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PROGRAMMING AND TELEMETERING SYSTEM
AND APPARATUS
Jack 8. Hawley, Berkeley, and George R. Towner, Oak-
land, Calif., assignors to Berkeley Instruments, Emery-
ville, Calif., a partnership
Filed Oct, 12, 1962, Ser. No. 230,149
14 Claims. (Cl 340—151)

This invention relates to a programming and tele-
metering system and apparatus and more particularly to
a programming and telemetering system and apparatus
which is particularly adapted for use with teleprinter
equipment.

In copending application Serial No. 135,295, filed
August 31, 1961, entitled, “Digital Data System and
Apparatus,” there is disclosed a system and apparatus
for gathering various types of information, e.g., the col-
lection of data from various analog transducers and
digitizing of the same, or in other words, transforming
the analog information into digital information at a cen-
tral location. There is a need for a system and apparatus
for use with such a digital data system and apparatus to
permit telemetering of the information gathered at a
remote location to a central station. There is also a
need for translating this digital information into usable
serial synchronous binary signals particularly those of
a type which can be received and interpreted by standard
teleprinter or other synchronous bit-serial receiving ap-
paratus.

In general, it is an object of the present invention to
provide a programming and telemetering system and
apparatus which can be utilized for gathering informa-
tion at remote locations and telemetering the informa-
tion to a central station.

Another object of the invention is to provide a sys-
tem and apparatus of the above character in which the
information is telemetered in synchronous bit-serial
form.

Another object of the invention is to provide a system
and apparatus of the above character which can be
utilized for translating parallel ten line information into
synchronous serial pulses.

Another object of the invention is to provide a system
and apparatus of the above character in which the order
of the information telemetered can be readily pro-
grammed.

Another object of the invention is to provide a sys-
tem and apparatus of the above character which can
be controlled from the central station or from the remote
station.

Another object of the invention is to provide a system
and apparatus of the above character in which the tele-
metered information will provide a complete and in-
telligible message arranged in a predetermined format
on a conventional teleprinter.

Another object of the invention is to provide a system
and apparatus of the above character which can be
utilized for linking a large number of remote stations
in which the information can be automatically received.

Another object of the invention is to provide a sys-
tem and apparatus of the above character in which the
apparatus will operate over long periods of time at un-
attended installations in remote areas.

Another object of the invention is to provide a system
and apparatus of the above character which is rugged,
small and light in weight.

Another object of the invention is to provide a system
and apparatus of the above character which has high
reliability and is packaged to facilitate rapid field servic-
ing by nontechnical personnel.
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Another object of the invention is to provide a system
and apparatus of the above character which will operate
under extreme environmental conditions.

Another object of the invention is to provide a system
and apparatus of the above character which is positive
in its cperation.

Another object of the invention is to provide a system
and apparatus of the above character in which aging
of the components will not affect the positive operation.

Another object of the invention is to provide a system
and apparatus of the above character in which voltages
of both polarities are provided for energizing equipment
having differing polarity requirements,

Another object of the invention is to provide a system
and apparatus of the above character in which modularity
is used as much as possible.

Another object of the invention is to provide a system
and apparatus of the above character in which printed
circuit boards can be utilized for the modules and in
which the printed circuit boards can be mounted in
stacked connectors.

Another object of the invention is to provide a system
and apparatus of the above character in which the num-
ber of characters in a message can be changed by in-
creasing or decreasing the number of modules.

Another object of the invention is to provide a system
and apparatus of the above character which utilizes a
particularly novel transmitting distributor.

Another object of the invention is to provide a system
and apparatus of the above character which requires
small amounts of power.

Another object of the invention is to provide a system
and apparatus of the above character which, in addition
to being useful for telemetering, can be used for many
other purposes such as programming solenoid-operated
printers, and the like.

Additional objects and features of the invention will
appear from the following description in which the pre-
ferred embodiments are set forth in detail in conjunction
with the accompanying drawings.

Referring to the drawings:

FIGURE 1 is a block diagram of a programming and
telemetering system -and apparatus incorporating my in-
vention,

FIG. 2 is a perspective view of a typical programming
and telemetering apparatus located at a remote station.

FIGURE 3 is a block diagram of a typical program-
ming and telemetering apparatus.

FIGURE 4 is a schematic diagram of a typical power
initiate module utilized in FIGURE 3.

FIGURE 5 is a diagram showing the time relation-
ships which arise upon application of power in the power
initiate module shown in FIGURE 4.

FIGURE 6 is a circuit diagram of a typical program
control module shown in FIGURE 4.

FIGURE 7 is a circuit diagram of a typical interval
timing module shown in FIGURE 4.

FIGURE 8 is a circuit diagram of a typical digitizer
control amplifier shown in FIGURE 4.

FIGURE 9 is a circuit diagram of a typical transmit-
ting distributor shown in FIGURE 4.

FIGURE 10 is a circuit diagram of a typical trans-
mitting distributor clock shown in FIGURE 9.

FIGURE 11 is a circuit diagram of a typical diode
encoding matrix showin in FIGURE 4.

FIGURE 12 is a block diagram of a typical arrange-
ment of modules to form a programing system.

FIGURE 13 is a block diagram of a more complicated
arrangement of program control modules.
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General description

In FIGURE 1, we have shown a block diagram of our
programing and telemetering system and apparatus which
represents a typical, rather simple installation. As shown
in FIGURE 1, it consists of a plurality of remote tele-
metering stations 16 which are all connected in series into
a single teleprinter loop 17. At the central station 18,
the teleprinter loop is connected to suitable receiving and
recording apparatus such as Model No. 28 Teletype Page
Printed shown in FIGURE 1. In such a simple installa-
tion, the remote stations can be interrogated either by a
special signal coming over the teleprinter line which oper-
ates a teleprinter “stunt box” which causes the station
to respond and transmit the information it has gathered
to the teleprinter. Alternatively, if desired, the remote
stations can be actuated by a clock or other device which
causes the remote stations to report into the central sta-
tion predetermined spaced time intervals. The remote
stations can also report only when an alarm condtion
occurs at the remote station.

In more sophisticated installations, it is readily apparent
that additional loops can be connected into the same cen-
tral station 18 and that by proper timing, the information
cain be fed into the same teleprinted page printer. If
desired, additional page printed can be provided. If it
is desired for individual remote stations to report to sepa-
rate page printers, each remote station may send a special
sequence of characters before its report, which sequence
of characters will operate one or more teleprinter “stunt
boxes” associated with the printer or printers that
are to print the report, turning them on to receive
the transmission. It is also readily apparent that, if de-
sired, instead of land line, radio or other electrical means
can be used for transmitting the information. For exam-
ple, if desired, each of the remote stations can be pro-
vided with a transceiver. Similarly, the central station is
provided with a transceiver. In such a case, the remote
station 16 is connected by a local loop into the trans-
ceiver. Selective calling equipment readily available on
the market, such as Motorola “Quick-Call,” can be util-
ized with the transceivers so that the remote station will
transmit its information to the central station when called.
Similarly, if desired, the remote stations can be controlled
by clocks to transmit the desired information at predeter-
minted spaced intervals of time., With such an arrange-
ment, it is readily apparent that a great many remote
stations can report to a single central station with the
transceiver at the central station being connected directly
to the page printer. For communications over long dis-
tances, microwave relay links can be utilized. In general,
the compatibility of signal ouiput and reception of the
equipment herein described allows a wide variety of par-
ticular arrangements of system elements.

Telemetering station

In FIGURE 2, we have shown an example of a remote
telemetering station 16 which takes the form of an auto-
matic weather reporting station. It consists of a collaps-
ible tripod assembly 21 upon which. are mounted a plu-
rality of semsing and digitizing assemblies 23. Sensing
and digitizing assemlies of this type are disclosed in detail
in copending application Serial No. 135,295, filed August
31, 1961. These sensng and digitizing assemblies consist
of a wind direction digitizer 24, a barometric pressure
digitizer 26, a temperature digitizer 27, a humidity digiti-
zer 28, and a wind velocity digitizer 29,

As explained in copending application Serial No.
135,295, filed August 31, 1961, such digitizers include
transducers giving output information in analog form.
The information in analog form is digitized by digitizers
disclosed in the above identified copending application to
convert the analog information into digital form.

The information in digital form is supplied to a cabinet
31 which is mounted upon cross-braces 32 interconnecting
the legs 33 of the tripod 21. The electronic circuitry in
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this cabinet 31, as hereinafter explained, contains means
for sequentially interrogating the digitizers, receiving in-
formation from the interrogated digitizers, storing this in-
formation on registers and then subsequently supplying
all of the gathered information in a teleprinter program
which includes such auxilliary information as the station
identification, proper carriage returns and spaces so that
the information will be properly printed by a Teletype
printer.

In FIGURE 3, we have shown a block diagram of a
typical telemetering station in which the blocks 36 repre-
sent any suitable analog transducer and the digitizers 37
represent any suitable digitizer as, for example, the analog
transducers and digitizers disclosed in copending appli-
cation Serial No. 135,295, filed August 31, 1961. The
only requirement is that the digitizers supply information
in digital form.

Each of the digitizers 37 is connected to a common
logic unit 38 by four conductors 39, 40, 41 and 42 which
can be identified as the “common,” “start,” “information”
and “stop” lines, respectively. An interrogate line 43 is
also connected to each of the digitizers. The other end of
each of these lines 43 is connected to a digitizer control
amplifier 44 which is provided for each of the digitizers
37. The digitizer control amplifiers are connected to the
logic unit by an interrogate line 46.

The logic unit 38 is connected to four additional lines
47, 48, 49 and 50 which can be designated as a count,
reset, data-true, and initiate lines, Tespectively. As shown
in FIGURE 3 of the drawings, these lines 47, 48 and 49
are connected in parallel to a plurality of decimal count-
ing units 51. For example, as shown in the drawings, it
may be desirable to provide three of such units in which
the first unit from the right as viewed in FIGURE 3
would count the units up to nine with the carry pulse
being applied on the carry line to a tens counting decimal
counting unit which, after receipt of the ninety-ninth
pulse, would supply a carry pulse to the hundreds decimal
counting unit to make possible a maximum count of 999
with three of the decimal counting units. The count line
47 is only connected to the first DCU. The reset and
data-true lines 48 and 49 are connected to each of the
decimal counting units. Each of the decimal counting
units is connected to the program conirol modules as
hereinafter described.

Each of the decimal counting units 51 is provided with
eleven output lines 54, ten of which represent the digits
from zero to nine and the eleventh which represents an
error or E line. These output lines 54 of the decimal
counting units are connected in parallel to a diode matrix
56 which is described in copending application Serial No.
135,295, filed August 31, 1961, and which serves to en-
code the ten line output from the decimal counting units
into a desired -binary code as, for example, a two-out-of-
five code.

The output of the diode matrix is supplied on a plural-
ity of conductors 57 in bit-parallel binary form to a trans-
mitting distributor 58 which, as hereinafter described,
transforms the bit-parallel binary input into bit serial
synchronous signals which are supplied to a loop 59 which
includes a suitable keying relay such as a Clare mercury
wetted relay type #HGS 1009. The loop relay trans-
lates the signals on the loop 59 into contact closures by
means of the normally closed contacts I and 2 onto a
telemetering loop 62. As hereinbefore explained, this
telemetering loop 62 can be connected by land line or
radio to a teleprinter at the central station.

The analog transducers 3§, the digitizers 37, the logic
unit 38, the decimal counting units 51 and the diode mat-
rix 56 are of the type described in copending application
Serial No. 135,295, filed August 31, 1961, and for that
reason will not be explained in detail.

The telemetering station showa in FIGURE 3, in ad-
dition includes a plurality of program control modules,
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& power initiate module 67 and a plurality of interval
timing modules 68. It also includes additional apparatus
as hereinafter described.

Power initiate module

In FIGURE 4, we have shown a typical power initiate
module. The power initiate module consists of an initi-
ate circuit 71 which is adapted to be closed by a push-
button 72. Alternatively, as shown in FIGURE 3, this
initiate circuit 71 can be closed by a clock 74 which oper-
ates contacts 3 and 4 at a predetermined time. Also, it
can be operated, if desired, by remote calling equipment
by the use of a teleprinter “stunt box” 76 which operates
a relay 77 to close its contacts 5 and 6 to close the initiate
circuit 71.

As soon as contacts 9 and 10 of relay 82 close, a volt-
current is supplied from the battery 81 through current
limiting resistor 83 to the winding of the relay 82 causing
energization of the relay 82 and closing of its contacts 7
and 8, and 9 and 10. Closing of contacts 7 and 8 sup-
plies a plus bias voltage to the indicated circuits in the
system from a battery 84. Closing contacts 9 and 10 of
relay 82 supplies voltage V;— from battery 81 to the
indicated circuits in the system. Voltage V;— flows
through isolating diode 86 and current limiting resistor
83 to continue the energization of relay 82 after the push-
button 72 has been released. The diode 86 prevents con-
tact bounce in the pushbuiton 72 from affecting other
parts of the system. A shunting diode 97 serves to pre-
vent inductive surges from the relay 82 from affecting
other components of the system.

As soon as contacts 9 and 10 of relay 82 close, a volt-
age Vy— is supplied to the conductor 87 through the
diode 88. The diode 88 merely serves as a voltage drop-
ping diocde and, therefore, the negative voltage appears
immediately on the conductor 87. As soon as the V;—
voltage is applied to the power initiate module, the capac-
itor 89 begins charging through the resistor 91 and as
soon as the voltage on the base of the NPN f{ransistor
92 reaches a certain value, the NPN transistor 92 will
turn on. As soon as it turns on, it supplies a gradually
increasing negative voltage V,— on conductor 93. The
resistor 94 serves as a load resistor for the transistor 92.
The resistor 96 serves as a voltage dropping resistor.
Because of the voltage drop across the diode 88, a volt-
age V;— constitutes a minus bias with respect to voltage
V,— for biasing of NPN transistors and other parts of
the system.

Thus, it can be seen that when the relay 82 operates,
the power initiate module will immediately produce a
negative voltage Vy— on the conductor 87 which, there-
fore, can be termed a “fast rise” voltage, and there-
after produce a gradually increasing negative voltage after
a predetermined time delay on the conductor 93 to pro-
vide a voltage which can be called a “slow rise” voltage.
Typical time relationships between the operation of the
initiate circuit, the voltage V,; the voltages Vy— (fast
rise) and V,— (slow rise), operation of the relay 82
and the plus bias are shown in FIGURE 5.

The power initiate module is provided with an end of
cycle conductor 257 which, when the positive voltage is
applied to it, as hereinafter described, reduces the current
flow through the relay 82 so that it drops out to open its
contacts 1 and 2, and 3 and 4 to remove the voltage V;—
and the plus bias from the various parts of the system.

Program control module

A typical program control module is shown in FIG-
URE 6. When the program control module is energized
from the power initiate module as hereinafter described,
it receives power on the terminal labelled V;—, Vo—
-+BIAS and V{4 and V,+. The V;+ and V,+4 voltages
are always common. When a fast rising positive pulse
is applied to the control Input A, as hereinafter described,
it passes through the isolating diode 181 to rapidly change
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the polarity at point 102. (Point 162 is negative prior
to this time because of the voltage applied to the Selecting
Input as hereinafter described.) So that this pulse is
coupled through the capacitor 193 to raise the voltage on
the base of NPN transistor 104 to cause it to conduct
momentarily. This conduction of the transistor 104
causes the production of a negative current at Cutput B.
This negative current travels through the resistor 166 to
the base of PNP iransistor 167. The transistor 107 is,
therefore, turned on and sends positive current through
the resistor 188 back to the base of the transistor 184.

Thus, it can be seen that both the transistors 104 and
107 of the program control module attain a stable condi-
tion of conduction or nonconduction when the system’s
power is first supplied by the power initiate module. The
The
transistors 104 and 187, in effect, form a bistable circuit,
that is, a circuit with two states in which the two transis-
tors 104 and 187 are cither both on or both off. The
+BIAS terminal is supplied with a positive bias and its
connected to the base of the transistor 107 through a
resistor 118 to bias the transistor 167 in a normally off
condition. The Vi, V- voltages are applied to the
collector of the transistor 184 through a dropping resistor
119.

When both of the transistors 184 and 17 are on, a
V,— current is supplied at the Output B. A V4 cur-
rent is generated at Cutput A. Both of these currents gen-
erated are sufficiently strong to operate relays and to per-
form other functions as hereinafter described.

If the V,— voltage which is applied to the emitter of
the transistor 104 is a slow rising voltage rather than a
fast rising voltage, the V;— voltage will be applied to the
base of the transistor 104 through the resistors 189 and
168 to place a temporary strong bias current on the tran-
sistor 164 to prevent its conduction which normally other-
wise would occur if a strong voltage Vy— is supplied to
assist when a positive pulse is applied to the control In-
put A,

The program control module is primed by placing a
negative voltage as hereinafter described on the Selecting
Input through the resistor 111 to apply a negative voltage
to the point 1$2 and to the capacitor 103.

The program control medule is turned off by utilizing
the Control Input B. Now assuming that the program
control module has assumed a stable “on” state, i.e., one
in which both of the transistors 164 and 167 are con-
ducting, if the program control module is on, negative
current will be conducted through the resistor 113 to the
point 114 and the Control Input B will be negative. Now
if a positive pulse is applied to the Control Input B to
turn the program control module off, this positive pulse
will change the pclarity at point 114 to couple it through
the capacitor 116 to the base of the transistor 167. Since
the transistor 107 is a PNP transistor, this positive pulse
will turn it off. When it is turned off, it no longer sup-
plies positive current through the resistor 108 to the base
of the transistor 104 and, therefore, transistor 104 also
is turned off. Thus, the program control module attains
its “off” stable state; that is, with both of the transistors
104 and 187 off or not conducting.

From the foregoing, it can be seen that Control Input
B presents a load to a positive pulse only if the program
control module is already on, in which case there is a
negative voltage on the base of transistor 107 and the
positive pulse couples through capacitor 116. Thus, if
two positive pulses are presented successively to both
Control Input A and Control Input B, as hereinafter de-
scribed, and if the selecting input is supplied with negative
voltage before and during the first pulse but not the
second, the first pulse will turn the program control mod-
ule on by means of Control Input A as described above
and the second pulse will turn the program control mod-
ule off by means of Control Input B as described above
without any conflict of operation.
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Interval timing module

A typical interval timing module is shown in FIGURE
7. 1t consists of a uni-junction transistor 121 in which
the second base is always connected to Vy--. When a
voltage V- is supplied to one of the time interval selec-
tion inputs connected to the wvariable resistors 122, 123
and 124, charging of the capacitor 126 is commenced
through a circuit formed by an isolating diode 127 and
the variable resistor. When a critical voltage level is
reached at the point 128 as the voltage is rising from
negative towards positive to charge the capacitor 126, the
uni-junction transistor 121 turns on and discharges the
capacitor 126 through a resistor 129. This discharge
takes place very rapidly so that there is, in effect, a posi-
tive pulse coupled through the capacitor 131. This puise
is supplied to an amplifier inverter 132 which amplifies
and inverts the pulse so that an amplified negative pulse
is produced. Similarly, the same pulse is supplied
through an amplifier 133 to provide an amplified positive
pulse. These negative and positive pulses are utilized
as end-of-time signals as hereinafter described. The di-
ode 127 is used to dsolate the strong pulse which is pro-
duced when the capacitor 126 is discharged from the sup-
ply line so that this strong pulse will not interfere with
the other apparatus. The resistor 134 serves as a bleeder
resistor for the capacitor 131.

Digitizer control amplifier

A typical digitizer control amplifier is shown in FIG-
URE 8. 1t consists of transistors 136 and 137. When
positive current is received from a program control mod-
ule which is on as hereinafter described and supplied to
the emitter of the PNP transistor 136 and a negative
current is supplied to the base of the transistor 136 from
the logic unit as hereinfter described through the current
limiting resistor 138, the PNP transistor 136 will conduct
and supply positive current through the resistor 139 to
supply positive current to the base of the NPN transistor
137. This causes the transistor 137 to conduct and to
supply a negative current on the interrogate digitizer line
which is utilized for interrogating a selected digitizer as
hereinafter described. Resistors 141 and 142 serve as
bliasing resistors.

Transmitting distributor

A block diagram of the transmitting distributor is
shown in FIGURE 9. It consists of a plurality of bina-
ries 146 namely, three binaries which are identified as
binary 1, binary 2 and binary 3, respectively. It also in-
cludes a clock 147 and other associated apparatus and
components hereinafter described. When the voliages
Vi+, Vi— and +BIAS are supplied to the circuitry
shown in FIGURE 9 in a manner hereinafter described,
there is a voltage change across the capacitor 151 to
cause the point 152 to assume a negative value until the
capacitor 151 has been charged by a current flowing
through the resistor 153. The negative current at point
152 drops off rapidly as the capacitor 151 charges and
is transmitted through the isolating diode 154 to an ampli-
fier inverter 156 to produce a positive current on the line
157. This line 157 is a reset line for the binaries 146
and resets all of the binaries to zero.

At the same time the power is applied, the clock 147
emits timing pulses which are at the bit rate of the re-
ceiving apparatus to be utilized such as a teleprinter page
printer. For example, in a conventional 60 words per
minute teleprinter system, a timing bit occurs in every 22
milliseconds. As is well known to those skilled in the
art, this establishes the length of time for the marks and
spaces as they are sent over the teleprinter loop. These
¢lock pulses are scaled by the binaries 146.

The binary circuits 146 are of a type well known to
those skilled in the art and have two stable states and
produce a positive current on one or the other of their
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output lines depending upon which stable state they are in.
The binaries are provided with interconnecting carry con-
ductors 158 which are autilized for carrying the count to the
next binary. Since there are three binaries, the three bi-
naries can count through eight before returning to their
original conditions in which they are all zero, zero, zero.
As soon as this has been accomplished, a carry pulse is
supplied on the conductor 158 to the program control
modules 66 to advance the program one step as herein-
after described.

The timing pulses which are generated by the clock 147
are scaled by the binaries 146. Each binary circuit pro-
duces a positive current on one or the other of its output
lines identified as 1 and @, respectively, and which are
connected by a diode matrix 159 to lines 160~166 as shown
in the drawing. The diode matrix 159 consists of a plu-
rality of diodes 168 which are connected between the out-
puts of the binaries and the lines 160-166 as shown in the
drawings. The matrix diodes 168 are so arranged that for
every binary count except the second, which may be
represented by the binary number 001, all of the lines
168-166 except one are fed with positive current through
one or more of the matrix diodes 168. The one line not
so fed is different for each possible binary count and is fed
with a negative current through the resistor 169 associated
with the conductor. The lines which are fed with negative
current for the respective counts are given below.

Count Binary State Line
1 000 160
[ I SR,
3 010 161
4 011 162
5 100 163
6 101 164
7 110 165
8 111 166

When negative current is present on conductors 166 or
166, the negative current passes through diodes 171 or 172
to the base of the PNP transistor 173 to cause it to
conduct V;4 voltage through the biasing diode 174 and
the isolating diode 176 to point 177. This changes the
polarity at peint 177 from the negative voltages supplied
through the resistor 178 from the V,— terminal to pro-
duce a negative output from the amplifier-inverter 179.
Normally, the point 177 is negative because of the negative
voltage supplied from V;— through the current limiting
resistor 178. This negative condition at point 177 is over-
ridden or overcome when either line 160 or 166 is nega-
tive in the manner explained above.

When the output of the amplifier-inverter 179 is nega-
tive, no current flows through the loop relay winding 61.
The contacts 1 and 2 of the relay remain closed causing a
mark to be transmitted over the telemetering loop 62.

From the above, it can be seen that the first and
last counts of the binaries will cause a mark to be trans-
mitted over the telemetering loop 62, When the binaries
146 make their second count, there is no line of the lines
160-166 which is selected for a negative current, and for
that reason there is no positive voltage supplied to the point
177 to override the normally negative condition of this
point. This negative voltage is inverted and amplified by
the amplifier-inverter 179 to energize the winding of relay
61 to open its contacts 1 and 2 to provide a space on the
telemetering loop 62. This space serves as a synchroniz-
ing space on the telemetering loop 62.

The network consisting of the resistor 181 and the
capacitor 182 are chosen so that the time constant for the
network compensates for the mechanical characteristics of
the particular loop relay urged to thereby produce a mini-
mum of mark-space bias distortion during transmission.
The diode 180 connected across the winding of the relay
61 is used to limit any back e.m.f, which is generated
within the winding,
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On the next five counts of the binaries 146, the con-
ductors 161-165 are supplied sequentially with negative
current in a manner hereinbefore described. Each of these
conductors 161-165 is connected to the base of PNP
transistor 186. The collectors of the transistors 186 are
connected through lcad resistors 187 to the voltage V;—
as shown in the drawing. The emitters are connected to the
Vi supply through the diode 174. Thus, it can be seen
that when a negative voltage is applied to the base of one
of the transistors 186, V,;-+ voltage is supplied through a
biasing diode 188 to the emitter of a PNP transistor 189.
The biasing diodes 188 make the emitters of the transistors
189 a little more negative than the bases of the transistors
so that when they are off, they will be turned completely
off. The bases of the transistors 189 are connected to the
binary lines 37 from the diode matrix 6. When positive
voltage is supplied to the emitter of one of the transistors
189 and its base is connected to a binary line which is
negative, the transistor 182 will conduct positive current
through the isolating diode 191 to the conductor 182 which,
as shown in the drawing, is connected to point 177. As
hereinbefore explained, when a positive current is applied
at point 177, the relay 61 is released so that its contacts
are closed to produce a mark on the telemetering lcop 62.

Thus, it can be seen that as the binaries 146 progress
through the third to the seventh counts, the transistors 189
sequentially sample the binary lines 1-5 to determine if
there is negative current on these binary lines. If there
is a negative current, the transistor conducts a positive
current to exceed the negative bias supplied by the resis-
tor 178 to the amplifier-inverter 179 to cause a mark to be
sent over the telemetering loop 62. If there is no negative
current on the binary line being sampled, no positive cur-
rent is supplied to the conductor 192 and the negative
current supplied by the resistor 178 causes the amplifier-
inverter 179 to energize the loop relay 61 and to open its
contacts to cause a space to be transmitted on the tele-
metering lcop 62. Thus, it can be seen that, depending
upon the conditions of the binary lines 1-5, a series of
marks and spaces are transmitted over the telemetering
loop representing the information on the binary lines. A
negative current on the binary line produces a mark and no
current on the binary line produces a space.

The diodes 191 are isolating diodes and permit all the
transistors 189 to supply positive current to the single
conductor 192. The resistors 193 are biasing resistors
and serve to turn the transistors 189 off if the binary line
does not have a negative voltage on it.

As pointed out previously, the binary lines 1-5 come
from the diode matrix 56 and for that reason, the lines
do not go from a negative voltage to a positive voltage.
Rather, they go from a negative condition to a not nega-
tive condition. The resistor 193 converts the not negative
condition into a positive condition by feeding positive
current into the binary line.

A conductor 196 which is identified as the cycling signal
output is connected to the conductor 160 and supplies a
positive current on every count of the binary scalers 146
except the reset condition in which the bindaries are in
states 000 thereby providing a signal to other equipment
such as an auxiliary programmer that the transmitting
distributor is engaged in a transmitting cycle.

A conductor 197 is connected to the base of the tran-
sistor 173 and is labelled “non-print input.” When a
negative current is applied to the conductor 197, it pro-
duces the same condition as when the lines 169 and 166
are supplied with negative current, that is, a constant mark
transmission. This non-print input, therefore, may be
used to override other transmissions or when selected by
the programmer to produce a delay in transmission of
exactly one character time, e.g., eight clock times or pulses
for the transmitting distributor.

From the following sequence, it can be seen that for
each cycle of operation of the binaries 146, that is, as
they pass through eight counts, a character is transmitted.
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Starting from a rest position first, 2 mark and then a
space is transmitted, followed by five information bits
(marks and spaces), followed by a mark as negative cur-
rents are applied to the conductors 166 and 169 in se-
quence. The two marks which begin and end the count
are used to give the receiver time to finish a cycle and
stop. The use of two marks differs from the 1.4 marks
in the conventional teleprinter format. The use of the
two marks in place of the 1.4 marks is not objectionable
because the increased time for transmission is relatively
small,

However, if it is desired to conform exactly to conven-
tional teleprinter format, an amplifier-inverter 128, cur-
rent limiting resistor 1$9 and isolating diode 269 may be
provided as shown in FIGURE 9. In such a case, when
line 1866 is supplied with voltage V;— through resistor 169,
which happens only on the eighth count of the binaries
146, the amplifier-inverter 198 would provide positive
current through current limiting resistor 199 and isolat-
ing diode 200 to point 221 of the electronic clock shown
in FIGURE 10, The value resistor 199 would be chosen
so that the additional current so supplied would cause
capacitor 215 to charge at a rate that would produce a
bit time of 440 the normal duration, thereby marking the
total time during which mark is transmitted on the tele-
metering loop 1.4 bit times instead of 2 bit times.

With the arrangement described, the transition from
one mark to the other mark represents the at-home or
rest position for the transmitting distributor. In this way,
the transmitting distributor is returning to its home posi-
tion at a time when no information is being sent out over
the loop. For this reason, the presentation of informa-
tion to the transmitting distributor is not a problem be
cause there is a bit time before the home position and a
bit time after the home position during which no infor-
mation is being transmitted. In summary, the transmitting
distributor uses five bits of information plus one synchro-
nizing bit plus two mark bits, or alternatively 1.4 mark
bits.

A timing output 198 is provided which is connected
to the output of the clock to make it possible to monitor
the timing signals from the clock and also for the purpose
of checking and adjusting the transmitting distributor.
A keying input 199 is provided which is connected to the
point 177 and to the amplifier inverter 179. This input
connection is provided for the purpose of transmitting
signals generated and synchronized by other equipment
over the telemetering loop 162 through the amplifier-in-
verter 179. This keying input 199 also makes it possible
to monitor and check out the transmitting distributor.

When it is desired to interrupt or hold up the cycle of
the transmitting distributor for reasons hereinafter de-
scribed, a positive voltage is applied to the “check logic”
line 201 which passes through a current limting resistor
202 to the base of NPN transistor 203. If, in addition,
there is a negative current on the “logic active” conduc-
tor 204 as, for example, if the data gathering apparatus
such as the digitizer 37 is still completing its cycle as here-
inafter described, the negative current will be conducted
through NPN transistor 2083 to the amplifier-inverter 156
which applies a positive current to the line 157 to reset
the binaries 146 to the 000 count and thereby stop the
action of the transmitting distributor.

In addition, there is provided an external reset conduc-
tor 206 which is connected to the amplifier-inverter 156.
By applying a negative pulse to this external reset line 206,
the binaries 146 can be reset.

Additional circuits of the same form as that composed
of resistor 292 and transistor 263 may be added to check
other logic units or other equipment and stop the pro-
gam at predetermined points until their operating cycle
is completed, all such circuits being connected to con-
ductor 2086.

It is evident that the transmiting distributor herein de-
scribed may be expanded to create teleprinter signals of
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more levels than 5 by adding one or more binaries 146
and appropriately increasing the number of resistors 169,
lines 160-166, diodes 168, transistors 186, resistors 187,
diodes 188, transistors 189, diodes 191, resistors 193 and
binary lines 57. In such a case the diode matrix 56 would
be expanded to the desired code.

Clock

A clock suitable for use as the clock 147 in the trans-
mitting distributor is shown in FIGURE 10. Although,
as can be seen, this clock is an electronic clock, if de-
sired, other types of clocks can be used as, for example,
a mechanical device which opens and closes contacts,
etc. The clock preferably should produce positive timing
pulses at the bit rate desired by the receiving read-out or
print-out equipment connected to the telemetering loop
62 which is connected to the output of the transmitting
distributor. In the case of a synchronous receiving de-
vice, such as teleprinter punch or page printer, the clock
may either have its contacts activated by a cam on a
local synchronous machine if such is available, or it can
be an independent stable time base. If the clock is in-
dependent of other equipment, the clock should generate
periodic timing signals whose frequency is relatively in-
dependent of environmental conditions such as tempera-
ture and of changes in voltage supply. It should be readily
capable of change of frequency so that it may transmit to
receivers having different bit frequencies. Such a clock
is shown in FIGURE 10.

In the clock shown in FIGURE 10, the voltage V,—
flows through a current limiting resistor 211 to a uni-
junction transistor 212. The voltage which is supplied to
the uni-junction transistor 212 is stabilized or regulated
by the filtering capacitor 213 and the Zener diode 214.
Current flows into a capacitor 245 through one of the
resistors 216, 217 or 218 selected by selector switch 219
to raise the voltage at point 221. When a certain volt-
age level is reached at point 221, the uni-junction tran-
sistor 212 conducts, discharging the capacitor 215 fo a
low level and sending a negative pulse through the cou-
pling capacitor 222 and through the amplifier-inverter
223 to produce a positive output pulse which is supplied
to the binaries 146 as shown in FIGURE 9.

Variable resistor 224 has the function of 2 tempera-~
ture compensation adjustment, for changing its resistance
changes the thermal characteristics of the uni-junction
transistor 212 so as to compensate for the thermal char-
acteristics of the capacitor 215 and whichever of the re-
sistors 216, 217 or 218 is selected by the switch 219.
Assuming that resistors 216, 217, 218 and 224, capacitor
215, and uni-junction transistor 212 are all physically
adjacent and assuming that the resistance of 224 is prop-
erly adjusted, the effects of temperature on the com-
ponents of the circuit will cancel each other out to there-
by provide a temperature compensated clock which will
produce a fixed frequency over a wide temperature range.

The three different resistors 216, 217 and 218 have
been provided because ordinary teleprinter machines have
three different speeds, 60, 75 and 100 words per minute.
Merely by selecting the appropriate resistor, the trans-
mitting distributor will operate at the desired speed of
these three speeds.

Diode matrix

In FIGURE 11, there is shown a schematic diagram
of the portion of the diode matrix 56. This diode mat-
rix is substantially identical to that disclosed in copend-
ing application Serial No. 135,295, filed August 31, 1961,
and converts 10-line information into binary informa-
tion. In addition, diode matrices of this type are well
known to those skilled in the art. Thus, if a negative
current is applied to the carriage return line, a negative
current is applied on the binary line 4 which corresponds
to the teleprinter code of space space space mark space
which represents a carriage return. If 'a negative our-
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rent is applied to the number 1-line, negative currents
are applied to binary lines 1, 2, 3 and 5 to produce the
teleprinter code of mark mark mark space mark which
represents the number 1.

The diode matrix 56 consists of a network which in-
cludes a plurality of isolating diodes 226 which connect
the 10-line information to certain of the bimary lines to
form the desired teleprinter codes.

For parity checking purposes, a parity checking code
can be used in making up the diode matrix. For ex-
ample, the diode matrix can be arranged to produce a
two-out-of-five code. Then, it would be merely necessary
to change the strikers on the teleprinter to print the let-
ters or numbers desired and thereby, in addition, pro-
vide a parity checking code which requires a very small
modification of the conventional teleprinter equipment.

It should be apparent from the foregoing that the
relationship between the input lines and the output lines
of the diode matrix is purely arbitrary. An additional
feature of utilizing a parity check code is that if error
symbols are placed on all other strikers which are not
used and then when a code is received which is not one
of the two-out-of-five codes, the page printer will strike
the error symbol thereby giving a wisual indication that
an error has occurred.

Detailed description of operation of complete system

Let it be assumed that it is desired to operate the
telemetering station which is shown in FIGURE 3. The
power initiate module 67 is energized by operating the
initiating circuit 71 as hereinbefore described to operate
the relay 82 and supply the wvarious voltages to the sys-
tem. The first program control module turns on in the
“on” condition because it receives a voltage V,— (fast
rise) from the power initiate module and because its se-
lecting input is connected to V;— and its control input A
is connected to Vi-}-. The other program control mod-
ules will be turned on in the “off” condition because
they receive the voltage V,— (slow rise) from the power
initiate module.

As hereinbefore explained, it is because the select-
ing input of this first program control module is connected
to V;— and the control input A is connected to Vi+
and V,— (fast rise) is applied to the transistor 164
(see FIGURE 6) that first causes the transistor 104 to
conduct momentarily and causes transistor 107 to con-
duct to sustain the conduction of transistor 184. This
causes both transistors 184 and 197 of the first program
control module to attain a stable condition of conduc-
tion when power is first supplied to the first program
control module by the power initiate module.

In all of the other program control modules, the volt-
age Vy— is supplied to the transistor 104 only after a
discrete interval of time so that the voltage V;— has
the opportunity to temporarily strongly bias the transistor
104 to prevent its conduction. Both transistors 104 and
307, therefore, remain in a stable state of non-conduc-
tion or off.

Referring again to the first program contro! module,
conduction of the transistor 187 applies V;-+ voltage
to the output A which is supplied through isolating diode
231 to the initiate line 50 which is connecied to the logic
unit 38 and through isolating diode 232 to a digitizer
control amplifier 44, Thus, it can be seen that the pro-
gram control module can be wutilized for initiating or
performing certain functions. For example, initiating
the operation of the central logic unit 38 and the digitizer
control amplifier 44.

Conduction of the transistor 104 of the first control
module supplies Vo— voltage through the isolating diode
233 and the current limiting resistor 234 to a carriage
return line 236 which is connected to the diode matrix 56
and which, as hereinbefore explained, produces the binary
code designated to represent a carriage return character
for a receiving page printer.
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At the same time that this occurring, the transmitting
distributor 58 is started by the application of voltage
to it. The clock 147 produces timing pulses and causes
the binaries 146 to scale the clock pulses to cause scan-
ning of the binary lines 57. As pointed out previously,
the transmitting distributor starts its cycle by first send-
ing out a mark and then a space. The space starts the
page printer at the other end of the teleprinter loop 62
so that it is operating at a synchronous rate and ready
to receive a character when it is sent over the teleprinter
loop. The transmitting distributor then samples the five
binary lines and in this case finds that the lines 1-5 are
negative, negative, negative, not negative and negative,
respectively, so that a space space space mark space are
sent over the teleprinter loop as the information bits
in serial form which causes the teleprinter page printer
at the other end to return its carriage to the initial posi-
tion for typing.

After the five information bits, the transmitting dis-
tributor sends another mark which indicates the end of
the transmitting distributor cycle and sends a positive
current through the program advance output over the
conductor 158 to the control input A of each of the
program control modules 66 except the first program
control module and any program control modules that
are associated with an interval timing module. This posi-
tive pulse which is applied on the conductor 158 can
be termed a shift pulse because it causes the programming
to be shifted from the first program control module to
the second program control module.

It will be noted that the output B of each program con-
trol module except the last is connected to the selecting
input of the succeeding pogram control module. Also,
it will be noted that the output A of each of the pro-
gram control modules except the first program control
module is connected to the control input B of the preced-
ing program control module by conductor 239 through
an isolating diode 241. Since the first program control
module is “on,” it will supply a negative voltage at its
output B onto the conductor 238 to the selecting input
of the second program control module to sensitize or
prime that control module for the receipt of the shift
pulse on the line 158. Thus, although the first shift
pulse is supplied to all the program control modules
except the first program control module, it is only the
second program control module which will be switched
or turned “on.”

The purpose of the selecting input is to ensure that
the program control modules will be turned on in a
predetermined sequence. The selecting input of the pro-
gram control module is connected to a negative supply
from the preceding program control module and the
control input A is connected to the shift pulse line 158
so that as positive pulses occur on the shift pulse line,
the program control modules will be turned on suc-
cessively because the selecting input of each one will
be selected by the preceding program control module.
In addition, when the control input B is connected to
the succeeding module and thus when it turns on, it
sends back a positive pulse and turns the preceding pro-
gram control module off. This is a fail-safe mode of
operation because there is no race between on-turning
and off-turning of the program control modules. First,
the preceding program control module turns the succeed-
ing program control module on and the succeeding
program control module turns the preceding program
control module off. :

When the second program control module turns on,
it supplies a current on its output A through the isolat-
ing diode 241 to the control input B of the first program
control module to turn it off. The isolating diode 241
serves to prevent the turning off of the preceding pro-
gram control module from affecting the succeeding pro-
gram control module.
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During the time that the transmitting distributor 58
is supplying the carirage return information on the tele-
metering loop 62, the logic unit 38 is progressing through
its sequence of operations. The detailed operation of
the logic unit is described in copending application Serial
No. 135,295, filed August 31, 1961.

At substantially the same time that the initiate signal
is supplied to the logic unit 38, the logic unit generates
a negative voltage which is supplied to the interrogate
line 46 that is connected to the digitizer control amplifier
44. As hereinbefore explained, the application of a nega-
tive current to the digitizer control amplifier causes the
application of this negative current to the base of a
PNP transistor 136 to cause the transistor to supply a
positive current to the base of an NPN transistor 137
to cause it to conduct and supply negative voltage on
the interrogate line 43 to the digitizer 37 to thereby
select a predetermined digitizer for supplying informa-
tion to the logic unit 38.

As described in copending application Serial No.
135,295, filed August 31, 1961, the application of a
negative current on the interrogate line 43 to the digit-
izer 37 causes operation of the digitizer to cause a
motor to rotate a wiper which engages commutator stripes
and supplies information signals over an information
line 41. This will continue as long as the digitizer
37 received a negative current on the interrogate line
43. However, as explained above, the logic unit 38
will not accept the information pulses until a start pulse
has been sent by the digitizer.

Now let it be assumed that the time delay represented
by a first time delay device (which is included in logic
unit 38, as disclosed in the above copending applica-
tion, to allow the wiper to reach full speed) has elapsed
and that a start pulse is supplied by the digitizer 37.
At the same time that the start pulse is applied, the
logic unit generates a reset pulse which is applied to
the reset line 48 and to the decimal counting units 51
so that all the decimal counting units will be cleared
and will be ready to receive information after the digit-
izer sends the start pulse.

After receipt of the start pulse by the logic unit 38
it will begin accepting the information pulses on the
line 41 and will supply them to the decimal counting
units 51 which will count these information pulses in
a conventional manner.

Now let it be assumed that the number of informa-
tion pulses supplied over the information line 41 in-
dicates the position of the shaft of the analog transducer
36. A stop pulse is then supplied by the digitizer 37
over the stop line 42.

At the time that the logic unit 38 receives a stop
pulse which is supplied by the digitizer 37, a signal
is supplied to the data true line 49, The logic unit 38
includes a second time delay device which at the end
of its time interval supplies a signal to a flip-flop which
will remove the signal from the data true line 49 if a
stop pulse has not been received from the digitizer 37.
This will indicate that an error has occurred.

At this same time, the signal from the second time de-
lay device will open the circuit to prevent the transmis-
sion of any additional information pulses to the decimal
counting units. Also, at the same time, the interrogate
signal is removed from the interrogtae line 46 to the
digitizer control amplifier which removes the interrogate
signal from the digitizer 37 to permit it to stop. The
digitizer is now in condition so that it can be initiated again
if it is selected. The logic unit 38 is also in a condition
so that it can be initiated to interrogate another digitizer.

During the time that the logic unit 38 is operating and
receiving information from the digitizer 37, the first char-
acter may have been transmitted by the transmitting dis-
iributor 58 before all of the information has been received
by the decimal counting units 51 from the logic unit 38.
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Therefore, it is desirable to interrupt the program of the
telemetering station until all the information pulses have
been received from the digitizer and counted by the deci-
mal counting units 51. For this purpose, the second pro-
gram control module supplies V;-+ voltage through an
isolating diode 246 to the check logic conductor 281 con-
nected to the transmitting distributor §8. This Vi
voltage, as hereinbefore described, supplies a positive volt-
age to the base of the transistor 203. If the logic unit
38 is still gathering information from the digitizer 37,
there will be a negative voltage present on the interrogate
line 46 which is connected to the logic active input of
the transmitting distributor 58 and, therefore, a negative
voliage is supplied to the emitter of the transistor 2§3.
Thus, when the V;-} voliage is applied to the check logic
line 201 and the digitizer 37 has not completed sending its
information pulses, the transistor 203 will transmit a nega-
tive voltage to the amplifier-inverter 156 which resets the
binaries 146. As soon as the logic unit 38 has completed
receiving all the information, the negative signal on the in-
terrogate line 46 is removed to remove the negative volt-
age from the logic active line 284 which will remove the
positive voltage from the reset line 157 for the binaries
146 to thereby permit the binaries 146 free to count
through their cycle in response to the timing signals from
the timing clock 147.

The output A of the second program control module
is also connected to the digitizer control amplifier 44
through an isolating diode 247 to maintain the positive
voltage on the emitter of the transistor 136 to continue
operation of the digitizer control amplifier during the time
that the digitizer 37 is supplying information to the logic
unit 38.

As hereinbefore explained, the transmitting distributor
58 has a signal on the check logic line 261 which is sup-
plied from the output A of the second program control
module. As long as the transmitting distributor 58 has a
signal on the check logic line 261, it stops until it has no
signal from the logic active line 284 which is connected
to the interrogate line. As also hereinbefore explained,
the interrogate line does not turn from negative to positive
until the logic unit has completed its function. The trans-
mitting distributor, therefore, waits for the data true line
to change its polarity and when it does, it completes its
cycle and by this time the information pulses from the
digitizer 37 will be in the decimal counting units 51.

While the second program control module is in a state
of conduction, it supplies Vo— from its output B through
the isolating dicde 248 to the interrogate input of the
first decimal counting unit 51. The decimal counting
unit supplies negative current on one of its ten output
lines to the diode matrix 56 to make it possible to read
out the data stored in the decimal counting unit. As
hereinbefore explained, these lines plus one error line are
all commen to the decimal counting units and are con-
nected to the appropriate inputs of the diode encoding
matrix 56.

As pointed out above, as soon as the digitizing cycle (the
cycle in which the digitizer supplies the information pulses
to the logic unit and to the decimal counting units) has
been completed, the binary scalers 146 of the transmitting
distributor 58 are free to count through their cycle in re-
sponse to timing signals from the clock 147 to sample
and serialize the output of the diode encoding matrix
56 in a manner hereinbefore described to thereby supply
over the telemetering loop 62 a code representing the
number in the 100’s decimal counting unit 51.

As soon as the transmitting distributor 58 has com-
pleted its cycle, it sends a shift pulse over the line 158 to
turn on the third program control module. The third
program control module has been primed or sensitized be-
cause its selecting input is connected to the cutput B of the
second or preceding program conirol module. Turning
on the third program control module also turns off the
preceding or second program control module because of
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the output frem output A which is supplied to the control
input B of the second program control module. The third
program control module causes the 10’s decimal counting
unit to be read out and a suitable character transmitted
over the telemetering loop §2.

From the foregoing, it can be seen that each program
control module sends one character or performs one set
of functions in the program. The shift from one program
control module to the next occurs when the transmitting
distributor 58 has finished its function. The program
control module determines what character the transmit-
ting distributor will transmit.

After the character for the 10's decimal counting umit
has been sent out, the transmitting distributor 58 applies
another shift pulse to the line 158 to turn on the fourth
program control module. In the drawing of the telemeter-
ing station shown in FIGURE 3, an interval timing module
68 (identified as ITM “A”) has been provided between
the fourth and fifth program control modules. The inter-
val timing module is placed between these two program
control modules on the assumption that for some reason
it is desired to delay the program between the fourth and
fifth program control modules.

With the interval timing module 68 connected in the
manner shown, at the time the fourth program control
module is turned on, it supplies Vi-+ voltage to the con-
ductor 251 through the isolating diode 252 which charges
the capacitor 126 of the interval timing module as herein-
before described. The fourth program control module
may also perform other functions, such as operating the
pilot relay for vacuum tube equipment which is to warm
up during the time interval, The fourth program control
module also interrupts the program by supplying both
V- to the check logic line 201 through the isolation di-
ode 253, and Vy— voltage to the logic active line 204
through the isolating diode 254.

At the end of the predetermined period for which inter-
val timing module 8 has been set, the module €8 sends
a positive pulse from the amplifier 133 to the control input
A of the fifth program control module. The program then
continues in its normal manner after the time delay. The
fifth program control module turns off the fourth pro-
gram control module and applies a voltage to the interro-
gate line of the 1’s decimal counting unit so that a char-
acter is sent over the telemetering loop representing the
number of the 1’s decimal counting unit.

From the foregoing, it can be seen that the fifth pro-
gram control module is turned on in response to the inter-
val timing module 68 and not in response to the trans-
mitting distributor 88. It is, therefore, apparent that it
is possible to have a delay of any duration in the program
and in any stage in the program. Also, it is possible to
have a multiplicity of inputs 2351 to the interval timing
module 68 and to have its output connected to any desired
program control modules. Each of these inputs can be
connected so that each input can select a different time
interval. Thus, it is apparent that one interval timing
module can provide a number of time delays in a tele-
metering station.

After the fifth program control module has been turned
on, additional program control modules (not shown) can
also be turned on in sequence to supply additional pro-
gramming for the telemetering station, particularly for
supplying additicnal information concerning the analog
transducers at the telemetering station over the telemeter-
ing loop €2. Thus, for example, the sixth program control
module could be connected to a digitizer control amplifier
to start the operation of another digitizer and also to
start the logic unit 38 through its sequence of operation
to determine the position or condition of the analog trans-
ducer and to transmit this information over the telemeter-
ing loop 62 to the printer at the central station. Thus, the
seventh, eighth and ninth program control modules could
be provided for reading out the decimal counting units 51
to supply this information to the telemetering loop.
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Tt, therefore, can be seen that any number of program
control modules can be provided, and that any number
of digitizers can be read out without any difficulty.

The last program control module of the telemetering
station has the function of turning off the system after
the programming has been completed. It is turned on
by the last shift pulse from the transmitting distributor
58. As soon as it is turned on, it sends a V- current
through the isolating diode 256 through the conductor 257
to the “end cycle” terminal of the power initiate module
67. This negative current overcomes the positive current
and causes the relay 82 to drop out and to open its con-
tacts to turn the power initiate module completely off.
As soon as the power initiate module is turned off, all
power is removed from the system and the entire system
is Teset.

Means is provided for preventing the telemetering sta-
tion from being hung up. It is apparent that failure of
certain portions of the system could przvent operation of
the remainder of the system and, therefore, some means
must be provided to return the apparatus to its normal
resting position in the event it is not returned to this
condition within the normal period of time. Such means
consists of an additional interval timing module 68 which
is identified as ITTM “B.” At the end of a predetermined
period of time, the interval timing module “B” sends a
negative pulse to the control input B of the last program
control module to turn it on and, therefore, causes the last
program control module to perform its function of ending
the cycle of the system if it has not already been ended
by the normal sequence of operation of the system. Thus,
it can be seen that the last or additional interval timing
module 68 serves as a fail-safe timer.

Two different interval timing modules must be provided
to perform both the overall fail-safe timing function and
time delays within the program. The overall timing which
is accomplished by the last or additional interval timing
module is going on during the time that the telemetering
station is functioning and, therefore, in order to obtain
time delays within the program, it is necessary to provide
at least one additional interval timing module.

From the foregoing, it can be seen that a program con-
trol module is required for each digit or character of data;
every space, every mark, every carriage shift or carriage
return or space, etc. In addition, if there is to be a time
delay in the program, there must be a program control
module which is on during the time delay.

If it is assumed that the telemetering station is the
weather station such as shown in FIGURE 2, there would
be five analog transducers 36, five digitizers 37 and five
digitizer control amplifiers 44. In addition, there would
be a large number of program control modules, the exact
number to be determined by the number of fixed char-
acters to be transmitted in the desired program.

In packaging the telemetering station, the various mod-
ules can be readily mounted on printed circuit boards. In
particular, the program control modules can be standard-
ized by placing a number of the isolating diodes on the
printed circuit board and then only utilizing the particular
diodes which are required in the various arrangements
shown in FIGURE 3. This can be accomplished merely
by the external connections to the printed circuit board.

If desired, two sets of decimal counting units can be
provided. This would make it possible to place the in-
formation in one set of decimal counting units while the
other decimal counting units are being read out to pre-
vent delays in transmission for the digitizer cycle.

In FIGURE 12, we have shown a more general arrange-
ment of a data gathering station which wutilizes many of
the same modules but which is adapted to operate, for
example, data logging equipment, a digital recorder or
any other equipment which it is desired to program. Cer-
tain of the components have been omitted as, for example,
the isolating diodes.
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Operation of the pushbutton 72 causes operation of the
power initiate module which turns on the first program
control module 66 and turns all the other program control
modules off. The positive pulses for advancing the pro-
gram are teceived on the shift pulse line 158 from the
equipment with which the data gathering station is work-
ing. As in the previous embodiment hereinbefore de-
scribed, each time a shift pulse is received, the next suc-
ceeding program control module is turned on and the pre-
ceding program control module is turned off.

All of the outputs of the program control modules can
be utilized for energizing other equipment. The interval
timing module 68 has been provided to show that the pro-
gram can be interrupted and a predetermined time delay
inserted any place in the program. The interval timing
module B is used to turn off the entire system if the sys-
tem should become hung up for any reason.

From the embodiment shown in FIGURE 12, it can
be seen that it is not absolutely necessary to drive a tele-
printed transmitting distributor but that a local parallel-
entry printer can be used for local data logging. It also
can be utilized for programming digital recorders.

In FIGURE 13, there is shown a sub-programming ar-
rangement which permits certain portions or sequences of
a program to be repeated again and again in different parts
of the program and at the same time utilizing the same
program. control modules. This program arrangement
which is shown in FIGURE 13 consists of a plurality of
program control modules 261 of a type which are identical
to those hereinbefore described. A plurality of the pro-
gram control modules are arranged in a horizontal row
across FIGURE 13 of the drawings and can be termed
the master program control modules and which are identi-
fied as first, second, third, etc., program control modules.
Disposed in vertical rows beneath the master program
control modules are a plurality of sub-program control
modules.

The first program control module is turned on at the
same time as the system with which it is associated is
energized. When the first program control module is
turned on, it supplies a positive pulse from the output A
through the isolating diode 262 and through the coupling
capacitor 263 to the control input A of the program con-
trol modules 1A and 2A as shown in the drawing which
are parts of strings of two sub-program control modules.
Either of these two strings can be activated depending
upon the position of a switch identified as S-P selector
switch. This selector switch places a negative current into
the selection input of either the program control module
1A or program control module 2A and, therefore, selects
which will be turned on when the positive pulse is re-
ceived from the first program control module. For ex-
ample, if longer strings were provided, the string on the
left-hand side could be utilized for transmitting the word
“open,” whereas the other string could be utilized for
transmitting the word “closed,” and thus these two strings
could be utilized to indicate the position of a valve. In
such a case, the S-P selector switch could be operated by
the valve.

After the program control module 1A or 2A is turned
on, the remainder of the program control modules in the
string will be turned on in sequence by shift pulses from
the line 1538 supplied by the transmitting distributor. This
continues until the last program control module in the
string is turned on. In the last program control module
1C or 2C, the next to the last shift pulse on the conduc-
tor 158 for the string turns the last program control
module on. It will be noted that these shift pulses are
applied to both the control input A and also to the con-
trol input B. However, the isolating diode 266 prevents
directly coupling these inputs together. When the next
pulse is received on the line 158, it will turn the program
control module off. A pulse applied to the control input
B of a program control module turns the module off only
if it is already on. It can have no effect if the program
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control module is not on as, for example, when the shift
pulse is first applied to the control input A to turn the
program control module on.

When the last program control module in the string
is turned off, the output from the output B will be changed
from negative to positive. This positive pulse is coupled
through the capacitors 267 to the next program control
module in the master row as, for example, the second
program control module as shown in the drawings. This
will turn the second program control module on and will
cause the first program control module to be turned off
in the manner hereinbefore described. However, it can
be seen that the first program control module in this case
has been provided with a complete sub-program which
can be sent through the transmitting distributor before
the next program control module is turned on. The same
sub-program can be gone through again as shown in FIG-
URE 13 of the drawings because when the second pro-
gram control module is turned on, it supplies a positive
pulse through the isolating diode 262 and the capacitor
263 to the control input A of the program control modules
1A and 2A so that the same sub-program can be supplied
to the transmitting distributor 58. Thus, for example, the
sub-program could be utilized for indicating the position
of two separate valves. A separate S-P selector is oper-
ated by each valve and the negative supply to the S-P se-
lector desired is provided by the output “B” of the mas-
ter program control module.

When the last program control module in the string
has been turned on, it sends a positive pulse through the
capacitor 267 to the control input A of the third program
control module which turns the third program control
module on and turns the second program control module
off. By utilizing additional program control modules, it
is readily apparent that a sub-program can be repeated
as many times as desired. When the third program con-
trol module is turned on and supplies a positive pulse to
the contro] input A of another sub-program string identi-
fied as PCM “3A.” In the case of this program control
module, a selecting input is connected permanently to a
Vi— voltage because there is only one possible sub-pro-
gram. When the next shift pulse is received, it turns on
the program control module 3B. The next succeeding
shift pulse turns the program control module 3B off be-
cause the shift pulse is applied to the control input B.
This causes a signal to be supplied to the control input A
of the last program control module of the master program
control modules which turns the preceding program con-
trol module off. The isolating diode 268 prevents the
control inputs A and B of the program control module 3B
from. being directly coupled.

‘When the last program control module is turned on, it
supplies a current on the end cycle line 257 to turn off
the power initiate module.

From the foregoing, it can be seen that any type of
program can be readily set up utilizing the program con-
trol modules and that, in addition to the master pro-
gram, sub-programs can be readily utilized. These sub-
programs can be repeated any number of times.

It is apparent from the foregoing that we have provided
a new and improved programming and telemetering sys-
tem and apparatus. It is designed in such a manner that
there is always low power operation because at any given
time there are no more than two program control modules
on and generally there is only one on. The ones that
are not on do not draw any power and the one that is
on sensitizes or primes the next program control module
which is in line to receive the shift pulse. When the shift
pulse is received, both of the program control modules
are on and then the one which has just been turned on
turns the preceding one off. This is a more positive op-
eration than is utilized in conventional computer tech-
niques in which the bistable device is being turned off,
turns the next one on. This is particularly advantageous
where there is a time lag or an aging of components which

10

15

20

30

35

40

45

50

60

65

70

20

may affect the sequence of operation. Such aging of
components would not affect the positive operation of
our system and apparatus.

Our system and apparatus is preferably comprised of
all solid state components and, therefore, has a very low
power requirement.

Our apparatus is also advantageous because both the
positive and negative voltages are provided by the pro-
gram control modules which can be utilized for energizing
equipment having differing polarity requirements. The
system and apparatus is comprised of modules, many of
which are identical or substantially identical. This great-
ly reduces the cost and increases the flexibility of the
system and apparatus. Printed circuit cards can be
utilized which can be mounted in stacked connectors.
Thus, if it is desired to add new functions to the pro-
gram, it is merely necessary to add more connectors to
the stack and plug in the necessary printed circuit cards.
This also facilitates changes in the field by relatively un-
skilled personnel. The number of characters in the mes-
sage can be readily changed by increasing or decreasing
the number of program control modules.

It is evident that the 10 information lines of the output
lines 54 may be energized by a variety of decimal output
devices known to those practiced in the art, such as man-
val selector switches or Veeder-Root decimal output me-
chanical counters, with the interrogate conductors 52 be-
ing applied to the wipers of such decimal output devices.
In addition, the data signals presented on these 10 infor-
mation lines may be used to operate a solenoid operated
printing device, such as a typewriter with solenoid key-
board, withont using the diode matrix or transmitting
distributor, by amplifying the signals with 10 amplifiers
and using the amplified signals to actuate the solenoids.
In such a case conductor 158 would be connected to an
output of the printing device that signals the completion
of printing a charatcer, so that the program would ad-
vance after each printing cycle. Alternatively, the binary
output lines 57 of the diode matrix could be amplified
to actunate a parallel-entry printer or a parallel entry tape
punch. In such a case the data true line 49 would be
amplified to provide the print command for the printer
or punch, which would furnish a signal on conductor 158
at the end of the printing or punching cycle to advance
the program.

We claim:

1. In a telemetering system, a digitizer, a logic unit
connected to the digitizer, counting means including a
plurality of counting units having parallel 10-line output
information connected to the logic unit, said logic unit
including means for interrogating said digitizer and caus-
ing said digitizer to send information pulses through the
logic unit to the counting means, a transmitting distributor
connected to said parallel 10-line output of the counting
means, a plurality of program control modules each hav-
ing on and off conditions, one module being provided for
and coupled to each counting unit, and means for sequen-
tially placing each module in an on condition, each of such
on modules performing a predetermined and unique func-
tion, said modules coupled to said counting units caus-
ing said transmitting distributor to interrogate the count-
ing means and to supply pulses in accordance with in-
formation contained in the counting means and means
including another of said modules connected to said logic
unit and causing operation of said logic unit.

2. A telemetering system as in claim 1 wherein a diode
matrix is connected between the transmitting distributor
and the counting means and wherein the diode matrix
converts parallel 10-line information into parallel binary
information.

3. A telemetering system as in claim 1 wherein the
transmitting distributor converts the parallel binary in-
formation into synchronous serial pulses.

4. A telemetering system as in claim 2 wherein the
transmitting distributor converts the parallel binary in-
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formation supplied by the counting means into synchro-
nous serial pulses in teleprinter code.

5. In a telemetering system, a plurality of digitizers, a
logic unit connected to the digitizers, a plurality of count-
ing units connected to the logic unit, the logic unit causing
operation of the selected digitizer and causing the selected
digitizer to send information pulses through the logic unit
to the counting units, the counting units placing informa-
tion received from the information pulses in at least ten
parallel lines, a diode matrix connected to the parallel
lines and converting the information on the parallel lines
into five binary lines, a transmitting distributor connected
to the five binary lines, a plurality of program control
modules each having on and off conditions, one module
being provided for and coupled to each counting unit, and
means for sequentially placing each module in an on con-
dition and all other modules in an off condition, each of
such on modules performing a predetermined and unique
function, said modules said counting units causing the
transmitting distributor to interrogate the binary lines in
sequence and to supply information in synchronous se-
rial pulses and means including others of said modules
connected to said logic unit causing operation of said logic
unit and for selecting a predetermined digitizer.

6. A system as in claim 5 together with means for in-
troducing a time delay between the operation of predeter-
mined program control modules.

7. In a telemetering system, a_plurality of digitizers, a
logic unit connected to the digitizers, a plurality of decimal
counting units connected to the logic unit, digitizer control
means connected between the logic unit and each of the
digitizers, a plurality of program control modules, each
of the program control modules being capable of assum-
ing on and off conditions, a power initiate module, means
for initiating operation of the power initiate module for
supplying power to the program control modules so that
the first program control module is turned on and the
remainder of the program control modules are turned off,
means connecting the first program control module to
the logic unit and to a predetermined digitizer control
means which when the first program control module is
turned on serves to initiate operation of the logic unit
and to cause selection of a predetermined digitizer, the
logic unit having means for initiating operation of the
selected digitizer and causing the selected digitizer to
send a plurality of information pulses through the logic
unit to the decimal counting units, the decimal counting
units receiving the information pulses and placing them
in 10-line information, a diode matrix connected to the
decimal counting units and serving to convert the 10-line
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information into five line binary information, and a trans-
mitting distributor connected to the diode matrix, the pro-
gram control modules after the first program control
module automatically causing the transmitting distributor
to interrogate the diode matrix to ascertain the binary in-
formation and converting the same into synchronous se-
rial pulses representing characters.

8. A system as in claim 7 wherein the transmiiting
distributor produces a shift pulse after every character
has been transmitted for causing the succeeding program
control module to be turned on, the succeeding program
control module when turned on serving fo turn the pre-
ceding control module off. )

9. A system as in claim 7 wherein when a control
module includes means when it is turned on which causes
the succeeding program control module to which it is
connected to be primed for the receipt of a shift pulse.

10. A system as in claim 7 wherein the last program
control module turns off the power initiate module.

11. A system as in claim 7 together with means at a
remoie station for receiving the information transmitted
by the trapsmitting distributor.

12. A system as in claim 7 wherein the transmitting
distributor converts the 5-line binary information into
synchronous serial pulses representing teleprinter charac-
ters together with means at a remote location for receiv-
ing the teleprinter characters.

13. A system as in claim 7 wherein the plurality of
program control modules includes a plurality of master
program control modules and a plurality of subprogram
control modules representing at least one subprogram,
the program control modules being connected so that a
subprogram is inserted in a predetermined position in a
master program.

14. A system as in claim 13 wherein the program con-
trol modules are changed so that a subprogram is repeated
within a master program by using the same subprogram
control modules in the repeated subprogram.
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