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Structure of Presentation

1. Introduction and Background

2. Definitions and Roles of Systems Engineering

3. TCSE Operations and Activities

4. Linking with and Roles of, Partner HEIs

5. SE training in SA 

6. Discussions and Q&A 
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A Little Bit of Marketing…. 
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Origin of the TCSE

The Wits Transnet Centre of Systems Engineering (TCSE)
– also encompassing a named Chair of Systems
Engineering - was contracted by Transnet (as founder
sponsor) in 2012 to play a positive role in contributing
to and empowering the vision of Transnet and that of
the country in pursuit of its Long-Term Planning
Framework (LTPF) as embodied in the Market Demand
Strategy (MDS) and/or successor strategies.
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Transnet Long Term Planning Framework
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LTPF : Macro-
Economic Freight 
Demand Forecast
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LTPF Suite 
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LTPF Planning Principles & Outputs 
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A Systems Approach
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What is the MDS? 
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2013 – 2019 …..
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The Wits TCSE is a significant, value-adding
and trusted partner; 
• continuously successfully addressing and resolving 

significant challenges, 
• across techno-disciplinary and organizational boundaries in a 

harmonized, integrated fashion to provide solutions, 
• as well as developing a feeder stream of highly qualified and 

contributing engineers and related staff, 
• towards empowering significant South African corporates to 

pursue and succeed in their strategic goals of economic 
growth, sustainability and upliftment of the country in 
general. 

TCSE Vision



TCSE Primary Activities

• Co-operating and work-shopping with Transnet leadership to offer 
synergistic, university-based guidance for possible new directions 
and perspectives;

• Identifying, undertaking and coordinating fundamental and applied 
research and development in areas of interest to Transnet;

• Fostering and improving graduate and post-graduate education and 
human capacity in SE and other disciplines relevant to Transnet;

• Becoming the main contact point (the “one stop shop” concept) 
through which the transfer of knowledge and expertise is enabled 
via local and overseas channels with industry, HEI’s and research 
organizations;

• Developing an integrated knowledge repository to service the needs 
of Transnet over a wide range of parameters; and

• Developing technology advancement for Transnet into the future.
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What is Systems Engineering /Systems Thinking?
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Bell telephone laboratories 1940’s

We can see that SE 
is a well-recognised 

discipline….



Further Confirmation of SE as a Recognised 
Discipline 

The globally recognised source of all knowledge nowadays……….
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Definitions of SE – our Preference….

• Definition from Rechtin, Systems Architecting of 
Organizations: Why Eagles Can’t Swim:  

– “Systems engineering is a methodical, disciplined approach 
for the design, realization, technical management, 
operations, and retirement of a system. 

– A ‘system’ is a construct or collection of different elements 
that together produce results not obtainable by the 
elements alone. 

– The elements, or parts, can include people, hardware, 
software, facilities, policies, and documents; that is, all 
things required to produce system-level results.” 
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Where Does SE fit into an Organisation?
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Organisational 
Systems Thinking

SE Experts –
Masters / PhD

SE Integrators –
PMs; Operators, 

Managers

All other staff  -
Knowledge of role 

within organisation 
& Impacts
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Organisational 
Systems Thinking

SE Experts –
Masters / PhD

SE Integrators –
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Appreciation of 
Systems Thinking



Where Does SE fit into an Organisation?
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Organisational 
Systems Thinking

SE Experts –
Masters / PhD

SE Integrators –
PMs; Operators, 

Managers

Knowledge of role 
within organisation 

& Impacts

In-depth knowledge of 
SE / ST applications:

Specialists



Where Does SE fit into an Organisation?
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Organisational 
Systems Thinking

SE Experts –
Masters / PhD

SE Integrators –
PMs; Operators, 

Managers

Knowledge of role 
within organisation 

& Impacts

Generic insight into SE / ST 
applications & outcomes -

tools



Where Does SE fit into an Organisation?
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Organisational 
Systems Thinking

SE Experts –
Masters / PhD

SE Integrators –
PMs; Operators, 

Managers

All other staff -
Knowledge of 

role within 
organisation & 

Impacts

General knowledge of SE / 
ST & interrelationships



Conceptual Implementation in Organisations
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Executive
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Conceptual Implementation
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Executive

Senior Management

Management

Projects / Operations

Individuals

Awareness short course

Principles of… Short Course

How to manage SE … Short Course



Conceptual Implementation
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Executive

Senior Management

Management

Projects / Operations

Individuals

Awareness short course

Managing & Integrating Complexities of…..SE



Conceptual Implementation
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Executive

Senior Management

Management

Projects / Operations

Individuals

• Awareness training
• Detailed “toolbox” 

training per preference
• Masters degree / PhD 

research
• Functional appointment 

of SE
• Daily involvement e.g. 

SEMP, Gate Reviews, 
etc.

• Readiness evaluations 



Conceptual Implementation
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Executive

Senior Management

Management

Projects / Operations

Individuals

• Awareness training
• Detailed “toolbox” 

across all functions
• Functional execution of 

SE
• Daily involvement e.g. 

SEMP, Gate Reviews, 
etc.

• Readiness evaluations
• CMMI application to 

measure 



SE Tools and Methods 

Systems engineering encourages the use of tools and methods 
to better comprehend and manage complexity in systems. 
Some examples of these tools can be seen here:

– System model, Modelling, and Simulation,

– Requirements analysis, 

– System architecture,

– Optimization,

– System dynamics,

– System analysis,

– Statistical analysis,

– Reliability analysis, and

– Decision making.
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INCOSE SE Qualifications

36

 SEBoK = Systems Engineering Body of Knowledge
 ASEP – Basic
 CSEP – Foundation
 ESEP - Expert



INCOSE SA SETWG
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SETWG
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RESEARCH

Long-term

Focused

Project-related

ENTERPRISE 

DEVELOPMENT

Innovation

Incubation

SMMEs

BBBEE
`

ADVOCACY

Awareness

Networking

Marketing

Symposia

PROJECTS

Strategic

Operational
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TCSE Five Main Streams of Activity

TRAINING 

& EDUCATION

Postgraduate

Undergraduate

Short Courses

Workshops`



Thematic Areas, Competencies, Projects
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Knowledge 

transfer 
Technology 

Advancement

Knowledge 

repository

OtherHuman 

capital
Decision-

making

Thematic Area 2 - Maintenance

Competency 2Competency 1

Thematic Area 1 – Environmental

World-class research, education and training in 

Systems Engineering

Thematic Area N – Operational Efficiency

Competency 4 Competency 5Competency 3 Competency N

PROJECTS

PROJECTS PROJECTS

Significant impact on Projects & Operations
plus generation of new Systems Engineering practitioners



Undergraduate SE Offerings to Consider

• Strategy for undergraduate courses in various disciplines: 

– make use of existing courses; 

– develop new appropriate courses; 

– perform project work where possible in SE;

– move towards SE programmes as appropriate and possible.

• CPD courses to also address other organisational levels.

• Investigating which other undergraduate courses, from other 
Institutions – SA and International - could conceivably be 
included in a comprehensive SE training curriculum, 
irrespective of source and/or institution of teaching. 

• Joint degrees? 



Undergraduate SE 

• Ongoing discussions ongoing to implement appropriate 
SE content into undergraduate curricula at different 
institutions. 

• ECSA broadening course requirement – an opportunity?

• E.g. @ Wits Three System Dynamics courses taught to 
1st and 2nd year Biomedical Engineering students in 
Electrical and Information Engineering (EIE). 

• E.g. @ UCT: MEC4103F – Product Design, a pre-requisite 
for MEC4108S – System Design. Both courses employ 
the well-tested V-model for the Systems Engineering 
process. 
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Postgraduate SE Offerings

• Postgraduate (with Parallel CPD Courses) Education – Three 
Possible Programmes:
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Master of 
Engineering

- MEng

Master of 
Science in 

Engineering 
- MSc (Eng)

Doctorate -
PhD, DEng

Mainly coursework 
based, with minor 
research project 
contribution. 

Combination of 
coursework and 
research project, 
but may be purely 
research based. 

Normally purely 
research based 
(South Africa).



• Courses currently available at Masters level, each presented 
as  a CPD course (or imminently so): 

– Systems Engineering: an Overview 

– Systems Engineering: Architecture

– Systems Engineering: Soft Systems Methodologies

– Systems Engineering Management 

– Systems Engineering: Hard Systems Methodologies

– Requirements analysis in Systems Engineering

– Systems Engineering: Integration, Verification and Validation

– Systems Engineering – Modelling and Simulation: Principles and 
Approaches

– Enterprise Engineering 
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Existing Postgraduate Systems Courses 



International 
Benchmarking
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SE Competencies Framework: Nov 2006 INCOSE UK
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BKCASE
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BKCASE Project Vision

This is the story of the BKCASE Project as envisioned by the 
core BKCASE team. This core team is comprised of six 
members; two members each from the lead project 
university, Stevens Institute of Technology, together with 
the Naval Postgraduate school, and the Department of 
Defense. We kicked off the BKCASE project in the Fall of 
2009 with the vision that Systems Engineering competency 
models, certification programs, textbooks, graduate 
programs, and related workforce development initiatives 
around the world align with BKCASE – the Body of 
Knowledge and Curriculum to Advance Systems 
Engineering.
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RESEARCH
OUTPUTS

PROJECT
OUTPUTS

TRAINING & 
EDUCATION

OUTPUTS
`

ENTERPRISE 
DEVELOP      

-MENT 
OUTPUTS

CARRY OUT COURSE & TRAINING 
DEVELOPMENTS  & INCUBATION

Strategic Acquisition; Human Factors; 
Systems Engineering Course
Development; Integrated Logistics; etc

MARKET and DELIVER           
UG and PG TECHNICAL & CPD COURSES

In the engineering disciplines: 
Mechanical; Electrical & Electronic; Civil;
Mechatronics; Chemical; etc.

MARKET and DELIVER 
UG and PG SYSTEMS & CPD COURSES

Systems  Thinking; Operations Research; 
Systems Engineering; System Dynamics; 
Enterprise Engineering; etc.

CONCEPT 1: DEVELOP LOW-TECH 
SOLUTIONS TO HIGH-TECH CHALLENGES

1. Proof of market (< R 1 m)
2. Proof of concept (< R 3 m)
3. Development of prototype (< R 5 m)

CONCEPT 2: DEVELOP INNOVATION 
AND  RESEARCH CENTRE

• Satellite facility for social, 
technological and business 
innovation.

• Transnet provides funding for R&D 
and related services.

• Transnet may source engineers from 
the School of Engineering to assist.

• Transnet will partner with existent 
structures such as CSIR/TIA. 

MARKET and DELIVER 
BUSINESS DEVELOPMENT COURSES

Project Management; Group Dynamics; 

Principles of Economics; Operations
Management, Accounting & Finance;
Strategic Management; etc .                              

OTHER FORMS OF LEARNING

SHORT COURSES; WORKSHOPS; SELF-
LEARNING; COLLABORATIVE LEARNING;  
TRAINING; MENTORING

DEFINE AND CARRY OUT STRATEGIC AND 
OPERATIONAL PROJECTS

Regenerative Braking; Simulators for Train 
Drivers; Carbon Footprint Application; 
Linear Wave generator; Handling Water-
Sensitive Bulk; Pneumatic Off Loading of 
Sulphur; Weighing of Containers; etc.

STRATEGIC RESEARCH

May arise from promising proposals  -
accompanied by expertise - in longer 
term research, potentially of use to 
Transnet.. Unfunded research, by 
academic staff for example, may be  
allowed to be more distantly relevant to 
Transnet.

CARRY OUT LONG-TERM, LARGELY 
PROJECT- RELATED RESEARCH

Optimization Methods; Human Factors;
Fundamental Studies in Materials 
Handling; Energy; System Dynamics;
Agent Based Modelling; Modelling of 
Medical Systems; etc.

RESEARCH DEFINITION
& FORMALIZATION

Formulated in terms of UG (vacation 
work, final year) or PG (MSc  or PhD) 
research.

THEMATIC AREAS

OPERATIONAL EFFICIENCY; CAPITAL 
EXECUTION;  MAINTENANCE; STRATEGY, 
PLANNING & EXECUTION; E-NABLEMENT; 
CLUSTERS OF EXCELLENCE; MARKET 
PENETRATION & RETENTION; 
KNOWLEDGE  MANAGEMENT; 
ENVIRONMENTAL SUSTAINABILITY;
TECHNOLOGY MANAGEMENT

COMPETENCY DEVELOPMENT

SYSTEMS THINKING; INTER-PERSONAL; 
GROWTH ENABLING; NORMATIVE;   
ANTICIPATORY; STRATEGIC; BUSINESS 
UNIT SPECIFIC

Directed 
Supervision 
& Guidance

+



• Direct inputs into projects and research in the context of thematic 
areas.

• Development of specialities in areas of relevance to Transnet or 
other SOCs, in which individual academics have competence.  
Could lead to performing a leadership role in such speciality. 

• Supervision, mentorship and guidance of undergraduate bursary 
students.

• Supervision of postgraduate projects for degree purposes, 
pertaining to graduate engineers in Transnet.

• Development of undergraduate and postgraduate Systems 
Engineering (SE) courses, as required.

• Lecturing undergraduate and postgraduate SE courses, including 
contributions to Engineer in Training (EIT) programmes.
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Potential Roles of Partner HEIs in SE



• Involvement can be on the basis of contracts, with commensurate 
financial support.

• Full funding (bursaries, etc) will be available for approved projects.

• Publishable research outputs have value in their own right.

• Opportunities exist  to develop specialities that are valuable to Transnet 
and thus will have longer term relevance, support, persistence and 
sustainability.

• Joint postgraduate degree arrangements are possible between Wits 
University and the partnering HEIs.

• Additional postgraduate research students generally give impetus to 
research activities, with financial benefits (attributable income) accruing 
to the host institution.

• THRIP
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Potential Roles of Partner HEIs: Benefits



Thank You
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Quo Vadis on SE training 
& education in SA …

Q&A - Discussion
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