



An Accurate Landsat-7 (ETM+) Mosaic of the Canadian Arctic Archipelago
Summary:
This new mosaic is comprised of the best data available for the Canadian Arctic acquired under snow‐free conditions between 1999 and 2002. Using over 8,000 ground control points and about 1,500 conjugate tie points, the equivalent of more than 300 images were assembled to create the mosaic. The processed data includes all of the multi‐spectral bands at 30 m resolution. All of the multi‐spectral bands are registered to the 15 m panchromatic band and the positional accuracy of each pixel is approximately 7.5 m RMS relative to the control points used. This represents a maximum position error of 20 m (at 90% confidence level) anywhere within the mosaic. The uniform error distribution throughout the mosaic was achieved through the application of a simultaneous block adjustment of multiple acquisition paths each containing multiple scenes. In contrast to these results, the traditional approach of adjusting each scene individually has been found to produce variable position accuracy for each scene as a function of the control points used (Gibson and Nedelcu, 2008). As a result of adjusting the satellite ephemeris and attitude data before resampling the data, the final result also succeeds in preserving the radiometric integrity of the data. 
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1. Data Set Overview
1.1. Data Set Identification
Citation: Gibson, J.R., Nedelcu, S., Pavlic, G., and Budkewitsch, P. 2009. An Accurate Landsat-7 (ETM+) Mosaic of the Canadian Arctic Archipelago. Natural Resources Canada
1.2. Data Set Introduction
This product is generated from a new procedure developed at the Canada Centre for Remote Sensing (CCRS) for processing Landsat 7 imagery, and by extension, imagery from other Earth Observation satellites. This innovative and practical satellite image product is ideal for applications in Northern Canada because of its wide area coverage and mapping quality features. The dataset is delivered through the Hydrocarbon Potential of the Arctic Project, of the Secure Canadian Energy Supply Program of NRCAN/ESS. 
1.3. Objective/Purpose
To provide a satellite image mosaic covering the Canadian Arctic Archipelago with uniformly distributed errors at sub-pixel resolution.
1.4. Summary of Parameters

30-meter spatial resolution Enhanced Thematic Mapper Plus (ETM+) satellite imagery (Bands 1-5, 7)
1.5. Discussion
1.5.1. Introduction

This product has resulted from an improved approach for processing satellite imagery developed at the Canada Centre for Remote Sensing (CCRS) for the purpose of generating geographic information system (GIS)-ready data products for the remote sensing community. The adjustment utilises satellite imagery in long continuous overlapping strips and it is based on an earlier CCRS process developed for airborne imagery (Gibson 1994). Typically, satellite imagery data has been provided in the form of square scenes and processed on a scene-by-scene basis. As a consequence of this, when several products are used in constructing a mosaic, adjacent scenes may not match spatially or radiometrically. The mosaic products produced by the improved CCRS process avoid this significant shortcoming by utilising sensor system knowledge, satellite ephemeris (orbit and attitude) data, and spatial control information together in a simultaneous solution of several satellite passes each containing multiple scenes. As a result of the adjustment process, the satellite ephemeris and attitude data may be corrected before the image data products are generated by resampling. Thus the generated imagery products retain all of the inherent accuracy obtained through the adjustment. By increasing the number of paths in the adjustment process, very large areas can be accommodated; ultimately covering the entire landmass of Canada.
 
     
1.5.2. Methodology
The methods used to create the mosaic are based on a photogrammetric bundle adjustment of multi-path, multi-scene satellite imagery. The process is generic, involving a sensor model, a satellite orbit model and ground control information; thus it may be easily adapted to any satellite that allows for repeat coverage with overlapping paths. By performing an adjustment to correct the satellite position and attitude data prior to the production of orthoimage products, it is possible to create a mosaic with a single resampling process which minimises both the radiometric and geometric resampling artifacts. A complete description of the methods used to create the mosaic is provided in Gibson and Nedelcu, 2008.
1.5.4. Recommendations
The mosaic and methodology may be used in several ways:
. As the fabric or background layer for GIS work during the course of

environmental assessments or other studies.

. As secondary control for new data in the same area; this is achieved by

extracting image chips and then using them for local matching of any new data

sets and so tie new data to the basic fabric.

. As the baseline for change detection, important in monitoring development

and changes to waterways, lakes, and exploration sites.

. As a source of corrected satellite ephemeris information for the derivation of

other image-based products.
1.6. Related Data Sets
2. Investigator(s)
2.1. Investigator(s) Name and Title
Jack Gibson, Research Scientist
Stefan Nedelcu, Geomatics Analyst
Goran Pavlic, Geomatics Analyst
Paul Budkewitsch, Environmental Scientist 
2.2. Title of Investigation

The dataset is derived under the NRCAN/CCRS program named “Secure Canadian Energy Supply Program”.

2.3. Contact Information

Jack Gibson
Research Scientist

Canada Centre for Remote Sensing 
Natural Resources Canada 
588 Booth Street,
Ottawa, Ontario
K1A 0Y7

(613) 992-1906

3. Theory of Measurements

The Canadian Arctic Archipelago mosaic is created from Landsat ETM+ imagery.
4. Equipment

4.1. Sensor/Instrument Description

The Enhanced Thematic Mapper Plus (ETM+) instrument is a fixed "whisk-broom", eight-band, multispectral scanning radiometer that provides high-resolution imaging information of the Earth's surface. The ETM+ detects spectrally-filtered radiation in visible, near infrared, short-wave infrared, long-wave infrared and panchromatic bands in a 183 km wide swath when orbiting at an altitude of 705 km. 
4.1.1. Collection Environment

Landsat 7 collects data in accordance with the World Wide Reference System 2, which has catalogued the world's land mass into 57,784 scenes, each 183 km wide by 170 km long. Each ETM+ scene has an Instantaneous Field Of View (IFOV) of 30 meters in bands 1-5 and 7 while band 6 and 8 have an IFOV of 60 meters and 15 meters, respectively. 
4.1.2. Source/Platform
Landsat 7 was launched on April 15, 1999 and has been operational since then, despite failure of the Scan Line Corrector (SLC). The platform has a polar, sun-synchronous orbit at a nominal altitude of 705 km and an inclination of 98.2 degrees, with repeat coverage every 16 days.
4.1.3. Source/Platform Mission Objective

The Landsat 7 Mission Objective is to provide timely, high quality visible and infrared images of all landmass and near coastal areas on the Earth, continually refreshing an existing Landsat database. Data input into the system will be sufficiently consistent with the current data in the database in terms of acquisition geometry, calibration, coverage, and spectral characteristics to allow comparison for global and regional change detection and characterization. The Landsat 7 project will continue to make Landsat data available for U.S. civil, national security, and private sector use as well as academic, foreign, and commercial uses. Another goal of the project is to expand the uses of such data. (http://landsat.usgs.gov/)
4.1.4. Key Variables
Not applicable.
4.1.5. Principles of Operation

4.1.6. Sensor/Instrument Measurement Geometry

4.1.7. Manufacturer of Sensor/Instrument

Hughes Santa Barbara Remote Sensing
4.2. Calibration
Data from the ETM+ is radiometrically calibrated to better than 5% absolute, providing an on-orbit standard for other missions. 
Three types of geometric calibration are also performed:
1. sensor alignment calibration to provide improved knowledge of the geometric relationship between the ETM+ optical axis and the Landsat 7 attitude control reference system; 

2. scan mirror calibration to measure and correct any systematic deviations in the ETM+ scan mirror along and across scan profiles; and 

3. focal plane calibration to measure and provide improved estimates of the eight band center locations on the two ETM+ focal planes relative to the ETM+ optical axis. Techniques for measuring and estimating improved values for individual detector locations and delays are being researched and may be added to the IAS as a post-launch capability. 
4.2.1. Tolerance
4.2.2. Specifications
4.2.3. Frequency of Calibration
6. Observations
6.1. Data Notes
None

6.2. Field Notes
None.
7. Data Description
7.1. Spatial Characteristics
7.1.1. Spatial Coverage
The mosaic covers the islands of the Canadian Arctic Archipelago, with the exception of Baffin and Bylot Islands.
7.1.2. Spatial Coverage Map
The North American Datum of 1983 (NAD83) corner coordinates of the complete mosaic:

Latitude



Longitude



Corner

Location
1) 79°27'22.58" N


-157°07'27.10" W  


UL (Northwest) 

2) 81°20'52.06" N


-42°10'26.18" W 



UR (Northeast) 

3) 65°14'00.25" N 

-119°23'02.67" W



LL (Southwest) 

4) 65°56'30.43" N


-76°14'45.68" W  



LR (Southeast) 

7.1.3. Spatial Resolution

30-m pixel
7.1.4. Projection

The mosaic is based on the ellipsoidal version of the Lambert Conformal Conic (LCC) projection as defined within the NAD83. The origin of the grid is at 95° W, 49° N, with the central meridian at 95° W, latitude of origin at 0° N and the standard parallels are set to 49° N and 77° N as prescribed in "Map Projections - A Working Manual," USGS Professional Paper 1395, John P. Snyder, 1987.

7.1.5. Grid Description

The complete mosaic and all subsections of the mosaic are projected into the LCC projection described in Section 7.1.4. at a grid cell size of 30-m square per pixel.

7.2. Temporal Characteristics

7.2.1. Temporal Coverage

Snow-free conditions between 1999 and 2002.
7.2.2. Temporal Coverage Map

None.

7.2.3. Temporal Resolution

7.3. Data Characteristics

7.3.1. Parameter/Variable

7.3.2. Variable Description/Definition

7.3.3. Unit of Measurement 

DN values
7.3.4. Data Source

7.3.5. Scaled Data Range 

Data is represented in 8 bits unsigned (Intel) format.   
7.4. Sample Data Record
7-4-1 RGB Image included below:

[image: image1.jpg]



8. Data Organization

8.1. Data Granularity

Single raster file.

8.2. Data Format(s)

Raw binary 8 bit unsigned (Intel) raster.

9. Data Manipulations

The processing steps are described in section 1.5.2. “Methodology”. 
9.1. Formulae

NONE

10. Errors

10.1. Sources of Error

Locational Accuracy

All of the multi-spectral bands are registered to the panchromatic band and the positional accuracy of each pixel is approximately 7.5 m RMS relative to the control points used. This represents a maximum position error of 20 m (at 90% confidence level) anywhere within the mosaic. The uniform error distribution throughout the mosaic was achieved through the application of a simultaneous block adjustment of multiple acquisition paths each containing multiple scenes. In contrast to these results, the traditional approach of adjusting each scene individually has been found to produce variable position accuracy for each scene as a function of the control points used (Gibson and Nedelcu, 2008). As a result of adjusting the satellite ephemeris and attitude data before resampling the data, the final result also succeeds in preserving the radiometric integrity of the data.
10.2. Quality Assessment  

11. Notes

11.1. Known Problems with the Data
A very small piece of the northwestern region of Ellesmere Island is not included in this mosaic, owing to a lack of Landsat coverage in this area.
12. Application of the Data set
13. Future Modifications and Plans
Current plans are to extend the mosaic south of 60 degrees, funding permitting.

14. Software

LPS-lite software to process the ETM+ imagery to Level 0R (reformatted, raw data) and LPSG-lite to process the imagery to Level 1-G (radiometrically/geometrically corrected) or Level 1-Gt (orthorectified).
PCI Orthoengine for mosaicing. 
15. Data Access 

15.1. Contact Information

Jack Gibson
Research Scientist  
Canada Centre for Remote Sensing 
Natural Resources Canada 
588 Booth Street, Ottawa, Ontario K1A 0Y7
(613)992-1906
Jack.Gibson@ccrs.nrcan.gc.ca
15.2. Data Center Identification

Canada Centre for Remote Sensing, Earth Science Sector, Natural Resources Canada

15.3. Procedures for Obtaining Data

E-mail or written request to contact person.

15.4. Data Center Status/Plans

16. Output Products and Availability

16.1. Tape Products

16.2. Film Products

None.

16.3. Other Digital Products

17. References

17.1. URLs Cited in the Text
http://landsat.usgs.gov/
17.2. Platform/Sensor/Instrument/Data Processing Documentation
17.3. Journal Articles and Study Reports

Gibson, J.R., and Nedelcu, S. (2008) An improved approach for the production of satellite-based geospatial reference imagery. International Journal of Digital Earth 1(2): 221-239.
17.3. Archive/DBMS Usage Documentation

None.

18. Glossary of Terms

19. List of Acronyms
    CCRS    - Canada Centre for Remote Sensing

    LCC     - Lambert Conformal Conic

    NAD83   - North American Datum of 1983
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