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1. Overview  

 
Watershed Sciences, Inc. (WSI) collect ed Light Detection and Ranging (LiDAR) data for the 
Chehalis River Watershed study area on January 28th, February 2nd-7th, March 4th-9th, March 
21st-23rd, and April 7 th,  2012 for the Puget Sound LiDAR Consortium in partnership with the 
Federal Emergency Management Agency Region X (FEMA), Washington Department of Natural 
Resources, and Lewis County.  This report documents the data acquisition, processing 
methods, accuracy assessment, and deliverables for the Chehalis River Watershed area of 
interest (AOI) in Washington State.  The requested area of 224,713 acres for the Chehalis 
River Watershed was expanded to include a 100m buffer to ensure complete coverage and 
adequate point densities around survey area boundaries  resulting in a total of 234,556 acres 
of delivered LiDAR data.  
 
Figure 1 .   Chehalis River Watershed area of interest, Washington. 
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2.Acquisition  

2.1 Airborne Survey ð Instrumentation and Methods  

 

The LiDAR survey utilized an Optech Orion-C and a Leica ALS60 sensor in a Cessna Caravan 
208B.  Depending on acquisition day weather  and terrain, t he Leica system was set to acquire 
from Ó83,000 to 105,000 laser pulses per second (i.e., 83  ð 105.0 kHz pulse rate) and flown at 
900-1300 meters above ground level (AGL), capturing a scan angle of ±14o from nadir.   The 
Optech System was set to acquire from Ó83,000 to 100,000 laser pulses per second (i.e., 83-
100.0 kHz pulse rate) and flown at 800 -1000 meters AGL, capturing a scan angle of ±14º from 
nadir.  These settings were developed to yield points with an average native pu lse density of 

²8 pulses per square meter over terrestrial surfaces.  It is not uncommon for some  types of 
surfaces (e.g. dense vegetation or water) to return fewer pulses than the laser originally 
emitted.  These discrepancies between ônativeõ and ôdeliveredõ density will vary depending 
on terrain, land cover , and the prevalence of water bodies.  
 
 

 
 
 
 
 
 
 
 
 
 
The Cessna Caravan is a stable platform, ideal for flying slow and low for high density projects.  The 
Leica ALS60 sensor head installed in the Caravan is shown on the left.   The Orion sensor head is shown 
in the middle.  The caravan we use for data acquisition is shown on the right .  

 
For each flight ,  steps are taken to initialize and calibrate the sensor.  Prior to take off a 
static initializatio n is completed on the ground.  After the sensor has been turned on, the 
plane sits in an area unobstructed by buildings, for 3 minutes to establish a quality Global 
Positioning System (GPS) solution. When the aircraft is within 10nm of base stations an S -Turn 
(90 degrees out, 180 back and 90 to get back on line) is completed to make sure the sensor 
IMU is initialized.  At the end of the mission, over or near the study area, a complete figure -
eight is flown.  
 
The entire area was surveyed with an opposing flight line side -lap of Ó60% (Ó100% overlap) to 
reduce laser shadowing and increase surface laser painting.  The Leica and Optech laser 
systems allow  up to four range measurements (returns) per pulse, and a ll discernible  laser 
returns were  processed for the output dataset.  
 
To accurately solve for laser point position (geographic coordinates x, y, z), the positional 
coordinates of the airborne sensor and the attitude of the aircraft were recorded continuously 
throughout the LiDAR data collection mi ssion.  Aircraft position was measured twice per 
second (2 Hz) by an onboard differential GPS unit.  Aircraft attitude was measured 200 times 
per second (200 Hz) as pitch, roll and yaw (heading) from an onboard inertial measurement 
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unit (IMU).  To allow fo r post-processing correction and calibration, aircraft/sensor position 
and attitude data are indexed by GPS time.  
 
Upon completion of each flight the data  was backed up and then reviewed by the operator. 
This review is performed on raw flight data in the field using IPAS Pro, ALS LiDAR Point 
Processor, ArcMap, Microstation, and Corpscon software.  It is a cursory inspection to test for 
full cover age along the flight lines.  This  review process ensures the consistency of the laser 
settings and timestam ps as well as converts the data to images that can be visually inspected 
for data gaps so reflies can be completed as necessary.   

 

2.2 Ground Survey ð Instrumentation and Methods  

 
During the LiDAR survey, static (1 Hz recording 
frequency) ground surveys were conducted 
over set monuments.  Monument coordinates 
are provided in Table 1 and shown in Figure 2 
for the AOI.  After the airborne  survey, the 
static GPS data were processed using 
triangulation with Continuously Operating 
Reference Stations  (CORS) and checked using 
the Online Positioning User Service (OPUS1) to 
quantify daily variance.  Multiple sessions were 
processed over the same monument to confirm 
antenna height measurements and reported 
position accuracy.   Indexed by time, the se GPS 
data were used to correct the continuous 

onboard measurements of aircraft position recorded throughout the mission.  Contro l 
monuments were located within 13 nautical miles of the survey area. 
 
2.2.1 Instrumentation   

 
For this study area all Global Navigation Satellite System survey work utilized a Trimble GPS 
receiver model R7 GNSS with a Zephyr Geodetic Model 2 RoHS antenna with ground plane 
(OPUS ID: TRM57971.00) and a Trimble model R8 GNSS unit (OPUS ID: TRM_R8_GNSS) for static 
control points.   A Trimble model R8 GNSS unit was used for collecting check points using real 
time kinematic (RTK) survey techniques.  All GPS measurements are made with dual 
frequency L1-L2 receivers with carrier -phase correction.  

  

                                                 
1 Online Positioning User Service (OPUS) is run by the National Geodetic Survey to process corrected monument positions. 

Trimble GPS 
equipment  
in the Chehalis 
River 
Watershed 

study area.  
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2.2.2 Monumentation  

 

 
 
 
 
 

Watershed Sciences utilized one established monument and established twelve new 
monuments in the area.  The Watershed Sciencesõ monumentation was implemented  with 
5/8ó x 30ó rebar topped with a metal  cap stamped with the project ID and year.  Monuments 
selected were found to have good visibility and optimal location to support a LiDAR 

acquisition flight .  
 
 
Table 1.  Base Station control  coordinates for  the Chehalis River Watershed LiDAR data collection . 
 

  

Base Station ID 

Datum: NAD83 (CORS96) GRS80  

Latitude Longitude 
Ellipsoid Z 
(meters) 

CH_BLM 46º 49ô 57.46091" N 123º 13ô 59.11509ò W 3.993 

CH_01 46º 55ô 56.01899ò N 123º 19ô 54.84926ò W -2.074 

CH_02 46º 56ô 23.02591ò N 123º 20ô 40.34710ò W -6.783 

CH_03 46º 38ô 03.90618ò N 123º 15ô 48.42561ò W 72.190 

CH_04 46º 35ô 10.37819ò N 123º 17ô 06.32198ò W 95.947 

CH_05 46º 37ô 35.62484ò N 123º 04ô 29.17506ò W 39.458 

CH_06 46º 34ô 34.04218ò N 122º 50ô 44.63828ò W 81.723 

CH_07 46º 59ô 24.92027ò N 123º 25ô 29.98866ò W -9.186 

CH_08 46º 44ô 00.78142ò N 123º 00ô 14.64531ò W 30.105 

CH_09 46º 51ô 05.62124ò N 123º 16ô 38.82466ò W 1.855 

CH_11 46º 35ô 32.17331ò N 123º 07ô 25.45125ò W 49.275 

CH_12 46º 33ô 40.55689ò N 123º 07ô 46.12298ò W 54.969 

CH_13 46º 31ô 22.49145 N 123º 07ô 51.16129ò W 79.396 
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2.2. 3 Methodology  

 

The aircraft was assigned a ground crew member with two Trimble R7 receivers and an R8 
receiver.  The ground crew vehicles are equipped with standard field survey supplies and 
equipment including safety materials.  All control monuments  were observed for a minimum 
of one survey session lasting no fewer than 4 hours and an additional session lasting no fewer 
than 2 hours.  At the beginning of every session the tripod and antenna were reset, resulting 
in two independent instrument heights and data files.  Data was collected at a rate of 1Hz 
using a 10 degree mask on the antenna.  

The ground crew transferred the GPS data daily to the WSI Professional Land Surveyor (PLS) 
for oversight, Quality Assurance/Quality Control (QA/QC) review and processing .  OPUS 
processing triangulates the monument position using 3 CORS stations resulting in a fully 
adjusted position.  After multiple days of data  were collected at each monument, accuracy 
and error ellipses were calculated from the OPUS reports.  Th at information leads to a rating 
of the monument based on FGDC-STD-007.2-19982 at the 95% confidence level . See section 
2.2.4 for the overall rating of the monuments used on this project . When a statistical  stable 
position was found CORPSCON3 6.0.1 software was used to convert the UTM positions to 
geodetic positions.  This geodetic position was used for processing the LiDAR data. 

RTK and aircraft mounted GPS measurements were made during periods with PDOP4 less than 
or equal to 3.0 and with at least 6 satellite s in view of both a stationary reference receiver 
and the roving receiver.  Periods of low precision during static sessions were removed during 
OPUS processing.  RTK positions were collected 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).  For 
RTK data collection , the surveyor holds an R8 GNSS Unit level and stationary for 5 seconds, 
while the unit  calculates the pseudo range position from at least three epochs with the 
relative error under 1.5  cm horizontal and 2  cm vertical.  

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.  RTK points were 
taken no closer than one meter to any near by 
terrain breaks such as road edges or drop offs.  

  

                                                 
2 Federal Geographic Data Committee Draft Geospatial Positioning Accuracy Standards (Part 2 table 2.1)  
3 U.S. Army Corps of Engineers , Army Geospatial Center Software 
4
PDOP: Point Dilution of Precision is a measure of satellite geometry , the  smaller the number the better the 

geometry between the point and the satellites.  

Trimble R8 
GNSS GPS 

Receiver 
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2.2.4 Monument Accuracy  

 

FGDC-STD-007.2-19985 at the 95% confidence level for this project:  
 

St Dev NE: 0.050 m 
St Dev z: 0.050 m 

 

 
 

                                                 
5 Federal Geographic Data Committee Draft Geospatial Positioning Accuracy Standards (Part 2 table 2.1) 

Trimble GPS survey equipment 

configured for RTK collection  
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Figure 2. RTK check point  (4,331) and control monument  (13) locations used in the  Chehalis River 
Watershed AOI. 

 
















































