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ADS-40 Digital Imagery Acquisition
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Los Angeles,

California

ADS40 Imagery Collection Project

Los Angeles, CA

EarthData International of Maryland, Inc requested the collection of ADS-40 imagery data over Los Angeles, CA.  The data was collected to support the generation of color ortho-photographs with a 0.3 meter ground sample distance (GSD).  In response EarthData Aviation acquired image data between December 2nd, 2003 and February 10, 2004.  The data was acquired using a combination of EarthData Aviation’s Navajo Chieftain aircraft with tail number N76JN and Horizons Inc.’s Conquest aircraft with tail number N93HC.  Image data was captured using Leica ADS40 camera systems, including inertial measuring units (IMU) and dual frequency GPS receivers.

GPS Data Collection

During airborne data collection, an additional GPS receiver was in constant operation over a temporary control point for use as a base station in the GPS processing.  A total of three of these temporary points were used.  Coordinates were established on these points using the National Geodetic Survey’s (NGS) Online Positioning User Service (OPUS).  OPUS develops coordinates for a point by processing the base station data provided by the user in conjunction with data from NGS Continuously Operating Reference Stations (CORS).  The coordinates developed for these points are detailed in the table below.  During the data acquisition, the receivers collected phase data at an epoch rate of 1 Hz. 

	Station
	NAD83 (CORS) 
	Ellipsoid Hgt.

	Imperial Park
	N 33( 50’ 42.35349”
	W 117( 47’ 13.93967”
	101.479 m

	KONT
	N 34( 03’ 00.23265”
	W 117( 36’ 14.02512”
	241.803

	Long Beach 1
	N 33( 49’ 01.70278”
	W 118( 09’ 22.54363”
	-22.548


Coordinate position of the GPS base stations 

	
	Days of Base Station Operation

	
	11/20/03
	11/22/03
	11/23/03
	12/02/03
	12/03/03
	12/09/03
	12/16/03
	12/18/03
	12/22/03
	12/26/03
	12/27/03
	12/28/03
	01/07/04
	01/08/04
	01/10/04
	02/08/04
	02/10/04

	Imperial Park
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	KONT
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Long Beach 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


GPS Data Processing

All GPS phase data was post processed with continuous kinematic survey techniques using “On the Fly” (OTF) integer ambiguity resolution.  The GPS data was processed with forward and reverse processing algorithms.  The results from each process, using the data collected at the airport, were combined to yield a single fixed integer phase differential solution of the aircraft trajectory.  Plots of altitude and the forward and reverse GPS solution residuals are attached.  The difference between the forward to reverse solutions for each lift indicate valid and accurate solutions.  These differences are summarized in the table below:

	Lifts Collected by EarthData

	Lift
	Date
	Forward – Reverse Separations (meters)

	
	
	Horizontal Component
	Vertical Component

	1
	12/2/2003
	6
	3

	2
	12/3/2003
	6
	10

	3
	12/9/2003
	8
	9

	4
	12/16/2003
	7
	7

	5
	12/18/2003
	2
	12

	6
	12/22/2003
	5
	5

	7
	12/26/2003
	5
	9

	8
	12/27/2003
	3
	12

	9
	12/28/2003
	8
	10

	10
	1/7/2004
	3 
	10 

	11
	1/8/2004
	5
	10

	12
	1/10/2004
	3
	11


	Lifts Collected by Horizons

	Lift
	Date
	Forward – Reverse Separations (meters)

	
	
	Horizontal Component
	Vertical Component

	1
	11/20/2003
	5
	5

	2
	11/22/2003
	5
	20

	3
	11/23/2003
	5
	7

	4
	11/23/2003
	5
	7

	5
	2/8/2004
	10
	14

	6
	2/10/2004
	5
	14


Orientation Data Processing

An IMU was used to record precise changes in position and orientation of the ADS-40 camera at a rate of 200 Hz.  All IMU data was processed post flight with a Kalman filter to integrate inertial measurements and precise phase differential GPS positions.  The resulting solution contains geodetic position, omega, phi, kappa, and time for subsequent merging with the laser ranging information.

ADS-40 Data Collection
The areas of interest were flown at an altitude of 2880 meters (9450 feet) above mean terrain.  The ADS-40 collection specifications follow:

	Sensor Collection Parameters

	Flying Height
	9450 m AMT

	Target Airspeed
	175 knots

	Desired GSD
	0.30 meters

	Camera Cycle Time
	3.0 ms

	Collection Mode
	Standard All


The table below summarizes the data collection by date:

	Lift
	Date
	Aircraft
	Camera
	Lines

	1
	12/2/2003
	N76JN
	SP12
	85-93

	2
	12/3/2003
	N76JN
	SP12
	76-85

	3
	12/9/2003
	N76JN
	SP12
	73-76

	4
	12/16/2003
	N76JN
	SP12
	64-73

	5
	12/18/2003
	N76JN
	SP12
	55-64

	6
	12/22/2003
	N76JN
	SP12
	49-55

	7
	12/26/2003
	N76JN
	SP3
	45-50

	8
	12/27/2003
	N76JN
	SP3
	35-45

	9
	12/28/2003
	N76JN
	SP3
	24-35

	10
	1/7/2004
	N76JN
	SP3
	15-24

	11
	1/8/2004
	N76JN
	SP3
	1-15

	12
	1/10/2004
	N76JN
	SP3
	45-53, 79-80

	

	H1
	11/20/2003
	N93HC
	SP9
	122-130

	H2
	11/22/2003
	N93HC
	SP9
	121-122

	H3
	11/23/2003
	N93HC
	SP9
	105-120

	H4
	11/23/2003
	N93HC
	SP9
	93-104

	H5
	2/8/2004
	N93HC
	SP9
	97-130

	H6
	2/10/2004
	N93HC
	SP9
	92-97


ADS-40 Data Quality Control

Prior to data delivery, the ADS-40 imagery was examined by EarthData Aviation to assure the data quality.  This quality control check involved examining raw images from every array of the ADS-40 for every flight.  These images were examined for any data anomalies that might occur such as pixel drop-outs.  In addition to this check of the raw images, the nadir image from each flightline was rectified to a plane at a subsampled pixel resolution.  These georeferenced images were imported into viewing software and then examined.  The examination of the rectified images was used to identify any clouds, cloud shadows, data gaps, smoke, etc… Any possible issues that were identified during this QC were then addressed on a case by case basis and reflights were scheduled where applicable.

GPS Processing Graphs
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Forward-Reverse Solution Residuals 

Lift 1: 02 December, 03
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Aircraft Trajectory Plot

Lift 1: 02 December, 2003
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Forward-Reverse Solution Residuals 

Lift 2: 03 December, 2003
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Aircraft Trajectory Plot

Lift 2: 03 December, 2003
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Forward-Reverse Solution Residuals 

Lift 3: 09 December, 2003
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Aircraft Trajectory Plot

Lift 3: 09 December, 2003
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Forward-Reverse Solution Residuals 

Lift 4: 16 December, 2003
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Aircraft Trajectory Plot

Lift 4: 16 December, 2003
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Forward-Reverse Solution Residuals 

Lift 5: 18 December, 2003
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Aircraft Trajectory Plot

Lift 5:18 December, 2003
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Forward-Reverse Solution Residuals 

Lift 6: 22 December, 2003
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Aircraft Trajectory Plot

Lift 6: 22 December 2003
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Forward-Reverse Solution Residuals 

Lift 7: 26 December, 2003
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Aircraft Trajectory Plot

Lift 7: 26 December, 2003
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Forward-Reverse Solution Residuals 

Lift 8: 27 December, 2003
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Aircraft Trajectory Plot

Lift 8: 27 December, 2003
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Forward-Reverse Solution Residuals 

Lift 9: 28 December, 2003
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Aircraft Trajectory Plot

Lift 9: 28 December, 2003
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Forward-Reverse Solution Residuals 

Lift 10: 7 January 2004
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Aircraft Trajectory Plot

Lift 10: 7 January 2004
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Forward-Reverse Solution Residuals 

Lift 11: 08 January, 2004
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Aircraft Trajectory Plot

Lift 11: 08 January, 2004
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Forward-Reverse Solution Residuals 

Lift 12: 10 January, 2004
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Aircraft Trajectory Plot

Lift 12: 10 January, 2004
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Forward-Reverse Solution Residuals 

Horizons Lift 1: 20 November 2003
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Aircraft Trajectory Plot

Horizons Lift 1: 20 November 2003
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Forward-Reverse Solution Residuals 

Horizons Lift 2: 22 November 2003
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Aircraft Trajectory Plot

Horizons Lift 2: 22 November 2003
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Forward-Reverse Solution Residuals 

Horizons Lift 3: 23 November 2003
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Aircraft Trajectory Plot

Horizons Lift 3: 23 November 2003
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Forward-Reverse Solution Residuals 

Horizons Lift 4: 23 November 2003
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Aircraft Trajectory Plot

Horizons Lift 4: 23 November 2003
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Forward-Reverse Solution Residuals 

Horizons Lift 5: 08 February 2004
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Aircraft Trajectory Plot

Horizons Lift 5: 08 February 2004
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Forward-Reverse Solution Residuals 

Horizons Lift 6: 10 February 2004
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Aircraft Trajectory Plot

Horizons Lift 6: 10 February 2004
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