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REPORT ON T™°T AND DEMONSTRATION of the
WILD GPS-SYSTEM 200 SURVEVING SYSTEM and
ASSOCIATED PROCESSING SOFTWARE

Instrument Working Group
Federal Geodetic Control Subcommittee
June 1994

ABSTRACT

The Federal Geodetic Control Subcommittee (FGCS) tested and evaluated the WILD GPS-System 200
surveying system and associated receiver processing software, in June, 1992. The dual frequency
receivers were tested in several independent operational tests: static, rapid static, reoccupation (pseudo-
kinematic), and stop-and-go kinematic. The post-processing software, SKI, was employed to process data
in the field using the predicted broadcast ephemerides. Results, presented in the form of repeat vectors
and adjustment errors, are compared with FGCS geometric accuracy standards and specifications for GPS
relative positioning. Baselines varied in length from 183 m to 108 km. Overall, the results from the
use of the predicted ephemeris in the solutions indicate that the WILD GPS-System 200 Surveying System
will yield accuracies that meet or exceed the vendor’s specifications.

INTRODUCTION

In June 1992 the Federal Geodetic Control Subcommittee (FGCS) conducted a test and demonstration
of the WILD GPS-System 200 surveying system, a dual-band (L, and L,) receiver developed by Leica,
Heerbrugg, Switzerland. This was the sixteenth in a series of tests by FGCS to evaluate the performance
of Global Positioning System (GPS) geodetic satellite survey system and associated vector processing
software.

TEST DESCRIPTION

The test and demonstration were conducted over a 5-day period beginning Monday, June 8, and
ending Friday, June 12, 1992, on stations of the FGCS test network located in the vicinity of
Washington, DC (Hothem and Fronczek 1983). Selective Availability (SA) was activated throughout the
test period. Except on June 17" Anti-Spoofing (AS) v " activated. The measured vectors =~nmed
in lengths of: short from 183 to 1322 m, medium from 7 to 1v| , and long from >. to l.J km.

1 is a sketch of the general layc ~of © F S test network. Many closely spaced stations are tocated
within the grounds of the National Institute of Standards and Technology in Gaithersburg, Maryland

(Figure 2).
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Figure 1. FGCS test network located in the vicinity of Washington, D.C.
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The WILD GPS-System 200, as configured for the test, independently tracks full-wavelength carrier
phases on nine L, and nine L, fully independent satellite tracking channels. The modulation codes are
coarse/acqui...ion (C/A) and P, The receivers tested have been designed to switch to a code-aided
squaring mode from a P, demodulation mode in the event that AS is activated, using the unaffected C/A
code to recover a high quality L, squared signal. When AS is activated, the carrier measurements on the
L, are half-wavelength. The intent of ** : System 200 design is to provide this mode switching
bi-directionally, to squaring mode and back again, for each individual satellite as AS is on or off.
Because the activation of AS was sporadic on June 12th and the receivers could not be switched manually,
it was not possible to test the receiver in its squaring mode. All results from this test are based on the
default P-code recovery of L,.

The versions for the hardware, firmware and software tested in June, 1992, are the CR233 version 1.03,
SR299 version 1.22, and SKI processing software version 1.04.

The WILD GPS-System 200 consists of two parts; a controller (CR233, version 1.03) and a sensor
(SR299, version 1.22). The controller, in effect, is a wand-shaped terminal. A battery-backed static
ram card also known as a "flashcard” is plugged into the controller for logging data. The flashcard is
interchangeable with other flashcards in the same manner one uses a floppy disk, but it is also an integral
part of the controller, its presence being necessary for the controller to fu1 :ion. Optionally, the operator
may select to log data onto an internal memory module. The sensor has an antenna mounted atop a
housing which contains an INTEL based microprocessor for data acquisition. The advantage of placing
the antenna atop the signal recovery electronics is to suppress interference and noise between the antenna
and preamplifier. More information on the specifications of the System 200 hardware can be found in
Appendix 1.

As of April, 1993, the following improvements are featured in the :  ware -1 software (CR233
version 1.10, SR200 version 1.43, and SKI version 1.06):

- manually switching to a squaring tracking mode

- manually overriding the transmitted health status of a satellite

- and in the SKI software, adjustment of GPS baseline vectors

All data collected with the System 200 receiver were processed with the predicted broadcast satellite
orbital coordinates. Data collected simultaneously with one or more other receivers are processed to
determine relative positions (AX,AY,AZ) between occupied station points.

Various observational modes were tested that employ one or more stationary receivers, and one or more
mobile or roving receivers. These modes included conventional static, rapid static, reoccupation, stop-
and-go, and kinematic. Following is a brief description of each mode of observing.

Conventional static mode generally refers to the simultaneous collection of data at two or more stations
for at least an hour. Rapid static ob: vations are similar but of much shorter duration, often only a few
minutes. One or more reference tracking stations may be occupied continuously, while one or more
mobile receivers move from mark to mark in the general area. No phase tracking is necessary in
traversing from one location to another. Reoccupation observations (als known as pseudo-kinematic)
are similar to rapid static observing except the mobile receivers will reob  -ve at a site an hour or more
later to take advantage of the changing satellite geometry. Each mobile observation is similar in duration
to a rapid static observation. Table 1 summarizes the stations occupied and the observations attempted
and achieved, for both reference trackers and rovers.









Table 3. Status of GPS satellite constellation on June 5, 1992

Block I satellites Block 11 satellites

PRN Code 3 11 12 13 2 14 15 16 17 18 19 20 21 23 24 25 28

Plene-slot C4a C3 A1 O B3 E1 D2 E3 D3 F3 A4 B2 E2 E4 D1 A2 C2

Clock RB RB RB CS CSCSCSCSCSCSCSCSCSCSCSRBCS

Plane: six planes, A through F; Slot: four slots in each plane;
CS = cesium; RB = rubidium.

DATA PROCESSING

Partial processing had been completed by Leica at noon on Friday, June 12. This processing included
the conversion of all data (except kinematic data) to Receiver INdependent EXchange (RINEX) version
2 format, and the processing of n-1 independent radial vectors. A full set of n*(n-1)/2 vectors and
adjusted results were provided after the test. Preliminary results were provided for analysis and
presentation at a public meeting held on Friday afternoon, June 12, 1992.

Leica’s SKI software, version 1.04, was used to generate vector results. Compatible output files were
generated by SKI for input to ‘GEOLAB’ (GEOLAB, 1990), a 3-dimensional least squares adjustment
program,

SKI processes data from multiple baselines using software chains in a linked architecture. This chained
organization makes it possible to handle, as transparently as possible, diverse data streams, whether
kinematic data is processed or conventional static data. Filenames and file structures are invisible to the
user, making data management easy. The use of Microsoft WINDOWS with SKI application programs
makes stepping through the processing steps via pulldown menus feel friendly. SKI runs under Microsoft
Windows 3.0 or 3.1,

Two commonly available output file formats, compatible with public domain adjustment software
developed and used by the National Geodetic Survey (NGS) for the inclusion of GPS data into the
National Geodetic Reference System (NGRS) database, are the GFILE and BFILE (White and Love,
1991; FGCC, 1991). The GFILE, a file containing solved vectors for a GPS project, was not supported
by SKI software. An independent piece of software had been invoked to reformat SKI output files into
the standard GFILE format. The BFILE, a compendium of site-specific data for a GPS project, was
constructed manually from observer log sheets, Code support within SKI for NGS file formats may be
available in the future.

RINEX version 2 allows the processing of mixed receiver types. As the number of receivers on the
market increases, the number of people co-observing with different receiver types is also increasing.
Data in RINEX version 2 format were provided by Leica. Though an option to SKI is available to
import RINEX version 2 data from mixed receivers, this was not tested,



SKI processir~ is automatic after setting some processing parameters, session sites, and reference
stations. For wie test the processing parameters were set to the following values, unless otherwise
indicated:

Cut-off angle (degrees) ;15

Tropospheric model : Hopfield
Ionospheric model . Standard

Ephemeris : Broadcast

Data used : Use Code and Phase
Frequency : L1+ L2

Limnit to resolve ambiguities (km) : 20

Kinematic chain computation rate (epoch) |

a priori s (mm) )|

The SKI software uses standard weather data with either the Hopfield or Saastamoinen mod = to
compensate for the effect of tropospheric propagation delays due to the troposphere. Surface weather
measurements for temperature, humidity, and atmospheric pressure we: not used in the solutions.

Independent data from one or both frequencies can be used in generating a vector solution. A distance
limir “~termines if an attempt is made to resolve integer ambiguities using the Fast Ambiguity Resolution
Approach (FARA). In brief, FARA searches a volume to determine integer ambiguities, imposing
statistical tests and compatibility constraints. See Eckels (1992) for det: ; on the FARA. If a baseline
length is greater than this limit, an ionospheric-free combination solution is generated that is a float
solution without fixed integers. An input field is available, germane to processing kinematic data only,
that sets the solution interval, as a multiple number of recording  >chs, for position solutions. Finally
one must set a value for the anticipated MS solution error. This parameter, the a priori RMS, is used
in the FARA algorithm to constrain ambiguities and must be set carefully to ensure proper integer fixing
and solution convergence for baseline lengths less than the distance limit. If the formal estimate of the
solution’s RMS error is greater than the a priori RMS then the fixed an  zuity solution is rejected and
a float solution provided. For baselines less than 20 km in length the FARA algorithm had indicated it
solved for all sets of integer ambiguities. The a priori RMS parameter, however, was varied from 10
to 31 mm. Guidelines are given in the SKI manual for setting the a priori RMS value.

A sample of the changes in propagation delay encountered in the test is shown in Figure 3. This is a
double-difference residual plot made with an independent software package, OMNI, for the longest
baseline of 108 km between stations ASTW and SCOL on day 164. The magnitude of residuals for
double-difference solutions using single frequency data, either L, or L,, is approximately one cycle peak
to peak. A linear-combination solution (L) of the L, and L, observables provides a first order estimate
for the atmospheric refraction correction. In Appendix 3 are tables containing results provided by Leica
for conventional static, rabid static . 1 stop-and-go solutions.

;LIJI.S

The quality of the solutions are evaluated by examining repeat vectors and residuals from a minimally-
constrained least-squares adjustment. First, the components of repeat vectors are compared. This is
given as the minimum and maximum component difference., Secondly, the residuals of the minimally
constrained adjustments are compared with FGCS geometric accuracy standards (FGCS, 1988). hese
standards a summarized in Table 4. Lastly, the test results are evaluated with respect to the expected
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Figure 3. Double difference residuals for 108 km baseline using the OMNI software.









Residual error {cm)

For the 70 rapid static vectors observed, adjustment residuals are plotted as a function of baseline length
in Figure 5. All rapid static vectors are less than 7.5 km in length. Superimposed on this are the FGCS
accuracy standards for orders B, A, and AA. The mean residuals of cartesian components from the
adjustment are 0.004m, 0.008m, and 0.007m, respectively.

Table 7. Vanations in components of repeat baselines: rapid static observations

Vector Component Minimum (m) Maximum (m)
X 0.0006 0.0093
Y 0.0026 0.0280
2 0.0008 0.00
10z
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Figure 5. Residuals from least-squares adjustment: rapid static observations.







CONCLUSIONS

Based on the analysis of observations from the FGCS test survey, the FGCS geometric relative
positioning accuracy standards are compatible with the performance of the System 200 for the various
observation modes is shown in Table 10, The comments qualify the conditions upon which the
classifications are based. To achieve orders A and AA, it is assume that SKI software is capable of
producing results from fixed orbital coordinate data solutions that are | .ited only by the accuracy of the
orbit coordinate data.

Overall, the results from the predicted ephemeris solutions indicate that the WILD GPS-System 200
survey system will produce accurate results that meet or exceed t vendor’s specifications. (See
Appendix 2).

In conclusion, analysis of the results from the FGCS test survey conducted in June 1992 on the WILD
GPS-System 200 surveying system, collected with four or more satellites in an acceptable geometric
configuration, processed with double-difference software using orbital coordinate data accurate to 2
mm/km (2 ppm) or better, will yield accuracies that should meet requirements for most geodetic
surveying needs.

Table 10. FGCS accuracy standards achieved for tested survey modes

Observation Standard Maximum Observation
Type Achieved Baseline Leng Duration
@ (km} (min)
Conventional Static B 108 120-180
Rapid static B 7.5 6-12
Reoccupation B 2.5 &
Stop-and-Go kinematic B 0.55 0.5-1

i)
i2)

Results from data collected when AS is not activated.
Solutions employ L, and L, data from ionospherically free fixed integers for baselines
less than 20 km and non-fixed integers for baseli s greater than 20 km.
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APPENDIX 1

WILD GPS-System 200 Surveying System
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Miuimum PC Configuration for SKI software

Note that SKI software runs under Microsoft® Windows™ 3.0 or 3.1.

Minimum IBM 386 or compatible
ennfiguration Math Co-processor
Kl 4 MB RAM or more
nced configuration Asynchronous communication adapier
ferable): Paraliel port (needed for software-protection
device)

30 MB - 60 MB hard disk
1.2 MB 5.257 floppy disk drive
or 1.4 MB 15" drive
VGA color monitor
DOS 3.0 or higher
Mouse installed
Microsofi Windows Version 3.0 or 3.1

SPCS Sensor PC-Control Software
For controlling Sensor from a PC

PC with SPCS sofiware functions as Controller

Controls Sensor, sieers survey operation, logs data

Display, control and operation almost exacily as with CR233 Controller
Data logging on hard disk

Capacity depends largely on disk

Ideal for permanent reference stations and certain kinematic app~ ons

Minimum PC Configuration for SPCS software

Minimum IBM 286 or compatible
PC configuration Math Co-processor
for SPCS software 640 KB RAM
(enhanced configuration Asynchronous communication adapter
is preferable): Paralle] port {needed for sofiware-protection
device)
10MB hard disk

1.2MB 5.25" floppy disk drive or

T20 KB 3.5" drive

EGA or VGA color or monochrome monitor
DOS 3.0 or higher

Microsoft® is a repistered wrademark and Windows™ is a rademask of Microsofi Corporation

Hiustrations, descriptions, and techaical dat re pos Binding and may be changed
withowl noucs.
Printed in Switzeriand - Copyright by Lisca AG, Heerbrugg, Swauzrrland, 1993

G1926c - 11193

0 .

leica AG
20 CH-9435 Heerbrugg
{Switzerland)
Telephone +41 71 703131
Fax+41 71 721506
Telex 881 222 wi ch



APPENDIX 2

FGCS Geometric Accuracy Standards
vs. Leica Specifications
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APPENDIX 3

Figures and Tables Provided by Leica, Inc.
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) . . . Reference Slope
Site Session X (m) Y (m) Z{m} . . P
Site Distance (m)
CAMI1 1 1095998.0181 4832100.3506 4002927.5361 ORM | 2471.0708
2 0093 3391 5598 ORM1 0584
2 0013 3496 5582 ORM!1 07035
CENA ] 1096529.8913 | <A831407.8623 | 4003621.7561 ORMI 1410.5409
2 HaKg BARG 7487 ORM1 5296
3 BORG BIB3 7252 SCOL 7072.1130
GI13 1 1096699.5926 -4831625.1758 4003304.6003 ORM 1 1557.3743
i 5831 1653 L6892 ORM1 3746
3 5034 1256 L6600 SCOL 74202917
4 5822 1651 LGB28 SCOL 2782
KINC ] 1096351.3866 | 4831373.6139 | 4003719.0582 ORMI1 1509.2847
z 3806 6044 0550 ORM1 2868
4 3773 6228 0517 SCOL 6866.2103
NBS? i 1096785.6216 | 4831107.8637 4003921,2178 ORM1 967.1770
2 G209y 8603 23735 ORMI1 1649
3 B R607 2196 SCOL 7096.6205
4 LG3AND 8359 2059 SCOL 6310
NBS3/2 1 1096840.7832 4 831493.6036 4003430.0147 ORM! 1327.2763
I 7712 5734 259978 ORM1! 2747
3 NN 5688 9756 SCOL 7447.0812
4 567 3764 9815 SCOL 0708

Rapid Sweric; Comparison of coordinares for poinis occupied ar least mice.
FGCS Test: WILD GPS - Svstem 200, 08.00-12.06.1992
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