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Project Overview

) ) ) ) ) Study Area
WSI has collected Light Detection and  ing pursuit to amass a library of

Ranging (LIDAR) data of the Oregon information accessible to gover-
Tillamook-Yamhill Study Area for the nement agencies as well as the
Oregon Department of Geology and general public.

Mineral Industries (DOGAMI). The Or-

egon LIDAR Consortium’s Tillamook- Between September 23rd and
Yamhill project area encompasses October 5th, 2012, WSI em-
approximately 200,000 acres in ployed remote-sensing lasers
Tillamook and Yamill County in north- in order to obtain a total area
western Oregon. flown of 199,711 acres of which
The collection of high resolution 194,634 acres comprise the area
geographic data is part of an ongo- of interest. Settings for LIDAR

data capture produced an aver-
DEI=NBLE VTl M\ (o= g ol=T g0l g WAl age resolution of at least eight
pulses per square meter. Final

Acquisition Sept 23rd - Oct 5th, products created include LIiDAR

Date 2012 point cloud data, 1 meter digital
elevation models of bare earth

Area of Interest 194,634 acres ground model and highest-hit
returns, intensity rasters, study

Total Area area vector shapes, and corre-

el eeres sponding statistical data.

Flown
Data OGIC

Oregon Statewide
Projection Lambert Conformal

Conic
. NAVD88 (Geoid 12A)
vertical

Units International Feet




Aerial Acquisition

Cessna Caravan

Aerial Acquisition
Airborne Survey

at a rate between 96-105 kHz,
and flown at 900 meters above
ground level (AGL), capturing

a scan angle of 30° from nadir.
These settings are developed
to yield points with an average
native density of greater than
eight points per square meter
over terrestrial surfaces. The na-
tive pulse density is the number
of pulses emitted by the LIDAR

system. Some types of surfaces
such as dense vegetation or
water may return fewer pulses
than the laser originally emit-
ted. Therefore, the delivered
density can be less than the
native density and lightly vari-
able according to distributions
of terrain, land cover and water
bodies. The study area was
surveyed with opposing flight

line side-lap of greater than
60% with at least 100% overlap
to reduce laser shadowing and
increase surface laser painting.
The system allows up to four
range measurements per pulse,
and all discernable laser returns
were processed for the output
dataset.

To solve for laser point posi-
tion, it is vital to have an ac-

The LIiDAR survey utilized Leica ALS50
and ALS60 sensors mounted in either
Cessna Caravan 208B or Partenavia
P.68 aircrafts. Depending on the pair-
ing of sensor and aircraft, the systems
were programmed to emit laser pulses

Acquisition Specs

Leica ALS 50,
Leica ALS 60

Partenavia P.68,

curate description of aircraft

position and attitude. Aircraft
] position is described as x, y
and z and measured twice per
second (2 Hz) by an onboard
differential GPS unit. Aircraft
attitude is measured 200 times
4 per second (200 Hz) as pitch,
{ roll and yaw (heading) from
8 an onboard inertial measure-
ment unit (IMU). As illustrated
in the accompanying map, 378
&l flightlines provide coverage for

Project Flightlines

Sensors Deployed

AlTErEiS Cessna Caravan 208B the study area.
Survey Altitude g
(AGL) SO Flightlines by
date flown
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Ground Survey

Ground Survey

During the LIiDAR sur-
vey, static (1 Hz record-
ing frequency) ground
surveys were con-
ducted over 14 monu-
ments with known
coordinates. A table
of monuments can be
found in the appen-
dix. After the airborne
survey, the static GPS
data were processed
using triangulation
with CORS stations
and checked against
the Online Positioning
User Service (OPUS)
to quantify daily vari-
ance. Multiple sessions
were processed over
the same monument
to confirm antenna
height measurements
and reported position
accuracy.

Instrumentation

For this study area all
Global Navigation Sat-
ellite System (GNSS)
survey work utilizes a
Trimble GNSS receiver
model R7 with a Zeph-
yr Geodetic Antenna
Model 2 for static con-
trol points. The Trim-
ble GPS R8 unit is used
primarily for Real Time
Kinematic (RTK) work

but can also be used
as a static receiver. For
RTK data, the collec-
tor begins recording
after remaining station-
ary for 5 seconds then
calculating the pseudo
range position from

at least three epochs
with the relative error
under 1.5 cm horizontal
and 2 cm vertical. All
GPS measurements
are made with dual
frequency L1-L2 receiv-
ers with carrier-phase
correction.

Monumentation

Existing and estab-
lished survey bench-
marks shall serve as
control points during
LIiDAR acquisition
including those pre-
viously set by WSI.
NGS benchmarks are
preferred for control
points; however, in
the absence of NGS
benchmarks, WSI uti-
lizes county surveys,
department of trans-
portation monumenta-
tion, or WSI produces
its own monuments.
These monuments are
spaced at a minimum
of one mile and every

effort is made to keep
these monuments
within the public right
of way or on public
lands. If monuments
are required on private
property, consent from
the owner is required.
All monumentation is
done with 5/8” x 30”
rebar topped with a

2” diameter aluminum
cap stamped “Water-
shed Sciences, Inc.”

Project Monuments & RTK points
Zoomed-in circles show detail of RTK point collection
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Methodology

Each aircraft is assigned a ground
crew member with two R7 receiv-
ers and an R8 receiver. The
ground crew vehicles are
equipped with standard field
survey supplies and equipment
including safety materials. All
control points are observed for a
minimum of two survey sessions
lasting no fewer than 2 hours. At
the beginning of every session
the tripod and antenna are reset,
resulting in two independent
instrument heights and data files.
Data are collected at a rate of THz
using a 10 degree mask on the
antenna.

The ground crew uploads the GPS
data to the Dropbox website on

a daily basis to be returned to
the office for Professional Land

=

Field employee collecting RTK

Ground Survey

Surveyor (PLS) oversight, Qual-
ity Assurance/Quality Control
(QA/QC) review and processing.
OPUS processing triangulates
the monument position using 3
CORS stations resulting in a fully
adjusted position. Blue Marble
Geographics Desktop v.2.5.0 is
used to convert the geodetic
positions from the OPUS reports.
After multiple days of data have
been collected at each monu-

WSI collected
3,636 RTK points
and utilized 14
monuments.

ment, accuracy and error ellipses
are calculated. This information
leads to a rating of the monument
based on FGDC-STD-007.2-1998
Part 2 at the 95% confidence level
(table, right).

All RTK measurements are made
during periods with a Position Di-
lution of Precision (PDOP) of less
than 3.0 and in view of at least six
satellites by the stationary refer-
ence and roving receiver. RTK
positions are collected on 20% of
the flight lines and on bare earth
locations such as paved, gravel or
stable dirt roads, and other loca-
tions where the ground is clearly

visible (and is likely to remain vis-
ible) from the sky during the data
acquisition and RTK measurement
period(s). In order to facilitate
comparisons with LIDAR mea-
surements, RTK measurements
are not taken on highly reflec-
tive surfaces such as center line
stripes or lane markings on roads.
RTK points are taken no closer
than one meter to any nearby ter-
rain breaks such as road edges or
drop offs. In addition, it is desir-
able to include locations that can
be readily identified and occupied
during subsequent field visits in
support of other quality control
procedures described later. Ex-
amples of identifiable locations
would include manhole and other
flat utility structures that have
clearly indicated center points or
other measurement locations. In
the absence of utility structures, a
PK nail can be driven into asphalt
or concrete and marked with
paint.

Multiple differential GPS units are
used in the ground based real-
time kinematic (RTK) portion of
the survey. To collect accurate
ground surveyed points, a GPS
base unit is set up over monu-
ments to broadcast a kinematic
correction to a roving GPS unit.
The ground crew uses a roving
unit to receive radio-relayed ki-
nematic corrected positions from
the base unit. This RTK survey
allows precise location measure-
ment (£ 1.5 cm).

Monument Accuracy

FGDC-STD-007.2-1998 Rating

St Dev NE

0.100 m

St Dev z

0.100 m

R7 Receiver



Accuracy

Relative Accuracy

Relative accuracy refers to
the internal consistency of
the data set and is measured
as the divergence between
points from different flight-
lines within an overlapping
area. Divergence is most
apparent when flight-

lines are opposing. When
the LIDAR system is well
calibrated the line to line
divergence is low (<10 cm).
Internal consistency is af-
fected by system attitude

offsets (pitch, roll and head-
ing), mirror flex (scale), and
GPS/IMU drift.

Relative accuracy statistics
are based on the compari-
son of 378 flightlines and
over 2 billion points. Rela-
tive accuracy is reported for
the entire study area.

Relative Accuracy Calibration Results

Project Average

Median Relative Accuracy

lo Relative Accuracy

20 Relative Accuracy

0.15 ft (0.05 m)

0.15 ft (0.05 m)

0.17 ft (0.05 m)

0.22 ft (0.07 m)
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Accuracy Coverage Area (100% Coverage)

@
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Fundamental Vertical Accuracy

Fundamental Vertical Accuracy
(FVA) reporting is designed to
meet guidelines presented in the
National Standard for Spatial
Data Accuracy (NSSDA) (FGDC,
1998) and the ASPRS Guidelines
for Vertical Accuracy Report-
ing for LIDAR Data V1.0 (ASPRS,
2004). FVA compares known
RTK ground survey points to the
closest laser point. FVA uses
ground control points in open
areas where the LIDAR system
has a “very high probability”
that the sensor will measure the
ground surface and is evaluated

Vertical Accuracy Results

at the 95th percentile. For the
Tillamook-Yamill study area, 3,636
RTK points were collected.

For this project, no independent
survey data were collected, nor
were reserved points collected
for testing. As such, vertical ac-
curacy statistics are reported

as “Compiled to Meet.” FVA is
reported for the entire study area
and reported in the table below.
Histogram and absolute deviation
statistics displayed to the right.

Compiled to meet 0.26 ft. (0.08m) accuracy

at 95th percentile

Sample Size (n) 3,636
Root Mean Square Error

1 Standard Deviation

2 Standard Deviation
(FVA)

Average Deviation

Minimum Deviation

Maximum Deviation

0.13 ft (0.04 m)

0.1 ft (0.04 m)

0.26 ft (0.08 m)

0.03 ft (0.10 m)

-0.60 ft (-0.16 m)

0.57 ft (0.17 m)

Accuracy

Vertical Accuracy Distribution

Percentage Distribution
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Density

Pulse Density

Some types of surfaces (i.e. dense
vegetation or water) may return fewer
pulses than the laser originally emit-
ted. Therefore, the delivered density
can be less than the native density and
vary according to terrain, land cover
and water bodies. Density histograms
and maps have been calculated based
on first return laser pulse density and
ground-classified laser point density.

Average Point Densities

Pulse | Ground |Ground

(sq ft) [ (sa m)| (sq ft) | (sa m)

Ground Density

Ground classifications were derived
from ground surface modeling. Clas-
sifications were performed by reseed-
ing of the ground model where it was
determined that the ground model
failed, usually under dense vegeta-
tion and/or at breaks in terrain, steep
slopes and at bin boundaries.

Pulse Density Distribution
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Appendix

Certifications

WSI provided LIDAR services for the Tillamook-Yamhill study area as described in this report.
I, Mathew Boyd, have reviewed the attached report for completeness and hereby state that it is a complete and accurate report of this
project.

Mathew Boyd
Principal
WSI

I, Christopher W. Yotter-Brown, being first dully sworn, say that as described in the Ground Survey subsection of the Acquisition section
of this report was completed by me or under my direct supervision and was completed using commonly accepted standard practices.
Accuracy statistics shown in the Accuracy Section have been reviewed by me to meet National Standard for Spatial Data Accuracy.

Chrts’opnmr wj Yorier - Brown
Y e, .

fCh/stopher W. Yotter Brown PLS Oregon & Washlngton
WSI yz I
Portland, OR 97204
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Table of Monuments

Monuments

Latitude

SLM_02
SLM_03

CR_ 21
SLM_07
SLM_08
TILYAM_01
WVIL_EG3
YBS_PWH3
OLC_YAM_01
PN_CRK_01
TILYAM_02
TILYAM_03
TILYAM_04
TILYAM_05

45 07 13.26522
45 06 19.96529
45 2120.41708
45 21 35.23915
45 21 41.34326
45 21 41.68454
4517 56.90343
4515 53.64663
45 09 58.19494
4518 14.53166
45 31 03.85777
45 30 37.65203
45 27 15.50177
45 28 09.83986

-123 21 41.44098
-123 30 14.65142
-123 32 49.37310
-123 20 19.58522
-123 21 03.13246
-123 36 37.04729
-123 19 22.02551
-123 19 13.85787
-123 26 42.48672
-123 23 09.76959
-123 26 05.50554
-123 26 39.35717
-123 32 51.31302
-123 30 12.38051

60.846
293.275
114.391
110.213
257.039
117.400
419.784
343.608
519.276
782.097
743.769
380.994
526.721




LiDAR-derived Imagery

LIiDAR point cloud with RGB extraction from 2011 NAIP imagery. Barney Reservoir. View to the Southeast.




LIiDAR point cloud with RGB extraction from 2011 NAIP imagery. Trask River, 10 miles east of Tillamook, OR. View to the West.




Bare-earth hillshade of digital elevation model. Trask River fork. View to the West.




