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1 INTRODUCTION 

1.1 Purpose of System Requirements Specification
This System Requirements Specification (SRS) describes the requirements for the Unmanned Control & Tracking System (UCATS).  DJ³K Requirements group prepared this document in accordance with the Statement of Work. This document will be approved and baselined as the complete set of requirements for the development of UCATS.  Once approved, changes to requirements can only be made by approved Change Requests and may be subject to cost and schedule changes. 
1.2 Scope of the Product
The SRS contains mission level, training, and operational requirements for the UCATS. The requirements specified in this document were written by the DJ³K Requirements group and they shall provide guidance for the design and development of UCATS.  These requirements will be approved by Professor K.C. Chang and Ashwin Samant.  Professor Chang and Mr Samant are not the only stakeholders; however, Professor Chang is the primary sponsor.  The requirements are approved by the primary sponsor.  
1.3 References
· UCATS Statement of Work (SOW)

· UCATS Concept of Operations (CONOPS)
· Recommended Practice for Software Requirements Specifications IEEE 830-1998

· Software Requirements Specification format IEEE/ANSI 830-1993

2 General Description

The UCATS tracks, coordinates, and directs airborne Unmanned Air Vehicles (UAVs) being used for mobile Target of Interest (TOI) tracking operations in an urban environment. The UCATS will reduce the manpower requirements encountered in the management of UAVs and the time required to generate a plan to have airborne UAVs intercept a TOI. Currently, the coordination and control of UAVs is a resource-intensive task in terms of manpower.  The task of coordinating and controlling a single UAV requires several operators.  The UCATS reduces the manpower resources by determining which in flight UAVs are best capable to track TOIs, recommending a UAV intercept course, monitoring the position of the UAVs, and providing re-tasking if the operator needs to track a new TOI. Additionally, the time needed to generate intercept tasking is important when considering the TOIs are mobile, and the shorter the time to generate intercept tasking the better the prediction of where the TOIs may have gone, which increases the likelihood the UAVs will find the TOI to track.  This collaborative control is intended to increase efficiency, save money and resources, and aide in security and homeland defense.  
UCATS consists of a ground based Command & Control (C2) center.  The external systems that must interact with UCATS includes a manned by an operator and up to five airborne UAVs.  UCATS will provide a decision support component to enable effective communication from the operator to the UAVs conducting the mission.  The UCATS will be responsible for initiating and updating assignments to the UAVs in-flight based on the urban environment and TOI information given by Intel. Figure 1 provides a notional view of the UCATS Concept of Operation.

Operationally, the UCATS recommends an intercept plan to the operator, communicate with UAVs, provide surveillance video from the UAVs to the operator, and accept operator’s requests and provide feedback.  The intercept plan includes predicting the TOI location at UAV intercept, determining if the intercept is feasible, recommending a UAV intercept course, and recommend a UAV-to-TOI assignment.  Initially, the UCATS operator will receive tasking to have one to five airborne UAVs track one to five TOIs.  The operator will input intercept tasking requirements and set-up preferences, which include the TOI location and description, TOI priorities, and current local area maps, which include no-fly zones.  Additionally, if the information is available, the operator can input the last known TOI heading and speed.  The UCATS will then use those tasking requirements to generate an intercept plan.  The operator will then use the UCATS recommendations to designate which UAV(s) should track which TOI(s).  The UCATS will then communicate with the UAVs and direct the UAVs to follow the UCATS calculated route to the TOI.  The UCATS will monitor the position of the UAVs.  As the operators, receives new TOIs and tasking, they will then use the UCATS to re-evaluate the UAV tasking and then redirect the UAVs as needed.
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Figure 1: UCATS CONOPs

3 REQUIREMENTS 

3.1 Mission Level Requirements

3.1.1 Configuration.  The UCATS shall consist of a ground based Command and Control (C2) center.
3.1.2 Intercept Plan. The UCATS shall generate an intercept plan, which includes predicted TOI location, intercept feasibility, intercept routes, and UAV(s) to TOI assignments.  intercept, determining if the intercept is feasible, recommending a UAV intercept course, and recommend a UAV-to-TOI assignment.
3.1.2.1 TOI Location. The UCATS shall predict the TOI location at UAV intercept based on the last know TOI location and description.

3.1.2.2 Intercept Feasibility.  The UCATS shall determine if it is feasible for airborne UAVs to intercept the TOI(s).

3.1.2.3 Intercept Routes. The UCATS shall generate intercept routes for the UAVs to intercept the TOIs.
3.1.2.4 UAV-to-TOI Assignments. The UCATS shall assign UAVs to intercept TOIs based on operator designated priority and the shortest time required for the UAVs to intercept the TOIs.
3.1.2.5 TOI Heading. The UCATS shall determine TOI heading based on the start and stop position of the TOI. 
3.1.3 Modify Tasking.  The UCATS shall be capable of directing new tasking to UAVs.

3.1.3.1 New TOI.  The UCATS shall be capable of adding new TOIs to a maximum of five TOIs. 

3.1.4 UAV Communications.  The UCATS shall communicate with generic medium size (about 15 foot wingspan and less than 100 pounds) UAVs up to 5 miles away from the UCATS.

3.1.4.1 UAV Position. The UCATS shall receive UAV position data form the UAV.

3.1.4.2 UAV Tasking. The UCATS shall send UAV tasking, which involves directing the UAV to conduct the intercept plan.

3.1.4.3 UAV Intercept status.  The UCATS shall accept the TOI(s) intercept status from the UAVs.

3.1.4.4 UAV Surveillance Video.  The UCATS shall receive UAV surveillance video.
3.1.4.5 UAV Speed.  The UCATS shall receive UAV speed from the UAV.
3.1.4.6 UAV Heading.  The UCATS shall receive UAV heading from the UAV.
3.1.5 Operators. No more than one operator shall be required to interface with UCATS to obtain full UCATS functionality.
3.1.5.1 Operator Requests.  The UCATS shall accept operator input.

3.1.5.2 Feedback.  The UCATS shall provide feedback that it has received operator input, and the UCATS shall provide tasking outputs to the operator for review, edit, and approval and UAV status information.
3.1.6 UAV Command and Control.  The UCATS shall command and control up to five UAVs.

3.2 Operational Requirements

3.2.1 Input Requirements for Operations 
3.2.1.1 Operator Requests.

3.2.1.1.1 Local Maps.  The UCATS shall accept local maps from the tasking authority.  These maps shall include building and street locations as well as local no-fly zones.
3.2.1.1.2 Operator Tasking.  The UCATS shall accept tasking to calculate UAVs intercept plan for TOIs.  The minimum input for these plans shall include TOI location, TOI description, and TOI priority.  The UCATS shall also accept last known TOI heading, speed, and destination for the plan calculation.  The UCATS shall also accept operator preferences, such as routing preferences and no-fly zones.
3.2.1.1.2.1 TOI Priority. UCATS shall accept operator input of TOI priority.  The priority shall be a number.  A single TOI’s priority is independent of the priority of the other TOIs.  The TOIs all may have a priority of one as an example.
3.2.1.1.2.2 Routing Constraints Preferences. The UCATS shall accept routing constraints from the operator.  Routing constraints shall be no-fly zones.
3.2.1.1.2.3 No-Fly Zone Preferences.  The UCATS shall accept no-fly zones on the form of polygons from the operator. 
3.2.1.1.2.4 TOI Assignment Preferences.  The UCATS shall accept operator assignments of UAVs to TOIs.

3.2.1.1.2.5 TOI Surveillance Video Review.  The UCATS shall accept operator’s requests to review, which include requests to zoom and pan.

3.2.1.1.2.6 Tracking Plan Approval.  The UCATS shall accept the operator’s requests to approve a tracking plan.

3.2.1.1.2.7 Tracking Plan Edit.  The UCATS shall accept the operator’s requests to edit the tracking plan using operator preferences.
3.2.1.1.2.8 TOI Description.  The UCATS shall accept the TOI description from the Tasking Authority and allow the operator to view and modify the TOI description.  

3.2.1.1.2.9 TOI Verification.  The UCATS shall accept the operator verification of the TOI being tracked.  This verification ensures the UAV is tracking the correct target.   
3.2.1.2 UAV Inputs.

3.2.1.2.1.1 UAV Position.  The UCATS shall accept positional updates from up to five UAVs in-flight.

3.2.1.2.1.2 TOI Intercept.  The UCATS shall accept notification from the UAVs that they have   located the TOI(s) and the TOI(s) is being tracked.
3.2.1.2.1.3 TOI search.  The UCATS shall accept notification from the UAV that the TOI cannot be located, and the UAVs have initiated a search pattern. 

3.2.1.2.2 TOI Surveillance Video.  The UCATS shall accept a video signal from the UAVs.

3.2.2 Output Requirements for Operations 

3.2.2.1 Operator Feedback.  The UCATS shall provide feedback to the operator that it has received the operator’s request.

3.2.2.2 Intercept Plan Feedback.  The UCATS shall provide the operator the intercept plan.
3.2.2.2.1 Intercept Feasibility Feedback.  The UCATS shall inform the operator if it is feasible for the airborne UAVs to intercept the TOI(s).
3.2.2.2.2 TOI Location Feedback.  The UCATS shall provide the operator the predicted TOI(s) location at the time the UAV(s) intercept the TOI.

3.2.2.2.3 TOI Surveillance Video Information. The UCATS shall display the UAVs’ video signals to the operator, and it shall provide zoom and pan functionality as requested by the operator.

3.2.2.2.4 Intercept Route Feedback.  The UVATS shall provide the operator the recommended UAV(s) intercept route to the TOI(s).
3.2.2.2.5 UAV(s)-to-TOI Assignment Feedback.  Based on operator-entered tasking, the UCATS displays the optimal UAV solution to the operator. This solution is UAV to TOI assignment.  
3.2.2.2.6 TOI Intercept Information.  The UCATS shall notify the operator that the UAVs have located the TOI.

3.2.2.2.7 TOI Search Initiation Information.  The UCATS shall notify the operator that the UAV is unable to locate the TOI and it has started a search pattern.

3.2.2.2.8 UAV Position Status Information.  The UCATS shall notify the operator of the UAVs positional updates.

3.2.2.2.9 Communication Loss Information.  The UCATS shall notify the operator if the UCATS loses communications with a UAV.

3.2.2.2.10 Communication Restoration Information.  The UCATS shall notify the operator if and when communications are restored with a UAV.

3.2.2.3 UAV Tasking

3.2.2.3.1 Intercept Route Tasking.  The UCATS shall send flight route to UAVs.

3.2.2.3.2 New UAV Intercept Route Tasking.  The UCATS shall redirect UAVs based on new tasking.

3.2.3 External Interface Requirements
3.2.3.1 UAV(s) Interface.  The UCATS shall communicate with up to five UAVs.

3.2.3.2 Operator Interface.  The UCATS shall receive operator requests and provide feedback.

3.2.4 Functional Requirements

3.2.4.1 Interception Plan Calculations. The UCATS shall determine the best UAV(s) to track a particular TOI.
3.2.4.1.1 Intercept Feasibility.  The UCATS shall determine if the available airborne UAVs shall be capable of intercepting operator designated TOI(s), based on TOI location and description and if available last known TOI heading and speed.

3.2.4.1.2 TOI Location at Intercept.  The UCATS shall determine the probable TOI location at UAV(s) intercept, based on TOI location and description and if available last known TOI heading and speed.

3.2.4.1.3 UAV Intercept Route.  The UCATS shall calculate a route that will intercept the TOI using the local maps, required altitude at TOI intercept, and no-fly zones.

3.2.4.1.4 UAV-to-TOI Assignment.  The UCATS shall determine the UAV(s)-to-TOI(s) assignments based on TOI priority and the quickest UAV intercept route.

3.2.5 System Wide and Technology Requirements
3.2.5.1 UCATS Hardware Requirements. The UCATS shall run on a PC that meets the minimum system requirements for all required software, running simultaneously on this PC. Required software includes: Google Earth, Google Maps, and an Internet Browser.
3.2.5.1.1 UCATS Input Hardware.  The UCATS shall require a mouse and keyboard for input.

3.2.5.1.2 UCATS Output Requirements. The UCATS shall require a video monitor for output.

3.2.5.1.3 Communication Requirements.  The UCATS shall communicate wirelessly. 
3.2.5.2 Software Requirements.

3.2.5.2.1 Operating System. The UCATS shall run on a Windows 2000/XP PC. 
3.2.5.2.2 Operator Interface.  The UCATS shall require a Graphics User Interface (GUI).
3.2.5.2.3 Algorithm.  The UCATS algorithm shall be coded in JavaScript and Matlab for the UCATS prototype.  Note: the final implementation may be coded in another programming language; the prototype demonstration required the use of JavaScript and Matlab.
3.2.5.3 UCATS supportability and Availability. 
3.2.5.3.1 Mean Time Between Failures (MTBF).  The UCATS shall have a MTBF greater than 5,000 hours with the design goal of 7,500 hours.  A failure is defined as an error in UCATS which causes a loss of communications with the UAVs or the inability of the operator to use UCATS.

3.2.5.3.2 Operational Availability (Ao)The UCATS shall have an Ao of 96% with a goal of 99%.

3.2.5.3.2.1 Software Ao .  The UCATS software Ao shall be 98 % with a goal of 99.6%.
3.2.5.4 Training Requirements

3.2.5.4.1 Training Mode.  The UCATS shall have a training mode.

3.2.5.4.2 Simulator.  UCATS training mode shall simulate UAVs in the air tracking TOIs.

3.2.5.4.2.1 Communication Simulator.  The UCATS training mode shall have capabilities to simulate communications between UCATS and the UAVs in flight.

3.2.5.4.3 Operator Training.  The UCATS operators shall require no more than 40 hours of training with a goal of no more than 8 hours training to be fully trained to operate the UCATS system. 
3.2.6 Performance Requirements
3.2.6.1 Window Update Times.  The UCATS Windows shall update and display data to the operator within two seconds after the data is available.
3.2.6.2 Algorithm Response Time.  The UCATS algorithms shall execute times shall be ten seconds or less.  After ten seconds the UCATS shall time the algorithm out.  
3.2.7 Trade-off Requirements
3.2.7.1 Data Encryption. The communications data sent from UCATS to external systems shall be encrypted.
3.2.7.2 UCATS Access.  The UCATS shall require a username and password to access the UCATS.
4 Qualification Requirements.  
Table 1 summarizes the qualification requirements for UCATS.
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4.1 Verification Methods
The verification methods of the UCATS requirements are applicable for the artifacts generated during the SYS 798 course.  Verification is not intended to verify total compliance with the system requirements, but instead verify that the system level artifacts are adequately described to allow further detailed design.  Therefore, the verification methods are a demonstration and inspection.

4.1.1 Demonstration.  The demonstration involves running a software prototype that demonstrates key functionality of the UCATS logic and calculations.

4.1.2 Inspection.  The inspection involves an examination of the UCATS system level engineering artifacts, such as IDEF models to verify the requirement is adequately addressed in the UCATS System Design documentation.
4.2 Test Plan

As stated in section 4.1 the UCATS requirements are verified for this course using demonstration or inspection.  Since the UCATS system is not fully developed during the SYS 798 course, the requirements are not verified by testing.  The DJ³K team developed a notional test verification plan to use with a fully implemented system.  The UCATS requirements have three levels of test verification development test, segment level test, and operational test.
Development test is defined as unit level testing during SW development.  This type of testing is also CSCI level testing at the SW level.  This testing could include any HW testing during the system development phase.  

Segment level or system level test is testing of the entire UCATS system.  However this testing is not in an operational environment.  The UCATS is tested with a simulated UAV and simulated tasking authority.  This testing focuses on testing of the UCATS functionality.

Operational level or system integration testing tests the integrated system.  While the testing is primarily focused on the UCATS the system is tested with real UAVs in the air.  This type of testing verifies the operational effectiveness and suitability as well as the system interoperability.  

Table 2 shows the test verification level for each requirement.  Please note this test verification level is the level that DJ³K envisions the requirements to be allocated when the system is tested.  Some requirements are allocated to all test levels.   
	Requirement ID
	Test Level
	Rationale for Test Level

	3.1.1
	All 
	This requirement will be verified at all levels.

	3.1.2
	All
	This requirement primarily is verified during development but is verified at all levels.  

	3.1.2.1
	Dev Test 
	UCATS ability to predict TOI location is verified during development. 

	3.1.2.2
	Dev Test
	UCATS ability to determine intercept feasibility is verified during development.

	3.1.2.3
	Dev Test
	UCATS ability to generate intercept routes is verified during development.

	3.1.2.4
	Dev Test
	UCATS ability to assign UAVs to TOIs is verified during development.

	3.1.2.5
	Dev Test
	UCATS ability to predict TOI heading is verified during development.

	3.1.3
	Segment Test
	Modifying tasking is verified at the segment level

	3.1.3.1
	Segment Test
	Adding new TOIs is verified at the segment level

	3.1.4
	Operational Test 
	Communicating with the UAV is verified during operational test.  In general all communication requirements are verified during operational test.

	3.1.4.1
	Operational Test
	UCATS ability to receive position data is verified during operational test

	3.1.4.2
	Operational Test
	UCATS ability to send tasking data is verified during operational test

	3.1.4.3
	Operational Test
	UCATS ability to accept intercept status is verified during operational test

	3.1.4.4
	Operational Test
	UCATS ability to receive video is verified during operational test

	3.1.4.5
	Operational Test
	UCATS ability to receive speed data is verified during operational test

	3.1.4.6
	Operational Test
	UCATS ability to receive UAV heading is verified during operational test

	3.1.5
	Operational Test
	Operator manning requirements verified during operational suitability testing

	3.1.5.1
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.1.5.2
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.1.6
	Operational Test
	UCATS ability to control five UAVs is verified during operational test

	3.2.1.1.1
	Operational Test
	UCATS ability to receive map data from tasking authority is verified during operational test

	3.2.1.1.2
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.1
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.2
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.3
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.4
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.5
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.6
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.7
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.8
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.1.2.9
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.1.2.1.1
	Operational Test
	UCATS ability to receive UAV position updates from five UAVs is verified during operational test

	3.2.1.2.1.2
	Operational Test
	UCATS ability to receive notifications from the UAVs is verified during operational test

	3.2.1.2.1.3
	Operational Test
	UCATS ability to receive notifications from the UAVs is verified during operational test

	3.2.1.2.2
	Operational Test
	UCATS ability to receive video from the UAVs is verified during operational test

	3.2.2.1
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.1
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.2
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.3
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.4
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.5
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.6
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.7
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.8
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.9
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.2.10
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.2.3.1
	Operational Test
	Communicating with UAVs is verified at the operational test level

	3.2.2.3.2
	Operational Test
	Communicating with UAVs is verified at the operational test level

	3.2.3.1
	Operational Test
	Communicating with UAVs is verified at the operational test level

	3.2.3.2
	Segment Test
	Operator interactions with UCATS verified at segment level

	3.2.4.1
	Dev Test
	UCATS calculations are verified during development.

	3.2.4.1.1
	Dev Test
	UCATS calculations are verified during development

	3.2.4.1.2
	Dev Test
	UCATS calculations are verified during development

	3.2.4.1.3
	Dev Test
	UCATS calculations are verified during development

	3.2.4.1.4
	Dev Test
	UCATS calculations are verified during development

	3.2.5.1
	Dev Test
	HW requirements are verified during development

	3.2.5.1.1
	Dev Test
	HW requirements are verified during development

	3.2.5.1.2
	Dev Test
	HW requirements are verified during development

	3.2.5.1.3
	Dev Test
	HW requirements are verified during development

	3.2.5.2.1
	Dev Test
	SW requirements are verified during development

	3.2.5.2.2
	Dev Test
	SW requirements are verified during development

	3.2.5.2.3
	Dev Test
	SW requirements are verified during development

	3.2.5.3.1
	Operational Test
	MTBF verified during operational test

	3.2.5.3.2
	Segment Test 
	Ao and SW Ao verified during segment test

	3.2.5.3.2.1
	Segment Test
	Ao and SW Ao verified during segment test

	3.2.5.4.1
	All
	Training requirements verified by all test levels

	3.2.5.4.2
	All
	Training requirements verified by all test levels

	3.2.5.4.2.1
	All
	Training requirements verified by all test levels

	3.2.5.4.3
	Operational Test
	Training time verified by operational test

	3.2.6.1
	Dev Test
	Performance requirements verified during development

	3.2.6.2
	Dev Test
	Performance requirements verified during development

	3.2.7.1
	Operational Test
	Data sent to external systems verified during operational test.

	3.2.7.2
	All
	Security requirements verified at all levels.


APPENDICES
APPENDIX A: Acronyms
Ao 

Availability

C2

Command & Control

CONOPs
Concept of Operations
GUI 

Graphical User Interface

MTBF

Mean Time between Failure
SOW

Statement of Work
SRS

System Requirements Specification

TOI

Target of Interest
UAV

Unmanned Air Vehicle
UCATS

Unmanned Control & Tracking System
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