, imaging, information processing and computational approaches to dealing with biomedical data. It will, further, be tied in with the underlying biology. It will be put forward for “accreditation” by the IET/IPEM as a package of further learning which, when combined with an appropriate accredited BEng(Hons) degree, will satisfy the educational requirements for becoming a Chartered Engineer. It is delivered with a bias towards research and development. To this end, it is delivered over two years and most of the second year will consist of an extended research project. We expect most graduates from this programme either to gain employment in the R & D biomedical sector or to embark on further studies leading to a PhD, either at Sheffield or elsewhere.
Further information about the programme may be found on the internet at http://www.shef.ac.uk/eee/.


16. Programme aims

	The aims of the programme are to:

· provide access to a Masters level degree course in biomedical imaging and sensing to graduates or professionals from a variety of backgrounds.

· foster in students a commitment to self-improvement and continuing professional development.

· provide students with a detailed knowledge and understanding of the rapidly developing field of engineering and science as applied to biomedicine.

· give students the opportunity to study particular aspects of biomedical imaging and sensing in depth.

· provide teaching that is underpinned by the research attainment and scholarship of the staff.
· prepare students for a professional career in the biomedical research and development sector.
· provide students with exposure to translating engineering principles and technologies to the clinical and biological arena.
· provide students with “accredited” further learning which together with an appropriate BEng(Hons) degree will satisfy the educational base needed to become a Chartered Engineer.


17. Programme learning outcomes

	Knowledge and understanding

By graduation students will have knowledge and understanding of:

	K1
	the principles of biomedical sensing and imaging, with in-depth knowledge in the physics of a range of sensing/measurement areas and the underlying biology.

	K2
	advanced information processing and computational methods relevant to biomedical data.

	K3
	state-of-the-art sensing systems and imminent developments in the field in biomedicine.

	K4
	the research methods and scientific techniques relevant to biomedicine and, in particular, imaging.

	K5
	the area of their individual research topic (MSc only).


	Skills and other attributes

By graduation students will be able to:

	S1
	gather, organise and critically evaluate information needed to formulate and solve problems.

	S2
	apply acquired knowledge effectively and efficiently in any relevant application.

	S3
	produce oral and written communications appropriate for the presentation of technical information.

	S4
	work independently on technical problems all the way from their identification to their resolution.

	S6
	manage time effectively.

	S7
	understand how to translate unmet biomedical needs into meaningful innovations on technological systems and methods.

	S8
	plan and execute a major research based investigation (MSc only).


18. Teaching, learning and assessment

	Development of the programme learning outcomes is promoted through the following teaching and learning methods:

· Lectures – used to transmit information, explain theories and concepts, and illustrate methods of analysis design.
· Labs – used to hone practical skills and to provide students with an opportunity to look at the design of experiments, and to exemplify the theoretical taught material.
· Coursework assignments – generally require students to seek additional information and work on their own, or sometimes in small groups, to develop understanding of subject matter.
· Problem Sheets – to assist students with their understanding and to resolve specific problems.
· Interdisciplinary Seminars – to gain exposure to cross-disciplinary problems from an end-user perspective and develop the skills to identify unmet clinical or biological needs where technology can act to enable novel understanding, more accurate diagnoses and prognosis, and more effective treatment.
· Dissertation – (MSc only) a major individual research study supervised by a member of academic staff and possibly a partner from industry, allows the student ample scope to display initiative, originality and creativity.

	Opportunities to demonstrate achievement of the programme learning outcomes are provided through the following assessment methods:

· Written examinations – usually of two/three hours duration with three out of four/four out of six questions to be attempted.

· Coursework submissions – these include literature studies, computational assignments and research reports.

· Oral presentations / interviews – students present their research work to their supervisors and peer group.

Individual project reports – interim and detailed final reports (MSc only) are written describing the research work.
The teaching, learning and assessment methods adopted for each learning outcome are shown below. In general the learning outcomes will be achieved and assessed by a variety of means and only the more important relationships are indicated in the matrix.

	LEARNING OUTCOME

(outcomes in abbreviated form here - see section 17 for the full text)
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The overall proportions of assessment by the various methods are given in the following table:

Proportions of total assessment (%)

Written examinations

47
Coursework submissions

16
Oral presentations / interviews

3

Individual investigative project reports

34



19. Reference points

	The learning outcomes have been developed to reflect the following points of reference:

Subject Benchmark Statements
http://www.qaa.ac.uk/assuring-standards-and-quality/the-quality-code/subject-benchmark-statements
Framework for Higher Education Qualifications (2014)
http://www.qaa.ac.uk/assuring-standards-and-quality/the-quality-code/qualifications
University Strategic Plan

http://www.sheffield.ac.uk/ourplan/
Learning and Teaching Strategy
http://www.sheffield.ac.uk/lets/strategy/lts
UK-SPEC, Engineering Council (2014).
http://www.engc.org.uk/ukspec.aspx


20. Programme structure and regulations

	The following diagram provides an overview of the program structure. The programme structure is modular and runs full time for 24 months. This design recognises both the diversities of interests and educational itineraries that students may be attracted to pursue as well as the need for cross-disciplinary and research-intensive training in this domain of specialisation.
Students study 120 credits over the autumn and spring semesters in Year 1: each taught module is worth either 10 or 15 credits (which, generally, run across both semesters). Modules in Year 1 are classified in three main blocks (A, B or C) representing the three main strands on knowledge to be gained and their relative importance in the intended profile. Block A is focused on “Principles of Biology and Physiology for Engineers and Scientists” and is composed primarily of 10-credit modules offered in other Faculties and Departments. There is a program-specific and compulsory seminar series entitled “Interdisciplinary Seminar on Unmet Biomedical Needs in Imaging and Sensing” that will run throughout Year 1 and help students in understanding the challenges behind imaging and sensing in the clinical and biological contexts. Within this seminar, there is also the possibility for industrial talks to be offered to students. The students will have to choose as a minimum 10 credits from Block A (i.e. the Interdisciplinary Seminar) and a maximum of 30 credits from a range of options available. The Seminar Series will also provide a wider context and exposure for the students to choose their MSc Research Thesis in Year 2. The remaining 90 to 110 taught credits will be taken from either Block B and C from a limited set of modules offered in each category. Block B is a set of modules focused on physical principles and systems for biomedical imaging and sensing while Block C is a set of modules focused on information processing and computational modelling methods in biomedical imaging and sensing. Each student will take at least 15 credits from each of these blocks. Consequently, Blocks B and C constitute the main taught component of this program with a minimum of 90 credits and a maximum of 110 credits taken from the pool of modules associated with these blocks.
In Year 2, students may pursue Block D as a limited range of options: a 90 credit project and 30 credits of further taught modules; a 90 credit project in conjunction with a short industrial placement or a placement elsewhere in another University (subject to the student being able to arrange and fund this); or a 120 credit research project). All projects will prioritise cross-disciplinary research by having a primary supervisor in the Faculty of Engineering and a second supervisor in the Faculties of Medicine, Dentistry and Health or in Science. A student who does not perform well enough in the first year (meeting the 105 credit requirement with no mark below 40) will be considered, instead, for the award of a PG Diploma/Certificate and will not be allowed to proceed to Year 2.
Of the 240 credits, students are required to take a minimum of 100 compulsory credits (Blocks A to C as per above). The modules are designed to develop depth of knowledge and skill essential in pursuing careers or research related to various aspects of systems and methods related to biomedical imaging and sensing.

	Detailed information about the structure of programmes, regulations concerning assessment and progression and descriptions of individual modules are published in the University Calendar available on-line at http://www.sheffield.ac.uk/calendar.


21. Student development over the course of study
	Taught modules - Upon successful completion of the taught modules, students from across the range of different backgrounds will have developed a thorough understanding of the fundamental principles underlying biomedicine and appropriate aspects of biology, sensing, imaging and acquired additional knowledge in the chosen specialised modules. Most modules introduce advanced specialist knowledge designed to further enhance students’ understanding and ability, and also to broaden their knowledge more generally. By the end of the first year, students will be familiar with the state-of-the-art in biomedical sensing and imaging. They will be able to assimilate and process advanced concepts and present these orally and in writing to a variety of audiences.
Research project - On successful completion of the research project, MSc (Eng) students will, in addition, have developed their skills in research methods, time management and project management and will display initiative and imagination in their acquisition of frontier knowledge and in their approach to problem solving.


22. Criteria for admission to the programme

	Most students enter with UK degree level qualifications of at least lower second, although preferably upper second or first class standard or with equivalent qualifications from overseas. Those with industrial experience are considered on an individual basis. Applications are welcome from graduates of most of the disciplines that involve a high degree of mathematical or scientific competence. Typically, students are expected to have degrees in an Engineering related subject, or from backgrounds including Physics, Mathematics and Computer Science (students with these backgrounds will be considered carefully). In general, those with a non-standard background will be required to have a higher degree qualification in order to be admitted. General departmental requirements regarding English qualifications must also be satisfied (this is, generally, IELTS 6.5 with a minimum of 6 in any category).

Detailed information regarding admission to the programme will be available in the University’s On-Line Prospectus at http://www.sheffield.ac.uk/study/


23. Additional information

	The Electronic and Electrical Engineering Department received the high rating in the last Research Excellence Framework (conducted in 2014) 97% of the activity was judged to be at 3* or 4*. The high admissions requirement reflects our desire to attract only the best students, who will benefit the most from our highly-rated research and good reputation for teaching. From our existing MSc, a significant number of MSc graduates remain with us to subsequently study for PhDs.

The Centre for Computational Imaging and Simulation Technologies in Biomedicine (CISTIB), headed by Professor Alex Frangi, is spearheading the development and delivery of this degree programme. CISTIB is a large and successful research centre which with a burgeoning reputation as the partner of choice across the EU and the UK in its areas of expertise. CISTIB performs cutting-edge research in areas of fundamental and applied biomedical imaging and modelling with impact in personalized minimally invasive therapies and active and healthy ageing. Our team has an international and interdisciplinary profile and has a strong commitment to clinical and industrial translation with impact in future healthcare. This MSc program will be delivered by a cadre of over 10 academics in EEE with expertise in imaging and sensing and allied disciplines.
The University of Sheffield sees a major strategic focus at the interface between Engineering and Life Sciences. In this domain, the University landscape is a jigsaw of multiple, complementary players spanning the biomedical, engineering and scientific domains. There is no “one-size-fits-all” approach and every actor is valuable and brings unique strengths. Currently, several UoS institutes and centres rely heavily on imaging technologies of various kinds as a critical instrument for their scientific discoveries (CISTIB, Krebs Research Institute, The Bateson Centre for Developmental Biology, INSIGNEO) or for carrying out advanced clinical research (Mellanby Center for Bone Research, Center for Integrated Musculoskeletal Ageing, Sheffield Institute for Translational Neuroscience, Sheffield Cancer Research Centre, Sheffield Thoracic Institute). In terms of image acquisition, Sheffield has world-class expertise in specific imaging domains like Magnetic Resonance Imaging, Electron Microscopy and Advanced Light Microscopy and a potential to develop new photonic and opto-electronic devices through the EPSRC National Centre for III-V Technologies. However, as imaging data grows exponentially both in terms of its amount and quality (viz. spatial, temporal, and functional resolution improves steadily), the challenges associated to computational visualisation, image analysis, modelling and interpretation become the bottleneck. This MSc program endeavours to train the next generation of biomedical engineers with expertise to address these challenges and overcome this bottleneck.
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