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{Instructions}

{Through this document, there are {italized} notes.  These notes are general instructions as the the form or content of a given section.  They should be removed before submitting this document to any reviewing authority

Revision History

{List all revisions here.  Include the date of the revision, a description of what changed, and by whom.}
EXAMPLE - October 6th – Developed initial version based on previous software SRDDs

1 Introduction

{This document is design to provide the complete specification of a given system. (It can be used to describe a specific subsystem or component too).  

The SRDD captures both requirements and design of a given system.  Typically, in the case of software, details of design and implementation are captured in the code itself.   In the case of hardware, details are captured in individual hardware component specs or drawings.

Please reference all figures in the text.  You must follow the outline numbering below.  If there is a section that you do not need, just put “N/A” (and eliminate all subsections of that section). 

The introduction section gives the reader an understanding of what this system/subsystem is.  Keep this brief – a greater description of the system/subsystem and its concept can be found in the next section.}
1.1 Purpose of the System

{This section expands the introduction and gives the reader a sense of the problem and the players.  It should include:

· Customer(s)

· End-User(s)

· Developer(s)

· Concept statement (Problem/High-Level Solution) – This statement should be a clear, short summary of what you are trying to do with this system.}

1.2 Objective and Success Criteria of the Project

{Describe the central issue or problem.  Also describe the general approach to solving the problem.  This is a good place to reiterate and expand upon statement of concept (problem/high-level solution).  Make sure that you really understand the real problem - customers sometimes hide it under their own perceived solution.}  

1.3 Definition of Terms and Acronyms

{List all terms with definitions.  This section can be made an appendix if it gets too long.}
Example:

Akoya – Bandit’s parent spacecraft

Bandit – inspector space craft

Environmental effects – factors resulting from working in space

Fault tolerance – Bandit’s tolerance for system faults such as bit flips and latching 

Image processing – analyzing images received from Bandit’s camera

Link budget – management of communication resources

Optics control – transmitting images from Bandit’s camera to its processor

Power budget – management of battery power resources
1.4 References

{This subsection should:

· Provide a complete list of all documents referenced in the SRDD

· Identify each document by title, report number (if applicable), date, and publishing organization

· Specify the sources from which the references can be obtained

This section can be made an appendix if it gets too long.}
1.5 Document Tree

{This subsection shows the project document tree (and where this document fits in).  A document tree is used to tie all relevant documents together.  The tree can be either in hierarchical form as shown below or a chart.}
1.6 Deliverables

{This subsection lists all items to be delivered.}

System OVERVIEW
{This section describes the project in greater detail.  Key elements should be to put the system into a larger context and describe the scope of the system.  If this is a stand-alone system, then this section will focus on the system’s interfaces to the external world.  If this is a subsystem or component, this section will describe the overall system and how this susbystem or component fits in.  Give the reader a good understanding of this system and the environment that it will work in.  If this is a replacement system, describe the old system.  If this is a subsystem or component of a larger system, describe where this subystem fits. }
2 System Requirements

{This section shows the System-level requirements.  
Type - Type of requirement:  F-Functional, N-Non-Functional, P-Physical, G-Goal or Pseudo, D - Derived
ID - Outline ordered id - 1, 1.1, 1.1.1, etc.  It is not necessary that the IDs be in any sort of sequential order, rather they should not change ids

Description - See below

Source - Where did the requirement come from
Verification Method - How will the this requirement be shown to be meet
Traced to - What subsystems are involved in meeting this requirement
List all requirements.  These can be broken into groups but avoid any implication of design.  The capabilities/functions are best described as a list of “shalls”, for example:

1.      The system shall gather environmental data periodically
1.1.   The system shall record temperatures every 5 minutes.
1.2.   The system shall record pressure every 30 minutes.
Requirements can be organized into group or hierarchically.  Each requirement should be numbered.  Also, sometimes requirements are captured that have not been implemented.  If you have requirements that are not implemented in you system, please mark them with a * and italicize them.  Some requirements have specific range or values – note those in the range/value column (this helps prevent the numbers from being lost in the text)/

The source of the requirement should also be noted.  The source is usually a user or a customer.  Be specific!  Finally, discuss the verification method to be used to show that the requirement has been meet.  Verification methods usually involve some form of formal testing but may also be meet with analysis, design, heritage (i.e. previously shown to be meet).  

For non-functional requirements, describe any user-level requirements that are not directly related to functionality.  This includes performance, security, modifiability, error handling, hardware restrictions, and physical environment.  Also include user interface and human factor constraints, documentation requirements, extreme conditions, quality requirements, and resource constraints.

For physical requirements, describes any physical requirements that the system must meet.  Examples include size, mass, power, etc.  Often physical requirements have specific values associated with them.

Goals are items that the customer desired but are not hard requirements.  The system can be considered successful without meeting the goal but designers should attempt to get as close to the goal as possible.  Designers should work with customers in determining the cost for meeting the goal.  Goals can be functional, non-functional and/or physical.

Derived requirements are those that are directly related to another requirement or the chosen architecture.  If either the requirement or architectural element changes, this derived requirement can change.  Derived requirements can also be functional, non-functional, physical, and/or a goal.}
Example Table:
	ID
	Type
	Description
	Source
	Verification Method
	Traced To

	1
	F

N

P

/

G

D
	The System Shall… Then notes can be added in italics.  You can show important or high-level requirements in shaded cells
	Mission Specification
	 Design
	

	1.1
	F
	Mode A – Bandit uses images from the camera to navigate
	Mission Specification
	
	

	1.1.1
	F
	Navigation will interpret the current location from the images and compare that with the target location and determine which thrusters need to be fired
	Mission Specification
	
	


3 System Architecture and Concept of Operations

{This section describes the system architecture and concept of operations.  As such, it is a high-level view of the system.  Often the system architecture and CoOps emerge during requirements phase (and in some cases, are themselves requirements).  The system architecture, concept of operations, and analysis are done in parallel with each other.}
3.1 Key Design Drivers 
{Start with an identification of the “design drivers”, i.e. the key requirements that will drive the design.  Examples may include: performance or maintainability or modifiability or data integrity.  There are usually two or three.}

3.2 Key Decisions

{Provide a simple list of the key design decisions that have been made.  Usually, these are decisions that have wide ranging implications about how the system is designed and implemented.}

3.3 System Architecture

{Describe the system architecture.  Include deployment, block, and other diagrams that identify the key pieces of the system and how they relate. Details of the design can be found in the Design section. }
3.4 Concept of Operations

{Provide a high level overview of how the system is expected to operate.}

4 System Analysis 

{The analysis is used to expand our understanding of the system.  Analysis should provide a better understanding of how the system looks, what it contains (objects, data), what their relationships are, and how it behaves.  Analysis reflects the system requirements, architecture, interfaces, etc..
A wide variety of methods may be used here.  I have outlined three sections below that I would recommend that you start with.  Feel free to add additional models, sections as you find useful.

Functional Analysis - Provides an in-depth look at the functionality of the system.  This often is used to help develop the system requirements.  This can be done through a number of methods including scenarios, view-point analysis, and use-case analysis.  If you use use-case analysis (recommended), provide one or more overall use-case diagrams.  Then include a section describing each use case.  Each use-case should include the entry, exit, and sequence of operations during the use-case.  They also may be supplemented by scenarios, state, activity, or sequence diagrams.  Remember, this is a functional view of the system.  Early in analysis, activity diagrams can be particularly useful since normally, you haven’t yet defined objects.  Sequence diagrams are good for showing the flow of events between subsystems or other identified.  However, sequence diagrams can be difficult to use since they are based on objects.

Scenarios – Another tool is the use of scenarios.  A scenario is a specific set of events and responses, often of the more generalized use-cases or of the overall system.  Sequence diagrams, activity diagrams, or an English description of the events and responses are appropriate. 
System Behavior – Describing the overall system behavior can be very useful – particularly where the system has clear modes of operation.  Show the overall system behavior through a top-level state or activity diagram.  Then decompose the various states as useful.  However, you may find that beyond the top-level, it is easier to use the Object Structure and Behavior section below to decompose states.  Another key element can be system timing diagrams were time-based operations are crucial
Objects - For example, you might have an object diagram that shows various data items and their relationships.  You might use an object diagram.  
For each object,you might  include:

· Description and Purpose – Provide an external description of the element.
· Characteristics – List the various object characteristics and their possible values
· Object Behavior – Describe the object states that the external user would wish to know.  Feel free to use orthogonal states to represent different aspects of the component.
Data Model - Another approach would be to model system data and their relationships – a good starting point for data intensive systems like databases. 

There are often system-level issues that need to be analysized, studies, and structured to aid in the designed of the system and its components.  Examples include:

· Reliability and FDIR (Fault Detection, Isolation, and Recover)

· Usability

· Maintainability 

· Data Models}
4.1 Use-Cases
{Add section if applicable.  If so, add use-case diagram and table describing the various use-cases and actors.  Then provide a subsection with entry, exit, flow of events, and other special information about the use-case}
4.2 System-Level Scenarios

{Add section if applicable.}
4.3 System-Level Static Structure

{Add section if applicable.}
4.4 System-Level Behavior
{Add section if applicable.}
5 System Operations and Interfaces

{This section identifies all external interfaces including user interfaces.  Detailed descriptions of these interfaces may be placed in the appendix or separate Interface Control Documents (ICD)s but should be referenced here.

Include user interface descriptions.  Each should be tied to appropriate use-cases and actors.  Descriptions should include screen mockups, navigation paths, and user events (mouse selections, key presses, menu items, etc.).   On many systems, this is a very substantial section.  One approach is to break this section out into a separate “user’s manual”.  

Interfaces should include user interfaces, physical interface, and logical (software) interfaces (including software object or package interfaces of they can be used by external entities.

Describe each external interface.  Every external interface must be described in detail.  For each external interface, add a subsection that includes:

· Purpose of the Interface

· Conditions under which it is used.  This can be described in English or can be described using state diagrams.  State diagrams are particularly effective with event driven interfaces.

· The data items to be passed in and out.  Include a data item description including data type, range, and other relevant information for each data item.  

For each synchronous calling interface, identify the object that will be called by the external software or the object in the external software that will be called by your system/subsystem.  Include a sequence diagram or other relevant information to clearly show how your software works with the external software.

For each non-synchronous calling interface include the following.  You may also include any relevant diagrams to illustrate the interface or communications method.

· Communications Method – Identify how the data is passed such as shared memory, data pool, or via hardware interface. 

· Hardware Used - If the interface runs across a hardware interface, indicate the hardware interface and hardware protocals involved (for example, the interface A runs between the distributed workstations via the internal ethernet network running TCP/IP protocal).

· Data Format  - Describe the format of data passed across the interface including data structures.  For example, the data is passed in 32-Byte records made up of the following data elements or the data is passed Data_Packet format where Data_Packet is defined here or in the data dictionary.

· Data Frequency – For data that is periodic, describe the data frequency or data rate.  For data that is non-periodic, describe the conditions under which data is passed or received.

· Other – Include any other information relevant to understanding the interface and to designing software to communicate using the interface.  Don’t be afraid to include additional information.}

6 System Testing & Validation

{Outline the steps needed to prove that this system will work in space.  

Describe how we will “prove” that this system meets requirements.  Potential proofs include:

· Test (vibration, thermal vacuum, functional test, etc)

· Analysis (mathematical model, hand calculations, simulation)

· Heritage (the system is the same as one that has already proven to work in space)

· Analogy (the system is similar but not identical to a flight-proven system, but there are enough similarities that we are convinced it will work)

· Inspection (we can convince ourselves by looking at the component/design that it will meet the requirement – keep in mind that this is a rare proof)

Describe any tests performed on this system.  System-level tests will be handled in the systems document, although they should be listed here (so that future teams are not surprised when their component gets tested!).    Include all test results either here or reference an external document.

· Test Plan – The overall plan for testing the system

· Test Procedures – The specific test procedures to be used

· Test Cases – Individual test cases including test setup, input, and expected output

· Test Results – For each test case run, include the test results}
7 System Design
{This section provides details on the design that was initially described in the architecture section.  
First, provide a table of system design decisions.  These, in effect, provide additional requirements for subsystems.  The IDs should start at 1000.  Otherwise, they look like requirements,  Example Table:

	ID
	Type
	Description
	Values/ Ranges
	Source
	Verification Method
	Traced To

	1000
	F

N

P

/

G

D
	The System Shall… Then notes can be added in non-bold.  You can show important or high-level requirements in shaded cells
	
	Mission Specification
	 Design
	

	1000.1
	F
	Mode A – Bandit uses images from the camera to navigate
	
	Mission Specification
	
	

	1000.1.1
	F
	Navigation will interpret the current location from the images and compare that with the target location and determine which thrusters need to be fired
	
	Mission Specification
	
	


Provide a system/subsystem breakdown that identifies each of the subsystem (each subsystem, in turn will have a section in the subsystems section).  This can be done in a table, diagram, or indented list.

Then include a component table that summarizes key information about the subsystems.  Examples might include a component table that include power, mass, volume, etc. for the entire spacecraft broken down by subsystems (and further by components if desired).

Finally, provide a description of each subsystem to subsystem interface.  In some cases the interfaces themselves are regarded as either separate subsystems or part of a specific subsystem.  Remember, there are various levels involved in interfaces – physical, electrical, thermal, logical.}
8 subsystem specifications

8.1 Subsystem X

Each subsystem should be described with the same type of information as included in the system-level descriptions.  These include subsystem requirements, architecture, interfaces, design, and components.  Subsystems, in turn, are broken into smaller components.  These can create a hierarchy of sections.

Summarize each subsystem (component) with:

Description/Purpose: Description/purpose

Parent: Name of parent subsystem or component

Class: Primarily Hardware or Software

Subcomponents: List the subcomponents

Interfaces: Identify all interfaces.  This could be a simple statement or a complex description of interfaces, interface standards, etc.  Complex interface descriptions should be placed in the details section, a separate component section, or in an appendix.

Explain what component X does and which of the major requirements it meets. List the component requirements.  This could be a simple statement or a complex table of requirements similar to the system requirements.  Use another functional block diagram or other analysis diagrams if helpful, or at least reference the main diagram.  Give precise numbers of its performance characteristics.
Explain how component X is designed & built, or where it was purchased and why you picked that vendor.  For some components, the design decisions should be specified.

If this is a software component:

The design model describes the top-level or architectural design.  This model should provide a bridge for the reader to understand the code.  The model should include a description of the software structure.  This could include objects, classes, modules, packages, files, etc.  The behavior of each subcomponent should be described as well as their interaction.   If the subcomponent is sufficiently large or complex enough, include the description at the subsystem component level.  If it is small and is primarily described in code, include it as a subsection to this component’s section. 

 Object/package/deployment diagrams are used to create a static structure. This structure may or may not be utilized during design.  Object diagrams are used to identify data and understand relationships between these things.  Each object in the diagrams should identify whether it is an instance or a class and what states and/or attributes the object has.  Unless needed to understand the system, internal interfaces can be captured just through relationships.  Sequence, activity, state, and collaboration diagrams are used to define behavior.  State diagrams are used to define object behavior.  Events on one state diagram can be used to trigger events on other state diagrams.  

The decision to include this information is complex.  The basic issue is how much information do you need before working at a code level and/or how much information does a reader need to understand the code.

· Description and Purpose – Provide an external description of the component, i.e. what does the user of this component need to know.  Also, describe the characteristics of the component including:
· Dynamic, Static, or Evolving
· A dynamic component can change it’s own state without another component calling it.   Typically, this means that the component is it’s own process, task, or thread.
· A static component cannot change it’s own state without another component calling it.  This will be the bulk of components.
· An evolving component is usually an object that controls an external device.  The component itself does not change state on its own but the device it controls may change its state on its own.  For example a printer object that manages the interface to a physical printer.  The printer object does not change its own state, therefor does not have to be a process, task, or thread, but the printer itself could change states.
· Temporary, Permanent, or Persistent
· A temporary object is created, deleted, or both at some point during program execution.  For all temporary objects, describe what triggers creation and/or deletion.
· A permanent object is created at the start of program execution and remains until program termination.
· A persistent object exists between program executions (i.e. a file or a database object).
· Other relavent characteristics such as public vs private or shared vs non-shared objects.
· Overall Subcomponent States (Best via state diagram) – Describe the component states that the external user would wish to know.  Of particular importance are states that control the order of procedure calls.  Feel free to use orthogonal states to represent different aspects of the component.
· Overall Subcomponent Processing (shown via activity, sequence or collaboration diagram) – Describe the component processing that an external user would need to know.

· Hardware Component – If the subsystem has more than one computer or processor, indicate which computer(s) or processor(s) that the component runs on.

· List of all component procedure, methods or entry points:

· For each, include the purpose, all pre and post conditions (what component state the component needs to be in before this procedure, method, or entry point can be called and what the resulting component state is), and what data is passed.  For all passed data, include the data type (the data or data type may be referenced in the data dictionary section).

· Example (assumes compass_direction and azmuth_direction are defined in the data dictionary)

Set_Location


The set_location function sets the target location for the radar.


Pre-Conditions



Radar Object State: On


Post-Conditions



Radar Object State: Targeted


I/O



Direction : compas_direction; - Magnetic compass direction.



Angle: angle_direction; - Angle from the horizon.
If this is a hardware component:
· Mechanical Modifications

Discuss all mechanical modifications made to prepare component X for flight.  If this is a purchased part, describe all changes to the packaging, structure or major shifting of component locations & functions.  If this is a designed part, describe the major elements in building it (parts lists, machine operations needed, etc.).  

· Electrical Modifications

Discuss all electrical modifications made to prepare component X for flight.  If this is a purchased part, explain all of the electronic changes (capacitor swapping, trace cutting, re-soldering, wire harness changes, etc.).  If this is a designed part, give the circuit layout, parts list and where/how the board was fabbed & stuffed.  

· Software Modifications

Discuss all modifications to existing software in order to get component X flight-ready.  If these changes involve significant new software work, use section , instead.  

· Testing Plan

Describe any tests performed on this component.  System-level tests will be handled in the systems document, although they should be listed here (so that future teams are not surprised when their component gets tested!).  

Include all test results (either here or reference an external document).

9 Future Capabilities 

List any future capabilities which, while not required in the current system, should be considered during design.

{Example Appendices}
Appendices can be used to capture any information that is either: (a) too big to place in the main text or does not seem to fit.  Feel free to add appendices as needed}.

APPENDIX – COMMAND/SENSOR LISTS and other Interface tables

APPENDIX – Component table with power, size, etc.

Appendix  - Implementation information

Provide any information needed to understand the code.  This might include things like:

· Directory Structures
· Code/document listings
· Compilation/assembly instructions
Appendix  – Previous Versions

This section is used to capture information about previous versions of the system(subsystem).  You should provide the following for the immediately previous version:

· Status of previous version (what was implemented, etc.)
· Issues with the previous version
· Analysis Model of the previous version
· Functional Model
· Structural Model
· Behavior Model
· Architectural Design Model of the previous version (Analysis and Design Models may be merged).  
Appendix  – Trade and Feasibility studies

Describe all trade and feasibility studies.  Include all information relavent to making requirement and design decisions.  IT IS CRITICAL THAT YOU INCLUDE INFORMATION NOT JUST ABOUT WHY YOU CHOSE ONE WAY, BUT ALSO INFORMATION ABOUT WHY YOU DID NOT CHOOSE ANOTHER WAY.  Otherwise, subsequent developers may keep revisiting the same ideas over and over again.

Trade and feasibility study information may be captured in the appropriate section above or here in sub-appendix sections.
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