A NEURAL ANALYSI S SYSTEM FI ELD The present invention relates to a neural
anal ysis system for generating and anal ysing data indicative of a nunber of
di sor der swoeprigi4edsect r ovest i bul ography. BACKGROUND Syst eas/Atavs/doemn

devel oped to obtain an auditory evoked response (AER) or brainstem auditory
evoked response (BAER) froma patient that represents activity of the
patient's auditory system The AER is an electrical brain wave or neural
response obtai ned from el ectrodes pl ace_d1 on the patient in response to a
stimulus, normally a sound. Depending on the | atency of the response and
the placenent of the electrodes, different classes or types of AERs can be
obt ai ned. Those with the shortest |atency are ggnerat ed by the inner ear

and the auditory nerve, and AMNEVBAL ANAL LSS XS LEM ocochl eogr aphy (" ECOG'

or "ECochG') responses. The next response reflects activity within the
auditory brainstemand is referred to as an auditory brai nstem response
(ABR). FurRIEdmD detail is provided in Hall, James W I11; Handbook of

Audi tory Evoked Responses; Allyn and Bacon; Needham Hei ghts, Massachusetts,
1992. El ectrocochl eography systens are currently used to perform di agnoses

of the g Ome%es%ﬂfjm\’/@xﬁdnbﬂélaﬁés 8 R ‘dﬁal?;h@ syi@n FaSEenefatinB and ﬁﬁil%@ﬂé dita
system recently analysis for this speci part of the ear has been

referred tl@dla@l\ﬁl(é@mumspf@@@f@gﬁaﬁh\; e@@@ﬁﬁ@ﬁmoﬁé@h@ a distinct variant of
ECOG. The systens are used to produce a patient neural response which
i nvol ves placing a recording electrode as close as practical to a patient's
cochl ea. BAEGRKG@ROUND ' ansducer, eg an ear phone, can be used to provide an
auditory stinulus to evoke the response. For EVest G the patient can be
tilted, in different directions, to evoke a specific response fromthe

ot oacoyst i séﬂgaﬁa@{: BSen BtNel eﬂqg bR bh ﬁu&xkiﬁa‘é@%ké@f& ns@@RﬁR?toP %ra1h§terhs

not necessary to also use an auditory sti s for di st'inct
EVest G si guditorysdviokédiresponsen(BAJX) Sopna ipatent thaip"lem&mts athtyeofr‘ibu ratient's

esponee (L O heR SOOm DALl NES DL PRI AP RS, LR AR
condi ti onglecRdAtd RdeATdnth&BRIE & Rspins€ &S£ stimi@s fiorkllV@¥6und. Depending on
the latency of the response and the placement of the electrodes, different classes or types of
15 AERs can be obtained. Those with the shortest latency are generated by the inner ear and
the auditory nerve, and are referred to as electrocochleography ("ECOG" or "ECochG")
responses. The next response reflects activity within the auditory brainstem and is referred
to as an auditory brainstem response (ABR). Further detail is provided in Hall, James W,
III; Handbook of Auditory Evoked Responses; Allyn and Bacon; Needham Heights,
20 Massachusetts, 1992.

Electrocochleography systems are currently used to perform diagnoses of the cochlea and
vestibular apparatus. In the case of the vestibular system, recently analysis for this specific
part of the ear has been referred to as electrovestibulography (EVestG), being a distinct
25 wvariant of ECOG. The systems are used to produce a patient neural response which
involves placing a recofding electrode as close as practical to a patient's cochlea. An
acoustic transducer, eg an earphone, can be used to provide an auditory stimulus to evoke
the response. For EVestG the patient can be tilted, in different directions, to evoke a
specific response from the otoacoustic apparatus, but predominantly the vestibular
30 apparatus. It is not necessary to also use an auditory stimulus for EVestG. A distinct

EVestG signal, similar to an ECOG signal but representing the neural response from the



normal ly | abelled NI, of the response signal is exam ned to determ ne the
summati ng potential (Sp), the action potential (Ap) and the second

sumat i ngvpaventdsek (Sp2), as shown in Figure 1. The regpdmdrRoiomoonby of
the order of a fewnV and is received wi th considerabl e unwanted noi se
making it difficult to determ ne and isolate. International Patent

Publ i cati on WO 2006/ 024102 by Monash University describes an ECOG systemto
extract neural event data that can be usgd to indicate whether a person has
Meni ere's, Parkinson's disease or depression. The system produces

bi ol ogi cal marker data representing the Sp/Ap ratio and a TAP marker that
can be used to indicate the presence of a disorder. International Patent
Publ i cat i diedamingsly Yosubulgr appaggiunyis Mesthiondatrinyas an Sp/AR B, thekesanabkisda)
response : : r nd s

bi omar ker S0F B GRS B E e R ok Re Ry EFER diBse PHIRRT vl

el ect r ovestorinallpdatzeplg Nk sefoths eresiopsalsignallc esmiised v dhtermdimet the | suatmasimgof a

wi de variety of rol ogi cal and. neyrodegenerative disorders rijcularly
those. assetetal (5i Mo AR RoReIFaal HAR G0d B Seetnd, eiegaine PogaPdl el &
advant agequgwhan gk de he lr@s?&seas WaRS ot thal dr@éreitd Yev Qv bkl RavebdiGet ithan

i nproved systemthat is able to analyse the neural event data and the

bi ol ogi calconsidgrabledmmanted diope sankirg ddifficaly to daterpling andipelels. are able to
clearly correlate distinctions in the data obtained to indicate the
presence or absence of a condition or disorder in a patient. SUMVARY

Accor di ng hreienaspaeht PhblidadoRrweenood/ i wn Mdrsle Ukvasioy iddedibas raur al
anal ysis system including: a neural event extractor for generati ng Sp/ Ap
curve dat ECHE frisemytoeiteast peuraljerent defa thaigaghsuisgd 49 dndigate wdether 3 Rsksoa

segnmen i Lr : .at 0 I L
curve. o 20 Mafchel PR fsBEL SRBisebr GBBIeRah DTS S GRBIFEL BRIGIG FREER
gener at i nglad espresepting dicaSpAimtaiof and aXBEAP ahadkebilotmakdre gsedploayndicaredthe

di splay nmodul e for providing display data to generate the display with said
poi nts f orPTEEECY ﬂfr"ag’é%@g’i'ng said person relative to said condition.

International Patent Publication WO 2008/144840, also by Monash University, describes a
15 neural response system for generating biomarker data representing a number of biomarkers

for time segments associated with filtered electrovestibulography response signals.

To assist with identification of a wide variety of neurological and neurodegenerative
disorders, particularly those associated with the central nervous system (CNS), it would be
20 advantageous to provide at least a useful alternative or in particular an improved system
that is able to analyse the neural event data and the biological marker data and produce
displays or plots which are able to clearly correlate distinctions in the data obtained to

indicate the presence or absence of a condition or disorder in a patient.

25 SUMMARY

According to one aspect of the present invention there is provided a neural analysis system,
including:
a neural event extractor for generating Sp/Ap curve data and field potential data for
30 background and initial response segments obtained from a person;

a correlator for correlating the Sp/Ap curve data and field potential data with



Accordi ng to anot her aspect of the present invention there is provided a
neural analysis system including: a neural event extractor for processing
si gnal s represersisng a response froma person' s vesti bulPpar/Adppav@oes, to
generate Sp/ Ap curve data and field potential (Ap) loci for time segnents;
a correlator for correlating the Sp/ Ap curve data and the Ap |oci obtained
froma person's right and | eft sides with average popul ati on Sp/ Ap curve
data and Ap loci to generate first and second correlation data for the
Sp/ Ap curve data and the Ap loci, respectively; and a display nodule for
presenting the first and second correlation data for respective axes of a
bi onmetric display. According to another aspect of the present .invention
there is magl?)?(tgé’dd {antor r & CORAIYOYs pRA (BSNFEUNS ‘P‘f‘%ﬁkﬁ’édlagyp%misoﬁﬁfu?’é"rs étem

i ncl udi nga)i(gﬁ%@&aaiisﬁgg%%wdw curve data and field potential data for

backgr oun Init response segnents obtained froma person;

correl ati ng t he &ppldp modolecfod proxidamgldispley datado gridrate thiadiaplay mhithpaidpdingy
data for af condition.to &nerate t%i orepar kgr d E.a poi nts for axes of a

bi omar ker Bf‘ésﬁllﬁf},sse%%gbag BETSPR FriAHRO &1 ﬁ?‘é‘f}l 'Wth said points for use in
assessiqg said person relative to said condition. BRI EF DESCRI PTI ON OF THE
DRAW NGS Preferred enbodi nents of the present invention are hereinafter
descri bed,Atsprding toBnethempipectord] e PRFSER inveritembiere s prREidsd @opgyEH \Analysis

dr awi ngs, er einréiu Ii:rilﬁl;re 1 is arepresentation of Sp, Ap and Sp2 points

rel ated t &Yt He Fir'St"&iave of ageneral i zed ECOG response signal from an ECOG
system and def ignasurbhevatinexatacog fpopaessitg signalandpspéhtagda trbspoast from a

potential Ap;, Figure 2 is a schematic di agramg{ argirtgf&rred é%ﬂ mePt of
an EVest G PSjOnSedmiapagraiys, 1§ gsacrisntp/ Apicylicdlat and field gpicatd{f Ry 16h B a
raw EVgst Gsi %ﬁ{engr. oduced by a tilt sequence of
a correlator for correlating the Sp/Ap curve data and the Ap loci obtained from a
person's right and left sides with average population Sp/Ap curve data and Ap loci to
generate first and second correlation data for the Sp/Ap curve data and the Ap loci,
respectively; and
15 a display module for presenting the first and second correlation data for respective

axes of a biometric display.

According to another aspect of the present invention there is provided a neural analysis
method, performed by a computer system, including:
20 generating Sp/Ap curve data and field potential data for background and initial
response segments obtained from a person;
correlating the Sp/Ap curve data and field potential data with pathology data for a
condition to generate biomarker data points for axes of a biomarker display; and
generating the display with said points for use in assessing said person relative to

25  said condition.
BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the present invention are hereinafter described, by way of

30 example only, with reference to the accompanying drawings, wherein:

Figure 1 is a representation of Sp, Ap and Sp2 points related to the first wave of a



the system Figure 4 is a diagramof a neural event extractor and a neural
event extraction process perfornmed by an anal ysis nodul e of the system

Fi gure 5 wean/masgbitecture diagramof filters and a segoem@biomoo®enponent
of the system Figure 6 is a diagramof a Sp/Ap curve generated by the
system Figure 7 is-a schematic diagram of bi omarkers obtained from data
associated with an EVestG plot; Figure 8 is a diagramof a neural analysis
process perforned by the analysis nodul g4of the system Figure 9 is a

di agram of a bi omarker display generated by the EVestG system for patients
wi th Parkinson's disease; Figure 10 is a diagramof a biomarker display

generated by the t G system for. patien Lth Meniere' s disease; Figure
11 is a di%ﬁ?réﬂ?ﬁ%g%& SFRPRST Slavépﬁalg) @bﬁ?@ﬁ SYStER i t%essygv%arﬂngor
patients Vﬂ&éha%f‘sfyg\zﬁﬁmg%mna:th@Fac%hepoae%ﬁmsAﬁ; di agram of a bi omarker displ ay
generated by the est G systemfor patients with depression; Figure 13 is a
di agram of a biligaekeis aschpmatic gagemioéd mgfettad empodiomnt of apdiVesHi sysiemh
Meni ere's dise?st and.Paékinson's di sease; Figure 14 is a diagramof a
bionarker‘ﬁ?gﬁi%§°§€W*F5 ed by the systemfor patients with Parkinson's

di seases and schijz@ely BN Rprebéfatich dfSa tasv BVEta0dignnl roduckd Byartieseqiesdel Ay
generated by the systemfor patients with Meniere's di sease and -
schi zophr ¢h¢ systdigure 16 is a di agram of a biomarker display generated by

(1225t e of SRS i R E38L80 0k SO RE BT RGN ©
systen1%oqnaakﬁﬁﬂﬁﬁnwﬁmbzﬂ&pﬁb@ﬁhmmhﬂ@b@méaymdhso?de? gnd N@niereys
di sease; Figure 5 is an architecture diagram of filters and a segmentation component of the
10 system;
Figure 6 is a diagram of a Sp/Ap curve generated by the system;
Figure 7 is a schematic diagram of biomarkers obtained from data associated with
an EVestG plot;
Figure 8 is a diagram of a neural analysis process performed by the analysis
15 module of the system;
Figure 9 is a diagram of a biomarker display generated by the EVestG system for
patients with Parkinson's disease; .
Figure 10 is a diagram of a biomarker display generated by the EVestG system for
patients with Meniere's disease;
20 Figure 11 is a diagram of a biomarker display generated by the EVestG system for
patients with Schizophrenia;
Figure 12 is a diagram of a biomarker display generatéd by the EVestG system for
patients with depression;
Figure 13 is a diagram of a biomarker display generated by the system for patients
25 with Meniere's disease and Parkinson's disease;
Figure 14 is a diagram of a biomarker display generated by the system for patients
with Parkinson's disease and schizophrenia;
Figure 15 is a diagram of a biomarker display generated by the system for patients
with Meniere's disease and schizophrenia;

30 Figure 16 is a diagram of a biomarker display generated by the system for patients

with depression, bipolar disorder and Parkinson's disease;



Figure 18 is a diagramof a biomarker display generated by the systemfor
patients with depression and schi zophrenia; Figure 19 is a diagramof a
bi omar kerwoi2splayssgener at ed by the system conpari ng pat iPemtA20d 08000795

Par ki nson' s di sease before and after nedication, and normal control
patients; Figure 20 is a diagram of a biomarker display generated by the
system for conparing control patients with patients with depression and
bi pol ar di sorder both before and after tqeatnent using transcranial
magnetic stinulation (TM5); and Figure 2 1 is a diagram of a bi omarker

di spl ay generated by the systemfor patients with a nmajor depressive

di sorder (e.g. depressio and hi pol ar  di sorder. DETAIL DESCRIL.PTI ON An

el ectrovesti bmFg%‘ﬁagﬁys ?@%?%P?Q&?@%kﬁf ‘?‘ég]a}é IgSU\ﬁ{aﬁe?iu #Eﬁ‘h%t%‘? IO RAUFRSs a
neur al anglitsichra¥ivheBipbRAlisbRicAMEMERIcAE BEGES bi ol ogi cal marker, or

bi omar ker, data representing over 5,000 bi omarker neasures froma patient 4

subj ected to i RigirariBds g didgram ebadiemarker display igkneratadiby the systren brqratierter
data is genﬁ{%t ed b siﬂgqﬁl rocessi ng anal ysis of EVest G signals produced
i n respons8t FHHILA fraf olg"rr%\’/‘?"ded by the involuntary tilts. An EVestG

si gnal §s obt aimiggde19q5aaligGhmnmadesbidMarkk? dipthy lgbnetaedt by talslystemasvngatiag t o
an anplifier circuit 22 of a conputer system 20 of the system 2. A first
el ect r ode patiertetyith Radgnsna selisease brderesingd affermedipatig, and gprmabgantedhpatignty) | s
pl aced on the t o . i

el ectrode 12 i S@{%{}} ggie(gl lgﬁa”?[?g&géﬁfe%{blgﬁérgg{ c?gséﬁ) gﬁaggrggr?té? ebr%"e?ilgegg o?nrrllt t,ﬂorand
a third elceipatifie cdrtrdl padenedtheshticntstwieh peresin’ andf ipelheddoaied both Helfiere

comon point of the anplifier. A shield connectjo is also made to an
el ect ri cal@nfl 85FLirsabmeRiSHEdTansCrARA Pgﬂﬁt‘ﬁlsé{%‘i"“ﬂga%)t "I‘ﬂé‘a testing room The
shiel dil8 is cqnpget i n@)i6naket B8pIRATREhEr@E b93he Tiferh St fefignts 00M
is a slooand attﬁ a?tazgq%%gﬁlé?ﬁ%?eﬁabéoth me llong}%yder thggan%l)ikhﬁ er 2&l vmntsh
t he rest ofith imapodopiessivedisorden Q. gepresstor) and bipwlarkksopdest h and connect ed

to the anplifier 22 by a USB connection. The patient 4, as shown in Figure
2, is placed on the chair 6, such as a recliner |ounge chair, that allows

t he pati emyEFAPERD DRSCRAPTPONSI vel y and supported securely to relax the
subj ect during the testing cycle. Electrically powered tilt chairs have

been specifically
15  An electrovestibulography (EVestG) system 2, as shown in Figure 2, provides a neural

analysis system that is able to generate biological marker, or biomarker, data representing
over 5,000 biomarker measures from a patient 4 subjected to involuntary tilt movements in
a tilt chair 6. The biomarker data is generated by signal processing analysis of EVestG
signals produced in response to the stimulus provided by the involuntary tilts.

20 -
An EVestG signal is obtained from electrodes 10, 12 and 14 electrically connected to an
amplifier circuit 22 of a computer system 20 of the system 2. A first electrode 10 (eg a
ECochG Electrode produced by Bio-Logic Systems Corp) is placed on the tympanic
membrane of an ear of a patient 4. A second electrode 12 is placed on the patient's

25 earlobe, as a reference point, and a third electrode 14 is connected to the patient's forehead
and to the common point of the amplifier. A shield connection 16 is also made to an
electrical isolation shield 18 normally placed around the testing room. The shield 18 is
connected to the shield of the amplifier 22. The testing room is a sound attenuated booth.
The booth may include the amplifier 22 with the rest of the computer system 20 placed

30 outside the booth and connected to the amplifier 22 by a USB connection.



produced by Neuro Kinetics Inc. that enable a patient to be tilted and
produce a response to this stimulus which is | ess corrupted by nuscle

art ef act .wornrroiomsdsant ary head tilt can be obtai ned by amCasdi2gtoznn079s
mani pul ating the chair 6 so as to induce the head tilt w thout any patient
neck nuscle activity. Alternatively, the tilt chair can be fitted wth and
control |l ed by hydraulic conponents to invoke a predeterm ned set of
involuntary tilt sequences. A hydraulicgly actuated chair 6 is used and
configured to ensure stray electric fields caused by the actuation of

el ectrical servo-notors are elininated as far as possi bl e from being
generated [ n the t sti boot hydraulic actuated chai,r use o]
orov de- ¢ Aeaeat it ooty AHES ORdBR WL dh S0dt fef et e ouEF ay.

el ectric fchal dfat ARIwdTEYE ;ﬁ%ﬁﬂémeaaeasesttlpu@m%lg Iaaa sUBRSTHESRBIER - to Rlaxefece
ocul ar artefacts, the patient is al so asked keep their eyes closed

during theubje@tdurglgcshcltestlnzh@/cwea&lqcmqall}/tr@dvem/mlttqhaapﬂwm pert epegifioaly sane

homel 1. PACEGLEY eBiepbRlaty P el nabisinlBhicfidl s TuRA R PR B a oo o

sequence. tHiB%tlinlullISSWhl@h id Iek$ c@xﬁiﬁl@ﬁ?%us&lk&rﬂéﬁcdom inPaluneyn} hemr figkRan aed
prone), forward/back, ipsilateral, contralateral, and rotation (patie

upri ght a@taiedriy) an Fyistant masipsaime dhe Biaikd 50 palp ndese erhsad siswithoy ﬁay as
shown in Ej t e

cont ol | o8 edh mifi@e aetting"ANERERZID Ihe My Tl n PRTiEAAYAR InfEfclicd, o
time epochy hydrantigempseneniito ihvoke a:;ﬁaddmmmmliﬂeedf mvoluntarg ik sequehtes. neur al
response produced on electrodes 10 to 14 is continuously recorded by the
system 2. The EVest G neural response signal for each tilt is a tine domain

vol tagg) sig rﬁ@hranﬁyauggaayét&a Rh&ir f6 RAUQACHIC SHIRAERE B eddife ¥BLY cfRRONBRES Of
interest are up t In particular the Sp peak (depending on the

si gnal t o cawied yr ki aotuaBompY elestrizal §Eryo fnmhmsaam)lehmnwt@eas M@@rp@smglleyfrtan

sanmpl i ng rate of 44. ui.r urin e has
SUrF1 of onteug et e gl dhs mot DR el Seh R Gf i€ ufRud Ridodbg
accuracy Qtsthithowy ploditidg eithérsheSia it 1B Arte AL cﬁ@ﬁaﬁ@leﬂk@ﬁﬁﬂds&h@tﬂmﬂy‘ledr&lﬂz
and the system 2 woul d tﬁen require faster signal processing conponents.

The seven sensitive signal prwasusementswl o ieduse sedlar yctagte dhe prficat altopsked to keep
oSt 1 e ERESHL KO0 il b e emahs, Bk Sk 3Bin el uecr
ear for same angle as a maximum voluntary head tilt that can be achieved by the patient themself.
An EVestG signal or tilt response is obtained for each tilt sequence. The tilts, or tilt
ssequences, are up/down (patient upright and prone), forward/back, ipsilateral, contralateral,
and rotation (patient upright and prone).
20
The tilts each produce a raw EVestG response signal, as shown in Figure 3. The tilt
sequences performed by the chair 6 are controlled so that the EVestG response signal
obtained is divided into 15 time epochs or segments, but this can be reduced or increased.
The neural response produced on electrodes 10 to 14 is continuously recorded by the
25 system 2. The EVestG neural response signal for each tilt is a time domain voltage signal
having multiple frequency components. The main components of interest are up to 22,500
Hz. In particular the Sp peak (depending on the signal to noise ratio (S/N)) is only a few
samples wide. Accordingly a sampling rate of 44.1kHz is required during the test cycle as
this rate has sufficient sensitivity to recognise and record this event with adequate accuracy
30 by the system 2. This sampling rate can be higher than 44.1kHZ, and the system 2 would

then require faster signal processing components. The seven tilts are performed with two



each of the seven tilts. Both ears are tested in both dynam c and static
phases of all tilt nmanoeuvres, as a neurol ogical disorder can exist in
ei t her hewDgptwersssof the brain, and nay only reveal it sPpTadRnmdomips
conpari son of each side's response in simlar excitatory or inhibitory
phases of one or other of the left and right otoacoustic (predom nantly
vesti bul ar) apparatuses. Such versatility is required if the diagnostic
test is to recognise differences in evokgg response between each hem sphere
of the brain, where in sone neurol ogi cal disorders asymmetry of functioning
can occur, (e.g. as for Parkinson's disease). The sequence for each tilt is

to record firstly for 20 seconds.with the patient in the tilt chair sting
t he head/ mBskofagjestrpdes 404ed@ M&tonsﬁde%pé%‘f% &y %e Heft gt eﬁﬂ)& Raigyt %li{;ﬁm

segnment 4q'(?)%j|1ft Qhr bF l%g pafie NOfh;s Emv?déqgﬂ%% rf%?? dﬁt@%hﬂ@%e?u#@foﬁ@ﬁﬁ%ﬁf fhi ch

is 1.5 secohds immediately prior to the occurrence of tilt.” The patient is

then tilt edch bf thegsevds tilts. dutle ctrs are sestedf ingrotlR dyvaBicsandostatis. piasesofall &l an

t (On t 404 f t =20-.25 ds, . t, tr. i T t
300 T or 1 IHIOYEER B S TRIREIEY SR D e LB S P/ Bt 28
secondss Thgy &ﬂWr@JeEPH& ﬁirelsé}@_@ Py offpatiftih Sach Yides r@Pohe i SIkildr ekbieatofysst of

head novenent, and by anal ysing approxi mately 5 seconds from a signal
recorded dnhibieryombases off phe dreather iaft thet eét @nd sighteplopcqustie sipredaimipantly

determ ni ng_t.h n ge vt | ¢4 . |.S: t
esponse | ey el SPRARESR PEIE)FEulihy 1 RaSFRLE 6 dinoSRrRsFis L IReAR,
and t he pafifferdhyesnmnévoked Besppagirdatvedd 2achvhettisphecust die brai)-wikrs éscode and
t =23- 25 seconds respectively. The OnA.segnent 410 can be divideg 0 provide
an addi ti disarolesigel disgrderst aymymetsy of pRINFHQIIRE 128 QQEUBN(FsR-ad% &7 FAIKNSERE an
OnBB segmefil..4ho for the next 1.5 seconds after tilt. The OnAA and OnBB
segnenis are selected to be 20-21.5 and 21.5-23 seconds respectively for

i ncreased separation of the acceleration and decel erati on conponents that

th t ti ly . T i | t .t take int
acoount | LU deeaafdt T e SRt kg 20 oS s e ARG i el Pl her
subdi vi dedekHo0hs WBAd/SEck 28BN AedkGre®- and kedrdidg 4HadRgtodrd ABGL Sghacepaent for

further discrimnation. These segnments include responses produced
pr edoni nart02yfopy=2teeconds. This segment 402 includes a BGi segment which is 1.5 seconds

15 immediately prior to the occurrence of tilt. The patient is then tilted through 45° to come
to rest after 2 to 3 seconds. This gives an onset (On) segment 404 for t=20-25seconds, an
onset transient (OnT) segment 406 for t=20-30 seconds, and steady state (SS) segment 408
for t=30-40 seconds. The semicircular canals of the ear function to detect the onset of head
movement, and by analysing approximately 5 seconds from a signal recorded at the onset

20 of the head tilt (the On segment) assists with determining the response generated by the
semicircular canals. The onset response includes two additional segments, the movement
(OnA) segment 410 and the post movement (OnB) segment 412, which occur at t=20-23
seconds and t=23-25 seconds respectively. The OnA segment 410 can be divided to
provide an additional OnAA segment 413 for the first 1.5 seconds after tilt and an OnBB

25 segment 415 for the next 1.5 seconds after tilt. The OnAA and OnBB segments are
selected to be 20-21.5 and 21.5-23 seconds respectively for increased separation of the
acceleration and deceleration components that these segments respectively represent. The
times are selected to take into account latency of the hydraulic chair 6 of 0.6-0.8 sec, and
can be further subdivided into smaller segments (e.g. 21.5-22.25 and 22.25-23 seconds) for

30 further discrimination. These segments include responses produced predominantly by the

semicircular canals and the otolithic organs. The driven semicircular canal response ceases



semcircular canals and the otolithic organs. The driven sem circul ar cana
response ceasesafter about 10 seconds, and accordingly the first 10 seconds
are t her evonelxcasseder ed as the onset transient (OnT) wreraAwhiogodm®say i s
observed. The otolith organs, on the other hand, function to maintain
static bal ance, or bal ance during steady unidirectional novenents. The
steady state (SS) segnent 408 can therefore be anal ysed to provide the
driven response of the otolithic organs geparately. The sequence for the
tilt is conpleted at t=40 seconds by then returning the patient to the
original position. The patient is returned to the original position over 1

to 2 seconds and the response prqduce an again be s nted i.n a ,simlar
manner . THECE abtsrDSesasAbang apdgingliy F_{r%fl%tSﬁ%ortdﬂafe@g ficansidgrsd ghsr ds
Onset  (Up@QpkerdfsieRl (O3 Qrtitre BEEORES is &tsge)vehlp%@%m%e%anym& StHer hbRONT)
422 for t=40-50 seconds; (11i) Upwards Steady State (UpSS) 424 for t=50-60

seconds; (fundtiodpteamdintate stitiertalanoe, ¢rUpabamte dizihgf eady—uridug tivadlomdwemengs.

0.4 1. S 1EcRbe Sl 0 ey G dr SR B8 bt (lnblaR. i shonan

segnents i SesRhecsBtle bRlifc dkafd sepafedpnds for increased separation of the
accel erati on conponent, and the upOnBB segnent to be 41.5-43 seconds for

i ncreased separation of the decel eration conponent. Again the tines are

sel ected t@Q. t in nt i.C i %Bﬁﬁy . he
seven til tﬁ? esc%iggenr{ggtsf?r %rgq?ﬁ@tcg%ge?%&(ti 5‘6 %%!/0 %L\Nﬁg' ere@{}rgi?g@%eonghe%gvae@-gso
as to accelrigiml @ositien pdhk gatiers ibedyrneend tiwadriginali govitipatdvent 'ts 2hseashdsrand

nor mal uprjght posi t(ié(i)n, and theB returned. (ii,) .Up/ Down \I?d:one. The ch@]iﬁr is
moved so d8° {SPAREIRFueed cithagqim P ssmanighifA Yiltiler mappgr. wHhescements bt Bt

head apgl brgﬂlyn | thfmgqiq}eseeﬁenlc&i ng down position, and then returned. (iii)
Forwar d/ Back. The patient”s body is tilted froma rest position
backwar dst hr Gugh EpwacdsdBnsetidb@et20rfert riAeld. seconds;
(i1) Upwards Onset Transient (UpOnT) 422 for t=40-50 seconds;
(iii)  Upwards Steady State (UpSS) 424 for t=50-60 seconds;
(iv)  Upwards Acceleration (UpOnA) 426 for t=40-43 seconds;
15 v) Upwards Deceleration (UpOnB) 428 for t=43-45 seconds;
(vi)  UpOnAA 427 for t=40-41.5 seconds; and

(vii) UpOnBB 429 for t=41.5-43 seconds.

The upOnAA segment is selected to be 40-41.5 seconds for increased separation of the
20 acceleration component, and the upOnBB segment to be 41.5-43 seconds for increased
separation of the deceleration component. Again the times are selected to take into

account hydraulic chair latency of 0.6-0.8 sec.

The seven tilt sequences, or tilts, are:

25
(1) Up/Down. The chair 6 is moved so as to accelerate the patient's body vertically
with patient's head in a normal upright position, and then returned.
(i1) Up/Down Prone. The chair is moved so as to accelerate the patient's body
vertically with the patient's head and body in a prone or lying down position,
30 and then returned.

(ili) Forward/Back. The patient's body is tilted from a rest position backwards

?



(iv) Ipsilateral. The patient's body is noved through 25 to 45 degrees
ipsilaterally to the electrode 10, and then returned: If the electrode 10
is in thewbebto/mssszthe tilt is to the left then the til PCrastamkoomst he
right. For the right ear the tilt is to the right. (v) Contral ateral. The
patient's body is noved 25 to 45 degrees contralateral to the el ectrode 10,
and then returned. For instance, if the electrode 10 is in the left ear,
the tilt is to the right and the patienj9[s returned. For the right ear the
tilt istothe left. (vi) Rotation. The patient's body is rotated between
45 and 90 degrees to the right, and then returned, with patient's head in a
normal wupright positiaon (vii) Rotation Prone. The patient's body is rotated
bet ween 45 and 90“68%%%5& tf’éstsri‘é‘dzrai‘e@ﬁ?t,u“éﬁﬁid then returned, with the

patient's bo I Ny e i RRSEY i t he
head and nec@&?’ir elﬁg?{e?rﬂovgg{erdg}ﬁg@igv%gmsthe %é@?“gﬂr)ﬁg t%gﬁghrggg;yﬁpgt@%lged

to reduce nuscle &rthefelctrode M), tand tlzni rewimyed: 1fitbe tlettredenilyishe thedeft eamtbel tiby
havi th bject |i t hei.r, back dtilti t hej dy.,.t.h h
pei 1 ateral - oot tsiodferdll hefdn Affis vafciouBE Reht of o PeckPbes R Hldt MRS

produces f ewer musglgy artefacts particularly for the ipsilateral and

contralateral tilts. The conputer system 20 of the EVestG system 2 incl udes
the anplifi efv)ci r Eontralaralndhg pebenis hpdnis matedBUR 45 degreesconaterah o thee

dat tput of th i fi h i t. . |
deta SUPUt of 08Bl (4 SpoiEoRAMOE"ES] Bl 1D ARABEA02 it

Audi tion provi dedehy the tlapttortke fgiung (B6patieheisasimdd. efor2Re tiplal dad € tét SED
1902 isolated pre-anplifier circuit and a CED Power 1401
anal ogue-t o- di gi t & thédeferter (ADC). Both the CED 1902 and CED 1401 ADC are

pr oducggl blyoﬁlﬂ)r RAGKi o %g@ﬂ%ﬁg?@?& E%Z]l)'dtétga bEheed 18 HED0IAGlec MY tHRGR 1R

excel | ent equency ( response. The conputer syst em’go
further includes and gdralgteirednwidhipetict®s headl ia agroamal agight spdiagn.nodul e 30.
The analysis (%duh{eota%%n rgr\llei. se gatljggysr @Adyel\s/ ?&gteg)ﬁte V\?eceglqlrS aAfl%(bO degrees to the
right, and then returned, with the patient's body in a prone or lying down
position.
15
During all movements the head and neck are not moved relative to the body. The whole
body is moved to reduce muscle artefacts. Alternatively, the tilts may be performed by
having the subject lie down on their back and tilting their body through ipsilateral,
contralateral, vertical and backward directions. These tilts produce fewer muscle artefacts

20 particularly for the ipsilateral and contralateral tilts.

The computer system 20 of the EVestG system 2 includes the amplifier circuit 22 and a
communications module 24 for handling the data output of the amplifier 22 and then
storing the response as a voltage signal over time as a wave file using a computer program
25 such as Adobe Audition provided by a capture module 26. The amplifier 22 includes a
CED 1902 isolated pre-amplifier circuit and a CED Power 1401 analogue-to-digital
converter (ADC). Both the CED 1902 and CED 1401 ADC are produced by Cambridge
Electronic Design Limited. The CED 1401 ADC has an excellent low frequency (less than
_ 1 Hz) response. The computer system 20 further includes an analysis module 28 and a
30 graphics display module 30. The analysis module 28 provides a neural event extractor 400

and includes computer program code (eg. MATLAB® code) responsible for performing a



and includes conputer program code (eg. MATLAB(r) code) responsible for
perform ng aneural event extraction process (NEEP) of the extractor 400, as
shown i n WoQuorog144452i n conjunction with the other softwarPeTnaolog®0793he
anal ysi s nodul e 28 al so provides a nunber of different filters used to
filter the response signal sanples, as discussed below. This filtering may
i nclude the renoval of the system (or Wiite Noise) response of the feature
detection conponents of the neural event extraction process. The graphics
di spl ay nodul e 30 generates a user intérPéce 32 for an operator of th

pl ay u g S us p e
system 2 to provide input controls so that the operator can control the
neural event extraction process (NEEP), and to ggnerate di spl.ays ofzgeural

p

event dat QU K LXTREtiaT), Prgsess) E%Wz)%thene’ﬂaﬁ &08; arshow ipdigtre 5 3Br am
code of t Q%@ﬁéﬁ&ﬁ&ﬂggqﬁ Dftwaft 3RS, ST KA FRAIY 26 SH6HravidBand.

di sk, RAM a conput er system 20 ané are run on an operating
syst em 34 nusibehofidiffdrant ddefs udtintddiler thre tespanse signel Srmplesas disesbeddglow.

include the anplifier circyit, 22 and,a.standard persanal. computer 2 such
h that pridtnCBare, Sunelis dhaforiial 2ets FERD (PR aV el NS BT cthitdd by
Bi 0- Log§ C feuSfcQitfection @emﬁm&&tofttﬁeenéwweabntee\kﬁa&ﬁmrba@sg.i on process (NEEP)
may be perfornmed under the control of the software of the nodules 24 to 34,

it will be understood by a skilled addressee that steps of the process can

be perfornmgd by .dedi. [ L.GUlLS; nd
al so perf gﬁﬁ’%y@fscddgrpg%ﬁ%ﬁ @%ﬁ%ﬁg‘é#eg%‘ﬂg%iﬂeﬁgag?gg?%nﬁarﬂocgp}réggg%ﬁg%%terﬁ
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circuits can be used to provide the filters, and dedi cated digi al  si gnal
pr ocessor PrEESPENEERN a9d igsesmerale dispiays of fcHiphsasntfata. ruchag ¢ ‘F%B%‘?:é’ i ng

st eps wagﬂ Gf ﬁig@rﬁ?& OgHis }bﬂgg&? gagsraﬂ{%deedfrtﬁé sENGAte 1%&&1_@&39%\%8 3 feess

( NEEP) , shown i igure ane as that described in

2006/ 0241 Gforéd bn arentore $$uGhrasdpahdisk, RAdEmd/60R OMeofr the opuipngr fystane2Dragd and
segnenti ng grocess 440, .the bi ongrker exttract

i . 450 d
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responses QBi faDeskb1hdet RGNS cifcdift 296M8 17 stdndh®l FRbnhPEnBRE 202Euchlasahat
patient, i.e. 14 responses, is recorded, as discussed above, and then

filtered tieduseditiyf BiMnComayationo BES decording esyslgmgaare mrefuced riye Big-Legiced
15 Systems Corp. Whilst the neural event extraction process (NEEP) may be performed

under the control of the software of the modules 24 to 34, it will be understood by a skilled
addressee that steps of the process can be performed by dedicated hardware circuits, such
as ASICs and FPGAs, and also performed by components or modules distributed across a
computer communications network, such as the Internet. For example, dedicated filter
20 circuits can be used to provide the filters, and dedicated digital signal processors (DSPs)
can be used to perform a number of the signal processing steps to enhance the processing

speed.

The neural event extraction process (NEEP), as shown in Figure 4, is the same as that
25 described in WO 2006/024102 for an EVestG response, except for the recording filtering,
and segmenting process 440, the biomarker extraction process 450 and a correlation
analysis process 460. The data representing the EVestG responses obtained from each of
the seven tilts and for each ear of a patient, i.e. 14 responses, is recorded, as discussed
above, and then filtered three different ways to provide filtered data for three filtered
30 responses for each tilt response, i.e. filtered response data for 42 filtered tilt responses. A

shown in Figure 5, the tilt responses of each tilt 501, 502, 504, 506, 508, 510 and 511 are



responses for each tilt response, i.e. filtered response data for 42
filtered tilt responses. A shown in Figure 5 the tilt responses of each
tilt 501,wbQRio/E852 506, 508, 510 and 5 11 areeach filt @ec@Au2g100006796 st
filter 512, a second filter 514 and a third filter 516. The first filter
512 provides no filtering, as it allows all frequencies to pass, including
the data representing DC voltage levels. It does, however, include a very
narrow notch filter which introduces nqghase shifts but renpves power |ine
har noni cs, e.g. at 50Hz or 60Hz, and al so renobves hydraulic (proportional
valve) switching artefacts that nmay be introduced by hydraulic actuation of

the chair. Thi t.ch al so e 0 at, the t second
and the tiEFl fftereddpea &Sﬁiﬁﬂ%@%ﬂfﬂh&%ﬁg {’w q'?%tl? rlde Q?fat 516
both provigie Bf&z"ﬂ&aﬁé ffil'térin%r iRit JilGvs afond ﬁédcﬁ&rtéjpﬁss‘ ”iﬁl:l‘ddﬁa% ﬁ1e5h'§tah' gh
pass filter and the t hird filter 516|ncludesa120 hi gh pass filter.
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whereas other criti cal ical markers that are only present or can only
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t||t responses are ea seg segment ati on process 440 perforned
by segnentpoviddGighf pdsk eﬁltanag y"EheSsem)ﬁHJ Fidte? 814 imctuddem fiH]z bighchase fittbrearid fheeen
segnments 402, 404, 406, 408 0,.412, 3, 415, 422, 424, 426, 427,
258 and 43674 GeRakineiudees S04 hehrpegspé e, PradiedR S lgee b Houses

produces 630428l Hyothedfids rﬁQV 834 Nnking S 8G ﬁﬂokésern%dmt Ial ﬁeurrﬁs@sf%% RxBRITRNt S.
The segnents conprise data obtained fromthe |eft "ear he patient 552

and dat a glvocdss @EEPpgivehthertbeaghfit that grsfups hébp&@gleaitmalsers thm@ao@ppmrumedt he

record, filt nd se ntatio [ oces ere

response s gﬁ’é{‘f Zeﬂﬂcﬁcga d @cﬂﬂ?ﬁ% ﬁ] %ggc?af‘s ?ﬁﬁrgg rgf‘Pémﬁ qjﬁf?ée“%%s of
t he neur alcrgié@NbioRgidad Ghdridts R &2 DnlyNmEInt SUrQaR drily It_)’eg’bthﬁctéd \Jﬁunsm@rl@duces
Sp/ Ap data for each segment, i.e. for each of the 630 sets of data. The

segnents dregueacsh deiaeist Bresen) ag e svalslepegssomy binlogial magrkessented for
extrac” owgﬁlgl%%sdqsegggEP) As di scussed in V\D 2006/ 024102, the process

The 42 filtered tilt responses are each segmented by a segmentation process 440 performed
by segmenter 550 of the analysis module 28 in order to produce the fifteen segments 402,
404, 406, 408, 410, 412, 413, 415, 420, 422, 424, 426, 427, 428 and 429 for each filtered
20 tilt response, as discussed above. This produces 630 sets of data representing 630 filtered
tilt response segments. The segments comprise data obtained from the left ear of the
patient 552 and data obtained from the right ear of the patient 554. The output of the
record, filter and segmentation process 440 is the 630 filtered tilt response signals that are
each then subjected to the remaining processes of the neural event extraction process
25 (NEEP) shown in Figure 4. This produces Sp/Ap data for each segment, i.e. for each of
the 630 sets of data. The segments are each treated as an EVestG response by the neural
event extraction process (NEEP). As discussed in WO 2006/024102, the process
decomposes each response segment using a complex Morlet wavelet to obtain phase data
across seven equally logarithmically space scales from 600Hz to 12KHz. The scale deta is

30 processed to determine loci where sharp changes in phase occur across all scales.



deconposes each response segnent using a conplex Mrlet wavelet to obtain
phase data across seven equally logarithmcally space scales from600Hz to
12KHz. Thwo=onlws4ata i s processed to determ ne | oci whece/Adharopoetranges in
phase occur across all scal es. However, a |arge phase change nay be

i ndefi nabl e across the scales but at nore than one (or slight variations
in) sanple tine. At scale 1, for exanple, a locus could be found at say
time sanple 344. For scale 2 the loci mght be at sanple 345, scale 3 at

| oci 347, scale 4 loci 349, scale 5 loci 346, scale 6 loci 345 etc. This
represents a curved connection of points across the scales relating the

sane phase_change. cater for this the NEEP allo nd applies an
accept abl 1g4pehet lﬂé&enp@éapea@amyebﬁt wﬁe@na F@Oﬁaﬁﬁﬁ ﬁﬁajeso%utaaﬁ Bidre than peset
but is typpFatdhy vérlétﬁmg‘ 1r§)as'3m})fesnm91&fesc’éféels ot é?&}np?é @ lgélﬁccro'um Kkaf‘oﬁgd at say

characteristic data for I's derived used to sel ect neura
r esponses timeosample S#dcFer. stheZ tlatlamfmrgh&b@pt Smn}dq r3\4é scelediateloni 3/ seafe 4

averagi ng ,t he, ] oci ned a .t es, and an EVestG plot. can be
pr oduced flP‘b‘n}‘{ghéc?J% Folcg]n}“g’a%ﬁ es‘gz r'?tqgaez ahb‘\"?\ﬁel?rﬁseﬁ gﬁrcewéd c?ﬁleechlgﬂrgl
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noi se. Tolgggresg this a%d i Nnprove thegng r???o of the extracted EVestG

Sp/ Ap pl otfor ard aprilice an gresptablesgambrswesnscale seuple dmes ATy gamhmay bs aeirarilyThe
system 2 ag I nputting white noise filtered to match the
recordi ng gﬂgra§§%@?% Q%’o n%%ggsysten1(eg 1CkHz | ow pass and no (DC), 5
or 120Hz high pass fllterlng) and recording the EVestG Sp/Ap system
response to this input, which is sbored .as

(BLWN) 1 eéB"(‘ﬁ?stBeseAO%‘caéP dcnmipateds SPyACEristic ?%B nrgéh ﬂ& 1S;fie§u?f{\b 1&@?-‘&8
from the By ??e@t ﬁgﬁ‘ﬁvﬁﬁ%tﬁ)se? f@%&%&a&? e (M't:é—ﬁ)r al B GB/P%P] @ﬁx‘v@gs baehfined By

deci ded by termning Ap pol nt of the EVest e scaling factor is
set to 0 euvdralgnrgrthermm ddtermuﬁd@drosi élpscalm |ahdtah@\®§t(bnt0tden be prodneedelsos ‘
m nus the ﬁﬁ g res q}sees point (response plot m nim)
shifting tf; OGRS Bf’f Eimanahi:) typl cally 2 sanples. Once
subtracting the scaled BLWN r esponse causes a marked adjustment in the

position of the Ap point, the scallzg,factor (scale) is set and not
i ncreased Hhreynguralt énent extmctiogi preesss EBP U see dnadeestently; fefectHoeisius to White

RAEVeSEg-} Snccﬁlslee 'I%La\éﬁlress”fh %%Mnﬁr%@g WS g/N Yatio of the extracted EVestG Sp/Ap plot the

white noise response can be subtracted by the system 2. The system 2 achieves this by first

inputting white noise filtered to match the recording characteristics of the system (eg.
10kHz low pass and no (DC), 5 or 120Hz high pass filtering) and recording the EVestG
Sp/Ap system response to this input, which is stored as a Band Limited White Noise

20 (BLWN) response. A scaled BLWN response is then subsequently subtracted from the
EVestG (RAEVestG) produced by the NEEP. The scaling factor is decided by determiﬁing
the Ap point of the RAEVestG. The scaling factor is set to 0 and incremented in 0.01 steps
until the Output data = RAEVestG minus the scaled BLWN response sees the Ap point
(response plot minima) shifting by more than an arbitrary time, typically 2 samples. Once

25 subtracting the scaled BLWN response causes a marked adjustment in the position of the
Ap point, the scaling factor (scale) is set and not increased any further. This gives an
adjusted NEEP Output EVestG = RAEVestG-scale*BLWN. The BLWN response is
produced by the NEEP processing the white noise response with the threshold in step 318
set so that significant field potentials are detected to characterise the BLWN response.

30



produced by the NEEP processing the white noise response with the threshold
in step 318 set so that significant field potentials are detected to

char act erweeoto@s8L\VWN r esponse. Sonmeti mes neural events @Cralwopavensi al s)
occur so that their waveforns overlap. Wen this occurs the diagnostic

bi omar kers can becone corrupted. To solve this problemthe neural event
extraction process (NEEP) can exclude such events w thout | oss of biomarker
integrity. To find these events the quh3qf the Ap points are determ ned.

If these loci are closer than an arbitrary nunmber of sanples typically 66
sanples ( 1.5nms) both field potentials can be excluded. A flag can be set
or reset so t hat the excl usi n deC|sh§S can be switched in or art

of the NE r?ﬁtmsrsqu% eVEﬁ‘féé 1pldepotgntials) gecynaosthal then, wayefprns gveﬁ Bd 8 for
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extraction process ? on each segrrent t hat gener ates netric data or
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bi omar ker nmeasures. This is a consi derabl e anmount of data obtai ned from one

pati ent smﬂt@ttltabd:ambeteﬁéludéite% fleg lcen be getericesst smthab s elusivadleeisionc@ndst el y
det er mi ne th esenc i ety of neurol ogical and
FEEE b L RN R |

neur odegensél‘fl PI ve Fi%Soful gfcal markers are as defined bel ow
and illustrated in F| gure 7 (and given the definitions: Ap is the Wnole V

shaped EVest G curve; and_t pQi nt. is the oi n

(1 P e AgOBIRba PGP BF EMEpeaTYE Aatin perdesat [0 roch sdadisme By g s5besfiodl b
the baggl 'rfi}gcésmqlb?et & Yn%k@?egio%rkaeeﬁﬁcuéﬁ '6}053 oS (4 &l YA k@ that
Depressi o el evation or depression above/bel ow the baseline 1 mediately

after the gmera(dsi in)etrikp diiagoi thimlegicalhenaviairt daje rﬁptgsﬂrltméel'étdlffh@nmblcﬂoglml
(iv) Sp notc time at whi war. d _ar

rever ses/ SP&KE ‘/% le?‘icflﬁ|6égldl‘t$er8'ﬂ)to§?gm§m§%OJ;FF(E?M&?V\@n’gté?m(R}/‘js gy %S Iilsepté))l nt
(loci). Thgologl@al H{arl&?rﬂﬁn&%%@ﬁtu@ 630 heAures of each biomarker. Accordingly, the
biomarker data for each patient represents 10,710 biomarker measures. This is a
15 considerable amount of data obtained from one patient subjected to the seven tilt sequences
and can be used to accurately determine the presence or not of a wide variety of
neurological and neurodegenerative disorders. The 17 biological markers are as defined

below and illustrated in Figure 7 (and given the definitions: Ap is the whole V shaped
EVestG curve; and the Ap point is the lowest point of the Ap plot):

20
(1) Pre Ap Elevation or Depression. An elevation or depression above/below the
baseline immediately preceding the Ap. |
(i)  Post Ap Elevation or Depression. An elevation or depression above/below the
baseline immediately after the Ap.
25 (iii)  Ap Magnitude. The voltage magnitude at the Ap point.
(iv)  Sp notch point (loci). The time at which the downward arm of the Ap
reverses/slows/stops, typically about 0.3ms after Ap onset.
W) Start point (loci). The time of commencement of the Ap.
(vi)  Baseline width. The width of the Ap at the baseline level.
30 (vii) Sp peak. The tip of the short rise after the Sp notch point before the

continuation downwards of the Ap towards the Ap lowest point.



(vi) Baseline width. The width of the Ap at the baseline level. (vii) Sp
peak. The tip of the short rise after the Sp notch point before the

cont i nuatworrotomsssar ds of the Ap towards the Ap | owest POILAU20MVG00795 Sp
width. The width (tinme) fromthe Sp notch to the next downward arm of the
Ap. (ix) Sp Magnitude. The height of the Sp peak above the Sp notch point
(x) TAP (internal). The width (tinme) of the Ap at the Sp notch | evel
measured fromthe downward arm of the after the Sp notch horizontally to
the upward armof the Ap. (xi) TAP (notch). The width (time) of the Ap at

t he SP nﬁtch Ievel neasured fron1the Sp notch horizontally to the upward
arm of the | e. e of the dowward arm of  the

bet ween t heA&ﬁ“) o%&ld%Th? wagth (Fﬁ‘é) ﬁ@?’g‘h? Snotghetodhe H‘Eﬁt@ﬁwﬁi‘é’&%?"gﬂoﬁhﬁm
vertical to that arm (xiii) K angle. The angle of the upward arm of the AP
bet ween the Ap Iom@st poi nt and the height of the Sp notch nmeasured from
vertical to (1h)at Sp Mlaghitudy. Tﬂdahlé.igangf the SﬁmwbabqweheSpmenhmomud twel fth

bi omar k . Sp/ t t f

basel i ne. di vited Bphventmel T wiun bl b i it s oo GELGR REd Ry

Spi ke Rate. The NiERRIwriVard hfh @fﬁ@&ﬁhft@ﬂ ﬁle%tmaﬁﬁomtamsaé theOufvdrtnatiie Ap
plot (xvii) DC Shift. The verti cal ift between different Ap plots

measur ed from t heobtheditne | evel . An addi tional two biomarkers for each of

the 42 filt t
e 2ot | RBRE SIAR GRAASTER ShENhae) o A0 BRI R 6L homuiderdal 2
response signal. Miﬁarwtadmmntadla)toaﬁupwﬂnéﬁnbéﬂmme data, and (b) BG -

OnBB response data. This roduces 84 additi gnal rs representing the
dynani ¢ T espbise O i e ks Pbdsavmerd o ol égw Becgiegn Qi Ap lowest

10 point and the height of the Sp notch measured from vertical to that arm.
(xiii) K angle. The angle of the upward arm of the AP between the Ap lowest point
and the height of the Sp notch measured from vertical to that arm.
(xiv) Na+K angle. Sum of the eleventh and twelfth biomarker values.
(xv) Sp/Ap ratio. Vertical distance from Sp notch to baseline divided by vertical
15 distance from Ap point to baseline.
(xvi) Spike Rate. The number of field potentials detected and used to form the Ap
plot.
(xvii) DC Shift. The vertical shift between different Ap plots measured from the
baseline level.
20
An additional two biomarkers for each of the 42 filtered tilt response signals is obtained by
subtracting the data obtained in the OnAA and OnBB segments from the BGi segment for

each response signal. This produces:
25 (a) BGi — OnAA response data, and (b) BGi— OnBB response data.

This produces 84 additional biomarkers representing the dynamic response of each of the

respective tilt response signals.

30 The analysis module 28 includes a correlation analysis component 800, as shown in Figure

8, which performs an analysis process 460 to generate display point data for each axis of



The anal ysis nodul e 28 includes a correl ati on anal ysis conponent 800, as
shown in Figure 8, which perforns an analysis process 460 to generate

di spl ay paonroiodiase2f or each axi s of condition di agnosi s pcomanriksyoodiospl ays
generated by the graphics display nodul e 30. The conponent 800 processes
the EVest G curve data to generate plot point data for one axis of a

bi omar ker di splay, and processes tinme response data to generate plot point
data for another axis of the bionarker_gggplay. An exanpl e of a bi omarker
display is shown in Figure 9 and other displays are shown in Figures 10 to
2 1 discussed be|OM/ Each point shown on the display represents a patient
or test subj The positio in.the di

i ndi cat es %R lt‘QPé’é@ﬂ@%‘S FO%E%rrf&%gl%?s e e (,lﬁ'n%}gm 3 icsdisply W@ﬁ'@%%ée The

response %rﬁ&%ﬁerﬁ% Sees&s thepEVEétGLUuNe (ﬁd’t@ﬁ)t é@%@?até){)lo@i PSiRD&ath 8&H JIR akfoft hat
condi tion r the h Izontal axis of the display, bi omar ker data used

is the EVeasbtémankeredld[da)a drat ptd¢esst1n(€| msp@lsatcwaaa@ lggn@”awdplpt:mlIE -2os &)
and onBB (degel erati ase, of tilt t+21. 5- C s/se nent.s.
Rat hor -t hoATORET Ao HAMG RO diebloy AT SHFRTERS @ biRmathe AR PdoBe i
filter § OrFléﬁﬁsﬁaﬁdN@th%?GBErégé ateSsHos@in ﬁ]@@re@@Od@tﬂ gieduissédbelawl Ed’tbﬁ podmest
frequency conponents of the response i.e. the components occurring over

| onger t | rﬁiﬂOWﬂa)@ébe dﬁglavsenresenm pajignigr teg subiger ¢ heenosuﬂﬁwf theppgientspoint
frames. &%G §1§§9 %%néaltég\?vh(!f'jﬁx%gerﬁﬁ o Eﬂﬁeﬁéé g]’f& éN%rE%n ?J}r%eereﬁlttl% ?esB{)l'xsgr to

the tilt an are uctuations'In
backgr ouncbhyl thy @htient ea pﬁ‘rBB.daegemmtenl & dosaget raglmetfos ﬁmV\somhﬂlcar ge response
change conpared to background. The conponent 800 executes the foll ow ng
signal processing steps: (1) The max and m ni num val ues of the onBB and BG

Sp/ t BhFee 1
and 4480 O B L R onas Lo e A

poi nt (corthesB)GndlnmgedlatepbwkgrcﬁmE t=18.53Hbes) and Rl dd@elargianopbaset pfe tilt

entire ran m Pr t|on ression o Post

Depr essi ong'gh §er tﬁtop Bfas ﬂ{eala%gﬁlbaé' 518 Ed?tgs ranlé r@%)g@grsft{l}g data
basel i ne afd h0 DA ¢iléP fcﬂOthese tER G Rt Rbcall TlhBCID@dcﬁﬁa 88dtainis il thaniphvest
points. Based on the larger range (onBB or BG) the plots are normalised by

di vi di ng bfyequsney cempenenthef the rspense dfgdhe FomAeRENIH PEBETING o¥eh nger H81€100%
(nor mall% y ttramesr YIS reflective of more cortical inputs and time frames. The BGi segment is used

as it reflects the immediate state prior to the tilt and there are low frequency (long time
frame) fluctuations in background level. The onBB segment is used as it shows a large
response change compared to background. The component 800 executes the following
signal processing steps:

20 (1) The max and minimum values of the onBB and BGi Sp/Ap plots are determined by
processing a data time sample range 305:441 and 441:537 of the Sp/Ap plots where
sample 441 corresponds to the Ap point (corresponding to point 265, as shown in
Figure 6) to cover the entire range from Pre Elevation and Depression to Post
Elevation and Depression in order to determine the range of the response above the

25 baseline and to the Ap point. Each Sp/Ap plot includes 881 time sample points.
Based on the larger range (onBB or BGi) the plots are normalised by dividing by
this range. The largest range in data values is considered 100% (normally the range
of the onBB plot is bigger than that of the BGi plot) so this is taken to be the
normal and the other scaled by it.

30 (2) The normalised BGi and onBB plots are subtracted to generate data representing
BGi-onBB plots.



of the onBB plot is bigger than that of the BG plot) so this is taken to
be the normal and the other scaled by it. (2) The normalised BG and onBB
pl ot s ar ewveubtwiastsed to generate data representi ng BG - eaBRRI®OT93) For
each patient (age and gender matched popul ati on) group an average BG - onBB
plot is generated for the ipsilateral and contralateral tilt sequences and
the right data, left data and right plus |eft response data obtai ned from
each menber of the group. This produces 18 .aver age pl ots for each popul ation
group (i.e. 2 tilts each for left, right ‘and left + right data). Each

popul ation represents either a control group or group representing a

pat hol ogy or a condition the group js known to possess, i.e. Parkjnson's
Di sease (D), SERrEIGpPAIEA @ee %%g%rs%r BRI RPBYIAN Q) TR ERavEEIEe, lﬁi*hen}gB
plots per populadi QN 9@1ratefﬁef09ttf1@'imqtem AVARESIaRR4 A %e(ﬁ%‘ﬁgest hdOfHedight

correlation neasure data for a patient or subject "X'. ( Subject X'S six
nor mal i sed BG -dateBRfpHate andsighhpbs 1¢falr¢sp8ast datarebtgimep Ifnpeacht mpmberof the

conpared with the r ective 6 _avera l.ots for control .qr or

at ol ogy. The eraisholBssrodiEesdh fuarisa e o st PPee feibira i ity e ar
right +left datm Agtt ahdeeft Pﬁi%}ﬁfdﬁfa?.' Eaét p&sulaticnl @F&"séﬂts bither - cohft®B groupl t s
are used as they generate the Targest response differences fromresting or

from each ot heror greupi iepreserdingtaciatiiology erea eonsliticnt e grewpds KBowR & pessess) 1-c-
| nhi bi tory, esﬁﬁaglgﬁ%ogsl lélrg%{%gg@l),gfc&z%lgﬁx%ﬂiaageifegﬁlo& Iglteniten:es Mieds Pgtl:.arThe

appar atus. Eac corr ion 'measure using

correl ation furgslogiper phisulaivn @ndlei obaifiddiatadomcgane ard @sd @ obtainedoatelamion
coefficient R as the neasure using the points of two conpared plots. A
nunber of dif f neasuredsia for apreent oh AISENE can be used to provide the

coeffigfe R’ = . h
I (. enthy yﬁg}[ecggﬁak %orrﬁahsg%lsoﬁﬁ?%ﬁgyﬁe%ﬁsésI'{Qll 8% %ﬁgl?ﬁlér r}])gfn(té) e

points JC and conpar e Y, respectively.
coefficients ohitracoeparad evithuheveedpdctige b lreerage plotofor d eontorl rgedurt oronpathelagy -

:)Sf Lgfgg;l ng t hﬁlecrgs ses AT ol\;\{laltngd Sfrlg)?ﬁ ﬁa%tleﬁ( dgtgfirig tccglpa{[ arn?iI rléﬁ?mﬂ:ﬁ @Yo the
ipsilateral and contralateral tilts. These tilts are used as they generate the largest
response differences from resting or from each other. Ipsilateral tends to be

15 excitatory and contralateral inhibitory, especially from the semicircular canals of
the vestibular apparatus. Each comparison generates a correlation measure using a
correlation function. The correlation function generates a correlation coefficient R

as the measure using the points of two compared plots. A number of different

correlation functions can be used to provide the coefficient R. For example,
2 -0 -y)
S x-02 Y (-

where x and ; are the sample means of the points x and y of each compared plot X

20 R = Correl(X,Y) =

and Y, respectively.
&) The 6 coefficients obtained are summed together to provide correlation data
representing the comparison with subject X and a control population or pathology
25 population. The values for the correlation data for a control and a pathology are
subtracted to form the horizontal plot point data for subject X on a scatter plot of a
biometric display. For example, to obtain a point for Parkinson's Disease (PD)
versus Control (Horizontal Co-ordinate of scatter plot):

Rx:Control(tot) = Rx:Control(right)+Rx:Controt(left)+Rx:conrol( L&R);



popul ation. The values for the correlation data for a control and a
pat hol ogy are subtracted to formthe horizontal plot point data for subject
X on a scaorero/EBsk of a bionetric display. For exanpl e PCTAWDLOAI0O79& poi nt
for Parkinson's Disease (PD) versus Control (Horizontal Co-ordinate of
scatter plot): Rx Control (tqt ) = Rx Control (right)+Rx Control (left)+Rx
Control (L&R);the correlation data for X representi ng a neasure of
simlarity with the control popul ation; X PD(tot) = Rx PD(right)+Rx
PD(l eft)+Rx: pD(L&R); the correlation data for X representlng a nmeasure of
simlarity with the PD popul ation; and Horizontal point = Rx conroi - PD(tot)
Rx controi(tot) - Rx PD(tot). If the val ue of the hOI’IZO nt is
positive, t h| s pr othed?@ge@“ﬁﬁ%@rf@r SFICPIREENHRE GaneasisPistm r\’/W t"ﬁcf’ttllié el ol
popul ati on. B gative, this provides a neasure of the association
of Xwth PD's Ref rr|ng to Figure 8, the correlation anal ysis conponent
800 perfornms a Rvom(rmlt)=sRtupm(mlgbt)mReméle&O}Hborp(Lw)Sp/Ap (EVest G pI ots whi ch
i nvol ves steps (1) ,and réei% de(iagri beg a correl ati.on P@(m ch
i nvol ves steps (3) MEnePrEtiogedas f9e rﬁBrcWeé“m&r?d"ga%%%foifleTﬁ?ﬂ pV?” 06
whi ch igvol ves st epofutiticidngt ori ng and processing the coefficients to
generate the points for the x axis of a bionarker dis For anot her
axis, e.g. the Henzdngdipomt S\Rpsens-peftot) FeR boorviktot) Mgﬁt)ay, t he bi omar ker
data is generated fromthe recorded tinmes of each extracted field potenti al
(i.e. Ap loci) determ ned by the NEEP at step 330. For a given segnent
there may PeheOviic Hfe Apripsitdltpdindaes pesithve, tHils progidebe nséagmelof tiebdsaoiatbnf afom
the 120 Hz filter 516 (to renove_ unwanted DC artefacts) the |eldc§)otent|al
(Ap) ti n‘esXa’Vl@’ t!i@ecantrel rpPuiatione 16HH 15 Regaiyel thisi e ydesdntieasure RE thggssociation
(i rmed tgg piypd t=18.5-20sec) and onBB (decel eration phase of tilt
t=21. 5 t||t phase segnents. The intervals determned are the tine
di fferences bet ween adjacent Ap loci in the segnents. The correl ation
Er gcgss 4609_1“ %Fnsglt%ZF{gh%ZES bt Qg‘fgfgltlgn thnéysw component6809) gelrforr%s aln(g)rma’llszglon ’
process 802 on the Sp/Ap (EVestG) plots which involves steps (1) and (2) described
above, a correlation process 804 which involves steps (3) and (4) described above, and a
15 coefficient process 806 which involves step (5) and storing and processing the coefficients

to generate the points for the x axis of a biomarker display.

For another axis, e.g. the vertical or y axis of the biometric display, the biomarker data is
generated from the recorded times of each extracted field potential (i.e. Ap loci)

20 determined by the NEEP at step 330. For a given segment there may be over 300 Ap
points detected. Using the signals obtained from the 120 Hz filter 516 (to remove
unwanted DC artefacts) the field potential (Ap) times are used to generate an interval
histogram for the BGi (immediate background t=18.5-20sec) and onBB (deceleration
phase of tilt t=21.5-23sec) tilt phase segments. The intervals determined are the time

25 differences between adjacent Ap loci in the segments. The correlation process 460 uses 25
time bins (<0.5ms, 0.5-0.6, 0.6-0.71, 0.71-0.8, 0.8-1, 1-1.2, 1.2-1.4, 1.4-1.62, 1.62-2, 2-2.3,
2.3-2.8, 2.8-3.3, 3.3-5, 5-6, 7.1, 7.1-8, 8-10, 10-12, 12-14, 14-16.2, 16.2-20, 20-23, 23-28,
28-33, 33-50ms) to generate a histogram for each tilt phase segment. The signal
processing steps include:

30 (6) The interval histograms are generated and each is normalised to represent a

percentage of the number of field potential intervals (Ap points) in the segment



2.3-2.8, 2.8-3.3, 3.3-5, 5-6, 7.1, 7.1-8, 8-10, 10-12, 12-14, 14-16. 2,
16. 2- 20, 20-23, 23-28, 28-33, 33-50nms) to generate a histogramfor each
tilt phaswosegvests2 The signal processing steps includePCit@U2ttwodreser val
hi stogranms are generated and each is normalised to represent a percentage
of the nunber of field potential intervals (Ap points) in the
segnentresponse, i.e. the total nunber of final Ap points is 100% (7) The
normal i sed BG and onBB histograms are sybtracted to give a BG -onBB

hi stogramwi th 25 points. (8) An average BG -onBB interval histogramis
created for the ipsilateral and contralateral right, left and right plus
left (or left-right) responses for each age and gender matched popul ation
group. Again, 4spPnsepg Heitefal nupbes 9& final Ap paidis iy 1881t r ol group or group
representi a 1 ' (& Y Pai] . ORBE: i.e.
Par ki nson' QSJD 5%28@%%?8&% grgd;%lr%lrfgs lto%gagggsreglgi %drll)?r aﬁgg},@r 1'9?5 QD??E??EP
etc. These 6 hilsktograan®ith@S poapsil ati on can be obtained in advance and are
used to obtain correl ati Jreasure data for a patient or subject "X'. (9)
Subj ect X @) s;j XAB@YWB%%t%%\%ImWF‘?ﬁ g]b‘ﬁtgﬁﬁa“t Hév?rﬁgeQStroﬁo&‘ﬁt IRFURIGEL 2
each histogram 2Rag d i i J Y& and

hi st ogrgms for %&Ergﬁt?ér? ol grﬁblgg%glraga%hggﬁjﬁg?fgﬁégneﬁrﬂgg@n?gﬁﬁ%eﬁr ?%gér%rm are
obt ai ned from tgemdereinataet apopulagion glavp ahgainj gih populdtiondzapaesents ¢ither a
ipsilateral and contralateral tilts. FEach arison rate .

correl ati on nea rQE BOURGT & VE RIS & ?ﬁi@?qg%f’r ?ﬁ%‘%g{cq‘)?‘% € ea%SrP'%?\lsf KNO9™ on
generates a corgpepaséani.corhdkimbrBtDiRa3s (PDg, BEtESspheerisi Deprektor) OMBhigretf
two conpared histograms. A nunber of different correlation functjons can be
used to provi deDishesecelsr f Thasegthistogrms reg peprlatioRcam 8f @blaingdqinyadyance; apd
sanpl e ans of i . i wX and Y,

res pect1 ?‘\iel y. (%;&ﬁeﬂ?@ 02’2%%3 ?@gﬁl%nnﬁga%ﬁ%t%gﬁgﬁaggg@ %g}gﬁtg?ef her to

provi de com)el asutgectdes aix BGiemBB imgvhhkistgrpay (Imemgn2] iposubjabes M aadh a

control popul atjon or patholo : . .
Pop histogram)pare compgr)e/:d respectively with the 6 average interval histograms for a

control group or a pathology. The interval histograms are obtained from the left
data, right data and right + left data for the ipsilateral and contralateral tilts. Each
15 comparison generates a correlation measure using a correlation function. The
correlation function generates a correlation coefficient R as the measure using the
points of two compared histograms. A number of different correlation functions

can be used to provide the coefficient R. For example,

X—x —_)
R = Correl(X,Y) = Z( _2)(y y_2
V-0 Y (-
20 where x and ; are the sample means of the points x and y of each compared

histogram X and Y, respectively.

(10) The 6 coefficients obtained are summed together to provide correlation data
representing the comparison with subject X and a control population or pathology
population. The values for the correlation data for a control and a pathology are

25 subtracted to form the vertical plot point data for subject X on a scatter plot of a
biometric display. For example, to obtain a point for PD versus Control (Vertical
Co-ordinate of scatter plot):
Rx:Control(tot) = Rx:Control(right)+Rx:Control(left)+Rx:control(L&R);

the correlation data for X representing a measure of similarity with the control



popul ation. The values for the correlation data for a control and a
pat hol ogy are subtracted to formthe vertical plot point data for subject X
on a scatwenoplwasssef a bionmetric display. For exanple, POTAIRaiN67IpOI Nt
for PD versus Control (Vertical Co-ordinate of scatter plot): Rx
Control (tqt) = Rx Control (right)+Rx Control (I eft)+Rx Control (L&R); the
correlation data for X representing a neasure of simlarity wth the
control popul ation; Rx PD(tot) = Rx PD(rijght)+RcPD(|eft)+Rx: PD(L&R); the
correlation data for X representing a neasure of simlarity with the PD
popul ation; and Vertical point = Rx conroi-PD(tot) = Rx controi(tot) - Rx
PD(tot). If the value of the vertical point is positive, this provides a
measure of the assRAYANO8h of X with the control population. If it is
negative, this I@&#Bt’fbg%Rﬁpﬂ(ﬁgﬁﬂ)‘#l@x;ﬁfleftpﬁb@NE&@}i on of X with PD.
Referring to Figure 8, the correl ation anal ysis conponent 800 perforns a
nor mal i sati on proctssogetion dakefanBBepmsEnBaE ai measuvabf Ringilasigy avith therPPhe
EVest G responses for ose_sgegnments, which involves steps (6) and (7),
descri bed above. Apogblﬁql}lé)lna?rf(f(;n process 810, which invol 5es(s% eps (g) : and
(9) desgribed apguéal point PREQRMIBE(tbO =aRt ahhi(foble R@b(tel)at i on coefficients
for subject X using the interval histograns, and a coefficient process 812,
whi ch involves step (10) includes storing and processing the coefficients
to generate,t (o] t I S, Ot i I .S .
correl ati gﬁthgg%%)%ndgzﬁéé%g&g n%a{?{%g&%lzveﬂghégp{ggmggta gl:? %\asgéleml?‘{aesrs gttl%n ?fODr( a
third axi swidf thelventolsgipalatioa. df ittiheegatiaxitbis pusvides 4 ineasiwe pEihetasswiaivalofsi s
process 460 t,% further inprove separation and discrimnation between
pati ents. X¥ithils axis a spectral density plot or spectrogramis generated
usi ng -512 point Fast Fourier Transform (FFT) applied across the Sp/Ap
pl ot of one or a conbination of the onBB, BG or BG -onBB responses. The
si gnal pr Redssinggo dtigwe §,rtb¢ worelaiion angly s epmpprsnt 898 rrerforss aoraralalisaigns o
the total p?(l)crclesss k&ze o %hrgBO;[llgBla(f)lg%Gi interval histograms for the EVestG responses for those

segments, which involves steps (6) and (7), described above. A correlation process 810,

which involves steps (8) and (9) described above, is performed to obtain the correlation

15 coefficients for subject X using the interval histograms, and a coefficient process 812,
which involves step (10) includes storing and processing the coefficients to generate the

points for the y axis of a biomarker display.

The correlation component 800 can also be used to obtain biomarker data for a third axis
20  of the display, e.g. the z axis, using the correlation analysis process 460 to further improve
separation and discrimination between patients. For this axis a spectral density plot or
spectrogram is generated using 32-512 point Fast Fourier Transform (FFT) applied across
the Sp/Ap plot of one or a combination of the onBB, BGi or BGi-onBB responses. The
signal processing steps include:
25 (11) Each spectrogram is normalised so the total bin size sums to 100%.
(12)  The normalised BGi and onBB spectrograms are subtracted to provide a BGi-onBB
spectrogram.
(13)  Average BGi, onBB and BGi-onBB spectrograms are created for the ipsilateral and
contralateral right, left and right plus left responses for each age and gender
30 matched population group. Again, each population represents either a control

group or group representing a pathology or a condition the group is known to



(12) The normalised BG and onBB spectrograns are subtracted to provide a
BG -onBB spectrogram (13) Average BG, onBB and BG -onBB spectrograns are
created fwo20t0e148453i | ateral and contral ateral right, | efPCTavtoroiogbmospl us

| eft responses for each age and gender matched popul ati on group. Again,
each popul ation represents either a control group or group representing a
pat hol ogy or a condition the group is known topossess, i.e. Parkinson's

Di sease (PD), Schizophrenia, Depression,gVeniere's Disease, etc. These 18
spectrograns per popul ation can be obtained in advance and are used to
obtain correlation neasure data for a patient or subject "X'. (14) Subject
X's six BG -onBB spectrogr are ectl vel y th the aver age
BG - OnBB spect rR9§¥&rs 'fort @ g‘”&?ﬁ{srgme@ %Gggbr 5%1?}1{8?‘6’9}31\” pﬁ%@ogpé\g?qlﬁrﬁﬁams
are obtai ned frI@l@:etsQeeth: efﬁes@@%@pe&ﬂo%%nsdﬁér%oﬁﬂgtléﬂ S betoiihéd Medd@ah@randhe
i psilateral and contral ateral Each conparison generates a

correl ation meaasunwdugDh@lracarmlatwlnamasnrefdﬂﬂ:for@rlvathl’ﬁ@r gayeds|"Xt'i on function

gener at es réelatign co t R.as the neasur e SI n R f
two conparl p%‘g’ﬂer E)J?Er?tx ?fé & PPSTTO8M YL PENEOTR Bar? R the?)ﬁ V{?wtcglfls%can
be usedsto pr OVdvéRigk NBGEORB Gbedtfoghm$ qbr eaxaamk@, gBup gorar @hth&o‘é)/ —T\Hﬁere
JC and y are the sanple neans of the gm nts x and each comp

spect rogram X sipectsograms precabiapeqd fromithg lefhdate gight idétiaeaﬁ@@%‘bt* dFﬁﬁéﬂ‘aefPéthe
summed t oget herlg§1 Gaté%E ddc%nfrgl {e?Alegl{ O'}Sagﬁltcg‘mrij)l?r@ ﬁ%ﬂya&g at&?refa(?i'gn_r éa§8@

w th subject X ot opul ati on e val ues
for the correl afsirgn adadréelitivn ﬁlmnhl’dﬂleatﬂﬂTed?atmat fiolcdgly generasasba ractetadiono
formthe vertical fpI ot point data for subject X on a scat%{g'rsg |ot of a

bi ometric di splgffi 255 WeaguEe B‘BP&FIPF BOBIS; 9t T FOTRpST LogsmS; of* (2
coordi ppte of W‘? } ent clg?‘regﬁ% QA &iofE cdn Be &%d%rﬁr{)ﬂhé iheOddeltidRint R.

Control(left)+ ntrol (L&R); the correlation data for X representing a
measur e of si mFarexémplei t h the control

> (x=x)(y-y)
S x-x)' Y (- )’

where x and ; are the sample means of the points x and y of each compared

R = Correl(X,Y) =

spectrogram X and Y, respectively.

15 (15) The coefficients obtained are summed together to provide correlation data
representing the comparison with subject X and a control population or pathology
population. The values for the correlation data for a control and a pathology are
subtracted to form the vertical plot point data for subject X on a scatter plot of a
biometric display. For example, to obtain a point for PD versus Control (z co-

20 ordinate of scatter plot):

Rx:Control(tot) = Rx:Control(right)+Rx:control(left)+Rx:Control( L&RY);
the correlation data for X representing a measure of similarity with the control
population;

Rx:pp(tot) = Rx:po(right)+Rxpo(left)+Rx:pp(L&R);

25 the correlation data for X representing a measure of similarity with the PD

population; and

Z point = Rx:Control-PD(t0t) = Rx:Control(tot) - Rx:PD(tot).

If the value of the Z point is positive, this provides a measure of the association of X with



popul ation; Rx PD(tot) = Rx PD(right)+Rx PD(left)+Rx: pD(L&R); the
correlation data for X representing a neasure of simlarity with the PD
popul at i oNQ 2aruci4845poi nt = Rx Control -PD(tqt) = R x Cont PoT(AWQ010/00072%
PD(tqt). If the value of the Z point is positive, this provides a neasure
of the association of X wththe control population. If it is negative, this
provi des a neasure of the association of X with PD. Anot her biomarker that
can be used for exanple in depression Qrzls_chi zophrenia separation i's the
average of the Sp/Ap plot for a patient in regions 100-150 sanpl es either
side of the Ap plot and conbinations thereof. Figures 9 to 2 1 show

bi onetric di splays generate t he graphi c djsplay nodu 30 and. t he

anal ysi s rtBeIGPRrd opualaggn Hg“dﬁ SpBAYCpBInProys eé%f'@%’/ast“FFeOL i BsepfiatjonagfaX
vertical axgspplhe plots were obtained by correlating each of the subjects
of the control and pathol ogy groups with the average responses. For

exanpl e, Figure 9 shows the separati on between the rrenbers of a control

i conse. Pt Frome et e Bba A0 oL R CRi” SEADHAPTE ST OB

group and i§ iR 4VerHRE 10T tIRf SFYAPIGHXoK B PWdlerit @n Y&lsmlﬁoesaﬁlpﬂjdssditﬁéﬁmdé:bgm’ee 11
shows the separation between an age and gender match control group and

nmenbers ofAmpiebprd eambipatianswiereds. exhl bit Schi zophrenl a. Figure 12 shows the
separation between the nenbers of an age and gender match control group and
a group known to exhibit depression. Figure 13 shows the separation between
subj ects iB‘ig@:eg9Qqukihﬁwrblbme&id'dlhﬂﬁysl\@nbm@f by thesgraplec aisplayhasdulk 30vandt o

exhi bit Parkinson's dj sease. 4 sho a b| tric
illustr at ithey anajysis gpduln ?%Hs%étt QH‘P ygﬂ%‘ﬁ? ng‘oé‘%‘i’ﬁtg]l %3&%1 i53) HFeni a
and a ulg1 ?l?fg}’vér? oD by E& RO d%'tﬁ@@@ ectElo8 Wicokrro? ARIPatology

blorretrlc Iustratlngt e separation between a group known to
exhi bit Mmowrsevsh dieseasageanspoasgr digy dkmople, Fguex Risbpws Suhieperative icayeen
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Parkinson's disease. Figure 10 shows the separation between the members of a control
group and the members of a group known to have Meniere's disease. Figure 11 shows the

15 separation between an age and gender match control group and members of a population
known to exhibit Schizophrenia. Figure 12 shows the separation between the members of
an age and gender match control group and a group known to exhibit depression. Figure
13 shows the separation between subjects in a group known to exhibit Meniere's disease
and those known to exhibit Parkinson's disease. 'Figure 14 shows a biometric display

20 illustrating the separation between a group known to exhibit Schizophrenia and a group
known to exhibit Parkinson's disease. Figure 15 shows a biometric display illustrating the
separation between a group known to exhibit Meniere's disease and a group known to
exhibit Schizophrenia. Figure 16 shows a separation between a group known to exhibit
depression and a group known to exhibit Parkinson's disease and four patients known to

25  exhibit bipolar disorder. Figure 17 shows the separation between a group known to exhibit
depression, a group known to exhibit Meniere's disease and four patients known to exhibit
bipolar disorder. Figure 17 also shows four points obtained from four recording sessions
done for a patient known to have Meniere's disease and who has been treated by a right ear
vestibular neurectomy procedure, which involves severing the vestibular nerve. Figure 18

30 shows the separation between a group known to exhibit depression and a group known to

exhibit Schizophrenia.



exhi bit bipolar disorder. Figure 17 shows the separation between a group
known to exhi bit depression, a group known to exhibit Meniere' s disease and
four patiwotelkmssn to exhi bit bipol ar di sorder. Fi gurePCT/Adl28wm/bm9%s four
poi nts obtained fromfour recording sessions done for a patient known to
have Meni ere's di sease and who has been treated by a right ear vestibul ar
neur ect oy procedure, which involves severing the vestibul ar nerve. Figure
18 shows the separation between a group . known to exhibit depression and a
group known to exhibit Schizophrenia.Figdre 19 shows a bionetric display of
the display points obtained for nenbers of an age and gender matchi ng
control group, the nenbers of a group known to exhibit Parkinson's disease
bef ore nedi cation, and the nenbers of the sane group after being nmedi cated
by LDopa i t

medi cat edr%g%%gbnsg@?}vrslybtq%@éé @I%%tﬁtg rd 0 ﬁ%&‘g&’% fagﬁ:g gﬁ 5%@:&‘2&}@' Stk Jk@
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being treated using transcranial magnetic stinmulation (T The ef s of
the TMVS t reeting tmwasdnthoeosieelgrowg.h the treated groups nDV|ng t owar ds the
control group. Figure 2 1 shows separation between a group known to exhi bit
a maj or depressive disorder (e.g. depression) and a group known to exhibit

bi pol ar dipgiden. sh@%l@rtﬂém@tﬂc(@lﬁsplldj/eoﬂﬂlm poifitsdibsdhelyfor menitees ofan @de and
anal ysi s systen1|s particul arly advant ageous as_di spl ays .can be prod¥ced to

di sti ngui si¢n @twéhpdswrebg@uaxths memlwgs of & greye kB?W@:NSeHP% fAerIpssiqyy before
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nodi fications wl e appar At t ose e art wt
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d bed, with.ref to.th ing d Al N5 .DEFI NI NG
THE | NVENYENIBSR (AR oL Do/ Iect ofAPh dDT SRy SRbLFED St (IR Bgour:

moving towards the control group.

15 Figure 21 shows separation between a group known to exhibit a major depressive disorder

(e.g. depression) and a group known to exhibit bipolar disorder.

Generation of the biometric displays by the neural analysis system is particularly
advantageous as displays can be produced to distinguish between subjects exhibiting a
20 range of CNS disorders or conditions, and the effect of medication, without invasive

techniques.

Many modifications will be apparent to those skilled in the art without departing from the
scope of the present invention, as hereinbefore described, with reference to the

25 accompanying drawings.



a neural event extractor for generating Sp/Ap curve data and field
potential data for background and initial response segnents obtained froma
person; awoantroel4atser for correlating the Sp/ Ap curve daraTautofoieds
potential data with pathology data for a condition, and generating

bi omar ker data points for axes of a biomarker display; and a display nodul e
for providing display data to generate the display with said points for use
in assessing said person relative to sai,d condition. 2. A neural analysis
systemas clained in claim1, wherein said pathol ogy data for the condition
is Sp/Ap curve data and field potentlal data for background and initial

response se nents obtained froma tion_kno hibit said

condi t i on. THE CLAIMY QEFQNQ}J(}ST%E E}VQE& @%Rgl‘%r%gl&-ﬁr%%\ﬁél m 2, wherein one
of said axes represents the correlation between the Sp/ Ap curve data for
the patient and the popul ation, and the other axis represents the

correl atidn betMmemrathml)fsiseiydtepnir@htdim data for the patient and the
popul ation. 4. A ne?ﬂral i

herein the badkeaenAaePpt foseeperaie SeArduRes v mit Felledtsala i e

from the rHaQt%roﬁx'ftﬂaﬂcﬁMtxa?%sﬁoﬁs@ sE@ARANEHtained Frovd h prisery. 5. A neural
anal ysis systemas clained in claim4, wherein the bacquound and initial
¢

response segmen?t sorg¢latopomicamelating ﬂi1€p§p{Aan sumle daa angnfield| patential data with 6,

aner i n 1 PSSR R Fandbh i Bafltnd Bafiho Sl BRL, M B B,

anal ysi s syg,hg,mba@lsﬂlagaldmd i n any one of the precedl ng cl ai s, V\/nerel nfor
the field potential data the segnents are hi pass fhltered t% re
artefacts. 8. A disRlanmogle ff?éP"s""&%}%& digplgx data Prﬁéﬂeria’ﬁt display with sa omts

brecedifg (ol AldThs88he b peisch RAGIVE1ALAN RRABAL eS correl ation coeffl ci ent

data for sald person representing a neasure of simlarity with the
pat hol ogy data for said condition, and correl ati on data for said person

repr esenti aSU a simlari.t ur even € aCt
obt ai ned f¥ il Spetiterbih o ity T s oreeS 0 afhEFinEla £FhR
differ encecolﬂ@ﬁl‘ﬁﬁQQ ShN 6@wE ah@tdn@Tiel@pétential data for background and initial response

segments obtained from a population known to exhibit said condition.

15
3. A neural analysis system as claimed in claim 2, wherein one of said axes represents
the correlation between the Sp/Ap curve data for the patient and the population, and the
other axis represents the correlation between the field potential data for the patient and the
population.

20
4. A neural analysis system as claimed in claim 1, 2 or 3, wherein the background and
initial response segments include data obtained from the right and left ears in response to a

stimulus.

25 5. A neural analysis system as claimed in claim 4, wherein the background and initial

response segments are obtained for ipsilateral and contralateral tilts.

6. A neural analysis system as claimed in any one of the preceding claims, wherein
for the Sp/Ap curve data the segments are DC filtered.
30

7. A neural analysis system as claimed in any one of the preceding claims, wherein



associated wth the pathol ogy data and the correlation data associated with
the control population. 9. A neural analysis systemas clained in any one
of the prwoedinmgssskai ns, wherein said condition is a ceRCTAU20BYHOYS System
condition, such as Parkinson's Di sease, Schizophrenia, Depression,

Meni ere's Di sease or Bipolar Disorder. 10. A neural analysis system as
claimed in any one of the preceding clains, wherein said neural event
extractor generates spectrograns for the ,background and initial response
segnents obtained fromthe person, and the correlator correlates the :
spectrograns with spectrograns obtained froma popul ati on known to exhibit
said condition and generates a biomarker. data point for anqgther axis of the
di spl ay. afer thg fiedd,petential dptpdhe segmantsare highinass fﬁ'&re%t%@moap Dy argfaedst r act or
for processing signals representing a response froma person's vesti bul ar
apparatus, to generate Sp/Ap curve data and field potential (Ap) loci for
time segnehts; A meoral ehaysis sfsemasraameadiimgny lvae §if/thp pregeding dhiims,ambereine Ap

Spi Ap.our VB saie e R S0 BB e Arient A4 oy RESg B ESeT BE AT at a
for thes Spéf%ﬂnﬁ&ﬁty%ﬁ%e pamglcig?%aépf& 9648 colBEHE Ghd ¥erMatiGingata féti saidl fyson
nodul e for presenting the first and second correl ation data for respective

axes of a iepweswmitinge diespirepf Bosimplaribuwith newedl \eyert eyecomdaty ebtaingddran, a
claim 11, whergein id neyral, event extr Ol rt.her t .

spect r ogr a‘f?g'%f’ EPO%”ﬁi%bo i iaﬂ'g sgid RNt LePisR ?gléel gilf%gernrc gﬁog{vge%ﬂ%?rcgﬁgltaggn dpa
spect r ogr af¥Socehtb@iwietd tHer Sethdl1bgy Aefasaid e rdogilatidn dddte bisosiackeiswith tthe auetrelge
popul ati on spectrograns to generate third correlation data, and said

di spl ay noRRpulatignesents the third correl ation data for another respective
axi s oﬁothe bi onetric display. 13. A neural analysis nethod, perfornmed by a
conputer system including: generating Sp/ Ap curve data and field potenti al
data for backgrAaurdraindalysis tsysitmraspamed is agypent ©fahe araceding cbnims, whersion;

said condition is a central nervous system condition, such as Parkinson's Disease,

Schizophrenia, Depression, Meniere's Disease or Bipolar Disorder.

15 10. A neural analysis system as claimed in any oné of the preceding claims, wherein
said neural event extractor generates spectrograms for the background and initial response
segments obtained from the person, and the correlator correlates the spectrograms with
spectrograms obtained from a population known to exhibit said condition and generates a

biomarker data point for another axis of the display.

20
11. A neural analysis system, including:

a neural event extractor for processing signals representing a response from a
person's vestibular apparatus, to generate Sp/Ap curve data and field potential (Ap) loci for
time segments;

25 a correlator for correlating the Sp/Ap curve data and the Ap loci obtained from a

person's right and left sides with average population Sp/Ap curve data and Ap loci to
generate first and second correlation data for the Sp/Ap curve data and the Ap loci, '

respectively; and

a display module for presenting the first and second correlation data for respective

30 axes of a biometric display.



correlating the Sp/Ap curve data and field potential data w th pathol ogy
data for a condition to generate biomarker data points for axes of a
bi omar kerwoi2splay4szand generating the di splay with sai dppwiau2e10fi00798se i n
assessing said person relative to said condition. 14. A neural analysis
method as clained in claim13, wherein said pathol ogy data for the
condition is Sp/Ap curve data and field potential data for background and
initial response segnents obtained from,a popul ati on known to exhibit said
condition. 15. A neural analysis nmethod as clained in claim 14, wherein one
of said axes represents the correlation between the Sp/ Ap curve data for
t he patient. and theeﬁqggiation, and the of her axiﬁ represents, the

h he

correl ati orf- bethWatHr XS &YSYOR At Flatmeth iy qlym fein spidg peprah vent

popul at i oOnirAGor AufRY BdneflI& ¥FdctroPRitOfbrasai ! @hBBR giRnG! ahtn shitl cbftelforl5,
wherein the background and initial response segnments i ncl ude data obt ai ned
from t he rdoghlatesritie Ispéatrogeanss phtained fomms éhe pergom's right and lefi7sidgs methraverage
anal ysis nmeth as clainmed in claim16. .wherein the backagrou d_initial
response ?@B%ﬁ?g SRFETURRE R 261 é&lﬁl actogregalnogn%ﬁ%’oﬁ?dr(%?@t ggg{%pt fnloﬁ {sﬂ% 18.
A neur & ghelelsithe tHRdRofteRS of aia TBi0aniothea RdspodtEveQikistdfahembiodduricdidplay. wher ei n
for theSp/ Ap curve data the segnents are DC filtered. 19. A neural analysis

nmet hod as clainmed in any one of clainms 13 to 18, wherein for the field

potential data i i artefacts.
20. A nourr ararsuREATERICnAREa HABHRAPR, b RO BLREs Rt HNENES T To.
wher ei n sai d cqeneladhg 18p/Apcundedatg enériatid ipgtendel datatfoobadeedundcarehinidat a

for said person representing measure of simlarity with the pathol ogy
data for JEIRENELIEMENtPOIRE KYPANAE on data for said person representing

a_measys e of a Rk ity SHiAPcPeIERR aRY FRld FbARA dala Witk Padiblozl Math foFam a
control popul ation, and said points represent the difference between the

corr el at i aondigiva tagewritabidnankeridatappinta foraixes 9t albiomased displaycanrd el at i on
data associated with the control. .popul ation. 21. A _neural. l.ys| t.hod
as claimed in #R°GHEE E&Pe @F@FW‘E‘SSQ’IF‘)&SP%,&S {0 5 i, gl Said PSP el e 8

eln sa
said condition.

15 14. A neural analysis method as claimed in claim 13, wherein said pathology data for
the condition is Sp/Ap curve data and field potential data for background and initial

response segments obtained from a population known to exhibit said condition.

15. . A neural analysis method as claimed in claim 14, wherein one of said axes
20 represents the correlation between the Sp/Ap curve data for the patient and the population,
and the other axis represents the correlation between the field potential data for the patient

and the population.

16. A neural analysis method as claimed in claim 13, 14 or 15, wherein the background
25  and initial response segments include data obtained from the right and left ears in response

to a stimulus.

17. A neural analysis method as claimed in claim 16, wherein the background and
initial response segments are obtained for ipsilateral and contralateral tilts.

30

18. A neural analysis method as claimed in any one of claims 13 to 17, wherein for the



condition is a central nervous system condition, such as Parkinson's

D sease, Schi zophreni a, Depression, Meniere' s Di sease or Bipolar D sorder.
22. A neuwwel2ommagissi s net hod as clained in any one of clparns20i/M07981,

i ncl udi ng generating spectrograns for the background and initial response
segnents obtained fromthe person and correl ating said spectrograns with
spectrograns obtained froma popul ation known to exhibit said condition to
generate a bi omarker data point for anqtier axis of the display. 23.
Comput er readabl e storage including conputer program code for use in
executing a nethod as clainmed in any one of clains 13 to 22.

Sp/Ap curve data the segments are DC filtered.

19. A neural analysis method as claimed in any one of claims 13 to 18, wherein for the

field potential data the segments are high pass filtered to remove DC artefacts.

20. A neural analysis method as claimed in any one of claims 13 to 19, wherein said
correlating includes generating correlation coefficient data for said person representing a
measure of similarity with the pathology data for said condition, and correlation data for
said person representing a measure of a similarity with neural event extractor data obtained
10 from a control population, and said points represent the difference between the correlation
data associated with the pathology data and the correlation data associated with the control

population.

21. A neural analysis method as claimed in any one of claims 13 to 20, wherein said
15 condition is a central nervous system condition, such as Parkinson's Disease,

Schizophrenia, Depression, Meniere's Disease or Bipolar Disorder.

22, A neural analysis method as claimed in any one of claims 13 to 21, including
generating spectrograms for the background and initial response segments obtained from
20 the person and correlating said spectrograms with spectrograms obtained from a population
known to exhibit said condition to generate a biomarker data point for another axis of the

display.

23. Computer readable storage including computer program code for use in executing a

25 method as claimed in any one of claims 13 to 22.



