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The present invention relates to apparatus and nmet hods for nonitoring
enot i onal st at es.wo9931653 BACKGROUND OF THE pédvizhBrdoed

Publ=shed PCT Application WD 97/01984 (PCT/1L96/00027) describes a method
for effecting biofeedback regul ation of at |east one physiol ogical variable
characteristic of a subject's enptional state, including the steps of
nonitoring at | east one speech paraneter characteristic of the subjectts
enotional state so as to produce an indication signal, and using the

i ndication signal to provide the subject with an indication of the at |east
one physiol ogical variable. A systempermts the nethod to be carried out
in standal one node or viAZPARA QRDREFECHNGEMOTHINS ndi cat i on
signal may be derived at a location renote fromthe subject. Information
relating to the subject's enotional state can be conveyed vocally to a
renote party or textually through the

FIELD OF THE INVENTION

The present invention relates to apparatus and methods for monitoring

emotjonal states.

BACKGROUND OF THE INVENTION

Published PCT Application WO 97/01984 (PCT/IL96/00027) describes a
method for effecting biofeedback regulation of at least one physiological variable
characteristic of a subject's emotional state, including the steps of monitoring at least one
.speech parameter characteristic of the subject's emotional state so as to produce an
indication signal, and using the indication signal to provide the subject with an indication
of the at least one physiological variable. A system permits the method to be carried out
in standalone mode or via the telephone line in which case the indication signal may be
derived at a location remote from the subject. Information relating to the subject's
emotional state can be conveyed vocally to a remote party or textually through the
Internet, and then processed as required.

Published European Patent Application No. 94850185.3 (Publication No.
306 664 537 A2) describes a method and arrangement for determining stresses in a
spoken sequence. From a sequence recognized in the spoken speech, a model of the
speech is created. By comparing the spoken sequence with the modeled speech, a
difference between them is obtained.

U.S. Patent 1,384,721 describes a method and apparatus for physiological
response analysis,



Internet, and then processed as required. Publ i shed Eur opean
Pat ent Application No. 94850185.3 (Publication No. 306 664 537 A2)

descri bes a nethod and arrangenent for determ ning stresses in a spoken
sequence. From a sequence recogni zed in the spoken speech, a nodel of the
speech,is created aring the spoken sequence with the nodel ed :
speeéﬁj a differeggg%gggagen themis obtained. UPSILEOE ¢

1, 384, 721 describes a nethod and apparatus for physiol ogical response

anal ysi s. U S. Patent 3,855,416 to Fuller

descri bes a nethod and appdy.at Paent /85 htnmt Fuller desraibessi methehahidnapparatuy &ri d

truth/lie decision . fundament.al spegeh- ener gy . wei d vi bratto
conponent assessné’??f"?a\/m ana ys;?qeatdﬁg 0 ‘6&‘%@%@? en%{s’%k,?@g?f '%T?enfag s?—”l?f']'%’?"gy
descri bes a net hodveightedviboatoabmpontraasspdsmerat i on anal ysis lending to valid
truth/lie decisions by spe ener, i C ri so

U S. Patent 3,855,418 to Fﬁ?’%‘??“%‘g&%%{i‘%aﬂr%t ‘?%Br%g‘%n"dmg%"a?“gt‘tﬁ’gﬂ?%‘r for
phonati on anal ysi $hbatich regalysis leadingl td rvalid tiuthdlieddeisionsobys spactrali briefgyt region
conponent assessnent. The di scl osures of all publications

mentioned in the SPBR¥FPRation and of the publications cited therein are
hereby incorporated by ref drsneaent 3,855,418 to Fuller describes a method and apparatus for

phonation analysis lending to valid truth/lie decisions by vibratto component assessment.
The disclosures of all publications mentioned in the specification and of

the publications cited therein are hereby incorporated by reference.

SUMMARY OF THE INVENTION

The present invention seeks to provide improved apparatus and methods
for monitoring emotional states.

There is thus provided, in accordance with a preferred embodiment of the

. present invention, apparatﬁs for detecting emotional status of an individual, the apparatus
including a voice analyzer operative to input a speech specimen generated by the
individual and to derive therefrom intonation information, and an emotion reporter
operative to generate an output indication of the individual's emotional status based on
the intonation information.

Further in accordance with a preferred embodiment of the present
invention, the speech specimen is provided over the telephone to the voice analyzer.

Still further in accordance with a preferred embodiment of the present
invention, the report on the individual's emotional status includes z fie detection report
based on the individual's emotional status.

Further in accordance with a preferred embodiment of the present
invention, the intonation information includes multidimensional intonation information.

Still further in accordance with a preferred embodiment of the present
invention, the multidimensional information inchudes at least 3-dimensional information.
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The present invention seeks to provide inproved apparatus and nethods for
noni toring enotional states. There is thus provided, in
accordance with a preferred enbodi nent of the present invention, apparatus
for detecting enotional status of an individual, the apparatus including a
voi ce anal yzer op®Pa8R¥& to input a speech speci men gener at ed reyaidsosis

i ndiw¥dual and to derive therefromintonation information, and an enotion
reporter operative to generate an output indication of the individual's
enotional status based on the intonatjon information. . Furt her
in accordance with a pref e#‘?’@ff g’nﬁ%"&fdr%ﬁ’?twgl? % REEEPS SaRpAimeRs opf thsnPresehle
speech speci nen i aviatiy thdeshitidinensiétabinforhatioh incladdsat lehse 4 \diengoraliaoyration.
Cnventi on, the report on il By PRSEECE I AGHAFTS: SHOAUmPH AL Qe | o
detection report ioghech, € idtbrmationitforthaidf inclades iffdrimatictl pertiiihg!fo. thorns.

Further in accordance wth_a preferred enbodi ment of the.prese Eh I nventi on,
the intonation information IHel PaCOHEE; e BTEsH ?‘B’ﬁ i% e present

i nformation. invention, the inférinktion purtaldiap tb thEBS QIcRidEC the WiumBeraofPIh6ine ik @d
enbodi nent of thepgéesen%gl nveng' on, the nultidinmensional information

i ncl udes at | east PEIHTHEFEFBHENS nf or mat i on.

2 Furthért e bedofdame Cwitld anprefewed Rembodihéerdt o6 the present
enbodi nent of the, present .i_‘gvention, .Lhe | tidi nsg’l o(pal.bi,nf 0¥L rIlation

incl udes at | east PHENHPEReSPIGHEAIOR AFIANAS: tP Shors includes the distributiop of thomms oVefer

accordance with atpéeferred enbodi nent of the present invention, the
intonation infornmation inc es jnfornation pertainin o.thorns.

Further in accordance wit h‘L‘k@ﬁ‘HP@iP’é?r‘@‘fc?"%o %rﬂfewgﬁ‘é°$m%‘§é’2fhel BEERt i on,
the information pgudnfibd)theehditidnibAsatbNRbidES hfdrhetidh paRakindo pldaids i n a

predeterm ned tine period. X ) .
Further in accordance with a preferred embodiment of the present

invention, the information pertaining to plateaus includes the number of plateaus in a
predetermined time period.

Still further in accordance with a preferred embodiment of the present
invention, the information pertzining to plateaus includes information pertaining to length
.of plateaus.

Additionally in accordance with a preferred embodiment of the present
invention, the information pertaining to length of plateaus includes an average platean
length for a predetermined time period.

Still further in accordance with a preferred embodiment of the present
invention, the information pertaining to length of plateaus includes the standard error of
plateau length for a predetermined time period.

Also provided, in accordance with another preferred embodiment of the
present invention, is a lie dezection system including a multidimensional voice analyzer
operative 10 input a speech specimen generated by an individual and to quantify a
plurality of characteristics of the speech specimen, and 2 credibility evaluator reporter
operative 10 generate an ocutput indication of the individual's credibility, including
detection of lies, based on the plurality of quantified characteristics.



Further in accordance with a preferred enbodi nrent of the present invention,
the information pertaining to thorns includes the distribution of thorns
over tinme. Additionally in accordance with a preferred

enbodi ment of the present invention, the intonation information includes

i nformation pertai pl at eaus. Further in accor e .
wth™ preferred v%@%lén%’m of the present invention, the inf SFF/&P?@’RE’

pertaining to plateaus includes the nunber of plateaus in a predeterm ned
time period. Still further in accordance with a preferred
enbodi nent of the present iAidﬂiﬁmdlpwoviﬂdrdeiniancfoodmmpéertméﬁmire@emmdipnbmt eaus

i ncl udes |nformat| pert ai. t.0 I f at.e

Additionally in acocg‘re(féﬁﬁ mve'? na‘sf)'r e %&?neﬁeth%)m rece‘?ngt%‘eé’eecp &8 ec'

i nvention, the i nfgenerandd bynanpemha\nahnndgqmﬂnmgphmmy qflchzrmusmsmflthnjamchn
aver age pI ateau length for, a redet rm.ne R , Still
further in accordéﬁ%@e\']ﬁmgﬁnﬁ @F@Pr aEe ’ﬂgud?ng‘n '?dov?%als cr%%bém "l'crllu\%ﬁt I on,
the information pdemétl@hbgliekd:aéedbgtlhpmfahgloaqmlchmdmdmst he st andard error
of plateau length for a pr ne. er|

provi ded, in accordance wi ?H%é?ﬁd?ﬁé?‘mﬁf’%ef é}d?ﬁs%.e%%%‘m%? %th eFPI; Bt

i nvention, is a l ii@eﬁbhaﬁupwhsgesﬁnemnclﬂdeh mdmgpeachwﬁvéhmngmmnmm whereia e
anal yzer operative t o, speech speci jyen nerated b n i ndi.vi dual
and to quantify a %V&F&Fﬁ) °rdsf°p§‘r?3¥e§8f%?ylz%{£? s”ﬁ“’ée"é’b%’éﬁr T
a credibility evaloﬂaéoaﬁerroepbplhtexus,oqaar pliteasandicatigeter Aloeal @élatﬂeljr Pav-frequeidcgat i on

of the individual's credihili I ncl udi ng ,det ecti,an of based on the
plurality of qu antWars @aupeﬂ%?oﬁ %‘Vcr glf AR sp hedch wave, an and e emotlon repdrter 1s operative
3 to provide a suitable output indication based on the rate of occurrence of plateaus. For

example, the emotion reporter may provide a suitable output indication when the rate of
occurrence of plateaus is found to change.

Similarly, each thom indicates that a local relatively high-frequency wave
is superimposed onto the main speech wave. A particular advantage of analyzing
plateaus and thoms as shown and described herein is that substantially all frequencies of
the speech wave may be analyzed.

Also provided, in accordance with another preferred embodiment of the
present invention, is a method for detecting emotional status and including establishing a
multidimensional characteristic range characterizing an individual's range of emotion
when at rest by monitoring the individual for a plurality of emotion-related parameters,
over a first period during which the individual s in an emotionally neutral state, and
defining the multi-dimensional characteristic range as a function of the range of the
plurality of emotion-related parameters during the first period, and monitoring the
individual for the plurality of emotion-related parameters, over a second period during
which it is desired to detect the individual's emotional status, thereby to obtain a
measurement of the plurality of emotion-related parameters, and adjusting the
measurement to take into account the range.

Also provided, in accordance with another preferred embodiment of the
present invention, is a method for detecting emotional status of an individual, the method

including receiving a speech specimen generated by the individual and deriving therefrom
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Addi tionally provided, in accordance with another preferred enbodi nent of
the present invention, is a detection nethod including receiving a speech
speci nen generated by an individual and quantifying a plurality of
characteristics of the speech speci nen, and generating an output indication
of the individual wo®pess bility, including detection of |lies, haseshoeéist he
plurefity of quantified characteristics. Further in
accordance with a preferred enbodi nent of the present invention, the speech
speci men includes, a nai n_speech wave having a perjod and wherein the voice
anal yzer- i s oper a’t“f‘\?@"ﬂ“d“fg ’%é”%ﬁ%‘%ﬁ% °“§pé‘gg\d%ﬁ“i°ﬁgﬁl"l?évr‘de“ﬁlé qebeihi ne
rate of occurrencesaé bfstddnaheistonds infg@ati@au i ndi cating that a | oca
relatively | owfrequency wave i s superinposed onto the nmain speech wave,
and the enotion reporter is operative to provide a suitabl e output

i ndi cati on based on the rate of occurrence of plateaus. For exanple, the
enotion reporter may provide | t.ladication when the rate of
occurrence of plateaus is fougﬁ&g%b%H§§H§ﬁ6ﬁ%nrh%gbﬁi“hNESSinilarly, each
thorn indicates that a | ocal relatively high-frequency wave i s superinposed
onto the main speech wave. A particul ar advantage of anal yzi ng pl at eaus and
thorns as shown and descri BBt PIFEFbilRYention wilk b%lh‘B&"é‘??@i ad| ppmciated feomydhici es

of the speech wavesRing BRaiRE aésyiRion, taken in conjunction withhs Arair@Y indebh: | N _
accordance with another preferred enbodinment of the present invention, is a

met hod for detecting enoti bi%al? Stapieenal ipsirstiop of 2 sistedston pr-lingmepitodng of a
mul tidi mensional ghafeACdnitiosd ktete) ange characterling an individual's range
of enotion when at rest by_nonitor] n? the individual for a plurality of

. y
enpti on-rel at ed par anet er sFiSolfi 2 simpfified; Soyeharslinsiaton o 2 prefesisd method fPwi dual

i's in an enoti onajijendifibingdra SfedlePs enfitidnsl @hieNi Ng the mul ti-di nensi onal
characteristic range as a function of the range of the plurality of

enotion-rel ated par amet er sFgud ihtsmephic ipsteation e Yice ssameohiprirdieg # pynbenef

i ndividual for thgepkurality of enotion-related parameters, over a second
period during which it is desired to detect the individual's enotional
status, thereby to obtai n Benbisugrahicritusationnd apvoife seameqt ingludingor musiber off at ed
parameters, and _agmg;s’i ng the neasurenent to take into account the range.
Al so provided, in accordance with angther preferred, enmbodi nent of the

present invention, is a nefiBoflif asimplified: floviehag Hhstrasion | of  prefsgedymethpd for
i ndi vidual, the npifanaing f&d disRg. {®Cei ving a speech specinen generated by
t he individual and deriving therefrom . .
4 1g. S is a simplified flowchart illustration of a preferred method for
implementing the truth/neutral emotion profile building step of Fig. 1B,
Fig. 6 is a simplified flowchart illustration of a preferred method for
performing step 90 of Fig. 1B on a particular segment,
Fig. 7 is a simplified flowchart illustration of a preferred method for
performing step 100 of ?ig, 1B,
Fig. 8 is 2 simplified flowchart illustration of a preferred method for
performing step 105 of Fig, 1B,
Fig. 9 is a pictorial illustration of a screen display depicting the form, in
design mode, just before starting the application of Appendix A,
Fig. 10 is a pictorial iltustration of a screen display depicting the form, in
the run mode of the system of Appendix A, during calibration to a particular subject,



I ntonation information, and generating an output indication of the

I ndi vi dual ' s enotional status based on the intonation information.

BRI EF DESCRI PTI ON OF THE DRAW NGS The present inventi.on

wi || be understood and appreciated fromthe follow ng detail ed description,

taken jin conjunct |$§9 with the drawi ngs in which: A.is
S (o]

Fi
a pictorial ill ust of a systemfor on-line nonitoring o?crgl‘%s&%% er's
enotional state, Fig. IBis asinplified flowhart
illustration of a preferred nmethod for on- line nonitoring of a speaker's
enotional state, - Fig. 11 is afpictpriaRillisradongif aireen displaysibpicting e fordm, an VoI ce
segnent " i ncl udi ng, a nunber, .of thorns . . . Fig. 3 is a graphic
illustration of g"%ﬁ‘ @gges‘gé}}?éﬁ#mf %’J&Pﬁﬁ‘?"ﬁ‘g‘*&“‘ﬁ’tﬁ%ﬁ%f’g %%a Sb‘%gﬁt’eag S,
Fig. 4 is a sinplified fl ®igchxista sinplifist bieck idiagramfilhatrgionfof o peteried byses fHor
performng step 40 of . Fig. | B, . Fig. 5is a sinplified
flowhart illust Pﬁ??wgéﬁrﬁeﬂﬁfgf‘%'?‘rlgd nmet hod for inplenenting the
truth/ neutral enotion pr ofattached uhereshithg iss ttiep felfowingg appeRdix which aids in the Fi g.
6is asinplified fl hart. illustration aqf eferred. net had for
perform ng step 9’63“65?%1"5?“"1“8?’8?13‘ "8 ?‘E“i%%?’%%? °§‘é ??E,"pﬂ‘““""“ ion shown and; o - 7
is a sinplified fdevitddderdeini | | ustration of a preferred nethod for perform ng
step 100 of Fig. |IB, j S a,si

. . Fig. 8 lif.i fl hart .
illustration of a preferr&8PHERAYY af%&""ﬁgrﬁ%’}grﬂfﬁé” ?rlé'fﬁlsg 81‘0‘“ a.rmf“ﬁ‘,

of a preferred embodiment of the invention shown and described herein,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

A portion of the disclosure of this patent document contains material
which is subject to copyright protaction. The copyright owner has no objection to the
facsimile reproduction by anyone of the patent document or the patent disclosure, as it
appears in the Patent and Trademark Office patent file or records, but otherwise reserves
all copyright rights whatsoever.

Fig. 1A is a pictonal illustration of a system for on-line monitoring of a
speaker’s emotional state. As shown, a speech input arriving over a telephone line, in the
fllustrated embodiment, is received by the system. The system analyzes the speech input
in order to obtain an indication of the speaker's emotional state which indication is
preferably provided to the user in real time, e.g. on the display screen as shown.

Fig. 1B is a simplified flowchart illustration of a preferred method for on-
line monitoring of a speaker’s emotional state. The method of Fig. 1B preferably includes
the following steps:

Initialization step 19: Constants are defined such as the threshold values
of various parameters, defining ranges which are considered to be indicative of various
emotions, as described in detail below.

Step 20: Record 2 wvoice, periodically or on demand. For example,
segments of 0.5 seconds of voice may be recorded continuously, i.e. each 0.5 secs.
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Fig. 9 is a pictori al

I n design node, |

Fig. 10 is a pictorial

ust before starting the application of Appendi x A,

in the run node of the system of Appendix A, during calibration to a
particul ar subj ecW0 99/31653 PCT/IL900613

Fi g&/11 is a pictorial

Il lustration of a screen display depicting the form

illustration of a screen display depicting the form

illustration of a screen display depicting the form

in the run node of the system of Appendix A, during testing of a subject,

q ; )5 / ndl | . ; i
an Afltgx'rx__lktg/el?',f segingntofinfRhdr hﬁ%b%fl&%’imgﬁiyi% ERsilidrbd! SR rlaf O

preferred system

pefformng thé nmetho

At t ached her ewi t may sotraverlap Jfor example. adiasent aeamenis mar overlapsalmest eptisely,riesption
and appreci ation oﬂéo%?&ﬂe@”ed enbodi ment of the invention shown and

descri bed herein:

Appendi x A is a conputer listing of a

preferred software i npl embigiteitkpryoist regodingf er red enbodi ment of the
i nvention shown and descr 'AQQ‘:QOM§ &t Bternatively overlapping s?%};é!df Gl %@Eﬂ F‘I%

PREFERRED ENMBCDI MENTS A portion o

di scl osure ©

pat ent docunent desdmpleds nat eri al

Step 30: Analyze voice segment in order to mark the crucial portion of
the voice segment, i.e. the portion of the voice segment which is thought to actually
contain voice information as opposed to background noise. A suitable criterion for voice
information detection is amplitude, e.g. the first instance of amplitude which exceeds a
threshold is deemed the beginning of the voice information and the end of the voice
information is deemed the point after which no threshold-exceeding sound is found for a
predetermined duration.

Preferably, the samples in the crucial portion are normalized e.g. by
amplifying the samples to take advantage of the entire range of amplitude which can be
accommodated in memory, e.g. +/- li7 amplitude units if 8-bit memory is employed.

Step 40: Count thorns and plateaus in the crucial portion. Compute length

.of each identified plateau, and compute average plateau length for the crucial portion and

standard error for the plateau length. - _

A "thorn" is a notch-shaped feature. For example, the term “thorn" may
be defined as:

a. a sequence of 3 adjacent samples in which the first and third samples are
both higher than the middle sample, or

b. a sequence of 3 adjacent samples in which the first and third samples are
both lower than the middle sample.

Preferably, a thorn is declared even if the first and third samples differ
only very slightly from the middle sample, i.e. there is preferably no minimum threshold
value for the difference between samples. However, there preferably is a minimum
threshold value for the baseline of the thom, i.e. thomns occurring at very low amplitude
are disregarded because they are considered to relate to background noise rather than to

voice.

of a

ndi ng

ON OF
hi s



which is subject to copyright protecion. The copyright owner has no
objection to the facsimle reproduction by anyone of the patent docunent or
the patent disclosure, as it appears in the Patent and Trademark O fice
patent file or records, but otherw se reserves all copyright rights

what soever . o3 Fig. 1Ais a pictorial illustration of a system
for ._1'i ne noni t 8P M4 d‘%f a speaker's emptional state. As shoff! LR och
i nput arriving over a telephone line, in the illustrated enbodinent, is

recei ved by the system The system anal yzes the speech input in or der to

obtain an Tndication of tig 3RSAEhHcHRRTIChORAl ot dlshelltoooibdill Cthiban | o

preferably provided to the user real time, e.g. on the display screen as
shown. ofthomfd4y. |B is a SIer|Ierd flowchart illustration of a

preferred method for on- |A WGy mRnis a%éaﬂﬁlan%s ] tﬁ&?o?éé%av@ FoDhanBiBad piika! €

The method of Fig. 1B preferably includes the follow ng steps:
Initialization stmapbddefinebasifiahtequeneewhise iangth ismens thas a predetepnipedrainiaums | ves

of various paramplghsd aAleil i theh 4 AEaEImtE AR tFORSI. dﬂfe%a&rmm%eshom

i ndi cative of various enotions, as described in detai| bel ow
Step 20: Record # spaited to gifereusiateciasal fatagss SRmcpeprsiAd of Kilspcee Acsegence My Jivent s

of 0.5 seconds of, mg&&m:h@%,ﬂ‘e?eﬁ&r.ﬂ%qpnmucmavédnymm%m GdleQ tRanIECS.

6 Al ter natively, ments of any other suitable I er;gt h may be
consi dered whi chpwdgfmneﬂrﬁ’ycs sugly a5 axpplitude pnits 8kl remonyis smelpedsegnent s may

overlap almost entirely, excent, éf&b’h:c‘?lih%trﬁfon%fE%Ycés’éQH&f?%s includin fsz,anumber

Digitize the voice recordi tionally or ernatively

over | appi ng segnefiplaeays 3§ FFEEPI@E‘@F&I mgem;rewmsdafhw@d _ Step
30: Analyze voice segment ThiloRfefiesf the pridnk itvafion "Wfill) oPQhtkd BNorf of two

modes:

a. Calibration -- building a profile of the subject's truth/neutral emotional
state by monitoring a subject while the subject is not lying and/or is in a neutral
emotional state.

b. Testing — Comparing a subject's speech to the profile of the subject's
truth/neutral emotional state as established during calibration, in order to establish
-emotional state and/or whether or not the subject is being truthful.

If the system is to be used in calibration mode, the method proceeds from
step 50 to step 60. If the system is to be used in testing mode, the method proceeds from
step S0 to step 80,

Step 60: If step 60 is reached, this indicates that the current segment has
been processed for calibration purposes. Therefore, the thom and plateau information
derived in step 40 is stored in a calibration table.

The processes of ﬁteps 20 - S0 are termed herein "voice recording
entering processes”. If there are more voice recordings to be entered for calibration
purposes, the method returns to step 20. If entry of all voice recordings for calibration
purposes has been completed (step 70), the method proceeds to step 80.

Step 80: Build profile of truth/neutral emotional state for the subject who
is currently being tested. This completes operation in calibration mode. Subsequently, the

system enters testing mode in which the subject’s voice recordings are compared to his



t he voice segnent, i.e. the portion of the voice segnent which is thought
to actually contain voice informati on as opposed to background noise. A
suitable eriterion for voice information detection is anplitude, e.g. the
first instance of anplitude which exceeds a threshold is deened the

begi nni ng of the wwsiegsnformati on and the end of the voice i vcotmyadsmsn i s
deegpd the point after which no threshol d-exceeding sound is found for a
pr edet er mi ned duration. Preferably, the sanples in the
crucial portion are alely I YA SARLES t

advant age of the gﬁ’tl ret;ra?ﬁ}ﬁ’%tgoqgjfprgﬂie Py?rﬁeggo\xléﬁ{t&%ggﬂ% be ace(k:' gléefgg%é“
menory, e.g. +/ - kﬁa’n@nﬁhe kubdaet slmoﬁls tyipfcally- fiefléctsrmerod yendenciengfl rhyeltbm/plateau
Step 40: Count tho clal t u ength
of each identifie eau ’9&?3’%@ M\fseeegge(ei%ﬁaég‘}engp ca%éta%f? ‘é‘%g?% %aﬁb

crucial portion amﬂxaﬂbxaﬁdammﬁe,rcme td mturalhequlaatm&egxmgﬂhc caiibration process A
"thorn" is a notch-sh d.feature. FEor horn

defined as: a. e un%pale vmg recordm%s may bgégss lzaglg ntF e]q\éeg “'ﬁ'%ﬁ%ﬁm{gﬁ ‘o
first and third s®mirsy, ansebtbmtatreliub@had:catxhanf tdneal mndeHces , SRNEHE entrids i) the

a sequence of 3 adj cent a S.in ich the first and third sanples are
both | ower than tﬁg “8‘211‘@ gp’ﬁE sclhadf Preferably, a thorn is
decl ared even if the first Swpd9admuradiphaﬁmmetéstfngawdonl y very sli ght ly from
the mddl e sanple, i.e. s _pref er,abl hreshol d val ue for
the difference between san% sdo QBWBV%FM"M@P%’ ?’é‘fagu‘hgﬁ[?‘“%t T

t hreshol d val ue f efuthineatrdd aétion peofitefcoinpited iherep80.i . €. thorns occurring at
very |l ow anplitude are disre set e re con5|dered ate to
backgr ound noi se rat her thgffgalf}g\e;&ﬁr‘?gﬁg & Tesut 3 ¥ Compitison pro6&S o Sep 50

7 order to categorize the current segment as being indicative of various emotions and/or of

falsehood.

Step 105: Optionally, compensate for carryover. The term “carryover”
refers to a residual emotional state carrying over from an "actual” emotional state
occasioned by a first perceived situation, .wherein the residual emotional state lingers
after the first perceived situation has already terminated. An exampie of a suitable
.implementation for step 105 is described herein in the flowchart of Fig. 8.

Step 110: Diﬁplay a message indicating the category determined in step
100.

Step 120: If there are additional segments of voice to be analyzed, return
to step 20. Otherwise, quit. Any suitable number m of segments may be used for
calibration such as 5 segments.

Fig. 4 is a simplified flowchart illustration of a preferred method for
performing step 40 of Fig. 1B. As described above, in step 40, thorn/platean information
is generated for the crucial portion of a current voice recording segment.

The current length of the plateau is termed "jj".

"Jimap(jj) is the number of plateaus whose length is exactly 3.

"Plat" is the counter counting the number of plateaus regardless of length.

"Thom" is the counter counting the number of thorns.

n is the number of samples in a crucial portion under test.
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Fig. 2 is a graphic illustration of a voice segnent 32, including a nunber
of thorns 34. A "plateau” is a local flatness in the voice
wave. For exanple, a plateau may be defined as a flat sequence whose | ength
is nmore than a predeterm ned mninmumthreshold and is |l ess than a '
predet erm ned nmax| P%L$geshold. The maxi mumthreshold is required to .

di ff&rentiate | oca atness froma period of silence. A sequéRFEH¥Rhe
regarded as flat if the difference in anplitude between consecutive sanpl es
is less than a predeterm ned threshold such as 5 anplitude units if 8-bit

menory is enpl g%ed_, ud In step lSO,thEii@;na%?bﬁteﬂx@ﬁ?gxbiaﬁérésH.ustr_ati Xn of a
voi ce ségnent 36, including a nugber pl af eaus 38, | n Appendi x A,
pl ateaus are terned "j urrps'?’.‘ Step 160, start foop °“aﬁfwgﬂﬁ9§{°@ﬁ?‘?ﬂ'?\gstﬁ‘é§qﬁ?9e‘§§m“

i nvention typi cal kithORRS RS sdnpleGRE tedrhinktednt (eARGcrudal sample minus 2. Cal i brati on
-- building a profile of the subject's trut /neutral,%ﬁ%I tional state by

. S
monitoring a subject whil e? #& Wipheapplifudes pfthe samples i arpgecprgedy noyiral

enotional state. b. In steps @6 bhd (RO-th (bR hrle Mekedted; ] i@ GlepS199PBBLCIOL O
the profile of the dsubj ec‘ﬁe'és truéh/ neutral enotional state as established
during cal i brati oA 419 theRipteaus 9 dLestst | sh enoti onal state and/or whether or

not the subject is being tinnik 200, if the length of the candidite plAaS s Veier feasomblae
used in calibrati gg‘mgode, t he met hod‘hgéqceeds fromgge 0Oto %te 60. |If
the systemis to & SFHCH 45 Deween A gndrgiancremrat HsoHBber i & éeé‘éfs"ff?”éﬁ]-'%‘t”gp 50
to step 80. increment Plat, SheRtabRlimblef oflabdaud OttiebuiseL e kb ledg oF theltahidiiate €S

that the current segnent has been processed for calibration purposes.
Therefore, the th8k %ﬁ&sﬂpﬁt%%f@qrg?hé‘?%fl}%ﬁ“d&%ﬁ “Psﬂ%?éﬁé)%ai & or ed

in a calibration table. Whether or not thd Réndi¥aRGRE&8Ss dbenfell @PFeal OplateaOther €
termed herein voice recording enteri ng b)rr ocesses". |If there are nore voice
recordings to be 8latea ength &S gstpsd{sta 219k purposes, the nethod returns to

step 20. If entry of all vgieﬁqzmqsééydrwaxeﬁwp,p@l:ﬂegfoa&hmhimm%ﬁ&maﬁ been
conpleted (step 70), the nethod proceeds to step 80. Step 80:

Build profile of gfayensthvebsearhesksdti onal state for the subject who is

currently being tested. ThisstePrml edrifneihe brkdg® (AV]) s ktaktadf érfoh (JQY @Ethe
Subsequently, the systementers testing node in which the subject's voice

recordings are coRp¥pblangthvasahle, jmap. |
In step 240, compute SPT and SPJ. SPT is the average number of thoms

-per sample, preferably suitably normalized. SPJ is the average number of plateaus per
sample, preferably suitably normalized.

According to the illustrated embodiment, emotional status detection is
multi-dimensional, i.e. emotional status is derived from the speech information via a
plurality of preferably independent intermediate variables.

Fig. 5 is a simplified flowchart illustration of a preferred method for
implementing the truth/neutral emotion profile building step of Fig. 1B.

In Fig. 5, SPT() is the SPT value for segment i.

MinSPT is the minimum SPT value measured in any of the m segments,

MaxSPT is the maximum SPT value measured in any of the m segments.

MinSP] is the minimum SPJ value measured in any of the m segments.

MaxSPJ is the maximum SPJ value measured in any of the m segments.

MinJQ is the minimum JQ value measured in any of the m segments.

MaxJQ is the maximum JQ value measured in any of the m segments.
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truth/neutral enotional profile in order to identify instances of fal sehood
or hei ghtened enotion. The subject's profile typically reflects central
tendenci es of the thorn/plateau information and is typically adjusted to
take into account artifacts of the calibration situation. For exanple, due
to natural stres¥o#931682 begi nning of the calibration proces®PCTALOISH ti al
voilgg recordings nay be |less reliable than subsequent voice recordings.
Preferably, to obtain a reliable indication of central tendencies, extrene
entries in the calibration table may be di scarded. Steps 90
onward.pertain to the tesgl MO size of the range of SPOWVEResIhcolntFRAlSng
thorn/plateau i nformati on of current segnent to the truth/neutral em)t I on
profile conput edcalibratiane pogpgenerally, ResSPT may comgtsgalylmablepﬁ@gag%pﬁthp 8RSyl t s
of the conparisog, PHAGRS t}anu%B&be%rﬁs”wﬂéhdﬁﬁy seoexﬁétag%emetsmecpunﬁ gnt

segnent as being i1 ndicative of various enptions and/or of falséhood.

Step 105: Opti ontibsthipsutrabemnsionad statef Jherefarer if gheaumber %@Wmamwrefers
to a residual enp snm ivE ACreRA0 36 BASPN Ghenl OTHRR caRTh YA o BH 4 BER
state occasi oned T percei ved situation, wherein the r esi dual
enotional state heutrg}eﬂmotlaﬂaﬂ etntetsmb 4s| mﬂnop@;abwvé@rmweé bYotkcitation r eveady -
termnated. An exam

descri bed herei n™P najtemg)s ’Pls f”h gj gxgﬁg&t%ltmrg%s %&Qu&ﬁld{§ﬂ

Di splay a nessageﬂumdemmeddwr@h@hmmeggmgnmwmd in step 100

Step 120: If there are adﬂlfs%rma heSEATRINS fbec/SH ST VuACenBORlef el urinet U 1
to step 20. O herw se, qui surt e nu segnents nay bé used
for calibration sahbﬂanasl\@rmgﬂdmmssm may comprise a.ny smnb@ indication of the et ofj ed
flowchart illustrpatj on. 3 @[ o] (oY 1s Myt gqngf Fig.
| B. As descri bedvarb{c’)(\’/nem%en §F£F@£t%ornpq€agtbga e{iormatt |g°on S generated
for the crucial puothinewral afotianat etatpeﬁherﬁm,ofatm wszmfmteswm ppeech segment is

The current | eng e, id gjnmap(J j )
is the nunber of g%f ?tné'%uﬁ’g’ %}%‘%@ﬁ% X ?%1&; exé’c’:dtﬁufw can be said 1o be in

is the counter coeutrhllangmbrhbstatarsbdras@fx epbmndaﬁme mqmeééxa&elmsequmﬁml _
Thorn” is the congt L?cno% 'T'Q%#rﬁutg {E‘Eodé#{ébﬁéssﬁ ngfeﬂﬁ‘e typically an input to th 'S

tra
t he nunber of san% i OR-under te
process of evaluatlon of SPJ values generated during unknown 'emotional circumstances.

ResJQ is the size of the range of JQ values encountered during calibration

which serves as a baseline value for evaluation of JQ values generated during unknown

emotional circumstances.
It is appreciated that the baseline need not necessarily be a 4-dimensional

baseline as shown in Fig. 5 but may alternatively be even one-dimensional or may have
many more than 4 dimensions.

Fig. 6 is a simplified flowchart illustration of a preferred method for
performing step 90 of Fig. 1B on a particular segment. As described above, in step 90,
thorn/plateau information of a current segment is compared to the truth/neutral emotion
baseline computed in step 80.

Step 400 is an initialization step.

Step 410 computes the deviation of a current crucial portion from the
subject's previously computed truth/neutral emotional state profile. In the illustrated
embodiment, the deviation comprises a four-dimensional value including a first

component related to the number of thorns, a second component related to the number

11



9 In step 150, the thorn and pl ateau counters

are reset. In step 160, start loop on all crucial portion
sanples. The loop is started at the first crucial sanple and term nates at
the |l ast crucial sanple m nus 2. In step 164 the anplitudes
of the sanples iRydhg,d90p are recorded. In ste 70 and
180 Yhe thorns are %etlect ed, and in steps 190, 195, 200 and ﬁ'@'ﬁf%{gous

pl at eaus are det ect ed. In step 200, if the length of the

candi date plateau is between reasonabl e bounds, such as between 3 and 20,
i ncrement the nurgpgfateats, B ki @8MSoneht rbifedidthe ktaididd dridEmAREHtedd 1dfgth dd3& t Ot al

nunber "of plateaus. Oherwise, 1.e. if the length of the candi date pl ateau
is | ess than 3 orfowfily eomPRASAt Dxinted: tocaveragey Platen lepgthyt HoyFvers it b pPRIgiRsdd®red a

pl at eau. different confdRénBiShayte diploybd '@ diffenélt Elplicutiods ot @ Adlarkple, GESIRD A

"real" plateau, the, plat eau.length, J)j, Is_zeroed (step 210),
Step 220 is the eApficaons,khe digriytion ofthorps {unifonm, sratiy ctg)pvena HNe integyahlaxbe n t he
sequence have be%e@h@@éﬁﬁﬂ‘g]infomaﬁm regarding the subjec?$ @dridmPstatgONpUt € t he average
(AVJ) and standard error (JQ of ateau | ength vari abl e,

' f the pl i j map.
In step 240, conpute SPT aREFAGPHT SPT%%“Q%&“&\FB‘P‘W&%@F“HPA'? meenef per
sanpl e, pref er abl 3yl babl Xelol MRlef Snorh iAo BhEE A URS beslna
pl at eaus per sanple, preferabfy surtabl'y hornalized.
Accordi ng to the thd pancthoriuetierexfithodis ireth¢ curentonicghmirtiont at us detection i s

mul ti-di mensional, i1.e. enﬁxtekl?p%%bé staa%% °5dsvag’%rckﬂ¥%geﬁffi5%oﬁ]ftg$°§§§°?§ﬁége of

information via a plurality oF p er y | ndepen

vari abl es. ratios between avériige nimbér o plaiedidlid fritBHevtrhiMotichal cidchihstmbesahddon of
a preferred nmethod for . . .
the particular number of plateaus in the current crucial portion.

"Breakpoint(y” is a threshold value characterizing the acceptable range of

ratios between average standard error of the number of plateaus in truth/neutral

emotional circumstances, and the particular standard error in the number of plateaus in

the current crucial portion. o

"Breakpoint o " is a threshold value characterizing the acceptable range of

ratios between average plateau length in truth/neutral emotional circumstances, and the
. particular average plateau length in the current crucial portion.

" Steps 420 - 470 update the subject’s profile to take into account the new
information garnered from the current segment. In the illustrated embodiment, only the
ResSPT and ResSPJ values are updated, and only if the deviation of a current crucial
portion from the subject's previously computed truth/neutral emotional state profile is
either very large (e.g. exceeds predetermined ceiling values) or very small (e.g. falls
below certain typically negative predetermined floor values). If the deviation of the
current crucial portion from the truth/neutral profile is neither very large nor very small
(e.g. falls between the ceiling and floor values), the subject's profile is typically left
unaltered at this stage.

In steps 460 and 470, if zzSPT and zzSPJ, respectively, are very close to
zero, then the system's sensitivity is increased by decrementing ResSPT and ResSPJ

respectively.
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i mpl ementing the truth/neutral enotion profile building step of Fig. 1B.
In Fig. 5 SPT(i) is the SPT value for segnent i. M nSPT is
the m ni mum SPT val ue neasured in any of the m segnents.

MaxSPT i s the maxi num SPT val ue neasured in any of the m segnents.

M nSPJ is the mi NY®HAEP) val ue neasured in any of the m segneci/m.esniss
MaxSPJ is the maxi num SPJ val ue neasured in any of the m segnents.
MnJQis the minimumJQ val ue neasured in any of the m segnents.

MaxJQ i's the maxi num JQ vadwtPagtaaseit&uitddied Byicaly a%aﬂ?aﬁﬂnssﬁwéﬂ%%ﬁbigﬁifns of

10 . . ResSPT is the size o he range o val ues
encount ered dur i nge eiafien mpeReatsrpFRAtYIA SRS Thegesooprbinatios aromipsdias @ basisy
sui tabl e indi catigpambbit BRorRudl RBtsifRhtionaritedal HBh hdtht @ﬁoﬁuﬁgp&a{s?if?e Hedliz

whi ch may be expected, when the subject is Iin a truth/neutral r'r{’) Ional
state. Theref or e, *Ppeified iR Figuhtide emptiqmlboisssification criteriscefFig clydnterming svhether or

non- nor Mat | Ve, Wi idh g @lsalyinrbutite Beaibrah 30 bl 2GS bGRTeRE S &l

.10 be
in a non- neutral epotional state suCh as an erotion ar ac e%i zed
by excitation or enfisedarynwes, as Peirgspmitdds or ankeingfsancastic.t eweyer, fityis appréciatedt t o

the process of evgli@ielfentional dasifitai6R _reﬁﬂ@%fﬁtjﬁwgmg%gg enot i onal

dias
ci rcunst ances. RgasaSsPJ I's theé size e range of SPJ val ues
encount ered during cal i br dgitenillustested embadimant) the $RIS Bfymation is ominly sedany
sui tabl e indi cati giye fhb SxcRerhdateved More el ' shﬁ 1 : | at eaus
whi ch may be expe‘ci:at&ed,ev\hqrfﬁt e S\l,,lbj ect 1s %aﬁpéis?g‘ht n{ébtrﬁg{r%g?ﬂéeth Yiﬁ%ﬁl
state, Ther ef or e, TEXCiTHewhichmralsofdepend o additions] parapters ob crSFREES For sxample
non-nor mative, wif BeketRl /AR JrdelRearland! 158y e d%&PéderfoFm@?{;}he?ee 3ahd . be
in a non- neutral enotional state, such as an”enotional state CharacCtérized
by a feeling of ibetvesemdR0 eushi¢Oamex b¢ deemnd indicative ioff enediuss excitenest asdesBR i S,

therefore, typicaldaqdidsdoHdybe bmbdRdicative of high level excitement.

In the illustrated embodiment, the SPJ information is mainly used to

determine feelings of psychological dissonance. For example, a zzSPJ value of between
0.6 and 1.2 may be deemed normal, whereas a value of between 1.2 and 1.7 may be
deemed indicative of confusion or uncertainty. A value exceeding 1.7 may be deemed
indicative of awareness of voice on the part of the subject, and/or of an attempt of the
subject to control his voice. '

In the illustrated embodiment, the zzJQ and crSTRESS values are mainly
used to determine the stress level. For example, a crSTRESS value of between 70 and
120 may be deemed normal, whereas values of over 120 may be deemed indicative of
high stress.

In the illustrated embodiment, the AVJ information is used to determine
the amount of thought invested in spokén words or sentences. For example, if crTHINK
exceeds a value of 100 then the amount of thought invested in a last sentence spoken is
higher than the amount of thought invested in the calibration phase. This means that the
person is thinking more about what he is saying than he did in the calibration phase. If
the value is less than 100 the person is thinking less about what he is saying than he did
in the calibration phase.
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process of evaluation of SPJ val ues generated during unknown enoti onal

ci rcumst ances. ResJQ is the size of the range of JQ val ues
encountered during calibration which serves as a baseline value for

eval uation of JQ val ues generated during unknown enotional circunstances.

It is appreciate he basel i ne need not necessarily be eS| onal
basédf ne as shomqm?%f%. 5 but may alternatively be even onZ"-‘é‘.’%ena onal
or may have nmany nore than 4 di nensions. Fig. 61s a
sinplified flowhart illustration of a preferred nethod for perform ng step
90 of Fig. 1B on a parti cundhe Hestyated embotlimegthe cilife parathesercis used tg tdetorngiae
t horn/ pl ateau i nf L on t 1 DDAl h

trut h/ neutral emﬁt{;)ﬂg&%sgsél%{]?% v%%én%ﬁg?emﬁ :S%H%Q%%ﬁ@&a?ig n?rgthhﬁhegs, %‘lgf 8{) 400
is an initializatbeowees5@md 60 may be deemed indicagiveqf satdaSm ookymer.csluehef beweeméd on of
a current crucial Lon | UD] ' [ t

truth/ neutral em%“?g?]éifngysPééeg%érlo@fﬁ%g?bﬁﬁh@'é&%’ ??“&“‘3;6 ?g%g gir?%’o I Fr-{eon?‘?y t he
devi ati on conpr i sesieemddindicativenefiisicaomady ov akaggerition | andi valgesexéeeding 170ommobeent
related to the ”“JEngédiﬁ’JicaWeooerﬁtrut i gond conponent related to the nunber
of plateaus, a third conponent related to the standard error in the pl ateau
| engt h and a fourth conporRefiringdack tedig 6, thearamgters piestionediatognyeyreceie iy er
it is appreciat eck‘oﬁo% ﬁiuuerent conponents may be enployed in different
applications. For exaer e, in sone applications, the distribution of thorns
(uniform erratic, etc.) direskpeintiri=rRreakpoiaty Felreakpginttye= Beakpdintp i Idler i vi ng
information regarding the sybject's enotjonal state.

"Breakpoi nt T" is a threshdt4ngRT (eliggigilakt eri zi ng the acceptabl e range of
rati os between average nu r hQrRs in truth/neutral enotional

ci rcunst ances, and the paﬁ%&f@?& ung'g'r of thorns in the current crucial
portion. IncrementT = Incrementj = DecrementT = Decrementy = 0.1

Minimaly = Minimaly = 0.1

It is appreciated that all of the numerical values are merely examples and
are typically application-dependent.

Fig. 7 illustrates the method for converting the various parameters in to
‘messages which may be displayed, as shown for example in Fig.1.

Fig. 8 represents a method for fine tuning the truth/neutral emotional
state.

Appendix A is a computer listing of a software implementation of a
preferred embodiment of the invention shown and described herein which differs slightly
from the embodiment shown and described herein with reference to the drawings.

A suitable method for generating the softiware implementation is as

follows:

a, On a PC equipped with a2 microphone, 2 sound card and Visual BasicTM
Version 5 software, generate a new project.

The recording setting of the sound card may operate in accordance with
the following parameters: 11 KHz, 8 bit, mono, PCM.
b. Place a timer object on the default form which appears in the new project.
The timer object is called "timer1®.
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"Breakpointj" is a threshold value characterizing the acceptabl e range of
rati os between average nunber of plateaus in truth/neutral enotional

ci rcunst ances, "and the particul ar nunber of plateaus in the current crucial
portion. "Breakpoint@Q is a threshold val ue characterizing
the acceptable rav@®nedss ratios between average standard erropcofLoddoss -
nunbef of pl ateaus in truth/neutral enotional circunstances, and the
particular standard error in the nunber of plateaus in the current crucial

portion.. " B 28 KPR iflitintedia Qodddi 8@&9 bilny @l eTﬁi?ﬁﬁ}@& sl N9

t he acceptabl e range of ratios between average pl at eau
truth/ neutral enotmimnestroll’i rcumstances, and the particul ar average pl ateau

length in the _Cur{ ent cruchal sRQLS | tg&:ts on the form. These abelgzr@Q:ﬁll ?%&eﬁt B,

update the subject's profile to ta I'nto account t e new I nrormnation
garnered from t helateld; labsit anddaelbnt . In the illustrated enbodi nent, only the

ResSPT and ResSPJ, val ues %@a{&d%éd B Ok Yeodnd. ﬁ{h Gmé! Gitd %%rgg”asoﬁon&us:
current crucial portion fromthe sub e S previously conp

truth/ neutral eer$B'R6®13D,SQI(&t@,JQr(@H)JQVI(@@rther very large (e.g. exceeds
predeterm ned ceijing val *FE I i :
typically negati vita pr edet (Lat‘r?%%rargg o%bruﬁ\%kues)%rq] {'n% h&ggevr %‘?’gégbg‘%r&ttﬁe
current crucial pudITtmmotfunmbumwcalleWcmmwdal' profile is neither very

| arge nor very snmall (e.qg. G n?rla M tto\“ﬁ@ &J&ﬁt‘é h| S&ggls JfA%%end‘&aAVvﬁc):

subject's profile”is typica una
In steps 460 and aﬁﬁhadedf"fomBPT and zzSPJ, respectr vel y, are very close to

o e e S
typically appli cathe pagessyh Appdniiz Aceth anebeadedsSFedings detector"

i. Connect a rmcrophone to the PC.

j- Press (F5) or “run" in order to start the application.

Fig. 9 is a pictorial illustration of a screen display depicting the form, in
design mode, just before starting the application, .

Fig. 10 is a pictorial illustration of a screen display depicting the form, in

.run mode, during calibration to & particular subject.

Fig. 11 is a pictorial illustration of a screen display depicting the form, in
run mode, during testing of a subject.

The values of the CoR_msgX variable in Appendix A are as follows:

1 - truthfulness, 2 -~ sarcasm, 3 -- excitement, 4 -
confusionfuncertainty, 5 — high excitement, 6 -- voice manipulation, 7 -- lie/ false
statement, 8 -- exaggeration/inaccuracy.

Variables carrying data of the current crucial portion have names which
begin with the following characters: cor_.

Baseline factors have names which begin with the following characters:
cal_.

Breakpoint factors have names which begin with the following characters:
bp_.

ResSPT and resSPJ are called ResT and ResJ respectively.
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t he devi ation conponents conputed in step 410. These conbi nati ons are used
as a basis for suitable enptional classification criteria, such as the
enotional classification criteria specified in Fig. 7. The enoti onal _
classification criteria of Fig. 7 determ ne whether or not to classify the
subj.ect as exa ' as being untruthful, as being evasive, as being
con#héed or unggﬁgs&gpg%eing exc?ted, or as being sargastic. ?B%HV@W?Si? IS
appreciated that different enotional classifications may be enpl oyed in

di fferent situations. In the illustrated enbodi ment, the SPT
information is mainly used to determne the excitenment |evel. Mre

specifitally zzSPT is useid 92 §als@ipifidddurictitnay BbikidgfantClifstibtiontor a Witem YorBY
al so depend on additjonal paraneters as crSTRESS., For exanple a crEXCI TE

val ue of bet ween 9F§CHRR FOLY te) Whigh dtrcopsiTaRefand QpeENe D Josprdanse Wt Aot ween

120 and 160 may Reersrare@Bodiméh GRtHe\iResert ifRAATANG vhich EBPdratva do Peitorf She
exceeding 160 nay be dgemed indi cat|ve of ]og %2 l.,eyel excitenent

In the illustrat deFRAHSEHBENENAS s FigalZiiespdesse yaigeinnpt devicesuch as

determine feeli ng&a,szfrecrbsdéfaml BRdpRénedi] 6 SORRPIAe 720WhiEX GiEraRs spaechA+hid is/al ue
of between 0.6 and 2 may be deened normal, _whereas a val ue of between 1.2

and 1.7 may be dé@%&yl‘*ﬁ(ﬂ"eté‘{“l drtectign workstatiqn, 735,118 am AP IPYREST 740 o velee
exceedi ng 1.7 maywikpwleei®s 75m€jrb16ﬂl§lﬁéﬁnt19rfs taavafc&ﬁa@ speeéh.feﬂmﬁm@rsxgm@mﬁart of

the subject, and/or of an attenpt of the subject to control his voice.

In the illustrat éfawemawwwmnﬁewwwmzﬁ byrwireice yindow analyzer 168; They used

to determ ne the yaick QoW NBzer EMipal IRV dice RHnBéws | M HeclibraitAt en 70
and 120 may be deened normal , whereas, val ues of over 120 nmy be deened

i ndi cative of hi gHred inewdt 770. The calibration dafa, iy fgically) ﬁrgwdafr@md@ﬁlbo@rm he

AVJ information iigdivi@ckubjet, 38 LUAEATeRh debif amuntdxs ErthOst Prbtet moe&ﬁ@ddéan
spoken words or sentences. For exanple, if crTHI Izexceeds a val ue of_ 100

then the amount &or dispisyigs Pr Printiags Meematiqnal SRS (reROENRTEfRERY SRt for the pRePer
than the anmount Qgfedbapoht invested in the calibration phase. This neans
that the person is thinking nore about what he is saying than he did in the
calibration phase. If theliig@pReedated thathg spdiaseEpmpprRentscat Shsnpresent: inyeAtann g

Ilgss about what Rgyi § GeadlNee inijfihehRd Gh ROM (&8-0R1R! thd¥icH)i Bhn PR Sftware
components may, generally, be 1mp1emented in hardware, if desired, using conventional

techniques.

1t is appreciated that fhé particular embodiment described in the Appendix
is intended only to provide an extremely detailed disclosure of the present invention and
is not intended to be limiting.

It is appreciated that various features of the invention which are, for
clarity, described in the contexts of separate embodiments may also be provided in
combination in a single embodiment. Conversely, various features of the invention which
are, for brevity, described in the context of a single embodiment may also be provided
separately or in any suitable subcombination.

It will be appreciated by persons skilled in the art that the present
invention is not limited to what has been particularly shown and described hereinabove.

Rather, the scope of the present invention is defined only by the claims that follow:
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In the illustrated enbodi ment the crLIE paraneter is used to determ ne
truthful ness. A crLIE value to 50 may be deened indicative of

unt rut hf ul ness, val ues of between 50 and 60 nay be deened indicative of
sarcasm or hunor, val ues of between 60 and 130 nay be deened indicative of
trut hf ul ness, vawgesaiess bet ween 130 and 170 rmay be deened i n@CT/HOBGE130f "

i ndggur acy or exaggeration, and val ues exceeding 170 nmay be deened

i ndi cative of untruthful ness. Referring back to Fig. 6, the
paranmeters nenti oned above may receive the foll ow ng val ues:

Breakpoi nt T = Breakpointj = BreakpointQ = BreakpointA = 1.1

CeilingT = Ceilingj = 1.1 Floorj FloorT = -0.6.

Increment T = Increnmentj = DecrenentT = Decrenentj = 0.1

Mnimal T = Mnimalj = 0.1 It is appreciated that all of the
nunerical values are nerely exanpl es anEPENBDXADpi cally

appl i cati on- dependent. Fig. 7 illustrates the nethod for
converting the various paraneters in to nmessages which may be di spl ayed, as
shown for exanple in Fig. 1. Fig. 8 represents a nethod for
fine tuning the truth/neutral enotional state. Appendi x Ais

a conputer listing of a software inplenentation of a preferred enbodi nent
of the invention shown and described herein which differs slightly fromthe
enbodi nent shown and described herein with reference to the draw ngs.

A suitable nethod for generating the software inplenentation is as foll ows:

17



a. On a PC equi pped with a m crophone, a sound card and Vi sual
Basi cTM Version 5 software, generate a new project. The
recording setting of the sound card may operate in accordance with the

foll owi ng paraneters: 11 KHz, 8 bit, nono, PCM b. Pl ace a tiner
obj ect. on the def rmwhi ch appears in the new project. The tiner |
obj eet is call ed ‘ﬁ‘?lb’tr’%‘éér PCT/IL98/00613 4
Place an MCI nultinedia control object on the form This object is called
"mcontrol | . d. Place 5 | abel objects on the form These |abels
are cal |l ed | abel |The faloei? code ahwaldde vriler b thafatml odjeel 6. €. Create
4 | abel " arrays oL hle form Renane the arrays as follows: SPT(O..4),
SPJ(0..4), JQ (0..—53‘-, AVJ(O0..4). f. Pl ace a command button on
the formand change its caption property to end. The comrand button is

call ed "commandl'y. q. . erate code for the formby keying in

t he pages of Appgﬁa?tﬁs'ﬁ’%%ﬂdlarcggﬁgaded "form ". h. Add a
nodul e to the prdndct. Cenerate code for the nodul e by keying in the pages

of Appendi x A Whiﬁ’a are headed "Feelings detector”. i. Connect a
m crophone to the é ] - Press (F5) or "run" in order to start

t he application. Fig. 9 is a pictorial illustration of a
screen di splay depicti the form in design node, just before starting the
appl i cati on. Paivate SulForm gV 10 is a pictorial illustration of a screen

di spl ay depi cti nd Setipeopemiesneedeth by MCI to open.
a = mciSendString("setaudio waveaudio algorithm pem bitspersample to 8 _
bytespersec to 11025 imput volume to 100 source to avarage”, 0, 0, 0)

MMControll Notify = False
MMControll Wait = True
MMControll.Shareable = False
MMControll DeviceType = "WaveAudio”
MMControll filename = "C:\buf. WAV"

' Open the MCI WaveAudio device.
MMControll.Command = "Open"

' Define constants
CR_BGlevel =15  'Background level barrier
CR_BGfilter=3 ' Vocal wave smoother
CR_DATAstr="" ' Reset Data String
CR_mode=1
CONS_SARK = 50
CONS_LIE11 =130: CONS_LIE12=175
CONS_LowzzT = -0.4: CONS_HighzzT = 0.3
CONS_LowzzJ = 0.2: CONS_HighzzJ = 0.7
CONS_RES_SPT=2: CONS_RES_SPy=2

18



run node, during calibration to a particular subject. Fig. 11

is a pictorial illustration of a screen display depicting the form in run
node, during testing of a subject. The val ues of the CoR nsgX
variable in Appendix A are as follows: 1 - truthfulness, 2
- sarcasm 3 WOMBI {enent, 4 -- confusion/uncert ai nRGFILEN06IL; o
excipenent, 6 -- voice manipulation, 7 - lie/ false statenent, ‘8 --

exagger ati on/ maccur acy. Vari abl es carrying data of the
current crucial porQONS1BRilge=Aanes which begin with the foll ow ng
characters: cor_. Basel i ne factors have names whi ch begin
with the follow ng characters: cal . Br eakpoi nt factors have
names whi ch begi n'8attituer dbectto Woduvdvery Ocaee act ers: bp_. ResSPT

and resSPJ are cal [aAléhgResd respectively.
15 lrﬁ.%rﬁﬂé gblgi g. 12 is a sinplified functional block

di agram il |l ustrati @imecf Embled3Tamn f or detecting enotional states which is
constructed and operative in accordance with a preferred enbodi nent of the
present invention and which is operative to performthe nmethod of Fig. |B.
As shown, the syst'sendsplay-i g. 12 includes a voice input device such as a

tape recorder 700, ;y ML.GrQRAQNE - f el ephone 720 whi ch generates speech
which is input by ]a"%gefei'néo%?{;bg'n gg%%(’:%mgfﬁgmrkstati on 735 via an A/D converter

740. A voi ce w ndohabelRdlaptite= "thbaksyreistal |y partitions the incom ng

speech-representing_sj A 4"%‘.}8 .~ W ndows or segnents which are
anal yzed by a voi cgab\ﬁbg%g‘\ﬁ%ana ytze}é‘rgl’nmo. The

Label4.Caption = "Lie stress:"
MMControll.Visible = False

End Sub

Private Sub Timerl_Timer()
Static been
. On Error Resume Next

MMControll.Command = "stop"
MMControll.Command = "save"
MMControll.Command = "close”
' read data from file

ff = MMControll filename

Dim kk As String * 6500

kk = Space(6500)

Open ff For Binary Access Read As #1
Get #1, 50, kk

Close #1

Kill ff

MMControll.Command = "open”
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voi ce wi ndow anal yzer conpares the voice wi ndows or segnments to calibration
data stored in unit 770. The calibration data is typically derived

i ndi vidually for each individual subject, as described in detail above. A
display unit or printer 780 is provided for displaying or printing an
enotional statuswepsids preferably on-line, for the user of Mw&gﬁm

It %" appreciated that the software conponents of the present invention
may, if desired, be inplenmented in ROM (read-only nmenory) form The

sof tware conponents may, generally, be inplenented in hardware, if desired,
usi ng convent i onal=¥d€ontre]UByorMessage It is appreciated that the
particul ar enbodi nent described in the Appendix is intended only to provide
an extrenely detailed disclosure of the present invention and is not

i ntended to be | iMMCbmrpll.Command ="record® |t is appreciated that various
features of the invention which are, for clarity, described in the contexts
of separate enbodi nents may al so be provided in conbination in a single
enbodi nent. ConvdiRsBATAstvakkous features of the invention which are, for
brevity, descri bqfioi,r;mtggﬁ&nt ext of a single enbodi mrent may al so be

provi ded separatéely -or in any suitable subconbi nation. It

wi Il be appreci at e@Pat pdr son firssioind ardftenTedalitwatinderndndt t he present

i nvention is not l{,eﬂ.t- d to what has been particularly shown and descri bed
her ei nabove. Rat her, the scope of the present invention is defined only by
the clains that foEsdif 16

Ifbeen <5 Then
Labell Caption = "Calibrating..”
Call Calibrate ' Perform calibration
' get calibration status by CR_msgX
If CoR_msgX > -1 Then ' good sample
been =been + 1
End If
Exit Sub
Else
OP_stat =2 ' Checking status
Call CHECK
' get segment status by CR_msgX
End If
If CoR_msgX < 0 Then Exit Sub ' not enogh good samples

Label4.Caption = "Lie stress.;" + Format(Int(CR_LIE))
Label2.Caption = "Global stress:" + Format(Int(CR_STRESS))
Label3.Caption = "Excite Rate:" + Format(Int{(CR_EXCITE))
Label6.Caption = "Thinking Rate:" + Format(Int(CR_THINK))

been = been + 1
Select Case CoR_msgX
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- Case 0
ans = "background noise"
Case 1
ans = "TRUE"
Case 2
ans = "Qutsmart"
Case 3
ans = "Excitement”
Case 4
ans = "Uncertainty "
Case 5
ans = "High excitement”
Case 6
ans = "Voice manipulation / Avoidance / Emphasizing"
Case 7
ans = "LIE"
Case 8
ans = "Inaccuracy "
End Select
Labell.Caption = ans

End Sub
Sub Calibrate()

Call CUT_sec
If CR_noSMP < 800 Then
* no samples
CoR_msgX =-1
Exit Sub
End If
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' Scan thorns
CONS_RES _SPT=2
CONS_RES_SPJ =2

Call scan_TJ
If Int(CoR_spT) = 0 Or Int(CoR_AVjump) = 0 Or Int(CoR_QIJUMP) = 0 Or
Int(CoR_SPJ) =0 Then

CoR_msgX =-1

Exit Sub

End If

tot_ T=0:tot_J=0:tot JQ=0:tot_avj=0
minspT = 1000; minspJ = 1000: minJQ = 1000
Fora=0To4
If SPT(a).Caption = 0 And SPJ(a).Caption = 0 Then

SPT(a).Caption = Int(CoR_spT)

SPJ(a).Caption = Int(CoR_SPJ)

JQ(a).Caption = Int(CoR_QIUMP)

AV)(a).Caption = Int(CoR_AVjump)

Exit For

End If
tot_ T =tot_T + SPT(a)
tot_J =tot_J + SPJ(a)
tot_JQ =tot_JQ + JQ(a)
tot_avj = tot_avj + AVI(a)
If Val(SPT(a).Caption) < minspT Then minspT = Val(SPT(a).Caption)
If Val(SPT(a).Caption) > maxspT Then maxspT = Val(SPT(a).Caption)
If Val(SPJ(a).Caption) < minspJ Then minspJ = Val(SPJ(a).Caption)
If Val(SPJ(a).Caption) > maxspJ Then maxspJ = Val(SPJ(a).Caption)
If Val(JQ(a).Caption) < minJQ Then minJQ = Val(JQ(a).Caption)
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The follow ng code should be witten on theform object: Forml Private
Sub Commandl _Cli ckO End End Sub Private Sub Form LoadO ' Set properties
needed by MCl to open. a = nti SendString("setaudi o waveaudi o al gorithm pcm
bi tspersarrpl e to%g byt espersec to 11025 input volume to 100 source
to avarage” M%)1653 Mvcontrol | . Notify = Fal se MVCont r ol | PORALR091 Ty e
ntroll. Shar eabl e = Fal se MMControl | . Devi ceType = "WaveAudi 0"
MMControll.filename = "C: \buf. WAV ' Open the M V\aveAudi o devi ce.

MVCont r ol | . Commartdy Jd@peiphon)>x£m<wﬁenemmaman(a)@gm evel =15

' Background | eve|_ barrier CR BGilter= 'Vocal wave snoot her

CR DATAstr ="" exta ' Reset Data Stri ng CR_m)de— 1 CONS_SARK =50
CONSLI E11= 130: CC]\IS LI E12 = 175 CC]\IS_LovvzzT = -0.4: CONS_Hi ghzzT = 0.3

CONS LowzzJ = 0.2 AJ?hZZJ =
- 'ca]ccurrent‘C factors

CAL_spT = (tot_T + Int(CoR_spT)) / (a+ 1)
CAL_spJ = (tot_J + Int(CoR_SPD))/(a+1)
CAL_JQ = (tot_JQ + Int(CoR_QJUMP))/ (a +1)
CAL_AVT = (tot_avj + Int(CoR_AVjump)) / (a + 1)

' calc resolution per factor
On Error Resume Next
Ifa>1 Then
“res_T = maxspT / minspT
res_J = maxspJ / minspJ
End If
CoR_msgX =0
End Sub

Sub CHECK()

Call CUT _sec
If CR_noSMP < 800 Then
'no samples
CoR_msgX =-1
Exit Sub
End If

CONS_RES_SPT =2
CONS_RES_SPJ =2

Call scan_TJ



CONS RES SPT = 2: CONS_RES SPJ= 2 CONS_ BGiler =3 ' Set
timer object to work every 0.5 sec Tineri.Interval = 500 Tinerl.Enabled =
True "set display Labell.Caption = "System deci sion"” Label 2. Caption =
"d obal stress:" Label 3. Caption= "Excitenent:" Label4. Caption = "Lie
stress:" MMControyooodissdsbl € = Fal se End Sub Private Sub Ticmidsadaisrer O
St dt/c been On Error Resune Next MVControl | . Command = "stop"

If Int(CoR_spT) = 0 Or Int(CoR_AVjump) = 0 Or Int(CoR_QJUMP) = 0 Or
Int(CoR_SPJ)=0 Then

CoR_msgX =-1

Exit Sub

End If

Call analyze
Call decision

' Fine tune cal factors

CAL_spT = ((CAL_spT * 6) + CoR_spT)\ 7
CAL_spJ = ((CAL_sp] * 6) + CoR_SPI)\7
CAL_JQ = ((CAL_JQ * 9) + CoR_QJUMP) \ 10
CAL_AVJ = ((CAL_AVJ * 9) + CoR_AVjump) / 10
End Sub

The following code should be written in a new Module object:
Feelings_detector

‘Declaration section

Global Fname '- file name

Global CR_BGfilter ‘- BackGround Filter

Global CR_BGlevel ' - BackGround level

Global CR_DATAstr

Global CR_noSMP ‘- nomber of samples

Global res_J, res_T

Global CoR_spT, CoR_SPJ, CoR_AVjump, CoR_QJUMP
Global CoR_msgX, CR_retDATAstr

Global SMP(10000) As Integer
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MVControl | . Command = "save” MMControll.Command = "close” ' read data from
file ff= MMControll.filename Dimkk As String * 6500 kk = Space(6500) Open
ff For Binary Access Read As #1 Get #1, 50, kk Close #1 Kill ff

MMCont r ol | . Commag, «5+10en” a= MMControll.Error

99731658
MMCont rol | . Command = Mrecor d” CR DATAstr = kk If OP_stat Q/B ./ﬁ}%gglusrs
OPsgat =1 "first round or after recalibration demand been =0 End | f
| f been < 5 Then Label 1.Caption = "Calibrating.." Call Calibrate

" Perf orm cal i br atGietal OP_stat

. ' #% Calibration factors
Global CAL_spJ, CAL_spT
Global CAL_JQ, CAL_AVJ
Global BP_J, BP_T - CALIBRATION break points
Global WI_J, WI_T, WI_JQ '- Wigth of factors in cale.
Global CR_zT, CR_zzJ |
Global CR_STRESS, CR_LIE, CR_EXCITE, CR_THINK
Global CR_RESfilter ' -resolution filter
' Constants for decision
Global CONS_SARK
Global CONS_LIE11, CONS_LIE12
Global CONS_LowzzT, CONS_HighzzT
Global CONS_LowzzJ, CONS_Highzz]
Global CONS_RES_SPT, CONS_RES_SPJ

Declare Function mciSendString Lib "winmm.dll" Alias "mciSendStringA" (ByVal
JApstrCommand As String, ByVal IpstrReturnString As String, ByVal uReturnLength As
Long, ByVal hwndCallback As Long) As Long

Sub analyze()

On Error Resume Next
CR_LIE=0
CR_STRESS =0
CR_EXCITE=0

If (CoR_spT = 0 And CoR_SPJ = 0) Or CR_noSMP = 0 Then
CR_msg ="ERROR"
Exit Sub
End If
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"get calibration status by CR nsgX |If CoR nmsgX > -1 Then 'good sanpl e
been = been + 1 End I f Exit Sub El se OPstat = 2 ' Checking status
Call CHECK 'get segnment status by CR.msgX End If If CoR nsgX < O Then -
Exit Sub ' not enogh good sanpl es Label 4. Caption = "Lie stress.:" +
Format (I nt (CR_LI By¢9dmésal 2. Caption = "d obal stress:" + PCT/IL98/00613

For et (| nt (CR_STRESS)) Label 3. Caption = "Excite Rate:" + .

Format (I nt (CR_EXCI TE) Label 6. Caption = "Thinking Rate:" +

Format (I nt (CR_THI _SPPeﬁgheiC% e%f 1 Sel ect Case CoR nsgX

20 _ Cas a atRground noi se” Case 1

If CoR_spT = 0 Then CoR_spT =1

On Error Resume Next

Y =res_J: T =res T
BP J=11:BP.T=11

zz_spj = ((CAL_spJ / Int(CoR_SPI)) - BP_J) / rrJ)
If zz_spj >-0.05 And zz_spj < 0.05 Thenres J=res_J-0.]
Ifres J<1.3 Thenres J=1.3
If zz_spj <-0.6 Then
zz_spj =-0.6
res J=res J+0.1
End If
Ifzz_spj> 1.2 Then
zz spj=1.2
res J=res J+0.1
End If
Ifres J>3.3 Thenres J=3.3
CR_zzJ} =zz_spj

zz_spT =(((CAL_spT / CoR_spT) - BP_T)/niT)
CR_zzT = zz_spT
Ifzz_spT > -0.05 And zz_spT <0.05 Theares_T=res T-0.1
Ifres_T <13 Thenres T=1.3
Ifzz_spT <-0.6 Then
zz_spT=-0.6
res T=res T+0.1
End If
Ifzz_spT > 1.2 Then
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ans = "TRUE" Case 2 ans = "Qutsmart" Case 3 ans "Excitenent"

Case 4 ans = "Uncertainty" Case 5 ans = "Hi gh excitenent” Case
6 ans = "Voi ce mani pul ati on / Avoi dance / Enphasi zi ng" Case 7 axs
= "LIE" Case 8 ans = "l naccuracy End Sel ect Label | . Caption = ans
End Sub  Sub Cal iWPaYEEB3 Call CUT_sec If CR noSWMP < 800 ThenPCI/ILARR0SI3
sanples CoR negX = -1 Exit Sub End If
21

zz spT=1.2

res T=res T+0.1

End If

Ifres T>3.3 Thenres T=33

WI J=6:WI_T=4
CR_STRESS = Int((CoR_QJUMP / CAL_JQ) * 100)
gegwi=WIJ* WLT
CR_LIE = ((zz_spT + 1) * WI_T) * ((zz_spj + 1) * WLJ)
CR_LIE = ((CR_LIE / ggwi)) * 100
CR_LIE = CR_LIE + Int((CoR_QJUMP - CAL _JQ)* 1.5)
CR_THINK = Int((CoR_AVjump / CAL_AVT) * 100)
CR_EXCITE = (((((CR_zzT) / 2) + 1) * 100) * 9) + CR_STRESS)/ 10

LA 2 23 2 2 1 2] END OF Phase 2 o SN
IfCR_LIE >210 Then CR_LIE =210
If CR_EXCITE > 250 Then CR_EXCITE = 250
. IFCR_STRESS > 300 Then CR_STRESS = 300
If CR_LIE <30 Then CR_LIE =30
If CR_EXCITE < 30 Then CR_EXCITE =30
If CR_STRESS <30 Then CR_STRESS =30
End Sub

Sub CUT _sec()

CR_noSMP =0
If CR_DATAstr = " Then
CR_msg="ERROR! - No data provided"
Exit Sub
EndIf
CR_AUTOvol = 1 * Auto amplifier
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Scan t horns CONS_RES SPT— 2 CONS RES SPJ = 2 Call scanTJ If Int(CoR spT)
0O Int(CoRA\/urrp) =0 O Int(CORQUUW) =0 O Int(CoR SPJ) = 0 Then
CoR__mng— Exit Sub End If tot T =0: tot_ J =0: tot_ JQ= 0 : tot_avj

=0 mi nspT = 1000: ninspJ = 1000: nmi nJQ = 1000 For a =0 To 4 If B

SPT(a). Caption = PJ(a). Caption =0 Then SPT(a). Capt i

| nt{.ZoR_spT) Igg)?ﬁ?b ﬁgpt ion = I nt(CoR_SPJ) JQ a§ )Capt :Oonq’rfl-rm‘w'm1'3

I nt (CoR_QIUMWP) Exit For End If totT =tot T + SPT(a) tot J= tot_ J+

SPJ(a) tot JQ= tot _JQ + JQa) B B
CoR_volume =3 ' default

CR_minSMP = 800 ' default
free = FreeFile

' Break CR_DATAstr to bytes
LocA=1:LocB=1
BGAmin=0
BGAmax=0
MAXvolume =0
TestP =0
BR_LOW=-128
BR_high=-128
ddd =-128
ddd = Int(ddd * (CoR_volume / 3))
ddd = (ddd \ CR_BGfilter) * CR_BGfilter
C- If CR_AUTOvol =1 Then
' apply auto volume detect
MAXvolume =0
For a=1 To Len(CR_DATAstr)
cec = Asc(Mid$(CR_DATAstr, a, 1))
ccc=ccc- 128
cce = (ccc \ CR_BGfilter) * CR_BGfilter
If (ccc > CR_BGlevel Or ccc < 0 - CR_BGlevel) And ccc > ddd Then
If Abs(ccc) > MAXvolume Then MAXvolume = Abs(ccc)
If StartPos = 0 Then StartPos =1
OKsmp = OKsmp + 1
End If
If MAXvolume > 110 Then Exit For
Nexta
If OKsmp < 10 Then
CR_msg = "Not enough samples !"
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tot _avj = tot_avj + AVJ(a) If Val (SPT(a).Caption) < mnspT Then m nspT =
Val (SPT(a). Caption) If Val (SPT(a).Caption) > maxspT Then maxspT =

Val (SPT(a), Caption) If Val (SPJ(a).Caption) < mnspJ Then m nspJ =

Val (SPJ(a). Caption) |f Val (SPJ(a).Caption) > maxspJ Then naxspJ =

Val (SPJ(a). Capti oMps94165%al (JQQa) . Caption) < mi nJQ Then mi nJQ pt:'(\d&b&(ﬂd@éa)
Capt¥6n)

Val (JQ(a). Caption) > rraxJQ Then maxJQ VaI (JQ a). Capt ion) Next a ‘calc

current CAL factors -§MP=( ot T+ Int(CoR_spT)) / (a + 1) CAL_spJ =
(tot_J + Int(CoR SPJ)) a + 1§ CAL_ JQ = (tot_JQ + Int(CoR QUUW)) / (a +
1) CALAVJ (tot _avj +Ekm3t(bCOR AVjump)) / (a + 1) " calc resolution per

factor On Error Resune I\ga]éo If a> 1 Then res T maxspT / mnspT res_ J =
maxspd / m nspJd End F R nmegX = :
CoR_volume = Int(360 / MAXvolume)

If CoR_volume > 16 Then CoR_volume =3
EndIf

On Error Resume Next
drect="": DR_flag =0
MAXvolume =0
LocA=0
Done =0
89  For a= StartPos To Len(CR_DATAstr) - 1
cce = Asc(MidS(CR_DATAstr, a, 1)): ccd = Asc(Mid$(CR_DATAstr, a+ 1, 1))
cce = cce - 128; ccd = ced - 128
cce = Int(cec * (CoR_volume / 3))
ced = Int(ced * (CoR_volume / 3))
cee = (cec \ CR_BGfilter) * CR_BGfilter
ccd = (ccd \ CR_BGfilter) * CR_BGfilter

If {ccc > CR_BGlevel Or ccc < 0 - CR_BGlevel) And ccc > ddd Then
If Abs(cec) > MAXvolume Then MAXvolume = Abs(ccc)
fl=fl+1
End If

Iff1> 5 Then
SMP(LocA) = ccc
If BR_high < ccc Then BR_high = ccc
IfBR_LOW > ccc Or BR_LOW =-128 Then BR_LOW =ccc
If (SMP(LocA) > O - CR BGlevel And SMP(LocA) < CR_BGlevel) Or
SMP(LocA) = ddd Then
bink = bink + 1
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End Sub Sub CHECKO Call CUT_sec If CR noSMP < 800 Then no sanpl es
CoR_nmegX=-1 Exit Sub End |f CONS_RES SPT = 2 CONS_RES SPJ = 2
Call scan_TJ B 23 | f
Int(CoR spT) =0 O Int(CoR AVjunp) =0 O Int(CoR. QUW) =0 O

I nt (CoR_SPJ) =
L  _SPJ) = 0wHi5R16s3 PCT/ILI8/00613

Else
blnk =0
End If

If bink > 1000 Then
LocA =LocA - 700
Done=1
If LocA > CR_minSMP Then Exit For
Done=0
LocA=0
fl=2:blnk=0
BR_LOW =-128: BR_high =-128
End If

LocA=LocA+1

End if

Next a
Err=0

CR_noSMP = i,ocA

If CR_noSMP < CR_minSMP Then
CR_msg = "Not enough samples !"
Exit Sub
End If

CR_msg = "Completed O.K."
End Sub

Sub decision()

IFCR_zzT = 0 And CR_zzJ = 0 And (CL_spJ < Int(CoR_SPJ)) Then
CR_msg = "ERROR! - Required parameters missing "
Exit Sub
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CoR _megX = -1 Exit Sub End If Call analyze Call decision ' Fine tune
cal factors CAL_spT = ((CAL_spT * 6) + CoR spT) \ 7 CAL_spJ = ((CAL_spJ *
6) + CoORSPJ) \ 7 CAL_JQ = ((CAL JQ* 9) + CoR_ QUW \ 10 CAL_AVJ = ((CAL
AVJ * 9) + COR_A\% np% /10 End Sub The foll owi ng code should be witten
in a new Mbdul e 0 #86 1306l ings detector ' Declaration sectPERALEYEEA|
Fnage '- file nane A obal CRBGilter '- BackGound Filter d obal

CR Bd evel '- BackGround | evel dobal CR DATAstr d obal CR noSWP '- nonber
of sanples dobal remdif res_ T dobal CoR_spT, CoR_SPJ, CoR_AVj unp,

CoR UMP d obal _CoR X. CR ret DATAstr d obal SMP(10000) As I nteger
24 QY IfCR_‘S%SS=OOr CR_LIE = 0 Or CR_EXCITE = 0 Then ) d

CR_msg = "ERROR! - Required calculations missing {*
Exit Sub
End If

CR_msgCode =0
CoR_msgX =0

sark=0

If CR_LIE < 60 Then
CoR_msgX =2
Exit Sub
End If

5555 If ((CR_zzJ + 1) * 100) < 65 Then
If (CR_zzJ + 1) * 100) < 50 Then sark =1
CR_zzJ=0.1
End If
If ((CR_2zT + 1) * 100) < 65 Then
If((CR_zzT + 1) * 100) < CONS_SARK Then sark = sark + 1
CR_zzT=0.1
End If

LIE_BORDI1 = CONS_LIE11: LIE_BORD2 = CONS_LIE12
IfCR_LIE <LIE BORD1 And CR_STRESS < LIE_BORDI1 Then
CR_msgCode = CR_msgCode + 1
End If
IfCR_LIE > LIE_BORD! And CR_LIE <LIE BORD2 Then
CoR_msgX=8
Exit Sub
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G obal OP_stat ** Calibration factors d obal CAL_spJ, CAL spT d obal CAL
JQ CAL_AVJ d obal BP_J, BPT '- CALIBRATION break points dobal W_J, W _T,
W JQ'- Wgth of factors in calc. dobal CR zzT, CR zzJ d obal CR_STRESS,
CR LIE, CREXCITE, CR THINK G obal CR RESfilter'-resolution filter

"Constants for deghs; A obal CONSSARK G obal CONS_LIE1L, :
d ob&f CONS LowzzJ, CONS Hi ghzzJ d obal CONS RESSPT, CONS RE%B&JSE}%%CI are

Function nti SendString Lib "winmmdl|" ‘Alias "nti SendStringA" (ByVal
| pstr Conmand As String, ByVal |pstrReturnString As String, ByVal
uRet urnLength As LonBpdIByVal hwndCal | back As Long) As Long Sub anal yzeO
On Error Resunme Next CR LIE=0 CR STRESS = 0
IfCR_LIE > LIE_BORD2 Then
If CR_msgCode < 128 Then CR_msgCode = CR_msgCode + 128

End If

If CR_2zzJ > CONS_LowzzJ Then
If CR_zzJ > CONS_HighzzJ Then
CR_msgCode = CR_msgCode + 64
Else
CR_msgCode = CR_msgCode + 8
End If
End If

If CR_EXCITE >LIE BORDI1 Then
If CR_EXCITE > LIE_BORD2 Then
If (CR_msgCode And 32) = False Then CR_msgCode = CR_msgCode + 32
Else '
If (CR_msgCode And 4) =False Then CR_msgCode = CR_msgCode + 4
End If |
End If

If CR_msgCode <3 Then

If sark = 2 Then
CR_msgCode =-2
CoR_msgX=2
Exit Sub
End If

If sark = 1 Then
If(CR_zzT > CONS_LowzzT And CR_zzT < CONS_HighzzT) Then

CR_msgCode = -1
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CR EXCI TE= 0 | f (CoR_spT = 0 And CoR_SPJ =0) O CR_noSMP = 0 Then

CR_nmsg= " ERROR" Exit Sub End | f
25 T If CoR_ SPJ = 0 Then CoR. SPJ = 1 If CoR_spT = 0 Then CoR _spT
= | On Error Resune Next rrdJ =res J: rrT = resT BP.J =1.1: BP_T
= 1.1 zz_spfO¥AMPCAL_spJ / Int(CoR SPJ)) - BP_J) / rr JCTALSSI0W6Y z S
> -@/05 And zz spj < 0.05 Then res J =res_ J - 0.1 If res <J < 1.3 Then
res J= 1.3
CoR_msgX =2
Else
If CR_zzT > CONS_HighzzT Then CoR_msgX =7
End If
If (CR_zzJ > CONS_LowzzT And CR_zzJ < CONS_HighzzT) Then
CR_msgCode = -1
CoR_msgX=2
Else
If CR_zzJ > CONS_HighzzT Then CoR_msgX = 7
End If
Exit Sub
EndIf
CR_msgCode=1
CoR_msgX=1
Exit Sub
EndIf

If CR_msgCode > 127 Then
CoR_msgX=7
Exit Sub
End If

If CR_msgCode > 67 Then
CoR_msgX =8
Exit Sub
End If

If CR_msgCode > 63 Then
CoR_msgX=6
Exit Sub
EndIf

If CR_msgCode > 31 Then
CoR_msgX =5
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If zz_spj < 0.6 Then zz_spj=-0.6 res J =res_J + 0.1 End I f
If zz _spj > 1.2 Then zz_spj =1.2 res J =res J + 0.1 End If
If res . J > 3.3 Then res_j =3.3 CR zzJ = zz_sp zz_spT = (((CAL_spT
[ CoR spT) - BP.T) /rrT) CR zzT = zz_spT If zz_spT > -0.05 And zz_spT
< 0.05 Then res ggodfessT - 0.1 If res_T < 1.3 Then res_T pckaosmostd f
zz-spT < -0.6 Then zz_spT=0.6 res T=res T+0.1 . EndIf
|f zz_spT > 1.2 Then 26
zz_spT = 1.2 res T=res_ T+0.1
Exit Sub
End If
If CR_msgCode > 7 Then
CoR_msgX =4
Exit Sub
End If
If CR_msgCode > 3 Then
CoR_msgX =3
Exit Sub
End If
CoR_msgX =1
End Sub
Sub scan_TJQ
ReDim jjump(100)
CR-msg.:l”l
TestP = CR_noSMP
CR_spT=0
CR_SPJ=0

If TestP <= 0 Then
CR_msg = "No. of samples not transmitted 1"
Exit Sub
End If

CR_minJUMP =3 ' default

CR_maxJUMP = 20" default

jump =0

thorns =0

BIGthoms =0

For a=1To CR_noSMP

jjt1 = SMP(a}: jjt2 = SMP(a + 1): jjt3 = SMP(a +2)

34



End If If resT > 3.3 Then resT 3.3 J =6: W _T=4 CRSTRESS

Int ((CoOR_.QIUWP / CAL_ JQ * 100) gg i )W _J * W_T CR LIE =

((zz_spT + 1) * W 1) * ((zz_sp] + 1) * W_J) CR LIE = ((CRLIE/

ggwi )) * 100 CRLIE=CRLIE+ Int((CoR QQUW - CAL JQ * 1.5

CR THINK = I nt ((¥OR™fnp / CAL_AVJ) * 100) CR_EXClI TE =PERHIYLER 777T)
237+ 1) * 100) * 9) + CR_STRESS) /10 xxxxxkxkxx END OF Phase 2 -***#***

/
I f CR LIE>210 Then CR LI E=210 I f CR EXCITE > 250 Then CR_EXCI TE = 250

| f CR STRESS > 300 %@ﬁTRESS 300 If CR LIE <30 Then CR LIE =30 | f
CREXCI TE < 30 Then = 30 If CR_ STRESS < 30 Then CRSTRESS = 30 End
Sub  Sub CUT_secO M GOR jitd Bupiit2 >Gjt3) Thén CR_DATAst r= ""Then CR nsg=

aﬁsfﬂ?: o No data pr oM ieds ang iz 515 Wndit8 > 15 Thﬁgcgorh§=thoﬁ&/n\VT0/0| =1 "'Auto
EndIf
Yt > jt2 And jit2 <jit3) Then
1£ijt1 <-15 Andjjt2 <-15 And jjt3 < -15 Then thorns = thoms + 1
End If

If (jitt > jit2 - 5) And (jjt1 <jjt2 + 5) And (jjt3 > jjt2 - 5) And (jjt3 < jjt2 + 5) Then
sss=sss+1
Else
If sss >= CR_minJUMP And sss <= CR_maxJUMP Then
jump = jump + 1
jjump(sss) = jjump(sss) + 1
End If
sss=0
End If
Nexta

AVjump=0
JUMPtot =0
CR_QJUMP =0

Fora=1To 100

JUMPtot = JTUMPtot + jjump(a)

AVjump = AVjump + (jjump(a) * a)

Nexta

If JUMPtot > 0 Then cr_AVjump = AVjump / JUMPtot

Fora=1To 100

If jjump(a) > 1 Then QJUMP = QJUMP + ((jjump(a) * Abs(cr_AVjump - a))) ' *
fjump(a))
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CoR volunme= 3 "default CR._ m nSMP = 800 'default free = FreeFile ' Break
CR DATAstr to bytes LocA = 1: LocB =1 BGAmM n = 0 BGAmax = 0 MAXvolunme = 0
TestP = 0 BR LOM -128 BR high = -128 ddd = -128 ddd = Int(ddd * '

(CoR volune /3)) ddd = (ddd \ CR BGilter) * CRBGilter If CR AUTOvol =1

Then " apply Qybgs gl une detect MAXvol ume = 0 For aperhudkmosta
Lern&gR DATAst r) ccc = Asc(M d$(CR DATAstr, a, 1)) ccc =.cec - 128
ccc = (ccc \ CRBGilter) * CRBGilter If (ccc > CRBAevel O ccc <0
- CR Bd evel) And _ccc > ddd Then | f Abs(ccc) > MAXvol une Then
MAXvol ume  Abs(ccdyexta If StartPos = 0 Then StartPos = a

CoR_spT = (Int(((thorns) / CR_noSMP) * 1000) / CONS_RES_SPT)
CoR_SPJ = (Int((Gump) / CR_noSMP) * 1000) / CONS_RES_SPJ)
CoR_QJUMP = Sqr(QJUMP)

CoR_AVjump = cr_AVjump

CR_msg = "Thorns & Jumps scan completed O.K"
End Sub
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Ksmp = OKsnmp + 1 End If I f MAXvol ume> 110 Then Exit For Next

a | f OKsnp < 10 Then CR nmsg = "Not enough sanples !"

28 CR_noSMP =0 Exit Sub End If :
CoR volune = Int (360 / NMAXvol une) | f CoR volune > 16 Then CoR vol une =3
End_ | f On EMPIPP¥sune Next  drect ="":DR flag = 0  MSHBIME3 =0

LocA== 0 Done= 0 89 For a = StartPos To Len(CR DATAstr) - 1 ccc =
Asc(M dS(CR DATAstr, a, 1)): ccd = Asc(M d$(CR DATAstr, a + 1, 1)) ccc =
ccc - 128: ccd = ccd - 128 ccc = Int(ccepingéoR volunme / 3))

1 Apparatus for detecting emotional status of an individual, the apparatus
comprising:

a voice analyzer operative to input a speech specimen generated by the
individual and to derive therefrom intonation information; and

an emotion reporter operative t0 generate an output indication of the

individual's emotional status based on said intonation information.

2. Apparatus according to claim 1 wherein said speech specimen is provided

over the telephone to said voice analyzer.

3. Apparatus according to claim 1 wherein said report on the individual's

emotional status includes a lie detection report based on the individual's emotional status.

4. Apparatus according to claims 1-3 wherein said intonation information

.comprises multidimensional intonation information.

5. Apparatus according to claim 4 wherein said multidimensional

information comprises at least 3-dimensional information.

6. Apparatus according to claim 5 wherein said multidimensional

information comprises at least 4-dimensional information.

7. Apparatus according to claims 1-3, 5-6 wherein said intonation

information includes information pertaining to thoms.

8. Apparatus according to claim 7 wherein said information pertaining to

thorns comprises the number of thorns in a predetermined time period.

A
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ccd Int(ccd * (CoR volume / 3)) ccc = (ccc \ CRBGilter) CRBGilter

ccd (ccd \ CRBGilter) * CRBGilter If (ccc > CRBAevel O ccc <0

- CR Bdevel) And ccc > ddd Then | f Abs(ccc) > MAXvol ume Then MAXvol une

|=f Alé;(ﬁ_cc)h fl=fl+ 1 End I f If fI > 5 Then SMP(LocA) = ccc
_high < cceyd R high = ccc If BR LON ccc O BRdefMhmosis 28

ThegsBR LOW = ccc Qﬁﬂséﬁf (SMP(LocA) > 0 - CR Bd evel And Sl\/?_(CIEOCA) <jLCR

Bd evel ) O SMP(LocA) = ddd Then blnk = blnk + 1 '

29 El se bl nk= 0 End If If blnk > 1000 Then

LocA= LocA - 7009, DoAgparatds according td cliimc#\wherGR saiil rigivationepertBining teor

thorns comprises the distribution of thorns over time,

10. Apparatus according to claims 1-3, 5-6, 8-9 wherein said intonation

information includes information pertaining to plateaus.

11 Apparatus according to claim 10 wherein said information pertaining to

plateaus comprises the number of plateaus in a predetermined time period.

12 Apparatus according to claim 11 wherein said information pertaining to

plateaus comprises information pertaining to length of plateaus.

13. Apparatus according to claim 12 wherein said information pertaining to

length of plateaus comprises an average plateau length for a predetermined time period.

14. Apparatus according to claim 12 wherein said information pertaining to
length of plateaus comprises the standard error of plateau length for a predetermined

. time period.

15. A lie detection system comprising:

a multidimensional voice analyzer operative to input a speech specimen
generated by an individual and to quantify a plurality of characteristics of said speech
specimen; and

a credibility evaluator reporter operative to generate an output indication
of the individual's credibility, including detection of lies, based on said plurality of
quantified characteristics.

16. A multi-dimensional lie detection method comprising:

receiving a speech specimen generated by an individual and quantifying a

e

plurality of characteristics of said speech specimen; and
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Done = 0 LocA= 0 fl =2: blnk =0 BRLOW = -128: BR high =

-128 End If LocA = LocA + 1 End If Next a Err=0 CR noSMP
= LocA |If CR noSMP < CR m nSMP Then CR _nsg= "Not enough sanpl es!"”

Exit Sub End |f CR nsg = "Conpleted OK. " End Sub Sub deci si on0
If CR zzT = 0 AndY&R2¥$ = 0 And (CL_spJ <> Int(CoR _SPJ)) TheRCTILAGR3INEQ =
"ERRQR! - Required parameters missing !" Exit Sub

30

generating an output indication of the individual's credibility, including
detection of lies, based on said plurality of quantified characteristics.

17. Apparatus according to claims 1-3, 5-6, 8-9, 11-15 wherein said speech
specimen comprises a main speech wave having a period and wherein said voice
analyzer is operative to analyze the speech specimen in order to determine rate of
occurrence of plateaus, each plateau indicating that a local low-frequency wave is
superimposed onto the main speech wave; and

wherein the emotion reporter is operative to provide a suitable output

indication based on the rate of occurrence of plateaus.

18. A method for detecting emotional status and comprising:
establishing a2 multi-dimensional characteristic range characterizing an
individual's range of emotion when at rest by:
' monitoring the individual for a plurality of emotion-related
parameters, over a first period during which the individual is in an emotionally neutral

state; and
defining the characteristic range as a function of the range of the

emotion-related parameters during said first period; and

monitoring the individual for said emotion-related parameters, over a
second period during which it is desired to detect the individual's emotional status,
thereby to obtain a measurement of said plurality of emotion-related parameters, and

adjusting said measurement to take into account said range.

19. A method for detecting emotional status of an individual, the method

comprising:
receiving a speech specimen generated by the individual and deriving

therefrom intonation information; and
generating an output indication of the individual's emotional status based

on said intonation information.
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End If If CRSTRSS =0 O CR LIE = 0 O CR_EXCITE =0 Then CR_nsg =

"ERROR! - Required calculations mssing !" Exit Sub End If

CR nsgCode = 0 CoR msgX = 0 sark= 0 If CR LIE < 60 Then CoR_nsgX
=2 Exit Sub End | f 5555 If ((CR_zzJ + 1) * 100) < 65 Then

If ((CR zzJ + 1)wdook?fy < 50 Then sark= 1 CR zzJ = O gCcraLesmeé nd | f
| f CHCR zzT + 1) * 100) < 65 Then I f((CR zzT + 1) * 100) < CONS- SARK
Then sark= sark + 1 CR zzT = 0.1 End If LI E BORD1 =

CONS LIE11l: LIE BORD2 = CONS LIE12 |If CR LIE<LIE BORDL And CR

STRESS<LI| E BORD1 Then CR_nmsgCode = @RsgCode + 1 End If If

CR_LIE > LIE_BORDL And CR LIE < LIE BORD2 Then

1A

FIG.

"I'M SURE | CAN HAVE
10 DAYS' TIME."

IT READY FOR YOU IN



CoR _nmsgX =8 Exit Sub 31

End | f . If CRLIE > LIE-BORD2 Then | f CR nsgCode < 128 Then

CR nsgCode = CR nsgCode + 128 End If If CR zzJ > CONS LowzzJ Then
If CR zzJ > 'CONS__Hi ghzzJ Then CR nsgCode = CR nsgCode + 64

El se CR_msdCOUPI3 CR negCode + 8 End | f End PETALSBb0613
CR_‘Ef(CTE >L| E_BORDL Then If CR EXCI TE > LI E_ BORD2 Then

| f (CR_nsgCode And 32) = Fal se Then CR_W;IQCode = CR_nsgCode + 32 El se

(smry  FIG. 1B

Initialization—-Constants
declaration
(e.g. INIT_CONSTS)

]
Sample incoming recording 0.5 | 9
second long. -

]

Detect louder samples, Define
samples to be tested & Adjust /30
volume and Background level
(e.9. "CUT_SEC")

—
Scan detected samples,

Compuie test parameters | 40
(e.g. "Scan_1J")-Fig. 4

50

iy - Write results in | 60
Calibration Process? calibration table. -~
NO
Compute diversion from the 90 '
Truth pattern- in all dimensions |/ 70
(e.q9. "Analyze"-Fig. 6) Have all
T recordings for
Analyze all results and decide 100 Cal;l;'r‘;cﬁtezs;dl;een
out going messege |/ '
(e.g.” ” DECISION” -Fig. 7)
_ 1 80
Fine tune profile of truth/ - -
neutral emotion state-(Fig. 8) Build profile of

C truth/neutral emotion
105 state—(Fig. 5)

Display out going decision
i

110

Continue? YES

120



I f (CR_nmsgCode And 4) Fal se Then CR_nsgCode CR nsgCode + 4 End If

End | f If CR nsgCode < 3 Then If sark = 2 Then CR _nsgCode = -2
CoR nmegX = 2 Exit Sub End If If sark = 1 Then | )
(CR_zzT > CONS_LowzzT And CR zzT < CONS_Hi ghzzT) Then CR _nsgCode =
-1 WO 99/31653 32 r 2

El se™~ If CR zzT > CONS _H ghzzT Then CoR nsgX =7 ‘%igﬁgﬁ%n

If (CR_zzJ > CONS_LowzzT And CR _zzJ < CONS_Hi ghzzT) Then CR_nsgCode
=-1 CoR megX = 2 El se 3/12 If CR zzJ > CONS_Hi ghzzT Then
CoR nmegX = 7 End | f

FIG. 2
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Exit Sub End If CR nsgCode =1 CoR megX =1 Exit Sub End If
If CR_nsgCode > 127 Then CoR nmsgX= 7 Exit Sub End If If CR _nsgCode >
67 Then 'CoR _nsgX= 8 Exit Sub End If If CR nsgCode > 63 Then

CoR _nsgX= 6 Exit Sub End If If CR nsgCode>31 Then CoR_nmsgX=5

33 WeSyH6sB b PCT/IL98/00613
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Reset "Thorns™ & plateaus | 454
counters. »

1

Start loop(n) on segment 160
samples, from first sample [—
to last—-2 sample
1
A=Amplitude of sample(n) 164
FIG. 4 B=Amplitude of sample(n+1)
=Amplitude of sample(n+2)
]
If 4<B>C then | 170
Thorn=Thorn+ 1|~

5

If 4>B<C then | 180
Thorn=Thorn+1 [~

195

If [A-B|<threshold

7 =+1 | A

NO

If 2<jj<21 then Jimap(37)=| 200
Jimap(jj)+ 1: PLAT=PLAT+1

210
lLet 71=0 L_/

[ |
End loop(n) ,/220

[Compute average length of
plateaus(4VJ) & square root of | 230
plateau diversity (JQ).

1

Compute normalized averages
of SPT, SPJ, e.g:
SPT=((THORN/n) x 1000)/2 240

SPJ=((PLAT/n) X 1000)/2

.




End I f | f CR_nmsgCode > 7 Then CoR _nsgX 4 Exit Sub End I f | f

CR msgCode > 3 Then CoR negX = 3 Exit Sub End If CoR nsgX =1
End Sub Sub scan_TJO ReDim jjunp(100) CR nmsg ="" TestP = CR_noSMP .
CRspT =0 CR _SPJ= 0 If TestP <= 0 Then CR-nsg = "No. of sanpl es
not transmtted !"woessfedd t Sub End |f CR mnJUW = 3 "default
CR maxJUWP = 20' default junmp= 0 thorns = 0 BI Gthorng— Y9806 o=
1 To CRnoSMP jjtl = SMP(a): jjt2 = SMP (a + 1):jj3 = SMP(a + 2)
34 - 5/12

FIG. 5

" START

1

Compute 4 dimensional baseline, e.g:
CalSPT=average of m SPT values in m
segments respectively.

CalSPJ=average of m SPJ values in m
segmenis respectively. ~
Cal/@=average of m JQ values in m 300
segments respectively.

CaldVJ=average of m AVJ wvalues in m
segments respectively.

Find minSPT, mazSPT as min. & max.
values of SPT in m segments.
Find minSPJ, mazSPJ as min. & maz.
values of SPJ in m segments.
Pind minJQ, mazJ@ as min. & max. 310
values of JQ in m segments.

Compute:
ResSPT=(maxSPT/minSPT) ~
ResSPJ=(mazSPJ/minSPJ) | 39

ResJQ=(mazJQ/minJQ)

END



‘scan thorns If (jjtl <jt2 And jjt2 >jjt3) Then If jjtlI > 15 And

jjt2 > 15 And jjt3 > 15 Then thorns =thorns + 1 End | f If jjtl >jjt2
And jjt2 <jjt3) Then Ifjjtl < -15 And jjt2 < -15 And jjt3 < -15 Then
thorns = thorns + 1 End | f If (jjtl >jt2 - 5) And (jjtl <jjt2 + 5)
And jjt3 >jjt2 - SYORREjj3 <jjt2 + 5) Then SSS = SSS + praLesnosE Se
If s3% >= CR minJUW And sss <= CR maxJUMP Then junmp =junmp + 1
jjunp(sss) =jjunp(sss) + 1 End I‘)I/}2 sss=0 End If Next a

AVjunp = 0 JUWPtot= 0 CR_QIUW =0

E = To 100
START

}

Reset (to zero) crLIE, crSTRESS,
crEXCITE, crTHINK & crMSC

N
400

Compute deviation from profile
of truth/neutral emotional state, e.g.:
2zSPT=(((calSPT/SPT)~BreakPointT)/ResSPT)
22SPJ=(((calSPJ/SPJ)-BreakPointJ)/ResSPJ)
2zJQ=(((calJQ/JQ)-BreakPointQ)/Res/§) 1
224VJ=((caldV]/AVJ)~BreakPointd) o
)
If zzSPT>ceilingT then 2zSPT=ceilingT:
ResSPT=ResSPT+incrementT N\
i 420
If zzSPJ>ceilingJ then zzSPJ=ceilingJ:

ResSPJ=ResSPJ+increment] M\
; 430

If zzSPT<floorT then zzSPT=floorT: )

ResSPT=ResSPT+incrementTl -\4 40
!

If 2zSPJ<floorJ then zzSPJ=floorJ:
ResSPT=ResSPT+increment/ N\

i 450
If [228PT[<minimalT then

ResSPT=ResSPT-decrementT b\460

FIG. 6 t

If [z2SPJ[<minimal] then ~
ResSPJ/=ResSPJ-decrement/ | 479

Comnpute:
crLlE— ((zzSPT+1)*(22SPJ+1))*100

crLIE=crLIE+((JQ-calJQ)*1.5) ™~
crSTRESS=int (zzJQ*100 480
crTHINK=int (zzAVJ*100

erEXCITE=int(((((22SPT/2)+1)*900)+crSTRESS)/10)

END



JUWPtot = JUMPtot + jjunp(a) AVjunp = AVjunp + (jjunp(a) * a) Next a
If JUMPtot > O Then cr_AVjunp = AVjunp JUMPt ot For a =1 To 100 | f
jjump(a) > 1 Then QIUMP = QJUWP + ((jjump(a) * Abs(crAVjump - a)))' * -
jjump(a)) 35 Next a
CoR_spll = (Int(((twomaspssy CR noSMP) * 1000) / CONSRESSPT) Colggigt(lg&%
)

(I'nt(((junp) / CR_noSMP) * 1000)/ CON_SRE SSPj) CoR_QIUWP
CoR_AVj unp = cr _AVj unp CR nsg = "Th(}r ns & Junps scan conpleted O K" End
Sub , 7/12

FIG. 7

START

¥

If erllE < 50 then crLiE=180-crLiE ._/500
510
515 p S GrLIE>130
If 130<crLIE<I70 then
crMSG="FEzaggeration”
517 | n . » 525
N erMSG="Evasive
If crLIE=>170 then
erMSC="LIE"

crMSG="Confusion/| 53

Not sure”
[crMSC="High level of |27
Excitement”
955

crMSG="Medium
Ezcitement”

565

crMSG="Sarcastic”

570

crMSG="Truth”

i
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FIG. 8

START
Compulte:

CalSPT=((CalSPT x 6)+SPT)/7

Compute:
CalSPJ=((CalSPJ x 6)+SPJ)/7

Compute:
Cali@Q=((Callq = 9)+JQ)/10

y

Compute:
CalAVI=((CaldVJ «x 9)+4VJ)/10

END

~
600

610

620

630
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CLAI M5 Apparatus for detecting enotional status of an

I ndi vi dual , the apparatus conpri sing: a voi ce anal yzer
operative to input a speech specinmen generated by the individual and to
derive therefromintonation information; and an enDtion

repo r operati veo nerate an out put indication of the individua
engtFBﬁal gtatus bagggagn said |ntona?|on I nformati on. 2. Pcnnswnms
Appar atus according to claim1 wherein said speech speci nen i s provided
over the tel ephone to said voice analyzer 9 Appar at us
according to claiml1 wherein said report 6% the i_ndi vidual's enotional
status includes a |ie dgtection report based on the individyal's enptional
st at us. 4, o]: T2 0 _claims 1-3 erein said

intonation information donpfEsks Al i ntonatiof information.
5. Appar at us facc i NQ erein sad

mul tidi mensional informgtio i Ny di nensi onal information.
6. Appar at us jacc ng erein said

mul ti di nensional inforngtioh c &1 di nensi onal i nformation.
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7. Appar atus according to clains 1-3, 5-6 wherein said

I ntonation information includes information pertaining to thorns. 8.

Appar atus according to claim?7 wherein said infornation pertaini ng to

thorns conprises the nunber of thorns in a predetermned ti rre &9@5"?{
sald

37 QWO 99/31653 Appar atus according to clai m 8 R
i nfle¥mation pertaining to thorns conprises the distribution of thorns over
time. 10. Appar at us accor di ng to clains 1-3, 5-6, 8-9 wherein
said intonation information includes infldfHation pertaining to plateaus.
11. - Appar at up—aeeordrmg—to—ttarm 10 wherein sald 1pformation
pertaining to plateaus|conprises the nunber of plateaus in al predeterm ned
time period. 12. par at us_according to claim21l] wherein said
i nformati on pertainingl{to eHus ccﬁ? sgs finflormati on perfaining to
| engt h of pl ateaus. O ‘:;; ollnllellelle
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13. Appar atus according to claim 12 wherein said information

pertaining to length of plateaus conprises an average plateau length for a

predeterm ned tine period. 14. Appar atus according to claim12

wherein said information pertaining to | ength of plateaus conprises the-

standard error of woaizegs | ength for a predetermned tine per%e_g oo%;g' .

A lie detection system conprising: a nul tidi mensi /H’g‘?’ VOi ce

anal yzer operative to input a speech specinen generated by an indivi dual

and to quantify a plurality of characteri s1t1i 5 of said speech specinen; and
n

a credibility evaluator r put indication
of the individual's credilbili ncl udi ng detection of lies} based on said

plurality of quantified char by St 16 . A
mul ti-di mensional |ie detjecti metfEgd ¢ riginp: recei vi ng
a speech speci men gener atfed n ig ¥ ke prqigtiant i fyi ngla plurality of
characteristics of said spee:rl p oLl
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generating an output indication of the individual's credibility, including
detection of lies, based on said plurality of quantified characteristics.
17. Apparatus according to clainms 1-3, 5-6, 8-9, 11-15 wherein
sai d speech specinmen conprises a nmain speech wave having a } .
wherein said voi WB%Ma&PByzer is operative to anal yze the speggﬁhgggggﬁen in
order to determne rate of occurrence of plateaus, each plateau indicating
that a |l ocal |owfrequency wave is sq&qunposed onto the mai n speech wave;

and wherein the enotion“feporter is operative to provide a
sui t abl-e out put indication based on the rate of occurrence of plateaus.
18. A nethod for detecting enotional status and conpri sing:

establishing a rmultidinmensional characteristig¢c range characterizing an

i ndi vi dual s range of enotion when at fHst, byl

nonitoring the individual for a plurality of enotion-rel ated paraneters,
over a first period during which the individual is ijpgn enotionally
neutral state; and 7 defi nj aracteristic range

A
as a function of the rang§ ol ot i on-r el gty ters during said
97 RoPHENE g (oRale g
d

first period; and toring th di vidual for said
enotion-rel ated paranet er sT—over econd period during which it is desired

to detect the individual's enoti drad—st at us, y to obtain a
nmeasurenent of said ph aIitF~Uf emTotTjon-T el af ed parafeters, and adj usting
sai d neasur enen -t b accounttsaid e. 19. Tetzpnod
for detecting e s _of indA/(U' dual‘!.,_t-h-ehr., h®: Egg@‘g?sm'g
receiving a spe jener at efl_by i mdi vi dual | a¥gY n
therefrominton Lion;, and 740 generating an out put
i ndi cation of the individual|s enptional gtatus baggg on said intonation
i nformation RECORDING OF 2
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