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United States Patent Office 3,466,394 
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3,466,394 
VOICE VERIF{CATION SYSTEM 

Walter K. French, Montrose, N.Y., assignor to Interna­
tional Business Machines Corporation, Armonk, N.Y., 

: a corporation of New York 
Filed May 2, 1966, Ser. No. 546,945 

Int. Cl. H04m 1 / 24 
U.S. CI. 179-1 14 Claims 

ABSTRACT OF THE DISCLOSURE 
This system provides for identification of an indi­

vidual by a voiced input which is compared with a pre­
viously stored reference or voice signature of that in­
dividual. The identification is based upon fine resolution 
data in the speaker's voice that is distinctive of his voi~e. 
This fine resolution data consists of data representative 
of the first few pitch periods of several pulse periods 
taken from a particular spoken word. The voiced input 
is compared with the voice signature and the voiced 
input is verified as being the same as the voice signature 
if the differences are within preselected limits. If within 
the limits, a verify signal is generated. If not within the 
limits, a non-verify signal is generated. 

2 
to the presenting of a password by the individual, with 
verification being based on the individual's knowledge of 
the password rather than on recognition of the individual's 
voice. Studies have shown, however, that there are cer­
tain characteristics of an individual's voice which can-

5 not be disguised and which are as effective in identifying 
an individual as the ridges of his fingerprint. Systems 
which have heretofore been devised for utilizing the phe­
nomena have required the storage of large amounts of 
information and have generally proved to be otherwise 

lO unsatisfactory. • • 
It is therefore a primary object of this invention to 

provide an improved system for verifying the identity 
of an individual. 

15 A more specific object of this invention is to provide 
a system for verifying the identity of an individual which 
may easily be automated and which does not ne~essai:ily 
requfre that the individual be present at the venfical!on 
location. 

20 A still more specific object of this invention is to pro-
vide a system for verifying the identity of an individual 
by recognizing unique characteristics of his · voice. 

Another object of this invention is to provide a voice­
verification system which does not require the storage of 

25 a great deal of data. 
In accordance with these objects, this invention pro­

vides a system for recognizing an individuars voice whi_ch 
This invention relates to a system for verifying the includes a device for storing a voice signature of the m-

identity of an individual and more particularly to a sys- dividual. In a preferred embodiment of the invention the 
tern which verifies the identity of an individual by recog- 30 voice signature is derived by detecting and storing the 
niz1ng his voice. normalized coordinates of the first few peaks and valleys 

The identity of an individual must be verified any time of each pulse period of a predetermined phrase spoken 
admittance is required to a se~ured area, either in in- by the individual. Since there is a large nmµber of p~lse 
dustry or government, or any tiµle merchandise or serv- periods in even a short phrase, and most puls';I penods 
ices are purchased on credit. The standard methods of differ imperceptively from adjacent pulse periods, the 
verification include recognizing an individual's physical 35 amount of storage required by the system is substantially 
characteristics either by knowing the individual or by . reduced by storing the first pulse period, and storing the 
comparing his physical characteristics with a photograph coordinate of a succeeding pulse period only if they dif-
and description; recognizing an individual's signature by fer significantly from the coordinates of the previously 
comparing it with a known sample; or recognizing his 40 stored pulse period. The .characteristic coordinates of a 
fingerprints. Since a skilled person may easily disguise voiced input from the individual are then determined _and 
himself to look like another and forged signatures are selectively compared against those of the stored voiced 
often difficult to detect, · the firs_t two forms of verifica- signature. In the preferred embodiment of the inv~n-
tion described above are not particularly reliable. While tion, the characteristic coordinates of each p1,1lse penod 
fingerprint verification is reliable, it is, as now practiced, 45 of the voiced input are compared against those of three 
a cumbersome and sometimes messy operation which is adjacent pulse periods of the stored signature. A deter-
not well suited for credit transactions, and is a nuisance mination is made as to which of the three selected pulse 
when used to gain admittance to a secured area. Two periods most nearly matches the input pulse pe:iod, and 
additional problems with the forms of verification de- the difference between the most-nearly-matchmg pulse 
scribed above are: (1) no eff~ctive way has_ yet be_en ,150 periods and the input pulse period is acided to a pre-
provided to automate them, an<l• (2) they reqmre the m- viously determined average difference for other pulse 
dividual to be physically present at the verification periods. In making the comparison, certain peaks and 
location. valleys of the pulse period, as for example the first few 

The current trend in commercial transactions is toward peaks and valleys, may be weighted more heavily than 
a greatly expanded use of credit. In order to handle this 55 other peaks and valleys. When a most-nearly-matching 
increased volt1me of credit t•?nsactions, mAny companies pulse period is selected, the system is adjusted such that 
may be forced to automate their verification procedures. the next pulse period will be compared against three ad-
Another trend is toward the increased use of the telephone jacent pulse periods with the most-nearly-matcl?ing pul_se 
in transacting business. This trend is particularly notice- period being the center one of these three. This penmts 
able in the computer industry where time-sharing has a stepping through of the stored signature at a proper 
made it possible for an individual to have a terminal at 60 rate with each pulse period of the voiced input being 
his home or place of business which he connects to a com'pared with the proper pulse period of the stored 
large computer through telephone lines. Since the com- signature, even though, as indicated above, the stored 
puter may contain proprietary information of an indi- signature contains only a few of the pulse periods of 
vidual or company, it is important that only the proper 65 the original input. If the accumulated average difference 
individual be permitted access to portions of the pro- ever exceeds a predetermined threshold, a non-verify indi-
gram in the main computer relating to his business. Simi- cation is generated. If the end of the stored signature is 
larly. when an individual telephones a large order to a reached without a nonverify indication being generated, 
distributor, or an individual asks for a financial statement a verify indication is generated. 
from his bank, it is important that the person receiving The foregoing and other objects, features and ad-
the call be able to verify the identity of the caller. 70 vantages of the invention will be apparent from the fol-

At present. voice verification _has generally been limited lowing more particular description of a preferred em-
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bodiment of the invention as illustrated in the accom­
panying drawings. 

In the drawings: 
FIG. 1 is a wave diagram representative of a speech 

input. 
5 FIG. 2 is a diagram illustrating how FIGS. 2A-2C are 

combined to form a schematic block diagram of a pre­
ferred embodiment of the voice verification system of 
this invention. 

FIGS. 2A-2C, when combined, form a schematic block 10 
diagram of a preferred embodiment of the voice verifi­
cation system of this invention. 

Human speech • is made up of voiced portions and 
fricative· (i.e., hiss) sounds. The fricative sound is ran­
dom and is therefore of little use in verifying the identity 15 
of an individual. However, the voiced portions of si:eech, 
are semiperio:lic and contain information unique to the 
individual. Whenever a voiced sound is uttered, the vocal 
cords, which are more accurately described as vocal folds 
because of their anatomic structure, move together and 20 
then apart in such a manner as to vary the size of the 
opening between them. This opening is referred to as 
the glottis. The rate at which the vocal folds move to­
gether and apart determines the pitch of the voiced sound. 
During a portion of each cycle of the voiced sound, these 25 
cycles being refer~ed to as pitch periods, the glottis is 
completely closed and the supply of air from the lungs 
causes a rise in pressure which reaches a maximum at 
this time. When the glo:tis opens, there is an explosive 
burst of air which relieves the pressure. Each time one 30 
of these bursts occurs, a new pitch period fa begun. 

The burst of air from the glottis is passed through 
various cavities (including the nasal cavities) in the vocal 
tract. While the person has conscious control over the pitch 
of his voice (i.e., the rate at which the glottis <?pens and 35 
closes) he has no control over certain characteristics of 
the voice sound which result from resonance in the cavi-
ties of the vocal tract and from tensions of the body. 
The vocal tract also causes certain higher frequency com­
ponents to be superimposed on the waveform of the fun- 40 
damental pitch frequency. Since all of these harmonics 
originate at the ins:ant when the glottis opens, the first 
few peaks and valleys of each pulse period are substan­
tially uneffected by these harmonics. However, the later 
waves of the pulse period are substantially effected by 45 
thes:: harmonics and therefore are less meaningful. 

Another characteristic of the voiced portion of human 
speech is that there are a large number of pulse periods 
(i.e., for example 10-30) for each uttered syllable, but 
only two or three of these pulse periods differ in any 50 
substantial manner from those around them. 

The various characteristics described above for the 
voiced portion of speech may be utilized -in a device for 
verifying the identity of an individual speaking a prede­
termined set of words. This predetermined set of words 55 
spoken in the individual's voice, may be considered as a 
voice signature of the individual. However, the term 
"voice signature" in the following discussion, will be used 
when referring to a stored portion of the spoken set of 
words which portion is derived in a manner to be de- 60 
scribed later. Referring first to FIG. 1, the wave shape 
for three representative pulse periods (A, B, and C) is 
shown. The horizontal axes of this waveform is represen­
tative of time and the vertical axes representative of 
voltage. For purposes of this invention, it will be con- 65 
venient to consider the peaks and valleys as both being 
of positive potential and the voltage scale has therefore 
been shown adjusted accordingly. From the figure, it is 
seen that the first five peaks and valleys of each pulse 
period, while differing slightly in relative amplitude, have 70 
substantially the same shape, while the remaining peaks 
and valleys of the pulse periods differ substantially. While 
in FIG. 1, differences are shown between the first five peaks 
and valleys of the adjacent pulse periods, in practice, 
adjacent pulse periods would be nearly identical and a 75 

4 
substantial change would be noticed only after a number 
of pulse periods had passed. 

Referring now to FIG. 2A, it is seen that the system 
of the· preferred embodiment of this invention includes a 
shift register 10 in which the V (voltage) and t (time) 
coordin:ites of the first few peaks and valleys of selected 
pulse periods of a voiced input of a predetermined set 
of words of !he individual whose identity it is desired 
to verify (i.e., the voice signature) are stored. In the 
discmsion to follow, peaks and valleys will sometimes be 
generically referred to as characteristic points. The se­
le~ted pulse periods which have their coordinates stored 
may for example be (he first pulse period of the voiced 
input signature, and each succeeding pulse period which 
shows a substantial change in coordinates from the pre­
viously stored pulse period. Since a substantial change 
would be noted for only about five to ten percent of the 
pulse periods of a normal voiced input, characteristic 
coordina:es for only five to ten percent of the pulse pe­
riods n :ed be stored. Also, as seen above from FIG. 1, 
only the first few peaks and valleys of each pulse period 
are actually meaningful, the rest being fairly random, and 
th:a:refore only the coordinates of the first few peaks and 
valleys of the selected pulse periods need be stored. The 
above results in a minimum amount of stored data. For 
a rearnn which will be apparent later, the V and t values 
in shift register 10 are stored as negative rather than 
positive quantities. A ·specially coded mark M is stored 
in shift register 10 at the end of the voice signature. 

Shift register 10 is of the closed loop type so that data 
shifted out the right side of the register is stored on the 
left side and vice versa. All portions of the voice signa­
ture are therefore available at all times in shift register 
10. The register is shifted left one character position (i.e., 
the number of bit positions required to store one V and 
one t value) by a signal applied to line 11, is shifted one 
pulse period to the right by a signal applied to line· 13, 
and is shifted two pulse periods to the right by a signal 
applied to line 15. The manner in which the signals on 
lines 11, 13, and 15 are generated will be described later. 

It is assumed that before the system shown in FIGS. 
2A-2C is brought into operation, the individual has ini­
!ially identified himself and, as a result of this identifica­
tion, a voice signature for that individual is transferred 
from a back-up memory into shift register 10. When this 
preliminary operation has been completed, the individual 
speaks the phrase which is his voiced input signature into 
a telephone, microphone, or a similar device. This device 
converts the individual's voice into electrical im­
pulses which are applied through lines 12 and automatic 
volume control (AVC) circuit 14 to lines 16. A VC cir­
cuit 14 normalizes the inputs so as to eliminate variations 
in the voiced signature caused by differences in the vol­
ume (i.e., loudness) of the person's voice. The signals 
on lines 16 are applied .to pulse-period-beginning de'.ector 
18 and (dv/ dt)-equals-zero detector 20. A suitable cir­
cuit for determining when the glottis has opened, emit­
ting a blast of air to start a new pulse period, is shown 
in copending application Ser. No. 373,751, entitled 
"Pitch Modification of Audio Wave Forms" filed June 
9, 1964 on behalf of Walter K. French et al. and assigned 
to the assignee of the instant application. This circuit op­
erates by storing the peak-to-peak transitions of the audio 
waveform and comparing each peak-to-peak transition 
with the next peak-to-peak transition. The greater of the 
two is then retained for comparison with successive peak­
to-peak transitions until, after a given length of wave­
form has been scanned, the maximum analog peak-to­
peak transition is retained in a storage circuit. The point 
of occurrence of each maximum peak-to-peak transition 
is specified by a value in a counter. The maximum peak­
to-peak transitions represent the start of each pitch period 
of the audio waveform. 

Circuit 20 may be any standard circuit for perform• 
ing the indicated function and is used for detecting the 
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occurrence of each peak and valley of the audio wave­
form. 

Output line 22 from pulse period beginning detector 
18 is connected to reset time-counter 24 and peak-and­
valley counter 26 and to increment P (pulse period) coun­
ter 28. The signal on line 22 is also applied to set flip-flop 
30 to its one state. Time counter 24 is incremented by 
clock pulses applied to its through line 29 from clockset 
pulse source 31. Since the beginning of a pulse period is 
a peak for which the value of (dv / dt) is equal to zero, 
detector 20 is also generating an output at this time on 
line 32 which is applied to increment counter 26, to the 
information input of gate 34, and to one input of OR 
gate 36. It is assumed that when an increment and reset 
input are applied simultaneously to counter 26, the coun­
ter is left with a count of one therein. If necessary, the 
signal on line 32 may be delayed slightly in order to ass 
sure that this occurs. 

It is also assumed that the signal on line 2, has suf­
ficient persistence so that flip-flop 30 is set to its one state, 
generating a conditioning output signal on line 38 to 
gate 34, while the signal on line 32 is still being applied 
to the information input thereof. This results in a signal 
on output line 40 from gate 34 which is applied as a con­
ditioning input to gates 42 and 44. The information inputs 
to gates 42 are output lines 46 from analog-to-qigital con­
verter 48. The information inputs to analog-to-qigital con­
verter 48 are input lines 16 from AVC circult 14. The 
signal on line 40 therefore causes a digitized quanity rep­
resenting the analog value of the detected audio peak to 
be applied through gates 42 and lines 50 to one set of in­
puts of adders 52-54. Another set of inputs to adders 
52-54 are output lines 56-58 from the memory positions 
in shift register 10 which contain the V coordinate for 
the first peak or valley of the first three pulse periods 
stored therein. As indicated previously, the V and t values 
stored in shift register 10 are negative so that the results 
of the additions in adders 52-54 are quantities which are 
equal to the difference between the applied input value· on 
line 50 and the values applied to lines 56-58. These values 
are squared in squarers 60-62 and applied through line 
64-66 as one set of inputs to adders 70-72. 

The signal on line 40 is also applied as the condition-

6 
nizes a (dv/dt)-equals-zero condition. When this occurs, 
counter 26 is incremented to a count of 2 and, since flip­
flop 30 is still in its one state, a signal is applied through 
gate 34 and line 40 to condition gates 42 and 44 to pass 
the instantaneous V and t values through lines 50 and 76 

5 respectively to adders 52-54 and 7·8-80. The negative V 
and t values for t}).e first valley of the pulse periods being 
looked at in shift register 10 are applied to the other in­
puts of these addt:rs, with the difference outputs from the 
adders being squared, summed, and added into the sum 

lO stored in accumulators 106-108. When the additions in 
adders 52-54 and 78-80 have been completed, a delayed 
output signal from OR gate 36 is applied to shift shift­
register 10, one character position to the left, bringing 

15 the coordinates of the third characteristic point (i.e:, the 
second peak for the waveforms of FIG. 1) adjacent to the 
lines 56-58 and 82~84. 

The above described sequence of operations is repeated 
as each peak or valley is detected by detector 20, with 

20 the V and t differences between the detected peak or val­
ley and those stored for the three pulse periods being 
looked at in shift register 10, being summed and added 
into the sums previously accumulated in accumulators 
106-108. Assuming that an initial determination is made 

25 that peaks and valleys beyond the fifth for each pulse 
period have little if any significance in the recognition of 
an individual's voice, circuit 113 would be set to detect 
a count of 5 in counter 26. Therefore, when counter 26 
is incremented to a count of 5, as a result of detector 20 

30 detecting the fifth peak or valley of a given pulse period, 
circuit 113 is energized to generate an output signal on 
line 114 which is applied to reset flip-flop 30 to its zero 
state. Since time delays are introduced by the incremrnt­
ing of counter 26 and the operation of circuit 113, it is 

35 assumed that the pulse on line 32 will pass through gate 
34 and line 40 to perform the necessary function of pass­
ing the coordinates for the fifth peak or valley to the ap­
propriate adders · before flip-flop 30 is reset to tis zero 
state thereby deconditioriing gate 34. If timing problems 

40 develop, additional delays may be introduced to assure 
proper operation of the system. The switching of flip­
flop 30 to its zero state prevents subsequently det<!cted 
characteristic points from entering the verification deter­
mination. ing input to gates 44, permitting the time value stored in 

time counter 24 to be applied through lines 76 as one set 45 
of inputs to adders 78~80. The other set of inputs to ad­
ders 78~80 are output lines 82-84 from the t st'orage posi­
tion of the first peak or valley for each of the ' first three 
pulse periods stored in shift register 10. Since the t values 

Referring now to FIG. 2C, it is seen that the contents of 
accumulators 106 and 107 are being continuously com­
pared against each other in compare circuit 118. Similar­
ly, the contents of accumulator 107 and accumulator 108 
are being continuously compared against each other in 

50 compare circuit 119 and the contents of accumulator 108 
and 106 are being continuously compared against each 
other in compare circuit 120. A signal appears on output 
line 122 from compare circuit 118 if the contents of ac­
cumulator 106 are greater than or equal to the contents of 

are stored as negative quantities, the outputs from ad­
ders 7~80 on lines 86-88 respectively are the difference 
between the t value on lines 76 and t!he t value on each of 
the lines 82-84. These differences are squared in circuits 
92-94 and applied through lines 96-98 as the second set 
of inputs to adders 70-72 respectively. The outputs from 
adders 70-72 on lines 102-104 respectively represents 
the sum of the differences between the coordinates of the 
peak or valley for the voiced input on line 12 and the co­
ordinates of the corresponding peak or valley for the 
three pulse periods, stored in shift register 10, ·which are 
being looked at. The sums on lines 102-104 are applied to 
accumulators 106-108 respectively. 

As indicated previously, the signal on output line 32 
from detector 20 is applied as one input to OR gate 36. 
The output from OR gate 36 is applied through delay 
112 to shift-left-one-character input line 11 of shift regis­
ter 10. The duration of delay 112 is sufficient to permit 
the additions in adders 52-54 and 78-80 to be completed 
before the shift operation occurs. When the shift opera­
tion has been completed, the V and t coordinates of the 
second peak or valley (for the wave shapes of FIG. 1 
this would be the first valley) for each of the three pulse 
periods being looked at are adjacent to the lines 56-58 
and 82-84. 

Nothing further happens until detector 20 again recog-

55 accumulator 107; on output line 123 from compare cir­
cuit 119 if the contents of accumulator 107 are greater 
than or equal to the contents of accumulator 108; and on 
output line 124 from compare circuit 1.20 only if the con­
tents of accumulator 108 are greater than the contents 

60 of accumulator 106. From the above it is seen that an 
equal conditions in compare circuit 118 or 119 results in 
a positive output on the corresponding line 122 or 123 
whereas an equal condition in compare circuit 120 results 
in a negative output on line 124. The signals on lines 122-

65 124 are applied as the inputs to logic circuit 126. The 
truth table for the logic circuit 126 is shown in the chart 
adjacent thereto. From the truth table and circuit 126, it 
js seen that if there is a signal on line 124 and no signal 
on line 122, \AND gate 130 is fully conditioned to gen-

70 erate an output signal on Tl line 134 which is applied as 
one of the conditioning inputs to AND gate 138. If there 
is a signal on line 122 and no signal on line 123, AND 
gate 131 is fully conditioned to generate an output signal 
on 1_T2 line 135 which is applied as one conditioning input 

75 to AND gate 139. If there is a signal on line 123 and no 
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signal on line 124, AND gate 132 is conditioned to gen­
erate an output signal on line 136 which is applied as one 
conditioning input to AND gate 140. The other input 

8 
pass the contents of sue accumulator 158 to the divi­
dend input of divider 170. The divisor input to divider 170 
is outputs line 172 from P counter 28. The output from 
divider 170, on lines 174, which quantity is applied to to AND gates 138-140 is output line 144 from differen­

tiator 146 (FIG. 2B), the input to differentiator 146 be­
ing zero-side output line 147 from flip-flop 30. Therefore, 
when flip-flop 30 is reset to its zero state as a result · of 
the count in counter 26 being incremented to a count of 
C (5 for the example chosen) differentiator 146 gener­
ates a pulse on line 144 which results in one of the AND 
gates 138-140 being fully conditioned. The particular 
AND gate which is fully conditioned at this time depends 

5 average register 176, is the average deviation of the pulse 
periods of the voiced input, looked at so far, from the best 
of the three pulse periods of the voice signature which 
each of these pulse periods was compared against. The 
quantity in average register 176 is compared in compare 

on which of the accumulators 106-108 has the lowest 
value stored in it at this time. It will be assumed, for this 
discussion, that the first pulse period of the voiced sig­
nature is stored in shift register 10 adjacent to the lihes 
57 and 83, with blanks initially being stored adjacent to 

10 circuit 178 against a threshold average deviation stored 
in register 180. Whenever the average value stored in 
register 176 exceeds the threshold stored in register 180, 
compare circuit 178 generates a signal on line 182 which 
is applied to indicate that a nonverify condition exists. 

15 The signal on line 182 is also applied through OR gate 
183 (FIG. 2B) and line 185 to reset P counter 28. 

the lines 56 and 82. Under these conditions, if the input 
is in fact from the proper person, accumulator 107 will 
have the lowest sum at this time and circuit 126 win be 20 
generating an output signal on T2 line 135 from AND 
gate 131. This signal fully conditions AND gate 139 to 
generate an output signal on line 149 which conditions 
gate 153 to pass the contents of accumulator 107 through 
OR gates 156 to sum accumulator 158. The signal on out- 25 
put line 144 from differentiator 146 is also applied 
through OR gate 36 and delay 112 to cause shift register 
10 to be shifted one character position to the left. This 
would bring the coordinates for the first characteristic 
point, of the pulse period following that which was previ- 30 
ously adjacent to the lines 56-58 and 82-84, adjacent 
to these lines or, in other words would complete a one 
pulse period shift to the left for the contents of shift 
register 10. Since, during the previous pulse period, the 
best match was had with the center one of the three pulse 35 
periods compared against, it is desired to retain this pulse 
period as the center one for comparison against the next 
pulse period of the input. Therefore, a one pulse period 
shift to the right is required. In order to effect this, the 
signal on output line 149 from ,AND gate 139' (FIG. 2C) 40 
is applied through delay 160 to line 13 to cause a one 
pulse period shift to the right in shift register 10. This 
returns the contents of the shift register to the position 
they were in at the beginning of the operation. 

To further illustrate the operation of the system, as- 45 
sume that the first pulse period of the stored voice sig­
nature was stored in the position adjacent to lines 56 
and 82. Under these conditions, when a signal appeared 
on line 144, it would be accumulator 106 which had 
the lowest sum stored therein and logic circuit 126 would 50 
therefore be generating an output signal on Tl output 
line 134 from AND gate 130. The signal on line 134 is 
applied to fully condition AND gate 138 to g.!nerate an 
output signal on line 148 which is _applied to condition 
gates 152 to pass the contents of accumulator 106 through 55 
OR gates 156 into sum accumulator 158. The signal on 
line 148 is also applied through delay 162 (FIG. 2A) to 
line 15 to cause the contents of shift register 10 to be 
shifted two pulse periods to the right. As indicated previ­
ously, a one pulse period shift to the right restores the 60 
contents of this register to the position they were in at 
the beginning of the pulse period. The shift of a second 
pulse period to the right brings the stored characteristics 
for the pulse period which was initially adjacent to lines 
56 and 82 into the center position adjacent to lines 57 65 
and 83. It is thus seen that the circuit is arranged to posi­
tion the pulse period stored in shift register 10 which 
most nearly matches an input pulse period in the center 
position adjacent to lines 57 and 83 for comparison against 

If a signal does not appear on line 182, the system is 
ready to receive a new pulse period of the voiced input 
on lines 12. Each time the beginning of a new pulse period 
of the input waveform is recognized by detector 18, the 
count in the P counter 28 is incremented, counters 24 
and 26 are reset, and flip-flop 30 is set to its one state 
thereby enabling gate 34. The circuit then proceeds to 
compare each characteristic point of the input pulse 
period against the corresponding characteristic point of 
three pulse periods stored in shift register 10 in the man-
ner described above and to accumulate the difference 
between the coordinates of each of the stored pulse periods 
and the input pulse period in accumulators 106-108. 
When a predetermined number, C, of the characteristic 
points have been looked at, a decision is made, in com-
pare circuits 118-120 and logic circuit 126, as to which 
accumulator has the lowest sum therein (and therefore 
which of the three pulse periods compared on in shift 
register 10 most nearly match the input pulse period). 
When this decision is made the contents of the correspond-
ing accumulator are gated into the sum stored in sum 
accumulator 158, the new sum is divided by the new P 
count in divider 170, and a new average diffen,nce value 
is stored in register 176. This average difference value is 
then compared against a threshold difference value in 
register 180 and, if the new average value exceeds the 
threshold, a nonverify indication is generated on line 182. 
The signals on output lines 134-136 from logic circuit 

. 126 also control the three pulse periods in shift register 
10 which the next pulse period of the input is to be com-
pared against. As indicated previously, these pulse periods 
are three adjacent pulse periods which have the pulse 
period most nearly matching the last pulse period looked 
at as their center pulse period, 

For the first pulse period of the input considered above 
it was assumed that a signal appeared on either Tl line 
134 or T2 line 135. Since, in ordinary speech, very little 
change is noted in the input between succeeding pulse 
periods, the second and several subsequent pulse periods 
of the input should most nearly match the pulse period 
stored adjacent to lines 57 and 83, resulting in signals on 
T2 line 135 from logic circuit 126. However, eventually 
a closest match will be had on the pulse period adjacent 
to lines 58 and 84, resulting in an output signal on T3 
line 136 from logic circuit 126. The signal on T3 line 
136 results in the contents of accumulator 108 being 
added into sum accumulator 158. When a signal is ob­
tained on the T3 line it means that the contents of the 
shift register should be shifted one pulse period • to the 
left from the condition these contents were in at the be-
ginning of the input pulse period. It will be remembered 
that the shifts left which occurred as a result of the sig­
nals on output line 32 from detector 20, shifted shift 

the next pulse period of the input. 
The signal on output line 144 from differentiator 146 is 

also applied through delay 164 (FIG. 2C), which delay 
is of sufficient duration to permit the above-described se­
quence of operations to be completed, and line 166 to re-

70 register 10 left one character position less than pulse 
period. The signal on output line 144 from differentiator 
146, which occurs at the end of each pulse period is ap­
plied through OR gate 36 and delay 112 to effect this 

set accumulators 106-108 and to condition gates 168 to i/5 
final one character shift to the left, resulting in the shift 
register being shifted one pulse period to the left, There., 
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fore, since the register is already set to the desired posi- and means responsive to the average difference repre~ 
tion, no additional shift operation is required . as a result sentation between the characteristic coordinates of the 
of a signal on T3 line 136. . . voiced input and the selected charac.teristic coord(~ 

As indicated previously, there is a mark in shift register nates of t_he stored voice signature e:xceec;ling a pre~ 
10 indic;l,iting the end of the voice signature. kmark de- 5 determined threshold for generating a non-verify in'-
tector 186 (FIG. 2A) is provided which continuously dication. • • . •• •. .) 
samples ·the coordinate' position in shift register. to which 2. A system of the type described in cl11,(m 1 wherein 
is adjacent to lines 58. When a mark is detected in this said means for storing stores a representation of the eri<i 
position, ipetector 186 senerates an ' output sisn~I on line of said voice ~snature; ': 
188 which is applied as one input to AND sate i~0 (FIG. 10 means for detectins last said representation; • 
2C), If .;Jhere is no sisnal ori nonverlfy line 112 at this and means responsive to said detectins means and to 
time, invi,rter 192 is senera~in& an output signa) on line the absence of said non-verify indication for acne,~ 
194 whic'h is applied to the other input of ANo;iate 190. atin& a verify indication. .: 
When AND sate 190 ls fuliy conditioned it generates an 3, A sy1t,111 of the typo described in claim 1 wherein 
output sr,nal on line 196 h1dicatin& t~at the !~entity of 15 said stored vtiice sisnature includes a plurality of p1.1liie 
the lndi\iidual in question has been verified. Th~/sisnal on periods each ihavina a plurality of characteristic coordl• 
line 188:ls also applied throuah delay 198 lin1i':'200, OR nates; ' • • ••. 
sate 183, and line 18! to reset P counter 28. means for . 4etectina the beainnina of pulse. periods of 

From the above it Is seen that th, Invention. provides said voiced input; •• : 
a Cully automatic system ·· for verlfyin11 the Identity of an l!0 and mean1, included in said comparina means, for CO!l,l• 
individual by recoanizina his voice. The voice ma'y be com• parlna the characteris.tlc coordinates of each pulse 
Ina In fr6m remote locations over telephone line'~ or radio period of .said voiced input with the characteristic co-
wavea. 'there i1 therefore no requirement that,-' the ind!· ordinates '.of selected ones of the pulse l'firloda of s8'd 
vidual be· at the location when verification la be,J,ia made. stored votce 1l1nature, and for determinina which of 
The 1yatem ha, the further a~vantaae that onlfthe peak 1!5 th, aelec~d pul1e periods has charicterlsdc coorcll• 
and valley coordlnatea (characterl1tlc coorcllnat°') for the nates moat nearly matchlna those of the Input pul~e • 
flnt few'.characterl1tlc point, of only a selectid few of p=rlod. • .. 
the total .pul1e period, of an. orlalnal voiced 1lan~Jure need 4. A system for verlfylna the voice of an indlvldu•I 
be 1tored. Thi, reaulta In 1ub1tantlally reduced iforaae re• comprislna: . . ,;: 
qulremint1 over any comparable 1y1tem, The cq'p,parlson so mean• for )torlna a voice slanature of the Individual 
aaaln1t ·•three adjacent pul•= .period• of the at~~ed voice. which slanature Includes .a plurality of ~ulse perl~s 
• 1lanature· permit, the 1tored 1ianature to be a~anced In each ha~Jna a plurality of characterlatlc coordinate•, 
1yn~hroJ3l1m with the applied Input. Al10, alnce ~ verlfica• said ch¥acterl1tlc coordinates comprlslna the cp• 
tlon l1 obtained only If the Individual 1peak1 Ute proper ordlnatea of the peak, and valley, of a predetermlnpd 
phue ( t:e,, hl1 voice 1lanature), an addltlona,l'. level of Sil number of the flnt pitch period a of 1114 plurality .,~f 
verlflcadon l1 provided by thuy1tem. : pulse period,; : .. 

While· In the deacrlptlon .•o tar It haa been an~med that means for :detectln~ the bealnnlna of pulae periods ._of 
Initial ldentlflcatlon Information waa supplied to the •Y•· 1ald vol~ed Input, • 
tem an&a proper voice 1lan11ture for the alleaedJ:i,dlvldual mean, for determlnlna characteristic coordinates of ,a 
placed ;~II 1hlft realater 10, It 11 apparent that ~e 1y1tem •0 voiced Input.from the Individual; • :: 
could bj modified to co~pare an applied Input· ,alanature and mean.a for aelectlvely comparlna . 1ald charactert,· 
aaaln•t:~. plurality of 1tored voice 1lanatum anl, to select tic coo~~lnatea of each pul11 period of old vc:ilcatd 
the volct 1lanature which matchea the applied ln~ut period, Input With the characterlatlc coordlnatea of aelec"9d 
It 11 alto apparent that, while In the embodiment of the onea ofthe pulse period, of tald 1tored. voice 1l1Q~• 
Invention 1hown In PIGS, 2A-2C, the characti'rlatlc co• 4 n ture, and for determinlna which of the. aelected puJ,e 
ordinate, of the ftnt C characterlatlc point• ( ! (pr the ex• periods , haa characteristic coordinates moat nearly 
ample 9~oaen) have been alven a welaht of 1,. and the matchlna thoae of the Input pulae period and aener• 
ch1rac~rl1tlc coordlnatea of all 1ubaequent ch1racterl1tlc atlna a.fepreaentatlon of the averaae difference there• 
i,olntl have been alven i welaht of zero, 1ome more aophla• betwee11; and : 
tlcated ,welahtln11 acheme mlaht be arrived at, ilther em• no mean, re1ponslve to the averap difference between .u.ie 
plrlcally or otherwl11, which would alve 1uperlqf verlflca• characterlatlc coordinate, of the voiced input and •the 
tlon multi, Al10, 1lnce the Input, to the 1y1tem &.l'e 1n11l01, selected characterl1tlc coordinates of the 1tored VQb:e 
a p01~ble alternative to the 1ystem 1hown wcijild be to 1lanat~re exceedlna a predetermlne4 threshold (if~r 
1tore ,t.naloa valuea of the characterl1tlc coo,rdijlat11 and aener~tlna • non-verify Indication, i 
u1e analoa component• for performlna the different oper• ll/1 S, A 1y1tem of the type de1orlbed In claim 4 whertln 
l\tl011nequlred, :, , the pulse period• of uld plurality of pul11 period, are 

While the lnventl_on h11 been particularly 1hown and de• on11 who-. characterl1tlc coordinates differ alanlflcantly 
1crlbed with reference to a preferred embodiment tharerf, from each adjacent pulse period of the voice 1lanature, 
It will be undtntood by tho11 1kllled In the ar.t that the IS, A 1yst1m of the type deaor!bed In claim S lncludlna 
foreaolna and other chan111 In form and detaU1 may be oo m11n1 for controlllna the rate at which 1ucceedln1 pulH 
made there without departlna from tha 1plrlt and 1cope period• of aald atortd voice 1!1naturt are aelecttd II aald 
of the Invention, 11lecttd onea of the pulae period• In I manner auch that 

What 11 claimed 111 each 11ul11 period of I matchlna voiced Input la alwaya 
1, A 1y1tem tor verlfylna the voice of an Individual compared aaalnat the mo1t•n11rly-matchln1 pul11 period 

eomprllln11 Oil In aald 1tored voice 1l1nature. 
m11n1 tor 1torln1 a voice 1!1111ature of the Individual 7, A 1y1tem for verlfylna the voice of an Individual com• 

which 1!1n1turt lnoludn a plurality of chmcterl1tlc prl1ln1: 
eoordlnat11; m11n1 tor 1torln1 a voice alanature of the . Individual • 

m11n1 for d1ttrmlnln1 oh1r1oterl1tlo ooordlnat11 of a which 1!1naturt lncludn I plurality of pulH r1rlod1 
voiced Input from the lndlvlduah TO eaoh h1vln1 1 plurality of characterl1tlc coordlnatt11 

m11n1 for 11l1otlv'1ly • oomi,arln1 the ohmot1rl1tlc on• m11n1 for detectlna the betdnnlna of pul11 period, of 
ordl"ath of 11ld voiced Input with the ohmoterll• 11ld voiced Input from an lndlvlduah .. 
tic ooordln1t11 of '11ld 1tored voice 1l1natur1 11nd a•n• m11n1 for determlnlna oharaoterlatlo ooordlnatea of aald 
1ratln1 a reprenntatlon of the averaae dlfferenee voiced Input; • 
~herebetween1 • • • • Tll m11n1 for 111tctlvety oomparlna 11ld characttrlaUc CO• 
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ordinates of each pulse period of said voiced input 
with the characteristic coordinates of selected ones of 
the pulse periods of said stored voice signature, where-
in said selected ones of the pulse periods of the voice 
signature are three adjacent pulse periods, including 
means for determining which of said three adjacent 5 

pulse periods of said voice signature has characteris-
tic coordinates most nearly matching those of a pulse 
period of said voiced input; 

control means for causing said most-nearly-matching 10 
pulse period of said voice signature to be the center 
pulse period of the three adja:ent puise periods which 
the next pulse period of said voiced input are com­
pared against; 

means for generating a representation of the average 15 
difference between said selected charactristic co­
ordinates of the voiced input and said selected charac­
teristic coordinates of said storect' voice signature; 
and 

means responsive to said average difference exceeding 20 
a predetermined threshold for generating a non-verify 
indication. 

8. A system of the type described in claim 7 wherein 
said stored voi~e signature is stored in a shift register; 

and wherein said control means includes means res:::on- 25 
sive to the right-hand one of said three adjacent pulse 
periods being the most-nearly-matching one for caus-
ing an effective one pulse period shift to the left in 
said shift register; 

means responsive to the center one of said three adja- 30 
cent pulse periods being the most-nearly-matching 
one for causing the contents of said shift register to 
be restored to their initial condition; 

and means responsive to the left-hand one of said three 
adjacent pulse periods being the most-nearly-match- 35 
ing one for causing an effective one pulse period shift 
to the right in said shift register. 

9. A method of verifying the identity of an individual 
comprising the steps of: 

storing a voice signature of the individual which figna- 40 
ture includes a plurality of characteristic coordinates; 

determining the characteristic coordinates of a voiced 
input from an individual; 

selectively comparing the characteristic coordinates of 
said voiced input with the characteristic coordinates 45 
of said stored-voice signature and generating a repre­
sentation of the average difference there between; and 

generating a non-verify indication when the average 
difference between the characteristic coordinates of 
the voiced input and the selected characteristic co- 50 
ordinates of the stored voice signature exceed a pre­
determined threshold. 

IO. A method of the type described in claim 9 including 
the steps of: 

storing a representation of the end of said voice signa- 55 
ture; 

detecting last said representation; and 
generating a verify indication if last said representation 

is detected before a non-verify indication is generated. 
11. A method of verifying the identifying of an indi- 60 

victual comprising the steps of: 
storing a voice signature of the individual which signa­

ture includes a plurality of pulse periods, each having 
a plurality of characteristic coordinates, said pulse 
periods being those of an original voiced input which 65 
differ significantly from adjacent stored pulse periods; 

determining the characteristic coordinates of a voiced 
input from an individual; 

selectively comparing the characteristic coordinates of 
a given pulse period of said voiced input with the 70 
characteristic coordinates of selected ones of pulse 
periods of said stored-voice signature; 

12 
determining which of said selected pulse periods has 

coordinates most nearly matching those of said given 
input pulse period; 

utilizing said above determination to control the rate 
at which succeeding pulse periods of said stored 
voiced signature are selected as said selected ones 
of the pulse periods in a manner such that each pulse 
period of a matching voiced input is always com­
pared against the most-nearly-matching pulse period 
of said stored voiced signature; and 

generating a non-verify indication when the average 
difference between the characteristic coordinates of 
the -voiced input and the selected characteristic co­
ordinates of the stored voiced signature exceed a pre­
determined threshold. 

12. A method of the type described in claim 11 wherein 
only the coordinates of a predetermined number of the 
first peaks and valleys of said plurality of pulse periods 
are stored as said stored voice signature, 

13. A method of the type described in claim 11. wherein 
the selected ones of said plurality of pulse periods are 
three adjacent pulse periods and said manner of selecting 
said three adjacent pulse periods of the stored voice sig­
nature is such that the center one of the three adjacent 
pulse periods which are compared against a given input 
pulse period is the pulse period of the stored voice signa­
ture which most nearly matched the previous input pulse 
period. 

14. A system for verifying the voice of an individual 
comprising: 

means for storing a voice signature of the individual 
which signature includes a plurality of characteristic 
coordinates and wherein said voice signature com­
prises data representative of less than a full word 
and includes a representation of the end of said 
voice signature; 

means for determining characteristic coordinates of a 
voiced input from the individual; 

means for selectively comparing the characteristic co­
ordinates of said voiced input with the characteristic 
coordinates of said stored voice signature and gen­
erating a representation of the average differenr.~ 
there between; 

means responsive to the average difference representa­
tion between the characteristic coordinates of the 
voiced input and the selected characteristic coordi­
nates of the stored voice signature exceeding a pre­
determined threshold for generating a non-verify 
indication; 

means for detecting said representation of the end said 
voice signature; 

and means responsive to said detecting means and to 
the absence of said non-verify indication for generat­
ing a verify indication. 

3,202,761 
3,129,287 
3,036,268 
2,866,899 
2,685,615 
2,403,986 
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