
US 20050102133A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0102133 A1 
(19) United States 

Rees (43) Pub. Date: May 12, 2005 

(54) VOICE ACTIVATED DEVICE (30) Foreign Application Priority Data 

Sep. 12, 2003 (GB) ....................................... .. 03214475 

(75) Inventor: David Llewellyn Rees, Berkshire (GB) 

Correspondence Address: 
FITZPATRICK CELLA HARPER & SCINTO 
30 ROCKEFELLER PLAZA 
NEW YORK, NY 10112 (US) 

(73) Assignee: CANON 
Tokyo (JP) 

KABUSHIKI KAISHA, 

(21) Appl. No.: 10/937,558 

Publication Classi?cation 

(51) Int. Cl? ................................................... ..G10L 19/14 
(52) US. Cl. ............................................................ ..704/205 

(57) ABSTRACT 

Avoice activated camera is described Which alloWs users to 
take remote photographs by speaking one or more key 
Words. In a preferred embodiment, a speech processing unit 
is provided Which is arranged to detect extended periodic 
signals from a microphone of the camera. A control unit is 
also provided to control the taking of a photograph When 
such an extended periodic component is detected by the 

(22) Filed: Sep. 10, 2004 speech processing unit. 
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VOICE ACTIVATED DEVICE 

[0001] The present invention relates to an apparatus and 
method for controlling a remote device by voice. The 
invention can be used, for example, to control the remote 
taking of photographs or movies by a camera, camcorder or 
other image capture device. 

[0002] To take a photograph With a camera, a user usually 
holds the camera, looks through a vieW?nder situated on the 
back of the camera to frame the scene and then presses a 
button to cause a shutter in the camera to release, thereby 
exposing light onto photographic ?lm or a light capturing 
electronic device. HoWever, in situations Wherein the user 
desires to be included in the photograph, e.g. group photo 
graphs, portrait photographs etc., the user Will typically be 
some distance remote from the camera and cannot take a 
photograph in the usual manner. The term “remote photo 
graph” Will be used herein to describe the situation Where the 
user desires to take a photograph Without making physical 
contact With the camera In this situation, the user must have 
a Way to activate the shutter Without having to manually 
press a button on the camera. 

[0003] It is knoWn in the art to provide a timer on the 
camera in order to alloW a remote photograph to be taken. 
With this camera, the user indicates that a remote photo 
graph is to be taken by activating a speci?c sWitch on the 
camera and after a predetermined period of time a photo 
graph is taken. HoWever, this approach is in?exible and 
unsatisfactory for many scenarios since, if the timer period 
is too short, the photograph is taken before the user is ready, 
and if the timer period is too long, the user is left Waiting for 
the camera to take the photograph. Further, if more than one 
remote photograph is to be taken, then the user must return 
to the camera each time in order to reset the timer period and 
then return to the desired location before the next photo 
graph is taken. 

[0004] It is also knoWn in the art to provide a camera With 
a remote control. In this case, a remote photograph can be 
taken Without reliance on a timer. HoWever, the presence of 
the remote control adds to the overall cost of the camera. 
Further, the remote control is inconvenient since the user 
must carry it in addition to the camera in order to take remote 
photographs. 
[0005] It is also knoWn in the art to provide a camera With 
speech activated remote photograph taking, in Which the 
camera is programmed to detect a speci?c spoken keyWord 
using an automatic speech recognition unit. Such cameras 
have the advantage of not requiring a remote control Whilst 
still alloWing a photograph to be taken When the user is 
ready. HoWever, these cameras may be unsuitable in fairly 
noisy situations Where the keyWord may not be detected due 
to corruption of the user’s speech signal due to background 
noise and attenuation. Further, automatic speech recognition 
is computationally expensive and requires memory for stor 
ing the Word models 

[0006] It is an aim of the present invention to provide an 
alternative technique of processing input speech signals to 
detect speech for controlling a device. 

[0007] It is a further aim of the present invention to 
provide an alternative technique of alloWing a user to 
activate a remote photograph function on an image capture 
device. 
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[0008] According to one aspect, the present invention 
provides an apparatus for controlling a device, the apparatus 
comprising: means for dividing a received speech signal into 
a sequence of speech frames; means for processing each 
speech frame to determine a measure of the periodicity of 
the speech Within the speech frame; means for processing 
the periodicity measures from a plurality of successive 
speech frames to detect an extended periodic portion of 
speech and means for controlling the device in dependence 
upon the detection of said extended periodic portion. 

[0009] According to another aspect, the present invention 
provides an image capture device comprising: means for 
receiving a speech signal; means adapted to detect an 
extended periodic portion Within the received speech signal; 
and means for controlling the image capture device to 
capture an image in dependence upon a detection made by 
said detecting means. 

[0010] According to another aspect, the present invention 
provides a method of controlling a device, the method 
comprising: receiving a speech signal; dividing the speech 
signal into a sequence of speech frames, each speech frame 
representing a time portion of the speech signal; processing 
each speech frame to determine a measure of periodicity of 
the portion of the speech signal represented by the speech 
frame; detecting an extended periodic portion Within the 
received speech signal using the periodicity measures from 
a plurality of successive speech frames; and controlling said 
device in dependence upon a detection made by said detect 
ing step. 
[0011] Exemplary embodiments of the present invention 
Will noW be described With reference to the accompanying 
draWings in Which: 

[0012] FIG. 1 schematically illustrates a group of people 
having their photograph taken, a member of the group 
saying the Word “cheeeese” and a camera located remote 
from the group taking the photograph; 

[0013] FIG. 2 is a schematic block diagram illustrating the 
main components of the camera shoWn in FIG. 1; 

[0014] FIG. 3 is a schematic block diagram illustrating the 
main components of a speech processing unit shoWn in FIG. 
2; 
[0015] FIG. 4 is a plot of a typical speech Waveform 
generated by a microphone of the camera, Which illustrates 
the Way in Which the speech signal is divided into a number 
of non-overlapping frames; 

[0016] FIG. 5 is a schematic block diagram illustrating the 
main components of a frame periodicity determining unit 
shoWn in FIG. 3; 

[0017] FIG. 6 is a plot illustrating an output of an auto 
correlation unit shoWn in FIG. 5 for a frame of speech; 

[0018] FIG. 7 is a schematic block diagram illustrating the 
main components of an extended periodicity determining 
unit shoWn in FIG. 3; 

[0019] FIG. 8 is a schematic block diagram illustrating the 
main components of an alternative speech processing unit to 
the one shoWn in FIG. 2. 

OVERVIEW 

[0020] FIG. 1 shoWs a group of ?ve people 1-1 to 1-5 Who 
are posing for a photograph. When the group is ready for 
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their photograph to be taken, one of them 1-1 says the word 
cheese with an extended vowel portion “eeee”. In this 
embodiment, the camera 3 is operable to detect this extended 
vowel portion and, if detected, to take a photograph. 

[0021] FIG. 2 is a schematic block diagram which shows 
the main components of the camera 3. In normal use, a user 
controls the camera 3 via a user input device 31 (such a 
button or dial). This user input is passed to a camera control 
unit 33 which controls the camera, for example to control a 
shutter 35 which allows light onto photographic ?lm or a 
light sensitive electronic component such as a CCD or 
CMOS sensor (not shown). The camera control unit 33 also 
controls a user output device 37 (such as an LCD display or 
LED lights) in order to indicate camera and photograph 
status information (such as camera power, light intensity, 
?ash mode etc.) to the user. As shown in FIG. 2, the camera 
3 also includes a microphone 39 for converting a user’s 
speech into corresponding electrical speech signals; and a 
speech processing unit 41 which processes the electrical 
speech signals to detect the presence of a keyword in the 
user’s speech and which informs the camera control unit 33 
accordingly. 

SPEECH PROCESSING UNIT 

[0022] As discussed above, the speech processing unit 41 
is arranged to detect keywords spoken by the user in order 
to control the taking of remote photographs. In this embodi 
ment, the speech processing unit does not employ a “con 
ventional” automatic speech recognition type keyword spot 
ter which compares the spoken speech with stored models to 
identify the presence of one of the keywords. Instead, the 
speech processing unit 41 used in this embodiment is 
arranged to detect a sustained periodic signal within the 
input speech, such as would occur if the user gays the word 
“cheeeese” or some other similar word. The inventor has 
found that because of the strong periodic nature of such a 
sustained vowel sound, the speech processing unit 41 can 
still detect the sound even at very low signal-to-noise ratios. 

[0023] The way in which the speech processing unit 41 
operates in this embodiment will now be explained with 
reference to FIGS. 3 to 7. 

[0024] FIG. 3 illustrates the main functional blocks of the 
speech processing unit 41 used in this embodiment. The 
input signal (S(t)) received from the microphone 39 is 
sampled (at a rate of just over 11 KHZ) and digitised by an 
analogue-to-digital (A/D) converter 101. Although not 
shown, the speech processing unit 41 will also include an 
anti-aliasing ?lter before the A/D converter 101, to prevent 
aliasing effects occurring due to the sampling. The sampled 
signal is then ?ltered by a bandpass ?lter 103 which removes 
unwanted frequency components. Since voiced sounds (as 
opposed to fricative sounds) are generated by the vibration 
of the user’s vocal cords, the smallest fundamental fre 
quency (pitch) of the periodic signal to be detected will be 
approximately 100 HertZ Therefore, in this embodiment, the 
bandpass ?lter 103 is arranged to remove frequency com 
ponents below 100 HertZ which will not contribute to the 
desired periodic signal. Also, the bandpass ?lter 103 is 
arranged to remove frequencies above 500 HertZ which 
reduces broadband noise from the signal and therefore 
improves the signal-to-noise ratio. The input speech is then 
divided into non-overlapping equal length frames of speech 
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samples by a framing unit 105. In particular, in this embodi 
ment the framing unit 105 extracts a frame of speech 
samples every 23 milliseconds. With the sampling rate used 
in this embodiment, this results in each frame having 256 
speech samples. FIG. 4 illustrates the sampled speech signal 
(S(n), shown as a continuous signal for ease of illustration) 
and the way that the speech signal is divided into non 
overlapping frames. 

[0025] As shown in FIG. 3, each frame f1 of speech 
samples is then processed by a frame periodicity determin 
ing unit 107 which processes the speech samples within the 
frame to calculate a measure of the degree of periodicity 
of the speech within the frame. A high degree of periodicity 
within a frame is indicative of a voiced sound when the 
vocal cords are vibrating. A low degree of periodicity is 
indicative of noise or fricative sounds. The calculated peri 
odicity measure is then stored in a ?rst-in-?rst-out buffer 
109. In this embodiment, the buffer 109 can store frame 
periodicity measures for forty-four consecutive frames, cor 
responding to just over one second of speech. Each time a 
new frame periodicity measure is added to the buffer 109, an 
extended periodicity determining unit 111 processes all of 
the forty-four periodicity measures in the buffer 109 to 
determine whether or not a sustained periodic sound is 
present within the detection window represented by the 
forty-four frames. 

[0026] When the extended periodicity determining unit 
111 detects a sustained periodic sound within the speech 
signal, it passes a signal to the camera control unit 33 
con?rming the detection. As discussed above, the camera 
control unit 33 then controls the operation of the camera 3 
to take the photograph at the appropriate time. 

FRAME PERIODICITY DETERMINING UNIT 

[0027] As those skilled in the art will appreciate, various 
techniques can be used to determine a measure of the 
periodicity of the speech within each speech frame. How 
ever, the main components of the particular frame period 
icity determining unit 107 used in this embodiment is shown 
in FIG. 5. As shown, the frame periodicity determining unit 
107 includes an auto-correlation determining unit 1071 
which receives the current speech frame fi from the framing 
unit 105 and which determines the auto-correlation of the 
speech samples within the frame. In particular, the auto 
correlation determining unit 1071 calculates the following 
function: 

NiLir (l) 

[0028] where is the jth sample within the current 
frame, N is the number of samples in the frame, j=0 to N-1 
and L=0 to N-1. 

[0029] The value of A(L) for L=0 is equal to the signal 
energy and for L>0 it corresponds to shifting the signal by 
L samples and correlating it with the original signal. A 
periodic signal shows strong peaks in the auto-correlation 
function for values of L that are multiples of the pitch period. 
In contrast, non-periodic signals do not have strong peaks. 
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[0030] FIG. 6 shows the auto-correlation function for a frame of speech ? representing a speech signal Which 

is periodic and Which repeats approximately every 90 
samples. As shoWn in FIG. 6, the auto-correlation around 
L=180. Further, the value of the auto-correlation function at 
L=90 is approximately the same as the value at L=0, 
indicating that the signal is strongly periodic. 

[0031] The fundamental frequency or pitch of voiced 
speech signals varies betWeen 100 and 300 HertZ. Therefore, 
a peak in the auto-correlation function is expected betWeen 
L1OW=FS/300 and Lhigh=FS/100, Where FS is the sampling 
frequency of the input speech signal. Consequently, in this 
embodiment, the auto-correlation function output by the 
auto-correlation determining unit 1071 is input to a peak 
determining unit 1073 Which processes the auto-correlation 
values betWeen A(LLOW) and A(LHIGH) to identify the peak 
value (A(LMAPQ) Within this range. In this embodiment, 
With a sampling rate of just over 11 kHZ the value of LLOW 
is 37 and the value of LHIGH is 111. This search range of the 
peak determining unit 1073 is illustrated in FIG. 6 by the 
vertical dashed lines, Which also shoWs the peak occurring 
at LM AX=90. The auto-correlation values A(0) and A(LMAPQ 
are then passed from the peak determining unit 1073 to a 
periodicity measuring unit 1075 Which is arranged to gen 
erate a normalised frame periodicity measure for the current 
frame by calculating: 

V_ _ Ai(LMAx) (2) 

t _ M0) 

[0032] Where vi Will be approximately one for a periodic 
signal and close to Zero for a non-periodic signal. 

EXTENDED PERIODICITY DETERMINING 
UNIT 

[0033] The operation of the extended periodicity deter 
mining unit 111 Will noW be described in more detail With 
reference to FIG. 7, Which shoWs a block diagram of the 
main components of the extended periodicity determining 
unit 111 used in this embodiment. As discussed above, the 
purpose of the extended periodicity determining unit 111 is 
to process the periodicity measures stored in the buffer 109 
to detect a sustained voiced (i.e. periodic) signal With a 
minimum duration of one second. It does this by checking 
the variability of the periodicity measures currently stored 
Within the buffer 109. In this embodiment, the extended 
periodicity determining unit 111 generates tWo different 
measures of this variability. In particular, in this embodi 
ment, the extended periodicity determining unit 111 includes 
a ?rst periodicity measure processing unit 111 Which is 
operable to calculate the folloWing variability measure from 
the periodicity measures stored in the buffer 109: 

(3) 
u | El e 1M; 5 

[0034] Where W is the number of periodicity measures in 
the buffer 109 (and is the value forty-four in this embodi 
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ment). The value of m should therefore be close to Zero for 
a sustained periodic signal and should be close to one for a 
non-periodic signal. 
[0035] The extended periodicity determining unit 111 also 
includes a second periodicity measure processing unit 1113 
Which also processes the periodicity measures stored is in 
the buffer 109 to generate the folloWing second variability 
measure: 

(4) 
5: 

[0036] The value of a should also be small (close to Zero) 
for a sustained periodic signal and should be larger for 
signals containing both periodic and a periodic portions As 
shoWn in FIG. 7, the above variability measures are then 
output by the respective processing units to a combination 
unit 1115 Which, in this embodiment, linearly combines the 
tWo variability measures as folloWs: 

Am+s (5) 

[0037] Where A is an appropriate scale factor. The com 
bined variability measure de?ned by equation (5) above is 
then compared With a predetermined threshold value (Th) in 
a threshold unit 1117 and, based on the comparison result, a 
decision is made by a decision unit 1119 as to Whether or not 
the speech in the current detection WindoW corresponds to 
an extended periodic signal In particular, if the speech signal 
does correspond to an extended periodic signal, then the 
value of Am+s should be less than the threshold, Whereas if 
it does not, then Am+s should be greater than the threshold. 
As those skilled in the art Will appreciate, suitable values for 
the scale factor A and the threshold Th can be determined 
empirically in advance using recordings of extended peri 
odic signals and environmental noise. 

[0038] Therefore, as those skilled in the art Will appreci 
ate, each time a neW periodicity measure for the next speech 
frame is input into the buffer 109, the extended periodicity 
determining unit 111 determines Whether or not the speech 
in the neW detection WindoW corresponds to an extended 
periodic signal. HoWever, if the peak value of Am+s happens 
to be close to the threshold value, then several detections 
may be triggered in a short time. In order to avoid this 
problem, the decision unit 1119 does not output a neW 
decision indicating an extended periodic portion for one 
second after the previous such decision Was made. 

[0039] Summary and Advantages 
[0040] As those skilled in the art Will appreciate, a system 
has been described above Which alloWs the user to take 
remote photographs using only their voice. Rather than use 
an automatic speech recognition system Within the camera, 
the camera includes a speech processing system Which is 
arranged to detect a sustained periodic signal Within the 
user’s speech and, When detected, causes the camera to take 
the photograph. The system therefore has the folloWing 
advantages over existing camera systems: 

[0041] (1) the camera shutter is able to be operated 
When the user is ready for the photograph to be taken 
in contrast to a timer system Where the user must 
Wait for the timer. 
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[0042] (2) The camera shutter can be operated any 
number of times in contrast to a timer system Where 
the user must reset the timer for each photograph. 

[0043] (3) The camera shutter can be operated With 
out the need for an additional remote control device 
that is inconvenient and adds to the cost of the 
camera. 

[0044] (4) Periodic signals can be detected even 
When contaminated With high levels of noise. This is 
important because the user might be several metres 
from the microphone of the camera and the signal 
to-noise ratio may therefore be small. Current auto 
matic speech recognition systems perform poorly at 
such loW levels of signal-to-noise ratio. 

[0045] (5) The system does not require localisation 
for each language since the user can be instructed to 
utter any Word that contains a sustained voWel 
sound. In contrast, eXisting automatic speech recog 
nition techniques Would require speech data to be 
collected for each language and Would signi?cantly 
increase the cost of the camera. 

[0046] (6) The processing of the acoustic signal is 
relatively simple and does not therefore have very 
high computational and memory resource require 
ments compared With those of a full automatic 
speech recognition system. 

[0047] Alternatives and Modi?cations 

[0048] An embodiment has been described above of a 
voice-activated camera Which alloWs a user to take remote 

photographs by speaking a keyWord. A technique has been 
described for detecting the keyWord by detecting eXtended 
periodic sounds uttered by the user. As those skilled in the 
art Will appreciate, the particular keyWord detection algo 
rithm described above can be used to control other devices 
as Well as cameras. 

[0049] In the above embodiments, the speech processing 
unit Was arranged to divide the speech signal into a number 
of successive frames and to calculate a measure of the 
periodicity of the speech Within each frame. This periodicity 
measure Was deter-mined by performing an auto-correlation 
of the speech signal Within the frame. As those skilled in the 
art Will appreciate, because of the equivalent relationship 
betWeen correlation in the time domain and multiplication in 
the frequency domain, a similar periodicity measure can be 
determined by taking the Fourier transform of the speech 
samples Within each frame, squaring the transform and then 
looking for the periodic peaks Within the squared transform. 
The Way in Which such an alternative embodiment Would 
operate Will be apparent to those skilled in the art and Will 
not be described further. 

[0050] In the above embodiment, a ?lter Was used after the 
analogue-to-digital converter in order to remove higher 
frequency speech components to thereby improve the signal 
to-noise ratio. In an alternative embodiment, the bandpass 
?lter may be replaced With a Weiner ?lter Which is tuned to 
the spectral shape of an eXtended voWel sound. Such a ?lter 
Will therefore improve the signal-to-noise ratio for such 
eXtended voWel sounds, making the algorithm more sensi 
tive to eXtended voWels and less sensitive to other sounds. 
The Way in Which such Weiner ?lters Work Will be apparent 
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to those skilled in the art in signal processing and Will not, 
therefore, be described further. 

[0051] In the above embodiment, the speech processing 
unit can detect periodic signals having a fundamental fre 
quency greater than 300 HertZ. In order to mitigate this 
problem, the speech processing unit may also include a pitch 
detection circuit Which processes the speech signal in order 
to estimate the pitch of the user’s signal. The speech 
processing unit can then use this estimated pitch to reject 
sounds outside of the 100 to 300 HZ range. Additionally, if 
such a pitch detector is provided, then the eXtended period 
icity determining unit may also check to ensure that the 
estimated pitch also does not change greatly during the 
current detection WindoW (corresponding to the current set 
of periodicity measures Within the buffer). This may help to 
reject musical sounds Which also include periodic compo 
nents but Whose fundamental frequency changes over time. 

[0052] In the above embodiments, the speech processing 
unit did not use any spectral shape information to detect the 
eXtended voWel sound uttered by the user. FIG. 8 illustrates 
an embodiment Where the speech detection unit uses such 
spectral shape information to detect the eXtended voWel 
sound. The same reference numbers have been given to 
components that have equivalent functionality as in the ?rst 
embodiment and these Will not be described again. As 
shoWn, in this embodiment, the speech processing unit 
includes a spectral shape determining unit 113 Which pro 
cesses the speech samples Within each frame to determine a 
vector representing the spectral shape of the speech Within 
the frame. Any standard spectral representation may be used 
such as the cepstral or LPC spectral representations. 

[0053] The spectral parameters for the current frame gen 
erated by the spectral shape determining unit 113 are then 
input to the ?rst-in-?rst-out buffer 109. The sets of spectral 
parameters stored in the buffer 109 are then compared by the 
comparison unit 115 With a spectral voicing model 117 for 
a voWel sound. The result of the comparison is then pro 
cessed by the eXtended periodicity determining unit 111, 
again to determine if an eXtended periodic sound is present 
Within the input speech. Further, the eXtended periodicity 
determining unit may be arranged to control the detection by 
checking that the spectral shape parameters for the frames in 
the buffer 109 do not change by more than predetermined 
amount. In the embodiment described above, a periodicity 
measure Was calculated for each frame of speech using an 
auto-correlation calculation. As those skilled in the art Will 
appreciate, other periodicity measures can be used. For 
eXample, the Average Magnitude Difference (AMDF) 
method could be used Which calculates the folloWing func 
tion: 

[0054] As those skilled in the art Will appreciate, this 
function is faster than auto-correlation to implement in 
integer arithmetic since it does not involve any multiplica 
tion. 

[0055] In the embodiment described above, the eXtended 
periodicity measure determining unit calculated tWo mea 
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sures that represented the variation of the periodicity mea 
sures Within the detection WindoW (i.e. for the frames Within 
the buffer). As those skilled in the art Will appreciate, it is not 
essential to use both of these variation measures. Further, it 
is not essential to use the particular variation measures that 
are calculated. For example, the variation measures given in 
equations (3) and (4) may be modi?ed to replace the 
absolute operations With a square operation. Further, in an 
alternative embodiment only one of the variation measures 
may be used. Additionally, Where more than one variation 
measure is used, it is not essential to combine these in a 
linear manner. Instead, the variation measures may be com 
bined in a non-linear Way by, for eXample, a neural netWork. 

[0056] In the embodiment described above, the frame 
periodicity determining unit calculated an auto-correlation 
function for the speech samples Within each frame in the 
current detection WindoW. HoWever, since the peak deter 
mining unit searches for a peak Within the auto-correlation 
function betWeen A(LLOW) and A(Lhigh) it is only necessary 
for the auto-correlation determining unit to calculate the 
auto-correlation function betWeen these values and to cal 
culate A(0). 

[0057] In the embodiment described above, the frame 
periodicity determining unit determined a measure of the 
periodicity of the speech Within each frame by using an 
auto-correlation calculation. Alternatively, the camera may 
be pre-trained by the user and may store a frame of speech 
corresponding to a voiced portion uttered by the user. In this 
case, the frame periodicity determining unit may perform a 
cross correlation betWeen each frame in the received speech 
and the stored frame from the training speech. Although 
such an embodiment requires a user training routine, it offers 
the advantage that the camera Will only detect periodic 
signals Whose fundamental frequency matches the pitch of 
the training speech. The system Will therefore be more 
robust to similar periodic signals coming from different 
users or from different sources. 

[0058] In the above embodiment, the periodicity measures 
for the frames in the current detection WindoW Were com 
bined and then the combined measure Was compared With a 
predetermined threshold. Alternatively, each periodicity 
measure may be compared With the threshold and a running 
score kept of the number of periodicity measures in the 
current detection WindoW Which are greater than or less than 
the threshold value. The eXtended periodicity determining 
unit can then determine if there is an eXtended periodic 
speech signal from this running total. 

[0059] In the above embodiment, a camera has been 
described having a number of processing modules. As those 
skilled in the art Will appreciate, these processing modules 
may be implemented by dedicated hardWare circuits or they 
may be implemented using a general purpose processor 
controlled by softWare instructions. The softWare instruc 
tions may be programmed in advance into the camera or they 
may be purchased later and, for eXample, doWnloaded from 
a Website into the camera. 

[0060] In the embodiment described above, the eXtended 
periodicity determining unit processed the periodicity mea 
sures stored in the buffer to detect a sustained voiced signal 
With a minimum duration of one second. As those skilled in 
the art Will appreciate, the minimum duration does not have 
to be one second to detect a sustained voiced signal. HoW 
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ever, if the minimum duration is too short, then this may 
result in too many detections and if the minimum duration 
is too long, then this may be inconvenient for the user. In a 
preferred embodiment, therefore, the minimum duration is 
preferably set betWeen half a second and one and a half 
seconds. 

1. An apparatus for controlling a device, the apparatus 
comprising: 

a receiver operable to receive a speech signal; 

a divider operable to divide the speech signal-into a 
sequence of speech frames, each speech frame repre 
senting a time portion of the speech signal; 

a processor operable to process each speech frame to 
determine a measure of periodicity of the portion of the 
speech signal represented by the speech frame; 

a detector operable to detect an eXtended periodic portion 
Within the received speech signal using the periodicity 
measures from a plurality of successive speech frames; 
and 

a controller operable to control said device in dependence 
upon a detection made by said detector. 

2. An apparatus according to claim 1, Wherein said 
detector comprises a combiner operable to combine the 
periodicity measures from said plurality of successive 
speech frames. 

3. An apparatus according to claim 2, Wherein said 
detector is operable to combine said plurality of periodicity 
measures to calculate a measure of the variability of the 
periodicity measures for said successive speech frames. 

4. An apparatus according to claim 2, Wherein said 
detector is operable to combine said plurality of periodicity 
measures to calculate a plurality of measures of the vari 
ability of the periodicity measures for said successive speech 
frames and is operable to combine the plurality of variability 
measures and to detect said eXtended periodic portion from 
the combined variability measure. 

5. An apparatus according to claim 4, Wherein said 
detector is operable to linearly combine said plurality of 
variability measures. 

6. An apparatus according to claim 4, Wherein said 
detector is operable to combine said plurality of variability 
measures in a non-linear manner. 

7. An apparatus according to claim 2, Wherein said 
detector is operable to compare the combined periodicity 
measures With a threshold value. 

8. An apparatus according to claim 1, Wherein said 
processor is operable to determine an auto-correlation func 
tion for each speech frame. 

9. An apparatus according to claim 8, Wherein said 
processor comprises a peak determiner operable to locate a 
maXimum auto-correlation value Within a predetermined 
part of said auto-correlation function. 

10. An apparatus according to claim 9, Wherein said 
predetermined part corresponds to an input frequency of the 
speech signal in the range of 100 HertZ to 300 HertZ. 

11. An apparatus according to claim 9, Wherein said 
processor is operable to calculate: 



US 2005/0102133 A1 

Where A(0) is the value of the auto-correlation function for 
a Zero shift and A(Lmax) is said maximum auto-correlation 
value determined by said peak determiner. 

12. An apparatus according to claim 1, further comprising 
an analogue to digital converter operable to sample the 
received speech signal. 

13. An apparatus according to claim 12, Wherein said 
divider is operable to divide said speech signal so that each 
frame comprises the same number of samples. 

14. An apparatus according to claim 1, further comprising 
a microphone and Wherein said receiver is operable to 
receive said speech signal from said microphone. 

15. An apparatus according to claim 1, Wherein said 
device is an image capture device and Wherein said control 
ler is operable to activate the image capture device to capture 
an image. 

16. An apparatus according to claim 1, Wherein said 
detector is operable to process the periodicity measures from 
successive speech frames corresponding to a predetermined 
duration of speech. 

17. An apparatus according to claim 16, Wherein said 
detector is operable to process the periodicity measures from 
successive speech frames corresponding to a portion of 
speech having a duration betWeen half a second and one and 
a half seconds. 

18. An apparatus for controlling a device, the apparatus 
comprising: 

a receiver operable to receive a speech signal; 

a detector operable to detect an extended periodic portion 
Within the received speech signal; and 

a controller operable to control said device in dependence 
upon a detection made by said detector. 

19. An image capture device comprising: 

a receiver operable to receive a speech signal; 

a detector operable to detect an extended periodic portion 
Within the received speech signal; and 

a controller operable to control the image capture device 
to capture an image in dependence upon a detection 
made by said detector. 

20. A method of controlling a device, the method com 
prising: 

receiving a speech signal; 

dividing the speech signal into a sequence of speech 
frames, each speech frame representing a time portion 
of the speech signal; 

processing each speech frame to determine a measure of 
periodicity of the portion of the speech signal repre 
sented by the speech frame; 

detecting an extended periodic portion Within the received 
speech signal using the periodicity measures from a 
plurality of successive speech frames; and 

controlling said device in dependence upon a detection 
made by said detecting step. 
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21. A method according to claim 20, Wherein said detect 
ing step combines the periodicity measures from said plu 
rality of successive speech frames. 

22. A method according to claim 21, Wherein said detect 
ing step combines said plurality of periodicity measures to 
calculate a measure of the variability of the periodicity 
measures for said successive speech frames. 

23. A method according to claim 21 Wherein said detect 
ing step: 

combines said plurality of periodicity measures to calcu 
late a plurality of measures of the variability of the 
periodicity measures for said successive speech frames; 
and 

combines the plurality of variability measures and detects 
said extended periodic portion from the combined 
variability measure. 

24. A method according to claim 23, Wherein said detect 
ing step linearly combines said plurality of variability mea 
sures. 

25. A method according to claim 23, Wherein said detect 
ing step combines said plurality of variability measures in a 
non-linear manner. 

26. A method according to claim 21, Wherein said detect 
ing step compares the combined periodicity measures With 
a threshold value. 

27. An method according to claim 20, Wherein said 
processing step determines an auto-correlation function for 
each speech frame. 

28. A method according to claim 27, Wherein said pro 
cessing step comprises a peak determining step to locate a 
maximum auto-correlation value Within a predetermined 
part of said auto-correlation function. 

29. A method according to claim 28, Wherein said prede 
termined part corresponds to an input frequency of the 
speech signal in the range of 100 HertZ to 300 HertZ. 

30. A method according to claim 28, Wherein said pro 
cessing step calculates: 

Where A(0) is the value of the auto-correlation function for 
a Zero shift and A(Lmax) is said maximum auto-correlation 
value determined by said peak determining step. 

31. A method according to claim 20, further comprising 
the step of sampling the received speech signal. 

32. A method according to claim 31, Wherein said divid 
ing step divides said speech signal so that each frame 
comprises the same number of samples. 

33. A method according to claim 20, Wherein said receiv 
ing step receives said speech signal from a microphone. 

34. A method according to claim 20, Wherein said device 
is an image capture device and Wherein said controlling step 
activates the image capture device to capture an image. 

35. A method according to claim 20, Wherein said detect 
ing step uses the periodicity measures from a plurality of 
successive speech portions corresponding to a predeter 
mined duration of speech. 

36. A method according to claim 35, Wherein said detect 
ing step is operable to use the periodicity measures from 
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successive speech frames corresponding to a portion of 
speech having a duration of betWeen half a second and one 
and a half seconds. 

37. A computer readable medium storing computer 
executable instructions for causing a programmable com 
puter device to perform a controlling method, the computer 
executable instructions comprising instructions for: 

receiving a speech signal; 

dividing the speech signal into a sequence of speech 
frames, each speech frame representing a time portion 
of the speech signal; 

processing each speech frame to determine a measure of 
periodicity of the portion of the speech signal repre 
sented by the speech frame; 

detecting an extended periodic portion Within the received 
speech signal using the periodicity measures from a 
plurality of successive speech frames; and 

controlling said device in dependence upon a detection 
made by said detecting step. 

38. Computer executable instructions for controlling a 
programmable computer device to perform a controlling 
method, the computer executable instructions comprising 
instructions for: 

receiving a speech signal; 

dividing the speech signal into a sequence of speech 
frames, each speech frame representing a time portion 
of the speech signal; 
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processing each speech frame to determine a measure of 
periodicity of the portion of the speech signal repre 
sented by the speech frame; 

detecting an extended periodic portion Within the received 
speech signal using the periodicity measures from a 
plurality of successive speech frames; and 

controlling said device in dependence upon a detection 
made by said detecting step. 

39. An apparatus for controlling a device, the apparatus 
comprising: 

means for receiving a speech signal; 

means for dividing the speech signal into a sequence of 
speech frames, each speech frame representing a time 
portion of the speech signal; 

means for processing each speech frame to determine a 
measure of periodicity of the portion of the speech 
signal represented by the speech frame; 

means for detecting an extended periodic portion Within 
the received speech signal using the periodicity mea 
sures from a plurality of successive speech frames; and 

means for controlling said device in dependence upon a 
detection made by said detecting means. 


