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TRANSDUCER SYSTEM FOR CONTINUOUS
MONITORING LIQUID LEVELS IN STORAGE
- TANKS AND THE LIKE

Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue, | |

This application is a reissue of Ser. No. 854,917 filed
Nov. 25, 1977, Pat. No. 4,194,177 issued Mar. 18, 1980.

DISCLAIMER

While the above Abstract has been carefully written,
the purpose of such statements is to provide a non-legal
description of the contents of the application as a
searching, scanning and classification aid for technical
persons. Accordingly, all hereinbefore-presented state-
ments are not intended to be used in understanding or
otherwise comprehending the principles of the inven-
tion to be discribed in detail hereinafter, and are not,
more particularly, to be used in interpreting or in any
way limiting the scope and fair interpretation of the
claims appended hereto. |

RELATED APPLICATIONS

Related applications assigned to the assignee of the
instant apphcation and incorporated herein by refer-
ence, all having a common filing date, include: U.S. Ser.
No. 855,033, J. S. Adamson for “Transponder System
Including an Oscillator Ripple Counter Controlling A
Coded Analog Multiplex Network In A Circuit With a
Driver/Gate Circuit For Generating “Red-Alert”. End
Condition Digital Signals In A Storage Tank Gauging
System™; U.S. Ser. No. 855,032, J. S. Adamson for
“Transponder System Including An Oscillator/Ripple
Counter Controlling A Fixed Gray Code Logic Net-
work In Circuit With A Driver/Gate Circuit For Gen-
erating “Red-Alert” End Condition Digital Signals In
A Storage Tank Gauging System”; and U.S. Ser. No.
854,916, J. S. Adamson for “Transponder System In-
cluding An Oscillator/Ripple Counter Controlling A
Fixed Gray Code Logic Network In Circuit With A
Decoder/Driver Network For Generating “Red-
Alert” End Condition Digital Signals In A Storage
Tank Gauging System”.

FIELD OF THE INVENTION

This invention relates to transducers for monitoring

fluid levels, and more particularly, to a continuously

operating fluid level tranducer system formed essen-
tially of MSI’'s (Medium Scale Integrated Chips) in
which a differential pressure (dp) cell in the circuit with
a digital encoding network through a DVM (Digital
Volt Meter) continuously produces an electrical signal
proportional to fluid level within a storage tank or ves-
sel. The digital encoding network is initiated by a
MARK-SPACE interrogation signal of a MARK-
SPACE digital tank gauging system. The output of the
digital encoding network is a Gray code digital transla-
tion of the electrical signals from the DVM which indi-
cates fluid level within the storage vessel and the like

being monitored. The invention has particular utility in

monitoring tank farm networks associated with an oil
refinery and/or a chemical complex.
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BACKGROUND OF THE INVENTION

In MARK-SPACE digital tank gauging systems for
monitoring liquid level, conductor buses directly con-
nect all tank stations with a central control monitoring
location. Individual tank stations are in multiplexed
circuit connection with the central monitoring location.
During operations, line voltage of the conductor buses
must be held at rather high levels, say 48 volts, to avoid
accidental tripping of the system by natural phenome-
non, such as lighting. In order to create a MARK or
SPACE on the lines of interest, the transducer system
assoclated therewith must generate a complementary
high level signal. However, experience has shown that
to generate such signals by solid state circuitry say
essentially MSI’'s (Medium Scale Integrated Chips)
where such circuits must be formed with minimum
device count, simple control capability and low power
requirements, is exceedingly difficult to accomplish.
This 1s especially true if the circuit must also be inter-
faced with present on-site tank gauging systems.

Moreover, there is a present need for an accurate
transducer system for monitoring fluid levels within oil
refineries and/or chemical complexes, such need having
been brought about, to a large extent, by changes in
Federal and State laws. While normal refinery practice
seeks to avoid overloading storage tanks, now penalties
provided by Federal and State laws are so severe, that
highly accurate monitoring systems are mandatory.
However, experience shows that such systems are diffi-
cult to achieve because the reasons previously men-
tioned, especially if a separate analog-to-BCD-to-Gray
code convertors, are {0 be used.

SUMMARY OF THE INVENTION

Liquid levels in a storage tank network are continu-
ously monitored by a highly reliable transducer system
of the present invention including a differential pressure
(dp) cell in circuit with a digital encoding network
through a differential volt meter (DVM). In operation
and as a function of the dp cell output level, the DVM
1s continuously applying binary-coded-decimal (BCD)
signals to a series of look-up ROM’s (Read Only Memo-
ries) proportional to liquid level within the storage tank
being monitored. The ROM’s retain, in-memory, the
Gray code translation of the BCD inputs. The ROM’s
are then periodically accessed (based on a received
MARK-SPACE signal), via an analog multiplexer con-
trolled by an oscillator/ripple counter, to provide cor-
responding microcircuit signals at the output of a 7-seg-
ment decoder/driver. These microcircuit level signals
are regenerated—levels compatible with conventional
tank gauging systems—using an isolator/driver net-
work in circuit with the 7-segment decoder/driver. The
1solator/driver network includes switching transistors,
conduction of which, bring MARK or SPACE lines
tied thereto, down to ground potential and create a
pulse code proportional to liquid level for display at the
central station. Imitially, the interrogation signal of the
tank gauging system is fed through a surge and polarity
circuit to a voltage divider network connected through
a transformer to the DVM. The DVM, in turn, resets
the oscillator/ripple counter and starts the oscillator
clock to initiate operations. The dp cell is also coupled
to the DVM, and comprises a pair of flexible dia-
phragms usually welded to opposite sides of a rigid steel
disk. Mode of operation: a force balance principal is
used involving movement of the diaphragms as a func-
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tion of pressure in the diaphragm-disk region, all ele-
ments cooperating to provide a drive current propor-
tional to pressure level at the DMV. Within the DVM,

analog-to-digital conversion of the output of the dp cell
occurs. The resulting BCD signals of the DVM are, in
turn, applied to the ROM’s which hold a Gray code

translation of the BCD signal in their memory. The
ROM’s are periodically accessed via the analog multi-
plexer controlled by the oscillator/ripple counter to
provide corresponding microcircuit level signals at the
output of the 7-segment decoder/driver, as previously
indicated. As the oscillator/counter ripples through a
cycle, its output stages are sequentially enabled as fol-
lows: the least significant bit (2° bit) enables the
BLANK-input of the 7-segment decoder/driver at the
highest repetition rate of the counter whereby the Gray
code 1in memory within the look-up ROM’s (addressed
as a function of the occurrence of intermediate bits (21,
24 ... 2N bits) from the counter), can be accessed in
sequence from the decoder. The resulting Gray code is,
of course, at microcircuit signal levels and to regenerate
them at levels compatible with conventional tank gaug-
ing systems requires the use of the isolation/driver net-
work in circuit between the 7-segment decoder/driver
and the MARK-SPACE lines of the tank gauging sys-
tem, as previously mentioned. The single cycle opera-
tion ceases because the most significant bit, 1.e., the
2V+1bit of the oscillator/counter, is fed back to a RC
circuit at the input of the latter which drives a diode in

circuit therewith into conduction which jams the oscil- 30

lator clock.

Of some importance in operations 1s the isolation of
the MARK-SPACE tank gauging system from the
transducer system of the present invention through use
of magnetic- and light-coupled isolation networks.

DESCRIPTION OF THE DRAWINGS

Further features of the invention will become more
apparent upon consideration of the following detailed
descriptions of the invention when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 1s a schematic of a tank gauging system ser-
vicing—from a central monitoring location—a plurality
of field stations, A,B ... M;

FIG. 2 1s a schematic diagram illustrating in some
detail a transducer system in the present invention lin-
ked—electricaly—to the tank gauging system of FIG. 1;

F1G. 3 15 yet another schematic diagram illustrating
in still more detail the transducer system of FIG. 2:

FIGS. 4 and S are circuit diagrams of selected circuit
elements of the transducer system of FIG. 3; and

FIGS. 6a-f are timing charts of sets of square wave
pulses generated by the circuit of FIG. 3.

EMBODIMENTS OF THE INVENTION

Reference should now be had to FIG. 1 illustrating
digital tank gauging system 10 modified in accordance
with the present invention.

As shown, system 10 includes a transmitter-receiver
11 and multiplexer 12 located at a central station 9.
Receiver-transmitter 11 and multiplexer 12 are in circuit
with each other and, in addition with a plurality of field
transmitter-recetver networks 13. The latter are located
at, 1.e., positioned within, a series of tank monitoring
stations A,B ... M and connect to the former through
a series of MARK-SPACE conductor buses 14.

Each field transmitter-receiver network 13 at each of
the different monitoring station, A,B . .. M, is individu-
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ally interrogated 1n sequence by the receiver-transmit-
ter 11 and multiplexer 12 operating at the central station
9. In more detail, the transmitter-receiver 11 and multi-

plexer 12 interrogate each individual station, A.B... M
through the emission of a predetermined MARK-
SPACE interrogation signal. The last-mentioned signal

1s usually designed to have a high relative amplitude,
say 48 volts d.c., to avoid accidental tripping of the
system. It 1s also uniquely codable vis-a-vis station A,B
. . or M. In response to such signal, a MARK or
SPACE bit code, in turn, is generated by the appropri-
ate network 13 proportional to liquid level. Its duration
and polarity differs, however, than that of the interroga-
tion signal in that it must pull down the MARK or
SPACE hne to ground potential and its pulse width is
much smaller than that of the interrogation pulse. To
generate such signals using MSI’s (Medium Scale-Inte-
grated Chips) within each network 13 has been found to
be exceedingly difficult in practice to accomplish.

FIG. 2 shows a field transmitter-receiver network 13
in more detail.

As shown, network 13 includes a continuous follower
transducer network (TN) 15 in circuit with pressure-
sensitive sensor 17 within storage tank 19. All control
and data signals enter and leave TN circuit 15 via ele-
ments of the conductor buses 14 previously mentioned
to separately control and interact with condition sensor
17. |

In operation, the sensor 17 provides pressure signals
proportional to liquid level within the tank 19. Such
signals are fed, in turn, to TN circuit 15 where it is used
to produce, ultimately, a Gray code translation of the
liquid level within the tank 19 for display at the central
station 9.

FIG. 3 illustrates transducer system 15 in more detail.

As shown, system 135 includes a differential pressure
(dp) cell 18 1n circuit with a digital encoding network 20
through a digital volt meter (DVM) 21. Briefly, the cell
18 first accepts the pressure signals from the sensor 17
within the storage tank 19 of FIG. 2 then converts these
signals to analog electrical values. The analog electrical
signals are then presented to DVM 21.

‘The cell 18 1s conventional in the art and briefly, can
comprise a pair of flexible diaphragms welded to oppo-
site sides of a rigid steel disk. Its mode of operation: a
force balance principal is utilized involving movement
of the diaphragms as a function of the differential pres-
sure signals proportional to liquid level within the stor-
age tank. The diaphragm and disk combine, in function,
to provide an electrical drive current proportional to
the differential pressure signals, and hence, also to liquid
levels. The resulting analog electrical signals are used to
drive DVM 21.

When enabled by a MARK-SPACE interrogation.
signal, DVM 21 initiates both external and internal
operations of the system.

Externally, the DVM 21 provides a power-on reset
pulse via enable bus 23 for oscillator/ripple counter 24
of digital encoding network 20 of the present invention.
As a result, output stages 24B-24E of the oscillator/-
counter 24 are reset to zero and a clock (not shown)
therein which paces all operations within the system, is
started.

Internally, the DVM 21 performs analog-to-digital
conversion of the updated analog data from the dp cell
18 and presents the resulting binary-coded-decimal data
(BCD) to a series of look-up Read-Only Memories
(ROM’s) 25. The ROM’s 25 retain, in memory, the
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Gray code translation of the BCD input. The ROM’s 25
are accessed via multiplexer 26 under control of oscil-
lator/ripple counter 14, the data from the ROM’s 25
being accessed to 7-segment decoder/driver 27 and
thence through isolater/driver network 28 and I/C 29
back to the central station for display.

Cyclic operations of the oscillator/counter 24,
ROM’s 25, multiplexer 26 and 7-segment decoder/-
driver 27 is summarized and set forth in detail in Table
I. Note that the ultimate code transmitted is dependent
on the particular BCD input to the ROM’s 25. Also note
that DMV 21 is of conventional design. In this regard,
- a Weston model 1234 described somewhat in U.S. Pat.
No. 3,051,939, has been found to be adequate in this

regard.
TABLE I
Disable Data Enable
2N¥+1Bit 2V 2221 Bits  20Bit  Comment
0 00G0 0 Reset & start at Address 0
of multiplexer 26
0 0200 ] Enable Address O:
a SPACE 1s generated

0 0001 0 Set to Address |1
0 G001 ] Enable Address 1
0 010 0 Set Address 2
0 CO10 ] Enable at Address 2
0 0011 0 Set to Address 3
0 0011 ] Enable at Address 3
0 0100 0 Set to Address 4
¢ 0100 ] Enable at Address 4
0 0101 0 Set to Address 5
0 0101 ] Enable at Address 5
0, 0110 0 Set to Address 6
0 0110 ] Enable at Address 6
0 0111 0 Set to Address 7
0 0111 I Enable at Address 7
0 1000 0 Set to Address 8
0 1000 ] Enable at Address 8
0 1001 0 Set to Address 9
0 1001 1 Enable at Address 9
O 1010 0 Set to Address 10
0 1010 | Enable at Address 10
0 1011 0 Set to Address 11
0 1011 ] Enable at Address 11
0 1100 0 Set to Address 12

1100 j Enable at Address 12

1101 0 Set to Address 13
0 1101 ] Enable at Address 13
0 1110 0 Set to Address 14
0 1110 ] Enable at Address 14
0 1111 0 Set to Address 15
0 1111 ] Enable at Address 15

] 0000 0  Clock jammed; operation

cecase

Briefly, in operation, the interrogation voltage pulse
1s divided and the divided pulse is used to provide (via
DVM 21 and enable bus 23) a reset pulse for oscillator/-
counter 24. In addition to resetting all output stages
24B-24E of the oscillator/counter 24 to zero, the oscil-
lator clock is also commenced to initiate system opera-
tions. As a result, a series of sequential binary ‘‘ad-
dresses” are generated by the counter 24 which enabile,
in sequence, the series of ROM’s 25 through analog
multiplexer 26. The data (HI,LOW’s)—at microcircuit
input levels—enable through the multiplexer 26 to the
7-segment decoder/driver 27. The fact that the result-
ing code of interest from the decoder 27 is at microcir-
cuit signal levels, has been previously mentioned, and
the former must be increased to a level which is compat-
ible with conventional tank gauging systems. To gener-
ate a compatible code, each microcircuit pulse (either a

SPACE or MARK) conirols switching transistors

within 1solation/driver network 28 connected to
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6
SPACE or the MARK lines 14B or 14A of the conven-
tional tank gauging system attached to I/0 29 to bring
the latter down—momentarily—to ground potential.
Result: the liquid level digital data can be transmitted
back to the central station through the I/0 29 for dis-
play and analysis.

Having briefly described operations, above, a more
detailed analysis of 1/0 29 is in order and is presented
below with reference to FIG. 4.

As shown in FIG. 4, 1I/0 29 includes a surge and
polarity limiting circuit 30 at its input. The circuit 30
comprises a reverse polarity protection diode 31. A
relay coil 32 is in circuit with the diode 31 through
surge limiting resistor 33. In operation, the diode 31
only conducts when an interrogation signal of the cor-
rect polarity as applied to the I/0O 29. Note that the
interrogation signal energizes the relay coil 32 (closing
relay contacts 3¢A-34C through 34D). Voltage divider
35 is common in the art and reduces the voltage of the
Interrogation pulse via resistor 33 and Zener diode 37 to
a level compatible with microcircuit logic, e.g., say at
about 12 volts in the instant application, for use within
DVM 21 through power-on reset/isolation network 36
in circuit therewith. With the closing of relay contacts
34B and 34C, note the isolator/driver network 28 is
placed in circuit with outside data MARK and SPACE
bus lines 14A and 14B, respectively.

Power-on-reset generation can be further explained
with reference to the reset-isolation network 36 of FIG.
4.

Reset/isolation circuit 36 includes a pulse forming
network 38 in circuit with transformer 39. Briefly, in
operation the former generates a reset pulse from the
interrogation pulse while the latter isolates the digital
encoding network 20 including DVM 21 from the
MARK-SPACE system itself.

In more detail, the network 38 includes silicon-con-
trolled rectifier 41 in circuit with a capacitor 42, Zener
diode 43 and resistor 44. After the interrogation pulse
occurs, rectifier 41 and Zenor diode 43 are enabled,
thereafter, causing capacitor 42 to discharge through
primary windings 45 of the transformer 39 and generat-
Ing at secondary windings 46, a reset pulse for DVM 21
in circuit with dp cell 18. Since between the windings
45 and 46 clectrical isolation is complete, the effect of
different ground potentials are minimized between the
MARK-SPACE tank gauging system and DVM 21.

Returning to FIG. 3, recall that data at ROM’s 25 is
received from DVM 21 as a function of multiple analog
signals from dp cell 18. Hence, each ROM 25 has digital
significance dependent on its relative position in the
data flow. In operation, the data flow is controlled
(GAtED) via BLANK-ing input 50 at 7-segment deco-
der/driver 27 which receives, on an iterative basis, the
2° bit input from oscillator/counter 24.

FI1G. S illustrates data flow within decoder/driver 27
in conjunction with isolator/driver 28, in more detail.

Other inputs of decoder/driver 27 of interest of the
present invention includes the 2! bit and 22 bit inputs
51,52 connect to a separate power bus 49: the 23 bit
input 53 and the data input 54 connected to ROM’s 25
connects to ground. As a result, inputs 51 and 52, i.e.,
the 21, 22 bit inputs of the 7-segment decoder, are con-
timuously enabled (HI’s) while input 53, i.e., the 23 bit
input, 1s a LOW during all operations of the decoder.
Outputs 55 and 56 of the decoder/driver connect to
switching transistors 70,71, respectively, of isolation/-
driver 28 as explained below. As address bit codes (HI’s
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and LOW’s) from the ROM’s 25 materialize at input 54
of decoder 27, the total operation becomes akin to a
16-addressable ROM. That is to say, the 2! and 22 bit
inputs to the decoder are always enabled while the 23
input is LOW so that the decoder oscillates between the
binary equivalents of an imaginary LED display of the
number “6” and 7 at its outputs 36 or 55, depending
on the bit state at input 54, this condition, of course,
being synchronized by proper gate bits (HI’s) at input
50. E.g., if the input 54 1s HI, a “seven” is generated at
output 55; while if it 1s LOW, a “six” is generated at
output 56. At the above outputs, the resulting drive
currents of the decoder is associative, with two non-
overlapping segments of the normal 7-segment LED
display being summable (with generation of the number
“7) to cause the MARK line transistor 70 to conduct
and pull the MARK line 14A down to ground potential,
while drive currents associated with two other non-
overlapping segments (for generation of the number
“s1x’’) cause the SPACE line transistor 71 to conduct
and pull, likewise, the SPACE line 14B down to ground
potential.

Table II below indicates the nature of the 2-in-7 drive
current generation by decoder/driver 27.

TABLE II
Total
Segments Segments Used Segments Used
Available  To Drive To Drive
7-Segment LED  To Be MARK SPACE
Configuration Driven Transistor 70 Transistor 71
' 7, 1.e., 2, 1.e., 2, Le.,
a—f__]
d, b, C, d*.r H; b ef
ad e
e, fand g
et ]
g b
d+__|

In a usual LED display of the number “6’° (normally
occurring with a LOW at input 54, and HI’s at inputs
51,52) the following segments would be enabled: f, e, d,
c and g. And for display of the number “7” (occurring
normally with HI’s at inputs 54,51 and 52) the following
segments would be enabled: a, b, c. Hence, non-overlap-
ping segments are a,b (when the number “7” is gener-
ated) and e, f, d, g, (when the number *“6” is generated).
In order to equalize current outputs from the non-over-
lapping segments, only segments d,e were placed in
circuit with SPACE transistor 71, however.

But switching transistors 70,71 are not directly con-
nected to outputs 55,56 but use light-coupled intercon-
nection via LED’s (light enabling diodes) 73, 74, 75 and
76 1n circuit with switching transistors 70,71 through
light sensitive transistors 77 and 78. I.e to say, at outputs
55,56 the decoder 1s further modified so that the result-
ing drive currents from the decoder are light-coupled
via LED’s 73-76 through light-sensitive transistors 77
and 78 to switching transistors 70,71.

Note that the signal level at light-sensitive transistors
77,78 1s at microcircuit levels but that switching transis-
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tors 70,71 provide sufficient drive levels to bring down

MARK and SPACE lines 14A to ground potential.
Return to FIG. 3 to review the operational aspects of

the transponder system 16 of the present invention.
Note 1nitially the effect of reset pulse of the DVM 21

on operations of the oscillator/ripple counter 24. Not
only are all output stages of the counter set to zero by

such pulse, but also the latter initiates operation of the
oscillator clock. As the counter 24 ripples through a
single cycle, individual output stages are activated the
controllably enable 7-segment decoder/driver 27 and
Iso-driver 28. The result: Gray-code translations
(within ROM’s 25) of the BCD data from DVM 21 are
fed back via I/0 29 to the central station for display and
analysis.

E.g., the least significant bit, say the 2° bit of the
oscillator/counter 24, can be utilized to selectively en-
able BLANK-ing input 30 of the decoder/driver 27
while intermediate bits 21, 22. . . 2Vbits connect to input
54 of the same decoder. These intermediate bits, 1.e., the
21,22 .. 2N Dbit code at input 54 are in sequential binary
combinations which enable--also in sequence—address
mputs of the multiplexer 26 to the ROM’s 25. As a
result, the state (HI or LOW?’s) of the ROM’s 25 are
sampled, and the Gray code equivalent of the analog
liquid level data from the dp cell is provided at the
7-segment decoder/driver 27. Thereafter, the SPACE-
MARK lines are modulated akin to a 16 X1 ROM in
which a X-in-16 particular address enables the MARK
line while Y-in-16 address enable the SPACE line to
provide Gray code translation of the liquid level of
interest.

The most significant bit of the oscillator counter 24
say the 2 N +1 15 last fed via bus 24F back to the diode
75 at the input to the oscillator/counter 24 (i.e., to RC
circuit 76). In operation, conduction of the diode 75
“1ams” the oscillator clock of the latter. All output
stages of the counter are then placed 1n an inhibited
state. All operations cease.

The synthetic Gray code generation can be further
explained with reference to the timing chart of FIG. 6.

As shown, the pulse width of interrogation signal 80
of FIG. 6A 1s such that usually a certain total of MARK
and SPACE pulses, say sixteen, can be provided per
interrogation cycle. Hence, the number and pulse width
of the enable (2° bit) pulses of the pulse code 81 of FIG.
6B for the multiplexer 26 would correspond in kind to
the MARK and SPACE pulses ultimately generated
and displayed. l.e., the square wave enabling (2°) code
81 would have a repetition rate and pulse width match-
able in kind to the MARK and SPACE pulses gener-
ated by the switching transistors 70,71. This is not true
for the address command codes 82, 83, 84 and 85, of
FIGS. 6C-6F. Each is initiated by the falling edge of
the imitial pulse of the preceeding set of square wave
address pulses and has a progressively increasing pulse
width and correspondingly a progressively decreasing
repetition rate. Note all codes 81-83 as well as the dis-
abling bit terminate with the trailing edge of the interro-
gation pulse 80 of FIG. 6A.

From the above, it is apparent that the invention as
hereinbefore described has variations readily apparent
to those skilled in the art and hence the invention is not
limtted to the combination of embodiments hereinbe-
fore described but should be given the broadest possible
iterpretation in the terms of the following claims.

What 1s claimed 1s:
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1. Transducer system for generating a digital code
indicative of liquid level within a storage tank or the
like, upon receipt of a square wave interrogation signal
from a transmitter/receiver of a tank gauging system
located at a central station remote from said storage
tank but electrically connected to said transducer sys-
tem through an INTERROGATION, a MARK and a
SPACE line of said tank gauging system, comprising:

(a) means for providing a series of input signals repre-
sentative of liquid level within said tank, said means
including a digital volt meter (DVM) in circuit
with a series of look-up read-only-memories
(ROM’s); -

(B) I/0 network for receiving said interrogation
signal and connected to said DVM for generating a
reset signal therefrom in response to said interroga-
tion signal; |

(C) an oscillator/ripple counter formed essentially of
MSP’s connected to said DVM and including at an
input, a network for receiving said reset pulse from
said DVM, said oscillator/ripple counter generat-
Ing, In response to said reset pulse, sets of square
wave pulses of differing repetition rates and pulse
widths;

(D) a multiplexer and multi-segment decoder/driver
means connected to each other and to (B) respond-
ing to selected sets of said square wave pulses to
generate a synthetic digital code indicative of lig-
uid level at microcircuit signal levels at an output
means of said decoder/driver means:

(E) 1solatordriver means having one or more inputs
connected to said decoderdriver means of (D, and
one Oor more output means connected to said
MARK and SPACE lines controllable as a func-
tion of said synthetic digital code to drive said
MARK and SPACE lines between tank gauging
operating potentials for generating said digital code
of interest at said central station whereby said lig-
uid level condition within said storage tank can be

~Indicated. o |

2. The transducer system of claim 1 in which an initial
first generated set of square wave pulses by (C) is char-
acterized by a repetition rate higher than those of subse-
quent sets of square wave pulses, for enabling an input
of said multi-segment decoder/driver means of (D) at
said same repetition rate, and generating said synthetic
digital code at microcircuit signal levels.

3. Transducer system of claim 2 in which said enabled
input of said decoder/driver means of (D) is the
BILLANK-ing input of a 7-segment decoder/driver.

4. The transducer system of claim 2 in which each
subsequent set of generated sets of square wave pulses
provide 11 combination a series of address commands at
input means of said decoder/driver means of (D)
whereby X-in-16 particular address command per inter-
rogation cycle enables said decoder/driver means in
circuit with MARK line through said switching transis-
tor means, and Y-in-16 address commands per cycle
enable said SPACE line where X and Y are whole
numbers and X+ Y =16, and whereby said synthetic
code indicative of liquid level is generated.

S. Transducer system of claim 4 in which said input
means of said decoder/driver means of (D) is the 2° bit
input of a 7-segment decoder/driver. |

6. The transponder network of claim 4 in which each
subsequent set of generated sets of square wave pulses
provide in combination a series of multi-bit address
commands for said multiplexer means of (D) whereby
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output lines thereof are placed in alternately circuit
with said ROM’s to receive synthetic code of interest.

7. Transponder system of claim 6 in which said logic
output lines connect to a 2° bit data input of a 7-segment
decoder/driver.

8. Transponder system of claim 7 in which 2! and 22
bit inputs of said 7-segment decoder/driver are continu-
ously HI, and the 23 bit input is continuously LOW
whereby first and second outputs of said 7-segment
decoder/driver oscillates between binary equivalents of
a imaginary LED display of the number “6” or “77,
depending on HL,LLOW state of said 2° bit input thereof.

9. Method of generating a digital code indicative of
liquid level within a storage tank or the like upon re-
ceipt of a square wave interrogation signal from a trans-
mitter receiver of a tank gauging system located at a
central station remote from said storage tak under sur-

vey but electrically connected to said transponder net-
work through an INTERROGATION, a MARK and a

- SPACE lne of said tank gauging system, comprising

the steps of:

(A) encoding, as a updated, stored digital code, a
series of input signals representative of liquid level
within said storage tank in response to said interro-
gation signal;

(B) generating a microcircuit rest signal after said
encoded digital code has been generated and stored
at a series of memory addresses;

(C) generating in response to said reset pulse, sets of
square wave pulses of differing repetition rates and
pulse widths; |

(D) 1n response to selected sets of said square wave
pulses of (C) logically scanning satd series of mem-

~ ory addresses and forming a synthetic digital code
at microcircuit signal levels directly equivalent to
sald encoded digital code of (A); and

(E) as a function of said synthetic digital code, driv-
ing said MARK and SPACE lines to generate a
MARK-SPACE digital code at said central station
equivalent—in detail—to said encoded digital code
of (A) whereby said liquid level condition within
said storage tank can be indicated.

10. Method of claim 9 in which said each subsequent
generated set of square wave pulses of (C) 1s initiated in
coincidence with a trailing edge of an initially generated
pulse of said succeeding set of pulses, but all sets terinate
in coincidence with termination of said interrogation
signal.

11. Method of claim 9 in which an initial first gener-
ated set of square wave pulses of (C) is characterized by
a repetition rate higher than those of subsequent sets of
square wave pulses for scanninng—in sequence—said
memory address contaning said encoded digital code of
(A) from which said synthetic digital code at microcir-
cuit signal levels can be generated.

12. Method of claim 11 1n which each of said memory
addresses 1s designated address 1, address 2, address 3 .
. . or address N.

13. Method of claim 12 with the additional substep of
(C) being lastly generated a N+ 1 address pulse termi-
nating all operations.

14. Transducer system for generating a digital code
indicative of liguid level within a storage tank or the like,
upon receipt of a square wave interrogation signal from a
transmitter/receiver of a tank gauging system located at a
central station remote from said storage tank but electri-
cally connected to said transducer system through an IN-
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ITERROGATION, a MARK and a SPACE line of said
tank gauging system comprising:

(A) means for providing a series of input signals repre-
sentative of liquid level within said tank, said means
being in circuit with a series of look-up read-only-
memories (ROM s):;

(B) 1/0 network jfor receiving said interrogation signal
and connected to (A) for generating a reset signal
therefrom in response to said interrogation signal;

(C) an oscillator/ripple counter formed essentially of 10

MST's connected to (A) and including at an input a
network for receiving said reset pulse from (A), said
oscillator/ripple counter generating, in response to
said reset pulse, sets of square wave pulses of differing
repetition rates and pulse widths;

(D) a multiplexer and multi-segment decoder/driver
means connected to each other and to (B) responding
to selected sets of said square wave pulses to generate
a synthetic digital code indicative of liquid level at
microcircuit signal levels at an output means of said
decoder/driver means;

(E) isolator/driver means having one or more inputs
connected to said decoder/driver means of (D), and
one or more output means connected to said MARK
and SPACE lines controllable as a function of said
synthetic digital code to drive said MARK and
SPACE lines between tank gauging operating poten-
tials for generating said digital code of interest at said
central station whereby said liquid level condition
within said storage tank can be indicated.

15. The transducer system of claim 14 in which an initial
Jirst generated set of square wave pulses by (C) is character-
ized by a repetition rate higher than those of subsequent sets
of square wave pulses, for enabling an input of said multi-
segment decoder/driver means of (D) at said same repeti-
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tion rate, and generating said synthetic digital code at
microcircuit signal levels. |

16. Transducer systems of claim 15 in which said en-
abled input of said decoder/driver means of (D) is the
BLANK-ing input of a 7-segment decoder/driver.

17. The transducer system of claim 15 in which each
subsequent set of generated sets of square wave pulses pro-
vide in combination a series of address commands at input
means of said decoder/driver means of (D) whereby X-in-
16 particular address command per interrogation cycle
enables said decoder/driver means in circuit with said
MARK line through said switching transistor means, and
Y-in-16 address commands per cycle enable said SPACE
line where X and Y are whole numbers and X+ Y=16,
and whereby said synthetic code indicative of liquid level is
generated.

18. Transponder system of claim 17 in which said input
means of said decoder/driver means of (D) is the 20 bit
input of a 7-segment decoder/driver.

19. The transponder network of claim 17 in which each
subsequent set of generated sets of square wave pulses pro-
vide in combination a series of multi-bit address commands
Jor said multiplexer means of (D) whereby output lines
thereof are placed in alternate circuit with said ROMs to
recetve said synthetic code of interest.

20. Transponder system of claim 19 in which said logic
output lines connect to a 29 bit data input of a 7-segment
decoder/driver.

21. Transponder system of claim 20 in which 2! and 22
bit inputs of said 7-segment decoder/driver are continu-
ously HI, and the 23 bit input is continuously LOW
whereby first and second outputs of said 7-segment deco-
der/driver oscillates between binary equivalents of an
imaginary LED display of the number 6 or ‘7, depend-
ing on HI, LOW state of said 20 bit input thereof.
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