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1 Introduction

When evaluating GPS RTK performance is it often necessary or desirable to have the rover receiver in motion.  An ATS can be used to track the dynamic antenna and create an independent laser-based “truth trajectory” that is referenced to GPS time.  The RTK solution can then be compared against the “truth trajectory” to establish error estimates for the latitude, longitude and height information on an epoch-by-epoch basis.

This paper:

· describes the steps to set up a dynamic test using the ATS to track the GPS antenna, and

· describes the steps to analyze the ATS and GPS RTK data.

2 Test Equipment Description

Base Station

· 5700 (or similar) with CF and data cables

· dual-frequency antenna

· broadcast radio

ATS Station

· Tripod

· ATS and tribrach

· Measuring rod or tape

· 1 x Hiroshi-to-Hiroshi cable

· 1 x DE9-to-Hiroshi adapter

· GPS receiver (to provide 1Hz NMEA ZDA) , antenna, power supply and data cable

· Laptop with:

· good battery, 

· multiple serial ports,

· “Start ATS” utility (V TBD),

· *.ini file TBD TBD, and

· “rcapture” utility (V TBD). 

If AC power available:

· 1 x Hiroshi-to-Hiroshi cable
· 1 x ATS power supply
If only a 12V battery is available:

· 1 x Hiroshi-to-12V battery clips cable

· 12V car battery

· DC Step-up regulator (extra power for laptop)

ATS Backsight

· 1 x bipod

· 1 x laser tracker/prism

· 1 x power for laser tracker/prism

Dynamic Platform

· 1 x laser tracker/prism (mounted vertically beneath the rover GPS antenna)

· 1 x power for laser tracker/prism

· RTK rover equipment, as required

3 Test Equipment Layout and Setup

Initial preparation required

Establish precisely and accurately the coordinates for the ATS point and the backsight point, both with respect to the GPS Base Station coordinates.  The North, East and Up coordinates (referenced to WGS-84 NOT State Plane Coordinates or other coordinate system) will be required (see below).  Make note of the horizontal azimuth between the ATS point and the Backsight point.  Ensure that the ATS will have good line-of-sight visibility over the entire operating range of the RTK rover.  Also try to have the ATS Backsight located at least as far away from the ATS point as the furthest distance anticipated between the ATS point and the RTK rover during testing.

Coordinate System Manager can be used to create a “site” so that the N, E and U coordinates are “consistent” with WGS-84.  This site can then be imported into TTC for determination of the ATS and backsight coordinates (in latitude, longitude and height and in N, E and U).

· Import the measurement data for the Base, ATS and BS points into TTC.

· Process the baselines to determine the latitude, longitude and height for the ATS and BS points.  Pay careful attention to measurement methods (i.e. bottom of antenna mount rather than phase center) and antenna heights for all points.


· Create a folder for your data and copy the base, ATS and BS *.dat files.

· Start TTC and select “New Project” and “default”.

· Select “File” and “Import”.  Under the “Survey” tab select “Receiver Raw Data File” and OK.

· Navigate to your folder and select the three *.dat files, and “Add to Project” and “Close”.  A “Receiver Raw Data Import” screen should appear.  Select OK.  Close the “Insert Files into Project” screen.

· Start at the “Project Plot” tab.

· Rename each point to something sensible.  Left click on the name (probably numeric at this point) then right click on the turquoise box and select “Properties”.  Under the “Point” tab change the “Number” field to the name of the point and select “Assign”.  Repeat for all three points.

· Bring up the “Properties” for the base point.  Under the “Control” tab ensure that the “Use as Control Point” box is ticked and that “WGS84” is selected and press “Assign”.  Under the “Geo” tab enter the point coordinates for the base point and press “Assign”.  Close the “Property” box.

· Change to the “Occupations” tab.  Right-click on the base observation file and select “Properties”.  Under the “Antenna” tab, verify the antenna type and antenna measurement method.  Recall that the base point coordinates are probably ARP (i.e. bottom of antenna mount).  TTC is likely to show you that the “Measured to” is “Antenna Phase Center” and that the antenna height has been adjusted to account for the antenna type (ex. 0.053m for a Zephyr Geodetic).  Re-do these steps for the ATS and BS observations and enter the appropriate antenna types, “Measure to” and antenna height values.

· Return to the “Project Plot” tab.

· Left click on the line between the ATS and the BS.  Hit “delete” to remove this baseline.

· Select “Process” and “Process Project” to process the ATS and BS baselines.

· Make note of the ATS latitude, longitude and height values.

· Save your TTC project.

· Start Coordinate System Manager (Start/All Programs/Trimble Office/Utilities/Coordinate System Manager)

· “Edit” … “Add Coordinate System Group …” and use a name that makes sense (such as “ATS_CSG”).  A turquoise color folder should appear in the list of Coordinate System Groups (all others should be reddish).

· Select “Edit” and “Add Coordinate System” and select “Plane”.  You will be asked to select the coordinate system group.  Select “ATS_CSG”.

· A “Zone Parameters” screen will appear.  Create a descriptive name for the zone (such as “Sensory Park”).  Each individual ATS point will be considered its own “zone”.  Select “Next”.

· A “Geiod Model” screen will appear.  Select “No Geoid Model”.  Select “Next”.

· A “Projection” screen will appear.  Leave the “Positive Coordinate Direction” settings set to “North” and “East”.  The “central latitude”, “central longitude” and “height above ellipsoid” will be the surveyed coordinates for the ATS point.  Format for the latitude and longitude is “dd mm ss.sssss X” where “X” is N, S, E or W.  Enter “0” for “height above geoid” and “rotation angle”.  Enter some suitable numbers for the “false northing” and “false easting”.  I would suggest 400m for the northing and 700m for the easting, as you will never be further away from the ATS than either of these numbers, which will guarantee a positive number for either component at all times (the ATS does not like negative grid coordiates!).  Leave the “scale factor” set to 1.

· A “Shift grid” screen may appear.  Select “None”.

· Select “Finish”.

· Select “Save” to save the modified “current.csd” file.

· Re-open the TTC project.

· Select “Project” and “System”.  A “Select Coordinate System” screen will appear.  Choose “New System” and “Next”.

· A “Select Coordinate System Type” screen will appear.  Choose “Coordinate System and Zone” and “Next”.

· A “Select Coordinate System Zone” screen will appear.  Choose the “ATS_CSG” Coordinate System Group and the appropriate Zone corresponding to your ATS location, and “Next”.

· A “Select Geoid Model” screen will appear.  Choose “No geoid model” and “Finish”.

· A “System Changed” screen will appear.  Choose “Keep WGS84 coordinates and recalculate national coordinates” and “OK”.

· The grid coordinates for the ATS and BS can now be extracted from TTC.  Left-click on the name assigned to the ATS or BS.  Right-click on the turquoise box and select “Properties”.  The required coordinates are on the “National” tab.  Make note of the ATS and BS values for N, E and H.

Equipment Layout/Setup

The ATS configuration is shown at Figure 1.  Either AC power or 12V battery power can be used, depending on availability.  A DC step-up regulator can be used with a 12V battery to provide 18V (typically) to a laptop.
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Figure 1. ATS Station - Equipment Layout.
ATS Configuration

The ATS must be located precisely and accurately over the surveyed point, and the instrument height must be measured accurately.  The following steps are required to establish the horizontal and vertical coordinates for the ATS as well as a reference azimuth.  The following steps also assume that no “Area” file exists for the project, so that coordinates for the ATS and backsight (BS) will have to be entered manually.

· Set up the BS over the surveyed BS point.

· Level a sturdy tripod over the ATS point.  Carefully remove the tribrach and measure the vertical height from the ATS point to the top of the tripod plate.  Carefully replace the tribrach and re-center it over the ATS point.

· Mount the ATS to the tribrach.

· Measure the height from the top of the tripod plate to the optical center of the ATS.  Add this to the vertical distance from the ATS point to the top of the tripod plate to establish the ATS HI.

· Connect the “Com” connector of the Hirosi-DB9 adapter to the Hirosi connector on the tribrach.  Ensure that the serial cable between the Hirosi-DB9 adapter and the laptop is disconnected.

· Provide power to the ATS via the “Batt” connector of the Hirosi-DB9 adapter.

· Press the “PWR” button, center the two level indicators, press the “ENT” button.  The ATS will rotate, beep, rotate as it self-calibrates.

· Set the current temperature, press “ENT”.

· Set the current pressure, press “ENT”. (Note: A good rule of thumb is to subtract 1” of pressure for every 1000’ of elevation, as pressures are reported with respect the location, not adjusted to sea level.  The “standard” pressure is 29.92”.  In Colorado the entered value would be 29.92” – 5” = 24.92” [the Westminster office being at 5000’ elevation].)

· Set the relative humidity (70% is fine), press “ENT”.

· Set the offset to 0.002, press  “ENT”.

· Leave the “HA ref =” blank, press “ENT”.

· Press “F” and “6” to enter the BS height (also called Signal Height, or SH).

· Press “RPU” and “1” (autolock) and “1” (OK).  Aim the ATS at the BS target.

· Press “RPU” and “3” (remote) and “2” (known station).

· Enter a blank for the “Job no = “ (or press the “(” to clear the current entry), press “ENT”.

· Enter a blank for the “Stn = XXX” number

· Enter the N, E and ELE coordinates for the ATS point, press “ENT” to accept.

· Press “ENT” to accept if the coordinates are correct.

· Enter “Yes” for “Ht measure?” and enter the instrument height (IH) of the ATS optical center above the ATS point (usually around 1.5m).

· Enter a blank (or any number) for the “Ref Object” (typically a “1”)

· Enter a blank for the “Area”
· Enter the N, E and ELE coordinates for the BS point, press “ENT”
· Press “ENT” to accept if the coordinates are correct.

· Aim the ATS ath the reference object (the BS) and press the “A/M” (Aim/Measure) key to shoot the BS and establish the horizontal reference angle for the ATS.  Press “REG” to register the value and exit.

· Select “Yes” for “Define Window”.  This feature defines a search space in which the ATS will automatically begin scanning in case it loses lock on the tracker prism.  The window should be large enough to cover your working area but small enough so that the ATS does not have to do an exhaustive search.  Usually a window that is approximately 45( in the horizontal and 20( in the vertical is sufficient.

· Block the ATS optics so the servos can be activated.

· Manually aim the ATS to the upper/lower left boundary for the search window and press “ENT”.

· Manually aim the ATS to the upper/lower right boundary for the search window and press “ENT”.

· Select “No” to “Measure Ref Obj?”
· Press any key and carefully remove the keyboard.

· CONGRATULATIONS!!!  The ATS is now configured and ready for communicating with the ATS600 utility!

GPS (1Hz NMEA ZDA Receiver) Configuration

· Configure a GPS receiver (running in autonomous mode is OK) to stream ZDA data at 1Hz.  Configure the port to be 38400-8N1.

4 Data Collection

The following zip file contains the “ATS600” folder with the ATS600 utility as well as some other required configuration files.
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ATS Data Streaming

· Connect the ATS  to the laptop via a serial cable.  You should hear the ATS beep.  Note that some laptops do not seem to work with the ATS, nor does connecting through a “non-standard” serial connection, such as a PCMCIA adapter or a USB-serial adapter.

· Ensure that the “commands.txt” file is located in the “Start ATS 600” folder.  Start the “ATS 600” utility.

· Select “View” and “Terminal Window”, as well as “View” and “Sync Data” to open two further windows.

· Select the “C&C 600” tab in the “ATS 600” window (Figure 2).

· Press the “PV,17=4” button to switch the ATS to Machine Control mode.  The Terminal Window should show the command (PV,17=4) in green.  The response from the ATS should be a yellow “240”.

· Press the PV,20=0” button.  The Terminal Window should show PV,20=0 in green, and a yellow “0”.  The ATS should beep, spin, and beep as it conducts a compensator initialization (comp init).  Once this is complete a yellow “240” should appear in the terminal Window.

· Select the “Custom List” tab in the “ATS 600” window (Figure 3).

· Scroll down the list and select the “PV,30=6#S5DET1200” command.  This will set the servos for a low-speed to medium-speed target and configure the ATS to conduct a distance calibration every 20 minutes.  Press “Enter” to send the command to the ATS.  The Terminal Window should now show 6Hz binary data (in yellow) streaming from the ATS.  The “Sync Data” window should show that the ATS status is “69” (synchronized angular and range data) and that it is computing HA, VA and SD values (horizontal angle, vertical angle and slope distance).

· Shut down the “ATS 600” utility.  The ATS will continue to stream data.
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Figure 2.  "ATS 600" - C&C 600 Tab.
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Figure 3. "ATS 600" - Custom List Tab.
ATS Data Collection

· Run “rcapture” with the following command:

· rcapture -DCOMX -B9600 -PN --rtscts --tag,a -LATS_ -N9999

· where:

· -DCOMX specifies your comm port (substitute the port number for “X”),

· -B9600 specifies the ATS port speed

· -PN specifies no parity

· --rtscts specifies no flow control

· --tag,a directs the utility to time tag the ATS data with the clock time of the laptop,

· -LATS_ creates a prefix (ATS_) for the data file name, and

· -N9999 defines the data file rollover period (in minutes).

· Press “Crtl+C” when the data collection is complete.

GPS (Timing) Data Collection

· Run “rcapture” with the following command:

· rcapture -DCOMX –B38400 -PN --rtscts --tag,n -LZDA_ -N9999

· where:

· -DCOMX specifies your comm port (substitute the port number for “X”),

· -B38400 specifies the GPS port speed

· -PN specifies no parity

· --rtscts specifies no flow control

· --tag,n directs the utility to time tag the NMEA ZDA data with the clock time of the laptop,

· -LZDA_ creates a prefix (ZDA_) for the data file name, and

· -N9999 defines the data file rollover period (in minutes).

· Press “Crtl+C” when the data collection is complete.

The following zip file contains the modified “rcapture” utility as well as another required utility (ATSRead.exe).  It also contains two batch files for logging the ATS and ZDA data.  Edit the batch files as required to match the port numbering on the laptop used for data collection.
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5 Data Analysis

The “RTK_Analysis” utility can be used to process the ATS data to compute the trajectory of the tracker/prism.  The vertical offset from the prism to the phase center of the GPS antenna is applied to compute an estimated trajectory of the GPS antenna.

RTK Rover Configuration

The following NMEA messages are required at 1Hz: GGA, GGK, GST, VTG and ZDA.  Raw data (measurements at 1Hz and positions at 1Hz) should be logged to the Compact Flash card whenever possible.  Raw data (1 Hz) should also be logged at the base station.

“RTK_Analysis” Configuration

The following steps are required to run the “RTK_Analysis” utility with the ATS data:

· Add the point coordinates for the ATS latitude, longitude and height to the “rtk_points.txt” file (typically located in the “Program Files/Trimble/RTK Analysis” folder.

· Pre-process the captured ZDA file (using the “parse_atszda.exe utility) to convert it to a MatLab importable format.  This is a command line driven utility with the format “parse_atszda [filename]” where [filename] is the name of the captured ZDA data.  The parsed file will have an extension of *.zdapc.

· Create/modify an option file.  A sample option file is included below.  Items to change/modify are:

· Rover_Dynamic_State=Dynamic

· Instructs the RTK_Analysis utility to conduct dynamic processing.
· Rover_Dynamic_Truth=ATS

· Instructs the RTK_Analysis utility process ATS truth data.
· Rover_Dynamic_Delta_Angle=0

· The horizontal angle between the WGS-84 system and a system that is not aligned with WGS-84, such as State Plane coordinates.  This will be 0 if a local plane has been established using Coordinate System Manager.
· Rover_Dynamic_File_ATS=C:\sampledata\oct25_2004_ats.atspc

· The location of the logged ATS data.
· Rover_Dynamic_File_ZDA=C:\sampledata\oct25_2004_zda.zdapc

· The location of the logged and parsed ZDA data
· [ATS INFORMATION]

· ATS_Point_Location=ATS_25_OCT_2004

· Name of the ATS point in the “rtk_points.txt” file.
· ATS_HI=1.544

· Vertical distance from the ATS point on the ground to the optical center of the ATS.
· ATS_GPS_Vertical_Offset=0.096

· Vertical offset (in cm) between the center of the prism and the GPS phase center.  The distance from the center of the prism to the top of the tracker/prism assembly is 3.1cm.  Add the antenna information (distance to the phase center from the bottom of the antenna mount) to this value.
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_1160312345/Start ATS600.zip


Start ATS600/ATS600.exe





Start ATS600/ATS600.INI

[syncdata]

posleft=0

postop=0

[pos]

left=614

top=412

width=315

height=220

[comport]

comnumber=1

[set]

checksum=0

LineErr=0

station adress=5

remote adress=6

channel=4

autosearch=0

datarate=6

followtable=3

measuretable=4

[frmMessages]

visible=0

left=160

top=462








Start ATS600/commands.txt



Interrupt Process

PV,0







Get Search Sector

PV,15=G



Set Search Sector

PV,15=LxxxRxxxTxxxBxxx



Center Search Sector

PV,15=9







Search w/ Autolock

PV,13=#1



Hor Search, #times

PV,6=5









Sync w/ 5m Cal

PV,30=6#S5DET300

Same, fast track

PV,30=6#S5CDT300



Sync w/ 10m Cal

PV,30=6#S5DET600

Same, fast track

PV,30=6#S5CDT600



Sync w/ 20m Cal

PV,30=6#S5DET1200

Same, fast track

PV,30=6#S5CDT1200














Start ATS600/ddd.txt

Time	F1/F2	F1Cal	F1Meas	F2Cal	F2Meas








Start ATS600/Start ATS Also.zip




commands.txt




Interrupt Process

PV,0







Get Search Sector

PV,15=G



Set Search Sector

PV,15=LxxxRxxxTxxxBxxx



Center Search Sector

PV,15=9







Search w/ Autolock

PV,13=#1



Hor Search, #times

PV,6=5









Sync w/ 5m Cal

PV,30=6#S5DET300

Same, fast track

PV,30=6#S5CDT300



Sync w/ 10m Cal

PV,30=6#S5DET600

Same, fast track

PV,30=6#S5CDT600



Sync w/ 20m Cal

PV,30=6#S5DET1200

Same, fast track

PV,30=6#S5CDT1200

















ATS600.INI


[syncdata]

posleft=0

postop=0

[pos]

left=125

top=213

width=315

height=220

[comport]

comnumber=1

[set]

checksum=0

LineErr=0

station adress=5

remote adress=6

channel=4

autosearch=1

datarate=6

followtable=3

measuretable=4

[frmMessages]

visible=1

left=160

top=462











ATS600.exe









Start ATS600/thomas morley commands.zip




thomas morley commands.txt




Interrupt Process

PV,0







Get Search Sector

PV,15=G



Set Search Sector

PV,15=LxxxRxxxTxxxBxxx



Center Search Sector

PV,15=9







Search w/ Autolock

PV,13=#1



Hor Search, #times

PV,6=5









Sync w/ 5m Cal

PV,30=6#S5DET300

Same, fast track

PV,30=6#S5CDT300



Sync w/ 10m Cal

PV,30=6#S5DET600

Same, fast track

PV,30=6#S5CDT600



Sync w/ 20m Cal

PV,30=6#S5DET1200

Same, fast track

PV,30=6#S5CDT1200

















ATS600.exe








_1160312464/sample_ATS.opt
%==================================================================

[BASE RECEIVER INFORMATION]

Base_Antenna_Point_Location=PillarS

Base_Antenna_Type=zephyr geodetic

Base_Antenna_Measure_Method=phase center

%==================================================================



%==================================================================

[ROVER RECEIVER INFORMATION]

Rover_Antenna_Point_Location=

Rover_Antenna_Type=unknown

Rover_Antenna_Measure_Method=phase center

Rover_RTK_Operation=Low Latency

Rover_RTK_Motion_State=Kinematic

Rover_Dynamic_State=Dynamic

Rover_Dynamic_Truth=ATS

Rover_Dynamic_Fudge_Angle=0

Rover_Dynamic_File_ATS=C:\data\zztemp\oct25_2004_ats.atspc

Rover_Dynamic_File_ZDA=C:\data\zztemp\oct25_2004_zda.zdapc

%==================================================================



%==================================================================

[ATS INFORMATION]

ATS_Point_Location=ATS_25_OCT_2004

ATS_HI=1.544

ATS_GPS_Vertical_Offset=0.0959

%==================================================================



%==================================================================

[DATA PROCESSING OPTIONS]

Process_Auto_Save=0

Process_Auto_Print=0

Process_Time_Zone=0

Process_Auto_Close=0

Process_dAT=32

Process_Auto_Scale=0

Process_Plot_Scale=fixed

%==================================================================



%==================================================================

[ANALYSIS OPTIONS]

Analysis_Start_Time=-999

Analysis_Stop_Time=-999

Analysis_Type=Basic

Analysis_Advanced_Type=

%==================================================================



%==================================================================

%[RTK POINTS FILE]

%Points_File=c:\work\mfiles\rtk_points.txt

%==================================================================










_1160312488/parse_atszda.exe

_1160309964/Data.zip


data/ATSRead.exe





data/pcats.bat

rcapture -DCOM1 -B9600 -PN --tag,a -LATS_ -N1440






data/pcgps.bat

rcapture -DCOM3 -B38400 -PN --tag,n -LZDA_ -N1440






data/rcapture.exe




