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SYSTEM FOR GATHERING AND RECORDING
SEISMIC SIGNALS

BACKGROUND OF THE INVENTION

In seismic prospecting it is customary to locate a
number of seismic energy detecting means at locations
along a traverse at the earth’s surface and to locate a
number of seismic energy generating means at various
locations along the same traverse. Geophones at each
of the detecting locations are connected to a common
recorder which is usually positioned at a location an ap-
propriate distance away from the generating location to
be used. The electrical connection of the geophones to
the recorder is usually made by means of pairs of elec-
trical leads which extend between each group of geo-
phones at each detecting location and the recorder.
Where the number of detecting locations exceeds the
recorder capacity and also for other reasons, a group
of geophones can be selectively switched or coupled to
the recorder.

After the generation and detection of seismic distur-
bance, the generating location typically is moved to an-
other generating location. The selection of pairs of
electrical leads from the geophones at the various de-
tecting locations relative to the recorder are then ap-
propriately switched or connected to the recorder rela-
tive to the preceding connection so that the signals
from the various detecting locations are connected to
proper recording channels, thus enabling the produc-
tion of comparable data which can be subsequently
processed to produce significant seismograms. As the
generating location is successively changed along the
traverse and the switching connections depleted, the
geophones at one end of the line become unnecessary
and typically are transported to the other end of the
line to maintain the effective length of the seismic sur-
vey and continue the survey process. Operations and
apparatus for accomplishing this type of survey are de-
scribed in U.S. Pat. No. 3,104,568 issued to R. N. Jolly.

Manifestly, a considerable amount of manpower is
expended in laying out the electrical leads from the de-
tecting locations to the recording station, albeit the
leads are bound into a cable. Furthermore, the use of
electrical leads in a cable can result in distortion in the
geophone output signals because of the capacitive re-
actance between the leads and because of the distrib-
uted inductive reactance along the length of the wires.
In addition, the effect of electrical resistance of the
geophone connection farthest from the recorder is
greater than nearer geophone connections so that the
respective signals are differently affected. With multi-
pair electrical leads, their close proximity and inherent
electrical capacitance introduces electrical cross-talk
and, if wet, electrical leakage occurs between conduc-
tor pairs. An electrical leakage path to ground will also
increase the susceptibility of picking up 60 or 120 cycle
hum interference. Thus, it is clearly apparent that a
practical system which permits elimination of the cable
has considerable merit and appeal.

For many years, attempts have been made to elimi-
nate the cable by using radio waves for transmitting
seismic information from detecting locations to a re-
cording location. However, these prior attempts have
failed or have not been accepted for various reasons
which principally include the disadvantage of interfer-
ence with other radio services and the refusal of goven-
ment authorities to allocate frequency channels in suf-
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ficient number or band width to permit radio transmis-
sion of seismic signals. Also, the power requirements
for such signals can vary from | to 5 watts per channel
and such systems are not practical from the standpoint
of simplicity of the field equipment requirement.

SUMMARY OF THE INVENTION

This invention contemplates the use of wireless data
gathering units (herein sometimes referred to as *‘geo-
links") at remote spaced-apart seismic detecting loca-
tions. The geo-links perform the functions of (1) relay-
ing radio data transmissions from one geo-link to an-
other geo-link and (2) generating at selected time in-
tervals a radio data signal which is representative of
seismic signals detected at the particular location in
question to be relayed from unit-to-unit. Furthermore,
the geo-link units preferably are directional with re-
spect to transmission and reception between adjacent
units. A particular group of geo-link units (for example,
from one to 100 units) are selected from a remote con-
trol station via a radio command signal. All remaining
geo-links between the active group of geo-links and the
recording station not in the selected group simply relay
data. Upon the generation of a seismic impulse by any
of the available and well-known techniques, each geo-
link unit in the selected group has electrical analog seis-
mic signals input to it as in a conventional operation
and produces a digital data radio signal representative
thereof. Each geo-link unit within the selected group
injects its radio data signals into the relay system in ac-
cordance with a sequence that preferably begins with
the most remote unit and ends with the unit closest to
the recording station. This sequence forms a scan of the
selected units and repeats at a repetition rate of be-
tween 100 and 5000 scans per second.

In a preferred aspect of the invention, the analog seis-
mic signals are converted to binary coded signals which
in turn are converted into quaternary coded form com-
prising four distinctive signals and an additional signal
when two successive ones of the four distinctive signals
are of the same value. These signals control the fre-
quency of the radio transmitter so that each of the five
signals shifts the transmitter to a frequency different
from the frequencies produced by the other four sig-
nals.

According to another aspect of the invention, electri-
cal analog signals representative of seismic data at the
detecting location are repetitively sampled, and each
sample is converted to binary coded form comprising
pulses on a plurality of channels, which pulses are ap-
plied through a selector means to a radio transmitter
for controlling the frequency thereof. The geo-link unit
at the given detecting location responds to and is syn-
chronized by a timing signal transmitted to it from an-
other location so that the radio transmitter is actuated
by the pulses only during particular time intervals that
are uniformly spaced apart in time. A radio receiver in
the geo-link unit detects coded transmissions from an
adjacent location, converts the received signals into a
time series of coded pulses, and applies the pulses
through the selector unit to the radio transmitter for
controlling the frequency thereof. The selector unit
functions to apply the coded pulses representative of
the sampled data to the radio transmitter during each
said particular interval, and to apply to the transmitter
pulses representative of signals received from the adja-
cent location during times between such intervals.
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According to still another aspect of the invention a
radio signal which is shifted among a plurality of fre-
quencies and is representative of coded seismic data is
detected and converted to a series of electrical time
pulses representative of the data. Each time pulse cor-
responding to a frequency shift of the received radio
data transmission is delayed by an interval at least
equal to its time duration. The delayed pulses actuate
a radio transmitter such that each pulse produces a fre-
quency shift representative of the frequency shift previ-
ously received and delayed by the unit.

Viewed in another manner the invention relates to
seismic surveying wherein seismic energy is generated
for producing seismic impulses at a plurality of receiv-
mg locations along the traverse and electrical signals
are generated at each of the receiving locations as a
function of the scismic impulses. The electrical signals
are sampled and distinctively coded so that signals rep-
resentative of the values of the sampled signals are gen-
erated. Discrete radio transmissions indicative of said
coded signals are originated in a sequence from a se-
lected number of said plurality of locations. Each dis-
crete transmission is received and retransmitted at each
successive location in the selected number of locations.
The steps of sampling the electrical signals and origi-
nating the radio transmissions are repeated a plurality
of times so that during each sequence of such steps a
signal indicative of a different time sample is transmit-
ted.

Other objects and features of the present invention
which are not apparent from the foregoing discussion
will become evident upon consideration of the follow-
ing detailed description of the invention when taken in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is an illustration in simplified block form of a
seismic layout employing the present invention over a
traverse of the earth’s surface;

FIG. 2 is a block diagram of a component unit (geo-
link) of the present invention which is at each seismic
detecting location;

FIG. 3 is a functional illustration for understanding
the operation of a group of geo-link units;

FIG. 4 is a timing diagram for use in understanding
the explanation relative to FIG. 3;

FIG. 5 is a block diagram of the control and record-
ing station components for the present invention;

FIG. 6 is a block diagram in further detail of the com-
ponent unit (geo-link) disclosed in FIG. 2;

FIG. 7 is a block diagram in further detail of the con-
trol receiver disclosed in FIG. 6,

FIG. 8 is a block diagram in further detail of the cen-
tral controller disclosed in FIG. 6;

FIG. 9 is a timing diagram for use in understanding
the explanation relative to FIG. 8;

FIG. 10 is a block diagram of the encoder disclosed
in FIG. 6;

FiG. 11 is a timing diagram useful in understanding
the explanation relative to FIG. 10;

F1GS. 12 and 13 are block diagrams in further detail
of the data recciving and transmitting means respec-
tively disclosed in FIG. 6;

FIG. 14 ia a schematic illustration in further detail of
the encoder described with respect to FI1G. 10;

FIG. 15 is a waveform diagram for a better under-
standing of the cycle compensation circuit of FIG. 16;
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FIG. 16 is a schematic illustration of an embodiment
of the cycle compensation circuit disclosed in FIG. 13;

FIG. 17 is a perspective view of a physical configura-
tion for the component unit (geo-link) of FIG. 2;

FIG. 18 is a schematic illustration of an embodiment
of the digital-to-analog voltage shifter disclosed in FIG.
13;

FI1G. 19 is a schematic illustration of an embodiment
of the delaying and resynchronization circuit disclosed
in FIG. 12;

FI1G. 20 is a schematic illustration of an embodiment
of the decoder to reduce the transmitted radio data sig-
nals encoded by the circuit of FIG. 10, and

FIG. 21 is a block diagram of the code generator and
code input selector disclosed in FIG. 5.

DETAILED DESCRIPTION OF AN EMBODIMENT
OF THE INVENTION

In the present invention, at each seismic detecting lo-
cation there is a self-contained transmitter, receiver,
and data processor, or geo-link unit. Seismic data input
to a remote geo-link unit is sampled, digitized, and
transmitted to an adjacent geo-link unit where it is re-
ceived and retransmitted to the next adjacent unit and

? so forth. Thus, seismic data from a given remote unit

is relayed from unit to unit by radio transmission. Each
unit has the capability (1) to sample and process seis-
mic signals produced at that location, (2) to encode
these signals, and (3) to introduce the encoded data
signals into the radio transmission relay system. As
shown in FIG. 1, a recording station and a master con-
trol station which provides a command and timing con-
trol radio signal are located in a movable truck 10. If
desired the master control station apparatus may be at
a different location from the recording station. The
truck 10 is illustrated as Jocated to the left of the n-th
detecting location but can be located to the left or right
of the active group of geo-link units. The truck 10 has
an antenna T for transmitting the command and timing
radio signals to all geo-links and is preferably in the
100—200 megahertz band. Also at the truck is an an-
tenna R for receiving the relayed radio signals from the
geo-link units and is preferably in the 500-~1000 mega-
hertz band.

A typical geo-link unit A#n is illustrated in FIG. | at
a detecting location to the left of the seismic energy
generating location or shot hole S1. All of the geo-link
units are constructed identical in principle to the unit
An so that a description and explanation of this unit will
suffice for all of the other units. Each geo-link unit, as
illustrated by unit Ar, has a data transmitter antenna ¢,
a data receiver antenna r and a command and timing
receiving antenna c. At each of the detecting locations
2101-2182 there is a corresponding geo-link unit iden-
tified by the designations Al, A2, A3 ... A82. Each
geophone unit is shown connected to a seismic detector
or geophone designated by the reference characters
G1,G2, ... Gn. Manifestly a plurality of geophones can
be used at each detecting location and connected in sc-
ries, parallel or series-parallel in a manner well known
to the art.

The typical geo-link unit An is illustrated in block di-
agram form in FIG. 2. The unit has a receiving antenna
r coupled to a receiver and delay circuit 11 which in-
puts received data signals to a selector input terminal
means 12. The selector means 13 is schematically illus-
trated for explanation purposes as a two-position
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switch. In the position shown, the output terminal
means of selector 13 conveys the data signals, as re-
ceived and delayed by circuit 11, to a transmitter cir-
cuit 14 which outputs the data signals to the transmitter
antenna ¢. In the selector position illustrated, the unit
relays data signals. In the other position of selector 13,
seismic data from processor 17 is conveyed to transmit-
ter 14. The position of selector 13 is controlled by con-
troller circuit 16. A control receiver 15 which is cou-
pled to the antenna ¢ introduces command and timing
signals to controller 16 in order to establish the period
of actuation of selector 13 and to provide timing and
control signals via lines 16a for controlling the opera-
tion of processor 17.

Initially, the controller circuit 16 is preset by a man-
ual code input switch 19 which permits each unit to be
electronically distinguished from the other geo-links.
The controller circuit 16 selects and sequences the
group of geo-links which have code numbers input by
code switches 19 lying in a desired range. This range is
determined in accordance with the command signal re-
ceived by control receiver 15. In accordance with the
timing signal the controller circuit 16 operates the se-
lection means 13, thereby processor circuitry 17 via se-
lection input 18 to the transmitter circuit 14. At the
same time the receiver 11 is disconnected from the
transmitter 14 by the selector means 13. Under the
control of signals on lines 16a, the processor 17 re-
ceives an analog seismic signal from the geophone
means Gn, samples the seismic signal and encodes the
sampled analog signal into a digitally coded signal for
transmission purposes. It thus can be appreciated that
each unit acts as a radio transmission relay and, at se-
lected times, interjects its collected data signal into the
radio relay system.

The fundamentals for operation of the system of this
invention can best be understood by reference to FIG.
3. In FIG. 3, there are shown spaced-apart geo-link
units A2, A3, Ad ... A52, A53, and A54 which are
functionally illustrated. The units respectively continu-
ously receive analog electrical input geophone data sig-
nals. From the control station (not shown), a timing
signal T1 and a command signal C1 are issued to each
of the geo-link units. Each of the geo-link units is preset
by a manual code switch 19 (see FIG. 2) so that the
command signal C1 selects the proper group of geo-
link units, while timing signal T1 sequences the se-
lected units to sample in a repetitive manner. As men-
tioned heretofore and as will be apparent from the dis-
cussion to follow, selection and sequencing of from one
to 100 geo-link units as a group is a practical variant.
For the purpose of clarity of description, a system
based on 50 units as a group will be disclosed.

Refer to FIGS. 3 and 4 together. The geophone data
signal 12 supplied by processor 17 (see FIG. 2) is cou-
pled to a transmitter 14 during the period P1. This
transmitted data signal is then relayed from unit to unit
as a coded data radio transmission D2 and is finally re-
ceived and recorded at truck 10. The relaying action
occurs because all of the other selector means are in
the relay position thereof during the period P1. During
the time period P2 the geophone data signal I3 in the
form of coded radio transmission from unit A3 to unit
A4 and thereafter relayed from unit to unit until the
data signal reaches truck 10. During the time period
P2, the selector means in unit A2 returns to its normal
relay condition. The sequence of timing for transmis-

10

20

25

30

35

40

45

50

55

60

65

6

sion of data signals continues until the 50th time period
P50, when the radio data transmission D51 is transmit-
ted from unit A51. After the time period P50, the tim-
ing cycle repeats. The units A52, A53, and A54 which
are not in the selected group of 50 units are unaffected
by the timing sequence and serve only to relay data
radio transmissions between unit AS1 and truck 10.

To select another group of 50 units, another and dif-
ferent command signal C1 is transmitted from the con-
trol station to each of the geo-link units. The new com-
mand signal C1 together with timing signal T1 will ap-
propriately change the period during which selector
means 13 is actuated in each unit of the selected group.
The command signal shifts the responsive group of S0
units so that the group now comprises units A3 through
AS52. Furthermore, A3 is now the first unit and A52 is
now the last unit to respond in the sequence of 50 time
periods P1-P50. Further detail on the apparatus for se-
lecting and sequencing the responsive group of 50 units
will be provided hereinafter with reference to FIG. 8.

Referring now to FIG. §, a control station comprised
of command transmitter 20 and master timing and con-
trol unit 21 is iflustrated. Also illustrated is the record-
ing station comprised of data receiver 23, decoder 24
and recorder 25. For explanatory purposes it is as-
sumed that the control station and recording station are
both at the location of truck 10. However, as men-
tioned above they may be at separate locations.

Date relayed from the active group of geo-link units
is supplied to receiver 23 via antenna R. This receiver
performs a receiving function similar to that which will
be described hereinafter with respect to an individual
geo-link unit. The output signals of receiver 23 appears
on five lines, as illustrated, and is decoded by decoder
circuit 24 (described hereinafter with reference to FIG.
20) and supplied to data recorder 25. With respect to
recording, there are, of course, entirely feasible alter-
natives such as furnishing the data to a computer or dis-
play device in a well-known manner.

One function of the master timing and control unit 21
is to initiate a seismic disturbance by radio transmission
from a shot break radio transmitter (not shown). The
time of occurrence of such a disturbance can be pro-
vided by a shot break indicator (not shown) which can
be coupled to the recorder 25.

Another function of the master timing and control
unit 21 is to transmit timing signals T1 and command
signals C1 to all of the geo-link units, as shown in FIG.
3. The timing and command signals either frequency,
phase, or amplitude modulate a radio frequency trans-
mitter 20 operating at a carrier frequency of typically
158 MHz. The frequency of 158 MHz is cited for iilus-
tration purposes only as it lies in the frequency band of
100 to 200 MHz mentioned above. The timing signal
T1 is generated by the {000 Hz signal source 28 and
supplied to transmitter 20 on line 28a for modulation
thereof. The timing signal T1 may also be supplied to
the recorder 25 on line 254 for the purpose of synchro-
nization. The code generator 29 produces the com-
mand signal C1 which is composed of a 1050 Hz pilot
signal supplied to code generator 29 on line 264 by sig-
nal generator 26 and a 750 Hz update signal supplied
to code generator 29 on line 274. The 750 Hz signal
supplied by signal generator 27 is keyed on and off in
accordance with a stream of serial binary coded deci-
mal pulses representative of an update number sup-
plied by code input selector 294. As mentioned above
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the command signal C1 is used to select and sequence
an active group of geo-link units. It will be appreciated
that the phase relationship and thereby frequency sta-
bility and accuracy of the signal generators 26-28 will
have a common basis when all are derived from a com-
mon signal source {not shown). Suitable apparatus for
use ir * .asmitter 20 simultaneously modulating trans-
mitter 20 by three low frequency signals is well known
to the art and will not be described herein.

The details of code generator 29 and code input se-
lector 29a will hereinafter be described with reference
to FIG. 21. The effective use of the command signal C1
by the geo-link units will hereinafter be described with
reference to FIG. 7.

The electrical arrangements for the geo-link unit 4An
of FIG. 2 are illustrated in block diagram form in FIG.
6 where similar components are identified by similar
reference numerals. The details of the processing unit
17 are set forth in FIG. 6 and are hereinafter described
with reference to that FIGURE. The details and ensu-
ing description of the other functional units of FIG. 6
are hereinafter set forth with regard to the FIGURES
as follows: the control receiver with reference to FIG.
7, the central controller 16 and the manual code input
switch 19 with reference to FIG. 8, the data receiver 11
with reference to FIG. 12, and the selector means 13
and data transmitter 14 with reference to FIG. 13.

Referring now to FIG. 6 the processing unit 17 com-
prises a binary gain amplifier 17« for receiving signals
from a geophone Gn and transmitting them, after suit-
able amplification, to a sample-and-hold circuit 175.
The binary gain amplifier 174 may be any of several
types known to the art which, in addition to the ampli-
fied output signal, also produce signals indicative of the
gain of the amplifier. The signals from the sample-and-
hold circuit 175 are applied to an analog-to-digital con-
verter 17¢ where they arc converted to binary digital
form for application to shift register 17d4. Simulta-
neously with the storing of a binary number signal from
the A/D converter 17¢ in the shift register 174, a binary
indication of the concomitant gain of amplifier 17¢ is
also stored in the shift register via line or lines 69. The
output from the shift register is applied to an encoder
17¢ on lines 72 and 73. The encoder 17¢ produces out-
put signals on lines 1234-127d as will be described
hereinafter with respect to FIGS. 10 and 11. As will be
further described hereinafter the sequence of operation
of the various components of processor 17 is controlled
by central controller 16 by signal lines 67¢, 674, 67b
(respectively connected to binary gain amplifier 17a,
sample-and-hold circuit 176 and A/D converter 17¢)
lines 63a, 64a, 66a and 674 (connected to shift register
17d) and line 174 (connected to encoder 17¢). Central
controller 16 also controls operation of selector means
13 through line 70b. The central controller receives
control signals from code switch 19 on lines 63a, 644,
and 66a and from control receiver 15 on lines 354, 364,
and 394. The signals from the encoder 17¢ are applied
to the selector means hereinafter described with re-
spect to FIG. 13. '

Referring now to FIG. 7, the control receiver 15 re-
ceives the 158 MHz timing and control signals which
are transmitted from the control station located at
truck 10. The 158 MHz signal is a carrier which is mod-
ulated simultaneously by the 1000 Hz timing signal T1
and the command signal C1 by the apparatus illustrated
in FIG. 5. As stated previously, the command signal C1
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is composed of the 1050 Hz signal and the on-off keyed
750 Hz signal. A crystal control receiver 30 receives
and demodulates the command and timing signals. The
demodulated signals are simultaneously supplied to
narrow band audio filters 31-33 which respectively
pass the 1000 Hz, 1050 Hz, and 750 Hz variable phase
shifter 34 and then to Schmidt trigger squaring ampli-
fier 35 which produces (via an output lead 354) a
square pulse output (hereinafter identified or referred
to as “SB") at a frequency of 1000 Hz. The variable
phase shifter 34 is used for calibration purposes so that
output signal ““SB™ of all units can be adjusted to a
common in-phase timing base prior to use in the field.
Aside from being used for timing purposes the 1000 Hz
“SB” signal may also be used to actuate circuits (not
shown) via lead 355 for applying power to the electrical
components in the remaining portion of each geo-link
unit. It will be appreciated that the geo-link units ex-
cept for the command receiver portions thereof are
powered-off in the absence of timing signal T1, to con-
serve the input battery power.

The 1050 Hz pilot signal and the keyed on-off 750 Hz
signal passed by filters 32 and 33 respectively are pro-
vided in order to enter a new command signal to the
geo-link unit for the purpose of selecting and synchro-
nizing a group of such units. The 1050 Hz pilot signal
is supplied to Schmidt trigger squaring amplifier 36
from narrow band filter 32. The 1050 Hz output of
squaring amplifier 36 and the 1000 cycle “‘SB” signal
are supplied to the “D” and “C” inputs respectively of
digital mixer 37 (a D-type flip-flop). The output of digi-
tal mixer 37 is a 50 Hz square pulse hereinafter referred
to as the “SC” signal appearing on line 36a. The keyed
on-off 750 Hz signal from narrow band filter 33 is sup-
plied to peak detector 38. Peak detector 38 has an elec-
trical output signal representative of the amplitude en-
velope of the on-off keyed 750 Hz signal. The output
of peak detector 38 is supplied to Schmidt trigger
squaring amplifier 39. The output of squaring amplifier
39 comprises electrical pulses representative of a serial
stream of binary coded digits (a *“1” digit is representa-
tive of the keyed-on 750 Hz signal and a "0 digit is
representative of the absence of or keyed-off 750 Hz
signal) and will be hereinafter referred to as “SD" or
update signal which appears on lead 39a.

In effect, control receiver 18 receives and demodu-
lates the timing and command signals transmitted from
the control station illustrated in FIG. §. The outputs of
control receiver 15 (FIG. 7) are representative of (1)
the timing signal “SB” which will be used to synchro-
nize all of the geo-link units in the activated group, (2)
the “SC™ clocking signal together with the *“SD” up-
date number signal which are supplied to controller 16
and will be used to select and sequence the proper
group of geo-link units.

Referring now to FIG. 8, there is illustrated in block
diagram form the central controller 16 disclosed in
FIG. 6. One function of the central controller is to pro-
cess the “*SB' update number together with the loca-
tion number input by manual code switch 19 in order
to determine (1) if the unit in question is within the
group of 50 geo-links selected for data acquisition and,
thereby, whether the unit performs both the relay and
data gathering functions or simply the relaying function
and (2) if the unit is in the selected group of 50 geo-
links, to determine the period Pn during which it injects
its acquired data dignals into the relay system. Another
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function of the central controller is to supervise the op-
eration of the processor 17 which generates encoded
digital data signals to be transmitted into the relay sys-
tem from the sampled seismic signals generated at the
detecting location in question. The time occurrence of
the various processor functions to be hereinafter de-
scribed and the period of actuation of the selector
means 13 are coordinated by and synchronized to the
“*SB” timing signal.

Timing signal “SB”” which is at a frequency of 1000
Hz is the reference signal for a phase locked loop con-
sisting of phase comparator 41, voltage controlled os-
cillator 42, and divider circuits 43, 44, 45, and 46. The
timing signal “SB” is applied via lead 35« to phase
compaator circuit 41 the output of which is applied to
a voltage controlled oscillator 42 hereinafter referred
to as VCO. The VCO 42 has an output frequency of 4
MHz which is supplied to a first divider circuit 43
which divides the input by a factor of 4 thereby produc-
ing a | MHz signal, and supplies this signal to a second
divider circuit 44 which divides the signal by a factor
of 20 thereby producing a 50 kHz signal. The output
from the second divider circuit 44 is applied to a third
divider circuit 45 which divides the signal by a factor
of 10, thereby producing a 5 kHz signal. The output sig-
nal from divider 45 is supplied to a fourth divider cir-
cuit 46 which divides the signal by a factor of 5, thereby
producing a 1000 Hz signal. Divider circuit 46 then ap-
plies the 1000 Hz signal to the phase comparator 41.
Thus, the phase comparator output is used to synchro-
nize the 4 MHz VCO output to the 1000 Hz input tim-
ing signal “SB” in a phase locked loop by use of a phase
comparator, VCO, and divider chain in a manner well
known to the art.

The third divider circuit 45 is arranged to produce a
sequence of 10 pulses which are repetitive appearing
on lines “CO”-C9 as illustrated in FIG. 9. The
fourth divider circuit 46 is arranged to produce a se-
quence of puises which are repetitive appearing on
connections “COO"—C40" also illustrated in FIG. 9.
As will be appreciated from FIG. 9, the 15 pulse signals
on lines “CO"™-"C9” and *“COO”-"*C40" when taken
together provide 50 sequential and distinct pulses cor-
responding to the 50 sequential time periods P1-P50
which are also repetitive in sequence. For the example
given, each of the 50 time periods occurs for 20 micro-
seconds and a scan of 50 signals takes but | millisec-
ond.

It will be recalled with respect to the discussion rela-
tive to FIG. 2 and the unit An that there is a coding cir-
cuit 16 which provides a distinctive coding for each
unit. To accomplish this, each unit is provided with
three binary coded decimal (BCD) generating switches
50-52 (comprising code switch 19) which are manually
controllable. For the particular embodiment illus-
trated, the switch converts a decimal 0-9 number to a
correspondingly related four bit binary coded number.
The purpose of the manual switches on each unit is to
enable each unit to be distinguishable in timed se-
quence from the other with respect to a common input
command control signal C1 from the control station.

As illustrated in FIG. 8, there is a selector switch 50
for the 100’s units, a selector switch 51 for the 10’s
units and a selector switch 52 for decimal digits be-
tween 0 and 9. The switches 50-52 are arranged to be
set by decimal digits but reflect or output correspond-
ingly binary coded number in the electrical circuitry.
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As an example of coding purposes, a geo-link unit such
as A2 of FIG. 1 could have its switch 51 set at decimal
“1,” its switch 52 set at decimal *0’" and its switch 53
set at decimal “2,” thus inputing the decimal number
102" to the unit A2. An adjacent unit A3 toward the
recording truck 10 would be programmed by one
higher digit (switch 53 set at decimal “3"") to input the
number **103” and the next adjacent unit A4 (switch
53 set at “4") would input the number 104’ and so
forth.

The switch 50 inputs to a binary coded decimal or
BCD complementing selector 53. For purposes of the
present example, the selector 53 is inactive and inputs
the uncomplemented BCD number from switch 50 to
a BCD digital adder 54. The switch §1 similarly inputs
its BCD number to a complementing selector 55 which
supplies the uncomplemented BCD number from
switch 51 to the digital adder 56. The switch 52 inputs
its BCD number to the complement selector §7 which
inputs the uncomplemented BCD number from switch
52 to the BCD digital adder 58. Adders 54, 56, and 58
thus each have one preset BCD numerical addend as
determined by the numerical settings of switches
50-52. Adder 58 has its last stage connected to the
adder 56 and adder 56 has its last stage connected to
the adder 54. Thus if the input to the adder 58 cumu-
lated more than a numerical value of 9, a carry-over
signal is applied via line 584 to increment the value in
adder 56. The adder 56 similarly provides a carry-over
input via line 564 to the adder 54.

Three digital shift registers comprised of register
stages 59-61 convert serial BCD input pulses to a par-
allel output signal representative of a coded up-date
number “SD.” The ““SC” signal clocks or shifts the
“SD" signal (FIG. 7) which is input as a serial BCD
number into the registers 59-61 of all geo-link units.
The ““SD” signal is then output as a parallel BCD num-
ber which is applied to the adders 54, 56 and 58.

In this process, each cycle of the 50 Hz signal “SC”
represents a bit period, and the presence or absence of
a 750 Hz signal during a bit period produces the signal
“SD”” which indicates a *“0” or ** I ”* digit. The 50 Hz sig-
nal “*SC” supplied via line 36a is applied to each of the
shift inputs “C” of registers 59-61 while the serial BCD
signal **‘SD” is supplied via the data line 394 to the “D”
input of the register 59. Register 59 is coupled to the
“D” input of register 60 and register 60 is connected
to the “D” input of register 61. As illustrated, the 100’s
shift register 59 is coupled to the adder 54, and 10’s
shift register 60 is coupled to the adder 56 and the shift
register 61 is coupled to the adder 58. The adder cir-
cuits 56 and 58 are respectively coupled to BCD de-
coder circuits 63 and 64, while the adder circuit 54 is
coupled to a zero detector circuit 66. In the example
where the units A2-AS2 are sequentially programmed
with decimal numbers 102-152, respectively, a non-
complement number is selected as outputs from selec-
tors 53, 55 and 57. To select and sequence the units
A2-AS2 to respond as a group of 50 units, the code
generator 29 (FIG. §) in the truck 10 is set to send out
a combined 1050 and 750 Hz signal in serial binary
coded decimal format on 158 MHz transmission where
the BCD format signal is equal to an update number
“899." The number ‘899" when input to the shift reg-
isters 59-61 of the unit A2 will produce a parallel BCD
output signal representative of the number “899" with
the BCD coding for the last 9™ being supplied to the
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adder 58, the binary coding for the middle 9" being
supplied to the adder 56 and the binary coding ‘8"
being supplied to the adder 54. At the same time the
switches 50-52 respectively supply to the adders 54,
56, and 58 a noncomplemented BCD coding for the
number “102.” In the adders 54, 56, and 58, the sum
of 899" and “ 102" would be “1001." Since the three
adders select only units, tens, and hundreds positions,
the leading “1" is ignored. The 001" value in the ad-
ders 54, 56, and 58 is respectively input to the zero de-
tector circuit 66 and BCD decoders 63 and 64. The
purpose and function of the BCD decoders 63 and 64
is to provide a selector signal to the comparator 40 via
lead groups 63b and 64b. This selector signal in unit A2
selects the first in the sequence of repetitive timing sig-
nals corresponding to time period P1 of the sequence
of reference input signals.

The adjacent unit A3 has input from selectors 53-57
the number “103" to the adders 54, 56, 58 and the ad-
dition of the update number 899" gives the sum of
“1002.” The resultant input to the comparator 40 se-
lects the second in the sequence of timing signals which
corresponds to the second timing period P2 of the se-
quence of reference input signals to the comparator. It
will therefore be seen that the transmission of the num-
ber **899" selects units A2 through AS1 for operation.
The number *898" would select units A3 through A52
for operation.

Before proceeding with the description it may be ex-
plained that in the foregoing case the numbers pres-
ented into the units increase in the direction toward the
truck. Should the truck be to the opposite side of the
units, i.e. unit A2 to closest to the truck, then the com-
plement selectors 53, 55, and 57 of the units 16 are re-
spectively activated. Thus, unit A52 with an input num-
ber of “152" from switches 50-52 would be comple-
mented by selectors 53, 55, and 57 to a value of **948.”
and unit A51 would have a complemented number of
“949,” and so forth in a direction toward the truck. By
the transmitted command signal of 103" hen the se-
lection of timing signals will sequentially operate the
units from the farthest unit A52 towards the nearest
unit A2,

The respective outputs of dividers 45 and 56 are also
individually supplied to a timing generator 67. In the
generator 67 the pulse input signals are combined to
provide control output signals as follows: (1) a repeti-
tive sample-and-hold output pulse “SAM™ via a con-
ductor 67a (see FIG. 9), (2) a repetitive convert pulse
“SCO" for A/D converter 17¢ via a conductor 67, (3)
an enable pulse “SEN" for binary gain amplifier 174
via a conductor 67¢ and (4) and a load pulse “SLO" for
shift register 174 via a conductor 674. The sequence of
thesc pulses is in the order described and as illustrated
in FIG. 9. During each scan interval these pulses oper-
ate the timing of the components in processor circuit
17 (see FIG. 6).

Referring back to FIG. 6, at the time of the “SEN"
pulse, the binary gain amplifier 17a is enabled. At the
time of the sample pulse ““SAM,” the sample-and-hold
circuit 176 samples the potential of the binary gain am-
plifier and holds the value. The next occurring convert
pulse “SCO’" actuates the A/D converter 17¢ to con-
vert the analog signal into a 16-bit binary word includ-
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ing a sign. Register 174 is a 32-bit parallel input-serial
output shift register and, in addition to the output of
the A/D converter 17¢ on leads 69a, also receives the
station coding number from switches 50-51 {via con-
ductors 63a, 64a, 664) and the gain setting of the bi-
nary operated gain amplifier 174 via a connection 69.
Upon the occurrence of the load signal “*SLO,” all of
the foregoing data is loaded into the register 17d. The
occurrence of the shift signal “SCL™ operates the regis-
ter 17d to serially transfer the data to the encoder 17e.
The shift signal ““SCL" is produced as an output on lead
70a (FIG. 8) by an AND circuit 70 which responds to
the output of a signal input from divider 43 and a signal
from an AND circuit 65. Upon the occurrence of the
shift signal “SCL,” the first 16 digits from the register
17d are supplied via an output lead 72 to the encoder
17¢ and the second 16 digits from the register 174 are
simultaneously supplied via an output lead 73 to the en-
coder 17¢. The AND circuit 65 is input from the com-
parator 40 and from the zero detector circuit 66 so that
coincident signals are required for operation of the
shift clock. This effectively prevents selecting groups of
50 units other than those desired. The output of AND
circuit 65 also operates selector means 13 of FIG. 6 via
lead 705.

Before proceeding with our explanation of the en-
coder 17¢ (an embodiment of which is shown in FIG.
10 and in more detail in FIG. 14) it should be noted
that the present invention utilizes what may be termed
an extended quaternary coding system. This is desit-
able in order to reduce the time required for transmis-
sion of data. The coding is accomplished by parallel
combining of outputs to form a distinct coding mode.
In the present system the 32 binary bits (a “0” or **1”
digital value) are serially arranged to contain the neces-
sary information from one geo-link An. The first 16 bits
are combined with the last 16 bits for transmission.
When the combinations available are considered two
bits at a time, there can be a 0-0, 0-1, 1-0, or 1-1 com-
bination. By use of a quaternary encoding principle,
four distinct signals can be used to represent the four
possible combinations. Because two or more sequential
signals can be alike, a fifth distinct signal is employed
to distinguish between the occurrence of any two like
pair signal combinations.

Referring now to FIG. 10, an overview of the encoder
17¢ is illustrated. The first 16 bits of a 32-bit sequence
“En" from shift register 17d are input on lead 72 to an
encoder 74 while the last 16 bits of a 32-bit sequence
“Cn” are input on lead 73. In response to the parallel
input of the n-th pair of 16 binary digits, the encoder
74 produces an output Br on four lines to comparator
74 having a value of 0, |, 2, or 3 dependent upon the
parallel digit combinations. The Bn output value pro-
vides an output signal Bout(n) which is equal to Bn if
the preceding digit signal Bout(rn—1) was not the same.
[The signal Bout(n—1) is derived from the output of
comparator 75 after having been delayed one clock in-
terval in shift register 76.] If the preceding digit signal
Bout(n—1) is the same as the digit signal for Bn, an out-
put signal of 4 is produced or in the event of a signal
of 4 for the digit signal Bout(n—1}), the output is equal
to the signal of the Bn. An example of a typical input-
foutput sequence is as follows:

65
TABLE I
Bit Puir No. f 2 3 4 5 6 7 & Y It i 12
Binary Puir Input EnjCn 0/0 1O /1 i 11 11 11 00 O/t 0/t 141 1
2 3 4 3 4 0 2 k] 3 !

Broutin ) 1
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As set forth in Table [ above and in FIG. 11, the first
bit pair En/Cn input “0/0” has a “0” output. Each
input bit pair is different through bit pair number 4 and
the B(out)n output are correspondingly different. At
bit pair number 5, the pair input *“1/1” repeats the pre-
ceding bit pair and thus a 4" output number is pro-
duced. At bit pair number 6, the pair inputs “1/["”
again and a ““3”’ output number is produced. At bit pair
number 7, the pair input ““1/1” again repeats and a “4”
output number is produced. The principle is that no
two successive pair inputs can produce successive like
outputs. Each output is distinct from the preceding out-
put and the occurrence of a *“4”’ value indicates that the
pair input represented by the number “4” is the same
as the pair input of the preceding bit pair..

From the preceding explanation it will be appreci-
ated that binary coded data is converted to first a qua-
ternary coding, then to an extended or modified qua-
ternary coding which can be transmitted on one of five
distinct channels or frequencies.

Referring now to FIG. 14, there is a schematic illus-
tration of one embodiment of the encoder 17¢. In FIG.
14, there are illustrated two two-stage shift registers
150 and 151 which respectively are coupled to the shift
register 174 to receive the parallel input data signals via
leads 72 and 73. The clocking signal “SCL"” is provided
via a conductor 70a to the shift registers 150 and 151
and to the edge-triggered D flip-flop 155.

The D input of the register 150 is connected to the
lead 72. The Q1 and Q2 outputs of the register 150 are
connected to the inputs of an exclusive OR circuit 152.
The Q1 output of the register 150 is also connected to
the “A” input of a two-line binary input to one-of-four-
line output decoder 154. The D input of the register
151 is connected to the lead 73. The Q1 and Q2 out-
puts of the register 151 are connected to the inputs of
an exclusive OR gate 153. The Q1 output of the flip-
flop 151 is also connected to the “B” input of the de-
coder 154. For inputs of logic “0/0”, “0/1” “1/0”, and
“1/1" to shift register 15¢ and 151 where one logic
number of a pair is applied to one register and the other
number of that pair is applied to the other register, the
decoder 154 will produce four distinct outputs on leads
123d, 1244, 1254, and 1264.

To provide the fifth output control signal whenever
there are two successively alike logic pair signals, an
edge-triggered D flip-flop 155 has its D input coupled
to the output of a NOR gate 156 whose inputs are con-
nected to exclusive OR gates 152 and 153. The flip-flop
155 is clocked by the signal from lead 70q in synchro-
nism with the registers 150 and 151. The Q output of
the flip flop 155 provides the fifth distinct output on a
lead 127d whenever (1) the Q1 output and Q2 output
of register 150 are equal, and (2) when the Q1 output
and Q2 output of register 151 are equal, and (3) when-
ever this condition was not obtained during the previ-
ous clock time as determined by the logic state 0 of flip-
flop 155. This Q output of flip-flop 155 is thus applied
to inhibit the decoder 154 and is applied to an input of
the OR gate 156. The OR gate 156 also is input by the
exclusive OR gates 152 and 153.

In FIGS. 12 and 13, an embodiment of receiver
means 11, selector means 13, and transmitter means 14
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are illustrated.

With reference first to FIG. 12, the input signal to the
antenna r are the transmitted signals which will be as-
sumed to be in the frequency range of 798-818 MHz.
The receiver includes a crystal oscillator 88 and a fre-
quency multiplier 89 to input a 740 MHz local oscilla-
tor signal to a tuned r.f. balanced mixer 90. The mixer
outputs the signal within a 58-78 MHz range through
an LF. amplifier 91 with automatic gain contro! to the
inputs of five filters 92-96 which respectively have
band passes of 58-62 MHz, 62-66 MHz, 66-70 MHz,
70-74 MHz, and 74-78 MHz. As explained heretofore,
the encoder 17e produces five distinct control signals
which are representative of extended quaternary en-
coded numbers. Each of the five signals will be passed
by one of the respective filters 92-96 when received by
receiver 11. Electrical signal envelope detectors
97-101 are respectively associated with the filters
92-96 and, upon the passing of a signal through a filter,
will produce an envelope signal in the form of a pulse
which is representative of the amplitude and time dura-
tion of the signal. Each of the peak detectors 97-101
is respectively coupled to electronic gates which are
schematically illustrated as switches 102-106. Each of
the gates 102-106 may, for example, be a COS/MOS
bilateral switch which is commercially available for
transmission or multiplexing of analog or digital signals.
As will hereafter be more fully explained, the gates
102-106 are operational to permit inhibiting the re-
ceiver channel upon which the geo-link is retransmit-
ting the previously received and delayed data signal,
thereby preventing any interference. Each of the gate
outputs of 102-106 is respectively connected to squar-
ing amplifiers 107-111 which square up the envelope
signal to produce a rectangular wave signal having the
same time duration as the envelope signal. The output
from each gate 107-111 is also applied to a summing
amplifier 112 which, in turn, provides an automatic
gain control input signal to the amplifier 91. Each of
the squaring amplifiers 107-111 is respectively coupled
to a delaying and resynchronization circuit 113 (illus-
trated in greater detail in FIG. 17) which delays an
input pulse from each squaring amplifier by 1.0 micro-
second, reconstitutes the pulse width to 1.0 microsec-
ond and resynchronizes the five channel signals so that
no two signals overlap in time. The delay and resyn-
chronization circuit 113 will generate, on the output
leads 118a~ 1224, a pulse having a 1.0 microsecond
width in response to an input from a corresponding
squaring amplifier. The 1.0 microsecond delay avoids
interference since the transmitter and receiver are not
simultaneously operating on the same frequency due to
the modified quaternary coding employed. The pulses
generated by the delay and resynchronization circuit
113 are respectively connected to input connections
123a-127a of an electronic data selector which are
schematically illustrated as switches 123-127 (FIG.
14). The data selectors 123-127 may, for example, be
AND-OR select gates. The other input connections
1235-127b of the selectors 123-127 are respectively
coupled to input conductors 1234-1274 from the en-
coding circuit 17e (FIG. 6). The data selectors
123-127 respectively have output connections
123¢-127¢ which are coupled (1) to a control for gates
102-106 (FIG. 12) via lines 123¢-127¢ for receiver
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channel inhibiting purposes when the channel data is
being applied to the transmitter; (2) to an OR gate 130
for deactivating the transmitter 14 when no data is
available to be transmitted thereby; (3) to a digital-to-
analog voltage shifter 131 and (4) to a cycle compensa-
tion circuit 132.

Ac I--_ as data signals are being received, the OR
gate 130 serves to operate an electronic output gate
schematically illustrated as a switch 1324 to permit the
transmission of signals. Gate 1324 may, for example, be
a R.F. Pin switching diode. In the absence of data sig-
nals, the gate 132a is opened and the transmitter power
amplifier is disconnected from its driving stage (VCO
134) to conserve electrical power.

The ratio frequency transmitter comprises voltage
controlled oscillator 134 which drives power amplifier
135 through switch 1324, and Veractor frequency mul-
tiplier 136 which is coupled to receiver 1. Frequency
control for the oscillator 34 is provided by the circuit
including crystal oscillator 137, divide-by-64 counter
138, phase frequency comparator 139, active filter
139q, digital/analog voltage shifter 131, mixer 141,
crystal oscillator 140, and cycle compensator 132.
These components are well known to the art with the
exception of cycle compensator 132 and voltage shifter
131 which will be described hereinafter with respect to
FIGS. 16 and 18 respectively.

The D/A voltage shifter 131 produces a d.c. voltage
signal having a potential related to the particular one
of the five frequency signals sensed. This d.c. voltage
signal is applied to a voltage controlled oscillator 134.
The oscillator 134 generates frequency signals of 100
MHz, 100.5 MHz, 101 MHz, 10[.5 MHz and 102 MHz
corresponding to five discrete voltage levels of the D/A
voltage shifter 131 which are representative of the fre-
quency signals for the five-level coding. The output of
the oscillator 134 is passed via the gate 1324 to an R.F.
power amplifier 135 and thence to a *“Veractor” fre-
quency multiplier 136 which outputs the respective sig-
nals as 800 MHz, 804 MHz, 808 MHz, 812 MHz and
816 MHz. The multiplier 136 may, for example, be a
Veractor coaxial cavity multiplier as marketed by Mo-
torola.

To maintain frequency stability of the five discrete
frequency channels and prevent drifting because of
temperature, battery voltage, and other factors, a mod-
ified phase locked loop is employed. This loop includes
reference crystal oscillator 137 with a frequency of 8
MHz which is supplied to divider circuit 138 which di-
vides the frequency by a factor of 64 and applies a 125
kHz signal to phase-frequency comparator 139. An-
other crystal oscillator 140 operating at 95 MHz inputs
to mixer 141. Also applied to the mixer 141 is the out-
put signals of voltage controlled oscillator 134. The
output signals of the mixer 141 is supplied to the cycle
compensation circuit 132 which will have output fre-
quencies of 5.0 MHz, 5.5 MHz, 6.0 MHz, 6.5 MHz or
7.0 MHz, respectively, corresponding to the five coded
channels. The 5-7 MHz signals when divided by 40 re-
sult in frequencies of 125 kHz, 137.5 kHz, 150 kHz,
162.5 kHz and 175 kHz. These frequencies correspond
respectively to the five transmission frequencies for the
five-level code referred to above. Because the refer-
ence frequency from the divider circuit 138 is at 125
kHz, the reference frequency would be different from
four of the five frequencies in the range 125-175 kHz.
Thus, the purpose and function of the cycle compensa-
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tion circuit 132 is to first divide the 5~7 MHz signal by
a factor of 40 and second to output to the phase-
frequency comparator 139 via lead 132b a 125 kHz av-
erage frequency. Compensating and division of the
input frequencies (5-7 MHz) may be better understood
by reference to FIG. 15.

The waveform diagram of FIG. 15 will be helpful in
understanding the following description of the cycle
compensation circuit 132 illustrated in FIG. 16. Before
discussing FIGS. 15 and 16, it should be recalled with
respect to the description of FIG. 13 that the cycle
compensation circuit 132 receives signals from mixer
141 at frequencies of 5.0 MHz, 5.5 MHz, 6.0 MHz, 6.5
MHz or 7.0 MHz for each of the five frequencies repre-
sented in the coding mode. Also applied to the circuit
132 are the output signals from the selector means
123-127. The output signals from the selector means
123-127 are 1.0 microsecond pulses either from the
encoder 17¢ or from the delay and resynchronization
circuit 113.

As shown schematically in FIG. 16 and cycle com-
pensation circuit 132 has a divide-by-two circuit means
160 so that the output signal on lead 141c¢ is at frequen-
cies of 2.5 MHz, 2.75 MHz, 3.0 MHz, 3.25 MHz and
3.5 MHz for input frequencies of 5.0-7.0 MHz. Going
a step further, if the frequency of 2.5 MHz is further di-
vided by a factor of 20 by a divider circuit 161 the out-
put on lead 1326 is 125 kHz. Thus, an input frequency
of 5 MHz on lead 141a or a corresponding frequency
of 2.5 MHz on lead 141c would produce an output of
125 kHz. If the frequency of the signal at lead 141a is
5.5 MHz, the compensation circuit 162 of FIG. 16
blanks out or eliminates one full cycle of the resulting
2.75 MHz signal on lead 141c during each fourth | mi-
crosecond occurrence of this signal. This is illustrated
by the blanked off portion 132¢ in waveform (b) and
the effective overall number of oscillations on lead
1375 in | second is 2.5 million. If the input frequency
is 6.0 MHz, the compensation circuit 163 of FIG. 16
blanks out or eliminates one full cycle during each sec-
ond 1 microsecond occurrence of this signal. This is il-
lustrated by the blanked off portions 1324 in waveform
(c¢) and the effective overall number of oscillations on
lead 1376 in 1 second is 2.5 million. If the input fre-
quency is 6.5 MHz, the compensation circuit 164 of
FIG. 16 blanks out or eliminates one full cycle for each
three out of four 1 microsecond occurrences of this fre-
quency signal. This is illustrated by the blanked off por-
tions 132¢ in waveform (d) and the effective overall
number of cycles on lead 1356 in one second is 2.5 mil-
lion. If the input frequency is 7.0 MHz, the compensa-
tion circuit 165 of FIG. 16 blanks out or eliminates one
full cycle for each | microsecond occurrence of this
signal. This is illustrated by the blanked off portions
132f in waveform (e). From the foregoing description
it can be seen that the cycle compensation circuit 132
functions to produce an average 125 kHz output on
lead 1325 irrespective of the different frequency in-
puts.

As shown in FIG. 16, the 5.0 to 7.0 MHz signal on
lead 141a is input to a divide-by-two circuit 160 for the
cycle-dropping function as described above. The out-
put from the circuit 160 is applied to one input circuit
of a NOR gate 167 and to the clock terminals of edge-
triggered flip-flops 168 and 169. The Q output of flip-
flop 168 and the Q output signal of flip-flop 169 are ap-
plied to a NOR circuit 170 which, in turn, provides the
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other input signal to the NOR circuit 167. The resets
of the flip-flops 168 and 169 are controlled by the cycle
compensation circuits 162-165 through OR gate 171.

For an input signal of 5 MHz on lead 1414, the cycle
compensating circuit shown in FIG. 16 performs only
a simple division by a factor of 40 thereby producing
a 125 kHz signal on lead 132b. An input signal of 5.5
MHz on lead 1414 is accompanied by 1.0 microsecond
pulses on lead 124¢ of compensation circuit 162. The
compensation circuit 162 includes two flip-flops 162a
and 162b, which are serially connected together. The
outputs of flip-flops 162« and 1624 together with the
input lead 124e provide for three inputs to a NOR cir-
cuit 162c. The NOR circuit 162c¢, in turn, couples to a
flip-flop 162d. The output signal of flip-flop 162d is ap-
plied to the control OR gate 171. The circuit 162 per-
forms the function of arming flip-flops 168 and 169 via
OR gate 171. After arming flip-flops 168 and 169 to-
gether with NOR circuits 170 and 167, the passage of
one full cycle of the stream of cycles passing from di-
vide-by-two circuit 160 to the NOR circuit 167 is inhib-
ited. After inhibiting the signal flow, the flip-flop 162d
is reset via lead 169a. The arming and subsequent cycle
interruption occurs after the circuit 162 has been acti-
vated an aggregate of four times by the 1.0 microsec-
ond pulses appearing on lead 124e. In effect, the 5.5
MHz input signal on lead 141a is first reduced to 2.75
MHz by divide-by-two circuit 160 and is then reduced
to a 2.5 Mhz signal or equivalent of a 125 kHz signal
on lead 1325.

An input signal of 6 MHz on lead 1414 is accompa-
nied by 1.0 microsecond pulses on lead 125¢ of the cir-
cuit 163. The compensation circuit 163 includes a flip-
flop 163a whose output signal is applied together with
the signal appearing on lead 125¢ to a NOR circuit
163b. The NOR circuit 1635, in turn, couples to a flip-
flop 163¢ the output signal of which is applied to the
control OR gate 171. The circuit 163 performs the
function of arming flip-flops 168 and 169 via OR gate
171. After arming these two flip-flops, one full cycle is
dropped from the stream of cycles passing from circuits
160 to 167. The arming and subsequent cycle interrup-
tion occur twice for each four applications of 1.0 mi-
crosecond pulses appearing on lead 125e. After inter-
rupting the signal flow, flip-flop 163c¢ is reset via lead
169a. In effect, the 6 MHz input signal on lead 141a is
reduced first to 3 MHz by divide-by-two circuits 160
then reduced to a 2.5 MHz signal or equivalently a 125
kHz signal on lead 132b.

An input signal of 6.5 MHz on lead 141a is accom-
plished by 1.0 microsecond pulses appearing on lead
126¢ of compensation circuit 164. The compensation
circuit 164 includes two serially connected flip-flops
164z and 164b; the output circuit of flip-flop 1625 is
applied to one input of NOR circuit 164c. The output
of flip-flop 1644 also is applied to an input circuit of
NOR circuit 164¢. The output of NOR circuit 164¢ to-
gether with input lead 162e are applied to separate
input circuits of NOR circuit 164d. The NOR circuit
1644 is coupled to flip-flop 164¢. The output of flip-
flop 164¢ is applied to the OR gate 171, The circuit 164
via the OR circuit 171 performs the function of arming
flip-flops 168 and 169 for the purpose of interrupting
the cycle flow, as stated above. The arming, subsequent
cycle interruption, and resetting of flip-flop 164¢ occur
three times for each four applications of 1.0 microsec-
ond pulses appearing on lead 126e. In effect, the 6.5
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MHz signal input to lead 141a is first reduced to a 3.25
MHz by divide-by-two circuit 160 and then reduced to
2.5 MHz on lead 1375 or equivalent of 125 kHz on lead
132b.

An input signal of 7 MHz on lead 141a is accompa-
nied by 1.0 microsecond pulses on lead 127¢ of com-
pensation circuit 165. The compensation circuit 165
includes inverting circuit 1654 which is connected di-
rectly to an input circuit of flip-flop 165b. The output
of flip-flop 1655 is applied to the control OR gate 171.
The circuit 165 via OR gate 171 performs the function
of arming flip-flops 168 and 169 and the subsequent
cycle interruption, as explained above. After inhibiting
the signal flow, flip-flop 165b is reset via lead 169a.
The arming and subsequent cycle interruption occur
each time circuit 165 is activated by a 1.0 microsecond
pulse appearing on lead 127e. In effect, the 7.0 MHz
signal input to lead 1414 is first reduced to 3.5 MHz by
divide-by-two circuit 160 and then reduced to a 2.5
MHz signal on lead 132c¢ or equivalent of 125 kHz sig-
nal on lead 137b. It will be appreciated that the divide-
by-20 circuit 161 produces a uniform and regular out-
put signal as its output responds to each group of 20
input pulses, through their spacing in time may be ir-
regular.

Referring now to FIG. 17, the geo-link An is illus-
trated in a typical physical configuration which in-
cludes a case member 180 for enclosing the various
electronic components for the unit. A geophone input
plug 1805 is provided in the side of the case 180 and
thumb-wheel operated switches 50-52 of BCD coder
19 are conveniently located on the case. A pair of R.F.
frequency reflectors 181, 182 are disposed near the
center of the case. The reflectors and case top increase
the gain of both the receiver antenna r and the trans-
mitter antenna !. Intermediate of the reflectors 181 and
182 is the command antenna c. The antennas r, ¢, and
c are telescopic so as to collapse into the case. Reflec-
tors 181 and 182 may be pivotally coupled to the case
to pivot to a position covering the upper face of the
case over the antennas r and ¢ so that a lid may be con-
veniently used to cover the top of the case. As will be
appreciated, the reflectors 181 and 182 increase the
strength of transmitted and received energy by 6 deci-
bels but also require the units to be appropriately
aligned for proper unit-to-unit transmitter-to-receiver
coupling. :

Referring now to FIG. 18, a particular embodiment
of a digital-to-analog voltage shifter 131 is illustrated.
In FIG. 18, a first operational amplifier 192 and a sec-
ond operational amplifier 190 with an offset adjust-
ment means 191 are arranged so that both amplifiers
receive a voltage signal input from an active filter 1394
via the lead 1396, representative of the error signal
generated by phase-frequency comparator 139. This
error signal is representative of the difference between
the 125 KC reference output by divider circuit 138 and
the 125 KC signal output by cycle compensation circuit
132. By adjusting the offset means 191 of the amplifier
190 a predetermined difference in potential between
the output signals of amplifiers 192 and 190 can be es-
tablished irrespective of the shift in potential at the
input circuits thereof. The output signals of the amplifi-
ers 190 and 192 are coupled across a voltage divider
network 193 which can produce five distinct voitage
level outputs 193(a—e). The output lines 193(a—¢) are
respectively connected to gates 194(a—e) which are re-
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spectively gate controlled by the input signals on leads
123e-127¢. Thus when an error signal is applied to D/A
shifter 131 via lead 1395 a proper correction for long
term drift due to aging, temperature, and battery
change is applied to the voltage control oscillator 134
via the lead 131a. However, short time duration 1 mi-
crosecond pulses applied to leads 123e-127¢ shift the
frequency of the voltage controlled oscillator as re-
quired without affecting the long term stability due to
the compensatory effect of the cycle compensating cir-
cuit.

Turning now to FIG. 19, the delay and resynchroni-
zation circuit 113 operates first to provide a delay of
1.0 microsecond for each signal received before the
signal is retransmitted, second to restore the 1 micro-
second pulse width, and third to realign the 1 microsec-
ond pulse in time so they do not overlap. Because the
signals are at different frequencies and because detec-
tion times can shift as a function of the signal strength
or rise time for a given frequency signal, circuit 113 is
arranged to clock the pulses to a base reference signal.
This reference is chosen as the signal from circuit 107
of FIG. 12 which is representative of the 60 MHz LF.
frequency signal or alternatively the 800 MHz transmit-
ted signal. This base or reference signal is_input to an
edge-triggered flip-flop circuit 200. The Q output of
circuit 200 is applied to the reset input circuit of a [.0
microsecond clocked delay circuit 201 which also can
be a flip-flop circuit. The delay circuit 201 is clocked
by an 8 MHz signal on lead 137a received from the 8
MHz oscillator 137 of FIG. 13. The delay circuit 201
is responsive to the input to provide an output signal 1
microsecond after the input is clocked. The clock sig-
nal is also applied to input circuit C of divide-by-eight
circuit 203. The divider circuit 203 produces repetitive
clocked output pulses at 1.0 microsecond intervals and
is resynchronized to the delayed base signal after each
occurrence of this signal on lead 1074. The transmitted
and received signals from each geo-link unit includes as
a first digit the signal to operate and initiate the timing
or synchronizing of the clocking pulses from the circuit
203. Each time that lead 107« is actuated the clock cir-
cuit 203 is resynchronized. The circuit 108 of FIG. 12
for the second channel is coupled to the “set” input of
a flip-flop circuit 204 which stores the input data pulse.
The Q output of circuit 204 is coupled to the D input
of a flip-flop 205 the output signals of which are ap-
plied to a NOR gate 206. The circuit 109 for the third
channel is coupled to the “set” input of a flip-flop cir-
cuit 204a. The Q output of circuit 204a is coupled to
the D input of a flip-flop 2054 which is output to the
NOR gate 206. The circuit 110 for the fourth channel
is coupled to the “set” input of a flip-flop circuit 2045,
The Q output of the circuit 204b is coupled to the D
input of a flip-flop circuit 205b the output signal of
which is applied to the NOR gate 206. The circuit 111
for the fifth channel is coupled to the “set” input of a
flip-flop circuit 204c. The Q output of the circuit 204c¢
is coupled to the D input of a flip-flop circuit 205¢
which is output to the NOR gate 206. The clocking
pulses from circuit 203 are input to the clock inputs of
each of the flip-flops 205, 205a, 205b, and 205c.

Whenever circuit 203 produces a clocking pulse and
if there is no input signal at any of the flip-flops 205,
205(a—c) then the OR gate 206 produces a signal of 1.0
microsecond width on the lead 118a. As signals se-
quentially occur at the various flip-flops 204 and
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204(a—c) thereafter, such signals are respectively ap-
plied to leads 119a-122a. The output signals are also
respectively coupled back to the reset input circuits of
the flip-flops 204, 204({a—) for re-establishing the ini-
tial conditions of each flip-flop.

The effect of the clocking pulses from the circuit 203
is that the output signals on the leads 119¢-122a are
exactly at 1.0 microsecond pulse widths and have no
time overlap. The output pulse from NOR circuit 206
following the occurrence of a signal from the circuit
107 is of sufficient width to take up any gap in the se-
quence of output pulses. The advantage of this tech-
nique is the elimination of any possible dead time or
overlap between pulses.

Refer now to FIG. 20. Inasmuch as the data from the
geo-link nearest truck 10 is received at truck 10 in a
modified quaternary or a fivelevel base code, it must be
decoded to the original two-line binary form before it
is placed into the recording means. The data is received
by the antenna R on the receiver 23 (FIG. §) which in-
cludes a processing system similar to that described
with respect to FIGS. 12 and 19 so that sequential, time
synchronized output pulses representative of the five-
level code are obtained. Inasmuch as the pulses appear-
ing on the line 3104 indicative of the binary pair 0/0
will be present whenever no pulse is present on the
other lines, only the pulses on lines indicative of the bi-
nary pairs 0/1, 1/0, 1/1, and a repeat of the previous
pair, need be applied to the decoder. Therefore the de-
coder circuit 24 has only four line input leads 3105,
310c¢, 3104, and 310¢. Line 3104 is shown as a dead
lead not connected to the decoder circuit.

The purpose of the decoder circuit 24 is two-fold: (1)
to decode the five-level modified quaternary code ap-
pearing on five separate lines into a two-line binary for-
mat; (2) should the original encoded modified quater-
nary data contain the fifth level value of **4”, then two
successive data values are alike. Therefore, the circuit
24 in FIG. 20 rectifies or reinserts the previous data
value in place of the **4” or fifth channel.

The operation of the decoder circuit 24 is as follows:
when a pulse appears on dead line 310¢, indicative of
a level value of 07, no pulses appear at the output of
NOR circuits 321 and 322. A pulse on line 3105 will
produce a pulse at the output of NOR circuit 321 but
none at the output of NOR circuit 322. Likewise, a
pulse on line 310¢ will produce an output pulse on line
322 but none on line 321. A pulse on line 310d will pro-
duce pulses at the output circuits of both NOR circuits
321 and 322. Under normal circumstances, if no two
successive pulses on leads 3104-310d are different,
channel four (which appears on lead 310¢) will not be
active. Therefore the data presented to the flip-flops
324 and 323 will be clocked and transmitted to the out-
put lead 335 and 336 by operation of the clock signal
on lead 203a. (This clock signal appearing on lead
203q is generated in a delaying and resynchronization
circuit similar to that of FIGURE 19.) If however the
fifth-data-channel is activated via lead 310e (indicating
that the decoded output should be the same as the pre-
vious output), the normal decoding of data from lead
3106-310d is inhibited and the previously decoded
two-line binary data is routed through NOR circuits
325 and 326 and through NOR circuits 321 and 322 to
the input circuit of flip-flops 324 and 323 to produce
pulses on leads 335 and 336. It therefore can be seen
that the decoding circuit 324 reconstructs the two-line
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binary data. The data on leads 335 and 336 is fed to a
serial input-parallel output register of the type where
line 335 can load the upper half of the register and line
336 can load the lower half of the register under the
control of clock line 203a. The parallel output of the
register can then be recorded by a conventional seismic
digital recorder using techniques and apparatus well
known to the art.

Refer now to FIG. 21 wherein is illustrated in block
form suitable apparatus for use as the code input selec-
tor 29a and code generator 29 shown in FIG. §. The
code generator 29 includes a switch 358 connecting
line 264 to line 29¢ and a switch 356 connecting line
274 to line 29b. The switches are illustrated as mechan-
ical but are preferably high-speed solid state switches
of types well known to the art. Code input selector 29a
includes a switch unit 361 comprising three binary
coded decimal switches each having a group of four
output leads designated by reference numerals 346,
348, and 350. The group of output leads is connected
to a parallel-to-serial shift register so that the 12 signals
on the leads are presented to the shift register in paral-
lel. The serial output on the shift register through line
354 is applied to switch 356 for actuation thereof. The
shift register is actuated by a 50 cycle clock signal de-
rived from clock generator 340 through a switch 342
similar to switches 356 and 358. The output pulses
from the clock generator appearing on line 343 are ap-
plied to the register 344 for actuation thereof. Switches
342 and 358 are actuated via line 347 from a time
switch 345 which is adapted to close the switches for
a fixed time interval such as 240 milliseconds for rea-
sons which will become apparent below. The code gen-
erator 29 also includes a manually actuable switch 285
in line 284 for controlling the 1000 Hz signal appearing
on line 28a to be applied to transmitter 20,

As has been mentioned above, the code generator 29
initiates the 1000 cycle timing signal so that all geo-link
units can thereby be turned on simultaneously. The
code generator 29 also produces the 750 cycle on-off
keyed update signal previously described which to-
gether with the 1050 Hz pilot signal control the appro-
priate time during which the units are to be updated.
For illustration purposes, the number 899 is illustrated
as having been placed into the binary coded decimal
switch unit 352 to transfer the number into register 344
via groups of lines 346, 348, and 350. Before initiation
of a seismic disturbance, the switch 28b is closed and
the 1000 cycle signal is applied to transmitter 20 of
FIG. 5. Timing switch 45 is activated to produce the
previously mentioned 1050 pilot tone on lead 26¢
which is supplied to the transmitter 20. The 50 cycle
clock signal is also activated and applied to actuate the
shift register 344. The pulses stored in the shift register
by the switch 352 are serially shifted as a stream of bi-
nary 1’ s and O’s to actuate switch 356 thereby keying
the 750 Hz signal. Each binary | which is present for
a period of 20 milliseconds for example, turns on the
750 Hz signal; each binary 0 (which is also present for
a period of 20 milliseconds) turns off the 750 cycle sig-
nal. After a period of 240 milliseconds, switches 340
and 358 are opened so that the geo-link units now have
the number that was originated by binary coded deci-
mal switch unit 352 transferred to the registers 59, 60,
and 61 of FIG. 8 via the radio command signal C1. [t
should be noted at this point that when the 1000 Hz sig-
nal is discontinued by opening switch 286 to remove
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power from the geo-link units, the registers 59, 60, and
61 automatically are cleared of all information stored
therein and returned to an all-*“0" state.

The switches 340 and 358 are actuated by the time
switch 345 for a sufficient time interval to shift the
number placed in register 344 completely out of regis-
ter 344 to actuate switch 884. Assuming that each deci-
mal number originated by unit 352 is internally trans-
formed into a binary coded decimal number compris-
ing four bits, and further assuming that each binary bit
has a period of 20 milliseconds, then the total time that
switches 342 and 358 must be closed is 240 millisec-
onds.

DESCRIPTION OF OPERATION

The procedures for obtaining a seismic survey, in ac-
cordance with the principles of the present invention,
are generally as follows:

A survey crew will establish survey stakes having
numbers such as 2102 through 2182 as illustrated in
FIG. 1 at spacings which typically could be 220 feet,
440 feet or some other desired spacing. After the sur-
vey stakes are Jocated, the individual geo-link units are
located at each of the survey stakes and arranged so
that the transmitter antenna of one geo-link is aligned
with the receiver antenna of the next adjacent geo-link
unit. The alignment insures directional transmission
and reception. As the geo-link units are located, each
unit is coupled to the geophone spread. Each geo-link
is given a sequential coded number by use of the three
thumb-wheel control knobs, 51-52 (see FIGS. 8 and
17). Assuming a setup such as illustrated in FIG. 1,
where the stake numbers designation increases in value
as the stakes approach the truck 10 and assuming that
it is desired to select the 50 units beginning with unit
Al, the thumb-wheel control for unit A1 would be set
at 101", unit A2 would be coded or set at “102” and
so forth with each unit unti! the unit A82, which is ulti-
mately coded ““182." For purposes of this explanation,
all of the units between the geo-link unit A82 and the
truck 10 may be considered as units An which are cor-
respondingly, sequentially and serially numbered.

For the selection of units Al through AS0, the com-
mand code number would be “900,” which, when
added to the last three digits of the stake numbers,
would result in a sequential coding of one through 51,
beginning with the unit Al and ending with the unit
AS0. As previously explained with respect to FIGS. 7
and 8, when the code number command signal arrives
at the geo-link units, an electrical code from “1” to
“50" is provided to the comparators 40. Upon the oc-
currence of the pulse code number ! at the comparator
or geo-link unit Al, the geo-link disconnects as a relay
unit and transmits its acquired data onto the line.

At the truck unit the system is turned on. Initially, the
transmitter at the (FIG. (FIGURE §) transmits the digi-
tally coded 900 command signal, as well as a 1000
Hz timing signal. The 1000 Hz timing signal also is sup-
plied to the recording mechanism in the truck. The tim-
ing signal and the command signal from the truck are
received by the respective command antenna ¢ (FIGS.
7 and 8) of each geo-link unit. Upon reception of the
command signal, which is comprised of the 750 Hz
keyed-code number and the 1050 Hz reference signal,
the digital code number “900” is transferred to regis-
ters 159 through 161 of circuits 15 in each geo-link.
This digital code number, when added to the preset
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number supplied by thumb-wheel switches 50 through
52 of FIG. 8, selects the proper time pulse by action of
the comparator 40. Each of the units Al through A50
are now properly sequenced. At the time when the unit
Al is actuated by the first timing pulse in its compara-
tor 40, the control and timing unit (FIG. 8) has previ-
ously enabled the binary gain amplifier 174, the sam-
ple-and-hold circuit 17b, the analog-to-digital con-
verter 17¢ and input all of the data into a register 174.
Each of the geo-link units constantly receives the seis-
mic analog signal. At the coincidence command from
a comparator, the selection means 123 through 127
(F1G. 13) shifts the modified quaternary coded data
from the encoder 17¢ to the D/A voltage shifter 131,
the cycle compensation circuit 132 and the OR gate
130. The OR gate 130 turns on the transmitter for the
particular unit and the D/A shifter 131 frequency-shift
keys the VCO 134 according to a five-level code. The
voltage control oscillator 134 drives a power amplifier
135. A multiplier 136 excites the geo-link transmitter
antenna ¢. To prevent drift and maintain the consis-
tency of the output frequencies, the output signal of
voltage control oscillator 134 and the output signal
from a crystal oscillator 140 are applied to a digital
mixer 141 which supplies a hetrodyne reference fre-
quency to a cycle compensation circuit. In the cycle
compensation circuit 132, each of the various frequen-
cies is compensated for to provide an average output
signal of 125 kHz which is supplied to a phase-
frequency comparator 139. The phase-frequency com-
parator 139 compares the 125 kHz output signal de-
rived from a crystal reference oscillator 137 and by vir-
tue of a filter 1394 supplies a correction voltage to the
D/A shifter whenever the output frequency 132 drifts
from the average of 125 kHz. The transmitted signals
may be within the range of 798 to 818 MHz. Each out-
put multiplier 136 signal has a duration of 1 microsec-
ond and the frequency value respectively indicates a
coded digit value for a pair of binary digits. The various
signals from antenna ¢ are received at antenna r of an
adjacent geo-link and are mixed with a 740 MHz local
oscillator signal in a mixer 90 (FIG. 12).

The 1000 Hz timing signal at each unit provides for
incremental sampling of the analog seismic signal and
digitizing of the sample. For transmitting purposes, bi-
nary digit values in serial form are bifurcated between
an even number of digit values in the first half of a data
word and an even number of digit values in the last half
of a digit word. The paired bits are input to a modified
quaternary coder which produces five distinct outputs
respectively corresponding to the four possible pair
combinations of binary values and to the occurrence of
a repetitive pair combination. The five distinct outputs
thus carry binary coding in pairs represented by five
frequency signals. Each of the five frequency signals
occurs in sequence and for a 32-bit binary word, 16 se-
quential shifts in frequency occur.

When the command signal and timing signal activate
a geo-link, the sampled and coded signal is converted
to a higher frequency signal (800-816 MHz) for trans-
mission. At the adjacent geo-link, the higher frequency
signals are reconverted to the initial distinct outputs as
generated by the originating geo-link so that the same
type of transmitting unit can be used and reconstitute
the higher frequency signals. Thus, the units can be
identical in employing higher frequency signals for
transmission where the frequencies are a function of
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frequency shift coding. The corresponding frequency
signals for the coded signals are converted to pulse sig-
nals which operate the D/A voltage shifter 131 and a
voltage controlled oscillator. Thus the coded signals
are then reconstituted by the transmitter circuit for
relay to the next unit.

Restating the function of the system, a command sig-
nal and timing signal are issued by the control truck 10
to all of the geo-link units. Each geo-link unit is pro-
grammed numerically in sequence relative to the sur-
veyors stake numbers. For an ascending numerical se-
quence of the geo-links towards the truck, a number is
issued in the command signal and the summation of this
number and the noncomplemented binary number of
the geo-link provides a distinct selection input for 50
units to a comparator 40. The comparators 40 in each
unit, in response to the timing signal, also provide a re-
petitive sequence of selection from one through 50 in-
crements of time so that each of the units responds
once in a sequence or scan of the 50 timing signals pro-
vided by the comparators 40. If the number value of the
command signal is changed, the group of units which
responds is correspondingly changed because of the
new summation values in the units.

For a descending numerical sequence of the geo-
links towards the truck, the complement selectors 53,
55, and 57 are actuated so that a command signal will
actuate the geo-links in a sequence which again begins
with the most remote selected unit.

The transmission of the data is in a coded format uti-
lizing frequency shifting in the 60-900 MHz band.
Each unit serves as a repeater or relay of the data signal
unless actuated by the command signal to interject its
own sampled data into the transmission system. There-
fore, geo-link units with simple relay functions may be
placed between the recording truck and the group of
50 data gathering units. The truck may then be station-
ary while the active group of geo-links is moved for
each occurrence of a seismic impulse.

It is important to note that the output signals of the
binary gain amplifiers 17« in all of the geo-link units are
simultaneously sampled. The timing signal T1 produces
a signal SAM on all of the lines 67¢ to cause simulta-
neous sample-and-hold action in all of the units. Also
the A/D converter 17¢ is activated about 20 microsec-
onds after the sample-and-hold circuits are activated
and the signal value is made available to the shift regis-
ter 17d. The above sequence is repeated four times per
scan in each active geo-link unit. However, only the
digital value of the last so converted signal is loaded
into shift register 17d by means of load signal SLO ap-
pearing on line 674d. This converted signal value is then
held in register 174 until the proper transmission time
is indicated by the appearance of the SCL signal on line
70a, whereupon the digital signal value is shifted to en-
coder 17e.

It is apparent that the sequence of sampling the geo-
phone analog signal and producing digital encoded sig-
nals representative thereof is carried out four times per
scan interval while only the last such sampling, holding,
and converting action is allowed to be introduced into
the radio data relay link. Since the gain control of the
binary gain amplifier is conditioned by the output num-
ber found in the A/D converter 17¢ the intermediate
conversion allows the amplifiers to sense overloads and
continually follow the incoming amplitudes. By “over-
load’” as used above is meant the driving into saturation
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of the A/D converter by a signal outside the input ac-
ceptance range of the A/D converter. The presence of
such a signal may cause the converter to go into satura-
tion and thereby become inactive for a time greater
than a scan period.

The above description of the overall operation of the
apparatus described heretofore was made assuming in-
stantaneous propagation of radio waves from the con-
trol transmitter to each individual detecting station and
from one detecting station to another. However, this is
not actually the case inasmuch as the propagation rate
of radio waves is approximately 1000 feet per micro-
second. Therefore the individual geo-link units will
progressively lag in time by one microsecond per pair
of stations if the stations are 1000 feet apart. There-
fore, assuming a station spacing of 1000 feet, the sta-
tion farthest from the truck would have its timing cycle
delayed by approximately 50 microseconds as com-
pared to the station closest to the truck. However, this
does not inhibit the functioning of the apparatus de-
scribed heretofore inasmuch as, assuming a 50 station
spread, a |-millisecond scan interval, and 16 1-
microsecond data bits per station, there are 4 microsec-
onds between the end of one block of data being trans-
mitted from one station to another and the beginning
of another block. This 4 microseconds is sufficient to
absorb the time crowding of data blocks due to propa-
gation delay. With the parameters of 50 stations each
producing 16 1-microsecond data bits which comprise
a data word, no more than 1000 feet between adjacent
detecting locations, and with a [-millisecond scan in-
terval, the dead time between stations shrinks from 4
microseconds to 1 microsecond which is sufficient to
prevent any overlap of data blocks. However, should it
be desirable to increase either the distance between the
stations or increase the number of stations, then the
data block length would have to be reduced from 16
microseconds to a smaller period of time, or the scan
interval or the sample rate would have to be increased
in time to more than ! millisecond.

Manifestly, other modifications may be made without
departing from the spirit and scope of the invention.
For example, it is possible to transmit on three frequen-
cies rather than five as described herein should it be de-
sirable to use binary coded bits for transmission rather
than quaternary coded bits. This, however, would re-
quire decreasing the number of bits per block or in-
creasing the scan interval so that the same volume of
seismic information may be gathered and presented for
recording at the recording truck. In general, radio
transmissions may be made on “n + 17 different fre-
quencies where *“n” is the number of different digits in
the digital code, the transmission of each digit value in
the code being transmitted on a particular one of said
“n’" frequencies except where the same digit value oc-
curs twice in succession. In this instance the second oc-
currence of said digital value is transmitted on the “n
+ 1" frequency. Furthermore, it will be recalled in the
present invention that pairs of binary bits were em-
ployed together to generate quaternary bits which were
in turn used for transmission purposes. These pairs of
binary bits may be obtained from the 32 bits of binary
information present in register 17d.
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cable or similar wave guide means to transmit the digi-
tally encoded signals from one geo-link unit to another.
In some instances, for example, it may be difficult to
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transmit radio signals between units because of terrain
or other factors. In these situations the transmitting an-
tenna of the transmitting unit and the receiving antenna
of the receiving unit can be removed and replaced by
the ends of a coaxial cable.

We claim:

1. In a seismic surveying process wherein a seismic
energy disturbance is produced at transmitting location
for producing seismic impulses at detecting locations
along a traverse, the improvement comprising:

transmitting control signals to each of a plurality of
detecting locations located along said traverse,

producing electrical signals at each of said detecting
locations as a function of said seismic impulses,

sampling said electrical signals at each of said detect-
ing locations and generating distinctively coded
signals representative of the magnitude of each
sample; and in response to said control signals,

originating discrete transmissions of said coded sig-
nals in a predetermined sequence from a selected
number of said detecting locations;

for each discrete transmissions, receiving and re-
transmitting said coded signals at each location in
order along said traverse;

wherein the step of transmitting control signals in-
cludes the transmission of command signals which
include selection signals for selecting the selected
number of locations and timing signals for sequenc-
ing said selected number of locations, and

wherein the step of generating distinctively coded
signals includes the step of converting said electri-
cal signals into binary coded signals, and

further including the step of converting said binary
coded signals into quaternary coded signals and an
extra signal for differentiating between successive-
like quaternary or extra signals.

2, The method of claim 1 wherein said step of con-
verting to said quaternary signals and said extra signals
includes producing corresponding signals at five sepa-
rate frequency bands in the range of 500-1000 MHz.

3. In a seismic surveying method wherein a seismic
energy disturbance produces seismic impulses at a plu-
rality of detecting locations along a traverse and elec-
trical signals are generated at each of said detecting lo-
cations as a function of said seismic impulses, the im-
provement comprising:

a. sampling said electrical signals at each of said de-
tecting locations and generating distinctively coded
signals for radio transmission, said coded signals
being representative of said sampled electrical sig-
nals,

b. originating discrete radio transmissions of said
coded signals in a sequence from a selected num-
ber of said plurality of detecting locations, and for
each discrete transmission, receiving and retrans-
mitting said transmission at each successive loca-
tion in said selected number of locations,

c. upon completing said sequence once, repeating
steps (a) and (b) so that during each sequence, a
different sample is transmitted;

d. placing said coded signals in binary word form, and

e. converting said binary coded signals into quater-
nary coded signals and an extra signal for differen-
tiating between successive like quaternary coded
signals.

4. A method of transmitting seismic data via a radio

frequency transmission link from one location to an-
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other location along a traverse comprising the follow-
ing steps:

at a detecting location, sampling seismic data and

producing coded signals from the sample, said
coded signals being representative of a number of
digit values; and

from said detecting location transmitting on different

radio frequencies coded signals indicative of digits
of different values, and

when two coded signals are indicative of two succes-

sive digits of the same value, transmitting the coded
signal indicative of the second digit on a different
frequency from that on which the coded signal in-
dicative of the first digit was transmitted.

5. The method of claim 4 further including in the step
of producing coded signals, the step of producing a bi-
nary digital signal and the step of combining binary dig-
its into said coded signal.

6. For use in a seismic surveying system for deriving
indications of seismic energy, and for selectively relay-
ing radio transmissions or originating a radio transmis-
sion, apparatus comprising:

radio receiver means for receiving coded radio fre-

quency data signals with no two successive data sig-
nals having the same frequency, and for respec-
tively converting each of said data signals into cor-
responding and discrete time signals;

radio transmitter means for responding to said dis-

crete time signals for transmitting coded radio fre-
quency data signals, no two successive data signals
having the same frequency;

sampling means for sampling electrical signals repre-

sentative of seismic energy and for producing suc-
cessive discrete time signals coded with respect to
each sampled signal; and

selection means for selectively coupling the time sig-

nals from either said sampling means or said re-
ceiver means to said transmitter means.

7. The apparatus of claim 6 further including in said
receiver means, separate electrical channels where
each of said channels has a filter means for passing a
preselected frequency, said electrical channels corre-
sponding to the number of frequencies in said coded
transmission signal, and means in said channels for con-
verting the signals in said channels to discrete time sig-
nals.

8. The apparatus of claim 7 further including time
spacer means for receiving the outputs of said chan-
nels, said time spacer means including pulse forming
means for each channel, clocking means, and means in
one of said channels for delaying the input signal by
one time increment and for conjunctively with said
clocking means operating said pulse forming means at
pre-established time increment intervals.

9. The apparatus of claim 6 wherein said transmitter
means includes:

a converter for converting said time signals into volt-

age signals, and

means responsive to said voltage signals for produc-

ing corresponding radio frequency signals.

10. The apparatus of claim 6 and further including a
frequency reference loop including:

first means for receiving said ratio frequency signals

and for compensating said radio frequency signals
for providing first radio frequency signals at a com-
mon frequency base,
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a source of radio frequency signals for providing sec-
ond ratio frequency signals at said common fre-
quency base, and

second means for comparing said first and second
ratio frequency signals and providing an error out-
put control signal, said error output control signal
being supplied to said first means.

11. A seismic surveying system for deriving indica-
tions of seismic impulses occurring at locations along
a traverse,

first means for generating control signals at a control
station;

second means for transmitting said control signals
from said control station,

third means for receiving said control signals at each
of a plurality of locations located along said tra-
verse;

fourth means for generating electrical signals at each
of said plurality of locations as a function of said
seismic impulses;

fifth means for sampling said electrical signals at each
of said plurality of locations and generating distinc-
tively coded signals representative of the values of
said sampled electrical signals, including means for
converting said electrical signals into binary coded
signals and means for converting said binary coded
signals into a quaternary coded signal and an extra
signal for differentiating between successive like
quaternary signals;

sixth means at each of said locations responsive to
the received control signals for originating syn-
chronized discrete transmissions of said coded sig-
nals in sequence at a predetermined sequence of
locations;

seventh means at each of said locations for receiving
and retransmitting each discrete transmission of
said coded signals to relay said coded signals along
said traverse to a recording location located on or
near said traverse; and

the first means for generating control signals includes
eighth means for generating command signals for
selecting said selected number of locations and for
generating timing signals to actuate said sixth
means for synchronizing and sequencing said se-
lected number of locations.

12. Apparatus for use in a seismic surveying system
for producing indications of seismic signals derived at
locations along a traverse, comprising:

radio frequency receiver means for receiving a se-
quence of coded data signals from a location
spaced therefrom on said traverse;

radic frequency transmitter means;

control means for producing control signals respon-
sive to radio frequency signals from another loca-
tion;

means for producing a sequence of coded digital data
signals representative of samples of electrical sig-
nals indicative of detected seismic signals,

selection means responsive to control signals from
said control means for selectively coupling said re-
ceiver means or said means for producing a se-
quence of coded data signals to said transmitter
means;

circuit means for producing a sequence of sets of bi-
nary digital signals representative of seismic sig-
nals;
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binary register means for temporarily storing the bi-
nary digital signals from said circuit means; and

encoder means for encoding each set of binary digital
signals from said binary register means.

13. The apparatus of claim 12 wherein the encoder
means produces a set of distinctive signals each indica-
tive of a pair of binary digital signals in a set.

14. The apparatus of claim 13 wherein the ratio fre-
quency transmitter means produces output signals of a
plurality of different frequencies, each frequency cor-
responding to similar distinctive signals in the sets of
distinctive signals produced by said encoder means.

15. The apparatus of claim 12 wherein the encoder
means includes first means for converting the digital
signals into quaternary coded signals, and second
means for producing an extra signal and inhibiting pro-
duction of a quaternary coded signal whenever two
successive quaternary coded signals of the same value
would be produced, and further wherein the transmit-
ter means includes means for changing the frequency
of signals produced by said transmitter means to values
related to the output signals of said encoder means.

16. For use in a seismic surveying system for deriving
indications of seismic energy, apparatus comprising:

radio frequency receiver means for receiving coded

signals which include seismic data signals succes-
sively occurring at regular time intervals with no
two successive data signals having the same fre-
quency;

first means for separating the frequency components

of said coded signals and applying the resulting sig-
nals on separate signal channels;

second means for converting the signals in said chan-

nels into discrete time signals and for delaying said.
discrete time signals by a predetermined time inter-
val; and

third means including radio frequency transmitter

means connected to said second means for produc-
ing radio frequency signals of different frequencies
dependent on the channel from which a delayed
time signal is received thereby such that the signal
is of the same frequency as the radio frequency sig-
nal applied to the channel.

17. The apparatus of claim 16 wherein said second
means inciudes pulse forming means for each channel,
clocking means, and means for delaying the signal ap-
plied to each channel by one time increment of said
clocking means and for conjunctively with said clock-
ing means operating said pulse forming means at pre-
established time increment values.

18. The apparatus of claim 16 wherein the third
means includes a converter for converting said time sig-
nals into voltage signals, and means responsive to said
voltage signals for varying the frequency of said radio
frequency transmitter means.

19. Apparatus for producing radio frequency signals
indicative of seismic signals comprising:

radio frequency transmitter means;

first means for producing binary digital signals indic-

ative of said seismic signals, including a register for
reciving said binary digital data signals in parallel
and means for producing two serial binary digital
data streams of information for encoding;

second means for encoding said binary ditial signals

according to a multidigit code wherein each digit
of the code represents a distinctive pair of binary
digits from said first means; and
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third means for varying the frequency of said trans-
mitter means between a plurality of frequencies in
accordance with the encoded output signals of said
second means..
5 20. The apparatus of claim 19 wherein said first
means further includes:

binary gain amplifier means the gain of which is var-

ied in accordance with a schedule of powers of two
and which includes means for producing first bi-
nary digital signals indicative of said gain at any
time;

means for producing second binary digital signals in-

dicative of the amplified signals of said amplifier at
time spaced intervals; and

means for concomitantly loading said first and sec-

ond binary digital signals into said register.
21. In a method of seismic prospecting wherein a
seismic disturbance is generated at a generating loca-
tion and the resulting seismic energy is detected at a
pluarlity of seismic detecting locations spaced along a
traverse of the earth the improvement which com-
prises:
generating at each detecting location digitally en-
coded signals which are representative of the seis-
mic energy detected at such detecting location,

radio transmitting the digitally encoded signals from
each of said detecting locations in sequence along
said traverse toward one end thereof,

separating the radio transmissions from successive

detecting locations by time intervals,

during any given time interval radio relaying toward

one end of said traverse the radio signals transmit-
ted immediately prior to each such time interval
from their respective detecting location to succes-
sive ones of said detecting locations located be-
tween said respective detecting location and said
one end of said traverse;

the radio transmissions being made on n + 1 different

frequencies where n is the number of different dig-
its in the digital code, the transmission of each digit
value in said code being transmitted on a particular
one of said n frequencies except when the same
digit value occurs twice in succession whereupon
the second occurrence of said digital value is trans-
mitted on the n + | frequency.

22. A method as defined in claim 21 in which the dig-
ital code is binary and the radio transmissions are on
three frequencies.

23. A method as defined in claim 21 in which the dig-
ital code is quaternary and the radio transmissions are
on five frequencies.

24. Apparatus for detecting seismic energy in the
earth which comprises:

transducer means to generate an electrical signal

which is representative of said seismic energy;
means to sample said electrical signal,;

means to encode said sample signal in a digital code

having n digit values where n is a whole even num-
ber greater than one;

radio transmission means to transmit said digitally

encoded sample signal as a radio transmission
wherein each digit having a given one of said digit
values is transmitted for an interval of time on a se-
lected one of n different frequencies, except where
said transmission has been immediately preceded
by a transmission on the same said selected fre-
quency whereupon said transmission means trans-
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mits said digit on an additional frequency distinct
from said n frequencies;

radio receiver means adapted to receive radio tran-

missions of the type transmitted by said transmis-
sion means; and

control means adapted to actuate said transmission

means in response to either the transmissions re-
ceived by said radio receiver means or the sample
signals produced by said digital encoding means.

25. Apparatus as defined in claim 24 including sec-
ond radio receiver means adapted to receive radio
transmissions for actuating said control means.

26. Apparatus as defined in claim 24 wherein a single
additional frequency serves as the additional frequency
for each of said digital values.

27. Apparatus as defined in claim 24 wherein n has
a value of 2, and the digitally encoded sample signal
transmitted by said transmission means is encoded in a
binary code.

28. Apparatus as defined in claim 24 wherein n has
a value of 4, and the digitally encoded sample signal
transmitted by said transmission means is encoded in a
quaternary or four level digital code.

29. Apparatus as defined in claim 24 wherein n has
a value of 8, and the digitally encoded sample signal
transmitted by said transmission means is encoded in
an octal code.
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30. Apparatus for detecting seismic energy in the
earth which comprises:

transducer means to generate an electrical signal
which is representative of said seismic energy;

means to sample said electrical signal;

means to encode said sample signal in a digital code
having n digit values where n is a whole even num-
ber greater than one;

signal transmission means to transmit said digitally
encoded sample signal as a transmission wherein
each digit having a given one of said digit values is
transmitted for an interval of time on a selected
one of n different frequencies, except where said
transmission has been immediately preceded by a
transmission on the same said selected frequency
whereupon said transmission means transmits said
digit on an additional frequency distinct from said
n frequencies;

receiver means adapted to receive transmissions of
the type transmitted by said transmission means;
and

control means adapted to actuate said transmission
means in response to either the transmissions re-
ceived by said receiver means of the sample signals

produced by said digital encoding means.
* * % * *



