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SECTION 1: GROUND SURVEY - INSTRUMENTATION AND METHODS 
During the Sandy River LiDAR survey, static (1 Hz recording frequency) ground surveys were conducted 
over either known or previously set monuments. Monument coordinates are provided in Table 1.1 and 
illustrated in Figure 1.1 for the task order AOI. After the airborne survey, the static GPS data are 
processed using triangulation with continuous operation stations (CORS) and checked using the Online 
Positioning User Service (OPUS) to quantify daily variance. The Online Positioning User Service 
(OPUS) is run by the National Geodetic Survey to process corrected monument positions. Multiple 
sessions are processed over the same monument to confirm antenna height measurements and reported 
position accuracy. Indexed by time, these GPS data records are used to correct the continuous onboard 
measurements of aircraft position recorded throughout the mission.   

 
Table 1.1: Base Station Surveyed Coordinates, (NAD83/NAVD88, OPUS Corrected) Used 
for Kinematic Post-Processing of the Aircraft GPS Data for the Sandy River Task Order. 

 

Datum NAD83(CORS96) Base 
Station ID Latitude 

(North) 
Longitude 

(West) 

Ellipsoid Height 
(L1 Phase center) 

Number of 
Observations

CBSD1 45 26 36.07230 110 16 21.40137 215.217 4 
GKSD1 45 26 36.06930 110 16 23.26705 214.312 4 

 
 

Instrumentation 

For this task order, all Global Navigation Satellite System (GNSS) survey work utilized a Trimble GNSS 
receiver model R7 with a Zephyr Geodetic Model 2 antenna with ground plane for static control points. 
The GNSS, Global Navigation Satellite System, consists of the U.S. GPS constellation and Soviet 
GLONASS constellation. The Trimble GPS R8 GNSS unit is used primarily for Real Time Kinematic 
(RTK) work but can also be used as a static receiver. For RTK data, the collector begins recording after 
remaining stationary for five seconds then calculating the pseudo range position from at least three epochs 
with the relative error under 1.5 cm horizontal and 2.0 cm vertical. All GPS measurements are made with 
dual frequency L1-L2 receivers with carrier-phase correction.  

 

Woolpert, Inc. Sandy River ARRA LiDAR  
December 2010 LiDAR Ground Control Survey Report   
 United States Geological Survey (USGS) 1-1 



 

 

Figure 1.1: GPS base station locations covering the Sandy River Task Order AOI, 
displayed over 2009 NAIP Imagery 
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Monumentation 

Whenever possible, existing and established survey benchmarks served as control points during LiDAR 
acquisition, including those previously set by Watershed Sciences. In addition to NGS, the county 
surveyor’s offices and Oregon Department of Transportation (ODOT) often establish their own 
benchmarks. NGS benchmarks are preferred for control points. In the absence of NGS benchmarks, 
county surveys, or ODOT monuments, Watershed Sciences produces monuments.  These monuments are 
spaced at a minimum of one mile apart and every effort is made to keep the monuments within the public 
right of way or on public lands. If monuments were required on private property, consent from the owner 
was required. All monumentation is created with 5/8" x 30" rebar topped with an aluminum cap with 
“Watershed Sciences Inc.” and monument identification stamped permanently into the metal. 
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Methodology 

The aircraft was assigned a ground survey crew member with two R7 receivers and an R8 receiver. The 
ground crew vehicle was equipped with standard field survey supplies and equipment including safety 
materials. All data points are observed for a minimum of two survey sessions lasting no fewer than six 
hours. At the beginning of every session the tripod and antenna are reset, resulting in two independent 
instrument heights and data files. Data is collected at a rate of 1Hz using a ten degree mask on the 
antenna.  

The ground crew uploaded the GPS data to 
the FTP site on a daily basis to be returned 
to the office for professional land surveyor 
(PLS) oversight, quality assurance/quality 
control (QA/QC) review and processing.  
OPUS processing triangulates the 
monument position using three CORS 
stations resulting in a fully adjusted 
position. After multiple days of data have 
been collected at each monument, 
accuracy and error ellipses are calculated 
from the OPUS reports. This information 
leads to a rating of the monument based o
FGDC-STD-007.2-1998 Part 2 table 2.1
the 95% confidence level. When a 
statistical stable position is found, 
CORPSCON 6.0.1 software was used to
convert the UTM positions to geodet
positions. This geodetic position is used 
for processing

n 
 at 

 
ic 

 the LiDAR data. 

 

 

 

All GPS measurements were made during periods with PDOP less than or equal to 3.0 and with at least 
six satellites in view of both a stationary reference receiver and the roving receiver.  RTK positions were 
collected on 20% of the flight lines and on bare earth locations such as paved, gravel or stable dirt roads, 
and other locations where the ground is clearly visible (and is likely to remain visible) from the sky 
during the data acquisition and RTK measurement period(s).  

In order to facilitate comparisons with LiDAR measurements, RTK measurements were not taken on 
highly reflective surfaces such as center line stripes or lane markings on roads. The RTK points were 
taken no closer than one meter to any nearby terrain breaks such as road edges or drop offs. In addition, it 
is desirable to include locations that can be readily identified and occupied during subsequent field visits 
in support of other quality control procedures described later. Examples of identifiable locations would 
include manhole and other flat utility structures having 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 were used in the ground based real-time kinematic (RTK) portion of the 
survey. To collect accurate ground surveyed points, a GPS base unit was set up over monuments to 
broadcast a kinematic correction to a roving GPS unit. The ground crew used a roving unit to receive 
radio-relayed kinematic corrected positions from the base unit. This RTK survey allows precise location 
measurement ( ≤ 1.5 cm). Figures 1.2 and 1.3 illustrate these hard-surface, calibration RTK locations, 
as well as additional ground control points measured throughout the task order AOI. 
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Figure 1.2: RTK calibration points used in processing the Sandy River AOI displayed 
over 2009 NAIP imagery and a 30 meter DEM 
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Figure 1.3: Sample selection of ground control RTK points in the Sandy River AOI 
displayed over 2009 NAIP imagery and a 30 meter DEM. These points were not used in 

the calibration of the LiDAR data. 
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