Precision Geodesy after Y-Code

For high-accuracy, high-product-
ivity GPS survey applications,
today's advanced receiver system
must collect and measure ‘all
observables as well as optimize
signal processing, enhance jam
immunity, multipath rejection
and signal to noise.

Ashtech's unique P-W Tracking
tracks P-Code signals under AS
“("anti-spoofing") conditions by

breaking the encrypted Y-Code
into two components, the origin-
al P-Code and the W-Code used
to encrypt tie P-Code.

With P-W Tracking, satellite
signals are correlated with locally
generated versions of the P-Code
(without the limiting and obso-
leted cross-correlation technique)
and mtegrated over the W-Code
chip intervals.

All observables remain pure GPS
(direct code and full-wavelength
carrier on both frequencies) as if
the Y-Code had not been invoked.
It also provides a 13dB signal-to-
noise improvement over ‘the
so-called "Sixth Observable."

P-W Tracking is an upgrade
option for all Ashtech GPS recgiv-
ers equipped for dual-frequency
operation. Call for details -

When AS is on, don't be limited to cross-correlation
or fictitious observables!

Only Asl:teclx has state~of the-art P-

W Trackin

ALL
OBSERVABLES

...all the time!

. ASHTECH

1170 Kifer Road, Sunnyvale, CA 94086 1-800-229-2400 Phone (408) 524-1400 Fax (408) 524-1500
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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

¢ 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 Carrier Phase
| *No 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

Filter

Wavelength

*Range
sHalf Wavelength Carrier
sSlight Loss of SNR

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.

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."

Full
Wavelength

|V ength Carrier Phase
Direct Ran§e (L1-L2 Range)
ge= L1 C/A Range + Delta Range)
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.




Commercial Considerations
Full Wavelength of GPS Y-Code Encryption

The Defense Department's need for

exclusive access to real-time, 10-meter

WeBit o R N level GPS accuracy (SA) plus protection
Estimates ———— | against fake signals (AS) collides with
- many civilian needs which also require

W-Rate Integrator [ ; 1 i real-time, sub-meter and even centi-
. E— s 4 meter-level accuracy. Differential GPS

*L1 and L2 P-Code Phase . v is a technical solution to SA, but

*Full Wavelength Carrier : 1 4 encryption of P-code to Y-code
sImprove SNR

(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 ttacked separately, correlated with
This technique produces "pure" GPS | offers substantial advantages: e ;’]I/\";“'("]‘V‘:;’I(“(i 11 # ‘(;d.m : '”ld ,”,”I("’:“; Tl.‘ j
observables (direct code and full wave- ® The L1 and L2 Y-Code ranges a re st dosites o s T T
i ) : : method, different from any existing or
length carrier on both frequencies) available (the same observables obtain- filis : SRR e
G z j i reported technique, requires no code "cross
independently, as if the Y-Code had ed by correlation with the P-Code) as
not been envoked. It should not be are full-wavelength L1 and L2 carrier 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 with the DoD's AS objectives, indeed, it
the fact that the Y-Code isthe F—— S affords the best geodetic surveying
e i Ashtech and precision navigation system

Y Parameters on ! : P-w 4 :
modulo two sum of the P-Code Squaring Correlation | yqcking performance in the presence of AS.
and a substantially lower rate = =t

correlation" or even "squaring." The

SR P-W Tracking is an upgrade option,
encrypting code W. L1 and | ©/A Code ; e o : available for installation in all Ashtech
L2 signals are first correlated YiCoder ] (Y2-Y1) M-Series GPS receivers equipped for dual-

with locally generated : s
replicas of the underlying | Wavelensth Full
P-Code, then the bandwidth SNR ' '
is reduced to that of the

frequency operation, beginning in the first
quarter of 1993.

p—

-13dB o~

ASHTECH
1170 Kifer Road, Sunnyvale, CA 94086 QI IRVES BN I QC T RV R0

Ciréle 16




The Ashtech GPS Seminars

Gain a better understanding of GPS technology and its applications

As part of Ashtech’s ongoing com-
mitment to the GPS community, we
have expanded our technical train-
ing program for surveyors, navigators
and all other occupations using GPS
positioning technology.

The well-balanced curriculum com-
bines the theoretical aspects of GPS
along with hands-on
training. Courses are
geared to the practical
use of GPS with a lay-
man’s explanation of
the operation of the GPS
signal processing method-
ologies.

We believe in concepts
rather than equations.

The Ashtech GPS Train-
ing Seminars are conducted
in a modern learning lab,
equipped with the latest
audiovisual and computer training
aids, including two color projector
screens for digital and video pre-
sentations. Over 20 individual work
stations with dedicated computer sys-
tems provide extensive software
training. The latest GPS equipment
is used for real-time, hands-on field
training.

Professional Instruction

The faculty includes many pioneers
in GPS systems and software develop-
ment, successful business people as well
as those with extensive academic and
theoretical knowledgeinadvanced geod-
esy, orbital mechanics and digital con-
trol systems.

Four week-long seminars are
scheduled: Basic Surveying and Dif-

ferential Positioning each month;
Advanced Surveying and CAD Solu-
tionsevery other month. This pro-
gram allows students, especially
international students, to attend
all four seminars in any single
month. A certificate of completion
isawarded at the conclusion of each
seminar.

GPS Course Syllabus

Basic GPS Surveying is for new or
potential GPS surveyors as well as field
and office technicians who post-pro-
cess data, supervisors who analyze data
and others interested in GPS surveying
methodology.

Advanced GPS Surveying is for the
surveyor with some experience, field and
office technicians who want to know

more about kinematic and pseudo-kine-
matic techniques and professionals who
need to know data analysis, network
design and analysis using least-squares
adjustments and dual-frequency pro-
cessing, problem data sets and cycle
slip fixing.

Real Time Differential GPS is
recommended for those involved
in navigation, hydrography,
aerial photogrammetry and other
real-time positioning applications
of GPS.

GIS Data Acquisition with GPS is
aimed at GIS field and office techni-
cians and GIS administrators.
Topics include post-processed
code-phase and carrier-phase
differential positioning, GPS
CAD displays and links to
existing GIS databases.

GPS CAD Solutions pack
is for the advanced Surveying/GIS
technician who produces finished
CAD products.

The Ashtech training center in Sunny-
vale, California is convenient to both
San Francisco and San Jose Interna-
tional Airports and is surrounded by a
network of quality hotels and restau-
rants.

To learn more about this series of
exciting GPS Seminars and to re-
serve your place in this vital career
field, call toll-free the Director of
Training at Ashtech 1-800-229-2400.
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