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1. Overview

Between March 12 and August 11, 2014, Aero-Graphics acquired LiDAR data and 4-band stereo
imagery over the entirety of Santa Fe County in New Mexico, as well as portions of Rio Arriba,
Taos, Mora, Los Alamos, San Miguel, and Torrance Counties. The project area covers
approximately 3,000 square miles of urban, desert, and mountain areas.

Exhibit 1: Santa Fe County project boundaries
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2. Acquisition
2.1 Airborne Acquisition — Equipment and Methodology

2.1.1 LiDAR Acquisition

LiDAR acquisition of Santa Fe County was performed with an Optech ALTM Orion H300 LiDAR
sensor. For quadrants 1 and 5 (composed of mountain areas with significant relief), Aero-
Graphics flew at an average altitude of 4,039 ft AGL (above ground level) and made appropriate
adjustments to compensate for topographic relief. The PRF (pulse repetition frequency) used
for collection was 75 kHz, scan frequency of 42.3 Hz, and scan angle of +/- 12° from the nadir
position (full scan angle 24°). For quadrants 2, 3, and 4 (primarily flatter desert areas), Aero-
Graphics flew at an average altitude of 3,250 ft AGL. The PRF used for collection was 100 kHz,
scan frequency of 44 Hz, and scan angle of +/-19° from the nadir position (full scan angle 38°).
The Orion H300 features roll compensation that adjusts the mirror to maintain the full scan
angle integrity in relation to nadir, even when less than perfect weather conditions push the
sensor off nadir. Acquisition was performed with 30% overlap and yielded an average 5.9
points per square meter. The Orion H300 LiDAR sensor is capable of receiving up to four range
measurements, including 1%, 2”d, 3'd, and last returns for every pulse sent from the system.

Exhibit 2: Summary of flight parameters for Quadrants 1 and 5
Altitude | Overlap | Speed Scan Freq | Scan Angle ° PPM’ Post spacing Post Spacing Swath Width
(ft AGL) (%) (kts) (Hz) (full) (mean) | Down Track (m) | Cross Track (m) (m)

Exhibit 3: Summary of flight parameters for Quadrants 2, 3, and 4

Altitude | Overlap | Speed Scan Angle ° PPM’ Post spacing Post Spacing Swath Width
(ft AGL) (%) (kts) (full) (mean) | Down Track (m) | Cross Track (m) (m)

The Orion H300 is also equipped with a GPS/IMU unit that continually records the XYZ position
and roll, pitch and yaw attitude of the plane throughout the flight. This information allows us
to correct laser return data positions that may have
been thrown off by the plane’s natural movement.

Exhibit 4: The LiDAR acquisition platform for the Santa Fe
County project was a turbocharged Cessna 206. Our 206 has
been customized for LiDAR and other airborne sensors with an
upgraded power system and avionics. The stability of the
Cessna 206 is ideal for LiDAR collection.
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The ALTM Orion H300 LiDAR sensor is equipped with

Optech FMS Planner Flight Management System E‘«:“_\ P— q‘_
Software. FMS Planner is the latest release from Optech, "o ° e 0
and is not only used to guide the airborne mission in B ‘ ?
flight, but our office flight planning is performed using the ) " )
same software. This smooth transition from flight Qll o o il
planning to aerial operations eliminates discrepancies . . AL"_'A - P

between the flight plan and what is actually acquired. The
use of FMS Planner helps ensure an accurate and

consistent acquisition mission with real-time quality
assurance while still airborne. The system operator
can monitor the point density and swath during the
mission to confirm adequate coverage within the
area of interest, as shown in Exhibit 5.

Exhibit 5: Swath data for the Santa Fe County project
was recorded and viewed real-time by the operator.

Exhibit 6: LiDAR acquisition begin and end times in Mountain Daylight Time

March 12 March 13 March 16 March 17 March 24 March 25

April 14 April 15 April 16 April 17 April 18 April 19

May 02 May 03 May 04 May 29 May 30 May 31

neor etz eos | unews | neoo

August 05 August 06 August 07 August 08 August 09 Aug 10 Aug 11
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Image acquisition was performed in conjunction with the LiDAR acquisition using the industry-

leading Microsoft/Vexcel UltraCam Eagle (UCE) digital camera system. The imagery was

acquired at an average elevation of 9,466 ft AGL, collecting 5,833 individual images over 36

flightlines, at a 15cm Ground Sampling Distance (GSD).

Exhibit 7: Summary of flight parameters

Altitude (ft AGL) Overlap (%) Sldelap (%) # Fllghtllnes

Exhibit 8: Acquisition begin and end times in Mountain Daylight Time

March 10 March 11 March 12 March 13 mw March 21

The UCE collected natural color and color infrared
imagery simultaneously at a 16-bit radiometric resolution
and were output as 8-bit to create the final 4-band
images. Like the Orion, the UCE is also equipped with
precision GPS/IMU to accurately position the raw imagery
for orthorectification. In addition, it is equipped with
Forward Motion Compensation and mounted in a GSM-
3000 gyro-stabilized mount that works together with the
IMU to automatically correct up to 5° roll, 8.4° pitch, and
6.2° yaw before each exposure is fired. The imagery was
reviewed for completeness before mobilizing the imagery
back to the office.

Exhibit 9: The imagery acquisition platform for the Santa Fe County project was a Piper PA-46 Malibu.

With a maximum cruise speed of 213 knots, our Malibu provided quick mobilization to and acquisition of

the areas of interest.
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2.2 Ground Survey Control Point Locations

Aero-Graphics used CORS base stations and statically-collected survey data (acquired by BHI) at
strategic points throughout the project area to ensure that the LiDAR and image data
maintained its true geographic integrity. SmartBase (Imagery/LiDAR) and PPP (LiDAR) solutions
were used to differentially correct the aircraft’s trajectory data. Control point and base
coordinates can be found in Appendix A. LiDAR positional accuracy can be found in section 4.2.

Exhibit10: Static ground control for Santa Fe County

A 49

25

: Santa Fe County Contrl

SanMigtel

] 1061-1084

: 192,5-,1‘036&:

_1101.:_
1105-1108
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3. LiDAR Processing Workflow

a. Absolute Sensor Calibration. Our absolute sensor calibration adjusted for the
difference in roll, pitch, heading, and scale between the raw laser point cloud from the
sensor and surveyed control points on the ground.

b. Kinematic Air Point Processing. Differentially corrected the 1-second airborne GPS
positions with ground base station; combined and refined the GPS positions with
1/200-second IMU (roll-pitch-yaw) data through development of a smoothed best
estimate of trajectory (SBET).

c. Raw LiDAR Point Processing (Calibration). Combined SBET with raw LiDAR range data;
solved real-world position for each laser point; produced point cloud data by flight strip
in ASPRS v1.2 .LAS format; output in NAD83 State Plane New Mexico Central Zone.

d. Relative Calibration. Performed relative calibration by correcting for roll, pitch,
heading, and scale discrepancies between adjacent flightlines; tested resulting relative
accuracy. Results presented in Section 4.1.

e. Absolute Accuracy Assessment. Performed comparative tests that showed Z-
differences between each static survey point and the laser point surface. Results
presented in Section 4.2.

Technical Project Report - Santa Fe County 8
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4. Results

4.1 Relative Calibration Accuracy Results

Between-swath relative accuracy is defined as the elevation difference in overlapping areas
between a given set of two adjacent flightlines. The statistics below are based on the
comparison of the flightlines and points listed for each quadrant.

Quadrant 1: (119 flightlines, > 5 billion points)
®m Between-swath relative accuracy average of 0.179 foot

Quadrant 2: (74 flightlines, > 4 billion points)
B Between-swath relative accuracy average of 0.112 foot

Quadrant 3: (72 flightlines, > 5 billion points)
= Between-swath relative accuracy average of 0.093 foot

Quadrant 4: (69 flightlines, > 4 billion points)
® Between-swath relative accuracy average of 0.082 foot

Quadrant 5: (76 flightlines, > 4 billion points)
®m Between-swath relative accuracy average of 0.166 foot

Within-swath relative accuracy is the amount of vertical separation, or “noise,” among a set of
points on open, paved ground that should have the same elevation. The within-swath relative
accuracy average is less than 0.026 foot.

4.2 Fundamental Vertical Accuracy

Fundamental Vertical Accuracy (FVA) is defined as the elevation difference between open,
unobstructed, typically hard-surface ground surveyed static points and the elevation of the
LiDAR surface at that same horizontal location. The statistics of the results, including FVA, are
presented here.

Exhibit 11: Fundamental Vertical Accuracy (FVA) of Quadrant 1

Accuracy,: Tested 0.186 feet fundamental vertical accuracy at 95 percent

confidence level in open terrain using RMSEz x 1.9600.

Average Error = -0.001 ft RMSE = 0.095 ft
Minimum Error = 0.187 ft o = 0.096 ft
Maximum Error = 0.269 ft 20=0.192 ft

Survey Sample Size: n = 32
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Exhibit 12: Fundamental Vertical Accuracy (FVA) of Quadrant 2

Accuracy,: Tested 0.251 feet fundamental vertical accuracy at 95 percent

confidence level in open terrain using RMSEz x 1.9600.

Average Error = -0.001 ft RMSE = 0.128 ft
Minimum Error = -0.314 ft o =0.129 ft
Maximum Error = 0.230 ft 20=0.258 ft

Survey Sample Size: n = 83

Exhibit 13: Fundamental Vertical Accuracy (FVA) of Quadrant 3

Accuracy,: Tested 0.441 feet fundamental vertical accuracy at 95 percent

confidence level in open terrain using RMSEz x 1.9600.

Average Error = -0.004 ft RMSE = 0.225 ft
Minimum Error = -0.0386 ft o =0.227 ft
Maximum Error = 0.557 ft 20=0.454 ft

Survey Sample Size: n =59

Exhibit 14: Fundamental Vertical Accuracy (FVA) of Quadrant 4

Accuracy,: Tested 0.255 feet fundamental vertical accuracy at 95 percent

confidence level in open terrain using RMSEz x 1.9600.

Average Error = 0.015 ft RMSE = 0.130 ft
Minimum Error = -0.254 ft o=0.131 ft
Maximum Error = 0.244 ft 20=0.262 ft

Survey Sample Size: n =49

Exhibit 15: Fundamental Vertical Accuracy (FVA) of Quadrant 5

Accuracy,: Tested 0.214 feet fundamental vertical accuracy at 95 percent

confidence level in open terrain using RMSEz x 1.9600.

Average Error = -0.002 ft RMSE = 0.109 ft
Minimum Error = -0.256 ft o=0.110 ft
Maximum Error = 0.261 ft 20=0.220 ft

Survey Sample Size: n =56
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Exhibit 16: Distribution of the errors between the LiDAR surface and Ground Surveyed points.
Demonstrates the percentage of compared points within a given accuracy range.
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4.3 Data Density Summary

Santa Fe County “ Actual (mean)

Total Point Density: 4 points/m* 5.9 points/m?

4.4 Projection, Datum, and Units

State Plane New Mexico Central Zone

Vertical: NAVD88

5. Deliverables

e Calibrated, fully-compliant LiDAR point
data in .LAS 1.2 format

Point Data:

Vector Data:

e 4-band RGBi stereo imagery in TIFF
Raster Data:
format
Metadata

e Technical Project Report including
Report of Survey:
methodology, accuracy, and results

Technical Project Report - Santa Fe County 12
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6. Highlighted Images

Exhibit 17: LiDAR point cloud over Santa Fe (quadrant 1), colored by elevation and intensity values.
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Appendix A — Surveyed Ground Control and Base Stations

LiDAR Base Stations

Datum: NAD 83 (1992 HARN) WGS84
Latitude Ellipsoid Height (m)

Base Station

Imagery Base Stations

Datum: NAD 83 (1992 HARN)

Latitude

WGS84

Base Station
Ellipsoid Height (m)
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NAVDSS (Geoid12A)

Survey Point

Easting (US Foot) Northing (US Foot)

Elevation (US Foot)
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NAVDSS (Geoid12A)

Survey Point

Easting (US Foot) Northing (US Foot)

Elevation (US Foot)
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NAVDSS (Geoid12A)

Survey Point

Easting (US Foot) Northing (US Foot)

Elevation (US Foot)
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NAVDSS (Geoid12A)

Survey Point

Easting (US Foot) Northing (US Foot)

Elevation (US Foot)
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NAVDSS (Geoid12A)

Survey Point

Easting (US Foot) Northing (US Foot)

Elevation (US Foot)
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NAVDSS (Geoid12A)

Survey Point

Easting (US Foot) Northing (US Foot)

Elevation (US Foot)
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Datum: NAD 83 (1992 HARN) NAVDSS (Geoid12A)

Survey Point
Easting (US Foot) Northing (US Foot) Elevation (US Foot)
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