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[57] ABSTRACT 
A helium speech decoder of the type that may be used 
to an advantage by divers living, working, and commu 
nicating in and from deep water habitats is disclosed 
as including a microphone, a digital-to-analog con 
verter, a battery of pairs ‘of shift registers. a like bat 
tery of select gate circuits, an analog-to-digital con 
verter, and earphones. A programmable generator 
produces a plurality of control signals which are 
timely supplied to the aforementioned components as 
necessary to effect the concerted operation thereof in 
such manner as to cause a pitch scaling, reduction, or 
decoding of the human speech that is spoken in a 
pressurized helium-oxygen environment, without sub 
stantially changing the syllabic or word rate thereof. A 
?ltered fundamental frequency of said human speech 
is optionally added to the decoded portion thereof to 
enhance the fidelity thereof. A 

2 Claims, 1 Drawing Figure 
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HELIUM SPEECH DECODER 

STATEMENT OF GOVERNMENT INTEREST 

The invention described herein may be manufac 
tured and used by or for the Government of the United 
States of America for Governmental purposes without 
the payment of any royalties thereon or therefor. 

FIELD OF THE INVENTION 

The present invention relates, in general, to time 
compression and expansion of multi-frequency signals 
by sampling methods and means and, in particular, is 
an improved method and means for rescaling the pitch 
of human speech and other signals without adversely 
effecting the syllabic rate, word rate, or other intelli 
gence parameters thereof. In even greater particularity, 
the subject invention is a speech processor which de 
codes the speech of a human diver or other being lo 
cated in a helium-oxygen environment —— such as, for 
instance, those environments found in undersea habi 
tats disposed at various and sundry water depths or 
other ambient pressure environments that are consider 
ably greater than the earth ’s typical atmospheric pres 
sure -— and reproduces it in a form that is intelligible 

to the human ear and intellect. 

DESCRIPTION OF THE PRIOR ART 

l-Ieretofore, a number of techniques have been em 
ployed to expand speech in time. One of the simplest 
techniques used, to date, is to record the speech and 
then play it back at a speed that is slower than that used 
for the original recording. Unfortunately, the use of 
such technique resulted in a decrease in pitch in an 
amount that was proportional to the difference in the 
record and playback speeds. Of course, if the pitch of 
the speech were decreased enough to be operative for 
most practical purposes, the intelligibility thereof was 
adversely affected, often times to the extent that it was 
useless. Moreover, communication using such record 
playback techniques could not, in many instances, be 
accomplished in real time, although it is recognized 
that the time delay involved, in most cases, could be 
relatively small, as far as recording and playback are 
concerned. 
Another device of the prior art is shown in US. Pat. 

No. 3,621,150, entitled Speech Processor For Chang 
ing Voice Pitch, by George W. Pappas. The device 
taught therein purports to make speech of a diver lo 
cated in a helium-oxygen atmosphere intelligible. In 
such case, the speech processor thereof makes use of 
the principle that normal speech may be chopped or 
segmented at certain rates and still retain its intelligi 
bility. Once it is segmented into very small pieces, 
every other piece thereof is then discarded and the re 
maining pieces thereof are then recombined. The re 
combined pieces are then played back at a lower speed 
dependent upon the length of the discarded pieces by 
means of digital shift registers, the number of which 
may be considerable, in order to be effective. Hence, 
the number of components incorporated therein could 
be considerable, indeed, and the monetary cost and 
manufacturing complexities could be prohibited for 
many practical purposes. 
US. Pat. No. 3,634,625, entitled Speech Unscram 

bler, by Geohagen, Jr., and Sherian, also discloses a 
prior art device which purports to covert shifted fre 
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2 
quency speech which is relatively unintelligible into 
speech which is intelligible to human beings. In some 
respects, it is similar to the present invention and the 
aforesaid US. Pat. No. 3,621,150 to Pappas, in that it 
periodically samples speech signals which are con 
verted to digital form, placed in storage, unloaded from 
said storage, and converted back to analog form before 
being read out or otherwise used. Of course, in spite of 
such similarities with the instant invention, there are 
also some dissimilarities, both structurally and func 
tionally, which are significant, inasmuch as they consti 
tute improvements in the speech processing effected 
thereby, thus effecting improved speech intelligence 
and ?delity. 
Other prior art methods and means for processing 

speech are discussed in the aforementioned patents, 
but none thereof appear to anticipate the subject inven 
tion. 

SUMMARY OF THE INVENTION 

The subject invention is a new and unique speech 
processing device which renders frequency-shifted 
human speech within a predetermined pressurized heli 
um-oxygen environment more intelligible than it other 
wise would be if it were left in its unnatural, frequency 
shifted, squeaky, “Donald Duck” form. Such speech 
processing occurs when speech signals are applied to a 
microphone for conversion from acoustical signals to 
electrical signals proportional thereto and the latter are 
then converted from analog signals to digital signals 
which are stored in a plurality of pairs of shift registers, 
alternate ones of which are then unloaded by a plurality 
of And/Or select gate circuits into a digital-to-analog 
converter for conversion of the digital signals alter 
nately stored therein into analog signals proportional 
thereto, respectively. Said alternations are timely ef 
fected by another pair of And/Or select gate circuits 
which, in turn, are timely enabled by a programmable 
control circuit. In order to enhance the data output sig 
nal from the aforesaid digital-to-analog converter, and 
thus make the output signal therefrom more intelligi 
ble, a filtered fundamental signal from the aforesaid mi 
crophone is effectively combined therewith prior to be 
supplied to a readout, a transducer such as earphones, 
or the like, or to some other utilization apparatus. As 
a result, the communications between divers between 
a pressurized habitat and the communications between 
undersea divers and surface support people are facili 
tated. 

It is, therefore, an object of this invention to provide 
an improved helium speech processor and decoder. 
Another object of this invention is to provide an im 

proved speech scaler. 
Another object of this invention is to provide an im 

proved signal expander, without adversely effecting the 
pitch or frequency thereof to the extent that it is no 
longer intelligible or useful. 
A further object of this invention is to provide an im 

proved method and means for discretely segmenting, 
delaying, and reconstructing predetermined portions of 
acoustical and electrical signals. 
Another object of this invention is to provide an im 

proved method and means for eliminating the squeaky 
“Donald Duck” effect from human speech that is spo 
ken in pressurized helium-oxygen atmospheres, such 
as, for example, those which are employed as life 
support atmospheres for divers or other air breathing 
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mammals working and living in deep underwater habi 
tats. 
Another object of this invention is to provide an im 

proved method and means for sampling and expanding 
a speech or other acoustical or electrical signal con~ 
taining a rather broadband of frequencies while retain 
ing the essential pitch characteristics thereof which 
make them intelligible to the human ear and intellect. 
Another object of this invention is to provide an im 

proved signal scaler that may be miniaturized by means 
of hybrid technology, so that it may be easily carried 
and operated in otherwise inconvenient, dif?cult, or 
hazardous environments by swimmers, divers, or oth 
ers. 
Another object of this invention is to effect the re 

duction of the pitch of human speech signals without 
substantially changing the syllabic or word rates 
thereof. 
Other objects and many of the attendant advantages 

will be readily appreciated as the subject invention be 
comes better understood by reference to the following 
detailed description, when considered in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1, the sole FIGURE of the drawing, is a combi 
nation block and schematic diagram of a preferred em 
bodiment of the subject invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, there is shown a transducer 
11 which, in this particular instance, is preferably a mi 
crophone suitable for converting acoustical signals to 
a proportional electrical signals. However, it should be 
understood that transducer 11 may be an underwater 
electroacoustical transducer or any other device which 
is appropriate for converting any signals supplied 
thereto into signals which are suitable for being further 
processed by the subject invention. 
The output of transducer 1 1 is connected to the input 

of a suitable signal processor 12 which may be, for in 
stance, an ampli?er or such other circuit arrangement 
which would facilitate the further processing thereof. 
The output of signal processor 12 is connected to the 
data signal input of an analog to digital converter 13 
which, in this particular instance, also includes a start 
input and a quintet of outputs labeled (A), (B), (C), 
(D), and (E), respectively. 
To the (A) output of analog-to-digital converter 13 

are the data inputs of a ?rst pair of 512 bit shift regis 
ters 14 and 15; to the (B) output of analog-to-digital 
converter 13 are the data inputs of a second pair of 512 
bit shift registers 16 and 17; to the (C) output of ana 
log-to-digital converter 13 are the data inputs of a third 
pair of 512 bit shift registers 18 and 19; to the (D) out 
put of analog-to-digital converter 13 are the data inputs 
of a fourth pair of 512 bit shift registers 20 and 21; and 
to the (E) output of analog-to-digital converter 13 are 
connected the data signal inputs of a ?fth pair of 512 
bit shift registers 22 and 23. Of course, in this particular 
instance, the aforesaid shift registers 14 through 23, in 
fact, constitute storages 24. 
The data signal outputs of each of the aforesaid shift 

registers 14 through 23 are connected to a like plurality 
of inputs of a quintet of And/Or select gate circuits 25 
in the following manner: 
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4 
A ?rst And/Or select gate 26 includes a NAND gate 

27 having a pair of inputs and an output. with one of 
the inputs thereof connected to the data signal output 
of shift register 14; an inhibit gate 28 having a pair of 
inputs and an output, with one of the inputs thereof 
connected to the data output of shift register 15: and 
another NAND gate 29 having a pair of inputs and an 
output, with the inputs thereof respectively connected 
to the outputs of NAND gate 27 and inhibit gate 28. 
A second And/Or select gate 31 has a NAND gate 32 

having a pair of inputs and an output, with one of the 
inputs thereof connected to the data output of shift reg 
ister 16', an inhibit gate having a pair of inputs and an 
output, with one of the inputs thereof connected to the 
data output of shift register 17; and another NAND 
gate having a pair of inputs and an output, with the in 
puts thereof respectively connected to the outputs of 
NAND gate 32 and inhibit gate 33. 
A third And/Or select gate 35 has a NAND gate 36 

having a pair of inputs and an output, with one of the 
inputs thereof connected to the data output of shift reg 
ister 18', an inhibit gate having a pair of inputs and an 
output, with one of the inputs thereof connected to the 
output of shift register 19; and a NAND gate 38 having 
a pair of inputs and an output, with the inputs thereof 
respectively connected to the outputs of NAND gate 
36 and inhibit gate 37. 
A fourth And/Or select gate 40 has a NAND gate 41 

having a pair of inputs and an output, with one of the 
inputs thereof connected to the data signal output of 
shift register 20; an inhibit gate having a pair of inputs 
and an output, with one of the inputs thereof connected 
to the data output of shift register 21 and another 
NAND gate having a pair of inputs and an output, with 
the inputs thereof respectively connected to the out 
puts of NAND gate 41 and inhibit gate 42. 
A ?fth And/Or select gate 44 includes a NAND gate 

45 having a pair of inputs and an output, with one of 
the inputs thereof connected to the data outputs of shift 
register 22; an inhibit gate 46 having a pair of inputs 
and an output, with one of the inputs thereof connected 
to the data output of shift register 23; and another 
NAND gate 47 having a pair of inputs and an output, 
with the inputs thereof respectively connected to the 
outputs of NAND gates 45 and inhibit gate 46. 
The ?ve outputs from NAND gates 29, 34, 38, 43, 

and 47 constitute the outputs from And/Or select gate 
circuits 25 and are respectively connected to a like 
number of inputs of a digital-to-analog converter 48, 
hereby designated as being (A’), (B’), (C'), (D'), and 
(E’), respectively. 
The data signal output of digital-to-analog converter 

48 is connected through a voltage dropping resistor 49 
to one of the inputs of a summing ampli?er 51, with 
said one input thereof also connected through a voltage 
dropping resistor 52 to the output thereof. The output 
of summing ampli?er 51 is connected to the input of a 
readout or transducer 53 which, in this particular in 
stance, is preferably a pair of earphones. Of course, 
readout or transducer 53 may be such as would enable 
it to interface with the input of any suitable utilization 
apparatus (not shown). 
The data signal output of signal processor (ampli?er) 

12 includes the fundamental frequency signal which is 
processed by the aforementioned combination of com— 
ponents. Hence, it is also connected to the input of a 
low pass ?lter 54, the output of which is connected 
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through a voltage dropping resistor 55 to the other 
input of the aforesaid summing ampli?er 51. As may 
readily be seen, such arrangement of summing ampli 
?er 51, low pass filter 54, and voltage dropping resistor 
55 constitute an ancillary but important circuit 56 
which enhances both the fundamental and decoded sig 
nals supplied from signal processor 12 and digital-to 
analog converter 48, respectively. Such enhancement 
is intended and does improve the ?delity and intelli 
gence of the equivalent of the original speech signal 
supplied to earphone of transducer 53. 
A programmable controller 57 is employed to pro 

vide the proper timing signals for the subject invention. 
It includes a read clock oscillator 58 which produces a 
?rst frequency (fl) of, for example, 10,000 cycles per 
second. It also includes a write clock oscillator 59 
which generates a second frequency signal (f2) having 
a frequency of, for example, 20,000 cycles per second. 
The output of read clock oscillator 58 is connected to 
the input of a nine bit counter 61, the output of which 
is connected to the toggle input of the bistable multivi 
brator or ?ip-?op 62, the latter of which has both a Q 
output and a Q output. The output of read clock oscil 
lator 58, the output of write clock oscillator 59, and the 
Q output of ?ip-?op 62 are all connected to a like plu 
rality of inputs of a pair of And/Or select gate circuits 
63. 
Included in said And/Or select gate circuit 63 is a 

?rst select gate 64 which includes a NAND gate 65 
having a pair of inputs and an output, with one of the 
inputs thereof connected to the output of the aforesaid 
write clock oscillator 59; an inhibit gate 66 having a 
pair of inputs and an output, with one of the inputs 
thereof connected to the output of the aforesaid read 
clock oscillator 58; and another NAND gate 67 having 
a pair of inputs and an output, with the inputs thereof 
respectively connected to the outputs of NAND gate 
65 and inhibit gate 66. Also included is another And/Or 
select gate 68 which includes a NAND gate 69 having 
a pair of inputs and an output, with one of the inputs 
thereof connected to the output of the aforesaid read 
clock oscillator 58, and with the other input thereof 
connected to the Q output of the aforesaid ?ip-?op. An 
inhibit gate 71 has a pair of inputs and an output, with 
one of the inputs thereof connected to the Q output of 
the aforesaid ?ip-?op 62 and the remaining inputs of 
the aforsaid NAND gate 65 and inhibit gate 66 of And 
/Or select gate 64, and with the other inputs thereof 
connected to the output of the aforesaid write clock os 
cillator 59; and a NAND gate 72 having a pair of inputs 
and an output, with the inputs thereof respectively con 
nected to the outputs of NAND gate 69 and inhibit gate 
71. 
The outputs of NAND gates 67 and 72, in this partic 

ular instance, constitutes the outputs of And/Or select 
gate circuit 63. Hence, the output of NAND gate 67 is 
connected to the shift inputs of shift registers 15, 17, 
19, 21, and 23. And, the output of NAND gate 72 is 
connected to the shift inputs of shift registers 14, 16, 
18, 20, and 22. 
The Q output of ?ip-?op 62 is also connected to the 

remaining inputs of the aforesaid NAND gate 27, in 
hibit gate 28, NAND gate 32, inhibit gate 33, NAND 
gate 36, inhibit gate 37, NAND gate 41, inhibit gate 42, 
NAND gate 45, and inhibit gate 46. 
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6 
The output of write clock oscillator 59 is also con 

nected to the start input of the aforesaid analog-to 
digital converter 13 for the timely starting thereof. 

MODE OF OPERATION 

The operation of the invention will now be discussed 
briefly in conjunction with FIG. 1, the sole FIGURE of 
the drawing. 
Due to the physiological limitations of human beings 

and other beings that breathe air at typical earth atmo 
spheric pressures, it is necessary to replace air with 
mixtures of helium-oxygen or helium»nitrogen-oxygen, 
in order to eliminate or reduce the effects of narcosis 
on divers living and working in deep water habitats or 
other abnormally pressurized vessels. But, unfortu 
nately, such gaseous mixtures adversely affect the 
speech of such divers, in that it becomes suf?ciently 
frequency shifted in helium atmospheres to be high 
pitched, even making it unintelligible under certain 
conditions. In such instances, although the fundamen' 
tal voice frequency remains substantially unaffected at 
approximately 100 hertz, the voice harmonics are 
shifted upward in frequency, with the amount of shift 
effected being contingent upon the helium gas mixture 
involved, its pressure, and the length of time the diver 
has been living or working in such helium gas mixture 
environment. More particularly, as a result of such fre 
quency up-shiftig of the diver’s speech, to the ear and 
intellect of a person with whom he is attempting to 
communicate, such speech becomes high-pitched, 
squeaky, and Donald Duck-like, sometimes to the ex 
tent that it is not understandable, at least in part. 

It is, thus, the primary intended function of the sub 
ject helium speech decoder invention to process such 
highly pitched speech in such manner that the pitch 
thereof will be reduced to a frequency that is readily 
discerned by people, including the person speaking, 
and the person or persons listening thereto, and to do 
it in real time, thereby allowing substantially normal 
communication to occur between two or more people 
located with a pressurized helium habitat or between 
two or more people located at differently pressurized 
habitats, such as, for example, between a deep water 
diver and a surface located human associate. 
With this in mind, the operation of the subject inven 

tion will be discussed in such context; however, it 
should be understood that its uses — and, hence, the 
scope of its operations - are numerous and, therefore, 
may be entirely different, depending upon the struc 
tural combination within which it is incorporated dur 
ing any given operational circumstance. Of course, it 
would be well within the purview of the artisan having 
the benefit of the teachings presented herewith to em 
ploy the subject invention in conjunction with and in 
combination with whatever other apparatus he desires 
for his intended purpose, even though such purpose 
and the operations concomitant therewith are not dis 
cussed at this time. 
For the purpose of keeping this disclosure as simple 

as possible, but without limitation, it will be assumed 
that transducer 11 is a microphone into which a diver 
located in a pressurized helium-oxygen environment 
speaks, and transducer 53 is a pair of earphones worn 
by some other person located at any given place who 
wants to hear what the aforesaid diver says. Of course, 
it should be understood that any other communication 
arrangements or situations may occur in which the in~ 
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stant invention may be used to an advantage, including 
its use as telemtering links betwen two or more other 

wise incompatible pieces of apparatus. 
As the diver’s frequency-shifted, squeaky, “Donald 

Duck” sounding speech is supplied to microphone 11, 
it is converted into electrical signals that are propor 
tional thereto. Then, said speech equivalent electrical 
signals are conventionally processed by signal proces 
sor 12 —- as by amplifying, ?ltering, etc. - to the state 

where they are optimized or at least suitable to be sup 
plied as an analog signal to the input of analog-to 
digital converter 13. , 

In this particular preferred embodiment, analog-to 
digital (A/D) converter 13 is a ?ve bit word parallel 
A/D converter; however, if so desired, it may be a 
larger bit word parallel A/D converter, too. 
As a result of the A/D conversion, the speech signal 

is now in digital form with its amplitude represented by 
?ve bits - that is, a ?ve bit word -- at the outputs 

thereof, all of which are supplied for a timely storage 
in alternate shift registers of ?ve pairs of shift registers, 
respectively. Of course, said shift registers are always 
operatively storing signals whenever the entire inven 
tion is in an operative condition, although some of said 
storage may be zero. 

In order to more fully understand the operation of 
shift registers 14 through 23 — that is, storages 24 — 
and their associated And/Or select gate circuits 25, ref 
erence is now made to programmable controller 57 and 
its associated And/Or select gate circuits 63. Two clock 
oscillators, herein de?ned as being read clock oscillator 
58 and write clock oscillator 59, produce two basic 
clock signals having frequencies f, and f2 of, for exam 
ple, l0 Kl-lz and 20 KHz, respectively. 
The f, signal is supplied to 9 stage counter 61, which 

produces an output signal every 512 cycles (or bits) of 
f,. Because said output signal from counter 61 is sup 
plied to the toggle input of flip-?op 62, said ?ip-?op 62 
changes state every 512 cycles of read clock 58. 
As may readily be seen, the output of read clock os 

cillator 58 supplies a signal with an f, frequency to one 
of the inputs of inhibit gate 66 and Nand gate 69, and 
the output of write clock oscillator 59 is connected to 
supply a signal with an f2 frequency to one of the inputs 
of NAND gate 65 and inhibit gate 71. Moreover, the Q 
output of ?ip-?op 62 is connected to alternately supply 
a l or a 0 signal to the remaining inputs of NAND gate 
65, inhibit gate 66, NAND gate 69, and inhibit gate 71 
every 512 cycles of f,, as a result of its changing state 
at such times. 
Whenever Q of flip-?op 62 is a l, for example, said 

1 signal enables NAND gates 65 and 69 and disables 
inhibit gates 66 and 71, thereby allowing the f2 signal 
(20 KHZ) to pass through NAND gate 65 and NAND 
gate 67 (which, in effect, acts like an OR gate) to be 
come the output signal from And/Or select gate 64, and 
also thereby allowing the f, signal (10 KHz) to pass 
through NAND gate 69 and NAND gate 72 (which, in 
effect, also acts like an OR gate) to become the output 
signal from And/Or select gate 68. Of course, when Q 
of ?ip-flop 62 is a 0, the opposite occurs, and f, be 
comes the output signal from And/Or select gate 64 
and f2 becomes the output signal from And/Or select 
gate 68. Thus, it may readily be seen that for every 512 
cycles of read oscillator 58, the outputs from select 
gates 64 and 68 alternate from f2 to fl to f, tofu and so 
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8 
on, in such manner (or with such program) that when 
one is f2 to other is f1 and vice versa. 

In the example being discussed, when a 1 occurs at 
Q of ?ip-?op 62,f2 is supplied to the shift inputs of odd 
numbered shift registers 15, 17, 19, 21, and 23. and f, 
is supplied to the shift inputs of even numbered shift 
registers 14, 16, 18, 20, and 22. At such instance, the 
odd numbered shift registers would be shifted at the 
rate of 20 KHz, and the even numbered shift registers 
would be shifted at the rate of l0 KHz. 
Because the start sample input of the aforesaid paral 

lel analog-to-digital converter 13 is connected to the 
output of write clock oscillator 59, the speech will be 
effectively sampled at the rate of f: by said analog-to 
digital converter 13. 
The ?ve parallel output signals from analog-to-digital 

converter 13 are simultaneously supplied to the inputs 
of ?ve pairs of 512 bit shift register storage devices; 
however, since the shifting of the odd numbered shift 
registers alternate with the shifting of the even num 
bered shift registers, the signals received from the 
aforesaid five parallel outputs of analog-to-digital con 
verters 13 are alternately stored therein while they are 
being shifted therethrough. For example, the digital sig 
nals from output (A) is alternately stored in shift regis 
ters l4 and 15, the digital signal from output (B) is al 
ternately stored in shift registers 16 and 17, and so on. 
As a result of the alternate O and 1 output signals 

from the Q of output of ?ip-?op 62 being supplied to 
the control inputs of the respective NAND and inhibit 
gates of And/Or select gates 26, 31, 35, 40, and 44, al 
ternate ones of pairs of shift registers 14 and 15 , 16 and 
17, 18 and 19, 20 and 21, and 22 and 23 are unloaded 
every 512 cycles of the fl output signal from read clock 
oscillator 58 into the (A’), (B'), (C'), (D’), and (E') 
inputs of digital-to-analog converter 48, where they are 
converted back to a single continuous analog signal 
that is proportional thereto. Of course, said single con 
tinuous analog signal constitutes the reconstructed 
speech signal and, thus, has a lower frequency or pitch 
than the original speech signal supplied by the diver to 
transducer 11. 

After suitable voltage regulation for optimization 
purposes has been effected by resistor 49, the recon 
structed speech (or data) signal is supplied to summing 
ampli?er 51, where it has added thereto the fundamen 
tal frequency portion of the original speech signal from 
signal processor 12 after it has been likewise optimized 
by filtering in low pass ?lter 54 and voltage regulated 
by resistor 55. The output signal from summing ampli 
?er 51 is, thus, an enhanced representation of the re 
constructed speech signal which by comparison with 
the original speech signal is considerably more intelligi 
ble and, therefore, more useful to the listeners thereof 
who may be listening by means of transducer or ear 

phones 53. 
From the foregoing, it may readily be seen that all 

signal frequencies below f,/5l2 are unchanged, but that 
all signal frequencies above f,/512 are shifted down 
ward by a factor equal to f2/f,. This, of course, means 
that, for the most part, the signal frequencies in the 
speech will be lowered but the syllabic and word rates 
will remain unchanged, thereby causing the intelligi 
bility thereof to be retained sufficiently to be under 
stood by human beings. 
Obviously, other embodiments and modi?cations of 

the subject invention will readily come to the mind of 
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one skilled in the art having the bene?t of the teachings 
presented in the foregoing description and the draw 
ings. it is, therefore, to be understood that this inven 
tion is not to be limited thereto and that said modi?ca 
tions and embodiments are intended to be included 
within the scope of the appended claims. 
What is claimed is: 
1. A data signal decoder, comprising in combination: 

means for receiving and transducing a predetermined 
data signal into an electrical analog signal that is pro 
portional thereto; 
means having a data signal input, a start signal input, 
and a plurality of outputs, with the data signal input 
thereof effectively connected to the output of said 
receiving and transducing means for converting 
said electrical analog signal into a digital word sig 
nal represented by a plurality of bits respectively 
available at the aforesaid plurality of outputs 
thereof in response to a predetermined start signal 
supplied to the start signal input thereof; 

a plurality of pairs of shift registers, each pair of shift 
registers of which include an odd numbered shift 
register and an even numbered shift register, each 
shift register of which has a data signal input, a shift 
signal input, and a data signal output, with the odd 
and even numbered shift registers of each pair of 
shift registers of said plurality of pairs of shift regis 
ters having their data signal inputs interconnected 
and respectively connected to the plurality of out 
puts of said analog-to-digital signal converting 
means in such manner as to timely receive and 
store said plurality of bits therein in response to a 
predetermined pair of shift signals respectively sup 
plied to the shift signal inputs thereof, with the shift 
signal inputs of said odd numbered shift registers 
being interconnected for simultaneous response to 
one of the aforesaid predetermined pair of shift sig 
nals, and with the shift signal inputs of said even 
numbered shift registers being interconnected for 
simultaneous response to the other of the aforesaid 
predetermined pair of shift signals; 

a plurality of And/Or select gates, each of which has 
a pair of data signal inputs, a pair of interconnected 
gating control signal inputs, and a data signal out 
put, with the pairs of data signal inputs of each 
And/Or'select gate thereof respectively connected 
to the outputs of the odd and even numbered shift 
registers of each pair of shift registers of said plu 
rality of pairs of shift registers for timely passing 
therethrough the bits stored in said odd and even 
numbered shift registers in response to a predeter 
mined programmed gating control signal supplied 
to the interconnected gating control signal inputs 
thereof; 

means having a plurality of inputs responsive to a dig 
ital word signal that contains the same number of 
bits as the number of inputs thereof respectively 
connected to the data signal outputs of said plural 
ity of And/Or select gates for converting the digital 
word signal received therefrom into an electrical 
analog signal that is proportional thereto; and 

programmable means connected to the start signal 
input of said electrical analog signal to digital word 
signal converting means, to the interconnected 
shift signal inputs of the odd and even numbered 
shift registers of the pairs of shift registers of said 
plurality of pairs of shift registers, to the intercon 
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10 
nected gating control signal inputs of the afroresaid 
plurality of And/Or select gates for timely supply 
ing said start signal, said predetermined pair of shift 
signals, and the aforesaid predetermined pro 
grammed signal thereto respectively, wherein said 
programmable means connected to the start signal 
input of said electrical analog signal to digital word 
signal converting means, to the interconnected 
shift signal inputs of the odd and even numbered 
shift registers of the pairs of shift registers of said 
plurality of pairs of shift registers, to the intercon 
nected gating control signal inputs of the aforesaid 
plurality of And/Or select gates for timely supply 
ing said start signal, said predetermined pair of shift 
signals, and the aforesaid predetermined pro 
grammed signal thereto comprises: 

a read clock oscillator for producing a ?rst clock sig 
nal having a predetermined ?rst frequency at the 
output thereof; 

a write clock oscillator for producing a second clock 
signal having a predetermined second frequency at 
the output thereof, with the output thereof con 
nected to the start signal input of the aforesaid 
electrical analog signal to digital word signal con 
verting means; 

a counter connected to the output of said read clock 

oscillator; 
a ?ip-?op having a toggle input, a Q output, and a Q 
output, with the toggle input thereof connected to 
the output of said counter, and with the Q output 
thereof connected to the interconnected gating in 
puts of the aforesaid plurality of And/Or select 
gates; , 

another And/Or select gate having a pair of data sig 
nal inputs, a pair of interconnected gating control 
signal inputs, and an output with one of the data 
signal inputs thereof connected to the output of 
said write clock oscillator, with the other data sig 
nal input thereof connected to the output of said 
read clock oscillator, with the interconnected gat 
ing control signal inputs thereof connected to the 
Q output of said ?ip-flop, and with the output 
thereof connected to the interconnected shift sig 
nal inputs of the aforesaid odd numbered shift reg 
isters; and 

still another And/Or select gate having a pair of data 
signal inputs, a pair of interconnected gating con 
trol signal inputs, and an output, with one of the 
data signal control inputs thereof connected to the 
output of said read clock oscillator, with the other 
data signal input thereof connected to the output 
of said write clock oscillator, with the intercon 
nected gating control signal inputs thereof con 
nected to the Q output of said ?ip-?op, and with 
the output thereof connected to the interconnected 
shift signal inputs of the aforesaid even numbered 
shift registers. 

2. The device of claim 1, wherein: 
the ?rst frequency of the ?rst clock signal from the 
read clock oscillator is of the order of 10,000 cy 
cles per second; 

the second frequency of the second clock signal from 
the write clock oscillator is of the order of 20,000 
cycles per second; and 

said counter connected to the output of said read 
clock oscillator is a nine stage counter. 

* * * * * 


