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ARRANGEMENT FOR ANALYZING 
IRREGULARITIES IN REPETITIVE BIOLOGICAL 

PROCESSES 

BACKGROUND OF THE INVENTION 

In one type of prior art biomedical analyzer, an elec 
trocardiogram representative of a patient’s cardiac 
rhythm is recorded on a magnetic tape or the like. 
After a plurality of such records are accumulated, the 
taped information is suitably converted and sent over 
telephone lines to a remote general purpose computer. 
The latter is programmed to analyze each recorded 
electrocardiogram to ascertain whether the patient’s 
cardiac response is normal or abnormal and, if the lat 
ter, into what category the abnormality falls. Such a re 
mote off-line analysis is not particularly suitable to 
local situations where a patient‘s heart must be contin 
ually monitored for sudden changes in any number of 
ways that must be instantaneously detected and 
treated. 

Certain real-time systems have been developed 
which can be employed to measure and analyze a pa 
tient's cardiac response as it occurs. In one such 
scheme, a succession of impulses derived from the elec 
trocardiogram is divided into sampled intervals having 
equal numbers of impulses, and the irregularities of 
each sample are measured with respect to the average 
frequency of the cardiac rhythm during such sample. 
This scheme has the disadvantage of being able to de 
tect only a relatively few types of irregularities. 
More recently, a computer-aided arrangement has 

been proposed which analyzes the electrocardiogram 
output by determining whether the elapsed time be 
tween successive impulses is (a) within predetermined 
limits, (b) shorter than the lower limit, or (c) longer 
than the higher limit, with the latter two categories 
representing irregularities. Both the regular and irregu 
lar portions of the separated impulses are stored in 
memory. Unfortunately, with this scheme the informa 
tion stored in memory is not recoverable in a format 
suitable for monitoring the real time distribution of the 
separated irregularities. 

SUMMARY OF THE INVENTION 

These disadvantages are overcome with the use of a 
real-time biomedical analyzer in accordance with the 
invention. In one embodiment suitable for analyzing 
electrocardiograms, a sequence of impulses representa 
tive of a principal component of a patient’s heart 
rhythm is coupled to an impulse classi?er. The classi 
fier has a ?rst pair of monostable multivibrators trig 
gered by each successive impulse for establishing a ?rst 
time zone, wherein the next succeeding impulse is clas 
si?ed in (a) a normal category, if it occurs within the 
?rst time zone, or (b) a ?rst abnormal category if it oc 
curs before the lower time limit of the ?rst time zone. 
The classi?er is also provided with a second pair of 
monostable multivibrators triggered at the conclusion 
at the ?rst time zone for establishing a second time 
zone wherein an impulse following the one that trig 
gered the ?rst time‘zone is classi?ed in a second abnor 
mal category if it occurs within the second time zone. 
‘Further pairs of additional monostable multivibrators 
may be provided for establishing other unique time 
zones to de?ne other categories of irregularities. 
A plurality of combinational AND gates associated 

with the multivibrators de?ne parallel outputs of the 
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2 
classi?er, wherein each impulse applied to the classi?er 
effectively excites either (1) a ?rst output representa 
tive of the presence of a normal impulse, or (2) one of 
a plurality of second outputs individually representa 
tive of impulses in the separate abnormal categories. 
An on-line computer is adapted to recognize any of 

T predetermined sequences of the so-classi?ed im 
pulses that de?ne medically recognized categories of 
cardiac irregularities which may be classi?ed as single, 
group and systematic irregularities. The computer re~ 
sponds to the outputs of the classi?er to outpulse (a) 
a ?rst indication at the start of any of the T recognized 
sequences, and (b) one of a plurality of second unique 
indications upon the termination of an associated one 
of the T sequences. The ?rst and second indications 
may be displayed in real time on a suitable recorder, 
which may illustratively be a pen recorder driven in 
synchronism with separate unclassi?ed impulses, or a 
computer printout which numerically displays along 
with such ?rst and second indications the number of 
impulses between successive indications. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be described in further detail in 
the following description taken in conjunction with the 
appended drawing, in which: 
FIG. 1 is a block diagram of a real time biomedical 

analyzer suitable for carrying out the invention; 
FIGS. 2a and 2b are timing diagrams of illustrative 

categories in which impulses representative of a nor~ 
mally repetitive biological process are classi?ed in ac-> 
cordance with the invention; 
FIG. 3 is a schematic diagram of an arrangement suit 

able for classifying impulses in the manner indicated in 
FIG. 2; 
FIGS. 4a and 4b are timing diagrams illustrating dif~ 

ferent sequences of classi?ed impulses which de?ne 
plurality of medically recognized cardiac irregularities; 
FIG. 5 is a flow diagram of a computer suitable for 

use in the arrangement of FIG. 1 and programmed to 
recognize each of the abnormal sequences of classified 
impulses indicated in FIG. 4; and 
FIGS. 6 and 7 are block diagrams of two forms of re 

cording devices suitable for displaying the outputs of 
the programmed computer of FIG. 1 in real time. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, the output of an electrocar 
diogram of a patient whose cardiac characteristic is 
being monitored is coupled to a conventional ?lter 1 
suitable for extracting the normally repetitive, domi 
nant R-wave component of the patient’s cardiac re 
sponse. The output of the ?lter l is applied, as a se 
quence of normally periodic impulses X", to the input 
of an impulse classi?er 2 whose function is depicted di 
agrammatically in FIG. 2'. .z 

The scheme of FIG. 2 is designed to classify each suc 
cessive impulse XN into one of a plurality of unique cat 
egories a, B, 'y, 11', Ill, 6, g and typi?ed in FIG. 2a by ap- ' 
propriate ones of the vertical dotted lines. The category 
for each impulse X" is determined by the elapsed time 
TN between the occurrence of the impulse XN and the 
occurrence of the next preceding impulse X~_1. Each 
such category falls within a unique time zone following 
the occurrence of the impulse X~_,, with each time 
zone illustratively chosen in accordance with the fol 
lowing Table 1: 
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TABLE 1 

Classi?cation 
of lmpulse X“ 
a (normal) 

While not explicitly shown in FIG. 2a, each impulse XN 
ordinarily classi?ed as ‘y, 8, 1r, ill, or C, is classi?ed in a 
separate category “y.” if the previous impulse XN_l was 
classi?ed as ‘y, 8, 11, \II, t, or u. 
As shown in FIG. 2b, where an impulse XN is classi~ 

?ed as B, Table 2 below indicates the following addi 
tional categories designated p, 0, , e and -y for the next 
succeeding impulse XNH. These latter classifications 
are de?ned by time zones dependent on the elapsed 
time TNH between the occurrence of the impulse XNH 
and the last preceding non-B impulse KN-‘ as follows: 

TABLE 2 

Classi?cation of 
impulse X,.,“, where 
impulse X” is class 

While not explicitly shown in 2b, where an impulse 
XN+l FlG.2a B-impulse XN meets the elapsed time re 
quirement of one of the previously mentioned catego 
ries 7, 11', ill, and g with respect to the last non-B impulse 
XAH, such impulse XN+1 is likewise classified as 7, 11', III, 
or g, respectively. 
FIG. 3 depicts one form of impulse classi?er 2 suit 

able for instrumenting the functions depicted in FIGS. 
20 and 2b and in the associated Tables 1 and 2. The im 
pulses XN are applied as triggers to the active inputs of 
a first group 3 of monostable multivibrators 11, '12, and 
13. The multivibrators 11 and 12 are provided with 
pairs of complementary outputs R, 17. and S, 5. 
When the active inputs of the multivibrators l1 and 

12 are triggered, the outputs R and S exhibit pulses 
having durations TL and T”, respectively, which as indi 
cated in FIG. 2a de?ne the limits of the time zone for 
impulses XN classi?ed in the normal category 0:. 
The values TL and T” are in general unique to each 

patient being monitored, and may be preset by appro 
priately adjusting potentiometers 24 and 23, respec 
tively. 
The purpose of the multivibrator 13 is to compensate 

for the ?nite fall time of the multivibrators l1 and 12 
and may be dispensed with if such fall time may be ne 
glected in a particular monitoring situation. in this lat 
ter case, the impulses XN may be directly applied to 
both the active and reset inputs of the multivibrators 11 
and 12. 
Each incoming impulse X” is also applied to one 

imput of an AND gate 18. The output of the gate 18 is 
applied to the active inputs of a second group 4 of 
monostable multivibrators 14, 15, and 16. The multivi 
brators 14 and 15 are provided with pairs of comple 
mentary outputs U, U and W1, W1. 
When the active inputs of the multivibrators l4 and 

15 are triggered, the outputs U and W1 exhibit pulses 
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4 
having durations TL and TH, respectively, as also indi 
cated in FIG. 2. 
The output U of the multivibrator 14 is coupled 

through an OR-gate 17 to a second input of the AND 
gate 18. 
As with the multivibrator 13, the purpose of the mul 

tivibrator 16 is to compensate for the ?nite fall time of 
the multivibrators 14 and 15, and may be dispensed 
with if such fall time may be neglected. 
The output W1 of the multivibrator 15 is coupled to 

the active input of a multivibrator 19 in a third group 
5 consisting of multivibrators 19, 20, and 21. The mul 
tivibrator 19 is provided with complementary outputs 
W2, W2. When the active input of the multivibrator 19 
is triggered, the output W, exhibits a pulse of duration 
K,T", where K, i 1, which may be preset by the poten 
tiometer 23 in conjunction with suitable internal bias 
circuitry (not shown) in the multivibrator 19. 
The output W, is coupled to the active input of the 

multivibrator 20. The latter has complementary out 
puts W3, W3. When the active input of the multivibrator 
20 is triggered, the output W3 also exhibits a pulse of 
duration’ KIT", which may be adjusted as indicated 
above. 
The outputs W, and W2 are coupled through an OR 

gate 22 to the active input of the multivibrator 21, 
which has complementary outputs F, F. When the ac 
tive input of the multivibrator 21 is triggered, the out 
put F exhibits a pulse of duration KZTL, where K2 2 l, 
which may be preset by the potentiometer 24 in con 
junction with suitable bias circuitry (not shown) in the 
multivibrator 21. i l i 

The reset inputs of the multivibrators 19, 20, and 21 
are coupled to the output of the AND-gate 18. 
A logic circuit 6 consisting of a plurality of AND 

gates 3143 have outputs that individually de?ne the 
outputs of the classi?er 2. Such outputs in turn repre 
sent ‘the categories a, 'y, 0-, 11, 111, C, p, 0, , e, 'y, B, and 
u. The gates 31-43 are individually excited in the man 
ner indicated below when an incoming impulse XN is to 
be classi?ed as speci?ed in FIG. 2. 
The output of the gate 42 representing the category 

B is coupled to a ?rst input of a bistable multivibrator 
25, which has complementary outputs Z, Z. The output 
Z is coupled to one input of an AND-gate 27, whose 
output is coupled through an OR-gate 30 to a second 
input of the multivibrator 25. The output 2 is coupled 
to one input of an AND-gate 28, whose output Q is 
coupled to a ?rst input of a bistable multivibrator 26 
having complementary outputs B, 13. The output _B is 
coupled to an input of the above-mentioned OR-gate 
17. 
The output S of the multivibrator 12 is coupled to 

one input of an AND-gate 29, whose output is applied 
to a second input of the multivibrator 26. The output 
5 of the multivibrator 12 is coupled to another input of 
the AND-gate 28. The impulses X” are coupled to addi 
tional inputs of the AND-gates 27, 28, and 29. 

In addition, in order to establish the speci?ed time 
zones for each of the categories indicated in Tables 1 
and 2, the outputs of the multivibrators 11, 12, 14, 15, 
19, 20, 21, 25, and 26 are also selectively coupled to 
the inputs of the category-establishing AND-gates 
31-43 in accordance with the logic equations set forth 
in Table 3 below: 
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Category 

10 

6 
ever a letter in parentheses appears after a classi?ca 
tion category, such letter indicates the output line of 
the computer 7 that is excited at the time that an im 
pulse in such category appears. When no letter appears 
in parentheses after a category, no output of the com 
puter is excited by the simultaneously occurring classi 
?ed impulse. (The symbol “+” in the flow diagram, 
such as in “a + B,” means a or B.) 

The manner in which the flow diagram of FIG. 5 exe 
cutes the desired recognition of the abnormal se~ 
quences “A” through “N” is summarized in Table 4 be 
low: 

TABLE 4 

Recognized 
sequence 

Computer output line excited during successive impulses in recognized 

XN 
start 

sequence 

Xma X NH Xms Xw-e XNH 

The arrangement of FIG. 1 further includes an im 
pulse sequence analyzer 7 coupled to the classi?ed out 
puts of the impulses analyzer 2. The sequence analyzer 
7 is illustratively embodied as an on-line computer suit 
ably adapted to recognize any of the abnormal se 
quences “A” through “N" of classi?ed impulses de 
picted in FIGS. 4a and 4b. Such sequences are medi 
cally signi?cant as de?ning different types of cardiac 
abnormalities indicated on the right side of each de 
picted sequence. (For comparison, a normal sequence 
of impulses classi?ed as a is also shown in FIG. 4a). 
The computer 7 (FIG. 1) responds to the sequences 

of classi?ed impulses applied thereto from the classi?er 
2 by (a) exciting an output line P thereof at the com 
mencement of any of the recognized abnormal se 
quences “A” through “N," and (b) exciting one of a 
plurality of output lines A through N thereof upon the 
termination of corresponding ones of the sequences 
“A" through “N.” v 

The computer 7 includes a memory 8 and a logic cir 
cuit 9. The memory 8 is illustratively provided with 16 
memory cells a, - am, only one of which is active at any 
given moment. Given the function just indicated, a 
competent circuit designer can hand-wire a special pur 
pose device to instrument this function. Alternatively, 
if the computer is in the general-purpose category, such 
function can be instrumented by programming the ma 
chine in the manner dictated in the flow diagram shown 
in FIG. 5. Such program can be set up by any compe 
tent programmer. The direction of each arrow indi 
cates the next memory cell excited in response to an in 
cident classi?ed impulse from the classifier 2. Wher 

50 

55 

65 

Referring again to FIG. 1, the outputs A-N and P of 
the computer 7, as well as the output XN of the ?lter l, 
are coupled to a recorder 10 for displaying the com 
mencement and termination of each of the recognized 
sequences “A" — “N" in real time. 

FIG. 6 shows one embodiment of the recorder 10, 
which is suitable for use, e.g., where the outputs A-N 
and P of the computer 7 constitute the outputs of bi 
nary stages of successive orders. Such recorder in 
cludes a digital to analog converter 44 coupled to the 
binary outputs of the computer. The output of the con 
verter 44 is coupled to the pen ampli?er of a conven 
tional pen recorder 45, so that the pen is driven with an 
amplitude proportional to the binary weight of the ex 
cited output A-N or P of the computer 7. The succes 
sive impulses XN are applied to the input of the time 
base stepping drive motor 46 of the pen recorder 45. 
The motor 46 steps the pen one position on the time 
base for each occurrence of an impulse, whether or not 
a computer output appears. Hence, when the computer 
is programmed to operate in the manner shown in 
Table 4, the pen recorder will record both the identi? 
cation of and the actual time distribution of the starts 
and stops of each recognized sequence regardless of its 
length, thereby overcoming the in?exibility of prior-art 
arrangements that analyze arbitrarily ?xed samples 
having equal numbers of impulses. 
An alternative embodiment of the recorder 10 is 

shown in FIG. 7. A conventional print-out device 47 is 
provided with a plurality of ?rst channels (not shown) 
for recording an indication whenever a corresponding 
first channel input is excited. The device 47 further has 
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a second channel (not shown) for recording a numeri 
cal value proportional to the amplitude of a signal ap 
plied to the input of the second channel. 
The computer output lines A~N and P are individu 

ally coupled to the inputs of the ?rst channels of the de 
vice 47. The impulses XN are applied to the input of a 
binary counter 47, whose output is coupled to the input 
of a digital to analog converter 48. The output of the 
converter 48 is coupled to the input of the second 
channel of the device 47. 
The computer outputs A-N and P are also coupled 

to inputs of an AND-gate 50, whose output is coupled 
to reset inputs of the counter 47 and converter 48. 
This type of display provides a direct numerical indi 

cation of the number of pulses occurring between the 
start and stop of each of the recognized abnormal se 
quences, together with an indication of the type of se 
quence involved. 

In the foregoing, the invention has been described in 
connection with one arrangement thereof. Many varia 
tions and modi?cations will now be evident to those 
skilled in the art. Accordingly, it is desired that the 
scope of the appended claims not be limited to the spe 
ci?c disclosure herein. ' 

What is claimed is: 
1. A method of analyzing irregularities in a repetitive 

biological process, which comprises the steps of: 
generating a sequence of characteristic impulses cor 
responding to the successive occurrences of one 
principal component of the process; 

establishing an identical pattern of successive, prede 
termined time zones following the generation of 
each successive characteristic impulse; 

classifying each of a plurality of successive cycles of 
the process into one of an arbitrary predetermined 

20 

25 

30 

number of unique categories determined solely by - 
the time zone in which the associated characteristic 
impulse is generated relative to the time of occur 
rence of a preceding characteristic impulse; 

detecting the occurrence, within the resulting succes 
sion of the categories, of any of T predetermined 
sequences of the categories, wherein one of such 
predetermined sequences corresponds to a normal 
course of the process and the remaining predeter 
mined sequences correspond uniquely to separate 
recognized irregularities in the process; 

generating a ?rst outpulse indication at the start of a 
detected one of the predetermined sequences and 
one of T second output indications at the termina 
tion of the detected sequence, each of the T second 
output indications being associated with a separate 
one of the T predetermined sequences; and 

displaying the ?rst and second output indications in 
real time. 

2. In a biomedical analyzer: 
means for generating a sequence of characteristic im 

pulses corresponding to the successive occurrences 
of one principal component of a repetitive biomed 
ical process to be analyzed; 

classifying means coupled to the output of the gener 
ating means and comprising, in combination, 
means responsive to the generation of each charac 
teristic impulse for triggering a ?xed pattern of suc 
cessive pulses of predetermined length representa 
tive of successive predetermined time zones, and 
means responsive to the triggering means for pro~ 
ducing, in synchronism with each characteristic im 
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8 
pulse, one of a plurality of unique indications de 
termined solely by the time zone in which such 
characteristic impulse is generated relative to the 
generation of a preceding characteristic impulse; 
and 

computing means coupled to the output of the classi 
fying means and comprising, in combination, 
means for detecting the occurrence, within the suc 
cession of indications from the classifying means, 
of any of T predetermined sequences of the indica 
tions, wherein one of such predetermined se— 
quences corresponds to a normal course of the pro 
cess and the remaining predetermined sequences 
correspond uniquely to separate recognized irregu 
larities in the process; a ?rst output; T parallel sec 
ond outputs; ?rst means coupled to the output of 
the detecting means for exciting the ?rst output at 
the start of any detected one of the predetermined 
sequences; and second means coupled to the de 
tecting means for exciting a unique one of the T 
second outputs at the termination of an associated 
one of the detected predetermined sequences. 

3. An analyzer as de?ned in claim 2, further compris 
ing recording means coupled to the outputs of the com 
puting means and to the output of the generating means 
for individually displaying each output of the comput 
ing means in synchronism with the impulse at the out 
put of the generating means. 

4. An analyzer as de?ned in claim 3, in which the out 
puts of the computing means are binary stages of suc 
cessively higher order, and in which the recording 
means comprises, in combination, a pen recorder hav 
ing a pen ampli?er and a time-base drive, a digital-to 
analog converter, means for coupling the outputs of the . 
binary stages to the input of the converter, means for 
coupling the output of the converter to the input of the 
pen ampli?er, and means for coupling the output of the 
generating means to the input of the time-base drive. 

5. An ampli?er as de?ned in claim 3, in which the re 
cording means comprises, in combination, a printout 
device having a plurality of ?rst channels for individu 
ally indicating the presence of an input to each ?rst 
channel, a second channel for displaying the numerical 
value of a quantity applied to the input of the second 
channel, a digital-to-analog converter, means for cou 
pling the output of the converter to the input of the sec 
ond channel, means for individually coupling the out 
puts of the computing means to the inputs of the first 
channels, a binary counter, means for coupling the out 
put of the generating means to the input of the counter, 
means for coupling the output of the counter to the 
input of the converter, and means rendered effective 
upon the presence of an output from the computing 
means for resetting the counter. 

6. An analyzer as de?ned in claim 2, in which the 
classifying means comprises aplurality of multi-input 
coincidence gates having one input coupled to the out~ 
put of the generating means, the outputs of the coinci 
dence means constituting the outputs of the classifying 
means. 

7. An analyzer as de?ned in claim 6, in which the 
classifying means further comprises, in combination, 
?rst and second monostable multivibrators each having 
complementary outputs, ?rst means for simultaneously 
triggering the ?rst and second multivibrators upon each 
successive output of the generating means, the ?rst and 
second multivibrators being responsive when triggered 
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for individually generating pulses having durations of 
TL and TH, respectively, where TL<T”, and means for 
selectively coupling the outputs of the ?rst and second 
multivibrators to inputs of predetermined ones of the 
coincidence gates. 

8. An analyzer as de?ned in claim 7, in which the 
classifying means further comprises, in combination, 
third and fourth monostable multivibrators having 
complementary outputs, second means for normally 
simultaneously triggering the third and fourth multivi 
brators upon each successive output of the generating 
means, the third and fourth multivibrators being re 
sponsive when triggered for individually generating 
pulses having durations of TL and TH, respectively, 
means rendered effective during the occurrence of a 
pulse at the output of the third multivibrator for inhibit 
ing the second triggering means, and means for selec 
tively connecting the outputs of the third and fourth 
multivibrators to inputs of predetermined ones of the 
coincidence gates. 

9. An analyzer as de?ned in claim 8, in which the 
classifying means further comprises, in combination, 
?fth and sixth monostable multivibrators having inputs 
coupled to the output of the fourth multivibrator, the 
fifth and sixth multivibrators being triggerable at the 
conclusion at each pulse at the output of the fourth 
multivibrator for individually producing pulses having 
durations of KIT” and KgTL, respectively, where K, 
E l and K; -_<- l, and means for selectively connecting 
the outputs of the ?fth and sixth multivibrators to in 
puts of predetermined ones of the coincidence gates. 

10. An analyzer as de?ned in claim 9, in which the 
classifying means further comprises, in combination, a 
bistable multivibrator having complementary outputs; 
means rendered effective upon an output of a selected 
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one of the coincidence gates for triggering a ?rst input 
of the bistable multivibrator; means rendered effective 
upon the‘ occurrence of an impulse from the generating 
means following the triggering of the ?rst input of the 
bistable multivibrator for triggering a second input 
thereof; and means for selectively coupling the outputs 
of the bistable multivibrator to inputs of predetermined 
ones of the coincidence gates. ‘ 

11. An analyzer as de?ned in claim 10, in which the 
classifying means further comprises means associated 
with each of the ?rst, second, third, fourth, ?fth and 
sixth monostable multivibrators for establishing the 
above-mentioned durations of the pulses at their re 
spective outputs when their respective active inputs are 
triggered. 

12. A method as de?ned in claim 1, in which the es 
tablishing step is accomplished by triggering the start of 
a ?rst one of the time zones at a predetermined time 
after the occurrence of each characteristic impulse, 
and triggering the start of a second one of the time 
zones at a predetermined time after the termination of 
the ?rst time zone, whereby a third one of the time 
zones is de?ned between the time of occurrence of said 
characteristic impulse and the start of the ?rst time 
zone and a fourth one of the time zones is de?ned be 
tween the termination of the ?rst time zone and the 
start of the second time zone, the occurrence of the 
next characteristic impulse within the ?rst time zone 
indicating a normal category and the occurrence of 
such next characteristic impulse in one of the remain 
ing time zones indicating a corresponding one of a plu 
rality of abnormal categories. 

13. A method as de?ned in claim 1, in which at least 
?ve time zones are de?ned during the establishing step. 

* * * * III 


