WO 03/ 068564 PCT/ NLO3/00119 Title: Method for the prevention of notion

si ckness, and apparatus for detecting and signaling potentially sickening
not i ons. Wioensionssent i on relates to a method for the preventrcarNI®B/ioombi on

si ckness, and an apparatus for detecting and signaling potentially
sickening notions suitable for application in a nethod according to the

i nvention. Mtion sickness can arise when a person is exposed to one or
nore 5 specific notions for a |onger period of tinme. In addition, factors
such as tenperature, snell, nmood and digestion can play a catalyzing role.
The best-known fornms of notion sickness are sea sickness and car sickness.
Especially the latter variant occurs frequently, in particular in children.
Many sol ut i dhtlehaethaldrfoadlic heevertiapofmdbtion dicki¢ss| andtdpparsiwifoess in 1 o

general, and car deit6dtNesanil BigalinEpbhtiafl siekaiBkanotipgse are
pharnaceutlcal preventatives on the market, which need to be ingested sone

tinme before a drive and then help to suppress the notion sickness and the
acconpanyi ng cl i Mxainventionr wlatesth aamethalifedhe Presentionwli nputéorent at i ves
are generally _not wthout side ef%&cts 15 and _so the are not_suitable for
every one orflGkesseind apiapparahus d§t‘?c§1%g apd sygna %%Pﬁﬁe@@@llyaﬁlpk@@%r e
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i nherent to elr preventati cases, "t hese

preventatives wi INoHén tsédi@iesy aaﬁca@'ﬁs‘éaﬁhéﬂa $9rb6e is BHosRaad dne cheanotélgest ed
at a noment when it is not certain at all yet whether one will be 20 notion

si ck dur ng spheifigrmodons e & tangerperiogrof tﬁm@nln/ adddien, factons suclh es exanpl e

US 5 647 835 and 5 161,,196 car |ck vent atl es ar vvn whose
not o s bleBRetuR, Gty gt SeEsRER R AT A Gheal ng ke

hearing. Spegif-kaoddotRiYofGhoti¥h $Hi&ness 4885&a ﬁcﬁn@&@ﬁﬁ&@a?%m‘l&@!s@ce‘j Wi th
artificial, non-sickening sensory 25 signals. For i1nstance, 1t 1s known to

present pas3$mpgeradlwiliehladiteravaridntcocaiirs fieguahtlsnl partacidiat on yhildrérzon.
However, t hﬁeem}sr %loi'jtt&oonr}s artvequ rggdgr/\gegr? /pgggc?s% tgcc-cl)-{rlu'l_o :;)rllc?tcl)olnl glck%ess in
10 general, and car sickness in particular.

For example, there are pharmaceutical preventatives on the marketA,
which need to be ingested some time before a drive and then help to
suppress the motion sickness and the accompanying clinical picture, such as
nausea. These known preventatives are generally not without side effects

15  and so they are not suitable for every one or in every situation. This is also
why the preventatives are less suitable for frequent, for example daily use.
In addition, it is inherent to their preventative nature that, in part of the
cases, these preventatives will be taken unnecessarily, since they need to be
‘ ingested at a moment when it is not certain at all yet whether one will be
20  motion sick during the drive involved. .

Further, from various patents, for example US 5 647 835 and US
5 161 196, car sickness preventatives are known, W_hose action is based on
deception of the senses, particularly sight and hearing. Specific auditory or
visual signals are blocked or replaced with artificial, non-sickening sensory

25 signals. For instance, it is known to present passengers with an artificial

visual and/or auditory horizon. However, these solutions require



conplicated, expensive equipnent and thus seemlittle suitable for
practical daily use, for exanple in a bus or passenger car. The object of
t hi s i nvewbDiosnedss4 a met hod for the prevention of notion PCTRNI®3/8011N
occupants of a vehicle, wherein the abovenentioned 5 di sadvantages of the
known met hods mentioned above have been a&oided. For that purpose, a

nmet hod according to the invention is characterized by the neasures
accordi ng t @oflfidatdd, dxpeRsiRl AP ARER Hd i usOsee B 1Y %ﬂiﬂa‘Bﬂ? £ MARLIGAE 1S
provided with a notion sickness Tndicator, which, 1n an early SI{age,

al erts a dridely use,dod 8xampdr img baysirgmseéngdiecarehi cl e to potentially

si ckeni ng vehi cl wt'ons. % .the basis of this information, the driver or
steering system ehishbel this invendaen iy srethpd foethaprevientioncef motigp t hat
t he si ckeni [ ' O, ca ot_continue over a
| onger peri o%gc%%tslts?@&#ﬁ%@é%ﬁ%}ﬁg%’ v‘}a{%g%i?}d/?}ﬁeg dcyegﬁeen {Hent i on does not
i nvol ve Bnt eliveditdages of tiee kDbwaMEtlils ihe REHEOD abade KAGYBPR QYVBIHAL | Ves
and net hods do, but primarily in the causative source, the vehicle

noti ons. Thikomaatpurpasera sethel astording tordre inveationds chanatthodeddyor di ng

to the invencthl on_ls nore effici en%j\éth n many of the known preventatives,

in that this ﬁé{lﬁ%ﬂlr@gﬁcﬁ%ﬁ%ﬁ%fc?c Bupants of a vehicle at the sane tinme,
wi t hout having t qn HbestheARckévdeas o Phe hhf‘erﬁtﬁﬁl,%e&@}ﬁéﬁe%?romeaw ha
especi al | y advantageous in |arge vehicles with many passengers, for
exanpl e busasotifustidiareseiedicators wigtihdd anesdy shacqdilertsea deiveeoehf ects in

t he passengers and is thus suitable for every one, .in every situation, as
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t he met hod can be carried out w relative npt €~ auxi ns (in

particul ar atemtihgofshekokie Imgicah arayt thatehdi SelusHag hetionPhee §ebidel
bel ow). These auxiliary means can sinply be fitted in any vehicle or even
to one of t & PBuadBEFGEs.slo pek epnbinyeeyarrd lngeadieriad ofdimpt Thusns methodr der

for the netho function._pr.openl it.is,only 30 inmportant that t.h
noti ons of t Cgoécﬁﬁigg Pghg éﬂv%étnﬁhfiP%‘%HgéHlVlﬁ’gzveal%FWF&ti%} 1”&/\%‘%%’6’@5@&&
PCT/ NLOB£001569s0n, as known preventatives and methods do, but primarily in the

causative source, the vehicle motions. This has a number of advantages. For
example, a method according to the invention is more efficient than many of
the known preventatives, in that this method can help all occupants of a
vehicle at the same time, without having to intervene in each of them

20  separately. This is especially advantageous in large vehicles with many
passengers, for example buses. Furthermore, this method causes no adverse
side effects in the passengers and is thus suitable for every one, in every
situation, as long and as often as needed. In addition, the method, in
contrast to many of the known preventatives, has a wide practical

25  applicability, since the method can be carried out with relatively simple
auxiliary means (in particular a motion sickness indicator to be discussed in
more detail below). These auxiliary means can simply be fitted in any
vehicle or even to one of the passengers, without requiring radical
adaptations. In order for the method to function properly, it is only

30 important that the motions of the vehicle can be influenced by a driver or



3 steering systemof that vehicle to a sufficient degree. If desired, the
method can sinply be 'switched off, for exanple when none of the occupants
IS suscewDibloessso notion sickness. In that case, the driyer/Ngasosiopl y
ignore the information provided by the indicator or switch off the notion
sickness 5 indicator. A suitable notion 8ickness indicator for the nethod
can be enbodied in various manners. In a sinple enbodi nent, the indicator

can COMDY i Sgyed e oPYBHPLENSA YIRS o 3P4 ABNAL SILAL. F¢ BOUYed THET3EMIA) 2

liquid that Is at® res ring perm sSsi ons dnd i's excited

by si ckeni ngafieimphsbe Iavittian oife felagiaeplefwkae nbak iofbhé scéupmasis e for the
gravity of the sickening notion. In'a nore advanced enbodi nent, the notion
si ckness i ndiiscepdible 4p maelevmppickaespdsthah gaseihe daivesrraardmmdydeneyegtheeans,

with which th vehicle notipn,.at any rate at Je one..of its relevant
parameters foPrmsLRETPReyiged fR 108 ndtndulrilicn Al Thepantn sikhesS

perm ssidl e;ydilYgs. Or notion patterns that are stored in eval uati on neans.
Then, the outcone of this conparison can be presented to the driver with
the aid of suitaldl suitebdandtign sidaress itdichte fiopthe methol vanshd emibodiesl can
accurately and tanh% identify ,siﬁkenin .not i ons ?Q@’ in addition, provide
the driver W VATOYSTHBRNSYS: FREOPREFE G H’@Pﬁia&,l ‘Faté&ﬁ%lcel,nptrh%?:g‘&gree
of sickenin the j . t L Eng. g ko Lt e
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further el adoraid pexmibsilit vetide eestibmoaidid ecitddMentickenig mobiphact eri zed
by the nmeasures according to clainms 3-5. 25 Research has shown that the
accel erb? i ofhen thendagren of exeitaidprinptmeganrafer the geavikoel Bie sickemasgs. The
acceleration(ggn sinply be neasured and then conpared with a relation

bet ween acc&'¥®i on and motion sickness known frompractice. It has been

found that on thepbagicte Aldvaice REAROAIAEADThEBASHHE® didlhe8d ivdieMRrdEanect | on,
a correct prediction can already 30 be made with regard to the sickening
ef fect of acomiprize. mSasgEngpevangtion and rendering means, with which the -
vehicle motion, at any rate at least one of its relevant parameters for motion
15 sickness, is measured and compared with permissible values or motion
patterns that are stored in evaluation means. Then, the outcome of this
comparison can be presented to the driver with the aid of suitable rendering
means. Such a motion sickness indicator can accurately and timely identify
sickening motions and, in addition, provide the driver with further
20 information concerning, for éxample, the degree of sickening of the motions
generated by his steering. In addition, the effect of correcting steering
actions can be visualized directly.
In a further elaboration, a method according to the invention is
characterized by the measures according to claims 3-5.
25 Research has shown that the acceleration of a motion is a relevant
parameter for motion sickness. The acceleration can simply be measured
and then compared with a relation between acceleration and motion
sickness known from practice. It has been found that on the basis of an
acceleration measured in only one direction, a correct prediction can already

30 be made with regard to the sickening effect of a motion. Since motions in



WO 03/ 068564 PCT/ NLO3/ 00119 4 general and vehicle notions in particul ar
can usually be provoking with regard to notion sickness in several

di recti orwp 0Blesseccuracy of the prediction can be increa®Ped/Npp3/nEagsuri ng
t he acceleration of the vehicle notions three-dinensionally, in other
words, in three orthogonal directions. 54Then the degree of sickening can
be predicted for each separate direction. However, preferably one total

accel eration signal ,is call cul at ed. on the 1basi s of ”Le t hr ee. neasyr ed
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advant ageous]oeyived] priférably BRk hothlaceslegitign biznal hiecalovbitdon the basis
characterized by the neasures according to claim6. Further research of
the appl i canf theathrenaneasurad acheleraiion comppaenkse altesavhichdhe baeliiioz isy

notion and {he degree to whic his nmoti g n .caus i si ckness in an
aver age per Bﬁ?‘gﬁ‘_ﬁ tﬁbg %?Wﬂa’f@a pﬁ?‘”&fes 5t ?‘5@5"%’3}11%?%%%}%%1: “ith a band
pass char acheldistibfi nebhs tb BERRAGRNRIA RN jANCSROIGghal while gbt tie infusiedal cl e
motions can thus sinply be predicted by filtering the neasured

accel erat i oof sllghate atceldmtimt ¢ompondrits ssiticoapiatdd ipdbis predicitemrd st c.

The filtered signal then gives g .direct indication of.the ravity of the
mot i on si ckfewnd g¥aAge I1§/Fh%th§u§ sehherqprentabionof ths dne ‘%F&?%léﬂeeadmt 0

per sonal Ea Eﬁg kéfa?ﬂ)% W t{}{]é YR i?llﬂegévéigﬂ. 46520 £v0eiBBtin ticﬂgoilr whbfahkon

factors. €r nor e, e 1nven ates’ ' to an apparat us det ecti ng
and si gnal ini@idokRRhbsd 1ndisaioké8inoyinekiaed, incharatide] ledisty hdfttedasur es
according to claim 8.
in the vehicle as a loose instrument.
15 In a particularly advantageous embodiment, a method according to
the invention is characterized by the measures according to claim 6.
Further research of the applicant has shown that the relation
between the acceleration of a motion and the degree to which this motion
can cause motion sickness in an average person can be approximated by a
20 transfer function with a band pass characteristic. The response of an
average individual to the vehicle motions can thus simply be predicted by
filtering the measured acceleration signal of the motion with such a band
pass characteristic. The filtered signal then gives a direct indication of the
gravity of the motion sickness. Optionally, the transfer function can be
25  adjusted to personal conditions with the aid of adjustable weight and
amplification factors.
Furthermore, the invention relates to an apparatus for detecting and

signaling potentially sickening motions, characterized by the measures

according to claim 8.



WO 03/ 068564 PCT/NLO3/00119 5 Wth an apparatus according to the invention
it can be predicted whether a specific notion can cause notion sickness,
when an iwoiosiosksed , for exanpl e a passenger of a vehi cl e pCrOUl0g/0@9 exposed
to this notion for a prolonged tine. For this purpose, the apparatus has
been provided with 5 neasuring neans forsneasuring a notion paraneter that
is representative of notion sickness, for exanple an accel eration of the
notion. The nmeasured notion paraneter is_then, with the aid &&H§¥aluation

means present i nWiteangnparatisaccosdivgtodhrilnrenrndcan bppre known

frompractic 0 be permssible fr t v e ' ' :Si ess. The
eval uati on Wg‘ﬁ rlaosg%*flgp%%tl%g%r} Faglgéea%%gl\ééorl % %érgsi gjfhwﬁe i clilﬁgilr%%al ation
bet ween t heg iR dple RAp ARh8Er bMY FbMRle, ansulditse &ffosed tonhiminotiongbekness is
fixed, and on the  basis of which the sickening effect of the neasured

signal can pelesgédtined Forlthingdindsenthe depaystas daadeepmovided Winder i ng
nmeans, for exanple a LED, . LCD displ ay | ar m_ or | oudspeaker i Whi ch
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measur ement *and eval Uat1oh  means, for exanpl e for elimnating neasurenent
peaks and nBR%iH; mete@iis €hen nwithdbe did ofbvaluatmr menablpregangdindtieon. | n
a particularly advant ageous enbodi nent, an apparat us accordi{l?g 0 to the
i nventi on i sppheatast exmparpdoyithhealyes erpatieshe sPAVRGTOR RYAGHE 198212,  The

i t has _d tr at th ' [
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the accgl er ghy QlsPéorhPeissahl élg§riislﬁm(1hvveﬂich|'£i'eﬂatibhdoelnmdnﬂhssntbﬁid)mer has a
peak of around approxi mately

.16 Hz, a first cut-off freguency 25 between
appr oxi mat epyrfméierameobreteand itaredfegt v sweidor ﬁlc_k@\e‘ﬁs ﬁ@ﬁfgﬁd{h OBpERGeen
VAl uat o 1 heteatarig terdtenine e tngns Daeavsieiil plrdRsmaed,
1 anSAucer R UEHERL ) o S B gD s ot 5 Grabioal L, an

LCD display, alarm or loudspeaker, with which the outcome of the
15  evaluation means can be communicated to the user. Optionally, signal
processing means can be provided between the measurement and evaluation
means, for example for eliminating measurement peaks and measurement
noise, in order to obtain a reliable prediction.
In a particularly advantageous embodiment, an apparatus according
50  to the invention is characterized by the measures according to claims 10-12.
The applicant has demonstrated that the degree to which a motion
can cause motion sickness can be predicted by the response of a band pass
filter to the acceleration of the motions involved. Here, the band pass filter
has a peak of around approximately 0.16 Hz, a first cut-off frequency
25  between approximately 0.01 and 0.16 Hz and a second cut-off frequency
between approximately 0.16 and 1 Hz. Such a band pass filter can be used
to evaluate the sickening effect of the signal measured by the acceleration
transducer in a simple yet accurate manner.

In a further elaboration, an apparatus according to the invention is

30 characterized by the measures according to claim 13.



30 characterized by the nmeasures according to claim13. WO 03/ 068564

PCT/ NLO3/ 00119 6 Since the evaluation neans work with general data, based
on the rweponesseHf an average person, the apparatus is prefiantabberipr ovi ded
with adjustnent neans, in order to tune the sensitivity of the indicator
to the susceptibility of a specific interested party, for exanple a
passenger. The 5 adjustnent neans can conprise, for exanple, an
anplification fagtor, by ich the outcaome.qf the eval uation nmeans is

nul tiplied. The gH}qﬁs%Wta\fﬁ%téﬂ% “%%%P%‘@Oﬂwa E?Witdﬁ{”%’g"?‘?@ Mt can
al so be of ;&n38ké of 8ATHVRIzBELOS, A 4185 hroRs 1@10' Y ftpf 0 the
i ndi vi dual 1"t g%es BI ace 'eau o%at iocél I yaf,jﬁﬁgsed lo%r%e%% i nfor mathf on
recei ved fradjustment @néandi, vh dudér tutinegtheseensittivisy o€ ke Ledicatorgoaibodi nent
is particularly advantageous when the apparatus is used by only one person
or a small SYRFEBEDIEEY §B@@ﬁ® illhtet??n"stegél%ﬁd fop ggamplenqasseneereddey neans

are praqvi dﬁgj’alsitﬂlewn‘f%‘aﬁ‘gaggg‘%%ﬁﬂ%& BE%@(EM\@% %ﬁ%ﬁiﬂlﬁ?ca%gqndg&&r gyt users

can be Tstor SO tha €retire a single preference

button. 15 Wwhitlhehd butddeie sL4IR @ialaativhthednafivanliaghedls enbodi ments of a
met hod for the prevention of notion sickness and an apparatus for detecting
potential |y si ckéherginsmensmgaas ¢asdeimanually opedatedt meaharkytcaralso

i nvention, an exe ry enbodi nen f appar atus, according.to. the
venti on f BF oG8R AL Rowe It Hlte" e SRRt theBeinddie 1
operation aptkdy PAss RItBnARRIGA W28 8h feBABac iforhgtishyetdat&%rdh tHR' ©
detail with reference to a drawing. In the drawngs: Fig. 1 shows a
schematlic oushividawal afuride usar Thissepletsninfg anbagimae st isp dctrcuttadyct i ng

noti ons causing notion sickness according tp the, invention;, 25 Fig 2.
Shovis & 1 aRST@RTARAEE PO THI e RRATARE &5 Kped bY OpbY O%%BP}"%?%SP}?l?an

eopar aue aGGaTR el ASELON s, SR ALY B
ef fect of apnmadedes whighathe personal preferred settings of different users can be
stored, so that these can be retrieved with a single preference button.

15 In the further subclaims further advantageous embodiments of a
method for the prevention of motion sickness and an apparatus for detecting
potentially sickening motions are described.

In order to clarify the invention, an exemplary embodiment of an
apparatus according to the invention for detecting motions that cause

20 motion sickness as well its operation and a possible application of this will
be elucidated in more detail with reference to a drawing. In the drawings:

Fig. 1 shows a schematic overview of the various parts of an
apparatus for detecting motions causing motion sickness according to the
invention;

25 Fig 2. shows a transfer function of a suitable filter for application in
an apparatus according to the invention, and

Fig 3 shows a graphic representation of two alternative methods for
evaluating the sickening effect of a measured signal.
Figure 1 schematically shows an apparatus 1 according to the

30 invention, hereafter also referred to as motion sickness indicator, for



Figure 1 schematically shows an apparatus 1 according to the 30 invention,
hereafter also referred to as notion sickness indicator, for WO 03/068564
PCT/ NLO3/W012968564 det ecti ng notions that potentially caus@CENLoaN01Z9 ckness.
The notion sickness indicator 1 conprises neasuring neans 3, eval uation
means 5 connected thereto, and connected to these eval uation neans 5
rendering mneans 7. 5 The neasuring neans 3 are arranged for neasuring a

rel evant pg&f%g{nf‘.c{%%ﬁ?{on@‘%ﬁg? g?ﬁsjrﬁmgﬁéatg? ﬁlgﬁop%tié]&ﬂe%s. THE nddRdA cant has

denonstrate e acce Ion 1S su a relevant paraneter. On the
basi s of thgickeees aidichtvr, 1 eogphidephrdisatingnmeans Beevaldetisnt heangdrd to the
sickening effect of a notion. For this reason, the neasuring neans 3 10
conpri se oneompeqipd sharetel andcppnedted e dheser evalpationimeans fdendednar at i on
of a notion _acti on the apparatus 1 during use can be neasured,
preferably ™*&Hr ke orthogonal directions (ax, ay, az). Optionally, the

accel eragion canmh FRASHFIAG hBahy\B ok @A YgdMor dhéLfiriOfNa reldvasitnce
notions can generally be provoking with regard to notion sickness in all

three 15 dipaesmiedasiortthetinnsickaesapftike prositinst Tba appdichat bBsai ned on t he
basis of a three-di i onal signal,. Accel erati,on transducgersar

suf fi ci ent | ylefmstratg a? Fg?naﬁ?eg‘élfartt‘:‘&l Wit F"el%?]é{ B%r%?te%@& fﬁ]ee further
speci ficati@n..:.T. v, j Rtidaednii RagdiwithiBeasd &&ewd ng

ef fect of t%%Sﬁwgﬁﬁgﬁﬁ%gﬁ%hgﬁggg%@5% I?ﬁe‘neasﬂﬁgh gbcelerat?%ns. For this
pur pose, theid@nengktfati ofa mesticn. Fordins remsonatiuhmpisoringeansgn83 conpari son
means 9 and adjustnent neans 10. The cal cul ati on, geaﬂs 8.are u%gd to

cal cul ate a cosgise ere el Boxeiasrelerafien trapsdygexrsiithaghichdhe ancelexatigpe

accel eration_.co nent s. gg X f{0 I opding t he
foll owi ng u_r%&' %ﬁﬁ@& aaf%]&} %ﬁb@égp%@tyg.l &%';ﬁgg}%?ﬁ:gﬁ?&cﬁ a@'agc%% ‘eration
signal (a) ipyeldiapIyPas fedeldttRotnal AerectiofB #4), 29 aB@pEoRallfhidee conpari son
means 9 include know edge gathered from practice_concerning the response
of a nornmal geopleratipvcande measured in two or only one direction, but since motions
can generally be provoking with regard to motion sickness in all three
15  directions, the most accurate prediction can be obtained on the basis of a
three-dimensional signal. Acceleration transducers are sufficiently well-
known from practice and therefore do not require further specification.
The evaluation means 5 are used to predict the sickening effect of the
motion on the basis of the measured accelerations. For this purpose, the
20 evaluation means 5 comprise calculation means 8, comparison means 9 and
adjustment means 10. The calculation means 8 are used to calculate a total

acceleration signal (a) on the basis of the measured acceleration components

(ax, ay, 8z), for example according to the following unweighted addition:

25 The total acceleration signal (a) is then passed through the
comparison means 9. These comparison means 9 include knowledge
gathered from practice concerning the response of a normal population to
such an acceleration signal. This knowledge can be incorporated in the
comparison means 9, for example, in the form of a table with permissible

30 threshold values or a permissible acceleration pattern. Preferably, however,



such an accel eration signal. This know edge can be incorporated in the
conpari son neans 9, for exanple, in the formof a table with perm ssible 30
t hr eshol dwoaBuesseor a perm ssi bl e accel eration pattern. PPefraviabbhy19
however, WD 03/068564 PCT/NLO3/00119 8 this know edge is fixed in a
dynam c nodel. It has been found that th& degree to which an average

i ndi vidual gets notion sick due to a specific notion can be nodeled as a

band terdsti . h in Fi Thi h j.stic h
ot 5 i ght Bad e ke R Aalntcuoad B hegtedn SAERERATT UL Ueod' 1o
filter out yberdy @Whichdss ‘ﬁkr@f%;a‘eﬂlh'aﬂiﬁ‘aﬁﬁf’ BEf mefioh el @hdko adgeeifRy ation

signal (a). For this purpose, I gh-pass part has a first Cut- off
frequency (Ajotidn cdwbeenadelbe astebawd paspphavdchatistie 6. dbvanth Pigeer. The

| ow pass part .h a second. cut-of f frequency (C) of between approximtely
0.16 and 1. Mg gherRcEpRistic g @Fh@rlggﬁen?cﬁse?sr}d( %@%wafé Cﬁ%ﬁ%ﬁ?%@%@ﬁr Hz,
are filtere i t | i The
peak serisl t P by R ol Bull BERRIAMHIGAER PRI R I ERERES) 1o
Hz. Such-a ebeslatitisn signal ¢a)n Foe thigopwiperé eiche Inighheassquat tailsi ofirgtaarts 5,
for exanple, in the formof a band pass filter. Incidentally, notiaon

si ckness canffdireguencypddifcios ¢xemnlpebeiaesien agpropunatly ddphpnd §.16 Hz.

accel erati opyC onent s X, a az Leby the,Si ckeni effect can be
det erm ned ?l‘&]ﬁolg’g'éﬂé%sc%%ﬁ(tgfaast?éﬁco lgc\rll\%ﬁ r,eqéﬁ%{l%ﬂg &;b#\n!“{é%na separate
filter. Howgygroxiusdtely bN® 4:9d Al HACW{IELIAL] Bizhel GRdjuchafest ABovaadvant age

that, because only the nmeasured accel eration magnitude is used as an input
signal for tppréximaely iz areditatedomtosinch dhascdd sphigeneradly cauwesducer in

roLaon Lo e Yenlel ¢ OREoTES, LS eaTy TILS S RRLLLEH arly, favorabl
B e S
motions, 2bvhbhkedon hreainadd, dor txampla)tin the dormtof ai bayphpascfiltar. t he peri od
during which the _sickening notions occur, the potion histor f the vehicle
fromthe nonment Incidentally, motion sickness can also be predicted on the %asm of the
15 separate acceleration components (ax, ay, az), whereby the sickening effect
can be determined for each acceleration component, optionally with a
separate filter. However, using the total acceleration signal has the
advantage that, because only the measured acceleration magnitude is used
as an input signal for the filter, the orientation of the acceleration
20 transducer in relation to the vehicle becomes irrelevant. This is particularly
favorable when the motion sickness indicator can be fitted in the vehicle as
a loose instrument.
Furthermore, in the evaluation means 5, an algorithm can be
incorporated that, when evaluating the sickening effect of specific motions,
25  takes the factor time into account, in particular the period during which the
sickening motions occur, the motion history of the vehicle from the moment
of starting up, and the delay in the response of an average passenger to such
sickening motions. For it is known that motion sickness normally becomes

manifest only upon continued exposure to specific motions. A

30 time-dependent algorithm can factor this in.



of starting up, and the delay in the response of an average passenger to
such sickening notions. For it is known that notion sickness normally
becomes Wwariesss4 onl y upon continued exposure to specifi @CXLoansL19 A 30

ti me- dependent al gorithmcan factor this in. WO 03/068564 PCT/NLO3/00119 9
Research by the applicant has shown that >such a time-dependent eval uation
al gorithm can be nodel ed as a second-order |owpass filter with a tine

constant uhi ch | sidsunth BPOHE abELAUEESchbh SnhpGRRGRldo enitERE eSent e

in Figure 3, in uninterrupted nes a constant ve not 1 on bei ng
entered as avhhwitidd algprithmutas bgnabdeléf&asdewwﬁdafrdef vepiang fil{gel withed on
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even conpletely absent, for exanple because t driver of the vehicle
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eval uation rH’atv'%% vorRR i RIeedhe Revén céﬁ"lﬁtl%ﬁé"PHfs' d%%r@@%fiﬂ iAckAReiRGH4de an
algorithm which can nonitor a cunul ative neasure, which quantifies the

si ckeni ng efsftcémunng)mtmﬁneamdmloee sidlenet addvos comtanue dongerohthalendet dggree
|ntegrat|ngthe i nsta ane asurefor noti on sick sinthe tine. At
a const aft mb@ﬁre%e eStl eénpgéwsma% %%erf&mﬂrarﬁﬁ essa‘éwi%m in Fig.
dininterr t I e
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right side) being measure on

i ncreases i Rydll B@thesﬁi‘étaﬁt?m@ﬂﬂds&ldg‘t‘@e dhiven vné basigasg thitg caddets lcmal
advantage of storing infornmation relating to the driving behavior of the
driver. Thi girbEngrfelyaiial, on ioasxpmpdelkacansge b vehiskpisdgathorpsy exanpl e,

for didactic,or.
stationary.

15 Furthermore, in addition to or instead of the evaluation method
mentioned above, the evaluation means 5 can include an algorithm, which
can monitor a cumulative measure, which quantifies the sickening effect
over the whole drive. This measure is obtained by integrating the
instantaneous measure for motion sickness in the time. At a constant

20  vehicle motion, this yields a straight line, as shown in Fig. 3 in interrupted
lines, the unit (plotted on the vertical axis, on the right side) being
arbitrary. As shown in Fig.3, this measure only increases in time.

Such a cumulative drive value has the additional advantage of
storing information relating to the driving behavior of the driver. This

25 information can be advantageously employed, for example, for didactic or
administrative purposes.

Furthermore, the evaluation means 5 comprise adjustment means 10,
which can be used to adjust relevant factors for the evaluation, which can
vary depending on user or condition of use, such as, for example, the

30 temperature in the vehicle, the age of the occupant or a personal



adm ni strative purposes. Furthernore, the evaluation nmeans 5 conprise

adj ust nrent neans 10, which can be used to adjust relevant factors for the
eval uat i owp oadosssks can vary dependi ng on user or conditi olfCofNLO$@)113uUch as,
for exanple, the 30 tenperature in the vehicle, the age of the occupant or
a personal WO 03/068564 PCT/NL03/00119 10 susceptibility factor, with

whi ch the susceptibility differences between different users can be

factored i neulilifinitih Sadtbl WK icmgljiefusg{s%ﬁé%t{i&rlr@g difRITRL ke pgdist ed for

every user an ery situat’on. e a can be equi pped in

such a manndiffekait udees can bedhcasd aaj Thts, tthesmllawsahé yndiedtort foeye can al so
be of a self-learning. nature. In the latter case, the adjustnent neans
will, in théepsoualle agjusied for avrsytuses amnsk ¢vamnsiiaation: hr ough i nter acti on

ith th . Prgf | t.sh i d i,n which
breferred set i ngod austinepERla TERDT br MRitd By et a B tthas Pehose
can be retrigegdawiddiust {Hend !nﬁ‘ﬂh@alw,gflﬁrtﬁ_@?%aﬁ%lé&ﬁe ofdrdelElaPhfhg t he

ed w

nmotion sickness indicator 1 is provid rendering means 7, with which
t he out cone mefturddnethe ladtaraasapthesadjustmenbmepmeseilk, énl the causae afakdes

manner. Dependi ng on the t of, informption to . conveyed,. vari ous
rendering rré‘glﬁgt %na‘?f&“%‘& X’Eﬁéﬁ &}rﬁugﬁé{q&gﬁg pn f@tgﬁbﬁdﬁsﬁ’én? refenabl¥.ender i ng
means 7 can ' : - j t 0Nl e
Whother e Suar bt s toneE B0 K] arf phErdod, ixfwhidh pidfEfed SRR S
enbodi nent , differénidiseat or chndaivrsl me stowid; 3b ehése sdhabe rdageeel with arot i ons

are sickening, for exanple b%) means of differently colored LEDs (green for
non- si ck@ni ﬁgngﬂﬁmr@ﬁ%rpné?éﬁa Dyhen the notions 20 are on the verge and red

hen tfe ot o AGGKEEEKED! A mo o BUICE00inBBANE Y 4o Mo B AL v ¢

i ncreasing vol ume Or Trequenc _ _ orated eftbodi ment,
the nmotion sealBA®E meAHs Gaieth GdicH thd H@fcofteV6f thsdvaleh iR e ®vahO

adj ust the provocative notions in order to mnimze the sickening effect.
Such i nf or mdte prresentechm a suitable manner. Depending on the type of information to
be conveyed, various rendering means 7 are possible. In a simplest
15 embodiment, the rendering means 7 can comprise, for example, a LED or
alarm signal to indicate whether the evaluated motions are sickening or not.
In a more advanced embodiment, the indicator 1 can also indicate to what
degree the motions are sickening, for example by means of differently
colored LEDs (green for non-sickening motions, orange when the motions
20 are on the verge and red when the motions are sickening), a mounting
pointer, or an alarm with increasing volume or frequency.

In an even further elaborated embodiment, the motion sickness
indicator can further give instructions on how to adjust the provocative
motions in order to minimize the sickening effect. Such information can be

25  shown on an LCD display, for example.

An apparatus according to the invention can be used, for example, in
a vehicle to help the driver to control his driving behavior in such a manner
that this is as little sickening as possible for a fellow passenger. Since the
driver himself does not usually get sick, it is difficult for him to judge to

30 what degree his driving style can cause motion sickness in fellow



25 shown on an LCD display, for exanple. An apparatus according to the

i nvention can be used, for exanple, in a vehicle to help the driver to
control hwe 0diés8sbrg behavior in such a manner that this PSTAEOBMAIY €

si ckening as possible for a fell ow passenger. Since the driver hinself
does not usually get sick, it is difficult for himto judge to 30 what
degree his driving style can cause notion sickness in fell ow WO 03/ 068564
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i nvention can be used.t i gnal . notiqgns, associated with notion sickness at
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‘vehicle' i stime. Hordbispwinage theamiptioacsicknese inflivator] ngn e fitded indhy neans

f 10 t t. on land. _but IS and ai t al so, bel ong to th
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possi bl e. Thg, {Aydgraidatial thac dMatlb AR LGS Ahlis6Af Merbiili {He t%YﬁJf uate the
notions present in the car during the drive for théir sickening effect and

will give fcrebmiKinbo baeonsirueden tadbriohd sdnbe,cinchrdiag sit dexdtrnysyshasnodf t he
15 vehicle. In a partigcul | y advant agequs odi nt, the information
present éd i strapﬁl'f"g@ém %dgf’j)%ﬁ(eﬁéf’fgs Ba i@r@gﬁ?ﬁéo bgf%%ltodi‘hetlﬁéa%f’fons
(braki ng, td . . i : whi ch
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i nvention i spdygibie. Thanhuk instatiddtmotite skkewps aidicetvhadiviikatalud@e hewn i n
the description and the drawi ng. Many variations on this exanple are
possi bl e wi tIHOHORE PreseiHeinobie @ during thedrivedontheir sikening el axichs. For

g)é agglag’ i gt B {e% %@}[ee%%af)%% tgilgﬁﬁg)gli(%rﬁ?é £ The aﬁ%Qr 37 atsr%gerallxrll lélys fom OF ﬁ?g » can
15  vehicle. In a particularly advantageous embodiment, the information
presented is differentiated on the basis of the origin of the motions (braking,
accelerating, bends), so the driver can see exactly which driving actions
cause motion sickness and how he can adjust these.
The invention is by no means limited to the exemplary embodiment
20  shown in the description and the drawing. Many variations on this example
are possible within the framework of the invention outlined by the claims.
For example, other relevant motion parameters, such as the angular
speed, can be used to predict motion sickness.

These and comparable variations are considered to fall within the

25  scope of the invention outlined by the claims.



These and conparabl e variations are considered to fall within the 25 scope
of the invention outlined by the clains. WO 03/068564 PCT/NL0O3/00119 12
CLAI M5 1IwoAsmetskod for the prevention of notion sicknessPCca/Nosopant s of a
vehicle, wherein a notion sickness indicator is fitted in the vehicle,

whi ch indicator indicates whether vehi cle notions experienced by the
occupants during use can cause notion sickness when the occupants are
persistently exposed to these notions, wherein information com ng fromthe
indicator is fed back to a driver or a steering systemof the vehicle, al
this in such a nmanner that the driverChAIdM®eri ng system can adjust the
steering of the wvehicle in such a manner that sickening notions are
mnimzed. 2. A fnethod according to claim 1, wherein the notion sickness

i ndi cat or asur i R i ! .at.e at. | east one paranet er
It helr eof r elr%v:tﬁtgﬁlé&h%@ghﬁés ?éi%r)\éélécgdh an Oglr%édt’{l@{%esgﬁg RGN Sr?él%ef fect of

this measurehislegndlerein 4 heothassizkabsindetabl NfibRHEVIBE RtV 5B AW &
parameter and_notion_sickness known from practice, after which the outcone

of the evalligdiqasnr indigatesenhelher yehide masionmennerieiced byrihesestpantsf t he
vehicle wth the aid_of renderin ans suitable therefor. 3. A nmethod
accor di ng tocp%lilggr%sﬁ CAREEF ﬁn?tﬁ%lgﬁ}%gﬁfsﬁstw 1 et%@“?%‘isc%rted’rem}%e%é}éed on
the accel er atiRRe@to these/@tidhS, WRbEAR inMHnbiti o £ S rgd in
at | east one ir%ct?on.ez. A'nethod acégrdingu?gec g#%???pwkgPélngﬁﬁég
accel er at i orfedtbackdowetirivbeor asteanng systeas of tiek vehitler all, thssihstash nal | y

orthogonal directions (a., .ay, az), .after which the sickening effect of
each accel er'3#P8R* gﬁ@%éhe ‘i'i%“’é’éf”"eﬁ CHEE® SY§§%‘§rW‘§JPSW}@%SW@D§i o the a

relation spagiiticah) dhclel Bl e ARk biddfindhloBibl: e Miflaipdy - A nmethod

according to claim3, wherein the accelerdtron o e veni notion is
nmeasured in 2.hr eeA isetiwtanicondihy torcldiagonahedéinatici B8 0h &ickm¥s iddicatoraf t er

whi ch one scalar total acceleration (a) is determ ned according to
measures the vehicle motion, at any rate at least one parameter thereof
relevant for motion sickness, and predicts the sickening effect of this
measured signal on the basis of a relation between the measured parameter
and motion sickness known from practice, after which the outcome of the
evaluation is presented to a driver and/or steering system of the vehicle
with the aid of rendering means suitable therefor.
3. A method according to claim 2, wherein the prediction of the indicator
1s based on the acceleration of the vehicle motion, which acceleration is
measured in at least one direction.
4. A method according to claim 3, wherein the acceleration of the vehicle
motion is measured in three, substantially orthogonal directions (ax, ay, az),
after which the sickening effect of each acceleration signal is determined
separately, with the aid of a relation specifically determined for the
direction involved.
5. A method according to claim 3, wherein the acceleration of the vehicle
motion is measured in three, substantially orthogonal directions (ax, ay, az),

after which one scalar total acceleration (a) is determined according to

a=.a’+a’+a?, after which the sickening effect of the vehicle motion is



a jaX +a' +a' , after which the sickening effect of the vehicle notion is
WO 03/068564 PCT/ NLO3/00119 13 determ ned on the basis of this total

accel eratwon3/ossh the aid of a relation determ ned on tReTha®s/s0109
practical data. 6. A nethod according to _any one of the clains 3-5, wherein
the relation between the nmeasured accel &fation and the degree to which
this acceleration can result in notion sickness is nodeled as a transfer

function Wde'ﬂeﬁnﬁﬁiﬂ%r?%@bﬁ@@ro@%hf‘sr fothl SecelerafioRElRAHIRE SR S ef'gelta‘elo%ny one
of the clains 2-6, wherein the relation |ncorporated In the notion

si ckness i ndietetramedhen thepasisefpsactienl d:ataceptl bility of the normal
popul ati on to no can be adj dur| ng .use_ throu

k
i nt eracti on %f alA Bﬁgﬁgg‘%‘?‘h’ﬁlﬁ 0@8%06!%0\/9&1 (flaims 3idnavherei the qatlon
specific reIb%ttege@n%ﬂ@tméﬁug@araﬁéagﬁmﬂg%lg;tgmt gr@ece& AN ghavol ved. " 8. An

apparatus for detecting and signaling p sickening notions,

conpri si ng actelanstiow ean fresultdasnoiiog sﬁ:hh@b@&samtodﬁhidaé@é efaidFer fumiticn
si ckness of a notion experienced by the apparatus, evaluation nmeans for
conpari ng t Methddkandpaspeharacikuisaet er WI t h errpl rical data concerning the

si ckeni ng eff ect I ion 0 bas s of i ch
t he sickeni nig ef T&L‘le%ﬁngt rﬁ%@ég&y gé;t ngelr 13%
rendering W&ﬁé&pf)%teﬂrlﬁsmtmﬂﬁoﬁ%mkﬂe%Qfiﬁdféﬁ’é(ﬁ‘ ﬂh%@ r@idres@ﬁ@é‘%é)f the

eval uation nmeans to the user in a suitable manner. 9. An apparatus

according t @H@C%ntlblgty whithe nnrmhbpnpa]@mmqmptlon s1<pia1%ma¢aat be sudjusted,
acceleratlo t he nption. 0 An appar at us 8 or 9,
wherein the H?%HF‘? %r @%OW&“%Q&Q? i"glﬁl’ére appar at us
e Ty A b B S S SRR o
0.2 Hz and pnecb]gedbl y around ;B.ppl’ oximately 0.16 Hz. 12. An apparatus
according t o8 cl alAnr]l %gpglr'atus fomg{e%ltlrr]lgtaﬁsd Elagrrllghggspsotentlally sickening
motions, comprising a transducer for measuring a relevant parameter for
motion sickness of a motion experienced by the apparatus, evaluation
means for comparing the measured motion parameter with empirical data
concerning the sickening effect of comparable motion parameters, on the
basis of which the sickening effect of the measured parameter can be
estimated, and rendering means for presenting an outcome obtained by
means of the evaluation means to the user in a suitable manner.
9. An apparatus according to claim 8, wherein the measured motion
parameter is an acceleration of the motion.
10.  An apparatus according to claim 8 or 9, wherein the evaluation
means comprise a band pass filter.
11.  An apparatus according to claim 10, wherein the filter has a peak of
between approximately 0.08 and 0.3 Hz, in particular between
approximately 0.1 and 0.2 Hz and preferably around approximately 0.16 Hz.
12.  An apparatus according to claim 10 or 11, wherein the band pass

filter has a first cut-off frequency of between approximately 0.01 and 0.16

Hz and a second cut-off frequency of between approximately 0.16 and 1 Hz.



filter has a first cut-off frequency of between approximtely 0.01 and 0. 16
Hz and a second cut-off frequency of between approximtely 0.16 and 1 Hz.
WO 03/ 068W643PSF6NL03/ 00119 14 13. An apparat us accor di n@CronLasyoiane of
clainms 9-12, wherein the apparatus conprises adjustnment means, for
adjusting at |east one anplification faéfor, making the susceptibility of
the apparatus adjustable to an individual user's susceptibility to notion
si ckness. 1413.An ARRBpAkMRALEOFHnBGolty il 57 ddim Vel £1PnLg, gll ust ment
nmeans are self-learning. 15. An apparatus accoré?ng 0 any one of the

cl ai ns 8- 14,appeeabincathprisep pdjutment amumss éor adjustisicng, lewbi 6ke i s provi ded
wth fasteners gﬁor.fi ti,n par at us Eositionally fixed in, for

t
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| ow- pass filter, for determ ning dependen esﬁr ee of sickening, in
particul ar dependimgppardtve auobrding thickdial ¥3, Wh@réih”ﬁhe%ﬁsﬁﬂﬂé&ﬁ"m%iaﬁﬁem ng
not i ons occur anﬂ/ or an average response tinme of a passénger to suc

si ckeni ng mot'eSRY:leaynings apparatus according to claim 16, wherein the
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integrator, for determning a cunulative degree of sickening, rrealsu,
over a specithf @pperabes positipnelly fixed in, for example, a vehicle or vessel or to a

passenger.

16.  An apparatus according to any one of the claims 8-15, wherein the
evaluation means comprise a low-pass filter, for determining a time-
dependent degree of sickening, in particular depending on the motion
history, the time over which sickening motions occur and/or an average
response time of a passenger to such sickening motions.

17. An apparatus according to claim 16, wherein the low-pass filter has a
time constant of between approximately 10 and 15 minutes, preferably
approximately 12 minutes.

18.  An apparatus according to any one of the claims 8-17 , wherein the
evaluation means comprise an integrator, for determining a cumulative

degree of sickening, measured over a specific period of time.



