Systems engineering:
Overview:

· Every electronic instrument is a system of components and interactions. Each instrument is a part of a larger system and each component is a system unto itself.

· The development of electronic instrument should be a systematic approach and this approach is given by system engineering.

· System engineering is an approach, an attitude & a loose set of methods for solving complex problems.
· System engineering requires a broad approach that applies general principles to promote understanding across disciplines and to clarify interaction between system components.
· Moreover, system engineering helps bound the unknowns within, between and around components including hardware, software, environmental influence & human operators.
· System engineering provides a framework to develop a product from concept, through design and test, to delivery and documentation. That path from concept to documentation, delivers the best product at the lowest cost.
· Technique of system engineering varies according to the problem. Example:- Medical instruments will emphasize on software quality assurance to reduce product liability whereas an electric food mixer will focus on manufacturability to reduce cost. Hence, different problems require different methods and approach.
· An approach must have a good foundation. The foundation in system engineering does not ensure an optimal solution. Compromise and trade-offs are characteristics of system engineering.

Systems perspective:
· System Engineering maintains a broad & long- term view of constrains and the product life cycle.
· Some basic constraints found in most projects are:
· Functionality

· Cost and safety

· Reliability

· Maintainability

· Utility 

· Time 
· Within such constraints, a product passes through a life cycle that includes development, evaluation, maintenance and disposal.
Aspects of system engineering:
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Fig.1

The above figure shows the top view of the project. The heavier lines represent more frequent iteration, the dashed lines represent less frequent feedback.

· Concept development:

· Systems engineering begins with defining the problem. No matter how superb one’s ability, one can’t solve a problem if it is not understood.

· One must establish or define the following:

· Customer objectives

· User needs

· Mission or regions of operation

· Constraints

· Regulations and standards. 

· After definition, concept development enters an iterative cycle of analyses to refine candidate solutions. The analyses include functional analysis, feasibility analysis, modeling, simulation etc.
· Requirements :

· Requirements crystallize the function, operation and performance of the system.
· The requirements establish metrics for quantifying progress during development of the system solution. Requirements define the what of system function.

· The table below show the types of requirements.

	General requirements
	Specific examples of parameters

	Performance
	Range

Speed

Throughput

Error

Size, weight, power consumption

	Reliability and maintainability
	MTTF
Failure rate 

Maintenance downtime

	Human factors and user interface
	Response latency

Number of operations per sequence

Ease of use


· Design development

· Design synthesizes the how of component interaction within the system.

· Various standards may apply to the design process.

· Some examples are:

· Department of defense (DoD) for military projects.

· IEEE, ANSI, ISO etc.

· Besides standards and procedures close-knit teamwork is necessary for successful design.

· Design development may be along one or several lines or methods:

· Top-down

· Bottom-up

· Outside-in

· Inside-out

· Hybrid

· Rapid prototyping and field testing

· These pull the design towards the intent of requirements and fit the system to the customer’s desires.

· It provides a way to close the feedback loop in the design.

· Developing menu screens for a process controller on an assembly line is an example of rapid prototyping.

· Field testing concentrates on the long-term effects and attempts to shake out the bugs, flaws and inadequacies. Flight testing a new aircraft is an example.

· Validation, verification and integration:

· Validation determines how well the requirements suit the intent of the system.

· Verification evaluates how well the system satisfies the requirements.

· Integration is the process of assembling the components and subsystems and performing the acceptance tests of validation and verification.

· Maintenance and life-cycle costs

· Maintenance must be carefully considered to build success into a product.
· Maintenance is either planned or scheduled.

· Planned maintenance is the replenishing of resources within the system.

· Unscheduled maintenance returns the system operation to failure.

· Once maintenance philosophy is established, the next thing to be considered is the diagnostic procedure.

