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Appar atus and Method For Detecting and Characterizing Signals in a

Comuni cation System 5 Background 1. Field of the Invention The invention
rel ates generally to communication systems, and nore particularly to
detecting and characterizing signals in a 10 -comuni cation system 2.
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In today's information age, the number of personal computers
used in homes, schools, and businesses continues to proliferate with
15 apparently no end in sight. This increasing use of personal computers
has prompted the migration of many applications onto the personal
computer. For example, in addition to providing standard
computational and networking functionality, the personal computers
of today often include such functionality as a modem for exchanging
20 data with other computers, a telephone (including speakerphone), a
telephone answering system, a facsimile system, and
teleconferencing/videoconferencing system. Thus, the personal
- computer can take the place of a multitude of otherwise separate
devices, often saving cost, simplifying use, and providing additional
25 features as compared to the separate devices.
Whether used as separate devices or together in the personal
computer, these communications applications typically have a number
‘of common elements. Specifically, a processor is used for
controlling the device, memory is used for storing information, a

30 signal processor is used for generating and processing the electrical



Fofars e gt endSE AP ni ARar B RO 42 L

"ncl uded 101 FRETASD ﬁa?it*éé#ﬁ%ii%&%ﬁhﬁipéﬁﬁpfgg%%C%hﬁ?ﬁ%'?@ﬁ@i%“‘éﬁ?ig?;?e
e o8l Al A L8RP SRR, PRiné ReuRRETRHMSARoR0 1ot
cost of pé@}%%ﬂ@n%“ﬁ CIHRI G 3 R APEHsiorl | @avmpuYir hitt fee oftest of

per sonal ers falling and the conpetition 10 anpbng vendors grow ng,

conputer pEBAYBAREMT €& Sintegrdtbi twoper torenafotise aapplications) tbgetizer so
cost-effective way of providing the many communi cation applications. One
sol ution ifatt the qomman aebemants rdomnoy kave 46 beduplicated: i ORiF unctions in
software (with the remaining functions inplenented in specialjgzed hardware)
and to ruittegratine ebrapplicatiens kusthararedugss itos: cost ftﬂf@"lqz'egoﬁ% essor
in the personal conputer. luoplenenfing the often conplex signal processing
f unct i ons CPAEGFHGRANEN; @9%’%%?%51 oday due to the anmpunt of processing

r esour ces- provi r ) .OC B KMLRAL | imthhe
dedi cat ed har d\lxgﬁg Q%errp%n gr%%{f‘ uta?l‘?”zsﬂﬁﬁ%’%ezfé ¥alﬁhg%ﬁgc£@iﬁﬁgﬁghr?@mry
reSOURCES e Ut 86p ficatéren ameblthiraipang can be
provrged P@ﬁ%’??v‘é?@aléﬁggprgﬁ?ﬁgélgd?m&% gggreTHV\/ith such an int e%rat?ed

sof tware iy BRHerenam ilooking tfbata tdestosifestive avayprofappbviding dhes ofiampr e nust
share the processing resources of the personal conputer with other

appl i cat i gorEBuUnicatiameapplkications aOne ¢glutieasisoto EpRIeTMRMeet program or

I nternet browser. Thus, .the software ipplemrentati on consunes prqgessi ng
r esour ces Predemipastyi 88 Rduthe bépﬁ%ﬁt;@bl NCHIONEe IRt HRIEWABI F‘ﬁ'gﬁi i‘ﬁe

ol e . el b BTGP i ehlahbe" naRRFeY e 16" "

15 the software as a software application on the microprocessor in the
personal computer. Implementing the often complex signal
processing functions in software is feasible today due to the amount
of processing resources provided by modern microprocessors. By
eliminating most of the dedicated hardware componenis and utilizing

20 'the processing and memory resources of the personal computer, the
communication applications can be provided relatively inexpensively.

One issue with such an integrated software implementation is

that the communication application software must share the
processing resources of the personal computer with other application

725 software such as a word processor, spreadsheet program, or Internet
browser. Thus, the software implementation consumes processing
resources that otherwise would be available to the other application
software. As a result, the performance of the other application

software may be adversely affected when the communication
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tone detection tor accessing special services such as retrieving

messages from the telephone answering system, accessing voice
mailboxes, and for other keypad-controlled services; and detection of

15  special modem and facsimile tones such as dial tone, answer-back
tone, call progress tones, and busy tone. These signal processing
functions have typically been implemented separately. When running
concurrently, these signal processing functions consume a significant
amount of processing resources. Therefore, a need remains for an

20 apparatus and method for providing efficient voice, tone, and noise
detection which reduces the amount of processing resources required

and also distributes the processing demand.

Brief Description of the Drawing
25 In the Drawing,
FIG. 1 is a high-level logic flow diagram of a detector;
FIG. 2 is a high-level logic flow diagram showing exemplary
update interval logic;
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4 -FIG 3 is a high-level logic flow di agram showi ng exenpl ary deci si on
interval logic, FIG 4 is a high-level |ogic, flow diagramshow ng exenplary
hypot hesi s [ogiRdG.53 is a highdevel dogias f@M@ﬁQ@Wuﬁﬁ%W'@Qs?éﬁﬂ@@Wi n an
enbodi ment, of the present invention; and FIG 6 shows two sanples n and n-K
stored i ndﬁﬁﬂ’é?'é?é‘uﬂlg‘éeﬁtﬁfé?g@jst em 10 Det ai | ed
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reduces t p%rm I o@ ocessing resources consuned and al so distributes
t he procegﬁgi ng ggs dg{:/'er time. The present invention 15 provi des for
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Magni tude Difference Function (AVMDF) over discrete tine intervals to

eval uat e thei pteserd inveritiary angr tine, allowing a hypothesis to be nade as
to whether_a signal is a voice, tone, or naqise, signal. A s a
wel | - known tecﬁﬂﬁqu@ showpi twih sampiest noandm%m Stgfq;{eé'&rzt?‘ﬁegopmeﬁ/ld}v’%%oss,
H L. Shaffer, A Cohen, R Freudberg, and H J. Manley, "Average Mgnitude
Di fferencY 88 on Pitch Extractor," |EEE Trans. Acoust., Speech and
Signal Proc., Vol. ASSP-22, pp. 353- 362, Cctober 1974, incorporated herein
by reference inits entirety. 25 Briefly, the fundanental concept of the
ANVDF jigechni que is that, for a pdibyia@’ i Déscripeivn. the difference between
two signal sanples x(n) and x(n-K) will be zero if Kis equal to the pitch
period. BecauseAs discussed above, the need remains for an apparatus and

method for providing efficient voice, tone, and noise detection which
reduces the amount of processing resources consumed and also
distributes the processing demand over time. The present invention

15 provides for such efficient voice, tone, and noise detection by
applying the Average Magnitude Difference Function (AMDF) over
discrete time intervais to evaluate variations in pitch over time,
allowing a hypothesis to be made as to whether a signal is a voice,
tone, or noise signal.

20 AMDF is a well-known technique for pitch estimation which is
described in M.J. Ross, H.L. Shaffer, A. Cohen, R. Freudberg, and H.J.
Manley, “Average Magnitude Difference Function Pitch Extractor,”
IEEE Trans. Acoust., Speech and Signal Proc., Vol. ASSP-22, pp. 353-
362, October 1874, incorporated herein by reference in its entirety.

25 Briéﬂy, the fundamental concept of the AMDF technique is that, for a
truly periodic signal, the difierence between two signal samples x(n)
and x(n-K) will be zero if K is equal to the pitch period. Because
periodic signals may vary slightly due to noise, the difference
between two signal samples x(n) and x(n-K) may not be zero but will



pie'r'i“odi*c signals may vary slightly due t50 noi se, the difference between two
signal sanples x(n) and x(n-K) nmay not be zero but wll 5 likely be

close to ' ' ; : pi (o] ' an be
et mat od T 155 1080 P ZBrBeAt B bitch feridg 'K 0 Tl Ol AN £100
signal sagiahas cdrbeubiirhatdd HPRIMARGCthe Vahue KewREps ahle differeincen
applies thé AVMDF technique, not for 5 estimating a pitch period K, but
rat her f dsetwednghentwo asignial csemplepix(ah andx(diS)c appeoaches ezqreri ods to
determ ne whether a signal is a voice si gnal, a tone signal, or a noise
si gnal . The tetheipasendf inventinneappliasnibetAbDRrtechaitie, ofot #er preni se

t hat tone.signal wl] maintain.,a relatively constant enerqgy.level at its
fundaﬁtsnt?ﬁ“‘ﬂ?g‘@ﬁ, al(ﬁ"{dh Rejgiod K; il rather ﬁ%@‘@%’i‘s}g nljaaégﬁ’B? fevel at
its fund ' S | ' Ve ISt Lngid.shahl

f undarrentagl?&g)iaévc% H%szgﬁ%n:b&eﬁ %@éggﬁﬁmétﬁrﬂg‘ﬁal‘@%@%vérgfgln%l 6}9 g

pr edet er ng 4 y f e 7 ri : ; et i réF figput ed
whi ch chgtggtge%@?g?’t ﬁetﬁ%%@é (?'gapl E:%]g’r'@’a\?'ar i-'g{ei g%ﬂfdr%ﬁgﬁtgcﬁ I'n the 15
pr ef err edpRygeedi iRRNntion avei Pabbd sANER: Llrehiisdhati Aclond Eignathinglh
corresponds roughly to the range of human speech. The novel netrics allow a
hypot hesi maintdie audeiativeiy cdwnstaet ehergy gleakel cansiss fandameritak, piteine, or
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range of pitch periods K, and a set of metrics are computed which
characterize the signal as to pitch and variation in pitch. In the
15 preferred embodiment, K is in the range 50 to 140, inciusive, which
corresponds roughly to the range of human speech. The novel metrics
allow a hypothesis to be made as to whether the signa! consists of
voice, tone, or noise.
One particular advantage of the preferred embodiments is that
20 the signal analysis is done in the time domain rather than in the
frequency domain. The frequency domain approach typically utilizes
the Fast Fourier Transform (FFT), which is computationally intensive
due to the number of multiplication operations required. The time
domain approach of the present invention, on the other hand, utilizes
25 predominantly addition and subtraction operations, and therefore the
computational complexity is substantially reduced.
in a preferred embodiment, a detector implemented in software
is used to evaluate the signal and to decide whether the signal

consists of voice, tone, or noise. In a preferred embodiment, the
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the goci ssapwmtier workowélheduhgctestingcycl e (m equal to 13). If the
detector is within the first 12 update intervals of the detection cycle,

then the | ogi c Arhigbdevet dogiceflone diagramdet éhendetantor lisgshown it dpGios,
and then terninpates processing for the interval in step 199. ,/f the 20
detector ils iWhefe tﬁgc ateston RGPy 'Qﬁoh@f‘a’_'eta&t"i“@ﬁv&ycme,dyﬂﬁg ®he logic
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whether the detector is within the first 12 update.interva!s of the
15 detection cycle (m iess than or equal to 12) or is in the decision
interval of the detection cycle (m equal to 13). If the detector is
within the first 12 update intervals of the detection cycle, then the
logic proceeds to execute the update interval logic in step 106, and
then terminates processing for the interval in step 198. If the
20 detector is in the decision interval of the detection cycle, then the
logic proceeds to execute the decision interval logic in step 108, and
then terminates processing for the interval in step 199.
When the detector is running, signal processing hardware
confinually samples and buffers the received signal. The input
25 samples are sampled directly from the line (i.e., not AGC adjusted)
and are signed 16-bit integers in the range +/- 32,767. In the
preferred embodiment, a double buffer system as shown in FIG. 5 is
employed for storing the input samples. The two buffers are

contiguous, and each stores X input samples (X > 140). The two
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runni ng sum of the | ocal AMDF val ues over the 12

16
s AMDF16,(K) = ? | x(n) - x(n-K) |
where x(n) is sample n from the buffer and x(n-K) is a prior sample
which precedes sample n by K samples. As shown in FIG. 6, the double
buffer system (described above) stores a sufficient number of prior
20 samples so that AMDF16,(K) can be caiculated for ail values of K.
For each value K, the detector maintains a global AMDF value
AMDF(K) which is a running sum of the local AMDF values over the 12
update intervals:

25 AMDF(K) = AMDF(K) + AMDF18,(K)

30



update i ntervals: 25 AVDF(B) = AMDF(K) + AMDF1 6[err](K) 30
8 The detector also determ nes the mninmum | ocal AVDF val ue AVDFl6[ err]
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AVDF16[err] (K) .is.mninumrepresents the estjnpted pitch over the interval
m for t heMipAd D516 avexenailcal dkeipitah @@m@i@ﬂ% g‘?feﬁ""al'mﬁmaL Mhe
particular value of Kis irrelevant to the present 10 invention. Finally,
the detector maintains an average difference of the m ni nrum AVMDF val ues

AvgDi ff AVDF which is,a.r | ng sum of t | ff nces between the m ni num
| ocal ANDF val ue foﬁmf‘ﬁ@xﬁ thﬁ%vmmm LM&%%‘%&Um | ocal ANDF val ue for
the pfevious interval (m1): 15 AvgDi ff AMDF = AvgDi ff AMDF + [err]

M nAMVDF16[err] - M nANMDF16[err] [err] \Wen conputi rrig AvgDi f{f AVDF for the
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AMDF val ugithtlighKind Parieefar ¥aie Kofid is NipreheoBht f10Mbe Wpredermtr e t he
runni ng suns carried over from

10 invention.

Finally, the detector maintains an average difference of the
minimum AMDF vaiues AvgDiffAMDF which is a running sum of the
differences between the minimum local AMDF value for the interval m
and the minimum local AMDF value for the previous interval (m-1):

15
AvgDiffAMDF = AvgDiffAMDF + | MinAMDF16,, -
MinAMDF16,,, |

When computing AvgDiffAMDF for the first update interval in a
20 detection cycle, the minimum local AMDF value from the last update
interval of the previous detection cycle (i-1) is carried over and used
as the value for MinAMDF16,, ,.
A high-level logic flow diagram showing exempiary update
interval iogic is shown in FIG. 2. When the logic is invoked in step
25 202, the logic updates the global AMDF value AMDF(K) for each value K
and the AvgDiffAMDF which are the running sums carried over from
interval to interval. Thus, for each pitch period K beginning with
pitch period K equal to 50 in step 204, the logic executes a loop
which includes computing the local AMDF value AMDF16,,(K) in step
30 206, updating the global AMDF value AMDF(K) in step 208, checking
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t he gl obal AMDF for each value Kis effectively equal to: 2
12 AVDF( Kthe ?updieiel dhtenvh( Kpgio-tefimnditsedhostdp r289f i nds t he mi ni mum of
t he gl obal AMDE val ues L . . .

When the detector logic is within the decision interval, the
detector logic executes the decision interval iogic. In the preferred
embodiment, no processing is done on the 16 input samples for the
decision interval. The decision interval logic uses the metrics

15 computed during the update intervals, among other things, to form a
hypothesis as to whether a voice, tone, or noise signal was present
during the detection cycle i. After the 12 update intervals, the global

AMDF for each value K is effectively equal to:

20 12
AMDF(K) = 7 AMDF16,(K)

m=1

The dstector first finds the minimum of the global AMDF values
25 AMDF,,, over all of the pitch periods K:

AMDF,,, = min [ AMDF(K) ]

30
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25 AVDF, [err] over all of the pitch periods K AVMDF[err] = nmin [ AVDF(K)]
30 10 The detector then conputes a sum of the gl obal AVDF val ues
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AvgDi ff AVDF[ err] which 15 nmeasures the average variation of the m ni num
AVMDF over the update intervals; [err] 20 It is inportant to note
that by using the sum of the bﬁoobal AMDF val ues ANVDF[err] as the divisor

r at her5t han cal cul atigpgpmm age?aggDy(K he gl obal AMDF val ues, processing
resourCes are conserved. Ft"iscal'so inportant to note that AVDF[err] and
AvgDi ff AMDF[err] are only conputed if AVMDF[err] is non-zero in order to
avoid a divide-by-zero 25 error. After conputing the two netrics

ANDF[ err] and Av'g?f ANPR e 'dompliesial ¢S meRid AMDE LS whiehhedicttivey) ¢

in order to deci ether a voice, tone, or noise signal was present

during t he cdenarasothe yalremutheoftivee ANIDIF iover the piiphi rahgey to Hhehypot hesi s
| ogi ¢ (al-though not 30 the preferred enbodi ment, which is described in
more &6t ai lavieeage)AMDF over the pitch range:

AMDF,_, = AMDF,,/JAMDF,,

The detector computes a second metric AvgDiffAMDF,,., which
15 measures the average variation of the minimum AMDF over the update

intervals:

AvgDiffAMDF, ., = AvgDiffAMDF/AMDF,,.

20 It is important to note that by using the sum of the global AMDF
values AMDF,,, as the divisor rather than calculating an average of
the global AMDF values, processing resources are conserved. It is
also important to note that AMDF,,,, and AvgDiffAMDF,,,, are only
computed if AMDF

25 error.

After computing the two metrics AMDF_,., and AvgDiffAMDF ..
the detector performs its hypothesis logic in order to decide whether

is non-zero in order to avoid a divide-by-zero

sum

a voice, tone, or noise signal was present during the detection cycle.
The general principle applied by the hypothesis logic (although not
30 the preferred embodiment, which is described in more detail below)

is that a large value of AMDF,_. ., is typical of a noise signal while a

acrm



is that a | arge val ue of AMDF[err] is tgr;}i cal of a noise signal while a
1 1 small value of AMDF[err] is typical of a non-noise (i.e., voice or

t one, [ | s [ | hedLmt ot ) whet h
the hon- porual Syalis ef AYREL s MR oF 4 uthofe e gieb rrakepet het
AMVDF[ err ] igoaaR! bith®(RiA FAKIBEL er diohé iySRSucidnt aontaserieehevhdther 5

non- noi se s?gndl I's a-voice sifffal or a tone signal. A large val ue of

AvgDi f f AVRhbenbh-nsisky Bigral! ief aaveiebcsighiagrar awtdriee sigsatal | Therefierenf if
AvgDi ff AMDF[err] is typical of a tone signal. A high-level |ogic f|ow
di agr am shAMDg, gxdapsmayl, deed RiftAMDIr, g, vial usedite detesrunm whethes the  wen

B s ar S o i 47 W AR e A
o RPN ARG 418 SR A S

hypot hesi sAqlggiﬁAimeﬁ ep Q%B?ﬂ? ?egge@%%@ﬁélher a voice, tone, or noise

signal 15 S preserf®™dur i cycle i. The interval mis

then set back tQ Rigth-féVelt l'@i&eﬂbm%@gﬁdrﬁnshwli@giGxeftrmba@l/t?em'si@m he
decision _interval l'ogic termnates in step 399. In practice, it has been

found t hatintdreabéogicals shparhéasiEiG.oi cVWisenidber iogiel intovekednnrgtapt in
i naccur at e deci sions under certain 20 circunstances. S gﬁi fically,
nﬁi&é

becaudk t H02.wtherdegicc proegads da find MR ot step R4 BBneous’ changes
o e e ahas! RN A SeR S0 e lodlE R ATRBIEY Pl AplSescd
Fbor oo a5 e S e RDIARIT oL e Intebesi o7 Once
the two metrics are computed, the logic executes the hypothesis
logic in step 312 to determine whether a voice, tone, or noise signal
15 was present during the detection cycle i. The interval m is then set
back to one for the next detection cycle in step 314, and the decision
interval logic terminates in step 399.
in practice, it has been found that the general hypothesis logic
as described above can result in inaccurate decisions under certain
20 circumstances. Specifically, because the two metrics represent
averages over time, instantaneous changes from one type of signal to
another may not be instantaneously reflected in the metrics. Thus,
the hypothesis logic uses the metrics in combination with historic
data (i.e., data from previous detection cycles) and appropriate
25  threshold values to make its decision.
The hypothesis logic applies a set of rules which are based on
observed characteristics of signals. A first observed characteristic
is that once a noise or tone signal is detected, the metrics are likely

to settie within particular ranges if the signal remains a noise or



The nhy-\pbot hesis logic applies a set of ryles which are based on observed
characteristics of signals. A first observed characteristic is that once a
noi'se or tone signal is detected, the netrics are likely to settle within

par i cul angmndfenall ARG fidiBire B! Bfichd! TP dtecting sApseRititongise and

therefore the criteria for detecting subsequent noise~or tone signals can

be made | e térid isigeals. cdn Sies anddebizesvsidingeat.acAesecdnd dbssgrived, when
transitioning fromnoise to tone, the AvgDiff AMDF[err] spikes to a high

val ue and charactenisticyis thak wden Rransiboaing | feom naiseetd nttirent the of a
tone. Therefore, to increase the speed of tone detection follow ng a

transiti orAYEBHAMRE ok HFPIkeH dOR thigh| Rlueranrd 1owly; deFays acl Buch a
i ke 4 ) t hi - d.ch teri ' [

P neid | orlBETH el | Borg (GRS TR ROl T TBbHIPS e BRSE e e ¢

ep et or o SHYRS B thne el R 16l Gwiil SEHERiliYn B F5i86C e 4Bnk°L °%

as voi ce i@utellndereshoRd isniisdal atbplduet Boshie ectdfectedon® third

hi gh-1evel logic flow di agram show ng exenpl ary hypothesis logic is shown
in FIG 4.ob¥ewetihehlavgeteristid rigokivat, | wheheprati¥itioning ¥rom dghe pooceeds to
determne if the signal is a noise signal in step 404. In step 404, the
si gnal is naigeadbertwedmedringi are slow thempugi to heifeteRpectivd dpoise0, | f
any of_ a r]urrber of, conditions is true. First, the si;gnal Té ?@t}aract erized

i r ept BEERIP

as ndiGe PV?ﬁeaﬂﬂDﬁfﬁrﬁ??”%ql&PutéY mysiptarpreted; as-%eice e tBe
detection ut; |, n J: | S rized as
noi se if t@@‘%ﬁ%&{%r‘ﬁ?ﬁf 6§”§r%ge§§§$eﬁf)n§j%gpgq{ﬂd§§fﬁv% ?'gngg :%% Z\Fé'?:%an a
threshol d fr fRP'ESBRBLIOAY ifterPalge W théeRE e Ja ibRal |y, the signal is
characterized as noise if the
A high-level logic flow diagram showing exemplary hypothesis
logic is shown in FIG. 4. When the logic is invoked in step 402, the
15 logic proceeds to determine if the signal is a noise signal in step
404. In step 404, the signal is characterized as noise, and the logic
proceeds to step 410, if any of a number of conditions is true. First,

the signal is characterized as noise if the AMDF,,,, is equal to zero.

sum
This case represents the detection of absolute sitence. Second, the
20 signal is characterized as noise if the AMDF,,,, for the current
detection cycle i is greater than a threshold N, representing a large
. value of AMDF,,,,. Finally, the signal is characterized as noise if the
signal detected in the previous detection cycle (i-1) was noise and
the AMDF . is greater than a threshold N2N which is less stringent
25 than N. This condition applies the rule from the first observed
characteristic described above, specifically that the threshold for
detecting subsequent noise signals can be made less stringent.
If the signal is not characterized as noise in step 404, then the
logic proceeds to determine if the signal is a tone signal in step 406.



Si 'gnal""‘ detected in the previous det ectigﬁ cycle (i-1) was noise and the
AVDF[err] is greater than a threshold N2N which is |ess stringent 25 t han
N. Fhis condition applies the rule fromthe first observed characteristic

descr bed 1gbQus 4tReciHid G 14 Bhahhivers ial hiier ot 85! lgis ubseavent

noi se signal s Can bé nad ess stringent. he signal i's no _ _
charact er igdedgs Y Step A FALH 4RY of REMUNISe! @3 Comditionsdis tfuelet Birat,ne i f
the signal’ is a tone signal In step 406. 13 In step 406, the signal is

char act er ithedsign i cise chanactehiz edogisc tgneci¢eithe AvgDiEAMDE, i f farntheof a
nunber of conditions is true. First, the signal is characterized as tone if
t he AvgDi fausnamrt gleteqticrocyche icisr lasst than exttheesholdl €. 1 Thresbeld thda a
threshold T, Threshold T is a 5 el atjively stringent threshold fo

bo!d St oinitialine detgs

0171y ARGV TR WYeRRpd dofort dHing; & ¢RBPaSSPREed as
;Eget hel %%ﬁ#ﬁ% SRl s FharGdiFed RS &gﬁtsfﬁffit i ﬁéﬁéﬁ@%&eﬁﬁé han a
char act er 116, Breods ABMcdM IR (RT) WEsTHAr T ihe e ATAMDE T,

det ecti ng fpphihedB8Ment OdEteTtidRaktfclean igeigdRltha e threshEIRINTN naThis t he
signal is characterized as tone if the signal detected in the previous

det ecti on condittio(i appliess thei sdeafbmhthdv{jfstl bbegeFyedr thafactartstior evi ous
detection cycle (i-1) is greater than a threshold H (i.e., the 15 spi ke
refedfed desasasd abevenspeciikaltywbat cthg theeshals Jor rdetedting:cti on cycle

is | th th hol d N2T. Thi it | i t I
{ne: secondHOREAURN O SIS <EaT K JORBCIFSBBUIOFRL  ENBlndNei s not

char act o IigdaPfs (fiatfedied 400nbDR A SibREI dteREEF IR e PrRiS08 ©
detection cycle (i-1) was noise and the AvgDiffAMDF,,, for the
previous detection cycle (i-1) is greater than a threshold Hi (i.e., the
15 spike referred to above) and the AvgDiffAMDF,,,, for the current
detection cycle i is less than a threshold N2T. This condition applies
the rule from the second observed characteristic described above.
It the signal is not characterized as tone in siep 406, then the
logic proceeds to step 408 to apply the rule from the third observed
20 characteristic described above, specifically to prevent the
hypothesis ifogic from characterizing the signal as voice for two
detection intervals following the end of a tone. In step 408, the
signal is characterized as noise, and the logic proceeds to step 410,
if the signal detected in either of the previous two detection cycles
25 (i-1) and (i-2) was tone; otherwise, the signal is characterized as
voice, and the logic proceeds to step 412.
As discussed above, the metrics are average values, although
the metrics are computed without normalizing over the number of
elements over which the average is taken. Instead, the threshold



<3,
20 tharacteristic described above, spécdi fically to prevent the hypothesis
| ogic fromcharacterizing the signal as voice for two detection intervals

fol'k owi ng valeersteokcalddhpr rER 99 Tactaint 8P he AuRiBeaer! 700 20

noi se, and the |l ogic proce he si ed in ei t her

of the prevemtsvwv@iembhom§wﬁéﬁ$c§5veré 'av'@ra@@@ ('TRDS ‘é@\‘é!rhg
ot herwi se, the signal is characterized as voice, "and the logic roceeds to

step 412. téshnigseussddcebotte d¢dmputational Fomplexingofvebrgsutingt firigh the
metrics are conputed without nornmalizing over the nunber of elenents over

whi ch thenéﬁlfélcagbyl avoidiag. divisiordpetatians,etihedeby retiudingl thas are scal ed
appropriately tq account for the nunber of el enments over which the netrics

err e 3verR ssfﬂgsr%ﬁ%ﬂricﬁé 2GR =T S t}Yedb@egefEF@Oéonput ati (ﬁnal corrpIdeX| ty
f helc(é”p”f)'r,ggets:fﬁﬁ%&ﬁé% Nokad 558, ARt ABFarec iC Oﬁvﬁr%g%é% RVERA NBN
P esno o raRGe I L TherfRieDShiebiiliar N, A0 %R 1% iviHeE BV 8 e
In the prabaiberdofrdleaiamstin the esfstal eN I ﬂ?_é’aérrfﬁré’rr gT an ﬁﬁbﬁthresml d

N2N is equal to 0.5/90. 10 Thr €shol ds apply to

AvgDi f f AMbREshold Nwiscaqual aoed £52010 card thresheibNANas \s@ida:a@ ove/gQ he 12
intervals. Therefore, thresholds T, T2T, N2T, and H are nultiplied by the

nunb®® of int eﬂ'%ﬁ%hqidsa'ﬁd T@Ti Ned, ind fil appberlooAngéfkht&F,{opn twhich
average. In the ferre enbodi nt threshold T is equal to 15
0. 0015+ 121%08Ve f raggeq aﬁstwe@ 8g38ver dhe t2ristevals.N2T is equal

to 0. 009*%%?&0@‘”%}4%%?88'1‘4 ‘T"zT‘ NBT%nd °HP A mitiphied by the

number of intervals 12 and divided by the number of elements in the
average. In the preferred embodiment, threshold T is equal to

15 * 0.0015%12/90, threshold T2T is equal to 0.003*12/90, threshold N2T
is equal to 0.009%12/90, and threshold H! is equal to 0.015*12/90.

It is worth noting that the threshold values are described above
as though the metrics are averaged over 90 elements. In reality, the
metrics are averaged over 91 elements (50 to 140, inclusive). This

20 factoring error does not affect the outcome of the hypothesis logic,
since it is the absolute values of the thresholds that determines the
outcomes. The absolute threshold values were obtained through
experimentation and are based on actual observations of signal
characteristics.

25 While the preferred embodiment distributes the processing
demand for each detection cycle over 13 intervals, it will be apparent
to a skilled artisan that the input samples for each of the update
intervals may be stored and that all calculations may be deferred
until the decision interval. It will also be apparent to a skilled



Pt is=worth noti ng that the threshold values are described above as though
the nmetrics are averaged over 90 el emertd. In reality, the netrics are
averaged over 91 elenents (50 to 140, inclusive). This 20 factoring error

absol te SBISAT tHACSHINENPESAL 06 Tnraraer BriatseEafonBhBng ade fiffng
absol ut e Lbcesfighsh oy ussarang, OBbaLRRSH AT GHAP 1RE PEELRRI Ant@watnd ar e

based on Srgha ar ac eristics. VWil e the
preferred enbogli ta1d5Shel ehp op@ogggﬁgdwgrﬂggnnﬂqétoth@a&@tedmnact| on
cycl e over 1301;‘11”@?\/%?13 be, %&’%? Eeqappar ent to a skilled artisan that the

i nput sang}sie Ean béCbhof'teTriw gpdapeinterealeal withetheb eledisioad intedvahat  al |
cal cul ati ons may be deferred until the decision interval al so be

appar®nt logia foki &l detection taycie t icamputad «uring the first ﬂm%Vﬁ’Ie&f
cal cul ati ons nmade during each uPdate interval may be deferred until the
deci si on Suksequent |<ietamlpnapy6 &dabparent to a skilled artisan that the

interval s | BVl o BRcRBRRTeN Kk hi ﬁé%ﬁ%@lﬁsﬁf ot ier RBURIS S,
interval. q?@%ﬁ%jtiﬁg?@%%ﬁg%‘aga{ﬂ”srﬁ&ﬁ}aﬁ oidearl tbeVidHarflewd fBe_appar ent

to a skil --|nterv | ogl ¢ and t e deci sion

interval aﬁﬁursnwhteﬁfaqhamsﬁoﬁ@r ﬁmbﬁh?nrrateﬁ eanal pitohatfrequsencanpl i ng
rates, and pitch frequency 10 ranges err] The present invention nay be

enbopld)ed rangedier specific forms without departing fromthe essence or
essenti al aracteristics. The descri bed enbodinents are to be. c?ns'i dered
in all rekbéct Thenpresenti inventicn imayabe ambadied incpiRer specific forms

without departing from the essence or essential characteristics. The
described embodiments are to be considered in all respects only as

illustrative and not restrictive.



1'6 What is clained is: 1. A net hod fcir characterizing a signal over a
detection cycle i, the detection cycle i %avi ng a nunber of intervals, each
interval 5 havi ng a predeterm ned nunber of input sanples, the nethod
conprising the S;Ofn rigi ni ng an Average Magnitude Difference

Functi on (AIVDF)\ﬁ{H\jégI {Jsgc%ﬁée&;c' "of a predeterm ned range of pitch
frequencies K over the intervals; 10 determ ning an aver age

di fference AVMDF val ue over the intervals equal to the sumof the difference
bet ween a ¥.i r stAnimethod fDEhaeacterizingn signahtoverad detealion syciend,

m ni mum AMDF val ue fromeach interval (m1); determning a mni mum AVDF

val ue overthendetection a¢ycle1s having adeumbernehdntervals, caehenmel val ues

oAF e e S e i Rt B W B b B
o val o SOBRENE AT SIEEPcofiT\  gea By the sum of  the AVDF val ucs over
et o et QA ABHQE! Kiord Diforks wsand (RWOFS Lo,
voi ce sigR@iue for each of a predetermined range of pitch frequencies K over
the intervals;
10 determining an average difference AMDF value over the
intervals equal to the sum of the difference between a first minimum
AMDF value from each interval m and a second minimum AMDF vaiue
from each interval (m-1);
determining a minimum AMDF value over the intervals;
15 determining a sum of the AMDF values over the intervals;
computing a first metric equal to the minimum AMDF value over
the intervals divided by the sum of the AMDF values over the
intervals;
computing a second metric equal to the average difference
20 AMDF value over the intervals divided by the sum of the AMDF vaiues
over the intervals; and
utilizing said first metric and said second metric to determine
whether the signal is one of a noise signal, a tone signal, and a voice

signal.

A



1°7 22 A device for characterizing a bgnal over a detection cycle i, the
detection cycle i having a nunber of intervals, each interval having a
pr edet er mi ned nunber of input sanples, the device conprising: 5

| ogic for gget ewﬁd}'ﬂgeaﬁré\éﬁéwe}@%%gﬁg%ﬁ Bgégrg:eda@@ﬁbim@?,ggvmf) val ue

for each a predetermned range o equenci es K over

i nterval sinb ogbfedtin €5ck M RRVhd FHARBEE dfi intenetise ebldlF infdrual over the
interval s equal to the“sumof the difference between a first mninmum 10

AVDF val udaiviregn 2 qeiedeteemingd mumber of cinpud samplesy theDEeyiteie from each
interval (m1l); logic for determ ning a m ni num AVMDF val ue over the
i nt erval scAMPri¢iMmgr determ ning a sum of the AVMDF val ues over the

i ni min AVDF v4PQIS 0% SRtREMTING: 781 AvarasackaEntiRlE GiriHAER. PuhBRoD: ues
he | Lo . . >
aver age citAMPEBbrBriesdl G ErbladitpfEREEPEnGE 6t BIEE felenbis K
20 ANDFé%?ér.USﬁBOYﬁ@r@Q%'i ntervals; and logic for utilizing said first
sai

metric an second nmetric to determine whether the signal is one of a
noi se signal, dohiidosidenémining an @ieragel diffdrence ARMDBF valre avear theis

conprising a conputer usable nmedi um having conputer readabl e program code
means enbadterdatdeemial forthe sum of the di?ference between a first minimum

10 AMDF value from each interval m and a second minimum AMDF value
from each interval (m-1);

logic for determining a minimum AMDF value over the intervals;
logic for determining a sum of the AMDF values over the
intervals;

15 logic for computing a first metric equal fo the minimum AMDF
value over the intervals divided by the sum of the AMDF values over
the intervals;

logic for computing a second metric equal to the average
difference AMDF value over the intervalis divided by the sum of the

20 AMDF values over the intervals; and

logic for utilizing said first metric and said second metric fo
determine whether the signal is one of a noise signal, a tone signal,

and a voice signal.
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&éRar act eri zi ng a signal over a det ectiolngcycl e i, the detection cycle
havi ng a nunber of intervals, each interval having a predetermned 5

nurber or3! NPuhne Apaats! RBAAAHGCE ESAUURLE UaBIe Al TRV

conprising: conpu : rogfPam codeé neans for determ ning %_n Aver age
Magni t udechiriphsteereadabie idrdramVeble Mdknd ¥mBadieditherdincdet er m ned

range of pitch frequencies K over the intervals; 10 conput er

readabl e gphagicterieinte aesigaal @vetehedstattion aycky e agwe ddtbetionc eydldi

val ue over the intervals equal to the sumof the difference between a first
m ni num ANa¥ingalaud@umbenr efcintervalsy glachn intérvals baving ra rpragetenvDmed ue
fromeach i nterva} (m 1), conput er readabl e program code neans

;15
for daterPUATRAY af iRV SFMPES, the competer readable piPgramyFRdEeMednRabl e

pr ogram cogg rregns for determ ning a sum of the AVDF val ues over the

I nt erval s?_ & readabl e program code nmeans for conputing a first 20

nmetric equal t W&& '}EBB ’Pﬁfé’ﬁecﬁégr n{é'éeh% qbprdﬂgzgﬁgmﬁ% by the

sum of the A €s over erva conmput er rea ogram code

means f or Agerags INEgAitE86 ODHidrehtbCFafeabn tANIDF)avalird fodiddair enee AVDF
val ue over the intervals divided by the sum of the AVDF val ues over the

i nt er val sprexiete2®ined rangsrgfupéchr fredakeheigs dgrovercdbe imtamsalsor utilizing
said first metric and said second netric to detern ne whether the signal is
one b® a noi secempuier readahie frggsam sadeameanse fer gietermining an
average difference AMDF value over the intervals equal to the sum of
the difference between a first minimum AMDF value from each
interval m and a second minimum AMDF value from each interval (m-
1)
15 computer readable program code means for determining a
minimum AMDF value over the intervals;
computer readable program code means for determining a sum
of the AMDF valués over the intervais;
computer readable program code means for computing a first
20  metric equal.to the minimum AMDF value over the intervais divided by
the sum of the AMDF values over the intervals;
computer readable program code means for computing a second
metric equal to the average difference AMDF value over the intervals
divided by the sum of the AMDF values over the intervals; and
25 computer readable program code means for utilizing said first
metric and said second metric to determine whether the signal is one

of a noise signal, a tone signal, and a voice signal.
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