METHOD FOR ASSESSI NG BRAI N FUNCTI ON AND PORTABLE
AUTOVATI C BRAI N FUNCTI ON ASSESSMVENT APPARATUS
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priority to U S. Patent Application No. 11/1 95,001 ,
filed August 2, 2005. Field of the Invention [001] The
invention relates to the field of energency triage,
and specifically, a nmethod and apparatus for
perform ng enmergency neurol ogical triage. Mreover,
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assess brain function or pathol ogy,
f'ledc%‘ért%tzbﬁa little nore than identification of
poi sons, toxins, or drugs that may have externally

Field o Hos Ewehtien ONS. Br ai n i magi ng studi es, such as
conput ed t onography inmaging (CT), nmagnetic resonance
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b““@%ﬁ d s clear and dramatically abnormal brain
‘gh CT and MRl only detect the condition after
t he nor phol ogy or structure of the brain has changed.
Backgrosioneofdias &sveintionan t akef rom hours to days after the
patient is present in an enmergency room (ER) before
ov changes a e evi dent, on and before
selii2l 35833&“8@ E%NOHatswst%wéF@mng%ﬁ@ra'm"é@@rtf%r
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assessed cllnlcally by an interview and a subjective physical exam. The clinical

laboratory currently has no capacity to assess brain function or pathology,
contributing little more than identification of poisons, toxins, or drugs that may
have externally impacted the CNS. Brain imaging studies, such as computed
tomography imaging (CT), magnetic resonance imaging (MRI), though widely
used and useful, are structural/anatomical tests revealing little or nothing about
brain function. In the immediate time of acute brain injury, stroke, or seizure,
imaging studies typically reveal no abnormality, even when there is clear and
dramatically abnormal brain function. CT and MRI only detect the condition after

the morphology or structure of the brain has changed. In some cases it can take
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such as positron em ssion tonography (PET) and single

phot on em ssion conputerized tonography (SPECT) assess
web@mooahd changes within the brain as a neasurPOENS$2006/028985
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administration of emergency treatment or intervention, including CT scan, spinal
tap, additional consultation or discharge are based on the results of this simplistic
exam.

[004] Often, ER patients are sent for imaging studies, yet many functional
brain abnormalities, such as seizure, are not visible on a CT scan. Some
abnormalities which will eventually have anatomical and structural consequences

often take time to become visible. This is true for many important conditions such
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test. [005] One-third of over 200 physicians surveyed
at the Anerican Col | ege of Energency Physicians feel
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consiflerabBctbee.chem cal reactions, mediated by nol ecul es
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for |
LR B B g PP o Ponh AR yhnscious,
or cc&13@(du3l, isaéleenk:el/int natafe. tTieroDgRiaNsd1its BrRa8cHdabRital
xten3|vely since the first recordings over 75 years

reaclgns, mggjatad ey malegules galied %@Jrﬁﬂaéﬁmlttﬁrscdﬁpmce gotentials

o e R e G
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ivity of some parts of the brain are

the qoq%g:l {gglaia?lg ﬁ%g%o wq/%{gptgg@wcephalogram (EEG) and creates

identifiable frequencies which have a basis in anatomic structure and function.
Understanding these basic rhythms and their significance makes it possible to
characterize the EEG as being within or beyond normal limits. At this basic level,
the EEG serves as a signature for both normal and abnormal brain function.

[008] The electrical activity of the brain has been studied extensively since
the first recordings over 75 years ago, and especially since the advent of
computers. “Normal” electrical activity of the brain has been well characterized in
hundreds of studies, with a narrow standard deviation. The frequencies of
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stimuli , such as acoustic, visual, or pain, known as
"evoked potentials." Evoked potentials (EP) are

weanriooikar waves that have characteristic shapesPs2006/028985
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to conduct the test, and the need for ex
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ired 19. el ectrodes. ce t atient is
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instrument produces essentially raw waveforms which must be carefully
interpreted by an expert. Moreover, use of the standard EEG equipment remains
extremely cumbersome. It can take 30 minutes or more to apply the required 19
electrodes. Once the patient is prepared for the test, the recording itself can take
from 1 to 4 hours. Data is collected and analyzed by an EEG technician, and are
then presented to a neurologist for interpretation and clinical assessment. There

are some self-standing dedicated neurodiagnostic laboratories which focus strictly
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then presented to a neurologist for interpretation and

clinical assessnent. There are sone sel f-standing
waled7oatied neur odi agnosti c | aboratori es whi ch PODUS2006/028985

strictlyon detailed analysis of electrical brain data.
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Spor&%@, Eﬁﬁ@n}ébarhal CUERE Setumea%s"ag the a¢quired signals,
extra&.hgrde%qmwbamrégeﬁaﬁ] thBGSHBLES difRalsY H&gla%@)?lﬁé?he

t hrough an el ectrode set, processrng t e ac
extragitegh fgaturesxinicaens agmoes dl@m&eabategs)rlbsom t he

| d i f t
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detetrhmlirg hheRrslvbidarstatd st Hedbjebt 86hBFiShEIthE s?eps of evoglng brain

neur o] ogi cal state of a subject conprising the
respgpse,signals wng QéﬁlOaMké‘@@ls eleniriealokeather ghquhJst ﬂmeeng,hacqwnng
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extrastigg aieslredrﬁebtul'eisfsscbrh)the @r@é&s@&télmélgdaﬁ&élb%lﬁﬁng kHeLo]
t F%{/Fer in accordance with the invention, there i1s
extrgs \WeSn apparatus for di agnosi ng the neurol ogi cal

Stk 2] OAls8 if YBb&BEncE Wit the il ion, there is provided a method of
determining a neurological state of a subject comprising the steps of acquiring
spontaneous and evoked signals-through the electrode set, processing the
acquired signals, extracting desired features from the processed signals, and
classifying the extracted features.

[015] Further in accordance with the invention, there is provided an
apparatus for diagnosing the neurological state of a subject, comprising a
processor, a memory operatively coupled to the processor, wherein the memory
stores one or more operating instructions, a multi-channel input-output interface

operatively coupled to the processor, wherein the multi-channel input-output
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processor, a nmenory operatively coupled to the

processor, wherein the nmenory stores one or nore
wep@ratiimy i nstructions, a nulti-channel i nputPOUUR206/028985

interface operatively coupled to the processor,
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;
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i nvention, there is provided a nethod providing a

wavelet- ag@k%t@é@@rﬂhm of a patient's brain function
{
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and %‘é@hﬁﬁ hg B O?&k%d B8Rt LBty tRERY r}?’ﬁ)@egélhgg@% spontanequs
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[019] Further in accordance with the invention, there is provided a triage
apparatus comprising an electrode set, an amplifier operatively connected to the
electrode set, a processor operatively connected to the amplifier, wherein the
processor is configured to process external signals acquired by the electrode set
using wavelets.

[020] Additional features and advantages of the invention will be set forth
in part in the description which follows, and in part will be obvious from the
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el ectrode set, a processor operatively connected to
the anplifier, wherein the processor is configured to
w@e@eosd4ext ernal signals acquired by the el eceeDUs2086028985
usi ng wavel ets. [020] Additional features and
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Figure 1 is a flowhart illustrating the nmethod of
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with the present invention. [024] Figure 2 is a
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POEIISh! Rigutd 8 is artiageine NIe8Eatimy Bh&ctidd sél%dééﬁﬂn%to an
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embggimant qonsistentwitl e eresest ventiaimbodi ment s consi st ent
with the present invention, Figure 1 shows a flowchart

i1lustrati ngppsERIPYIONGOFIGHE EMBODINENES N

[026] Reference will now be made in detail to present embodiments of the
invention, an example of which is illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[027] In accordance with embodiments consistent with the present
invention, Figure 1 shows a flowchart illustrating a method for assessing the brain
state of a patient. This method may be implemented by an apparatus or device
which is manufactured to perform the method given herein. An electrode set is
placed on a subject (step 100). Typical electrode sets for acquiring EEG data use
at least 19 electrodes. An electrode set consistent with an embodiment of the



state of a patient. This nethod may be inpl enmented by
an apparatus or device which is manufactured to
w@eofioteing he nmet hod gi ven herein. An el ectr odePGEUS1086/028985
pl aced on a subject (step 100). Typical electrode éc,ets
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prese%ﬂg(h\{ei’ﬂikbn%m augilmryitsiin?@lluleﬂs given e the;skiget OLHBINAHAYATOY
uditory FEy ot ent | '
Evokagddiatenga! S eRSMsBr GV ﬁr%“@@gfxe@n@‘?@ﬂﬁgﬁi‘? may comprise
an &%g}qﬁthwbr%Er@té}%tr@BM@@ R) péBRR}ialso beditoryirsid-lateicyor y
Y R a ency response (AMLR) potenti al e 8{ié]8r‘¥10luding
respbrdee(AMERppetentialsRpr wdmil%heSfPSP%%fﬁ“r@ Qﬂ% :
r esponses, . [029] Th t
P10, pPenste g hly EEESEE N e by 1 he o ZE?Poé‘giuf
\m@zgr ertwb@mt 5 alt@étblha/amuleyemcgeifgnal%argi afealireg Ryc §£$9tf°de
erein artifacts are removed from -
sot aD0Z1e SUbBPIMTS SURCIRHO Bes PRt Bh e P AT AR are .t
suc I ' de, d resu
e R
of sd&}ﬁ?ﬁﬁ% as@?/cﬁscnmmmﬁtiod emtrodehelec’gp@wpg[q{g,g artitacts
artifacts. In one enbodi ment ; -
rosuinaciain Byss-BraTPHNANG v BouTERERNd QBEF SIgTGHRR arifacts.

Ino anﬁ;oglﬂﬁ%ﬁ%tﬂé“aﬁféﬁt'@ fiayeb estinoved by remosing discrete agifact

sectb?rﬁrf:n?ng;i?e eig;%alss; ﬁg{aggﬂlpgrg@%&m@? t? {*ﬁfﬁ%&r@ﬁ%f@&%
oy oSl S 5 A BRI R R Mg,
TSI oS nke Sl s s et e
extractatatistical signatioehises éﬂsa&if@mf} oge ﬁ&@%?“gﬁngégéﬁ‘gmem with
the Slre%%rrﬁ ¥n@@nﬂ&¥, f&umgti\‘;& EEG algorithm may be used to extract
features. In another embodiment, a wavelet packet algorithm may be used for
feature extraction. In a further embodiment, spectral analysis and statistical
procedures may be performed to extract features. In yet a further embodiment,
diffusion geometric analysis may be performed to extract features. In yet another
embodiment, microstate analysis may be performed to extract features. In a
further embodiment, wavelet-packet local discriminant basis algorithms may be

applied to extract features.



feature extraction. In a further enbodi nent, spectral
anal ysis and statistical procedures may be perforned

wa oogntaigct features. In yet a further enbodi nEE/PS2006/028985
dlfoSI on geonetric analysis may be perfornmed to

e)ﬂ)é % %ﬁéam't@ F a‘nqit,g %&trﬁ@f@:@%éﬁ%s are classified

mcr Be performed to extract
accofding o ese drmn@'efdjagmrmtlcewdbegbmwhemm@ probsbilikethat features

extragiei] ol # SHPRPRCEN B PR Rty SyaPTe #BEpRRf bifabfes is

frRRbH t@émbéidﬂﬁéhfsl sshshtemwitthe inventon,
deteﬁﬁlﬁﬁ?)’r(g e‘gﬁgﬁﬂostl c c,!g?e ories, wherein a probabili

classiflyintg fnexther p,@f(ymeobi@y éﬂplymﬁlgcrym]aé@ﬁngyﬁlsgg the extr%cted

ccu 55 B Bl PRSI IRESH ARTEA e o

the &éﬁk?fyﬁ'iga?b})hmd Usddh ¢he Olgeﬁlﬂcalﬂon algammrﬁytrstg:lsmymbed if the
erforne i ng di scrim nant to t

resulis are; ppwRak ékamf@) fﬂ‘eﬁ‘éa’éﬁﬁ?s Wﬁ %33 By ﬁ%ﬁ@‘%&?‘ﬁs pain

Wavééqgreeﬁéfrﬁﬁt %Pftﬁé R ﬁ‘?ﬂé’}fl%}(]ﬁfa‘% tRé sth@cﬁé Bﬁaﬁh factivagy is

hod used he cl assi |cat| al gorithmfirst
nornei# i(stepi 122). ilf theteeisraebighes peotabily tiat the sepjectopxiragted

t he feat ted f
featugPs ays PR NOTTRe e SR e L RRGAIE! ety Potifafiglfteatures
as aﬁ @%&@bnéy bF BAIBrtaebhditiby (dteprarRyRIf thetesip al@igh probability that

here™i s hi gher probability that the subject's
the eactntacgad ﬁeatwr@ﬁtmaféb feataremtypiia ﬁaﬁomﬁée&é@n@ﬂﬁﬁgﬁncy mental

;
BRI PO o DR SR B i,
feattﬁeb iz@heithiee badinblehy dydfanhctidre aztive aelzede ferdiurstesuppaesdion
(sten a6t Bineiovias Sefomigrings e cthactan freb ey FFvens it
prob%Blll stﬁélf'l dridcorane %ﬂ?érggnéﬁ e S In8 YefickhaN dipthy e Msult

unct i O active selzure ur st SUppressi on
S0 tt(es‘s\etpge(m@le)n racelwehmmwatﬁetrd@ﬁmnh(a@ 1223t It the extracted

feat s it nosneare igo Ry bap b (g aB Atirsghty e M wi

detelire Wbbn@@nélﬁbﬁoﬁﬂh@ e@@ﬁac@étﬂfda@@x@s\/?pmtb B& @rganic in
treatment (step 122). If the extracte features do not

nature(aler 1Hiegh idhe satinctedfeaturee predateravpadyeregyrelateanith an
e 6ol oA TR oldPhie RAORL  aBlick i shon atomps

to dét@trmmelll e extfadibe feattresestniadiy isrleteralrar glebarininatde (step
118}, R0 Wil dismianiis RURAL eA)e | heEXaRMIPESHLIe AP alties wil bo
test%cf)ic?&@ﬁerh%éjﬂ y;étugf‘pﬁyfshfa*&‘?q Sg*fPﬁﬁcﬁﬁagI lﬁﬁ‘{ea‘ﬁ.u?t(gbepf 2(3) and
this MIWIIIIbejsmmmystepGZE)asul t (122). The extracted

f ef&&% gbur}gr nr"'EHOI\/\t/'sl gr? ap.pa||’atgs consistent with an embodiment of the
present invention. An electrode set 200 is placed on the head of a subject 201. In
an illustrative embodiment, the subject is a human, but the subject can be an
animal as well. An electrode set 200 consistent with an embodiment of the
present invention may comprise a reduced electrode set, with less than 19

electrodes.



tested to determne if they are psychiatric or

“functional” in nature (step 120), and this result
wawdoroba4shown (step 122). [032] Figure 2 showBCHIIS2006/028985

apparatus consistent with an embodi ment of the present

| NYB38]i Fyuré'3 SHov SR EediRIdet 209 dIndfeshiatitt bR e‘h%!jlment

of a subject 201 _. In an illustrative enbodi nent,
of thg pjesent |,ngegt|qm nilectiede seh @08 mayeeomprae aqolgfallanofn@ectrodes

e e IR T ——

electredecsed 260 mmWMSMe eWctrbﬁ ke $}$attrha%ﬂ bé%ﬁp&ed to tthe 21‘85ehead
el ectr des. [ 033 F| 3 shows an el ectrode se
- shofigRE pad 65t ol le suie e bR

placbﬂ\@ﬂ"o'ncme fﬁeﬁ%bﬂ Ogﬁd %ﬁl‘nb W n&ERY ?%@e% délé@lrédé‘s over

of el ectrodes ed to
any daisjtbat a sobject rlnﬂyahavel cbm‘shalraheade 'Elmbcﬁtmmmmlgmlabmstarqde

d fixed
cond o Pte BRI Sufs G de hn hREeend Aeorabngfasdne negeidor
any hattuendval. eiptarplassglivel@Mbatingens, fHer el@b%@é@eﬁiayodb bB8ed on

orehead, and elimnates the need to place an

the %@*@dﬂ@%ﬁ@&3%éar HoWt ofdhe fenehead 39dbnear nglmtyofrtée gorehead 306,
cent%??%:f oﬂ‘ﬁ%‘* reHelad. 304, té%%? &M éﬁﬂggﬁéﬁ%ﬁf%%ﬁ#ﬁgf%ﬂgﬁ'o%e

at ari se
forebdaadrﬁmax left rhdstoite®th , faod amEd(aerectredé\Cﬂi thelleftahoulder 316.

| d b | d
oo 8, B O it B el S
centd3Pbf t%?eﬂém19fhaﬁrke?§dgfpﬁtaﬁgq}r%r &ﬂ%seé%'ﬂ‘?f QF\ érﬁkfleﬁ

f orehead 308, near
mastgids R825 &4 Bad tha tenter of theriosehsat 31[81 maynke ase@@Gan

| d . Addit lly,. i
em:BaRibH G Y ARE slanahRicaiedo An stralh Bemptiument
congitenewit thé Eﬁéséﬁmrﬁﬁ’enﬂ&n i ableabefieath é”l@a@trbaétset $00 with a

grounded. The el ectrodes on the right and

re %&gtwmermﬁle%megrhﬁqanéeéfetﬁs@nabprqcaesmgraig@abrrm@mmate
the A&Yg fb?agaﬁﬁnbp lgetrﬁagfd' ment wherein an AEP signal is
acqui red. An | PGS T AT

i ve enbodi nent consistent with

t hP3di eReferringbeok t®FRiguse @bt électis@e@meised sglcsgical
with a reduced nunber of el ectrodes because the

field§ ?@%ﬁr © profiuced 3%,2 4630t ot sRiedis 27 hiakain ertivibecthe aetivity
may%@éﬂdrﬁé‘ﬁ’éo@ BGOKSBF a Jo%h 1%2{ écﬂ‘g Iﬁ%ﬁk%r{ngogi'{%éi{t

| ectfodes neasure t r| ca
Con%ﬁtenbwwhi theepresentinvestion, the &pobjaeraous braih dwtwity is measured,

for eg%h]&Y%{ﬁé %-ﬁrgqueﬁ;@ V't%,q gﬁd 93(%}89?@?}35835% lgvlgéggurg[j al'he
evoked response may be obtained by stimulating subject 201 using visual,
physical, aural or other stimulation. In an embodiment consistent with the present
invention, an auditory stimulus is given to subject 201 to obtain an Auditory
Evoked Response (AEP). In one embodiment of the present invention, a pulse
oximeter 203 is connected to subject 201 to monitor subject’s 201 pulse and blood
oxygen levels 209.

[035] Electrode headset 202 and pulse oximeter 203 can be connected to
a handheld device 205. Electrode headset 202 can be connected to handheld

-10 -



consistent with the present invention, the spontaneous

brain activity is neasured, for exanple the EEG of
waeabeot14210, and an evoked response is neasurBCI/UII066/028985

evoked response nay be obtained by stinulating subject

devigd R0BIhRSUgH & YoW-volRAYE beimpl fifer 2020 rLo%-U&’Eag(%prteﬁ(renplifier 222

stimul ation. In an embodi nent consistent wtl
has grhigl hpiserfplaranemandis designed jo smiplifyl the signals et are

vendiflfs 0o AR . BRI TERERRT cooned
to beabkeetoditiinehels 4. | 19 cheavbbainét reiher! dédde P05 may have
asizgcofg tor subject's 201 pul se and bl ood oxygen |evels

a1 5enacy F¥HRMRe @Rt ansha weidiafdessotippetbeut 600 g.
Han&ﬁ&d%ic@@%@@ﬁﬁ@%@%ﬁég gﬁgh%%e&% ?gé'nﬁ_gtlg%%reen, and can

El ectr ode adset be connec .
furthiea haite ladidech serezdbintarfacegindaa travitionkat ager inteztaee! 220 such as

F hi :

a keffiara o T PeI BT rnaneld dRiee iy Rlecedgencodiand

elecRb@e heansst ZQZGHw;/Q;o%ﬁ@'infé R G A§HEP S ﬁ@f@ﬁﬁﬁ%g HQQmJorgical
Handhel d devi ce 205 is designed to be ‘able to fit |

triagg e aspatiaid suffaring Eoeman altetast meatal istate, whereir tEOKit injudes

. i . (& .
oo Ll RN 0B0P8 408 Wik R M borBhle Barnips case.
haf938] dHﬁpUb&lei@icGéM&borﬂémst?qai?g el acrﬁ%ife!;%rdv@é}‘é Gritthe
reen rnterrace
front i RE] ATl S DOl L PHGE PROCPS0EA 105 18 ORy0Radiment
oroo8Sep ST 78 RSNk MNP oo Rl HELSGRY.
processorpdrrbot end §2mésisepargtathfrotn pragessdr 24 Qlay iseidtion barrier

200 IO AR 038 e R S v,
furthdPfacilRath ¢ BEEsi-dire cBo RS dodnBn kLB 0P %a@@ﬁﬁa?dt gﬁ@}eceived

. _Handhel d devi ce 205 contains anal og and
signa|g teREecessar 2. 1n one esthpdiment camsistest with tthe present

inved i 490 rIBSASANE 160 BB AR BRI A TR Ies  hRif 2RO el
inputiowdpotiobénfadd.er / di gi tal si gnal proc’egsor. IFront end
229 ] f ocessor 210 I sol ation
biﬂ)?’?ﬁrﬁ"e aé%gméfgmﬁ@%%iee@w@ the preRaNt nveRiam el command
fromiadiser, BHERPEY tfkrﬁgsgifu_@greinft&‘?a& %@,Wi’llcb i 5%&%58?%. Analog

[
facilitating I rection comruni cati o

braint wavesrate acquired! themeghveldctode abadset 2020a0s aes traddmitisd
resent 1 nventi on,

R O e LT A T T
waveBiriel theh 2onebribd B HIgRHF fighals thRIUgACEh ADC contained in analog
front end 204 and transmitted to digital front end 206. Digital front end 206
transmits the digital signals to processor 210 where digital signals are processed
in accordance with instructions contained in internal memory 211 of processor
210. In an embodiment consistent with the present invention, the signals are
processed to remove noise, processed to extract features, and processed to
classify the extracted features. In another embodiment, the instructions contained

in internal memory 211 of processor 210 comprise instructions for performing the

-11 -



[037] In an enbodi nent consistent with the present
i nvention, a conmand from a user, entered through user

w0 nioenicaee 220, will begin a test routine. AnaP@mUR2086/028985
waves are acquired through el ectrode headset 202 and

metA6@ IfusRBEH thtragutd OPgbcssaBl 950 h?afﬂ@n%tfnﬂf)@suﬁﬁ,%@igﬂ may
of handh br di t hen

) ndhel d device 205. Anal og n waves are
be ig sealdinnecansemigg the assegsarenttof subjgiet’ a 20AlEatrointaxicnethnce

witr B 3PRsP bR iRy PR AR LB Al nancel
devide $06abr friayrtsd saved [ OXAEHEP MePASHWVINED, ®rahay baldisiigRal §n PC

rocessed in accordance with i nstructions

215?8%9%%@&% ndhelst ¢RiiceRp Py serighonaniyesebsedal tip0. | n
conf BRSPS SBtol i IS R YN B bt
201 toaioxttasadtorf thatassessment jor anathsieembodivhastsddngistéret with the

e B LA A A b S s rgwaves o

an eXfStAERHBMOAL 0160 DiESR hib?ﬁdry%i@lmégb%f a R&Fd egg‘g?ﬁgyan

thenethod illustrated in Figlre rocessor
optigah giskailrivieu e flappyl digk diine.civ anegndabile, naravolatileememory device.

ng: ) subj,ect's 201 brajn |n
In af REF LA BE O, A ERE e i kSl sBtALYls plsrec
transinittelr 1 @dvitioh iSSEbsfigured t@ fanermit rite Welete sy toCsrimer218to
. be saved to external penory 216, or may be
W"%%MW@&G tspdianaheld siexiceeddS ep/aigs iateraal shamsable
hat i b BerSal i [ Qn.
Dt e (e o bl o PE o st la, Ju8 of B DEfldePthscs infilon
chargabp ¢3 cosnectedido @i typicatAG autlet Bé4assessment. I n

“nDERT] brEIPaCEEbaite s e e iy gl & stmulus to be
give MPEAbEEE200 B BUOKE Y4 EsAchsR) THE E5MfatPIEdacEa stimulus is

External menory 216 may be a hard dri've, an
trangpitted fromaith& pergessor 216 todigitadirent enrd 2@6, wher it is converted

L - Mal i . ry.deyjce. Ln another
to arf 89848 Hdhal B MAC bonBinBr IRt ¢ £he EinaldhyBioBel S gutpuigrom
the armlogifroat eed RoAnSOUghahe 24Blevhintitol $ sHANUsIH RS 994 which
nsmt data wirelessly to printer 218 to wrelessly

Stim@%ﬁ% sublech40d.  Homatraubisap lzfta«’v\Q«é)illDr&omra(:‘mrlrsg,bCaAhvisual,b or other.
Ina Eﬁif@t’r@@leg{b%%}ﬁéﬂ? s §tn%k{§§%%n%n&@?gilﬂﬁlﬁgﬂeg@\%rﬂ gr}raggh

arged during use Or in ween us
transmigecotat ateeplacedan subjects eAC Dh stinuRigtemit®¥8124 May be an

R RST b Cht | GuARbe o Bukjal speaeSEncks aiglemicrophone in
cac B30 T1esecHeR S9N b YIS BBIIRNE 00, o
transgpitied @éonawith sppntansouis signalstd analog front end 204 of handheld
device 205, where it is converted to a digital signal and transmitted to digital front

‘ end 206. Digital front end 206 transmits the digital acquired signals to processor
210, where evoked response signals are filtered out from spontaneous signals. In
an embodiment consistent with the present invention, the evoked response
signals are filtered out using an adaptive wavelet based filter. More specifically,

internal memory 211 can contain instructions that are executed by the processor
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to an anal og signal by a DAC contained therein. The
anal og signal is output fromthe analog front end 204

wo booologhi4e he cables and to a stinulus emtter PRHUSIWEIRS9SS
stinmul ates subject 201 . The stinulus can be auditory,

210 Wﬂéﬁ’ U¥es QrDl)’éISI‘Lﬁéé Cd?ﬁpl@k 'WéveleT%}rﬁ?&Wé% efl i vertlble

embodi ment, the sfimulus is an auditor ven
tfan$ﬂ¢f@d§fﬁd&pﬂﬁ@lmﬂﬁeeeﬁokeldatilgaalerqspanmjsngnalﬂjbq)mcﬂpomtmous

respéﬁgigb,ﬁérggj bih%ﬂs#u%gps ﬁlﬂﬂ%ﬁ' o aE tgyag]o llqbcﬁ@men?aahon of an

algorithm eahtstoitbyepiessdr 2 Tt Q/Viﬁé’f@lﬁe@' cBp w!a\?elét? fHh&®fm is
el ectrode headset 202, and is transmtted al ong

Comﬁmeﬁi fop GACh SubYesagm ans! thendhepbgse verienemdf gach pprmalized
wav@l%f‘%@#flgleﬂ?w G€ cag‘ll'_btutdme*i'ﬁ rﬁ%drﬁtuﬁg:l)\gee{ ﬁ%é\%ﬁt cgefficient is

Farism t
selezm&ely Brajed aiccbrcmg toethe (s varizhtetsf thé eoffigidnis at this

cqui r ed S to praogessor 210, where evoked
locafigil AErSs tE?%HBTaé’eéﬁ’%é)Sﬂ f?"éﬁ@ﬂ“%'ﬁa?r HeniogPont aneous
signal s,, Oﬁ g@rgns)nt consistent with the present
i nventi oh’ t e dvo “’ésponse signals are filtered

whefHWY, U§hd’9’, %ﬁ%ﬁflyéywﬁ*ai@ltgaé%ﬂdf Hés%r f1 th@ Ufprocessed

speC| i cal terna n co
Complestlﬁ"ma\aeJB’(s:oeffmﬁerﬂraetlm( Hrstate, dnd wherepr ocessor 210
whi ch uses a Dual - Tree Conpl ex Wavel et Transform as an

i nverti ﬁl,e—le?(ﬁngﬁéffﬁﬁ/tTanédapt ively filter evoked
p%ponse signals from spont aneous response
Whe%q '§|tEe Ree vadaneR ot eprfficignt Woaceess thermub-averages. The

filteré%@@@%@ﬁg?gﬁ é?fer cf‘éﬂ&’ I t%&%’il& 'p%g e?féﬁ%ﬁ)&%pﬂﬂh@ is

processor n a co X Wave
Impl@mﬁpt&Cbey pmceeamer”Emm aertermgm therfdliéwieg geuk Ipbatichs and

latenii, oPe8k TrRERk g And e misaketiaiis\ous dhesbapas aaithes
comp@iefiabinaphiatics ﬂb?éjc&ﬁﬁﬁfe@' iR9ntePhdi WﬁerﬂB@F? ﬁgf bARESsOT 210.

the coefficients at th | ocation acro
LIQ381/dﬂaajb%mbwdﬁn@daqqnsytmawltmma‘ resentineertion, groeessing

the sflaiSEEnbRRE R Etinle BP R b seriter afarels, Qe moising.
Interﬁfalaabmorymm Wi précesebeR e0 bntding MBtRBAGSs fbfi“lr'\sefﬂﬁﬁ‘ ngf
coeffj CI ent w across the sub-averages. The filtere

procesgt<d Ot g}%ﬁormsaraa'@pa AR qitired rignals tn pealembodlment
no 0 808 S TS RO B e

The weuélel frafsfakm?a naerdbenotihedaknily-db Foatieneinsbheseis a process
val ues.are then.co rz]a,[red to(ﬁﬁormatlve dat a cont ai ned

of dePAMARSING & BVEE HgYA Inies ¢t Gfrestenopmabhasis fugions saliad
waveR80dh fiitiohBNdiseletd FottibPraR&oRh DR, 4 BiGHA IsPdscomposed

processi ng
using complex sinusoids as basis functions, producing a frequency domain

representation of the signal. In contrast, a discrete wavelet transform (DWT) uses
a family of specifically designed wavelets, or little waves, as basis functions. A
family of wavelets is created by dilating the original wavelet function, termed the
“mother wavelet.” A wavelet transform decomposes the signal in both time and
frequency using different dilations of the mother wavelet. With the application of
DWT, the one dimensional finite signal x[n] is represented in two-dimensional
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t he signals conprises renoving noise fromthe acquired

signals, or "de-noising." Internal nenory 2 11 of
wWee@cesaer 210 contains instructions for instrRCI/US906/028985

processor 210 to performan al gorithm on acquired

“‘wavidl@nédsidinae 9N angitiipg] 1808k, of%a?'d%bhf%@ltﬁéh'érb%?éated

wavel et based signal processing usin
callad sealedr At eath scalgvasettoficoaffisientsns araa@erb by cofnptuheg the inner

o 01 e R GTaATAR ol B 58 Rlpeppupet. T

motlhmsuﬁvélénmmcﬂﬁﬁ i aédigiatea e et and Its d‘iléﬁ&hé éﬂﬁ@ésngnated by
di screte Fourier transform (DFT), a signal

() d@b@mﬁm inslex @ aovapledet at.sna@q. issalisd IaetsansldtmmtThmsalue
rodu a fre in representation of the

of th;Wagiet 8 coppip il fesaribgndy e daclmassianchsequsnge W.Kk),
whe(%khé%@éleﬂin&éﬁbk t»heO\fvaV?él@tfc 'a%%%'t%ecﬂ%ﬂfs%ﬁﬁﬂ H@éffﬁ' Pheé DWT

littl e waves, as basis functions
'Sthﬂ@@énédélsbs created by dilating the original wavel et
function, ter msd t he "not her wavel et " A vvavel et

R i G R NI e e

wavel et. Wth the application of DW, the one
di [94R%i Geafficienis G4, ls)l ayadhe wanglat s:oe‘éfmenste at different scales j

an s BRI R AR, R BL PP 8 82 YO Bl sone

x[n]. skalvaselettod@inates,dhformatiih aBButCI@@thfthé'f@Hu%nb? aﬁfigﬁ% |ed
S

onputj ng the inner product of the origina
'00396{'?1&"%} <PFJ tResignal @neEdSIs piesgrvede Thig ised Pioess of nofbee
It
suprByIsh (NRAIges 8 hbtth? Sporiahidsp booBRfériche.
propefties afebagh éhe andedying s;gneisandiltheedosetthanc%rﬁgnmﬁateg kte Similar
to filt\é\%agn %ﬁpﬁ%ﬁ&&%@ﬁ gwcec}@rjglv%e(te c&ﬁ%?;?@%’rt Ith rgslﬂqa]lg m%;@[g@nthm
redul:é%elI Qé[S)t\?wQﬁfl @%ﬂﬁ%ﬂ?t@w tie W?vél'é? dBFr%Fﬁ] &isoﬂ]obggﬁ% based

on thejassuymgtiarpthat jzhmunde()ylr[g:@gheme]snmmarrd aotteseliGwihlle the

t ff t at, .di fferent _scales nd
nois¢ it Byt 8 1yF ke RiRibh s eengient nsiayatess of
signal@h propérty helated @i itAbarkivld®, akbing defifed Rlition to how many

coordi nates, information about both the frequency and

times g signal sendie differantiatgd. « Flee dpgres ofegrapgijiness f equal e the
nu mﬂ_é}* (§f dontifuBLE ‘a%ﬁ§atﬂ)‘esr{ﬁ%t5@ar§ e %Fc@i#éﬁ e%@%‘tggglglﬁlgbﬁg@t if its

npt I ons aboutf~ shoot Nhéss a
ener@y |skxnm‘rcenllmtem rebothitinge ahg frrlquaney HBmMa®s. SAn ildherent noise

is spcrggé amt n%tng noit congentrellted One measure of coherence is how many

wavelet coefficients are required to represent 99% of the signal energy. A time-

frequency signal space is completely spanned by wavelet coefficients at all scales

and translations. A well-concentrated signal decomposition in an appropriately

s‘elected wavelet basis will require very few coefficients to represent 99% of signal
-energy. However, a completely incoherent noise will require 99% of the

coefficients that span the entire space to represent 99% of its energy.

-14 -



to filtering in the frequency domain, the wavel et

coefficient thresholding algorithmreduces sets of
waneheti4coef ficients in the wavel et domai n. TPECEUS2006/028985

process i s based on the assunption that the underlying

si gnpl] iThisSeaHvchtians! \ﬁé\kaéteda-noié’mad rocB8s A $krdedbp | S

m xed"w th the signal is rough and incoherent.
pro@&@esot hness of a signal is a property related to its

bandw dt, h, ' [ in relation naRY.

tinmes at] m"&%g%e@iﬁgg‘é hﬁﬁﬁ? élg&?ﬂf’a{’%ta.'" \%/%ggl%ggpg@%wts at
diffesemtot hnessless equal to the nunber of conti nuous

derivativ that can be cal culated. A signal is

coher ené- ﬁ%@%@ol@#@ goeffisientmaam sebloszerp @nysimallertean a

and fregengdigdomai ns. An incoherent noise is "spread

out," and not concentrated. One neasure of coherence

i s how Bamerfeanethetincosbiiaictstttmrafernt engppetirhate the original
represent 99% of the signal energy. A tinefrequency
signal 8988k is conpletely spanned by wavel et

\‘;\gﬁll‘éle] CirPiWeSdéiho%'ir{q SfceLss tﬁg%oﬁg@éﬁhﬁéb%hof%e signal are

concentrated signal deconposifio
attenyaied byi seledtivelyes aiting thavametlet chefficients td zereque-aoisayis

tnos £ oG ARELE AP Br L RRFTenf 804 eBl AR oFBg5 Haerenty
by tte9treshdlbiagdatiditi TRé® ér@&haﬁ)ﬁ’garénﬁ@te%"éd ESntPAI A thid O
represent 99%of its energy. £04 Thi s conventi onal

algoyitiire) leveldd- wayeletpqenarasition, shresheldeslectinn, Ipsmgediﬁerem
oG L PRI G ORG 108 LR PRI emgun.

C O[] clineadtcordamtes with tam erabodiaignt oftd preseh@mvantion, the
threshold d.3. Performthe inverse wavelet transform

de-nosing, presesiit e lyerediyiding g acquies) signaisintpidisarete intervals, or
« L gi ' i

R e P BRI e ML ATRBRAR o hrdraBe s
The girater ainennt of ames dhatarerds-soisgd ipsiot hecorposing thesighal, the

oottgtiip B4l o155 YR BineaShirca: ieraabli dhs e @ bined
by uSRBMWDEHARAES R FRaEs aﬁ@bmhwtiﬂgltﬂgé# Iilﬁéélno_é\l'éragb. HeYehetiod is

wavel et deconposition, threshold selection, “using _
chosgntfoe ite simplisit¥ s ermaytadional stabilibh andavell-enderstddd béteniar.

This Ak SRkt 8 i B AL ! PSR A BRLS e
overall idea is to generate as many permutations of the original arrangement of
frames as possible, and keep averaging and de-noising those new combinations
of frames. This recombination process is a tree-like process, and may comprise
the dual-tree process described above, in which new levels of recombined frames
are created. The average and de-noise operation creates frames at level k, which
are no longer a linear combination of frames from level k-1.

[044] The many possible algorithms to accomplish this task can be
evaluated by different criteria: ease of implementation, computational efficiency,
computational stability, etc. For the present invention, ease of implementation is
used, because the key aspect of the invention is implementation of different
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de-noi sing process involves dividing the acquired

signals into discrete intervals, or "frames," and then
wa@ragitmyg the franmes, and de-noi sing the averBgEUS2006/028985

frames. The greater amount of franes that are

wavelet ﬂ@l-ﬁ(ﬂéilngfte&inlémm&bﬂ%rﬁbhﬁémf frdri8 r@&r‘réﬁ%erh@ﬁts
results of the de-noising process. Preferabl

Thefgoa?h@gt"@’ @e&ffﬁﬂ ﬁ@@OHWQ@Hﬁér{:{m@ r%aj'ra;ngmg IthOa)TBduwenough
newqr rﬁé‘é?c% bB%lrﬁ Q&':éptél:nlgﬁrfo%ﬁ%r %ge. This nmethod is

osen utational stability,
antocmirl Pmn:eiasbsmmis anIm@V iconfiguredgo @xadite ihsth@tions contained

in inBiBahemary A dda e O?rbsaggﬂsgﬁgmﬁgé‘r%%ﬁgs sielnet fior
proc@fssé@ Qi Fﬂlaéné‘éﬁ‘n BSﬁ"ﬁ'@rﬁt %581”??0 é)?ecﬁﬁn%?r@ttﬁrctleﬂg

keep averagi ng and e noi 51 h 0S€ new co
whichfpérfermssa quaniitatiee &6 (@EE&) fpatmeextrastlm algeath loa the

proc%é%%&%@g@ S'E glqorrllﬂﬁﬂ L&lﬁz E,aist:lgvg.llrgergferaﬁgg %ﬁg&Analyas

is appliati@s chifactétas B fré'&tﬁer@‘f%oﬂ%m SBhBYPré e sl A5HAY,

creates frames at | evel whi'ch are no l'onger a
typlqa."wéiawdlesﬁbe ﬁ&ﬂadﬁwmtﬂ therfaa@aomalcfmqt@ney bands: dqaltmen] 5-3.5

Hz), THetalTa 7RoRs] dﬁ% ABLLLAND) (A TFL B B LN AARtG (25-50

eva

Hz).i H@fmwﬁﬁ@tfnequenmemup & and deyend i10068Mxmay also be used.
efc. For the present

The?%f%@raetélﬁ%?@b%@%a Fﬁﬁ/ Qiislicefitap Pracassed signadssdeh age
absdf@ﬁé ARPRIAINY pder, SPMBTEthY %n‘dscdﬁ@?éﬁdﬂe nltn"’\thb%tn?éxt of

di fferentwavel et deZnoi si'ig techni ques an
analmng ipiaeess krainvavesaaksolote pawegeisehe aveiye egmau nbfof pbaver in

cact AL Bl eaty Spreifnahth pisvessed
signgilel &nd iPA Bsead Pd of tHY SIEGRAR lof ﬂ”?é)bfeﬁn E@Ié&ﬁéal%ﬂfllﬁuR@%‘cwe

to execute instructions contained in internal ne
powanistthe pereesitaganl tiedotal pemer sontibuted fareyrespgotives elbctmde

LN
ot St s senttan e Sy
reg"’%ﬁié%i‘ﬁ??ﬁ%ﬁ%ﬁpk}%eg 'ﬁ@aﬁb fraapigney band eaetis 6 measure of
the bta'léhcfe’ Sﬂﬁéﬁfgﬂ%’aﬁwtyo@dﬁ%r&% i%gtﬂ% ﬁ@é@f éf %{r}ﬁ;lﬁz?mzatlon

typically e signals int
of el$¢teqaiem®]1t$>mmtzrremb®hqu regidns3ofRhettwo Hdrméphérés%m?j 15 a

beta. (1 an

mea{@? %“3“5@9 ‘il‘% éﬁgﬂ?'@ fitved hea%?q 5 B B SipBREeS of
univar28 fékturey) réé@@n?ﬁ*oh‘ﬁ% sp&ﬁ%ﬁaﬁ&?&%r&%&é%dé%%'s‘t’éjr?als are

characteristics the processed signals s
believed to characterize mdependent aspects of bram activity and each is believed
to be sensitive to a variety of different clinical conditions and changes of state. A
full set of individual and pairwise features is calculated and transformed for
Gaussianity using, for example, the log function. Once a Gaussian distribution
has been demonstrated and age regression applied, statistical Z transformation is

performed. The Z-transform is used to describe the deviations from age expected
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absolute and rel ative power, symetry, and coherence.

In the context of anal yzing process brai nnaves,
w@b®olhutied power is the average anount of powerPGCTUSZ061028985

frequency band and in the total frequency spectrum of
norrhevditiesessed signals, and is a neasure of the _

strength of the brain's electrical activity. Relative

power i £t Rrohabilitythadgabjett valae ties avithimtiee nownalrahge ed

for a respectj_vg el ect,rode and respective frequency
band and is “@%@@P&%@Mtivity is

di stributed. Syrsmhbdrd BeliBfor frigyeof | evel s of
activity between correspondi ng regions of the two

brai n_hem spheres in each frec*uenqy band and is a )
meditile 16e sioRifiganceeidherZ-raasiorsds that iballaws mpasures with

diffe BRRS thhd Bﬁ%%ir@ theYnHBR ! AHHCE p‘?{m?t?]igtyt Using a

el'ectrical "events In corresponding regl ons "ofr
databasesyitespensensighalsdrome adarge mdpuldtorcobsubjeetsibafieedd to be

noref p2IF hewS BliasobatoRsa e lgorfant fip<ereeprnse signals i

detethatbior eRichidISctPs RS EpHaHielNAY, Bach cxt2eld £aflirkDr factor
characterize i ndependent aspects of brain activity and

scorgdg Igonyeried i@ acktiransioemsenrs, drfactoo Zesoose ivdtigh olharacterizes

tne HebEBEPingf e R GheibE et 181 B0 EOBREE Rl R P he
subjeat willl curgorma sl atricemel esloed for Gaussianity using, for
ex e, the Io%1funct| on. Once a Gaussi an

di K4l pRroeasseas18de iirthersaatigureddo aetfosgean algostun avherein
the é})ﬁéﬁd &4 fea?thféé oF kﬁ@k-s%g?«{sﬁé‘%faé 'éc?.tn hdeéraé’ ‘éHk}t%rd'fF'ﬁgnt, these

%—trans ormis use escri be eviations

setsfofamiayiate dpta tsesirinjected tos GlaussianZrriratikation int ordeh & improve

h subject value lies wt i.n.tr]e nor nmal éal}?e Z= Subj ect

the JEUTECY ofhY BTt Statitical anelieita: ToR 2 8rorag are aiep 2

seledfRd GserirthinapRe6re0 EddIedidehirnpiamh Q6N B 4 %&)ebﬁvé‘%@‘r‘ﬁed
nmeasures with different netrics to be conbined using

compination mfvnseteciedsubsebeiobabonestfor masiopglar atelleriizipelanf

: ' | ati f bj ect
univBAFREIRERUABRIeTe FHaieS ot 88 (BOR f hiceSie Bldaicora
subjebte The prodedbor10bxéh1A8€ ahRBGSTtAM WheFfah @ reSpective

determ ned for each electrode. In particular, each

discespinagd seare R \@luated forrachrofdwere mere-diagapsiicicategaries
QI SSHET ook AR EsAIGD cppfient anc
addihgdhe resulingipraztuctsaacThe ceeficienttypiosdid differt diebstuleienct
diag\ﬁmélstllc é’é’t%SFiéns ta?\d Z?‘asrg)ertvr\r/glen \éa-%éjo?'és. The probability is evaluated that
the subject belongs to one of the two or more diagnostic categories through a
probability evaluating expression which is a function of the relevant discriminant
scores, matching results against limits provided by internal memory 211 for
selected brain states.

[048] The diagnostic categories may be indicative of whether a subject is
exhibiting normal or abnormal brain function. Moreover, abnormal brain function
may be further broken down into diagnostic categories which are indicative of

psychiatric or “functional” in nature, organic in nature, either lateral or global, or an
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[047] Processor 2 10 is further configured to perform
an algorithmwherein the extracted features, or the
wQ@2®cn1@ags are classified. In one enbodi nent, tPEFESHEE/628985
of univariate data is subjected to Gaussi an
b Zad) L @NAd s ; i t c T8
e o e e ik TN R e A oA rdfiom
respginsenorbsrst sgprressionc rPsychiatic ecuectidiat Mbrairs funictiom amdy

furti echrohed gpSET s spealiEHBOnSIC FRaRRpaaRiBrof specific
typelai df‘ﬂs?&hiéﬂid’@iéb@e‘?s.a%ﬂ%% oYgaridiftef éhbl[%ébﬂ HraGtnctions
f he f bj ect e p

rom processed signals of”a subj rocessor

mayzfurthex be brekemdown dotoi siesifisitiagnastis aategarias indicative of
ool S IBk A HA B AR B Phr ¥ aflrae

detesmiree b erioatsikitg st dubjectr2Binie eixbuRerdnf i Faraotladfghe of
addi ng the resulting products. The coefficients

abneymal AR fuBctenAllws Banarical RIPERFSING! to ask agardisglyarfter
exar?i?lé?%ﬁérjﬁ@g% $uBREI 68 djaliiRsBl ARV ¥ igh BT r hifhg a

e 'su ongs to on
brainifunptiostthat isandigativeeef amorgayiic abpomi=iy,| the yappasdtuatwihfurther

ot B TR RS B R 53 S Wbl PG A5l HEBeingiingiative of
a lateF&\or¢shaabhERamg! aﬂ@/ﬁﬁ?)é medibal BrofeS4i6sAIe8 ditRighish
states. [048] The di agnostic categories may be

betwega glabahabrsirmatities skicl as wopeession, texieityi enaephatitisrand the

. i i.Qn . r I LNy
ke, AncABRAETBINIHRIes BAEh B8 Tsobiie S Harf hdlE BBl " This
prob?ﬁlﬁ.’gtr_feitsalbjdm:t 201 defonigitocapantieulat dpgjroltiaichtayory can be
. "functio " in nature, organic in nature, either
cspi ATt BB iy BToL o SR R Sk St o i
subjeest 1 isknitiihg BnBrjahiClapds §ﬁﬁ&+ﬁ£i§y,1@\9@@l%¥ 219 can
brai nstemresponse, ~or burst suppressi’on. Psych attic
further digplaythiad sabjectls arainffumeticinds 80& irfdicativerofzehdmokmbagic

sl ik e RS S, e S e
FurtRe@asre iflad ijédt 20disHifffdscdr A Raving atHigh r@@ébiil‘itggff REffering

be br oken down into specific diagnostic”categor
from gy pEErgencycdr ‘et ¢onditigm ssichias| attive seizame, gmeadical

ool 53 R bR e 8t 201
exgo] eMhé movel Megdratud aid neBtodhllctHeRIpidtrige assessment

function allows a nedical professional to act

of the nesralogipal state, pf a sukinch, allomdng foramegsjiate; diggnosis and care of
oA IS BB B0 ) it rer o
paclksgedrina parjgble ki vatipmstruotions on usingtthempparatus for performing
rapid triage assessment.

[050] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. It is intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the invention being indicated by

the following claims.
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determ ne whether the brain function has a higher
probability of being indicative of a |ateral or gl oba
wa@bwoonakd ty, allowi ng a nedical professional POI/US2006/028985
di stingui sh between gl obal abnormalities such as
concussion, toxicity, encephalitis and the |ike, and
WHATtISI @l ARMRPNgel i ties such as i schem ¢ and henorrhagic
strokes This probability that subject 201 belongs to
parti cul ar diagnostic cate can be_ di splayed on
1. &mﬁﬂa@@af @l@tezmmlng:arneé&@ﬁglca a#pﬁ@ sabm%cgm@ﬂamdhe@teps
whipeh subject 201 is exhibiting an organic, latera
abnormality, LCD display 219 can further display that
subj ect ‘asqbiriagrspbotaricoas signzd throogh eatelecirafe set;
hennrrha |c stro e, 15%indicative of an ischemc

st r oke, e2coHBad SN nat oma. Furthernore, if
a subj e@&tra&ing éeg.rewr@aﬁﬁas%nhmé @c@sé\é&&gnals and
probability of” suffering froman energency Aert"

condi t i 6lassiyiog ﬂa% exitacted fealures info anensdinere diagnostic
pr of essi onal gPe\(é g able to provide i medi ate
ener gency caf g fl‘bj ect 201 . [049] The novel
apparatus and nethod allows the rapid triage

2. feswtissdehtetetminiey aeguediogicabstatd of @ sabjedt svMabeising the steps
al |ﬁWI ng for imredi ate diagnosis and care of victins

ead i njury and neurol ogi cal mal adi es. The

appar at t p b k
o Th | nSroSRy brafh rashorte SBMHEIRIA Auflo Apbabbkctical or
perform ng rafiied Stlme,gser’r@aﬂe,?.srrent [ 050] O her
enbodi t he inventio i1l be a
Sk 1| eqBPadipnG the BoRtRubas thtauan i SRA0HE el
speci f i pridesBingtHe RIcaairé@ 8iglald;he i nvention discl osed
herein. It is intended that the specification and
exanpl eSxihactingrdesiieddaatues ronpthe prosassed sighalsaandue

scope a Ay on bei ng i ndi cated by
the fol P%ﬁ%ﬁ%?%‘?ogx“%@ﬁ*’r?‘%{%”&. MED IS: 1. A method
of determ ning a neurol ogical state of a subject
3. Acmethadohdetenainingpneafologicglstatengf & pobjeatiesmprisingrhé Steps
thrpugh an el ectrode set; processing the acquired
S|8 al s; extracting deS|red features fromthe

proc eSSQé’qLﬁhQ@ 8bsntanBduS 'aﬁa%v@(bﬂ %Jdrﬁﬂ?s ﬁ%&ug}ﬁﬁéjelectrode

features into one or nore diagnhostic catego
set;

o those

processing the acquired signals;
extracting desired features from the processed signals; and
classifying the extracted features.

4. The method according to claim 3, wherein

the electrode set comprises less than 19 electrodes.

5. The method according to claim 3, wherein the spontaneous signals comprise:
electroencephalographic (EEG) signals.

6. The method according to claim 3, wherein the evoked signals comprise:
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2. A nethod of determ ning a neurol ogical state of a
subj ect conprising the steps of: evoking brain

WO e®pONE® si gnal s usi ng audi o, visual, electriPal/USmne/028985
ot her stinmulus neans; acquiring the evoked signals

t hr 0UGhaagiSh ASIdkeE hoRSitialP(EmEsi g the acquired

signal s; extracting red features fromthe
rocessed signals; and classifying the extracted

7. ﬁ@dﬂ@’?f‘é@. ageordingdeetaimdl, whereinihgi auslitory evekedpoteatials
st ' onprising the steps of: acquiring
sp%ﬁﬁgﬁégggﬂ%%%%@§éﬁed signal s through the el ectrode

set; pr andssiyrtgainzteracasporee (ABR)PcEenENS f AddiloRg mid-latency
desired features fromthe processed S|dgnal s; and
cl assi fyi ng fesPansed{AMLEY ratantig!e<or apditpre late resnense (ALR)

comr i seq | cLE BN AE P g1 EsFuRey A EARD fosponses.

according to claim3, wherein the spontaneous signals

8. Thermpethss: acsiosdingde misiphdIwhpgrajphhe StEIEGS proapsaing. thé signals
Th 'ﬁﬁﬁ'g% according to claim3, wherein the evoked
Si g% npri se: audi tory evoked potentials (AEP). 7.

The net Hedhoisingtied Agquiredcsighais Usindal IRbBt dhe waveist paket
evoked potentials conprise at |east one of: auditory
br ai nst em r eSgUINENG ARYItHBt enti al s, auditory

m d-| atency response (AMLR) potentials, or auditory

5. T RERSTGfdhiy Bk i e 454 oA Gsing e, sinals
t oc@nprised, wherein the step of processing the signals
ot A R R A

10. The method according to claim 9, wherein removing artifacts comprises:

removing artifact sections of the acquired signal.

11. The method according to claim 9, wherein removing artifacts comprises:

subtracting artifacts from the acquired signal.

12. The method according to claim 8, wherein the step of processing the signals

further comprises:
filtering the signals using a dual-tree complex wavelet transform of
the acquired signals.

13. The method according to claim 3, wherein the step of extracting features
comprises:

performing spectral analysis and statistical procedures on the
processed signals, and extracting features.

14. The method according to claim 3, wherein the step of extracting features
comprises:

performing wavelet packet analysis on the processed signals to
extract features.
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9. The nethod of according to claim3, wherein the
step of processing the signals conprises:. renoving

wa@earOaass fromthe acquired signal. 10. The nme€To82006/028985

15.

16.

17.

18.

19.

20.

21.

22.

23.

according to claim9, wherein renoving artifacts

CIHEMEERR adMBMGE i é,%ﬁe@me%P of ekﬁﬁctﬂm’{glféarttﬁ‘és

signal. 11. The fmethod according to claim?9, ereln

regomiphigesrti f acts conprises: subtracting artifacts
fromthe acquired.si.gnal . 12. The netho ccarding to

ol ai'm 8 pefiRdHis 80 Repmific AR SE dt e CEpTAT gbRals to
further conpekgastfehtdre€ri ng the signals using a

dual -tree conpl ex wavel et transform of the acquired

sihgnaethodiaccordipgrigtcahaion Jckerainierder chemractingtaadirgs

thessisiRegf extracting features conprises: perform ng
Oﬁfpl X , c o
spect aFegnal ysis and statistical procedures on the

pr ocess pdrfermgingl micrestdiecanalysis onghé padeessed signal$hte extract
nmet hod accorg‘_jﬁqa to claim3, wherein the step of
extracting f &8s conprises: perforning wavel et

RN ABHRIIPADIGING o NPT ®SASSTER ShiRbSpelraraRAgsis

features.15. The nethod according to cPal m 3, wherein
t hEORIPEFES®f extracting features conprises: performng

o ex: r SRPOTRLE hrstrBIdr abshlim R AU RP R Rl
3, wherein t diidibgphebighslsia) frdqudradibarss. conpri ses:
performng mcrostate anal ysis on the processed

Lgnal s, to extract features. 17. The nethod accordi ng
fﬂé‘%cmlﬁﬁmdlﬁﬁcoﬁf@? ?ﬁ‘%’fﬁ'pﬁ»i"ﬂ'{?r@?ﬂect ral anal ysis
CONpr i SEf ePRIYY ?%tgr&sqﬁauaa%ssru@ HARTERAT: (Jwr, € O

t he processed sign
symmetry and coherence.

The method according to claim 3, wherein the step of extracting features
comprises:

applying wavelet-packet local discriminant basis algorithms.

The method according to claim 3, wherein the step of classifying comprises:
applying discriminant analysis to the extracted features to classify

the extracted features into one or more diagnostic categories.

The method according to claim 3, wherein the step of classifying comprisés:
applying wavelet-packets to the extracted features to classify the

subject into one or more diagnostic categories.

The method according to claim 3, further comprising the step of:
determining the neurological state of the subject based on the
classification.

The method according to claim 22, wherein the step of determining further

comprises:
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dividing the signals into frequency bands. 18. The
nmet hod according to claim1l, wherein the extracted

wo e@wrr@asy i ncl ude absol ute and rel ati ve power , PGH/ITRED6/§28985
and coherence. 19. The nethod according to claim 3,

apol vi RgttEuanglt e BTORgldal 4 B il B hbREa

al gorithms. 20. The method accordi'ng to claim 3,

24, 'IVéM‘@fn@trﬁbd Q@ccﬁﬂmllt@fclalimz&|fﬁmhagcmpp313g$s appl yi ng
iscrimnant analysis to the exiracted features
cl assi Wtan'@Qt'?%ﬁgﬁothQ ogieeh stk 'SOPSWE'F% i€ or

di agnost i c ““ﬁfn%ﬂé’ﬁ 1S na?-tuile o-FgﬁnlE‘?ﬁ paglirac60as eRterency or

claim 3, whereln t e step of assifying conprises:
appl yi ng wavAlest'coaditiens to the extracted features to
cl assify the subject into one or nore diagnhostic

The ding to claim3,
25. .Ifch (fﬁﬁ‘bqr%g\gntﬁ Q@E{ ggqﬁﬁ‘g'f%% det er mi ni ng t he
neur ol q{éu‘?élb rhPtata thabeonstiiecan bakegersy ¢dralition mclude
classificati on 23. The net hod accordi ng to cl

wherein the @uweoabr@;gﬂ@l Rrainsien (RSPRESE, or burs? suppreésnon
conprises:determning if the neurological state is

26. 'Qgé Wféthé’(?] aBOSN nlﬁﬂo claifh 23N tFRE BeshpRigier di ng to claim

er co I'sing. determning if an abnor mal
neur ol aipteahiniigaf an |a¢>npwehma1mlqglcml state dlaat | l@l@zﬁgampr‘f‘

nature, organic_ i.n , an energency or "Alert”
condi tion. ZHUFRE Q@i"ﬂ&ﬁ I%{‘SE%T ding to claim 24,
wher ei n neur oI ogi cal states that constitute an

27. PREHURR6Y acetdirg @ claing Bufletheeicorgisiraonor nal
brai nstem response, or burst suEpressn on. 26. The

met hod grepbicall é'spl?ym%mﬁ geferm{nafifBy conpri si ng:
determ ﬁagﬂrg{ | M Baddipdn e
or gani Cépaﬁﬂlc'a r epl @gﬁgﬁﬁﬁgﬁ?gﬁ? b;r% Eﬁe rrert] hod
accordi ng t adetemnima8ionf urt her conpri si ng:

storing data related to the determination.

28. An apparatus for the neurological state of a subject, comprising:
a processor;
a memory operatively coupled to the processor, wherein
the memory stores one or more operating instructions;
a multi-channel input-output interface operatively coupled to the
processor, wherein
the multi-channel input-output interface is configured to
receive external electrical signals through a set
of electrodes placed on the subject; and
the processor is configured to utilize the one or more operating
instructions to perform one or more operations on signals
received from the multi-channel input-output interface.
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graphically displaying the determ nation; graphically

di spl ayi ng representations of the brain based on the
wa@ledoeonitmat i on; storing data related to the  PCT/US2006/028985

determ' nation. 28. An apparatus for the neurol ogical

29. Thaldpira ssd’l’k?ilﬁﬁf% qeﬂ‘ﬁéﬂédrﬂsnsnﬁ processor; a menory

operatlve y cou 'to the processor, wherein the
menory etcbwdeydﬁwcerWhereen operating instructi ons, a

mul ti-channel inp ut, 1 nt erf

coupled to the prkh: @ '%qu r?ﬁeﬁ%ﬁ\ijﬁ? ?ﬁSn %ﬂé‘?the
i nput - out put Interfacepfcfce@@@fawﬂ@pme@g@ﬁe\ferther
external electrical si gnal s through a set

el ectrodes placed on tAenfiguspdde display qultgpém%@w of ghore
configured to utilize hpgra%ﬁs%rn tﬁBrcﬁ H%(nc@g

instructions to perform one or I'ONS” on
signals received fromthe nultl-channel |nput out put
30. iThearfrratudof cldim 2 dartbercoroprigingi m 28, furt her

. .a displ i n the.displ
dov, e POISHRElOR REikafens Ciaiel orpraibebbefhasied to
the processokhd multiémhdifiel Wdtiommﬁdnfe@fa@bsa@id&b the prbdessor

of the one or nore operations on the display device.
30 The appaf@te@mmietaitie melvqﬂeﬂérnﬁ@@ﬁl%u ng: a
-directional communi cations channel operatively

31.fﬁ@a§gaeﬂuéefaeﬁn%' R 2BRRlsigput -out put inter face

€ processof 10 CO nicate the received
ext er nah lswgiitege @Jlﬂ-chahaelempanﬂﬂiﬁer operatiaelgncddnected to the

further conpr a l.ow vol t | ti-channel
preanplifier "Biéépgﬁl WI'W@&%@@?Q@&%’% he
mul ti-channel input-output interface. 32. The
32. JpeaRdiatueliofdiai3 B wherdher ei n
the low voltage multi-channel preamplifier has a high noise

tolerance.

33. The apparatus of claim 28, wherein the multi-channel input-output interface
includes an electroencephalograph testing interface and an auditory
evoked potentials testing interface; and

wherein the processor is configured with the one or more stored
operating instructions for auditory tests selected from the
group comprising electroencephalograph test procedures,
auditory evoked potentials test procedures, and combinations

thereof.

34. The apparatus of claim 28, wherein
the processor has an internal memory, and the processor is
configured to utilize the internal memory to execute one or
more operating instructions for processing the received

external signals.
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35.

36.

37.
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39.

40.

41.

42.

the I ow voltage multi-channel preanplifier has a high
noi se tol erance. 33. The apparatus of claim 28,
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34. Th erernt rocess
has an i ntegpdl nenory, and the processor is

configured to utilize the inpternal to_exegut
one o?m%m@tlea%t%rtdqtgrm'nm etesHy 0963%?5%6 8§§|SH§JelCEQased

recei ved exteripal tign35. The apparatus of claim
28, wherei nbﬁhtgégt')azgrsg:{é?n'g i nstructions include:

i nstructions for processing the external signals;
Tihesapparatusnaf diaim 8kt wheneimg features fromthe ext er nal

signalg: in cti U

paced Jie IRELalbR P Dro Gesi R AHHER el oFE

det er m ni ng irdiRucHiOHS & flkrahk reteived @&teinawigﬁ@lt;. based
on the classification. 36. The apparatus of claim 35,

wherein the jnstructions._ for 0CEesSSi ng .the external
Kegarpaaiufcpidainm ﬁ@t‘ﬁ’b%"ﬁ“’bﬁbeﬁ 9 SUPPH$RS 1 ecei ved

ext er ngl; : Plﬁllaﬁtreéz:o P(f)& @Q\?é\éﬁfréﬁst%fm%f%@ré’&lved external

wherein t tering nprises: using a al -tree
conpl ex waveigrtals.r ansf orm of the recei ved ext er nal
signals. 38. The apparatus of claim 28, wherein the

et of elec o) rodes
< aRiprBH MR 28 0 FRENE fig, Slir Y Gitdesorfibisds!

a plurality of electrodes placed on the subject’s forehead; and

at least one electrode placed in at least one of the ears of the

subject.

The apparatus of claim 28, further comprising:
a stimulation device operatively connected to the multi-channel
input-output interface for evoking an auditory potential in the
subject.

The apparatus of claim 28, wherein
the apparatus is housed in a hand-held enclosure.

The apparatus of claim 28, wherein the multi-channel input-output interface
further comprises:
a wireless multi-channel input-output interface.
A kit for performing an emergency neurological diagnosis of a patient
suffering from an altered mental state, the kit including:

the apparatus of claim 28,
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ears of the subject. 39. The apparatus of claim 28,
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for evok| the subject. 40.
The ap 3? 5’"8%91’%8%3"2%%&%@@% nér{ahe apparatus is
housed 4 poRablansrfyidicasciopsies appdratus.The appar at us of
claim 28, wherein the nmulti-channel input- out put

interface further co ti-channel
43. Amﬂmpa@nlﬁ&r vsiTGas aulnand Rl RuEtRe RSP Rg o
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t he appaapfﬁ%gsoﬁé’v KR Mappar at us for providing an

automatic brain fhacdlétfodssetsiftethe prospsscriarg opematively
el ectrode set; a processor; wherein the Ell ctro

and the processor are %H}e&ﬁﬁd/m@u%ﬁr{ﬁ'é Fwe WQHFQUtPUt
mul ti - channel i nput - oufng#t dehterface; a display
operatively connected to ehe processor; a user
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[ t.he

i nternal nmenpr wher e me ai ns .
i nstrucd Péﬁ"s'nlt%faﬁ?r %@@Py@ygomgﬁeﬁ tﬂgﬂggg%%egs&gﬁtangf a
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i nstructions pr ocessi ng
the memory contains instructions for providing a real-
time assessment of a subject’s brain function;
and
the memory contains instructions for processing
signals acquired by the electrode set using

wavelet-packet algorithms.

44. A method for providing a triage assessment of a patient’s brain function
comprising the steps of:
measuring the spontaneous brain activity of the patient;
stimulating the patient and measuring the evoked brain activity
therefrom;
processing the spontaneous and evoked brain activity, wherein
the processing is performed in real-time using
wavelet-packet algorithms;
providing a triage assessment of the patient based on the processed

brain activity.

45. The method according to claim 44, wherein
the steps of processing and providing an assessment are performed
by a portable hand-held device.
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