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	ABSTRACT:
	This document lists identified project risks that could jeopardize the mission of the MCNAV001, a competitor in the DARPA Lunar Grand Challenge. Also included are risk mitigation strategies by the McNAV team.
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1. Introduction


The purpose of the Project Risks and Mitigation Strategies Document is to provide insights for supporting informed decision making during the development of the MCNAV001 project by identifying the risks impacting the completion of the project, and proposing appropriate response strategies that, when implemented will mitigate those risks. 
1.1 Definitions

Table 1 – MBARS Terms and Acronyms

	Acronym
	Translation
	Definition

	DARPA
	
	Defense Advanced Research Projects Agency

	MBARS
	
	Moon Based Autonomous Robot System

	MCNAV
	
	Moon Circum-Navigating Autonomous Vehicle

	OCD
	
	Operational Concept Document

	E-Stop
	
	Wireless Emergency Stop Units

	PRAMS
	
	Project Risk And Mitigation Strategy


1.2 References
( Reference documents are listed in the footnote section below.




	
	

	
	

	
	

	
	


2. Project Risks & Mitigation

2.1 
2.2 
This section lists the major operational risks for the MCNAV project identified during system development by the MCNAV team.  For each risk, a corresponding mitigation strategy has also been developed.
gsl: 

I would like to add the following forms (for each identified risk) from S/W Risk Management - A Practical Guide article [1]. This will accommodate the suggestions that Carl made regarding risk labeling, monitoring and management:

1. Risk Accounting Form

2. Risk Information Form

The Risk Accounting Form and the Risk Information Form are two examples of ways to document risks.  A consistent format or content for risk statements helps everyone understand the real risk.

A.1 Example 1: Risk Accounting Form

	Risk Accounting Form


	Identified by:
	Date: 
	

	
	ID #:
	CM Tracking #

	Statement of Risk (with context):

	

	
	Consequence: (Cost , Schedule, Performance, Quality)
	Risk Magnitude Rm

	
	Severity:  (Critical, Serious, Moderate, Minor)
	

	
	Probability of occurrence?  (High, Medium , Low, %)
	

	
	Timeframe of risk? (Near-term, Far-term)
	

	Mitigation Strategy:

	Different strategies to mitigate this risk.  When it must be mitigated.

	Contingency Action and Trigger: 

	

	Risk Grouping:
	Other risks (by ID) that will impact this risk or are impacted by this risk


A.2 Example 2:  Risk Information Sheet

	ID:
	
	Risk Information Sheet

	Identified:
	

	Priority:
	
	Statement of Risk:

	Probability:
	
	

	Impact:
	
	

	Timeframe:
	Origin:
	Class:
	Assigned To:

	
	
	
	

	Context:

	Mitigation Strategy:

	Contingency Action and Trigger:

	Status:
	Status Date:

	Approval:
	Closing Date:
	Closing Rationale:

	
	
	


Comments please!!!

I am also working on an excel spreadsheet type of risk documenting for labeling, monitoring, and management. WIP
Instead of a table – consider a list format.  It should provide you with more efficient page use – also allows risks to appear in TOC.  For example:
gsl:

We must provide risk labeling, monitoring, tracking, etc., info.
PRAMS-01 - Obtaining sponsor funding for MCNAV project
To mitigate this risk, the MCNAV Team will launch a program fund raising campaign to raise capital by one or more of the following methods:

· Available space on the lunar vehicle will be sold to advertise sponsors corporations
· The MCNAV team will approach congress for any available funding

PRAMS-02 - The available lunar environmental data is unverified
Lunar data will be confirmed by consulting with the appropriate space agencies and subject matter experts.
PRAMS-03 - Lack of prior experience in Lunar Autonomous Rover Development.
Independent Subject Matter Experts [SME] will be consulted during system design and development and quality control.
PRAMS-04 - Lack of MCNAV Team communications

This needs more info – I’m not sure where you are going with this one.  Be careful to limit the risks to technical or process issues – not a team issue.  For example – do you mean inability to communicate with rover once it is on the moon?
gsl:

This was one of the risks identified by the team and I took it to mean the communications amongst the team members resulting from being geographically dispersed and therefore restricted to only a few (2) modes of communication – eMail and WebArrow. I may have totally missed the mark. 
PRAMS-05 - The equipment may not function at lunar temperature extremes
The MCNAV components will be tested in environmental test chambers, which will approximate lunar conditions.  
PRAMS-06 - Insufficient resources to complete project, based on program schedule.
Team shall campaign to acquire appropriate levels of resource allocation according to schedule requirements.

PRAMS-07 - Insufficient data for power decision
Team will complete a thorough trade study to investigate peak power usage of all components used on the lunar rover.

Team will complete thorough investigation of power generation capabilities to be employed.

Team will conduct testing of power generation units under peak load with components and will add an additional 10% margin to guarantee sufficient power.
PRAMS-08 - Lateral vehicle motion affects LADAR sensor readings accuracy and repeatability on mast.
Environmental Sensing subsystem team will create models of vehicle motion and sensors – then evaluate impact of vehicle motion on sensor data.
PRAMS-09 - Failure of LADAR mast to telescope reduces angular resolution.
LADAR mast will be mounted as high as possible on the vehicle chassis.

LADAR will continue to be available and operational regardless of mast position – offering degraded, but required performance.
PRAMS-10 - Hard to find previous examples of similar programs.
The MCNAV team will employ available SMEs as consultants during all phases of the project – particularly during design and development.
PRAMS-11 - Lunar environmental pollution due to MCNAV participation
No harmful or dangerous components will be used in the construction of the MCNAV system which may cause damage to the lunar or qualification test environment.  All systems will be entirely self-contained and will not produce polluting emissions.
PRAMS-12 - Motion reaction (response delay) and accuracy can cause problems to the navigation system

I’m not sure what this means – risk statement needs clarification.
PRAMS-13 - There are no references of existence of complete temperature maps, elevation models, or vector data of the Magellan Path available.

The MCNAV team will 
· Solicit DARPA for vector data on the intended Magellan paths to be used.

· solicit NASA for available unclassified data of the lunar surface and the Magellan path.
· consult with SMEs for conditions on lunar surface and the Magellan path.
· build the MCNAV system to be capable of lunar circumnavigation on an arbitrary path above the 75th parallel.
NOTE: Consider breaking this into multiple distinct risks : 1) lack of  lunar data  2) lack of vector data for the Magellan Path.
PRAMS-14 – Actual road testing on the lunar surface is not possible prior to launch.

The MCNAV team will:

· perform simulation testing of the perception and navigation systems

· perform live testing at earth locations similar in terrain to lunar conditions for distances approximating those of the intended Magellan path.
PRAMS-15 – Actual lunar conditions may not match available a-priori data

The MCNAV system will be capable of sensing its environment and dynamically re-planning a new trajectory based on a combination of best available information.  As the lunar rover traverses the lunar surface it will collect and update its available a-priori data with sensed environmental conditions and periodically plan new trajectories as obstacles or other hazards are detected in its path.
PRAMS-16 – Exposure to intense solar radiation may damage equipment
The MCNAV system will strive to use components which are capable of surviving intense solar radiation for the duration of the course.  Preference will be given to space-ready or militarized sensors and components.  In the event that such components are unavailable – shielding will be provided for more sensitive components.

The MCNAV system will employ pairs of redundant components such that in the event that any one component fails – the system will be capable of completing its mission goal in a degraded mode of operation.

PRAMS-17 - Lack of data for CPU / Processing needs.
The MCNAV team will produce mathematical and simulation models of the completed system.  These models will be used to verify the processing capacity is sufficient to complete the mission goals under peak CPU load conditions – such as when operating at full speed or when traveling in densely cluttered environments.
	
	
	

	
	
	


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	

	

	
	
	

	
	
	

	
	
	







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� � HYPERLINK "http://cio.doe.gov/ITReform/sqse/download/sqas21_01.doc" ��http://cio.doe.gov/ITReform/sqse/download/sqas21_01.doc�


� HYPERLINK "http://www.uces.csulb.edu/SPIN/media/ppslide/Hefner's%20SPIN%20Presentation.ppt" ��http://www.uces.csulb.edu/SPIN/media/ppslide/Hefner's%20SPIN%20Presentation.ppt�


� HYPERLINK "http://sepo.spawar.navy.mil/Risk_Management_Process_Expert_Mode.doc" ��http://sepo.spawar.navy.mil/Risk_Management_Process_Expert_Mode.doc�


� HYPERLINK "http://www.goldpractices.com/practices/frm/index.php" ��http://www.goldpractices.com/practices/frm/index.php�


� HYPERLINK "http://www.ndia-tvc.org/SESEC/Presentations/SE2%20Conference%20PDFs/DAY_1/D1_Session_1/S1B1_Gallagher.pdf" ��http://www.ndia-tvc.org/SESEC/Presentations/SE2%20Conference%20PDFs/DAY_1/D1_Session_1/S1B1_Gallagher.pdf�


� HYPERLINK "http://cs.wwc.edu/~aabyan/Articles/PM.pdf" ��http://cs.wwc.edu/~aabyan/Articles/PM.pdf�


� HYPERLINK "http://cs.wwc.edu/~aabyan/Articles/PM.pdf" ��http://cs.wwc.edu/~aabyan/Articles/PM.pdf�


� HYPERLINK "http://www.sei.cmu.edu/programs/sepm/risk/main.html" ��http://www.sei.cmu.edu/programs/sepm/risk/main.html�


� HYPERLINK "http://www.sei.cmu.edu/sepm/risk/principles.html" ��http://www.sei.cmu.edu/programs/sepm/risk/principles.html�


� This form is a modification of the form provided in� REF refDorofee96 \h �Error! Reference source not found.�.


� This form is from � REF refDorofee96 \h �Error! Reference source not found.�.
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