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Azimuth/Heading (deg)
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Introduction

Quantum Spatial, Inc was contracted by USGS under task order G15PD00248 to survey
LiDAR calibration and quality control points in support of the Delaware Valley High
Density aerial LiDAR acquisition project. This is the report of the technical approach
used and detail of each point surveyed.

Project Area

The Project Area, shown in the figure below,
consists of approximately 7,863 square kilometers.
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Technical Approach to Land Cover Validation Point Selection

Referencing ASPRS Positional Accuracy Standards for Digital Geospatial Data (Edition 1,
Version 1.0, - November, 2014) table C.1 Recommended Number of Checkpoints based
on Area, Quantum Spatial calculated that 90 Non-Vegetated Vertical Assessment (NVA)
and 68 Vegetated Vertical Assessment (VVA) points are required for this project area.

To ensure that checkpoints were distributed generally proportionate among the various
vegetated land cover types, Quantum Spatial used existing USGS Land Cover data to
divide both the NVA and VVA categories among the various types, calculating the
approximate number of required points in each representative type proportionate to
the total project area. The resulting point classes are detailed below:

NVA Class # of Points VVA Class # of Points
Bare Earth 10 Tall Weeds/Crops 34
Urban Area 80 Forested 34

Given that approximately 1/2 of the NVA check points should also be used for horizontal
accuracy testing, but that it is commonly understood that good vertical check points do
not generally make for good horizontal check points, Quantum Spatial has determined
that 45 horizontal check points shall be used for this project, whether they are used for
NVA validation, or are entirely separate. These locations have been reported under
their own chapter in this report.

Quantum Spatial has adopted the philosophy that each vegetative class must be well
distributed throughout the project area. While points in varying classes may be near to
one another, points of a single vegetative class may not. Proposed point locations are
selected with this distribution methodology in mind.

Survey Accuracy Requirements

Given that the survey accuracy of calibration and quality control check points should be
3 times more accurate than the required accuracy of the data set, Quantum Spatial
requires that calibration and NVA points be better than 3 centimeters, both horizontally
and vertically, and that VVA points be better than 5 centimeters, both horizontally and
vertically. The surveyed accuracy of each point must be determined through redundant
measurements and/or network adjustment using procedures and methodologies that
reliably and consistently result in the aforementioned accuracies. The accuracy of each
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point is reported at the 95% confidence level, meaning that if the point were measured
20 times, statistically it would fall within the reported accuracy 19 times.

Due to variances in reference control accuracy and adjustment, Quantum Spatial
requires that the survey methodology used be explained, so that it can be repeated if
necessary.

Field Survey Methodology

Date Range:
April 21 — June 15, 2015

Equipment Used:
Trimble R8 dual frequency GNSS receivers and a Trimble M3 2" Total Station

GNSS Methodology:

Each calibration point was measured using the real time adjusted network provided by
Key Net. Each point was measured twice, for at least 8 minutes, separated by a 20
minute static session to ensure variance in the observed satellite constellations. The
static base station data was post processed referencing NGS continuously operating
reference stations and a weighted adjustment was performed to obtain base station
coordinates. The adjustment was performed using Trimble Business Center.

The majority of the QC points were established with calibration point locations occupied
by a static base station broadcasting real time kinematic corrections to a rover from
which multiple measurements were taken.

For forested points, a secondary control point with line of sight to another point was
established so that the resulting pair could be occupied with a total station.

Variations from the stated GNSS methodology:
Due to the reliability of the regional cellular coverage, no alternate methodologies were
required for the supplemental portion of this project.

Total Station Methodology:

Angles and distances to forested points were doubled and the final point accuracy was
determined by adding the calculated error, estimated procedural errors, and
manufacturer stated instrument error to the reported error of the point over which the
total station was placed.

Overall Project Accuracy Statement
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All point coordinates have been reported in the North American Datum of 1983 (NAD83
2011), UTM Zone 18N in meters. Elevations are relative to the North American Vertical
Datum of 1988 (NAVD 88) which were derived using the Geoid 12A model and are
reported in meters.

Calibration Points

Average Horizontal RMSE at the 95% confidence level is 0.008 meter.
Average Elevation RMSE at the 95% confidence level is 0.010 meter.
Average 3 dimensional RMSE at the 95% confidence level is 0.013 meter.

NVA Points

Average Horizontal RMSE at the 95% confidence level is 0.013 meter.
Average Elevation RMSE at the 95% confidence level is 0.014 meter.
Average 3 dimensional RMSE at the 95% confidence level is 0.019 meter.

VVA Points

Average Horizontal RMSE at the 95% confidence level is 0.013 meter.
Average Elevation RMSE at the 95% confidence level is 0.014 meter.
Average 3 dimensional RMSE at the 95% confidence level is 0.019.
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PROJECT AOI & POINT MAPS

Page 5



SPATIAL
T

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

Page 6



SPATIAL
T

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

Page 7



SPATIAL
T

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

Page 8



SPATIAL
T

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

Page 9



SPATIAL
T

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

Page 10



SPATIAL
T

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

Page 11



SPATIAL
I

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

FINAL POINT COORDINATES

Page 12



SPATIAL

Quantum Spatial, Inc. — 1410 Indian Trail Rd., Norcross, GA 30093 — Ph. 770-564-9843 - www.quantumspatial.com

CALIBRATION POINT COORDINATES

SPCS UTM-Zone 18N
Vertical Datum - NAVD 88
Geoid - GEOID12A
Units — Meters

Horizontal Datum - NAD83(2011)

Point ID | Northing Easting Elevation
CP1 4491359.725 | 481038.524 79.112
CP3 4482528.392 | 467694.603 182.372
CP4 4473101.209 | 455823.976 92.559
CP5 4465722.252 | 451577.950 | 111.008
CP6 4456080.620 | 443701.254 44,089
CP7 4451794.690 | 453614.676 71.352
CcP8 4458489.481 | 459161.520 62.676
CP9 4466793.715 | 467473.999 | 170.161
CP10 4472624.504 | 478424.426 | 111.772
CP11 4479529.283 | 486508.645 99.194
CP12 4486141.795 | 493490.421 114.605
CP13 4466241.908 | 497298.860 89.726
CpP14 4461772.152 | 477628.902 162.461
CP15 4450278.078 | 470332.839 72.744
CP16 4442680.416 | 461616.052 28.426
CP17 4413135.054 | 453340.498 | 117.800
CP18 4421846.578 | 460055.026 | 128.586
CP19 4432094.751 | 469970.839 | 119.865
CP20 4439610.343 | 489850.101 51.795
CcpP21 4461326.146 | 510943.784 13.987
CP22 4470732.766 | 520437.688 47.914
CP23 4408028.765 | 464189.997 8.719
CP24 4380951.771 | 547150.025 0.853
CP25 4435951.596 | 524718.155 21.991
CP26 4424856.061 | 508744.959 12.342
CP27 4401391.789 | 486309.408 46.251
CP28 4392160.513 | 482573.781 41.409
CP29 4402389.986 | 508557.423 50.649
CP30 4433696.916 | 536981.134 25.016
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CP31 4422271.669 | 543710.144 | 27.948
CP32 4415104.073 | 535503.242 28.164
CP33 4404320.072 | 529108.807 17.008
CP34 4404633.120 | 521124.203 25.121
CP35 4393488.954 | 513192.681 30.833
CP36 4385354.158 | 492983.935 32.668
CP37 4378228.291 | 500184.559 36.395
CP38 4400182.275 | 535539.817 17.709
CP39 4409673.574 | 545754.089 36.250
CP40 4401690.393 | 550604.308 | 29.746
CP41 4394697.037 | 552295.838 | 40.830
CP42 4386164.427 | 533160.038 1.399
CP43 4385862.477 | 549516.693 7.245
CP46 4396862.739 | 477927.472 33.984
CP47 4401984.706 | 468823.341 4.596
CP48 4408298.295 | 475044.910 3.553
CP49 4410827.708 | 484387.598 7.205
CP50 4405925.259 | 489382.523 22.361
CP51 4395705.132 | 493948.654 | 47.121
CP52 4388571.676 | 488253.552 | 41.298
CP53 4381123.053 | 495727.076 | 27.612
CP54 4389490.677 | 501360.315 38.484
CP55 4396120.773 | 506661.233 | 47.037
CP56 4402732.969 | 514450.992 30.399
CP57 4419031.845 | 492292.670 3.785
CP58 4406835.294 | 498659.825 20.525
CP59 4400255.068 | 501435.928 | 44.318
CP60 4412491.384 | 504458.737 | 45.324
CP61 4419128.401 | 509447.896 | 21.062
CP62 4425119.704 | 497012.581 15.108
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CP63 4431445.394 | 502552.149 4.904
CP64 4435809.666 | 510714.719 1.871
CP65 4431921.989 | 526383.158 | 22.003
CP66 4428091.484 | 521472.954 | 22.246
CP67 4422816.044 | 516118.465 14.233
CP68 4420677.102 | 521622.086 12.566
CP69 4398233.644 | 487223.130 | 41.340
CP70 4386236.288 | 545710.439 10.206
CP71 4382791.887 | 538730.107 1.657
CP72 4385228.903 | 536167.920 8.176
CP73 4392906.551 | 540012.263 13.331
CP74 4399345.399 | 540309.995 17.119
CP75 4407406.408 | 539636.263 29.698
CP76 4407646.191 | 519985.518 | 32.676
CP77 4413139.146 | 529675.188 | 29.901
CP78 4449264.183 | 523881.137 19.092
CP79 4454891.902 | 536200.682 31.376
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