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ABSTRACT OF THE DISCLOSURE 
Apparatus for automatically statistically analyzing the 

characteristics of the suddenly changing portions (or 
steep slope portions) of an input signal and for analyzing 
the frequency of occurrence of said steep slope portions. 

This invention relates to automatic measuring apparatus 
for automatically measuring statistical treatments of in 
formation quantities. More particularly this invention re 
lates to an automatic measuring apparatus of informa 
tion quantities capable of effecting statistical measure 
ments of quantities of suddenly changing (or steep slope) 
phenomena (hereinafter termed as jumping quantities) 
and the frequency of occurrence of said jumping quan 
tities. 

Heretofore, in the continuous test of such materials 
as electric wires, silk yarns, steel sheet and the like, treat 
ments of data of measurements obtained in time series 
fashion were relied upon mental judgement of man and 
readings through his eye in most cases. In recent years, 
however, a variety of automatic measuring apparatus 
have been developed to replace such human judgements, 
but such well known automatic measuring apparatus can 
treat statistically only such relatively simple information 
quantities that can easily be classi?ed and integrated. 
Thus, human judgements are still required to measure 
information quantities of a complicated nature so that 
it has been impossible to adopt fully automatic measuring 
systems. For example, the frequency of occurrence of a 
wave form of phenomenon F(t) that varies according to 
time (t) is shown on a frequency curve by a suitable 
pulse height (or signal amplitude) analyzer without de 
scriminating the continuous parts and steep slope por 
tions. Such a wave form F(t) usually consists of a series 
of alternate continuous and steep slope portions of vary 
ing durations. While it is easy to discriminate continuous 
paits from steep slope portions by viewing it, it is im 
possible to automatically determine the statistical distri 
bution of the jumping quantities of the steep slope portions 
of the phenomenon Wave form by means of a pulse height 
analyzing device. Moreover, where the signal amplitude 
values of the continuous and steep slope portions are 
nearly equal, it is impossible to discriminate them by the 
pulse height analyzing device. Further, in the distribu 
tion curve of signal amplitude values of the differential 
values of the phenomenon wave form, since the signal 
amplitude value and the slope are generally independent 
it has been dif?cult to discriminate the slope of the con 
tinuous parts from that of the steep slope portions. 

Accordingly, it is an object of this invention to provide 
a novel automatic measuring device of information quan 
tities capable of rapid, economical and reliable statistical 
treatment of complicated information quantities. 
A further object of this invention is to provide a novel 

measuring device which can provide accurate and proper 
statistical treatments of such information quantities where 
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in the continuous phenomena wave forms thereof con 
tain at random a number of steep slope rapid changes. 
A still further object of this invention is to provide 

a novel measuring device capable of providing classi?ed 
statistical indications of the result of continuous examina 
tion of threads or yarns. 

According to this invention the above and other ob 
jects can be attained by providing an automatic measuring 
apparatus comprising clock pulse oscillator, a sampling 
circuit arranged to operate with a predetermined clock 
pulse generated by said oscillator and an input signal 
representing a phenomenon Wave form consisting of con 
tinuous parts and steep slope portions, said sampling 
circuit having a sampling period T which is given by the 
equation 

where CL represents the predetermined lower limit the 
mean value of the interval of occurrence of steep slope 
phenomena and 1/2b represents, as shown in FIG. 3, the 
abscissa at the point where the transversal axis is inter 
sected by the tangent at 7:0 of the autocorrelation of 
the steep slope portion (i.e., 1/2b represents the distance 
between an origin and said intersecting point), an ana 
logue-digital converter to convert the sampling data ob 
tained from said sampling circuit into a digital signal, a 
?rst counter to count one of two adjacent measuring 
points in the digital signal train transformed by said con 
verter, a second counter to count the other of said two 
measuring points, and means to alternately supply sig 
nals counted by said ?rst and second counters to a pulse 
height analyzing device to automatically measure the oc 
currence of the jumping quantities of said steep slope 
portions of said phenomenon wave form. 
The above and other features of the invention which 

are believed to be new are set forth with particularity in 
the appended claims. This invention itself, however, to 
gether with further objects and advantages thereof may 
best be understood by reference to the following descrip 
tion when taken in conjunction with the accompanying 
drawings in which: 
FIG. 1a is a wave form showing the continuous and 

steep slope portions of a phenomenon wave form F(t); 
FIG. 1b shows statistical distribution curves of the 

occurrence of the crest of continuous and steep slope 
portions of the phenomenon wave; 
FIG. 2a shows the approximated wave forms of the 

differentiated value 1‘ of the phenomenon wave form 
F (1‘); 

FIG. 2b shows statistical distribution curves showing 
gradients or slopes of the continuous and steep slope por 
tions; 

FIG. 3 shows a time characteristic curve of the auto 
correlation function of the gradients of the continuous and 
steep slope portions of the phenomenon wave form F(t); 
FIG. 4 is a graphical representation on coordinates of 

the gradient 1‘ against the amplitudes A; of peak values 
showing distribution curves of noise components, con 
tinuous part components and steep slope portion com 
ponents respectively; 

FIGS. 5a, 5b and 5c are graphical representations of 
certain characteristics to aid the understanding of this 
invention; 

FIG. 6 is a block diagram of one example of the auto 
matic measuring device embodying this invention; 
FIG. 7 is a block diagram of a modi?ed measuring 

apparatus especially suitable for accurate measurement 
of jumping quantities of steep slope portions; and 
FIGS. 8a, 8b and 8c are wave forms of phenomena 

to explain the operation of the device shown in FIG. 7. 
In the continuous measuring of an object, the fre 

quency of occurrence of a phenomenon wave form F(t) 
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that varies with time (1) is shown on a frequency curve 
without discriminating continuous parts and steep slope 
portions, by means of a pulse height analyzer. For ex 
ample, as shown in FIG. la, the phenomenon wave form 
F(t) which shows the relation between the continuously 
measured value of the diameter of a silk yarn or thread 
and time comprises continuous (or ?uctuating) parts 1 
and steep slope portions 2, the former corresponding to 
thicker portions Whereas the latter thinner portions of 
the silk yarn. In these measurements it is easy to observe 
with naked eyes the continuous and steep slope portions 
1 and 2 and to identify the latter. However, it is difficult 
to measure automatically the statistical distribution of 
the jumping quantities of the steep slope portions of the 
phenomenon wave form PU) by means of a pulse 
height (or signal amplitude) analyzer. Where the signal 
amplitude values of the continuous parts 1 and the 
steep slope portions 2 of the phenomenon wave form 
F(z) are equal, as is evident from curves shown in FIG. 
lb which represent the frequencies of occurrence P(F) 
of the continuous and steep slope portions with respect 
to the diameter F of the yarn, distribution curves 3 and 
4 for the continuous and steep slope portions, respec 
tively, overlap each other so that they can not be dis 
criminated by the pulse height (or signal amplitude) 
analyzer. Moreover, as shown in FIG. 2a, in the approxi 
mated wave forms of the dilferentiated values 

of the phenomenon wave form 13(1), signal amplitude 
values F(t) and the gradients f(t) are generally inde 
pendent it is impossible to discriminate the gradients 5 
of the continuous parts and those of the steep slope 
portions 6. 

According to this invention, in order to determine the 
oscillating frequency l/T of the oscillator 16 of FIG. 6, 
the differentiated value f(t) of the phenomenon wave 
form F(t) is obtained and then the autocorrelations 
function of f(t) is obtained. The apparatus required for 
performing the sampling, differentiation, and correlation, 
should be apparent to those skilled in the art within the 
spirit of this invention, and is not shown. The auto 
correlation function eFF of the continuous and steep 
slope components is generally given by the following 
equation 

where A0 and B0 are constants. 
Thus the extent l/Za of the autocorrelation function 

7 regarding the gradients of the continuous parts and 
the extent 1/21) of the autocorrelation function 8 regard 
ing the gradients of the steep slope portions can be noted 
from a graph shown in FIG. 3 wherein the ordinate 
represents the autocorrelation function (may of the dif 
ferentiated values y‘(z) of the phenomenon wave form 
F(t) and the abscissa the lag time T. Also it can be noted 
from FIG. 3 that the mean period of the gradients of 
the continuous parts is l/a whereas the mean pulse width 
of the gradients of the steep slope portion is equal to l/b. 
The statistical distributions of various components 

Will now be considered by referring to FIG. 4 wherein 
the ordinate represents the slope or gradient j(t) of the 
phenomenon wave form F(r) and the abscissa represents 
the amplitude AF of the peak to peak values of the 
phenomenon wave form F(t). More particularly, the 
noise components 9 have small amplitudes AF and wide 
gradients whereas the continuous components 10 have 
similar distribution as the noise components 9 but have 
a slightly wider amplitude AF. On the other hand the 
steep slope components 11 generally have wider ampli 
tudes AF and larger gradients f. It is clear that the dif 
ference between steep slope portions, and both of con 
tinuous parts and noise parts can be discriminated from 
each other by inspecting FIG. 4. Thus, the statistical 
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4 
distribution P(c) of the interval of occurrence C of the 
steep slope portions and the extent 1/212 of the auto 
correlation function of the gradients of the steep slom 
portions are obtained from FIG. 5a as statistical quanti 
ties inherent to the phenomena whereby to determine 
the sampling period T given by the equation 

1/2b<T<CL (2) 
Where CL represents the practical lower limit of a curve 
12 shown in FIG. 5a wherein the ordinate represents the 
statistical distribution P(c) of the frequency of occur 
rence of the steep slope portions and the abscissa repre 
sents the interval of occurrence of the steep slope por 
tions. If the sampling period T is smaller than the extent 
l/2b of the autocorrelation function of the gradient of 
the discontinuous parts, a number of samplings would 
be made in a single steep slope component so that the 
measured value of the jumping quantity A of the 
phenomenon wave form PU) would be only a fraction 
of the actual value. On the other hand if the sampling 
period T is larger than the lower limit value CL the 
steep slope portion would occur twice during the sampling 
period. Thus, the measurement in this case would be 
such that two jumping quantities A are missed. Once 
the sampling period T is determined, then the jumping 
quantity A of the phenomenon wave form F(t) is to be 
determined. In particular, as shown in FIG. 5b the 
phenomenon wave form F(t) is sampled according to 
the sampling period T. It is now assumed that the sam 
pled values at sampling times L1, t1, n+1, n+2, n+3 . . . 
are represented by F(ti_1), F01), F(t,+1), F(t,+2), 
F(/i+3) . . . and that ti-—ti_1, 

The statistical distribution of the jumping quantity A’ 
can be readily obtained by obtaining the difference 

{F(li+2)—F(ti+3)} 
between two adjacent sample values F(ti+2) and F(ti+3), 
for example, and applying said difference to the input 
of the pulse height analyzer. In this case the value of 
{lf(ri.t2(—F(t,+3)} is negative and it is able to make 
this sign correspond to the slope of the increasing steep 
slope portion of the phenomenon wave form F(t). As 

— a consequence the value of the difference 

between adjacent sample values F(t,) and F(t1+1) be 
comes positive so that it is able to make this sign corre 
spond to the decreasing slope of the steep slope portion 
of the phenomenon wave form F(t). Since the probability 
of coincidence of the sampling point and the steep slope 
portion is l/bcT there will be a probability wherein 
:{F(t,+2)—F(t,+3)} does not precisely represent the jump 
mg quantity A’. When the sampling period T satis?es 
the condition of the Equation 2, where there are con 
tained more than three sampling points in a single steep 
slope portion 

could be adapted as the value of the total jumping 
qtlllantity of this part of the phenomenon wave form only 
w en 

Also in the phenomenon wave form F(t) shown in FIG. 
50, it is evident that there are two steep slope portions 13 
and 14 if 

AF={F(rt_1)—F(n)}{F(1i)—F(ri+1)}<0 (4) 
In this case it is necessary to handle separately each steep 
slope portions 13 and 14 to take statistics. More particu 
larly, when each sign of AF is positively only differences 
obtained in the steep slope portions are added whereas 
Where the signs are negative they are discriminated as in 
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dependent quantities. Then the phenomenon wave form 
F(t) is transformed into a digital pulse signal through 
an analogue-digital (A-D) converter and the digital pulse 
signal train is then ‘counted by a reversible counter to 
provide positive pulses 15 and negative pulses 16 corre 
sponding to the differences in the steep slope portion as 
shown in FIG. 5d, these pulses being applied to a well 
known conventional digitalized pulse height analyzer cir 
cuit to obtain the statistical distribution of the jumping 
quantity. 
Turning now to FIG. 6 which illustrates one embodi 

ment of this invention a clock pulse oscillator 16 generates 
a clock pulse of particular frequency 1/ T1‘ which is im 
pressed upon a sampling circuit 17. The phenomenon wave 
form F(t) in the form of an analogue quantity is im 
pressed upon the sampling circuit 17 through an input 
terminal 18 and sampled therein. The sampled pulse ob 
tained by the sampling circuit 17 is converted into a digital 
signal by the action of an A-D converter 19 and is then 
supplied to respective reversible counters 20 and 21. The 
clock pulse from the oscillator 16 is also supplied to a 
flip-?op circuit 22 with its output terminals 231, 232 and 
241, 242, respectively connected to the positive and nega 
tive terminals 251, 262 and 261, 252 of the reversible 
counters 20 and 21. The output terminals of delay circuits, 
respectively, the output pulses of these delay circuits be 
ing utilized to reset said counters 20 and 21, respectively. 
The outputs from said counters 20 and 21 are supplied 
to a pulse height analyzer 29 to complete an automatic 
measuring device. 
The operation of the embodiment shown in FIG. 6 is as 

follows: 
Concurrently with the application of the phenomenon 

wave form F(t) expressed by analogue quantities to the 
sampling circuit 17 via the input terminal 18 the clock 
pulse from the clock pulse oscillator 16 is impressed upon 
the sampling circuit to e?ect sampling. The sampled pulse 
produced by said sampling circuit 17 is transformed into 
a digital signal by the action of the A-D converter 19 and 
is then stored in the reversible counters 20 and 21 with 
positive and negative polarities respectively. On the other 
hand the clock pulse generated by the clock pulse gener 
ator 16 is applied to the ?ip-?op circuit 22 and the pulse 
appearing across the output terminals 231 and 232 of the 
?ip-?op circuit 22 is supplied to the positive terminal 251 
and negative terminal 252 of said reversible counters 20 
and 21 which operate to add and store One or more pulses 
which have been converted into digital quantities by said 
A-D converter 19. Upon application of the next clock 
pulse to the ?ip-?op circuit 22, the output pulse appearing 
across output terminals 241 and 242 is impressed upon the 
negative terminal 261 and positive terminal 262 of the 
reversible counters 20 and 21 so that one or more pulses 
which have been converted into digital quantities by the 
A-D converter 19 are subtracted in the reversible counter 
20 thereby forming a difference signal between two suc 
cessive values. The pulse generated at the output ter 
minal 241 of the ?ip-?op circuit 22 is delayed by passing 
it through the delay circuit 27 and is then applied to the 
reversible counter 20 to reset it. The difference signal is 
supplied to the pulse height analyzer 29 to obtain the 
statistic distribution of the jumping quantity A of the steep 
slope portion A. Again the ?ip-?op circuit 22 is operated 
by the next clock pulse to produce a pulse across output 
terminals 231 and 232. This pulse is applied to the revers 
ible counters 20 and 21 to store one or more pulses which 
have been converted into digital quantities by the A-D 
converter 19 and which is added with negative polarity to 
the positive pulse previously stored in said counter 21 to 
form a difference signal. After being delayed by the delay 
circuit 28, the pulse appearing at the output'terminal 232 
is utilized to reset the counter 21 to supply the difference 
signal to the pulse height analyzer 29. By repeating the 
above described operation it is possible to obtain the sta 
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6 
tistic distribution of the jumping quantity A of the steep 
slope portions of the phenomenon wave form F(t). 

Thus, the outputs from two counters 20 and 21 always 
represent the difference between two immediately suc 
ceeding values since signals of alternately positive and 
negative signs are added and since the counters are reset 
after the positive or negative sign. For example, if the out 
put from the counter is represented by {F (t1_1)—F (ti)} 
then the output after reset would become 

and the output of the counter 21 before and after reset 
would be {F(t1)—-F(ti+1)} and {F(l‘1+2)~F(ti+3)}, re" 
spectively. As a result, the di?erence signals are supplied 
to the pulse height analyzer in the order of 

{F(ti+2)—F(t1+3)} to determine the statistic distribution 
of the jumping quantity A of the steep slope portions of 
the phenomenon Wave form F(t). 

FIG. 7 shows a modi?cation of this invention wherein 
a dotted line rectangule A represents the same circuit as 
shown in FIG. 6 so that the same component parts are 
designated by the same reference numerals. In this modi 
?cation the outputs from the reversible counters 20 and 
21 are respectively stored in the memory circuits 30 and 
31 and are also supplied to a comparison circuit 32. The 
clock pulse from the clock pulse oscillator 16 is supplied 
to a flip-?op circuit 33, the output terminals 341 and 342 
thereof being connected to said memory circuits 30 and 
31 respectively. The outputs from the memory circuits 30 
and 31 are coupled with comparison circuit 32 and also 
with an integrating circuit 37 via limiters 35, 36, respec 
tively. The output from the comparison circuit 32 is uti 
lized to operate the integrating circuit through a delay cir 
cuit 38 the output from the integrating circuit 37 being ap 
plied to a pulse height analyzer 29. 
The operation of this modi?cation is as follows: First 

consider di?erences between two adjacent values formed 
by the reversible counters 20 and 21, for example, 

When Ai is being stored in the reversible counter 20, then 
it is able to be stored in the memory circuit 30 afterwards 
and now applied to the comparison circuit 32 directly. 
On the other hand there is no difference signal stored in 
the reversible counter 21 and in the memory circuit 31 
has been stored Ai_1 which was previously stored in the 
reversible counter 21. The clock pulse generated by the 
clock pulse oscillator 16 actuates the ?ip-?op circuit 33 
and the pulse signal appearing at the output terminal 342 
of the circuit 33 operates the memory circuit 31 whereby 
the difference signol Ai_1 stored in the memory circuit 31 
is applied to the comparison circuit 32 to be compared 

When the content of the reversible counter 20‘ becomes 
no difference signal and that of the reversible counter 21 
becomes A1+1 which is directly applied to 32 then the 
difference signal A1 which has been stored in the mem 
ory circuit 30 will be supplied to the comparison circuit 
32 by the pulse appearing across the output terminal 341 
of the ?ip-?op circuit 33. Further the difference signal 
Ai+1 contained in the counter 21 will be stored in the 
memory circuit 31 in the afterwards and will be applied 
from 31 to the comparison circuit 32 to be compared 
with A1”. Further when the content of the reversible 
counter 20 becomes equal to the difference signal A1+2 
and that of the reversible counter 21 becomes no dif 
ference signal, the content, or the difference signal Ailrz, 
of the counter 20 will be stored in the memory circuit 30 
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afterwards and is applied directly to the comparison cir 
cuit 32. On the other hand the difference signal A,“ stored 
in the memory circuit 31 is supplied to the comparison 
circuit 32 by the action of the pulse generated at the 
output terminal 341 of the ?ip-flop circuit to be com 
pared with diiference signal A1”. This comparison may 
be accomplished by subtracting the outputs from the 
memory circuits 30 and 31 from the outputs from the 
counters 20 and 21. However the signals are compared 
in the comparison circuit 32 in the form of signals having 
three values by means of a well known limiter circuit 
and the like in the comparison circuit 32. In other words, 
the output signals are classi?ed into three types (+), 
(0), and (—). The comparison circuit 32 provides out 
puts according to the Table 1. 

TABLE 1 

\ + To Ar 
\ 

~ \ - o + 

+ Yes Yes No 

From AH .... .. 0 No No No 

— No Yes Yes 

Thus, the comparison circuit 32 operates to provide out 
puts when the sign of the signal varies, for example, from 
+ to —, from + to 0, from — to 0 and from —- to +. 
It is to be understood that when A, and Aid respectively 
stored in the memory circuits 30 and 31 are smaller than 
the preset value, they are reduced to zero and then sup 
plied to the integrating circuit 37 which operates to pro 
vide an integrated sum. After being suitably delayed by 
a suitable delay circuit 38, the output from the compari 
son circuit 32 is supplied to the integrating circuit 37 
to supply the integrated signal to the pulse height an 
alyzer 29 and also to reset the integrating circuit 37. Thus 
for example when the comparison circuit 32 is set to 
provide outputs according to Table 1 the integrating 
circuit 37 would provide the required outputs according 
to Table 2. 
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8 
either the counter 20 or 21 is + or - at clock times t, 
and n+1, the A, and (A1+A,+1) are respectively stored in 
the integrating circuit 37 at times t, and t, +1. Again, as 
the comparison circuit 32 provides outputs when the sign 
changes from + or -- to zero, it will provide an output at 
a clock time n+2 which operates to supply Art-A1“ stored 
in the integrating circuit 27 to the pulse height analyzer 
29. With regard to the case c when the phenomenon wave 
form F(t) is represented by the curve shown in FIG. 80, 
the outputs from both counters 20 and 21 are zero at 
clock times t1_1 and 1H2, and the output from either the 
counter 20 or counter 21 will be i at the clock time t1. 
When the output from either the counter 20 or 21 is I; 
at the clock time n+1 when the comparison circuit 32 will 
provide outputs at clock times n+1 and n+2 to supply A, 
and AH respectively and independently to the pulse 
height analyzer 29 to determine the statistical distribu 
tion of the jumping quantity of the steep slope portions of 
the phenomenon wave form F (t). 
As has been described in the foregoing, the invention 

provides statistical measurements of the jumping quantity 
as well as the frequency of occurrence of the steep slope 
portions of a phenomenon wave form F(t). Further by 
utilizing a sampling circuit of the sampling period T 
which satis?es the relation expressed by the Equation 2, 
a selective counter connected to the sampling circuit, a 
classifying and comparison circuit and an integrating cir 
cuit it is possible to make accurate automatic statistical 
analysis of jumping quantities. 
While there have been shown and described particular 

embodiments of the invention, it will be obvious to those 
skilled in the art that changes and modi?cations may be 
made without departing from the invention, and there‘ 
fore it is intended by the appended claims to cover all 
such changes and modi?cations as fall within the true 
spirit and scope of the invention. 
What is claimed is: 
1. Apparatus for automatically statistically analyzing 

an information quantity comprising: 
a clock pulse oscillator to generate a predetermined 

clock pulse; 

TAB LE 2 

a b (3 
Clock 

1-1 1 1-1 1-! i i+l 1+2 i-l r i-l i+2 

Outputs of reversible countcr___ _ _ 0 :l: 0 0 :l: i 0 0 d: ; 0 

Contents of integrating circuit.-. 0 A, 0 0 Ai Ari-Am 0 0 Ai A‘ H 0 

Outputs of comparison circuit. .. . ________ __ No Yes ........ _. No No Yes ________ _ _ No Yes Yes 

Outputs of integrating circuitsr.“ ________ .. No Ai ________ _ _ No No Ai+Ai+l ________ __ No A, A; H 

With reference to the case a, when the phenomenon 
wave form F(t) is shown by FIG. 8a, the outputs of 
both counters 20 and 21 are zero at clock times t1_1 and 
ml and when the output of either the counter 20 or 21 
is + or — at time 2,, then the integrating circuit 37 will 
store A, at time t,. Since the comparison circuit 32 pro 
vides outputs when the sign changes from + or - to 
zero, the comparison circuit 32 will provide an output 
at a clock time t1+1 which is utilized to supply A, stored 
in the integrating circuit 37 to the pulse height analyzer 
29. 
With reference to the case b, when the phenomenon 

wave form F(t) is represented by the curve shown in 
FIG. 8b, the outputs from both counters 20 and 21 are 
zero at clock times 114 and n+2 and when the output of 

60 

70 

a sampling circuit arranged to receive said predeter 
mined clock pulse from said oscillator and an in~ 
put signal representing a phenomenon wave form 
including continuous slowly varying parts and sud 
denly changing steep slope portions, said sampling 
circuit having a sampling period T which is given 
by the equation 

where CL represents the predetermined lower limit 
of the means value of the interval of the occurrence 
of steep slope phenomena and 1/2b represents the 
extent of the correlation range of the slope of the 
steep slope portions; 

an analogue-to-digital converter to convert the sampled 
data obtained by the sampling action of said 
sampling circuit into a digital signal; 
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a ?rst counter to count one of two adjacent measuring 
points in the digital signal transformed by said con 
verter; 

a second counter to count the other of said two adja 
cent measuring points; 

a pulse height (or signal amplitude) analyzer; and 
means to alternately supply signals counted by said 

?rst and second counters to said analyzer to measure 
the frequency distribution of occurrence of the jump‘ 
ing quantities of said steep slope portions of said 
input signal. 

2. A device for automatically statistically analyzing an 
information quantity comprising: 

a clock pulse oscillator to generate a predetermined 
clock pulse; 

a sampling circuit arranged to receive said predeter 
mined clock pulse from said clock pulse oscillator 
and an input signal representing a phenomenon wave 
form including continuous slowly varying parts and 
suddenly changing steep slope portions, said sam 
pling circuit having a sampling period T which is 
given by the equation I .7 ~ 

where CL represents the predetermined lower limit 
of the means value of the interval of the occurrence 
of steep slope phenomena and 1/2b represents the 
extent of the correlation range of the slope of the 
steep slope portions; 

an analogue-to-digital converter to convert the sampled 
data obtained by the sampling action of said sam 
pling circuit into a digital signal; 

a ?ip~?op circuit actuated by the clock pulse gener 
ated by said oscillator; 

a plurality of reversible counters driven by the pulse 
signal obtained by said ?ip-?op circuit to count the 
digital signal corresponding to one of the sampled 
data of two adjacent measuring points in said 
sampled pulse train; 

means responsive to the next succeeding pulse pro 
duced by said ?ip-?op circuit to subtract a digital 
signal corresponding to the other sampled data of 
said two adjacent measuring points in said sampled 
pulse train in said reversible counters whereby a 
difference signal between two adjacent digital quanti 
ties may be formed; 

a delay circuit to delay the pulse signal obtained by 
said flip-?op circuit; 

a pulse height analyzer; and 
means to supply the pulse signal which has been de 

layed by said delay circuit to said reversible counter 
to reset it to supply the difference signal stored in 
said counter to said pulse height analyzer to measure 
the frequency distribution of occurrence of the jump 
ing quantities of said steep slope portions of said 
input signal. 

3. Apparatus for automatically statistically analyzing 
an input signal comprising: 

a clock pulse oscillator to generate a predetermined 
clock pulse; 

a sampling circuit arranged to receive said predeter 
mined clock pulse from said oscillator and an in 
put signal representing a phenomenon wave form 
consisting of continuous parts and suddenly chang 
ing steep slope portions, said sampling circuit hav 
ing a sampling period T which is given by the 
equation 

Where CL represents a predetermined lower limit of 
the means value of the interval of the occurrence of 
steep slope phenomena, and 1/2b represents the ex 
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tent of the correlation range of the slope of the 
steep slope portions; 

an analogue-to-digital converter to convert the sampled 
data obtained by the sampling action of said sam 
pling circuit into a digital signal; 

a ?rst counter to count one of two adjacent measur 
ing points in the digital signal transformed by said 
converter; 

a second counter to count the other of said measuring 
points; 

a comparison circuit; 
means to store a difference signal stored in said ?rst 

counter in a ?rst memory circuit and to supply said 
difference signal to said comparison circuit; 

a ?ip-?op circuit actuated by said clock pulse supplied 
from said oscillator; 

means responsive to the output from said ?ip~?op cir 
cuit to drive either one of said ?rst and second 
memory circuits thus supplying the difference signal 
stored in said memory circuit to said comparison 
circuit; 

an integrating circuit adapted to reduce to zero through 
a limiter all difference signals having values less 
than a predetermined value and stored in said ?rst 
and second memory circuits and then provide an 
accumulated sum of said difference signals; 

a pulse height analyzer; and 
means responsive to the output from said comparison 

circuit to supply the signals accumulated in said in 
tegrating circuit to said pulse height analyzer to auto 
matically measure the distribution of the frequency 
of occurrence of jumping quantities of said steep 
slope portions of said input signal. 

4. Apparatus for automatically statistically analyzing 
an input signal comprising: 

a clock pulse oscillator adapted to generate a predeter 
mined clock pulse; 

a sampling circuit arranged to receive the predeter~> 
mined clock pulse generated by said oscillator and 
an input signal representing a phenomenon wave 
form consisting of continuous parts and suddenly 
changing steep slope portions, said sampling circuit 
having a sampling period T which is given by an 
equation 

where CL represents a predetermined lower limit 
of the mean value of the interval of the occurrence 
of steep slope phenomena, and 1/2b represents the 
extent of the correlation range of the slope of said 
steep slope portions; 

an analogue-to-digital converter to convert the sampled 
data obtained by the sampling action of said sam 
pling circuit into a digital signal; 

a ?rst counter to count one of two adjacent measur 
ing points in the digital signal converted by said 
converter; 

a second counter to count the other of said measuring 
points; 

a comparison circuit; 
means to store a difference signal stored in said ?rst 

counter in a ?rst memory circuit and to supply it 
to said comparison circuit; 

means to store a difference signal stored in said sec 
ond counter in a second memory circuit and to 
supply it to said comparison circuit; 

a ?ip-?op circuit operated by the clock pulse from said 
oscillator; 

means responsive to the output from said ?ip-?op cir 
cuit to drive either one of said ?rst and second 
memory circuits to supply the difference signal stored 
in said memory circuits to said comparison circuit; 

an integrating circuit adapted to reduce to zero through 
a limiter all difference signals having values less 
than a predetermined value and stored in said ?rst 
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and second memory circuits and then provide an 
accumulated sum of said difference signals; 

means to generate an output of said comparison cir 
cuit only when the signs of adjacent difference sig 
nals change; 

a pulse height analyzer; and 
means responsive to said output to supply the signal 

accumulated in said integrating circuit to said pulse 
height analyzer to measure the distribution of occur 
rence of the jumping quantities of said steep slope 
portions of said input signal. 
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