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1
SATELLITE CONTROLLED CLOCK

BACKGR(')UN’D OF THE INVENTION

A unique service has recently become available
throughout the whole of the Americas and even por-
tions of Oceania and Europe with the launching of the
GOES (Geostationary Operational Environmental Sat-
ellite) of the United States National Oceanic and Atmo-
spheric Administration. Through cooperation with the
United States National Bureau of Standards, a satellite
disseminated time code is relayed from Wallops Island,
Virginia to two stationary or synchronous satellites
approximately 36,000 kilometers above the equator and
geostationary. Time and data code signals along with
observed satellite position information are transmitted
by both satellites, the eastern and the western satellites.
The time codes and information are available to any
receiver capable of detecting and decoding the trans-
mission.

The operational characteristics of the GOES satel-
lites are described in Publication TFS-602 and titled
NBS TIME VIA SATELLITES issued by the United
States Bureau of Standards Boulder, Colorado 80302 on
Jan. 1, 1978. Described in that publication and in the
description below is the signalling format used by the
satellites.

The operation of the satellite time system and a re-
ceiver capable of detecting, decoding and displaying

" time signals from the satellites is described in U.S. Pat.
No. 4,014,166 issued on Mar. 29, 1977 to Joseph V.
Cateora et al and assigned to the U.S. Government.

The receiver disclosed in U.S. Pat. No. 4,014,166
receives and decodes the time codes but has no provi-
sion for correcting for satellite errors or for time error
corrections for the receivers actual position or to obtain
true local, zone or UTC time. The net result is that the
accuracy available via satellite time is significantly de-
graded in any known receiver with which we are famil-
iar. .

BRIEF STATEMENT OF THE INVENTION

Given the foregoing State of the Art, we have deter-
mined that the value of satellite time can be greatly
enhanced if the receiver can calculate the total transmis-
sion path delay incorporating the effects of actual trans-
mitter, satellite and receiver position. Since the satellite
position is transmitted as part of the code sequence and
the transmitter and receiver positions are known it is
possible employing our invention to provide continu-
ous, accurate time display with these parameters and
any changes which occur in satellite position or re-
ceiver position to be introducable into time corrections.

We have also found it possible to decode and display
the one pulse per second signal provided by the GOES
satellites and to generate a local similar signal which
acts as a local clock for local use in controlling other
equipment and to maintain a display during periods of
non-operation of the GOES satellite or interference
conditions. We have also developed circuitry which
will continuously compare any local external clock 1
pulse per second time with satellite 1 pulse per second
signal and to generate and display a deviation signal if it
exists between the two.

We have also discovered that it is possible to generate
and introduce offset signals to provide for the local time
zone and for daylight savings time to allow these cor-
rections to be made in the display without otherwise

20
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2

interfering with the operation of the receiver or local
clock.

_Basically our invention involves a coherent synchro-
nous digital ultra high frequency receiver which re-
ceives signals from a broad band antenna having its own
preamplifier stage and providing satellite signals at
—120 dbm or greater to the receiver in the 468.8 MHz
range. This frequency range includes signals at 468.8375
MHz from the Eastern Satellite and Western Satellite
signals at 468.8250 MHz.

The receiver includes automatic tuning circuitry
which scans the selected frequency band for the Satel-
lite chosen. When the receiver detects the Satellite
signal it shifts to a synchronization mode employing the
synchronizing circuitry of the receiver. The receiver
also includes delay path calculation circuitry which is
enabled after the receiver is synchronized with the
satellite signal.

Signal calculation processor circuitry includes a self-
check circuit which requires that the delay path calcula-
tion be repeated if an error is detected. The selfcheck
circuitry also compares received time signals from the
satellite with the displayed time of the receiver to cor-
rect the display if it is incorrect.

Our receiver also includes provision for introducing
an offset for time zones to provide local time as well as
standard or daylight savings time. Our receiver further
includes provision for locking out erroneous satellite
time and position information.

Our receiver additionally includes a time interval
measurement circuit for measuring the time deviation of
a user supplied 1 pulse per second external clock with
respect to the satellite time. This circuitry drives a devi-
ation display which continuously represents any devia-
tion of the local signal from the received standard clock
pulses from the satellite.

BRIEF DESCRIPTION OF THE DRAWING

This invention may be more clearly understood from
the following detailed description and by reference to
the drawing in which:

FIG. 1 is a pictoral representation of the typical oper-
ational situation found for this invention;

FIGS. 1a and 1b are simplified graphical presenta-
tions of the geometric relationships involved in the
operation of this invention;

FIG. 2 is an interrogation channel format diagram of
satellite signals of FIG. 1;

FIG. 3 is time code format diagram;

FIG. 4 is a front elevational view of the receiver of
this invention;

FIG. 4a is a rear elevational view thereof;

FIG. 5 is a block diagram of this invention;

FIG. 6 is an electrical schematic diagram of the RF
amplifier, voltage controlled oscillator and mixer of this
invention;

FIG. 7 is an electrical schematic diagram of the IF
amplifier and phase detector thereof;

FIG. 8 is an electrical schematic diagram of the volt-
age controlled oscillator thereof;

FIG. 9 is an electrical schematic diagram of the data
detector and data clock synchronizer thereof;

FIG. 10 is an electrical schematic diagram of the
phase detector slew control thereof;

FIG. 11 is an electrical schematic diagram of the
processor thereof;
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FIG. 12 is an electrical schematic diagram of the
processor input and output circuitry thereof;

FIG. 13 is an electrical schematic diagram of the time
delay calculator thereof;

FIG. 14 is an electrical schematic diagram of the time
delay counter;

FIG. 15 is an electrical schematic diagram of the
display thereof;

FIG. 16 is an electrical schematic diagram of the
output buffer thereof;

FIG. 17 is an electrical schematic diagram of the
IRIG-B amplitude modulator; and deviation analog
circuitry;

FIG. 18 is an electrical schematic diagram of the
receiver position delay switch;

FIGS. 19, 20 and 21 constitute a flow chart for the
tuning, synchronization and delay path compensation
operation of this invention; and

FIG. 22 is an arrangement diagram for FIGS. 19, 20
and 21.

DETAILED DESCRIPTION OF THE
INVENTION

Now referring to FIG. 1, an operational situation
involving this invention is illustrated employing the
Eastern Satellite 10 and the Western Satellite 11 each
relative geostationary above the equator respectively at
135 and 75 degrees west longitude. These satellites are
approximately 36,000 kilometers above the surface of
the earth and at their relatively stationary orbits may be
received by appropriate radio receivers over the North
American continent and most of South America while
the Eastern Satellite 10 may be received throughout the
North and South Atlantic oceans, parts of Europe and
Africa. The Western Satellite 11 has coverage of virtu-
ally the entire Pacific Ocean. Time information, date
information and Satellite position information is trans-
mitted to both of these Satellites from an installation at
Wallops Island Virginia represented by antennas 12 and
13 each directed towards a respective Eastern or West-
ern Satellite. As described in the Nationil Bureau of
Standards document the time code, data code and satel-
lite position is transmitted employing phase shift modu-
lated carrier and are right hand circularly polarized.
The data rate is 100 bits per second and band width of
the transmission 400 Hz. The time code is time division
multiplexed (interlaced) with interrogation messages.
Once every half-second, a time code word, 4 bits, is
transmitted. A complete time code is transmitted every
30 seconds beginning on the half-minute giving the day
of the year, hour, minute, and second. The format and
location of each time code word as well as relative
length is illustrated in FIG. 2. The time code frame
consists of the synchronization word e.g. 40 bits of
alternating ones and spaces followed by encoded day,
hours, minutes and seconds. The universal time correc-
tion, plus satellite position, latitude, longitude and ra-
dius, complete the entire code frame which is transmit-
ted for a period of thirty seconds. This is illustrated in
FIG. 3. Referring again to FIG. 1, a receiver 14 and its
associated . antenna 15 is shown as located within the

“field of view of both satellites 10 and 11 and thus can

- receive time code signals from either of the satellites.
The entire continental United States falls within this
dual satellite area. The antenna 15 and the receiver 14
are shown as located at North 34.45 degrees latitude
and West 119.83 degrees longitude a location approxi-
mating Santa Barbara, California.
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SATELLITE GEOMETRY

The geometric relationship of the earth and either
satellite is illustrated in FIG. 1a, which is derived from
the National Bureau of Standards Technical Note 638,
“A Synchronous Satellite Time Delay Computer”,
July, 1973, to which reference should be made for fur-
ther explanation.

Suffice it to say the path delay calculations accom-
plished by this invention involve the solution of the
geometric relationship there described. Referring now
to FIG. 1ag, the method used in calculating the path
delay is to first solve the triangle formed by straight
lines joining the satellite 10, the center of the earth and
the antenna 15 site This solution from plane trigonome-

try is

. (¢)]
r=\|R2+h2—thcosﬁ,

where r is the range from the antenna 15 to the satellite,
R is the distance from the satellite 40 to the center of the
carth, h is the distance from the receiver to the center of
the earth and B is the central angle between the sub-
satellite point and the receiver. The quantity R is a
component of the satellite’s position and is available via
the satellite broadcast. The quantity h is related to the
geodetic latitude, y, of a site by the following equation

@

where a=6378.2064 km, the earth’s semi-major axis;
and b=6356.5838 km, the earth’s semi-minor axis.

For use in the equations below, the geocentric lati-
tude, ¢’, is computed from the geogdetic latitude, ¢, by
the following equation.

tan ¢’ = (¥2/a%) tan ¢. 3)
The sub-satellite latitude is already referenced to the
center of the earth and does not need to undergo this
transformation. In the following discussion, A is longi-
tude and subscripts s and r denote sub-satellite point and
receiver site respectively.

All that is left then is the computation of cos 8. The
direct solution may be obtained from the triangle con-
sisting of the sub-satellite point, the site, and the inter-
section of the z axis with the spherical earth (i.e., the
North Pole) using spherical trigonometry as follows:

cos B=sin ¢, sin $s+cos ¢, cos ¢scos [As—A,]. “
Using equations (1) through (4), the “down-link” free
space propagation delay from the satellite to the re-
ceiver is easily determined by dividing the range by the
velocity of free space propagation (0.2997925 km/us).
The procedure must be repeated substituting the trans-
mitter for the receiver location to determine the “up-
link” delay. The total free space propagation delay,
then is the sum of the delays computing using the trans-
mitter and receiver locations. The change in signal
velocity through the troposphere and ionosphere and

gyt
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the accompanying ray bending can be shown to intro-
duce only a few microseconds difference in the round-
trip free space propagation time when operating above
100 MHz [2].

THE RECEIVER

The receiver of this invention and its operational
controls may be seen in FIG. 4 as including the power
switch 16 and a satellite selector switch 20 having two
positions, East and West. A plurality of thumb wheel
switches 21 are used to introduce the latitude informa-
tion and a similar set of thumb wheel switches 22 are
used to introduce longitude of the receiver into the
receiver logic circuitry. The front panel receiver in-
cludes a jack 23 for introducing a one pulse per second
input.

The receiver includes a display panel 24 including
three LED displays indicating the status of the receiver
operation.

LED display 25 is illuminated during the period in
which the receiver is automatically tuning through the
band which includes the satellite selected by selector
switch 20. LED 26 is illuminated after tuning has been
terminated and the satellite detected. The synchroniz-
ing of the local clock with the time code signals is sig-
naled by the illumination of LED 26. After satellite
detection and synchronization is accomplished the
LED 25 and 26 are no longer lighted but LED 30 is
illuminated to indicate that the delay path calculation is
in process. Once each of these steps have been com-
pleted each of these displays 25, 26, and 30 are no longer
illuminated and the correct day, hour, minute and sec-
ond are displayed. One further display is present in the
form of micro-seconds deviation between a user sup-
plied external 1 PPS clock input and the 1 PPS signal as
received from the satellite. Normally the deviation sig-
nal input is not illuminated if a local clock 1 PPS input
is not present.

FIG. 4a shows the rear of the receiver including
cooling fan 27, air inlet 28 and jacks for the input of
signals from antenna 15 of FIG. 1 and output of Ipulse
per second, one MHz timing or clock signal and time
data in IRIG-B format from the data out jack. A line
cord unshown supplies 115 v 60 Hz power to the re-
ceiver.

For an understanding of the operation of the receiver
with the inputs and displays illustrated in FIG. 4, one
should now direct their attention to the block diagram
of the receiver FIG. 5.

Now referring to FIG. 5 the antenna 15 is shown with
its associated preamplifier 35 normally physically asso-
ciated with the antenna and typically composed of two
low noise tuned RF stages with associated bias control
circuits in order to provide the required signal level to
the receiver to follow. The receiver includes a receiver
Section 36 composed of an RF amplifier 40, a mixer 41
and voltage control oscillator 42, an IF amplifier 43,
and a phase and data detector 44 and 45 respectively,
the latter of which includes clock synchronizing cir-
cuiiry. The data phase detector also includes clock slew
control circuitry. VCO control circuit 89 completes this
section.

The next section of the receiver is the logic section 50
comprising a data decoder 51 and control processor 52,
a time delay calculator 53, a time delay generator 54 and
an output buffer stage 55 as well as a time delay genera-
tor and time deviation control circuit 54.
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A display section 60 includes the receiver status dis-
play 25, 26, and 30 and the date and time display 61 and
the clock deviation 62. A switch section 70 includes
each of the control switches including the satellite se-
lect switch 20 a reference select switch 71, a local time
switch 72, a receiver delay switch 73 and the longitude
and latitude control switches 21 and 22 as shown in
FIG. 4. : :

DETAILED CIRCUITRY

For a better understanding of this invention, each of
the circuits are described as to their makeup in the pre-
ferred embodiment including actual component values
and designations which appear on the drawing and
which are actually used in the commercial embodiment
of this invention. In the following schematic diagrams
integrated circuits also include reference to pin numbers
and Reference J refers to jumper and pin numbers as
assistance to the reader.

Referring now to FIG. 6, the RF amplifier voltage
controlled oscillator and mixer section may be seen in
detail therein. The RF amplifier 40 includes two tuned
amplifier stages Q1 and Q2 with their associated tuning
networks with the output of the tuned amplifier 40
applied to a mixer stage 41 employing Q3 as its active
element. The other input to the mixer stage is driven
from the 438.8250 MHz or 438.8375 MHz output of the
VCO section which is made up of voltage control oscil-
lator 42 including a crystal XTL1 and two stages Q4
and Q5 which operate at one/eighth the VCO output
frequency. The frequency multiplier amplifier com-
posed of stages Q6 and Q7 is used to develop the final
VCO output which is supplied to mixer 41.

IF AMPLIFIER AND PHASE DETECTOR

The schematic of the IF amplifier and phase detector
43 appear in FIG. 7 in which the output of the mixer 41
is coupled to the crystal filter 1 of FIG. 7 via inductor
L14 which is tuned by the mixer output tuning capaci-
tor for 30 MHz resonance. After filtering, the signal is
amplified by linear amplifier IC1. A tuned interstage
coupling network composed to capacitors C43, C44,
and inductor L16 is used to couple the amplifier output
to limiter stage IC2. The output of the limiter of 1C2 is
then applied to the input logic interface stage IC3 for
conversion to emitter-coupled logic levels. A high
speed phase detector IC4 is employed to detect phase
differences between the 30 MHz signal derived from the
satellite transmission and the crystal controlled 30 MHz
reference oscillator OSCl. The phase detector pulse
outputs are integrated by RC networks R25, C53, and
R26, C54, before they are applied to the inputs of opera-
tional amplifier IC5. This amplifier produces the resul-
tant phase detector output containing data encoded
modulation signal on lead labelled ¢. A divide by two
stage IC6 reduces the reference oscillator frequency
output to 15 MHz for operation of the processor cir-
cuitry described below.

VCO CONTROL

The VCO control circuitry of FIG. 8 receives the
phase detector output and produces a control voltage
which tunes the VCO crystal oscillator for reception of
the desired satellite signal. The control output labeled
VCO on FIG. 8 is developed by operational amplifier
IC11A in response to the combined inputs from the
satellite select 20, the digitally stepped automatic tuning
voitage from operational amplifier IC11B and the inte-
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grated phase detector output developed by operational
amplifier IC10B. The integrator circuit correctively
adjusts the VCO output frequency so that there is mini-
mum average phase difference output from the phase
detector. A counter IC15 and digital to analog con-
verter R48 are used to develop the automatic tune volt-
age whenever called upon by control circuitry actions
or whenever the integrator output approaches a limit in
its operating range.

A phase reference voltage, labeled REF is devel-
oped for use in the data recovery section of the re-
ceiver. The voltage is developed by a switching filter
composed of IC8 and IC9 in combination with the RC
network R34, C56, and C57 and R37, R38 and C58. A
buffer amplifier IC10A produces the desired reference
output.

DATA DETECTOR AND DATA CLOCK
SYNCHRONIZER

The satellite modulation signal as produced by the
phase detector contains self-clocked Manchester en-
coded data. It is necessary to develop a nonreturn-to-
zero (NRZ) bit pattern and separate precisely synchro-
nized data clock for operation of the data decoding and
timing circuitry located on the main logic panel.

FIG. 9 shows the circuitry for performing the data
and data clock recovery functions. The ¢ and ¢REF
signals from the phase detector 43 and VCO control
sections 46 of FIG. 8 are applied to the input of a com-
parator IC18A to yield logic level voltage excursions
representing the input modulation data pattern. Since
the phase modulation data may contain considerable
noise, it is necessary to filter the digital output of the
comparator IC18A in order to provide reliable digital
data. The filter function is accomplished by a recirculat-
ing shift register IC19 in combination with RC network
R70, C68 and comparator IC18D. Decoding of the
Manchester data is performed by the output shift regis-
ter IC33A and B in concert with the synchronized tim-
ing pulses developed in the data clock synchronization
circuitry. Decoding errors are detected by 1C34 and
exclusive-or gate circuitry IC35. The error signal out-
put is utilized by the processor-decoder to eliminate
processing errors due to improperly decoded Manches-
ter data.

Data clock synchronization is accomplished by com-
parison circuitry located on the main logic circuitry
operating in response to clock pulses derived from the
receiver 100 Hz data transitions and from a 100 Hz
clock derived from the reference oscillator of FIG. 7.
The 100 Hz data transition pulses, labeled RCVR 100
Hz, are developed from comparator IC18A, pulse gen-
erator I1C20, and decode counter Ic21. The synchro-
nized 100 Hz clock, labeled 100 Hz, is the output ob-
tained from countdown circuits 1C128, IC29, IC25B
and IC30. This 100 Hz signal provides the basic timing
of the clock time and data circuits.

Synchronization is achieved in two steps with coarse
synchronization to within 100 or 200 microseconds
occuring during initialization and secondly close syn-
chronization to within a few microseconds occuring
through the operation of the 100 Hz phase detector and

-slew control of FIG. 10. During the initialization proce-
dure, counter circuits 31, 24B, and 32 activates gate 37A
whenever the 100 Hz clock persistently deviates from
synchronization with the receiver 100 Hz by more than
500 microseconds. This gate permits direct synchroni-
zation to occur by allowing receiver data transition

5
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pulses to pass to the reset circuitry of the countdown
chain.

100 Hz PHASE DETECTOR AND SLEW
CONTROL

Fine synchronization of the 100 Hz clock is achieved
by the action of the phase detector and slew control
circuit shown in FIG. 10. A phase detector, 73, detects
phase differences between the 100 Hz clock and the
received 100 Hz from the satellite transmission. The
phase difference signals actuate counters 80 and 82
depending upon whether a leading or lagging phase
error exists. The phase errors are counted over a 1
second time period and the resulting counter accumula-
tions are compared by comparator 81. If the counts are
equal no action occurs. If one counter exceeds the
other, then a corresponding output is passed to the shift

" registers 83. A majority logic circuit 84 monitors the
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shift register outputs and develops a lead or lag output
provided 3 out of 4 of the previous shift register inputs
have the same value. The lead or lag outputs actuate D
flip-flops 87 and 89 to respectively subtract or add one
count to the 1 MHz pulse stream produced at gate 76.
The remaining control circuitry provides sampling
pulses and internal/external clock reference control.

DATA DECODER AND CONTROL PROCESSOR

The data and 100 Hz synchronized data clock pro-
duced by the previous circuitry is decoded by the pro-
cessor circuit shown in FIG. 12 to produce the desired
time and calculator control outputs. The received data
message is in the form shown in FIG. 2. FIG. 11 shows
the processor and memory circuitry and FIG. 12 shows
the 1/0 circuits. Data inputs from the receiver and
switch circuitry are entered via IC25. The calculator is
driven by output 27 and the time outputs are driven by
outputs 28 and 29. The IRIG controls are produced by
decoder 16, gates 11 and 12 and counters 13, 14, 20, and
21, of FIG. 12.

The 8080 clock signals are generated by clock gener-
ator 2 of FIG. 11 and synchronized to 15 MHz derived
from the receiver 30 MHz reference oscillator of FIG.
7. A one MHz reference clock is developed by divide
by 15 counter 5 for use by the 100 Hz slew control
circuitry.

TIME DELAY CALCULATOR

FIG. 13 shows the time delay calculator. Keying
signals for operation of the calculator are developed by
gates 33 and 35 in response to commands from the pro-
cessor section. These signals are applied to the calcula-
tor composed of integrated circuits 1C34, IC39, and
IC40. The calculator output is decoded to BCD digits
by decoder circuit 42 and then fed to shift register 48,
49, and 50 for return to the processor, of FIG. 11.

The calculations performed by the time delay calcu-
lator of FIG. 13 consistently a part of the program set
forth as Appendix A hereof in carrying out the signifi-
cance of FIGS. 19-21 of the drawing.

TIME DELAY GENERATOR

The 1 PPS pulse developed from the satellite signal
must be delayed by the amount determined in the path
delay calculation. FIG. 14 shows the delay circuitry
and includes shift register (IC58, IC59, and IC60) that
receives the calculation result from the processor. This
number is applied to down-counter IC55, IC56, 1C56
each time a satellite derived 1 Hz pulse is received. The
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down-counter produces an output pulse after counting
by the applied number to produce the desired delay
corrected 1 PPS signal. ‘

Time difference between an external 1 PPS input and
the corrected 1 PPS output is developed by the remain-
ing circuitry. Latches IC68 are operated by the delay
corrected 1 PPS and external 1 PPS. Their outputs are
applied to exclusive-or gate 66 and flip-flop 64 to pro-
duce a 1 MHz pulse train whose duration equals the
time difference between the two 1 PPS signals. Count-
ers IC52, I1C53, and IC54 and flip-flop 64 produce the
time difference sign information. The pulse train and
sign signals along with strobe and reset signals are gen-
erated for use by the time deviation display.

DISPLAY

FIG. 15 shows the display circuitry. The time digits
D4 through D11 contain latches and 7 segment decod-
ers and drivers along with the 7 segment display.

Multiplexed time data from the processor is applied
to the time displays D4-D11 and entered into the appro-
priate display digit according to the time strobe pulses.

A 3-digit display to the right contains decimal count-
ers as well as 7 segment encoders, drivers and display
elements for generation and display of the deviation
data. The deviation pulse train is counted by the deci-
mal counters to produce the desired output. Gating
circuits 3 stop the counting at 999 to indicate over-range
if the pulse train is 1 millisecond or longer. Display 31
indicates the sign of the time deviation of the local 1
PPS internal or external reference as compared with
corrected satellite 1 PPS signals.

OUTPUT BUFFER

FIGS. 16, and 17 show the output buffer, IRIG-B
modulator, and deviation analog circuit respectively.
Puise stretchers 90 of FIG. 16 are used to provide 1
millisecond pulses from the 1 PPS and data valid pulses
generated by previous circuitry. The multiplexed time
data lines from the processor are buffered to drive the
output lines.

Amplitude modulated IRIG-B signals are produced
by modulator 100 of FIG. 17 in conjunction with opera-
tional amplifiers 101 and 102. A digitally synthesized
sine wave with a 3 to 1 amplitude modulation pattern is
developed. BEEEE

Digital to analog converter 98 produces an output
proportional to the decimal number developed by the
deviation display. Operational amplifier 99 produces a
positive output equal to the converter output when the
sign data is positive and produces a negative output
when the sign data is negative.

OPERATION, TUNING

The receiver is ready to operate once power is sup-
plied and the antenna 15 is connected. It is necessary to
set the front panel longitude and latitude switches 21
and 22 to the values representing the receiver location.
These may be obtainéd from an accurate map, and
should be determined to 0.01° for maximum accuracy in
time recovery. Receiver-operation is fully automatic
once power is applied and the sateilite switch 20 is set to
receive the desired satellites 10 or 11, Eastern or West-
ern. Operation of the front panel satellite switch 20
initiates the tuning and synchronization functions and in
addition resets the processor controller to accept new
data. The status lights 25, 26, and 30 will indicate the
particular mode of operation. Initially the Tune light is
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10
illuminated and remains “on” during the tuning opera-
tion, and the seconds display begins to count seconds.
The tuning operation is slow in terms of electronic
speed and may require tens of seconds to complete. The
tuning operation is illustrated in the flow diagram of
FIG. 19.

Referring now to FIG. 19, the first block of flow
diagrams involves the initiation of operation by power
on or satellite selection, next setting all logic to zero
state and then commencing tuning by control voltage of
FIG. 6 applied to voltage variable capacitor CR1 of
FIG. 6. Automatic tuning involves stepped voltages
applied to CR1 of FIG. 6, tunes the VCO to the satellite
frequency where the receiver locks to satellite carrier.
Meanwhile logic data hold function is performed until
tuning is accomplished.

The data hold step is accomplished specifically by an
error signal at terminal 20 of FIG. 9. This prevents
interpretation of any data appearing in the data channel
prior to tuning and synchronization.

OPERATION, SYNCHRONIZATION

The Sync light will illuminate when the tuning func-
tion is complete. Clock synchronization occurs during
this phase of operation. Again tens of seconds may be
required to accomplish synchronization and depends
upon successful readout of the satellite synchronization
signal. This signal occurs during a 5 second period once
each 30 seconds, at zero seconds and at 30 seconds
UTC. The receiver ignores data during reception of
interfering signals. In areas where interference is fre-
guent it is possible for a number of synchronization
periods to pass before successful synchronization oc-
curs. If strong interference is experienced, the Tune
light may reappear indicating loss of signal, and the
receiver will retune. Synchronization is accomplished
in accordance with the flow diagram of FIG. 20 Syn-
chronization is achieved when the Sync and Tune lights
25 and 26 are extinguished. The time display 24 should
then indicate the correct time.

Referring again to FIG. 19, after the sateilite is re-
ceived as represented by a yes output of the satellite
received decision box, the tune light is extinguished, the
sync light is illuminated and logic data hold is reset. The
receiver then proceeds to read data bits until the Maxi-
mum Length Sequence (MLS) bit sequence. When de-
tected, data is read until 31 more bits have been re-
ceived and then the receiver begins to read the 4 bit
time characters. The receiver looks for A’s or 5’s until
found, and increments or restarts until detecting either
10 A’s or 10 5’s denoting either a 0 or 30 second time
period. When either sequence is detected, the receiver is
in synchronism and the sync light is turned off and the
time in the internal registers is set.

As FIG. 19 shows at the lower left, the receiver con-
tinues to read data. The next 10 characters are time data
which are written in the memory setting in the days,
hours, minutes and seconds of a comparison step where
stored time is performed. After the first cycle, the re-
ceiver proceeds to increment through 10 characters
without an error flag set (FIG. 20 at bottom).

Next, the receiver continues to read data bits which
are the satellite position bits. Satellite position bits are
compared with stored satellite position and if a change
is registered, the satellite position change counter is
initialized. If no change, the receiver proceeds to read
the receiver position switches which were set on the
face of the instrument. If the receiver change counter is
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zero, denoting no movement of the receiver, the re-
ceiver switch position is read.

The calculate light is illuminated when the position
change counter is decremented to zero.

The receiver next reads but does not record the next
37 characters of the satellite signal. These characters are
unrelated and so are not used. Reading of the next block
of 50 bits including the 37 bits causes resetting of the
time write function back at FIG. 19.

Referring again to FIG. 20, bottom if in reading time
characters, four successive errors are noted, denoting
probable loss of synchronization, the synchronization
step is again initiated from the 4 error decision box at
the Sync Light On box of FIG. 19.

CALCULATION ERROR CORRECTION

The procesor of FIG. 11 senses calculation errors. In
the rare event that such an error occurs the processor
will reinitiate the delay calculation after approximately
one minute and again check the results for errors. If
necessary the calculation will be repeated until a satis-
factory result is obtained. Similarily, if incorrect time is
displayed after initialization, the error will be detected
during data comparison with the satellite time messages.
The initialization procedure is automatically restarted
to correct the error if is persists for more than 4 satellite
time messages.

The clock 1 PPS output normally will be on time or
within tens of microseconds of satellite time immedi-
ately after initialization is complete. Under some condi-
tions, however, there can be as much as 300 or 400
microseconds time differences at this point in the opera-
tion, and additional time should be allowed for correc-
tive actions to take place. The correction circuitry is
designed to slew the local clock into agreement with
satellite time at the rate of 1 microsecond per second (10
microseconds per second for large discrepancies and in
the absence of interference). Thus some 300 or 400
seconds may be required to reduce the error to zero.

From time to time the Sync light may blink indicating
an interference condition. The circuitry is arranged to
transfer clock operation to the standby mode during the
interference period. Clock slew controls and satellite
data decoding functions are disabled in the standby
mode.

LOCAL TIME SET

UTC time as received from the satellite can be offset
in the receiver to yield local time by setting the offset
value into the Local Time Switch, Sl, and Daylight
Savings Time Switch, D/S of FIG. 12.

Switch settings for switches St and D/S of FIG. 12
are determined by considering the local time zone in
relation to the UTC reference zone through the Green-
wich meridian. For example, Los Angeles is located in
standard time zone U (Pacific Standard Time) which is
—8 hours from the UTC zone. The operator sets the
switches so that the values associated with the “on”
switches when added equal the number of hours time
difference. In this case the 5th switch with a value of 8
is turned “on” and the others turned *“off”. Since the

_hours are to be subtracted, the sign switch must be in
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the “off” position. If Daylight Saving Time is in effect
the first switch should be “off, and if it is not in effect
the switch should be “on”. It is necessary to set the
Daylight Saving switch to the “off” position if remote
operation of this feature is desired.

OPERATION, CALCULATION

The path delay calculation is initiated after the syn-
chronization function is complete. Calculation begins
either at 16.5 seconds or at 46.5 seconds depending upon
whether synchronization occured on the minute or half
minute. The Calc light 30 will illuminate during the
approximately 40 seconds time required to perform the
path delay computation. Initialization is complete when
the calculation period ends.

Calculation of delay path is in accordance with the
flow diagram of FIG. 21. Referring now to FIG. 21,
whenever the data read function is performed, the delay
path calculation is performed. Data is read and when-
ever the 100 Hz clock appears the receiver advances the
stored time in the registers by 0.01 seconds. Next, the
receiver checks to see if the second’s digit is one, and
when it occurs a 1 second pulse is outputted.

The next decision is whether local time switches are
set. If so, the offset for local time (zone and daylight
savings time) is introduced into the time display values
which are then displayed. The IRIG B output is addi-
tionally serviced.

Delay path calculation is next commenced, com-
pleted and compared with the previous stored value of
path delay. If within 100 micro seconds of the previous
value, the new value is stored and outputted. If greater
then 100 micro seconds, the calculation decision is fol-
lowed by initiation of the position change counter to
start the calculation again.

The actual calculation of path delay involves the
solution of the geometric relationships illustrated in
FIGS. 1a and 1b employing the calculator of FIG. 11. It
is performed as a part of the calculations made by the
type 8080 calculator chip of FIG. 1 in carrying out the
program of Appendix A.

SUMMARY

One may see that we have invented a satellite respon-
sive time receiver which is capable of scanning for
GEOS Satellite Signals, synchronizing with such sig-
nals, tracking the signal, automatically computing the
signal path delay given the receiver position coordi-
nates, compensating for the delay and displaying the
corrected time. The receiver is further capable of intro-
ducing a correction for local and daylight time and for
maintaining local internal clock time display during
periods of loss of satellite signal. The receiver further
provides an external 1 MHz clock signal and further
compares satellite 1 pulse per second signals with simi-
lar local signals and displays any deviation. Thus a com-
plete virtually automatic satellite clock is disclosed.

The above described embodiments of this invention
are merely descriptive of its principles and are not to be
considered limiting. The scope of this invention instead
shall be determined from the scope of the following
claims, including their equivalents.
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214E68 L1 Hs CHNTR+2
3D ICR y}
= CEacen . JNZ MORE
CDDEET CHLL LDAD4
[55°] RET
5 11 CLa7s0 RGAIN:  CHLL FRAME
quD ZEAD SYNC: Pyl As10100000B
BOSF 216548 LAY Hs DATAH
=062 RE ZMP M
5063 CHEFSN JZ =0
A166 ZESN M Hs 010100008
BE MP M
CABFED JZ =0

oG C3156D JMP DITTO .
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15 16
&6H6F 214D68 GD: L1 Hs CHTR+1
6u7e 35 ICR Ll
073 C2SA60 JHZ HGARIN
a0T6 Z1SE6E LAY Hs FLAG+S 3CODE SYNC ACHIEVED IF HERE
6073 3601 Ml Mol $SET CODE SYNC FLAG
67B 211068 LET. Hs TIME SSET TIME TD 4.5% SECONDS 70
A07E 2653 %1 M, 11011000B SALLOW FOR CODE SYNC
a0&aD 23 b5 H4 H $HAND RECEIVER DELAY
6NS1 3604 Ml M, 4
6033 214F68 L1 H+sCHTR+3 SRESET ERRDR COUNTER
6U86 fAF XRA A
6087 77 Mo MsA
6048 23 . INK H $SET POSITION CHANGE CDUNTER
603 3C . INF A .
603 77 : movy MR
603B 215668 LY Hs FLAG 5SET WRITE FLAG
6N38E 77 mov M A
H603F 211168 TOY: %1 Hs TIME+1 3 INITIALIZE TIME REARD
6092 224ChKE SHLD CHNTR
&Ne5 215764 Ll HsFLAG+1 3iSET HL FLAG
6nes 2601 171 Myt
GLZAR 23 INX H
60SE 2600 M M0 $RESET ERROR FLAG
&nall CDA760 RPT: CARLL FRAME
610HN 2HACER LHLD CHTR
&URZ 7D mo Hs L
&g FE16 CcP1 TIME+6 AND (OFFH
&ORA TIROC6! I HILD sTEST FDOR 10 CHARACTERS
60H3 215368 L] HsFLAG+2 s TEST FOR ERROR
&UAC 3IESD "1 He 122
BORE R& HNR M
&OHF FERD CP1 123
&0kl CHC160 Jdz SAT
~DES AF RA H
nOBS 2C INR 3]
BURA AB HMA M
A0RT FEM CPI 1
SDE® CRe961 Az ERF
&60EBC 214F68 L] Hs CNTR+3 sRESET ERROR- CODUNTER
~0OEF AF “RA H
SHCH ¥V moy MsH
&nC1l 2HACE68-  SAT: LHLD CHTR $TEST FOR 13 CHARACTERS RERD
wOCcq4 7D mow HsL
6005 FE24 -PI SPOS+13 AND OFFH
&0C7 DATEAL Jc RERD
SUCA 110370 LK1 Bs SW
AICTD 1150452 L] Dy CNTR+4
annn FE2C SWT: LP1 FPDS+8 AND OFFH $TEST FDOR 8 SWITCHES READ
anhz C2R6A1 N2 SWCH
6005 211768 L%l Hs SPDOS $TEST SATELLITE O DARTH
a3 7D ZEROT: mav Hel -7
6nD® FEZ3 CPI1 SPDS+12 AND OFFH
&0DR CRET76Q A2 CALCS
A ODE AF XRA H
&00F BE MpP M
6UER CZEB6D ANz CHLFL
AOE3 23 INK H
H0E4 C3D860 JIMP ZERDT
6NET EB CALCS: AKCHB
HOES 3502 mMv1 Ms2
60EA EB KCHG
60EE 215AR68 CALFL: L¥XI HsFLAG+4 3TEST CALCULARTOR FLAG FOR 0
60EE AF ) “EA A )
60EF PE . cHP "
6UF0 CHRC961 J2 FPOSCT
A0F3 215168 FRMCT: LXI H» CNTR+S 3 INITIALIZE FRAME CODUNTER
6UF6 3624 M7l Ms 35
60F8 CD4760 FRM: CALL FRAME
A0FB 215148 LAKI Hs CNTR+S
&UFE 25 ncR M
GOFF AF *RA A
€100 ERE N [ 414 M
6101 CEF860 JnHz ERM 337 FRAME TEST
5104 215668 Lx1 HsFLAG SRESET WRITE FLAG
&107 3600 Myl Ms 0

8109 C33Fen JrP TOY



115763
116548
(3]
FEOD
CHSB61

& AF

a2

23
z24Ce8
2R

1R

4F
E&F
12
3EOGF
2]

EER

Ba
a7
7S
E&03
FEDS3
CHS161

73

215368
CRANA]

> 2EM

k6

s

2B

=9:]

RF

BE .
CASDED
ER :
7O
214F68
AF

77
£39D60
215868
3EQ0
R6

VY
C3%D60
3C

nz

1A

3F

1F

1F

1F

1F

12
ZEFO
32661
214F63
23
JENI
RE
CHROD60
CzC1s0
115562
1A
E60N3
FEO3
CAR961
1R
EAFN
0E

nF

0F

nFE

17
HILO:

WRITE:

"RFPT1:2

ERP:

READ:

LK1
LHI
LDAX
CFP1
JZ2
%RA
STAY
INN
SHLD
neH
L DA
Mo
AN
STAK
My I
ANR
WLHG
orAR
1oy
mov
AN
CPI
Jz
mMOoY
XCHG
cMpP
WICHG
LK1
Jz
M1
OrA
mpoY
DCK
D
XRA

- cmP

JdZ
XCHG
mMoY
LXI
ARA
moY
JMP
LI
M1
ORA
mow
JMpP
INR
STHX
LIRX
mov
RAF

B :

4,287,597
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HBsFLAG+1 STEST FOR 0
Iis IATA
B
10
Lo
3 $SET HILD = 0
$ INCREMENT TIME ADDRESS

+15 SCOMPARE DATA WITH MEMORY

$DIGIT ERRDR CHECK

$SET ERRDOR FLAG

3
-

T3
o)

$TEST WRITE FLAG FOR 0
sGET NEXT TIME CHARRACTER

3
-

sURITE NEW TIME IN RAM CLDCK
CHNTR+3 SRESET ERRDR COUNT

-

IPII ID
o

B

kP
Hs FLAG+2

SSET HILD=1

Hs11110000B

TEST

HsCNTR+3 5 INCR ERROR COUNTER AND TEST
Iyl sFOR FOUR ERRORS :
He3

P
ZTART
SHT
D:DATA READ COMPARE AND WRITE 13
SATELLITE POSITION CHARACTERS

sDIGIT ERROR CHECK

=X
mn
E



6183
5133
5180
518D
€15E
5191
6123
6195
6196
6199
H519A
61D
61AN
61A3
61R4
61H7
61AS
61RC
61AD
61ARE
61AF
61B2
61E3
A~1B6
B1ER7
8183
51BE
&1EC
»1BD
S1BE
5101
B51C2
51C3
H1CS
61C6
61C%2
51CH
61CH
A1CE
61CF
61Dy
w103
6106
103
51DB
&1DE
S51E0Q
61E1
61ER
R1E6
&1ED
51EH
R1EC
A1EE
A1F1
651F4
61FS
61F6
61F8
61F9
61FH
61FB
61FC
61FF
6z00
6201
éqzne
=¥=41c
6204
6205
6z02
6zZ09
[=0]3]
20k
B2 0E
&2 0F

a7
215668
HF

BE
ZHR4C68
CzBzel
7a

BE
C2A361
23 -~
e2aces
Chazen
CzC160
EB
215068
2602

215R68

€e9%61

7o
C32961
OR

EE
czCi61
23

03

VD
C3nn6Nn
7V

EB
602
EB
C3BB61
EB

RBE
CHF360
35

BE
C2F360

215968 .

3601
C3F36N
216564
[B0R
2B
2500
cnoséee
110070
1R
E6N8
FE(O8
216468
CZF561
rard

1R
E6&0
23

B6

1F =
77
D2E361
07

2B

hJ2)

23

7?

ce
21027
7E

17

17
20562
rérd

215964

19

HNFR:

CPDS1:

SATWRS

SWCH:

INC:

CPOE:

POSCT:

LOADS:

LHXT:

BITL:

WRIT:

Moy
3
HRA
crP
LHLD
Nz
Mot
crP
JNZ
INX
SHLD
CALL
anp
HCHE

- L¥I

M1
LX1
“RA
chP
XCHG
JNZ
mMov
Jnp
L DA%
cmpP
JNZ
INK
TN
Mo
JMP
MOY
HCHG
1
KCHG
JnpP
KCHiG
CHMpP
a2
DCR
CMP
INZ
L1
Myl
JnpP
(9 ¢
k7 ¢
b (N
my1
CALL
LK1
LDAX
ANI
CP1
L]
JHZ
mav
L DA%
HNI
INX
ORA
RAFR
mpy
IHC
RLC
DCx
ORA
INX
mov
RET
LXI
mov
RAL
RAL
JMC
mow
L&A1
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kAR ’
Hs FLAG

A

™

CHNTR

SATUWR

Fs B

M SsTEST NEW CHARACTER = OUD
cPOS1

H

CHTR

FRAME

SAT

Hs CNTR+4 5 INITIALIZE POSITIDN CHANGE
Ms2 s COUNTER
Hs FLAG+4

] FTEST CALCULATDOR ON FLAG FOR 0

M+B sLDAD MEW SATELLITE POSITION
NFR s INTO MEMDRY

5TEST SWITCH %S PREVIDUS YALUE

Ms2 $SET PDSITION CHANGE CHTR = 2
INC

m

FRMCT

m $TEST POSITION CHANGE CHT FOR O
n SAFTER PREYVIDUS CHANGE

FEMCT

HsFLAG+3

Me1l SSET POSITIDN CHANGE FLAG

FRMCT

H« DRTA $INITIALIZE FOR SERIAL SHIFT OF
Ms 8 $4 INPUT DATA RITS

-

sB1T ERROR TEST

n
(o]

3T

LNXT $TEST FOR CARRY RESULTING FROM
5SHIFT OF INITIAL 1 IN BIT 4

Hs INPUT+3
FsM 5LDOK FOR 100HZ

WRIT $JUMP TD WAIT IF 100HZ ABSENT
MsA SRESET 100H2
Hs FLAG+3



Ls N

AR Oy AR L S

3 O T

o O O O O

T

MO DNNE=MOCAWRoEBW D= TOPDds QR

4R I R N i N AR AR ARARARARARNY SE AN VR U S U (AR SO gy gty

J
3 TO TG PO MY PO O FO 10 N T PG T e P TO TY M) T 10 O P TO De Mg PO P e ro o one

LR i N 1 A O Y W,
A
Ul
[ea]

6258
6258
52 S5E
25F
BN
5261
6264
6267
a6
B26H
6268
e26L

626F .

S270

J.

[

P .

s Ol 2 0

[ s A ' €

g

[ S0 ¢ S A Y

P O O T
(AR RIS R £ L SR SV S S (K AU O GO (L RO O LI O A AR S KO R N FO U A A R S

[uYa iRV IRV LIRSV R I O Wl KOl o O E NS W e AP IS LN IR IR N RN IEN N IR RS RS RN

Ol e G

O D GO BT s THM RS O w2 ~d T dv () 00 e

I T

3

b

AF

BE
21563
23

RE
CA93A3
210070
3E10
H=

FEDND
CRIGA4
N15Feg
[X]s]
FENQQ
Ce5163
IEZ0
Ho

FEON
CR2864
11SAGE
A
FENZ
ceonez
z17EeC
111470
017D6C
3EQ3
0z
FEQOD
Ceé462
015A68
GA
FEO1
CA9662
015F68
AF

ac

ez
C3%364
010070
3601
AF

7E

17
DATCeR2
3]

iF

TE

17

2EALN
12
HF
12
CEBALE
RF
A
i1F
TE
17
i
3E4N
12

2l

218386C
334362
11876C
21836C
TE

21

FERDC:

WoRD:

READ1:

RITLD:

BITRD:

HATHD:

READ2:

CARLCT:

Ll
LIAHX
ICk
P
LRI
Jnp
=1
LK1
mavw

4,287,597

]

M
CALIN

H

m

COUNT
H« INPUT

sTEST

Fe D001 0000R

m

1

COUNT

Es FLAG+S
H

(K}

KEYET

As 32

m

0

COUNT
BsFLAG+4
R

FERD2
HsCALCH
D.CALC
Ey CARLCL
As 3

E

i

BITLD
BsFLAG+4
B

1

CALCT
ByFLAG+9
A

A

B

COUNT

B INPUT
Ms1

A

HsyM

NATWD
)3

AsM

[s 2w <

«CARLCL

I IS I

WORD
Hs CALC2
FEADC

ID.rECAL
"HsCAHLCEZ"

Hs M

sTEST

STEST

STEST

S$FERAD
sTEST

y TEST

$LOAD

sLOARD

22

POSITION CHRNGE FLAG

CALCULATOR ON FLAG

CALCULATOR REARDY

FOR CALCULATOR READ

CALCULATOR OUTPUT RERADY

FOR FIRST CALCULATION

3%8 RITS CALCLILATOR DATH
1IF 23 RITS PERD

1IF 2ND CALCULATIDN RERD

8 CRALCULATOR BITS

NEXT 8 BRITS



62B3
62BS
6283
62BB
62BI
62BE
62BF
é6zCc2
62C3
azC4
&2CS
&e2Ca
BazC?
&2CH
5eCh
S52CE
&z2D1
=829 (K]
aelid
625
A2Da
o52D7
62Dhe
&2DC
&2DE
6zDF
&eED
62E1
62ER2
6ZES
&2E6
B2ES
62ES
62EB
52EC
B2ED
52EE
G2EF
6zF1
52F 1
62F4
AZFG
6cF8
L2FS
&2FB
62FE
6300
6303
6304
6305
AZRN3

EGFD
FEOD
ceFaée
SE04
RE

IIAF 862
AF

BE

., C2B862

e3

7E
E&F 0
FEOOD
CAFa62
217E6C
aeQ2
AF

BE
cense3
e3

6D

BS
CzBEé2
EH

AF
110470
21886C
IE8D
12

HF

12

7D
FE8B
CRIIB&3
oena
TE

4F

HF

B3
CAF462
79 ’
Ee8n
12
F&40
12

HF

12

e

1?

u3
C3DF62
e
CaD662
EB
501
215068
3602
C3SE6Z

‘EB

BE
CAF962
cacoeez
21886C
110A68
OESE
Ch2B63
CE5Bb2
Kird

c3
3603
212468
112E648
HezC

23

DIFFT:

NATDG:

DXFERS

NXTS:

RNXT83

NDGO:
INITC:

NDGD1:

DDRTA:

CALIN:

ANT
CPI
JINZ
M1
cnipP
L
*“RA
CMP
JdNZ2
INA
Moy
AN
CP1
J2
LK1
MVl
HRA
CMP
JH2
INX
LCR
cmMpP
IHZ
ROHG
~FA
r1Mav
L]
LKl
My'1
ITRX
w“RH
STAHX
MDY
CP1
Jd2
My
Mo
Mo
“RH
CMP
J2
mov
HNI
STHX
Or1
STAX
“RA
STAX
ma'
FAL
DCR
JMP
INK
P
CHG
Ml
Ll
Mvi1
JmMpP
HKCHG
CHMP
JIMP
L¥I
L¥1
MYyl
CALL
JMP
Moy
THX
M1
L1
L]
Y1

4,287,597
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2410
i $TEST IF mM3D=0
HOGO
As 4
Ll $TEST 1F mSDh-1 < 4
NOGO
A

M

DIFFT

H

HyM

240

0 $TEST 1F DELAY <1 MS
NOGOD

HsCALCY

Cs2

M $TEST IF DELAY BIFFERENCE <100 US

c sTEST IF 4 DIGITS COMPARED
NXTDG .

A s TRANSFER 24 EITS TO DELAY COUNTER
MsA

LI+sCALC

Hs CRLC2

Hs 128

D

A

I

AL

CAHLC2+3 AND UFFH

DIATH

B2

Hs M

CsH

H .

R $TEST IF 8 BITS TRANSFERRED
FHXT3

HsC

128

I

Y-

b

R -
It

Fs C

B
NXTHB
H
HLT8

Ms 1 $INITIALIZE DELARY CAHLCULATION
H«CNTR+4

M2

READ1

M - $TEST FOR REPERT CALCULARTION
INITC
DXFER
Hs CALCR2
Iis CALCO
CsCALC2+3 AND OFFH

AEN3 $FORM DELAY DATA INTD 4BIT WORDS
READ1

M«A $RESET POSITION CHANGE FLAG

H .
M3 $SET CRLCULATOR IN FLAG
H«RPDOS

D+ PPOS1

C.RPOS+8 AND 0OFFH
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25 26
5325 CDZB63 CALL ABNG
BE2Y C34063 AMP INITK
&3ZR REFO AGNZ: Myl s 240 SALIGN CALCULATOR DATA
&32D AL ANR L]
A3ZE OF FRC
a32F 0OF RRC
6530 0OF FRC
6331 OF PRC
6332 12 . STHX I
5323 13 INX I
63534 3EOF M/l As 1S
B335 Ab FNF M
BI3Y 12 STR¥ D
63338 23 INX H
nAZS 13 INX I
BRE3A 79 Mov AsC
533F BI crMpP L
3G CeeB63 IZ HIGNG
633F Co RET
65330 21D363 INITK: LXI H+KSEQ SINITIALIZE KEY SEGQUENCE
6343 2eedsd SHLD IATA+3
nZ46 Z215E6S8 L¥l Hs FLAG+A
634% 300 Ml Ms O -
&34R 23 IH< H
&HIC 360 ) My 1 Ms1
S34E C3%964 JmME COUNT
- )] KEYST: DC¥ B sKEY CDUNT FLAG
2 111768 LKI Ds SPOS
S 2A686ER LHLD DATAH+3
S3 AF “RA A
5352 BE chMpP M sTEST FDR LAST KEY
635 CHS463 JZ LASTK
535D VE o mov A M o
35E FEFF CP1l 255 s TEST FOR KEY JUMP
3 Ce7363 JNZ KSET
oA LDAX B
FEOO . CP1 0 $sTEST FOR FIRST PAR3IS
CAZEES Jz2 NSET
FED3 CPI 1 ]
CA3C63 JZ SET1 sSKIP TO KEY 1
AF “FA H
uz STAX B .
217964 Lxl HsKSER+161 3SKIP TO KEY 161
7E KSET: Mov AsM
FE4Q CP1 64
DzAR163 JHC CDATA .
23 SETC: INX H $SET CALCULATOR KEY
226868 SHLD DIATA+3
210470 L<] H«CALC
E63F ANT 83
v DY MeF
C32364 P COUNT
icim NIET: INF ] $ADY AND STORE KEY JumMP COUNTER
0z STAX B
z3 TN H
37363 JMP VSET
. ARC SET1: INP H $ADY AND STORE KEY JUMP COUNTER
3D oz STARX E
E 210263 Ll He«KSEG+1 $SET KEY SEQUENCE TO 1
1 C3FT363 Rigly KSET
4 03 LASTK:  INX E
S AF xR H
a2 STAX B SRESET CALCULATOR READ FLAG
7 N1ISAES. . Ll BeFLAG+4
/R AR LDAX B
S4B %D ICR A
Coaz STR% E
I HF #“RA A
“E 237963 JMP SETC
63H1 FE&ND CDRTA: CP1 1298
AZA2 DHBER&R JC ¥MTR
63FHs FECH CP1 ie2
A3H3 DIHREGR AC CONVT
&3HE DIZCAGT Mg SI1GH
55HE E63F CONVT: HN1 a3
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27
&3RkN 5 1Yy E«R
&2kl 1A LDAX D
B3B2 11F 066 Ll DsNLIST
63KS B3 DOrA E
63kS5 SF Moy Esf
A3B7 1A LIDAX D
63BA CEVeal P SETC
23ER OA *MTR: LDAX E
63BC FEOO CP1 0
63BE CHC663 Jz INCR
63C1 7E mavy AsM
63C2 23 INX H
63C3 C37963 Jmp SETC
63C6 23 INCR: INX H
63C7 C37363 JMP KESET
63CA EG6IF S1GN: ANl 63
63CC SF Moy EshA
&3CDh 1A LDAX D
B63CE FEQ8 CP1 8
6301 DA7963 JdC SETC
63D3 IE24 MYl FAs 36
6305 C37963 JnMp SETC
6303 3R KSE@: DB Sa sF
133 Ol (g Ik ? sC
ASDA <7 DB 151 s SLGH
B30E 29 DE 152 $SLGT
63LC 9% DB &3 sSLGU
&20D 0s Ik 6 sDpP
B3DE SA DR 154 SSLGTTH
S30F SR DE 1585 $ SLGHTH
S3E0 23 40 3] 41} $ENTER
63E1 45 IE 69 S0 XLGH
63E2 AE DE 174 SRLGH
B63E3 55 O3 a5 §7 KLGT
63E4 AF IR 175 SRLGT
63ES 52 Ik &3 $9 XLGu
R3E6 RO DE 176 SRLGU
63ETV i DB 6 shP
B3E& S2 B 32 34 MLGTTH
6ZES ERi1 DB 17?7 SRLOTTH
63EA 54 ) DB 34 56 KLGHTH
&3EB B2 IIR iva $RLGHTH
6ZEC 0OF IR 15 $¥ NO DOP
&3ED F3 B 243 SRLGSIGN
6ZEE 03 DE =] e
S53EF 36 IE o4 sCOs
63FN 9D DB 157 sSLTU
62F1 06 DB [ sopP
63F2 SE 1B 158 SSLTTTH
L3F3 SF DE 15¢ SSLTHTH
63F4 36 I'B 54 sC0s
63FS 18 IE 24 HP
63F5 44 DE 638 $3 XLTT
63F7 B4 I'B 130 SPLTT
B3F& S5 DE a5 $7 XLTU
63FS BS DR 131 sRLTU
63FA 04 Dk 6 U
E3FEB S6 DE 36 S8 NLTTTH
63FC B6 DB . 182 SRLTTTH |
§§FD a3 e a3 35 XLTHTH
§JFE BR? -~ DB 133 SRLTHTH
63FF OF DR 15 ’X ND OP
@400 F8 . LB 243 SRLT SIGN
5401 37 bi):} 55 s TAN
6402 06 bi} ] 6 sDP
6403 17 - DEH &a 3
6404 17 DE 23 LR
6405 04 O3 4 33
6406 03 Ik 3 32
6407 04 DE 4 13
5403 H2 N DE 2 51
409 04 DB 4 33
5408 12 DE s iq
40K 03 DE z 52

s



4,287,597
29 30

640 22 Ik 24 SMS
6400 N IR 4 Hic]
640E 18 IE 24 ¥
64 0F 3H IH 52 H3
6410 57 IB o5 s TAN
6411 22 DE o4 SMI
5412 02 Ik 2 sl
£413 A DE s iCOs
5414 18 03 24 1
6415 2D IR 157 SSLTU
6416 Ob I'E [ H (2
6417 2E B 13558 SSLTTTH
6418 SF IR 152 sSLTHTH
5419 IiC DR 220 SSLTSIGN
-H541H 35 I'B 53 +SIN
£41B 21 IE 32 sME
641C 02 IB 2 H
641D 35 Dk 53 SSIN
&41E 18 LE 249 3N
641F 09 IR e s+
420 44 IE (20 §3 ONMLTT
421 Ba Ik 143 sRLTT
64ze 5D DE 35 57 XLTU
6423 ES LR 131 SRELTU
t324 o ‘ IE. & sDP -
5425 56 e 1= 18 ¥LTTTH
6dch BOE IB 1382 SRLTTH
6427 53 DE 83 £S5 XLTHTH
&4zd BV Lk - 133 SRLTHTH
6429 37 DR 55 s TAN
ad28 23 IR 413 SEN
»IZR 18 IR 24 P
n32C 2 DB 33 sMR
634z2D g DR 4 '3
642E 18 DB 24 iX
642F 22 -~ I'B 34 imMsS
6430 02 DE 2 HB
6431 21 B 33 sMR
6432 04 ' IE 4 33
€433 18 B c4 "X
5434 02 IR c 51
6433 D9 'R 9 i+
64356 21 103 K] MR
6437 02 I'B 2 51
6433 2 I'B e 51
43 0% B <o 3+
643A 19 DB 25 sDIVIDE
643 24 IB o2 s SQUARE ROOT
e43C 14 Ik eo 6

4 3

21 Hrd

ce g

6 shp

3 se

S U

z2n 55

13 14

&4 HE

24 $MS

2 s1

z4 K

13 e

2 2

2 31

13 4

4 s3

....... [ .sF

1 4

12 ]

3 32

24 - s

I e

...... =4 - ¥

35 SCHS

-H356 21 LB 33 sMR
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32

- -B457 -2 LE - g....... 1
L6458 .2a . DR---... Y I :EN
L T - T DE...... 84 ...... 1
Y AT /- LB...... N e
BASR BT e e DB ... Feeee. 33
BA5C .18 - e DE...... =5 W $7
N2 13 (0 ¥ DR --.... 2 T 37
R45E .14 . 0] 20 i6
645F 05 IB 5 i
6460 15 DR .21 37
6461 05 DR 5 30
6462 13 DB 19 55
6463 03 DR 3 ;e
5464 .47 DE 2 51
548D . IS DE < 5+
[ Y R T DR-..... S ---.- s SPURKE -ROOT
BABT BB e DE...... B $ DR
BB B3 e OE-«.... B se
6459 17 DK 23 P9
646A 17 DR 23 3o
648K -15 DE---... .. ... 37
S B450 .17 IR . B3 i9
- B3Rl f_l3A DE...... ¢ JP R s
. .648E 13 IR 19 3
o 1 IR - 2N IR .. 25 sDIVIDE
I e N T = 3 LE...... 1ot --... s SFRARDH
6471 R A
BATE .
L BETE .
Ot Ry T S B - ... - S 3+
B b A = - LE.«.... 55 SKEY - JUNF
BETH .22 LB .. ... C TS S HI N
o IE 3 i@
EIFR FR-- - i LR-..... 255 sKEY JuNP
BATH 83 e v LK AR ..., SNR
CAGFTRABR ... DER...... i TR H=g
647B 03 DE o 3+
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What is claimed is:

1. A receiver from satellite transmitted radio fre-
quency carrier modulated signals in the form of pulse
coded information of time values and satellite position
having a known pulse rate, comprising:

a variable frequency radio frequency stage;

means for scanning said radio frequency stage over a

range including the frequency of said radio fre-
quency carrier;

means for detecting said radio frequency carrier;

means responsive to the detection of said radio fre-

quency carrier to terminate frequency scanning 0

and for tracking said carrier thereafter;

a clock having a nominal frequency related to the
pulse rate of said time value signals from said satel-
lite;

means responsive to the termination of scanning of 55

said radic frequency stage for synchronizing said
clock with the pulse rate of said time value signals
from said satellite;

a delay path calculator;

means responsive to a detection of synchronization of 60

said clock with the pulses of said time signals for

enabling said delay path calculator for calculating

the transmission path delay time to said satellite;
said delay path calculator including;

40

.3
wn

: X . L. 6
means for introducing actual receiver location infor-

mation into said delay path calculator, means for

calculating the path delay from satellite position
received from said satellite and receiver position
data;

means responsive to the delay path calculation for

shifting said clock time value corrected by said
delay path calculation; and

means for displaying path delay corrected decoded

local time code signals.

2. The combination in accordance with claim 1 in-
cluding means responsive to the initiation of or said
tuning means for displaying elapsed time on said time
display means.

3. The combination in accordance with claim 1 in-
cluding display means for indicating when said receiver
is in a tuning mode as represented by operation of said
tuning means. : ’

4. The combination in accordance with claim 1 in-
cluding display means for indicating when said receiver
is in a synchronization mode as represented by opera-
tion of said synchronizing means.

5. The combination in accordance with claim 1 in-
cluding display means for indicating when said receiver
is in a calculating mode as represented by operation of
said calculating means.

6. The combination in accordance with claim 1 in-
cluding means responsive to loss of synchronization
with said satellite for driving said time display by said
clock whereby said display is operative in the absence



45
of time code signals after a decoded time code signal has
once been detected and decoded. | ) .
7. The combination in accordance with claim 1 in-
cluding means responsive to the loss of said radio fre-
quency carrier trasmitted signal for re-enabling said
scanning means.
8. The combination in accordance with claim 7 in-
cluding switch means for selectively establishing differ-
ent frequency bands associated with different time sig-
nal source and means responsive to said switch means
for automatically scanning the selected band.
9. The combination in accordance with claim 1 for
use when said radio frequency carrier modulated signals
originate at a ground base and are relayed by a rela-
tively geostationary satellite to the receiver;
wherein said delay time calculator computes and
totals the time of travel of time code signals from
said ground base to said satellite and from said
satellite to the location of said receiver and uses
said total time as the path for which correction is
made.
10. The combination in accordance with claim 9
wherein the ground based originated signals include
satellite position information wherein said delay time
calculator continuously compares the satellite position
information responsive to at least two sequential satel-
lite position signals different from the satellite position,
recomputes the time delay correction and introduces
that correction in the time display calculation.
11. The combination in accordance with claim 1 in-
cluding means for receiving pulse train from a local
source having a rate substantially equal to the data pulse
rate of the remotely transmitted time signals and means
for detecting deviation between said local pulse source
and said data pulse rate, and means for displaying any
deviation detected.
12. A receiver in accordance with claim 8 wherein
said frequency scanning means includes a phase lock
loop circuit employing a voltage controlled oscillator
for tuning said receiver and means connecting said volt-
age controlied oscillator for control by said band select
switch and said synchronizing means in addition to said
phase locked loop whereby the operating frequency of
said receiver automatically tuned and synchronized
with the remote signal source.
13. The combination in accordance with claim 12
including means for detecting phase deviation of said
local clock and means for slewing said local clock into
synchronization with said incoming time pulses.
14. A satellite controlled clock operative to receive
time code a standard pulse rate and satellite position
modulated radio frequency carrier waves from either of
two geostationary satellites operating at predetermined
different carrier wave frequencies comprising:
a variable radio frequency receiving stage including
means for detecting radio frequency carrier waves;

switch means for allowing the selection of the nomi-
nal carrier frequency of the selected one of the two
satellites;

frequency scanning means for incrementally sweep-

ing said radio frequency receiving stage through a
frequency band including the selected satellite car-
rier frequency responsive to the application of
power to the receiver and selection of satellite by
said switch means;

phase lock loop means for tracking said selected satel-

lite carrier wave responsive to the detection
thereof;
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meéans responsive to the detection of satellite carrier
by said detecting means of said variable radio fre-
quency receiving stage and tracking of said se-
lected satellite carrier by said phase lock loop
means for disabling said frequency scanning means;
a local clock operating at a nominal frequency related
to the pulse rate of transmissions from said satellite;

means responsive to disablement of said frequency,
scanning means for synchronizing said local clock
with pulses received from said satellite;

means for decoding the time code transmitted by said

satellite;
coding switch means for introducing the receiver’s
position into said receiver in coded form;

calculator means for calculating the path time delay
of signals from said satellite from the known satel-
lite position information and the receiver’s position
as introduced by said coding switch means;

means for combining the decoded time signals from

said satellie and the path time delay calculator
means; and

means for correcting the decoded time signals from

said satellite by the correction factor calculated by
said path time delay calculator means for display-
ing the corrected local time.

15. The combination in accordance with claim 14
including first visual indicator means responsive to the
initiation of frequency scanning for providing a visual
indication thereof.

16. The combination in accordance with claim 14
including means responsive to the synchronizing of said
local clock with satellite signals for disabling said first
visual indicator means.

17. The combination in accordance with claim 14
including a second visual indicator means and

means responsive to synchronization of said local

clock with satellite signals for enabling said second
visual indicator means.

18. The combination in accordance with claim 14
including third visual indicator means and

means responsive to the operation of said calculator

means for enabling said third visual indicator
means.

19. The combination in accordance with claim 14
including means for enabling said calculator means,
only after said local clock is synchronized with pulses
received from said satellite.

20. The combination in accordance with claim 14
including means responsive to the loss of synchronism
of said clock with said satellite signals for re-enabling
said frequency scanning means.

21. The combination in accordance with claim 14
wherein said display means is driven by said local clock
whereby the display means is incremented responsive to
said clock after the loss of satellite signals.

22. The combination in accordance with claim 14
including time zone selector switch and

means responsive to the position of said time zone

selector switch for incrementing or decrementing
the hour indication of said display means.

23. The combination in accordance with claim 14
including daylight saving time switch means and

means responsive to the position of said last switch

for incrementing or decrementing the hour indica-
tion of said display means by one hour.

24. The combination in accordance with claim 14
including means for receiving a local standard pulse rate
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nominally equal to the standard pulse rate transmitted
by said satellite,
means for detecting the standard pulse from said
satellite,
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means for comparing the local and satellite standard
pulse rates; and
means for displaying the deviation if any from said
satellite standard pulse rate.
*« & & & ®



