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Description

The invention relates to a method of segmenting an electric signal derived from an acoustic signal in
which consecutively

- a number of parameters is derived from the electric signal as a function of time,

- the signal, of the parameters located within a time interval around each instant are taken up for
consecutive instants,

- a transition function @ is determined for each instant from the signals of the parameters located within
the associated time interval, and

- information relating to the segments from which the acoustic signal is built up is derived from the
fransition functions associated with the instants.

The invention also relates to a device for performing the method,. A method of the type defined in the
opening paragraph is disclosed in PCT Application WO 84/04194.

The Application describes a temporal decomposition method by B.S. Atal for economically coding and
subsequently transmitting speech, which method determines the acoustic vectors and their associated
transition functions for an utterance. Atal describes a procedure for determining a transition function which is
most centrally located in a certain time interval. Consecutive transition functions can be determined by
shifting the time interval over small time steps. For a detailed description of the method reference is made
to the publication "Efficient coding of LPC parameters by temporal decomposition” by B.S. Atal in ICASSP
83, the proceedings pp. 81-84 and to the publication "Temporal decomposition of speech" by S.M. Marcus
et al, 1984 IP0 annual progress report no. 19, page 25 stc.

Atal's method uses a mathematical procedure yielding fransition functions (and associated acoustic
vectors) which in practice show little resemblance to phonetically relevant events in the speech signal.

E.A. Zuk has found that the known method has a considerable drawback which becomes particularly
manifest if phonetically relevant events in the speech signal were to be fixed by means of the known
method, see E.A. Zuk "An investigation of temporal decomposition of speech parameters for automatic
segmentation of Speech”, IPO report No. 459. Zuk found that small variations in, for example, the length of
the time interval had a great influence on the transition functions obtained by means of the known method.
Particularly if a physical relationship is desired between acoustic vectors from which the speech signal is
built up and phonetically relevant events in the speech signal, this great influence is very undesirable. In
fact, it would mean that a different choice of the length of the time window at a given instant during the
speech signal would lead fo a different acoustic vector in the relevant time window.

It is an object of the invention to obviate this drawback and to provide a method and a device which are
less dependent on the choice of, for example, the length of the time infervals so that a speech signal can
be segmented in a better way into temporally overiapping events which are closely related to the
phonetically relevant events in the speech signal.

To this end the method according to the invention is characterized in that (a) similarity factors Gy are
determined, each between two transition functions (@; and ;) associated with respective proximate instants i
and j, and
(b) a replacing ftransition function is derived from the transition functions of at least one group of two
transition functions for which the associated similarity factor is larger than a reference value V, the reference
value being a value smaller than the largest similarity factor, the said replacing transition funciton replacing
the aforementioned transition functions from which it is derived.

Atal's method of obtaining the information relating to the segments consists in that a transition function
and its associated cenire of gravity is determined for each instant and that the difference between the
instant with which the transition function was associated and the cenire of gravity is plotted along the time
axis. The sawtooth-shaped curve as shown in Fig. 11 of W0 84/04194 is then obtained. The desired
information, for example the real number of transition functions which is required to temporally describe the
speech signal, can then be determined from this curve.

Unlike the known method all transition functions are now completely stored (at any rate that part of the
transition functions within the time interval having a value - clearly - differing from zero) and are further
processed. The replacing transition functions obtained in accordance with the invention are found to be
much less sensitive to variations in measuring circumstances such as, for example, the choice of the size of
the time window used.

All this renders a method according to the invention very suitable for application in speech recognition,

an application which was not easily possibie with the known method.

The replacing transition function may be derived in different ways.
A first possibility is to combine transition functions and calculate a combined transition function
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therefrom. The replacing transition function is then referred to as a combined fransition function. For
example, two transition functions from one group can be combined. Transition functions from two or more
groups can also be combined. Let it be assumed that all these groups satisfy the requirement that the
associated similarity factors are larger than the reference value V. In that case three or more transition
functions can be combined. As will be apparent hereinafter, a combination of transition functions may mean
that the (weighted) average of the transition functions in question is determined. But it is to be noted that
different ways of combining transition functions are equally possible.

A second possibility is that a replacing transition function is derived from one or more groups (two or
more transition functions) in the following ways: (i) one of the two fransition functions of a group having a
similarity factor larger than V is taken and functions as the replacing transition function of that group, or (ii)
that transition function of the three or more transition functions of two or more groups with associated
similarity factors larger than the reference value V which shows the greatest similarity to the other transition
functions associated with the two or more groups, is taken and functions as the replacing transition function.

In the course of this description it will always be assumed that only two transition functions of one group
will be combined and that a combined transition function will be calculated therefrom.

The method may be further characterized in that (c) the combined transition function replaces one of
the two transition functions from which the combined transition function is derived and the other of the two
transition functions is omitted, (d) in that subsequently similarity factors are determined between the
combined transition function and the transition functions associated with instants in the proximity of the
instant with which the combined transition function is associated, and in that the similarity factors associated
with those combinations of two transition functions of which at least one is one of the two ftransition
functions from which the combined fransition function is derived, are omitted. It is then not important which
of the two transition functions is replaced by the combined fransition function.

The decision that two transition functions are (must be) combined may be taken in different ways.

For example, the reference value may initially be chosen to be such that it is between the values of the
largest similarity factor and the largest similarity factor but one. In that case the two transition functions with
the largest similarity factors are in fact combined.

The method may be further characterized in that
(e) if there is subsequently at least one similarity factor which is larger than the aforementioned reference
value, the transition functions associated with this similarity factor are combined and a combined transition
function replacing the aforementioned two transition functions is derived from these two transition functions,
whereafter the method is continued with step (c),

(f) in that the reference value is decreased by a constant value, if there are no similarity factors which are
larger than the aforementioned reference value,

(g) in that it is subsequently determined whether the reference value thus obtained is larger than a given
constant,

(h) in that the method is continued with step (e) if the reference value is larger than the said constant, and
(i) in that the method is ended if the reference value is smaller than the said constant.

Another possibility is that the two transition functions with the largest similarity factor are combined. The

previously mentioned reference value is then a fictitious number. In this case the method may be
characterized in that it is determined whether the largest similarity factor is larger than a given constant,
(e) in that, if the largest similarity factor is larger than this constant, a combined fransition function is derived
from the transition functions associated with this similarity factor, the combined transition function replacing
the aforementioned two ftransition functions from which it is derived, whereafter the method is continued with
step (c), and (f) in that the method is ended if the largest similarity factor is smaller than for equal to this
constant.

If transition functions @; and @; are to be combined for the first time, the combined transition function 9;
may be calculated, for example, by means of the following formula:

0° = (& + B2

Actually, the combined transition function is the average of the original transition functions @; and @; in this

case.

If a combined transition function ;¢ is to be derived from transition functions @; and @; which
themselves have been obtained in previous steps (b) and (e), respectively, of the method from combinations
of transition functions, this combined transition function may be obtained, for example, as follows:

0i° = (@i + i@y (ni +ny)
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in which n; and n; indicate the numbers of the original transition functions from which the transition functions
®; and @; respectively are obtained by combining two ftransition functions in one or more previous
combination steps.

Actually, 9;° is equal to the weighted average of @; and @; in this case and hence equal to the average
of nj+n; original transition functions. A new number n has now to be appended to the combined transition
function. To this end the method is characterized in that a number n; which is equal to n;+n; is appended to
the combined transition function, which number n. indicates from how many original transition functions the
combined transition function @;° has been obtained by combining two transition functions in one or more
previous combination steps, in that the number n; replaces the number (n; or nj) associated with the
transition function (@; or 9;) which is replaced by the combined transition function, and in that the number (n
or n;), which is associated with one of the two transition functions that is omitted, is also omitted.

For the calculation of the similarity factor between two transition functions, these transition functions
may be considered to be vectors in a multidimensional space. One possibility then is to take the similarity
factor to be equal to the reciprocal value of the euclidic distance between the ends of these vectors. A
further possibility is to take the similarity factor to be equal to the cosine of the angle between the two
vectors. In the latter case the said constant may be given a value between 0.5 and 0.8. The advantage is
that variation of the constant within this range substantiaily does not have any influence on the (combined)
transition functions ultimately obtained.

A device for performing the method, comprising

- first means for deriving a number of parameters from the electric signal as a function of time, and
- second means for deriving a transition function for each instant from the signals of the parameters
located within the associated time interval,
is characterized in that the device also comprises
- afirst memory for storing the transition functions,
- third means for calculating a similarity factor between two transition functions associated with
respective proximate instants i and j,
- a second memory for storing the similarity factors, and
- fourth means for deriving the replacing or combined transition function from the transition functions of
at least one group of fransition functions for which the associated similarity factor is larger than a
reference value, the reference value being a value smaller than the largest similarity factor.
The parameters derived in the first means may be, for example: the formant parameters or the "log area"
parameters. Formant parameters and "log area" parameters are known from literature, see for example
"Analysis, economical coding and speech resynthesis”, the thesis by L.L.M. Vogten (1983) (in Duich) and
"Linear prediction of speech” by J.D. Markel and A.H. Gray (1976), Springer Berlin.

Furthermore the device may be characterized in that it comprises a decision unit having an input
coupled to an output of the second memory and an output coupled to an address input of the first memory.
The decision unit determines, for example, the maximum c; and supplies from its output the ordinal
numbers i and j of the largest similarity factor.

The device may also comprise a third memory for storing the numbers n; associated with the transition
function 0;,the output of the decision unit being coupled to an address input of the third memory, an output
of which is coupled to another input of the fourth means. Furthermore the fourth means may also be
adapted to derive the number n; from the numbers n; and n; and to apply this number to a second output
which is coupled to an input of the third memory.

The invention will hereinafter be described in greater detail with reference to the Figures.

Fig. 1 shows a first example and

Fig. 2 shows a second example of the method,

Fig. 3 shows transition functions associated with a number of instants as a function of time,

Fig. 4 shows a matrix containing the calculated similarity factors,

Figs. 5 and 6 show two examples of combining two transition functions,

Fig. 7 shows an example of a device for performing the method,

Fig. 8 shows a possible construction for the fourth means of Fig. 7,

Fig. 9 shows a first possible construction and

Fig. 10 shows a second possible construction for the decision unit of Fig. 7,

Fig. 11 shows a time signal with the associated transition functions as obtained ultimately by means of a
method according to the invention, and

Fig. 12 shows the coding of a diphone, using transition functions and acoustic vectors obtained in
accordance with a method according to the invention.
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Fig. 1 shows a first example of the method. The program is started in block 1. In block 2 the acoustic
signal, for example a speech signal, is taken up and a number of parameters are derived as a function of
time from this acoustic signal. As already previously mentioned these may be "Log area" parameters. In
block 3 the signals on the parameters located within a time interval around each instant are taken up for
successive instants and for sach instant a transition function 0 is determined from the signals of the
parameters located within the associated time interval. The instants may be spaced apart, for example, at
10 ms and an interval of 200 to 300 ms may be taken for the time interval. All transition functions are stored
in a memory (the memory 38 in Fig. 7).

Fig. 3 shows in Fig. 3a a part of a speech signal as a function of time and Fig. 3b shows transition
functions @; for successive instants i. The ordinal numbers of the transition functions are indicated on the
right-hand side of Fig. 3b. The top transition function has the ordinal number 85. This means that this
transition function is associated with the instant 850 ms in the example of the numbers stated above. The
line 1 from the top left to the bottom right in Fig. 3b is the connecting line of the instants with which the
different transition functions are associated.

In block 4 of Fig. 1 similarity factors C; are calculated each between two transition functions associated
with two proximate instants i and j (see the third means 41 in Fig. 7).

Fig. 4 shows for which combinations of two transition functions the similarity factors G; are determined.
An example: the following similarity factors are determined

Ci6, Ca6 Cass Cas Cse Cs7 (= Crs) Cois (= Cas)s Co0(=Cas) Co10(= Cioe) and Ce11(=Ci1).

Then the similarity factors are known of a transition function associated with a given instant (j = 6) with the
fransition functions associated with five proximate and hence ten surrounding instants i (= 1 to 5 and 6 to
11). The calculated similarity factors C;; are stored in a memory (The memory 44 in Fig. 7).

The similarity factors may be determined by considering each time sample @(m) of the transition
functions as the mth component of a vector in a multi-dimensional space and by taking for a similarity factor
the reciprocal value of the euclidic distance between the ends of the two relevant vectors. Another
possibility is to take the cosine of the angle between the two relevant vectors for the similarity factor.

Hence:
Z p.(m) P.(m)
_om__* J

C.. =

1]
Vi s2m + ) 8fm
m m ]

(1)

in which 0;(m) and @;(m) represent the components of @; and @; at the same instantt = m and in which the
summation is to be performed in those periods in which at least one of the two functions is non-zero.

The calculation of G in accordance with formula (1) will be further explained with reference to Fig. 5a, b
and Fig. 6a, b. Fig. 5a shows the transition function @; and Fig. 5b shows the transition function @;, both as a
function of time. The transition function @; is defined in the time interval (i1, t3) and the function @; is defined
in the time interval (&2, 1) Actually, the addition in accordance with formula (1) is to be performed within the
time interval (t1, t) Since always at least one of the functions is non-zero at an instant within the time
interval (ts, t¢) the addition is to be performed only within this time interval (ts, ts).

Figs. 6a and 6b show transition functions §; and @; which are spaced apart over a greater distance. At
an instant within the time interval (s, ts) there is always at least one function which is non-zero. The addition
is therefore to be performed in this time interval (fs, ts) . This means that §; in the time interval (i3, %) is
supplemented (fictitiously) with zeroes and ; in the time interval (ts, t2) is supplemented (fictitiously) with
zeroes, to obtain the correct vectors for calculating Cy.

Subsequently it is determined in block 5 of Fig. 1 which similarity factor Cj is the largest. Then a
combined transition function @;° is determined in block 6 from the two transition functions associated with
the largest similarity factor Cy. The following rules are then to be taken into account. The combined
transition function is determined for the portion within which the two time intervals overiap each other. The
combined transition function §;° is calculated from the (weighted) average of the two transition functions 0
and @;. When block 6 is traversed for the first time, this means that
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0°(m) = (By(m) +Bi(m))/2 (2)

Fig. 5 and Fig. 6 show two examples of calculating 9;° in accordance with formula (2) in which Figs. 5¢
and 6c show the combined transition functions obtained. The combined transition function §;° is thus
calculated in the time interval between t2 and ts and in this time interval it is equal to the average of the
transition functions @; and @, see Fig. 5(C). The time intervals (t1, ta) and (t2, t4) in Fig. 6 are staggered over
a longer distance. The time interval tz, ts within which the combined transition function @;° is determined is
therefore shorter than in the example of Fig. 5. Moreover, @;° is non-zero within the time interval (tz, ts), see
Fig. 6(c).

Subsequently one of the two transition functions @; or §;, for example @;, is replaced in block 7 by the
combined fransition function §;°, i.e.

Dinew) = 0°

The new transition function @; thus obtained is now stored in the memory 38 of Fig. 7 in the position in
which the original transition function @; was stored. In addition, the fransition function 9; is erased from the
memory.

In this respect it is to be noted that @; could also have been replaced by 9;°.0; would then have been
erased.

Consequently, one transition function less is stored in the memory. In block 8 new similarity factors Cic
are calculated between the new transition function ¢; and its surrounding transition functions, see the third
means 41 in Fig. 7.

An example: let it be assumed that it has been determined in block 5 that Cg7 had the highest value. In
that case 0 ;° is calculated in the manner described hereinbefore and the original @ s is replaced by @ 7°
and 0 7 is erased. The following similarity factors are to be calculated again: Gy, Co, Ca6. Cas. Css, Cs,
Ce.0: Cs,10. Cs,11 and Ce 52 and the following similarity factors are to be removed from the table of Fig. 4
Ca7, C37, Ca7, Cs57, Ce7, Cr8: Cr,9, Cr0, Cr,11 @nd Cy 2. All this because of the fact that @ 7 is no longer
present.

Subsequently the largest similarity factor is determined again in block 9 and in block 10 it is checked
whether this largest similarity factor Cymax is larger than a given constant k. If so, the programme returns via
branch 11 to block 6 and a combined transition function 9;° is calculated again

Two transition functions may have to be combined, one (or both) of which has (have) been obtained at
an earlier stage from a combination of previous transition functions.

An example: Cgg could now appear to be the largest similarity factor. This means that @ ¢ and 0 s are to
be combined, whilst § ¢ is obtained in the example described hereinbefore from a previous combination of
the original transition functions @ ¢ and ¢ 7.

In the calculation of the newly combined transition functions @ g® this will have to be taken into account
by giving @ 5 in greater importance. This is effected as follows:

Ps,s° = (2.05 +0s)/3
or, more generally
By® = (@i +m@)(ni+ny)  (3)

in which n; and n; indicate the number of the original transition functions from which the transition functions
®; and @; are obtained by combining two transition functions in one or more previous combination steps. For
the sake of simplicity the time dependence has been omitted in the previous formulas.

A number n, is therefore associated with 0;°, which number is determined as follows:

Ne = ni+ny (4)

ne consequently indicates the number of the original transition functions from which the transition function
0;¢ has been obtained by combining two transition functions in one or more previous combination steps.
When 0;¢ subsequently replaces the old @;, then n. replaces the value n; associated with the old @; and
together with the transition function §;, the associated value n; is omitted. However, when ¢;° replaces 9, the
new n; becomes equal {o ne and n; is omitted.
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The programme loop via the branch 11 is repeated until there are no longer any similarity factors G;;
which are larger than the constant k. In that case tne programme proceeds from block 10 to block 12 and
the method is ended.

If the similarity factors are calculated by means of formula (1), the constant k may be taken to be equal
to a number between 0.5 and 0.8.

Fig. 2 shows a different method. The method proceeds via the blocks 1 to 4 in the same way as the
method of Fig. 1. After determining the similarity factors Gy in block 4., it is checked in block 20 whether
there is at least one similarity factor Cj which is larger than a given reference value V. If the similarity
factors are determined in accordance with formula (1), V may be taken to be equal to, for example, 0.95. If
there is a Gy which is larger than V, the programme proceeds through the blocks 8, 7 and 8 in the same
way as described with reference to the method of Fig. 1 and the programme returns via the branch 21 to
block 20. The programme loop via the branch 21 is traversed each time until there are no longer any
similarity factors which are larger than V. The programme then proceeds via the block 20 to the block 22 in
which the reference value V is decreased by a given quantity d of, for example, 0.05. Subsequently it is
determined whether the reference value V thus obtained is larger than the previously mentioned constant k.
If so, the programme returns via the branches 24 and 21 to block 20.

The loop comprising the blocks 6 to 8 is again traversed via the branch 21 until there are no longer any
similarity factors which are larger than V. The programme then again proceeds via block 20 to block 22 in
which the reference value is decreased again. This is continued until V is smaller than or equal to the
constant k. The programme then proceeds via the block 23 to the block 12 and the method is ended.

At the instant when the block 20 was fraversed for the first time, the reference value V could have been
chosen to be such that it was between the largest C; and the largest Cy but one. In that case the first
combined transition function would have been calculated from the same two ftransition functions as if the
method of Fig. 1 had been used for the same speech signal.

Fig. 7 shows an example of a device for performing the method, comprising a microphone 30 to which
an acoustic signal, for example a speech signal, is applied. The microphone 30 is coupled to an input 31 of
first means 32 for deriving a number of parameters, for example "log area" parameters, as a function of
time from the electric signal presented by the microphone 30 to the input 31. An output 33 of the first
means 32 is coupled to an input 34 of second means 35. These second means derive for each instant the
associated transition functions from signals of the parameters located within the time interval associated
with each instant, which parameters are applied by the first means 32 via the input 34 to the second means.
An output 36 of the second means 35 is coupled to an input 37 of a first memory 38. In this memory 38 the
transition functions which are calculated by the second means 35 are stored . The instant of commence-
ment and the length of each transition function are also stored in this memory 38. This means for the
examples of Figs. 5 and 6: for §; the instant {; and the lengtn (i1, t3) and for @; the instant t2 and the length
(t2, ta). An output 39 of the first memory is coupled to an input 40 of third means 41. These third means 41
are adapted to calculate the similarity factors Gy each time between two transition functions @; and @
associated with two proximate instants i and j. An output 42 of the third means 41 is coupled to an input 43
of a second memory 44. This memory 44 is adapted to store the similarity factors Cj calculated in the third
means 41. An output 45 of the second memory 44 is coupled to an input 46 of a decision unit 47. The
decision unit 47 is adapted to perform the steps indicated by the blocks 5 and 20 in the method of Figs. 1
and 2, respectively. This means that according to block 5 in Fig. 1 the decision unit determines the largest
factor Cy from the similarity factors Cj stored in the second memory 44. The associated ordinal numbers i
and j subsequently appear at an ouiput 48 of the decision unit 47, see also Fig. 9.

If the decision unit 47 were adapted to perform the step in accordance with block 20 in Fig. 2, then the
decision unit 47 would comprise a comparator and it would be determined whether there was a similarity
factor Cy which was larger than the reference value V. This can be realized by applying a similarity factor G;;
and the reference value V to the two inputs of the comparator, see also Fig. 10. If there is a Cj; larger than
V, a control signal is supplied from the output of the comparator so that the associated ordinal numbers i
and j appear at the output 48 of the decision unit 47.

The output 39 of the first memory 38 is also coupled o an input 49 of fourth means 50 for calculating
the combined transition function @;¢ from the transition functions @; and @; from the first memory, applied via
the input 49 to the fourth means 50. For reading the correct transition functions @; and @; from memory 38,
the output 48 of the decision unit 47 with the information components relating to the ordinal numbers i and j
of the transition functions which are to be combined, is coupled to an address input 51 of the memory 38.
The output 48 is also coupled to an address input 52 of a third memory 53 in which the numbers n;
associated with the transition functions @; are stored. An output 54 of the third memory 53 is coupled fo a
second input 55 of the fourth means 50. By applying the ordinal numbers i and j at the address input 52 to
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the third memory 53, the numbers n; and n; at the addresses i and | can be read in this memory 53 and
applied via the output 54 to the input 55 of the fourth means 50.

Using formula (3) the fourth means 50 can now calculate the combined transition function @;° and using
formula (4) they can calculate the new value n..9;° appears at a first output 56 which is coupled to a second
input 57 of the first memory 38. n, appears at a second output 58 which is coupled to an input 59 of the
third memory 53, see also Fig. 8.

When §;° is stored in the memory 38 in the position of @;, n, is stored in the memory 53 in the position
of n;. The transition function @; and the number n; are erased from the memories 38 and 53, respectively.
When 0;° is stored in the memory 38 in the position of @;, n; in accordingly replaced by n in the memory
53 and @; and n; are erased from the memories 38 and 53, respectively. Furthermore the instant of
commencement and the length of §;° are stored in the memory, together with @;°. in the example of Fig. 5
or 6 this means: the instant t2 and the length (t2, t3).

The device is controlled from a central control unit 60. Electric leads 61 to 68 are provided bstween the
control unit 60 and the various components, through which leads conirol signals can be applied from the
control unit 60 to the various components and through which signals can be passed from the components to
the control unit 60.

The control unit 60 ensures that after the start of the programme the first means 32 are activated via the
lead 61 for deriving the "LOG AREA") paramsters. Subsequently the second means 35 are activated via the
lead 62 for calculating the transition functions. Under the influence of control signals on the lead 63, these
transition functions are stored in the first memory 38. Subsequently the third means 41 are activated under
the influence of control signals on the lead 65 for calculating &the similarity factors Cy. The correct transition
functions therefor are supplied by the first memory 38 under the influence of control signais which are
applied via the lead 63 to the memory 38. The calculated similarity factors C;; are stored in the memory 44
under the influence of control signals applied via the Iead 67 to this memory.

Under the influence of control signals applied via the lead 66 to the third memory 53, this memory is
filled with ones only, n; = 1 for all i.

To perform the method as described with reference to Fig. 1, the decision unit determines the largest of
the values stored in the memory 44 under the influence of a control signal on the lead 68. This can be
realized, for example, with the circuit of Fig. 9 which will be described hereinafter.

To perform the method as described with reference to Fig. 2, the decision unit 47 determines under the
influence of a control signal on the lead 68 a similarity factor Cj; for which it holds that it is larger than a
reference value V. This can be realized, for example, with the circuit of Fig. 10 which will also be described
hereinatter.

The two ordinal numbers i and j associated with the maximum C;; and with the Cy which is larger than
V, respectively, are then available at the output 48. This information is applied as an address signal via the
lead 69 to the address inputs 51 and 52 of the memories 38 and 53, respectively.

Under the influence of these address signals and under the influence of control signals applied via the
leads 63, 64 and 66 o the memory 38, the fourth means 50 and the third memory 53, respectively, the
transition functions @; and @ associated with the ordinal numbers i and j and the numbers n; and n; are
applied to the fourth means 50 in which the combined transition function @ and the number n® are
calculated.

Under the influence of control signals on the lead 63 @;° is subsequently stored in the position i {or just
j) in the memory 38 and the position j (or just i) is erased in the memory 38. In the same manner, n; is
stored in the memory 53 in the position i (or just j) and the position j (or just i) is erased in this memory
under the influence of contirol signals on the lead 66.

Subsequently new similarity factors are determined in the third means 41 under the influence of conirol
signals from the control unit 60 applied via the leads 63, 65, and 67 for combinations of the new transition
function @; with transition functions associated with instants located around instant i, which new similarity
factors are subsequently stored in the second memory.In addition the similarity factors for which one of the
two ordinal numbers is equal fo j are erased from the memory 44 under the influence of control signals from
the control unit on the lead 67.

The fourth means 50 may be formed, for example, as is shown in Fig. 8 and are indicated by the
reference numeral 50'.

The input 49 consists of two part inputs 49' and 49" via which the transition functions @; and @,
respectively, aré applied to the means 50'. The input 55 also consists of two part inputs 55' and 55" via
which the numbers n; and n;, respectively, are applied. The inputs 49' and 55' are coupled to respective
inputs of a multiplier 71. The inputs 498" and 55" are coupled to respective inputs of a multiplier 72. The
inputs 55’ and 55" are also coupled to respective inputs of an adder 74. The outputs of the multipliers 71
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and 72 are coupled to respective inputs of an ader 73. The outputs of the adders 73 and 74 are coupled to
respective inputs of a divider 75. The outputs of the dlwder 75 and the adder 74 are coupled to the outputs
56 and 58, respectively, of the means 50'. The means 50" described hereinbefore are capable of calculating
9y and n. in accordance with formulas (3} and (4), respectively.

Fig. 9 shows an example of the decision unit 47 suitable for use for the method of Fig. 1 and denoted
by the reference numeral 47'. The decision unit 47 has a memory 77 and comparator 78 which together
function as a maximum value determination unit.

Before starting to determine the maximum G; for the first time in block 5 of Fig. 1, a reset signal is
applied to the reset input 81 of the memory 77 from the central control unit 60 via the lead 68.1. The
contents of the memory 77 are then equal to zero. Subsequently the first similarity factor Cj; (i.e. Ci2) is
supplied from the input 46 to the input of the memory 77 and to an input of the comparator. The output of
the memory 77 is coupled to another input of the comparator 78.

Assuming that C12 is non-zero, the output of the comparator 78 becomes "high". This output is coupled
to the write input 82 of the memory 77 and to the write input 84 of a two-position memory 80. Due to the
output 85 becoming "high", the value Ci2 is written in the memory 77 and the ordinal numbers i, j (being 1,
2) present on the leads 68.3 and 68.4 are stored in the memory 80. As there are now two equal numbers at
the inputs of the comparator 78, the output 85 becomes low again.

The ordinal numbers of the subsequent similarity factor (for example, Cq3) now appear on the [eads
68.3 and 68.4 and this similarity factor appears at the input 46. If this similarity factor is smaller than or
equal fo the value stored in the memory 77, nothing happens and the ordinal numbers i, j associated with
the similarity factor which is the largest up to that moment remain in the memory 80 and the value stored in
the memory 77 is also maintained. If this similarity factor is larger than the value stored in the memory 77,
this similarity factor is stored as a new value in the memory 77 and the associated ordinal numbers in the
memory 80. This continues until all similarity factors have been applied via the input 46. The numbers i, j
subsequently present at the output 48 indicate the ordinal numbers associated with the largest similarity
factor. At that moment it is also checked whether Cymax is larger than the constant k. To this end the output
of the memory 77 is coupled to an input of a second comparator 79 to a second input of which the constant
k is applied. When it is found that Gimax is smaller than or equal to k, a control signal is applied via the lead
68.2 to the central control unit 60 whereafter the programme stops.

Fig. 10 shows an example of the decision unit 47 suitable for use for the method of Fig. 2 and denoted
by the reference numeral 47", Before it is determined for the first time in block 20 whether a Gy is larger
than V, control signals are applied from the ceniral control unit 60 via the leads 68.1 and 68.5 to the
decision unit 47". The control signal on the lead 68.1 closes the switch 87 for a short time. The control
signal on the lead 68.5 is applied {o a write input 88 of a memory 89. Since both control signals occur
simultaneously, the initial reference value V (i.e. Vi) is consequently written in the memory 89. V; is equal to,
for example, 0.95.

Subsequently the first similarity factor C;2 is applied via the input 46 to an input of the comparator 78.
The output of the memory 89 is coupled to another input of the comparator 78. Let it be assumed that Gy 2
is smaller than or equal to Vi. The output 85 of the comparator 78 then does not apply a write signal to the
write input 84 of the two-position memory 80. Subsequently the similarity factor G5 is applied via the input
46. Let it be assumed that this Cy3 is larger than Vi. The comparator 78 now applies a write signal to the
memory 80 so that the ordinal numbers i, j (being 1, 3) are stored in this memory and are available at the
output 48. In addition this write signal is applied via the lead 68.6 to the control unit 60 so that this unit
detects that a similarity factor has been found which is larger than Vi. The control unit now causes the
programme to proceed via the blocks 6, 7 and 8 in Fig. 2. When the steps in these blocks have been
performed, the programme returns to block 20.

The programme can now cause the next G, hence from C;4 to be compared with V;. Another
possibility is to start comparing the Cj; with V; from G, 2 again.

When it is found that all C;; have been compared with V; and none of these Cy; is larger than Vi, a write
pulse is again applied to the memory 89 via the lead 68.5.

The input 90 of the memory 89 is coupled to an output of a subtractor 91 an input 92 of which is
coupled to the output of the memory 89 and a number d is applied to another input 93 (d is equal fo, for
example, 0.05). When the write pulse is applied to the write input 88, the number V = Vi-d is thus written in
the memory 89 (block 22 in Fig. 2).

Subsequently the similarity factors C; are compared with the new reference value V. After block 22 in
Fig. 2 has been traversed a number of times, V becomes smaller than or equal to k at a given instant. The
comparator 79, one input of which is coupled to the ouiput of the memory 89, then supplies a control signal
via the lead 68.2 to the control unit 60 so that the programme is ended.



10

15

20

25

30

35

40

45

50

55

EP 0 227 146 B1

The result of the methods described with reference to Figs. 1 to 10 is that a limited number of transition
functions remain of which generally only two proximate transition functions will partly overlap each other in
time; see Fig. 11 in which Fig. 11a indicates the normal speech signal and Fig. 11b indicates the transition
functions which have been obtained by means of one of the methods described.

Starting from these fransition functions, the associated acoustic vectors can now be calculated, using
formula (2) on page 4 of WO 84/04194, namely

Y=A0 (5

in which Y represents a matrix whose columns denote the ("log area') parameters derived from the electric
signal at the various instants, @ denotes the matrix whose rows are the aforementioned fransition functions
{to which zeroes have been added before and after the transition function so as to obtain a function during
the entire utterance) and A also denotes a matrix whose columns represent the acoustic vectors (o be
calculated).

The acoustic vectors thus obtained and their associated transition functions may now be used for
fransmission. A very efficient data reduction has been realized by means of one of the methods described.
In fact, the transition functions are functions which slowly vary in time and which have a value which is non-
zero for a short time only. Transmission can subsequently take place with a small data flow.

A further use of the acoustic vectors and transition functions obtained may be in the field of speech
recognition. For this use the method has to be applied beforehand a large number of times to an equally
large number of different utterances such that all sounds in the speech have been processed at least a
number of times. A large number of acoustic vectors, say more than 1000, is then obtained.

By clustering these 1000 vectors, for example by means of the technique of vector quantization known
from literature (see R.M. Gray "Vector quantization” in IEEE ASSP magazine April 1984, page 4-29), a set
of between 50 and 100 vectors is obtained which have a physical relevance because they can be relaied to
the 50 to 100 distinguishable sounds from which the speech of a given language may be built up.

Speech recognition can now be realized by subjecting an unknown utterance to a method according to
the invention and by subsequently comparing the acoustic vectors obtained with the aforementioned 50 to
100 physically relevant vectors.

In the comparison step the acoustic vectors are assigned after recognition to one of the 50 to 100
aforementioned vectors. As each vector is associated with a sound, it is also known which sounds the
acoustic vectors of the unknown utterance are associated with, whereby the utterance is recognized.

A method according to the invention is also suitable for economical coding of diphones. Diphones are
segments used in speech synthesis and describing the transitions between two speech sounds.

When the utterance from which the diphone segments are to be derived is analysed by means of a
method according to the invention, a data reduction can also be obtained. Diphones are generally derived
from nonsensical words such as, for example, the word "nenoone".

After using a method according to the invention for the word "nenoone”, six fransition functions with
associated acoustic vectors may thus be expected, corresponding to the six sounds in this word, namely
the sounds "n", "e", "n", "o0", "n" and "e".

Thus, for the diphone "ne" the transition between the first and the second acoustic vector is required.
This is shown in Fig. 12 Fig. 12 shows the transition functions ¢ and 0> as a function of time, yielding
acoustic vectors As, and Az, respectively, using formula (5), which transition functions/acoustic vectors
correspond to the sounds "n" and "e", respectively.

The "ne" diphone is now coded by storing the two acoustic vectors A; and Az and by storing that part
of the two transition functions 01 and @2 which lies between ty and {2, where t1 and t indicate, for example,
the instants of the maximum values of the transition functions.

10
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Table
Inscriptions in the blocks of Figs. 1 and 2
Block number Inscription
1 start
2 derivation of (log area)=-parameters
3 calculation of transition functions
4 calculation of similarity factors Cij
5, 9 determine largest Cij
6 calculate combined transition function
Py
7 replace one of original @'s by ﬂijc and
delete other of original §'s
8 calculate new similarity factors Cik
10 largest Cij larger than constant k?
12 stop
20 C.lj larger than reference value V?
22 decrease V
23 V larger than constant k?
Claims

A method of segmenting an electric signal derived from an acoustic signal in which consecutively
- anumber of parameters is derived from the electric signal as a function of time,
- the signals of the parameters located within a time interval around each instant are taken up for
consecutive instants,
- a transition function 0 is determined for each instant from the signals of the parameters located
within the associated time interval, and
- information relating to the segments from which the acoustic signal is built up is derived from the
transition functions associated with the instants,
characterized in that
(a) similarity factors Cy are determined, each between two transition functions (9; and @;) associated
with respective proximate instants i and j, and
(b) a replacing transition function is derived from the transition functions of at least one group of two
transition functions for which the associated similarity factor is larger than a reference value V, the
reference value being a value smaller than the largest similarity factor, the said replacing transition
function replacing the aforementioned transition functions from which it is derived.

A method as claimed in Claim 1, characterized in that the reference value V is a number between the
largest similarity factor and the largest similarity factor but ons.

A method as claimed in Claim 1 or 2, in which in step (b) the two transition functions of only one group
are combined and a combined transition function replacing the aforementioned two transition functions
is derived from these two transition functions, characterized in that (c) the combined transition function
replaces one of the two transition functions from which the combined transition function is derived and
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the other of the two transition functions is omitted,

(d) in that subsequently similarity factors are determined between the combined transition function and
the transition functions associated with instants in the proximity of the instant with which the combined
transition function is associated, and in that the similarity factors associated with those combinations of
two transition functions of which at least one is one of the two transition functions from which the
combined transition function is derived, are omitted.

A method as claimed in Claim 3, characterized in that (e) if there is subsequently at least one similarity
factor which is larger than the aforementioned reference value, the transition functions associated with
this similarity factor are combined and a combined transition function replacing the aforementioned two
transition functions is derived from these two transition functions, whereafter the method is continued
with step (c),

{f) in that the reference value is decreased by a constant value, if there are no similarity factors which
are larger than the aforementioned reference value,

(9) in that it is subsequently determined whether the reference value thus obtained is farger than a
given constant,

(h} in that the method is continued with step (e) if the reference value is larger than the said constant,
and

(i) in that the method is ended if the reference value is smaller than the said constant.

A method as claimed in Claim 3, characterized in that it is determined whether the largest similarity
factor is larger than a given constant,

(e) in that, if the largest similarity factor is larger than this constant, a combined transition function is
derived from the transition functions associated with this similarity factor, the combined transition
function replacing the aforementioned two transition functions from which it is derived whereafter the
method is continued with step (c), and

{f) in that the method is ended if the largest similarity factor is smaller than or equal to this constant.

A method as claimed in Claim 1 or 2, in which in step (b) the two transition functions of only one group
are combined and a combined transition function replacing the aforementioned two {ransition functions
is derived from these two transition functions, characterized in that in step (b) the combined transition
function §;° is calculated in the following manner from the two transition functions ; and @;,

0y° = (B + @))2

A method as claimed in Claim 4 or 5, characterized in that in step (e) the combined transition function
04 is calculated from the two transition functions @; and @; in the following manner:

0y = (ni® + n@)/(ni+ny)

in which n; and n; indicate the numbers of the original transition functions from which the transition
functions ; and 0; respectively are obtained by combining two fransition functions in one or more
previous combination steps.

A method as claimed in Claim 7, characterized in that a number n. which is equal to n; +n; is appended
to the combined transition function, which number n. indicates from how many original transition
functions the combined transition function @;° has been obtained by combining two transition functions
in one or more previous combination steps,

in that the number n. replaces the number (n; or ny) associated with the transition function (8; or @;)
which is replaced by the combined transition function, and in that the number (n; or ny), which is
associated with the one of the two transition functions that is omitted, is also omitted.

A method as claimed in any one of the preceding Claims, characterized in that for calculating the
similarity factor Cy between two transition functions @; and 0;, the transition functions are considered to
be vectors in a multidimensional space and in that the similarity factor is equal fo the reciprocal value
of the euclidic distance between the ends of these vectors.

10. A method as claimed in any one of Claims 1 to 8, characterized in that for calculating the similarity
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factor G; between two transition function @; and @; the transition functions are considered to be vectors
in a multidimensional space and in that the similarity factor is equal to the cosine of the angle between
the two vectors.

A method as claimed in Claim 10, where appendant to Claim 4 or 5, characterized in that the said
constant has a value of between 0.5 and 0.8.

A device for performing a method as claimed in any one of the preceding Claims, comprising
- first means for deriving a number of parameters from the electric signal as a function of time, and
- second means for deriving a transition function for each instant from the signals of the parameters
located within the associated time interval,
characterized in that the device also comprises
- afirst memory for storing the transition functions,
- third means for calculating a similarity factor between two transition functions associated with
respective proximate instants i and j,
- a second memory for storing the similarity factors, and
- fourth means for deriving the replacing or combined transition function from the transition
functions of at least one group of transition functions for which the associated similarity factor is
larger than a reference value, the reference value being a value smaller than the largest similarity
factor.

A device as claimed in Claim 12, characterized in that the device comprises a decision unit having an
input coupled to an output of the second memory and an output coupled to an address input of the first
memory.

A device as claimed in Claim 12 or 183, characterized in that an output of the first memory is coupled to
an input of the fourth means an output of which is coupled to an input of the first memory.

A device as claimed in Claim 12, 13 or 14, for performing a method as claimed in Claim 7 or 8,
characterized in that the device comprises a third memory for sioring the numbers n; associated with
the transition functions @;, and in that the output of the decision unit is coupled to an address input of
the third memory, an output of which is coupled to another input of the fourth means.

A device as claimed in Claim 15, for performing a method as claimed in Claim 8, characterized in that
the fourth means are also adapted to derive the number n. from the numbers n; and n; and to apply this
number to a second output, and in that said output is coupled to an input of the third memory.

Revendications

1.

2.

Procédé de segmentation d'un signal électrique déduit d'un signal acoustique, consistant successive-
ment &
- déduire un nombre de paramétres du signal électrique en fonction du temps,
- relever pour des instants successifs les signaux des paramétres compris dans un intervalle de
temps situé autour de chaque instant,
- déterminer pour chaque instant une fonction de transition ® & partir des signaux des paramétres
compris dans l'intervalle de temps associé et
- déduire des fonctions de transition associées aux instants de I'information relative aux segments
constituant le signal acoustique,
caractérisé en ce que
(a) des facteurs de similarité G; sont déterminés entre toutes les deux fonctions de transition (9 et @;)
associées & des instants voisins respectifs i et j, et
(b) une fonction de transition de remplacement est déduite des fonctions de transition d'au moins un
groupe de deux fonctions de transition pour lesquelles le facteur de similarité associé est supérieur &
une valeur de référence V, la valeur de référence étant une valeur inférieure au facteur de similarité le
plus grand et ladite fonction de transition de remplacement remplagant les fonctions de transition
précitées d'oll elle est déduite.

Procddé selon la revendication 1, caractérisé en ce que la valeur de référence V est un nombre
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compris entre le facteur de similarité le plus grand et le facteur de similarité & un prés le plus grand.

Procédé selon la revendication 1 ou 2, suivant lequel, dans I'étape (b), les deux fonctions de transition
d'un seul groupe sont combinées et une fonction de transition combinée remplagant les deux fonctions
de transition précitées est déduite de ces deux fonctions de transition, caractérisé en ce que

(c) la fonction de transition combinée remplace I'une des deux fonctions de transition d'oll est déduite
la fonction de fransition combinée et I'autre des deux fonctions de transition est omise,

(d) en ce qu'ensuite, sont déterminés des facteurs de similarité entre la fonction de transition combinée
et les fonctions de transition associées aux instants voisins de l'instant auquel est associée la fonction
de transition combinée, et en ce que sont omis les facteurs de similarité associés aux combinaisons de
deux fonctions de ftransition dont au moins une est I'une des deux fonctions de transition d'oll est
déduite ia fonction de transition combinée.

Procédé selon la revendication 3, caractérisé en ce que (e) si, ensuite, il y a au moins un facteur de
similarité supérieur & la valeur de référence précitée, les fonctions de transition associées 2 ce facteur
de similarité sont combinées et une fonction de transition combinde remplagant les deux fonctions de
transition précitées est déduite de ces deux fonctions de transition, aprés quoi le procédé est poursuivi
a partir de I'étape (c),

{f) en ce que la valeur de référence est diminuée d'une valeur constante s'il n'y a pas de facteurs de
similarité supérieurs a la valeur de référence précitée,

(g) en ce qu'il est déterminé ensuite si la valeur de référence ainsi obtenue est supérieure 2 une
constante donnée,

(h) en ce que le procédé est poursuivi & partir de I'étape (e) si la valeur de référence est supérieure &
ladite constante et

(i) en ce que le procédé est terminé si la valeur de référence est inférieure 2 ladite constante.

Procédé selon la revendication 3, caractérisé en ce qu'il est déterming si le facteur de similarité le plus
grand est supérieur 3 une constante donnée,

(e) en ce que, si le facteur de similarité le plus grand est supérieur 4 cette constante, une fonction de
transition combinée est déduite des fonctions de transition associées 3 ce facteur de similarité, la
fonction de transition combinée remplagant les deux fonctions de transition précitées d'ol elle est
déduite, aprés quoi le procédé est poursuivi & partir de I'étape (c), et

(f) en ce que le procédé est terminé si le facteur de similarité le plus grand est inférieur ou égal 3 cette
constante.

Procédé selon la revendication 1 ou 2, dans lequel, pendant I'étape (b), les deux fonctions de transition
d'un seul groupe sont combinées et une fonction de transition combinée remplagant les deux fonctions
de transition précitées est déduite de ces deux fonctions de transition, caractérisé en ce que, pendant
I'étape (b), la fonction de transition combinée 0;° est calculée de la maniére suivante & partir des deux
fonctions de transition ; et ;,

0y = (B + @2

Procédé selon la revendication 4 ou 5, caractérisé en ce que, pendant I'étape (e), la fonction de
transition combinée ;¢ est calculée de la maniére suivante des deux fonctions de transition 9; et 0;:

0 = (i@ + n0)/(n; + ny)

ol n et n; indiquent les nombres des fonctions de transition originales & partir desquelles les fonctions
de transition @; d'une part et @; d'autre part ont été obtenues en combinant deux fonctions de fransition
dans une ou plusieurs étapes de combinaison précédentes.

Procédé selon la revendication 7, caractérisé en ce qu'a la fonction de transition combinée est ajouté
un nombre n. égal a2 n; + n; et indiquant le nombre de fonctions de transition originales & partir
desquelles la fonction de transition combinée @;° a ét6 obtenue en combinant deux fonctions de
transition dans une ou plusieurs étapes de combinaison précédentes, en ce que le nombre n, remplace
le nombre (n; ou ny) associé a la fonction de transition (@ ou ;) remplacée par la fonction de transition
combinée, et en ce que le nombre (n; ou n;) associé & celle des deux fonctions de transition qui est
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omise, est également omis.

Procédé selon I'une quelconque des revendications précédentes, caractérisé en ce que pour le calcul
du facteur de similarité Cj entre deux fonctions de transition ®; et 0;.les fonctions de transition sont
considérées comme étant des vecteurs dans un espace multidimensionnel et en ce que le facteur de
similarité est égal 2 'inverse de la distance euclidienne séparant les extrémités de ces vecteurs.

Procédé selon I'une quelconque des revendications 1 & 8, caractérisé en ce que, pour le calcul du
facteur de similarité Cy; entre deux fonctions de transition @; et @;les fonctions de transition sont
considérées comme étant des vecteurs dans un espace multidimensionnel et en ce que le facteur de
similarité est égal au cosinus de I'angle fait par les deux vecteurs.

Procédé selon la revendication 10, en tant que dépendante de la revendication 4 ou 5, caractérisé en
ce que ladite constante a une valeur comprise entre 0,5 et 0,8.

Dispositif de mise en oeuvre d'un procédé selon 'une quelconque des revendications précédentes,
comportant
- de premiers moyens pour déduire un nombre de paramétres du signal €lectrique en fonction du
temps et
- de deuxi®mes moyens pour déduire pour chaque instant une fonction de transition des signaux
des paramétres compris dans l'intervalle de temps associé,
caractérisé en ce qu'il comporte en outre
- une premiére mémoire pour stocker les fonctions de transition,
- de troisitmes moyens pour calculer un facteur de similarité entre deux fonctions de transition
associées a des instants voisins respectifs i et j,
- une deuxiéme mémoire pour stocker les facteurs de similarité et
- de quatrimes moyens pour déduire la fonction de transition de remplacement ou la fonction de
transition combinée des fonctions de transition d'au moins un groupe de fonctions de transition
pour lesquelles le facteur de similarité associé est supérieur & une valeur de référence, la valeur
de référence étant une valeur inférieure au facteur de similarité le plus grand.

Dispositif selon la revendication 12, caractérisé en ce qu'il comporte une unité de décision ayant une
entrée couplée & une sortie de la deuxiéme mémoire et une sortie couplée & une entrée d'adresse de
la premiére mémoire.

Dispositif selon la revendication 12 ou 13, caractérisé en ce qu'une sortie de la premiére mémoire est
couplée & une entrée des quatriémes moyens, dont une sortie est couplée & une entrée de la premiére
mémoire.

Dispositif selon la revendication 12, 13 ou 14, pour la mise en oeuvre d'un procédé selon la
revendication 7 ou 8, caractérisé en ce qu'il comporte une troisitme mémoire pour stocker les nombres
n; associés aux fonctions de transition @; et en ce que la sortie de I'unité de décision est couplée & une
entrée d'adresse de la troisifme mémoire, dont une sortie est couplée & une autre entrée des
guatridmes moyens.

Dispositif selon la revendication 15, pour la mise en oeuvre d'un procédé selon la revendication 8,
caractérisé en ce que les quatriémes moyens sont également congus pour déduire le nombre n. des
nombres n; et n; et pour appliquer ce nombre a une deuxiéme sortie, et en ce que ladite sortie est
couplde 2 une entrée de la troisiéme mémoire.

Anspriiche

1.

Verfahren zum Segmentieren eines aus einem akustischen Signal abgeleiteten elekirischen Signals,
wobei dieses Verfahren folgende Schritte umfagt:
- eine Anzahl von Parametern wird zeitabh@ngig vom elekirischen Signal abgeleitet,
- die in einem Zeitintervall um jeden Zeitpunkt herum befindlichen Parametersignale werden flr
aufeinanderfolgende Zeitpunkte aufgenommen,
- eine Uberfiihrungsfunktion @ wird flir jeden Zeitpunkt aus den im zugeordneten Zeitintervall
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befindlichen Parametersignalen bestimmt, und
- Information bezlglich der Segmente, aus denen das akustische Signal aufgebaut ist, wird aus den
den Zeitpunkten zugeordneten Uberfiihrungsfunktionen abgeleitet,
dadurch gekennzeichnet, dag
(a) Ahnlichkeitsfaktoren C; bestimmt werden, die sich je zwischen zwei Uberfiihrungsfunktionen (9
und @) befinden, die jeweiligen angen&dherten Zeitpunkten i und j zugeordnet sind, und
(b) eine Ersatz-Uberfiihrungsfunktion aus den Uberfiihrungsfunktionen wenigstens einer Gruppe von
zwei Uberflihrungsfunktionen abgeleitet wird, fiir die der zugeordnete Ahnlichksitsfaktor gr6Ber ist
als ein Bezugswert V, wobei der Bezugswert um einen Wert kieiner ist als der grégte Ahnlichksits-
faktor und die Ersatz-Uberfiinrungsfuktion die vorgenannten Uberfiihrungsfunktionen ersetzt, aus
denen sie abgeleitet wurde.

2. Verfahren nach Anspruch 1,

dadurch gekennzeichnet, daB der Bezugswert V eine Zahl zwischen dem gréften Ahnlichkeitsfaktor
und dem zweitgréBten Ahnlichkeitsfaktor ist.

Verfahren nach Anspruch 1 oder 2, wobei im Schritt (b) die zwei Uberfiihrungsfunktionen nur einer
Gruppe verkniipft werden und sine verknlpfte die vorgenannten zwei Uberfﬁhrungsfunktionen ersetzen-
de Uberfiihrungsfunktion aus diesen zwei Uberfiihrungsfunktionen abgeleitet wird, dadurch gekenn-
zeichnet, daB (c) die verknlipfte Uberflihrungsfunktion eine der zwei Uberfiihrungsfunktionen ersetzt,
aus denen die verknlipfte Uberfilhrungsfunktion abgeleitet wird, und die andere der zwei Uberftihrungs-
funktionen ausgelassen wird,

(d) daB darauf Ahnlichkeitsfaktoren zwischen den verkntipften Uberfiihrungsfunktionen und den Uber-
flhrungsfunktionen bestimmt werden, die Zeitpunkten in der N3he des Zeitpunkts zugeordnet sind,
dem die verkniipfte Uberfiihrungsfunktion zugeordnet ist, und daf die Ahnlichkeitsfaktoren ausgelassen
werden, die jenen Verkniipfungen von zwei Uberflihrungsfunktionen zugeordnet sind, von denen
wenigstens eine eine der zwei Uberfiihrungsfunktionen ist, aus denen die verkniipfte Uberfiihrungsfunk-
tion abgeleitet ist.

Verfahren nach Anspruch 3,

dadurch gekennzeichnet, daB, wenn (e) es darauf wenigstens einen Ahnlichkeitsfaktor gibt, der gréBer
ist als der vorgenannte Bezugswert, die diesem Ahnlichkeitsfaktor zugeordneten Uberfiihrungsfunktio-
nen verknlipft werden, und ein verkniipfter Uberfiihrungsfunktion, die die vorgenannten zwei Uberfiih-
rungsfunktionen ersetzen, aus diesen zwei Uberflihrungsfunktionen abgeleitet wird, wonach das Verfah-
ren mit dem Schritt (c) fortgesetzt wird,

(f) daB der Bezugswert um einen konstanten Wert herabgesetzt wird, wenn es keine Ahnlichkeitsfakto-
ren gr&Ber als der vorgenannte Bezugswert gibt,

(9) daB darauf bestimmt wird, ob der auf diese Weise erhaltene Bezugswert gréBer als eine gegebene
Konstante ist,

{h) daB das Verfahren mit dem Schritt (e) fortgesetzt wird, wenn der Bezugswert gréfer ist als die
Konstante, und

(i) daB das Verfahren beendet wird, wenn der Bezugswert Kleiner als die Konstante ist.

Verfahren nach Anspruch 3,

dadurch gekennzeichnet, daB bestimmt wird, ob der gréBte Ahnlichkeitsfaktor grdBer ist als eine
gegebene Konstante,

(e) daB, wenn der gréBte Ahnlichkeitsfaktor gréBer ist als diese Konstante, eine verkniipfte Uberfiih-
rungsfunktion von den diesem Ahnlichkeitsfaktor zugeordneten Uberflihrungsfunktionen abgelsitet wird,
wobei die verkniipfte Uberflihrungsfunktion die vorgenannten zwsi Uberfihrungsfunktionen ersetzt, aus
denen sie abgeleitet ist, wonach das Verfahren mit dem Schritt (c) fortgesetzt wird, und

(f) daB das Verfahren beendet wird, wenn der gréfte Ahnlichkeitsfaktor Kieiner oder gleich dieser
Konstante ist.

Verfahren nach Anspruch 1 oder 2, wobei im Schritt (b) die beiden Uberfiihrungsfunktionen nur einer
Gruppe verkniipft werden und eine verkniipfte Uberfiihrungsfunktion, die die vorgenannten zwei
Uberflihrungsfunktionen ersetzt, von diesen zwei Uberfiihrungsfunktionen abgeleitet wird, dadurch
gekennzeichnet, daB im Schritt (b) die verkniipfte Uberfiihrungsfunktion @i wie folgt aus den zwei
Uberflhrungsfunktionen §; und @; berechnet wird:
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(bijc = (@. + Q)j)/Q.

Verfahren nach Anspruch 4 oder 5,
dadurch gekennzeichnet, daB im Schritt (e) die verknlipfte Uberfiihrungsfunktion 9;° wie folgt aus den
zwei Uberflhrungsfunktionen @; und @; berechnet wird:

0i° = (nid; + n@(ni+ny),

worin n; und n; die Anzahlen der ursprlinglichen Uberflihrungsfunktionen angeben, aus denen die &
bzw. @; Uberflihrungsfunktionen durch Verkniipfen von zwei Uberfiihrungsfunktionen in einem oder
mehreren vorangehenden Verknlipfungsschritien erhalten werden.

Verfahren nach Anspruch 7,

dadurch gekennzeichnet, daB eine Anzahl n. gleich n;+n; an die verknUpfte Uberfiihrungsfunktion
angehdngt wird, und diese Anzahl n, zeigt an, aus wieviel urspringtichen Ubertiihrungsfunktionen die
verkniipfte Uberfilihrungsfunktion @;¢ durch Verknlipfen von zwei Uberfiihrungsfunktionen in einem oder
mehreren vorangehenden Verkniipfungsschritten erhalten wurden,

daB die Anzahl n, die Anzahl (n; oder n; ersetzt, die der Uberflihrungsfunktion (@; oder @;) zugeordnet
ist, die die verknlipfte Uberfiihrungsfunktion ersetzt, und daB die Anzahi (n; oder n;), die der einen der
zwei ausgelassenen Uberfiihrungsfunktionen zugeordnet ist, ebenfalls ausgelassen wird.

Verfahren nach einem oder mehreren der vorangehenden Anspriiche, dadurch gekennzeichnet, daf
zum Berechnen des Ahnlichkeitsfakiors Cy zwischen zwei Uberfiinrungsfunktionen (@; oder @;) die
Uberfiihrungsfunktionen als Vektoren in einem mehrdimensionalen Raum betrachtet werden, und daB
der Ahnlichkeitsfaktor gleich dem Reziprokwert des euklidischen Abstands zwischen den Enden dieser
Vektore ist.

Verfahren nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, da8 zum Berechnen des
Ahnlichkeitsfaktors C; zwischen zwei Uberfuhrungsfunktionen @; und ¢; die Uberflihrungsfunktionen als
Vektoren in einem mehrdimensionalen Raum betrachtet werden, und daB der Ahnlichkeitsfaktor gleich
dem Kosinus des Winkels zwischen den zwei Vektoren ist.

Verfahren nach Anspruch 10, wenn abhingig vom Anspruch 4 oder 5, dadurch gekennzeichnet, dafl die
Konstante einen Wert zwischen 0,5 und 0,8 besitzt.

Anordnung zur Durchflinrung eines Verfahrens nach einem oder mehreren der vorangehenden Anspri-
chen, mit
- ersten Mitteln zum Ableiten einer Anzahi von Parametern vom elektrischen Signal in Abhdngigkeit
von der Zeit, und
- zweiten Mitteln zum Ableiten einer Uberfiihrungsfunktion fiir jeden Zeitpunkt aus den Signalen der
im zugeordneten Zeitintervall befindlichen Parameter,
dadurch gekennzeichnet, daB die Anordnung ebenfalls folgende Elemente enthalt,
- einen ersten Speicher zum Speichern der Uberflihrungsfunktionen,
- dritte Mittel zum Berechnen eines Ahnlichkeitsfaktors zwischen zwei Uberfiihrungsfunktionen, die
jeweiligen angendherten Zeitpunkten i und j zugeordnet sind,
- einen zweiten Speicher zum Speichern der Ahnlichkeitsfaktoren, und
- vierte Mittel zum Ableiten der Ersatz- oder Verkniipfungs-Uberflihrungsfunktion aus den Uberfiih-
rungsfunktionen wenigstens einer Gruppe von Uberfiinrungsfunktionen, flir die der zugeordnete
Ahnlichkeitsfaktor gréBer ist als ein Bezugswert, wobei der Bezugswert Kleiner ist als der gréBte
Ahnlichkeitsfaktor.

Anordnung nach Anspruch 12,

dadurch gekennzeichnet, daB sie eine Entscheidungseinheit enthilt, von der ein Eingang mit einem
Ausgang des zweiten Speichers und sin Ausgang mit einem Adrefeingang des ersten Speichers
gekoppelt sind.

Anordnung nach Anspruch 12 oder 13,
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dadurch gekennzeichnet, daB ein Ausgang des ersten Speichers mit einem Eingang der vierten Mittel
gekoppelt ist, von denen ein Ausgang mit einem Eingang des ersien Speichers gekoppelt ist.

Anordnung nach Anspruch 12, 13 oder 14 zum Durchflihren eines Verfahrens nach Anspruch 7 oder 8,
dadurch gekennzeichnet, daf die Anordnung einen dritten Speicher zum Speichern der den Uberfiih-
rungsfunktionen ®; zugeordneten Anzahlen n; enthdlt, und daB der Ausgang der Entscheidungseinheit
mit einem AdreBeingang des dritten Speichers gekoppelt ist, von dem ein Ausgang mit einem anderen
Eingang der vierten Mittel gekoppeslt ist.

Anordnung nach Anspruch 15 zum Durchflihren eines Verfahrens nach Anspruch 8,

dadurch gekennzeichnet, daB die vierten Mittel ebenfalls zum Ableiten der Anzahl n; aus den Anzahlen
n; und n; sowie zum Zuleiten dieser Anzahl zu einem zweiten Ausgang ausgelegt sind, und daf der
Ausgang mit einem Eingang des dritten Speichers gekoppelt ist.
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