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COUGH MONITORING APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for recognizing 
the occurrence of speci?ed non-verbal sounds, and, 
more particularly, to apparatus for automatically rec 
ognizing and counting the occurrence of coughs. 
There are various situations in vwhich it is desirable to 

monitor the rate at which a human subject coughs. The 
information can be useful in evaluating the effective 
ness of a medication or in determining the condition of 
the patient. When the patient himself or a third party 

. is assigned the monitoring task there are obvious disad 
vantages of inconvenience, cost and unreliability. 
Equipments that attempt to automatically monitor 

human- cough rates have been previously developed, 
but are found to suffer various de?ciencies. As an ex 
ample, one prior art device includes a pneumatic band 
that is ?tted around a patient’s chest and connected to 
a recorder through pneumatic tubes. Problems of pa 
tient discomfort limit this device’s usefulness. Another 
scheme provides a microphone carried on a patient’s 
person or positioned nearby. Sounds received by the 
microphone are transmitted as electrical signals to a re 
ceiver which triggers a counter whenever the power of 
the received signals exceeds a predetermined level. The ’ 
drawback of this system is triggering by sounds other 
than vthe coughs of the patient being monitored. Con 
versation and other room noises can cause such extra 
neous triggering with a resultant incorrect cough count. 

In view of the disadvantages of prior art systems, it is 
an object of the present invention to provide an im 
proved apparatus which detects coughs with reliability 
and without patient discomfort. 

SUMMARY OF THE INVENTION 

The present invention is directed to an apparatus 
which receives ambient sounds and reliably recognizes 
the occurrence of speci?ed non-verbal sounds, e.g., 
coughs, to the exclusion of other sounds. Means are 
provided for translating the received sounds into a plu 
rality of spectral component signals. A feature signal 
generating means is provided for sensing the presence 
of properties of the spectral component signals that are 
characteristic of coughs and for generating a feature 
signal for each property found to be present. An occur 
rence decision means, responsive to the feature signals, 
generates an occurrence indication upon receiving a 
predetermined combination of feature signals. 

In a preferred embodiment of the invention, the oc 
currence decision vmeans is programmable for different 
speci?ed sounds, for example, the cough of a particular 
individual. 
Further features and advantages of the invention will 

become more readily apparent from the following de 
tailed description when taken in conjunction with the 
accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphical representation of the general 
shape of the energy vs. frequency spectrum for a typi 
cal human cough; I 
FIG. 2 is a block diagram of an embodiment of a 

cough monitoring apparatus in accordance with the in 
vention; 

2 
FIG. 3 is a block diagram of the translating means 

portion of the invented apparatus; 
FIG. 4 is a block diagram representation that illus 

trates the functioning of the feature signal generator 
utilized in the present invention; 
FIG. 5 is a block diagram of the storage means and 

occurrence decision logic means utilized in the present 
invention. 
FIG. 6 is a side perspective view of a console utilized 

to house an embodiment of the present invention. 
FIG. 7 is a block diagram of the duration sensor uti 

lized in the occurrence decision logic means of FIG. 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

' Referring to FIG. 1, there is shown an energy vs. fre 
' quency plot that illustrates the typical instantaneous 
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shape of a human cough. The arrows at F, through F15 
represent the energy levels at selected frequencies of a 
cough and the dashed line represents the spectrum en 
velope. 

It has been found that coughs have certain combina 
tions of distinguishing characteristics that are usually 
not present in speech or ambient room noise. Gener 
ally, a cough is noiselike burst of energy of substantial 
duration characterized by a sharp onset and having a 
single broad peak in its energy vs. frequency spectrum 
as shown in FIG.'1. The frequency components that 
contain most of the cough energy are in the range 
about 500-7500 c.p.s., and the broad peak is typically 
in the range about l,000—3,000 c.p.s. Many speech 
sounds, on the other hand, have two or more distinct 
peaks or “formants” in their energy . vs. frequency. 
Also, it has been empirically determined that certain 
slope and energy relationships exist between the differ 
ent spectral components of most coughs. By determin 
ing which of a judiciously selected set of relationships 
or features is present in the cough of a particular indi 
vidual, and then programming the invented apparatus 
to sensethe presence of the determined combination, 
it is possible to. achieve recognition accuracies that 
were heretofore unattainable. ' 

Referring now to FIG. 2, there is shown a block dia 
gram of an embodiment of a cough recognition system 
in accordance with the invention. A tranducer '30, typi 
cally a gradient microphone, receives ambient input 
sounds and produces time-varying electrical signals 
representative of the received sounds. (Hereinafter, the 
phrases “input sounds” or “ambient input sounds” are 
generically de?ned as including sound-representative 
signals, for example, signals from a tape recorder that 
were taken at a patient’s bedside for later processing.) 
The sound representative signals are coupled over' a 
line 30a to a translating means 20 that includes, inter 
alia, a bank vof frequency-selective devices such as 
bandpass ?lters. The output of the translating means is 
a plurality of signals on lines 20a through 20p. These 
output signals represent spectral components of the re 
ceived sounds and can be pictured, for example, as re 
?ecting the energy levels at the selected frequencies 
shown in FIG. 1. v 
A feature signal generating means 50 receives the 

spectral component signals 20a through 20p and senses 
the presence of properties of the spectral component 
signals that correspond to preselected properties or 
“features” of coughs. The manner in which this is 
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achieved is described in further detail hereinbelow. It 
suffices for the present to understand that each of the 
output lines corresponds to one of the preselected fea~‘ 
tures, and an output on any one of these lines indicates 
the presence of the corresponding preselected feature 
in the input sounds. 
The feature signal lines are coupled to both a storage 

means 100 and occurrence decision logic means 150. ' 
Storage means 100 is utilized, in conjunction with dis 
play means 105, during a training phase of the appara 
tus operation to obtain a lasting display of the features 
present in alsample cough of a particular individual. 
Assisted by the display, a human operator can manually 
program the decision logic 150 to recognize the coughs 
of the individual that supplied the sample and record 
the number of such coughs in a counter 155. By pro 
gramming the decision logic to the cough of an individ 
ual, it is possible to obtain high recognition accuracies. 
Also, the manual programming technique does not re 
quireunduly expensive circuitry. 
The translating means 20 is shown in further detail in 

FIG. 3 and is seen to include a preampli?er 21 the out 
put of which provides parallel inputs into a bank 22 of 
?fteen contiguous bandpass ?lters, f1 through f15. Each 
of the band-pass ?lters in the bank 22 receives the 
preampli?ed input signal and produces an output signal 
related to that portion of the input signal which lies in 
the range of frequencies passed by theparticular ?lter. 
In the present embodiment, the ?lter center frequen 
cies range from about 700 c.p.s. to about 6,500 c.p.s. 
with the lowest ?lter bandwidth being about 300 cy 
cles. The present embodiment is thus designed without 
particular sensitivity to frequencies below about 500 
c.p.s. These lower frequencies can be quite useful in 
determining the presence of certain speech sounds, but 
it is found that coughs are not rich in the frequencies 
at the lower end of the speech spectrum, so'an econ 
omy of ?lters can be implemented herein. 
The output of each ?lter .in the bank 22 is individu 

ally coupled to a full wave recti?er and lowpass ?lter 
combination located in a recti?er/?lter bank 23. After 
recti?cation and ?ltering, the outputs of the bank 23 
essentially represent the energy levels of the input sig 
nal at about the center frequencies of each of the band 
pass ?lters in the bank 22. Viewed in another way, the 
signals on lines 23a through 23p collectively represent 
the envelope of the energy vs. frequency of the re 
ceived input signal taken over the frequency range of 
interest. _ I 

The ?fteen channels of information on lines 23a 
through 23p are logarithmically compressed to pro 
duce the spectral component outputs on lines 20a 
through 20p of the translating means 20. Logarithmic 
compression facilitates subsequent processing in two 
ways. First, it provides dynamic range compression that 
simpli?es the engineering design requirements of fea 
ture signal generator 50. Secondly, by virtue of using 
logarithms, comparative ratios of the spectral compo 
nent signals can be readily computed by subtraction. 
Ratios are desirable processing vehicles in that they are 
independent of changes in overall signal amplitudes. 
This property is particularly advantageous in a cough 
detection system where coughs of varying intensity are 
to be monitored. 

In the diagram of FIG. 3, a single log ampli?er 25 is 
time shared to avoid the necessity of using ?fteen iden 
tical ampli?ers to achieve compression. The outputs on 
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4 
lines 23a through 23p are effectively sampled by a mul 
tiplexer 24 and the sampled signals passed, one at a 
time, through the shared ampli?er 25. A demultiplexer 
26 then “reconstructs” compressed spectral compo 
nent signals on lines 20a through 20p from the pro 
cessed sampled signals. The sampling clock rate of the 
multiplexer and demultiplexer is above one megacycle 
and is safely higher than is necessary to retain signal 
bandwidths. This technique of sharing a single logarith~ 
mic’ampli?er is known in the art and is disclosed, for 
example, in US. Pat. No. 3,588,363 of M. Herscher 
and T. Martin entitled “Word Recognition System for 
Voice Controller.” ' 

Referring again, momentarily, to FIG. 2, it will be re 
called that the spectral component signals on lines 20a 
through 20p are entered intothe feature signal genera 
tor 50 which senses the presence of properties of the 
spectral component signals that correspond to prese 
lected properties or “features” of coughs. In the pres 
ent embodiment, this sensing of properties or “feature 
extraction” is achieved in part by deriving quantities 
known as positive and negative broad slope character 
istics. These quantities give indication as to the polarity 
and magnitude of the slope of the input envelope (e. g., 
FIG. 1) when taken over speci?ed relatively broad seg 
ments of frequency spectrum. 
The manner in which broad positive slopes and braod 

negative slopes are obtained is described in detail in the 
above-referenced US. Patent of Herscher and Martin. 
A broad positive slope at a particular frequency refer 
ence point is de?ned by the equation I 

; K[(En+1 + En+2) — (En + Err-1)] 

where K is a gain constant, the ES refer to the ampli 
_ tudes of the processed spectral component signals on 
lines 20a through 20p, and n is a reference index that 
corresponds to, the subscript index of the ?lters in the 
bank 22. For example, the broad positive slope at the 
reference frequency F5 (FIG. 1) is computed as 

A BPS has a non-zero value only when positive; i.e., 
when the ?rst parenthetical term, (EH1 + EH2), is 
greater than the second parenthetical term, (l5,l + 
E,,_1). Otherwise‘, the BPS is zero. 
The broad negative slopes are de?ned by 

BN8. = KuE. + E.-.) 4w... + E...)] 
and similarly have non-zero values only when positive. 
The physical implementation of the equations for the 
broad positive slopes and broad negative slopes is ac 
complished by using operational ampli?ers. These 
units, when ?tted with appropriate peripheral circuit 
components, provide analog output signals which are 
proportional to the difference between the sum of the 
amplitudes of signals at “excitory” input terminals and 
the sum of the amplitudes of signals at “inhibitory” ter 
minals. With 15 spectral component signals, E1 through 
E15, there are 14 possible broad positive slopes from 
BPS, to BPS“ and 14 corresponding broad negative 
slopes from BNS, to ENS“. (Calculations of BPSls and 
BNS15 reduce to zero and I((E15 + E“), respectively, 
and therefore provide no meaningful slope informa 
tion.) 
Referring to FIG. 4, there is shown a block diagram 

of the feature signal generator 50. The spectral compo 
nent signals on lines 200 through 20p are received from 
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the translating means 20 (FIG. 2) and coupled to a 
broad slope generator 51 that functions to develope 
BPS and BNS signals in the manner described above. 
The bracket 52 encloses the signals available for fur 
ther processing; i.e., the spectral component signals E, 
through E15, the broad positive slope signals BPS, 
through BPS,.,, and the broad negative slope signals 
BNS, through BNSM. For clarity of illustration, the in 
terconnection of these signals to subsequent circuitry 
is not shown, it being understood that they are each 
available as inputs. 
An operational ampli?er 52 receives as “excitory” 

inputs the signals BNS,,, BNSH, BNSm and BNSM, and 
receives as “inhibitory” inputs the signals BNS2, BNS3, 
ENS, and BNS5. In the manner previously described, 
the ampli?er 52‘ provides an analog output that is pro 
portional to the amount by which the sum of the ampli 
tudes of the signals at the excitory inputs exceed the 
sum of the amplitudes of the signals at the inhibitory 
inputs. Again, if the inhibitory input sum is greater than 
the excitory input sum, the ampli?er output is zero. 
The ampli?er 52 thus produces an output only when 
selected broad negative slopes at the higher end of the 
considered frequency spectrum are collectively greater 
than selected broad negative slopes at the lower end of 
the considered frequency spectrum. The property 
being detected, i.e., a general negative slope or “roll 
of ” at the higher end of the considered spectrum, has 
been found to be a common cough characteristic or 
feature. Receiving the output of ampli?er 52 is a 
NAND gate 52 which, absent an input of predeter 
mined threshold from ampli?er 52, produces a logical 
“ l ” output. When the output of ampli?er 52 exceeds 
a predetermined threshold level, the gate 53 produces 
a logical “O” on its output line 53a, an occurrence that 
is designated as a “Feature 5” signal. 
The ampli?er 54 and gate 55 similarly act to produce 

a “Feature 6” signal on line 550 when another selected 
portion of the high frequency rolloff (BNSH through 
BNS,,) exceeds any existent rolloff at another portion 
of low frequency spectrum (BNS2 through BNSS). 
The ampli?er 56 compares spectral component rela 

tive energies, producing an output proportional to the 
amount by which the sum of E6, E7, and E8 exceeds the 
sum of E,,, E“, and 15,5. When the output of ampli?er 
56 is above a predetermined threshold level, the gate 
57 produces a logical “0” that is designated as a “Fea 
ture 7” signal on line 57a. Feature 7 is, again, a mea 
sure of a determined cough characteristic, i.e., a partic 
ular energy ratio at the lower end of the considered fre 
quency spectrum. 
The remainder of the ampli?ers 58, 60, 62, 64 . . . 70, 

and corresponding gates 59, 61, 63, 65 . . . 71, receive 
spectral component signals or broad slope signals and 
can produce signals on lines 59a, 61a, 63a . . . 71a, that 
are indicative of Features 8 through 14. Features 8, 9, 
and 11, for example, detect the presence of the rela 
tively broad peak of energy at about the middle of the 
considered spectrum, a characteristic found present in 
most coughs. Features 10 and 14 detect the presence 
of particular broad slope characteristics of interest. 

In addition to Features 5 through 14, the feature gen 
erator 50 generates a group of features signals that are 
subsequently used in a special manner in the present 
embodiment. These “special” features are designated 
herein as Feature 1 through Feature 4. The Features 2 
through 4 detect the same characteristics detected by 
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the Features 5 through 10, but in a less restrictive man 
ner. For example, the outputs of NAND gates 53 and 
55 are coupled to the inputs of an AND gate 72. When 
either of the signals on lines 53a or 55a is a logical “O,” 
the output of gate 72 is also a logical “0.” Thus, a l0gi~ 
cal “0” ‘signal on output line 72a, designated as Feature 
2, will occur when either Feature 5 or Feature 6 is pres 
ent. The same relationship exists as between Feature 3 
(the output of gate 73 on line 73a) with Features 7 and 
8, and as between Feature 4 (the output of gate 74 on 
line 74a) with Features 9 and 10. In other words, F ea 
ture 3 will be present whenever either Feature 7 or Fea 
ture 8 is present, and Feature 4 will be present when 
ever either Feature 9 or Feature 10 is present. 
The remaining “special” feature is Feature 1, which 

is present when the sum of spectral component signals 
B, through Em exceeds a predetermined threshold. 
(Recalling that we are dealing with logs, a product of 
energies is actually represented.) This feature detects 
the broad spread of substantial energy that is character 
istic of coughs. The inputs E2 through E,;, are received 
by operational ampli?er 75 which produces an output 
when the sum of the inputs exceeds a predetermined 
threshold level. This output is fed to NAND gate 76 
which produces a logical “O” on its output line 76a, 
designated a “Feature 1” signal, when the threshold 
condition is met. 
Referring to FIG. 5, there are shown block diagrams 

of the storage means 100, the display means 105, and 
the occurrence decision logic 150. The lines carrying 
the signals that represent Feature 1 through Feature 4 
are received by ?ip-?ops 111 through 114 in storage 
means 100. These flip-?ops, which initially have a 
“low” output level by virtue of a manual reset signal on 
a line 106, are of the type that are set to a “high” out~ 
put by an input transistion from a logic “ l ” to a logical 
“0.” The signals that represent Feature 5 through Fea 
ture 14 are coupled, via OR gates 125_ through 134, to 
another group of the same type ?ip-?ops, 115 through 
124. The other input to each of the OR gates 125 
through 134 is an “enable” signal received over a com 
mon line 136. The signal on line 136 is normally at a 
logical “1” level so that the outputs of the OR gates 
125 through 134 are maintained at “ l ” and the flip 
flops 115 through 124 are inhibited from being set to 
a “high” output state. 
The outputs of the flip-?ops 111 through 124 are 

coupled to lamp drivers D, through D,., in display 
means 105 which, in turn, activate the respective lamps 
L, through L“. The lamps L, numbered by the features 

' to which they correspond, can be conveniently dis 

55 

65 

played on the faceplate of a'console 300 that houses ' 
the system electronics, as is depicted in FIG. 6. 
Referring again to FIG. 5, the lines carrying signals 

representative of the 15 features are also received by 
the occurrence decision logic 150 wherein they are 
each coupled to one of a group of toggle switches S, 
through S,.,. The other ends of the IS switches are re 
ceived as input lines to a NOR gate 155, the output of 
which is coupled to an adjustable duration sensor 160. 
The duration sensor, described in further detail below, 
produces an output only after receiving an input of a . 
speci?ed minimum duration. The lines from switches S, 
through S, are also coupled as inputs. to another NOR 
gate 165, the output of which is fed to an “enable” gen 
erator 170 that preferably comprises a one-shot multi 
vibrator. The output of the enable generator 170 is in 
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verted by NAND gate 175 to become the enable signal 
on line 136. The toggle switches, designated by the fea 
tures to which they correspond, are mounted on the 

' faceplate of console 300 (FIG. 6), adjacent their corre 
spondingly numbered lamps. Also, the manual reset 
line 106 is coupled to a logic level “1” supply (not 
shown) through a pushbutton switch on the console 
‘300. 
The operation of the system typically commences by 

programming or “training” the apparatus to the cough 
of a particular individual. First, an operator puts all 
switches 8, through S1,, in the closed (down) position. 
The reset button on the console is then pressed and the 
resultant signal on line 106 (FIG. 5) resets all the ?ip 
flops 111 through 124 so that the lamps L1 through L14 
are all off. At this point, assuming for the moment that 
ambient room noise is zero, the signals which represent 
Feature 1 through Feature 14 (FIGS. 4 and 5) are all 
at a logic “ l ” level and, consequently, the outputs of 
the NOR gate 155 and 165 are at a logic “0.” Thus, the 
output of the enable generator 170 is at “0” so that the 
output of inverter 175 is at “l,” effectively disabling 
?ip-?ops 115 through 124 by action of line 136. 
A sample cough of a patient, taken either live or from 

a recording, is next entered into the translating means, 
for example, via transducer 30. Assume for the mo 
ment that the input cough contains characteristics that 
activate Feature 1 through Feature 4 (which is likely) 
in addition to certain other Features, say 5, 7, 9, 10, 11', 
13 and 14. If this occurs, the signals corresponding to 
these features change to a logic “0” and, as one conse 
quence, the four inputs to NOR gate 165 are at “0" so 
the output of NOR gate 165 goes to “ l .” This results 
in the enable generator producing a “ l ” output for a 
predetermined duration (preferably about I second) so 
that a “0” enable signal appears on line 136 for about 
I second. The OR gates 125 through 134 are thus en 
abled to pass the “0” levels of the activated features 
among Feature 5 through 14 to set the corresponding 
?ip-flops among ?ip-?ops 115 through 124.. Also, the 
?ip-?ops 111 through 114 are set by the transitions to 
“O” of the signals representative of Feature 1 through 
Feature 4. As a result, all lamps corresponding to the 
occurring features are lit and stay lit. (It should be 
noted at this point that the sample cough does not acti 
vate NOR gate 155 since, with all switches closed, 
some of the inputs to the gate are at a logic “ l ” level; 
i.e., the inputs corresponding to Features 6, 8, and 12 
for the example given.) _ 
The operator observes which lamps are not lit and 

opens the switches S that correspond to the unlit lamps. 
The apparatus is then programmed for the cough of the 
individual that supplied the sample cough. To illustrate, 
if, in the example given, the switches S6, S8, and S12 are 
opened during programming, a subsequent cough by 
the patient that contains the Features 1 through 5, 7, 
9, 11, 13 and 14 will cause a “ 1 ” output from NOR gate 
155 since this gate will now have no inputs at the logic 
“ l ” level. If the output of NOR gate 155 lasts for longer 
than the predetermined duration of sensor 160 (i.e., if 
all the inputs 1 through 5, 7, 9, 10, 11, 13 and 14 last 
for this predetermined duration), the sensor 160 will 
produce an output that trips the counter 190 (FIG. 2). 

From the above description it is seen that the absence 
of an enable signal on line 136 prevents the lamps L5 
through L1,, from being individually lit by extraneous 
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8 
ambient noise that occurs during the programming 
phase of operation. It is only when Features 1 through 
4 occur simultaneously (and this is highly unlikely ex 
cept during a cough) that the lamps L5 through L, can 
be lit. Thus, the probability of an improper program~ 
ming is minimized. 
There is the possibility that the coughs of certain in 

dividuals will not contain all of the Features 1 through 
4. If this occurs, when the training sample cough is re 
ceived only some of the lamps L1 through L4 will be lit, 
say, L, through L3. In such event, the operator can 
open switch S4, effectively introducing a logic “0” 
input on the Feature 4 input line to NOR gate 165. 
Now, the enable signal on line 136 can be triggered by 
the occurrence of Features 1 through 3, so the operator 
can press the manual reset button and receive another 
training cough to accomplish a proper programming. 
Variations in the programming procedure can be im 

plemented to further reduce the probability of extrane 
ous triggering of the counter or to increase the sensitiv 
ity of the apparatus. For example, a number of training 
coughs can be received during the programming phase 
(normally resetting the lamps after each one) and the 
swtiches S opened for any feature that does not occur 
during every training cough. Another technique for 
modifying the sensitivity of the apparatus to a desired 
level is adjustment of the duration sensor critical time. 
This is conveniently accomplished during the program 
ming phase by a trial and error technique of determin 
ing the maximum setting at which a patient’s cough 
trips the counter. 
Referring to FIG. 7, there is shown a simpli?ed block 

diagram of the duration sensor 160. The output of 
NOR gate 155 is received by an adjustable one-short 
multivibrator 161 that is preferably adjustable to re 
main in its unstable state for between about 50 ms. to 
250 ms. from its last triggering. The one-shot 161 is of 
the type that has an output that is normally “high” (a 
logical “l”) until triggered by the edge of a positive 
going signal whereupon its output goes to a logical “0” 
level. The output of one-shot 161 is received by AND 
gate 162. Theoutput of NOR gate 155 is also coupled, 
via a short delay means 163, to AND gate 162. The 
delay means 163 need only provide a delay which is 
longer than the propagation time of the one-shot 161 
and may have, for example, an intrinsic delay of about 
100 nanoseconds. Another one-shot 164, which is of 
the same type as one-shot 161 but has a longer and 
?xed unstable state of about lsecond, receives the out 
put of AND gate 162. The output of one-shot 164 is fed 
back as an input (designated 164a) to AND gate 162 
and is also received by the counter 190 (FIG. 2) which 
is of the type that is triggered by the edge of a negative 
going signal. ' 
The operation of duration sensor circuit 160 is as fol 

lows: Assume that the adjustable one-shot 161 is set at 
a 250 ms. duration. When the output of NOR gate 155 
(designated 155a) is “0” the AND gate 162 is disabled 
by its center input (designated 16311). When 155a goes 
to “l,” the output of one-shot 161 (designated 161a) 
goes to “0” and remains there for 250 ms. The delay 
163 prevents 163a from being at “ 1 ” until after 161a 
has gone to “0” so that both these signals can’t be at 
“ l " simultaneously'at the onset of a “ l ” on line 155a. 

After 250 ms. have elapsed from the time that 1550 
went to “ l,” the one-shot 161 will return to its stable 
output of “ l .” If 155a has remained at “ 1 ” during this 
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250 ms., the three inputs to gate 162 will be at “1” 
simultaneously and the resultant output of gate 162 will 
trigger one-shot 164 to a “0” state which, in turn, trips 
the counter. The fed-back “0” on line 164a then pre 
vents the one-shot 164a from triggering again for at 
least 1 second so that no more than one cough per sec 
ond can be counted. Also, it should be noted that, in 
order to trigger the one-shot 164, the input 155a must 
be at “ 1” continually for the speci?ed time of 250 ms. 
If 155a returns to “O” and then goes back to “ l ” during 
a given 250 ms. interval, the one-shot 161 will start a 
new 250 ms. “counting” period from the latest excur 
sion to “ 1.” 

As above-stated, the duration sensor 160 (FIG. 5) 
can be adjusted to the maximum setting at which a pa 
tient’s cough is found to trip the counter. By so doing, 
the probability of the counter being triggered by extra 
neous noise is reduced even further. The preferred pro 
cedure is to start at a setting of 250 ms. and, after pro 
gramming, observe whether sample coughs trip the 
counter. If not, successively shorter settings can be 
tried until appropriate results are obtained. 
While the invention has been described above with 

reference to a particular embodiment, it will be appre 
ciated that variations are available within the spirit of 
the invention. As an example, the duration sensor 160 
may be designed to produce an output for a less restric 
tive condition that requires an input only at the begin 
ning and end of a speci?ed period rather than continu 
ously during such period. 
We claim: 
1. Apparatus for receiving ambient input sounds and 

recognizing the occurrence of coughs to the exclusion 
of other sounds, comprising: 
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a. means for translating said input sounds into a plu 

rality of spectral component signals; 
b. feature signal generating means for sensing the 
properties of a single broad peak of energy in the 
spectral component signals and for generating a 
feature signal for each such property found to be 
present; and p 

c. occurrence decision means responsive to said fea 
ture signals for generating occurrence indications 
upon receiving a predetermined combination of 
said feature signals, irrespective of the order of ar 
rival of said feature signals. 

2. Apparatus as de?ned in claim 1 wherein said fea 
ture signal generating means includes means for sens 
ing a predetermined minimum energy product in the 
spectral component signals. ' 

3. Apparatus as de?ned by claim 1 further compris 
ing duration sensing means which enables occurrence 
indications only when the predetermined combination 
of feature signals is continuously present for a predeter 
mined duration. 

4. Apparatus as de?ned in claim 1 wherein said oc~ 
currence decision means includes a plurality of manu 
ally operable switches and a gate, each of said switches 
coupling a feature signal to said gate, the presence of 
a feature signal on all gate inputs that are coupled 
through closed switches causing activation of said gate. 

5. Apparatus as de?ned by claim 4 wherein said oc 
currence decision means further includes duration 
sensing means which allow occurrence indications 
when said gate is continuously activated for a predeter 
mined duration. 

* * * * * 


