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ABSTRACT

The two dimensional, real time navigational accuracy available
from NAVSTAR/GPS is investigated, with emphasis on GPS performance during
the partially implemented phase (1980 to 1987), and on the ocean areas
surrounding Canada.

The mathematical models used in this study to compute NAVSTAR
satellite positions, check for satellite visibility, and compute the
covariance matrix of two dimensional position are described. The length
of the semi major axis of the standard error ellipse represented by this
covariance matrix is used as the GPS performance indicator. A computer
program implementing these models is listed.

Results based on four error models are presented. These error
models are P-code ranging only (with 4 metre range errors), C/A-code ranging
only (16 metre range errors), P-code assisted by Loran-C and C/A-code
assisted by Loran-C. For this analysis Loran-C ranges to Cape Race,
Angissoq and Sandur were assumed to have standard deviations of 140 m.

In all cases it was assumed that the user's clock could be kept synchronized
to GPS time independently from the GPS measurements, to within 0.3 micro-
seconds. Based on these assumptions, it was found that in the Davis Strait
area, combined P-code GPS and Loran-C should provide 150 metre positioning
about 11 hours per day, with the present (1980) orbital configuration of

six GPS satellites.

GPS performance with only six satellites is also a function of
both latitude and longitude. In general high latitudes (60° and above)
have poorer performance. The performance at low and middle latitudes
depends on the relationship between the observer's meridian and the meridians
travelled by the GPS satellite subtracks. Plots of the variation in the length
of the GPS error ellipse semi major axis over a 24 hour period are presented
for 14 different locations. Complete output listings are presented for three
locations and several error models.



A full GPS constellation of 24 satellites was simulated. The
two dimensional, P-code positioning accuracy in Davis Strait, using all
visible satellites was uniformly of the order of five metres.

It is concluded that it is feasible to use GPS in its present
lTimited deployment as an operational survey positioning system in the
eastern Canadian arctic, provided the requirements of the survey are met
by 150 metres or better positioning for about 11 hours per day.
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1. Introduction

The purpose of this study is to analyze the performance of the
Navigation Satellite Timing and Ranging (NAVSTAR) system, also known as
the Global Positioning System (GPS), for the purposes of positioning at
sea, during the partially  implemented phase of NAVSTAR development
(the period 1980 to 1987). The combination of NAVSTAR and passive ranging

Loran-C is also investigated.

1.1 NAVSTAR status

NAVSTAR/GPS is presently under development by the United States
Department of Defense. Phase one (concept validation) of this development
has been completed. Phase two (full scale development) began during 1979.
Phase three (production/development) is scheduled for the period 1983 to
1987 (Eckhardt, 1980).

Six prototype NAVSTAR satellites are now in orbit. This constellation
will be maintained until operational satellites are placed in orbit, using
the Space Shuttle, during the period 1985 to 1987. Once the full constellation
of 18 or 24 NAVSTAR satellites are in place, continuous coverage from four
or more satellites will be available anywhere on earth. This permits an
instantaneous solution for four parameters - normally a three dimensional
(3D) position and a time synchronization. Until 1985 at least, however,
the six prototype satellites will provide coverage at any location on
earth varying from no satellites up to all six satellites. This coverage is
a function of time, as well as position, with a main period of twelve

hours (NAVSTAR satellite orbital period).



1.2 Passive ranging

NAVSTAR positioning depends on passive ranging measurements, also
known as pseudo-ranging and as "rho-rho" measurements. Atomic clocks
in each NAVSTAR satellite are kept accurately synchronized with each other.
Timing signals (using the technique of pseudo-random-noise or PRN data
modulation on a carrier) are thus transmitted "simultaneously" from all
satellites. The user measures the time of arrival of these signals, as
compared to his own clock. Since his own clock will not in general be
synchronized to the NAVSTAR satellite clocks, this synchronization must
somehow be determined. There are two possibilities. Either an extra NAVSTAR
passive ranging measurement can be used (self synchronization), or else
some external method of synchronization can be used. In the latter case,
an atomic clock is required by the user.

Passive ranging has been in use for some time with the Loran-C
radionavigation system (Grant, 1976). In this case as well, synchronization
can be accomplished internally (using an extra Loran-C range), or externally

(using position fixes from some other system to "calibrate" the clock).

1.3 Study outline.

There are five ways in which NAVSTAR ranges can be used:
i) 3D fix with self-synchronization (requires four or more satellites).

ii) 3D fix with external synchronization (requiring three or more
satellites).

iii) 2D fix with self-synchronization (requires three or more satellites).
iv) 2D fix with external synchronization (requires two or more satellites).

v) fix from combination of NAVSTAR with some other system (requires
one or more satellites).

In this study we confine our interest to the last three possibilities.



In section 2 we develop the mathematical models required to
compute a 2D error ellipse, given NAVSTAR satellite almanacs, user's
position, and a passive ranging error model.

In section 3 we consider a selection of error models for passive
ranging NAVSTAR, Loran-C, and user's clock synchronization.

In section 4 we present results of our analysis of NAVSTAR performance
as a function of time, as a function of position (considering locations
of f Canada's east, north and west coasts, and in the north Atlantic), as
a function of error model (isolating the effect of various factors
in the error model), and in combination with Loran-C.

Details of these results, plotted and in tabular form, are contained

in the appendices, as are the program Tistings used.



2. Mathematical models

2.1 NAVSTAR Satellite Positions.

The GPS user continuously receives navigation information from
the GPS satellites in the form of data bits modulated on the received
signals. This information includes the satellite's time, its clock
correction and ephemeris parameters, almanacs and health for all GPS
satellites (Van Dierendonck et al, 1978).

The satellite ephemeris presentation model is characterized by
a set of parameters that is an extension df Keplerian elements plus
secular drift terms and harmonic coefficients (ibid). The definitions
of these parameters are given on Table 1. The mathematical models
necessary for the determination of satellite positions into earth-fixed
cartesian coordinates at specific transmission epochs are presented

~in a step by step fashion in Table 2.

2.2 Satellite Visibility Check

Because of the very high frequency of the GPS signals, visibility
of GPS satellites is 1imited to the line of sight reception. To test
for satellite visibility it is necessary to consider the coordinates of the
satellite with respect to the observer's position on the surface of the
earth.
The relative position of a satellite at XSi = (Xsi’ ysi,.zsi)T
with respect to an observer given by (¢obs’ Aobs? hobs) or by

Xobs = (Xops> Yobs: zobs)T is given by (Krakiwsky and Wells, 1971)

AT _ (AT _ AT (1)
xi XSi - Xobs

where the superscript AT denotes the Average Terrestrial Coordinate System.

After transformation to the observer's topocentric (local geodetic) system we

have
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TABLE 1.

GPS Ephemeris Representation Parameters

Mean Anomaly at reference time.

Mean Motion difference from computed value.
kEccentricity.

Square root of semi-major axis.

Right Ascension at reference time.
Inclination Angle at reference time.
Argument of the Perigee.

Rate of Right Ascension.

Cosine and Sine harmonic correction terms to the argument
of latitude.

Cosine and sine harmonic correction terms to the orbit radius.
Cosine and sine harmonic correction terms to the inclination.

Ephemeris reference time.
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TABLE 2

GPS satellite positions éomputation from broadcast ephemeris

u = 3.986008 . 10]4 m3/sec2 Universal Gravitational Constant (WGS 72)
w, = 7.292115147 - 107> rad/sec  Earth's rotation rate (WGS 72)

a= (/6)2 Semi-major axis.

n, =/ u/a3 Computed Mean Motion

tk =t - toe Time from reference epoch

n= g + 4n Corrected” Mean Motion

Mk = M0 + ntk ~- Mean Anomaly

Mk = Ek - e sin Ek Kepler's equation for eccentric anomaly.

COSVk = (cosE, - e)/(1 - e cosEk) ; . :
’ rue Anomsly

_ 2 .
SINV, = V1-e° sin Ek/(l-e cosEk)

¢k = Vk +w Argument of Tatitude,

- 5 . 5 o . . R N
5uk Cuc cosZ.k + Cus s1n2¢k Correction to the argument of latitude! o

. . . harmonic
crk = Crc c052¢k + Crs s1n2¢k Correction to the orbit radius pertur-
bations
61k = Cic c052¢k + Cis s1n2¢k Correction to the inclination angle
U = 9y + Gu2 Corrected argument of latitude
e © a(l-e cosEk) + 6rk Corrected orbit radius
ieo= + G]k Corrected inclination
X, = r,  Ccosu
k k k Position in orbital plane

Y T Tk sin Uy
Qk = Qo +(Q - we)tk - wetoe Corrected longitude of ascending node
X, = x,cosQ cosi' sing

ko OXkCOSH T Y k k

Yk = X sian + Yi cosik cosg, Earth fixed coordinates

Lty sin gy
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Topo - oy yAT

where Pz represents a reflection on the y-axis, and R2,R3 represent

rotations about the y and z axes respectively.

Topo

; is computed, visibility is only possible

Oncethe position vector X
if
2}P° 2 (3)

The azimuth of a visible satellite is then given by

A=tan] X (4)
X
and its e]evatiqn angle is given by
-1z :
E=tan  ———
(& + ¥ (5]

2.3 Positioning Design Matrix

As already stated eariier NAVSTAR positioning depends on passive
ranging measurements, also known as pseudo-range measurements. These
are defined as the transit times of the satellite generated signals as
observed by the user and scaled by the speed of light c. For a given
observation, the true slant range R is represented by the equation

R= C(tp - t;) +e (6)
Where to is the GPS received time, tr is the GPS transmission time and
e is the measurement error due to atmospheric delay, measurement noise
and other user errors. The corresponding pseudo-range measuremént is
described as

n
R = R+ C(Atu - Ats) + e (7)

where At and Atu are the satellite's and user's clock offsets from the
GPS reference time. The range R may be expressed in terms of the navigator's

coordinates and the satellite position, so that the equation



F(X,L) = J?XS - XOBS

'CAtsi te, - Ri
summarizes the information from n satellites which is required for the
computation of user position and user clock bias. The n equations
represented by egn. (8) can be linearized on the usual way using a first
order Taylor series expansion about an approximate user position and clock
bias X°. The linearized equations can then be written in expanded
matrix form as

As + BV + W =0 (9)
where § is a vector of corrections to the user's position and clock bias,

V is the vector of residuals, W is the misclosure vector and A and B

are design matrices with

B= I (10a)
and
p=2F - (10b)
aX Ixe

In the 2-D case we consider here the design matrix A has rows

having three elements such that

oF 3F

[o8}
|
%)

where t denotes time epoch and

XO
3F . [3E  3F oF 1 3 yE (12a)
o [o] o
b axt ayt azt 99 ZE



where the partial derivatives involved are given

oF L[ oF oF 3F 4 2 t
o ax° 3y° 9z° 4 Y
t Y 9%t .

Zt

Wells (1971) and McCaskill et al (1978) as

3F
X
oF _
oY
aF .
YA
X a
I
¢ (1-e251‘n2¢)2
3Y° a
T VT2 2%
¢ (1-e s1n2¢)2
RYAY
t
rall St h -
(1-e"siny™
Eii = [ a
A (]-e251n2¢)1/2

- Xs = Xobs

- [¢]
Ys Yobs

RU

Zs - Zobs

in Krakiwsky and

ae2(1-e2)sin2¢cos¢

2 . 2
. ae“sinecos $cosi
+ h] sing cosi+ 7 377
(1-e“sin“¢)
+ h] singsini+ ae251n¢cosz¢sinx
(1-&251n2¢)37?
2
73] cosp + 2
(1-e%sin“¢)? (1-e%sin

+ h] cos¢sina

2¢)3/2

(12b)

(12¢)

(13a)

(13b)

(13c)

(14a)

(14b)

(14c¢)

(14d)
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BY% a

= [ 5 73t h] cos¢cosa (14e)
9 (1-e” sin®¢)™

YA
—t - 9 (14f)
E)N

2.4 Covariance Matrix of Position

Assuming that a weight matrix P is given for the errors
corresponding to the n simultaneous (or near simultaneous) pseudo-

range measurements to the n satellites, the estimate of & is given by

5 = (AP &) 1aTpu (15)

and the covariance of the corresponding error in the estimate of

8§ is given by

¢ - (ATpa)~1 (16)

which is also the covariance of the adjusted solution vector

X = X°+ 3§

Once the covariance matrix of position matrix of position
has been computed from eqn.(16) corresponding error ellipses can be
computed in the usual manner whereby the semi-major (o) and semi-minor

(B) axes are given by

o = [Ej%fj + //Lgéizﬁl? + Oil ]
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g o o, _ o, 2 2
- D /(_LTL; .

and the orientation of the error ellipse is given by

20
0= % tan”!  — 9

O}\ - ‘0¢



-12-

3. Error models

3.1 NAVSTAR Error Models

The level of navigation performance with the GPS is a direct
result of the waveform characteristics of the GPS satellite signals. Operation
with either the P or C/A code to a large extent establishes the navigation
accuracy level which can be achieved by the user. The environmental
medium and propagation link in which the signals are transmitted and
received are also significant performance constraints on GPS. The
basic NAVSTAR error models and the term which may be employed in a
performance analysis have been discussed by Martin (1978), and also by
Gilbert (1979). A summary of this.error budget, which was also used

for the present analysis, is given in table 3.

3.2 LORAN-C Error Models

Examining the combined performance of GPS with LORAN-C
associated standard deviations for the LORAN ranges were computed

using the empirical relationship (pers.comm. Grant)

o = 100/ /SNR (m)

where SNR is the signal-to-noise ratio of the measured ranges which can
typically be 0.5 for a weak signal or 10.0 for a strong signal. From recent
operations on Davis Strait the accuracy of LORAN ranging to Saglek, Cape
Race and Angissoq was of the order of 100 to 280 m, from table 4. For

the present analysis LORAN ranging to Cape Race, Angissoq and Sandur was

assumed with obtainable accuracies of ~140 m, i.e.SNR = 0.5
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TABLE 3.

GPS Error Budget expressed as

uncorrelated equivalent range errors (m)

o1 O

P-Code C/A-Code

Satellite Ephemeris 1.5 1.5
Satellite Clock Delay 0.9 0.9
Pseudorange Noise 1.0 10.0
Range Quantization 0.3 0.3
Mechanization 1.0 10.0
Ionospheric Dual Frequency
Compensation 3.0
Uncompensated ionospheric delay

Daytime 5.0 to 15

Nightime 0.5 to 1
Tropospheric Delay 1.0 1.0
Multipath 1.2 5.0

Rims 4.0 m 16 to 21 m
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TABLE 4

Loran Measurements in Davis Strait*

(¢ = 66° 45")
To Noise N S/N = 128/N °L =100/ vS/N
Saglek 1000 0.13 280 m
Cape Race 377 0.34 170 m
Angissoq 135 0.95 100 m

* After Grant (October 1980, personel communication).
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3.3 Clock synchronization Error

To further enhance the analysis of the NAVSTAR navigation
performance it was assumed that clock synchronization can be retained within
0.3 usec (v 100 m in equivalent range) and that the navigator knows
his position within 10° in ¢ and .

This information was incorporated into the model by treating
¢, A and Atu as "pseudo-observables" with weight matrix Py and

rewriting equation (16) as

- T -1
C6 = (A'PA + Px)
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4. Results

Some aspects of the nature of GPS orbits and the combination
of their lines of position are discussed in sec tion 4.1.

For the purposes of this report, GPS performance was measured
by the length of the semi-major axis of the error ellipse computed as
described in section 2.4. This performance was evaluated as a function of
time, as a function of position, and as a function of error model, both
along and in combination with LORAN-C. Results are given in Sections
4.2, 4.3 and 4.4.

For the purposes of this report, LORAN-C transmitters were treated
as "stationary" GPS satellites, located on the surface of the earth. That is
rho-rho LORAN-C was treated as measuring chord distances through the
earth, rather than geodesic distances over the surface of the earth. This
introduces a spurious dip of up to 10° below the horizon for the range
vector, but this will propagate only weakly into the determinetion of the two-

dimensional horizontal design matrix in equation 16.

4.1 GPS orbit geometry

Because of their high altitude (20,000 km) GPS spacecraft are visible
at spherical distances of up to 76°.

Due to their twelve hour orbital period and the small precession of
their orbit planes, GPS satellites ground tracks repeat from day to day

nearly exactly.

Due to their 63° orbit plane inclination and twelve hour period,
the GPS ground tracks plot almost Tike a square wave on a mercator plot. In

contrast to Transit satellite ground tracks, GPS ground tracks move from west

to east. Figures 1 and 2 show GPS ground tracks plotted on a polar
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stereographic projection.

The combination of lines of position from GPS satellites at a given
tracking station changes with time as satellites rise and set over the
horizon, and change position relative to each other and to the tracking
station. In particular, if a satellite providing a particularly strong
geometry sets, the combined positional accuracy may change dramatically.
Figures 1 and 2 illustrate an example of this. Figure 1 shows the five
GPS satellites visible from Davis Strait (65°N, 60°W) as of 0019 hours
on 1 October 1980. Note that satellites 7,5,4 and 8 are almost collinear
with Davis Strait, but satellite 9 is not. Figure 2 shows the situation five
minutes later. Satellite 9 has set and the remaining satellites are even
more collinear with Davis Strait. The error ellipse semi major axés at Davis

Strait corresponding to Figures 1 and 2 respectively are 31 and 414 metres.

Figure 3 shows a 36 hour record of this semi major axis at

Davis Strait. Each of the discontinuities corresponds to the rise or set of

a satellite which significantly changes the strength of the geometry.



FIGURE 3.

SEMI-MAJOR AXIS OF ERROR ELLIPSE USING GPS ALONE (IF MORE THAN § SATELLITES) AND IN COMBINATION WITH LORAN-C (IF FEWER)

FOR DAVIS STRAIT (65°N, 60°W) USING P-CODE

400 metres
300 metres

200 metres

100 metres

T |
12 18 24 30
HOURS FROM 0000 HOURS UT OCTOBER 1, 1980

36

0¢
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4.2 GPS performance as a function of time

There are three aspects to this analysis. Most important is
the variation in GPS performance during a 24 hour cycle. Second is the
variation from day to day, and third is the variation from year to year.

The present constellation of six satellites was assumed throughout.
The performance during a 24 hour cycle is characterized by periods of no
satellites, periods of excellent multisatellite geometry, and periods in
between these extremes. Performance characteristics were computed at five
minute intervals for 24 hour time spans. Appendix C contains the results.
The performance characteristics used are the combined error ellipse
semi-major axis, semi-minor axis, and orientation; the number of
satellites visible; and the elevation, azimuth, and subtrack latitude and
longitude for each visible satellite.

A typical plot of the error ellipse semi-major axis is shown
in figure 3. A full set of plots is contained in Appendix B.

Plots of the portion of each day for which GPS provides a specified
accuracy (as measured by the error ellipse semi-major axis) are shown in
figures 4,5,6 and.7, 8 and 9.

Analysis of the variation from day to day and year to year is Timited
by the fact that only one set of GPS almanacs was available, and these
almanacs accurately represent actual GPS orbits only at the time of
transmission. According to van Dierendonk (1978) the almanac error is 1 km
after 1 day and 20 km after 5 weeks. A time series of almanacs would be required
for a more detailed analysis.

From the 36 hour results listed in Appendix B, it can be seen that the
orbit periods differ by a few minutes from exactly 24 hours. This is

equivalent to an along track precession of several hundred kilometers (at
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orbit altitude) per day. This appears to be outside the error of the
almanacs, and hence probably represents a real (but slight) change in
the orbit configurations from day to day.

A special run was made, using the same almanacs, for 1 October,
1981, and compared with the 1980 results. This indicated that the orbit
planes precess by a few degrees per year. This is likely within the

error of the almanacs, and no firm conclusion should be drawn.

4.3 GPS performance as a function of position

Three tracking station positions were selected for analysis.
They are Labrador (55°N, 65°W), Davis Strait (65°N, 60°W). and Baffin
Bay (70°N, 68°W). The results are contained in Appendix B.

Figure 4 compares GPS performance at each of these three positions,
expressed in terms of the number of hours per day that GPS accuracy measured
by the error ellipse semi-major axis) was below a specified value. For
example, from this preliminary analysis GPS accuracy is predicted to be
150 metres or better for 11.5, 11.0 and 10.75 hours per day at Labrador,

Davis Strait and Baffin Bay respectively.
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4.4 GPS performance as a function of error model

Two simple error models were chosen for GPS ranges,
using the data of Table 3. P-code ranging was assumed to have a
standard deviation of 4 metres, and C/A-code ranging standard

deviation to be 16 metres.

Rho-Rho LORAN-C ranging from Angissoq and Cape Race were
both assumed to have standard deviations of 140 metres at all
tracking stations. According to the data of Table 4 this was probably
a reasonable choice for Davis Strait. It is probably too pessimistic
for Labrador. Baffin Bay is probably beyond the groundwave range
for Angissoq and Cape Race.

A priori standard deviations of 10° in latitude and longitude
were assigned to the tracking station coordinates. An a priori
standard deviation of the tracking station clock synchronization,
expressed in terms of equivalent range, of 100 metres was assumed.

In the absence of these a priori standard deviations (weighted
constants) the C/A code error ellipses are exactly four times the
size of the P-code error ellipses. However when the weighted
constraints are included this is no longer true.

The algorithm chosen for the combination of GPS and LORAN-C
was; a) if four or more GPS satellites were visible, a GPS-only error
ellipse was computed; b) if one to three GPS satellites were
visible a combined GPS-LORAN error ellipse was computed; c) if no

GPS satellites were visible, no error ellipse was computed.



30

Runs were made at each of the three trackingstations for each of
three conditions:

a) P-code ranging without LORAN

b) C/A-code ranging without LORAN

c) C/A-code ranging with LORAN

The results are summarized in Figures 5,6 and 7. Figure 5
alone shows results from P-code ranging with LORAN. Figure 5
indicates that 150 metre or better positioning is predicted for 8.5,
10.0, 11.0 and 11.75 hours per day at Davis Strait, using C/A
only, C/A + LORAN, P only and P with LORAN respectively.

The weighted constraint of 100 metres equivalent range
(or 0.33 microseconds) on the clock synchronization implies the
use of an atomic frequency standard, and of some external method of
maintaining synchronization (for example Transit fixes to check
GPS range measurements). However, as long as there are three or
more GPS satellites with good geometry, the GPS-only solution for
synchronization overwhelms the influence of this weighted constraint.
From two special runs at Davis Strait with this constraint removed,
150 metre or better positioning is predicted for 11.0 and 11.3
hours per day using P code only and P code with LORAN. This is
essentially unchanged from the previous results. On the other
hand a priori knowledge of the clock synchronization as represented by
this weighted constraint does mean that GPS fixes are possible with

only two satellites.
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4.5 Fully implemented GPS performance

The performance of a full GPS constellation of 24 satellites
was simulated by generating almanacs for satellites spaced 45° apart in
mean anomaly Mo’ in each of three orbit planes separated in right ascension
by 120° and inclined at 63°.

For this analysis, all visible satellites were used in a two
dimensional position fix, with the clock synchronization constrained as
above. This of course differs from the usually proposed mode of four
parameter fixes (three dimensions plus clock synchronization)using only
the best four of the available satellites.

Using P-code only, the results shown in Figure 10 indicate
continuous coverage, with the standard error ellipse semi major axis

at about 5 metres.
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5. Conclusions

During the present phase of GPS development, during which
only limited GPS coverage is available, the variation in GPS performance
has a predominant 24 hour cycle. The nature of this cycle is
strongly dependent on the number and relative positions of the
GPS satellites, and were weakly dependent on the receiver position.

The 24 hour cycle evolves slightly from day to day as the
satellites precess, however more information on the variation of
GPS satellite almanac parameters with time is required before firm
conclusions can be drawn on the nature of this evolution.

The results presented here predict that the present six-
satellite GPS configuration will provide 150 metre or better positioning
about 11 hours per day for the area studied (Labrador to Baffin Bay).
This coverage degrades slightly as latitude of the tracking station
increases, and is worse for C/A-code GPS ranging unaided by LORAN-C.

The main objective of this study was to assess the feasibility
of using GPS in its present limited deployment as an operational
survey positioning system in the eastern Canadian arctic. Consistant
with this objective the mathematical models and error models used,
while reasonably realistic, are simple and contain several approximations
identified in this report. The principal conclusion of this report

then is:

It is feasible to use GPS if 150 metres or better positioning

for about 11 hours per day meets the requirements of an operational

survey.

It is deemed that the approximations used in this analysis

will not affectthis principal conclusion.



34

REFERENCES

Eckhardt (1980) - “The Global Positioning System", Hydrographic Society
Spec. Publ. No. 7.

Gilbert, G.A.(1979) - "Civil Applications of NAVSTAR GPS", AGARD-AG-245, July.

Grant, S.T. (1976) - "Integration of passive LORAN-C, satellite navigation,
ship's log and gyrocompass", M.Sc. Thesis, Department
of Surveying Engineering, University of New Brunswick.

Krakiwsky, E.J. and Wells, D.E. (1971) - "Mathematical Models for Positioning
by Satellite", Lecture Notes No. 17, Department of
Surveying Engineering, University of New Brunswick

Martin, E.H.(1978) - "GPS user equipment error models", Journal of Navigation, Vol.
25, No. 2, p. 201.

McCaskill, T., Buisson, J. and Buonaguro, A. (1978) - "A Sequential Range
Navigation Algorithm for a Medium Altitude Navigation
Satellite", Journal of Navigation, Vol. 23, No. 2, P 164.

Van Dierendonck, A.J. Russell, S.S., Kopitzke, E.R. and Birnbaum, M. (1978) -
"The GPS Navigation Message", Journal of Navigation, Vol. 25,
No. 2. p. 147.

Wells, D.E. (1971) - "Orbital Information from the U.S. Navy Navigation
Satellite System", Lecture Notes No. 19, Department of
Surveying Engineering, University of New Brunswick.



APPENDIX A PREANALYSIS SOFTWARE

This Appendix contains a Tisting of the software used
to generate the results in this report. It consists of a

main routine and eleven subroutines.

MAIN PROGRAM A-2
FUNCTION MODUL O A-5
SUBROUTINE HHMMSS A-5
SUBROUTINE ROTREF A-6
SUBROUTINE PLHXYZ A-7
SUBROUTINE XYZPLH A-7
SUBROUTINE DERIV A-8
SUBROUTINE SAIVEC A-9
SUBROUTINE MAPMPH A-10
SUBROUTINE ELIPS A-10
SUBROUTINE PLINIT A-11

SUBROUTINE PLOT A-11



A-2

IMPL ICIT REALX8{(A-H.0-Z) - O

#

FEAL %8 MO s, INC , NO , MK
INTEGER FLEV , AZIM , SLAT , SLGN o EA 4 EB 4 PHI

DIMENSION SLAT{H6) s+ SLON{(6)
DIMENSION SIGRG({3) s SIGLRN( 2)s XLAT(3) » XLON(3)
’ ( ) » CwW{ €) o INCC &)
’

DIMENSICN MC{ 6) +» DN 6) 6
ISAT( 6) s+ NC{ 6)

2) {
E( 6) » A
W( 6) +» CWD{ 5) TCE( 6) »

e D B) . TYD( 63, IH( B) , IM{ 6) . IS 6)

DIMENSION ELEV( 6) s AZIM( 6) , EPOCH{ 6) , XS(3)
DIMENSION DA{6+3),ATPA(3+3),IW1(3),IW2(3)
DIMENSION PX{(3)

" COMM3N /PLOTS/ XMINsXMAX

CDMMGN /ALMNAC/ A, MD , NO , E 5 W 5 INC 5 CW s CWD
TOE s EPOCH , ISAT

XMIN=0,DD
XMAX=600.DD

CALL PLINIT{8,120)
PI. = DARCOS(-1,.D2)}
RHO = PI/18C.D0O

DATA ICR /57 s IPR/6/ s PRN / B8HPRECISE + 8H C/A /

Onn 0

REFERENCE FLLIPSGID PARAMETERS

DATA GM /3.986008D14/ s WE /7.292115147D-5/

. DATA AE / 6378135.D0 / » BE / 6356750.5DC 7/

A

DATA XLAT / 4€.77560356D0 4+ 52.98813055DC + 64.S2738333D2 /

DATA XLON / 306.825511100 » 314.8257028D0 +s 336.0772917D0 /

a¥elalalalalelg)

{UNCORRELATED) RANGE ERROR SCHEDULES

MCODE = 1 , ORECISE MODE » SIGRG =

W

™M

4401
s+ C/A MODE 4 SIGRG = a0 M
WETY

2
3 » SIGRG = 1.07° (IDENTIT GHT MATRIX)

Y SIGRG{1) = 4.20D) o

= 1./7190.,030
= 1./710000.D00

1 ORAN RANGE FRROR SCHEDULES

nanaha

MLORN = 1 , WEAK SIGNAL{S/N RATIC SNR=0.5)
2 » STRONG SIGNAL(S/N RATIUO SNR=10.0)

(9]

STGLRN{1)
)

= 1009 / DSQRT(OQSDO)
SIGLRN{2) = 120, / DSGRT{10sD0)

po 20 1.2

20

XLAT(I) ¥ RHO i - » S
XLON{I) % RHO

XLAT{(1)
XLONLT)

it el

/RgAD(’Cquﬂﬂl) CLAT»>OLONGsHT+DAY1 ,ELMIN,NSAT 4 MCODE . MLORN,LORAN

IF{BLONG.LT+0.D0) CLONG = OLONG + 36C0.D0

e SNR = Q.5 - —

IF{MLORN .EQe. 2) SNR = 10,
WRITE(IPR,2016) CLAT,GCLONG,sPRN(MCODE), SIGRG(MCODE ) ,SNR



A-3

C
C READ SATELLITE ALMANAC
C
C ISAT - SATELLITE NUMBER
C TOE - ALMANAC REFERENCE TIMES; TIME OF THE WEEK {SEQC)
C A__ . — SQUARE RDOT DF THE SEMI-MAJOR_AXIS __ .
C MDD - MEAN ANJMALY AT REFERENCE TIME (RAD)
C E - ECCENTRICITY
C w — ARGUMENT OF THE PERIGEE (RAD)
C INC — INCLINATION ANGLE AT REFERENCE TIME {RAD)
C CW ~ RIGHT ASCENSION AT REFERENCE TIME (RAD)
C CWD - RATE OF RIGHT ASCENSICON {(RAD/SEC)
C JD - ALMANAC REFERENCE TIME;] JULIAN DAY OF YEAR
C FTJD = TIME 0OF JULIAN DAY
C
DC 10 I = 1,.NSAT
READ(ICR,1000) ISAT{I)>TOE(II»A{I)>MO(I)-E(I) W(I)INC(I),
# ' CH{I)-CWD{I),JD(I3,TUD(I)
CON2(TI) = DSOQT(’N)/(A(IQ**B)
A{I) = A{I)%x%x2
EPQOCH{I) = DFLOAT(JD(I)) + TJID(I)/85400.
I0JO = TJ4DALT1Y .
CALL HHMMSS (TDJD,IH(I),IM(I),IS(I))
12 CONTINUE
I1 =1
13 12 = 11 + 5
IF(I2.GT-NSAT) I2 = NSAT
WRITE{IPR,2001) {ISAT(I),I=I1,12)
WRITE(IPR,2002) (TOE(I).1I=11.12)
*__,,*____KRJTFLJDRLZQll3 AUD(I) e THLT ) IM{I) 2 IS{I)I=11,12)
WRITE(IPR,2093) (A(1),I=11,12)
WRITE(IPR,2C004) (MO(I},I=11,12)
WRITE({IPR,2005) (E{1).1=11,12)
WRITE(IPR,2006) {W{I1)+I=11,12)
WRITE(IPR,203027) (INC{I)+I=11,12)
Y¥RITE{IPR,22308) (CwW{(I)sI=11,12)
WRITE{IPR,200090} (CwWD{I},.I=11,12)
e WRATE(IPRL, 2012)  {N2(I),I=11.12)
IF{(I2.EQ.NSAT)Y GO 70O 12
11 = 12 + 1
GO TQO 13
12 CONTINUE
WRITE(IPR,2014) :
WRITE{IPR,2012) ISAT
c WRITE{IPRL.20185)
HOUR = D.DD
FSTDAY = DAY1
14 DAYl = FSTDAY + HGUR/24..DD
C

C_-LDM_HIE_SAIELLII¢ (EARTH _FIXED) CORORDINATIES

Onn

NN = 0
DO 11 I = 14NSAT

CALL SATVEC{I,DAY1,XS)
CALL XYZDLH(XS(1)9XS(2),XS(331PLAT9°L3N¢HSAT)

COMPUTEZ LAT AND LCNG OF SATELLITE SUBPOINT

SLAT{I) = DINT{PLAT/RHO)
SLONLIY = DINT{SLON/RHQ)
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COMPUTE SATELLITE AZIMUTH o
ITS DERIVATIVE WITH RESPECT TO LAT AND LONG _
CALL DERIV ({IPRLAE 3% 40LATsOLCNGsHT XS 4S5,30SDP+DSDL+ELsAZ, IER)

ELEV{(I)
AZ IM(Y)

= DINT(EL)
= DINT(AZ) . _ ..

a0

IDAY = DAYl

TOD = HOUR%*3600.,D0

CALL HHMMSS (70D, IHR, IMIN,
IHR = MODULD(TIHR,24)
T=DFLOAT(IHR)+IMIN/S69.D0

£ R_MINIMUM ELEVATION
IF(EL +LT. ELMIN) GO TO 17
NN = NN + 1

FORM DESIGN MATRIX

WGTRG = 1.D8/SIGRG{MCDODE)
DA{NN,1) DSOP ¥ WGTRG
DA(NNa2)

17

R

DA(NN,L3) 10D * WGTRG
GO 70 11
ELEV(I) =
AZ IM{I) =
0

0

0
c

m
[44]
1|

11

PHI 2
EZA = O
CONTINUE
NPR =

IFANN «GT-. 2) GO 7O 18
IF{(NN .LT.2) GO 7O 16
I1F (1L GRAN

a¥eNale]

DSDL * WGTRG. .

ELEVATION ANGLE

*

SLANT RANGE AND

ISEC)

ANGLE

+EQa. D) GD.TO .18 _ S

IF LESS THAN 3 PSEUDO-RANGES AVAILABLE TRY COMBINED PERFORMANCE
WITH LDORAN RANGES

DO 19 L =

1,2

CALL PLHXYZIXLAT{L) o XLONIL ) 90 aD0 0P e D0 3 0 eDN 30« DL sAE«BE s X XYY Z2Z)

AXS(1)
X5({2)
Xs{(3) = Z

XX
YY

£l

Z
CALL DERIVI(IPRLAEBE+CLAT s DL ONGsHT s XS5 S+sDSDP 4DSDLLEL.AZS,IER)

LRN =
NN =

LRN + 1
NPR + LRN

WGTRG = 1./SIGLRN(MLCRN)
DA{NNs1) = DSDP * WGTRG

ie
18

30

DA{NNL2) = OSDL _* WGTIRG. .

DA(NN,L3)
CONTINUE
CONTINUE

1.D0 * WGTRG

CALL MATMPY(DAJDASATPAs3 3NN 33:6+693,2)

DO 30 II = 1,3
ATPALIILII) =

ATPA{II,II) + PX(II)

CALL MINVD{ATPA,3,3+DETA, IW1,IW2)



C - S R .
C COMPUTE STANDARD ERROR ELLIPSE
C

CALL ELIPS{ATPA(1,1)sATPA(2,1)+ATPA(2,2)+EFEA,EEBy1+D0-FI)
EA = DINT({EFEAX*H8371.D3%RH0)
EB = DINT{EEB*6371.D3%RH0O)
PHI = DINT{FI/RHD)
EEA = EEA % 6371.D3 * RHO
1& CONTINUE IR e e e
WRITE(IPR,2013) IDAY»IPQ;IWIN;(ELEV(I)9AZIM(I)’
# SLAT{I)sSLON{I)s I=1sNSAT)I,EALEBPHT 4NPR,LRN
CALL PLOT{8+s120+EEA,T)
S HOUR = HOUR + 54/60.
IF{HOUR LT »24.800) GO 70 14
1000 FORMAT{14,F8¢0+4D16e12+84X+/93E16612+14,+,F8,.0)
1201 FORVAT(3F8 P+2F4.0,414)
: I /s SXa'SATELL JTE NO#?211X,6116) o
2002 FOQMAT (/+5Xs*REF, TIME - TIME OF WEEK ({(SEC)'",1X,6D16.8)
2003 FORMATH{/+5X,¥SEMI — MAJOR AXIS {M)?+6D1€.8)
2004 FORMAT{/+5X+*MEAN ANOMALY @ TREF {RADIANS)*,6D16+8)
2005 FORMAT (/ +sSX+*ECCENTRICITY? 319X+,601648)
2006 FORMAT{/4.5X,'"ARG OF PERIGEE (RADIANS)'vGXoﬁDIﬁ 8)
2007 FORMAT (/+5X,* INCL INATICN (RADIANS)*, 9X,6D016.8)
2008 FORMAT{/+5X+*RIGHT ASCENSION {RADIANS) ' ,5X+6D16.8)
: 200 FORMATI{/.5X+"RATE OF RA_ (RADIANS/SEC)*+6Xs6D16e8)
2010 FORMAT{/,5X, *MEAN MOT ION {RADIANS/SEC)*+45X+6D16,.8)
2011 FORMAT{/,5X,*JULIAN DATE (DDD HH MM SS)*,4X:6(4X,413))
2012 FORMAT{11X+6(5Xs'SAT # 3,12,4X)+2X+'ERROR ELLIPSE' /)
2013 FORMAT(IS5,2I3+6(13+214+15,1X)+16+214,213)
2014 FORMAT (/)
2015 FORMAT{2X,'DAY HH MM*,6{(* EL AZ LAT LONG *)s3XsTAAY,2X9 988 ', 2
¥ TRPHIY,./ /)

2016 FORMAT {S50X 2 'GP S PERFORMANCE PRE-ANALYSIS',//,40X,LATITUDE =1,
# F3e leOXo'LUNGITUDE =V 3 FBeld s/ /920X, "OPTIBNS USED FOR THIS R
¥ 2/ /LD Xy *CODE I *4AB3/ /40X *SIGMA PSEUDD~RANGE = ' ,FSa«2»
HEX 90 (MY 4/ /240X +"SIGMA LORAN-RANGE = 100/SQORT(Y +F4 141} {NV)*

STOP
END

FUNCYION MODDULG{IsJ)
MODULD = T - {I-1)/0%J
RE TURN

END

SUBROUTINE HHMMSS (TJD,IH,IMsIS)
IMPLICIT REAL%8{A-H,0-2)

= TJD / 36.D2

IM = {(TJUD/36.D2) - IHI*60.
IS = TJD - IH%¥3600. - IM%60,
RETURN :

END
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SUBQOU*IN” ROTREF{NUMJNAXTIS,ANGLEsROT)
Ok bk kR Ak R A AR Ak kR Rk E kR kR ok ok ok kfgok ko dok fotop ook dok kg ok sk KRRk

Cx *
Cx COMPUTE PRUODUCT MATRIX OF SEQUENCE OF ROTATIONS AND REFLECTIONS =
C* e e e e e *
C* INPUTS *
C* NUM = NUMBSR OF ROTATIGNS AND REFLECTIONS IN SEGQUENCE *
Cx% NAXIS = SEQUENCE OF ROTATION AND REFLECTION AXES *
Cx% FOR ROTATIONS USE 1, 2, CR 3 *
C* FOR REFLECTIONS USE -1y -2 OR -3 *
C* ANGLE = SEQUENCE OF ROTATICN ANGLES IN RADIANS *
C* FOR REFLECTICONS THIS ANGLE IS IGNORED (ASSUMED ZERDO) *
C* . - — . %
C% oUTPUT *
C* RCT = 3X3 PRODUCT MATRIX *
C* x®
CoefkFrddekhdkddkhd kkokkkkkhkkkhkkkokkdkdhoghkokkk kg kkkhhokkdh koo ke mkfrk kfkk¥kk

IMPLICIT REAL%*8B(A-H,0-2)
DIMENSION ROT{3,3)sR1{3+3)sR2{(3) s ANGLE (NUM) 4 NAXISINUM)
EPS = 1D-15

ee «INITIALIZE (SET *ROT? = IDENTITY MATRIX)

DO 10 I=1,3

DO 10 J=1,3

ROT(I,J)=0C.

IF(I1.EQed) ROT(I,J)=1.
10 CONTINUE

ann

C o - e ‘ [
C e »« PROCESS SEQUENCE DOF ROTATIONS AND REFLECTIONS CONE AT A TIME
C

DO 120 N=1,NUM
C o
C eeo «DEFINE 3 AXES FOR CURRENT RCTATICON OR REFLECTICN
C

NI=TABS(NAXIS{N))

N2=N1+1

IF{N2.GT+3} N2=N2-3

S N3=N2+1

c IF(N3.,GT.3) N3=N3-3
< s o DEFINE DIAGONAL ELEMENTS ) ) B
C

RI{NI,N1) = 1.

B IF(NAXIS(N) LTeDal) RIINLIWN1) = —-1a.

R1 {N2,N2) = DCOS{ANGLE{(N))

IF{NAXIS({N)«LT.0.) RIIN2,N2) = 1.

R1{N34,N3) = R1{N2,N2)
C R e et e e e e . -
g .ooDEFINE NGNZ?RD OFF-DIAGONAL ELEMENTS

R1{N2,N3) = DSIN{ANGLE{N))

CIFINAXISIN)eLT D) RI1(N2,N3) = 0.
CV R1II{N3.N2) = —-R1{N2,N3)
g ee o DEFINE ZERC OFF-DIAGONAL ELEMENTS

- R1(N1,N2) = 0. o ' h )

R1I{NI,N3) = D.

Rl(NZqu) = Do
- RI(NI3N1) = 0o
C o3 +FORM PRODUCT (SET 'ROT* = *R1* %x 'RQT*)
C

DO..100 J=1,3

DD 30 K=1,3
30 R2(X) = R2{J1) + R1LJ,KI*XROT(K, )

DO 100 I=1,3

ROT(I-,J) = R2(1I) . ’

IF(DABS(ROT(I»J))LTL.EPS) ROT(I+J) = 0.
100 CONTINUE L

RE TURN

END
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SUBROUTINE PLHXYZ{PHI sRLAM,HsXCsYCsZCsAsBsXsYsZ)

THIS ROUTINE COMPUTES THE CARTESIAN CGOORDINATES X.Y¥,Z GIVEN THE
ELLIPSOIDAL CCCRDINATES PHISRLAM,H.

INPUTZ
PHI-FLLIPSOIDAL LATITUDE IN RADIANS.
RLAM—ELLIPSOIDAL LONGITUDE IN RADIANS.
(POSITIVE EAST OF GREENWICH)

H-ELLIPSOIDAL HEIGHT IN METRLS,

X0,Y0+ZO-TRANSLATION COMPONENTS FROM THE JRIGIN OF THE
CARTESIAN COORDINATE SYTEM (X+YsZ)T70 THE CENTER
OF THE REFERENCE ELL IPS0ID. (IN METRES.)

AsB-SEMI-MAJDR AND SEMI-MINOR AXES OF THE REFERENCE

ELLIPSOID IN METRES.

QuUTPUTS - — —
XsYs Z—CARTESIAN CUORDINATES 0OF THE POINT IN METRES.

WRITTEN BY ReR.STEEVES
JUNE1977

[aYsXalalalalnlaXelalakalalakeiakalalakalel gl

IMBLICIT REALX*8(A-Z)

E2={A%xA=BxBY/(AXA)

SP=DSIN(PHI)}

CP=DCOS{(PHI)

N=A/DSQRT({1.D0—-E2%SP*%2)

X=XO0+ (N+H) *CP%DCDS(RLAM)

Y=YO+{N+H) *CP*DSIN(RLAM)

Z=Z0+{(N%(1.D0-E2)+H)*SP

RE TURN

END. U — —

SUBROUTINE XYZPLH (XaYsZsPHI,RLAMH)

THIS ROUTINE COMDPUTES THE ELLIPSCIDAL CIOORDINATES PHI.RLAM,H
GIVEN THE CARTEZESION COORDINATES XeYelZe

INPUT
... XeY s Z—=CARTESION_ CCOORDINATES OF THE POINT 1IN METRES.
XCeYQ 49 ZB-TRANSLATION COMPCNENTS FROM THE ORIGIN OF THE
CARTESIAN COORDINATE SYTEM (X4+Y,Z)TO THE CENTER
OF THE REFERENCE ELLIPSUIDe. (IN METRES.)
AsB-SEMI-MAJOR AND SEMI-MINDBR AXES OF THE REFEZERENCE
ELLIPSQOID IN METRES.

OUTPUT: ’
SHI-F11 IPSOIDAL 1 ATITUDE IN RADIANS.
RLAM~ELL IPSDIDAL LONGITUDE IN RADIANS.
{POSITIVE EAST GCF GREENWICH)
H=ELLITSOIDAL HEIGHT IN METRES.

WRITTEN BY R.ReSTEEVES
JUNES1977

IMPLICIT REAL®B{A-Z)
NOTE ADOPTED ELLIPSOID OF REFERENCE *NWL 9D
"~ 'DATA A, 8B, X0, YO, ZO /6378i35.D0, 6356750.5030, 3%0D0/

O OO0 A0 ANNOOONONNGOH OO0

E2=({ AXA-B%B)/(A%*A)

XP=X-X0

YP=Y-YQ

ZP=7-20

S=DSQRT( XPx%2+YP%x%2)

RL AM=DATAN2{YP, XP)

ZPS=7P/S

H=DSQRT(XP**2+YPx#2 +ZP%x%2) —A

PHI=DATAN(ZPS/(1.D0-E2%A/{ A+H
o1 N=A/DSQRT(1D0—=E2%DSIN{PHI ) %%

HP=H

PHID=PHI

H=S/ DCOS{PHI)-N

PHI=DATAN{ ZPS/(1.D0-E2%N/ {N+H))) v

IF (DABS{PHIP—PHI)eGTeleD=11.0ReDABS(HP~-H)«GT«1«D-5)G0O YO 1

RETURN

END

)

1)
2)
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SUBRSDUTINE DERIV{LULAE.SE.XLAT+XLONsHGT s XS,

—B . e . S . DSDP +D5DL s EL EV.AZLIER) B .
DOUBLE PRECISION s ANG+BE +8BCANCL, CDQDATVZQDCDS'
% EagKQDRDLiDRCD'DSDL DSDP+DSINsDSQRT 3 DXy
3 ELEVIPIsRMyRNSRCT,S+SEC,SL+sSPsHGT +AZ
3 XLAT o XLONe XRy XS XT
DIMENSION ANG(3) +sDRDLI3)+DRDP{3)+DX{(3)+sNAXIS(3),
3 ROT{(3+3)+XR(3)+sXS{3), XT(3)
DATA NAXIS /3+2+—2/»
$ 28 | /3.141582653538D0/
PURPQOSE DERIV COMPUTES SLANT RANGE(S) 70O SATELLITE, ITS

DERIVATIVES WITH RESPECT TC LAT (DSDP) AND LONG (DSDL}Y,
AND ELEVATION ANGLE (ELEV)

INPUT ARGUMENTS
LU = LISTING LU
LAE = SEMIMAJUCR _AXIS COF EARTH €11 IPSOID (M)

BE = SEMIMINOR AXIS (M) OR RECIPROCAL FLATTENING
XLAT = RECEIVER LATITUDE (DEG)

XLON = RECEIVER LONGITUDE {DEG)

HGT = RECEIVER ELLIPSOID HEIGHT (M) .

INBDEX = DOPPLER INTERVAL NUMBER (SINCE LOCKCN)
XS{2,33) = SATELLITE LCCAL TERRESTRIAL CO0ORDS (M)

OUTPUT ARGUMENTS .
S = RECEIVER TO SATELLITE SLANT RANGE (M)
DSOP = DERIVATIVE OF S WITH RESPECY 7O LATITUBE {(M/DEG)
DSDL = DERIVATIVE CF S WITH RESPECT TO LONG (M/D:G)

ELEV = SATELLITE ELEVATION ABGVE HORIZON (DEG)
IER = 0 SUCCESSFUL RETURN
EXTERNALS DATN2,C0S+DEPQOKDSINLDSQRTSRCTRF
IER = 0

(g nrnwnn(wwnpruﬁnnrnwnn(wwnrwwnn

COMPUTE RECEIVER LQOCAL TERRESTRIAL COGCRDS XR

CP = DCOS{XLAT%PI/180.)
.SP = DSINIXLAT*PI/18D.)
CL = DCOS{XLON*¥PI/132,.)

SL = DSINIXLON%PI/182.)

B80A = {(BE / AE)Xx%2
IF(BE «1.Te 6D32) B0A = {la — 1./3E)%%2 I _
RN = AE / D°QPT('3**2 + BOA % SP%x*2)
RM = RN % B0A % (RN/AE)*%x2
XR{1) = (RN+HGT) x CP x CL
XR{2) = (RN+HGT) % CP % SL
XR{3) = {(RNxBlA + HGT) % SP
C COMPUTE DERIVATIVES OF XR WITH RESPECT TO LAT AND LONG
DRDP{1) = —(RM+HGT) * SP *x CL * PI / 180
DRDP(2) = —{RM+HGT) * SP % SL % PI / 180.
DRDP{3) = {RM+H3T) % P % DI / 180
DRDL{1) = —-XrR{2) *¥ P] / 180.
DRDL{2) = XR{1) %= PI 7/ 1820,
. DRDL{3Z) = n.
C WRITE(LUL1001) XR,DRIP,DRDL
C COMPUTE SLANT RANGE AND ITS DERIVATIVES
DO 10 I = 1,3
10 DX{I) = XSLI) = XR({I)
S = DSOAORTIOX{13¥%*2 + DX{2)%%2 %+ DX{3)Y%k%2)
DSDP = —(DX{1)*DRDP{1) + DX{2IFDHRDP{2) + DX(3)I%XDRDP(3)) / S
DSDL = —(DX{1)%DRDL{1) + DX{2)%DROL{2) + DX(I)*DRDL(3)) ~/ S
C CUMPUTF ELEVATION ANGLE U . . .
ANG({1) =(XLON = 180,)%PI/180.
ANG(2) =(XLAT - S0.)%PI1/180.
ANG{(3) = J.D9
CALL ROTREF{3I,NAXIS,ANG,ROT)
DO 20 I = 1,3
XT{1) = 0
DO 20 J = 1,3
20 : XT(I) = XT(I) + ROT(1,4). % DX{J) .
ELEV = DATAN2(XT(3)+DSQRTIXT{(1)%x%2 + XT(2)**2)) ¥ 18Ce / PI1
AZ = DATANZ2{XT{2),.XT(1)) * 180, 7/ PI
C WRITE(LUS1002) S.DSDP4DSDLLELEV,AZ
RE TURN
1001 FORMAT (' DERIV1I*,20X+3F1442+2(/27X+s3F14,.2))
1002 FORMAT (" DERIV2T420X:3F14,2,2F6.1)

END
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A-9
SUBRDUTINE SATVECZ{I.DAY1,XS)}

_SATVEC COMPUTES SATFELLITE (EARTH_FIXED) COGRDINATES FROM | B
ORBITAL KEPLERIAN PARAMETERS TRANSMITTED 3Y THE NAVIGATION "ME SSAGE

IMPLICIT REAL*8{A-H,3-2)

REAL *8 Mt , N2 , INC , MK

DIMENSION M2(6) , NJI(B) , A{(6) , E(6) + W(6) +» INC(E) ,
# CW(B) + CWD(H) , EPOCH{®) , TOE{6) ,LISAT(6) + XS{3}

COMMON ZALMNAC/Z A, MO o NC « E o W o INC » CW o CWD o
# TO0Z o EPOCH 4 ISAT
WE = 7.2%52115147D-5

TIME FROM ALMANAT RSEFERENCE EPGCH

TK = (DAYl — EPSCH{I))*¥864.D2

NOAG O00N0 000

MZAN ANDMALY {RAD)
MK = MO{I) + ND{I)%TK

SOLVE KEPLER?S EQUATICN FOR THE ECCENTRIC ANDOMALY

[aXale!

i

EKO = MK + E(I)*DSIN{MK)+(E(T)%%2/2.)*DSTIN(2+%MK)
SO FTM = EKQ — E(IY*DSIN{EKD)
DFTM = FTm - 4K
EXD = EKC — DFTM/(1.-E(I)*DCOS{EKD))
IF(DASS(DFTM) «GT. 1D-12) GO TC 5S¢
EK = EKD
1S CONTINUE

TRUE ANOMALY (RAD)
ECOSEK = 1.D0 — E(I)%DCOSIEK)

e COSVK = {DCOS(EK) = E(I)Y / FCOSEK -~

SINVK DSQRT(1.D2 — E(I)%%*2)%D3IN(EK) / ECOSEK
VK = DATANZ2{SINVK, J3O35VXK)
ARGUMENT OF LATITUDE

FK = VK + W{(I)

OOANOOAND OO0 o

COMPUTE SECOND HARMINIC PERTURBATIONS 1IN

ARGUMENT OF LATITUDE

SATELLITEZ RADIUS

INCLINATION

{CORRECTIONS NQY INPLZMEINTED YET)

UK = FK
RK = A{I) * (1.D2-£{I}*DCOS(EK))

aNn

POSITION IN THE CRSITAL _PLANE

XPK = RK % DCDS{UK)
YOK = RK #* DSINIUK)

CORRECTED LATITUDE OF THE ASCENDING NODE
CWK = CWIL) + (CWO{IJ-WE)%TK - WEXTOE(T)

aOaON AO0AN

8]

EARTH FIXED COGORDINATES

XK = XPKADCOS{CWK) - YPK%DCOS(I (i))*asxﬁ(cwki"
YK = XOK*DSIN{CWK) + YPK*DCOS{INC(I))%DCOS{CWK)
ZK = YOK=DSIN{INC(I)) )

Xs{1)
Xs(23}
X5{(3)
RE TURN
END

XK
YK
X

W
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SUBROUTINE MATM~Y1M1,M2aM3-L,NshsJL,JM,JN,ZCODE)

|
I
i
|

NAME ' MATMPY

PURPOSE TO COMPUTE THE PRODUCT OF TwO MATRICES IN ANY
ALLOWABLE TRANSPCSE COMBINATION AS FOLLOWS:
CPTION ICODE PRODUCT M3
— - - 1 e MUIEM2
2 (M1)T*M2
3 M1%(M2)T
4 {M1)Tx(M2)T

{L+M) s {M4N),(L,N) ARE THE DIMENSIONS OF THE
: PRE~ , POST- AND PRODUCT-MATRICES
e RESPECTIVELY

a¥2XalsialeXelalalalalsXalaNaXalnlalatelel

O

T JL,sJM, JN ARE CORRESPONDING DECLARED ROW
DIMENSIONS AT THE CALLINE PROGRAM

REAL %8 M1,M2,M3
DIMENSION MI1{JLs1) 5 M2{JMs1) o M3{JIN,1)

+4), ICODE

=
W
1}
2
P,
3*
=
N

M3{I 4J) = M3(I4J) + MI(I,.K)XM2(K,J)

2 CONTINUE

M1 TRANSPQOSE * M2
M3(I,J) = M3{I-J) + MI(K,I)%M2(K,J)
GG TO 11

=
("
]

3  CONTINUE

z
W
i

M1 % M2 TRANSPOSE
M3{I43) = M3(1,J) + MI(I,K)¥XM2(J,K)
GO.T0O 11 - -

4 CONT INUE
M3 = M1 TRANSPOSE * M2 TRANSPOSE
M3{I,J) = M3(I.J3 + M1I{K,LI)=M2{J,K)
11 CONTINUE .
RE TURN
END

SUBRCUTINE ELIPS{AXXsGXYsQYYsA,B5,C,PHI)

Chk kkkfdok ki ek hdok ko dekokokokkkkkk ki kokdkk ok kkkok Rk kkkk Rk okkkkkkkk kg kT kX kx Kk xExk

Cx*

C*x ELIPS COMDPUTES THE SEMI-MAJOR AND SEMI-MINCR AXES AND THE CORIENTATIC

Cx (AZIMUTH OF THE MAJOR AXIS) OF THE ERRCOR ELLIPSE SPECIFIED BY QXXs Q
Ok QXY _AND THE FACTCR Ca . . . S U .

Cx*

*  INPUT:

C* QAXXsQAXYHQYY— ELEMENTS OF THE 2 BY 2 COVARIANCE MATRIX .OF THZ VARI

Cx FOR WHICH AN ERROR ELLIPSE IS REQUIRED

C* C-- FACTOR FOR THE ELLIPSE IN RAISING IT T3 A SPECIFIC

C* PROBASILITY LEVEL (CCMPUTED IN ERREL)

C*

Cx QpQUTPUT:

C* A 93— SEMI-MAJOR AND SEMI-MINOR AXES OF THE ELULIPSE

C#* PHI— AZIMUTH OF THE MAJGOR AXIS (IN RADIANS)

- C% B . e e e

C*

C* WRITTEN BY:

Cx ReRe STEEVESs APRIL, 1976

Cx
Ckx kkkxkk *#**"**‘****f***************************************“**********X

IMPLICIT REAL*8(A-H,0-2Z)
P1=(3XX+QYY)/2.00
P2=DSERTI{AXX—-QYY)**2/4,3D0+GXY*%*2)
A=DSQRT (P1+P2) *C

B=DSQRT(P1-P2) *C
PI=3,141592653589793D0

IFE {OXXel Tal1eDO=20eAND2QYY ol T1+D0-20)PHI=0.D3
IF (AXX el Te1eDC=20.ANDQYY el T21.D00-20)G0TO1
PHI==-0,SD0¥DATAN2(—-2.00*%QXY,CYY-QXX)

IF{PHT «L. Ta 0eDO)PHI=PHI+2.D0%P]

RETURN

END
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TSUBROUTINE PLINIT(LU,LPLOT)Y

L

C
C INITIALIZE + PLCY HGORIZONTAL AXIS
C
DOUSBLE PRECISION XMINWXMAX
DIMENSION IPLOTA{120)
COMMON /7PLDTS/ XMIN,XMAX
DATA YAX/IH*/s IBL/IH /. » IST/IH¥*/ ..
DD "1 I=1,L,LPLOT
IPLOTA(I)=IST
1 CONTINUE
C
C SL 0T AXIS
C

WRITE(LUL1000(IPLOT(1),1I=1,LPLOT)
1000 FORMAYT{1H1 +8X,120A1) . S R —

DO 2 I=1,LPLOT
IF{1/720%20.=0.1) G0 7O 2
IPLOT{I)=IBL

2 CONTINUE

FRITE{LUS1D01){IPLOT(1),I=1,LPLCT)
1001 FORMAT(* *,7X,"+%,1204A1)
WRITE{LU-1002)
)

1002 FORMAT(* _

RETURN
END

SUBRQUTINE PLOT{LULPLOT+X,T)

DOUSBLE PRECISTION XMIN,XMAXX,T

DIMENSICN IPLOT{120)

CTGVMMION /PLOTS/ XMIN,XMAX

DATA IBL/ZIY 7/ a IAX/IH+/ o IST/AAHX/

2 WRITE(L UL1001)T,(IRPLOT(I.

DO 1 TI=1,LPLOT
IPLOT(I)=1I8L
1 CONTINUE

IF{X<LEXMIN) GO 70 2

K= {({X=XMIN)/A{XMAX=-XMIN)YXLPLOT+D.5

IF{KslT21e0ORaK+GTLLPLOT) GO TO 2

IPLOT(KI=IST

) o I=1,121837) .

1001 FORMAT(® ",FS5.1+2Xs%+1',120A1)

WRITZ{LUL.12792)
1002 FORMAT{® *,7X47+7%}

RZETURN

END



APPENDIX B

PLOTS OF RESULTS

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

BAFFIN BAY P-CODE
BAFFIN BAY C/A CODE
BAFFIN BAY C/A CODE
DAVIS STRAIT P-CODE
DAVIS STRAIT C/A CODE
DAVIS STRAIT C/A CODE
LABRADOR P-CODE
LABRADOR C/A CODE
LABRADOR C/A CODE
AZORES P-CODE

GRAND BANKS P-CODE
HUDSON BAY P-CODE
BEAUFORT SEA P-CODE
ARCTIC OCEAN P-CODE
BRITISH COLUMBIA P-CODE
20°N 25°W P-CODE
40°N 25°W P-CODE
60°N 25°W P-CODE
20°N 70°W P-CODE
40°N 70°W P-CODE
60°N 70°W P-CODE

NO LORAN
NO LORAN
WITH LORAN
NO LORAN
NO LORAN
WITH LORAN
NO LORAN
NO LORAN
WITH LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN
NO LORAN

NOTES: 1. In all plots the length of the semi-major axis standard error
ellipse is plotted against time for the 24 hour period starting

at 0000 UT 1 Oct.

2. A11 plots are for the present GPS configuration of six satellites.
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NAVS VYAR/GPS PERFORMANCE

SEMI~MAJNF:

RRUR ELLIPSE

£

AXI3 OF

59)

506
R A s R R R Ry IR R I I R R Y T RS L ]

490

UMITS IN METRES
390

200
AR AR AL A A A A RS R I S T eI

100

¢

*

*

*

*

LA E R R R R RN R RN R R R R R R R R RN R R R R RN L R R R R R R R RN R EREEEEE R KR IR RIS

aor‘mfx:onnwor‘v‘mnmwmor‘rmomwrommoonwmow omneenroornTa (-"Tﬂ"ﬂl"ﬂ:l"( PoTOoOrTGROCOMETCMNTIoOrMNr e rma‘em:ﬂrgmu‘moﬂm
I A I B R B N R T S T RIS I I I I T A
90000—ﬂ——NNNNNMﬁHQQQQWWUWFOOOFFB&QG ﬂ*v?@roor—a~~mﬂwvmrn~ﬁ¢¢¢r.mmﬂ@-@*Nhh meouﬁovoﬂo~n—umm

ﬂ——ﬂﬁﬂﬂ—n—ﬂ~ﬂ”ﬂﬂ'”"ﬂ“‘"—“Nﬂ”ﬂﬁﬂ“”—’Mﬁ—ﬂ“NNNNN“NN“NNWNm

Baffin Bay (70°N, 68°W) using C/A-code in
combination with LORAN-C



€

ELLIPSE

PERFORMANC

NAVSYAR/GPS
SCMI=-MAJOR AXIS OF ERPOR

IN METYRES

UNITS

FEESE YRR EL R R A AN F SRR RN R ROk R SR UK S R KRR AR R R YR KGR R MR AR H Rk &G

200 390 400 500 600
EEREREI TR I NG U RS RU B YU R RS LT IR R AR RS F U SN F 6o 8

120

o

[

*

*

*

*

*

D I I e R o b e R R o o I R N R R R R TR E ]

PETORSATON ATOROT ORI OMATCrNR oMY Noecnmmcrwroﬂuwo“ ToMnL Ny
LRI R R e T T T I I R A
SO Cmm e ANNMFMASSLIIBRODCD \rkhN\WQQHGOOOO"Oﬁ - Y
ﬂﬂ—ﬁ—mu—u——w—w—nﬂu—nﬂﬂ—ﬂﬁnﬁnﬁ——ﬂnﬂ——ﬂ“mumNmmmﬂNNNN«NNN&

[
ZOMNE CME AL OrS TNy SX e ron o
"Q‘.'Ol nho..'.l.l.l.‘.'t.o.t..o-‘
Ecoco~«~—mmmwmrrresv CAILODOLOC NN

Davis Strait (65°N, 600W) using P-code.



NAVSTAR/GPS PERFORMANCE
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Davis Strait (65°N, 60°W) using C/A-code



NAVS TAR/GPS PERFCRMANCE
SEMI-MAJOR AXIS OF ERROR CLLIPSE
UNITS IN METRES
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Davis Strait (65°N, 60°W) using C/A-code
in combination with LORAN-C



NAVST \R/GPS NERFORMANCE
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Labrador (SSON, 65°W) using P-code



SEMI-MAJOF: AXIS OF ERROR ELLIPSE
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Labrador (55°N, 65°W) using C/A code
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Labrador (55°N, 65°W) using C/A-code in
combination with LORAN-C



ELLIOSE

5

NAVSTAR/GPS DERFIRUANCE
TAXIS OF ERROR

EMT-MAYGT

S

UNITS IN METRFES

QOISwO?GHO]ﬂuﬂ!\1«15,.,bﬂn]6ﬂ11ﬂuﬂlﬁﬂﬂ1ﬁﬁn1yn\WHSHBSn«iBn1Jﬁﬂn]ﬁw037u215ﬂ035@ﬁ1bﬁ01ﬁﬁ03%3935801ﬂ
T e e e et 2 e e A T e R -..-;.osc-..oaoc.-a-onv.cu.-oooo-uouo.
070«1111!22??1.,Jaaa&%iﬁﬁhﬁbﬁ/77748“30099ﬁaﬁ\llll???????u54k4ﬂ555556ﬁ7777“RQRWQQQN70)I!IXEQE?3IJ
bd lil..llll!lllllllllllllllll\lllllllllllll??a?222222??2??

Azores Aboozu woozv using P-Code



CELLIPSE

ERRON

NAVSTAR/GRS RFRECRMANCE

SEMI-MAJOR AXIS OF

600

n
EERAL R A L R L A R L R R Y A A N R e N E Y]

0

e,

490

METRES
309

UNITS IN
200

110

n

*

*

*

*

*.
.+

A

P O O B I I S I e A S e i I AR b T A A a2 R R A e R R R R R kR e R E R R R

SCaMUCEeMNCONRTAMURCHETOMNIIC " NOOMAS
e s e s e P I O R e I A A A ST AP
TOOS T QOO0 mam e = ANNMMIMMIICT OV DRI COOARANNT O CTTPCIOCC QA NN MMM

DR R R e R R R e e e R R e R R R e R R S HEAVE TR G HE TG IAR oL X W TR B, VI VYY)

oI omanT

Grand Banks (45N, 50°W) using P-Code



CLL IPSE

ERiOR

NAVSTAR/GOS PERFORMANCE

SEMUI-MAJOR AXIS OF

500
FERAE BRI AR UK EN bR

500

410

METRES

IN
330

UNITS

A A A A A Al T Y R I iRt AT ittty

100 230

0

“®

*

L I I T e e R T T i T i i T N I A T R e A O R A R R T Y

'frmvrrrr&#‘rorMCcﬁtmcrt LR ARE S a2 MrcmenomdCe rlcomrocnraera
e s es e s e es e . s R .................
QCOCBNHN:*ruouoonvrr—u_~oum LA T A N O T a4 e S rhhqumo.POrcnr——~ mren
4 4 o e o o o 4 4 o4 e e 24t st 8 e 4 ot ot b ot b o o o o ot e OV, O Amwmmmmammhmmm

cﬂﬂhﬁcfw”ffthﬂruC ~oor
cesses e s
coco(—gdaanamrane¢e¢

rC
~

Hudson Bay (85°N, 60°W) using P-Code.



60C

ksbev &

500
xR HEREERY I R

400
U SKEEK VRS E VPO RF T RS X G RT T KRN

RROAR CLLIPSE

[
3979

NAVSTAR/GPS PERF GRMANCE
UNITS IN METRES
EEAGCF AR AR B ERERF YRR BUB KD RO &

SEMI-MAJOR AXIS OF
290

kR Rt ¥

190

a

*

. | | 1

oobo§09040§'¢¢0bA¢§+f0¢+&~¢‘.+¢‘+o»¢wvi>¢'»v~90§50000+v00000000~¢¢00+00&04&00&000}090&0‘00000#¢0.

X2 i3SI 22 R 224 1233222220 23

.n?ahn15ﬂﬁ35n01$n.Xﬁﬁﬁﬂﬁnﬂ!:80]Sﬁ?}ﬁﬂO}%Hnlﬁ%ﬁJSﬂﬂ}ﬁuOJﬁ%OlSA
e s s s e s s e s s ee s e ese s s s esecssseessseevsecanssresaes e
9?730351]!!1?22?!!33646A?$‘ﬁ66h67777nn4479ﬁ00AﬂJll!la??ZS.Js

PRI W

llkillllllll‘l!llllIlllll\lll!llllll|lll22

- mACCMAT oM ( P TOmETCrTes
PR R R v
CCEOCmmmeNANMIMMNeIe TNV

Beauford Sea (70°N, 130°W) using P-code
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British Columbia (50°N, 130°W) using P-Code
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Latitude 20° N , longitude 25° W using P-code
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APPENDIX C LISTINGS OF RESULTS

1. BAFFIN BAY P-CODE NO LORAN
2. BAFFIN BAY C/A CODE NO LORAN
3. BAFFIN BAY C/A CODE WITH LORAN
4. DAVIS STRAIT P-CODE NO LORAN
5. DAVIS STRAIT C/A CODE NO LORAN
6. DAVIS STRAIT C/A CODE WITH LORAN
7. LABRADOR P-CODE NO LORAN
8. LABRADOR C/A CODE NO LORAN
9. LABRADOR C/A CODE WITH LORAN

Column headings for each listing

DAY HH MM 1980 day, hour minute

EL AZ LAT LONG elevation and azimuth of satellite in
degrees, as seen from ground station,
and latitude and longitude of sattelite
ground track, in degrees

AA BB PHI GPS error ellipse semi-major axis (AA),
semi-minor axis (BB), and orientation
of semi-major axis (clockwise from north).
AA,BB in metres, PHI in degrees.

no headings number of satellites visible
number of Loran-C ranges combined with GPS



ARG OF PERIGEE (RADIANS) 0.31187789D0+01 ~-0.,10636019D+01
INCL INATION (RADIANS) 0.110351150+01 0.11125715D+01
FIGHT ASCENSION (RADIANS) =0e57879102D420 ~0.580886780+00 -~
RATE OF RA (RADIANS/SEC) -0e62631171D-08 -0.61831158D-08 -
MEAN MOTION (RADIANS/SEC) 0.14585361D0-03 0.14584913D-03
—— S SAT # & SAT # S _SAT ¥ 6 SAT
DAY HH MM EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ
2?5 0 0 5% 117 S1 =31 58 =92 57 -119 0 0 -26 =97 39 =74
275 0 4 55 117 S0 =29 60 -93 59 -116 [+] 0 -28 =97 38 =77
275 0. 9 52 117 48 -28 63 -94 60 -113 0 0 -30 -96 37 -80
_27S5 N 14 SY 118 46 =27 65 -95 61 -110 0___ 0 =32 =96_35 -82_
275 0 19 47 118 44 =25 67 =97 62 ~106 ] 0 -34 -96 34 -84
275 0 24 45 113 42 -25 72-100 62 =102 ] 5 -36 -95 32 -85
275 0 29 42 119 A0~ <24 72-104 63 =98 o] N -38 -95 30 -88
275 0 34 40 119 32 -23 74-109 62 =92 0 N —-40 -94 28 =90
275 ¢ 39 37 122 36 -23 76-116 63 -89 0 D -42 -93 26 =92
275 0 44 35 129 34 =22 77-125 63 -85S o 0 -44 -92 24 -93
275 0 49 33 121 32 =22 78-136 €3 -80¢ 0 0 -46 =~91 22 =95
275 0 .S4 30 122 30 =22 79-1%50 62 ~76 0. O -48  -90. . 20 -96.
275 0 59 28 122 27 =21 78-163 61 -73 0 0 -50 -89 18 =97
276 1 4 25 123 25 =21 77-175 60 =69 [} n -52 =87 16 =98
275 1 9 23 124 23 =21 76 175 59 =66 0 0 -53 -85 14 -99
275 1 14 21 125 21 =21 74 167 58 =53 0 0 -5 =83 12-100
275 1 19 18 125 19 =21 72 162 S7 =60 o} 0 -56 =81 9-101
ZZS 1 24 16 126 16 =21 70 158 S5 =58 o] N -58 =78 7-1n2
275 1 29 14 127 14 =21 67 155 53 =56 0 Q0 =59 =75 $-103
275 1 34 12 128 12 =21 65 153 52 =54 0 Q0 -60 =~72 3-193

__MEAN ANOMALY @ TREF_

GPS PERFORMANCE PRE=-
LATITUDE = 70.0000 Lo
OPTIONS USED FOR THIS RUN
CODE : PRECISE .. .
SIGMA PSEUDO-RANGE = 4.00
SIGMA LORAN-FRANGE = 100/SQRT(
SATELLITE NQOa . a4 -
REF. TIME - TIME OF WEEK (SEC) 0.535728N0D+06 0.58572800D0+06
JULIAN DATE (DDD HH MM SS) 145 18 42 8 145 18 42 8
SEMI - MAJOR AXIS (M) 0.26560399D+08 0.26560943D+08

(RADIANS) -0.21159685D+21 0. 128333930+ 01

ECCENTRICITY 0.149679200-02

0e194740300-02

0e17242581D+ 01
0.110119860+01
C»26814451D+01
0.€20597080~08
0.14585481D0-03

S# T

LAT LONG EL
S1 -14s8 S 1
4c ~146 31
47 =145 11

4% =144 0
42 =143 2
a1 -142 o]
3¢ ~-141 ]
37 =140 0
3¢ ~140 0
32 ~139 [+]
31 =139 0
29 =139 . .0
27 =139 0
24 -139 0
2z —-138 [o]
2¢ ~138 o
18 -138 0
1% =138 0
12 -139 o]
11 -139 o

SA
az

202

020200000000V Q00IUNP

0. 13419558D4+01
0«112768800+01
-De26411774D+01
~04637740790-08
0.145853200~-03

T #

8

LAT LONG

e
ONP N0

-1
-4
-6
-8

-13
-15
-17
-19
-21
- 24
- 26
-28

DOODODICODD X 1 e 1= s bt 1t gn 1t

ANALYS IS g
NGITUDE =292.0000 BAFFIN BAY
P - Code
()
0.5) (M)
6T B 9
0.585728000+06 0.585728000+406 0.58572800D406 0225280000406
145 18 42 8 145 18 42 8 145 18 42 8 165 14 34 40
0.26560254D+08 0.26560449D408 0.2656001704+08 0.26560147D+08
0.85431182D+00. =0.32870960D+00 _0.172125730+01 _=Q+91 85697770400
0.59700012D-03 0.695514680-02 0.917434690-03 0. 69322591 C-02

0.538£189110-01
0.11036613D+01
—0.57803953D+00
—0.621739990-08 ~0.622882990-08
0.145856176D-03 0.14585563D-03

0e14604583C+01
0. 129817850+01
Ne311434530+01

SAT # 9. ERROR ELLIPSE
EL AZ LAT LONG AA BB PHI
8-127 S ~-116 7 6 28 S
6-127 7 -116 7 6 32 S
4-128 S -116 7 6 37 S
. 2=-128.._..2 =116 ... .10 7 6 A
o 0 ¢ -116 822 8 S1 3
0o 0 -1 =116 213 8 52 3
0 0 =3 -116 117 g8 53 3
Q 0 -6 ~-116 82 8 54 3
0 0 -8 =117 66 8 54 3
Q 0 =10 ~117 56 8 55 3
0 0 =12 =117 SO 8 66 3
0.0 ~14 =117 47 8 56 3
[+ 0 =17 -117 44 8 67 3
1} 0 -19 =117 43 e 58 3
0 o =21 -117 42 8 S8 3
0 ¢ -22 -117 42 g 58 3
o 0 =25 -117 43 8 59 3
] 0 =27 -116 45 8 59 3
] 0 =30 ~116 48 8 69 3
0. 0 =32 =116 52 8 59 3

QDOOOOOOOOOOOOOOQOGO
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GPS PERFORMANCE PRE- ANALYSIS

LATITUDE = 70.0000 . LONGITUDE =292.0000 BAFFIN BAY
OPTICNS USED FOR THIS RUN .
C/A - Code
CODE ¢ C/ZA I
SIGMA PSEUDO=-RANGE = 16.00 (M)
SIGMA LORAN=-RANGE = 100/SQRT{( 0.5) {M)
_ SATELLITE NO« _ 4 . 1 6 SR ¢ - e B 9
REFe TIME - TIME OF WEEK (SEC) N.58572800D+06 0.585728000+406 0.585728000+#06 (0.585728000+06 0.58572800D+06 0.22528000C+06
JULIAN DATE {ODD HH MM SS) 145 18 42 8 145 18 a2 8 145 18 42 8 145 18 42 8 145 18 42 8 16G 14 34 490
SEMI -~ MAJOR AXIS (@} 0.26560399D+08 0.26560943D+08 026560254D+08 0.26560449D+08 0.265600170+4+08 0265601470408
__ MEAN ANJMALY 3 TREF (RADIANS) =042115968SD401  0612833393D+01  (0«854311820+00 ~0,32870960D+00 0.17212573C+01 =0,91869777LC+00
ECCENTRICITY 0« 149679200~ 02 0.194740300D0-02 0597000120~-03 0.69551468D-02 0e91743469D~03 0. 693225910-92
ARG OF PERIGEE (RADIANS) 031187789D+01 ~0.10636019D0+01 0.17242581D0+01 0.13419558D+01 0.53818911C-01 0.146045830D+01
INCL INATION (RADIANS) 0.110351150+01 0. 11125715D+ 01 0.11011986D+D1 0.110768380D+01 0+,1103€613C+01 0.10G6817850C+401
. RIGHT ASCENSION {RADIANS) = 0e578791020+00 =0.530886780+00 ~026814451D+01 —0.26411774D+01 -0.57803S53D+00 0311434530401
RATE OF RA (RADIANS/SEC) =0e62631171D0-08 =0.61831158D0~08 -0+62059708D=08 =0,63774079D~08 —=0,621739990~08 —-0,62288269C~-08
MEAN MOTION (RADIANS/SEC) 0, 145853610-03 0.14584913D-03 0.145854810~-03 0.145853200-03 0.145856760—-C3 0.14585568D0=-033
—.__.__.SAT ®# & . SAT = 51 .. __SAT ¥ 6_._ ____ ___SAT ¥ 7 e SAYT ¥ 8 ... _ _SAT # 9 . __ERRDOR ELLIPSC
DAY HH MM EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG AA B8 PHI
275 [+] 0 58 117 S1 -31 58 =92 57 =119 0 0 —-26 =97 39 ~74 51 -148 5 104 13 1 8~-127 9 —-116 30 25 28 S
275 0 4 55 117 50 -29 60 =93 59 =116 0 5 -28 -97 38 -77 49 =146 3 1¢S5 11 1 6-127 7 =116 30 26 32 5
275 0 9 52 117 A8 -28 63 =94 60 -113 0 0 =30 -96 37 -80 47 =145 1 106 9 1 4-128 5 =116 30 26 37 s
275 0 14 S° 118 46 =27 65 =95 61 =110 O _ Q0 =32 =96 35 ~-82 45 ~-144 0O (> N 4 21 2-128 2 =116 ____ 42 28 6 4
275 0 19 47 118 48 =25 67 =97 62 =106 [o] 0 -24 -96 34 -84 43 —-143 2 2] 4 1 o (] 0 -116 833 3s 51 3
275 0 24 45 118 42 -25 72-100 62 —-1202 Q D -3¢ =95 32 =86 41 =142 o 0 2 1 o 0 =1 =116 576 35 52 3
275 0 29 42 119 40 -24 72-104 63 -98 [¢] 0 -38 =95 30 -~-88 39 -141 o] 0 0 1 (o] 0 -3 -116 391 34 53 3
275 0 34 an 119 38 =23 74-109 62 =93 0 0 -40 -94 28 -90 37 ~-14n0 0 b} -1 1 o] 0 =6 =116 29¢€ 34 53 2
275 0 39 37 120 36 -23 76-116 63 -89 0 0D =42 -93 26 =92 35 -140 2] (o] -4 o] [o] o} -8 =117 243 34 53 3
275 0 44 35 120 34 =22 77-125 63 =85 (¢ 0 =44 -92 24 -93 33 -139 [+ [¢] -6 0 0 ¢ -10 -117 21¢ 34 55 3
215 0 43 22 121 32 -22 78~ 136 63 =80 0 0 -46 ~-91 22 =95 31 =139 0 o -8 L] o] 0 ~-12 =117 138 32 56 3
275 2 54 30 122 30 -22 79-159 62 ~76& 0. 0 -48 -90 20 -96 . 29 —-139 s 0 =10 [o] 0. 0 ~-14 =117 _ 174 33 56 3
275 0 59 28 122 27 =21 78-163 61 -73 0 0 -S0 -89 18 -97 27 ~139 s 0 -1 o 2 e -17 =117 16 33 57 3
275 1 4 25 123 25 =21 77-175 60 =69 o] 0 -52 -87 16 -98 24 -139 o] 0 -15 o] o} 0 =19 =117 159 33 57 3
275 1 9 23 124 23 -21 75 175 59 =66 0 0 =53 -85 14 -99 22 -138 0 0 ~-17 0 0 0 -21 =117 155 32 58 3
275 1 124 21 125 21 -21 74 167 s8 =63 [+] 0 -55 =83 12-100 20 -138 1] o -19 [+] o] 0 -23 =117 15¢ 32 sg 2
275 1 19 18 125 19 -21 72 162 57 =60 [o] 0 -56 -81 9- 1901 I8 -138 0 c =21 o] o} 0 =25 -117 156 32 s8 3
275 1 24 186 126 16 =21 70 158 55 ~-S58 o] H -58 =78 7-102 15 -138 0 0 —-24 0 0 0 -27 ~-116 156 32 58 3
275 1 29 14 127 14 =21 67 155 53 =56 (] 0 -59 =75 5-123 13 -139 o] D =26 0 o] 0 -36 -116 162 32 58 3
275 1 34 12 128 12 -21 65 153 52 =54 o] 0 =60 -72 3-103 11 -139 o} O -28 Q 0.. 0 =32 -116& 170 32 58 3
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18 =116
16 -116
14 ~-116
12 =116
10 ~-116
7 ~-116
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"RATE OF RA

MTAN ANJMALY @ TPEF

ARG OF PERIGEE (RADIANS) Ne31187789D4N1 ~041N636019D+01 0.17242581D+01
INCLINATION (RADIANS) 0.11035115D+01 0,111257150+01 0.11011986D+01
_FIGHT ASCENSION (RADIANS) .= 0e578791020400 ~0.53088678D+09

GPS PERFORMANCE PRE=-ANALYSIS

__{(RADTANS) =0,21159685D+01_ 0,128333¢3D+0N1_

ECCENTRICITY 0.14967920D-02 0.194740300-02 0N.59700012D-03

(RADIANS/SEC) -0.62631171D0-08 ~0.€61831158D-08

MEAN MOTION (RADIANS/SEC) 0,145853610-03 0.145849130-03 0.14585481D0-03
. SAY % & . SAT % __ S5 _..___SAY #__6_ - _.SAY_#¥ 7. _ _SAT
DAY HH MM EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL Az
275 N o0 8 117 St -31 58 -32 §7 -119 o] 0 ~-26 =97 -39 =74 S1 ~148 5 104
275 0 4 55 117 S0 =29 60H -93 59 -116 o Q3 -28 =97 38 -77 49 -146 3 105
275 0 9 S2 117 48 ~23 63 -93% 61 =113 o4 N -30 =96 37 -80 A7 =145 1 106
L2785 N0 14 S50 118 a6 =27 €5 -95 61 ~110 O .0 -32 -96 35 =82 45 ~144 0 _ O
275 0 19 47 119 a4 -25 67 =97 62 =106 [ 0 =24 -96 34 -84 43 -143 .0 ]
275 0 24 45 118 A2 =25 70-19%2 62 =102 [o] 0 -3¢ =-95 32 -86 41 ~-142 ] 0
275 0 29 42 119 40 -24 72-104 63 =98 0 0 -3 =95 30 =88 39 -141 0 o
276 0 324 4 119 38 =23 74-109 63 -93 o D -40 =94 28 -9¢ 37 ~-140 Al 0
275 0 39 27 12n 3¢ =23 76-116 63 -£9 (o] N -a2 =93 26 -92 35 -140 o ]
275 0 44 35 120 34 =22 77-125 63 -ARS 0 0 -44 =-92 24 -93 33 -139 o] ]
275 0 4G 33 121 32 =22 78-135 63 -8n ] N =46 =91 22 -95 31 -139 0 1]
L2780 sS4 2% 122 30 =22 79~150 62 ~76 ¢ 0 -48 =99 20 -96 29 -139 .0 0
275 0 59 28 122 27 =21 78-163 61 ~-73 0 0 -50 -89 18 =97 27 =139 b} 0
275 1 4 25 123 2§ =21 77-175 60 =69 0 0 -52 =87 16 -98 24 -139 s} o]
275 1 9 23 124 23 -21 76 175 59 -66 (] 0 -53 -85 14 -99 22 ~-138 3] ]
275 1 14 21 125 21 =21 74 167 58 -63 o] 0 -55 =83 12-100 20 =138 0o 0
275 1 19 18 125 19 =21 72 1€2 57 =60 o 0 -56 -81 9- 101 18 ~-138 ] ]
275 1 24 1€ 126 16 =-21 70 158 55 =58 ] 0 -58 =78 7-102 15 -138 2 [}
275 1 29 14 127 14 =21 67 155 53 =~S6 o 0 -59 =75 S-1803 13 ~-139 [+ fod
275 1 34 12 128 12 =~2]1 65 153,.52 <54 0 Q. -60 ~72 3103 11 -139 0 0

#
LAT

8
LONG

O000DOODOD DO ™ 1 1 e 1t a1t e

__N.85431182D+00_-0,3287096CD+N0
0.695514680-02
0.13419558D+01
6.110768800+01
=0 +26814451D+01 -04,26411774D0+91
~0.62059708D-98 ~04637740790~08
0.14585320D0-03

oOOOCHJOOOOCN)QOOO?
-

LATITUDE = 70.0000 LONGITUDE =292.0000 BAFFIN BAY
OPTIONS USED FOR THIS RUN C/A Code
. CODE @ CcrA Loran - C

SIGMA PSEUDN=RANGE = 16,00 (M)

SIGMA LLORAN-RANGE = 100/SQRT( 0.5) (™M)
_SATELLITE MOa __ . __ - e 4 - Y - S 7 8
FEFe TIME - TIME OF WEEK (SEC) 0,585728N0D+06 0.585728000+406 0.58572800D+06 0.S585728000+06 0.58572800D+06
JULTAN DATE (DDD HH MM SS) 145 18 42 8 145 18 42 8 145 18 42 8 145 18 42 8 145 18 42 8
SEMI - MAJOR AXIS (M)  0.2A560399D+08 0.26560943D+08 0.26560254D+08 0+26560449D+08 0.26560017D+08

017212573D+01
0.91743469D0-03
0.538189110~-01
0.11036613C+01

-0.57803952D+00
=0.621739990~08

0.14585676D~03
SAT # 9 E
AZ LAT LONG

27 9 —~-116

27 7 =116

28 5 =116

28 2 —-116

(3] 0 -116

0 -1 =116

0 -3 -116

a0 -6 -116

0 -8 -117

o -10 =117

0 -12 -117

0 -14 -117

0 -17 =117

0 =19 -117

0 =21 =117

0 -23 =117

0 =25 «~117

0 -27 -116

0 -30 -116

0. -32 ~-116

9

0225280000406
169 14 34 40
0.26560147D+08
~0e9186Q7770D+00
0e692225910C~-32
0146045820401
0.109817850+01
0311434330+01
~0.62288299D-08
0s 14585568D-03

RROR ELLIPSE
LY.) 893 PHI

30 25 28 5
30 26 32 €
30 26 37 €
42 28 6 4
271 34 49 3
25€ 34 S0 3
231 34 S1 3
207 33 S22 3
187 33 S3 3
172 33 54 3
160 33 55 3
152 33 S5 3
14€ 32 56 3
143 32 §7 3
141 32 57 3
142 32 S7 3
143 32 S8 3
147 32 58 3
1s1 32 S8 3
157 31 S8 232
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36 9 N =35 =112 n 0 -63 =177 20 -51 a3 176 0 N =35 128 19-166 5 =89 o} 4 8 152 242 14 4
ase 0 N =32 ~-112 n N -6 ~173 22 50 43 177 0 0 ~33 129 12166 7 -89 ] 0 10 1152 242 15 4
A0 N N =30 ~-111 o 0 -62 ~-168 24 -5 a7 178 [ et =31 129 15~-155 10 -89 0 0 12 152 243 18 4
54 N % -28 ~-111 n N ~A2 -1K64 26 -51 &9 =179 0 0 -29 129 17-155 12 =89 0 n 14 152 244 1S 4
59 N 0 -26 ~111 0 0 -61 161 29 -51 S1 =178 [ 0 =27 130 13-155 14 =89 0 0 17 152 24S 1S5 4
4 N n =24 =111 0 0 =-65 ~-157 31 -51 52 =176 0 Q0 =24 130, 22-154 16 -89 0 0 19 152 246 1€ 4
9 0 N =22 ~-111 0 0 -59 ~-154 33 -52 54 ~174 2 N =22 130 24 14 18 -89 n o 21 152 248 16 4
14 0 0 -19 ~111 0 0 =57 -151 35 ~-52 S6 =172 0 0 -20 130 27-153 21 -89 0 0 23 152 250 17 4
19 D =17 ~-111 2 0 =56 =149 328 -53 57 -169 0 0 -18 130 29-183 23 =89 0 0 25 152 252 17 4
24 ¢ 0 =15 =111 o 0 ~54 =147 40 -S54 &g -~ 166 n o ~164 130 32-152 25 -89 0 0 28 152 25 18 4
29 0 0 =13 ~-111 L] 0 ~52 ~-145 42 -55 59 =163 (o] 0 13 130 34-152 27 -89 0 =35 3¢ 182 245 12 3
34 0 2 =11.=-111 _ _ 9 _ 0 -51 -143 44 =56 60 -160__ 0 _ 0 -1 _ 130 37-152 29 =88 2 =35 32 153 248 a4 3
3¢ " N =8 ~111 n 0 ~-49 ~-142 46 ~58 61 -156 0 0 -9 130 39-152 31 -84 4 =35 34 153 251 14 3
44 2 2 -6 ~-111 0 0 -47 —-140 48 -6 62 ~-152 n 0 =7 129 42-151 34 =88 7 =35 36 154 254 14 3
A9 N n -4 =111 n N =45 -139 SN -62 62 -148 0 0 =4 129 44-151 36 =~87 9 -35 38 154 257 1§ 3
54 7 0 -2 -111 0 0 -43 ~138 62 ~-KAS 63 ~-144 [} 0 -2 129 47-151 38 -~-87 11 =34 40 155 256 15 3
56 N-134 n =112 0 N ~-A1 -138 S4 -67 63 -140 0 0 0 129 49-151 4t =86 13 -35 42 156 151 12 4]
4 2-133 2 -t112 ] 0 -39 =137 55 -71 62 ~135 [o] [ad 1 126 52-152 42 -85 15 =35 44 |57 143 13 0
9 4 132 a4 =112 0 D =37 =-136 S7 -74 62 =131 0 0 4 129 S54-152 44 -85 18 =35 46 158 135 13 o]
14 ..6-122 6 =112 D. D =35 ~136 S8 -79. 61 -127 __0__ 0 6 129 57-153 46 -84 20 =35 48 159 128 14 0
19 o 131 8 =112 (o] N =33 ~135 59 ~83 61 -124 0 (o] 8 129 60-154 48 =~-82 22 -36 S50 160 121 14 (o]
24 11-139 11 -112 0 0 -31 ~-135 59 -83 60 -120 [¢] 0 12 128 62-155 49 =81 24 -3€ S2 162 118 1€ ]
29 t13-129 13 =112 a N ~-28 -135 €0 -93 S8 -117 0 0 13 128 65-157 St =79 27 =37 S3 164 106 15 Q
34 1% 129 15 ~-112 [o} 0 -26 ~13% 60 -983 S7 ~114 0 4] 1§ 128 67-159 S3 =78 29 -38 S5 166 104 16 Q
29 18-1283 17 -112 0 0 =24 ~-135 59-103 56 =111 n n 17 128 69-162 54 =76 31 -39 56 1€9 9¢ 17 0
44 2% 127 20 -112 0 0 =22 ~-135 £9-108 5S4 -109 n [o] 19 128 72~-166 56 =73 323 —-40 58 171 94 17 o}
49 22 126 22 ~112 ] 0 =20 ~135 S8~112 &3 =197 ] 0 22 128 74-172 57 -71 3% -41 S99 175 90 18 259
54 25 -126 24 -112 . N 0N =17 =135 S7-116 51 -105___ 0O O 24 128  75-179 59 =68 37 =43 60 178 8€ 1§ 359
g2 27 125 26 -112 0 0 ~-15 ~135 55-127 49 -~104 o] c 26 129 77 171 60 =65 39 ~-44 61 -177 82 19 359
4 20-124 28 -112 o] 0 -13 -135 Sa4a-124 47 -1In2 o} G 28 129 78 1692 61 =61 41 =46 62 -174 78 20 259
Q 32-124 37 —-112 0 D =11 =135 &2-127 45 =191 n 0 30 129 78 147 62 =57 43 -48 62 ~-169 78 21 359
te 26 123 32 -111 n D =8 ~135 SN=-13" 44 ~1I00 2 0O 33 129 77 135 62 =53 44 -51 62 -1565 72 22 359
1@ 26 122 325 -111 V) 0 -6 =135 48-132 42 -09 2 -15 35 132 76 124 63 -49 46 =53 €2 -1€1 66 12 3S¢
24 39-122 37 ~-110 a N =4 =135 46-134 40 =99 4 ~-15 37 130 75 116 63 =45 47 -56 62 =157 66 13 3538
29 41 121 30 ~-11n bl N -2 ~135 44~136 38 -98 6 15 39 131 73 109 63 ~41 48 ~-60 62 -152 64 13 358
.34 44 121 41 =109 2 0 Q -135 42-138 36 -97 B =-16_ 41 _ 131 71 104 62 =36 49 —-63 61 —-148 61 13 358
39 46 1272 43 -198 o n 2 =136 39-140 33 -~-97 10 -16 43 132 69 100 62 =32 80 =67 A1 =145 59 13 358
44 49-120 45 ~107 0 0 4 =136 37~141 31 =97 12 -16 45 133 67 97 61 =28 S0 =71 60 =141 57 13 358
49 S1-12% 47 -106 n [s] € =136 35-142 29 =96 1S5S ~-17 47 134 64 65 61 =25 51 -74 SS9 -138 SE 12 3c8
54 €4-12" 48 -105 1-107 9 -126 22-143 27 -96 17 ~-18 49 136 62 G4 AN ~21 S1 -78 57 =135 45 13 355
59 SA-120 50 =104 4-126 11 -136 30~144 25 =966 19 ~-18 S1 137 59 93 58 =18 51 -82 56 -132 43 13 355
4 TN-1 20 52 =112 6-125 13 ~-136 28-145 23 =96 21 -19 52 139 &7 92 &7 =15 50 -86 5S4 -130 42 13 353
© £1- 127 B4 ~1nn 8~174 15 =136 25-145 21 =96 23 ~20 54 141 S5 92 56 ~13 49 -90 53 -128 41 13 35S
14 €4-12) 5% =98 10-103 18 =136 23-146 18 -96 25 =21 S6 143 S2 92 654 =11 48 -94 S| =126 40 13 38§
1e 6A-122 &7 =95 12-152 20 =136 20-146 16 =96 27 -23 57 146 &0 92 52 -9 47 -97 49 -124 39 13 35S
24 60 124 S8 =93 14-102 22 =136 18-~147 14 =96 29 -24 S8 148 47 92 51 -7 46-100 48 ~-12 38 13 355
29 71-126 SS9 =90 17-1901 24 =136 16-147 12 =956 31 =26 6D 152 45 92 49 -5 45-103 46 -121 37 14 355
34 764-13" 60 =96 19-100 26 ~136 13-148 9 =-96 32 -27 61 155 42 g2 a7 -4 43-106 44 -~120 3€ 14 35S
9 76 135 61 =-23 21 =99 29 -136 11-148 7 =96 34 ~Z29 62 159 40 93 45 -3 41-108 42 -119 35 14 356
44 78-14% 62 =79 23 -98 21 =136 9-148 S =-96 36 -32 62 163 37 93 a3 -2 39-111 40 =119 34 14 356
49 79~153 62 =75 26 =97 33 -135 6-149 3 -9 37 ~34 63 167 35 94 41 -1 37-113 38 -118 34 14 3586
54808 167 63 =71 23 =97 35 -125 4-149 Q. -96...38 ~326__63 171 323 94 _ 39 o 35-114 36 -117 33 14 356
59 Rl 175 63 -66 30 ~96 37 -135 2=-149 =1 =96 40N -39 63 176 30 95 37 ¢ 33-114 34 -117 32 1% 356
4 81" 16" K3 -H62 33 ~95 39 ~134 =149 =3 =~G7 41 ~-42 63 ~179 28 96 35 0 31-118 31 =117 32 15 356
a 79 147 62 =58 35 =95 41 =133 o] O -8 =97 41 ~-45 62 =174 26 96 33 0 29-119 29 =116 32 22 4
14 77 138 62 -S54 37 =94 43 =132 [a] N -7 -97 42 -48 62 -170 23 g7 31 1 27-120 27 -116 32 23 6
19 75 131 61 ~-S" 40 -93 45 -132 0 0 -10 -97 42 -51 61 ~-16€66 21 98 29 1 24-121 2S5 ~-116 31 23 8
24 73 126 60 -46 42 =93 47 -130 ] 9 -12 =97 43 ~-55 60 ~-163 139 99 27 1 22-122 23 -116 31 23 10
29 79 123 59 ~43 45 =92 49 =129 4] 0 -14 -97 43 -58 59 -1&% 17 99 25 1 20-123 21 =-116 31 24 12
34 €2 121 58  -40 47 -92 S1 ~128 0. 0 =16 =97 42 -61_.58 ~157 .14 100 22 1 18-124. .18 -116 31 24 14
79 £6 119 56 =37 S0 =92 52 =126 0 D =19 =97 42 -65 56 -154 12 101 20 1 15-125 16 -116 30 24 17
44 €3 118 55 =35 52 «92 54 -124 [o] D =21 =97 41 -68 55 152 10 102 18 1 13-125 14 -116 30 25 20
49 €1 118 S3 =33 55 =92 &6 =122 [+] 9 =23 =97 40 ~71 53 150 8 103 16 1 11=-126 12 -116 30 2S5 23
5S4 58 117 62 =31 57 =92 57 =120 n 0 -25 =97 39 -74 'S1 -148 6 104 14 1 9~127 10 =116 30 25 27
S9 5% 117 S0 -29 60 -93 58 ~117 4] 0 ~-27 =97 38 -77 49 -146 4 105 11 1 6-127 7T -116 30 26 31
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27% 7 19 © 0 ~18 68 [o] 0 -56 29 46 71 S6 9 ] 0 ~-19 =~a9 0 0 22 90 27 130 25 =27
275 7 24 0 f ~-16 68 2 2 =5S 21 a6 68 S8 11 2 0 =16 =49 od 0 24 90 29 129 27 =27
275 7 29 0 n -14 68 ] 0 -53 23 46 638 59 14 Q 0 ~14 =-49 ] 0 26 90 31 128 29 =27
_ 275 7 .34 _0 0O -12 68 0. 0 =51 38 46 61 60 180 __0 =12 =49 __ 0 0 28 _ 906 33 127 31 =27
27’5 7 29 9 n =9 68 0 9 -S9 37 46 57 61 21 n 0 =12 =-49 b4 o 31 91 36 125 33 =26
275 7 44 © 0N =7 68 o] 0 =-ag 38 45 54 A2 25 0 ¢ -8 -50 0 17 33 91 38 124 35 =26
275 7 49 0O 0 =S 613 o} D =46 29 44 S1 62 29 0 0 -5 -S0 2 16 35 91 40 122 37 =25
275 7 Sa n 0 =3 63 o] 0 ~-a4 an 43 48 63 33 1 161 -3 =50 4 16 37 92 42 120 39 =25
275 7 S9 o o] n 658 (o] N -42 a1 42 4S5 63 38 3 161 -1 -S9O 6 15 39 93 44 118 42 =24
275 8 4 9 n 1 67 o 0 =49 42 41 43 63 42 6 161 0 =57 8 14 41 93 46 115 43 =23
275 8 9 ¢ 2 3 67 0 n -38 43 39 AD 62 46 8 161 3 -S0 10 13 43 94 47 112 45 =22
2?5 .8.14_ 0. N S 67 0 0 =36 43 38 38 62 50 .10 161 . S5 ~-S0 12 12 4S5 95 49 1ne 47 =21
275 8 19 ) b 8 67 [o] n -34 a3 36 36 61 54 13 167 7 =52 14 11 a7 96 S9% 106 49 -19
275 8 24 N o e 57 o 0 =31 a8 34 34 €0 S8 15 160 9 ~51 16 10 49 97 52 1n2 S1 =18
275 8 29 0 9 12 67 0 0 =29 a4 32 33 59 61 18 160 12 -51 18 9 S0 99 53 99 63 ~16
275 8 24 N0 b 14 67 9 n =27 44 39 31 58 64 20 160 14 -S1 19 7 52 101 S3 94 S4 =14
275 8 39 0 0 16 67 0 0 -25 aa 23 30 56 £7 22 160 16 ~S1 21 6 5S4 103 5S4 90 S6 =11
275 8 44 0 2 19 67 L] 9 =23 44 26 29 §S§ 69 25 1859 18 -S51 23 4 S5 105 54 86 57 -9
275 8 49 D 21 67 2 N =2n a4 24 28 53 71 27 159 21 =-S5t 24 2 S7 107 54 82 58 -6
. 275..8.54 0 2. .23__6K7 _ 0O N ~18 aa 22 27 S2 73 0. 158 .23 _-~S1 26 .. 0. 58 119 54 77 60 -3
275 8 59 9 325 67 0 0 -16 48 20 27 SO 75 32 158 25 =51 27 -1 59 113 S3 73 61 o
276 9 &4 3 27 A7 4} n ~-14 44 18 26 48 76 35 157 27 -50 28 =3 60 116 52 69 61 a
275 9 9 1 33 30 67 0 0 -12 44 16 26 46 77 37 156 29 ~80 29 ~-S 61 120 S1 €6 €2 3
275 9 ta 3 37 32 68 0 2 =9 as 13 25 a4 78 42 155 32 =50 30 -7 62 124 S0 62 62 12
275 9 19 S5 37 3a 68 0 o -7 aa 11 25 a2 79 42 154 34 -49 31 -10 62 128 49 59 62 16
275 © 24 7 35 36 68 o 0 -5 aa 9 25 a0 80 a5 153 36 =49 32 -12 63 132 47 56 62 21
27% 9 29 9 35 38 69 a n -3 44 7 25 38 81 47 152 38 =48 32 ~15 A3 137 45 5S4 62 25
_27% 9 3@ 1034 A0 7 O _ O (s} 44 S 23 36 8L 49 15¢ 40 _ -43 33 -18 63 141 44 S2 62 29
275 9 29 12 32 42 70 0 0 1 44 3 25 3a 82 S2 148 42 ~-47 33 -2% 62 145 42 S50 61 33
275 9 44 14 3 44 71 ol 0 3 43 0 25 32 B2 S4 145 44 =45 33 -23 62 149 4N 48 60 37
275 © A9 1F 2 a6 72 o} o 5 a3 o] 0 30 83 S6 143 46 -45 32 -26 61 153 38 47 59 40
27S 9 S4 18 28 48 73 0 ] 8 A3 0 2 28 83 58 139 48 -44 32 -29 60 156 35 45 58 43
275 9 59 19 27 S0 75 2 2 10 43 n " 26 83 60N 136 SN -42 32 -31 S9 160 33 44 S7 46
275 10 4 21 25 St 76 0 0 12 43 0 0 24 83 61 131 S2 -31 31 -34 58 163 31 43 SS% 43
275 19 9 22 23 S2 78 o " o148 43 n n 21 83 63 126 S3 -39 3) =36 56 165 29 43 54 S1
_.27S 1% 14 24 21 55 89 ] n 17 43 0. .0 1 €3 A4 121 S5 =37 29 -39 S5 168 27 42 S2 53
275 10 19 25 19 56 83 2 0 19 L 0 2 17 83 64 115 656 =3 28 -41 S3 170 24 42 SO L
275 117 24 26 17 S7 35 ] 2 21 43 0 0 1S 83 6% 1709 S8 =32 27 -43 52 172 22 41 48 56
275 160 29 28 15 59 88 1t 62 23 a3 n o 13 f3 65 103 S59 -~29 25 ~-45 S0 173 20 41 46 57
275 10 34 28 13 6C o1 3 61 26 43 0 0o 10 83 64 97 60 =25 24 -47 48 175 13 41 4S5 S8
275 10 39 29 1 61 9S S 60 28 43 o ] a 83 64 91 61 =22 22 —-49 & 176 15 41 43 59
275 10 a4 2N 8 62 a3 7 %S9 3n 43 0 0 6 83 62 86 62 -18 21 -S1 44 177 13 a1 41 69
275 12 49 22 S 62 102 9 S8 32 L) 0 0 4 83 61 81 63 =14 19 -52 42 178 11 41 39 61
2S5 1% .54 313632 127 11 S7 3a aa 0. __ 0 1 83 €2 77 A3 -9 17 -54 a0 178 9 41 37 51
275 10 39 31 N 62 111 13 S6 36 44 0 o] o] 23 58 74 63 -5 15 -5% 38 17¢ 7 41 3a &2
275 11 4 21 -2 63 115 15 54 38 45 2 2 =2 82 66 71 63 2 13 -56 36 -179 4 42 32 62
275 11 9 3t -4 62 119 17 5§ 40 as 0 0 =4 82 54 68 63 3 11 ~-58 34 -179 2 42 30 63
275 11 14 320 7 62 124 19 52 A2 a6 0 9 =7 82 52 66K 62 7 9 -59 32 -179 0 a2 28 63
275 11 19 22 -10 61 127 29 5972 44 47 ] 9 -9 82 59 64 61 11 7 =60 30 -178 0 N 2€ 63
275 11 24 29 12 61 131 22 43 a6 ag ] n ~-11 82 47 A3 60 15 S 61 28 ~-178 0 0 24 63
275 11 29 28 1S K0 135 24 46 a8 49 0 0 -13 82 45 61 59 13 3 -62 25 -178 o] 0 21 €3
—.275_11 34 27 ~17 S8 138 25 45 50 S1._. N 9% =15 .82 43 _ 61 538 21 1 -63 23 ~-178 o .0 19 63
275 11 39 26 19 57 14n 27 a3 52 52 0 0 -18 82 4 60 S7 24 0 0. 21 ~-178 ol 0 17 53
275 11 44 25 21 S6 143 28 40 53 54 o D -2n 82 38 S9 S5 26 ] ] 19 -178 0 ¢ 15 &3
275 11 49 24 -23 . 54 145 29 38 S5 56 0 n -22 82 36 59 5a 28 0 o 17 -178 o] o 13 63
27S 11 5S4 22 25 52 147 30 36 57 58 ] 0 -~24 g2 33 S9 52 30 o 0o 15 -178 [} 0 10 €3
275 11 59 21 -27 51 149 31 33 s@ 61 [+] N =26 82 31 S9 50 32 9 0 12 -178 0 0 g 63
275 12 4 19 -29 49 1S5n 32 31 S9 6a o 0 -29 82 29 SS9 48 34 0 0 10 -178 L] 0 [} 63
275 12 9 17 30 47 152 32 28 60 67 ] 9 ~-31 83 26 59 A6 3S o} 0 8 -178 o} (o] 4 €3
275 12 14 1€ -22 45 153 33 25 61 71 0 0 -33 83 24 59 aS 36 2 0 6 -178 0 Q 1 63
275 12 19 14 33 43 154 33 23 &2 75 0 n =25 83 22 SS9 43 37 o] 0 3 -178 0 0 0 63
275 12 24 12 34 Al 155 33 20 63 79 0 o -27 84 19 59 41 38 0 0 1 -178 [s] 0 =2 63
27S 12 29 17 -35 39 155 33 17 63 a3 0 2 -39 Bs 17 60 338 38 0 0 0 -178 0 0 =4 63
275 12 34 8 -3 37 156 33 14 63 87 o] n -4\ es 15 60 26 39 0 0 -2 ~-178 92 0 =6 63
275 12 39 6 37 35S 157 32 12 €3 92 ] Q9 =43 86 13 61 24 29 0 0 -5 -179 [o] o0 -9 62
275 12 44 a4 -32 33 157 32 9 63 96 Y4 N -45 87 10 61 32 a0 o] 0 =7 =179 o] 0 -11 62
275 12 49 2 39 31 157 31 7 62 100 [} 0 ~A7 88 3 62 39 40 0 0 -9 -179 o} 0 -13 62
275 12 sa n -a) 29 158 39 4 62 104 ] 0 -40© aon 6 62 28 a0 0 0 -11 =179 ] 0 -15 62
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LATITUDE = 65.
OPTIONS USED FOR THIS RUN
CODE : PRECISE

SIGMA PSEUDO-R
STGMA LORAN-RA|

SATELLITE NQ. [ Q
REFe TIME - TIME OF WEEK (SEC) 0.58572800D+236
JULIAN DATE (DDD HH MM SS) 145 18 42 8
SEMI =~ MAJOR AXIS (M) 0.26560399D+08

ECCENTRICITY 0.14G679200- 02

ARG OF PERIGEE (RADIANS) 0.31187789D+N01 -
INCL INATION (RADTIANS) 0.11035115D0+01
RIGHY ASCENSINN _ (RADTANS) ~0e57879102D+00 -~

RATE CF RA (RADIANS/SEC)

MEAN MOTTION (RADTANS/SEC) 04145853610 03

e LT e Y . T e

v IS

YT

DAVIS STRATI
P - Code

0009 LOMGITUDE =300.0000
ANGE = 4.00 (M)
NGE = 100/SQRT( 0e5) (M)
-5 R . SR S
Da58572800D4+06  NeSRS728N0D+06 0.585728000+05
145 18 42 8 145 18 42 8 145 18 42 3

0.265609430D408

0.19474330D-02
0106360190401
n.11125715D+01

Ne58088678D+ 00
-~ 0e62631171D-08 =N461831158D~-08 ~1N.62359738D~38

0.145849130~-03

M e26560254D+ 08

__MEAN ANOMALY D TREF  (RADIANS) =0.21159685D401 0.12833393D+01 ° 1.85431182D+20

NDeSO700012D 03
Nel7242581D+01
"ell1011986D+01
Ne26814451D0+01

Ne145854810 03

—_ SAY # 4 = SAT #_ S e SAT # 6 SAT ¥ 7
DAY HH MM EL  AZ LAY LONG EL AZ LAT LOING EL AZ LAT LONG EL AZ AT LONG EL
27% 0 ° 64 117 S1 =31 853 =76 S7 -119 Q 0 -26 -97 34 -63 51 ~148 1D 1
279 € 4 €1 118 SN 29 K6 «-75 &9 ~1186 o} 0 ~-28 -97 33 -6€6 49 146 8 1
275 0 9 59 119 48 =-28 58 =75 60 -113 o] 0 -30 -96 32 -68 47 ~-145 6 1
_ 275 0 14 S5 120 A& =27 61 =75 61 —-t10_ N N -32 -906_ 30 -71__ 45 ~144 4
275 0 19 S& 127 44 ~-25 63 -75 62 -106 ] 0 -34 96 29 -73 43 -143 21
275 0 24 51 121 42 =-25 66 =76 62 -102 [od N -36 =95 28 =75 41 ~142 21
275 N 29 49 122 4N -24 €3 ~-77 63 --98 0 0 -38 ~95 26 -77 39 141 4]
275 © 34 46 123 38 -23 7N -79 §3 O3 o 0 -40 -94 24 -79 37 -140 D
275 2 39 6a 124 32¢ -23 73 -81 63 -89 0 Q -42 =93 22 ~-81 35 ~-1an 2
275 0 64 &1 125 34 ~22 7% -85 A3 Rs (3] D -aa -92 21 -82 33 139 ol
2?5 ¢ 49 39 126 32 =~-22 77 -Q1 63 -RO 0 N -46 -9l 19 -84 31 ~139 2
276 0 54 35 127 .30 -2 79-105 62 -76 [o] N -48 -9 17 -85 29 ~-139 2.
275 0O 9 34 128 27 -21 81-112 61 .73 o N -50 -89 15 -87 27 139 o)
275 1 4 32 129 25 «21 82-129 60 -69 [o] H -52 -B7 13 -8 24 -129 9
275 1 9 29 13 23 -21 g£2-148 59 ~-66 o] % -53 -85 11 -89 22 -138 o}
275 1 1a 27 131 21 -~-21 81-1564 58 .63 0 0 -55 =83 9 ~-9¢ 20 ~-138 0
275 1 19 25 131 19 =21 79-177 57 ~-A”N" o N ~-56 =81 7 -91 18 -138 ?
275 L 24 22 132 16 =21 7?77 174 55 -58 0 N -58 -78 5 -93 15 138 o
275 1 29 27 133 14 =21 75 1€8 53 -56 [+] 9 ~-59 ~75 3 -93 13 -139 0
275 1 34 12 134 12 =-21 72 165 52 -5a 0 0 =60 =72 1 -94 11 -139 0

- s s et b s

0.26550449D408

=0.328709600D402

0.69551468D~02
N.134195580¢01
0.11076880D+901
-0e26411774D401
=D 62774079008
0.14585320D~03

SAT # 8
AZ LAT LONG EL
o 13 1 8-
111 1 6~
2 o9 1 4=
371 __2-
a4 a 1 o~
5 .2 1 o
] 1t o0
0 -1 1 o
2 -a o o
0o -6 0o o
5 -8 e 0
2 -1p o0
0 13 o 0
9 -15 o 0
0 ~-17 o o
0 -19 o o9
n -21 o o
0 - 22 0 a
5 -26 o 0
¢ -28 0.0

.8
0.58572800 D406
145 18 42 8
0.265600170+08
0.17212573D+01
0691742469D~03
0.53818911D-0C1
0.1103€613D+01
~0.57803953D+00
-0.621739990-08
0.145856760-03

_SAT #¥ 9.
AZ LAT LONG
7 9 -116
8 7 -116
9 5 -116
9 .2 =116
] 0 ~116
0 -1 =116
o -3 ~116
0 -6 ~-116
0 -8 -117
0 -10 —-117
e =12 =117
0 -14 -117
0 -17 -117
0 -19 =147
0 -21 ~117
0 -23 -117
0 -25 =117
0 =27 ~116
0 -30 -116
n =32 ~-116

AA

0.22528000D+26
169 14 34 42
0265601470408
- 0s91L6G7T77D4D2D
069322591 D~G2
0,146045830+01
0.109817850+51
Ce31143453C2401
-0.62288269D-2¢
0.145855680~03

ERROR ELLIPSE

83 PHI

GPWWNWAPUINO P =N JNNSNNN
[ s 3o X0 X Yo X: Yo Ko X0 Ne N0 o Vo W0 - 4
WWHRHWWWWR WG WWW OO

WHUWUWWUWENWLPPOODO

OOOIVOOVVCUDRIVNICODO



275 1 39 15 135 10 =21 78 1532 €49 -52 O 0 -A1 -~68 H 0 9 ~139 0 0 -30 1 0o 0 -34 -115
275 1 44 13 136 8 -21 67 160 48 -S51 0 A =62 =65 O 0 7 -139 3 0 -32 1 n 0 -36-115
275 1 49 11 137 5§ =21 65 159 46 =50 0D 3 -62 =61 " 6 4 -139 A n -3a 1 © 0 -38 -115
276 1 Sa 9 137 3 -21 62 158 44 49 O 0 -62 -56 0 O 2 139 0 0 -36 2 0 0 -40 -11a
275771 59 67138 1" =21 60 158 42 7-48 0 0 -62 =52 0 T 0L =139 3 9-38 2 0 0 -42 -113
27€ 2 4 4 139 0 -22 57 1S7 49 -47 O 3 -f3 ~a8 N A ~| -139 0 0 -an 20 0 -aa -112
275 2 9 2 1a° .3 -22 54 157 38 -47 0 0 -62 =44 0 Q0 =4 -139 D 0 -42 4 o0 0 -46 -111
275 2 14 7 141 =S =22 S2 157 36 =46 0 2 =A2 =40 N° Q -6 —-143 N 3 -44 5 0 0 -a7 —113
275 2 19 N N -7 -22 49 |58 34 -46 O O -61 -36 O 0 -8 1430 3 Q ~46 6 0 0 -49 -10¢%
275 2 24 H 0 -9 =22 46 158 32 ~45 O N =N =22 O H ~13 -142 D 0 -4a8 7 0 0 =51 -147
278 2 29 2 N -12 -22 44 1S8 39 =45 06 D ~59 -29 > 6 -13 -142 0 0 -50 8 0 0 -53 -105
275 2 34 N 3 -1& =22 4y 158 28 ~45 A H -S@ 36 N 0 -15 -147 9 0 -52 10 0 0 -54 =193
275 2 29 670 -1 -22 29 159 26 ~45 0 9 -57 -23 0 8 <17 <140 n 0 =53 12 O 0 =56 =101
275 2 44 " % -18 =22 326 159 23 ~45 06 N -55 -21 N A -19 -143 3 0D =-S5 14 O 0 =57 =99
275 2 49 N 0 .21 -22 34 169 21 45 0 0 -S4 ~18 O 0O 21 140 O 0 -5 16 0 0 -58 =96
275 2 54 ° Y -23 -22 3J1 160 19 ~45 O N =52 =16 £ N -24 -143 D O =58 19 Q0 0 -59 =093
276 2 59 0 Y -25 -22 29 161 17 =45 0 2 =50 =15 0O 0 =26 =140 O 0 ~-59 22 0 0 -AP -89
2’5 3 4 0 0 27 -22 26 161 15 45 O 0 -49 =~13 O O -23 -t40 O 0 -6 25 O 0 -61 =86
27’5 I 9 =n T -20 -22 24 162 12 =45 A A =47 =12 D 0 =32 -143 O ©0 -61 29 O 0 -62 -82
275 3 14 _~ 0 =31 =31 21 162 10 _-45 O 0 -4  -11 N Hn~-32 136 0695 .62 33 N 0 -€2 =78
2757371979 'H -34 -21 19 162 8 .45 0 0 -a3 =10 0 3 -3a -139 3 0 -62 37 ©0 0 -62 -74
275 3 24 Q2 " -36 -21 16 163 6 ~-45 06 0 -41 -9 O D -36 -133 3 0 -63 a1t 0O 0 -62 =70
27s 3 2% ° A 3@ =20 & 163 3 .45 0 N -39 -8 9 0 -38-138 O 0-63 45 O 0 -62 =66
2r6 3 24 0O 0 -40 -10 12 164 1 -45 0 0 -37 -8 0 0 -4) =137 9 0 -63 S50 N 0 -€2 =62
276 3 19~ "~ -42 -19 9 164 0 =46 O N =35 ~7 O " -42 -137 O 0 -62 5S4 0 0 -61 =58
276 3 846 N N o-as -13 7 165 -2 -46 0 0 -33 7 0 0 44 -136 0 0 -62 58 0 0 -60 =-5&
2?5 3 49 ° 3 -45 -17 5 165 -5 -46 O O =31 =7 A 0 =46 ~135 A 0 =51 62 0 0 -6C =51
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275 22 49 87 107 A2 -75 22 -RE 33 -.13I5  9-139 I =06 3G -~27 63 167 39 96 41 -1 36 -96 38 -118
275 22 54 82 105 _ K7  -71 25 =85 325 =135 6-140 0 -06_ 37 -29 63 171 _27 97 39 0 34-101 36 -117
275 22 59 85 115 63 =66 27 -84 37 -135  A-143 -1 =95 33 =31 63 175 35 98 37 0 32-103 34 —117
278 23 4 B7 147 63 -62 29 -83 39 ~134 2-161 -3 97 34 =34 63 -179 32 99 35 0 30-1305 31 -117
275 23 9 8f 161 62 =58 31 -82 41 -133 0-14) -5 =97 35 -36 62 -174 33 100 33 0 28-1176 29 -116
275 23 14 85 134 62 -S54 34 =81 43 =132 0 0 -7 -97 35 -39 62 -170 28 161 31 1 26-108 27 -116
275 23 1Y 82 124 61 =Sn 36 =30 A5 =172 0 O ~10 =97 26 ~42 61 -166 25 102 29 1 24-109 25 =116
275 23 24 BN 123 AN =46 38 =83 47 -130 O 0 -12 =97 36 -45 60 ~-163 23 103 27 1 22-11t 23 =116
275 23 29 77 118 59 =43 41 -79 49 ~120 N N -14 -G7 36 -4B 59 ~160 21 104 25 1 20-112 21 =116
275 23 34 .75 117 S8 _ -40 43 -78 S1 -128 .0 _ 2 -16 =97 36 =51 58 ~1S57 19 105 22 1 17-112 18 -116
?75 23 39 7?2 116 56 =-37 45 -77 52 ~-126 N 9 -19 =97 36 ~-54 56 -154 17 106 20 1 15-114 16 -116
275 23 46 7N 11f &5 -35 a8 -77 54 -124 O 0 -21 =97 35 ~57 S5 152 15 107 18 1 13-115 14 =116
275 23 49 67 117 53 =33 S0 -76 S6 =122 0 H -23 =97 34 -60 53 =150 12 108 16 1 11-116 12 -116
275 23 54 64 117 S2 =31 &§3 =76 S7 -120 0 0 =-25 =-97 34 -62 51 -148 10 110 14 1 9-117 10 =116
275 23 59 62 118 50 -29 S5 -75 58 =117 O 0 27 =97 33 -65 49 -146 8 111 11 1 7-118 7 =116
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GPS PERFORMANCE PRE-ANALYSIS

LATITUDE = 6S.0000 - LONGITUDE =300.0000 DAVIS STRAIT
OPTIDONS USED FOR THIS RUN C/A - Code
__ CDDE @ C/A
SIGMA PSEUDN-RANGE = 1600 (M)

SIGMA LORAN-RANGE = 130/SQRT( C5) (M)

e SATELLITYZ NOs e 4 e S & 7 e B 9
FEF., TIMD TIME OF WEEK (SEC) 0.58572800D+N6 N ,585723000+06 04585728000+ 06 '0.58572BOOD+05 0.58572800D0+06 0.225280000+d¢
JULTAN DATE (DDD HH MM SS) 145 18 42 8 145 18 42 8 145 18 42 8 145 18 42 8 125 18 42 8 169 14 34 40
SEMT MAJNR AXIS (M) 0.26560309D+08 0.26560943D+08 0.25560254D+08 0.265604490+08 0.26560017D+08 0.26560147D0+08

MEAN_ ANOMALY @ TREF  (RADIANS) -0.21159685D+01  0,12833392D+01_ 0.854311820+00 - N, 32870960D+N0  N.17212573D+01 ~0.918697770400

ECCENTRICITY 0.14967920D-02 N.19474330D~02 0.59700012D-03 0.69551468D-02 0.91743469D0-03 0.69322591D-22
ARG OF PZIRIGIZIE (RADIANS) 0.31187789D+N1 - D.1NE36N190+01 D.172425810+01 0e13419558D+01 0.538189110=-01 0O.146045830+I1
INCLINATIGN (RADTIANS) 9.11035115D+%1 0,111257150+01 O0.11711986D+01 0.110768800+91 0.11036613D+01 0,109817850+01
. @13HT ASCENSION (RADIANS) = -0s57879102D+00 ~0.58088678D+00 -0.26814451D+01 -0.26411774D+¢01 -0,57803953D+00 0.31143453D+01
RATE AF RA (RADIANS/SEC) —0.62A31171D-08 -0,6183115680-08 0N,62059778D N8 - 0.63774079D-08 - 062173999D-08 ~0.62288269 D~08
MEAN MITIOM (RADIANS/SEC) 0.145853610-N3 0,14584913D-03 0145854810 03 0.145853200-03 0.145856760-03 0.14585568D-33
'
. sAT ¥ &4 ___ _SAT # 85 _ SAT # 6  SAT # 7T ________SAT # 8 SAT # 9 . ERROR ELL IPSE
DAY HH MM EL  AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG =L AZ LAT LONG AA BB PHI
275 0 0 68 117 S1 =31 53 ~76 S7 =119 ©0 0 -26 -97 34 -63 S1 148 17 110 13 1 8-117 9 -116 30 19 42 S
775 0 4 61 118 S50 =29 SA =75 69 =116 0 0 -28 =97 33 -66 49 146 8 111 11 1 6~118 7 =116 30 19 43 5
276 2 9 53 |19 48 =28 S8 =75 60 -113 O N -37 -96 32 -68 47 -145 6 112 9 1 a-119 S =116 30 19 44 S
D75 A & € 12Y aF 27 61 -75 61 =117 A QO -32 -G6 320 -71 45 144 & 113 7 1 2-119 2 =116 31 19 45 S
575 A 19 5S4 1217 A4 -25 63 =75 62 =106 0 N =24 =96 29 =73 43 -143 2 114 4 1 0-120 0 =116 31 19 a6 5
275 0 24 St 121 42 =25 66 -76 62 -1h2 0 0 -2 =95 28 ~75 41 ~-142 0 115 2 1 n 0 -1 —-116 414 19 a7 &
276 A D9 40 122 4D -24 68 ~-77 63 98 0 0 -38 =95 26 =77 39 -141 6o o0 O 1 0 0 -3 -116 315 27 46 3
275 1 4 46 122 38 =~23 71 -79 63 =-93 0 O -a4n -9a 24 =79 37 ~145 O 0 -1 1 0 0 -6 -116 242 26 a1 3
275 o 39 44 124 36 ~23. 73 -8 63 -89 D 0 -42 -93 22 -81 35 140 O 0 -a " o 0 -8 -117 201 26 47 3
27 0 44 41 125 34 -22 75 -85 63 ~R5. 0 0 -44 =02 21 -82 33 139 ) 0 -6 o o 0 -1n -117 175 26 48 3
275 N 40 39 124 32 =22 77 =91 63 -A0 0 5 -46 -91 19 -84 31 -139 0 O =-A 0 6 0 -12 -117 157 25 48 3
2750 SA 35 {27 I+ .22 79.100 €2 76 _ O 0 -4B -O0 17 -AS5_29 139 0 __ 0 10 0O 0 0 -14&4 =117 145 25 ag 3
27670 59 3a 129 27 -21 81-112 61 =72 D a8 -s¢ -B9 15 -87 27 -139 D 9 -13 0 0 Q0 =17 =117 137 25 49 3
275 1 4 32 129 25 =21 B2-129 64 -60 N O -52 =87 13 -88 24 -130 0O 0 ~15 5 A4 0 -19 -117 131 25 49 3
275 1 9 29 13% 23 -7) @A?-143 S9 -66 O O -53 ~85 11 -89 22 138 0 0 -17 0 0 0 -21 =117 128 25 49 3
275 1 14 27 131 21 -21 81-164 58 -63 0 0 -55 =83 9 =90 20 -138 O N ~19 0 o0 0 -23 -117 126 24 S) 3
275 1 19 25 131 19 =21 79=177 57 -€0 0 0 -56 =81 7 -91 18 -138 0 0 -21 0o 0 0 ~25 -117 126 24 50 3
275 1 24 22 132 16 -21 77 174 S5 -58 0 0O ~58 ~78 S5 -93 15 -138 O O -24 0 0 0 -27 -116 127 24 S0 3
275 1 29 27 133 14 =21 75 168 53 -6 0 A =59 =75 3 ~93 13 ~139 0 0 -26 5 5 0 -30 -116 130 24 50 3
275 1 3a 18 136 12 =21 72 165 52 -54 0 0O =60 =72 1t -92 11 -139 ©O0 0 -28 .0 A 0 =32 -116 134 24 S0 3
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1S 135 10 =21 70 162 0o o 9 0 9 -139 D 0 -3p 1 4 0 =24 =115 734 49 32
12 136 8 =-21 67 160 48 =51 0 0 -62 =65 H° 0O 7 =139 0 N =32 1t 0 o =36 =115 681 S1 32
11 137 € .21 &S5 159 4K ~=0 O 0 -62 -Kl 0 0 4 ~139 0 0 -34 1 0: 0 =38 =115 630 54 32
9137 3 -21 62 158 44 -49 0 0 -62 -56__0H B 2 -139 3 0 -3 2 6 0 -a0 —-11a 582 57 32
57139 1 7-21 63 158 42 -48 T 0 A -63 =52 07 0 0 =136 5 0 -38 2 70 0 -42 -113 535 60 32
4 139 ¢ -22 57 157 40 -47 06 D -63 ~-48 0 O -1 132 0 O -a0 3 0 0 -as -112 491 64 32
2 14 -3 -22 54 157 38 -47 0 N -62 =-44 0N 0 -4 =139 1 n -a2 4 6 0 -46 =111 449 63 32
" 141 -5 -22 52 |57 36 -46 0 0 =62 -40 O O -6 -140 0 0 .aa 5 0 0 =47 =110 410 73 32
6 9 -7 -22 49 158 34 -46 0 0 -61 =36 0 O -8 -14)2 O 0 -46 6 0 0 -49 —109 o o o
5 M -9 -22 46 158 22 -45 A A -60 =32 O H =10 -140 D O -48 7 0 0 =5t =107 o o ¢
5 2 -12 =22 44 158 20 -45 0 N -89 -290 0 0 .13 140 Q0 0 .5n 8 0 0 =53 -105 o o0 o
9.0 ~14 -22 a4y 158 23 .45 0 0 -SAR_ =26 __ 0.0 -15 -146 _ D 0 -52 10 0 _ n -Sa =193 s 0 0
. "TS1R =22 39 159 26 -45 0 B =57 =23 0 a =17 =140  p 0 =53 12 0 0 -%6& =101 o o o
~ 9 1R =22 35 159 23 .45 0 0 -85 =21 6 0 19 -140 O O -55 14 0 0 -57 -99 o o ©
0 9 -21 -22 34 160 21 -45 0 0 -S54 =18 0 9 -21 -140 B 0 -56 16 0B 0 -58 -96 o o o
2 Y -23 -22 31 162 19 ~-45 0 A -52 =16 O O -24 -140 0 0 -58 19 0 0 -89 -093 o o o
" n 25 -22 29 161 17 -45 0 0 -S0 ~15 O O 26 -140 0 0 -5 22 G 0 -£0 -39 0 0 -0
& 2 -27 -22 26 161 15 -45 €& 0 -A9 =13 0 0 -28 -147 O D -60 25 Q 0 -61 =86 0 o0 0
~ A ~29 -22 24 162 12 -25 0 0 -47 =12 0 0 -30 -140 D N -61 29 0. 0 -£2 =-32 o o o
0 " -31 -21 21 162 10 ~-45 0 0 -45 _~-11 O 0 =322 -139 0 0 -62 33 0 O -€2 -78 6 0 ¢
3 =34 T-21 19 162 8 =45 0T 0 =43 =10 770770 =34 <139 D T p -62 37 5 N0 -62 -7a a0 o
3 0 -38 -21 16 153 6 ~45 0 O -41 -9 O 0 -36 138 O O -63 41 B 0 -62 =70 o o0 o
9 ©0-38 =20 14 163 3 -45 0 0 -39 -8 A D -38 -138 ) 0 -63 45 0. 8 -62 -66 o o o
3 N -aC -19 12 164 1 -45 0 6 -37 -8 Q9 0 -a% =137 O 13 -63 S0 0 0 -62 ~-&2 6 o0 o
P 9 -22 -19 9 164 0 -4 0N 0 -35 -7 O 6 42 137 0 ©0-62 54 0 0 -61 ~-S8 0. 0 O
" 0 -4a <18 7 163 -2 -46 0 0 -33 7 ©0 05 -44 -136 O 0 -62 S8 0 0 -60 =54 o o0 o
3 Y -46 -17 5 165 -5 -46 A A -31 -7 O N0 -46 -135 0 0 -61 62 0 0 -€0 =51 o o o
5 N -4m -16_ 3166 -7 46 0O 0 -28 6 0 0 48 -134 0 0 -60 65 O 0 -58 -48 0o o0 o
TTY TTTNTIA9 T =147 0 166 -9 -46 T 0T N =267 <60 55 T=132 0 ~59 69 0 0 =57 =45 c 0o o
" 2 =51 -13 3 7" -11 -46 0 0 -22 -6 0 0 -32 -131 O 0 -S58 72 0 .0 -56 =—42 e » o
D N -53 =11 0 O0-14 -46 0 9 =22 -6 0O 0O ~53 -129 O 0 -S7 74 0 0 -54 -—40 o o o
2 Y-8 -9 N N =16 =46 O 0 -20 -6 O 0 -55-12?7 O O -55 77 0O 0 -53 -38 o o o
2 72-56 -7 O ©0 =18 -46 06 OH ~-18 -6 O 0 -56 125 0 0 -54 79 0 .0 -S51 -36 0 0 O
9 ©0-57 -4 0 ©O0-20 -46 O 0 -15 ~6 0 N -53 -122 3 0 -52 81 0o, 0 -49 =35 o o o
n " -59 -1 0 0 -22 -46 06 0 -13 -6 0 0 -59 -119 3 O -5% 83 O 0 -48 =33 0 o ©
R -1 t ® 0N -25 .4 0O N -11__-6__0O 0O 60 115 0 0 -48 84 0 0 =46 =32 o 9 0
0 o -61 S 70 0 -27 -46 0 7TH -9 TTIeT 00 =61 =113 2 Tn -a7 " 85 0 0 -44 =31 0 0 o
3 1 -62 8 © N -29 -46 0 O -6 -6 O 0 -62 -109 2 0N -45 86 O 0 =42 ~-3) o o 0
o N -R2 12 n 0-31 46 0 0 -a& 6 0 0 -62 -105 0 0 -43 87 0. 0 -40 =29 o o5 0
"1 .62 16 9 0 =33 -45 £ 3 =2 -6 0 N =A3 =101 3 0 -41 88 0 0 =38 =29 5 o 0
m 2 -6 21 0 A =35 -45 0124 ©0 -6 2 0 -63 97 0 0 -39 89 A 0 -3& -28 o 9 o
0 0 63 25 O 0 -33 -45 2123 2 -7 O 0 -63 -92 O 0 -37? 89 0, O -34 =23 o o ¢
" Y -62 29 0 N -an -44 4 122 4 -7 0 O0-63 -8 O 0 -35 986 0 0 -322 =27 5 0 0
0 N -€2 33 N 0 -42 -23 7122 6 -7__ 0 0 -62 .82 0 0 -32 98 O  Q =30 =-27 0 0 ©
TR A =61 37 7707 ) —a4  -42 T 9121 8 T?T 6 Th 62 T -82 O 0730 91 T 0 9 -28 =27 009
2 2 -61 a1 9 0 -46 -42 11 120 10 -7 O 0 ~61 -76 S 0 =28 91 O N =25 =27 o © o
5 o0 -0 aa £ 0 -a7 -60 13 119 13 7 © o0 60 73 0O 0 -26 91 0 0 -23 =26 o 0 o
0 92 -58 48 O0 0 -49 -390 15118 15 ~7 6 0 -59 =-73 3 AN -24 91 0 @ -21 -26 c 2 0
5 Y -57 50 A D =51 =-33 18 {17 17 -7 A4 2 -57 -67 0N 0 -22 91 0O 0 -19 =26 0o 2 o0
2 n~ .5 53 0 AN -53 35 20116 19 .7 O O S6 -6 O O -19 91 9 90 -17 =26 o o 0
2 7 -54 55 06 0 -S5 -34 22115 22 =~-7 0O 06 -55 -62 0 .0 -17 91 0 0 -14 =26 o o o
08 3 =-33 37 0 0 -56 -32 24114 24 -7 O 0 -53 &0 N A -15 91 0 0 =12 =26 o 0 o0
0 N =517 5970 7T 0 -58 "-29 726 113 726 =7 0 0 =51 587 0 T T3 21377791 70 Q9 -160 -26 0 "0 T o
T " -49 67 A4 0 -59 -26 28 111 28 -7 O 0 -50 -57 4 0 -11 91 O 0 -8 =27 6o o o
5 A~ .47 82 N 0 -9 23 3L 110 30 -6 O 0 -48 S6 O O -8 91 1 166 -6 =27 262 40 350
0O 0 -45 63 0 0 -61 -20 33108 32 -6 0 0 -46 -5 0 0 =6 91 3 145 -3 -27 271 39 351
3 N =43 64 0 O -62 =16 34 {106 34 -6 O 0 -44 =53 08 O =4 91 5 145 -1 =27 279 37 352
5 A -ay 55 0O N -A3 -12 36 104 36 -5 O N -42 S3 0 O =2 91 7 144 0 =27 285 36 353
3 n~n-3%2 66 O 0-63 ~7 2BI102 39 -5 0 0D -40 =52 H O O 91 10 134 2 =27 297 35 353
_____ 2N =37 K6 O 0D -3 -3 40 Q9 a4l -4 O 0 -38 _-S1__ O 0 2 91 12 143 & -27 307 33 35a
070357767 60 0 -63 5 41 97 43 =370 036751 T30 a4 99 14 143 7 =27 316 32 355
Y% -33 67 0 A -63 5 A2 94 45 -2 D 0 =34 -53 0 N 6 93 16 142 o =27 325 31 355
2 Y = 67 0 -0 -53 9 aa 91 a6 1 9 0-32 Ss» 0 0 9 9a 19 ta1 11 =27 334 30 356
9 n-29 68 0 0 -62 13 45 88 a8 0 A 3 -3 -50 2 0 11 93 21 141 14 =27 343 34 356
" N =27 68 9 0 -61 17 46 85 50 1 0 0 -27 -82 2 0 13 94 24 140 16 =27 352 29 357
T 7 -25 88 9 0 -0 20 &7 81 52 2 N 0 -25 49 9 0 15 Q0 26 139 18 =27 361 28 357
0 0 -23 &8 0 95 ~59 24 47 77 53 a4 0 0 -23 -49 0 A4 18 94 28 138 20 =27 369 28 357
7" 0D -20 68 O 0 -53 27 48 74 55 6 0 06 -21 -490 3 0 20 9n 31 137 22 =27 378 27 358
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GPS PERFORMANCE PRE-ANALYSIS

DAVIS STRAIT

LATITUDE = 65,0910 LONGITUDE =390,2000
CPTIONS USED FOR THIS RUN C/A - COde
‘ Loran - C
cootE @ C/A
SIGMA PSEUDD-RANGE = 16.00 (M)
SIGMA LdRAN-RANGE = 120/SQRT( 0.5) (M)
__SATELLITE NO, 4 S .6 7 8 9
REZF, TIME - TIME OF WZEK (SEC) 0.585728020D0+906 0.585728000+06 D058572820D0+086 0.585728000+06 0.58572800D+06 Ne225289209D+06
JULIAN DATE (DDD HH MM SS) 145 18 42 8 145 138 42 8 145 18 42 8 145 18 42 3 145 18 42 8 169 14 34 40
SEMI - MAJGR AXIS (M) 0.26560398D0+08 N 265606432408 0.265602540+C8 0+25856%449D+C8 0.26540017C+08 D0.26560147D0+C8
_ MTAN ANOMALY TREF (RADIANS) -0.211566852+401 0.12833353D+01 0.85431182D0+00 —-0.328709060D+400 0.17212573N+5! -0.91869777D0+920
SCCENTRICITY ) 0.14967920D-02 0194740300--02 0.5G97000120-03 0.69551468D~-02 0.21743469D-03 0e62322591D-02
ARG 0OF DPERIGEE {RADIANS) 0.31137789D+01 -0,10636019D+01 06172425810+ Q1 0e13419558D+01 0.538189110~-01 0.,14604583D+01

INCLINATIGN

RIGHY ASCENSION

RATE OF RA

(RADIANS)
(RADIANS)
(RADIANS/S=C)

0.,11033511SND+C1

-0.626311710-08

—0.573791020+00

0.11125715D+01

D0¢11011986D+01

-0.58088678D+00 ~=0.26814451D+01

-0+61831158D--08 ~0462059708D-08

0.11076880D+21
-0.26411774D+01
-0+6377407SD-08

0.110366130+01
-0.57803553D+00
-0.62173999D-08

0.109817850401
. 0e31143453D+01
-0.62288299D-08

MEAN MCTION  (RADIANS/SEC) 0.14585361D-02 0.14584S130-03 0.14585481D0-03 0.14585320D0-03 0.14385676D-03 0.14585568D-03
e SAT # & SAT # 5 SAT # 6 __SAT ¥ 7 SAT # 8 SAT ¥ O _ ERRGR ELLIDSE

DAY HH MM =L AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG EL AZ LAT L0ONG FEL AZ LAT LONG CGL AZ LAT LONG AA BB PHI
275 o 0 K4 117 51 =31 53 -76 37 =119 0 2 -26 =97 34 -63 51 -148 10 110 13 1 8-117 9 -116 20 19 42 5
275 2 4 €1 113 50 =23 556 -75 5§ =116 0O 0 -28 -97 33 -65 49 -146 8 111 11 1 6-118 7 =116 30 19 a3 S
275 9 © 59 119 48 =-23 58 -75 60 -113 0 0 -3 -g6 32 -68 47 -145 6 112 9 1 4-119 S -116 20 19 a& 5
275 0 14 56 120 46 =-27 61 -75 61 =110 0 0 -32 =96 30 =71 4S5 -144 &4 113 7 1 2-119 2 -116 31 19 45 S
275 0716 sS4 129 %4 =25 63 =75 62 =196 9 0'=34 20629 =73 43 =143 2 114 & 1 0-120 9 -118 31 19 4E 5
275 £ 24 S1 121 42 -25 66 -76 62 =192 O 0 -36 =95 28 ~75 41 =142 0115 2 1 0 6 -1 -116 414 19 47 &
275 0 29 49 122 40 -24 68 -77 K3 =G3 0 0 =38 =95 26 =77 39 -141 0 0 0 1 ) 0 -3 -116 203 26 45 3
275 0 24 46 123 38 =-23 70 -79 63 =93 0 0 -40 -94 24 =79 37 -140 0 0o -1 1 A 0 -6 -116 180 26 46 3
275 0 29 44 124 35 =23 73 -81 63 =85 0 6 -42 =93 22 -81 35 -140 0 o -a& ) 0 0 -8 -117 162 25 47 3
275 9 44 41 125 34 =22 75 -85 A3 -85 5 0 -44 =-¢2 21 -82 33 -139 0 O -6 0 0 0 -10 -117 148 25 a7 3
27% 9 46 39 126 32 =22 77 -91 63 =80 0 0 -4€ =-91 19 -84 31 -139 0 0 -8 o o D -12 =117 137 25 47 3
275 9 54 26 127 30 =22 79-100 K2 -75 0 0 -48 -90 17 -85_ 29 -139 0 0 -10 ) 0 0 -14 -117 130 25 48 3
275 17 59 34 128 27 -21 B1-112 61 =73 0 0 -50 -89 15 -87 27 =139 o0 0 -13 0 0 0 -17 =117 124 25 48 3
275 1 4 32 129 25 =21 82-129 60 =69 0 0 -52 -87 13 =88 - 24 =139 0 0 -15 0 ¢ 0 -19 —117 120 24 49 3
275 1 € 20 133 23 -21 82-148 59 =65 O 0 -53 -85 11 -89 22 -138 O 0 -17 0 0 0 -21 -117 118 24 49 3
275 1 14 27 131 21 -2{ 81-164 53 =63 0 0 -55 =83 9 =90 20 =138 0 0 -19 0 0 0 -23 -117 117 24 49 3
275 1 19 25 131 19 =21 79-177 57 =65 0 0 -56 =81 7 =91 18 -1328 0 6 -21 0 0 0 -25 -117 117 24 49 3
275 1 24 22 132 16 =21 77 174 55 =58 0 0 -58 =78 5 =93 15 =138 ) 0 -2& 9 9 0 -27 -1156 119 24 59 3
275 1 29 20 133 14 =21 75 168 53 =56 0 0 =59 =75 3 -93 13 -139 0 0 -26 0 ) 0 -30 -116 121 24 50 3
275 1 34 18 134 12 =-21 72 165 52 =54 0 ¢ -60 =72 1 -94 11 -139 0 0o -28 0 0 0 -32 -116 124 24 S0 3

NN NV RINNINAIVTAIAIAQ
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10 =21 70 162 S0 =52 0 0 -61 -68 o} 0 2 =139 0 0 =30 1 o] 0 =34 ~-115
8. =21 67 160 48 =51 0 ) -62 -65 0 ] 7 =139 [} 0 -32 1 o] 0 -36 -115
5 =21 65 159 46 -S0 0 0 -62 =61 0 0 4 -139 4] 0 -34 1 ] 0 =38 -115
3 =21 62 158 44 =49 b} .9 =62 -56 Q.0 2 =139 o} 0 =36 2 o} 0 =40 -114
1 -21 60 158 42 -43 b N =63 =52 s} 0 9 -139 0 0 =38 2 o] 0 =42 -113
0 =22 S7 157 40 =47 0 0 -63 =48 0o 0 =1 =-139 0 0 =40 3 o} 0 -44 -112
-3 =22 54 157 38 -47 o] 0 -62 -i4 ] 0O -4 =129 o 0 -42 4 0 0 -46 -111
-5 =22 52 157 36 -46 0 0 -62 =40 o] O =5 =140 0 0 -44 S [ 0 —-47 -110
-7 =22 49 1S58 34 =45 o} n -61 =36 0 2 -3 =142 2 0 -46 6 0 ¢ -49 -109
-9 =22 46 158 32 =45 0 0 -50 =32 0 0 -1) -140 (o} 0 =48 7 0 0 -51 -107
-12 =22 44 158 30 =45 0 0 =59 =29 ] 0 =13 =140 0 0 =50 8 0 0 -53 -10S
-14 -22 41 158 28 =45 p] 0 -58 =26 ] 0. =15 -140 [} n =52 10 0 0 -54 =103
=16 =22 39 159 25 =45 0 0 -57 =23 o] 0 =17 =140 2 0 =53 12 o] 9 -56 -101
-18 =22 36 156 23 =45 0 0 =55 =21 (o] o ~-13 ~-149 o] 0 =55 14 0 0 -57 -99
=21 -22 34 167 21 =45 [} 0 -54 =-18 ol 0 =21 -140 0 0 =56 16 o] 0 -58 -96
-23 =22 31 160 19 =4S o} 0 -52 =16 o] 2 =24 =140 0 0 -58 19 0 0 -59 =-c¢3
=25 =22 29 161 17 =45 9 0 -50 =15 2] 0 -25 -140 0 0 -59 22 (o} 0 -60 -89
-27 =22 256 151 15 =45 0 0 -49 =13 -0 0 -23 -140 0 0 -60 25 0 0 -61 -86
-29 =22 24 162 12 -=45 0 0 -47 -12 o] 0 -3) -140 2 0 -61 29 0 o -62 -82
-31 =21 21 162 10 =45 0 0 =45 -11 o] 0 =32 =139 0 0 -62 33 0 0 =62 =78
-34 =21 16 162 8 =45 Q9 97 =43 =190 0 2 —-34 -139 2 0 -62 37 0 0 -62 =74
-36 =21 16 163 6 =45 0 0 -41 -9 o] 0 -35 -138 0 0 =63 (3} 0 0 =62 =79
-38 =20 14 163 3 =45 0 0 =39 -9 ] 0 =33 -138 0 0 -63 45 0 0 -62 -66
-4) -19 12 163 1 =45 Al 0 -37 -8 ] 0 -4 =137 (o ¢ -£€3 50 0 0 -2 -62
-42 =19 9 154 0 =45 0 0 =35 -7 n 0 =42 -137 0 0 =62 34 0 N =561 =517
-44 =13 7 165 =2 -46 92 H =33 -7 0 0 -43% =136 N 0 -62 S8 L] 0 -6 =54
-456 -17 5 165 =5 =456 0 0 -31 -7 0 0 =45 =135 o} 0 -61 62 0 0 -60 =51
-48 =16 3166 =7 =46 0 0 -28_ =-6___ 0 0 -43 -134 0 ¢ -60 65 n 0 -58 -48
-49 =14 0 166 -9 =46 0 o0 =26 -6 0 0 -5) -132 0 0 -59 A9 0 0 =57 =4S
-351 =13 o} 0 -11 =46 0 0 -24 -6 0 7 =52 =131 0 0 -S8 72 0 0 -56 =42
=53 -11 3 2 -14 =46 o} d =22 -6 [o} 2 -53 =129 0 0 -57 74 ] 0 -54 =40
-54 -9 0 2 =156 =45 Q 0 -20 -5 0 0 =535 =127 0 0 =55 77 0 0 -53 =38
-56 -7 2 0 =13 =-4A b} 9 -18 -6 0 0 =55 =125 Q 0 -54 79 0 0 -51 =36
-57 -4 b 0 -20 =45 0 0 =15 -6 0 0 =53 -122 0 0 -52 81 (o] 0 -49 =35
=59 -1 0 0 =22 =46 0 0 =13 -6 2 0 =59 =-119 0 0 =59 83 0 0 -48 -33
-60 i 9 N =25 =46 0 0 -11 -6 0 0 -56Y =116 o} c =43 84 n 0 -46 =32
=61 5 0 0 =27 =45 0o 0 -9 -6 0 0 -61 -113 0 0 -47 85 (o] 0 ~-44 =31
-£2 o} N 0 =29 =46 o] 9 -6 -6 0 0 -62 -109 [} 0 -45 86 0 0 -42 =30
-62 12 (o] D =31 =46 0 0 -a -6 0 0 -62 -105 2 N —-43 87 0 0 -40 =29
~£€3 16 0 Q9 =33 =345 0 o =2 -6 0 0 -63 =-101 0 0 -41 38 0 0 -38 =29
-63 21 o] N =35 =45 0 124 n -6 0 0 -63 =97 0 0 -39 89 o 0 -36 =28
-63 25 0 ¢ =38 =45 2 123 2 -7 0 0 =63 =92 o 0 =37 89 2 0 -34 =28
-62 29 3 0 -4 =44 4 122 4 -7 o] D -63 -88 ] o -35 aqn 0 N =22 =27
-2 33 ) 0 -42 =43 7 122 6 __ -7 0 __0 -62 -84 0 0 -32 90 [»] 0. =-320 =27
-€1 37 ol D =44 =42 9 121 3 -7 0 0 =62 ~80) o 0 -32 91 0 0 -28 =27
-£1 41 o 0 ~26 =42 11 120 10 -7 (o] 0 -61 =75 0 0 -238 91 0 0 -25 =2
-6n 44 0 0 =47 =40 13 119 13 -7 0 0 =62 =73 0 0 =26 Q1 0 0 -23 =26
-53 43 ] N -43 =33 15 118 15 -7 0 0 -59 =70 0 0 =24 g1 0 0 -21 =26
-57 52 n 0 -51 =383 18 117 17 -7 ] 9 =57 =67 (] 0 =22 91 0 0 -19 =26
-55 53 P ¢ -S3 -35 20 116 19 -7 0 N -55 =64 o ¢ -19 91 o] Q9 =17 =26
-S4 55 o] cC =535 =34 22 115 22 -7 0 0 -55 =62 0 0 -17 91 0 9 =14 =256
-S53 57 9 0 -56 =32 24 114 24 -7...90 .0 =53 =60 2 0 -15 91 n 0 -12 =26
=51 52 2 0 -53 -29 26 113 26 -7 0 o0 -S51 -53 2 0 -13 91 o} 0 =10 =26
=49 60 Q 0 ~-59 =26 23 111 28 -7 0 D =-5) =57 Q 0 =11 o1 0 5 =8 =27
=47 62 0 &0 =60 =23 31 119 30 -5 L] N =43 =55 0 0o -8 91 1 146 -6 =27
-45 63 0 ¢ -61 =20 33 108 32 -6 [¢] 0 =45 =54 o 0 -6 91 3 145 -3 =27
-43 64 2 2 =62 =15 34 106 34 -6 9 0 -3+ =53 0 0 -4 91 S 145 -1 =27
=41 65 0 0 =53 -12 3€ 104 135 -5 o} 0 -42 =53 0 0o =2 91 7 144 0o =27
-39 65 0 0 =63 -7 38 102 39 -S 0 0 -4) =52 0 ] 0 91 10 144 2 =27
-37 66 2 N -63 -3 40 99 41 -4 o0 _0 -33 =51 0 0 2 91 12 143 S =27
=35 67 0 2 =53 0 41 97 42 -3 0 0 -35 =51 0 0 4 o0 14 143 7 =27
-33 67 4] 0 -53 S 43 94 45 -2 0 0 -3% =59 2 o] 6 an 16 142 9 =27
=31 67 2 0 =63 9 44 91 4 €& -1 0 0 -32 =50 0 0 9 99 19 141 11 =27
-2 63 0 0 =52 13 45 88 43 0 bl 9 =-2) -50 0 o o111 on 21 141 14 =27
=27 58 0 o -61 17 46 85 S0 1 0 0 -27 =50 0 0o 13 Q0 24 140 16 =27
-25 69 0 0 =60 20 47 81 52 2 2 0 =23 =49 9 0 15 en 26 139 18 =27
-23 63 o N =59 24 47 77 S3 4 s} 0 =23 =49 0 ¢ 18 9n 28 138 20 =27
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DAY

275

RATE OF RA (RADIANS/SEC)

MEAN MOTION (RADIANS/SEC)

SAT # 4
HH MM ElLL  AZ LAT LONG EL
0 0 €63 8 St =31 52
0 4 61 83 SO0 =29 54
0 9 59 91 48 -28 56
0. 14 S7 .93 46 =27 S8
0 19 55 96 44 =25 61
0 24 S3 98 42 =25 63
0 29 S0 101 40 =24 65
0 34 48 103 38 =23 67
0 39 46 105 36 =~23 79
0 44 44 107 34 =22 72
0 49 42 109 32 =22 74
0 54 a0 111 30 =22 77
0 59 37 113 27 =21 79
1 4 35 114 25 =21 81
1 9 33 116 23 =21 83
1 14 31 118 21 =21 85
1 19 29 119 19 =21 85
1 24 27 121 16 =21 85
1 29 25 122 14 -21 83
1 34 22 1284 12 =21 8t

GPS PERFORMANCE PRE-ANALYSIS

-D0.62631171D-08
0. 145853610-03

~0.€18B311580~08 -0,62059708D~08

06145849130~03 04145854810~-03

SAT # 5 . SAT # 6 . SAT # 7.

AZ LAT LONG EL AZ LAT LONG EL AZ LAT LOCNG EL
-61 87 -119 [«] Jd ~-26 =~97 31 -58 Sl -~-148 10 1
-59 S9 =116 0 0 -28 =97 30 -60 49 =146 8 1
-57 60 -113 0 0 -30 =-96 30 -63 47 ~-145 71
-56 61 ~110 0. 0 =32 =96 29 -66__ 4S5 =144 S 1
-54 62 -106 0 0 -34 -96 28 -68 43 -143 31
-52 62 -102 ] 9 -36 =-95 27 =71 41 ~142 11
-49 63 ~-98 0 0 -38 =95 26 =73 39 -14i ]
-47 63 -~-93 0 0 -40 =94 25 =75 37 -140 0
-44 63 -89 (] 0 -42 =93 23 ~-78 35 -140 ]
-41 63 -85S 0 0 -44 -92 22 -80 33 -139 0
-38 63 -89 [¢] 0 -46 =91 23 -82 31 =139 0
-34 62 =76 0 0 =48  -90 19 -84 26 =139 0
-28 61 =73 0 N -5¢ -89 17 -85 27 ~139 0
-20 60 =69 ] 0 -52 ~-87 15 -87 24 =139 J

-7 59 -66 ] 0 -53 -85 13 -86 22 -138 0

12 58 -63 0 Q0 -5 =83 12 -90 20 =138 b

47 57 -60 ] 0 -56 =81 1D -92 12 -138 ]

79 S5 =58 o] 0 -5S8 =78 8 -93 1€ ~138 0

98 53 -56 0 0 -59 =75 6 -95 13 -~139 0
109 52 ~54& (o] 0 -60 =~72 4 -96 11 ~-139 2

~Ce63774079D~08
0.145853200-03

SAT # 8

AZ LAT LONG EL
01 13 1 16~1
02 11 1 13-1
04 9 1 11-1
0S 7 1 9-1
06 4 1 7-1
08 2 1 S=1
0 [s] 1 3-1
0 =1 1 1-1
0 =4 0 0

0 =6 0 0

9 =8 0 (o]

0 -10 0. .0

0 =13 0 0

0 ~-15 o] 0

0 -17 0 0

0 ~-19 [ 0

0 -21 0 ]

0 -24 0 0

0 -26 0 0

0 ~-28 [o] 0

LATITUDE = 55.0000 LONGITUDE =295.0000 LABRADOR
OPTIONS USED FOR THIS RUN P -Code

CODE : PRECISE

SIGMA PSEUDO-RANGE =  4.00 )

SIGMA LORAN-RANGE = 100/SQRT( 0.5) (M)
SATELLITE NOe. a 5. 6 7 8
REF. TIME - TIME OF WEEK (SEC) 0.58572800D406 0.535723000+06 0.58572800D+06 0.585728000+06 0.585728000+06
JULTAN DATE (DOD HH MM SS) 145 18 42 8 145 18 42 8 145 18 42 8 145 18 42 '8 145 18 42 8
SEMI - MAJOR AXIS (M)  0.26560399D+08 0.26560943D408 0+25560254D+08 0.26560449D408 0.265600170+08
_MEAN _ANOMALY @ TREF  (RADIANS) -0.211596850+01_ 04128333930+01  0.8543118204+00 —0. 328709600400 0.172125730+01
ECCENTRICITY 0.149679200-02 0.19474030D-02 0.50700012D-03 0.69551468D-02 0.91743469D-03
ARG OF PERIGEE (RADIANS) 0.31187780D401 -0410636019D+01 0172425810+01 0134195580401 045381 8911 D-01
INCLINATION (RADIANS) 0.110351150401 00 111257150+01 0.11011986D+01 0.110768800+01 0.110366130+01
RIGHT ASCENSION (RADIANS) - 0,578791020400 =0+580886780+00 =0 +26814451D+01 =0.26411774D+01 -0+57803553D+C0

~0e652173999C-08
Nel14585676D0-03

SAT _#. 9.
AZ LAT LONG
18 9 ~-116
19 7 ~-116
20 S ~116
212 =116
22 0 =116
23 =1 -116
24 =3 ~-116
25 =6 -116
0 -8 =117
0 -10 ~-117
0 =12 ~-117
0 -14 -117
0 -17 =-117
0 =19 =117
0 =21 -117
0 =23 -117
0 =25 -117
Q0 =27 -116
0 =30 ~-116
0 =32 -116

9
0225280000406
169 14 34 40
0.265601470+08

—~091869777C 400 _

0.692225910~02
0e 14604583 C+D1
0.109817850+01
0031143453 D401
~062288297 L~08
Ce 14585568D~03
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275 7 19 0 0 -18 68 0 0 -56 29 39 85 856 9 0 165 =19 -49 (4] 0 22 90
275 7 24 0O 0 ~-16 68 0 0 =55 31 39 S2 S8 11 3 164 -16 -49 0 o 24 90
275 7 29 0 0 -14 68 0 0 =53 33 38 49 59 14 5 164 -14 =49 0 0 26 90
275 7 .34 0 0 =12 68 0 0 ~-S51 35 37 47 60 18 7.164 -12 =49 0 0. .28 __ 90
275 7 39 0 0 =9 68 0 0 -5S0 37 36 44 61 21 9 163 -10 =49 0 9 31 91
275 T 44 0O ¢ =7 68 o} 0 -48 38 34 42 62 25 12 163 -8 =50 [o] o 33 91
275 T 49 O 0 =-S5 68 o] 0 =46 39 33 40 62 29 14 163 <5 =50 2] Q0 35 91
275 7 S54 0 D -3 68 0 0 =44 40 31 38 63 33 16 162 -3 =50 4] o 37 92
275 7 59 O [¢] 0 68 o] 0 -42 41 30 36 63 38 19 162 -1 =~50 0 o 39 93
275 8 4 0 [s] 1 67 [o] 0 =40 42 28 34 63 42 21 162 0 -S0 ] 0 41 93
275 8 9 O 0 3 67 0 0 -38 43 26 33 62 46 24 161 3 =50 (4] 0 43 94
275 814 0. 0 S 67 Q 0 =36 43 24 .32 .62 __S0 26 161 .5 ~-50 .0 . .0 _ 45 __ 95
27S 8 19 0 ] 8 67 0 0 -34 43 22 30 61 S4 29 161 7 -50 0 0 47 96
275 8 24 0 o] 10 67 0 0 -31 44 21 29 &¢C 58 31 16¢ 9 =51 1 11 49 97
275 8 29 0 0 12 67 0 Q =29 44 19 28 S§9 61 34 160 12 -51 2 10 s¢ 99
275 8 34 O 0 14 67 o Q -27 44 17 28 58 64 37 159 14 =51 4 8 52 101
275 8 39 0 4] 16 67 0 0 =25 44 1S 27 56 67 39 159 16 =51 S 7 54 103
279 8 44 0 0 19 67 0 0 =23 44 12 26 S5 69 42 158 18 -51 7 S 55 105
275 8 49 O 0 21 67 0 0 -20 44 10 26 S3 71 A4 157 21 =51 8 4 57 107
275.8 54 0._.n 23 67 L} 0 -18 aa 8 26 . 52 73 47 156 _.23 _-S1._10 .2 58 110
275 8 59 0 0 25 67 o] 0 =16 44 6 25 SO0 75 49 1S5 25 =51 11 0 s9 113
275 9 4 0 0 27 67 o] 0 ~-14 44 4 25 48 76 S2 153 27 ~-50 12 -1 60 116
275 9 9 0 o 30 67 0 0 -12 44 2 25 4¢ 77 S5 151 29 =S50 13 =2 61 120
275 9 14 0 0 32 68 (o] o -9 a4 0 25 aa 78 57 149 32 -5 14 -4 62 124
275 9 19 0 ] 34 68 0 o -7 44 ] 0 42 79 SS9 147 34 ~-49 14 <6 €2 128
275 9 24 0 0 36 68 0 0 =-S5 44 o] 0 40 80 62 143 36 -49 15 =9 63 132
275 9 29 0 2 38 69 0 ¢ -3 44 ] 0o 38 81 64 140 38 =48 16 =11 63 137
275 9 34 0. 0 a0 70 2 o] 0 44 0 O 36 81 66 135 40 -48 16 =13 63 141
275 9 39 0 32 42 70 o] [«] 1 44 0 0 34 82 68 130 42 -~-47 16 -15 62 1485
275 9 44 2 30 44 71 [o] [o] 3 43 0 0 32 82 69 123 44 =46 16 -17 62 149
276 9 49 3 29 46 72 o} (o] 5 43 o] 9 30 83 70 116 46 =45 16 -2¢ 61 153
276 9 S4 4 27 48 73 ] 0 8 43 0 o 28 83 71 108 48 ~44 15 -22 60 156
27TS 9 59 6 25 5S¢ 75 0 o 10 43 o) 0 26 83 71 100 SO -42 16 ~-24 9 160
275 10 4 7 24 Si 76 o] n 12 43 o] 0 24 83 71 91 52 =41 16 -~ 26 58 163
275 10 9 38 22 S3 78 0 0 14 43 0 0 21 83 70 84 53 -~39 15 -29 S6 165
275 1 14 9 20 55 30 9 o 17 43 0.0 19 83 69 77_.58_ _=-37 15 -31 S5 168
275 10 19 10 18 56 83 2 0 19 43 ] 0o 17 83 67 71 56 =34 14 -33 53 170
275 10 24 11 16 S7 85 ] o 21 43 [+] 0 1S 83 66 65 58 ~32 13 =35 52 172
275 10 29 12 14 S9 88 o} o 23 a3 0 ] 13 83 64 61 59 =29 12 -37 50 173
275 10 34 13 12 60 21 0 0 26 43 o] o 10 83 62 68 60 =25 11 -39 48 175
275 10 39 13 10 61 95 0 0 28 43 0 ] 8 83 60 55 61 =22 10 -41 46 176
275 10 44 14 8 62 98 ¢ S7 30 a3 [¢] [} 6 83 57 53 62 -1i8 8 ~43 44 177
275 10 49 14 6 62 102 2 56 32 44 [\ 0 a4 83 &5 651 63 =14 7 =44 42 178
275 10 54 14 4 63 107 4 5S4 34 44 o.__ 9. 1 83 S3 S50 63 -9 . 6 ~46 40 178 .
275 1¢ 59 & 1 63 111 S 53 36 44 0 0 0 83 50 49 63 -5 4 -48 328 179
275 11 4 14 0 63 115 7 61 38 45 o] 0 =2 82 48 48 63 [¢] 3 =49 36 =179
275 11 9 14 ~2 62 119 g8 49 49 45 0 0 =4 82 46 48 63 3 1 —-€1 34 ~-179
275 11 14 14 -4 62 124 10 48 42 46 ] 0 -7 82 43 48 62 7 0 -52 32 ~-179
275 11 19 13 =6 61 127 11 46 a4 a7 [+] 0o -9 B2 41 47 61 11 b} o 30 ~178
275 11 24 13 -8 61 131 12 44 46 a8 o] 0o -11 82 38 47 60 15 0 N 28 -178
275 11 29 12 ~11 60 135 13 42 48 49 0 0 -13 82 36 48 59 18 o} 0 25 -178
275 11 34 .11 ~13 S8 138 14 40 50 S1 .0 __ 0 -15_ .82 34 48 _58._ 21 _10 2 .23 .-178
276 11 39 12 ~-14 57 140 15 38 52 52 [od 0 -18 82 31 48 57 24 0 0 21 -178
275 11 44 9 =16 56 143 16 3€& S3 sa 0 0 ~20 82 29 49 S5S 26 o 0 19 =178
275 11 49 8 -18 5S4 145 17 33 55 S6 0 0 =22 82 27 49 54 28 0 0 17 =178
275 1t 5S4 7 -20 S2 147 17 31 57 58 0 0 -24 82 25 50 52 30 0 0 1S =178
275 11 59 6 =22 51 149 18 29 58 61 0 Q0 -26 82 22 S50 592 32 0 ] 12 =178
275 12 4 4 =23 ag 150 18 27 S9 64 0o Q0 -29 82 20 St 48 34 o] 0 10 -178
275 12 9 3 ~-25 47 152 18 24 60 67 ] 0 -31 83 18 52 46 35 ] [o] 8 -178
275 12 14 1 =26 A4S 153 18 22 61 71 0 0 -33 83 .16 .53 .45 36 . .0 0 6 -178
275 12 19 0 =28 43 1S4 18 20 &2 75 Q 0 -38 83 14 53 43 37 0 o] 3 ~-178
275 12 24 0 0 a4t 155 18 18 63 79 Q Q =37 84 12 54 41 38 0 o 1 -178
275 12 29 © 0 39 155 17 1S 63 83 (o] 0 -39 85 10 5% 38 38 0 0 0 ~-178
275 12 34 o 9 37 156 17 13 €3 87 o] 0 ~-41 85 8 56 36 39 0 0 =2 =178
275 12 39 0 0 35 157 16 11 63 92 (o) 0 ~-43 86 6 57 34 39 0 0 =5 -179
275 12 44 0 o] 33 157 15 9 63 96 0 n =45 87 4 58 32 L3Y) 0 0O =7 =179
275 12 49 0 o 31 157 15 7 62 160 0 n =47 88 2 60 30 40 o 0 =9 =-179
275 12 54 0 0o 29 158 14 S 62 104 0 0 -4G [0 0 61 28 40 0 0 =1 =179
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.SATELLITE NOQOe 4 JRN - S

_MEAN ANJMALY @ TREF

GPS PERFORMANCE PRE-ANALYSIS
LONGITUDE =295.0000

LATITUDE = 5S5.0000
OPTIONS USED FOR THIS RUN

CODE @ C/a

SIGMA PSEUDO-RANGE =

FEF, TIME - TIME OF WEEK (SEC)
JULTAN DATE (DDD HH MM SS)

SEMI - MAJOR AXIS M)

145 18 42 8

ECCENTRICITY
ARG OF PERIGEE (RADI ANS)
INCLINATION (RADIANS)
FIGHT ASCENSION (RADIANS)
RATE OF RA (RADIANS/SEC)

MEAN MOTION (RADIANS/SEC)

_ SAT # a SAT # S . ... SAT # 6

HH MM EL  AZ LAT LONG EL AZ LAT LONG EL AZ LAT LONG
0 0 63 8 51 =31 S2 =61 57 -119 0 0 -26 =97
0 4 61 88 SO =29 5S4 =59 59 =116 0 0 -28 =97
N 9 59 91 48 =23 56 -57 60 —-113 0 J =30 =-96
N 14 57 93 46 =27 58 -56 61 =110 [} 0 ~32 =96 _
0 19 55 96 44 =25 61 -S54 62 =106 [\] 0 =34 =96
0 24 53 98 42 =25 63 =52 62 =102 0 9 -36 =95
0 29 57 101 40 =~24 65 -49 63 =-98 [} 0 -38 =95
¢ 34 43 103 38 =23 67 -47 63 =93 (] 0 -40 =G4
0 39 46 105 3¢ =23 70 -44 63 =89 0 0 -42 =93
0 44 44 107 34 =22 72 =41 63 =85 0 0 —-44 =92
0 49 42 199 32 =22 74 -38 63 =80 0 0 ~-46 =91
0 54 49 111l 30 =22 77 =34 €2 -76 0 0 -48 =90
0 59 37 113 27 =21 79 -28 61 =73 0 0 -50 -89
1 4 35 114 25 =21 81 =20 60 =69 0o 0 ~52 =87
1 9 33 116 23 =~21 83 =7 59 =66 ] 0 -53 =85
1 14 31 118 21 =21 85 13 58 =63 4] 0 -55 =83
1 19 29 119 19 =21 85 47 S7 =60 0o 0 =56 =81
1 24 27 t21 16 =21t 85 79 55 =58 o] 0 -58 =78
1 29 25 122 14 =21 83 98 53 =56 ] 0 =59 =75
1 34 22 124 12 =21 81 109 &2 =S4 0 0 -60 =72

145 18 42
0.26560399D+08 0.265609430+08
(RADIANS) =0.,21159685D+401  0.128333930:+01

26

-0t s e > e D) D 1O N
poOONLEONODNLIL

16.00
SIGMA LORAN=RANGE = 100/SQRT( 0.5)

0.58572800D+06 0.535728000+06

8

M)

(M)

6

0.58572800D+06

145 18 42
0+26560254D+08

0597000120~-03
04172425810+ 01
04110119860+ 01

0. 14667920D-02 0.194740300~-02
0.31187789D0+01 ~0.106360190+01
0.11035115D0+¢01 0, 111257150+ 01

0854311820+ 00

~0eS578791020+00 ~0.580886780+00 ~026814451D+01
~De62631171D-08 =-0.€1831158D-08 ~0.62059708D~-08
0.14585361D0-03 0.145849130-03

8

0+145854810-03

SAY # 7
aZ LAT LONG
-58 51 —148
» ~60 49 ~146€
-63 47 -145
-66 .65 =144
-68 43 —-143
* =71 41 =142
-73 39 -141
-75 37 -140
-78 35 -140
-80 33 -139
-82 31 -139
-84 .2 -139
-85 27 =139
-87 24 -139
-89 22 -138
-90 20 =138
-92 18 -138
-93 15 ~-138
-95 13 =139
~-96 11 -139

m
i

=

QO0O0COOOCOOUOVI~UWNINDGI

SA

7

0.585728000+06

LABRADOR
C/A - Code
..8 9
0.585728000D0+06 022528003 D+06
8 145 18 42 8 169 14 34 40

145 18 42

0.26560449D0+08

—0.32870960D+00
0.695514680-02

0.13419558D+01
0110768800D+01

-0.26411774D+01
~0.63774079D0~08

0.14585320D-03

T #

8

AZ LAT LONG

000000

et pus P Pt
OOCOO00OOLDO0O0OoDONIPN-

-
ONPNO-W

1
-

Q00000 0COOCD e rr s s e

EL
16~-118
13-116
tt-120

g9=-121
7-122
5-123
3-124
1-125
0 (o]
O 0
[+] o}
0 0
0 ]
c (o]
0 [+]
o] 0
o] [+]
o] ]
] 0
o] 0

0.26560017D+08
0.172125730+01
0.91743469D-03
0.538189110-01
0.110366130+01
-0.578039530+00 .
~-0.621739990-08
0.145856760-03

SAT #
AZ LAT LONG

9

-116
-116
-116

-116 .

-116
-116
-116
-116
-117
-117
-117
-117
-117
-117
-117
-117
-117
-116
-116
-116

ERROR ELLIPSE

AA

~NN~NoovoOnNNNNNND
OWOLNWIW L ub G W

68

BB

NN AT DRI IR IO R D s e s ot s
DOOMm =t e NRNNONNAMOOO O

PHI

0. 265601470+08
=0.91869777C+00
0.69322591D-02
0.14604583D+01
0.10981785D0+01
0.31143453D+01
~0.62288299C~08
0.145855680~03
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GPS PERFORMANCE PRE-ANALYSIS

LATITUDE = 55.0000 LONGITUDE =295.0000
OPTIONS USED FOR THIS RUN t?ngDggde
CODE ¢ C/A Loran - €-
SIGMA PSEUDO-RANGE = 16400 M)
SIGMA LCRAN=-RANGE = 100/SQRT( 0,5) M)
_SATELLITE MO. 4 5 6. 7 .8 9
REF. TIME - TIME CF WEEK (SEC) 0.585728000+06 0.5357268000+06 0.58572800D+36 0.58572800D+06 0.58572800D+406 0.22528000D+06
JULIAN DATE (DDD HH MM SS) 145 18 42 8 145 18 42 8 145 18 42 8 145 18 42 8 145 18 42 8 165 14 34 40
SEMI - MAJOR axIS (M) 0.26560399D+08 0.26560043D+08 0.26560254D+08 0.26560449D+08 0.,26550017D+08 0.26560147D+08
_MEAN ANOMALY ® TREF _ (RADIANS) =0.211596850+01 0.12833293D+01___0.85431182D+00_ =0,32870960D+00 0.17212573D+01_—0.91869777D+30

_RIGHT ASCEMNSION
RATE OF RA

DAY

275

275

ECCENTRICITY
ARG OF PERIGEE
INCLINATION

MEAN MOTION

HH

s 1 s ot e QI DAV OBIODD

0.,14G67920D~-02 0419474030D~-02 0.597000120~03

{RADIANS) 0.31187789D+01 -0.10636019D+01 0,17242581D+01
(R ADIANS) De110351150+01 0,111257150+01 0.11011986D+01
(RADIANS) =0.57879102D+00 ~0,58088678D+00_~0.268144510+01

(RADIANS/SEC)
(RADIANS/SEC)

«-0.62631171D-08
0.145853610~-03

-0.€1831158D0-08
0.145849130- 03

-0.62059708D~08
0.14585481D~03

SAT # & SAT # 5 _SAT # 6 SAY & T ___ _ _SAY
AZ LAT LONG €L 4z LAT LONG EL AZ LAY LONG EL AZ LAT LONG EL

84 51 =31 S2 -61 57 -119 ©0 0 -26 =97 31 -58 51 =148 10 101
83 S50 =29 54 -59 59 -116 0 0 -28 <-97 30 -60 49 -146 8 102
91 a8 -28 56 -57 60 =113 0 O =30 =96 30 -63 A7 -145 7 104
93 46 =27 58 =56 61 =110 0 0 =32 =-06 29.-66__45 ~144 _ 5 105
96 44 =25 A1 -34 €2 =106 0 0 =34 -06 28 -68 43 -143 3 106
98 42 =25 €3 =52 62 =102 O 0 =36 =95 27 -71 41 =142 i 108
101 40 =24 65 -49 63 =98 0 0 -38 =95 26 -73 39 =141 o 9
103 38 -23 67 -47 63 -93 0 5 -40 -94 25 -75 37 -140 O O
105 36 =23 79 -44 63 -89 0 0 -42 =-93 23 -78 35 -140 G5 9O
107 34 =-22 72 -41 63 -85 O O -44 =92 22 -80 33 -139 0 0
109 32 -22 74 -38 63 -80 O 0O -46 =-91 20 -82 31 -139 0 O
111 30 -22 77 -24 62 =76 0 ___0 =48 =90 19 -84 29 -139 0 O
113 27 =21 79 -28 61 =-73 ©0 0 =50 -88 17 -85 27 -139 0 ¢
114 25 =21 g1 -20 €0 -69 O O -52 =-87 15 -87 24 -139 0 0
116 23 =21 83 -7 59 -66 O 0 ~-53 -85 13 -89 22 -138 0 0
118 21 =21 85 13 58 =63 O©0 N -55 =83 12 -90 20 -138 O 0O
119 19 =21 85 47 S7 -60 O O -56 =81 10 -92 18 -138 0 0
12t 16 -21 85 79 S5 -58 O O -58 =-78 8 =93 15 -138 0 0
122 14 =-21 83 98 53 =-56 O O -59 =75 6 =95 13 -139 0 O
124 12 -21 B81 139 52 =-54 O O -60 -72 4 =96 11 =139 0 0

1

8

AZ LAT LONG'

QOVVOQAAOOQO OO re r 4 e 12 pus 72 4
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