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AeroScan LIDAR

Grand Canyon Project

The Grand Canyon Monitoring and Research Center has requested topographic mapping of portions of the Colorado River between the Glen Canyon Dam and Badger Rapids and of the Phantom Ranch Area.  The project area was flown using EarthData Aviation’s Navajo Chieftan, tail number N62912.  The aircraft was equipped with the AeroScan LIDAR system, including an inertial measuring unit (IMU), and a dual frequency GPS receiver and antenna.  The project area was first flown on September 20, 1998.  As this was the first mission with our new AeroScan LIDAR, we noticed some potential anomalies in portions of the data and therefore requested and received permission to refly the job area.  The job, with the exception of the Phantom Ranch area, was reflown on September 26, 1998.  Final LIDAR data for the Phantom Ranch area was taken from the September 20th flight, while data from September 26th was used for the Glen Canyon Dam to Badger Rapids portion of the job. 

Position and Orientation Data Collection and Processing

During the flights two additional GPS receivers were placed over temporary points at Page Municipal Airport (designated PGA) and at Lee’s Ferry (designated LEE).  Both GPS receivers collected full phase data at an epoch rate of one second.  The coordinate position and ellipsoid height of the base stations are based on the North American Datum of 1983, 1992 epoch as defined by the National Geodetic Survey’s published position and ellipsoid height on CORS station “PIETOWN” (PIE1) and Secondary Airport Control Station (SACS) “PGA” (PGA). (See attached data sheets.)  The position of the temporary base stations was determined by multiple static GPS observations using data from these two permanent stations.

The GPS base station located at Page Municipal Airport is located approximately 100 ft. northwest of Classic Aviation.  This station was established as a temporary point of control.  Recovery of this station may require a metal detector.  A second GPS base station located at Lee’s Ferry campground was set up at the ranger station located on the antenna on the north side of the office approximately 10 feet higher than the roof of the building.  The station is a 3/8 inch threaded metal rod fastened to a steel triangular communications mast.  This station is readily accessible and durable. 

 In addition, a kinematic survey was conducted by EarthData Aviation.  The kinematic survey was performed using a vehicle mounted GPS antenna and receiver to collect profile data of several roadways within the project area.  Attached is a chart showing the job area including the flight lines, locations of the base stations and the kinematic survey.  

All GPS phase data was post processed with continuous kinematic survey techniques using “On the Fly” (OTF) integer ambiguity resolution.  The data was processed with forward and reverse processing algorithms.  The results from each process were combined to yield a single fixed integer phase differential solution of the aircraft trajectory.  Examination of the data from both days revealed no significant cycle slips or excessive signal noise. Plots of altitude, PDOP (Position Dilution of Precision), and the forward and reverse GPS solution differences are attached.  The variance of the forward to reverse solution difference, which is less than +/-3 cm in the horizontal and well under +/- 7 cm in the vertical, indicates that the GPS solutions for both days of flight are valid and accurate.  A spike which ranges between –15 to +25 cm occurs in the turn between flight lines 10 and 11 and therefore is not used in determination of the LIDAR data positioning.

The IMU was used to record precise changes in position and orientation of the LIDAR scanner at a rate of 50 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.

 The IMU accelerometer and gyro drift indicate the performance of the IMU hardware itself, with less than 400(g of accelerometer drift and 0.5(/hour or less of gyro drift representing good system performance.  For these flights, accelerometer drift did not exceed 300(g in x, y or z.  The gyro drift was less than 0.1(/hour in all cases.  Positional RMS errors in x and y are less than 5 cm and less than 10cm in z.  Angular misalignment RMS errors are less than 0.55 arcmin for omega and phi and less than 1.5 arcmin for kappa. These values are well within those necessary to produce accurate positioning for the LIDAR data.  

LIDAR Data Collection and Processing 
The areas of interest were flown at altitudes of 2140 meters (7000 feet) above mean terrain.  The LIDAR specifications follow:


2140m AMT

Airspeed
120 – 165 knots

Laser Pulse Rate
15 kHz

Field of View
40(

Scan Rate
12 Hz

Average Swath Width
2300m

Average Post Spacing
6 meter

Design Vertical Accuracy
20 cm

LIDAR, IMU, and GPS data were correlated using GPS time and processed using LIDAR post-processing software to determine the coordinate of each point on the ground.  Range information was corrected for atmospheric refraction and the resulting coordinates are output in x, y, z coordinates in binary format.  The data was then converted to UTM and ellipsoidal heights. 

A limited evaluation of the LIDAR data was accomplished including comparison of the data from flight line to flight line and against the kinematic survey.  The evaluation showed agreement between lines to within 30 cm across the job area.

Data Sheet RetrievalThe NGS Data Sheet 

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.02

Starting Datasheet Retrieval...

1        National Geodetic Survey,   Retrieval Date = DECEMBER 13, 1999

 AF9512 ***********************************************************************

 AF9512  CORS        -  This is a GPS Continuously Operating Reference Station.

 AF9512  DESIGNATION -  PIETOWN CORS ARP

 AF9512  CORS_ID     -  PIE1

 AF9512  PID         -  AF9512

 AF9512  STATE/COUNTY-  NM/CATRON

 AF9512  USGS QUAD   -  RED FLATS (1971)

 AF9512

 AF9512                         *CURRENT SURVEY CONTROL

 AF9512  ___________________________________________________________________

 AF9512* NAD 83(CORS)-  34 18 05.40330(N)    108 07 08.09613(W)     ADJUSTED  

 AF9512* NAVD 88     -                                                        

 AF9512  ___________________________________________________________________

 AF9512  EPOCH DATE  -        1997.00

 AF9512  X           -  -1,640,916.258 (meters)                     COMP

 AF9512  Y           -  -5,014,782.628 (meters)                     COMP

 AF9512  Z           -   3,575,447.212 (meters)                     COMP

 AF9512  ELLIP HEIGHT-        2348.75  (meters)                     GPS OBS

 AF9512  GEOID HEIGHT-         -21.14  (meters)                     GEOID99

 AF9512

 AF9512  HORZ ORDER  -  SPECIAL (CORS)

 AF9512  ELLP ORDER  -  SPECIAL (CORS)

 AF9512

 AF9512.ITRF positions are available for this station.

 AF9512.The coordinates were established by GPS observations

 AF9512.and adjusted by the National Geodetic Survey in July 1995.

 AF9512.The coordinates are valid at the epoch date displayed above.

 AF9512.The epoch date for horizontal control is a decimal equivalence

 AF9512.of Year/Month/Day.

 AF9512

 AF9512

 AF9512.The XYZ, and position/ellipsoidal ht. are equivalent.

 AF9512

 AF9512.The ellipsoidal height was determined by GPS observations

 AF9512.and is referenced to NAD 83.

 AF9512

 AF9512.The geoid height was determined by GEOID99.

 AF9512

 AF9512;                    North         East     Units   Scale      Converg.

 AF9512;SPC NM W     -   366,137.551   803,712.274   MT  0.99992518 -0 09 39.4

 AF9512

 AF9512                          SUPERSEDED SURVEY CONTROL

 AF9512

 AF9512  NAD 83(CORS)-  34 18 05.40335(N)    108 07 08.09616(W) AD(1996.00) c

 AF9512  ELLIP HT    -        2348.75  (m)                      GP(1996.00) c c

 AF9512

 AF9512.Superseded values are not recommended for survey control.

 AF9512.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.

 AF9512.See file dsdata.txt to determine how the superseded data were derived.

 AF9512

 AF9512_STATION IS THE ANTENNA REFERENCE POINT OF THE GPS ANTENNA

 AF9512

 AF9512                          STATION DESCRIPTION

 AF9512

 AF9512'DESCRIBED BY NATIONAL GEODETIC SURVEY 1995

 AF9512'STATION IS A GPS CORS.  LATEST INFORMATION INCLUDING POSITIONS AND

 AF9512'VELOCITIES ARE AVAILABLE IN THE COORDINATE AND LOG FILES ACCESSIBLE

 AF9512'BY ANONYMOUS FTP OR THE WORLDWIDE WEB.

 AF9512'   FTP CORS.NGS.NOAA.GOV: CORS/COORD  AND  CORS/STATION_LOG

 AF9512'   HTTP://WWW.NGS.NOAA.GOV  UNDER PRODUCTS AND SERVICES.

 *** retrieval complete.

 Elapsed Time = 00:00:01

Data Sheet RetrievalThe NGS Data Sheet 

DATABASE = Sybase ,PROGRAM = datasheet, VERSION = 6.02

Starting Datasheet Retrieval...

1        National Geodetic Survey,   Retrieval Date = DECEMBER 13, 1999

 GP0075 ***********************************************************************

 GP0075  SACS        -  This is a Secondary Airport Control Station.

 GP0075  DESIGNATION -  PGA ARP

 GP0075  PID         -  GP0075

 GP0075  STATE/COUNTY-  AZ/COCONINO

 GP0075  USGS QUAD   -  PAGE (1986)

 GP0075

 GP0075                         *CURRENT SURVEY CONTROL

 GP0075  ___________________________________________________________________

 GP0075* NAD 83(1992)-  36 55 35.09052(N)    111 26 55.61776(W)     ADJUSTED  

 GP0075* NAVD 88     -      1296.392  (meters)    4253.25   (feet)  ADJUSTED  

 GP0075  ___________________________________________________________________

 GP0075  X           -  -1,867,079.006 (meters)                     COMP

 GP0075  Y           -  -4,752,309.724 (meters)                     COMP

 GP0075  Z           -   3,811,632.904 (meters)                     COMP

 GP0075  LAPLACE CORR-           0.16  (seconds)                    DEFLEC99

 GP0075  ELLIP HEIGHT-        1273.05  (meters)                     GPS OBS

 GP0075  GEOID HEIGHT-         -23.50  (meters)                     GEOID99

 GP0075  DYNAMIC HT  -        1294.906 (meters)    4248.37  (feet)  COMP

 GP0075  MODELED GRAV-     979,440.3   (mgal)                       NAVD 88

 GP0075

 GP0075  HORZ ORDER  -  FIRST

 GP0075  VERT ORDER  -  FIRST     CLASS II

 GP0075  ELLP ORDER  -  THIRD     CLASS I

 GP0075

 GP0075.This mark is at Page Municipal Airport (PGA)

 GP0075

 GP0075.The horizontal coordinates were established by GPS observations

 GP0075.and adjusted by the National Geodetic Survey in March 1997.

 GP0075

 GP0075.The orthometric height was determined by differential leveling

 GP0075.and adjusted by the National Geodetic Survey in June 1991.

 GP0075

 GP0075.The X, Y, and Z were computed from the position and the ellipsoidal ht.

 GP0075

 GP0075.The Laplace correction was computed from DEFLEC99 derived deflections.

 GP0075

 GP0075.The ellipsoidal height was determined by GPS observations

 GP0075.and is referenced to NAD 83.

 GP0075

 GP0075.The geoid height was determined by GEOID99.

 GP0075

 GP0075.The dynamic height is computed by dividing the NAVD 88

 GP0075.geopotential number by the normal gravity value computed on the

 GP0075.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45

 GP0075.degrees latitude (G = 980.6199 gals.).

 GP0075

 GP0075.The modeled gravity was interpolated from observed gravity values.

 GP0075

 GP0075;                    North         East     Units   Scale      Converg.

 GP0075;SPC AZ C     -   657,406.820   255,043.194   MT  0.99992140 +0 16 52.0

 GP0075;UTM  12      - 4,086,803.336   460,030.518   MT  0.99961968 -0 16 10.7

 GP0075

 GP0075:                Primary Azimuth Mark                     Grid Az

 GP0075:SPC AZ C     -  PGA A                                    169 41 57.3

 GP0075:UTM  12      -  PGA A                                    170 15 00.0

 GP0075

 GP0075|---------------------------------------------------------------------|

 GP0075| PID    Reference Object                     Distance      Geod. Az  |

 GP0075|                                                           dddmmss.s |

 GP0075| AC6816 PGA A                               APPROX. 1.1 KM 1695849.3 |

 GP0075|---------------------------------------------------------------------|

 GP0075

 GP0075                          SUPERSEDED SURVEY CONTROL

 GP0075

 GP0075  NGVD 29     -      1295.502  (m)         4250.33   (f) ADJ UNCH    1 2

 GP0075

 GP0075.Superseded values are not recommended for survey control.

 GP0075.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.

 GP0075.See file dsdata.txt to determine how the superseded data were derived.

 GP0075

 GP0075_MARKER: DT = TOPOGRAPHIC STATION DISK

 GP0075_SETTING: 7 = SET IN TOP OF CONCRETE MONUMENT

 GP0075_STAMPING: A.R.P. 1962

 GP0075_MAGNETIC: N = NO MAGNETIC MATERIAL

 GP0075_STABILITY: C = MAY HOLD, BUT OF TYPE COMMONLY SUBJECT TO

 GP0075+STABILITY: SURFACE MOTION

 GP0075_SATELLITE: THE SITE LOCATION WAS REPORTED AS SUITABLE FOR

 GP0075+SATELLITE: SATELLITE OBSERVATIONS - April 29, 1997

 GP0075

 GP0075  HISTORY     - Date     Condition        Recov. By

 GP0075  HISTORY     - 1962     MONUMENTED       CGS

 GP0075  HISTORY     - 1978     MARK NOT FOUND   USGS

 GP0075  HISTORY     - 19920615 GOOD             NGS

 GP0075  HISTORY     - 19951211 GOOD             CHANCE

 GP0075  HISTORY     - 19970429 GOOD             NGS

 GP0075

 GP0075                          STATION DESCRIPTION

 GP0075

 GP0075'DESCRIBED BY COAST AND GEODETIC SURVEY 1962

 GP0075'1.0 MI NE FROM PAGE.

 GP0075'ABOUT 0.2 MILE NORTH ALONG NAVAJO DRIVE FROM THE INTERSECTION OF

 GP0075'NAVAJO DRIVE AND SEVENTH AVENUE AT PAGE.  THENCE 0.5 MILE EAST ALONG

 GP0075'NINTH AVENUE.  THENCE 0.5 MILE NORTH ALONG P STREET TO THE COMBINED

 GP0075'ADMINISTRATION BUILDING AND HANGAR AT THE GLEN CANYON AIRPORT. THENCE

 GP0075'0.25 MILE NORTHWEST ALONG THE ASPHALT RUNWAY.  0.25 MILE SOUTHEAST OF

 GP0075'THE INTERSECTION OF THE ASPHALT RUNWAY AND AN EAST-WEST GRAVELED

 GP0075'RUNWAY, 174 1/2 FEET SOUTHWEST OF THE CENTER LINE OF THE ASPHALT

 GP0075'RUNWAY, 99 FEET SOUTHWEST OF THE SOUTHWEST EDGE OF THE RUNWAY, 279.8

 GP0075'FEET NORTH OF A WIND SOCK WITH A FRAME WHICH BEARS 4 LIGHTS, 77.0 FEET

 GP0075'NORTHEAST OF A METAL WITNESS POST, AND IN THE TOP OF A CONCRETE POST

 GP0075'FLUSH WITH THE GROUND.

 GP0075

 GP0075                          STATION RECOVERY (1978)

 GP0075

 GP0075'RECOVERY NOTE BY US GEOLOGICAL SURVEY 1978

 GP0075'MARK NOT FOUND.

 GP0075

 GP0075                          STATION RECOVERY (1992)

 GP0075

 GP0075'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1992

 GP0075'LOCATED AT PAGE MUNI AIRPORT AS FOLLOWS, 100.1 FT (30.5 M) WEST OF THE

 GP0075'EDGE OF RUNWAY 15-33, 111.3 FT (33.9 M) WEST OF THE FIRST RUNWAY LIGHT

 GP0075'NORTH OF THE PAVED RAMP AREA, 161.8 FT (49.3 M) SOUTH OF THE SECOND

 GP0075'RUNWAY LIGHT NORTH OF THE PAVED RAMP.  A STANDARD TOPOGRAPHIC DISK

 GP0075'STAMPED ARP 1962 AND SET IN THE TOP OF A 10 INCH CONCRETE MONUMENT SET

 GP0075'FLUSH WITH THE GROUND.

 GP0075

 GP0075                          STATION RECOVERY (1995)

 GP0075

 GP0075'RECOVERY NOTE BY JE CHANCE AND ASSOCIATES 1995 (MFY)

 GP0075'RECOVERED IN GOOD CONDITION.  A NEW AND COMPLETE DESCRIPTION FOLLOWS

 GP0075'THE STATION IS LOCATED IN THE CITY OF PAGE AT THE PAGE MUNICIPAL

 GP0075'AIRPORT.  OWNERSHIP -- CITY OF PAGE, JEFF BLAKE - SCENIC AIRLINES,

 GP0075'PHONE (520) 645-4164 TO REACH THE STATION FROM THE NORTHERN JUNCTION

 GP0075'OF US HIGHWAY 89 AND US HIGHWAY 89 LOOP, PROCEED EASTERLY ALONG US

 GP0075'HIGHWAY 89 LOOP (LAKE POWELL BOULEVARD) FOR 1.6 KM (1.00 MI) TO THE

 GP0075'JUNCTION WITH NAVAJO DRIVE.  TURN LEFT AND GO NORTH ON NAVAJO DRIVE

 GP0075'FOR 0.55KM TO THE JUNCTION WITH TENTH STREET.  TURN RIGHT AND GO EAST

 GP0075'ON TENTH STREET FOR 0.55 KM (0.35 MI) TO THE TERMINAL BUILDING AND

 GP0075'GATE 11 TO THE WEST.  PASS THROUGH GATE 11 AND PROCEED EASTERLY FOR

 GP0075'0.3 KM (0.20 MI) ACROSS APRON AND ALONG TAXIWAY A2 TO THE JUNCTION

 GP0075'WITH TAXIWAY A. CONTINUE EAST ON TAXIWAY A2 CROSSING TAXIWAY A TO THE

 GP0075'STATION ON THE LEFT BETWEEN TAXIWAY A AND RUNWAY 15-33 THE STATION IS

 GP0075'S STANDARD SURVEY DISK SET INTO THE TOP OF A ROUND CONCRETE MONUMENT 2

 GP0075'CM BELOW GROUND LEVEL.  THE STATION IS LOCATED 30.6 M (100.4 FT)

 GP0075'WEST-SOUTHWEST OF THE WEST EDGE OF RUNWAY 15-33, 31.90 M (104.66 FT)

 GP0075'EAST-NORTHEAST OF THE EAST EDGE OF TAXIWAY A, 34.00 M (111.55 FT)

 GP0075'WEST-NORTHWEST OF THE FIRST RUNWAY LIGHT NORTH OF TAXIWAY A2, 45.10 M

 GP0075'(147.97 FT) NORTH OF THE NORTH EDGE OF TAXIWAY A2, 49.30 M (161.75 FT)

 GP0075'SOUTH-SOUTHWEST OF THE SECOND RUNWAY LIGHT NORTH OF TAXIWAY A2, 29.70

 GP0075'M (97.44 FT) NORTH-NORTHWEST OF A CULVERT, 37.80 M (124.02 FT) NORTH

 GP0075'OF A HOLDING POSITION SIGN, AND 0.60 M (1.97 FT) WEST OF A CARSONITE

 GP0075'WITNESS POST THE STATION IS DESIGNATED AS A SECONDARY AIRPORT CONTROL

 GP0075'STATION (SACS) - ARIZONA ANA SURVEYS 1996

 GP0075

 GP0075                          STATION RECOVERY (1997)

 GP0075

 GP0075'RECOVERY NOTE BY NATIONAL GEODETIC SURVEY 1997 (AJL)

 GP0075'THE STATION IS LOCATED AT THE PAGE MUNCIPAL AIRPORT, IN A SANDY AREA

 GP0075'BETWEEN RUNWAY 15-33 AND TAXIWAY A (THE PARALLEL TAXIWAY FOR RUNWAY

 GP0075'15-33) JUST NORTH OF TAXIWAY A2.  OWNERSHIP--CITY OF PAGE, TOM

 GP0075'VANMEENEN, AIRPORT MANAGER, P O BOX 1180, PAGE, AZ, 86040.  THE PHONE

 GP0075'NUMBER IS (520) 645-8861.  TO REACH THE STATION FROM THE INTERSECTION

 GP0075'OF U S HIGHWAY 89 AND STATE HIGHWAY 89L, GO EASTERLY FOR 1.6 KM (1.00

 GP0075'MI) ON THE STATE HIGHWAY TO THE INTERSECTION OF NORTH NAVAJO AVENUE AT

 GP0075'A STOPLIGHT.  TURN LEFT AND GO NORTHERLY ALONG NORTH NAVAJO AVENUE FOR

 GP0075'0.6 KM (0.35 MI) TO THE INTERSECTION OF 10TH AVENUE.  TURN RIGHT AND

 GP0075'GO EAST ALONG 10TH AVENUE FOR 0.5 KM (0.30 MI) TO AN AIRPORT ENTRANCE

 GP0075'ROAD LEFT.  TURN LEFT AND GO NORTH ALONG THE ENTRANCE ROAD TO GATE 11

 GP0075'(LOCKED) .  PASS THROUGH THE GATE AND GO EAST ACROSS AN APRON AND

 GP0075'TAXIWAY A2 FOR 0.3 KM (0.20 MI) TO THE INTERSECTION OF TAXIWAY A AND

 GP0075'THE STATION LEFT JUST PAST THE INTERSECTION.  THE STATION IS LOCATED

 GP0075'45.0 M (147.6 FT) NORTH-NORTHWEST OF THE NORTH EDGE OF TAXIWAY A2,

 GP0075'31.9 M (104.7 FT) EAST-NORTHEAST OF THE EAST EDGE OF TAXIWAY A, 30.7 M

 GP0075'(100.7 FT) WEST-SOUTHWEST OF THE WEST EDGE OF RUNWAY 15-33, 29.5 M

 GP0075'(96.8 FT) NORTH OF THE TOP CENTER OF THE NORTH END OF A CULVERT UNDER

 GP0075'TAXIWAY A2, 0.6 M (2.0 FT) WEST OF A FIBERGLASS WITNESS POST, AND THE

 GP0075'STATION IS RECESSED 0.2-CENTIMETERS BELOW THE GROUND SURFACE.

 GP0075'NOTE--THIS STATION IS DESIGNATED AS A SACS.

 *** retrieval complete.

 Elapsed Time = 00:00:03
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