
United States Patent (19) 
Coulter 

54 APPLICATION OF SIMULTANEOUS 
VOICE/UNVOICE EXCITATION IN A 
CHANNEL VOCODER 

75 Inventor: David C. Coulter, Vienna, Va. 
73 Assignee: The United States of America as 

represented by the Secretary of the 
Navy, Washington, D.C. 

22 Filed: Apr. 23, 1974 
(21) Appl. No.: 463,339 

3,903,366 
Sept. 2, 1975 

l l 

(45 

Primary Examiner-Kathleen H. Claffy 
Assistant Examiner-Thomas D'Amico 
Attorney, Agent, or Firm-R. S. Sciascia; Arthur L. 
Branning; George A. Montayne 

57) ABSTRACT 

An improved technique and apparatus for increasing 
the quality of voice transmission through vocoders, 
particularly channel vocoders. The vocoder is modi 
fied to permit the simultaneous transmission of both 
voiced and unvoiced portions of a speech sound by 
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APPLICATION OF SIMULTANEOUS 
VOICE/UNVOICE EXCITATION IN A CHANNEL 

VOCODER 

BACKGROUND OF THE INVENTION 
The present invention relates to improved techniques 

and apparatus for reproducing speech with vocoder de 
vices and more particularly to new and improved tech 
niques for providing more natural speech sounds 
through channel vocoders. 
Channel vocoders presently known in the art employ 

circuitry that only allows the production of either 
voiced or unvoiced conditions in the synthesizer as ex 
ampled by U.S. Pat. Nos. 2, 151,091 and 3,622,704. 
Generally, as shown in the U.S. Pat. No. 3,622,704 bi 
nary voice/unvoice (V/UV) decision circuitry in the 
analyzer will combine the voicing detection and pitch 
frequency transmission in a single fixed-bit description 
where the “unvoiced' condition is indicated by all ze 
ros, and the “voiced' condition by the presence of any 
“ones' in the binary representation of pitch frequency. 
The result of this type of transmission is to exclude the 
transmission of simultaneous voiced and unvoiced 
states since the unvoiced state precludes the transmis 
sion of a binary value for pitch. 
Because of the above limitations on present channel 

vocoder systems, certain speech sounds which contain 
both voiced and unvoiced portions cannot be repro 
duced with good quality. For example, none of the 
prior systems allow for the transmission of voiced frica 
tives such as the Iv/ and /g/ sounds. Instead, they must 
be reproduced as all voiced or all unvoiced, neither of 
which is correct. 

Further, present systems suffer from the inability to 
provide correct adjustment to the V/UV detector to 
prevent incorrect decisions and errors with sounds such 
as unvoiced plosives (/t/ and /k/ brusts) which may be 
decided as voiced, and with low level voice sounds such 
as nasal murmurs and voice bars associated with stop 
consonants. The sensitivity of such decision circuits to 
different speakers and sounds makes it substantially im 
possible to provide a compromise adjustment to handle 
all combinations of speakers and sounds while still gen 
erating a natural and faithful reproduction of speech. 
While attempts have been made to minimize the ef 

fects of accidental voicing, these techniques have had 
to sacrifice optimum conditions for a variety of other 
sounds. In addition, such techniques have failed to 
solve the problem of reproducing the voiced fricatives 
requiring simultaneous voiced and unvoiced states. 
Accordingly, the present invention has been devel 

oped to overcome the specific shortcomings of the 
above known and similar techniques and to provide a 
technique for improving the performance of channel 
vocoders. 

SUMMARY OF THE INVENTION 
The general purpose of this invention is to provide an 

improved vocoder, particularly a channel vocoder, that 
has all the advantages of similar apparatus and none of 
the disadvantages. 
Accordingly, it is an object of the present invention 

to provide an improved vocoder for reproducing 
speech sounds more naturally and with higher quality. 
Another object of the invention is to provide for the 

transmission and reproduction of sounds having both 
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2 
voiced and unvoiced portions, particularly the voiced 
fricatives. 
A further object of the invention is to provide voice 

funvoice detection and transmission separate from 
pitch detection and transmission. 

Still another object of the invention is to increase the 
adjustment capability of the voice/unvoice detection 
circuitry to render the same less sensitive while improv 
ing the naturalness of sounds. 
A still further object of the invention is to provide a 

direct pitch connection for low level voicing with an 
unvoiced decision. 
These and other objects are accomplished by modify 

ing known vocoder systems in a relatively simple and 
inexpensive manner. According to the present inven 
tion, the voice/unvoice (V/UV) detector is separated 
from the pitch detector in the analyzer to produce a 
separate bit of binary information indicating the V/UV 
condition. This separate bit is transmitted along with a 
separate binary value of pitch frequency from the pitch 
detector. In the synthesizer of the vocoder the separate 
bits are received and decoded to produce separate 
V/UV switch control and pitch source control. In addi 
tion, the pitch frequency source is connected to the 
lowest channel of the vocoder to provide voicing exci 
tation to the lowest channel at all times. The V/UV 
switch is then constructed to control the switching of 
the remaining channels from the pitch source during 
voice detection to a noise source during unvoice detec 
tion. In this manner reproduction of sounds containing 
simultaneous voiced and unvoiced portions can be real 
ized along with a corresponding decrease in the sensi 
tivity of threshold adjustment of the V/UV detection 
circuitry. - 

Other objects, advantages, and novel features of the 
invention will become apparent from the following de 
tailed description of the invention when considered 
with the accompanying drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a preferred embodi 
ment showing a channel vocoder modified according to 
the present invention. 
FIG. 2 is a schematic diagram of a voice/unvoice de 

tector for use in the embodiment of FIG. 1. 

DESCRIPTION OF PREFERRED EMBODEMENT 

Referring now to FIG. 1, a channel vocoder modified 
according to the present invention is shown having an 
analyzer portion 1 and a synthesizer portion 2. The an 
alyzer portion 1 is designed to convert a speech sound 
to a coded signal which can be transmitted over a re 
duced capacity transmission medium to the synthesizer 
portion 2 where the coded signal is decoded and recon 
structed to produce the original speech as the output. 
The basic construction of a channel vocoder is well 
known and may be similar to that shown in U.S. Pat. 
No. 3,622,704, to which reference is now made. 
The analyzer portion 1 contains a transducer 10 for 

converting speech into an electrical signal. The trans 
ducer may be a microphone or any other well-known 
device. The transducer is connected to an amplifier 11 
which in turn feeds the amplified signals to a plurality 
of bandpass filters 12 to 12 which separate the signal 
into n separate channels. In the present example nr. 16 
and the frequency divisions for each channel in Hz, 
starting with the lowest channel, is as follows: 194-326, 
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326-458, 458-592, 592-725, 725-858, 858-992, 
992-1142, 1142-1307, 1307-1490, 1490-1705, 
1705-1950, 1950-2230, 2230-2550, 2550-2917, 
29 17-33 15, and 33 15-3765. As can be seen, the fre 
quency range generally extends from 200-3700 Hz and 
represents a range permitting high intelligibility, and 
good quality speech reproduction. 
The output of each filter is connected by way of full 

wave rectifiers 13 to 13, to low-pass filters 14 to 14 
respectively. Each output from the low-pass filter rep 
resents the time varying average signal amplitude of the 
particular frequency band and forms a channel control 
signal. When taken together the control signals repre 
sent the envelope of the short-time spectrum of the 
speech signal. 
The channel control signals are coded into pulse 

code modulation (PCM) signals by signal coders 15 to 
15, respectively which may be any well-known device 
for converting an analog signal to a binary representa 
tion (A/D converter). The coders may be of any bit ca 
pacity such as 3-bit coders as shown in the present ex 
ample. From the coders the bits are fed to a well known 
multiplexer circuit 16 prior to being transmitted over 
a reduced capacity transmission medium. Connected to 
the signal coders 15 and the multiplexer 16 is a clock 
generator 17 which acts in a well-known manner to 
correlate the operation of the devices for synchronizing 
transmission. 

In addition to the above structure, the analyzer of a 
channel vocoder contains a pitch detector as well as a 
voice/unvoice detector for detecting the value of pitch 
and detecting the V/UV state respectively. In prior art 
systems, as exampled by U.S. Pat. No. 3,622,704, the 
pitch detector and V/UV detector were combined to 
provide all information in one binary coded output. 
Normally, the combined detector would force the bi 
nary output to an all zero representation upon detec 
tion of the unvoiced state, and provide a binary output 
for pitch upon detection of the voiced state. The detec 
tion of any "ones' in the binary output (which would 
necessarily occur during pitch transmission) would 
therefore represent voicing while the all zero represen 
tation, unvoicing. As can be seen, this operation pre 
cludes transmission of sounds having both voiced and 
unvoiced portions since no pitch would be transmitted 
when the detector indicated the unvoiced state. 
Contrary to the above prior art systems, the present 

invention separates the pitch detector from the V/UV 
detector to provide separate binary outputs. The pitch 
detector-coder 18 is connected to the amplifier 11 in 
parallel with the bandpass filters 12 and provides a 
6-bit coded output for pitch which in turn is fed to the 
multiplexer 16 for transmission. The pitch detector 
coder can be constructed as any well-known pitch de 
tector providing an output for binary coding in any 
conventional manner. 
Connected in parallel with the pitch detector-coder 

is the V/UV detector 19. The detector 19 can be con 
structed in any manner, such as the structure shown in 
FIG. 2, to provide an indication of voice or unvoice in 
the speech sounds. According to FIG. 2, the detector 
is constructed to provide an input at A to a low-pass fil 
ter (LPF) 31 having a frequency setting in the range of 
500 Hz-1KHz, and to a high-pass filter (HPF) 32 hav 
ing a frequency setting at approximately 2.5 KHz. The 
presence or absence of voicing is determined by com 
paring the energy in the frequencies below the setting 
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4. 
on the LPF, with the energy in the frequencies above 
the setting on the HPF. The energy from each is de 
tected by detectors 33 and 34 and fed to comparator 
37. The comparator 37 provides a difference output 
between the two detected values which is fed to a 
Schmidt trigger 38. When the difference exceeds a 
threshold level set by the trigger 38 an output pulse will 
be generated. The presence of the pulse, therefore, in 
dicates voicing, while the absence indicates unvoicing. 
The output B from the detector is fed to a well-known 
signal coder 19, which provides a single bit binary rep 
resentation of the V/UV state, and then to the multi 
plexer 16 for transmission. The clock generator is con 
nected to control the signal flow from 19 as well as 
from pitch detector-coder 18 in the same well-known 
manner as required for coders 15. 
As an added vernier to the V/UV detector of FIG. 2, 

potentiometers 35 and 36 can be added to the output 
of detectors 33 and 34. This allows an additional ad 

20 justment to V/UV triggering by controlling the relative 
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signal magnitudes into the comparator. 
Turning again to FIG. 1, the coded signals from ana 

lyzer 1 are transmitted from multiplexer 16 over a re 
duced transmission medium 50 to the synthesizer 2. 
The synthesizer 2 conventionally contains a demulti 
plexer 20 which passes the coded signals to channel 
control signal decoders 21 which may be of any well 
known construction for converting the 3-bit signal to 
analog form (D/A converter). From the decoders 21 
the analog control signals are fed to modulators 22 to 
22, and bandpass filters 231 to 23 respectively, having 
the same frequency breakdown as filters 12. The out 
puts from the filters 23 are then fed through a summing 
amplifier 24 to an output device, such as a loudspeaker, 
for transmitting the reconstructed speech. 
As was the case in the analyzer portion 1, the synthe 

sizer portion 2 also contains a clock generator 25 syn 
chronized with the generator 17 for controlling the in 
formation flow through demultiplexer 20 and decoders 
21 in a well-known manner. 

In addition to receiving the channel control signals 
from the analyzer, the vocoders of prior art systems 
used the combination pitch-V/UV information to con 
nect either a pitch source or a noise source to excite the 
modulators 22. An all Zero binary signal would repre 
sent the unvoiced state thereby connecting a noise 
Source to the modulators, while a binary signal contain 
ing a one would indicate the voiced state thereby con 
necting a pitch source to the modulators, controlled in 
value by the binary signal. In either case, only sounds 
containing either voiced or unvoiced energy would be 
transmitted accurately while sounds containing both 
would be transmitted in error. 
According to the present invention, however, a chan 

nel pitch decoder 26 is connected to receive the pitch 
signal from 18 separate from the V/UV signal received 
at 29 from the coder 19. In addition, a pitch source 27, 
controlled by the decoded signal from 26, is directly 
connected to the lowest channel modulator 22 through 
line 40 to provide pitch excitation to the modulator at 
all times regardless of the indication from the V/UV de 
tector. The remaining channel, modulators are then 
connected through line 43 to the switch arm 42 of a 
two position switch. The switch is then operated such 
that when a voice state is indicated by decoder 29, the 
pitch source is connected to the remaining channel 
modulators, and when an unvoice state is indicated, the 
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noise source is connected to all but the lowest channel 
modulator. In practice the VFUV decoder could be a 
Schmidt trigger or flip-flop controlling a magnetic coil 
44 which in turn controls the switch arm. In the un 
voiced state the coil could be deenergized and the 
switch arm normally biased to contact pole C of switch 
4i, while in the voice state, the coil could be energized 
to move the arm 42 to contact pole D. in this manner 
the lowest channel modulator would be energized at all 
times with the current value of pitch regardless of an 
unvoice decision that would in prior art systems nor 
mally connect all channel modulators to the noise 
SOCC. 

As was noted in regard to decoders 2, the pitch de 
coder 26 and V/UV decoder 29 are controlled by clock 
generator 25 to provide synchronous operation in a 
well-known manner. 
Turning now to the operation of the vocoder system, 

the speech is received at 10, amplified, and divided into 
various frequency bands through filters 12, rectifiers 
13, and low pass filters 4 to provide channel control 
signals for each range of frequency. At the same time, 
the value of pitch for the speech sound is detected at 
18 along with the sound state as voiced or unvoiced at 
19. Each of the signals are then coded by their respec 
tive coders 15, 13, or 19, and transmitted by multi 
plexer 16 under the control of clock generator 17. 
Upon reception of the coded signals, the demultiplexer 
reconverts the coded signals to corresponding analog 
signals through respective decoders 21, 26 and 29 
under the control of clock generator 25. The decoded 
channel control signals are then used to excite the 
channel modulators along with the corresponding exci 
tation from the pitch or noise source as determined by 
the switch 42. The output from the modulators controls 
the amplitude signal input to the bandpass filters 23 
which are combined at 24 to provide a reconstruction 
of the original speech through output 30. 

In operation, the above described configuration of 
the channel vocoder according to the present invention 
provides significant improvements in speech reproduc 
tion over vocoders known to the prior art. In low level 
voicing sounds such as the nasal murmurs phase of /n/ 
and /n/, voice bars preceeding or following stop conso 
nants /b/, /d/ and /g/, and voiced fricatives such as /t/ 
as in then, /w/ as in vent, /g/ as in zoo and /z/ as in azure, 
the voicing detector circuitry of prior art Vocoders 
would not necessarily be sensed as voiced, due in-part 
to the critical and sensitive adjustment necessary for 
deciding other sounds in the combined pitch-V/UV de 
tector, and in-part to the low level nature of the sounds 
themselves. This resulted in objectionable audible ef 
fects causing a decrease in speech quality. 

In the present invention, by feeding the pitch source 
to the lowest channel modulator at all times, the low 
level energy is always transmitted by the pitch detector 
to the lowest channel resulting in a more natural repro 
duction of the above sounds. The voiced fricatives, for 
example, contain all the voicing (periodic pitch) en 
ergy in a band substantially corresponding to the band 
of the lowest channel, and all the fricative (unvoiced) 
energy in the bands above the one corresponding to the 
lowest channel. With the connection shown (and the 
voiced fricatives detected as unvoiced), the pitch 
source is supplying voiced energy over line 40 to chan 
nel modulator 22, at the same time the noise source is 
supplying the fricative energy to the remaining bands. 
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6 
All the energy necessary for faithful reproduction of 
the voiced fricative is therefore being delivered to the 
modulators. In a like manner, the voicing energy of the 
low level voice sounds, also substantially contained in 
the frequencies of the band corresponding to the lowest 
channel, will be transmitted and reproduced at all times 
regardless of the V/UV detection. 
Even more important than the ability to produce 

good voiced fricatives is the resultant adjustment capa 
bility of the V/UV detector to make the voicing detec 
tion less critical and sensitive to different speakers and 
amplitude levels, while increasing the naturalness of 
many sounds. By way of example, erroneous voicing on 
plosive bursts such as /p/, /t/, and /k/, characteristic of 
most prior art voicing detection circuitry, can be sub 
stantially eliminated while still improving the sound. 
Since the direct connection of the pitch source pro 
vides low level voicing energy at all times, it is no 
longer necessary to set the threshold in the voice detec 
tor to pick up the weak sounds (such as voiced frica 
tives, nasal murmurs, voice bars, etc.), as they will be 
reproduced anyway by the direct pitch connection. The 
threshold of the detection circuitry of FIG. 2 can there 
fore be adjusted to a higher setting resulting in fewer 
voicing decisions and thus a less critical determination 
of voicing and unvoicing, particularly in the presence 
of plosive bursts. 
As can be seen from the above description, the pres 

ent invention provides a channel vocoder capable of 
providing improved and more natural reproduction of 
speech Sounds with only a simple and inexpensive mod 
ification to present vocoders. The modifications reduce 
the complexity of the circuitry normally necessary to 
provide good speech reproduction, by providing sepa 
rate binary representations of pitch and the V/UV 
state. The separated binary signals are then used to 
control the value of the pitch source and the connec 
tion of the pitch or noise source to the channel modula 
tors. By connecting the pitch source directly to the low 
est channel modulator, low level voicing energy can be 
transmitted at all times while allowing a decrease in the 
sensitivity of the threshold level of the V/UV detector 
circuitry. 
While the present invention has been described with 

particular reference to a channel vocoder, it is to be un 
derstood that the same principles are applicable to in 
creasing the quality of speech sounds in other types of 
vocoders, such as formant vocoders. Additionally, 
while the voicefunvoice detector of the present inven 
tion was described as generating a separate bit position 
in the multiplexer, it is possible to transmit the separate 
bit without having to add a bit position to the existing 
vocoder systems. For example, one of the least signifi 
cant bit positions of one of the channel control signals 
from coders 15 could be used to handle the binary digit 
from the coder of 19. While the channel control signal 
of the chosen coder would then only transmit a signal 
coded by two bits, the decrease in accuracy might well 
be offset by less costly modifications required in the vo 
coder. 
Obviously many modifications and variations of the 

present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
What is claimed and desired to be secured by Letters 

Patent of the United States is: 
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1. A vocoder apparatus for increasing the quality of 
voice transmission comprising: 
transducer means for converting a speech sound into 
an electrical signal; 

channel means coupled to said transducer means for 
separating said electrical signal into a plurality of 
frequency bands each forming a channel control 
signal; 

pitch means coupled to said transducer means for de 
tecting a value of pitch from said electrical signal 
and providing a control signal representative 
thereof; 

first detector means coupled to said transducer 
means for adjustably detecting a speech sound as 
voiced or unvoiced from said electrical signal and 
providing a control signal indicative thereof; 

transmitting means coupled to said channel means, 
pitch means, and first detector means for transmit 
ting their respective control signals over a reduced 
capacity transmission medium; 

a pitch source means coupled to receive said trans 
mitted pitch control signal for providing a corre 
sponding value of pitch output; 

a noise source providing noise output; 
a plurality of frequency band signal control means, 
each having first and second inputs, for providing 
a plurality of electrical outputs for reconstructing 
said electrical signal in response to said first and 
second inputs, said first input of each signal control 
means being coupled to receive a different one of 
the transmitted frequency band channel control 
signals, said second input of the lowest frequency 
band signal control means being directly coupled at 
all times to receive a value of pitch from said pitch 
output; 

second detector means, responsive to said transmit 
ted first detector means control signal, for coupling 
said pitch output to each second input of the re 
maining signal control means only when said 
speech sound is voiced, and coupling said noise 
output to each second input of the remaining signal 
control means only when said speech sound is un 
voiced; and 

means coupled to receive said electrical outputs from 
said signal control means for reconstructing speech 
sounds therefrom. 

2. The apparatus of claim 1 wherein said first detec 
tor means comprises; a low pass filter coupled to re 
ceive said electrical signal from said transducer means 
and provide an output, a high pass filter coupled to re 
ceive said electrical signal from said transducer means, 
and provide an output, first and second detectors cou 
pled to the outputs of said low and high pass filters, re 
spectively, providing detected signals therefrom, com 
parator means for comparing the detected signals and 
providing a difference output, and trigger means cou 
pled to said comparator means for providing a voicing 
code as said first detector means control signal when 
said difference output exceeds a threshold level and an 
unvoiced code as said first detector means output when 
said difference signal is less than said threshold level. 

3. The apparatus of claim 2 wherein said first detec 
tor means further includes means for individually ad 
justing the magnitude of the signal outputs from said 
first and second detectors. 

4. The apparatus of claim 3 wherein said channel 

5 

O 

5 

25 

35 

40 

45 

55 

65 

8 
means comprises; a plurality of band pass filters cou 
pled to receive said electrical signal and provide indi 
vidual outputs representative of said frequency bands, 
each of said filters having sequential pass bands such 
that the highest frequency of one filter band constitutes 
the lowest frequency of the next sequential filter band, 
a rectifier means coupled to rectify each filter output, 
a low pass filter coupled to each rectifier means for fil 
tering each rectified output, and a coding means cou 
pled to each low pass filter for converting each low pass 
filtered output to a coded signal forming one of said 
channel control signals. 

5. The apparatus of claim 4 wherein each of said sig 
nal control means comprises; a decoding means for de 
coding a separate one of said transmitted channel con 
trol signals to form one of said first inputs, modulator 
means for combining said one of said first inputs and 
one of said second inputs to produce a modulation sig 
na, and a band pass filter coupled to filter the modula 
tion signal to form one of said electrical outputs, each 
of said band pass filters in said signal control means 
having a band pass corresponding to the band pass of 
the channel control signal coupled to the first input of 
its respective modulator means. 

6. The apparatus of claim 5 wherein the low pass fil 
ter of said first detector means is constructed to have 
a frequency setting of about 500 Hz-1 kHz and the high 
pass filter of said first detector means is constructed to 
have a frequency setting of about 2.5 kHz, and further 
wherein the band pass filters of said channel means and 
said signal control means have frequency bands within 
the range of about 194-3765 Hz. 

7. A method of improving speech reproduction with 
a vocoder comprising: 
converting a speech sound into a plurality of different 
frequency bands each represented by a control sig 
nal; 

deriving a signal representing the pitch of said speech 
sound and a state signal representing said speech 
sound as voiced or unvoiced; 

transmitting each of said signals over a reduced ca 
pacity transmission medium; 

generating a value of pitch output in response to said 
transmitted pitch signal; 

providing a source of noise output; 
connecting said pitch output to a single output in re 
sponse to said state signal indicating voiced speech 
and connecting said noise source to said single out 
put in response to said state signal indicating un 
voiced speech; 

combining the transmitted control signal of the low 
est frequency band with said pitch output to form 
a channel output representing a part of said speech 
sound; 

combining each of the remaining transmitted control 
signals with said single output to form channel out 
puts each representing a part of said speech sound; 
and 

Summing each of said channel outputs to reconstruct 
said speech signal. 

8. The method of claim 7 wherein the step of con 
verting includes the step of forming said plural fre 
quency bands as sequential frequency bands wherein 
the highest frequency of one band forms the lowest fre 
quency of the next sequential band. 
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