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EXECUTIVE SUMMARY 
Under contract with the State of Utah, Aerial Surveys International (ASI) 
performed an aerial Lidar acquisition campaign in portions of the Sanpete 
Valley in central Utah. As a member of ASI’s Team, Mountain Navigations Inc. 
was responsible for establishing Lidar quality control check points and 
completing all of the computations required to support the airborne 
operations.  
 
As part of the survey campaign, existing NGS Survey Control point’s were 
recovered and verified and occupied as ground control base stations during 
Lidar flight data acquisition.  
 
The survey was performed using a 3 dimensional geodetic network to include 
local TURN (The Utah Reference Network) NGS (National Geodetic Survey) 
CORS (Continuously operating Reference Stations) active control stations. The 
selected horizontal and vertical datum’s upon which the Lidar data is  
processed are NAD83 (2011): epoch of 2010.0 and the North American 
Vertical Datum of 1988 (NAVD88) as realized by the published coordinates 
and ellipsoid heights of the TURN stations and the CORS and the absolute 
application of the geoid model, GEOID 12B. The Primary network satisfies the 
U.S. Federal Geodetic Control Subcommittee (FGCS) standards for Order B 
Geodetic GPS Surveys (8mm+1PPM). 
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In addition, a total of (10) ten Lidar control points  and (52) fifty two check 
points were established and surveyed to demonstrate the absolute accuracy 
of the Lidar data throughout the original contracted survey area. 
The check points consisted of a combination of bare earth and vegetated 
earth observations to satisfy the vertical accuracy assessment guidelines set 
forth in the “Positional Accuracy Standards for Digital Geospatial Data” by 
the ASPRS.  
 
In summary, all of the projects geodetic surveying and mapping support goals 
were achieved. This report provides detailed documentation of all aspects of 
the work. 
 
Mountain Navigation Inc. 
George C Moody 
George Moody 
Professional Land Surveyor 
October, 2018 
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1. Introduction 
This document provides a comprehensive overview of the campaign to support the acquisition of high density 
Lidar data along the Sanpete Valley in Central Utah. The report describes the field survey procedures used 
to survey the Lidar Check points used in the QA/QC of the data. The survey made use of the existing TURN 
(The Utah Reference Network) and NGS CORS (Continuously Operating Reference Stations) control stations.  
 
The check point survey occurred between September 17th and September 20th 2018, inclusive and October 
28th and October 29th. During these periods, 62 points were observed across the project area. 
 
 

1.1 Points of Contact 
Please direct any questions regarding the contents of this document to: 
 
 
Roger Hanson 
Project Manager 
Aerial Surveys International 
Phone:   (303) 261-9990 
Fax:       (303) 261-9996 
Mobile:  (719) 440-4948 
rhanson@aerialsurveysintl.com 
 
 
 
 
George Moody 
Professional Land Surveyor 
Mountain Navigation Inc. 
Phone:   (303) 514-5232 
george.moody@mountainnav.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:roger.hanson@earthlink.net
mailto:george.moody@mountainnav.com
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2. Primary Control Survey and Datums 
2.1 Introduction 

A primary geodetic network consisting of local TURN (The Utah Reference  Network- 
www.turngps.utah.gov), NGS-CORS (Continuously Operating Reference Stations – 
www.ngs.noaa.gov/CORS/), NGS Control Monuments and strategically placed base station points to support 
the  survey campaign was established along the extent of the project mapping area (see Figure 1). The 
Networks consist of 5 TURN stations, 4 NGS CORS Stations.  The NGS control points occupied are identified 
by their NGS Point Identification (PID). 
 
Independent TURN and CORS observation data were downloaded in the days prior to the field survey to 
verify operability, data availability and relative baseline observations between active control stations. 
The remaining baselines were observed using the data from the base station occupations during 
acquisition on check point observations on the respective days of field observation.  
 

2.2 Project Survey Datums 
The horizontal datum for this project is NAD83 (2011), epoch 2010.0. The datum is realized by the 
published coordinates of TURN and CORS active reference station websites respectively.  
 
The Vertical datum for this project is NAVD88. The datum is realized by the published ellipsoid heights of 
TURN and CORS and the absolute application of GEOID12B, these values were obtained via the TURN 
and CORS websites. 
 

2.3 Field Equipment and Procedures 
All GNSS/GPS observations were accomplished using the Trimble Navigation, Model R8 GNSS receivers. 
Relative position Static Surveying techniques were used for all baseline observations. Instrument heights 
were measured using both (US-FT) US Survey Feet and (M) Meters before and after the observation 
session. The values were then reduced and checked in the field prior to departure from the current survey 
location. In addition ground images were obtained to verify the surface features and vegetation type for 
Lidar data processing. 
 
In general check point data sites were logged for a minimum of 30 minutes and for as much a 90 minutes 
depending on the average baseline distance to the TURN and CORS control stations. 
 

2.4 Primary Survey Network and Adjustment 
Observed relative GNSS baselines were processed using Trimble Business Center geodetic software. All 
processed observations consist of Quasi-independent baselines (i.e. in accordance with the “n-1 baselines 
rule” (where n = the number of receivers in a given static GNSS observation session).  The International 
GPS Service for Geodynamics (IGS) rapid precise orbits (igr) were used in the processing of the baseline 
vectors. The “igr” orbits are published with a latency of 30 hours. These orbit calculations are globally 
accurate to within >5cm and are utilized in the processing of baselines over 10,000 meters.  
 
One primary survey network was designed to provide a basis for the Lidar project control and 
establishing additional quality control points throughout the project area. A minimally constrained 

http://www.turngps.utah.gov/
http://www.ngs.noaa.gov/CORS/
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adjustment was performed to verify the internal integrity of the network and establish a priori weights 
factor for the GNSS observations and determine the internal integrity of the control stations.  
 
The GNSS baselines vector components were adjusted using Trimble Business Center Geodetic processing 
software (version 3.61) in the resulting adjustments, the estimated variances for all networks passed the 
X/2-test indicating appropriate a priori estimates for the accuracy of the GNSS baseline vectors. None of 
the respective vector component residual or associated standardized residuals were flagged for possible 
rejection under the t-max test at 95% level of confidence. The relative horizontal accuracy of the network 
can be assessed by reviewing the relative 95% confidences regional ellipses of the adjustment. All station 
parings meet the Federal Geodetic Control Subcommittee (FGCS) relative positioning standard of Order 
B surveys (8mm+1ppm).  
 
In a second, fully constrained adjustment of the network the published coordinates of the TURN and CORS 
were held and weighted constraints along with the publishes ellipsoidal heights (see table 3). The 
estimated variance factor of (1.960) indicates that the network is not being unduly distorted by the 
imposition of the constraints and is maintaining its internal integrity. The adjustment yields coordinates on 
the NAD83 (2011), epoch 2010.0 and orthometeric elevations relative to NAVD88/GEIOD12B geoidal 
model (see Table 1 and appendix I for the adjusted coordinate and elevation values). 
 
The final adjustment was run to incorporate the control and check point observations. The adjusted 
coordinate values from the fully constrained adjustment were held as fixed constraints to derive the final 
coordinate and elevation values of the check points. Appendix I tabulates the final adjusted coordinate 
and elevation values of all surveyed points. 
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Primary Survey Control Network 
 
Source: 
UTMN-NGS CORS 
PUC2- NGS CORS 
P105- NGS CORS 
P009- NGS CORS 
SPIC- TURN CORS 
P108-TURN CORS 
P109-TURN CORS 
P110-TURN CORS 
P112-TURN CORS    
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Table 1 
 

Primary Network Adjustment Weighted Constraints 
Horizontal Datum: NAD83 (2011) 

Epoch 2010.0 
Linear units: Meter 

Point Source Latitude Longitude Ellipsoid 
Height 

Adjustment 
Constraint 

UTMN 𝑁𝐺𝑆 𝑁 40° 08′ 39.69951" W 111° 35’ 44.07502” 1426.992 𝐿, 𝐿, ℎ 

PUC2 𝑁𝐺𝑆 𝑁 39° 35′38.10058" W 110° 45’ 41.52524” 1714.225 𝐿, 𝐿, ℎ 

P105 𝑁𝐺𝑆 𝑁 39° 23′15.14007" W 112° 30’ 14.66907” 1432.213 𝐿, 𝐿, ℎ 

P009 𝑁𝐺𝑆 𝑁 38° 28′47.73269" W 112° 13’ 21.72562” 1762.278 𝐿, 𝐿, ℎ 

SPIC 𝑇𝑈𝑅𝑁 𝑁 39° 18′22.35386" W 112° 07’ 38.86225” 1671.188 𝐿, 𝐿, ℎ 

P108 𝑇𝑈𝑅𝑁 𝑁 39° 35′19.94567" W 111° 56’ 40.33561” 1684.009 𝐿, 𝐿, ℎ 

P109 𝑇𝑈𝑅𝑁 𝑁 39° 35′50.93095" W 111° 39’ 02.95024” 1761.718 𝐿, 𝐿, ℎ 

P110 𝑇𝑈𝑅𝑁 𝑁 39° 42′ 54.80178 W 111° 34’ 16.06279” 2266.974 𝐿, 𝐿, ℎ 

P112 𝑇𝑈𝑅𝑁 𝑁 39° 49′00.84356" W 111° 26’ 59.93845” 1931.130 𝐿, 𝐿, ℎ 
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3.0 LIDAR CONTROL and CHECK POINTS 
3.1 Introduction 

In order to control and validate the accuracy of the Lidar data, (62) Lidar control and check points 
were surveyed in the project area. Of the 62 Lidar points observed on the project, the following 
breakdowns of point classification were reported.   

• (10) Lidar Ground Control Points  
• (32) Non-Vegetated Vertical Area (NVA)  
• (7) Vegetated Vertical Area Bare Earth (VVA-B) 
• (6)  Vegetated Vertical Area Forest (VVA-F)  
• (7) Vegetated Vertical Area Grass (VVA-G) 

 

                   3.2       Survey Observations and Data Processing 

At each of the Lidar control and check points, a Static GNSS/GPS observation was acquired 
for a   minimum of 30 minutes using a Trimble Navigation R8 GNSS receiver.  

The Static measurements were post-processed against the TURN Stations and NGS-CORS 
stations operating in the in the project area at the time of check point observations. The 
processing and network adjustment procedures were completed using Trimble Business Center 
geodetic software.  

The final adjusted coordinates of the control and check points were derived via network 
adjustment of the resulting observed baselines.  The published coordinates and ellipsoid 
heights of the TURN and CORS stations were held fixed for the network adjustment. The latest 
published Geoid model, Geoid12B was applied to derive the orthometeric elevations.  

  

                    3.3       Lidar Control and Check Point Results 

Ground images of the control and check points were taken at the time of survey and are 
available for each of the 62 locations.  

 

See appendix I for a listing of the final control values.  

  



State of Utah - Sanpete Valley Mapping Project Control Survey Report         October 2018 
 

 

Page 9 

Appendix I 
Final Coordinates and Elevations 

 
Sanpete Valley, Utah Lidar Campaign 

Final Adjusted Coordinates 
 

Horizontal Datum: NAD83(2011): Epoch 2010.0 
Vertical Datum: NAVD88 
Projection: UTM Zone 12 
Unit of Measure: Meter 
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