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Vocal Analysis of Barking Sounds and Method for the Sane 5 T, LD
The present invention relates to an apparatus of determ ning ‘mmmmwwm‘m
enotions fromvocal analysis of barking sounds, and nore par it
relates to an apparatus of determ ning dog's enotions by 10 vocdl¥ys*

anal yzi ng bar ki ng sounds. BACKGROUND ART Above all aninmals, especially dogs
have had very close relations to human beings for a long ti
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realize the dream Japanese 20 Unexam ned Patent Publication No. H 10-3479
titled "Interpretati on MSdatls 410d MRethadidrfor fhé Bames M nd and I nterpretation
Device for the Sanme" discloses a method of interpreting animal's m nd and
a devdce for the sane where voice nmade by animals such as pets and

| ivestock is received and converted into audio signals while actions of

t he ani nBEELCENECARNIIERDo novi ng pictures 25 and converted into video
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particularly, it relates to an apparatus of determining dog's emotions by

10 vocallly analyzing barking sounds.

BACKGROUND ART
Above all animals, especially dogs have had very close relations to
human beings for a long time, and they have played important roles in
15 human societies, not only serving as work dogs like watchdogs and
lifeguards but also as pets which live together with family members of
human beings. Thus, it is not an exaggeration to say that human beings
have had a dream for a long time to communicate with dogs, and actually
various attempts have been done to realize the dream. dJapanese
20 Unexamined Patent Publication No. H10-3479 titled “Interpretation Method
for Reading Animal’s Mind and Interpretation Device for the Same” discloses
a method of interpreting animal’s mind and a device for the same where
voice made by animals such as pets and livestock is received and converted
into audio signals while actions of the animals are shot into moving pictures
25 and converted into video signals, and then, the audio and video signals are
compared with reference data on voices and motions that have been
ethologically analyzed. Relying on this technology, voices and actions of a

dog can be interpreted to read its mind, but this prior art fails to provide any



practical data of dog's voices and actions that seemto be a kind of
expression of its enotions. There has not been any neans to reason

obj ectively how a dog feels on the basis of vocal analysis in which, upon
the definite understanding of 5 the relation between dog's enotions and
Its barking sounds, reference voice patterns are set corresponding to such
enotions, and actual voice of any specific dog is conpared to the

ref erence voice patterns. Mre accurately speaking, there have been no

obj ective r [ f f . 10,1 - ] S [ 1 1S Ltop fromits
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di sadvantogg%serggti&lgg prior art, and it is an object of the present

invention to provide a device of receiving actual voice of a dog to
determ ne dog' TheFPHa@NSothdeh QRY SEéANE LS HPRRNT SbjBotivdlyHove aC@bd Teels
reference voice patterns corresponding to various enotions of a dog and

t hen mat ol the basie ofefeeabnaalysad ivwischi tiboadhealefimte eanpetstandingfofa dog.
15 DI SCLOSURE OF THE | NVENTI ON The I nvention as defined in Claim1

conpr bseshapelatidiobetwerredog’agmeatictsganduty barkingsoundsi réfexdnceudoioe
signals, nmeans for extracting _characteristics in a tine to frequency
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characteriZed in that the reference voice patterns in de a erence
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frequency conponents around 5000 Hz wi thout frequency conponents of 3000
Hz or belpresdnitinvenk®nhtry poovids amdvicasofSrdéoeivigadtual v8iceeaaddog to
determine dog’s emotions with objective supports by first creating reference
voice patterns corresponding to various emotions of a dog and then matching
the reference patterns with actual voice patterns of a dog.
15
DISCLOSURE OF THE INVENTION
The Invention as defined in Claim 1 comprises means for converting
a dog’s voice into electrical audio signals, means for extracting
characteristics in a time to frequency component relation map of the audio
20 signals as an input voice pattern, means for storing reference voice patterns
that represent various dog’s emotions expressed by its voice in a form of the
time to frequency component relation map, means for comparing the input
voice pattern with the reference voice patterns, and means for determining
dog’s feeling by choosing the pattern most closely matched to the input voice
26 pattern; characterized in that the reference voice patterns include a
reference voice pattern expressing loneliness that is made up of significant
frequency components around 5000 Hz without frequency components of

3000 Hz or below but lacks harmonics and lasts for 0.2 to 0.3 second, a



2 reference voice pattern expressing frustration that is made up of a sub-
pattern for 0.3 to 1 second of fundanental tones ranging from 160 to 240 Hz
wi'th harnpnics up to 1500 Hz and a subsequent sub-pattern of 250 to 8000

Hz wi thout definite fundanental tones and harnonics but conspicuous for 5
frequency conponents around 1000 Hz, a reference voice pattern expressing
aggressiveness that is nade up of a sub-pattern ranging from 250 to 8000 Hz
wi t hout definite fundanental tones and harnoni cs and conspi cuous for
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to 1.5 second of fundanental tones ranging 40 to O Hz wth 10
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and 5000 ki withewk defingeyfundanefdak toress end hpamtrsics bewt moaspicuguldppi ness
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reference vojce
mnglng from 250 to 8000 Hz without definite fundamental tones and

harmonics and conspicuous for frequency components around 1000 Hz, 2000
Hz and 5000 Hz, respectively, a reference voice pattern expressing happiness

15 including a sub-pattern of frequency components ranging from 250 to 8000
Hz without definite fundamental tones and harmonics and with conspicuous
frequency components around 1000 Hz and a subsequent sub-pattern of
fundamental tones ranging from 200 to 300 Hz with harmonics up to 1500
Hz, and a reference voice pattern expressing wistfulness that is made up of

20 fundamental tones ranging from 250 to 500 Hz with harmonics up to 8000
Hz and with frequency of the fundamental tones being varied.

The invention as defined in Claim 2 comprises steps of converting a
dog’s voice into electrical audio signals, extracting characteristics in a time to
frequency component relation map of the audio signals as an input voice

25 pattern, storing reference voice patterns that represent various dog’s
emotions expressed by its voice in a form of the time to frequency component
relation map, comparing the input voice pattern with the reference voice

patterns, and determining how the dog feels from the most closely matched



patterns, and determ ning how the dog feels fromthe nost closely matched 3
pattern to the input voice pattern; characterized in that the reference
vOoice patterns include a reference voice pattern expressing |oneliness
that is nade up of significant frequency conponents around 5000 Hz wi t hout
frequency conponents of 3000 Hz or bel ow but |acks harnonics and | asts for
0.2 to 0.3 5 second, a reference voice pattern expressing frustration that
is made up of a sub-pattern for 0.3 to 1 second of fundanmental tones
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t he fundapef0@9 thnevitbenhgdefimite efundamental tones and harmonics and

conspicuous for frequency components around 1000 Hz and a subsequent
sub-pattern for 0.8 to 1.5 second of fundamental tones ranging from 240 to
360 Hz with harmonics definite up to 1500 Hz and reaching 8000 Hz, a
15 reference voice pattern expressing assertiveness that is made up of
frequency components ranging from 250 to 8000 Hz without definite
fundamental tones and harmonics and conspicuous for frequency
components around 1000 Hz, 2000 Hz and 5000 Hz, respectively, a reference
voice pattern expressing happiness including a sub-pattern of frequency
20 components ranging from 250 to 8000 Hz without definite fundamental tones
and harmonics and with conspicuous frequency components around 1000 Hz
and a subsequent sub-pattern of fundamental tones ranging from 200 to 300
Hz with harmonics up to 1500 Hz, and a reference voice pattern expressing
wistfulness that is made up of fundamental tones ranging 250 to 500 Hz with
25  harmonics up to 8000 Hz and with frequency of the fundamental tones being

varied.



4 BRI'EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagramof systemstructure
of a preferred enbodi nent according to the present invention; Fig. 2 is a
diagramillustrating a "time to frequency conponent 5 relation map" that
represents a typical voice pattern to "loneliness"” (the horizontal axis is
di vided every 0.05 second while the vertical axis is divided every 250 Hz;
and significant characteristics are encircled); Fig. 3 is a diagram
illustrating "time to frequency conponent relation map" that represents a
typi cal yaga paidERPARON ORSTIRL DR ey horizontal 10 axis is divided
very ( T ! k “ | c XI s divided every 250 Hz; and
significant cha{aci ¢fIShidpafl 6f 8PSteint seictuld 8f atptéfefred &8hBMment
illustrating "tinme to frequency conponent relation map" that represents a
typi cal wethdipatd Bdptssenddgv@ssoryeness” (the horizontal axis is divided
every 0.05 second mhiFe the vertical axis is divided 15 every 250 Hz; and
si gnificant chRigcReisi at dizgrane iHnsiracingd); “thng. t& frsqeendiyagomponent
illustrating "time to frequency conponent relation map" that represents a
typi cal welationpmandr thatorepresents achiwpieal yeihe paiteunz oot onaditesst dthie vi ded
every 0.02 second while the vertical axis. is divided  ,eyery 250 Hz;. and
signifi cg‘ﬁ‘t'lzeﬂ'éﬁqaﬁi@%ﬁ vided gyeryet dbrseceny w Fh@yerélqal a1}y Vﬁ?d
illustrating otine to . frequency conponent. relatian p" that represents a
typi cal - orReZphtieaRo HEMEREY EOERPR e Srf hAfde iy s s i vi ded every
0. 05 second whij N .S S «d Vi : .
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a typical voice pattern to "wistful ness" (the horizontal axis is divided
ever y00. hxEeeatididdd dvery 0035 58dod whie $he vetbivdldeds evdivwdebBveryz25@nd

significant characteristics are encircled); and
Hz; and significant characteristics are encircled);

Fig. 4 is a diagram illustrating “time to frequency component relation
map” that represents a typical voice pattern to “aggressiveness” (the
horizontal axis is divided every 0.05 second while the vertical axis is divided

15  every 250 Hz; and significant characteristics are encircled);

Fig. 5 is a diagram illustrating “time to frequency component relation
map” that represents a typical voice pattern to “assertiveness” (the
horizontal axis is divided every 0.02 second while the vertical axis is divided
every 250 Hz; and significant characteristics are encircled);

20 Fig. 6 is a diagram illustrating “time to frequency component relation
map” that represents a typical voice pattern to “happiness” (the horizontal
axis is divided every 0.05 second while the vertical axis is divided every 250
Hz; and significant characteristics are encircled);
Fig. 7 is a diagram illustrating “time to frequency component relation
25 map” that represents a typical voice pattern to “wistfulness” (the horizontal
axis is divided every 0.1 second while the vertical axis is divided every 250
Hz:; and significant characteristics are encircled); and

Fig. 8 is a table providing sample data of reference voice patterns



Fig. 8 is a table providing sanple data of reference voice patterns 5
practically observed. BEST MODE OF THE | NVENTI ON A preferred enbodi nent of
the present invention will now be 5 described in conjunction with the
acconpanying drawings. Fig. 1 is a block diagramillustrating a structure
of a device for determ ning dog's enotions fromvocal analysis of its
bar ki ng sounds (referred to as "enotion determ ning apparatus”

herei nafter) denoted by reference nunmeral 1 in accordance with the present
i nvent i onpyatiRaBYRILisefvdet erm ning 10 apparatus 1 is conprised of a
transducer 2, an input voice pattern extractor 3, an enptions based
reference voice patterns nenory 4, a conparator 5, an enotion determ ning
nmeans 6, and an out put means 7. The transducer 2 converts a voice nmade by a
dog into BEg 2l0 KD Hi HViE Ile transducer 2 consists of a

m cr ophone, an A/D converter and 15 the |ike which are not individually
shown. The voi c& prefarngdg embodewent eaf het paeesendr up‘rmrteoranvshld:o?w'ra‘/ﬂ)ed into
el ectri cal The electrical signals are digitized by the D
conver erd%%l‘g%egdﬁc‘é’néw s warhnthe aqiempanyingshienangny be. dowrssblosk and

d I t bl t t achnment
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the i nput voice pattern extractor ar eas, i ke
that are a®brdaitheviwithl | gheshgrdzent VV&ftidiat t €Thel Semébtion gméﬁbmmg
represented in a formof a tine to frequency conponent relation nmap of the
audi olGsi gapparatdhé is ebaiprosednafpa tmmsduepr 8santinapudroiek gdto®@n extractor

3, an emotions based reference voice patterns memory 4, a comparator 5, an
emotion determining means 6, and an output means 7.
The transducer 2 converts a voice made by a dog into digitized audio
signals. The transducer 2 consists of a microphone, an A/D converter, and
15  the like which are not individually shown. The voice of a dog is received by
the microphone and converted into electrical signals. The electrical signals
are digitized by the A/D converter to produce audio signals. The
microphone may be downsized and separated as an independent wireless
microphone so as to enable attachment to a dog of which utterance is to be
20 analyzed.
The input voice pattern extractor 3 functions to extract characteristic
voice patterns from the audio signals. The input voice pattern extractor 3
consists of a CPU (or otherwise a DSP), ROM that stores a program which
makes the CPU serve as the input voice pattern extractor 3, RAM for work
26  areas, and the like that are not individually shown. A voice pattern is, in
general, represented in a form of a time to frequency component relation
map of the audio signals. The relation map is a representation of time-

varying frequency distribution in a graph where the horizontal axis shows



varying frequency distribution in a graph where the horizontal axis shows 6
tinme"while the vertical axis indicates frequency, and it is preferable that
the time-varying frequency distribution is divided by a certain tinme
interval and a certain frequency difference into grids to give another
representation of voice energy distribution wthin each of the grids. The
representation of the 5 relation map all ows for conprehensive and
guantitative handling of the audio signals. Mre specifically, the

rel ation {RR While BRe RePMEICskik rﬂn?icaf@s”ﬁ@ﬁu@ﬁt%{ 8nd it (eprsRebIRaRG ithe

segnented in sub-bands in each of which "voice energy distribution is
nuner i cal fineexfyass Béquinbp dibtibubioand ditikledrbin®eertain thre shfexbangsdcan be
determ ned appropriately. Advantageously, 10 the voice energy is

mat hemat |  abttpipfospeseg diffesene appropds b egiveanvohas represenkstioe ol t ant
time related characteristics nmore definite. Such a mathematical processing
i ncl udes ¥oaeq eneysietipanitiomwidpareachofshe goids. | Tearpeeseagptioprafshe

sel ection of w ndow function, appropriate setti n%, of . a _dead band,

appr opr i dieéatien (nap dMowrfor CaRyTIShRREIVEnaRdh quantiigtivephpadlingsok ghei ng of

rel ease congditi.ons, appropriat tting qf reference thod, .,appropriate
setting dtUHPtHER on@&?lieoﬁ%?m'ﬁﬁaf%p 'eaféaglé?f‘tﬁ“ﬁ@ mayFEPeP@Y&@e‘P[}Bi t
require . | ' : i ' .ation
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enotions as nentioned later. In this way, processing the I nput voice

pattern rmndbehef thef allebasdy eas bepiéwhilifed 4pprdpriasely. MAMRANBAsRsly,
operations facilitates sinplification of a subsequent procedure of using

t he donpdhatvoicesendrgydsnpathem dtgcallpprocessakbirpatmerapprbphatdhevayeéensnce
voice patterns, as described |ater. 25 The enotions based reference voice
pat t er ns temAke gesultant dameorelated neharacteristicshmaref definite. voPueh pat t er ns

for various,enotj.ons. . . . . .
mathematlcaﬁ processing includes various mathematical operations. For

instance, appropriate selection of window function, appropriate setting of a
dead band, appropriate setting of FFT transformation units, appropriate

15 setting of release conditions, appropriate setting of reference method,
appropriate setting of attack conditions, appropriate setting of reference
point requirements, and the like should be carried out to refine the relation
map so as to be suitable for the objective. The similar mathematical
processing is employed to create reference voice patterns for various

20 emotions as mentioned later. In this way, processing the input voice pattern
and the reference voice patterns in the same mathematical operations
facilitates simplification of a subsequent procedure of using the comparator 5
to compare the input voice pattern with the reference voice patterns, as
described later.

25 The emotions based reference voice patterns memory 4 is a
component that stores the reference voice patterns for various emotions.
The emotions based reference voice patterns memory 4 is typically ROM that

stores the reference voice patterns. The ROM can be a rewritable flash



The enotions based reference voice patterns nenory 4 is typically ROMthat
storées the reference voice patterns. The ROM can be a rewitable flash 7
ROM whi ch.enabl es rewiting data to provide for needs to update the
reference voice patterns as desired in future and add ot her categories of
enotions. The reference voice patterns are generally provided,
respectively, in a formof the tinme to frequency conponent relation nmap of
the audio 5 signals. The relation map is a representation of tine-varying

frequencROM SykicRUbhablesf rat@iififgWagEL thhBrd\até Zont féeddX ks DA tha® While
the vertical axis indicates frequency, and preferably, the tinme-varying
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frequency difference into grids to give another representation of voice
ener gy 1@nitsans. b(Rhieoreferdntevotaopatééritshareggérdaallypeovised; cerpectiviele
patterns may be represented in a pattern where common but caqnspi cyous part
of the rdRatiferm ofaphe Jimparto fenuency sapiesensxelatmon map efethe guslio

conparing.the input voice attern with the refefence voi.ce patterns in
Chat Buosigtiisy The gt PapS AvisPEEsqaroRnS! CBAGHIGHNg BRAEH Rat ch

wi th one pf, the.refgrence ,vai S5 patterns. whi ch correspands to_ejther one
of the erbrFiREEEof RS St e dtuRvtedl ARiniie ARl AR L
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voi ce pattern in the input voice pattern 20 extractor 3 as nentioned above,
is siml aiffgremeef dnteedgiids atby agiee anotleereateprgsdrttationf ef enoieev aineegy
patterns. Fig. 8 depicts sanples of the reference voice patterns that are
st or 4@ i nlistmbudiot mathunbeashdofr dfeegridee Themefensace aoivs pattems mayrbequency
band i s divided qi‘i(gto five sub-bands, and for each band, thg érr:émr_y stores
numer i caltePERSanE lﬂﬁé@tf@r&rﬂvhﬁm @fﬁPF’é’tneb?BC?fhscm%‘%ﬁi’tﬁ Rayt Ofgrt 8NN of t he
voi ce energy.correlated with t.i ffﬁﬁt ars. . . : .
mg;y is particularly emphasized. 1s 15 useful in comparing the input voice
pattern with the reference voice patterns in that even for a variety of input
voice patterns, each of them can match with one of the reference voice
15 patterns which corresponds to either one of the emotions so long as it
assumes a common but conspicuous part corresponding to the emotion, and
this enhances reliability of emotion analysis. More specifically, it is
preferable that the mathematical processing, which is carried out to create
the relation map of the input voice pattern in the input voice pattern
20 extractor 3 as mentioned above, is similarly performed in advance in
creating the reference voice patterns. Fig. 8 depicts samples of the
reference voice patterns that are stored in the emotions based reference voice
patterns memory 4. Frequency band is divided into five sub-bands, and for
each band, the memory stores numerical data resulted from appropriate
256 mathematical processing of the voice energy correlated with time factors.
The numerical data can be expressed in a set of values, asin (ax, B X%, X,

8 x, €x) for the x-th numerical data, for example. Expressions of these

values are not limited to those in a scalar quantity but may be those in a



The nunerical data can be expressed in a set of values, as in (a x, a X, y
X, b x, Ex)-for the x-th nunerical data, for exanple. Expressions of
these values are not limted to those in a scalar quantity but may be
those in a 8 vector quantity. Since tones of a voice vary dependi ng upon
breeds and sizes of dogs, the reference voice patterns in this enbodi nent
are created for individual dog group such as Goup A, Goup B, and so
forth to enhance accuracy of the enotion analysis. The reference voice

patterns yopahlaffty Binee Baes oqfat\}?)?coéi?)grﬁk%‘ﬂf@gdﬁ{kd upBh BAdsOAndhe

categories of enotions (Categories a r a single enotion

cat egory dipdsiifaldg®, slodTeefdoshceSfoRtPpaftbend B tHieREEhoRnea t R@k lcesatedos0
includes a plurality of typical data like a data al, a2, ... for Enotion
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dog group nakes voices in a phonetically wide 10 range of utterance, it is
si mi | ar | yagsuadyfehecraetion analysianallye eferencenmitonatternscentain idagat he

ref erence, voi ce patterns for dog' s various enptions, voice_ data were
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enotion. Only common but conspicuous part of the reference pattern nay be
enphasi zeglay, & x dogdelortihg90k00e dok oupimAReswsitesh] £photetitaity uddeg 20

"l oneliness”, "frustration", "aggressiveness", "assertiveness",

" happidnessthge ofimdteranse fitilississilarl¥ipessible tmaccurabalyiamadyzeaits eenatiorons of
dogs are ethologically reasoned in a manner of a single enotion category
correspondi ng 4B @eatingethe, referancetwaice aatteans dor doglkeyations emntians of a

dog is "loneliness", the ,dog stays sti with theiy nuzzles pointing upward
g voice da%a were co]lectged rom a wl1 e range oF drogs fiat” were gllvm P

utterance to their various emotions. The dog’s emotions during collecting
the voice data were ethologically analyzed by observing their actions and
15 behaviors at that time. The collected voice data were classified into one of
emotion categories, and a voice pattern commonly existing in the data of the
same category was defined as a reference voice pattern for that kind of
emotion. Only common but conspicuous part of the reference pattern may
be emphasized. Six basic categories of emotions were selected, including
20 “loneliness”, “frustration”, “aggressiveness’, “assertiveness”, “happiness”,
and “wistfulness”. The actions, behaviors, and emotions of dogs are
ethologically reasoned in a manner of a single emotion category
corresponding to some behavior pattern as follows: When the emotion of a
dog is “loneliness”, the dog stays still with their muzzles pointing upward
25 and whine, seemingly gazing at a point. When the emotion of a dog is
“frustration”, the dog growls heavily in disgust but seems not to know how
they should do. When the emotion of a dog is "aggressiveness", the dog

barks in some exaggerated tone without coming so close to nor staying so




25 and whi ne, seemngly gazing at a point. Wien the enotion of a dog is
"frustration"; the dog growls heavily in disgust but seens not to know how
they shoul.d do. Wien the enotion of a dog is "aggressiveness", the dog
barks in some exaggerated tone w thout comng so close to nor staying so 9
apartfroma manor an object. \Wen the enotion of a dog is "assertiveness",
the dog continually yips in a high tone mhile apparently wanting to attract
attention. \Wen the enotion of a dog is "Happiness", the dog is playfully

j unpi ng oLt Feh i MBS eah @ts]ectr onpheg cﬁ@@kﬂod&lﬁofmﬁ)g&sS“a%emén&%” 5

bar ki ng. en the enotion of "a dog 1s "w stful ness dog gives an

appeal i nghbatdg ¢ohtiheally yigaih b highttoasywhiQ8 39 a2ebltlhasdeiisg ttoittrdvest er s
during its meal or wal k. The voice patterns respectlvel y associated with

t hese enutiartsomi | Whea thet amoébnbel awloghisviilaepipesserthe fdog 15l plagfullgss” i s
made up of significant frequency 10 conponents around 5000 Hz wt hout
f r equencyuEwipEneHos their3pestets and tmpwgaadonbrthenmastersndsi wellagss f or

02t003 econd, This voice pattern is, audible to s a "whining"
soundb Fikprking.s W}@naﬁlhe drmetien “afi apdag is ' magth Bk&ﬁsﬁ% e §YES MMat

Dt t or . (SECARPELRE [0, ROT SRR WRICARE e aRd dATIR TEAS TRASIeFs Locond
f fund f 4 1500
o, and SRk ECRER A0, (ERE G Bt bbbl ol Wi

fundarrentt%sé@ﬁ%ﬁoﬁgqﬁﬁpgérg@tegfedmgwconspl cuous for frequency conponents
around 1000 . This voice pattern often sounds |ike "Wooof, 20 Ww'. Fig.

3 is graph of heoickipattérr foretuasliNedripanade e bfisignfiompt fle'qh%hcy
represents the typical voice pattern for "frustration”. A voice pattern

expr d¥si mgnppygnés sirvend SKH00 Hznwithoup foédquermybecorpponarts afa3@ithdl4 oom 250
to 8000 l_l|)zelc\)% tarrll?iu}garcrlr?grlu?:ls t:n(;. H;nlgzsige fgg %l 2 }:é) 8 eSSse%ggd This voice pattern is
audible to men as a "whining" sound. Fig. 2 is a graph of the “time to
frequency relation map” that represents the typical voice pattern expressing
“loneliness”.
15 A voice pattern for “frustration” is made up of a sub-pattern for 0.3 to
1 second of fundamental tones ranging from 160 to 240 Hz with harmonics
up to 1500 Hz, and a subsequent sub-pattern of 250 to 8000 Hz without
definite fundamental tones and harmonics, but conspicuous for frequency
components around 1000 Hz. This voice pattern often sounds like “Woooof,
20 Wow”. Fig. 3 is graph of the “time to frequency component relation map”
that represents the typical voice pattern for “frustration”.

A voice pattern expressing “aggressiveness” is made up of a sub-
pattern ranging from 250 to 8000 Hz without definite fundamental tones and
harmonics, and conspicuous for frequency components around 1000 Hz, and

25 a subsequent sub-pattern for 0.8 to 1.5 second of fundamental tones ranging
from 240 to 360 Hz with definite harmonics up to 1500 Hz and extending to
8000 Hz. This voice pattern often sounds snarlingly like “Bow,

GarooGarooGaroo”. Fig. 4 is a graph of the “time to frequency component

10



har noni cs, and conspi cuous for frequency conponents around 1000 Hz, and 25
a subsequent sub-pattern for 0.8 to 1.5 second of fundanmental tones ranging
from240 to 360 Hz with definite harnonics up to 1500 Hz and extending to
8000 Hz. This voice pattern often sounds snarlingly |ike "Bow,

Gar ooGarooGaroo". Fig. 4 is a graph of the "tine to frequency conponent 10
map" that represents the typical voice pattern for "aggressiveness". A

voi ce pattern expressing "assertiveness" is made up of frequency

conmponent § ah 2Bk i SN 14 2he tPpREPYo {hRUbr dgidiakliSchbgdlanent al - tones

and harnoni ¢cs, and w th conspicuous 1fOP%requency onponents around 1000 5

Hz, 2000 Hz and\ 9913 pittteie SREESSsMBY YassERiiGeyst s RAAAE D b HidddieBbe 1N

"yel ping" sound. Fig. 5 is a graph of the "tine to frequéncy conponent

rel ati on coaportdnds raegimedeans2ithe 8§00 Halwithowed plnite fundamental tones
"assertiveness". A voice pattern for "happiness" includes a sub-pattern of
f r equencyandbapoarivssandvgtin gonsmiem@sofor frepemcyicowi ndnents deduimd 1000
fundanent gl tone 10 and harnonics, .and with conspi cuous frequency
corrpor‘?entﬁz’a?%(?lé{&@éﬁi pPO0Q Hdz arespsstiyalynt Toih vorae: Battesn is aiikninal t ones
rangi ng fyrom.200 to 300_.Hz_w th har nonj up. to 1500 Hz. This vaic
pattern of"?g}r\ngoﬁﬂﬁggi i K8 5E§8M,apg8‘{)g€%og{m‘?it§.88%‘%“9%’ ﬁP’é‘é’rﬁ’n@f‘?t he
"time to f &%FHEX” ti0r [8Ricd epr.e . W pi cal

Voi ce pat’tegrn or 'ﬁggg?%%és‘*?{s%@y&g‘f ce b%etﬁ%ﬁt%{neg%r %gg'%lﬁhg‘;&%s tful ness”

I s made up of fAIQHREGM B f&n%}fpg?gésﬂflgﬁ];%%(gub%ﬁg&ﬁf Bfgitqﬁgeﬂ\@/% moni ¢s

up to 8000 Hz and with frequenc anent tones ried.

Thi s voi c@niifriedts o iy fre@BFStd 8000 HEWiehout défigite fuh8adedtaAdnes the
"time to frequency conponent relation map" that represents the typical

voi celOpatangl hafroonicej snd whtle serispi@fouEhirequenar @inoporterits axoand1@06rfiz used to
conpare the input voice pattern with the reference voice patterns for
various eHist aoHbsequant ssbnpattexmef Sindamental topesramingdromt K tg 8@0 a DSP

as desi relgl% ’wiﬁg\ﬁérﬁgnics up to 1500 Hz. This voice pattern often sounds like
“BowWow, Gooooooo”. Fig. 6 is a graph of the “time to frequency component
relation map” that represents the typical voice pattern for “happiness”.

15 A voice pattern expressing “wistfulness” is made up of fundamental
tones ranging from 250 to 500 Hz with harmonics up to 8000 Hz and with
frequency of said fundamental tones being varied. This voice pattern often
sounds like “Ghyooo”. Fig. 7is a graph of the “time to frequency component
relation map” that represents the typical voice pattern for “wistfulness”.

20 The comparator 5 is a component used to compare the input voice
pattern with the reference voice patterns for various emotions. The
comparator 5 consists of a CPU (or otherwise, a DSP as desired), ROM that
stores a program which makes the CPU serve as the comparator 5, RAM for
work areas, and the like that are not individually shown. Comparison can

25  be carried out by means of pattern matching where characteristic patterns
undergo Hamming processing. The results of the comparison are produced
as High or Low correlation. For instance, with the reference voice patterns

shown in Fig. 8, the comparator 5 computes a distance
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stores a program whi ch nakes the CPU serve as the conparator 5, RAMfor
work ‘areas, and the like that are not individually shown. Conparison can 25
be carried out by means of pattern matching where characteristic patterns
under go Hamm ng processing. The results of the conparison are produced as
H gh or Low correlation. For instance, with the reference voice patterns
shown in Fig. 8, the conparator 5 conputes a distance 11 Xnz = am- ax|l +
M~ - /3Xx +yin- yx +1 Sm- Sr + em- in conparison of the input voice

pattern (g |&m _raxiy| M~ @%giﬁz ??4 \)4(“]&1h— Eﬂ&g&;gﬁ bﬁs AandiontpLadch of te

reference voice patterns , Y X X). The distance Xm is an
i ndex t hahphidbicapasedn (Xhem nBf yihe &8 r ehdt with thfe doffesponding/@ate 5

pattern and the reference voice patterns conpared with the sane. The
enoti on oftkgesferaniervipopaitegnd o(bhe A& ay xetd ka oK), Fhddispamdd XB nD, F
n0). that leads to the m ninmum value of the distance Xm shoul d be the one
t hat shows anhindexgblest imdicatdsaan cextent fof tthe ¢ovpeliationi ok thetinpnh. voite
di stance 10 Xnel am anD1+1l m/ 3nD+l M nnOl +Sm, 5m otemrnQl in this_case
conmesbt o Patierai agh thenrefprensearpice spattermsycomparedh vath hdhe sameen @& oi ce
pattern al unique to Dog G oup. B is (a 8 -/ n0,, SN0 )., ~this
dat a set SN fAleEREY § ’s”teéﬂ%rgdl% @eé%ggtqr?%?ﬁﬁrﬂlggr@dmphe{f é‘ﬁb?@,mf’t is
determ ned_t e t r ' . ' he 15
ot vor cE ek Rads TR nGERE alte Pl iskaRiq R SHANAEMUAS 1T
| nput vol [ B hikheBE Adidlafbnt REtH &he' fIRR VBiceCpRBtets! NSThe
regardl estgg%&tovkﬁa?h% n% o? cf%g g?ou%s a subj ect bel ongspt 0. Alternatively,
the compgfhigth@ce 5 May get a dog group of the subject in advance, and the
conparison of the input voice pattern of the subject with the reference
voi ca0pat tén rdorit s aoel + |Ased— BorObtiymirymd)| + [Omi+ @el| +iantresrof| t e dbis geds®. | n
this way, added data on the dog group can bring about nore accurate
anal ysi s comeartota ongimum. In the examples in Fig. 8, since the reference voice
pattern al unique to Dog Group Bis (¢ m0, Bm0, ym0, 6 m0, &mO), this
data set leads to the distance Xm being a minimum, and therefore, it is
determined that the Emotion Category a is the emotion expressed by the
15 input voice pattern. The comparator 5 may straightforwardly compare the
input voice pattern with the data of the reference voice patterns regardless of
what kind of dog groups a subject belongs to. Alternatively, the comparator
5 may get a dog group of the subject in advance, and the comparison of the
input voice pattern of the subject with the reference voice patterns is carried
20 outin a limited range of the dog group. In this way, added data on the dog
group can bring about more accurate analysis of emotions.
The analyzing means 6 is a component that determines, as the
emotion of the subject dog, a specific emotion corresponding to the reference
voice pattern having the highest correlation with the input voice pattern of
25  the subject as a result of the comparison with the reference voice patterns by
the comparator 5. The analyzing means 6 consists of a CPU (or otherwise, a
DSP as desired), ROM that stores a program which makes the CPU serve as

the analyzing means 6, RAM for work areas, and the like that are not



The anal yzing nmeans 6 is a conponent that determ nes, as the enotion of

t he subject dog, a specific enption corresponding to the reference voice
pattern having the highest correlation with the input voice pattern of 25
the subject as a result of the conparison with the reference voice patterns
by the conparator 5. The anal yzing neans 6 consists of a CPU (or
otherwise, a DSP as desired), ROMthat stores a program which nmakes the
CPU serve as the analyzing nmeans 6, RAM for work areas, and the |ike that

are not %%ththhggﬁh%% shown. The output means 7 is a conmponent that
external |y outputs the ‘result of the analysis by the analyzing neans 6.

The out put nmearme’ oifyut Rfeadhsdi7sH %Y,cé’xﬁ?@ﬁéﬁﬁl%hﬁt“‘e‘}t%dﬂﬂ%h@p&fsy%hé" ,

di splay screen and it's drive 5 circuit that enable characters and graphics
repr esent®bulinof thie Didigsisilgethd analy@inden@usofindTHe\utpu s uedhrRsS7 anapeaker
and an audi bl e sound generating circuit. The output nmeans 7 may

al t er nat iheehydigplaguappatasussalchsas ligasdilckystiah displayi dcaterdaina fterdmvet hat is
received at other devices for any particular wuse. For exanple, the

anal y$i s qedt thay epahjei charaetess mngd seaphies rerresantdiagparaetherwismtitol | er

of a dog-shaped roboitiﬁo.that t he robot can gonduct. fl certain action
speci fi c P8Y 5 SABRA SleVire: sichrAd 2 sRepkes n wigibers BEREERIIREt he
anal yzed enotio as onmand ,set to.controk notihons,,of the .robot,, Now,
the Tt ow SrCult- ot Ry i BRBRS 7 SlavoAepRiihHly PERMHES uF%,ehifisid PSS oAr at us
1 wll b el be Fi 1T r ki ng- d made
by & subj At L e ritat, 4T i ;APECUA S GRCPINGIGS & M b RRicaUR]
pattern aidel afoRlexdnge! v analydidGesalt S mvGbacd AR hftlyBe fdel thhen audio
signals. The voice pattern is extracted in a formof the relation map and
al | odat edbpenatine deAbtollEh evfcp dogrshiapedSrobeads thiae thef sobeib aanvedwdudtOa

patterns corresponding to various enotions stored in the enotions based
certain action specific to the emotion data. Thus, the output means 7 can

produce the analyzed emotions as a command set to control motions of the
robot.

Now, the flow of a sequential operation of the emotion determining

15 apparatus 1 will be described. First, the transducer 2 converts a barking

sound made by a subject dog into digitized audio signals. Then, the input

voice pattern extractor 3 extracts characteristic voice patterns from the

audio signals. The voice pattern is extracted in a form of the relation map

and allocated in the RAM. The comparator 5 reads the reference voice

20 patterns corresponding to various emotions stored in the emotions based

reference voice patterns memory 4, and compares the input voice pattern in

the RAM with the reference voice patterns in the emotions based reference

voice patterns memory 4. The comparison can be carried out by means of

pattern matching where the characteristic patterns undergo Hamming

256 processing. As a result of the comparison, correlations of the input voice

pattern with the various emotions are obtained in numerical analysis data.

After that, the analyzing means 6 determines that the emotion of the subject

dog is an emotion corresponding to the reference voice pattern having the
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reference voice patterns nenory 4, and conpares the input voice pattern in
the RAMw th the reference voice patterns in the enptions based reference
voi ce patterns nenory 4. The conparison can be carried out by neans of
pattern matchi ng where the characteristic patterns undergo Hamm ng 25
processing. As a result of the conparison, correlations of the input voice
pattern with the various enotions are obtained in nunerical analysis data.
After that, the analyzing neans 6 determ nes that the enotion of the

subj ect  }igHedtScAReIMRN. OEVRLH SAP O &&ggﬁQll§Q§rgiqfﬁro‘aﬂE§s \AHHC&@Q%E ern

havi ng the 13 hi ghest correlation. Event e ‘out put neans roduces

and out puh3ratess,ar i 6ics, digitaed dat4li thielhdfen s obijeet, FRid ik RkeaRapbl ect,
and the |like that expresses the enotion. The invention as defined in daim

1 and O axpresseslthewmdtivh. 5 procedures of converting dog's voices into

el ectrical audio signals, extracting characteristics in atine to
frequency conpdinentinvenitani oms ndgfinefd tihe Chaidh ol asadjn@laama dollomputheoi ce
pattern, storing in advance in enotions based reference voice patterns
menor § t RIOFRGUIEE 9é E0RvRItENE ARE 8 VaLces dntaseleriainal andkie stgmalsrextractingct i vel y
represent ,characteristics of tine to frequency 10 conponent rel ation maps,
conpar i ngfhlaﬁ%‘:treﬁﬁﬁfs \}Biacgmbedm Erequpnen o on,eép é'le@%‘gP maref sheaydie  and

det 1 NiE t.he: i h bj .d i t
cor r esporlahs HC AR, vEte cbatiP Mtk iR B BRI A based
correl at i@, uhtd olfte pARdinY Qﬁgﬁgﬂ?tt}l@rﬁf@ﬁa Qe Goitd b atferhBerorOyRALLSON

wherein said enotions represente y the reference voice patterns I nclude

15 "I onelenidtsén's that wespertively repAHdneSeiarab@Ifistics” MBS EiRhd It¥eN@Y®ency
"happi ness", and "w stful ness”, and hence, the present invention attains

an eflbectcomponent rdlatieh enmpsi @ ntivay'isg ethe iinpsat based payeern twithatke ng
sound with objective supports, 14
reference voice patterns, and determining that the emotion of the subject dog
is an emotion corresponding to the reference voice pattern having the highest
correlation with the input voice pattern as a result of the comparison,
wherein said emotions represented by the reference voice patterns include
15  “loneliness”, “frustration”, “aggressiveness”’, “assertiveness’, “happiness”,
and “wistfulness”, and hence, the present invention attains an effective way

of determining dog’s emotions based upon its barking sound with objective

supports.
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WHAT 1S CLAIMED IS: 1. An apparatus of determ ning dog's enotions by vocal
anal ysis of dog's voice patterns, conprising nmeans for converting dog's
voices into electrical audio signals, 5 neans for extracting
characteristics in a tine to frequency conponent relation map of the audio
signals as an input voice pattern, neans for storing reference voice
patterns that represent various dog' s enotions expressed by its voice in a
formof the time to frequency conponent relation map, nmeans for conparing
the i nputywydEesRatApRpMgh 10 the reference voice patterns, and nmeans
for determning how the dog feels by choosing the pattern nost closely

mat ched to the ;i npy aﬁ?h%u@%%&&imiﬂlﬁgﬂ@’é B9 oBiRR8 A1 Wcal @inddysis of
characterized in that the reference voice patterns include 15 a reference

voi ce patdogisnveicpr pattiengs, enabrisgss mbahs i Hrmedsreufingf dogisgnbices aimito
frequency conponents around 5000 Hz wi t hout frequency conponents of 3000
Hz or beledevtiiogl dadiossigmalspni cs and | asts for 0.2 to 0.3 second, a
reference voice pattern expressing frustration that is nmade up of a 20
sub- p&ttern fomermd tfor1 extuashiagofcliaragtenisticsl inorees timgmgtagiieaseneso t o
240 Hz with harnonics, up torpé"Sﬁg .and a_subsequent sub-pattern of 250 to
5000 1o PPRGAERRSHAMONEmAR e MGG BLEIALS 28 AT YOI IAIGeATS

pat torn oxpr oo BIANg StFUREREeh o VR Hafid it ot s TeSlio b r

rangi ng f og%" &ﬁgtitoﬁsgﬁgﬁseg%éfr’%%mqytvoqg iiﬂie;%{rﬁnﬁp%@ttﬁhg t@fggx%ﬁu%gg%n da

har noni cs dnd conspl regquency conponents aroun .
subsequenrbmpéheRdrbRYtbrf ﬁfapr -nj&%éﬁ)s ﬂor5co'i@§mﬂg%efiﬁgggmagﬂea;b%ﬁt@ﬂ?sml& angi ng
ini an

from240 to 360 Hz with de e harnonics up to 1
10 the reference voice patterns, and
means for determining how the dog feels by choosing the pattern
most closely matched to the input voice pattern;
wherein the apparatus being characterized in that the reference
voice patterns include
15 a reference voice pattern expressing loneliness that is made up of
significant frequency components around 5000 Hz without frequency
components of 3000 Hz or below but lacks harmonics and lasts for 0.2 to 0.3
second,
a reference voice pattern expressing frustration that is made up of a
20 sub-pattern for 0.3 to 1 second of fundamental tones ranging from 160 to 240
Hz with harmonics up to 1500 Hz and a subsequent sub-pattern of 250 to
8000 Hz without definite fundamental tones and harmonics but is
conspicuous for frequency components around 1000 Hz,
a reference voice pattern expressing aggressiveness that is made up
25  of a sub-pattern ranging from 250 to 8000 Hz without definite fundamental
tones and harmonics and conspicuous for frequency components around 1000
Hz and a subsequent sub-pattern for 0.8 to 1.5 second of fundamental tones

ranging from 240 to 360 Hz with definite harmonics up to 1500 Hz and

15



15 reaching 8000 Hz, a reference voice pattern expressing assertiveness
that 'is nade up of frequency conponents ranging from 250 to 8000 Hz
without definite fundanental tones and harnonics and is conspi cuous for
frequency 5 conponents around 1000 Hz, 2000 Hz and 5000 Hz, respectively,
a reference voice pattern expressing happi ness including a sub- pattern of
frequency conponents ranging from250 to 8000 Hz wthout definite
fundanmental tones and harnonics and with conspi cuous frequency conponents

around 109 D ubsequent sub-pattern of fundanental 10 tones
rangi ng ?ch%h%go tc())a%%’o Hz with harnmonics up to 1500 Hz, and a reference

voi ce pattern gxpf&sncdeoleidttdesdrebahgl sssoRieritdsthat ¢ ndRIEAHIf tones
rangi ng from 250 to 500 Hz with harnonics up to 8000 Hz and with frequency

of the fdreaammayatormpogentieiraggitay ifesm 2502.t0 A8060 hBld fvaithoet edefiniteg dog' s
enotions by vocal analysis of dog's voice patterns, conprising the steps
of convefundgmdotals teoeseandntharwlontts i mad wudiomspiapoass for xfreageteinng
characteristics in a tine to_frequency conponent relation nmap of the audio
si gnafs &gn@ﬁnﬁnpmarmmdew%ﬂ@zawi& and60Rg Harresppetivelsi ce patterns that
represent various tgo 's _emotions expressed by its voice in a formof the
time to frequefRcl® B‘rgﬁf&nélﬁ’cce PRILELR oG SSINGo BERPIIRSSt MR 3, gubes

Fecl o by Mentbah; it il BaF roatfo il iy 0387 A0 R DU B Wikl ce
pat ¢ or s RS R RArRELOR GHE BRIAAARILS A WAL PA ISR Retlepfy, |
made up @bmponents around 1000 Hz and a subsequent sub-pattern of fundamental
10  tones ranging from 200 to 300 Hz with harmonics up to 1500 Hz, and
a reference voice pattern expressing wistfulness that is made up of

fundamental tones ranging from 250 to 500 Hz with harmonics up to 8000

Hz and with frequency of the fundamental tones being varied.

15 2. A method for determining dog's emotions by vocal analysis of

dog's voice patterns, comprising the steps of

converting dog’s voices into electrical audio signals, extracting
characteristics in a time to frequency component relation map of the audio
signals as an input voice pattern,

20 storing reference voice patterns that represent various dog’s
emotions expressed by its voice in a form of the time to frequency component
relation map,

comparing the input voice pattern with the reference voice patterns,
and determining how the dog feels by choosing the pattern most closely

25 matched to the input voice pattern;

the method being characterized in that the reference voice patterns
include

a reference voice pattern expressing loneliness that is made up of
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16 signi ficant frequency conponents around 5000 Hz wi t hout frequency
conponents of:- 3000 Hz or bel ow but | acks harnonics and lasts for 0.2 to 0.3
second, a.reference voice pattern expressing frustration that is nade up of
a 5 sub-pattern for 0.3 to 1 second of fundanental tones ranging from 160
to 240 Hz with harnonics up to 1500 Hz and a subsequent sub-pattern of 250
to 8000 Hz without definite fundamental tones and harnonics but is

conspi cuous for frequency conponents around 1000 Hz, a reference voice

P B ST T R R
nar o CSRRpR,CPEIRIE 1By b8 EECHEASH SRR sateund 0 2909.4% and o

from 240 b,3p0 Hz with harnonics definite up to 1500 Hz and reachi ng 8000
Hz, 15 a reference voice pattern expressing assertiveness that is nade up

of frequency @aRPaRABE SoicRNEAIS T &RINedsd ot fu8fiARiorzthattiBanhdslelpi ¢fide
fundanmental tones and harnonics and is conspicuous for frequency

conpofentsabaratterch fHRMO3 it ,1 s2060d b franthrbefthlHones espgiaei fvahy] 60ata 24@r ence
voi ce pattern expressing happiness including a sub- 20 pattern of frequency
conponenti¥z matlyihagrfondes 250tot d5@DETe prdwa shbeequetds suli-petteunddnft & t ones

and harmoni cs and wi.th conspi cuous frequepc conmpopent s around 1000 Hz and
a subseq@®9RP Lin- pakhoartn m%ﬁﬁéﬁﬁ’eﬂntapo Sy aﬁ%ﬁﬁ@aw%cgo Uol800 Hz

ith h i 500 Hz d f i i
i st 1 ui neotinups kot fraensS o bntbaiS aEHERT F08P FE " angi ng 1 om 250 ¢ o
500 Hz with hagnp 1%?}98%56% 5000m BepARdint LPedsSARGRSY 110dt It faungament al

tones being vari ed:
10  of a sub-pattern ranging from 250 to 8000 Hz without definite fundamental

tones and harmonics and is conspicuous for frequency components around
1000 Hz and a subsequent sub-pattern for 0.8 to 1.5 second of fundamental
tones ranging from 240 to 360 Hz with harmonics definite up to 1500 Hz and
reaching 8000 Hz,

15 a reference voice pattern expressing assertiveness that is made up of
frequency components ranging from 250 to 8000 Hz without definite
fundamental tones and harmonics and is conspicuous for frequency
components around 1000 Hz, 2000 Hz and 5000 Hz, respectively,

a reference voice pattern expressing happiness including a sub-

20 pattern of frequency components ranging from 250 to 8000 Hz without
definite fundamental tones and harmonics and with conspicuous frequency
components around 1000 Hz and a subsequent sub-pattern of fundamental
tones ranging from 200 to 300 Hz with harmonics up to 1500 Hz, and

a reference voice pattern expressing wistfulness that is made up of

25 fundamental tones ranging from 250 to 500 Hz with harmonics up to 8000

Hz and with frequency of the fundamental tones being varied.
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