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RESPIRATION ‘RATEMETER 

BACKGROUND OF THE INVENTION 
The present invention relates, in general, to pulse 

counter circuits, and more particularly to a counter for 
providing an averaged display of a breathing rate. 

In the use of respirator systems of the type disclosed 
and claimed in copending applications Ser. No. 
402,677 of Theodore B. Eyrick, Allen C. Brown and 
Neil R. Hattes entitled “Volume-Rate Respirator Sys 
tem and Method”, and Ser. No. 402,679 of Theodore 
B. Eyrick and Allen C. Brown, entitled “Breathing Gas 
Delivery Cylinder for Respirators“, both filed on even 
date herewith and assigned to the assignee of the pres 
ent application, it is highly desirable to provide an ac 
curate, continuing measurement and display of the 
breathing rate of the patient under treatment. Not only 
does such a readout provide an ongoing monitoring of 
patient condition, but it serves as well as a check on the 
operation of the machine and enables the operator to 
determine at a glance whether any serious problems 
have arisen. 
Although respiration monitors are well known in the 

art, many such devices rely only on visual or audible 
alarms to provide an indication of existing problems. 
Such alarms are, of course, necessary in order to call 
attention to malfunctions in the respirator or to sum 
mon aid for the patient. However, such alarms gener 
ally operate after the fact, and do not enable the opera 
tor to detect impending difficulties, such as a gradually 
increasing or decreasing rate not yet at the alarm stage. 
Some monitoring devices have incorporated rate in~ 

dicators which provide an indication of a measured 
count, but too often such devices have simply provided 
a meter readout or a continuous instantaneous indica 
tion which is of limited usefulness to the operator. A 
meter indicator is often dif?cult to read, and thus is 
subject to erroneous interpretation, and shares with the 
instantaneous indicators the difficulty of a continuously 
changing reading in situations where variations in 
breathing rate are occurring. Thus, this type of indica 
tor is not easy to read, can be misleading to the opera 
tor, and is, therefore, not entirely satisfactory from the 
standpoint of ease and convenience of use, and patient 
safety. 

SUMMARY OF THE INVENTION 

It is, accordingly, an object of the present invention 
to provide a reliable, easily read, stable indication of 
the breathing rate of a patient. 

It is another object of the present invention to pro 
vide a ratemeter that is capable of producing a time 
averaged indication of the breathing rate of a patient. 

It is another object of the invention to provide a digi 
tal ratemeter for counting, averaging and displaying the 
inspiration rate of a patient. 

In accordance with the present invention, the rate 
meter receives inspiration pulses from a respirator, res 
piration monitor, or the like, averages the pulses over 
a period of time, produces a digital display of the pulse 
rate, and periodically updates the display. The inspira 
tion pulses received by the ratemeter are fed through 
a frequency doubler and’ the resultant pulse train is fed 
in parallel to three counters. Each'counter counts the 
input pulses for 30 seconds,‘ after which time its count 
is transferred to a storage register. The counter outputs 
are selected in sequential order and every 10 seconds 
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the output from a different counter is transferred to the 
storage register to update the register with a new 30 
second count. The storage register operates a digital 
optical display to provide a visual readout of the accu 
mulated time—averaged counts which, because of the 
frequency doubling at the input, represent the number 
of breaths per minute, averaged over thirty seconds, 
and updated every 10 seconds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and additional objects, features and 
advantages of the present invention will be more fully 
appreciated from a consideration of the following de 
tailed description of a preferred embodiment thereof, 
as illustrated in the accompanying drawings, in which: 
FIG. I is a block diagram of a preferred form of the 

ratemeter of the present invention; and 
FIGS. 2 and 3 are a schematic logic diagram of the 

circuit of FIG. 1. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Turning now to a consideration of the drawings, 
there is illustrated at 10 a pulse doubler to which is ap 
plied by way of input line 12 a pulse 14 representing an 
event to be counted. This input signal preferably is a 
respiration pulse from a respirator, from a conventional 
respiration monitor or from other sources of pulses to 
be counted and time averaged. 
Pulse doubler 10 is a frequency doubler comprising 

?ip?op logic elements which respond to successive 
input signals in known manner to produce alternating 
outputs, flipflops 16 and 18 (FIG. 2) being intercon~ 
nected to form a ring counter. The inspiration pulse on 
line 12 is applied to the clearing inputs of both flipflops, 
the line being low in the absence of an event pulse to 
hold them direct cleared. A 120 HZ clock pulse is ap 
plied to the timing inputs T of the flipflops by way of 
line 20, one input ofa clock AND gate 22, and lines 24, 
26 and 28. The clock pulse appearing on line 24 is also 
applied to one input of an AND gate 30 at the output 
of the doubler. Output line 32 of ?ip?op 16 is con 
nected to an input of ?ip?op 18, to one input of an OR 
gate 34 and to one input of a clock inhibiting AND gate 
36, the output of which is applied through inverter 38 
and line 40 to the second input of clock AND gate 22. 
Output 32 and output 42 of flipflop 16 are connected 
to the inputs of ?ip?op 18, with the output 44 of ?ip 
flop 18 being connected through line 46 to the second 
input of AND gate 36 and through line 48 to one of the 
inputs of ?ip?op 16. The output line 50 of ?ip?op 18 
is connected by way of line 52 to the other input of flip 
flop 16, and to the second input of OR gate 34, the out 
put of which is connected by line 54 to the second input 
to AND gate 30. 
When no input signal is being received on line 12, the 

line is low and holds the ring counter flipflops 16 and 
18 direct cleared, in their reset states. The ring counter 
remains in this state until a signal representing the 
event to be counted is applied to input line 12. The 
counters are then freed to start counting in response to 
the clock input pulses on line 20. The trailing edge of 
the ?rst clock pulse received after the inspiration pulse 
shifts line 12 high, passes through AND gate 22 and is 
applied to ?ip?ops 16 and 18 and to AND gate 30. The 
clock pulse sets ?ip?op 16, but not ?ip?op 18, and the 
resultant output on line 32 enables OR gate 34 to pro 
vide a signal to one input of AND gate 30. 
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The second clock pulse passes through AND gate 22 
and is applied to AND gate 30, enabling that gate and 
providing a count pulse on doubler output line 56. The 
trailing edge of the second clock pulse sets ?ipflop 18, 
shifting its outputs. 
The third clock pulse following the inspiration signal 

passes through AND gate 22 and enables AND gate 30 
to produce a second count pulse on output line 56. The 
trailing edge of the third clock pulse resets ?ipflop 16, 
producing a signal on its output line 32 which enables 
AND gate 36. The resulting output from gate 36 is in 
verted to inhibit clock AND gate 22, and subsequent 
clock pulses are blocked. This prevents further shifting 
of the ?ipflops, and the doubler remains in this state 
until the end of the pulse on line 12. At that time the 
ring counter will again be direct cleared and reset for 
the next occurrence of an inspiration input pulse. Thus, 
for each inspiration pulse received by the doubler, two 
count pulses are produced on line 56. 
The count pulses from the doubler 10 are applied by 

way of line 56 (FIG. 1) to three counter AND gates 60, 
62 and 64, each of which is thereby enabled to provide 
output count pulses'to a corresponding one of counters 
66, 68 and 70. As illustrated in FIG. 3 with respect to 
counter 66, each counter is comprised of a pair of con 
ventional decade counters 72 and 74 connected to pro 
vide a digital output representing the counts 0 through 
98 on output leads A-I-I inclusive. Outputs A1 through 
H1 are obtained from the ?rst counter 66, outputs A2 
through H2 from the second counter 68, and outputs 
A3 through H3 from the third counter 70. 
Each pulse to be counted is applied to all three of the 

counters in parallel, and each unit counts all of the 
pulses, providing a pattern of high and low digital out 
puts on its output terminals corresponding to the num 
ber of received pulses, in well known manner. All three 
of the counters 66, 68 and 70 are “pegged,” or limited, 
to a count of 98, in the preferred embodiment, in order 
to allow operation of the system with a two-digital dis 
play. This can be done since any breath rate at that 
level or above represents an alarm condition, and thus 
there is no need to display actual counts having a 
higher rate. However, if desired, additional counters 
and displays could be used to enable the system to dis 
play higher counts. 
To provide the count limiting function for counters 

66, 68 and 70, each is provided with a corresponding 
count limiter, 76, 78 and 80 (FIGS. 1 and 3). As shown 
in FIg. 3, the count limiter 76, which is typical of the 
three limiters, comprises an AND gate 82 receiving in 
puts from the three counter outputs that indicate a 
count of 98. When this count is reached, the AND gate 
provides a decoding output on line 84 which is inverted 
in inverter 86 and applied by way of line 88 to the sec 
ond input of AND gate 60. This inhibits gate 60 and 
prevents further advance of counter 66 until that 
counter is cleared. In similar manner, limiter 78 pro 
duces a decoded output signal on line 90 when the sec 
ond counter reaches a count of 98, thereby inhibiting 
AND gate 62, while limiter 80 inhibits AND gate 64 by 
way of a decoded signal on line 92, when the third 
counter reaches the presetlimit. 
Each counter is cleared by the simultaneous applica— 

tion of two pulses, one from a timer 94, which produces 
periodic transfer and clear pulses, and the other from 
a multiplexer address and counter selector 96, which 
sequentially selects the counters, whereby the pulse 
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counts in one of the three counters is transferred each 
time a transfer pulse is produced by the timer. 
The timer of 94 may be a type NE 555 timer module 

96 wired to function as an astable multivibrator having 
a period of 10 seconds. The multivibrator is free run 
ning to produce an output pulse 98 which is high 
(“on”) for 9.93 seconds, and is low (“off”) for 0.07 
seconds during each cycle. The pulse is fed by way of 
timer output line 100 to a pair of inverters 102 and 104, 
which provide at the end of the on time transfer input 
pulses to the display storage registers 106 by way of 
lines 108 and 110. As shown in FIG. 3, the storage reg 
isters 106 comprise a pair of latch modules 112 and 
114, latch 112 receiving the transfer signal on line 108, 
and latch 114 receiving the transfer signal on line 110. 
These signals release the latches and allow them to fol 
low their inputs received from the counters by way of 
multiplexer unit 115. At the end of the timer off period 
the transfer pulses terminate and the data in the storage 
latches 112 and 114 is retained until the next transfer 
pulses are received. 
The timer output signal on line 100 is also applied by 

way of line 116 to a Clear Pulse Generator 118 which 
comprises an AND gate 120 having one of its inputs fed 
by the signal on line 116, and the other input fed by the 
signal from inverter 104, by way of line 122. At the end 
of the off period of timer 94, the combination at AND 
gate 120 of signals provided by inverter 104, Resistor 
124 and capacitor 126 produces a 0.5 u second 
counter clearing pulse at the output of AND gate 120, 
on line 128. This short pulse is applied to enable one 
of the two “clear” inputs in each of counters 66, 68 and 
70, by way of lines 130, 132 and 134, respectively. The 
other clear input is provided by the counter select net 
work 96, which operates to provide a clearing signal to 
only one counter at a time, and each 10 seconds oper 
ates to clear a next succeeding counter so that the 
counters are offset in their operation. 

Selection of the counter which is to be cleared upon 
the occurrence of the periodic 0.5 1.0 second counter 
clearing pulse is by means of the multiplexer address 
and counter select network 96, which comprises a pair 
of ?ipflops 140 and 142 (FIG. 2). These flipflops are 
interconnected in known manner to provide a “count 
of three counter,” sequentially producing signal combi 
nations on each of the flipflop outputs 144, 146, 148 
and 150 which may be decoded to produce a sequence 
of counter selecting signals and which are also used to 
address the multiplexer. 

Initially, with flip?ops 140 and 142 both reset, or 
cleared low output signals are produced on both ?ip 
?op outputs 146 and 144, and both signals are applied 
to a ?rst selector AND gate 152, enabling the gate to 
produce a ?rst counter selecting signal which is fed by 
way of line 154 to the second clear input of counter 66. 
Upon occurrence of the ?rst 0.5 u second counter 
clear pulse on lines 128 and 130 which occurs at the 
end of a timer off period, while the signal on line 154 
is present, counter 66 is reset to a zero count and be 
gins to count again. 
At the trailing edge of the timer on pulse, inverter 

102 produces a transfer pulse which is fed via lines 108 
and 156 to the clock input of flipflop 140, setting that 
element and shifting its output to line 148. Selector 
AND gate 152 is disabled, and the signals on lines 148 
and 144 now enable selector AND gate 158, producing 
a second counter output pulse on line 160 which is fed 
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to the second clear input of the second counter 68. The 
beginning of the next (second) time period (which is 
the end of the off period) triggers a 0.5 p. second 
counter clearing pulse which combines with the signal 
on line 160, so that for this time period the clearing in 
puts of only counter 68 are satis?ed. This counter is 
reset to zero and starts counting the inspiration inputs. 
At the end of the second time period, a signal is pro 

duced on line 156 which again clocks ?ip?op 140, re 
setting it to provide an output on line 146, and setting 
?ipflop 142 to produce an output on line 150, whereby 
AND gate 158 is inhibited and AND gate 162 is en 
abled. This produces a third counter selecting signal on 
line 164 which is applied to the second clear input of 
the third counter 70, and the 0.5 ,u. second counter 
clearing pulse at the end of the off time and initiating 
the start of the third timeperiod clears counter 70, 
which then starts from zero to count the input inspira 
tion pulses. 
The trailing edge of the third timing pulse again pro 

duces a clock pulse on line 156 which again sets ?ip?op 
140, resulting in both ?ip?ops 140 and 142 being in the 
set state. This enables reset AND gate 166 which is 
connected to lines 144 and 146, to produce a clearing 
signal on line 168 to reset both of ?ip?ops 140 and 142, 
thereby enabling selector AND gate 152 to clear 
counter 66, and the counting cycle thus repeats itself. 
As will be seen from the foregoing, then, every 10 

seconds a timer pulse will operate to advance selector 
96 which will then cooperate with a clearing pulse from 
the timer to reset one of the three counters 66, 68 and 
70. Each counter is, therefore, cleared once every 30 
seconds, and is thus able to accumulate a count corre 
sponding to twice the number of inspiration pulses re 
ceived by the ratemeter in 30 seconds. 
Connected to corresponding outputs of the three 

counters are the selector gates of multiplexer 115, illus 
trated in FIG. 3. As shown, the multiplexer incorpo 
rates four gates 170, 171, 172 and 173, each of which 
is continuously connected to receive the digital output 
signals from the counters, with selector gate 170 being 
connected to receive all of the “A” and “B” outpts, se 
lector gate 171 receiving all of the “C" and “D” out 
puts, and so on, as illustrated in FIG. 3. The selector 
gates are selectively enabled by means of binary ad 
dress signals received from the counter clear select and 
multiplex address counter 96, by way of lines 174 and 
176. The signals on lines 174 and 176 follow the out 
puts on lines 144 and 146 at the outputs of ?ip?ops 140 
and 142, and thus provide an address count which is 
advanced with each transfer pulse on line 156 that is 
received by the ?ip?ops. Thus, when ?ip?ops 140 and 
142 are both reset, low signals appear on both of the 
output lines 144 and 146 not only to enable AND gate 
152, as has been explained, but also to enable the l 
gates in each of the multiplexer selector gates 170—1 73. 
This causes the selector gates to reproduce on their 
output lines 178-185 the binary coded decimal count 
which is at that instant appearing on the output lines 
A1 through I-Il of the first counter 66. 
The outputs appearing at the selector lines 178-181 

are fed to the latch 112, while the outputs appearing on 
selector lines 182-185 are fed to latch 114. When 
transfer pulses are received by the latches from lines 
108 and 110, the latches are opened to receive the 
count Al-Hl from the selector gates, which count is 
then locked into the latches at the end of the transfer 
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6 
pulses, and is used to drive corresponding display de 
vices 188 and 190. At the end of this ?rst transfer 
pulse, counter 66 is reset and starts a new count. 
When the second transfer pulse is received on line 

156, shifting the counter selector ?ip?op 140 to enable 
AND gate 158, the signal on line 174 remains low, but 
the signal on line 176 goes high, thus shifting all of the 
selector gates 170-173 to enable their 2 inputs. This 
causes the selector gates to reproduce on their output 
lines 178-185 the digital count which is at that time ap 
pearing on the output lines A2 through H2 of the sec» 
ond counter 68. At the same time, latches 112 and 114 
are enabled to receive the new inputs from lines 
178—l85, and at the end of the transfer pulse, the 
latches are again locked to now update the display to 
show the new count. The end of the transfer pulse also 
causes the 0.5 p. second counter clearing pulse to clear 
counter 68. 
The third transfer pulse shifts ?ip?ops 140 and 142, 

as explained, to enable AND‘ gate 162, and this same 
output is fed through lines 174 and 176 to enable the 
3 gates of selector gates 170~173. The transfer pulses 
on lines 108 and 110 transfer the A3 through H3 out 
puts to the latches 112 and 114 to again update the dis 
play, and thereafter the third counter is cleared. 
The next following transfer pulse shifts the selector 

96 back to its original condition, selecting counter 1 
and shifting the A1 through H1 outputs to the latches 
112 and 114. This sequence continues, with the con 
tents of each counter being selected every thirty sec 
onds for transfer to the latches, and a different one of 
the three counters being selected every 10 seconds to 
provide an update of the displays. It will be seen that 
each new counter selected has accumulated doubled 
input pulses for thirty seconds, thus providing a count 
corresponding to the number of input events occurring 
per minute, which count is updated every 10 seconds 
to provide a new 30-second count. 
The particular logic components used in the present 

invention are all conventional, readily available devices 
which are supplied on an off-the-shelf basis by numer 
ous electronic supply houses. In general, these compo 
nents may be conventional series 7400 logic circuits as 
follows: 

TYPE DESCRIPTION 

7400 Quadruple 2-lnput Positive Nand 
7402 Quadruple 2-Input Positive Nor 
7404 Hex Inverters 
7410 Triple 3-lnput Positive Nand 
7474 Dual D-Type Edge-Triggered Flip-Flop 
7475 4-Bit Bistable Latch 
7490 Decade Counter 

74l07 Dual J-K Master-Slave Flip~Flop 
74l2l Monostable Multivibrators 
74153 Dual 4-Line-To-l-Line Data Selector] 

Multiplexer 

In addition to the foregoing logic elements, the system 
also utilizes a type NE 555 timer of the type manufac 
tured by Signetics Corporation of Sunnyvalve, Calif. 
Although the present invention has been described in 

terms of a preferred embodiment, it will be apparent 
that numerous changes and modi?cations can be made 
by those skilled in the art. For example, the number of 
counters used in the system may be varied, the pulse 
doubler may be either a multiplier or a divider, as long 
as it produces a different number of count pulses per 



3,887,795 
7 

unit time than the rate of the event being monitored, 
and the number of count transfers per unit time may be 
varied. The desired relationship between the number of 
data updates, or count transfers, and the number of 
count pulses produced for each event to be produced 
per unit time of the display may be varied without de 
parting from the true spirit and scope of the invention, 
as described in the following claims. 
What is claimed is: 
1. In a meter for counting pulses representing the rate 

occurrence of an event to be monitored and displaying 
a periodically updated accumulated count representing 
said rate of occurrence, 

at least two counters each receiving and accumulat 
ing all of said pulses representing said event, 

timer means generating a train of periodic timing 
pulses; 

selector means responsive to said timing pulses for 
, sequentially selecting said counters; 
indicator means; 
means responsive to said timing pulses for transfer 

ring the accumulated count in a selected counter to 
said indicator means; and 

means for clearing said selected counter after trans 
fer of the accumulated count, whereby the output 
of each counter in turn is periodically selected and 
displayed to provide a periodic update in the dis 
play representing said rate. 

2. The meter of claim 1, wherein each of said count 
ers accumulates said pulses over a predetermined pe 
riod of time, and said timing pulses are generated at a 
rate to produce a plurality of transfers of accumulated 
counts during said period of time, whereby each peri 
odicallly updated display is of a count accumulated 
over the entire said period. 

3. The meter of claim 2, including three counters, 
said selector means selecting each counter in turn, each 
counter being selected once during each said period. 

4. The meter of claim 3, wherein said selector means 
comprises a fourth counter responsive to successive 
ones of said timing pulses to produce a repetitive series 
of three counter selecting pulses, each timing pulse ad 
vancing said fourth counter means to the next succeed 
ing counter selecting pulse, and means for applying 
each said selecting pulse to a corresponding counter. 

5. The meter of claim 4, wherein said means for 
clearing said selector counter comprises clear pulse 
generating means for resetting a selected counter to 
zero count. 

6. The meter of claim 4, wherein said means for 
transferring the accumulated count comprises multi 
plexer gating means connected to the outputs of each 
counter, said multiplexer gating means being operative 
to transfer to said display means the accumulated count 
in a selected counter. 

7. The meter of claim 6, wherein said forth counter 
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8 
means further comprises address means for activating 
multiplexer gating means corresponding to the selected 
counter. 

8. The meter of claim 7, further including pulse dou 
bler means for doubling said pulses representing the 
event to be monitored, whereby each periodically up 
dated display represents the count for twice said pe 
riod. 

9. A method of measuring and displaying the number 
of breaths per unit time drawn by a patient, comprising: 
generating a ?rst train of pulses simultaneously 
wherein each pulse represents a patient inhalation; 

generating a second train of pulses having a rate dou 
ble the rate of said first train; 

applying said second train of pulses to ?rst, second 4 
and third counters for accumulating a count corre 
sponding to the number of pulses received; 

cyclically selecting and resetting said ?rst, second 
and third counters after ?rst, second and third peri 
ods of time, respectively; and 

transferring the count accumulated in each of said 
?rst, second and third counters upon selection 
thereof to a display means, whereby said display 
means is updated after each of said periods. 

10. The method of claim 9, wherein each of said 
counters is selected once during each of two halves of 
said unit time, whereby a counter will accumulate 
pulses over only one-half of said unit time before being 
selected, and said display will indicate a count repre 
senting the number of patient inhalations per unit time. 

11. A method of measuring and displaying the rate of 
physiological occurrences in a patient, comprising: 

generating a train of count pulses representing one of 
said occurrences; 

accumulating simultaneously in a plurality of count 
ers a count corresponding to the number of count 
pulses received; 

cyclically selecting and resetting said counters, said 
counters being periodically and sequentially se 
lected; 

transferring to a display means the count accumu 
lated in each counter upon its selection, whereby 
said display means is updated by the counts from 
successive selected counters to produce a series of 
updated displays, each display representing the 
number of physiological occurrences measured 
over a predetermined unit time greater than the 
time period between successive updated displays. 

12. The method of claim 11, further including gener 
ating a second train of count pulses having a rate which 
is a multiple of the rate of said first-named train, and 
wherein each said counter accumulates count pulses 
for less than said unit time before its count is trans 
ferred to said display. 

>l< * >1: * =l< 
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