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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: 
 

• Final Report AK0301 Shishmaref – Dates of LIDAR Acquisition July 9-Aug 12, 2004 
• 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 
AK0301 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-NY0401).  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. 
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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).  
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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 I A "Purpose" nor 
paragraph II "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. In the 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. In the 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? I 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 
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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. 

 
5. 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. 

 
6. 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. 

 
7. (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. 

 
8. 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. 
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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. 

  
 

9. In Tables (Section 12.7), I do not understand what is being compare to what. There 
are 79 points here. JOA did 66 points, total, in AK0301and 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 NAVD88 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. Compute a project specific or “pseudo” ellipsoid height for the base stations used at 
the airport in Kotzebue (KOT5 and KOT6), 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. 

2. Compute the GPS and inertial airborne trajectory using the “pseudo” ellipsoid height. 
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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 
AK0302 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: 

• Final Report AK0301 Shishmaref –  
Dates of LIDAR Acquisition July 9 – Aug 12, 2004 

• 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.  

• Aircraft: Cessna Model 320 – Registration Number N3443Q 
• LIDAR System: Optech Model 30/70 Airborne Laser Terrain Mapper (ALTM). Sen-

sor Serial Number 03SEN145, and Control Console Serial Number 03CON152 
• 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 
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2. PLANNING 
 
AeroMap U.S. performed extensive planning of the areas targeted by NOAA. Key aspects in 
the planning process are: 
 

1. Areas to be covered  
2. Type of Terrain 
3. Accuracy requirement for the survey (e.g. 0.15 meter RMSE) 
4. Data density, or average posting of data points (e.g., 1 meter and 2 meter) 
5. Basis of Horizontal and Vertical Control for the Survey (NAD83 and NAVD88) 
6. Datum and Projection for Final Data 
7. Specialized Data Processing Requirements (e.g., bare earth) 
8. Data format of deliverables (e.g., DEM suitable for 2 foot contour) 

 
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:  

• Confirmation of the location of the project areas  
• 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 
• Planned location of calibration check site 
• Planned locations of QC ground surveys 
• 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. 
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Figure 2.1 XMap Flight Lines – 2 meter plan solid red line – 1 meter area is yellow polygon 
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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-NAV 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-NAV 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) 
• Scan Angle (the angle of the sweep) from 0 to 25 degrees on both sides of nadir (total 

angle up to 50 degrees) 
• Scan Rate – the number of times per second the scanning mirror oscillates per second 

(0 to 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-NAV plan file, which was 
then used in the airborne missions to control the ALTM system. 
 
A sample of an ALTM-NAV Planner screen is shown on the next page. 
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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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4.1 Flight Line Worksheets
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4.2 Flight Line Maps
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4.3 Flight Logs
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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 - 1st, 2nd, 3rd, 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 
Final average dz:    0.0390 
Standard error of unit 0.0174 
Execution time: 17.6 sec 
Number of iterations: 2 
Points    749300 
Roll shift   +0.0003  Std dev 0.0000 
Pitch shift   -0.0002  Std dev 0.0002 
Scale    +0.00012 

 
 
 
 
 
 
Should not exceed 10 cm 
 
 
 
 
Should not exceed 0.005 degrees 
Should not exceed 0.005 degrees 
Should not exceed 0.0005  
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Check Points 
Average magnitude:    0.0533 
 
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 

 
Should not exceed 0.10 meter 

 
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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5.1 ALTM Conformance Report
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5.2 ALTM Sensor Calibration Report
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5.3 LIDAR Log Book
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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 
.las 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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Figure 6.1 REALM Processing Flow 
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7. AIRCRAFT NAVIGATION 
 
The Optech 30/70 ALTM provides aircraft navigation from the ALTM-NAV 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-NAV Planner program. 
 

 
 

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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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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9.1 GPS Observation 
Logs
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9.2 NPS-GPS Observation 
Logs
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9.3 NGS Visibility Obstruction – 
KOT5
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9.4 NGS Visibility Obstruction – 
KOT6
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9.5 Survey Station Descrip-
tions
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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. 
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John Oswald & Assoc. - GPS Base Station Report
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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 NAVD88 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 NAVD88 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: 
 

• “Point Cloud” Processing 
• Classification 
• 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-AK0301 & 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 aircraft. 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 ASCII, 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: ASCII 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: I 
      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- AK0301 & 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 
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 
Pitch shift     -0.0002    Std dev  0.0002 
Scale       +0.00012 

 
 
 
 
 
 
 
Should not exceed 10 cm 
 
 
 
 
Should not exceed 0.005 degrees 
Should not exceed 0.005 degrees 
Should not exceed 0.0005  

 
Check Points 
Average magnitude:       0.0533 m 
 
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 

 
Should not exceed 0.10 meter 
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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 
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 
P shift      -0.0004    Std dev  0.0001 
Scale       +0.00007 

 
 
 
 
 
 
 
 
Should not exceed 10 cm 
 
 
 
 
 
 
Should not exceed 0.005 de-
grees 
Should not exceed 0.005 de-
grees 
Should not exceed 0.0005  

 
Used loaded points 
Average magnitude:       0.0721 m 
 
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 

 
Should not exceed 0.10 meter 

 
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 
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 
P shift      -0.0002    Std dev  0.0000 
Scale       +0.00000 

 
 
 
 
 
 
 
 
Should not exceed 10 cm 
 
 
 
 
 
 
Should not exceed 0.005 de-
grees 
Should not exceed 0.005 de-
grees 
Should not exceed 0.0005  

 
Used loaded points 
Average magnitude:       0.0408 
 
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 

 
Should not exceed 0.10 meter 
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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:  

• 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. 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: AK0301 (2 meter) 
Mission Number: 43Q22404B 
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 
----------------------------------------------------------------------- 
1                 357599.396  7281891.118     9.394   outside         * 
2                 357599.537  7281891.860     9.390   outside         * 
3                 357599.672  7281892.604     9.393   outside         * 
---------------------Removed data for brevity---------------------------- 
2536              357405.385  7280694.355     8.868     8.820    -0.048 
2537              357404.738  7280694.464     8.864     8.800    -0.064 
2538              357404.082  7280694.602     8.860     8.770    -0.090 
2539              357403.447  7280694.749     8.863     8.780    -0.083 
2540              357402.815  7280694.910     8.858     8.820    -0.038 
---------------------Removed data for brevity---------------------------- 
15363             357535.548  7281571.096    10.077     9.320    -0.757 
15364             357535.689  7281571.883    10.060     9.240    -0.820 
15365             357535.844  7281572.677    10.067     9.320    -0.747 
15366             357535.981  7281573.470    10.050     9.280    -0.770 
15367             357536.136  7281574.261    10.061     9.290    -0.771 
---------------------Removed data for brevity---------------------------- 
15770             357598.970  7281888.859     9.387   outside         * 
15771             357599.110  7281889.620     9.391   outside         * 
15772             357599.256  7281890.365     9.400   outside         * 
 
Average dz           -0.299 
Minimum dz           -1.028 
Maximum dz           +0.049 
Average magnitude     0.300 
Root mean square      0.366 
Std deviation         0.210 
Number of Points      8046 
 
* Outside 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.  
 
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: AK0301 (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               Easting     Northing   Known Z   Laser Z        Dz 
----------------------------------------------------------------------- 
1                 451514.607  7348506.171     5.740     5.610    -0.130 
2                 451514.613  7348506.171     5.736     5.610    -0.126 
3                 451514.610  7348506.171     5.734     5.610    -0.124 
4                 451514.613  7348506.171     5.733     5.610    -0.123 
5                 451514.609  7348506.171     5.739     5.610    -0.129 
6                 451514.611  7348506.170     5.739     5.610    -0.129 
7                 451514.608  7348506.172     5.740     5.610    -0.130 
8                 451514.612  7348506.173     5.733     5.610    -0.123 
9                 451514.610  7348506.171     5.744     5.610    -0.134 
10                451514.611  7348506.171     5.736     5.610    -0.126 
 
---------------------Removed data for brevity---------------------------- 
 
2320              451514.543  7348507.428     5.732     5.750    +0.018 
2321              451514.538  7348507.426     5.746     5.750    +0.004 
2322              451514.542  7348507.429     5.738     5.750    +0.012 
2323              451514.541  7348507.425     5.743     5.750    +0.007 
2324              451514.544  7348507.424     5.734     5.750    +0.016 
2325              451514.539  7348507.431     5.751     5.750    -0.001 
2326              451514.541  7348507.427     5.738     5.750    +0.012 
2327              451514.537  7348507.431     5.756     5.750    -0.006 
2328              451514.538  7348507.428     5.742     5.750    +0.008 
2329              451509.966  7348505.769     5.839     5.860    +0.021 
 
Average dz           -0.051 
Minimum dz           -0.347 
Maximum dz           +0.168 
Average magnitude     0.070 
Root mean square      0.088 
Std deviation         0.072 
Number of Points      2329 
 
* Outside 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.  
 
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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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 

Julian 
Day and 
Mission 
Number 

Planned 
Spacing 

(m) 

OCR Com-
plete 

Check Pts
(Y/N) 

Number 
of QC Pts 

in OCR 
(Check 
Points) 

OCR List-
ing (Table 
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 

Location Check point Latitude (N) Longitude (W) Ellipsoid Height 
(meters) 

Station 
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 
CP1D 65° 38' 50.967" 168° 07' 09.846" 5.9 4 
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 

Wales, AK 
Control Station:  

Wales Base Station 

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 
CP2C 65° 53' 53.243" 167° 16' 08.292" 6.58 4 
CP2D 65° 53' 39.296" 167° 17' 04.288" 6.89 4 
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 

Ikpek, AK 
Control Stations:  

Wales & Shishmaref  
Base Stations 

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 
CP3D 66° 11' 11.682" 166° 19' 48.843" 5.06 4 
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 

SW of Shishmaref 
Control Station:  

Shishmaref Base Station 

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 
CP4C 66° 18' 58.781" 165° 50' 47.622" 4.74 4 
CP4D 66° 18' 58.215" 165° 51' 02.054" 4.62 4 
CP4E 66° 18' 52.871" 165° 51' 19.669" 4.48 4 
854B 66° 15' 50.900" 166° 01' 14.700" 5.18 3 

NE of Shishmaref 
Control Station:  

Shishmaref Base Station 

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 
CP5C 66° 31' 28.598" 164° 48' 44.612" 4.33 4 
CP5D 66° 31' 24.216" 164° 49' 05.268" 4.36 4 
CP5E 66° 31' 15.503" 164° 49' 28.696" 4.43 4 
CP5F 66° 31' 21.702" 164° 49' 10.180" 4.45 4 

Lagoon at 165W 
Control Station:  

Shishmaref Base Station 

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 
CP6D 66° 35' 29.311" 163° 55' 56.697" 8.85 4 
CP6E 66° 35' 29.134" 163° 55' 46.970" 9.16 4 
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 

Espenberg 
Control Station:  

Shishmaref Base Station 

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. 
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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      CP2C       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 
 
* Outside 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: 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 
 
E:\WORK_DIRECTORY\6030810_Last_NOAA\QAQC\AK301_QC_CheckpointsOnly_UTM3_ENh.txt 
Number   Sta_Name   sting     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      CP2C     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   outside         * 
13     CP3B     440483.240  7341599.039     4.460   outside         * 
14     CP3C     440190.325  7341452.238     4.820   outside         * 
15     CP3D     440070.279  7341343.352     5.060   outside         * 
16     CP3E     439878.516  7341235.131     4.740   outside         * 
17     CP3F     444310.426  7343775.275     4.430   outside         * 
18     CP4A     462317.241  7355655.244     4.460   outside         * 
19     CP4B     462174.385  7355495.399     4.620   outside         * 
20     CP4C     462054.919  7355426.316     4.740   outside         * 
21     CP4D     461875.001  7355411.230     4.620   outside         * 
22     CP4E     461653.429  7355248.765     4.480   outside         * 
23     CP5A     509007.503  7378630.616     5.580   outside         * 
24     CP5B     508839.876  7378554.834     5.320   outside         * 
25     CP5C     508339.588  7378399.147     4.330     4.100    -0.230 
26     CP5D     508084.927  7378262.709     4.360     4.050    -0.310 
27     CP5E     507796.385  7377992.093     4.430   outside         * 
28     CP5F     508024.496  7378184.689     4.450     4.030    -0.420 
29     CP6A     546192.057  7386337.546     8.790     8.840    +0.050 
30     CP6B     546564.564  7386327.190     7.540     7.810    +0.270 
31     CP6C     547058.584  7386501.915     4.460     4.580    +0.120 
32     CP6D     547327.289  7386244.742     8.850     9.090    +0.240 
33     CP6E     547447.154  7386241.313     9.160     9.300    +0.140 
34     CP6F     545780.239  7386301.809     4.750     4.880    +0.130 
 
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 
 
* Outside 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 (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\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     8.880    -0.160 
2        CP1B        357474.726  7280708.046     8.790     8.680    -0.110 
3        CP1C        356438.981  7282970.174     5.690     5.840    +0.150 
4        CP1D        356516.352  7284178.837     5.900     6.100    +0.200 
5        CP1E        356585.683  7284618.415     5.780     5.990    +0.210 
6        CP1F        357630.505  7282005.525     9.230   outside         * 
7        CP2A        396292.949  7310106.279     7.300     7.730    +0.430 
8        CP2B        396399.524  7310162.620     7.100     7.550    +0.450 
9        CP2C        396626.604  7310423.355     6.580     6.670    +0.090 
10       CP2D        395902.482  7310017.474     6.890     7.190    +0.300 
11       CP2E        395697.179  7309850.691     6.790     7.110    +0.320 
12       CP3A        444270.232  7343811.469     4.620   outside         * 
13       CP3B        440483.240  7341599.039     4.460   outside         * 
14       CP3C        440190.325  7341452.238     4.820   outside         * 
15       CP3D        440070.279  7341343.352     5.060   outside         * 
16       CP3E        439878.516  7341235.131     4.740   outside         * 
17       CP3F        444310.426  7343775.275     4.430   outside         * 
18       CP4A        462317.241  7355655.244     4.460   outside         * 
19       CP4B        462174.385  7355495.399     4.620   outside         * 
20       CP4C        462054.919  7355426.316     4.740   outside         * 
21       CP4D        461875.001  7355411.230     4.620   outside         * 
22       CP4E        461653.429  7355248.765     4.480   outside         * 
23       CP5A        509007.503  7378630.616     5.580   outside         * 
24       CP5B        508839.876  7378554.834     5.320   outside         * 
25       CP5C        508339.588  7378399.147     4.330   outside         * 
26       CP5D        508084.927  7378262.709     4.360   outside         * 
27       CP5E        507796.385  7377992.093     4.430   outside         * 
28       CP5F        508024.496  7378184.689     4.450   outside         * 
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           +0.188 
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 
 
* Outside 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 
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       CP2C      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     4.430    -0.190 
13      CP3B      440483.240  7341599.039     4.460     4.480    +0.020 
14      CP3C      440190.325  7341452.238     4.820     4.860    +0.040 
15      CP3D      440070.279  7341343.352     5.060     5.120    +0.060 
16      CP3E      439878.516  7341235.131     4.740     4.740    +0.000 
17      CP3F      444310.426  7343775.275     4.430     4.360    -0.070 
18      CP4A      462317.241  7355655.244     4.460     4.490    +0.030 
19      CP4B      462174.385  7355495.399     4.620     4.570    -0.050 
20      CP4C      462054.919  7355426.316     4.740     4.730    -0.010 
21      CP4D      461875.001  7355411.230     4.620     4.610    -0.010 
22      CP4E      461653.429  7355248.765     4.480     4.470    -0.010 
23      CP5A      509007.503  7378630.616     5.580   outside         * 
24      CP5B      508839.876  7378554.834     5.320   outside         * 
25      CP5C      508339.588  7378399.147     4.330   outside         * 
26      CP5D      508084.927  7378262.709     4.360   outside         * 
27      CP5E      507796.385  7377992.093     4.430   outside         * 
28      CP5F      508024.496  7378184.689     4.450   outside         * 
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           -0.017 
Minimum dz           -0.190 
Maximum dz           +0.060 
Average magnitude     0.045 
Root mean square      0.068 
Std deviation         0.069 
Number of Points      11 
 
* Outside 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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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. AK0301 – LIDAR FINAL REPORT – 2006 REVISION 163 



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 
AK0301 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: 

• Operational/Data Acquisition 
• System Performance/Maintenance 
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• 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 
NAVD88” 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 WI 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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