A robust, turnkey system
with dynamic accuracy
to 1-3 meters.

Real-Time Differential GPS in-
volves operating a GPS receiver
(Base) at a known location, where
it observes the range errors of
each GPS satellite and broadcasts
corrections directly to a mobile
GPS receiver (Remote) by radio,
phone or other communications
link. The remote’s software then
makes an integrity assessment
and computes an instantaneous
position fix.

Ashtech Ranger™ or M-Series
receivers equipped with the Real-
Time Differential GPS option do
not require an external computer
or complicated setup procedures.
With 12 independent channels
tracking all satellites in view, one
base station can service any num-
ber of remote units within the

limits of the data link. (Any re-
ceiver may be designated either
“base” or “remote” unit by a single
front panel key entry.)

Remote receivers use the
broadcast corrections to update
their positions every half-second
... with a differential accuracy of
1-3 meters rms (PDOP=4).

Differential corrections are out-
put in standard RTCM SC-104
(Version 2.0) or standard Ashtech
format.

The Ashtech Differential GPS
systems are available on a turnkey
basis with an integrated digital
VHF/UHF radio communications
link. Each Ashtech XII receiver is
equipped with two RS232 ports

for communications link as well
as for data recording, position
analysis and external system in-
terface.

While Ashtech GPS receivers
include operational status moni-
toring, they are also designed for
automatic unattended operation
in the Differential Mode. If a
power outage occurs, the receiver
will restart automatically.
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Don't get caught

with your

signals crossed!

A critical look at P-Code squaring,
code-correlation plus squaring and
the so-called "6th Observable.”

Accurate and efficient GPS surveys
require complete information from
both L1 and L2 frequencies; today's
advanced systems must :

e Collect all available observables

e Accurately measure all observables

e Optimize signal processing to

enhance jam immunity, multipath
rejection and signal-to-noise
improvement

When available, correlation of P-Code
on L1 and L2 along with range and
phase data used in conjunction with
C/A code processing produces the
best results. No codeless technique
can recover GPS signal information as
well as one which makes use of the
modulating code.

However, when AS (Anti-Spoofing)
is activated, the P-Code is replaced
with Y-Code on L1 and L2 carriers,
precluding the use of traditional P-Code
correlation techniques. Under these
circumstances, GPS receiver manu-
facturers use different techniques to
recover L2 carrier and code phases in
the presence of AS:

e Squaring

e Code-correlation plus squaring

e Cross-correlation

e Tracking underlying P-Code and

W-Code components of Y-Code

Squaring

Squaring, or auto-correlating L2,
produces a half-wavelength carrier
signal at twice the center frequency

(Figure 1), resulting in a very low
signal -to-noise ratio, approximately
30dB lower than that obtained by

correlation with the code. Squaring

Half
Wavelength

length Carrier Phase
Code Correlation Gain (very low SNR)

rules out the use of the 86cm L2 - L1
widelane observable since it halves
the L2 carrier wavelength.

Code Correlation Squaring
This method (Figure 2) involves

correlating the L2 Y-Code signal with

a locally-generated replica of the
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underlying P-Code, narrowing the
bandwidth and subsequently
squaring. This results in a half-
wavelength carrier-phase observable
and a signal-to-noise 17dB lower
than that obtained by correlating
with the P-Code.
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Wavelength

Carrier Phase
(L1-L2 Range)
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Signal Gain

Cross-Correlation

Figure 3 illustrates cross-correlation
in which a variable delay is intro-
duced in L1. Two observables result
from this process; the range differ-
ence between L1 and L2 and a beat
frequency carrier (L2 - L1). Since
there is no direct measurement of L1
and L2, the pseudorange differences
between L2 and L1 codes plus the
beat-frequency carriers are used,
along with the C/A code, to create
the so-called "Sixth Observable."

Because the power of the L1 rang-
ing signal is twice that of L2, cross-
correlating results in a 3dB SNR
improvement over squaring, however,
the L2 observables suffer severe SNR
degradation (up to 27dB) when cross-
correlation is used instead of direct
correlation with the P-Code.

P-W Tracking

Ashtech's unique P-W Tracking
methodology (U.S. Patent No.
5134407) tracks the P-Code
signal when encrypted
(Anti-Spoofing on), by break-
ing the encrypted Y-Code
into two components;
the original P-Code
and the W-Code
used to encrypt
the P-Code.
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Commercial Considerations
of GPS Y-Code Encryption

The Defense Department's need for
exclusive access to real-time, 10-meter
level GPS accuracy (SA) plus protection
against fake signals (AS) collides with
many civilian needs which also require
real-time, sub-meter and even centi-
meter-level accuracy. Differential GPS
is a technical solution to SA, but
encryption of P-code to Y-code
(under AS) forces commercial
GPS users to investigate alternate

techniques for high-accuracy, high-
With this technique, satellite encrypting code and, finally, they productivity applications.

signals are correlated with locally | are applied to the opposite frequency Ashtech's unique P-W Tracking tech-
generated versions of the P-Code (no signal processing (see Figure 4). nique breaks the Y-Code into its P-Code and
cross-correlation) and integrated over |  System Comparison Chart Figure 5 W-Code components which are
W-Code chip intervals. | shows that Ashtech P-W Tracking tracked separately, correlated with
This technique produces "pure" GPS | offers substantial advantages: lt’cal]5"generat§‘1 P-Codes and integrated
observables (direct code and full wave- e The L1 and L2 Y-Code ranges a re s o W_(‘Ode e mter\'.é lg s
length carrier on both frequencies) | available (the same observables obtain- g dme?em rrom. S
| reported technique, requires no code "cross
independently, as if the Y-Code had | ed by correlation with the P-Code) as correlation” or even "squaring.” The
not been envoked. It should not be are full-wavelength L1 and L2 carrier v

observables are all pure GPS observables
confused with inferior cross-correlation phases from direct tracking. (direct code and full-wavelength carrier

(so called "Sixth Observable") tech- | e Signal-to-noise is improved by on both frequencies) as if the Y-Code had

nique that provides much lower 13dB over cross-correlation and 3db not been envoked.

signal strength and no direct Y-Code | over code correlation. Ashtech's P-W Tracking satisfies

measurements civilian needs, but it does not conflict
P-W Tracking makes use of ; Figure 5. System Comparison w_1?h the DoD's AS ob;ectlyes, mdeed., it

the fact that the Y-Code isthe |SESRESSRET E 7 affords the best geodetic surveying
QG g i e P}, SqUARRE.| o Cold? o e ASPII{f"fh and precision navigation system

modulo two sum of the P-Code e ‘qurl’jafi,’l‘;,” | Cortelation | yqcking performance in the presence of AS.

and a substantially lower rate S T TR e

BT [T P-W Tracking is an upgrade option,
encrypting code W. L1 and C/4C0de g e & available for installation in all Ashtech
L2 signals are first correlated Y Code | (Y2Y1) |Y1& M-Series GPS receivers equipped for dual-
with locally generated bb—-"+79b---"4+— | —- frequency operation, beginning in the first
replicas of the underlying | Wavelensth | o : quarter of 1993.
P-Code, then the bandwidth :S'M;' QT WeTem—" oy
is reduced to that of the

*L1 and L2 P-Code Phase
_ *Full Wavelength Carrier
- sImprove SNR
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DIMENSION...the compact GPS receiver with
accuracy equal to the dimensions of a dime!

® R5-232 ports for simultaneous data transfer
and communications, including realtime
differential GPS
® [nterface with various hand-helds for
optional control and attribute tagging
(hot required for most field opera‘%ons)
® Optional lightweight "PowerPole" " supplies
12-volt power for cordless one-hand operation
® Battery charge level indicator

® Call Ashtech for complete information about

protects GPS antenna, receiver and internal memory € f
® Fully automatic...green light indicates that satellites DIMENSION™ a5 well as RANGER ", M-XIl, DUAL P-CODE
are being tracked and data recorded and other Ashtech GFS receivere.

L4 .
®

524-1500 ® Phone (408) 524-1400 : ASHTECH

\ |

* Millimeter-level accuracy for precision static,
kinematic and pseudo-kinematic surveying

® Decimeter-level accuracy for static
GIS applications

® Meter-level for dynamic GIS data logging

e "All-In-View" 12-channel tracking

® Up to & megabytes of internal memory

® Compact (9" dia), sealed weather-proof
aluminum case with high-impact antenna dome
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