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2. Introduction

2.1 Purpose

The System Capability Requirements and Qualification Method document establishes the functional, performance, design, development, and verification requirements for this project. This document contains requirements and qualification method gathered from the contractual elements typically consisting of the contract document, concept of operations (ConOps) document, etc. The System Capability Requirements and Qualification Method document defines the set of requirements to be verified as part of the acceptance of the MBARS project

2.2 Definitions

Table 1 – MBARS Terms and Acronyms

	Acronym
	Definition

	DARPA
	Defense Advanced Research Projects Agency

	MBARS
	Moon Based Autonomous Robot System

	MCNAV
	Moon CircumNavigating Autonomous Vehicle

	OCD
	Operational Concept Document

	RTG
	Radioisotope Thermoelectric Generator

	GPHS
	General Purpose Heating System


2.3 References

Table 2 – References for Operational Concept Document

	ID
	Reference

	1. 
	System / Subsystem Requirements Specification

	2. 
	ESIS_Lunar_Grandchallenge_rules_11June05.pdf


3. System Overview

3.1 System Background and Purpose

In order to accelerate technology development for a Moon Based Autonomous Robot System (MBARS), DARPA has initiated the Lunar Grand Challenge 2005. Carnegie Mellon University’s MCNAV Team (ESIS 2005 - 17614) has taken up the challenge to design a robotic lunar system in accordance with the challenge requirements provided by DARPA. 

The lunar environment is extreme. With no atmosphere, the vehicle electronics will be exposed to solar particle events that could literally fry them. Intense ultraviolet radiation will degrade materials. The course must be completed in no more than 7 days. The MCNAV must be capable of surviving these conditions and be able to adjust to unforeseen hazards on the lunar surface. 

3.2 Assumptions

Table 3 – Key Assumptions from DARPA Lunar Challenge Rules

	ID
	Assumption

	1. 
	DARPA will install 2 Loran-C transmitters on the moon

	2. 
	The race will occur following a Magellan Route above 75th parallel.  Therefore, the race will be limited to a length of 2826 km (1757 miles). 

	3. 
	The race will be limited in duration to 1 earth week.  Therefore, to cover the race distance the robot will need to travel at an average speed of 4.7 m/s (10.4 mph).

	4. 
	

	5. 
	Electric powered motors are used for locomotion

	6. 
	Software updates are permitted up to 1 min prior to rocket launch.

	7. 
	


3.3 System Constraints
MCNAV is designed for the Lunar Circumnavigation Grand Challenge. The official organization for this challenge, DARPA, has defined the hardware and software requirements and some rules for the race. The main constraints of the system are as follows:
Participating vehicles shall be operated autonomously and be unmanned during the challenge. 

A system shall consist of a single ground vehicle with one or more sub-systems that are physically bound to the vehicle.

The maximum vehicle weight shall be 5000 pounds on earth.

The vehicle shall display the DARPA Lunar Circumnavigation 2005 logo.

4. System Requirements

This section itemizes the requirements associated with each of the system’s capabilities. A “function” is defined as a group of related requirements. 
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<Fig. 1., The Requirements Hierarchy of MBARS and subsystems>

4.1 Performance

The requirements specify the required behavior of the system and include applicable parameters such as response time, throughput time, other timing constraints, sequencing, accuracy, capacities (i.e., how much / how many), priorities, continuous operation requirements, and allowable deviations based on operating conditions.

	ID
	Description

	REQ-PE-1
	The vehicle shall be capable traveling at an average speed of 4.7 m/s (10.4 mph).

	REQ-PE-2
	The vehicle shall not emit or receive any communication other than those used for vehicle tracking by DARPA.


4.2 Physical Characteristics

Physical Characteristics includes height, weight, volume, or physical dimensions.

	ID
	Description

	REQ-PC-1
	The vehicle propulsion and steering shall be capable of traveling for a distance of 2826 km over a period of no more than 168 hours (average speed of 4.7m/s).

	REQ-PC-2
	The vehicle shall not damage the environment or infrastructure of the pre-launch qualification event or the lunar circumnavigation route.

	REQ-PC-3
	The maximum vehicle weight shall not exceed 5000 pounds on earth

	REQ-PC-4
	Each vehicle shall display their unique assigned vehicle identification number.


4.3 Safety
It describes the requirements for maintaining the system safety. 

	ID
	Description

	REQ-SA-1
	Vehicle shall comply with laser safety standards (OSHA 29 CFR 1926.54)

	REQ-SA-2
	Vehicle shall comply with RF Radiation standards (OSHA 29 CFR 1910.97)

	REQ-SA-3
	Vehicle shall be governed by a DARPA provided Wireless Emergency Stop (E-STOP).  Operation of the E-STOP must be functional prior to the pre-launch qualification.

	REQ-SA-4
	Vehicle shall operate warning devices (Visual Alarm) while running or paused.

	REQ-SA-5
	Vehicle shall display vehicle brake lights when dynamic braking is engaged.

	REQ-SA-6
	Vehicle shall have tow points front and rear.


4.4 Environmental Requirements

Requirements regarding the environment in which the system must operate. 


· 
· 
· 
	ID
	Description

	REQ-ER-1
	The vehicle shall be capable of following a Magellan Route above 75th parallel. 

	REQ-ER-2
	The vehicle shall operate in the near vacuum of the lunar surface.

	REQ-ER-3
	The vehicle shall operate within the range of the lunar temperatures (-180 to 130 centigrade).

.

	REQ-ER-4
	The vehicle shall be capable of operation while exposed to harsh solar radiation of the lunar surface.

	REQ-ER-5
	The vehicle shall be capable of operating while obscured from the light of the sun.


5. Subsystem Requirements

This section identifies a required subsystem capability and will itemize the requirements associated with the capacity. 

5.1 Mobility/Locomotion


	ID
	Description

	REQ-MB-1
	The mobility/locomotion shall be capable of changing the direction.

	REQ-MB-2
	The mobility/locomotion shall be capable of capable of sustaining velocities at least 12 mph.

	REQ-MB-3
	The mobility/locomotion shall be capable of slowing down the speed by 0 (zero).

	REQ-MB-4
	The mobility/locomotion shall be capable of climbing a slope of maximum 45 degrees.

	REQ-MB-5
	The mobility/locomotion shall be capable of capable of descending a slope minimum -30 degree.


5.2 Power Generation

	ID
	Description

	REQ-PG-1
	The power system shall supply necessary electrical power to maintain vehicle operation for the duration of the race.

	REQ-PG-2
	The power system shall supply necessary thermal power to maintain vehicle internal ambient temperature for the duration of the race.

	REQ-PG-3
	The power system shall perceive to run out of fuel and shift to power-saving mode, in order to extend the distance covered in a given fuel.

	REQ-PG-4
	The power system shall supply at least 773.1 watts electricity as maximum peak power. (773.1 watts is estimated – refer to technical paper.doc)

	REQ-PG-5
	The power system shall detect a leakage of power such as inactivated subsystems or stopped subsystems and prevent the waste of power.


5.3 Environment Sensing 


	
	

	
	

	
	

	ID
	Description

	REQ-ES-1
	The Environment Sensing (ES) system shall be capable of perceiving the surrounding environment in terms of terrain elevation and obstacle detection

	REQ-ES-2
	The ES system shall provide appropriate terrain elevation and obstacle detection information to the processing subsystem for qualifying the pre-planned route.

	REQ-ES-3
	The ES system shall be capable of functioning within the lunar temperature ranges as specified in TRI’s (The Robotic Institute) document on Thermal Regulation in section 7.1.2 
 

	REQ-ES-4
	The ES system shall be capable of functioning within high lunar radiation environment as specified in TRI’s (The Robotic Institute) document on Thermal Regulation in section 7.1.2 
  

	REQ-ES-5
	The ES system shall be capable of sensing lunar terrain and obstacles up to 50 meters ahead of the vehicle under all lighting and temperature conditions. 


5.4 Processing 
	ID
	Description

	REQ-CPU-1
	The processing system shall monitor and control power distribution to guarantee fail-safe delivery of essential power to mission critical subsystem

	REQ-CPU-2
	The processing system shall communicate with all other subsystems.


5.5 Navigation

	ID
	Description

	REQ-NV-1
	The navigation subsystem shall plan a path between a start and end point before launch.

	REQ-NV-2
	Due to computational constraints the system must be able to pre-calculate a path and then load the results into the module to be part of the launch.

	REQ-NV-3
	The navigation subsystem shall be capable of understanding and translating to locations in the moon to coordinate with start and ending points for the race. 

	REQ-NV-4
	The system shall be able to dynamically avoid obstacles  

	REQ-NV-4.1.
	The system shall detect obstacles present at a maximum distance of 5 meters.

	REQ-NV-4.2.
	The system shall navigate around obstacles.

	REQ-NV-4.3.
	The system must assess when the pre-path is reached while avoiding obstacles.

	REQ-NV-4.4.
	The system shall recognise two navigation states: (1) following the pre-planned path and (2) circumnavigating an obstacle.

	REQ-NV-4.5.
	The navigation subsystem shall track progress on pre-planned path to avoid falling into loops.

	REQ-NV-5
	The vehicle shall demonstrate fully autonomous behavior and operation always.

	REQ-NV-6
	The vehicle shall follow a path within 1500 miles of the Loran-C stations.

	REQ-NV-7
	The positioning system shall be able to auto calibrate and auto seek signals.

	REQ-NV-8
	The Odometry System shall resist <TBD> vibration and regolith (moon dust).

	REQ-NV-10
	The “World Model” database system shall have <TBD> storage space 

	REQ-NV-11
	The “Vault” database shall have <TBD> storage space and the calculation of the path cannot take longer than a week.

	REQ-NV-12
	The system must control the vehicle speed for time and terrain conditions.

	REQ-NV-13
	The system must be able to utilise the sensing capabilities of the system to analyse the terrain and calculate the cost associated to each alternative path. 

	REQ-NV-15
	The system shall correct navigation considering unexpected issues like slippage.


	
	

	
	

	
	


6. Qualification Method

MBARS system will be qualified through formal validation tests of the System Capability Requirements level. The Qualification Methods applied to the system shall include test, demonstration, analysis, and inspection (T, D, A, I).

Test: A qualification method that is carried out by operation of the subsystem (or some part of the subsystem, etc.) and that relies on the collection and subsequent examination of data
Demonstration: A qualification method that is carried out by operation of the subsystem (or some part of the subsystem, etc.), and that relies on observable functional operation not requiring the use of elaborate instrumentation or special test equipment.
Analysis: A qualification method that is carried out by the processing of accumulated data. An example of accumulated data is the compilation of data obtained from other qualification methods. Examples of the processing of accumulated data are interpretations made from the data.
Inspection: A qualification method that is carried out by visual examination, physical manipulation, or measurement to verify that the requirements have been satisfied
6.1 System Qualification
	Target Requirement
	Performance

	Objective
	Verification and evaluation of the maximum speed of vehicle

	Qualification Method
	Test, Demonstration, and Inspection

	Type of data to be recorded
	· The maximum speed in the dry run

· The average speed in the dry run


	Target Requirement
	Performance

	Objective
	Verification and evaluation of the communication with DARPA

	Qualification Method
	Test, Demonstration, and Inspection

	Type of data to be recorded
	· Accuracy of the communication with DARPA


	Target Requirement
	Physical characteristics

	Objective
	Verification and evaluation of the environmental damage by the vehicle

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Measurement of the damage to the route environment along the path


	Target Requirement
	Physical characteristics

	Objective
	Verification and evaluation of the weight of vehicle

	Qualification Method
	Inspection

	Type of data to be recorded
	· The weight of the vehicle


	Target Requirement
	Safety

	Objective
	Verification and evaluation of the warning devices (Visual Alarm)

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Success or failure of warning devices while running or paused


	Target Requirement
	Safety

	Objective
	Verification and evaluation of the brake lights 

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Success or failure of brake lights when dynamic braking is engaged


6.2 Subsystem Qualification
6.2.1 Mobility/Locomotion

	
	

	
	

	
	

	
	

	Target Subsystem
	Mobility / Locomotion

	Objective
	Verification and evaluation of controlling the speed

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Measurement of the maximum speed
· Time to make vehicle stop


	Target Subsystem
	Mobility / Locomotion

	Objective
	Verification and evaluation of the degree for climbing a slope

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Measurement of the maximum climbing degree
· Measurement of the minimum climbing degree


	Target Subsystem
	Mobility / Locomotion

	Objective
	Verification and evaluation of the actuator

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Correctness of the command from the navigation and ES
· Success or failure of a control loop by driving the electro-motors

· Accuracy of the angle and the torque


6.2.2 Power Generation

	
	

	
	

	
	

	
	

	Target Subsystem
	Power Generation

	Objective
	To detect a leakage of power 

	Qualification Method
	Test and Analysis

	Type of data to be recorded
	· Average power usage of each subsystem

· Peak power usage of each subsystem

· Current power usage of each subsystem

· If the current power usage is 2 times more than its peak power usage, it will be considered as a device trouble or a leakage of fuel.


	Target Subsystem
	Power Generation

	Objective
	To monitor the remaining fuel and calculate the necessary power

	Qualification Method
	Analysis and Demonstration

	Type of data to be recorded
	· Fuel consumption

· Remaining fuel based on consumption

· The minimum amount of fuel for the vehicle to keep the race; this will be calculated with average power usage of each subsystem.


	
	

	
	

	
	

	
	


6.2.3 Environment Sensing 

	
	

	
	

	
	

	
	

	Target Subsystem
	Environment Sensing

	Objective
	Evaluate local terrain using on board sensors

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Control signals to the Mobility and Locomotion subsystem in lab tests.

· Conditions with known terrain characteristics and vehicle performance in field demo at a desert test site.


	Target Subsystem
	Environment Sensing

	Objective
	Evaluate Obstacle detection using on board sensors 

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Control signals to the Mobility and Locomotion subsystem in lab tests.

· Conditions with known terrain characteristics and vehicle performance in field demo at a desert test site.


	Target Subsystem
	Environment Sensing

	Objective
	Evaluate ES system functionality under lunar temperature conditions 

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Lunar temperature simulation results at test labs using Test Sensor Temperature Conditioning System (STCS).

· The sensing system operation under these conditions.


	Target Subsystem
	Environment Sensing

	Objective
	Evaluate ES system functionality under lunar radiations conditions 

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Absorption effectiveness at test labs simulating lunar radiation conditions using Test Sensor Radiation Shield System (SRSS)
· The sensing system operation under these conditions.


	Target Subsystem
	Environment Sensing

	Objective
	Evaluate ES system functionality under lunar vibration conditions 

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Vibration absorption effectiveness at test labs simulating lunar landing and terrain vibration conditions using Test Sensor Vibration Isolation System (SVIS).

· The sensing system operation under these conditions.


	
	

	
	

	
	

	
	


6.2.4 Processing 
	Target Subsystem
	Processing

	Objective
	Evaluate inter sub-system communication and control

	Qualification Method
	Demonstration

	Type of data to be recorded
	· Display of appropriate visual warning light when vehicle is breaking.

· Display of appropriate visual warning when vehicle is in E-stop: running or stopped mode.


	Target Subsystem
	Processing

	Objective
	Evaluate power management on partial power failure

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Validate control signal limiting sub-system operation when reduced number of RTG is installed

· Validate subsystem power supply is cut when short circuiting the subsystem power input.


6.2.5 Navigation
6.2.6 
	Target Subsystem
	Positioning

	Objective
	Evaluate accuracy of the position system

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· The accuracy and the reliability of the positioning system that is tested against different environmental conditions in respect to distance and signal obstruction for the positioning system.


	Target Subsystem
	Navigation

	Objective
	Evaluate the obstacle avoidance algorithm

	Qualification Method
	Analysis

	Type of data to be recorded
	· The correctness of the obstacle avoidance algorithm through analysis with the help of simulation.
· Evaluate result of the algorithm through the analysis in isolation.


	Target Subsystem
	Navigation / Sensing

	Objective
	Evaluate the accuracy and correctness of the calculation of the best path

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Results tested against different terrain scenarios to assess the effectiveness and accuracy of the calculation of the best option among different alternatives (e.g. including different terrain material and terrain elevation)


	Target Subsystem
	Navigation / Locomotion

	Objective
	Evaluate the accuracy and constancy of the positioning, navigation and locomotion subsystems

	Qualification Method
	Test and Demonstration

	Type of data to be recorded
	· Results tested under different scenarios, when it modifies its position. 
· Results of the re-positioning and corroboration of the system are aware of gaps produced by slippage in other unexpected external issues.


	
	

	
	

	
	

	
	


	
	

	
	

	
	

	
	











� http://www.frc.ri.cmu.edu/projects/lri/Luna/report/therm_chap.html#HDR2


� http://www.lunarrepublic.com/info/resources.shtml


� http://www.frc.ri.cmu.edu/projects/lri/Luna/report/therm_chap.html#HDR2


� http://www.frc.ri.cmu.edu/projects/lri/Luna/report/therm_chap.html#HDR2





MCNAV001_REQ_QUALIFICATION_0_1_[1].7.doc
9 of 11
Last Updated: 7/25/2005 @ 9:44 PM

