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1. Terms of Reference

1. Purpose:
The purpose for the LiDAR and IMU Community of Practice (CoP) is to establish a formal link between the mapping industry, the Ministry of Agriculture and Lands, Integrated Land Management Bureau (ILMB) Base Mapping and Geomatic Services (BMGS), and other groups or ministries who are users of LiDAR data. This Terms of Reference (ToR) is to provide guidance and structure for the nature of the governance and scope of actives that this Community of Practice would discuss, evaluate, and make recommendations on. The Community of Practice will consist of experts from industry, academia, client users and government. The mix will be such that a good cross section of interests will be represented in the discussion. The CoP will also provide a mechanism by which the specifications and standards can be reviewed as required and updated on an annual basis.
2. Background: 

Base Mapping and Geomatic Services (BMGS), Forest Analysis and Inventory Branch (FA&IB), and the mapping industry have many areas of common interest. The common areas of interest include reviewing, developing and implementing new technology to resolve operational issues related to the field of Geomatics. Technology is again taking a major thrust forward leading to discontinuities in the production and acquisition of products and services.

The mandate of Base Mapping and Geomatic Services is to manage the Provincial Baseline Atlas as a corporate service for all government ministries, industry, business, academia and the public, in support of economic development and sustainability through better decisions. Geomatics is the core business of BMGS.  A major component of this is the responsibility for developing and maintaining corporate specifications and standards. BMGS is engaged in developing, testing and implementing new technology. These activities must take place in cooperation with clients and producers. The desire to evaluate and appropriately adopt this new technology has lead to this cooperative project.

BMGS is challenged to reduce costs and improve service and efficiency. The Corporate Base Mapping Advisory Committee (CBMAC) is one forum for client input as well as program coordination. Issues such as the appropriate use of new technology can be raised at CBMAC.

Communities of Practice would provide a formal mechanism by which BMGS, FA&IB, academia and the mapping industry could look at new and emerging technologies and be able to make recommendations with regards to their feasibility, application, adoption, and production implementation. This would then be formalized in a set of standards and specifications to be managed by BMGS.

The BC mapping industry is recognized as leaders in the Geomatics field. They are early adapters of new technology. Much new technology has actually been developed in BC. Government must work with industry to ensure early and appropriate adoption of new technology.

Given BMGS’ s:

· mandate to define, develop and manage the Provincial Baseline Atlas,
·  its need for practical solutions to client needs and, 
Given the mapping industry’s:

· history of innovative leadership in the research, testing and delivery of Geomatics solutions, and,
Given FA&IB’s:

· role as a major client and user of the result data and products and.
Given

· the accelerated rate of technological change;
Then it is desirable that the parties work collaboratively to find solutions to geomatics issues. The solutions may take the form of technology reviews, testing and evaluation, specification review, or specification development for new products. 
The objective is to work in a collaborative manner to improve communication, develop cost effective solutions, better understand client requirements and further the field of Geomatics in BC.  
3. Mandate: 

Base Mapping and Geomatic Services is accountable for all geomatics specifications related to the Provincial Baseline Atlas. BMGS, FA&IB, academia and the mapping industry will review and recommend changes to the operational procedures, tools and specifications that are maintained by BMGS. Where appropriate, new tools and specifications will be implemented and developed under agreement between the two parties.

In fulfilling this mandate BMGS and the Community of Practice members will endeavour:

· To improve communication and streamline procedures.

· To provide a forum to discuss product needs.

· To provide a forum to discuss operational issues.

Communities of Practice within the field of Geomatics will be encouraged to evaluate and adopt the new technology. 

The early focus will be on immediate issues. This will guide the development of the specifications in a phased approach. The early work will draw heavily on existing material from other jurisdictions. 
4. Areas of Interest:
Due to the very nature of the changing technology in Geomatics, there are many areas and projects of common interest including reviewing, developing and implementing new technology to resolve operational issues related to the field of Geomatics. Examples of project areas where a CoP would be considered would be:

· Evaluation of small/medium and large format digital cameras with recommendation for use or application in mapping and photo interpretation.

· Evaluate digital camera calibration issue:

i. What is calibration (mechanical, digital)

ii. Where should calibration take place

iii. Is there a certification process

iv. What, if any, role does ISO certification play 

· Evaluate all types, scales and resolutions of film and digital photo for interpretation and base mapping purposes.

· Evaluate requirements and processes of BMGS in the way it should fulfill its role in development of specifications, product inspection, adopting new technology (IMU, Digital Cameras, aerial triangulation techniques), and the like. 

· Develop a closer link of the remote sensing (image processing) community and the geomatics/photo interpretation community.

· Evaluate what can be done / the application and efficiencies of new technology.

· Evaluate best practices.

· Develop standards and specifications for the use of small/medium format cameras 

· Evaluate the use of LiDAR for mapping and forestry

· Evaluate the use of various scanners vs air photo 

· Evaluation of spatial data base technology

· Evaluation of data transfer and data storage technology

The Community of Practice would require formal project management. Each project must have a Project Charter and appropriate sign-offs to ensure that there are: 
· Defined deliverables

· Dates and timelines for deliverables

· Identified project leads and responsibilities

· Fixed costs if appropriate

· Procedures for project tracking and reporting

An Action Plan indicating the process for and steps for developing the LiDAR Specifications is attached.

5. Oversight:
· Paul Quackenbush, Head Base Mapping and Data Exchange Unit, Land Information BC, Base Mapping and Geomatic Services

The Community of Practice would be supported by a Secretariat who would be responsible for setting up meetings, maintaining minutes, developing Project Charters, tracking projects, and facilitating working groups. This would ensure that projects are treated formally and that progress is made to realize the stated objectives.

6. Accountability:
Base Mapping and Geomatic Services is accountable to the ADM of the Integrated Land Management Agency for the delivery of its mandate. BMGS seeks input and services from a variety of sources. 










7. Governance:

The governance of this agreement shall be as follows:

· The Chair of the Base Mapping and Photo Interpretation Community of Practice is Paul Quackenbush, Head Base Mapping and Data Exchange Unit, Integrated Land Management Agency, Base Mapping and Geomatic Services

· The Community of Practice will be supported by a Secretariat

· The Community of Practice will look for areas of cooperation and coordination.

· All working agreements will be formal in nature with appropriate sign offs

Approvals:

________________________________



_____________________

Project Sponsor 
(Amin Kassam)




Date

Base Mapping and Geomatic Services

________________________________



______________________

Members of the Base Mapping and 
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1. Introduction

1.1 Background

Light Detection and Ranging (LiDAR) is becoming widely used to capture elevation data. It is also being investigated for use in photo interpretation applications in forestry and other mapping applications. Recent technical advances in direct geo-referencing methodologies (e.g., GPS/INS units) are giving rise to the continuous profusion of LIDAR systems for capturing elevation data. The data has proven to be useful in certain applications that require large density of vertical data. The Ministry of Transportation, Ministry of Forests and Range, Ministry of Environment, and other organizations such as the Fraser Basin Council are users of LiDAR data. 

LiDAR units consist of a laser that fires at a certain frequency and generates a certain size spot when it hits a target. The laser light is reflected back to the unit and the first impulse is detected and marked. The second return impulse is also detected and marked.  The process must take into consideration such elements as vegetation coverage and land slope and forms. This information is utilized to derive elevations. The desire is to obtain ground elevation data. LIDAR technology has been conceived to directly and accurately capture digital surfaces. LIDAR systems supply dense geometric surface information in the form of non-selective points. An appealing feature of the LIDAR output is the direct acquisition of three dimensional coordinates of object space points. However, there is no inherent redundancy in reconstructed surfaces from LIDAR systems. Therefore, the quality of the derived information depends on the accuracy and validity of the calibration parameters of the different components comprising the LIDAR system. Another characteristic of LIDAR surfaces is that they are mainly positional. In other words, it is difficult to derive semantic information regarding the captured surfaces (e.g., material and type of observed structures). 

Organizations such as the American Society of Photogrammetry and Remote Sensing (ASPRS) and US Federal Emergency Mapping Agency (FEMA) have developed LiDAR specifications for their purposes. At present there are no official specifications for LiDAR application in BC. The process will draw heavily on the work that has been done in these other jurisdictions.

The mandate of Base Mapping and Geomatic Services (BMGS) is to manage the Provincial Baseline Atlas as a corporate service for all government ministries, industry, business, academia and the public, in support of economic development and sustainability through better decisions. A major component of this is the responsibility for developing and maintaining corporate specifications and standards. These activities must take place in cooperation with clients and producers. To facilitate this interaction, BMGS has developed Communities of Practice (CoP) to work on specific tasks. The CoP consists of a workable number of experts from all areas impacted by the particular topic (users, producers, academia, government, etc), in this case LiDAR.   The mix will be such that a good cross section of interests will be represented in the discussion. A CoP has been struck for the development of LiDAR Specifications. The CoP will provide input, discuss, comment on and review the specifications as they are developed through the process of interaction and drafting. To minimize time impact on the CoP members, contractors will draft the specification. To ensure focus, a Terms of Reference is drafted for the CoP. 
BMGS has established an Umbrella Agreement with the University of Calgary (UofC). The Geomatics Department at UofC has been extensively involved with research and application of LiDAR technology. They will be engaged as a contractor to develop the specifications and will form an integral part of the Community of Practice.

1.2 Objectives

The main objectives is to work in a collaborative manner with partners to develop a draft set of results based LiDAR Specifications that will focus on results as opposed to “how” and will provide guidance for the production and evaluation of LiDAR data such that it can be verified to meet the stated accuracy required for the application.

Other objectives are to:

· improve communication, 
· develop cost effective solutions, 
· better understand client requirements
· continue to encourage innovation, and
· further the field of Geomatics in BC.  
The role of the Project Manager is to facilitate these activities.

2. LiDAR Action Plan

This plan outlines in broad strokes the actions that will be undertaken through to March 2006. This Action Plan will cover the activities and deliverables necessary to meet the objective of developing a First Draft set of LiDAR Specifications.

2.1
Research Component

LiDAR technology for the most part is a “black box” technology. The accuracy of the system depends on the accuracy stated by the manufacturer of the various components that go to make up the system. This is a propagation of error issue. To evaluate the theoretical performance of the system against the stated required accuracy of the project requires that a user friendly propagation of error function be developed and research such that the vendor and/or purchaser of the data can quickly verify that the system has the potential to meet the requirements. The University of Calgary will do the development of the formula and research to test the implementation.

A second area that requires research and investigation is the effect off Nadir pulse angles on the accuracy of the derived vertical. It is know that the accuracy falls off the further one gets from the Vertical (nadir) angle. The angle at which the uncertainty of the derived value will adversely affect the results must be known. 

There are basically two types of flying scenarios, strip (as in road right of ways) and area (as in flood plains or forest blocks). The type and use of external control as checkpoints in these two cases needs to be investigated. Ground control points can be used as checkpoints to verify the LiDAR derived results. In some cases it may be practical to fly cross flights at intervals and compare the resultant vertical patches.  The most cost effective use of external checkpoints needs to be confirmed.

2.2 
Activity Table

	ACTIVITY
	OBJECTIVE
	DELIVERABLE
	TIME LINE
	COMMENT

	Define LiDAR specification requirements
	Clarify what is required to be addressed in the specifications, 
	Provide content for Terms of Reference and for CoP meeting agenda
	November 7, 2005 to December 2, 2005
	Meetings with BMGS, MoF&R to review status and desired outcome. Discussions with UofC

	Review LiDAR material
	Build from existing material, Determine current status of work within BC Government, Fraser Basin Council, ASPRS, FEMA, Industry and other sources
	Provide input to ToR and set stage for working materials
	November 7, 2005, to completion
	This is on going with CoP members and the UofC. There are reports from McElhanney and Terra Remote sensing. As well there are documents from ASPRA and FEMA, and others

	Develop CoP Terms of Reference
	Provide clarity, expectations and direction for the CoP and its members 
	Terms of Reference
	November 10, 2005 to November 25, 2005
	The ToR identifies the role of the CoP and its members.  The CoP acts as a group of experts that provides direction and input to the development and content of the specification. The ToR is completed in draft form and sent to members. Was discussed at first meeting. Some comments were received and will be incorporated into ToR as appropriate

	Engage University of Calgary
	Secure unbiased third party expert to provide advice to CoP and to draft the specifications
	Signed agreement providing for these services as well as attendance at CoP meeting(s)
	November 2005 to January 2006
	BMGS to complete agreement arrangements, agreement in principle needs to be formalized between BMGS and UofC

	Establish CoP

- identify and confirm members
	To secure a representative group of knowledgeable experts from academia, industry, forests and government to provide input to the specification development
	Confirmed members list
	November 7, 2005 to November 29, 2005
	Completed, the members were identified, contacted and invited to be members the CoP

	Hold and facilitate first meeting

- set date

- establish agenda

- establish site

- capture notes
	Discuss CoP Terms of Reference and objectives, determine issues from various points of view, Start the specification development process
	Facilitation of meeting, draught out the issues, provide for ample discussion, prepare and distribute minutes
	December 15, 2005
	First meeting was held December 15, 2005 at UVic

	Draft and distribute notes/minutes from meeting to CoP members
	Ensure all input was accurately captured, solicit comment
	Accurate set of notes/minutes to act as the foundation document for the specifications
	December 19, 2005
	Note/minutes were circulated and comments are being addressed

	Get CoP member sign off of Terms of Reference
	Seek commitment from CoP members
	Signed off ToR for the LIDAR CoP
	December 15 on going
	Need to follow up with CoP members to get their sign off on ToR

	Draft LiDAR Specification Table of Contents
	Using existing material and notes from the CoP meeting, lay out a Table of contents for the specifications that reflect the issues raised and to be addressed
	A First Draft of Table of Contents
	December 22, 2006, reviewed with UofC on January 6, 2006
	Project manager created first draft and discussed with UofC.  The Draft Table of Contents will be discussed with BMGS at the January 10, 2006 meeting.

	Meeting with UofC, BMGS and Project Manager 
	To review events to date, finalize agreement between BMGS and UofC, plan next steps
	Next steps strategy
	January 10,6006
	Review progress and plan next steps

	Assign drafting of component parts of the LiDAR specifications and set time lines
	Draft LiDAR specification completion deadline
	Firm time lines
	January 10, 2006 
	The January 10 meeting will finalize the next steps 

	Commence drafting components of the LiDAR Specifications
	Build Specification components based on results from CoP and review of existing material
	Draft components taken from Table of Contents
	January 13 to February 23, 2006
	Most of the work will draw on existing material. There will be a need to make the error propagation a generic form so that accuracy estimates are reasonable when manufacturer’s stated standard deviations are put into the formula.

	Merge Draft LiDAR specification components
	Combine into one copy
	Draft LiDAR specifications
	February 20 to February 21, 2006
	First full look document

	Research the propagation of error in the LiDAR component pieces
	Be able to easily compute the theoretical accuracy of a given LiDAR system based on the component manufacturer’s stated standard deviation
	Integral part of the specification
	January 27 to February 20
	This work will be done by Graduate students at the University of Calgary

	Research the use of ground and external control as check points
	Find optimum use and location of external control to verify accuracy results
	Integral part of the specification
	January 27 to February 20
	This work will be done by Graduate students at the University of Calgary

	Meeting with UofC, BMGS and Project Manager 
	Review Draft LiDAR Specifications progress
	Ensure the specifications are still on track
	January 25, 2006
	Verify that the Draft material meets requirements and expectations 

	Circulate Draft LiDAR specifications to CoP members for review, comment, and return
	Continue the participation of the LiDAR CoP members, good first review of the draft specifications
	Set of comments from all CoP members
	March 1, 2006 and return by March 15, 2006
	This gives the CoP members 2 weeks to review and return comments

	Evaluate and assess the comments. Determine if the comments can be directly incorporated. Hold a second meeting of the CoP if necessary.
	Ensure the CoP members are in agreement with the draft LiDAR specifications
	Version 2 of the DRAFT LiDAR Specifications
	March 16 to March 24, 2006
	The comments will determine how much more work will need to be done and what the nature of that work would be.

	Finalize the Preliminary DRAFT LiDAR Specifications
	To get a working version of the LiDAR Specifications
	Version 1.0 of the LiDAR specifications
	March 31, 2006
	The LiDAR version 1.0 will be released but they will still need to be tested and further refined


2.3 
Time line Table

	DATE
	NOVEMBER
	DECEMBER
	JANUARY
	FEBRUARY
	MARCH

	ACTIVITY


	7-11
	14-18
	21-25
	28-30
	1-2
	5-9
	12-16
	19-23
	26-30
	2-6
	9-13
	16-20
	23-27
	30-31
	1-3
	6-10
	13-17
	20-24
	27-28
	1-3
	6-10
	13-17
	20-24
	27-31

	Define LiDAR specification requirements
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Review LiDAR material
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Develop CoP Terms of Reference
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Engage University of Calgary
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Establish CoP - identify and confirm members
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Hold and facilitate first meeting -set date - establish agenda - establish site - capture notes
	
	
	
	
	
	
	15th
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Draft and distribute notes/minutes from meeting
	
	
	
	
	
	
	
	19th
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Get sign off of Terms of Reference
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Draft LiDAR Specification Table of Contents
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Meeting with UofC, BMGS and Project Manager 
	
	
	
	
	
	
	
	
	
	
	10TH
	
	
	
	
	
	
	
	
	
	
	
	
	

	Assign drafting of component parts of the LiDAR specifications and set time lines
	
	
	
	
	
	
	
	
	
	
	10TH
	
	
	
	
	
	
	
	
	
	
	
	
	

	Draft components of the LiDAR Specifications
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Merge Draft LiDAR specification components
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	20-21
	
	
	
	
	
	

	Research the propagation of error in the LiDAR component pieces
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Research the use of ground and external control as check points
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Meeting with UofC, BMGS and Project Manager 
	
	
	
	
	
	
	
	
	
	
	
	
	25th
	
	
	
	
	
	
	
	
	
	
	

	Circulate Draft LiDAR specifications to CoP members for review, comment, and return
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	15th
	
	

	Evaluate and assess the comments. Determine if the comments can be directly incorporated. Hold a second meeting of the CoP if necessary.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Finalize the DRAFT LiDAR Specifications
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


3. Budget

The budget estimate for this project is _______. A breakdown of the development and cost is presented in Appendix B.

4. March to December 2006 Action Required

By completing this Action Plan the Project Manager will have:

· Engaged broad participation from producers and users of LiDAR in the development process of the preliminary LiDAR specification 

· Utilized existing material to draft a set of LiDAR specification meeting the specific needs of British Columbia

· Established a working relationship between UofC and UVic

· Established a working relationship within the LiDAR community

However there will remain more work to do to complete the LiDAR specifications. In particular there will need to be more work to:

· Verify the content and practicality of the specification

· Test the delivery format

· Verify the internal storage of the LiDAR data

· Verify the error propagation formula

Appendix A

Endorsement

This Action Plan has been submitted by the Project Manager to the BMGS Contract Manager. The Contract Manager has received, reviewed and endorses this Action Plan.

Action Plan signoff:

________________________________________
_________________________

BMGS Contract Manager



Date

________________________________________
__________________________

Project Manager




Date

Appendix B

Specifications Development for Quality Control of LIDAR Data

Prepared by Ayman Habib 

Department of Geomatics Engineering, University of Calgary 

Following is a breakdown of the tasks to be performed at the Department of Geomatics 

Engineering, University of Calgary together with the associated cost. 

Review of Existing Specifications:

Task Description: 

Review of the FEMA and ASPRS specifications pertaining to LIDAR quality control and accuracy analysis.

Expected outcome:

The review process will result in a list of recommendations for the items that should be included in the proposed LIDAR specifications. 

Cost: 

$000 

Specification Items: 

Task Description: 

Technical background for LIDAR systems 

Expected Outcome: 

Description of LIDAR system components and LIDAR equation 

Cost: 


$000

Task Description: 

Documentation of the error sources (e.g., ranging errors, laser beam angular errors, alignment errors, GPS errors, and INS errors) in a LIDAR system and their impact on the quality of the final product 

Expected Outcome: 

· Total error budget associated with a LIDAR system

· Spread sheet for evaluating the system error budget under different operational condition (e.g., GPS noise, IMU noise, ranging noise, laser beam angular noise, flying height, etc.)

· Product quality as it relates to the system error budget (This will include other factors such as pulse frequency, ground cover, system trajectory, etc.) 

Cost: 

$000 

Task Description: 

Tools for the internal and external quality control of LIDAR data 

Expected outcome: 

· Procedures for internal quality control evaluation

· Procedures for external quality control evaluation

· Specifications of the admissible values from the above procedures for the internal and external evaluation of the LIDAR data 

Cost: 

$000 

Travel: 

Task Description: 

Travel to British Columbia to participate in the meetings of the Community of Practice (three trips are expected) 

Expected outcome: 

Continuous feedback, which should be reflected in the developed specifications, from the members of the Community of Practice 

Cost: 

$000



















Sources of input:


Geomatics experts


Consultants


Clients


Others
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