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Appendix A:
Fuaniun GPS / IMU Stats and Flight Logs

There were 32 total lifts. Graph reports generated from processing software and flight logs are
found on the following pages.

Graphics include:

Figure 1. # of Satellites, # of GLONASS Satellites, PDOP

Figure 2 North Position, East Position, and Down Position Error RMS (m)
Figure 3: Mission Trajectory

Figure 4: Processing Status

Figure 5: Roll (deg), Pitch (deg), True Heading (deg)

Figure 6+: Base Station(s)

Flight Log(s)
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B Display - GW_10-31-16A_315_NT7DV - Real Time Trajectory, Vehicle Frame - b
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B} Display - GW_11-1-16A_315_N77DV - Solution Status
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B Display - GW_11-1-16A_315_N77DV - Real Time Trajectory, Vehicle Frame
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B Display - GW_11-3-164 315 NT7DV - Real Time Trajectory, Vehicle Frame
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CompassData
Geodetic Survey Report

CDI Project: 5080 San Diego County
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blaineh@compassdatainc.com

Location of Survey: San Diego County, California

Date of Survey: October 2016

Customer: QUANTUM SPATIAL

POC: Joel Burroughs

QUANTUM SPATIAL Name: San Diego 2017

QUANTUM SPATIAL Purchase Order # 1411

QUANTUM SPATIAL Project # 28793

QUANTUM SPATIAL Phase# /Task# 1301 /2

QUANTUM SPATIAL Account # 63230

Other Documents: Purchase_Order_1411_CompassData.pdf
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Survey Report prepared by Philipp Hummel, PLS, CFedS, CP
phummel@compassdatainc.com
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Datum Requirements

Contractual requirements for the survey by the client:
Horizontal: CA SPCS Zone VI, NAD83(2011), US Feet
Vertical: US Feet; NAVD88(Geoid 12B),

The NAD83 (2011) datum is a geodetic datum with the Epoch of 2010.0.

Surveying Methods

The combination of static Global Navigation Satellite System (GNSS) observations and UNAVCO (University
NAVSTAR Consortium) network result in the highest accuracy of the coordinates. Static GNSS observations
were performed at a minimum of 45 minutes long sessions. The UNAVCO GNSS observations were based
on base stations established by UNAVCO, these are in some cases incorporated into the NGS CORS
network, and in other cases GNSS base stations for scientific research with public access. CompassData
used multi-hour, usually 24 hour static GNSS observations to predetermine coordinates that than were
used in the network adjustment.

These are constrained to continuously operating reference stations (CORS) operated by the National
Geodetic Survey (NGS) and UNAVCO. The field procedures for RTK provided two 90 second collects within
each point visit. Between the two observations the GNSS unit was rotated by 180 degrees and re-setup.

Trimble R8 GNSS equipment was used.

Post-Processing Procedure in the Tectonically Active Region

The static data collected in the field was combined with static GNSS available from CORS and UNAVCO
GNSS stations. Coordinates for the control points were established by a constrained network adjustment
(Method of the Least Squares) and checked against Online Positioning User Service (OPUS) solutions for
multi-hour observations.

The project AOI is situated in a tectonically active region between the major San Andreas Fault and
other fault lines that mostly run parallel from northwest to southeast.

Tectonic movements constantly effect the ground as well the embedded passive NGS monuments in the
ground and the active GNSS stations attached to buildings. Tectonic changes effect directly the
coordinated positions, so the NAD83(2011) datum, based on the epoch of 2010.0, is distorted considering
the large area of the AOI as movements of the last 6 years are not accounted.

CompassData has experience in processing highly accurate GNSS data in California and uses instead of the
NAD83(2011) datum the more useful dynamic ITRF2008 datum. For this geodetic datum the best base
coordinates are calculated by the Scripps Orbit and Permanent Array Center (SOPAC) located in San Diego,
CA. SOPAC's primary scientific role is to support high precision geodetic and geophysical measurements
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using Global Positioning System (GPS) satellites, particularly for the study of earthquake hazards, tectonic
plate motion, plate boundary deformation, and meteorological processes.

After the successful network adjustments in the ITRF datum are completed a transformation to the NAD83
(2011) datum was conducted with the NGS service of the Horizontal Time-dependent positioning (HTDP).
Finally, the latest NGS Geoid12B was applied to create orthometric NAVD88 elevations.

Trimble Business Center 3.70 was used for data processing.
Network and Base Stations

The Network Map shows the adjustment of NGS CORS and UNAVCO CORS as well static observation taken
at least for 45 minutes on surveyed points.

bill_ITRE2:

Figure 1: Network Map

First a free network adjustment was calculated, meaning without introduced coordinate constrains. The
free network approach offers two advantages. First, to install an optimized geometry of measurements,
and secondly it indicates potential issues in the coordinates that later are used as constrains. The free
network also gives an assessment of all used baselines and RTK- vectors.

Network Adjustment Results including Checks on ITRFO8 [Epoch
2016.80]

As described previously, special care was applied for the network base stations. Some NGS and UNAVCO
CORS distributed over the AOI were constrained as fixed coordinates while other CORS were left
unconstrained demonstrating accuracy and high confidence in using SOPAC Sector derived base
coordinates for the undistorted Network in the dynamic ITRF2008 datum. The constrains are fixed with a
software related and neglectable tolerance of 0.000001m.
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Control Coordinate Comparisons

Values shown are control coordinates minus adjusted coordinates.

teaive | i | i
bill_ITRF2008_Epoch_2016.80_SECTOR 0.000 -0.002 -0.008
p066_ITRF2008_Epoch_2016.80_SECTOR -0.002 -0.003 0.005
p474_ITRF2008_Epoch_2016.80 SECTOR 0.002 -0.002 0.001
p480_ITRF2008_Epoch_2016.80_SECTOR -0.001 0.000 0.017
slms_ITRF2008_Epoch_2016.80_SECTOR -0.001 0.001 0.030
Control Point Constraints
Point ID Type (::::e(:) :\In::tz:; I:Is:gr:r(),
p482 ITRF2008 Epoch_2016.80 SECTOR Global Fixed Fixed Fixed
p494_ITRF2008_Epoch_2016.80 SECTOR Global Fixed Fixed Fixed
pinl_ITRF2008_Epoch_2016.80_SECTOR Global Fixed Fixed Fixed
potr ITRF2008 Epoch 2016.80_SECTOR Global Fixed Fixed Fixed
sbcc_ITRF2008 Epoch_2016.80_SECTOR Global Fixed Fixed Fixed

Fixed = 0.000001(Meter)

Figure 2: Published SOPAC coordinates compared with calculates coordinates in a constrained
network adjustment.

Establishing the NAD83 (2011) Epoch 2010.0 Datum and
conversion from ITRFO08 [Epoch 2016.80]

The geodetic network is based on available CORS stations. In a prior quality assessment of the base
stations, a network adjustment was calculated with RINEX data of the October 19'"2016. The date was
chosen to have access to final orbit data that optimizes the base line calculations.

The coordinates based on October 19" 2016 are considered free of tension from tectonic movements
since it is the same time as the field survey was performed. After the first calculation, the network results
were converted to coordinates in NAD83 (2011) Epoch 2010.0 with the Horizontal Time Dependent
Positioning tool (HTDP) by the NGS. The so converted coordinates are establishing the NAD83(2010)
datum.
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Comparison of NAD83(2010) NGS Datasheet coordinates for CORS
with calculated positions

The above described approach of establishing the NAD83(2010) datum is compared with actual NGS
Datasheet (DS) coordinates. Without the exception of CORS P494 the inverse results of the base
coordinates reflect good matching results considering the challenge due to tectonic movements.

Inverse Results

From To (_3rid Di(:tggce A Elevation
Azimuth (Meter)
(Meter)
POG6_NAI8§38‘§(IJ51C1_)I_ _Ongg% é P066_NAD83(2011)2_ OEl%ocgg 273°06'51" 0.037 0014
P NADSIET) S 2 86 WACHIO €07 v oo
NSO S 2 OO B | | oo oo
P474_NAD83(2011)_%p1c())c_h6§ paT4_| NZAolfgséonCl%_ gp;cThK 990°07'55" 0.008 0,008
T P e owe om| oo
PRSI Bt O E, aws| ome| oo
LN g O E, saizer| oma oo
P482_NAD83(2011)_%p1c())c_h6§ p4s2_| Nz’?)'f?é?cl% FEpgcThK 915°1707" 0017 0008
P494_NAD83(2011)_%p1c())ch6§ p494 | gﬁﬁsz(ég#%{ggzc 253°0414" 0164 0016
POTR NAD83(2011)2 OEl%ocSS potr_NAODl%3(Szgé1T)6ERposctgﬁi 14295231 0,015 0,006
CCNDR) G | G ORI SG,  wrwne| o oo

Independent OPUS Comparison in NAD83(2011) Epoch 2010 with
the NGS Monuments and the final adjusted and converted positions

CompassData field crews further surveyed checks on passive NGS monuments. The table shows that static
observations, RTK observations and the independent OPUS results agree within a small tolerance, while
NGS datasheet values disagree. For monument AF9879 and AF9883 the OPUS service returned insufficient
accuracy. On monument AF9879 the CompassData static and RTK measurements agree within 0.5 cm,
while the datasheet agrees vertically, but appears to be 5 cm off horizontally. On monument AF9883
AF9879 the CompassData static and RTK measurements agree within 1.2 cm, while the datasheet is
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http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1882
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=2179
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=2179
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1884
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1884
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=2181
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=2181
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vertically off by about 10cm, and agrees horizontally within 2.6cm. For monument DC2131 the OPUS result
shows a difference within 4 cm to the published datasheet, while the OPUS result confirms the 2 RTK

observations within 2.1 cm.

From

AF9879_NAD83(2011) Epoch_2010_DS
AF9879_NAD83(2011) Epoch_2010_DS
AF9879_STATIC

AF9883_NAD83(2011) Epoch_2010_DS
AF9883_NAD83(2011) Epoch_2010_DS
AF9883 STATIC

DC2131_NAD83(2011) Epoch_2010_DS
DC2131_NAD83(2011) Epoch_2010_Opus
DC2131_NAD83(2011)_Epoch_2010_Opus

Inverse Results

To

AF9879_RTK

AF9879_STATIC

AF9879 RTK

AF9883 RTK

AF9883_STATIC

AF9883 RTK

DC2131_NAD83(2011) Epoch_2010_Opus
DC2131_RTK_11 01
DC2131_RTK_11 02

Grid
Azimuth
287°21'28"
283°00'42"
327°45'12"
175°01'34"
199°33'06"
108°03'58"
254°18'44"
219°59'54"
326°11'35"

Grid
Distance
(Meter)

0.049
0.045
0.005
0.026
0.024
0.011
0.039
0.020
0.021

A
Elevation
(Meter)

-0.007
-0.007

0.000
-0.098
-0.110

0.012
-0.035
-0.016
-0.008

Figure 3: OPUS compared with calculates coordinates in a constrained network adjustment.
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http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1834
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1503
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1834
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1505
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1505
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1503
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1836
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1507
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1836
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1513
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1513
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1507
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1838
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1984
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1984
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1517
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1984
http://localhost:51713/?Project=00f2ed5d-b99b-4a0a-9b86-92c6bebb868b&SerialNumber=1519
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Surveyed Features and Point Selection

CompassData field crews surveyed Lidar features for which the location was preselected by the customer.
Field crews tried their best to position the GNSS measurement right at the selected location. For expected
reasons like flatness of terrain, accessibility and GNSS signal strength changes were made within a given
tolerance.

The overviews show 28 Calibration Points (red triangles), 64 NVA Points (blues squares) and 52 VVA Points
(green circles):

3 W
Ll e

Nl Az P “Semeculal
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Figure 4: Surveyed Calibration Points

Calibration Points were selected to be on hard and flat surfaces that produces only a single Lidar signal
return like asphalt, concrete, and gravel on roads, parking lots and turn outs. When possible points got
marked with PK-nails or 60D-nails.

NVA Points were selected also to be on hard and flat surfaces that produces only a single Lidar signal
return like gravel and dirt without vegetation. When possible points got marked with PK-nails or 60D-nails
and in softer ground with wooden hubs.

VVA Points were selected on flat surfaces with vegetation. The vegetation in the AOI contains mostly

grass, weeds, shrubs, cacti and very few forested areas.
Points got marked mostly with wooden hubs, but also PK-nails or 60D-nails and in harder ground.
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Figure 6: Surveyed VVA Points
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Delivered Data

CompassData delivered Calibration Points, NVA Checkpoints, and VVA Checkpoints in separate folders.

-~

Mame Date maodified
, Calibration_Points 11/21/2016 4:51 PM
; MVA_Checkpoints 11/21/2016 4:52 PM
; WA_Checkpoints 11/21/2016 4:52 PM

Each folder contains coordinate lists (csv and xls), photos, shapefiles, and kml-files.

-~

Mame * [Date modified
) 01_Final_Coordinates 1172172016 4:54 PM
, 02_Final_Pictures 11/21/2016 4:55 PM
, 03_Final_SHP 11/30/2016 11:28 ...
) 04_Final_EML 11/21/2016 4:58 PM

The coordinate lists contain:

e PointID
e Easting
e Northing
e Elevation
e Latitude

e longitude

Ellipsoid Height
Horizontal Precision
Vertical Precision
Collection date

Philipp Hummel, PLS, CFedS, CP

Technical Director
303.627.4058 Office

12353 E. Easter Avenue
Centennial, CO 80112
phummel@compassdatainc.com
www.compassdatainc.com

Type

File folder
File folder

File folder

Type

File folder
File folder
File folder

File folder

Page 10 of 10


mailto:phummel@compassdatainc.com

	Appx. A: GPS/IMU Stats, Flight Logs
	Oct 31, 2016-A (N77DV, SN315)
	Flight Log

	Nov 1, 2016-A (N77DV, SN315)
	Flight Log

	Nov 3, 2016-A (N77DV, SN315)
	Flight Log

	Nov 4, 2016-A (N77DV, SN315)
	Nov 5, 2016-A (N77DV, SN315)
	Nov 13, 2016-A (N77DV, SN315)
	Flight Log

	Nov 14, 2016-A (N77DV, SN315)
	Flight Log

	Nov 14, 2016-B (N77DV, SN315)
	Flight Log

	Nov 15, 2016-A (N77DV, SN315)
	Flight Log

	Nov 15, 2016-B (N77DV, SN315)
	Flight Log

	Nov 16, 2016-A (N7269T, SN315)
	Flight Log

	Nov 17, 2016-A (N7269T, SN315)
	Flight Log

	Nov 18, 2016-A (N7269T, SN315)
	Flight Log

	Nov 18, 2016-B (N7269T, SN315)
	Flight Log

	Nov 19, 2016-A (N7269T, SN315)
	Flight Log

	Nov 19, 2016-B (N7269T, SN315)
	Flight Log

	Nov 20, 2016-A (N7269T, SN315)
	Flight Log

	Nov 22, 2016-A (N7269T, SN315)
	Flight Log

	Nov 23, 2016-A (N7269T, SN325)
	Flight Log

	Nov 24, 2016-A (N7269T, SN315)
	Flight Log

	Nov 24, 2016-B (N7269T, SN315)
	Flight Log

	Nov 25, 2016-A (N7269T, SN315)
	Flight Log

	Nov 26, 2016-A (N7269T, SN315)
	Flight Log

	Nov 29, 2016-A (N7269T, SN315)
	Flight Log

	Nov 29, 2016-B (N7269T, SN315)
	Flight Log

	Nov 30, 2016-A (N7269T, SN315)
	Flight Log

	Nov 30, 2016-B (N7269T, SN315)
	Flight Log

	Jan 14, 2017-A (N27DV, SN315)
	Flight Log

	Jan 26, 2017-A (N27DV, SN315)
	Flight Log

	Jan 28, 2017-A (N27DV, SN315)
	Flight Log

	Jan 28, 2017-B (N27DV, SN315)
	Flight Log

	Jan 31, 2017-A (N27DV, SN315)
	Flight Log
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