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 Mosaic
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The Canadian Arctic Archipelago, also known as just the Arctic Archipelago, is an archipelago north of the Canadian mainland in the Arctic. Situated in the northern extremity of North America and covering about 1,424,500 km² (550,003 sq mi), this group of 36,563 islands comprises much of the territory of Northern Canada – most of Nunavut and part of Northwest Territories.

The archipelago extends some 2,400 km (1,491 mi) longitudinally and 1,900 km (1,181 mi) from the mainland to Cape Columbia, the northernmost point on Ellesmere Island. It is bounded on the west by the Beaufort Sea; on the northwest by the Arctic Ocean; on the east by Greenland, Baffin Bay and Davis Strait; and on the south by Hudson Bay and the Canadian mainland. The various islands are separated from each other and the continental mainland by a series of waterways collectively known as the Northwestern Passages. Two large peninsulas, Boothia and Melville, extend northward from the mainland.

The archipelago contains 94 major islands (greater than 130 km² (50 sq mi)), including three of the world's ten largest islands, and 36,469 minor islands.

Introduction
To provide thematic terrain-based knowledge tied to a uniform and seamless geographic base the mosaic of Canada Arctic Islands was created.
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Figure 1

The techniques used have been developed by Jack Gibson at the Canada Centre for Remote Sensing and represent state-of-the-art data ortho-rectificatio.  The philosophy of this method is based on a single resampling procedure to go from row and column position in the original (raw) data array to final pixel location in geographic coordinates.  Other methods must resample the data through intermediate data product formats and require additional re-projections.  These other ortho-rectification processes inherently introduce compound errors that ultimately diminish the accuracy of the final product.
The mosaic was created from groups of 1, 2 or 3 scenes in 45 separate overlapping Landsat-7 paths.  Prior to creating the ortho-rectified images the groups of scenes were tied together using a photogrammetric adjustment process that employs measurements of ground control points (GCP) as well as conjugate tie points (CNJ) between the overlapping paths.  The residual ground position errors resulting from the adjustments show consistent errors under 8.0 meters (~7.5) RMS in X and Y respectively, illustrated in Figure 2, and intersection uncertainties under 4.0 meters (~3.2) RMS (see Figure 3).  The ground position errors are relative to the best ground control points available, which typically had uncertainties on the order of 5 meters. Thus the absolute overall accuracy of the mosaic at the 90% confidence level is on the order of 20 meters.
For the multi-spectral Landsat-7 bands, this amounts to less than one pixel and meets the cartographic equivalent of 1:25000 scale maps.

Mosaic Scene Content
In contrast to the traditional “square scene” data delivery of 185 ( 185 km Landsat-7 scenes (indexed by a Path and Row), the photogrammetric adjustment process is best performed on a long strip of data acquired along individual orbital paths.  The equivalent length of three standard scenes is typically chosen for this. Table 1 lists all data used to create the mosaic.
Table 1:  Summer season Landsat-7 data selected.
	Path
	Rows
	Acquisition Date
	Location

	67
	01
	24-Jul-99
	Heiberg & Meighen Island

	  67
	11 12
	30-Aug-01
	Mackenzie Bay

	67
	12 13
	27-Aug-00
	Yukon & Alaska

	65
	04 05 06
	31-Jul-01
	Patrick, Borden & Mackenzie King

	65
	11 12 13
	18-Jul-02
	Richards pen & Mackenzie Delta  

	63
	04
	14-Jul-00
	Borden & Mackenzie King Island

	63
	11 12 13
	17-Jul-01
	Mackenzie Delta & Inuvik

	62
	03
	05-Jul-99
	Emerald & Parry Island

	62
	10 11 12
	23-Jul-00
	Mackenzie Delta

	62
	13
	07-Jul-00
	Peel River Yukon

	62
	246 247
	21-Jul-99
	Ellesmere Island

	61
	04 05
	19-Jul-01
	Mackenzie King  & Borden

	61
	05 06 07
	01-Aug-00
	Patrick King, Perry & Eglinton I.

	61
	10 11 12 13
	16-Jul-00
	Liverpool Bay to Arctic Red river

	60
	01 02
	23-Jul-99
	Heiberg & Meighen Island

	60
	04 05
	12-Jul-01
	Mackenzie King, Lougheed & Parry I.

	59
	07
	01-Aug-99
	Banks & Parry Islands

	59
	11 12 13
	16-Jul-99
	Franklin Bay to Arctic Red river

	58
	02 03 04
	25-Jul-99
	Heiberg, Ellef Ringnes, Amunt Islands

	58
	11
	17-Jul-02
	Darnley bay

	57
	10 11 12
	27-Aug-02
	Banks Island to Aubry Lac

	56
	01 02
	29-Jul-00
	Ellesmere & Heiberg Islands

	56
	08 09 10
	12-Aug-99
	Victoria & Banks Islands

	56
	11 12 13
	19-Jul-02
	C Lyon to Lac des Bois

	55
	11 12 13
	11-Sep-01
	Tuktut Nogait to Smith  Arm 

	54
	08 09 10
	21-Jul-02
	Victoria Island

	54
	11 12 13
	21-Jul-02
	C Baring to Ekka island

	53
	03
	22-Jul-99
	Heiberg Island

	53
	09
	23-Aug-99
	Victoria Island

	52
	03 04 05
	31-Jul-99
	Heiberg & Ellesmere  Islands

	52
	05 06
	20-Jul-01
	Devon (Grinnell P), Bathurst Islands

	52
	09 10
	02-Aug-00
	Victoria Island

	52
	11
	05-Aug-01
	Vicroria Island (Wollaston P)

	52
	11 12 13
	17-Jul-00
	Victoia Island to Dease Arm

	51
	01 02 03
	08-Jul-99
	Ellesmere & Heiberg Islands

	51
	10 11
	30-Aug-01
	Victoria Island

	51
	246 247 248
	24-Jul-99
	Ellesmere Island 

	50
	02 03
	17-Jul-99
	Ellesmere & Heiberg Islands

	50
	08 09
	02-Aug-99
	Victoria Island

	50
	10 11
	04-Aug-00
	Victoria Island

	50
	10 11 12
	23-Aug-01
	Victoria Island to Kugluktuk

	50
	12 13 14
	03-Sep-99
	Kugluktuk to McTavish Arm

	49
	03 04
	10-Jul-99
	Ellesmere & Heiberg Islands

	49
	05 06
	28-Jul-00
	Devon & Bathurst Islands

	49
	12 13 14
	18-Jul-02
	Coronation  Gulf to Hottah Lac

	48
	10
	06-Aug-00
	Victoria Island

	48
	11 12
	24-Jul-01
	Victoria Island

	47
	07 08 09 10 11 12 13
	30-Jul-00
	Cornwallis, Bathurst, Prince of Wales
Victoria to Hood River

	46
	01
	13-Jul-02
	Ellesmere Island

	46
	02 03
	21-Jul-99
	Ellesmere Island

	46
	06 07
	23-Jul-00
	Devon, Cornwallis Islands

	46
	11 12
	26-Jul-01
	Victoria Island, Kent Pen

	46
	12 13
	11-Aug-01
	Kent Pen, Bathurst Inlet

	46
	246 247
	13-Jul-02
	Ellesmere Island

	45 
	06 07
	01-Aug-00
	Devon Island

	45
	06 07
	19-Jul-01
	Devon Island

	45
	07 08
	01-Aug-01
	Devon, Cornwallis Islands

	45
	10 11 12
	30-Jul-99
	Victoria Island, Kent Pen

	45
	11 12
	22-Jul-02
	Victoria Island, Kent Pen

	44
	06 07
	01-Aug-00
	Devon, Cornwallis Islands

	44
	06 07 08 09
	25-Jul-00
	Devon, Somerset Islands

	44
	11 12 13 14
	10-Aug-00
	Victoria Island to Black & Baillie River

	44
	247 248
	23-Jul-99
	Ellesmere Island

	43
	06 07
	03-Aug-00
	Devon, Somerset Islands

	43
	13 14
	18-Jul-00
	Ellice River

	43
	11 12
	03-Aug-00
	Victoria Island, Bowes Pt

	43
	04 05 06
	21-Jul-01
	Ellesmere, Devon Islands

	43
	06 07 08 09 10 11
	03-Aug-00
	Devon, Somerset, Prince Of Wales Victoria islands


	42
	02 03 04
	09-Jul-99
	Ellesmere Island

	42
	11 12
	12-Aug-00
	Victoria Str

	41
	08 09 10 11
	03-Aug-99
	Somerset, King Williams islands  & Boothia Pen

	41
	11 12 13 14
	03-Sep-99
	King William island to Back River

	40
	13
	16-Jul-01
	McNaughton & Garry Lacs

	40
	05 06 07
	19-Jul-02
	Ellesmere , Devon Islands

	40
	06 07
	29-Jul-00
	Devon Island

	40
	08 09 10 11
	29-Jul-99
	Somerset, King Williams islands  & Boothia Pen

	39
	14
	25-Jul-01
	Garry Lac

	39
	13
	26-Aug-01
	McNaughton Lac

	39
	09 10 11
	11-Aug-01
	King Williams islands  & Boothia Pen

	39
	11 12
	25-Jul-01
	King Williams islands  & Adelaide Pen

	39
	247 248
	20-Jul-99
	Ellesmere Island

	38
	10 11
	06-Aug-02
	Boothia pen, Taloyoak 

	38
	12 13 14
	31-Jul-00
	Lord Mayor Bay to Black River

	37
	08 09 10
	24-Jul-00
	Baffin, Somerset Islands

	37
	11 12
	28-Aug-01
	Taloyoak, Rae Str.

	36
	06 07
	02-Aug-00
	Devon Island

	36
	11 12 13 14
	03-Sep-00
	Lord Mayor Bay to Tehek Lac 

	35
	08 09 10
	29-Jul-01
	Baffin Island

	35
	248
	24-Jul-99
	Ellesmere Island

	34
	14
	05-Sep-00
	Hayes River

	34
	13 14
	19-Jul-00
	Hayes River

	34
	11 12 13
	11-Sep--2
	Simpson Pen to Hayes River

	34
	11 12
	19-Jul-00
	Simpson Pen

	32
	08 09 10
	09-Aug-00
	Baffin Island

	32
	10 11
	25-Aug-01
	Baffin Island

	31
	08 09 10 11
	15-Aug-00
	Baffin Island

	28
	09 10 11
	29-Aug-01
	Baffin Island

	26
	10 11 12
	27-Jul-01
	Baffin Island

	26
	09 10 11
	02-Aug-02
	Baffin Island

	25
	10 11
	23-Jul-01
	Baffin Island

	25
	11 12
	12-Sep-02
	Baffin Island

	24
	10 11 12
	05-Sep-02
	Baffin Island

	24
	10 11 12
	20-Aug-02
	Baffin Island

	23
	13 14 15
	09-Jul-01
	Baffin Island

	23
	10 11
	23-Aug-00
	Baffin Island

	22
	12 13
	22-Aug-02
	Baffin Island

	21
	12 13 14 15
	27-Jul-01
	Baffin Island

	19
	13 14 15 16
	01-Aug-02
	Baffin Island

	19
	15 16
	29-Jul-01
	Baffin Island

	17
	12 13
	31-Jul-02
	Baffin Island

	17
	14 15 16
	03-Aug-02
	Baffin Island

	16
	14 15 16
	12-Aug-02
	Baffin Island

	16
	13
	06-Aug-00
	Baffin Island

	14
	15 16 17
	24-Aug-00
	Baffin Island

	14
	13 14 15
	26-Jul-01
	Baffin Island


Landsat-7 was launched in April 1999 and Canada began to receive data in the summer of 1999.  In May 2003, problems with the scanning mirror occurred and the image data quality degraded.  As a result, the number of suitable data acquisition periods available to complete the mosaic was restricted to the periods in the summers of 1999, 2000, 2001 and 2002.
Although data strips were selected according to the minimal amount of cloud-cover across their entire length, other dates of acquisition could contain fewer clouds in some locations. These clouded portions could be masked out and substituted with additional scenes from other dates. Portions of the mosaic still exhibit traces of cloud cover and these can be corrected for a later date. For this reason, atmospheric haze and some cloud-cover persist in some parts of the product mosaic.
The ortho-rectified mosaic data was produced with the 30 m multi-spectral bands. 

The mosaic was created using the following projection parameters:
Map projection:  
Lambert Conformal Conic (LCC).




Central meridian: 95 W.



Projection Origin: 0 N.




First Standard Parallel: 49 N.




Second Standard Parallel: 77 N.




Ellipsoid Model: WGS84.
Methodology for Creating the Mosaic:
· Calculate the correction to satellite ephemeris and attitude parameters so that the residual errors after correction are minimized for all the Ground Control Points (GCP), and Conjugate Points (CNJ); the latter are features that appear in each of two overlapping images. The GCP and CNJ geometries are illustrated in Figures 2 and 3 respectively.
· The goal is to determine the error correction values for satellite Roll, Pitch Yaw, Position and Velocity of each orbital path to fit the GCP and CNJ measurements. The method of solving for the correction of the ephemeris and attitude values is to use the co-linearity condition for the GCP measurements (Figure 2) and the co-planarity condition for CNJ measurements (Figure 3) to derive a least-squares equation.  The results of the solution of the least-squares equations are used to update the ephemeris and attitude values of each orbit path.  Using this methodology all the Landsat-7 bands may be simultaneously ortho-rectified in one image resampling process, thus improving radiometric and geometric image quality, as well as minimizing processing time.   These bands include the 15 m resolution panchromatic data, 30 m resolution multi-spectral bands (6) and the 60 m resolution thermal bands (2).
· The GCP and CNJ measurements were determined using the “Phase Correlation” technique that employs two-dimensional Fast Fourier Transform (FFT2D) routines to determine the spatial phase difference between the images being compared.
· The comparison of the two images begins with image patch sizes of 512 lines by 512 pixels; each patch dimension is reduced in size by a factor of two in each step.  The process is completed when the patch sizes reach 16 lines by 16 pixels; at this level relative geographic positions are computed for further evaluation.

· The method described above minimizes processing artifacts introduced by the resampling process and eliminates any supplementary alignment shifts between bands.  The final product will be more suitable for applications that use multiple bands or more precise statistical and geometrical parameters.

· More than 9100 GCP and 1500 CNJ measurements were made to ortho-rectify the data strips used to create St Lawrence River Watershed mosaic.  The residual errors from the above measurements and adjustment are shown in the following section.
Photogrammetric Adjustment Results:

	Measurement

Type
	Number of measurements
	RMS X

(meter)
	RMS Y

(meter)

	GCP
	9100
	~7.5
	~7.6


	Measurement

Type
	Number of measurements
	Intersection uncertainly

RMS (meter)

	CNJ
	1500
	    ~3.8







Table 2

[image: image3.png]Co-linearity Condition

vectors Voce and Vi should be co-linear

Vo Vector position satellite - GCP

Vi Vector position satellite - image

JRN

GCP









Figure 2
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Figure 3
Ortho-rectification Test.
Tested Scene:
Landsat 7 data of 09-July-2001 Path: 023 Row: 013.

[image: image5.png]



Adjustment Correction Elements:
Satellite ephemeris and attitude correction terms are computed during the photogrammetric adjustment.  The correction terms for the sample image above are shown in the following table (Table 3), and were applied to the satellite ephemeris data before the ortho-image was computed:
	Date

Of

Acquisition
	Path
	Rows


	Angles

(microradians)
	Position

(meters)
	Velocity

(meters/seconds)

	
	
	
	Roll
	Pitch
	Yaw
	x
	y
	z
	x
	y
	z

	09-Jul-01
	23
	13
	4.691
	-0.42
	-16.0
	-43.4
	-84.3
	-69.6
	-0.3
	-2.9
	5.6







Table 3

Ground Control Points:

In the pairs of images shown below, the left-hand image patches show portions of the scene 1G level correction. The vector outlines of small lakes near the center of the patches appear in red. All of the outlines in each patch appear to be displaced in the same direction. The right hand image patches for each pair show the same patch of imagery ortho-rectified correction with the lake outlines shown in red, confirming that the correction process has shifted the imagery so that the lake boundaries conform to the outline data.


      Level 1G image


   
 Ortho-image
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Radiometric Test Results:
Scene Selected: Landsat-7, Path: 63, Row: 13, Acquisition Date: 07-July-2000
To determine that the process preserve the radiometric integrity of the image a test has been performed to compare the radiometric statistics between the level 1G rectified image product and the level 1Gt ortho-rectified image data product.
The comparison was made using a landsat-7 scene mentioned above which was processed twice; with and without the digital elevation model, using the nearest neighbour resampling option.  Radiometric tests performed using statistical analysis have demonstrated that the process preserved the radiomertric integrity of the image.
The radiometric test results are shown in Table 4.
                                      Table 4



	Band

No
	Mean (Radiance)
	Std (Radiance)
	Relative

Mean (%)
	Relative

Std (%)

	
	Level 1G
	Level 1GT
	Level 1G
	Level 1GT
	
	

	1
	39.298
	39.299
	3.515
	3.517
	0.002
	0.051

	2
	28.987
	28.988
	4.116
	4.118
	0.004
	0.049

	3
	17.555
	17.556
	4.293
	4.294
	0.008
	0.033

	4
	48.145
	48.151
	14.107
	14.107
	0.013
	0.000

	5
	6.776
	6.777
	2.106
	2.107
	0.012
	0.069

	6L
	8.294
	8.294
	0.305
	0.305
	0.001
	0.013

	6H
	8.298
	8.298
	0.303
	0.303
	0.001
	0.015

	7
	1.116
	1.116
	0.367
	0.367
	0.014
	0.002

	8
	36.170
	36.174
	8.485
	8.485
	0.011
	0.000


Conclusion:

Radiometric and geometric tests performed using GCP, vector shape data and statistical analysis has demonstrated that the process correctly determined and compensated for the satellite orbit error and preserved the radiomertric integrity of the image.

The large mosaic image product will have uniformly distributed geometric errors of known quality.  Thus the absolute overall accuracy of the Arctic Island mosaic at the 90% confidence level is on the order of 20 meters.  For the multi-spectral Landsat-7 bands, this amounts to less than one pixel and meets the cartographic equivalent of 1:25000 scale maps.

