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Requirements Definition

• “… a thing demanded or obligatory…”

• “… a need or necessity”

• “… some quality or performance demanded”

• Requirements are the single thread that goes through a 

project from conception through build, test and flight

– Whole project is constructed so you can meet the requirements

• Based on the need to measure a physical phenomena high 

level requirements are envisioned for a system to meet 

the need.

• Requirements are then refined, expanded, and flowed 

down to lower levels through an iterative process
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Requirements Definition
• Project requirements start with what the user really needs (not 

what the provider perceives that the user needs) and end when 

those needs are satisfied
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Define System

Requirements
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Requirements Definition Process

Define System Requirements
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Define System Requirements
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Define System Requirements

• Requirements are edicts and use the verb “shall” and not

“will”, “must”, or “should”

• The central, system-derived requirements (system 

specifications) are decomposed and allocated to individual 

segments or system elements, the interfaces between them, 

and the interfaces to external elements.

• Requirements should not dictate nor impose needless limits

on a design, but should specify constraints and what is 

essential to operate the system and perform the desired 

mission.

• Requirements should not include unverifiable terms or 

goals such as “maximize”, “optimize”, “sufficient”

Rules for Defining Requirements
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Define System Requirements

• Constraints are limits (requirements) on the system 

that cannot be changed - they define the design 

space (e.g., a cost ceiling constraint causes a 

“design-to-cost” design)

• The role and characteristics of requirements change 

in each development phase of the system life cycle. 

• Detailed requirements should not be introduced 

prematurely. They should be appropriate to the 

level of maturity of the system design.

Rules for Defining Requirements  (cont.)

REMEMBER - Requirements definition is an iterative process!
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• Common pitfalls of defining requirements that lead to cost 

growth or inflation as the project progresses:

– Not fully accounting for all elements of cost in early estimates

– Over-specifying the system can inhibit the trade space and may 

preclude options that could save money or increase effectiveness.

– Major or frequent changes in requirements during the later phases of 

development usually causes cost growth and impacts schedule, often 

seriously. Customer changes in requirements that went unchallenged 

have resulted in project/mission cancellation!

– Process of defining and flowing down (allocating) requirements affects 

cost more than any other activity

– Not consulting with vendors, designers or operators of system elements

can cause misunderstanding and inaccurate cost estimates 

[Solution: Integrated Product Teams]

Define System Requirements
Rules for Defining Requirements  (cont.)
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Define System Requirements
Rules for Defining Requirements  (cont.)

Voice of the Customer (VOC) must be solicited constantly 

and clearly factored into requirements!
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Define System Requirements
Examples of Top-Level Requirements
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Allocation of System

Requirements
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Allocation of System Requirements

• Requirements Analysis and Performance Budgeting

– Every system requirement is decomposed into progressively-

lower levels of design by defining the lower level functions 

that describe how their higher level function performs

– Allocation assigns the function and its performance 

requirements to a lower level design element.

– Decomposing and allocation begin at the system level, then 

progresses through segment, subsystem and component levels.

– Closure means that satisfying the lower-level requirements 

ensures performance at the next higher level, and all 

requirements can thus be traced back to satisfying the mission 

objectives.
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Allocation of System Requirements
Performance Budgets

• Analysis of requirements leads to performance metrics and 

budgets.

• A performance budget is a certain defined level, quality or 

quantity of a system driver which can be decomposed and 

allocated into lower level functions or parameters that can be 

traded to accomplish the system performance metric.

• Initial performance budgets are usually taken from experience and 

analogous systems or missions.

• Initial budgets are usually defined by systems engineers with a 

broad understanding of the entire system and major elements, but 

design studies at lower levels, where new technology or better 

analyses are used, can result in changes being made in the 

allocated budgets (“flowup”). An initial budget allocation should 

anticipate this and be robust enough to accept changes.
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Allocation of System Requirements
Items Frequently Budgeted in Space Missions

• Overall budgets are typically established at the systems 

level and flow-down or allocated to the subsystems. 
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Allocation of System Requirements

Example of 

Allocation of 

Mission 

Requirements or 

Error Budgets to 

Component Level
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Allocation of System Requirements
Error/Budget Analysis Process

• Initial performance budget is a 
baseline for later evaluation of 
system element design and 
validation testing. Through an 
iterative process the design will 
converge to a validated state 
which may require negotiation of 
system-level budget adjustments.

• In any performance budget there 
should be a design margin, 
sometimes called a management 
reserve. After a budget size is 
determined, 15-20% is usually 
added to allow for system cost 
growth. This is usually available 
for altering allocated 
performance budgets without 
affecting the overall system 
design significantly.
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Allocation of System Requirements
Time Utilization Budget Analysis – FireSat II
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Requirements

Management
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Requirements Management

• Requirements management activities apply to the 

management of all stakeholder expectations, customer 

requirements, and technical product requirements down to 

the lowest level product component requirements

• The Requirements Management Process is used to:
- Manage the product requirements identified, baselined, and used 

in the definition of the WBS model products during system 

design;

- Provide bidirectional traceability back to the top WBS model 

requirements; and

- Manage the changes to established requirement baselines over 

the life cycle of the system products



A. Trimble, T. Sorensen 21 of 25ME 481 – Fall 2022

Requirements Management

• Requirements reviews are necessary predecessors to 

system design reviews

• Requirements-related issues must have same weight as 

design issues in readiness decisions by program to proceed 

to next level of development

• The primary review of the requirements is held in the 

System Requirements Review (SRR) at the end of Phase A 

in the project life-cycle
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Requirements Management
Typical Specification & Requirement Documents

• Requirements form basis of System Specification
– Requirements give source and reason

– System Specification defines parameters for design and build
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Requirements Management
System Specifications Document

• The project requirements are usually captured in the 

System Specification Document (SSD), System 

Requirements Document (SRD), or the System

Requirements Specification (SyRS)
- Note: “SRS” usually stands for the Software Requirements 

Specification

• The SSD is a structured collection of information that 

embodies the requirements of a system and is used 

throughout the project life cycle
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Requirements Management
Interface Requirements Document

• An interface is any boundary between one area and another
- It may be cognitive, external, internal, functional, or physical

• Interface requirements are documented in an Interface 

Requirements Document (IRD)

• Care should be taken to define interface requirements and 

to avoid specifying design solutions when creating the IRD
- The Interface Control Document (ICD) describes the detailed 

implementation of the requirements contained in the IRD
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Requirements Management
Requirement Qualification Methods

• The qualification/verification method(s) to be used to ensure that

a requirement has been met should be identified.

• The qualification method(s) for each requirement is contained

within a qualification method attribute for that requirement.

• Qualification methods may include:
a. Demonstration: The operation of the system, or a part of the system, that

relies on observable functional operation not requiring the use of

instrumentation, special test equipment, or subsequent analysis.

b. Test: The operation of the system, or a part of the system, using

instrumentation or other special test equipment to collect data for later

analysis.

c. Analysis: The processing of accumulated data obtained from other

qualification methods. Examples are reduction, interpretation, or

extrapolation of test results.

d. Inspection: The visual examination of system components, documentation, 

etc.
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Requirements Management
Example from DataLynx SSD
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Space Spectaculars!
STS-98 Launch

2/7/2001

Clementine’s View of 

Earth Over Lunar North 

Pole Mar. 1994

MMIII Launch

VAFB 9/19/02


