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Identification of the method
Getting static locations for accurate monument positions in the field for surveying.

Scope of the method

This standard operating procedure provides Ozarks Environmental and Water
Resources (OEWRI) field personnel with guidance on the procedure for completion of
static data collection in the field and post processing.

Summary of method

This SOP describes the infield raw data collection procedures using the Bad EIf GNSS
Surveyor to get one static location. The post processing procedure is also explained
using the program RTKPost, CORS, and GEOID computation to achieve an accurate
static location for all monument and known point locations.

Definitions
4.1 GNSS: Global Navigation Satellite System
4.2 CORS: Continuously Operating Reference Station Network

Health and safety
There are no health or safety concerns when using this procedure.

Personnel qualifications

This procedure should be followed by OEWRI field and processing personnel who have
received appropriate training and have field experience regarding surveying techniques
and post processing of GPS points.

Equipment and supplies
7.1 Bad EIf GNSS Surveyor: real time GPS

7.2 iPad: run Raw Logging on the Bad EIf

7.3 Posts, flagging: for permanent monument locations in the field

7.4 Tape measure: measure the distance the bad elf is off the ground

Procedure

The form is comprised of two sections; data collection procedure section and the post
processing.

8.1 Use Bluetooth to connect the Bad EIf GNSS Surveyor to the iPad.

8.2 Place Bad EIf on top of the designated monument. This can be a known location
on aerial photography or use a stake/post that can be permanently placed into
the surveying area for future work at the site. Wait until Bad Elf or iPad says

WAAS + PPP

8.3 A minimum of 2 monuments are needed, 3 monuments are recommended in
case of a data sharing error.

8.4 Open the Bad EIf App and select Raw Logging on the left column (Figure 1). Raw
logging is what is used to get a static location on the ground. Make sure the
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Auto-stop is set to at least 20 min. More time can be added if the area is dense.
When ready, tap the switch to begin logging data. (If you are running out of time
only 15 minutes of recording is required.

8.5 When the raw logging is complete, it will automatically stop recording and save
the file as Untitled. Enter the Marker Name (i.e. Site_Mon1). If it is a new
monument, measure the height of the stake that the Bad EIf was placed on and
put height (m) under Antenna height in the Raw Log Details.

8.6 When you are out of the field and have wifi connection. Click the download
button at the bottom of the Raw Log Details Screen.
Export Selected Raw Log As: ZIP’d RINEX Files

8.7 Email the ZIP’d RINEX File, so it can be downloaded for later use. Each file has
to be emailed individually.

Post Processing
9.1 Download CORS Data (RINEX) https://www.ngs.noaa.gov/UFCORS/ and input
(Figure 2):
9.1.1 Start Date (Day Raw Log was collected)
9.1.2 Start Time (An hour before the Raw Log was Collected)
9.1.3 Time Zone: GMT — 6 (Central Standard)
GMT - 5 (Central Daylight Savings)
9.1.4 Duration in Hours (Add an hour to when the Raw Log was done collecting, 2-
4 hours)
9.1.5 Site ID: use CORS Map to select a site (i.e. for Big Barren its site MOVB)
9.1.6 Sampling Rate: As Is
9.1.7 Available Satellite Systems check GPS (L1+L2+L2C+L5) and GLO+GAL+BEI
9.1.8 Click get CORS data file

9.2 Setting up the RTKPost processing https://bad-elf.com/pages/post-processing-
gnss-data-with-rtklib-introduction
9.3 RTKPost Options... (Figure 3)
9.3.1 Settingl: Ensure Positioning Mode is set to static and filter type is set to
Forward. Elevation mask set to 15 degrees.
9.3.2 Setting2: Ensure setting for Integer Ambiguity Resolution is set to Fix and
Hold
9.3.3 Ouput: For static recordings, set Datum/Height to WGS84/Ellipsoidal and
Solution for Static Mode to Single
9.3.4 Positions: Under Base Station, ensure RINEX Header Position is selected
9.4 In RTKPOST ver.2.4.2 input (Figure 4):
9.4.1 Click on the ellipses “...” next to RINEX OBS: Rover. Select the RINEX (.obs)
file downloaded from your Bad EIf App
Ex: Mon 3.0bs
9.4.2 Click on the ellipses “...” next to RINEX OBS: Base Station. Select the RINEX
(.190) file downloaded from your CORS base station
Ex: movb1970.190
9.4.3 Under RINEX *NAV/CLK, SP3... click on the ellipses “...” on the first line and
select the NAV (.19n) file from your base station.
Ex: movb1970.19n
9.5 Click “Execute” to have RTKLIB process your data files.
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https://www.ngs.noaa.gov/UFCORS/
https://bad-elf.com/pages/post-processing-gnss-data-with-rtklib-introduction
https://bad-elf.com/pages/post-processing-gnss-data-with-rtklib-introduction
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9.6

9.7

Click on “View” to see a text file containing the solution. The position file (.pos)
will automatically be saved in the folder where your the RINEX file was saved
from your Bad EIf App.

GEOID Computations: After the Lat/Long/Height is established from RTKPOST,
the GEOID needs to be subtracted from the Height to get the Ortho Height
(Figure 5).

9.7.1 Go to https://www.ngs.noaa.qov/GEOID/GEOID12B/computation.html
9.7.2 Enter Latitude, Enter Longitude (no negative), select West

9.7.3 Click Perform GEOID12B Computation for single location

9.7.4 Subtract the N meters (Ex: -29.708) from the Height (m) given from the

RTKPOST .pos file to get the Ortho Height

9.8 If needed subtract the Antenna Height from the Ortho Height to get the final
elevation.

9.9 All of the monuments can be saved in an excel spreadsheet and saved as a .csv
file. The .csv file can be exported as XY data in ArcGIS (using the WGS84
coordinate system) to be mapped and compared to the LiDAR for accuracy.

References

Bad EIf. 2019. "Post-processing GNSS Data with RTKLIB." Bad EIf. https://bad-
elf.com/pages/post-processing-gnss-data-with-rtklib-introduction.

NOAA. 2018. "Computation of GEOID12B Geoid Height." National Geodetic
Survey. June 27.
https://www.ngs.noaa.gov/GEOID/GEOID12B/computation.html.

NOAA. 2019. "Download Custom CORS data files." User Friendly CORS
(UFCORS) Data (RINEX). April 24. https://www.ngs.noaa.gov/UFCORS/.
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Tables, diagrams and flowcharts
There are no tables, diagrams or flowcharts for this method.
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Figure 1. Screen shot of Bad EIf App on iPad showing sections needed to run raw logging/static positioning.



-/ User Friendly CORS (UFCORS)

V Mational Geodetic Survey

Downlead Custom CORS data files

This utility allows you to obtain a specific block of Glebal Navigation Satellite System (GNSS) data, in
Receiver INdependent EXchange (RINEX) format 2.11, for any site in the Continuously Operating
Reference Station (CORS) Netwaork

Fields marked with an asterisk () are required

Selection Criteria
‘Start Date:  07/14/2019

Menu

UFCORS Home (First available data: Jan 01, 1994)

CORS Home

FAQs Year Day of Year
Comments Start Time:

Time Zone:  |[GMT-5 v

*Duration in Hour(s):

*Site 1D: MOVB v |CORS Map

Sampling Rate:

*Available Satellite Systems: -All Signals
[\g\ GPS {L1+L2+L2C+L5) ¥ GLO+GAL+BEI

Legacy Applications:
GPS {L1+L2 only)

Optional Files

Coordinate File :  [|
NGS data sheset: [
IGS Orbits in SP3(c) format: [
get CORS data file
Website Owner: Nationa| Geodetic Survey / Last modified by NG S.UFCORS Apr 24 2018

NOS Home * NGS Employees = Privacy Policy = Disclaimer = USA.gov * Ready.gov = Site Map = Contact Webmaster

Figure 2. CORS Base Station Data



Options * | Options hd

Settingl Setting2 OQutput Stats Positions Files  Misc Settingl Setting2  Qutput Stats  Positions  Files  Misc

Positioning Mode Static “ Integer Ambiguity Res (GPS/GLO) FixandH ~ | ON v

Frequendies [ Filter Type L1 ~ | Forward Min Ratio to Fix Ambiguity |3

Elevation Mask (%) / SNR Mask (dBHz) |15 ~ Min Confidence [ Max FCB to Fix Amb 09922 0.25

Rec Dynamics / Earth Tides Correction | OFF ~ || OFF ~ Min Lock / Elevation (%) to Fix Amb 0 0

Tonosphere Correction Broadcast it Min Fix f Elevation () to Hold Amb 10 0

Troposphere Correction Saastameinen - Cutage to Reset Amb/Slip Thres (m) 5 |D.DSD

Satellite Ephemeris/Clock Broadcast w Max Age of Diff (s) / Sync Solution 0.0 —

Sat PCV Rec PCY PhWindup Reject Ed RAIM FDE Reject Threshold of GDOP/Innav (m) 30.0 |3D.U
Excluded Satelites (+PRN; Incuded) | | Number of Filter Tteration 1
GPs [V]GLO [AGalleo [JQzss [#]seas []EeiDou Baseline Length Constraint {m) 0.000 0,000
Load... Save... oK Cancel Load... Save... Ok Cancel
Opticns > | Options >
Settingl Setting2 Output Stats Positons Files  Misc Settingl Settng2 Output Stats Posions  Files  Misc
Rover

Solution Format Lat/Lon/Height ~ Lat/Lon/Height (deg/m)

Qutput Header fProcessing Options ON ~ || i 50,000000000 0000000000 -6335367.6285

Time Format [ # of Dedmals hh:mm:ss GPST  ~ [ ] Antenna Type (*: Auto) Delta-E/M/U (m]

Latitude [ Longitude Format ddd.ddddddd - 0.0000  |[0.0000 |[0.0000

Field Separator | Base Station

DatumHeight WGs84 | Elipsoidal ~ RIMNEX Header Postion

Geoid Model Internal 90.000000000 0.000000000 -6335367.6285

Solution for Static Mo Single e - anerr Trpe % o) o .:-:l-:l-:u; 0.0000 [[0.0000

MEA Interval (=) RMC/GGA, GSA/GSV 10 : Station Position File
Qutput Solution Status f Debug Trace State “ || Levels | = ..
Load... Save... OK Cancel Load. .. Save... OK Cancel

Figure 2. RTKPOST Option changes for static processing




¥ RTKPOST ver.2.4.2 — X
[ITime start (GPSTY 7 [ Time End (GPST) ? [(interval | Unit
2000/01/01 | |00:00:00 |5 |2000/01/01 | |00:00:00 |5 O s 24 |H
RIMEX OBS: Rover ? & E
| B 9-07-16-171224-120 1.CR_153_3 - Mon 3.0bJg 9
RIMEX OBS: Base Station 0=
|U:‘l,Coonen‘l,DEWRI\,BBCWonuments‘l,CR 153 - 3ymovb 1970, 190 v |E|
RIMEX *MAV/CLK, SP3, IONEX or SBS/EMS SESHS
Us\Coonen\OEWRIBEC \Monuments\CR 153 - 3\movb 1970, 19n e El
v o]
Solution [ ] Dir
|U:\Coonen\OEWRI'BBC\Manuments\CR 153 - 3\2018-07-16-171224-1201-CR 152 + ]
|I§I = done i |
| Pot. | View.. | ToKML.. | Optons.. | Exeatte |  Bxit |

Figure 4. RTKPOST data entry inputs



Latitude Example: -13 49 58.@3964 Longitude Example: 171 45 28.81753 (West)

Enter Latitude: |36 91280687

Enter Longitude: |91.13553643 *\West ' 'East

IPerform GEQID12B Computation for a single location||Clear Input]

Figure 5. GEOID Computation




