SN

LIDAR FINAL REPORT

April 3, 2006 Revision

AKQ0301 - Shishmaref

Dates of LIDAR Data Acquisition
July 9-August 12, 2004

AeroMarU.S.

YOUR GEOSPATIAL DATA SOLUTION

AN AERO-METRIC COMPANY

2014 Merrill Field Drive * Anchorage, AK 99501
907-272-4495 = Fax: 907-274-3265 * www.aeromap.com




This page intentionally left blank.



AK0301 REVISED LIDAR DATA SET
EXECUTIVE SUMMARY

This report replaces previous AeroMap U.S. reports to NOAA for the AK0301 Area includ-
ing the towns of Shishmaref and Wales. Those reports are titled as follows:

e Final Report AK0301 Shishmaref — Dates of LIDAR Acquisition July 9-Aug 12, 2004
e Addendum #1 November 2005 — Final Report AK0301 Shishmaref —
Dates of LIDAR Acquisition July 9-August 12, 2004

The above reports should be destroyed as they contain erroneous information that has been
corrected with this revised report and the submission of a reprocessed LIDAR data set for the
AKO0301 area to ellipsoid heights.

Reasons for Resubmitted Data and Report
There are two primary reasons for the resubmission of data and reports

Reason #1: Confusion in data processing between Derived NAVD88 datum and ellipsoid
data requested by NOAA January 3, 2005, and subsequent questions by NOAA which have
been documented and clarified in this Executive Summary and Final Report. See Narrative
starting below, and continued on page v, for more detailed information on Reason #1.

Reason #2: Erroneous data being generated by a bug in the Optech proprietary REALM
processing software. This bug, here to fore not seen or documented by Optech or any of their
users, causes false high points which show up as a halo effect around certain shoal and sand-
bar areas. This halo effect was first found in late January 2006 by AERO-METRIC, Inc of
Sheboygan, WI, while working on a similar NOAA Shoreline Mapping Contract (Area
NOAA-NYO0401). For additional detail on Reason #2, see narrative, which begins on, page
vi of this Executive Summary.

Reason #1 - Narrative: During various phases of LIDAR data processing, there was some
confusion between “Derived NAVD88” and ellipsoid heights that resulted in data processing
errors. The original Scope of Work required the LIDAR data be submitted in a “Derived
NAVD88” datum and AeroMap did submit that data set in December 2004.

On January 3, 2005 NOAA asked if the “original raw ellipsoidal data” could be provided. In
a series of messages from January 7 —25, this data set was better defined and it was agreed
that the data would be provided.



AeroMap adjusted the original “Derived NAVD88” data set to ellipsoid heights using the
Geoid99-Alaska model, and submitted the data in March 2005. This was followed by “Final
Report AK0301 Shishmaref — Dates of LIDAR Acquisition July 9 — Aug 12, 2004 submit-
ted in May 2005

This was followed on September 20, 2005 by a series of questions from NOAA, which re-
sulted in the submission of “Addendum #1 November 2005 — Final Report AK0301 Shish-
maref — Dates of LIDAR Acquisition July 9-August 12, 2004”. The Addendum was shipped
to Aero-Metric on December 1, 2005

In the course of analyzing the data and writing the Addendum #1 in response to the 20 Sep-
tember 2005 questions, it became apparent that there were some discrepancies with the
LIDAR data in some areas relative to John Oswald and Associates (JOA) LIDAR checkpoint
data. Not knowing at the time the reason or extent of the discrepancy problem, AeroMap
submitted the Addendum #1 along with a cover letter acknowledging the discrepancies and
stating that AeroMap was beginning an investigation into the cause of the discrepancies.

AeroMap began investigations by conferring with JOA and eliminating all potential prob-
lems (e.g., incorrect antenna height, incorrect control values) in the LIDAR check point
survey. When no errors were found in the JOA survey data, AeroMap began concentrating on
the LIDAR data processing.

At about this same time, NOAA sent a second set of questions on 16 December 2005 related
to Addendum #1.

NOAA Questions from September 20, 2005
The comments and questions that required a response from AeroMap are as follows (Items
#1 and 4 are omitted as they need no reply from AeroMap):

2. ...Please explain the 3 airport accuracy reports. Were there known points at these
airports, or is the software just comparing a pulse to other pulses in the same area on
the ground? See #3 below.

ANSWER OR ACTION: Please see Section 12.3 TerraMatch Results on
Kotzebue, Shishmaref and Wales Runways - for detailed explanation of the Ter-
raMatch information, which compares LIDAR information against itself as a
check for system calibration. See also Section 12.4 - TerraScan Output Control
Reports - Wales & Shishmaref Runways for analysis of LIDAR data on runway
ground truth data provided by JOA.

3. Where is the information about the 30 LIDAR check points? Were these done? Was
any comparison done to these points? Is this the information in the airport Accuracy
Report on pages 150-152? See also #5 below.

ANSWER OR ACTION: Please see Sections 12-5 through 12.7 for detailed nar-
rative, maps and statistical comparison tests on the JOA provided LIDAR check
points (34 points in AK0301 and 31 points in AK0302).



5. LIDAR CHECK Points - In the maps included with the report, we did not find a
map showing the LIDAR check points. Also, neither paragraph | A "Purpose™ nor
paragraph Il "LOCATION" mention surveying the LIDAR check points. The two
LIDAR reports, "Final Report AK0302 Kivalina" and *“...Shishmaref" also don't seem
to mention the survey of the LIDAR check points. The 30 LIDAR check points were
required by the document "LIDAR Requirements”, Section 3.4A and also mentioned
in section 3.4 of the Project Instructions. Were these points surveyed? Did we agree
at some point to drop these and add the Beach Profiles? JOA's Technical Proposal
mentions that the 60 LIDAR check points would be done in 2004. ACTION - Explain.
ANSWER OR ACTION: Please see Sections 12-5 through 12.7 for detailed nar-
rative, maps and statistical comparison tests on the 34 JOA provided LIDAR
check points.

NOAA Comments & Questions from December 16, 2005

On December 16, 2005 clarification was requested for several items within the November
2005 Addendum #1 to the Final Report. Clarification as requested are incorporated in this
revised Final Report, the Addendum has been deleted. The relevant comments and questions
are included here (Item 2 is omitted as it required no reply from AeroMap):

1. “... the last paragraph refers to an NGS person by name and the fact that he is familiar
with certain software. ACTION - Please modify the report to eliminate Jason's name.
The brief explanation of Terrasolid in your report is adequate.”

ANSWER OR ACTION: The NGS name reference has been removed from this
report.

3. Inthe Tables (Output Control Reports — Wales & Shishmaref runways and Output
Control Reports — JOA LIDAR check points) the UTM zone is not listed and the units
are not listed. ACTION - for each table identify the Horizontal datum, the UTM zone,
and the units used.

ANSWER OR ACTION: In all tables generated from TerraScan Output Con-
trol Reports (OCR) contained in this report (Sections 12.4 and 12.7), descriptive
headers have been added to identify the horizontal datum, the UTM zone, and
the units used, as well as other mission information.

4. Inthe same Tables, the statement is made, "Only the first and last 15 points and re-
sults are shown." That's fine, but how many ground control points are there? Also,
the "Laser Z" values are all the same number (for the first x points) and the "Known
Z" values change. Shouldn't it be the other way around? | think the 30 points shown
are LIDAR values as compared to the same ground control point. Is that correct?
How many ground control points were there, how were they surveyed, to what accu-
racy and by whom? Are these points in addition to the 66 points surveyed by JOA (66
according to the LIDAR Check Point Report)? In other words, what is being com-
pared to what in these Tables? ACTION - Please explain.

ANSWER OR ACTION: All runway ground truth data and LIDAR check
point data were surveyed by JOA. The LIDAR check points (See Sections 12.5
through 12.7) were surveyed with static GPS sessions and should be accurate
horizontally to +/- 1 cm + 1 ppm of the distance from the reference base station,
and vertically 2 cm + 1 ppm of the distance from the reference base station. All



runway ground truth data points were collected in kinematic mode, and they
should be accurate to horizontally to +/- 3 cm + 1 ppm of the distance from the
reference base station, and vertically 5 cm + 1 ppm of the distance from the ref-
erence base station. In the original report, some photo ID and base station
points were mistakenly included. As noted in Section 12.5, only points with Sta-
tion Type 4 are actual LIDAR check points. There are 34 LIDAR check points
in Area AK0301, and 31 LIDAR check points in AK0302. Section 12.4 -
TerraScan Output Control Reports contains a narrative on how the runway
ground truth points were checked and evaluated. As noted in Section 12.4 -, the
Dz value shown in the right column is the computed LIDAR data minus the
known ground point value. The runway data was edited before the OCR process
to delete numerous points at the start and end of the PPK survey where the re-
ceiver was not moving because of static observations, or moving so slowly that
the values of the ground points are the same or nearly the same. The listing in
this report only shows short relevant sample sections of these long listings along
with the statistics for brevity and clarity sake. The full data set is contained in a
digital file on CD that accompanies this report.

In several of the tables (Output Control Reports — Wales & Shishmaref runways and
Output Control Reports — JOA LIDAR check points) in the "Z" column the word "out-
side” is entered rather than a value. ACTION - Please explain what "outside"” means.
ANSWER OR ACTION: See Section 12.4 - TerraScan Output Control Reports
for explanation of what “outside” means.

In several Tables (Output Control Reports — Wales & Shishmaref runways and Out-
put Control Reports — JOA LIDAR check points), the "Dz" values are large. We as-
sume this is the discrepancy you mentioned in an email? ACTION - Explain discrep-
ancy and resolution.

ANSWER OR ACTION: As noted in the first part of this Executive Summary,
and also in Section 14 - Results and Problems, the discrepancies found were
traced back to confusion between “Derived NAVD88” and ellipsoid heights that
resulted in data processing errors. As stated in the section REMEDY at the end
of this Executive Summary, AeroMap has reprocessed all the LIDAR data from
the raw data stage holding ellipsoid heights throughout, and is resubmitting a
new ellipsoid height data set and this report to replace the previous ellipsoid
data set and prior reports and Addendums.

(Table 12.5.2 NGS Project AK0301 Final Values from JOA) lists JOA's LIDAR check
points. Was the LIDAR data compared to these points? If so, where? ACTION -
Please explain.

ANSWER OR ACTION: Please see Sections 12-5 through 12.7 for detailed nar-
rative, maps and statistical comparison tests on the 34 JOA provided LIDAR
check points.

. The last paragraph...again states that "these check points were thought lost..." Which

points were thought lost, I'm confused. The points on the airport, JOA's points or
something else? ACTION - Please explain.



ANSWER OR ACTION: Please see Section 12.2 Software and Processes Used
To Compute Accuracy Reports, which explains what happended to the “lost”
data, and why it is not a problem area that needs correction.

In Tables (Section 12.7), 1 do not understand what is being compare to what. There
are 79 points here. JOA did 66 points, total, in AKO301and AK0302. Are these 79
points in addition to JOA's points? We note that the first 3 columns of these tables are
the same in both reports. Does "outside™ mean that that point is in the other project?
Some of the points have "outside™ in both reports? ACTION - Please explain the Ta-
bles, what is compared to what. Also, explain how many sets of ground control points
there were.

ANSWER OR ACTION: In the original report, some photo ID and base station
points were mistakenly included. As noted in Section 12.5, only points with Sta-
tion Type 4 are actual LIDAR check points. There are 34 LIDAR check points
in Area AK0301, and 31 LIDAR check points in AK0302. In addition, there are
3 sets of runway ground truth data (Wales and Shishmaref in Area AK0301 and
Kivalina in Area AK0302). The ground truth and LIDAR check points are sepa-
rate from the JOA GPS Base Station control reported in Section 10 - Ground
Control Report.

Narrative on AeroMap LIDAR

Data Processing Errors to Ellipsoidal Heights

The basis of the JOA “Derived NAVD88” control survey for the base stations for this project
are the NGS NAVDB88 control values for monuments 2BAD and 8756K (at Nome) and
WTK-A (at Noatak). From the JOA base station survey in 2004, JOA established “Derived
NAVD88” values on the following stations:

Point Hope Base Station
Kivalina Base Station
Kotzebue Base Station 3
Kotzebue Base Station 5
Kotzebue Base Station 6
Shishmaref Base Station
Wales Base Station

There is a difference of approximately 1.54 meters between “Derived NAVD88” and or-
thometric heights as would be determined by Geoid99-Alaska. The data processing approach
to establish “Derived NAVD88” heights for the airborne trajectory and subsequent LIDAR
data was as follows:

1.

2.

Compute a project specific or “pseudo” ellipsoid height for the base stations used at
the airport in Kotzebue (KOT5 and KOT®6), where the airplane was based, and all air-
borne missions began and ended. This incorporated the approximately 1.54 meters
difference between “Derived NAVD88” and Geoid99-Alaska orthometric heights.
Compute the GPS and inertial airborne trajectory using the “pseudo” ellipsoid height.



3. Check the airborne trajectory from Kotzebue with the base stations within the mission
area, and use the best trajectory.

4. Apply Geoid99-Alaska to the airborne trajectory, to bring the data to the desired “De-
rived NAVD88” orthometric surface.

5. Process all the LIDAR points using the “Derived NAVD88” trajectory. At this point,
all the LIDAR data is in “Derived NAVD88”. The LIDAR data never had original el-
lipsoid heights.

NOAA requested a second LIDAR dataset processed to ellipsoid heights in January 2005.
Several approaches to deliver the new ellipsoid data set were discussed by email with
NOAA, and it was agreed that instead starting from the beginning with the actual raw data as
it is collected in the air, and reprocessing all of the data all over again, that the previously
delivered “Derived NAVD88” would be adjusted by a combination of a shift from “Derived
NAVD88” to orthometric heights, then using the Geoid99-Alaska model to bring all the
LIDAR data to the ellipsoid reference.

All of the data for both Areas AK0301 and AK0302 were reprocessed by the end of January
2006, and the data and Final Report were ready for delivery to NOAA, when AERO-
METRIC found the problem with occasional erroneous data being generated by the Optech
REALM software. AeroMap began an investigation into the data to see if at certain types of
terrain, these erroneous data points were being generated in the AK0301 or AK0302 areas.
The investigation revealed that in some conditions of shoal water and sandbars, these errone-
ous data points were being generated in the AK0301 and AK0302 areas. More detail on this
problem and the remedy can be found in the following section.

Reason #2 — Erroneous Data Narrative: In late January 2006, AERO-METRIC, under a
similar shoreline mapping contract with NOAA (Area NOAA-NY0401), found that under
certain conditions along shoal areas and areas of sandbars, the Optech REALM data process-
ing software was generating erroneous high points which produced a halo pattern along parts
of the shoal or sandbar area. AeroMap investigated the data sets for both the AK0301 and
AKO0302 areas, and found some areas where the same types of erroneous high points were
being generated.

An example of this type of this “halo” effect of erroneous high points can be seen in the
following Figure 1 (below).
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Figure 1 — Erroneous high points in “halo” effect

Conclusion on Data Processing Errors

After the submittal of the Final Report and Addendum #1, and subsequent questions by
NOAA on LIDAR check points, the AeroMap review of the ellipsoid data delivered to
NOAA has revealed that not all missions had the correct adjustments applied to bring the
“Derived NAVD88” data to true ellipsoid values.

In addition to the error in data processing, a blunder was identified in the AK0302 data set.
An incorrect GPS trajectory was inadvertently used in REALM processing.

The erroneous high point “halo” effect was found in early February 2006, and required a
software fix by the manufacturer, Optech, Inc. of Toronto, Canada.

Remedy

In order to assure that the data delivered in this resubmission to NOAA does not have any of
the above described errors and blunders, AeroMap decided in January 2006 to start from the
initial point where the airborne trajectories are computed, and reprocess all of the data, hold-
ing only ellipsoid values, throughout to the final LIDAR values.

This ellipsoid reprocessing was just being completed when the erroneous high point “halo”
effect was found in some of the data for both the AK0301 and AK0302 areas. Any plans to
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submit revised data to NOAA were put on hold pending a resolution by Optech of their soft-
ware bug in the Optech proprietary REALM processing software. The software fix from
Optech under a new version of REALM software (Version 3.5.4), took until the middle of
March 2006, before it was delivered to AeroMap, and thoroughly tested.

Once again to ensure that none of the previous problems would affect this final data deliver-
able and this report, all original LIDAR range data were reprocessed again, holding ellipsoid
heights throughout. All areas where the erroneous high point “halo” effect were first noted
were checked to make sure that the revised Optech software fixed these problems, and had
not created any new anomalies. This reprocessing and subsequent Quality Control checks
was completed in late March 2006.

This revised data set represents a minimally adjusted data set. This means that no additional
post processing (e.g., TerraMatch) has been performed on these data. Checks have been
completed on all missions where there is any ground truth data (e.g., LIDAR check points, or
runway data), and the results have been tabulated within this report. All missions where
LIDAR check point data were present have shown to all be within the 0.30 meter RMSE
accuracy specification for the project.

This revised Final LIDAR Report of April 3, 2006 incorporates new sections for the airport
surveys, the checkpoint surveys, and a discussion of the check points relative to the ellipsoid
LIDAR data set. All questions or comments, from either the September or December 2005
NOAA e-mails concerning Addendum 1 have been addressed within this revised Final
LIDAR Report of April 3, 2006.

The December 2004 LIDAR ‘ellipsoid’ data set, the May 2005 Final Report and the Decem-
ber Addendum 1 should be discarded.
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1. WORK PERFORMED SUMMARY

This report is submitted February 3, 2006, to replace a previous Report and Addendum titled:
e Final Report AK0301 Shishmaref —
Dates of LIDAR Acquisition July 9 — Aug 12, 2004
e Addendum #1 November 2005 — Final Report AK0301 Shishmaref —
Dates of LIDAR Acquisition July 9-August 12, 2004
The reason for this resubmitted report is to address changes in the final ellipsoid data set as a
result of reprocessing the data. The reasons for the reprocessing are fully detailed in the
Executive Summary that is a preface to this report.

Overview

In July and August of 2004, AeroMap U.S (a subsidiary of AERO-METRIC, Inc.) acquired
LIDAR data for shoreline mapping in North West Alaska for NOAA task order AK0301-
Shishmaref, and NOAA task order AK0302-Kivalina. All the Area 301 project areas were
located south of Kotzebue and covered the communities of Wales and Shishmaref. This
report focuses on the Area 301 Task Order, but because both Areas 301 and 302 were flown
as part of one mobilization, and sometimes missions for both areas were flown on the same
day, there will be many references to Area 302. All of the Area 302 project areas were lo-
cated north of Kotzebue, and covered the communities of Kivalina and Point Hope. All of the
targeted coastal areas were covered with LIDAR data flown at an altitude of 2000 meters
Above Ground Level (AGL) with an average LIDAR data posting density of 2 meters. In
addition there were missions flown at the communities of Shishmaref and Kivalina at a lower
AGL altitude of 1200 meters with an average LIDAR data posting density of 1 meter.

The missions were all to be tide coordinated for tides below Mean Lower Low Water
(MLLW). Because of the small tide range in the area, and the difficulties coordinating air-
borne missions with the complex conditions that influence tides in that region (e.g., atmos-
pheric pressure, winds and currents), the requirement for all data acquisition to be performed
at MLLW or below were relaxed by NOAA, first to Mean High Water, then in August to any
tide window so that all the targeted shoreline areas could be covered. The base of operations
was Kotzebue, Alaska.

The basis for the LIDAR survey and ground truth information was an extensive GPS survey
carried out by the firm John Oswald and Associates (JOA), under a sub-contract to AeroMap.
The complete report of this survey can be found in Section 10 (Ground Control Report). As
part of this sub-contract survey, JOA established base stations sites KOT5 and KOT6 at the
Kotzebue airport. These GPS base station sites were used throughout the project by the
AeroMap crew for many of the missions. In addition to the stations at the Kotzebue airport,
there were other base GPS sites manned by JOA and used as controlling base stations for
some of the missions at locations in Shishmaref and Wales in Area 301, and Kivalina and
Point Hope in Area 302.

JOA also monitored tides and suitable tide windows during the project. While this informa-
tion was relayed by satellite to an Internet web site, the lag time from when the tide window
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data was available to when it was posted on the Internet meant that LIDAR mission coordi-
nation was handled by phone communications with JOA staff.

In Section 4 (Flight Line Maps and Coverage), there is an Excel spreadsheet that contains all
of the key details of every mission flown. This spreadsheet should be used as the initial start-
ing point for any information sought for any mission. In this section there are also the maps
of the LIDAR coverage for each mission, and the flight logs.

Equipment Used
The list below provides the details of the major components used in the LIDAR data acquisi-
tion.
e Aircraft: Cessna Model 320 — Registration Number N3443Q
e LIDAR System: Optech Model 30/70 Airborne Laser Terrain Mapper (ALTM). Sen-
sor Serial Number 03SEN145, and Control Console Serial Number 03CON152
e GPS Base Station Receivers: Trimble 4000 Ssi — Serial Numbers 3508A09934 and
3508A09849 were deployed at Kotzebue on a per mission basis by the flight crew.
An additional four GPS receivers were operating full time at Wales, Shishmaref, Kiv-
alina and Point Hope. The details of the personnel, equipment and their GPS logs are
contained within the report entitled “GPS Base Station Report” located in Section 10
(Ground Control Report).

Personnel:

AeroMap personnel on the project consisted of 2 pilots, Dale Roark and Jay Hoogstra, and
one LIDAR operator, David Rider. The JOA personnel manning the base station are detailed
in the report entitled “GPS Base Station Report” located in Section 10 (Ground Control Re-
port).

Report Content
As outlined in the Table of Contents, the other sections of this report will cover:

2. Planning

3. Weather

4. Flight Line Maps and Coverage
5. Equipment Calibration
6. Airborne Positioning

7. Aircraft Navigation

8. Tide Coordination

9. GPS Report

10. Ground Control Report
11. Product Creation

12. Accuracy report

13. QA _QC

14. Results - Problems

AKO0301 - LIDAR FINAL REPORT — 2006 REVISION AeroMap U.S.



2. PLANNING

AeroMap U.S. performed extensive planning of the areas targeted by NOAA. Key aspects in
the planning process are:

Avreas to be covered

Type of Terrain

Accuracy requirement for the survey (e.g. 0.15 meter RMSE)

Data density, or average posting of data points (e.g., 1 meter and 2 meter)

Basis of Horizontal and Vertical Control for the Survey (NAD83 and NAVD88)
Datum and Projection for Final Data

Specialized Data Processing Requirements (e.g., bare earth)

Data format of deliverables (e.g., DEM suitable for 2 foot contour)

N~ WNE

Once all the basic parameters of the survey were defined, AeroMap designed the LIDAR
missions. The project areas were outlined using Delorme Xmap as the preliminary planning
tool. This allowed initial flight line design with the USGS topographic map series. General
project planning guidelines were then followed. These guidelines included:

e Confirmation of the location of the project areas

e Locations of ground reference GPS base stations (no more than 100 km from

the project area), and any geodetic survey ties that must be made

e Planned location of calibration check site

e Planned locations of QC ground surveys

e Any unusual flight requirements (e.g., restricted flight zones).

The terrain was analyzed for the most efficient direction of flight lines, and areas noted
where higher density data may be required (e.g., densely forested areas). If the terrain dic-
tated that the flight lines must be flown in a “stair step” mode to achieve adequate coverage
in steeply rising terrain, those areas were defined.

A sample of part of one of the Xmap flight line layout maps is included on the following page.

AeroMap U.S. AKO0301 - LIDAR FINAL REPORT — 2006 REVISION
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When the preliminary planning was completed, then the relevant project boundaries were
exported to Optech’s proprietary planning software (ALTM-NAV Planner).

The ALTM-NAYV Planner software is a combined project design tool, and automatic flight
line parameter setup for the in-flight missions of the ALTM.

Project boundaries were brought in to ALTM-NAYV Planner as well as background maps or
imagery. Flight lines can be designed as polygons, corridors, or fixed line surveys. The
ALTM LIDAR parameters that could be set for the project included:

Flying height (AGL)

Ground Speed

Flight line sidelap (normally 30 to 60 percent)

Pulse Repetition Frequency (PRF) from 33 to 70 KHz (number of pulses per second

to the ground)

e Scan Angle (the angle of the sweep) from 0 to 25 degrees on both sides of nadir (total
angle up to 50 degrees)

e Scan Rate — the number of times per second the scanning mirror oscillates per second

(0to 70 Hz)

The project was broken up into a number of polygons for the 1 meter areas, and fixed line
plans for the 2 meter areas.

All settings for each flight segment were then saved as an ALTM-NAYV plan file, which was
then used in the airborne missions to control the ALTM system.

A sample of an ALTM-NAYV Planner screen is shown on the next page.
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ALTM-NAY Planner 2.0.28 - [AKD302_1m.pin]
ALTM-MAY  Flioht Loo  Flioht Flan  GPS  LIDAR  Pilok Display  Help
Plan Survey Grid o =] |

™ Lock First Pass to Edge?

Add New Area | Remove Area |

L, Area — of »

Draw Area

Edit Corners | Generate Box | Load from File

| 0 20 &0 @ 15|1_50| 180 210 240 270 300 330 380
__ FlightProfile | LIDARSetings |

Altitude (m AGL) Scan PRF (kH2)
Pass Heading (deq) [IFECHN | Scan Freq (17 [ENEN
Overlap (%) “ Scan Angle +/- -
Speed (kts) 150 Desired Res {m)
Turn Time (min) — Cross Track Res

Passes

Pass Spacing {m) -

Survey Totals

Total Passes _ Swath Area (km*2)
Total Length (km) [EENCETE 40! Area (km*2)
Total Flight Time _ Total Laser Time

Optimize

Down Track Res
Swath {m)

 UseSwatharea  Cost per Acre |— Area Cost
* UsedOldea  Cost per Hour n Time Cost

Apply | Help | Close |

Figure 2.2 Sample ALTM-NAV Flight Plan

One last step involved proper GPS planning. Predictions were run on the GPS satellite ge-
ometry in the project areas at the estimated time the data would be acquired. For surveys
suitable for two-foot contour DEM generation, missions were designed to avoid times when
the GPS satellite Position Dilution Of Precision (PDOP) factor was above a value of 4. This
insured that there would be good geometry of GPS satellites to compute an accurate GPS
trajectory. This was checked again just prior to actual data acquisition.
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3. WEATHER

The Optech 30/70 ALTM system can be operated in any condition where there is not precipi-
tation, fog, or haze below the planned flying altitude. The system can even be flown at night.
Because of the Summer time of year and the Arctic location of the project, there was not
much in the way of conditions that could be classified as night. Because of the requirement to
meet tide windows, there were some missions that were flown at times that had reduced
daylight conditions.

The weather conditions for all missions are detailed in a column labeled Wx within the Excel
spreadsheet that resides Section 4 — Flight Line Maps and Coverage. This spreadsheet con-
tains all pertinent details of every mission.
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4. FLIGHT LINE MAPS AND COVERAGE

This section contains all the pertinent information on the missions flown. The most important
document which summarizes all the key information for each mission is the Excel spread-
sheet which has the details for each mission including:

Date

Aircraft Number

Pilot and Operator

Starting Location

Ending Location

Start and Stop Engine Times

Total Time for the Mission

Weather

Mission Number

Area (e.g., Area 301 or Area 302, Calibration or Ground Truth Check Missions)
Planned Altitude

Start and Stop Times of the LIDAR Mission

Strip or Line Number

Altitude Flown

PDOP as measured by the AeroMap Optech 30/70 ALTM

Number of SV (satellites) observed by the AeroMap Optech 30/70 ALTM
LIDAR settings (e.g., Pulse Rate, Scan Frequency, Scan Angle)

Mission Notes (which contain the location of the base stations used to control the LI-
DAR Mission)

In addition, there are flight line coverage maps of each mission flown in this project area.

At the end are the actual electronic Flight Logs as completed by the operator during the mission.
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5. EQUIPMENT AND CALIBRATION

The LIDAR system used on this project is an Optech 30/70 Airborne Laser Terrain Mapper
(ALTM) owned by AeroMap U.S. The system is capable of providing absolute elevation accu-
racy ranges from 0.15 meter to 0.35 meter RMSE depending on the operating altitudes which
range from 400 meters to 3,000 meters Above Ground Level (AGL). The 2 meter areas were
flown at an altitude of 2,000 meters AGL with a pulse rate of 50,000 pulses per second. The 1
meter areas were flown at an altitude of 1,200 meters AGL with a pulse rate of 70,000 pulses per
second. Each pulse is capable of providing up to 4 separate returns - 1%, 2™, 3 and last return.
The system includes a real-time flight planning, flight tracking, navigation, and acquisition sys-
tem, with built-in QA/QC.

There are detailed calibration reports in this section from the manufacturer of the 30/70 ALTM
(Optech) as it was delivered from the factory early in 2004. Detailed specifications of the system
can be found in these reports. Also contained in this section is the system log book showing all
maintenance and installation procedures since the system was acquired in January 2004 through
the duration of this project.

Before the system was sent to Kotzebue for this project a calibration check flight was performed
in Anchorage. A calibration mission requires a forward and reverse flight of two orthogonal
directions (a total of four flight lines). One pair of flight lines must be at a lower altitude than the
other. For this project requiring 0.15 meter RMSE accuracy, the lower flight lines are at 700
meters over a runway with thousands of ground truth points acquired with Post Processed Kine-
matic (PPK) GPS profiles. The cross flight is at the standard flying height for this survey at
1,200 meters or 3,900 feet AGL. The data from these flights were processed as a normal data
acquisition mission, then run through a calibration module in the Terrasolid suite of software,
described in more detail in Data Processing. This process yields the relevant system calibration
parameters for the ALTM. These parameters are checked, and the calibration process repeated if
calibration factors exceed predetermined limits.

When the system was mobilized to Kotzebue on July 9, 2004, it was again checked for calibra-
tion on July 11.

The results from that mission are shown below:

Trajectories:
H:\6030810_NOAA\Kotzebue_ TMatch\trj\
No known points

Observe every 1th point

Intensity not used

Solution for whole data set

Starting average dz: 0.0388 Should not exceed 10 cm
Final average dz: 0.0390
Standard error of unit 0.0174
Execution time: 17.6 sec
Number of iterations: 2

Points 749300 Should not exceed 0.005 degrees
Roll shift +0.0003 Std dev 0.0000 Should not exceed 0.005 degrees
Pitch shift -0.0002 Std dev 0.0002 Should not exceed 0.0005

Scale +0.00012
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Check Points

Average magnitude: 0.0533 Should not exceed 0.10 meter
Flightline Points Magnitude Dz

7 296003 0.0320 -0.0138

8 329629 0.0306 -0.0131

10 432919 0.0690 +0.0233

11 360800 0.0727 -0.0248

There were additional calibration check flights flown at Shishmaref and Wales airports using
ground truth data provided by John Oswald and Associates. These are detailed in Section 12
— Accuracy Report.

Production Missions

Each production mission consisting of a takeoff, data acquisition and landing is called a lift.
At the beginning and end of each lift, the aircraft/system observes at least five minutes of
static GPS observation time. This allows for precision GPS trajectories to be computed in
both a forward and reverse mode. The aircrew, consisting of the pilot and operator, fly the
designed flight lines. The pilot navigates the flight lines with a pilot display that gives him
the necessary information to stay on line, at the proper altitude, and proper airspeed to meet
the design groundspeed. The operator has a real time display in a laptop computer attached to
the ALTM that shows the controls and status of the system. The ALTM system parameters
are automatically selected from the designed flight line. The operator also has a real time
display of the progress of the survey, and the LIDAR swath is painted over the flight line.
This allows the operator an immediate Quality Control check to see any problems in a mis-
sion such as being off line or gaps between flight lines. If this occurs, the operator has the
flexibility to add fill-in flight lines as needed, so at the end of a lift, he has assurance that the
area to be surveyed has been fully covered. During each lift, two or more ground based GPS
stations on known project control are operating through the full cycle of static observation,
takeoff, data acquisition, landing and final static observation. These data are used in the
differential post processing of the GPS trajectory. Missions can be flown day or night as long
as there are no clouds, fog or precipitation below the aircraft in the survey area. As part of the
Quality Control for surveys suitable for this project two-foot contours, missions are not flown
when the GPS Position Dilution of Precision (PDOP) factor is above 4. In all but one of the
flight lines flown for this project, the PDOP did not exceed 3.0 except for August 11, when
there was one flight line at PDOP 3.1.
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Optech ALTM Conformance Report

Optech — Terrestrial Survey Division

1 ALTM CONFORMANCE REPORT

1.1 ALTM System Specifications

Specifications

Serial numbers

Sensor Head 03SEN145
Control Rack  03CON145

Operating altitude

80 — 3000 m nominal

Horizontal accuracy

1/2000 x altitude; 1 o

Elevation accuracy

<15ecm@1200m;1 0
<26ecm@2000m;1 0
<3Bcm@3000m;10

Range resolution

1cm

Range capture

4 range measurements for each pulse including last

Intensity capture

12 bit dynamic range for each measurement

Scan frequency

Variable; maximum 70 Hz

Scan angle

Variable from 0 to £ 25°, in increments of £1°

Scanner Product

Scan Angle x Scan Frequency £ 1000

Roll compensation

Nominal + 4°, depending on scan setting (e.g. £ 20° allows + 4°
compensation; £ 15° allows £ 9° compensation)

Swath width

Variable; 0 to 0.93 x altitude m

Position Orientation System

Applanix — Optech custom POS including internal 12 channel dual
frequency 2 Hz GPS receiver

Laser repetition rate

33 kHz (maximum AGL 3 km)
50 kHz (maximum AGL 2 km)
70 kHz (maximum AGL 1.5 km)

Data storage hard drive

Ruggedized removable hard drive

Beam divergence

Dual 0.31 mrad (1/e) or 0.78mrad (1/e)

Eye safe range

80 - wide, unaided

400 - wide, aided and narrow unaided
500 - narrow profiling unaided

1300 - narrow aided.

Laser classification

Class |V (FDA CFR 21)

Power requirements

28V, 35A

Internal ambient operating
temperatures

Control rack: 10-35°C
Sensor head: 0 —35°C

Humidity

1 — 95% non-condensing

Last printed 29/04/2005 3:47.00 PM
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Optech ALTM Conformance Report Optech — Terrestrial Survey Division

1.2 Reference Information

1.2.1 Sensor Head Constants

Reference to IMU Misalignment (PosAV)
X 0.000
¥ 0.000
zZ 0.000
Reference to IMU Lever Arm (PosAVY)
X -0.090
Y -0.008
Z -0.096
Reference to Reference Point
X -0.051
Y -0.029
Z -0.487
1.2.2 GPS Eccentricity Values
Reference Point to GPS Antenna (REALM)
X 0.368
Y 0.038
z -0.916
Reference to GPS Antenna (PosAVY)
X 0.317
N 0.009
Z -1.403
1.2.3 IP Addresses
Reference to GPS Antenna (PosAV)
POS version 40 (TCP)
Laptop IP address 192.9.202.99
Laptop Subnet Mask 255.255.255.0
POS IP Address 192.9.202.40
2 5101-ALTM Conformance Report.doc
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Optech — Terrestrial Survey Division

1.2.4 Firmware Version Numbers
Firmware AeroMap
Type Part Number 5101
Receiver Logic cpld 0022330 A
micro N/A N/A
Intensity cpld 0022170 c
micro 0022171 A
TIM cpld 0022328 A
Range finder Interface fpga 0022164 B
Scanner Microcontroller micro 0022865 B
Sensor Microcontroller 1 micro 0022873 B
Sensor Microcontroller 2 micro 0023880 N/A
Input Power Meter micro 0022867 A
CPCI dc/de micro 0022871 A
Range Finder Buffer fpga 0022161 B
plx 0022162 A
POS AN N/A N/A 2.13B (2.15 installed
on site)
ALTM Computer mep TBD 7.1.53
1.2.5 Operational Software Version Numbers
Software Hardware Fingerprint Version Number
ALTM Nav. 996B-ABFF 2.0.18
Ol Server N/A N/A
PosAV N/A 1.2.1 (1.5 installed on site)
1.2.6 Post-Processing Software Version Numbers
Software Version Number Description
Acalib 1.2 ALTM Auto-calibration software
Disk 2K 4.0.0.64 ALTM disk extractor for WIN 2000 and XP
Disk NT 4.0.0.40 ALTM disk extractor for WIN NT
ALTMdecode 3209 External disk decode
Decode3?2 3.0.0.1 Range file strip extractor
BintoAscW 1.0 Binary to ascii convertor for decoded range files
Realm Survey Suite 3.3 ALTM data post-processing software
TDDiag 1.3.01 ALTM raw data analyser

Last printed 29/04/2005 3:47.00 PM
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1.3 Conformance Test Results

1.3.1 Production Team

Test

Description New Customer
build Support
Beam divergence Flip in lens alignment Pass -
Beam attenuator Test beam attenuator alignment Pass -
Receiver alignment Test receiver alignment Pass -

4
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Optech — Terrestrial Survey Division

1.3.2 Terrestrial Field Operations Lab Tests

Test Description New Customer
build Support

ALTM-NAV alerts Confirm ALTM system alerts reported in ALTM-NAV. Pass -

ALTM system ALTM parameters are correct and consistent on system Pass -

defaults start-up.

Rx Tx shutters alerts | Verify ALTM-NAV recognizes and reports Pass -
transmit/receiver shutters open or closed.

ALTM rejects Test settings rejected & laser not triggered when system Pass -

parameters limits exceeded for; scanner frequency, angle & product.

ALTM PRF setting Confirm three Pulse Rate Frequencies (33, 50, 70 kHz) Pass -
are accepted and laser triggers.

Ranked Alert pop-up | Test ranked alert pop-up text warning appears when Pass -
system violation occurs.

Eye safety shutoff Confirm laser shuts off with short range violation for each | Pass -
of three PRF.

Beam divergence Laser return intensity decreases between narrow and wide | Pass -
beam divergence.

Roll compensation Verify roll compensation reported on/off in ALTM-NAV & Pass -
evident in data.

ALTM system Confirm ALTM-NAV is communicating and monitoring all Pass -

communication ALTM systems and subsystems.

ALTM rejects Verify changes in parameters are not sent while laser is Pass -

changes with laser on | on and scanner does not stop.

Hard drive function Confirm hard drive is identificatiocn and data is writing. Pass -

Hard drive processes | Verify hard drive can be formatted and survey markers Pass -
and comments can be written to drive.

Short-cut keys Confirm short-cut keys perform the anticipated function. Pass -

Flight plans Verify flight plans can be loaded during operation. Pass -

Auto increment Test auto increment of flight lines using a polygen flight N/A -
plan. Increments up or down depending on setting.

Multi-plan flight plan Verify “multi-plan” flight plans function according to Pass -
settings.

Multi-plan auto Test auto increment of flight lines using a multi-plan flight | N/A -

increment plan. Increments up or down depending on setting.

Swath painting Verify a swath is painted during operation in the Plan Pass -
Progress window or ALTM-NAV.

Video display Confirm presence of video signal and time stamp Fail -
annotation.

POS computer Verify POS settings are present and can be changed, Pass -

settings/configuration | saved and re-loaded.

POS computer Confirm there are no GPS/IMU data gaps or alert Pass -

function messages.

Last printed 29/04/2005 3.47.00 PM 5
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1.3.3 Terrestrial Field Operations Shakedown Flight Tests

Test Description New Customer
build Support
POS/IMU Check settings saved, data gaps and IMU health. Pass -
Laser data gaps Confirm there are no gaps in laser data. Pass -
Scanner temperature | Confirm laser operates in normal temperature range. Pass -
Laser dropouts Verify there are a limited number of laser dropouts. Pass -
Intensity banding Confirm intensity banding is = 20%. Pass -
Transmitted versus Verify the number of emitted pulses approximately equals | Pass -
received pulses the number of returned pulses.
Roll compensation Verify roll compensation reported on/off in ALTM-NAV & Pass =
evident in data.
Video annotation Confirm video annotation functions and all fields are Fail -
updating properly.
Eye safety shut off Confirm laser shuts off when eye safe limits are violated. Pass -
ALTM system Confirm ALTM-NAV is communicating and monitoring all Pass -
communication ALTM systems and subsystems.
ALTM PRF setting Confirm three Pulse Rate Frequencies (33, 50, 70 kHz) Pass -
are functioning.
1.3.4 Terrestrial Field Operations Calibration Flight Tests
Test Description New Customer
build Support
IMU alignment Confirm flight-to-flight variation in IMU to laser range finder | Pass -
calibration — narrow alignment is consistent within specified limits for pitch and
beam divergence roll for narrow beam divergence.
IMU alignment Confirm flight-to-flight variation in IMU to laser range finder | Pass -
calibration — wide alignment is censistent within specified limits for pitch and
beam divergence roll for wide beam divergence.
Laser scanner Verify scanner offset and scale are consistent flight-to- Pass -
calibration flight to specification.
Laser range finder Confirm specified accuracy for laser range finder. Pass -
calibration
6 5101-ALTM Conformance Report.doc
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1.4 Lab Calibration Information

Parameter Lab Calibration Optech Flight Calibration
TIM

Pulse Offset (meters) -1.45 -1.60
Elevation Block Adjustment 0.00 0.00
IMU Alignment Calibration

Pitch 0.000 -0.053
Roll 0.000 0.094
Heading 0.000 0.600
Scanner Calibration

Offset 0.000 0.007
Scale 1.0000 1.1087
Lag (msec) 0.000001 0.00009

Last printed 29/04/2005 3:47.00 PM
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Addendum Summary

The following is an addendum to the Delivery Performance Report submitted to Aeromap U.S. on
January 20, 2004. Data collected at 2000m and 3000m has been added to complete the
requirements of system acceptance at the accuracy specification ranges specified for this unit. In
all cases the original tables have been expanded to include the additional tests. Table numbers
correspond to those contained within the original Delivery Performance Summery for ease of

reference.

42

AKO0301 - LIDAR FINAL REPORT — 2006 REVISION AeroMap U.S.



1.1 Absolute Vertical Accuracy Analysis

The vertical accuracy of the system was confirmed through a series of flights over a hard, flat
surface with unobstructed ground control points. Approximately 4281 points surveved along the
Birchwood Airport runway were used for validation.

Data passes flown over the runway were collected over several days from altitudes of 1000m,
2000m agl and 3000m agl. To quantify the vertical accuracy of the system, a TIN surface was
generated within Terrascan from the laser points and differences determined from the ground
control points. Last pulse returns were used in the analysis.

Table 1: Vertical Accuracy Results from Calibration Flights

Flight Flight Strip Laser Mean |Std Dev. RMS (m) [Sample Size FOV Accuracy
Altitude Freq. (kHz) Difference| (m) (# of Points) (£ degree) (% within 1
(m AGL) (m) 8)
00804 1000 98 70 -0.043 | 0.095 0.104 3387 25 88.16
99 -0.060 | 0.065 0.089 3402 90.77
01104 1000 81 70 0.074 0.109 0.132 3403 25 68.15
82 0.062 0.073 0.096 3614 90.62
01304 1000 146 70 0.006 0.047 0.047 3619 25 98.51
147 -0.010 | 0.075 0.075 3652 94.41
2000 157 50 -0.033 | 0.060 0.068 4281 99.72
158 -0.003 | 0.078 0.078 4271 99.13
02004 3000 123 33 0.068 0.140 0.156 3834 25 84.06
124 0.094 0.118 0.151 4267 85.52
Note: Data sets collected on Julian day 01104 were observed to have been
collected when snow had not yet been removed from the underlying
control surface. Snow depths were observed to range from 10-15¢cm via
a single sampling profile across the runway approximately midway.
AeroMap U.S. AKO0301 - LIDAR FINAL REPORT - 2006 REVISION 43




Table 2: Overall Vertical Accuracy for All Calibration Flights

Attribute Averag(in };altltu de Spe;::;f{lcgglon Averagt: r:‘l\)t:cur:«myr
1000 +0.150 -0.027
Z 2000 +0.250 .0.018
3000 +0.350 0.081

1.2 Altitude Dependent Ranging Capabilities / Laser Power

Tests performed over the runway revealed average dropout rates of less than 2% at 3000m,
whereby dropouts are a function of the lack of a return signal for the outgoing pulse (Table 8).
Expected average dropout rates are 0-1% at 1000m, 0-5% at 2000m, and 0-10% at 3000m.

Table 3: ALTM Dropout Rates from Varying Altitudes

Flight Strip ID Aircraft Height Dropouts
(agl) (%)
97 0.005
00804 1000
100 0.006
01004 101 1000 0.056
9 2000 0.206
el 10 3000 1.154
Note:. Data sets collected on Julian day 01304 were not included as they were

collected over water and do not represent a true test of the system
ranging capabilities at altitude.
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6. AIRBORNE POSITIONING ORIENTATION

This section contains information on how the raw LIDAR, GPS, and inertial data is post-
processed to obtain first the kinematic GPS trajectory of the ALTM system in the aircraft,
how that 1 Hz GPS trajectory information is combined with the on-board 200 Hz inertial data
for a final Smoothed Best Estimate Trajectory (SBET), then how it is combined with the
laser information to generate final laser information for each pulse and return. This final laser
information is distilled down to a laser output file in the industry standard .las format. These
Jas formatted files have a number of fields of information, but the critical ones that are
passed onto the LIDAR Product Creation Post Processing (see Section 11 — Product Crea-
tion), are GPS time, UTM x,y,z coordinates, and intensity information for each pulse and
return.

This Airborne Positioning Orientation process is carried out in an Optech proprietary soft-
ware suite called REALM.

What is REALM?

REALM (Results of Airborne Laser Mapping) is a modular, tab-based survey software suite
for processing raw data derived from Optech’s ALTM (Airborne Laser Terrain

Mapper). The processed data files can then be brought into an off-the-shelf visualization
software package such as TerraModel or TerraScan to output graphic representations of the
ALTM’s 3D point data.

The Basic Concept

In general, the REALM Survey Suite software produces three-dimensional (3D) point data
acquired by an Airborne Laser Terrain Mapper (ALTM). This data is processed from various
inputs including: laser ranges, intensity values, scan angles, Differential Global Positioning
System (DGPS) data, Inertial Navigation System (INS) data and system calibration data.

Integrated classification and output algorithms allow for the structured output of the

3D point data into various types, such as ground or vegetation only, time sequential,
flightline, patches (input for DEM generation), buildings (3D city modeling), power lines,
etc. REALM’s graphical user interface presents a well organized tool box (e.g., Geodetic
Tools, GPS Positioning Tools, INS Tools, ALS Tools) in a modular, tab-oriented structure. A
common front-end user interface connects the various tools with each other to ensure an
optimally controlled process flow.

REALM’s basic processing steps can be seen in Figure 6.1. The flow among the modules is
illustrated in Figure 6.2. (see next page).
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7. AIRCRAFT NAVIGATION

The Optech 30/70 ALTM provides aircraft navigation from the ALTM-NAYV program run-
ning as the operators main system controller interface on a laptop in the airplane. The
ALTM-NAV program takes GPS information from the Novatel GPS receiver that is located
in the main system console, and then feeds it to a pilot display for aircraft navigation. The
ALTM-NAV program uses flight plans earlier generated in the planning stage with the
ALTM-NAYV Planner program.

System Conscle

‘ Y Sensor Head

Figure 7.1 Optech 30/70 ALTM System Components

Pilot Display
ALTM-NAV manages a separate video display to assist the pilot in flying the survey lines
accurately (see photo on next page).
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LSR RNG
N/A

Figure 7-2: Course Direction Indicator (CDI) Display

The CDI display indicates the perpendicular distance from the survey track to the aircraft’s
current position. It always uses the current survey track as selected in the ALTM-NAV con-
trol panel. The ticks on this display occur every 100 yd (91 m), with larger ticks occurring
every 1000 yd (914 m). It has three automated zoom resolutions: 400 yd (366 m), 1000 yd
(914 m), and 5000 yd (4572 m). The zoom level is set automatically and switches instantane-
ously as the aircraft’s distance from the flight line passes each threshold.

The CDI operates in fly-to mode. If the aircraft indicator is to the left of center, the aircraft
must be steered to the left to get back on line. At the top of the pilot’s display is a mini-map
indicating the position of the aircraft with respect to its desired paths.

Along the top sides are numerical readouts of the Desired Course (DCRS), Actual Course
(ACRS), Laser Range (LSR RNG), Distance to Start (DSTS), Distance to Finish (DSTF)
and Velocity (VEL). The LSR RNG field shows a sample (in meters) of the laser ranges
returned from the ALTM.
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8. TIDE COORDINATION

The missions were all to be tide coordinated for tides below Mean Lower Low Water
(MLLW). Because of the small tide range in the area, and the difficulties coordinating air-
borne missions with the complex conditions that influence tides in that region (e.g., atmos-
pheric pressure, winds and currents), the requirement for all data acquisition to be performed
at MLLW or below were relaxed by NOAA, first to Mean High Water, then in August to any
tide window so that all the targeted shoreline areas could be covered.

In Section 4 — Flight Line Maps and Coverage, there is an Excel spreadsheet that has exten-
sive mission detail, including the UTC time for the start and stop of all flight lines for coor-
dinating with the NOAA precise tide information.
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9. GPS REPORT

This section contains mostly GPS observation logs and station recovery notes.

For the detailed GPS control report, see Section 10 — Ground Control Report. This control
survey and the report “GPS Base Station Report” were performed by John Oswald and Asso-
ciates (JOA) under sub-contract to AeroMap for GPS base station control values, ground
truth surveys, and GPS base station support throughout the duration of the project.

Much of the “GPS Base Station Report” of 2004 had a foundation in earlier work performed
in 2003 by JOA in support of the aerial photography and LIDAR missions for Areas 301 and
302 in the year 2004. This 2003 project entitled “Ground Surveys Report — GPS Survey in
Support of Coastal Mapping Program — Chukchi Sea, Alaska — NGS Project Nos. AK301,
302”. This report has been previously submitted to NOAA on July 12, 2004.
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O GPS OBSERVATION LOG
Station ID KeT T - Date _ S (/[ | €Y
Project No. LCRof(C JulianDate 2 2 &
Project Name oA A Start Time _ /¢ : ¥F:
Revr. Type LYoo Stop Time _ Ce iy :
Revr. SIN 7849 Revr.File Name L ¢ T<i€22 91— C
Antenna Type cpn (/627 Avc ¢ p  Observer D
Antenna S/N ChY e < C New or Existing Mon. [[INew [] Existing
Photo Taken: [Jyes [ No
Slant height;
(Top of Monument to Bottom of Ground Plane)
Start L. 4@ M. _Y.P5 Fi
L Y%L M. Radius cm. e
(Ctr. Antenna to Owter Edge)
L YL wm
Mean M.
Stop — M. _Y.RKF Ft
M. Radius cm,
(Ctr. Antenna to Outer Edge) Monument Sketch
M, Monument Type:
Mean M. Spike [] PK Nail [A..
- Flagging (] AM Washer X
¢ -] ] [
PDSiﬁOI‘l' LAT, Other
LONG. v
' Monument ht: —Z.c Cm,
Elevation M. (Ground to top of monument)
Notes:
- If new location, draw sight map on back -
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Q GPS OBSERVATION LOG

Station ID KT L ' Date _/ (19 <7

Project No. LOoPC BLO Julian Date _Z< |

Project Name N A A Stat Time ¢/ TG

Revr. Type Yoo o St'op Tme cy @ c¢:

Revr. S/N FHEY Reve.File Namex ¢ T g1z e 1—
Antenna Type Cer ¢/ 2 e o  Observer D#

Antenna S/N clrye [ New or Existing Mon. X INew [ Existing

Photo Taken: [Jvyes [ No
Slant height;
{Top of Monument to Bottom of Ground Plane)

Start L <7 M _4287F

[, I~ M. Radius Cm. st
{Ctr. Antenna to Quter Edge)
L 2e T M
Mean M
Stop — M. _% 2P Ft
M. Radius cm.
{Ctr. Antenna to Outer Edge) Monument Sketch
M.
Meonument Type:
Mean M. Spike [] PK Nail [
, Flagging [1 AM Washer []
" i a 3 11
Position: LAT, Other WelT HEAD
o I 1
LONG.
. Monument ht: Z Cm.
Elevation M. {Ground to top of monument)
Notes:

- If new location, draw sight map on back -
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() GPS OBSERVATION LOG

\\ -

Station ID ed S Date /7 1[99 (¥
Project No. cezed o JulianDate 2. ¢ [
Project Name foeA A Start Time &7 o -
Revr. Type /0. StopTime o 'y/
Revr. S/N S Revr.FileName £ e« 712 e 11— C
Antenna Type ccrn (/0 2 Ae (p  Observer N
AntennaSIN /v ye Y New or Existing Mon. £X'New (] Existing
Photo Taken: [Jyes [0 No
Slant height:
(Top of Monument to Bottom of Ground Plane)
Stat _LS5T wm _(zZc R
A T il M. Radius _____ Cm. "
{Ctr. Antenna to Outer Edge)
L T M.
Mean M.
Stop — M 329 R
M. Radius Cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
. Monument Type:
Mean M. Spike [] PK Nail
1 Flagging [] AM Washer [
Position: LAT. £ Other
LONG. v |
Monument ht: 2.0 Cm.
Elevation M. {Ground to top of menument)
Notes:

- If new location, draw sight map on back -
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GPS OBSERVAIION LOG
Station ID [( OT 5

Project No. _&c3o¥I(O

Project Name _  AcA A

Rcvr. Type

Hec

Revr. S/N A ey

Antenna Type (e [ [/£ T AT P

Antenna S/N O | L&l L,!

Slant height:

(Top of Monument to Bottom of Ground Plane)

Start [ S &S wm.

f "-gg’ 5“/ M. Radius Cm.

(Ctr. Antenna to Outer Edge)
| S%d

5,20 rt

Date O L Q_J(_I_Qd

JulianDate Z. < 3

Start Time Q2 02

Stop Time ©& IO
RcvrFileNameK o T 52 o 31= |
Observer Din

New or Existing Mon. [X|New [] Existing
Photo Taken: [Jves ] No

Mean M.
Stop M. {20 Ft
M. Radius Cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
= Monument Type:
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- Flagging [1 AM Washer {7
e a [ &i
Position: LAT. Other
LONG ° _
Monument ht: 2.0 Cm.
Elevation M. (Ground to top of monument)
Notes:

- If new location, draw sight map on back -
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Revr. Type SN StopTime |9 c]:
Revr. SIN ol RevrFileName kK ¢ T S22 21— C
Antenna Type Coni ¢ //£C A nff Observer DI
Antenna S/N olYYye Y New or Existing Mon. [XNew [J Existing
Photo Taken: [Jyes ] No
Slant height:
{Top of Monument to Bottom of Ground Plane)
Stat L S¥< 2w £20 Ft
L Y% M. Radius cm. c
- {Ctr. Antenna to Outer Edge)
[. T8¢ ™
Mean M.
Stop — M. _Z.20 Ft
M. Radius _______ Cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
M.
Monument Type:
Mean . _ M Spike [] PK Nail 4
: Flagging [1 AM Washer [
S a I i
Position: LAT. Other
LONG. R B
Monument ht: 2 G Cm,
Elevation __ M. (Ground to top of monument)
Notes:

- If new location, draw sight map on back -
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O

GPS OBSERVATION LOG

Station ID el &
Project No. Lol
Project Name AMeAA
Revr. Type Yor
Rovr, SIN J95Y

Antenna Type _(ew ¢ J /2 Ao CF

Antenna S/N

clie S L

Slant height:

(Top of Monument to Bottom of Ground Plane)

St _L3cC W,

428 Ft.

1204 M. Radius ____ Cm.

(Ctr. Antenna to Quier Edge)

Date _ 7 /2!l [cY
Julian Date Z ¢ 7§
Start Time i B i B,
ﬁop Time J3e o

Observer DK

New or Existing Mon. [{New [ Existing
Pheto Taken: [ves [ Ne

1,366 M.
Mean M.
Stop M. 28 Ft
M, Radius Cm.
(Clr. Antanna to Outer Edge) Monument Sketch
kS Monument Type:
Mean M. Splke [] PK Nail [
: Flagging [1 AM Washer []
i { a (] ']
Position: LAT. Cther _Bet 7 HEAD
o [ '
LONG.
. Monument ht; & Cm.
Elevation M. (Ground fo top of monument)
Notes:

- If new location, draw sight map on back -
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O GPS OBSERVATION LOG

Station ID KeT & Date 7 (22 ;4
Project No. GoIcd( o Julian Date 2 < 4
Project Name __ A /34 Start Time _[C :727:
Revr. Type Yoo Stop Time _z¢ @ 59 :
Revr. SIN i 4 ReviFileName K ¢ T L1224 @
Antenna Type cer L/ 2 Ao gp Observer D
Antenna S/N <lHe 5 New or Existing Mon. BNew [] Existing
Photo Taken: [JYes O No
Slant height:
{Top of Monument to Bottom of Ground Plane)
Stat 1323w _Yz¥ Rt
.39 M. Radius cm.
(Ctr. Antenna to Outer Edge)
[ o5 w
Mgan M.
Stop — M. _YZY Ft
M. Radits cm.
(Cir. Anténna to Outer Edge) Monument Sketch
M. Monument Type:
Mean M. Spike [] PK Nail []
» Flagging [1 AM Washer []
Position: LAT. Other _Pet7 LA D
a ] n
LONG.
Monument ht: é Cm.
Elevation M. (Ground to top of monument)
Notes:

- If new location, draw sight map on back -
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O GPS OBSERVATION LOG

Station ID KcT § Date _ /7 [Z=2 <Y
Project No. ZoX=2 a6 JulianDate 2 o 9
Project Name __  Aea A Start Time [6: )] -
Revr. Type co StopTime Zo 5
Revr. SIN Ot o ReviFile Name K e T S2 0 41— O
Antenna Type <& L/ /¢ 2 a0 0.8 Observer DA
Antenna S/N i New or Existing Mon.  BNew [] Existing
‘ Photo Taken: [Jyes [0 No
Slant height:
(Top of Monument to Bottom of Ground Plane)
Start L SET M. _T2¢CFt
|.sgs u. Radis r(-::d"g")
. Antenna to Outer e
L.5€¢
NEBD e = <ML,
Stop M. S$:20 Ft
M. Radius Cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
M.
Monument Type:
F T A ! Spike [] PK Nail BJ
Flagging [J AM Washer
Position: LAT, Other
LONG. A, SV _
Monument ht: 2Ok cm.
Elevaton M. (Ground to top of monument)

Notes:

- If new location, draw sight map on back -

AeroMap U.S. AKO0301 - LIDAR FINAL REPORT - 2006 REVISION
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GPS OBSERVAIION LOG

Station ID Ko & Date _ S/ [ |y

Project No. Lo TeslO JulianDate _Z_( ¥

Project Name NEAA StatTime o/ : 4y :

Revr. Type Yoo StopTime < 25 :

Revr. S/N 9azY Revr.File Name i e T L1221 Y1~ ¢
Antenna Type copn Li/LZ p cp — Observer 2

Antenna S/N Giyea sl New or Existing Mon. BdNew [] Existing

Photo Taken: [Jves ] No

Slant height:
(Top of Monument to Bottom of Ground Plane)
Start L. 155 ™M _4728 rt
L Sf M. Radius cm.
{Ctr. Antenna to Outer Edge)
L Ys¢  wm
Mean M.
Stop M. Y78 Ft
M. Radius cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
4. Monument Type:
Mean M. Spike [] PK Nail ]
Flagging [0 AM Washer M
. o i i
Position: LAT. Other _Belt .+
o i if
LONG.
Monument ht: ;&-’5 Cm.
Elevation M. (Ground to top of monument)
Notes:

- If new location, draw sight map on back -
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\\:}\ GPS OBSERVATION LOG

Station ID KetT Date S [ | 1CcY
Project No. Lo 3CRIO JulianDate _2_{ Y
Project Name __ AeAst StatTime ¢/ : (/:
Rewr. Type HeC O Stop Time C 5 7/
Revr. S/IN 219 Revr.File Namey <« T (2 1 Y=<
Antenna Type Car L/ /2 Ao o f Observer 514
Antenna SIN </ ydc ¢f New or Existing Mon. IINew [] Existing
Photo Taken: [Jves [ No
Slant height:
{Top of Monument to Bottoem of Ground Plane)
Start L. Y¥L WM _7.27 Ft
JYgl M Radius _____Cm.
{Ctr. Antenna to Outer Edge)
L YET7 om
Mean M.
Stop M. 287 Ft
M. Radius Cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
M; Monument Type:
Mean M. Spike [] PK Nail %
Flagging [1 AM Washer [X]
Position: LAT. ° Other
LONG ° o
Monument ht: 2.0 Cm.
Elevation M. {Ground to top of monument)

MNotes:

- If new location. draw sight map on back -
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( ;3 GPS OBSERVAIION LOG

Station ID e L Date _ & [ S |cy

Project No. Le3eF(C Julian Date _2. 1 §

Project Name LooA A Start Time oY :cC :

Revr. Type Yoo & StopTime &7 ‘Y49

Revr. SIN B s e RevrFileName £ ¢ T 612 (81— 2

Antenna Type Cormn t//c 2 P

Antenna S/N

cldYC o

Slant height:

{Top of Monument to Bottom of Ground Plane)

Start _;’,_‘7_”_5]_

Lo 5L M. Radius

(Ctr. Antenna to Outer Edge)

M. Y425 Ft

Ccm.

— e e T -

Observer Dh

New or Existing Mon. B{New [ Existing
Photo Taken: [Jves ] No

f, SA M.
Mean M.
Stop M. 4725 Ft
M. Radius cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
L Monument Type:
Mean M. Spike [] PK Nail []
: Flagging L1 AM Washer []
e ' *
Position: LAT Other =t T #HraT
[ L
LONG, :
Monument ht: ‘;z:' Cm.
Elevation M. (Ground to top of monument)
Notes:

- If new location. draw sight map on back -
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GPS OBSERVAIION LOG

stationid KT G
Project No. ec3oF|O
Project Name _ A&ZAA
Revr. Type Yoo O

Revr. SIN b L

Antenna Type Cer L /LT A P

Antenna S/N olYic Y
Slant height:
(Top of Monument to Bottom of Ground Plane)
Start _LYSE w4 0§ Ft
L ys _ L9535 S M. Radius cm.
{Ctr. Antenna to Outer Edge)
._A“LLL M.
Mean M.
Stop M. Y478 Ft
M. Radius Ccm.
{Ctr. Antenna to Outer Edge}
M.
Mean M.
o e [ [13
Position: LAT.
LONG.
Elevation M.

Date _ & [ § ;cY
JulianDate 2 _1| &
StatTime oy Y/ :

Stop Time 077 @ 49 :
Revr.File Name K ¢ _&}L ri—1

Observer & N1

New or Existing Mon. [StNew [] Existing
Photo Taken: [Jyes [ﬂ No

Monument Sketch

Monument Type:
Spike [] PK Nail []

Flagging (] AM Washer [
Other _[B2tT  HEAN

Monument ht; 17—(’ Cm,
{Graund to top of monument)

Notes: Et“w_ >

Y& ZI?E‘/LE'R P (T e,

ofé...,m _Q\’ Io.,-y-‘n.] C..L'\s—ns-t mm—».»-,/f oY e

) v
P jg«.’ G'nu-,. J--uj

W[‘H’“ e 17 0 L Lf}q ZIFC}L{G‘.

)(Gréz‘?"f FFP’L“LL‘ M:-J

KeT 6tz ¥-2 r .JL,. aﬁnlv; Cfsrﬁ"f—|'ﬂ|—)'l

- If new location, draw sight map on back -
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ko™ b

Station ID

Project No. Le3c e
Project Name Mooy
Revr. Type Ye
RSN 5 G

Antenna Type cem ( j/(T Ag (P

AntennaSIN O | U H O ¢

(@
Date é f_OS_lﬁ

JulianDate 2_[ _§
Start Time | 4 {4 F:

StopTime 2C :Y7Z:
RevrFileName L ¢ T 6121 fr—o

Observer D

New or Existing Mon. [INew [] Existing

Photo Taken: [Jyes [ No
Slant height:
(Top of Monument to Bottom of Ground Plane)
sat - 56 m 2k
l.yse M.( Radius _____Cm.
Ctr. Antenna to Outer Edge)
f.:.ﬁ& M.
Mean M.
R . ‘i’iﬁ Ft.
M. Radius cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
M. Monument Type:
Mean — M. Spike [] PK Nail [
: Flagging [] AM Washer []
Position: LAT. Other _ BcA T HEAD
™ E [}
LONG
Monument ht; & Cm.
Elevaton __________ M. (Ground to top of monument)
Notes:

- If new location. draw sight map on back -
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GPS OBSERVATION LOG

Station ID 'K'C’“f' 5 Date Q8 1€k 10
Project No. boRe IO JulianDate < _\ 9
Project Name _ LeAA Start Time O7F:39 .
Revr. Type Yo Stop Time ¢ :sY :
Rcvr. S/N C)Q ta RevrFileName X o T 512 1 Si— ¢
Antenna Type cenq (//E2 Aio (- Observer D1
Antenna SIN O | Yy O ¢ New or Existing Mon. [KINew [ Existing
Photo Taken: [Jves ] No
Slant height:
(Top of Monument to Bot;om u_afGraund Plane) _
Stat Le YEC w (LCF R
) . Y5  wm Radius cm.
. {Ctr. Antenna to Outer Edge)
| Use
Mean M.
Stop —— M. .Y Ft
M. Radius Cm.
(Ctr. Antenna to Outer Edge) Monument Sketch
", Monument Type:
Mean M Spike [] PK Nail ]
Flagging [] AM Washer [
° I T
Position: LAT. Other
LONG -
. Monument ht: il 5 Cm.
Elevaton M. {Ground to top of monument)
Notes:

- If new location., draw sight map on back -
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Station Deslgnation: (circle applicable: FBN / CBN / PAC / SAC / BM) Station PID, if any: Date (UTC):
KeT & 7-22-c

ot el Lan General Location: Airport ID, if any: Station 4-Character ID; | Day of Year:

“e, \LOG 7" e

(5mpr2003) | I CTZEBUE AIRPonT PACT KeT C 2o Y
Project Name: Project Number: pe 2~ { Station Serial # (SSN): | Session ID:(A,B,C etc)
MNCPA CCASTA ¢ MAPPIA (- P A zot

NADS3 Latitude NADS3 Longitude NADES3 Ellipsoidal Height Agency Full Name: A £ icpnpp LS
0 ¥ " o ' > meters
GG i?saszs:" !r7mc’1¢2 3.6 !! "S‘L‘ | NAVDS8 Orthomelric Ht. Operator Full Name: PAYN ninEn
Observation on Times ; Epoch
Sched. Start Stop Interval=_) _Seconds | oeoines Geoid Hei ghl"‘“"" Phone #:(9c7 ) 279- 19848
Elevation
Actusl Start [ !Z3 Stop 205 Mask =_{ () Degrees meters | e-mail address: C@VI'jC Y T vermap, com
. > Anterina plumb before session? ((Y/N)  Circle
GPS Receiver: GPS Antenna: Ackiinn ki s sacscat? N Yesorho
Manufacturer & Model: Manufacturer & Model, & NGS antenna code™ | Antenna oriented to true North? N A no,
" TUm oo SST TYpn CEmPACT LIJL T Weathar observed at antenna ht. N% explain
C24S Yo —o | " 22020 -co Antenna ground plane used? (48¢
SIN: 5oy SIN: 22 Anlenna radome used? o'qu If yes,
Firmware Versionl:qlo 9279 Cable?engm.crjnae‘rsjo e Eccentric ucg.umpagon (>0.5mm)? (Y/N) dmy:isbe.
1c Any cbstructions sbove 1097  (YKND  Uss
OComCordor Battery, (12 DC. 0110V AC, O Other Vehicio is Parkad M) meters__(ciroction) from antenno. | Ragio interferance source nearby (Y 189> Vis. form
. 5 Before Session Begins: After Session Ends:
Jtipad or Ant. Mount: checkone: | ** ANTENNA HEIGHT ** | heene andiecordboln | measu sed seor o
Manufaclurer & Madel: (see back of form for measurement illustration) Meters ers
PIN: WEAVE. A= Datum point 1o Top of Tripod  (Tripod Height)
SIN:
Last Calibration date: B=additional ofiset lo ARP if any (Tribrach/Spacer)
'_Tribrach: Check one: H=AntennaHeignt = A + B

0 Nona, 03 Wild GOF 22, 01 Topeon, (XDthor (descriva) = Datum Point to Antenna Reference Point (ARP) | {; Tor (/, 2% )| 05| ¢, 22

Last Calibration date: Sc-iCje} A Note: Meters = Feet X (0.3048) Please nole &or sketch ANY unusual conditions.

Height Entered Into Receiver = |, 323 meters, Be Very Explicit as to where and how Measured!

Barometer: Weather | Time | Dry-Bulb Temp | WetBulb Temp | ret.% | Atm. Pressure Weather
Manufacturer & Model: DATA {utc) Fahrenheil Celsius | Fahrenheil Celsivs | Humiiy | inchesHg milibar | Codes
PMN:

fore
SI: e ocoC
Last Calibration or check Dale; Middle
Psychrometer: After
Manufacturer & Model: foec/oc

; * Seaback
SIN: Average of Readings u& for
i3

Note: Entries are Required in all Unshaded areas.

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

* Antenna code is provided by NGS coordinator in the ant_info file.

Data File Name(s):

(Standard NGS Format = aaaaddds.xxx)

whora aaaa=4-Characier |D, ddd=Day of Yeor, 5=Session ID, xxx=fle dependant axiansion

Photographs of Station:
Pencil Rubbing of Mark:

Updated Station Description; O Atached O Submitted earlier
Visibifily Obstruction Form: (O Attached (J Submitted earier
O Attached (] Submitled earlier
0 Attached

LOG CHECKED
BY:

80

AKO0301 - LIDAR FINAL REPORT — 2006 REVISION

AeroMap U.S.



Station Designation: (circle applicable: FBN / CBN / PAC / SAC / BM) Station PID, if any: Date (UTC):
KeT S S M
General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
KeTZEQUE AIRPcnT 1 T 2
Project Name: Project Number: Al Tel / Station Serial # (SSN): | Session 1D:(A,B,C etc)
NeAaA Ceps TAL A
A AT T MAPLIA Akzcz
NADB83 Latitude NADB3 Longitude NADS&3 Ellipsoidal Height Agency Full Name: Aev ep W f
-0 i v o ; = meters
éb(o 3 35 29,2) ez 35 YO.§ 7 | navpssorhometicH. Operator Full Name: Dpscriv 2(pe 4
servation Session Times (UTC): Epoch meters
i Phone #:
Sched. Start Stop ESJ;:; [ seconds GEOIDSS Geoid Helght (7e7) 32a-(q pp
Actual Start 93/3% Stop 2 G 5H Mask=_|C Degress meters | e-mail address: cﬂ P v @ e vomngy , @ ea
H - . Antenna plumb before session? ‘r‘N) Circle
GPS RECEIVET'.. GPS Antenna: 4 Antenna plumb after session? N) YesorNo
ManTu;??t:;erL?gdzd;I. o Manufacturer & Model, & NGS anterina code™: | antenna oriented to true North? N) “fno,

PN: 2 {oo — |
SIN: 3§ CFA0ary 9

fNTh% CoprAeT LI/L 2

2zclo-cC
SIN: ¢y

Weather observed at antenna ht.
Antenna ground plane used?

L % exp.lain

4 3 = Antenna radome used? Y [N} If yes,
Firmware Version: Cable Length, meters: (c Ectentric occupation (0.5 mm)? (Y [ describe.
Any obstructions above 10°7 (Y Use
0 CamCordar aanary,/‘ﬁ@ 2VDC, O110v AC, O Other Vehicle s Parked /APy meters ___(diraction) from antenna, Radio interference source nearby (Y @ Vis. form
3 - " F deke Before Session Begins: After Session Ends:
;rg:ae_gdmgifng; HM Tijul:tﬁ F@::ﬁ; °‘”e- ANTENNA HEIGHT measure and recordbolh | measure and record bath
Manufac?urer & Mo e;: o5 TR LR <l (see back of farm for measurement illustration) Meters AND  Feet Meters AND  Feet
PIN: nNesv = A= Datum point to Top of Tripad  (Tripod Height)
SN
Last Calibration dale: B=additional offset to ARP if any (Tribrach/Spacer)
Tribrach: checkone: H=Anterna Height = A + B
O None, OWId GDF 22, O Topcan. S Other (describe) = Datum Foint to Antenna Reference Poinl (ARP) f, L{g’é ’f, ?g /‘ LI’X’L (—/{ ?’?’
Last Calibration date: S K (41 A, Note: Meters = Feet X (0.3048) Please note &/or sketch ANY unusual conditions.
Height Entered Into Receiver = [,ﬁémelers. Be Very Explicit as to whera and how Measured!
Barometer: Weather Time Dry-Bulb Temp | WetBulb Temp | rel.% | Atm. Pressure Weathe:
Manufacturer & Model: DATA (UTC) Fahrenheit Celsius | Fahrenheil Celsius | Humidity inches Hg milibar | Codes
PIN:
Before
SIN: Cocc C
Last Calibrafion or check Date: Middle
Psychrometer: After
Manufacturer & Model: o C
; * See back
SIN: Average of Readings ¥ o b
codes

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Note: Entries are Required in all Unshaded areas.

* Antenna code is provided by NGS coordinator in the ant_info file.

Data File Name(s):

(Standard NGS Format = aaaaddds.xxx)

whare saae=4-Character |0, ddd=Day of Year, s=Session |0, xu=flle depandani exlension

Photographs of Station:
Pencil Rubbing of Mark:

Updaled Stalion Descriplion: 0J Altached O Submitted earfier
Visibility Obstruction Form: O Attached O Submitted earlier
O Attached (O Submitted earier
0 Attached

LOG CHECKED
BY:

AeroMap U.S.
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Station Designation: (circle applicable: FBN / CBN / PAC / SAC [ BM) Station PID, if any: Date (UTC):
Ket 6 S-S
General Location: Airpart ID, if any: Station 4-Character ID: | Day of Year:
. e

KETZEBUE AR Pe] BT KeT 6 25

Project Name: Project Number: Al §o (/| Station Serial # (SSN): | Session ID:(A,B.C etc)
GPS-
Actrps CoSTAL MAPLIA Ak Fc
NADB3 Latitude NADB3 Longitude NADB3 Ellipsoidal Height Agency Full Name:
LL'ss 29, 57 |1€2° 7k f 59 sty et |
e e : NAVDSE Orthometric Ht. Operator Ful Name: 5_ ol Rlocknr
servation Session Times ; poc
Sched. Start Stop interval=__| Seconds T T Helghtmelers Phone #: (%77 ) 339~ (7 85
Elevation ’
Actual Start [454"] Stop 2057 Mask=_[() Degrees meters | e-mail address: JV!‘ WG e e
GPS Receiver: GPS Antenna: Antonca phum o soesion? COIN]  YsorNo
Manufacturer & Model: Manufacturer & Model, & NGS antenna code®: | anienna oriented to true North? N) f no,
'_mf M UHeoco ST TN CompicT (/2 Weather observed at antenna ht. % explain
PIN: 2 Yo —o ! PIN: > g it Antanna ground plane used? Y %
SN: Tsof acard 9 SIN: olyue vl Antenna radoma used? R i yes,
Firmware Version; Cable Length, meters: ( Eccentric occupation (>0.5 mm)? (Y / describe.
n ; Any obstructions above 10°7 (ri Use

0O CamCorder Batlery, XL‘N DC, 0110V AC, O Other Veticle Is Parked/L# Pymaters ____|diraction} from antenna. Radio interference source nearby (Y, ) Vis. farm
Tripod or Ant. Mount: checkone: | ** ANTENNA HEIGHT ** | Remvas s recotbon | measurs ot ovard o
E‘::‘;::g:;: zhﬁ:ﬁfag Triped, 1 Flaed Mot (see back of form for measurement illustration) Meters  AND Feet Meters AND  Feet
PIN: MA/ £ A= patum point to Top of Tripod  (Tripod Height)
SIN:
Last Calibration date: B=additional offset to ARF if any (Tribrach/Spacer}
Tribrac_h: Check one: H= Antenna Height = A+ B
OMNone, QWi GDF22, OTapcan, Wer (describe) = Datum Peint to Antenna Reference Point (ARF) / ‘ '-f 5 é L(r ol éy ] ~ "—(_f_é Y {75)/

Last Calibration date:

Sclfin Note: Meters = Feet X (0.3048) Please nole &/or sketch ANY unusual conditions.
Helght Entered Into Recelver = L‘Zf&\eters, Be Very Explicit as to where and how Measured!
Barometer: Weather | Time | Dry-Bulb Temp | WetBulb Temp | Rel. % | Atm.Pressure | Weather
Manufacturer & Model: DATA (uTC) Fahrenheit Celsius | Fahrenheit Celsius | Wumigity | inchesHg milibar | Codes
il Before
SIN: Cocces
Last Calibration or check Date: Middle
Psychrometer: After
Manufacturer & Model: sde el
; * See back
SIN: Average of Readings il
codes.

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Nate: Entries are Required in all Unshaded areas.

* Antenna code is provided by NGS coordinator in the ant_info file.

Data File Name{s):

(Standard NGS Format = aaaaddds.xxx)

where aaaa=4-Characler |0, ddd=Day cf Year, s=Session |D, xx=file dependant extension

Updated Station Description:
Visibility Cbstruction Form:
Photographs of Station:
Pencll Rubbing of Mark:

O Attached O Submitted earlier
O Attached O Submitted earlier
O Attached (O Submitted earlier
O Attached

LOG CHECKED
BY:

AKO0301 - LIDAR FINAL REPORT — 2006 REVISION
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Station Designation; (circle applicable: FBN / CBN / PAC / SAC /BM) | Station PID, If any: Date (UTC):
KeT G g-s-cf
General Location: Airport |D, if any: Station 4-Character ID; | Day of Year:
KeTZEQUE AR PLAT ereT kcy ¢ z(
Project Name: Project Number: Al T i/ Station Serial # (SSN): | Session ID:(A,B,C etc)
Aeery CoASTAL m o
Cibx 7 APPIAS Ak JoT
NADB83 Latitude NADB3 Longitude NAD8S3 Ellipsoidal Height Agency Full Name:
000 53 29,57 " 36 1.5 ey U5
ST [£Z ki f1. 5 4 NAVDSS Orthametria Ht. Qperator Full Name: Dot J R 'cﬁ-r
Observation Session Times (UTC): Epoch meters | prons (e . »
= one . 1
Sched. Start i Stop :;t:vr;g:m ‘ Seconds | aEqingg Geoid Height N 37 \Er¥F
Actual Starl &4+7F- Stop 07T Mask=_(¢z Degrees meters | e-mail address: G‘Qh’ S AR pevty)  C oo
i . . Antenna plumb before session? N) Circle
GPS Recelver_' GPS Antenna' Antenna plumb after session? N) Yesor No
Manufacturer & Model: Manufacturer & Model, & NGS antenna code*! | antenna oriented to true North? i
iwn vycoo STT AeT d in
. T = Thim Cer\PrcT LI/C Woeather observed at antenna ht. (Y explain
PIN: ZY9U0 o ( PIN: e W T Antenna ground plane used? \ -
SIN: T oFA 95 Y SIN: Ol e~ . Antenna radome used? (Y(N If yes,
Firmware Version: 1 Cable Length, meters! (o Eccentric occupation (>0.5 mm)? (Y describe,
Any obstructions above 10°7 (Y 4N} Use
O CamCorder Battery, 012V 0C, 0110V AC. O Cther Vehicla is Parkad /A meters__(direction) from antenna. | Radio intarference source nearby (¥ 4] ", Vis. form
i . | e e Before Session Begins: After Session Ends:
;r:u:s egdm%LdA gapﬂoﬁllﬂo?té FE:‘:MBZ‘U:‘HS' ANTE N NA H E IGHT measure and record both measura and record both
Manufacl’guret % Modal: 9 . {see back of form for measurement iflustration) Meters AND  Fest Meters AND  Feet
PIN: A/O'A/E A= Daum paint lo Top of Triped  {Tripod Height)
SN:
Last Calibration date: B=additional offset to ARP if any (Tribrach/Spacer)
Tribrach: check one: H= Antenna Height = A + B .
(Nong; (O W SDF22, O T";‘"“v{— H0thar (describe) = Datum Point to Antenna Reference Poinl (ARP) | ¢ 5 G & 2% 1 [ysi Q %7/?
Last Calibration date; 1€ K- [ A- Note: Meters = Feet X (0.3048) Please note &for sketch ANY unusual conditions.
Height Entered Into Receiver = | "fﬂ:meters. Be Very Explicit as to where and how Measured!
Barometer: Weather Time Dry-Bulb Temp | WetBulb Temp | rRel.% | Atm. Pressure Weathei
Manufacturer & Model; DATA (UTC) Fahrenheit Celsius Fahrenheit Celsius Hurmidity inches Hg millibar Codes
PiN:
Before
SIN: AC TS,
Last Calibration or check Date: Middle
Psychrometer: After
Manufacturer & Model: L i
*
SIN: Average of Readings Boamiog
codes
Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:
Note: Entries are Required in all Unshaded areas. * Antenna code is provided by NGS coordinator in the ant_info file.
Data File Name(s): Updated Station Description: 0 Attached O Submitted earlier LOG CHECKED
Visibility Obstructioni Form: 0 Atiached O Submitted eartier BY:
Standard NGS Format = aaaaddds.xxx Phatqgraph;l of Station: 0 Attached O Submitted earier
\(mhsre assa=4-Character 1D, ddd=0ay of Year, B=Segsinn 1D, xx=fils dependant extension | Peneil Rubbing of Mark: 0 Attached

AeroMap U.S. AKO0301 - LIDAR FINAL REPORT - 2006 REVISION



Station Designation: (circle applicable: FBN / CBN / PAC | SAC/ BM) | Station PID, if any: Date (UTG):
YT 5 e A
General Location: Alrport ID, if any: Statlon 4-Character ID: | Day of Year:
KTZERUE AIRPenT PACT leeT 3° 2l
Project Name: Project Number: AK Tt / Station Serial # (SSN); | Session ID:(A,B,C etc)
Aerp CCASTAL MAPRINV (- OPS- Az
NADB3 Latitude NADS83 Longitude NADB3 Ellipscidal Height Agency Full Name:
AEine AP UTS
o i i o e A meters 5
6L 53 24,2 62 737 Yo,y 7 MAVDE8 Grthomatic b, Operator Full Name: Pl RIDEE
Observation Session Times (UTC): Epoch meters #*
Sched. Start Stop intanale. [ Bsorde | cpnindsicesiiie ohi Phone#:(Ge7) 37a._ (958
Actual Start@{! 5] stopei! 3] Mask= [, Degrees meters | e-mail address: A yidrvo it ey con
GPS Receiver: GPS Antenna: Antenna plumb before se§5il:;n? N) Circle
Manufecturer & Model: Manufacturer & Model, & NGS antenna code®; | hncm i & e aon? CoN it
T_‘n’"‘" oo SCT T CemPrct sl 2 Weather observed at antenna ht. (Y explain
PIN: 2YSYC - | PIN: 2220 —ce Antenna ground plane used? Y a
SIN: TyeRACIT Y T SIN: 7 YHe Anlenna radome used? O Ifyes,
Firmware Version: Cable @ngih. melé"s: & Eccentric occupation (>0.5 mm)? (¥ m dsscribe.
= | Any abstructions above 10°7 Y Usa
O CamCordar Battary. ﬁdzv DC., O110VAC, 0 Qther Vehicla is Fama% malers ___(direction) from anlenna. Radio interfarence sourca nearby (Y (ﬂj‘) Vis. form
Tripod or Ant. Mount: checkone: | ** ANTENNA HEIGHT ** | porms S oetreocson | messurs andsecord s
a;l:a:f-::?::;i ?h%ﬂ;&eg et (Ve Mok (see back of form for measurement illustration) Melers AND ~ Feel Metérs AND  Feet

PiN: y Y Zad (= A= Datum point to Top of Tripad  (Tripod Height)
SiN:

Last Calibration date: B=additional offset lo ARP if any (Tribrach/Spacer)
Tribrach: check one: H=Antenna Height = A + B

O MNone, O Wild GOF 22, O Topcon, j!fllher {describe)

= Datum Palnt to Antenna Referance Faint {ARF)

%
WPt | &7

/f .{?’é Lfrg‘?

Last Calibration date: ¢ ¢ [€\ClAs Note: Meters = Feet X (0.3048) Please note &for sketch ANY unusua! conditions.
Height Entered Into Receiver = L_‘(ﬂmeters. Be Very Explicit as to where and how Measured!
Barometer: Weather | = Timg Dry-Bulb Temp | WetBulb Temp | rel.% | Atm. Pressure | Weather
Manufacturer & Model: DATA uTe) Fahrenheit Celsius | Fahrenheil Celsius | Humidity inches Hg milisar | Codes
PIN:
Before
SIN: ; CreCoO
Last Calibration or check Dats: Middle
Psychrometer: After
Manufacturer & Model: g
; * Sae back
SIN: Average of Readings atfor or
endes

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Note: Entries are Required in all Unshaded areas.

* Antenna code is provided by NGS coordinator in the ant_info file.

Data File Name(s):

(Standard NGS Format = azaaddds.xxx)

where aaag=4-Character |D, ddd=Day of Year, s=Session |0, xxx=file depandant axiansion

Updated Station Description:
Visibility Obstruction Form:
Photographs of Station:
Pencil Rubbing of Mark:

0 Attached O Submitted earlier
O Attached O Submitted sarlier
0 Attached [ Submitted eardier
0 Attached

LOG CHECKED
BY:

AKO0301 - LIDAR FINAL REPORT — 2006 REVISION
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Station Designation: {circle applicable: FBN / CBN / PAC / SAC I BM) | Station PID, if any: Date {(UTC):
KeT ¢ g-l-cYy
General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
2003 | KeTzeguE AIRPerT. PAcT KeT ¢ ey
Project Name: Project Number: A\ 3¢ l/ Station Serial # (SSN): | Session ID:(A,B,C etc)
MAA CCASTAL MAPPIN G~ OPS  Azen
D83 Latitud i i i ¥
éé DNA 3 a” e . [ ‘I;IADBz Il.ongltude ; NADS83 Ellipsoidal Helglr':E!e‘s Agency Full Name: AEﬂ emAP US
.{:)7 Z b 4 5-7 2 3 /I ’ Y"{ NAVDBS8 Orthometric Ht. Operator Full Name: DALD RIOER
Observation Session Times (UTC): Epoch meters
Sched. Start Stop Interval=_ | Seconds GEOID9S Geoid Height Phone #:. (77 ) 239~ 19 44
Elevation ]
Actual Start &/ Y9 Stop ©T!TE& Mask=_| € Degrees meters | e-mail address: 0["1" €V Qcn & vertrmep Conm

GPS Recelver:
Manufacturer & Model:
TfUm veoo ST

PN: 2 42y ~O |
SN: ¥ so9A07197 Y

GPS Antenna:

Manufacturer & Model, & NGS antenna code*;
Thien CempmetT LI/JLTL
e P X N

SN cz2cel Y 5L

P/N

Antenna plumb before session? N} Circle
Antenna plumb after session? N) Yes or No
Antenna oriented to true North? 1 N) -If no,

Weather observed at antenna ht.
Antenna ground plana used?

((: % explain

f i Antenna radome used? (i If yes,

Firmware Version: Cable Length, meters: Ic Eccentric ocoupation {>0.5 mm)? (Y /N) describe.
Any obstructions above 10°? {Yi Use

O CamCaorder Battary, g?zv DC, O 110YAC, OOther Vehicle is Parkad%—_ metars ____(direclion} from anlenna. Radio interference source nearby (Y Vis, form

Tripod or Ant. Mount: check one:
O Fixad-Height Tripod, )gsup-ug Tripod, £ Fixed Mounl
Manufacturer & Model;

PiN: LrenE
SIN:
Last Calibration date:

** ANTENNA HEIGHT **

(see back of form for measurement illustration)

Before Session Begins:
measure and record both
Meters AND Feet

After Session Ends:
measure and record both
Meters AND  Feet

A= Datum paint to Top of Tripod  {Tripod Height)

B=additional offset to ARP if any (Tribrach/Spacer)

Tribrach: check one:
ONona, OWIild GDF 22, OTopeon, &{Other (describe)

Last Calibration date: S'e (K[ A

H=Antenna Heignt = A + B
= Datum Point to Antenna Relerence Paint {ARP)

109551428 V9557 9.728]

Note: Meters = Feet X (0.3048)
Height Entered into Receiver = /. ¥ 53 meters,

Please note &for sketch ANY unusual conditions.
Be Very Explicit as lo where and how Measured!

Barometer: -Weather | 1 Dry-Bulb Temp | WetBulb Temp | Rel.% | Atm.Pressure | Weather

Manufacturer & Model: DATA {(UTC) Fatwrenheit Celsius | Fahrenheit Celsius | Humidty | inchesHg milibar | Codes

PIN:

SIN: S I CC

Last Calibration or check Date: Middle

Psychrometer: After

Manufacturer & Model: ceccd

; ¥ Seaby

SIN: Average of Readings R

codes

Note: Entries are Required in all Unshaded areas.

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

" Antenna cede is provided by NGS coordinator in the ant_info file.

Data File Name(s):

(Standard NGS Format = aaaaddds.xxx)

where saaa=4-Character ID, ddd=Day of Year, s=Session (D, xx=file depandant extension

Pholagraphs of Station:
Pencil Rubbing of Mark:

Updated Stalion Description: O] Attached (O Submitted earlier
Visibility Obstruction Form: O Attached O Submitted earlier
O Altached (O Submitted earlier
0 Attached

LOG CHECKED
BY:

AeroMap U.S.
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Siation Designation: (circle applicable: FBN / CBN / PAC / SAC [ BM) Station PID, if any: Date (UTC):
leT ¢ 7-2(-oY
General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
KECTZEBUE AIRPeAT PAC T ket 6 2c g3
Project Name: Project Number: Al 5ol / Station Serial # (SSN): | Session ID:(A,B,C etc)
KMeAs consTAL MAPPIN (- OPS- oy 302
ONADB:.! Latitude = ‘I:ADBS !.mgilucte + NADB83 Eflipsoidal Height g Agency Full Name: AEW-& maAr UT
66 °S3 24,57 |lez°3¢C 41, 54 NAVDE8 Orthomelic Ht. Operator FullName: s 1 R 1NER
Observation Session Times (UTC): Epoch
Sched. Start Stop Interval=__ [ Seconds | oeoinos Geo Ha,gm""m Fhomk(To?) ITI-AFE
Elevation
Aclual Start Ol {572 Stop % ‘cC) Mask=_[c/ Degrees meters | e-mail address: Jrubﬁav@ﬂe Vo | Comn
= e . Antenna plumb bafore session? N) Circdle
GPS Receiver: GPS Antenna: Ankinicm thne aer sonaton’? Nl YesoeNo
Manufacturer & Model: Manufacturer & Model, & NGS antenna cade®; Anlenna eriented to true North? N) I no,
o Thum viccw $ST Trn CEm civetT Weather obsarved at antenna ht. (Y explain
T 24g4Ho-o | "2 2Cie - Antenna ground plane used? (Y s
SIN: SN: o2 z2cof Antenna radome used? If
Fimwa:?‘a ers?on'?ba' gl Cable Length, melerg o,:‘é Eamru?cm;mwm {=0.5 mm)? gf deama.
Any obstructions above 10°7 (44 Use
ocummsamu.)(fzvnc. O110VAC, O Other Vahicia is Parked /4% meters ___{diraction) from anienna. | Radio inlerfarence source nearby (Y Vis. form
. A Before Session Begins: After Session Ends:
Jm.gu?” t' MOT’I;ISta me' s ANTEN NA H EIGHT d rnu;:n a:: uw:gﬁ maasurra and leourdeolh
Manufacturer & Model: (see back of form for measurement illustration) Meters AND Feel Meters AND el
PIN: NervE A= Datum point to Tep of Tripod  (Tripod Height)
SIN:
Last Calibration date: B=ndditional offset to ARP if any (Tribrach/Spacer)
Tribrach: checkone: H= Antenna Heign = A + B
O Nano, OWid GOF 22, 01 Topeon, X Qtner (describe) = Datum Paint to Antenna Reference Point (ARF) [ [ ey C[; 25 |13 % (2’

Last Calibration date: S—rie 14| A

Note: Meters = Feet X (0.3048)

Height Entered Into Receiver = {,Zcd meters. Be Very Explicit as to where and how Measured!

Please nale &lor sketch ANY unusual conditions.

Barometer: Weather |  Time | Dry-Bulb Temp | WetBulb Temp | re Atm. Pressure | Weather

Manufacturer & Model: DATA (uTC) Falrzenheit ths«ug Fahrenheit Celsiups um inches Hg miibar | Codes *

e Before

SIN: Cooel

Last Calibration or check Date: Middle

Psychrometer: After

Manufacturer & Model: cccc
) . * Sea back

SIN: Average of Readings of form for

codes

Remarks, Comments on Problems, Sketches, Pgncil Rubbing, etc:

Note: Entries are Required in all Unshaded areas.

" Antenna code is provided by NGS coordinator in the ant_info file,

Data File Name(s): Updated Station Description: O Attached D Submitted earfier LOG CHECKED
Visibility Obstruction Form: O Attached  J Submitad eagar BY:

Standard NGS Format = aaaaddds. xxx Pholographs of Station: ~ OJAttached (O Submitied earfier

smm #asa=4-Characler ID, ddd=Day of Year, :-s»lsim 1D, xux=filo dopondant axtansion | Pencil Rubbing of Mark: O Attached

AKO0301 - LIDAR FINAL REPORT — 2006 REVISION
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Station Designation: (circle applicable: FBN / CBN / PAC / SAC/ BM) | Station PID, if any: Date (UTC):
Kot 6 7-2l-cY
- . General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
(1522003 |KCTZEGUE. A IR PcitT PRc T ket ¢ 2o3
Project Name: Project Number: Ak-Fe Station Serial # (SSN): | Session ID:(A,B,C etc)
NoAA Copeaanl mAPPILAA- OP8- A tois
NADB83 Latitude NADB3 Longitude NADBS3 Ellipsoidal Height Agency Full Name: AEnc. n0 a2 Ur
o ! " o : * meters
6 C: Ss 2z Y (57 — 162 36 11,54 NAVD88 Orthometric Ht. Operator Full Name: DAavio RIOCEA
Observation Session Times (UTC): Epoch
Sched. Start Stop interval=_[" Seconds | eunes Gecid M ainm’"em Phone#: (9¢/7) 339~ (988
Elevation

Actual Start /452 Stop 18/57 Mask=_tcs Degrees meters | e-mail address:gqy,‘,(c v @ e ve—enp, coth
GPS Receiver: GPS Antenna: Ssvepb Emesiony GEIN) Dvin
Mar_tg’f%cmer & Model: Manufacturer & Model, & NGS antenna code*: m: opi:,m,.:,:f:r;x ;‘m—; i Ys.'ﬁu,:h
PIN" M Hecl SST Pm"i'?ltm CempAcT LIJL2 Weather observed at antenna ht, {Yg explain
o 24800 . 22020 60 A

: o : Antenna radome used? \ if yes,
Fil'mwammn: a9z Y Cable Lﬁg}lﬁ.zﬂ?a l!l'%.!-l {Gcf_ ¢ Emnml.;c ou:::npalinn (>0.5 mm)? (Y dss’:isbe.

ob u

O CamCorder Ballery, 012V DC, O 110VAC, O Other Venhicte is Parked /V/ Fvelors __(dirsction) from antenna, :2;;, mﬁﬁ:m,;olm g w&s':m

Tripod or Ant. Mount: check cne:
O Fixad-Height Triped, J(Slip-Leg Tripad, O Fixed Mount
Manufacturer & Model:

** ANTENNA HEIGHT **

(see back of form for measurement |llustration)

After Sesslon Ends:
measure and record both
Melers AND  Feet

Before Session Begins:
measure and record both
Meters AND Feel

P/N: MWE
S/N:

A= Datum point to Top of Tripod  ({Tripod Height)

Last Calibration date:

B=additional offset to ARP if any (Tribrach/Spacer)

Tribrach: check cne:
ONone, OWildGDF 22, OTopean, [Dther (describie)

H= Antenna Height = A + B
= Datum Point to Antenna Referance Painl (ARP)

[ 35 |4 2% IJ.?&FI‘L%"

Last Calibration date: Sentje| o

Note: Meters = Feet X (0.3048)
Height Entered Into Receiver = /, 22T meters.

Please nate &/or sketch ANY unusual conditions.
Be Very Explicit as to where and how Measured!

Vonsuc tress: | DATA | me | OoBubrem | wetsub Temp | o | A prossu | Weste

ot Before

SIN: iccCoC

Last Callbration or check Date: Middle

e R oo
* Soaback

SIN: Average of Readings ot form ot

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Note: Entries are Required in all Unshaded areas.

* Antenna code Is provided by NGS coordinator in the ant_info file.

Data File Name(s): Updated Station Descriplion: O Attachad 0 Submitted earlier LOG CHECKED
EemmCET o e |
= ol ;
&iﬁ"fgmiﬁﬁmﬁf :d‘gis’g&m 1D, xoe=fla dependant extension | Pencil Rubbing of Mark: 0 Attached
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Station Designation:

(circle applicable: FBN / CBN / PAG | SAC / BM) Station PID, if any: Date (UTC);
€T 5 7-2 |-y
General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
KSTZEBUE AR AT PACT oT 5~ 2c3
Project Name: Project Number: A 7o ( Station Serial # (SSN): | Session ID:(A,B,C etc)
ReAn CoASTAL MAPPIN (- PS Azo
NaDe3Latiuce NADBS Longitude | NADgS3 Elipsaldal Haightat Agency FullName: Ap i, mmap oo f
meters
%Swm{n?sa:%njm?ei tUTC)I(LZ Ep?og: ('/CP 2z .S-‘.? NAVD88 Orthomelric Ht. Qperator Full Name: DAW ) RJDEH
La] e/ s metlers
Sched. Start Stop Intsrval=__{_Seconds | weined cenid Height Phone #:(9c7) 79~ (955
Elevation "
Actual Start [S'C € Stop [9/C] Mask=_(r Degrees meters | e-mail ﬂdd”ss:eq r.aﬂe ¥ @S oo ¢ o
P : Antenna plumb before session? (TY¥ N) Circle
GPS Reoewer_. GPS Antenna. Antenna plumb after session? N) Yesor No
Manufacturer & Model: Manufacturer & Model, & NGS antenna code*: | Ananna oriented to true North? N Afno
Then Cloow TSI TR CommppcT Lirez A bsarved atantenna ht. (¥ explain
PN Sy ey - W o207 e Anteana ground piane used? (¥ .
SN: Fyo@Ac q 54 9 SN: o 1Yo o Antenna radoms used? oY ifyes,
Firmware Version: Cable Length, melers: |& Eccentric occupation (>0.5 mm)? (Y / describe,
O CamCorder Battery, 0 12VDC, 0 110VAC. 0 Oher Vehicla is Parked /W matacs ) from :::h torf snum‘gc:?earby g% \.-.:T,m
2 . - Before Session Begins: After Session Ends:
Jgiegglgﬁ;fnghmeﬁta F‘Em c:ne. el ANTEN NA H EIGHT e rnzasl:n and w:gbﬁ maast:;-o an: racord :om
Manufacturer & Model: " ’ G (see back of form for measurement illustration) Meters AND  Fesl Meters AND  Feet

PIN:
SIN:

ACrvE. A= Datum point to Top of Tripod  (Tripod Height)

Last Calibration date: B=aditional affset to ARF if any (TribrachiSpacer)

Tribrach: Check one:

H=aAntenna Height =A + B
O Naone, OWidGDF 22, O Topcon, EXBiher (describe)

= Datum Point lo Antenna Reference Point (ARP)

[SF5] SF2C

——

[ SES |3 20

Last Calibration date: S K-|£1.A Note: Meters = Feet X (0.3048)

Please nole &/or skelch ANY unusual conditions.
Height Entered Into Receiver = /i S¥Tmeters. Be Very Explicit as to where and how Measured!

Barometer: Weather | Time | Dry-Bulb Temp | WetBulb Tem Atm. Pressure | Weather

Manufacturer & Model: DATA (uTC) Fa:\yrmheit Celsiua Fahrenheit Cefsiups 551{& inches Hg millisar | Codes *

PG Befare

SIN: cecod

Last Calibration or check Date: Middle

Psychrometer: After

Manufacturer & Model: — __J
y * Sea back

SIN: Average of Readings of fom for

eodes

Note: Entries are Required in all Unshaded areas.

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

* Antenna code is provided by NGS coordinator in the ant_info file.

Data File Name(s):

Updated Station Description; () Altached 0 Submitted earfier LOG CHECKED
Visibility Obstruction Form: () Attached (] Submitted aal‘ﬁsrrﬁer BY:
Standard NGS Format = aaaaddds.xxx Photographs of Station; ~ (JAttached (O Submitted ea
u(uhm 233a=4-Characler ID, ddd=Day of Yoar, ) 1D, xxx=fila Pencil Rubbing of Mark: 0 Attached
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Last Calibration date: Serle(&1 A

N Station Designation: (circle applicable: FBN / CBN / PAG / SAG / BM) Station PID, if any: Date (UTC):

é | BT 5 /-2l
B8 /ATION | General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:

(EReredon) | KoTzEGuU E _AIRfENT PreT Werl™ & Gl
Project Name: Project Number; Statlon Serial # (SSN): | Session ID:(A,B,C etc)
AIA ccATTA L mMAPPIN G~ e

§ NADS:? Latitude . :;IADEG I'.ungﬂude P NADBS3 Ellipsoidal Heigl:;em Agency Full Name: AENRCHAL US

é)é 'S-‘Z ?—L{' Zf "62 35— VG: r? NAVD88 Orthamelric Ht. Operator Full Name: DAL v RIVEN
Observation Sesslon Times (UTC): Epoch melers
Sched. Start Stop lé-ltarva!= L_Seconds | ceoines Geoid Hei aht Phone # (97 ) 32919 §§
Actual StanCZ/02 Stop OF} [C/ Mask=_(C) Degrees meters | e-mail address: er-baCV(gag Vorian  Coa
GPS Receiver: GPS Antenna: s e i o Tow
Manufacturer & Model: Manufacturer & Model, & NGS antenna code®: | anienna oriented to true North? 4fno,
& TRIM Hooe ST . TA/A ComPAET it | Weatherobserved atantennaht. (¥ explain

i Z2Ye Yo~ PN: 2 LG Antenna ground plane used? (Y / -
SN: T5C® Acq gl T SN: e/dye Y Antenna radome used? YD ifyes,
Firmware Version: Cable Length, meters: L\ Eccentric occupalion (>0.56 mm)? (Y describe.

obstructions above Usa

O CamCardar Battery. (J 12V OC. O 110V AC, O Other Vahicia is Parked 2//Penatars ___(airaction) from antanna. a:yd;, Mererenca ;.,m:.o;m, g% Vis. form
Tripod or Ant. Mount: checkone: | ** ANTENNA HEIGHT ** B e |t
a::‘:;g:;:?d‘mir*” Tripod, O Fixed Mount {see back of form for illustration) Melers AND  Fesl Meters AND  Feel
PIN: NCIVE A= Datum point 1o Top of Tripod  (Tripod Height)
SIN:
Last Calibration date: B=additional offset to ARP if any (Tribrach/Spacer)
Tribrach: check one: H=antenna Height = A + B
B Nana, OWIdGOF 22, O Tapcon, SxGinar (dascrve) = Dalum Point lo Antenna Reference Point (aRP) |/ 85| §7 2 | /. SET1S 20

Note: Meters = Feet X (0.3048)
Height Entered Into Receiver = /. 5 ¥imeters.

Please note &for sketch ANY unusual condilions.
Be Very Explicit as to where and how Measured!

Barometer: Weather | Time | Dry-Bulb Temp | Weigulb Temp | Rel.% | Atm.Pressure | Weather
Manufacturer & Model: DATA uTc) Fahrenheil Celsius | Fahrenneit Celsius | Humigiy | inches Hg muibar | Codes
Ht Before
SIN: KoCCC
Last Calibration or check Date: Middle
Psychrometer: After
Manufacturer & Model: (CCO)

* Saaback
SIN: Average of Readings of [.'::L"""

5

Note: Entries are Required in all Unshaded areas.

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

* Antenna code is provided by NGS coordinator in the ant_info file.

Data File Name(s):

(Standard NGS Formal = aaaaddds.xxx)
where aasa=4-Character |D, ddd=Day of Year, i

Photographs of Station;
Pencil Rubbing of Mark:

1D, ou=fie

Updated Station Description: O Altached
Visibility Obstruction Form: O Attached

O Submitted earfier LOG CHECKED
O Submitted earlier BY:

O Attached O Submitted earfier

O Attached

AeroMap U.S.
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]

Station Designation: (circle applicable: FBN / CBN / PAC/SAC/BM) | Station PID, if any: Date (UTC):
KT 6 7-12-cY
General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
KeTZEBUE AIRPeAT PACT Ket 6 2|
Project Name: Project Number: Ajc Fc-( / | Station Serial # (SSN): | Session ID(AB,C etc)
MNPy CeASTAL MApPRIA/LG- " At3IcT
umaa Latitude mnaa Longitude NADB3 Ellipsoidal Height Agency Full Name: AEpcamar (T
meters
%C S? 2‘?‘1 3—7 ,QZ ?éL 1,59 NAVDS8 Orthomelric Ht. Operator Full Name: AL 1w U DEX
bservation Session Times (UTC): Epoch
Sched. Start Stop Interval=_ [ Seconds GEOIDI9 Geoid Hei gmmm Phone#:( 9c7) 739~ 19 58§
Elevation
Actual Start @[!S0 stop 24 !SO Ma; IO _Degrees meters | e-mail address: Jn‘ €V € O verrap « Cor
GPS Receiver: GPS Antenna: Sorcishrpeicmmril s o S s~
Manufacturer & Model: Manufacturer & Model, & NGS antenna code®: Anlenna m,ﬂ;:rm Nu-l.:ﬂ :’ Ys:f::u
T“”"‘ Heol SST Um compreT ¢f/c2 Weather observed atanlennaht. (Y explain
Zf-(?"rcr < 22e¢2C-co Sowanagiml aamaedt ¥
SN: 7509 9 SIN: 4 Antenna radome used? ifyes,
Firmware Vemlégr*l-o 2 ?‘1 Cable Lang% Ciat!s les ¢ Eomn':cmﬁon {>0.5 mm)? gg dasyc:sbe.
les Any cbstructions above 107 (Y Use
O CamCordor Baltary, JXf2V DC. O 110VAC, O Other Vehiciais Parkad A7) maters __(diraction) trom anienna. | Radio intarfarence source nearby (Y Vis. form
. = Before Session Begins: After Session Ends:
Tripod or Ant. Mount: checkone: | ** ANTENNA HEIGHT ** | 2o sorsenSeses T e soeton v,
Manufacturer & Model: (see back of form for ment ill tion) Maters AND Feel Melers AND  Feet
PIN: ) = A= Datum point 1o Top of Tripod  (Tripod Height)
SIN:
Last Calibration date: B=adcitianal offset to ARP it any (Tribrach/Spacer)
Tribrach: check one: H=aAntenna Height =A + B i
O None, 03 Wild GDF 22, O Topcon, & Othar (dascibo) = Datum Pointto Anlenna Reference Paint (arP) |« S S~ | 428 |1 325 | Y, o
Last Calibration date: 52 K141 A Note: Meters = Feet X (0.3048) Please note &lor sketch ANY unusual conditions.
Height Entered Into Receiver =[S melers. Be Very Explicit as to where and how Measured!
Barometer: Weather | Time | Dry-Bulb Temp | WetBulb Tem Atm. Pressure | Weather
Manufacturer & Model: DATA (uTC) Far?:anhei m‘l Fahrenheit Oa!ﬂups m inches Hg mimibar | Codes *
rag: Before
SIN: CecoCr
Last Calibration or check Date: Middle
Psychrometer: After
Manufacturer & Model: Cocoo
3 * Ses back
SIN: Average of Readings of form far
codes

Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:

Note: Entries are Required in all Unshaded areas.

* Antenna code is provided by NGS coordinator in the ant_info file.

Data File Name(s): Updaled Station Description: 0 Atached [ Submitied earfier LOG CHECKED
Visibifity Obstruction Form: O Attached O Submitted earfier BY:

Standard NGS Format = aaaaddds.xxx Pholgmepieof Statlan: (1 Attached (0 Submitied eadier

E\#\mnnawchamhf ID, ddd=Day of Yoor, swsn)sm D, xcx=filo dopendant extansion | Pencl Rubbing ofMark: (0 Atached

AKO0301 - LIDAR FINAL REPORT — 2006 REVISION
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Station Designation: (circle applicable: FBN / CBN / PAC / SAC / BM) Station PID, if any: Date (UTC):
KoT <~ 7-19-0Y
General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
( KeTzEQue AlrpenT PAcT KeT §— 2<|
Project Name: Project Number: A Ter | / Statlon Serial # (SSN): | Session ID:(A,B,C etc)
NCAP COASTAL MAPPIN G > Axzez
NADS3 Latitude NADB83 Longitude NADB83 Ellipsoidal Height Agency Full Name: AEremAPr U S
o : ? o - 2 meters
b6 §3 24.2] 62" 35 Yo ,c7 NAVDBS Orthometric HL. Operalor Full Name: pavip R)wEh
Observation Session Times (UTC): Epoch
Sched. Start Stop Intervat=__| Seconds | oeoinos Geoid Heigm’"e’”'s Phone #: (9c7) F39~(98F
Elevation S
Actual StartOZ /0 Stop © 94| Mask=_[C) Degrees melers | e-mail address: J*'Jﬂe"“"“‘“‘“
GPS Receiver: GPS Antenna: e e GLINI O
Manufacturer & Model: Tt~ Hooo gg:d Manufacturer & Model, & NGS antenna cade®; :::: :ﬁu:'n?e:“;rm Narth? :: Y&.:,o,:.%
. Tim compmeT cise2 Waather observed atantennaht. (Y explain
PRN: 24 oo ~c | PIN: 2562 6 Antenna ground plane used? (Y :
SIN: TSTOFATG gy o SN Gjguq oY Antenna radome used? oD iryes,
Firmware Version: Cable Length, meters: lo Eccentric occupation (>0.5 mm)? (Y /N) describe.
O CemCordor Batiary, €12V DCI0 110VAC, 0 Other Vahicla ic Parked A/ Dmalers __ ) from ;:i;., torf: """“""_‘_"fwg \n::m
. - Before Session Begins: After Session Ends:
ombod or Ant. Mount: cheakane: | ** ANTENNA HEIGHT ** | Sroresson Segos: | atrsueson nas.
Manufacturer & Model: {see back of form far measurement illustration) Meters AND  Feel Meters AND  Feat
;’: ACNE A= Datum peintto Top of Tripod  (Tripad Height)
Last Calibration date: B=Additional affset to ARP if any {Tribrach/Spacer)
: 7 e e
Tribrach: check one: H= Antenna Height = A + B
O Nona, O'Wild GDF 22, O Topeon, EXQihar (describa) = Datum Point to Antenna Reference Pont (arP) |/ ; ST ST 20 |1, 58 5| ¢ 20
Last Calibration date: ¢ Kict A Note: Meters = Feat X (0.3048) Please note &/or sketch ANY unusual conditions.
Height Entered Into Receiver = ILLW melers. Be Very Explicit as to where and how Measured!
Barometer: Weather | - Time | DryBulb Temp | WetBulb Tem Atm. Pressure | Weather
Manufaclurer & Model: DATA (uTC) Fa;uyremmil celsa..ps Fahrenheit Celsiups 'ff;!..l’: inches Hg miliker | Codes *
£ Before
SIN: OO,
Last Calibration or check Date: Middle
Psychrometer: After
Manufacturer & Model: PO
* Seaback
SIN: Average of Readings nlsl:nht
codes
Remarks, Comments on Problems, Sketches, Pencil Rubbing, etc:
Note: Entries are Required in all Unshaded areas. ° Antenna code is provided by NGS coordinator in the ant_info file.
Data File Name(s): Updated Station Description; 0 Altached 0 Submitted earfier LOG CHECKED
Visibility Obstruction Form: O Attached Summ n:inr BY:
Standard NGS Formal = azaaddds Phatographs of Station: DOAtiached 0O Sy earier
‘(vhue a:an-cremsmu ID. ddd=Day of Year, 2 1D, xox=fio o Pencil Rubbing of Mark: 0 Attached

AeroMap U.S.
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Station Designation:

(circle applicable: FBN / CBN / PAC/ SAC/ BM) | Station PID, if any: Date (UTC):
KeT s -2z
General Location: Airport ID, if any: Station 4-Character ID: | Day of Year:
KeTZEQUE AlrpenT PACT Ket 2o
Project Name: Praject Number: Aritze ) Station Serial # (SSN): | Session ID:(A,B,C elc)
NOPA CaASTAL ADPPIN G- > aieze
éé 3 NADS? Latitude - I;lADBS I_.ongH.uda . NADS83 Ellipsoidal Heig::aters Agency Full Name: AEncmap A i
ﬁ quz’ ,62- ?r L{Or 5-7 NAVDS8 Orthometric HL OperabrFuINam: 0P{V' n RlnE'"
Observation Session Times (UTC): melers
Sched. Start Stop Interval=_ | _Seconds . Phone#: (% 7) 739~ 198 &
Elovation GEOID39 Geoid Height
Actual Start [b:[)| Stop 2050 Mask = [ € Degrees meters | e-mail address: o@vﬁs«-w-eac vonag | Cond
. . Antenna plumb before session? N) Circle
GPS Recelver.. GPS Antenna: R sl bl N Ve Na
Manufacturer & Model: Manufacturer & Model, & NGS antenna code®: | Antenna oriented to true North? N) - no,
i Heoo SsT BN ComPAET LIFL Waather observed atantenna ht. (Y oxplain
PIN: Pm Antenna ground sad? 2
2Y8o -l L T ground plana u '\
SIN: 35CEACqpy 9 SIN; orn{'qo Yy Anlenna radome used? N ifyes,
Firmware Version: Cable Length, meters: (c Eccentric occupation (>o1.g‘?mm)? Y/ ue;mu
Any obstructions ab
O CamCordar Bauw.@g. O110VAC, O Other Vehicla fs ParkedAZZ} melers ___(diractian) from anlanna. H:Zi: intarlafen:n: 3?,:-;9 nearby g w._‘f:fm
Tripod or Agt. Mount: checkone: | ** ANTENNA HEIGHT ** | BoforsSession Segion: | AferSusslon Ends:
E'IZ:.:;:;E*F;‘ :dl\'dodel;?{“ F1pR 1 P et (see back of form for measurement illustration) Meters AND  Feet Melers  AND  Feet
PIN: A/VE A= Dawm pointto Top of Trigod  (Tripod Height)
SIN:
Last Calibration date: B=additional offset lo ARP if any (Tribrach/Spacer)
Tribrach: check one: H= Antenna Height = A + B %
ONane, OWild GOF 22, O Tapeon, X(Cther (descrive) = Datum Paint to Antenna Reference Paint (arP) | [, 555 | ST 2. 7 51 £, 2 ¢
Last Calibration date: ~ S&k-1 A Note: Meters = Feet X (0.3048) Please note &/or sketch ANY unusual conditions.
Height Entered Inlo Receiver = {, Y¥Jmelers. Be Very Explicit as to where and how Measured!
Barometer: Weather | 100 Dry-Bulb Temp | WetBulb Tem Weather
. = P | Rel. Atm. Pressure
Manufaclurer & Model: DATA {uTe) Fa;yrerﬂ\ei( Celslups Fahrenhsit Celsius H:mrjf; inches Hg milibar | Codes *
Phk Before
SN Cocee.
Last Callbration or check Date: Middie
Psychrometer: After
Manufacturer & Model: e
* Sesback
SMN: Average of Readings B i
codas

Remarks, Comments on Problems, Sketches, Pencil Rubbing, efc:

Note: Entries are Required in all Unshaded areas.

* Antenna code is provided by NGS coordinator in the ant_inlo file.

Data File Name(s): Updated Station Description: O Attached O Submitted eariier LOG CHECKED
Visibility Obstruction Form: O Attached O Submittad mrﬁii BY:

Standard NGS Format = aaaaddds.xxx Prolographs of Station: O Altached 0 Submited ea

-‘mm assa=4-Character ID, ddd=Day of Year, s-s.lun 1D, xux=Tilo dependant extansion | Pencil Rubbing of Mark: O Attached
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NATIONAL GEODETIC SURVEY VISIBILITY OBSTRUCTION DIAGRAM

N
330°

270° / /
0@*
s’»’
240° \\ // 120°

210° o 150°

90°
|

INSTRUCTIONS:

Identify obstructions by azimuth {magnetic) and elevation angle {(above horizan} as seen from station mark.
Indicate distance and direction to nearby structures and reflective surfaces (potential multipath sources).

4-char ID: Ko T € Designation:

——

PID: Location: = i

County: Reconnaissance By: _[JAvIY) TINENR
Height above mark, meters: Ageney/Company: _AE N CrmAr U, §
Phone: ( 977 ) 32F-{ 8% Date:_/-/Y-CY

Check if no obstructions above 10 degrees X

AeroMap U.S. AKO0301 - LIDAR FINAL REPORT - 2006 REVISION
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NATIONAL GEODETIC SURVEY VISIBILITY OBSTRUCTION DIAGRAM

N
30°
60°
\ J 9
240° ‘! /// 120°
210° 150°

INSTRUCTIONS:

ldentify obstructions by azimuth (magnetic) and elevation angle {above horizon} as seen from station mark.
Indicate distance and direction to nearby structures and reflective surfaces {potential multipath sources).

4-char ID: T Q Designation:
PID: Location: KSTZERUE AmlPoT , AK
County: Reconnaissance By: __ D& ) RIDEN
Height above mark, meters: Agency/Company: _ AFEAc1AF L’((r 5
Phone: ( 3¢ 7 ) 3391988 Date: 7-/%-c Y

Check if no obstructions above 10 degrees.&
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NATIONAL GEODETIC SURVEY STATION DESCRIPTION / RECOVERY FORM

4-charD;: KoT § Designation: KesT 5§
PID: Alias:
Country: (usa/ ) State: _AK County:
Latitude: N 66 9 S5 +2Y - Longitude: w [€Z° 2§ Y4¢C) * Elevation: _ (meter / ft
Original Description (check one): Recovery Description (check one):

OP | Preliminary (mark has not been set yet) KF | Full description of a station ot in the database
D | Anewly set mark OT | Full description of a station jn the database

OR | Arecovered mark OM | Parliaf description of a station in the database
Established by: (NGS / €GS | Othar) Recovered by: (NGS / Other:)

Date: 7-14oY Chief of Party (initials): DA Date: Chief of Party (inltials).

Monument Stability (check one): Recovery Condition (check one):

OA | Of the most reliable nature; expected to hold well | | O G | Recovered in good condition

HB | Will probably hold position and elevation well ON | Not recovered or not found

OC | May hold well, but subject to ground movement | | P | Poor, disturbed, or mutilated

0D | Of guestionable ar unknown reliability 0O X | Surface mark known destroyed

Setting Information: Stamping:  fen e

Marker Type: {Rod | Disk KOhaD PK. A/ ) (L Agency Inscription: (NGS | CGS { Olhar)

Setting Type: (Becrock | Concreta (OheR) PRAEmMEAT Rod Depth: (mitty Sleeve Depth: {mim)
Y /)7 | Monument contains magnetic material? Monument is: (flush | projecting Kocessedp 2,/ Gt

Special Type (check all applicable): Transportation (check one):

OF | Fault monitoring site oc | Car

OT | Tidal Station OP | Light truck (pickup, carry-all, eic.)

0O - | Control Station: { FBN / CBN / Benchmark ) | | OX | Four-Wheel Drive Vehicle

O - | Airport Control Station: { PACS | SACS ) H__ | Other (SnowCat ©lans)Boal; desciibe)

Y /N | Mark is suitable for GPS use? Y /N | Pack Time {hike) to mark? (hhumm):

See Back of Form to add Text Description

AeroMap U.S. AKO0301 - LIDAR FINAL REPORT - 2006 REVISION



General Station Location: The station is located in KQT ZEMUE AR PcrlT -
ADTACEAVNT T 1Ty OF kKeTzegpuE , AK

(Describe general localion; include aldine distancas 1o three towns or mapped features.)
Ownership: _STATE ©F ALASKEA — AIRPeAT MAAAEEIR
(2¢2) 44=2-3147

(name, address, phone of landownen)

To Reach Narrative: To reach the station from the intersectionot  PROCEEN Alcarir—
ScITH EDGE COE MAIN AIRCAFT PALING Rarnp Aot TH
OF RQumpsupy £-26 AATIL TUST \WEST CF ALAKA
= o = E 1w A
PIPES THAT FEED AT THE pervD,

{Leg-by-leg distances and direcions from major road inlersection o mark)

Monument Description and Measurements: Thestationis  STATIcoA (€ THE

Rox MANERD “ZIGHTIA  6-." STOTIeA IS "THE AerThERAA~
[~ T o

THE TAAUwWAY /. Rarmpe ANVD 23.C FT FlRern THE EVCE
CE PAVEMEAT. SIFLcAs IS 1. § FT EAST ¢ THE caT EN
En(-E_cf THE EASTEAAN-~cST DnaisA’ PIPE.

[Add at least threa measurements o parmanent, identifiable, nearby objects; and a description of the monument size, shape, height, sic.})

NOTE: - Include a pencil rubbing, sketch, or photographs of mark.
Described by: avin [M\nEw Phone:( 3¢7 ) 337198 e—maﬂ:_;j._rmﬂ;mm‘p. i
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NATIONAL GEODETIC SURVEY STATION DESCRIPTION / RECOVERY FORM

4-char ID: Keg £ Designation:

Ket €

PID: Alias;:

Country: (UsA! )

State: _AK County:
Latitude: N 66 °SF ' 24 * Longitude: w/le2° L || = Elevation:

(meter § ft)

Original Description (check one):

Recovery Description (check one):

OFP | Preliminary (mark has not been set yet)

=F

Full description of a station nof in the database

D

A newly set mark

OT | Full description of a station in the database

OR | Arecoverad mark

O M | Parfial description of a station in the database

Estabiished by: (NGS5 €GS | Other)

Recovered by: (NG5 ! Other)

Date: - f"f - Lf Chief of Party {iniuals): qu

Date: Chief of Party (initials):

Monument Stability (check one):

Recovery Condition (check one):

O A | Of the most reliable nature; expected to hold well

O0G | Recoveraed in good condition

HE Will probably hold position and elevation well

ON | Mot recovered or not found

OC | May hold well, but subject to ground movement

OF | Poor, disturbed, or mutilated

OD | Of questionable or unknown reliability

O X | Surface mark known destroyed

Setting Information:

Stamping: A cac

Marker Type: (Rod ( Disk / Gthed) Bt T HEAD

Agency Inscription: (NGS/ GGS { Other:)

Setting Type: (Bedrock / Cancrete /Giher)

Rod Depth: {min) Sleave Depth: {muft)

Y I ?

Monument contains magnetic material?

Monument is:iush/ projecting / recessad) {cmift)

Special Type (check all applicable):

Transportation (check one):

OF | Fault monitoring site

oc | Car

aT | Tidal Station

OP | Light truck {pickup, carry-all, ate.)

O — | Control Station: { FBN / CBMN / Bench mark )

0 X | Four-WWheal Drive Vehicle

O- | Airport Control Station; ( PACS | SACS )

& | Other (SnowCalmat; describa)

¥ N

Mark is suitable for GPS use?

Y IN | Pack Time (hike) to mark? (hh:mm):

See Back of Form to add Text Description
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General Station Location: The station is located in  KeTZERUE AIRPer | —
ADTACEAT o Ciir of KoTzEBRUE , AK

(Describe general location; include alding distances to three towns or mapped features.)

Ownership: _STATE CFE ALASKA — AIRPONT manAGER
(‘}'C-‘j) ygz2 -3Y7 {name, address, phane of landowner]

To Reach Narrative: To reach the station from the intersection of Preceeen o FA
EAST EDGCE oF THE AIRCAAFT PARKIAG— AP APROXIMATELY
HALE -\ BETWEEA THE NePTHWETTEAN AvigTied
BANMGCER ANVD  TAXIAY E.

(Leg-by-eq distances and directions from major road Intersactian 1o mark)

Monument Description and Measurements: The stationis STATICGA, IS A LS 14/
PILAAIL \1TH AN/ CRANGE CCloNED wwachErl UNVDENR THE
ANAIL HEAD, THE PoiaTg (S aT THE RNE oF A 6OUGED
OIUT SEcTIcN CF PAVEMEAT AnvD SITS ARAAT 2.0 ¢\
BElow THE SUNFACE cF THE SQURRCAADIA -~ PAVEMEA T,
THE PeiarT 1S 14 em Flem THE EDCE OF PAEMEAT (CATEREY)
I THE YEL O~ STRIPE (OSECT To THE PMEAMELT
EpCE

{Add at least three measurements to permanent, identifiable, nearby objects; and a description of he monument size, shape, haight, etc.)

NOTE: - Include a pencil rubbing, sketch, or photographs of mark.

Described by: DAL10 RipER Phone:( %7 _)S39-198 & e~maii:iﬂg;i;m_=_wqf s Coer
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10. GROUND CONTROL REPORT

This section contains the report from John Oswald and Associates (JOA) on the survey to
establish final coordinates for the ground GPS base stations used in both Areas 301 and 302
for the airborne LIDAR data acquisition.

JOA was the designated sub-contractor for AeroMap for this work, and as well provided tide
gauge surveys, and communicated with the AeroMap LIDAR team at Kotzebue, AK on a
daily basis on the conditions of tide windows for airborne LIDAR data acquisition for this
project.

AeroMap U.S. AKO0301 - LIDAR FINAL REPORT - 2006 REVISION
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GPS Base Stations Report
NGS Projects AK0301 & AK0302

Shoreline Mapping, Alaska

National Geodetic Survey
1315 E. West Highway
Silver Spring, MD 20910
Attention: George Leigh

Prepared by:

John Oswald & Associates, LLC
2000 E. Dowling Rd, Suite 10
Anchorage, AK 99507

(907) 561-0136 Phone

(907) 561-0143 Fax
www.joasurveys.com

ATTN: John Oswald, PLS, CHS

/’ GPS Base Station

Prepared for:

AEROMAP U.S. v

INTERNATIONAL PHOTOGRAMMETRIC CONSULTANTS
2014 Merrill Field Drive Anchorage, AK 99501

phone: (907) 272-4495

Attention: Bob Schweitzer

Prime contractor:

AIRO-METRIC

4020 Technology Parkway, Sheboygan, W1 53083
P.0O. Box 449, Sheboygan, W1 53082-0449

Attention: Patrick M. Olson

Date: September 22, 2004
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11. PRODUCT CREATION

This section details how the final products were generated for this project from the raw
LIDAR data. Also included in this section is a copy of the metadata for the project in plain
text format. The metadata has more detailed information on Product Creation. This docu-
ment is meant to provide an overview of the Product Creation. A copy in .xml format of the
metadata was included with the data deliverables to NOAA.

Project Datum and Projection:

As specified by NOAA the basic control for the project was in NAD83 (CORS96)
(EPOCH:2003.000) and NAVD88. The NAVDS88 heights were derived by GPS means by
John Oswald and Associates (see their report in Section 10 — Ground Control “GPS Base
Station Reports”). This derived elevation for the base stations at Kotzebue, Wales, Shish-
maref, Kivalina and Point Hope are based on NGS control stations at Nome and Noatak that
have NAVD88 heights. Because of the distance of the project base stations from Nome and
Noatak, the derived NAVD88 heights for the project base stations is somewhat in question.
AeroMap suggested early on in negotiations with NOAA on this project that perhaps ellip-
soidal heights may be a better solution for this project, but NOAA decided to stay with the
derived NAVD@88 heights. At a later date, under a separate task order, AeroMap delivered all
the LIDAR data in ellipsoid heights to NOAA.

The projection for this project is UTM meters Zone 3.

Data Processing
LIDAR data processing is divided into three main categories:

e “Point Cloud” Processing
e Classification
e Specialized Processing

The process for each of these categories is summarized below:

1. **Point Cloud” Processing — This step involves downloading the data, computing
the trajectory, then deriving the “Point Cloud” of LIDAR data. The raw data for a
mission are stored onboard on a removable disk drive in an Optech proprietary
format. These data were downloaded either in the field or in the AeroMap An-
chorage office. Here follows the steps processing to a “Point Cloud”.

a. Download data using Optech proprietary download program

b. Separate data into strips representing each flight line

c. Import data into Optech’s proprietary main processing program

“REALM”

d. Compute GPS trajectory

e. Compute blended GPS/inertial trajectory

f. Process LIDAR points into “Point Cloud” in ASPRS standard .las format
This “Point Cloud” data processing normally requires approximately 6 hours for
each lift if there are no complications in the data acquisition.
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2. Classification — The classification data processing involves importing the .las files
into the Terrasolid suite of software for project setup, tiling, and initial classifica-
tion. The main Terrasolid module used for classification is TerraScan that runs in
the Bentley MicroStation environment. TerraScan is a very flexible package that
allows the data processor to set up macro processes to classify the data into first
return, bare earth, and vegetation/building classes based on the different types of
terrain and ground cover. The data is visualized with a separate software applica-
tion called QT Viewer that allows for viewing the data from many perspectives in
different classes. As part of the automated classification process, the LIDAR data
goes through a Quality Control check to insure that the LIDAR data meets the
project requirements for accuracy by using the QC surveys performed earlier.
When the automated classification is complete, the data tiles are then sent to the
manual editing phase. For the manual editing phase, AeroMap firmly believes
that LIDAR data is best interpreted and edited by people who have had extensive
experience working with photogrammetric data. These trained people are familiar
with looking at various types of terrain, and they are best suited to making sure
that the LIDAR data is classified properly in this manual edit phase.

3. Specialized Processing — Once the data was classified to bare earth and manually
edited, then the data deliverables were generated and written to a portable external
USB 2.0 disk drive that was delivered to NOAA.
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11.1 LIDAR Metadata

Identification_Information:
Citation:
Citation_Information:

Originator: AeroMap U.S.

Publication_Date: 20060322

Title: LIDAR-NOAA-AKO301 & AK0302 JOB #6030810

Edition: 1.0

Geospatial _Data Presentation_Form: Digital Point Data

Publication_Information:

Publication_Place: Anchorage, Alaska
Publisher: AeroMap U.S.
Description:
Abstract:

The data sets are generated using the OPTECH ALTM 70 kHz LIDAR sys-
tem mounted onboard AeroMap®s twin-engine Cessna 320 aircraft. Classified
data sets such as this one may have varying posting due to some LIDAR
pulses not reaching the ground caused by data anomalies. Accuracy state-
ments are based on areas of moderate terrain. Diminished accuracies are
to be expected in areas of extreme terrain and dense vegetation. The accu-
racy of each point is expected to meet the vertical accuracy standard,
however, derived products may be less accurate in extreme terrain and
dense vegetation due to a lesser number of points defining the bare-earth
in these areas.

These data were classified using TerraSolid"s TerraScan (Version
6.04) software from the originally acquired 4 return LIDAR data.

1st_return data sets contain the points that were identified as the
"First return'" from each laser pulse, back to the aircraft. This means
that the data represent the first surface the beam encountered, frequently
buildings and vegetation in addition to those areas where both first and
last return are on the ground. As such these data may not represent the
actual surface of the earth, but features that exist on the ground and
above the earth"s surface.

2nd_return data sets contain the points that were identified as the
"Second return” from each laser pulse, back to the aircraft. This means
that the data represent the second surface the beam encountered, fre-
quently buildings and vegetation. As such these data may not represent the
actual surface of the earth, but features that exist on the ground and
above the earth"s surface.

3rd_return data sets contain the points that were identified as the
“"Third return'" from each laser pulse, back to the ailrcraft. This means
that the data represent the third surface the beam encountered, frequently
buildings and vegetation . As such these data may not represent the actual
surface of the earth, but features that exist on the ground and above the
earth®s surface.

Last _return data sets contain the points that were identified as the
"Last_return' from each laser pulse, back to the aircraft. This means that
the data represent the last surface the beam encountered. This data is the
last return returned to the aircraft. It is from these data that the
Bare_earth is classified.

Purpose:
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The purpose of this data set is to provide a source for current and
accurate digital elevation models (DEM) with vertical accuracy®"s of 30cm
root mean square error (RMSE) or better.

These data were acquired at flying heights of 1200 and 2000 meters
Above Mean Terrain (AMT) with post spacing planned for 1 and 2 meters.
This data is not recommended for design mapping or engineering. A DEM is
used as a fundamental layer of information in Geographic Information Sys-
tems (GIS). A number of the priority layers of spatial information recog-
nized by the National Spatial Data Infrastructure may be derived from
LIDAR DEMs, including elevation, hydrography, slope, aspect, and shoreline
delineation.

Time_Period_of Content:
Time_Period_Information:
Multiple_Dates/Times:
Single_Date/Time:
Calendar_Date: 20040721
Single_Date/Time:
Calendar_Date: 20040722
Single_Date/Time:
Calendar_Date: 20040801
Single_Date/Time:
Calendar_Date: 20040805
Single_Date/Time:
Calendar_Date: 20040806
Single_Date/Time:
Calendar_Date: 20040811
Currentness_Reference: ground condition
Status:
Progress: Complete
Maintenance_and_Update_ Frequency: Unknown
Spatial_Domain:
Bounding_Coordinates:

West_Bounding_Coordinate: -168.530215

East_Bounding_Coordinate: -162.633189

North_Bounding_Coordinate: 68.359970

South_Bounding_Coordinate: 65.594656

Keywords:
Theme:

Theme_Keyword_Thesaurus: None

Theme_Keyword: Elevation

Theme_Keyword: Cartography

Theme_Keyword: Geodesy

Theme_Keyword: Geography

Theme_Keyword: Hydrography

Theme_Keyword: Mapping

Theme_Keyword: Photogrammetry

Theme_Keyword: Stereophotogrammetry

Theme_Keyword: Topography

Theme_Keyword: Radar

Theme_Keyword: Interferometric

Theme_Keyword: Remote

Theme_Keyword: Sensing

Theme_Keyword: LIDAR

Theme_Keyword: Laser

Theme_Keyword: DEM

Theme_Keyword: DTM

Theme_Keyword: DSM
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Theme_Keyword: Terrain
Theme_Keyword: Height
Place:
Place_Keyword_Thesaurus: None
Place_Keyword: USA
Place_Keyword: Alaska
Place_Keyword: Seward Peninsula
Place_Keyword: Wales
Place_Keyword: Shishmaref
Place_Keyword: Cape Espenburg
Place_Keyword: Kotzebue
Place_Keyword: Cape Krusenstern
Place_Keyword: Kivilina
Place_Keyword: Cape Seppings
Place_Keyword: Cape Thompson
Place_Keyword: Point Hope
Stratum:
Stratum_Keyword_Thesaurus: None
Stratum_Keyword: Terrain
Stratum_Keyword: Earth
Stratum_Keyword: Surface
Stratum_Keyword: Bald
Stratum_Keyword: Ground
Stratum_Keyword: First
Temporal:
Temporal Keyword Thesaurus: None
Temporal Keyword: July
Temporal_Keyword: August
Temporal_Keyword: 2004
Access_Constraints: Purchase
Use Constraints: License Agreement
Point_of Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: AeroMap U.S.
Contact_Person: Robert T. Thomason Jr.
Contact_Position: LIDAR Production Manager
Contact_Address:
Address _Type: mailing and physical address
Address: 2014 Merrill Field Drive
City: Anchorage
State_or_Province: Alaska
Postal Code: 99501-4116
Country: USA
Contact_Voice_ Telephone: 907-677-9635
Contact_Facsimile_Telephone: 907-274-3265
Contact_Electronic _Mail_Address: thomason@aeromap.com
Hours_of _Service: 8:00 am to 5:00 pm Alaska Time
Native Data Set Environment: Microsoft Windows 2000 Version 5.0 (Build
2195) Service Pack 3; ESRI ArcCatalog 8.3.0.800
Data Quality Information:
Attribute Accuracy:
Completeness_Report: Complete
Positional_Accuracy:
Horizontal_Positional_Accuracy:
Horizontal Positional Accuracy Report: All data products were proc-
essed to meet 0.6 & 1.0 meters RMSE or better in horizontal accuracy.
Vertical_Positional_Accuracy:
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Vertical Positional _Accuracy Report: All data products were proc-
essed to meet 30cm root mean square error (RMSE) or better in vertical
accuracy. We recommend a ground quality control check of the data set.
This data is not recommended for design grade mapping or engineering.

Lineage:
Process_Step:

Process_Description:

The raw points for the point cloud data product were captured us-
ing AeroMap U.S."s twin-engine Cessna equipped with our OPTECH ALTM 70 kHz
LIDAR data acquisition system. The system includes differential GPS and
inertial measurement systems to provide superior accuracy. The flying
height is 1200 & 2000 meters Above Mean Terrain (AMT).

These data were post-processed utilizing Optech"s REALM (Version
3.5.4) software, which applies AeroMap U.S."s Applanix Inertial Measure-
ment Unit (IMU) values to the acquired Airborne Global Positioning Systems
(ABGPS) data. These results are then applied to the acquired LIDAR data
points and output to a LIDAR accuracy standard (LAS) format in a WGS 84,
Universal Transverse Mercator (UTM), Zone 3, Meters coordinate system.

Using Bentley"s Microstation V8 LIDAR these data were imported in
LAS format. Using TerraSolid"s TerraScan (Version 6.04) software, these
data were imported into a TerraScan project file (PRJ) and converted (on
import) to binary files, no data were classified, all original "point
cloud"” data as output from REALM. These data were then output to the de-
liverable ASCII1, space delimited, CTIXYZ format, (see attribute section
for explanation of ASCII file syntax).
Process Date: 20060324
Process_Contact:
Contact_Information:
Contact_Person Primary:
Contact_Person: Robert T. Thomason Jr.
Contact_Organization: AeroMap U.S.
Contact_Position: LIDAR Production Manager
Contact_Address:
Address_Type: mailing and physical address
Address: 2014 Merrill Field Drive
City: Anchorage
State_or_Province: Alaska
Postal _Code: 99501-4116
Country: USA
Contact_Voice Telephone: 907-677-9635
Contact_Facsimile_Telephone: 907-274-3265
Contact_Electronic_Mail_Address: thomason@aeromap.com
Hours_of Service: 8:00 am to 5:00 pm Alaska Time
Cloud_Cover: none
Spatial _Data_Organization_Information:
Direct_Spatial_Reference_Method: Point
Point_and_Vector_Object_ Information:
SDTS_Terms_Description:
SDTS_Point_and Vector Object Type: Entity point
Point_and_Vector Object Count: 1,605,257,945
Spatial_Reference_Information:
Horizontal Coordinate_System Definition:
Planar:
Grid_Coordinate_System:
Grid_Coordinate_System Name: Universal Transverse Mercator
Universal_Transverse_ Mercator:
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UTM_Zone_Number: 3
Transverse_Mercator:
Scale_Factor_at Central Meridian: 0.999600
Longitude of Central_Meridian: -165.000000
Latitude_of Projection_Origin: 0.000000
False_Easting: 500000.000000
False_Northing: 0.000000
Planar_Coordinate_Information:
Planar_Coordinate Encoding_Method: coordinate pair
Coordinate_Representation:
Abscissa_Resolution: 0.000512
Ordinate_Resolution: 0.000512
Planar_Distance_Units: meters
Geodetic_Model:
Horizontal Datum_Name: North American Datum of 1983
Ellipsoid_Name: Geodetic Reference System 80
Semi-major_Axis: 6378137.000000
Denominator_of Flattening_Ratio: 298.257222
Vertical_Coordinate_System Definition:
Altitude_System Definition:
Altitude_Datum_Name: Ellipsoidal Heights
Altitude_Resolution: .01
Altitude Distance Units: meters
Altitude_Encoding_Method: Attribute values
Depth_System Definition:
Entity and Attribute_Information:
Detailed Description:
Entity Type:
Entity Type Label: *_xyz
Entity_ Type_Definition: ASCII1 text data fields
Entity Type Definition_Source: Software Generated
Detailed Description:
Entity Type:
Entity Type Label: C
Entity_Type_Definition: LIDAR "Class™ of data point
Entity Type Definition_Source: Software generated
Detailed Description:
Entity Type:
Entity Type Label: T
Entity_Type_Definition: LIDAR GPS Timestamp number
Entity Type Definition_Source: Software generated
Detailed Description:
Entity Type:
Entity Type Label: 1
Entity_Type_Definition: LIDAR "Intensity" value of data point
Entity Type Definition_Source: Software Generated
Detailed Description:
Entity Type:
Entity_Type_Label: X
Entity_Type_Definition: Horizontal easting location of data point
Entity_Type_Definition_Source: Software Generated
Detailed Description:
Entity Type:
Entity_Type_Label: Y
Entity_Type_Definition: Horizontal northing of data point
Entity_Type_Definition_Source: Software Generated
Detailed Description:
Entity Type:
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Entity Type Label: Z
Entity Type Definition: Vertical elevation of data point

Entity Type Definition_Source: Software Generated
Overview_Description:
Distribution_Information:
Distributor:
Contact_Information:

Contact_Organization_Primary:
Contact_Organization: AeroMap U.S.
Contact_Person: Robert T. Thomason Jr.

Contact_Position: LIDAR Production Manager

Contact_Address:

Address_Type: mailing and physical address
Address: 2014 Merrill Field Drive

City: Anchorage

State_or_Province: Alaska

Postal Code: 99501-4116

Country: USA

Contact_Voice_Telephone: 907-677-9635

Contact_Facsimile_Telephone: 907-274-3265

Contact_Electronic_Mail_Address: thomason@aeromap.com

Hours_of Service: 8:00 am to 5:00 pm Alaska Time

Resource_Description: LIDAR- AKO0301 & AK0302
Distribution_Liability:

AeroMap U.S. assumes no liability for the data

being used for purposes other than stated in this document.
Standard_Order_Process:

Digital_Form:

Digital_Transfer_Information:
Transfer_Size: 0.041

Available Time_Period:

Time_Period_Information:

Single_Date/Time:

Calendar_Date: unknown
Metadata_Reference_Information:
Metadata Date: 20060324
Metadata Contact:
Contact_Information:

Contact_Organization_Primary:
Contact_Organization: AeroMap U.S.
Contact_Person: Robert T. Thomason Jr.

Contact_Position: LIDAR Production Manager

Contact_Address:

Address_Type: mailing and physical address
Address: 2014 Merrill Field Drive

City: Anchorage

State_or_Province: Alaska

Postal Code: 99501-4116

Contact_Voice_Telephone: 907-677-9635

Contact_Facsimile_Telephone: (907) 274-3265

Contact_Electronic_Mail_Address: thomason@aeromap.com

Metadata Standard Name: FGDC Content Standards for Digital Geospatial
Metadata

Metadata_Standard_Version: FGDC-STD-001-1998

Metadata Time_Convention: local time
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12. ACCURACY REPORT

Both Areas 301 and 302 had two different flight plans for data acquisition. All of the coastal
areas were covered with a higher altitude - 2,000 meters Above Ground Level (AGL), flight
plan designed to provide 2 meter average data postings, and to meet the required vertical
accuracy of 0.30 meter RMSE. The areas near the communities of Shishmaref (Area 301),
and Kivalina (Area 302), had areas where higher accuracy was required and there were addi-
tional flight plans designed at 1,200 metes AGL with average data postings of 1 meter. These
lower altitude flight lines were also designed to meet a vertical accuracy requirement of 0.30
meter RMSE.

In all cases, the horizontal accuracy was to be the published manufacturer’s specification of
better than 1:2000 of the flying height. This meant that the horizontal accuracy of the LIDAR
data points in the 2,000 meter AGL flight plans could vary up to 1.0 meter, and up to 0.6
meter for the 1,200 meter AGL flight plans.

See Section 2 — Planning, for more detail on flight plan design.

Fundamental Vertical Accuracy Statements
The LIDAR data for the 2,000 meter flight plans have been compiled to meet a Fundamental
Vertical Accuracy of 0.30 meter RMSE.

The LIDAR data for the 1,200 meter flight plans have been compiled to meet a Fundamental
Vertical Accuracy of 0.30 meter RMSE.

Fundamental Vertical Accuracy is defined as the value by which vertical accuracy can be
equitably assessed and compared among datasets. The fundamental Vertical Accuracy of a
dataset must be determined by check points located only in open flat terrain where there is a
very high probability that the sensor will have detected the ground.

12.1 - Airport Accuracy Reports

This following section describes the process used to determine how the LIDAR data com-
pares to the required project specifications. This section also includes supporting documenta-
tion and maps organize in the following sub-sections:

= 12.2 Software and processes used to compute accuracy reports

= 12.3 TerraMatch results - Kotzebue, Shishmaref & Wales runways

= 12.4 TerraScan Output Control Reports - Wales & Shishmaref runways
= 12.5 JOA LIDAR Check Points

= 12.6 Maps of LIDAR QC Check points

= 12.7 TerraScan Output Control Reports - JOA LIDAR Check Points
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12.2 - Software and Processes Used To Compute Accuracy Reports
AeroMap uses the software suite called Terrasolid from Finland (http://www.terrasolid.fi/).
This software has become the de facto standard for LIDAR data processing for Optech
ALTM systems. The accuracy reports in sections 12.3, 12.4 and 12.7 have been compiled
from output reports from a Terrasolid software module called TerraScan and TerraMatch,
which analyze both the quality of data upon itself, quality of data when compared to ground
control, and any suggested calibration changes in pitch, roll, scale, and Dz or vertical consis-
tency and bias.

During the autumn of 2004, some of the intermediate data files and accuracy reports were
thought lost because of an unusual double failure of a RAID server, and a corrupted backup
tape. These files were subsequently reconstructed, however this is no longer an issue as new
intermediate files and reports have been created from the reprocessed raw data for this report.

12.3 - TerraMatch Results on Kotzebue, Shishmaref and Wales Runways
The following tables show the results from flights designed for checking system calibration
with the TerraMatch module from Terrasolid. These reports show how well the LIDAR data
checks on itself, and confirms that system calibration has not drifted or been jarred out of
specified limits from the system’s last calibration flight in Anchorage. These tables show a
check of the LIDAR data without the inclusion of check points.

Table 12.3.1 - Kotzebue Airport TerraMatch Flight Results July 19, 2004 JD 201

Trajectories:
H:\6030810_NOAA\Kotzebue_ TMatch\trj\
No known points

Observe every 1th point

Intensity not used

Solution for whole data set

Starting average dz: 0.0388 m
Final average dz: 0.0390 m Should not exceed 10 cm
Standard error of unit 0.0174 m
Execution time: 17.6 sec

Number of iterations: 2

Points 749300

Roll shift +0.0003 Std dev 0.0000 Should not exceed 0.005 degrees
Pitch shift -0.0002 Std dev 0.0002 Should not exceed 0.005 degrees
Scale +0.00012 Should not exceed 0.0005

Check Points

Average magnitude: 0.0533 m Should not exceed 0.10 meter
Flightline Points Magnitude Dz
7 296003 0.0320 -0.0138
8 329629 0.0306 -0.0131
10 432919 0.0690 +0.0233
11 360800 0.0727 -0.0248
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http://www.terrasolid.fi/

Table 12.3.2 - Shishmaref Airport TerraMatch Flight Results August 6, 2004 JD 219

Trajectories:
h:\6030810_noaa\Shishmaref_TMatch\203\TRJ\
No known points

Observe every 1th point

Intensity not used

Solution for whole data set

Starting average dz: 0.0480 m
Final average dz: 0.0486 m Should not exceed 10 cm
Standard error of unit 0.0217 m
Execution time: 31.4 sec
Number of iterations: 2
Points 1189850
R shift -0.0004 Std dev 0.0000 Should not exceed 0.005 de-
P shift -0.0004 Std dev 0.0001 grees
Scale +0.00007 Should not exceed 0.005 de-
grees
Should not exceed 0.0005
Used loaded points
Average magnitude: 0.0721 m Should not exceed 0.10 meter
Flightline Points Magnitude Dz
7 729986 0.1009 -0.0001
8 842153 0.0786  +0.0472
10 488704 0.0416 -0.0265
11 378646 0.0413 -0.0237

Table 12.3.3 - Wales Airport TerraMatch Flight Results August 11, 2004 JD 224

Trajectories:

h:\6030810_ noaa\Wales_TMatch\TRJ\
No known points

Observe every 1th point

Intensity not used

Solution for whole data set

Starting average dz: 0.0371 m
Final average dz: 0.0371 m Should not exceed 10 cm
Standard error of unit 0.0166 m
Execution time: 8.9 sec
Number of iterations: 1
Points 364410
R shift +0.0000 Std dev 0.0000 Should not exceed 0.005 de-
P shift -0.0002 Std dev 0.0000 grees
Scale +0.00000 Should not exceed 0.005 de-
grees
Should not exceed 0.0005
Used loaded points
Average magnitude: 0.0408 Should not exceed 0.10 meter
Flightline Points Magnitude Dz
8 120860 0.0390 -0.0084
9 125147 0.0372 -0.0161
11 73619 0.0459 -0.0335
12 64777 0.0451 -0.0189
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12.4 - TerraScan Output Control Reports - Wales & Shishmaref Runways
The following tables show the results from flights designed for checking system calibration
using many check points on the runway surface. JOA established many hundreds of points
collected by Post Processed Kinematic methods. A GPS antenna and receiver was mounted
on a “4 wheeler” All Terrain Vehicle (ATV), and a series of profiles were run up and down
the runways. The average spacing of points along the profiles was approximately 1 meter
(depending on the speed of the ATV). These runway check points were provided to AeroMap
by JOA, and a module within TerraScan called “Output Control Report” (OCR) was run to
compare the LIDAR data to the numerous runway points. This module develops a Triangu-
lated Irregular Network (TIN) of the LIDAR data and then computes what the value of the
LIDAR data would be at the known ground point. The Dz value shown in the right column is
the computed LIDAR data minus the known ground point value. The runway data was edited
before the OCR process to delete numerous points at the start and end of the PPK survey
where the receiver was not moving because of static observations, or moving so slowly that
the values of the ground points are nearly the same. The listing in this report only shows the
start and end of the listing along with the statistics for brevity and clarity sake. The full data
set is contained in a digital file on CD which accompanies this report.

When a point is in the listings has a notation of “outside”, it means that the control point does
not fall within a valid LIDAR surface model triangle. This may be caused by:
e The control point being outside the area covered by LIDAR data OR,
e The control point is inside a triangle longer than given maximum triangle length. See
Figure 12.1 below. For this project, the maximum triangle size for the TerraScan
Output Control Reports is 15 meters
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Figure 12.1 - Example of check point marked "outside™ when triangle size is exceeded
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Table 12.4.1 - Wales Runway Ground Truth Survey

Area: AKO0301 (2 meter)
Mission Number: 430Q22404B

Date: August 11, 2004 (JD 224)

Output Control Report using Wales Runway Ground Truth Points

Projection: UTM Meters Zone 3

Vertical Datum: GRS80 Ellipsoid Heights

C:\WORK_DIRECTORY\NEW_NOAA\QAQC\Wales Runway Point List Static Removed.txt

Number

Easting

Northing

Known Z

Laser Z

Dz

Average dz
Minimum dz
Maximum dz

Average magnitude
Root mean square
Std deviation

Number of Points

357599.396
357599.537
357599.672

——————— Removed

357405.385
357404 .738
357404 .082
357403.447
357402.815

——————— Removed

357535.548
357535.689
357535.844
357535.981
357536.136

——————— Removed

357598.970
357599.110
357599.256

-0.299

-1.028

+0.049
0.300
0.366
0.210
8046

7281891.118
7281891 .860
7281892 .604

data for brevity

7280694 .355
7280694 .464
7280694 .602
7280694 .749
7280694 .910

data for brevity

7281571.096
7281571 .883
7281572 .677
7281573.470
7281574 .261

data for brevity

7281888 .859
7281889.620
7281890.365

10.077
10.060
10.067
10.050
10.061

9.387
9.391
9.400

outside
outside
outside

outside
outside
outside

* Qutside means that the control point does not fall within a valid LIDAR
surface model triangle. This may be caused by: The control point being

outside the area covered by LIDAR data OR, the control point is iInside a
triangle longer than given maximum triangle length.

The listing in this report only shows portions of the complete listing
along with the statistics for brevity and clarity sake. The full data set
is contained in a digital file on CD that accompanies this report.
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Table 12.4.2 - Shishmaref Runway Ground Truth Survey

Area: AKO0301 (1 meter)
Mission Number: 43Q20404A
Date: July 22, 2004 (JD 204)

Output Control Report using Shishmaref Runway Ground Truth Points

Projection: UTM Meters Zone 3

Vertical Datum: GRS80 Ellipsoid Heights

C:\WORK_DIRECTORY\NEW_NOAA\QAQC\Shishmarif Runway UTM_QAQC.txt

Number

2320
2321
2322
2323
2324
2325
2326
2327
2328
2329

Average dz
Minimum dz
Maximum dz

Average magnitude
Root mean square
Std deviation

Number of Points

* Qutside means that the control point does not fall within a valid LIDAR

Easting

451514 .607
451514 .613
451514 .610
451514 .613
451514 .609
451514 .611
451514 .608
451514 .612
451514 .610
451514 .611

——————— Removed

451514 .543
451514 .538
451514 .542
451514 .541
451514 .544
451514 .539
451514 .541
451514 537
451514 .538
451509.966

-0.051

-0.347

+0.168
0.070
0.088
0.072
2329

Northing

7348506.171
7348506.171
7348506.171
7348506.171
7348506.171
7348506.170
7348506.172
7348506.173
7348506.171
7348506.171

data for brevity

7348507 .428
7348507 .426
7348507 .429
7348507 .425
7348507 .424
7348507 .431
7348507 .427
7348507 .431
7348507 .428
7348505.769

Known Z

Laser Z

aooooooooag

surface model triangle. This may be caused by: The control point being

outside the area covered by LIDAR data OR, the control point is iInside a

triangle longer than given maximum triangle length.

The listing in this report only shows portions of the complete listing
along with the statistics for brevity and clarity sake.
is contained in a digital file on CD that accompanies this report.

The full data set
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12.5 - JOA LIDAR Check Points

Thirty-four LIDAR check points were surveyed on the ground by John Oswald and Associates and
sent to NOAA along with his report in December 2004. The following checkpoint list (Table
12.5.2) for AK0301 are from that report, only “Station Type 4’ points are check points. Maps
showing the location of these LIDAR check points are listed in Section 12.6. These LIDAR check
points were used in developing “Output Control Reports” (OCR) from the TerraScan software to
compare the LIDAR data to the check points. This OCR process is described in more detail at the
beginning of Section 12.4.

There were 6 missions flown in the AK0301 Area, however only four of the missions had LIDAR
check points in the LIDAR swath data. These OCR listings are tabulated below in Table 12.5.1,
and are contained in Section 12.7 TerraScan Output Control Reports - JOA LIDAR check points.

Table 12.5.1 - Missions and OCR Tables

Number
Julian OCR Com- |of QC Pts
Day and | Planned plete in OCR [ OCR List-
Mission | Spacing | Check Pts | (Check |ing (Table
Number (m) (Y/N) Points) |Reference)
203C 2 Y 17 12.7.1
204A 2 Y 9 12.7.2
224B 2 Y 10 12.7.3
204A 1 Y 11 12.7.4
219A 1 NO CHK PTS - N/A
224B 1 NO CHK PTS - N/A

Table 12.5.2 - NGS Project AK0301 Final Values From JOA

Ellipsoid Height

Station

Location Check point Latitude (N) Longitude (W) (meters) Type
CP1A 65° 37' 22.827" 168° 06' 00.154" 9.04 4
CP1B 65° 37' 00.556" 168° 05' 41.617" 8.79 4
CP1C 65° 38' 11.862" 168° 07' 11.202" 5.69 4
Wales, AK CP1D 65° 38'50.967" | 168° 07' 09.846" 5.9 4

Control Station:

Wales Base Station CP1E 65° 39' 05.255" 168° 07' 06.134" 5.78 4
CP1F 65° 37' 42.650" 168° 05' 34.444" 9.23 4
460 A 65° 37" 28.983" 168° 01" 33.332" 7.45 3
WALE 65° 36° 59.284” 168°0 5’ 36.981” 17.18 5
CP2A 65° 53' 42.620" 167° 16' 33.723" 7.3 4
CP2B 65° 53' 44.563" 167° 16' 25.472" 7.1 4
Ikpek, AK CcpP2C 65° 53' 53.243" 167° 16' 08.292" 6.58 4
Control Stations: CP2D 65° 53' 39.296" 167° 17' 04.288" 6.89 4
Wa:ge:sit 2{‘;32’,?5'ef CP2E 65° 53' 33.672" 167° 17' 20.012" 6.79 4
IKPE 65° 53" 37.512" 167°16'44.483" 10.97 3
WALE 65° 36° 59.284” 168° 05’ 36.981” 17.18 5
SHIS 66° 15’ 18.974” 166° 04’ 11.325” 12.09 5
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CP3A 66° 12' 34.156" 166° 14' 17.233" 4.62 4

CP3B 66° 11' 20.220" 166° 19' 16.286" 4.46 4

CP3C 66° 11' 15.280" 166° 19' 39.438" 4.82 4

SW of Shishmaref CP3D 66° 11' 11.682" 166° 19' 48.843" 5.06 4
Control Station: , " , "

Shishmaref Base Station CP3E 66° 11' 08.056 166° 20' 03.977 4.74 4

CP3F 66° 12' 33.013" 166° 14' 13.962" 4.43 4

854B 66° 15' 50.900"" 166° 01' 14.700" 5.18 3

SHIS 66° 15’ 18.974” 166° 04’ 11.325” 12.09 5

CP4A 66° 19' 06.288" 165° 50' 26.803" 4.46 4

CP4B 66° 19' 01.064" 165° 50' 38.103" 4.62 4

NE of Shishmaref CP4C 66° 18' 58.781" 165° 50' 47.622" 4.74 4

Control Station: CP4D 66° 18' 58.215" 165° 51' 02.054" 4.62 4

Shishmaref Base Station CP4E 66° 18' 52.871" 165° 51' 19.669" 4.48 4

854B 66° 15' 50.900"" 166° 01' 14.700" 5.18 3

SHIS 66° 15’ 18.974” 166° 04’ 11.325” 12.09 5

CP5A 66° 31' 36.006" 164° 47' 50.460" 5.58 4

CP5B 66° 31' 33.576" 164° 48' 04.056" 5.32 4

Lagoon at 165W CP5C 66° 31' 28.598" 164° 48' 44.612" 4.33 4

Control Station: CP5D 66° 31' 24.216" 164° 49' 05.268" 4.36 4

Shishmaref Base Station CP5E 66° 31' 15.503" 164° 49' 28.696" 4.43 4

CP5F 66° 31' 21.702" 164° 49' 10.180" 4.45 4

SHIS 66° 15’ 18.974” 166° 4’ 11.325” 12.09 5

CP6A 66° 35' 32.927" 163° 57' 28.741" 8.79 4

CP6B 66° 35' 32.391" 163° 56' 58.510" 7.54 4

CP6C 66° 35' 37.763" 163° 56' 18.158" 4.46 4

Espenberg CP6D 66° 35' 29.311" 163° 55' 56.697" 8.85 4

Control Station: CP6E 66° 35' 29.134" 163° 55' 46.970" 9.16 4

Shishmaref Base Station CP6F 66° 35' 31.994" 163° 58' 02.226" 4.75 4

KGRK 66° 35' 34.908” 163° 57’ 02.175” 15.94 1

KGAZ 66° 35' 27.056" 163° 58' 12.684" 10.27 4

SHIS 66° 15’ 18.974” 166° 04’ 11.325” 12.07 5

Note 1) Datum NAD83(CORS96)(EPOCH:2003.0000).
Note 2) Bold points were used in the processing and adjustment of the check

points, even though they are not LIDAR check points.

Note 3) Precise ephemeris from IGS used for each solution.
Note 4) The coordinate for KGRK in this table was derived by JOA, which differs

from the published coordinates in section VI B.
Note 5) Station type: 1 - Existing NSRS horizontal stations
3 - Existing horz. & vert. stations
4 - Check points surveyed
5 - GPS base station, survey described in
"GPS Base Station Report: NGS Projects AK0301 & AK0302"
by JOA and submitted to AeroMap on September 22, 2004
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12.6 - Maps of LIDAR QC Check Points
The following pages have maps of the AK0301 Area and the location of the check points,
both as an overview and by inset areas.

"'

12 18 24 30 36

Data Zoom 7-1

6

0

MM (14.1° E)

[AKO301 - Location of 35 LIDAR]

Data use subject to license.
© 2004 DelLorme. XMap® 4.5,

wisny delorme.com
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12.7 - TerraScan Output Control Reports - JOA LIDAR Check Points

See Sections 12.4 and 12.5 for narrative of how the following tables were developed. See
Section 4 - Flight Line Maps and Coverage which relate to these tables by Julian Day. See
Section 14 Results and Problems for a discussion and summary of these tables.

Table 12.7.1 - Area: AK0301 (2 meter)

Mission Number: 43Q20304C Date: July 21, 2004 (JD 203)
Output Control Report using LIDAR QC Check Points

Projection: UTM Meters Zone 3 Vertical Datum: GRS80 Ellipsoid Heights

E:\WORK_DIRECTORY\6030810_ Last_NOAA\QAQC\AK301 QC_CheckpointsOnly UTM3_ENh.txt

Number Sta_Name Easting Northing Known Z Laser Z Dz
1 CP1A 357271.731 7281408.578 9.040 outside *
2 CP1B 357474.726 7280708.046 8.790 outside *
3 CP1C 356438.981 7282970.174 5.690 outside *
4 CP1D 356516.352 7284178.837 5.900 outside *
5 CP1E 356585.683 7284618.415 5.780 outside *
6 CP1F 357630.505 7282005.525 9.230 outside *
7 CP2A 396292.949 7310106.279 7.300 outside *
8 CP2B 396399.524 7310162.620 7.100 outside *
9 CpP2C 396626.604 7310423.355 6.580 outside *
10 CP2D 395902.482 7310017.474 6.890 outside *
11 CP2E 395697.179 7309850.691 6.790 outside *
12 CP3A 444270.232 7343811.469 4.620 4.730 +0.110
13 CP3B 440483.240 7341599.039 4.460 4.680 +0.220
14 CP3C 440190.325 7341452.238 4.820 5.070 +0.250
15 CP3D 440070.279 7341343.352 5.060 4.990 -0.070
16 CP3E 439878.516 7341235.131 4.740 4.970 +0.230
17 CP3F 444310.426 7343775.275 4.430 4.690 +0.260
18 CP4A 462317.241 7355655.244 4.460 4.580 +0.120
19 CP4B 462174.385 7355495.399 4.620 4.780 +0.160
20 CP4C 462054.919 7355426.316 4.740 4.940 +0.200
21 CP4D 461875.001 7355411.230 4.620 4.750 +0.130
22 CP4E 461653.429 7355248.765 4.480 4.620 +0.140
23 CP5A 509007.503 7378630.616 5.580 5.670 +0.090
24 CP5B 508839.876 7378554.834 5.320 5.350 +0.030
25 CP5C 508339.588 7378399.147 4.330 4.450 +0.120
26 CP5D 508084 .927 7378262.709 4.360 4.490 +0.130
27 CP5E 507796.385 7377992.093 4.430 4.590 +0.160
28 CP5F 508024.496 7378184.689 4.450 4.610 +0.160
29 CP6A 546192.057 7386337.546 8.790 outside *
30 CP6B 546564 .564 7386327.190 7.540 outside *
31 CP6C 547058.584 7386501.915 4.460 outside *
32 CP6D 547327.289 7386244.742 8.850 outside *
33 CP6E 547447 .154 7386241.313 9.160 outside *
34 CP6F 545780.239 7386301.809 4.750 outside *
Average dz +0.144

Minimum dz -0.070

Maximum dz +0.260

Average magnitude 0.152

Root mean square 0.164

Std deviation 0.081

Number of Pts 17

* Qutside means that the control point does not fall within a valid LIDAR surface
model triangle. This may be caused by: The control point being outside the area
covered by LIDAR data OR, the control point is inside a triangle longer than given
maximum triangle length.
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Table 12.7.2 - Area: AK0301 (2 meter)

Mission Number: 43Q2040

Date: July 22, 2004 (JD 204)

4A

Output Control Report using LIDAR QC Check Points

Projection: UTM Meters Zone 3
Vertical Datum: GRS80 Ellipsoid Heights

E:\WORK_DIRECTORY\6030810_Last NOAA\QAQC\AK301_QC_CheckpointsOnly_UTM3_ENh.txt
Known Z
7281408.
7280708.
7282970.
7284178.
7284618.
7282005.
7310106.
7310162.
7310423.
7310017.
7309850.
7343811.
7341599.
7341452.
7341343.
7341235.
7343775.
7355655.
7355495.
7355426.
7355411.
7355248 .
7378630.
7378554 .
7378399.
7378262.
7377992.
7378184.
7386337 .
7386327.
7386501.
7386244 .
7386241.
7386301.

Number  Sta Name  sting

1 CP1A 357271.731
2 CP1B 357474.726
3 CP1C 356438.981
4 CP1D 356516.352
5 CP1E 356585.683
6 CP1F 357630.505
7 CP2A 396292 .949
8 CP2B 396399.524
9 CpP2C 396626 .604
10 CP2D 395902 .482
11 CP2E 395697 .179
12 CP3A 444270.232
13 CP3B 440483.240
14 CP3C 440190.325
15 CP3D 440070.279
16 CP3E 439878.516
17 CP3F 444310.426
18 CP4A 462317.241
19 CP4B 462174.385
20 CP4C 462054 .919
21 CP4D 461875.001
22 CP4E 461653.429
23 CP5A 509007 .503
24 CP5B 508839.876
25 CP5C 508339.588
26 CP5D 508084 .927
27 CP5E 507796 .385
28 CP5F 508024 .496
29 CP6A 546192 .057
30 CP6B 546564 .564
31 CP6C 547058.584
32 CP6D 547327 .289
33 CP6E 547447 .154
34 CP6F 545780.239
Average dz -0.001
Minimum dz -0.420
Maximum dz +0.270
Average magnitude 0.212
Root mean square 0.238
Std deviation 0.252
Number of Pts 9

* Qutside means that the control point does not fall within a valid LIDAR surface
model triangle. This may be caused by: The control point being outside the area
covered by LIDAR data OR, the control point is inside a triangle longer than given

maximum triangle length

Northing

039
238
352
131
275
244
399
316
230
765
616
834
147
709
093
689
546
190
915
742
313
809

POOA~NOADMADNUUOADMDMDMADMIAMDMNOUORADMNDIAMOOONNOOGIUIOUIOOO

-460
.820
.060
.740
-430
-460
.620
.740
.620
.480
.580
.320
.330
.360
.430
.450
.790
.540
.460
.850
.160
.750

Laser Z

outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside

4.
4.

100
050

outside

4.

030

8.840

OO~

.810
.580
.090
.300
.880

-0.
-0.

-0.
+0.
+0.
+0.
+0.
+0.
+0.

Dz

ook % o b 3 R 3k ok X b X b % Ok % X ok X ok X X

W N
=W
oo

*

420
050
270
120
240
140
130
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Table 12.7.3 - Area: AK0301 (2 meter)
Mission Number: 43Q22404B
Date: August 11, 2004 (JD 224)

Output Control Report using LIDAR QC Check Points

Projection: UTM Meters Zone 3
Vertical Datum: GRS80 Ellipsoid Heights

C:\WORK_DIRECTORY\NEW_NOAA\NQAQC\AK301_QC_CheckpointsOnly_UTM3_ENh.txt

Number Sta_Name Easting
1 CP1A 357271.
2 CP1B 357474.
3 CP1C 356438.
4 CP1D 356516.
5 CP1E 356585.
6 CP1F 357630.
7 CP2A 396292.
8 CP2B 396399.
9 CcpP2C 396626 .
10 CP2D 395902.
11 CP2E 395697 .
12 CP3A 444270.
13 CP3B 440483.
14 CP3C 440190.
15 CP3D 440070.
16 CP3E 439878.
17 CP3F 444310.
18 CP4A 462317.
19 CP4B 462174.
20 CP4C 462054 .
21 CP4D 461875.
22 CP4E 461653.
23 CP5A 509007 .
24 CP5B 508839.
25 CP5C 508339.
26 CP5D 508084
27 CP5E 507796.
28 CP5F 508024.
29 CP6A 546192.
30 CP6B 546564 .
31 CP6C 547058.
32 CP6D 547327.
33 CP6E 547447 .
34 CP6F 545780.
Average dz +0.188
Minimum dz -0.160
Maximum dz +0.450
Average magnitude 0.242
Root mean square 0.271
Std deviation 0.205
Number of Pts 10

240
325
279
516
426
241
385
919
001
429
503
876
588
927
385
496
057
564
584
289
154
239

Northing

7281408.
7280708.
7282970.
7284178.
7284618.
7282005.
7310106.
7310162.
7310423.
7310017.
7309850.
7343811.
7341599.
7341452.
7341343.
7341235.
7343775.
7355655.
7355495.
7355426
7355411.
7355248 .
7378630.
7378554.
7378399.
7378262.
7377992.
7378184.
7386337.
7386327 .
7386501.
7386244 .
7386241.
7386301.

039
238
352
131
275
244
399
316
230
765
616
834
147
709
093
689
546
190
915
742
313
809

Known Z
.160
.110
.150
.200
.210

*

POOANOADMIADDUOOARMDMDIMAEADMIAMDIMNOOLADMDIMNOOONNOOIOIOIOO

-460
-820
-060
.740
-430
-460
-620
.740
-620
-480
-580
.320
-330
-360
-430
-450
-790
.540
-460
-850
-160
.750

Laser Z

5.990
outside

7.730

7.550

6.670

7.190

7.110
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside

Dz

-430
-450

Wwo
N O ©
[eNeNe]

*

ok % R X R X R 3 kX Ok X R X ok X X kX ok

* Qutside means that the control point does not fall within a valid LIDAR surface
model triangle. This may be caused by: The control point being outside the area

covered by LIDAR data OR, the control point is inside a triangle longer than given
maximum triangle length.
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Table 12.7.3 - Area: AK0301 (1 meter)
Mission Number: 43Q20404A
Date: July 22, 2004 (JD 204)

Output Control Report using LIDAR QC Check Points

Projection: UTM Meters Zone 3

Vertical Datum: GRS80 Ellipsoid Heights

C:\WORK_DIRECTORY\NEW_NOAA\QAQC\AK301_QC_CheckpointsOnly_UTM3_ENh.txt
Northing

Number Sta_Name
1 CP1A
2 CP1B
3 CP1C
4 CP1D
5 CP1E
6 CP1F
7 CP2A
8 CP2B
9 CpP2C
10 CP2D
11 CP2E
12 CP3A
13 CP3B
14 CP3C
15 CP3D
16 CP3E
17 CP3F
18 CP4A
19 CP4B
20 CP4cC
21 CP4D
22 CP4E
23 CP5A
24 CP5B
25 CP5C
26 CP5D
27 CP5E
28 CP5F
29 CP6A
30 CP6B
31 CP6C
32 CP6D
33 CP6E
34 CP6F

Average dz
Minimum dz
Maximum dz
Average magnitude
Root mean square
Std deviation
Number of Points

* Qutside means that the control point does not fall within a valid LIDAR surface
model triangle. This may be caused by: The control point being outside the area
covered by LIDAR data OR, the control point is inside a triangle longer than given

East

357271.
357474.
356438.
356516.
356585.
357630.
396292.
396399.
396626 .
395902.
395697.
444270.
440483.
440190.
440070.
439878.
444310.
462317.
462174.
462054.
461875.
461653.
509007.
508839.
508339.
508084.
507796.
508024.
546192.
546564 .
547058.
547327 .
547447 .
545780.

-0.
-0.
+0.
0.
0.
0.
11

maximum triangle length.

ing

240
325
279
516
426
241
385
919
001
429
503
876
588
927
385
496
057
564
584
289
154
239

017
190
060
045
068
069

7281408.
7280708.
7282970.
7284178.
7284618.
7282005.
7310106.
7310162.
7310423.
7310017.
7309850.
7343811.
7341599.
7341452.
7341343.
7341235.
7343775.
7355655.
7355495.
7355426.
7355411.
7355248.
7378630.
7378554
7378399.
7378262.
7377992.
7378184.
7386337.
7386327.
7386501.
7386244 .
7386241.
7386301.

039
238
352
131
275
244
399
316
230
765
616
834
147
709
093
689
546
190
915
742
313
809

POOA~NOADMADNUUOADMDMDMADMNIAMDMNOUORADMNDIAMOOONNOOGIUIUIOO

Known Z

-460
.820
.060
.740
-430
.460
.620
.740
.620
.480
.580
.320
.330
.360
.430
.450
.790
.540
.460
.850
.160
.750

Laser Z

outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
.430
.480
.860
.120
.740
.360
.490
.570
.730
.610
.470
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside
outside

AADMAMDMDIMDMOOLADSDS

-0.
+0.
+0.
+0.
+0.
-0.
+0.
-0.
-0.
-0.
-0.

Dz

ok o %k X ok X ok X %

*

or
N ©
[eNe]

040
060

ok % o X o X X % X %
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13. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

Quality Assurance/Quality Control is an integral part of all aspects of any AeroMap LIDAR
project. This begins at the mission planning stages, and continues through the field opera-
tions and data processing/data delivery in the office. Here below are the steps AeroMap uses
for Quality Control and Quality Assurance for LIDAR projects.

1. Proposal/Mission Planning — AeroMap uses a series of checklists for most as-
pects of the Quality Assurance/Quality Control. This is true in the pro-
posal/mission planning stage. The checklists insure that we have a clear under-
standing of the Scope of Work, Schedule, and Deliverables for the project.
Mission planning checklists insure that the optimum plan is designed to cover the
survey area with flight lines to meet the survey accuracy requirement for each
specialized area of terrain and building/vegetation cover. Proposal checklists are
used to insure that all technical phases of the project are properly described.

2. Field Operations — Checklists and procedures cover all critical phases of field op-
erations. These include:

a. Geodetic Survey, Calibration and Quality Control Surveys — These types
of GPS surveys have industry/government guidelines established to insure
that the accuracy required is met. In addition, AeroMap has checklists for
observations and operations. Whenever the Optech ALTM LIDAR system
is installed in a different aircraft, a rigorous survey is performed to accu-
rately define the location of the GPS antenna and ALTM system reference
in the aircraft. This is checked in the office by allowing the post process-
ing software to calculate the lever arms directly from the GPS information.

b. Airborne Data Acquisition — Both manufacturer and AeroMap defined
checklists cover all phases of the airborne data acquisition. The pilot and
operator get instant feedback in a Plan/Progress display that the survey
area is being properly covered. Should there be any gaps that appear in the
data coverage, the operator has procedures to easily add additional flight
lines as needed. Other system parameters like ranging, drop out percent-
age, and GPS status are constantly monitored in the aircraft. Rigorous eye-
safety procedures are followed, and the Optech ALTM has several layers
of interlocks to prevent any operations of the system that may even re-
motely pose an eye safety concern. Before each day’s missions, the GPS
planning is checked to insure that there are an adequate number of satel-
lites in view, and their geometry is such that the PDOP factor is less than
4. In northern climes, space weather is checked daily to assess whether so-
lar activity may cause conditions for unsuitable GPS data collection.

c. Calibration and Ground Truth Checks — AeroMap has a policy of checking
system calibration on the project site. For this project, these checks were
performed at the airports of Kotzebue, Shishmaref and Wales. See Section
5 — Equipment Calibration, and Section 13 — Quality Assurance/Quality
Control for more information on the check surveys.
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3.

Data Processing/Data Delivery — The checklists used in data processing have
been developed both by the manufacturers of the system and the data processing
software, and by AeroMap for specialized data processing operations. Each of
these checklists has parameters that must be met in order to insure LIDAR data
accuracy meets defined project standards. The Quality Control ground surveys
are used to verify that the LIDAR data meets Fundamental Vertical Accuracy
guidelines. AeroMap LIDAR data processors have a previous photogrammetric
background, which adds an additional check on LIDAR data classification and in-
terpretation. Before final data is delivered to the customer, the Project Manager
reviews the data products as a final QC step.

AeroMap U.S.
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14. RESULTS AND PROBLEMS

Results

All areas planned for data acquisition were covered by LIDAR data acquisition flights. See Prob-
lems section below for discussion on tide coordination. All data was acquired during one mobili-
zation to Kotzebue, which spanned the period of July 9 through August 11, 2004.

There were no special problems in the initial data processing, and final “Derived NAVD88” data
deliverables were sent to NOAA on a portable USB 2.0 disk drive on November 29, 2004.

At the request of NOAA on 3 January 2005, AeroMap processed the LIDAR data to ellipsoid
heights and delivered that data set to NOAA on 18 March, 2005. As outlined both in the Execu-
tive Summary that prefaces this report, and the subsection below — Problems, AeroMap found
errors in the data processing of the ellipsoid data set. In order to remedy those errors, AeroMap
has reprocessed all the LIDAR data from the raw data stage, maintaining ellipsoid heights
throughout, and is submitting this Revised Final Report along with the data. The LIDAR data has
been processed using TerraScan software from Terrasolid. No further adjustments to the data
have been performed.

Accuracies
The accuracies specified by NOAA from the Project Instructions dated 14 August 2003 for this
project are:

“The data collection parameters shall be such that the horizontal accuracy shall be 1 meter and
the vertical accuracy 0.3 meter.”

Horizontal accuracies are difficult to assess, but TerraMatch flights performed July 19, August 6,
and August 11 (see Section 12 — Accuracy Report) to check system calibration indicate that the
system is operating within calibration specifications.

From the Output Control Reports (Section 12), all missions which had within them LIDAR
Check Points provided by JOA, had an RMSE of less than 0.30 meter.

Problems

Ellipsoid Data — Data Processing Problems and Remedy:

On 3 January 2005 a NOAA Task Order was issued to provide the LIDAR data in ellipsoidal
heights instead of the original “Derived NAVD88” elevations. The ellipsoidal height data set was
sent to NOAA on March 18, 2005. This was followed by “Final Report AK0301 Shishmaref —
Dates of LIDAR Acquisition July 9 — Aug 12, 2004” submitted in May 2005. As described in the
Executive Summary, NOAA responded with several questions on 20 September 2005. This
resulted in the submission of “Addendum #1 November 2005 — Final Report AK0301 Shish-
maref — Dates of LIDAR Acquisition July 9-August 12, 2004”. The Addendum was shipped to
Aero-Metric on December 1, 2005, and then on to NOAA.

In the course of analyzing the data and writing the Addendum #1 in response to the 20 Septem-
ber 2005 questions, it became apparent that there were some discrepancies with the LIDAR data
in some areas relative to John Oswald and Associates (JOA) LIDAR checkpoint data. Not know-
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ing at the time the reason or extent of the discrepancy problem, AeroMap submitted the Adden-
dum #1 along with a cover letter acknowledging the discrepancies and stating that AeroMap was
beginning an investigation into the cause of the discrepancies.

AeroMap began investigations by conferring with JOA and eliminating all potential problems
(e.g., incorrect antenna height, incorrect control values) in the LIDAR check point survey. When
no errors were found in the JOA survey data, AeroMap began concentrating on the LIDAR data
processing.

At about this same time, NOAA sent a second set of questions on 16 December 2005 related to
Addendum #1.

After the subsequent questions by NOAA, the AeroMap review of the ellipsoid data delivered to
NOAA revealed that not all missions had the correct adjustments applied to bring the “Derived
NAVD88” data to true ellipsoid values.

To remedy this problem and answer all the NOAA questions from 20 September and 16 Decem-
ber 2005, AeroMap decided in January 2006 to start from the initial point where the airborne
trajectories are computed, and reprocess all of the data, holding only ellipsoid values, throughout
to the final LIDAR values.

Just when this reprocessing effort was complete in late January, AeroMap learned from AERO-
METRIC, Inc., that a similar NOAA Shoreline Mapping Project (Area NOAA-NY0401), per-
formed with the same system, had erroneous high points being generated by a bug in the Optech
proprietary REALM processing software. The erroneous high points, which formed a “halo”
effect around certain types of shoal and sandbar terrain, were also found in several areas of the
AKO0301 and AK0302 projects. The remedy for this required a number of weeks of waiting for
and then testing new versions of Optech’s REALM software to eliminate the erroneous high
points. That final version of REALM (Version 3.5.4) was not delivered and thoroughly tested
until the middle of March 2006. At that time, Aeromap once again reprocessed all the LIDAR
data for both the AK0301 and AK0302 project areas. This problem and remedy procedures are
defined in more detail in the Executive Summary that prefaces this report.

Checks have been completed on all missions wherein there are any LIDAR check points as pro-
vided by John Oswald and Associates (JOA). All these LIDAR missions with JOA LIDAR
Check Points meet the project specification of vertical accuracy (0.30 meter RMSE). The results
have been tabulated within this report.

This revised Final LIDAR Report of April 3, 2006 incorporates new sections for the airport
surveys, the checkpoint surveys, and a discussion of the check points relative to the ellipsoid
LIDAR data set All questions or comments, from either the September or December 2005
NOAA e-mails concerning Addendum 1 have been addressed within this revised Final LIDAR
Report of April 3, 2006, and the locations of the answers are outlined in the Executive Summary.

Other Problems

There were three areas where we encountered problems related to the project:
e Operational/Data Acquisition
e System Performance/Maintenance
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e Report Generation

Operational/Data Acquisition — Tide Coordination

The missions were all to be tide coordinated for tides below Mean Lower Low Water (MLLW).
This state of tides in the project area was almost never met due to the small tide range in the area
and the difficulties coordinating airborne missions with the complex conditions that influence
tides in that region (e.g., atmospheric pressure, winds and currents). As a result of continuing
conversations with NOAA, the requirement for all data acquisition to be performed at MLLW or
below was relaxed, first to Mean High Water, then in August to any tide window so that all the
targeted shoreline areas could be covered.

System Performance/Maintenance

The Optech ALTM system performed extremely well throughout the course of the project. There
were two occasions where the laser shutdown on July 21 and August 5, 2004 because of a
“Range Missing” error. This is an occasional software glitch in the ALTM system, and the
manufacturer (Optech), said these errors occasionally happen. In each case, the aircraft landed to
complete the GPS mission, and the system was restarted and data acquisition continued.

Report Generation

This report has taken an unusually long time to generate. Shortly after the final “Derived
NAVDB88” data deliverables were sent to NOAA on November 29, 2004 — AeroMap suffered a
catastrophic failure of its main RAID LIDAR server. In an unfortunate coincidence of having
two RAID drives fail at the same time and having a problem with a corrupted back-up tape, a
significant amount of data for this project was lost. Because of AeroMap’s policy of having
multiple back-ups and archives of the original raw data and final data deliverables, all those files
were quickly recovered. However, many interim files and supporting documentation for the
project were lost. After many weeks of sorting through file fragments left from the RAID server
failure, most of the supporting documentation for this report was re-created, but at the cost of a
long delay in finalizing the initial reports. For this report and data submission, all new interim
data processing files and documentation have been created from the raw data. AeroMap has
instituted changes in the management of LIDAR data to improve data backup and archiving.

Project Management

This project was managed by a joint team with some members located in Sheboygan W1 and
some in Anchorage AK. The Alaska based project manager retired and left the company before
the project was completed with insufficient project hand off. The technician initially in charge of
the REALM LIDAR data processing suffered a debilitating illness which led to long term dis-
ability. These situations led to miscommunications and delays. The steps that AeroMap has taken
to remedy these Project Management problem areas are:

1) For large projects such as this AeroMap will assign a Project Management Team so that
more than one person has a full understanding of the project,

2) AeroMap has hired additional technical staff and has cross trained them in data proc-
essing procedures so that more than one person can handle any particular phase of
data processing.
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