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[k [P 1l *159159* 1| SENSOR FOR EARLY
H“m“l |M&k SEISM C ACTIVITIES Field of the Invention
e present invention relates to a detector. In
pdf®Pctul ar, the invention rellates to a nethod and
system detecting and early warning of seismc
activities. Background [0002] Earthquakes can cause
| ar gSENNSOR FORr Y WARNING(OF SEESMIG ATEVHTES
early warning and sufficient tinme for evacuati on, :
val uable lives can be Ilost. For those who survive in
a destructive earthquake, the physical trauma and
mental agony of the | oss may be trenendous. [0003]
The occurrence of an edreldpithednventionspeci fic
magni tude range will occur in a specific region and
{00et] wi ndowhe $resnbinventidsredates tonmbidtectorn hir patticular, the invention
eart hquakes accurately. The unpredictability of
eclated thintiodrand ls?ﬁ&n,t daeRingfah@ ehidflwaiiing 6F RERGE activities.
victims with little or no tine to respond especially
at peak traffic hours or when victins are asleep.
[ 0004] Conmon seism c alarm systeminvol ves
conplicated setup and is eperal l.y costly. Parts of
Sout h- East Asia were recen WgE‘HDSpI ed by jolts of
eart hquakes and tsunam s and nost of the brunt was
borne by the poor and the needy. Mdre are predicted.
There was definitely a need to devel op a sinple
899”heer i nFartbguaker opant ausey dargprseale destruction over a wide area.

Without any early warning and sufficient time for evacuation, valuable lives can be
lost. For those who survive in a destructive carthquake, the physical trauma and mental

agony of the loss may be tremendous.

fooo3] The occurrence of an earthquake in a speciﬁc magnitude range will
occur in a spéciﬁc region and time. window. Seismologists are unable to predict
earthquakes accurately. The unpredictability of earthquake surprises those affected and
present victims with little or no time to respond especially at peak traffic hours or when

victims are asleep.

[0004] Common seismic alarm system involves complicated setup and is
generally costly. Parts of South-East Asia were recently crippled by jolts of
earthquakes and tsunamis and most of the brunt was borne by the poor and the needy.
More are predicted. There was definitely a need to develop a simple engineering

solution to save them.
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PCT/ SG2007/ 000144 kM u. zuc, ' (/ uu014 2 [0005] Most

. eart hquake detectors use a heavy weight attached to a

coil nmoving inside a magnetic,field. Seismc activity
causes the ground and at t ached? magnet to nove.

El aborate el ectronic filters and danpi ng needs to be

enpl oyed before a neaningful signal is obtained. Such

a systemis not suitable for hone use. [0006] Hone

qocuSp det eqviost xafthqulaky detedtond hseRERSAVY WEIght aREMNE ;ig atCﬁil moving
e

within a netallic electrically connected cone.

HAKIDO b mapnRtié Held. SBRnRAE Q@Wié’&kﬂs@é ﬂﬁgé'bﬁﬁf‘i gnscie BRadR Snagnet to

wal | and a signal is generat Howev

. | 19) f.fal
G555 R FhE PR el SR G Sl B FoplFeT bt

al so. enmpl oy . si gnal tection using a i pation
&m&@ﬁ%&@%@qgf@ g Systgm gwﬂ% Swfa@ % hage use.

t echni ques which add to the cost of the manufacturing

of the device and are hence expensive to own and use

in rural areas. [0007] US5, 001, 466 issued on 19 March

10®8] t 0 DaHaim& quikd detsttprseemplaly.a smald pendidamasuspended within a
eart hquake detector. The detector requires two

maetallic elecirallp coinderd cone. Ak the 8@h69 ard fRIt, thHegendulum hits against
detector. The detector can be adjusted to tune its

B 8brid Whll ¥nd @ sfgnaPfy fdnrtied. HRRIVEEL idsO detelford ﬁ'et%rgne to a large

however understood that when the sensitivity Is

' r ' . u ve h
B of BN ol bl o oy B EGRERL RGN MO el
%Egl}lgg g%tgtggd& %s@ﬁgnatclg?nbﬁneargi%htrhgéb%chsmggn% zln V\cllig{t;.l srlrgaxYal processing

techniques which add to the cost of the manufacturing of the device and are hence

expensive to own and use in rural areas.

[000'(] ' US5,001,466 issued on 19 March 1991 to David E. Orlinsky et. al.
discloses an earthquake detector. The detector requires two mercury-type switches as
tilt sensor for the detector. The detector can be adjusted to tune its sensitivity to a
particular application. It is however understood that when the sensitivity is too high,
the sensors pick up all extraneous events, such as door slamming, and trigger false
alarm. On the other hand, when the sensitivity is too low, it may not sense pre-
earthquake vibrations to trigger early warning to the user. Furthermore, mercury is

toxic and has relatively high viscosity to react instantaneously.

Summary
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user. Furthernore,

relatively high VISCOSIty to react instantaneously.

Summary Date of receipt: 11 June 2007 (11.06.2007)

PCT/ S&G2007/ 000144 0 A 3 [0008] In accordance with one
aspect, the present invention provides a sensor for

sensing vibration conprises a container for containing
doendiict i ve Iinl ascdrdancegwithroshe aspett;! the eesptavivéiridnprovides a sensor
the contai ner, wherein the ground electrode is in

dbﬂkaﬁing\/\hbfhtloh%nﬁﬂ@édlﬁ lcbi@inkt forceont@ting BendiRHSE rflui<§ a ground
operational; and a sensing el ectrode adjacent to

HlQdde Sl'cﬁf?derdovdﬁuh 'il'neS nert WRerfihE {&ﬁ)lﬁhp f -quog@ls lﬁ contact with

conflgured to be in a close prOX|m

gg% uct | é\52"' fll'lll#i hec? augggdso%fs O&c}: 183? 8’6‘{1%! &aspgﬁzl%gpaggwacem to
HFeg%go ng el ectyode an&pthe .sensi ng el ectrode when

% ‘H%p eeiEo cempasﬁd nensipg slecods it configuredyf: jhedn a close
the conductive fluid. [0009] In accordance with one
drimityeter therqpaductivei fijdewbereing de opemtionfthe gonductive fluid causes
capillary groove. In accordance w th another

eldetrialmondudtioa tweem theegroahd elketrody and ahg eaisirigoelectrode when
closing to the ground el ectrode to provide capillary

ldié eipples 862 ]and thesefising ale6@odM tolickis Bl Rhd&dthediui@nt ,

the sensor further conprises a fluid |evel sensor for

detecting the fluid level. [0011] - In the above
aspect, it is possible that the conductive fluid has a

55 o s oy e

d| ment e sen further e
SPRNER Bipor DEACcRtAtse anlh ifther ambedgnint e susing glgrigode may
ebeect rode., The
positioned closing to the ground electrode to provide capillary effect.

[0010] In accordance with another embodiment, the sensor further comprises a

fluid level sensor for detecting the fluid level.

[0011] - In the above aspect, it is possible that the conductive fluid has a low

viscosity. Further, the conductive fluid may be water.

[0012) In accordance with yet another embodiment, the sensor may further
comprise a plurality of sensing electrodes adjacent to the ground electrode. The
plurality of sensing electrodes may have a same proximity from the fluid surface. It is
also possible that the plurality of sensing electrodes has a different proximity from the

fluid surface from each other.



plurality of sensing. electrodes may have a sa -
proximty fromthe fg[?‘ﬁ‘??fr%‘ﬁ'lpf’a\&é‘f“e?é?mi(Q'OG&P@éggyége‘fW.@(}O“é v0D14%
that the plurality of sensing electrodes has a
different proximty fromthe fluid surface from each
other. Date of receipt: 11 June 2007 (11.06.20071
PCT/ S&007/ 000144 wW 0 14? 4 T0013] In accordance
with yet another enbodinment, the fluid | evel sensor
deensl i ses dnsheaoplance valle gtet aoiothef @fbédiment, ythe floidt k@el sensor
enbodi ment, the sensor further conprises an automatic
fdompﬂlséﬁaéhakﬁbﬁpetebtrmr ed by the fluid | evel sensor.

is possible that the automatic fluid re-filler is
a mni syringe or a diffuser punp. Brief Description
of the Drawi ngs [0015] This invention will be

0L BN Sl Bbodiehl e SERO? HEBE Sorise apgputomatic

, 1N whi IAi]lustrates a
S0t s tftgie i gt 3R lewsd sonsarndt aposyjbie it the automatic i
accordance Wi th one enbodi ment of the present
iTavfRler isoh mipoeyringe pr & diffugrpumpst rat es a schematic
di agram of the sensing systemof FIG | A when the
sensing systemis triggered on; [0018] FIG 2
illustrates el ectrodes |ayout of a sensor in
accordance W t h oneBriefhedii ofathe DRGviRgE S ent
invention; [0019] FIG 3 illustrates a conf| guration
of electrodes of the sensor in accordance wth
anot her enbodi nent of the present invention; Date of

8% Pfhis :Hverw&? vgﬂ% éeu:n% 8)0(%»7&%' Wmﬁ%‘?&gan%%ems of the

present invention, with reference to the accompanying drawings, in which:

[0016] FIG. 1A illustrates a schematic diagram of a seismic sensing system in

accordance with one embodiment of the present invention;

[0017) FIG. 1B illustrates a schematic diagram of the sensing system of FIG.

1A when the sensing system is triggered on;

[0018] FIG. 2 illustrates electrodes layout of a sensor in accordance with one

embodiment of the present invention;

[0019] FIG. 3 illustrates a configuration of electrodes of the sensor in

accordance with another embodiment of the present invention,;
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W th yet another enbo esent mfen-t ¥ oy,
[0021] FIG B5A illustrates an expl oded view of a
sensor in accordance with yet another enbodi nent of
the present invention; and [0022] FIG 5B shows a
perspective view of a bottom sturface of a sensing
plate of the sensor of FIG 5A in accordance with one
d020li ment KJG. dlilustratesersensomie acdoodance ith 381 arfokl@Er embodiment of
illustrates a circuit of a seism c sensing systemin
ahe presan deventibh;h one enbodi ment of the present
invention; and [0024] FIG 7 illustrates a circuit of
a seismc sensing systemin accordance wth an
alternative enbodi nent of the present invention. Date

cei pt u 7 ) . .

Ao ECS 0L EES SR MGsEE o ddpiofeaYiad of,8 SERSOf, i1} 3ggordance with yet
[ 00 .ine h_t he above su ry, the follow ng

%‘F} fff‘p%‘h ‘\#thﬁ%’é?m ’BYe“E'B{%tZ;}Hac and alternative
errbodl ments are provided to understand the inventive
features of the present invention. It shall be
apparent to one skilled in the art, however- that this
i[PA28ht i on nE(s. 5B shows wipsespetiviehoew of abbttemauificecof a sensing plate
details. Sone of the details may not be described at
|ofitiggt densar fFIGOS Atin acdosdance withenereitbotingent of e pessest iflention;
reference, conmmon reference nunerals wll be used
t hroughout the figures when referring to the sane or
simlar features common to the flgures [0026] FIG 1A

'[béﬂft r at eSF 18, 9 RERAES 2 LiRANASP £he Qmﬁeéeig{hg s§'§t@§1| {t9accordance

system 1

with one embodiment of the present invention; and

[0024] FIG. 7 illustrates a circuit of a seismic sensing system in accordance

with an alternative embodiment of the present invention.



In accordance with opg, &‘I@&gﬁ”ﬁGBne%O?t('ﬂ?oeoio@ﬁ%tr/scfgtg/pooui -

invention. The sensing system conprises an

a power source 104, a main switch 106, and a sensor
110 connecting to each other in serial connection.
Briefly, the alarm 120 provideﬁwaudio and vi sual
war ni ng when the sensing system 100 is triggered.

Audi o warning can be generated by any | oudspeaker or
siren or the |ike depen®etailedDastriptiomvel and the type
of audio that is to be sounded. Visual warning can be
generated by any warning |ight, such as beacons,
strobe lights. The power source 104 provides power to

qoeas5gi ze t M likowith B 8H6%E %mr&&@% the %lﬂﬁhﬁg al‘,\éch?ﬂo& 8F a number
Is a main power on and off swtc sensor

St ﬁ%sax?d %ﬁgﬁb : 2 mbg)ﬁﬂnénli@taré ?Ji% | QRSB $he inventive

nor y opene € sensor senses any

th itowill tri ed close for |vat n
025 P he bisst shvepfin Jt%ﬁ#hﬁ a0 gr S ¢'fit, however
tfx:gtbx referrin ngl G. theﬂgoensng 110 corrprl ses
f sdBY¢itien %ﬁ pragtise 1‘!’4‘10‘5 Sb}?*b%melﬁﬁldé&ﬂlso&@ﬂm# the details

and a sensing electrode 118. The fluid colum 112 is
m&knﬁfberd@é@%d:at length secas 100 o gbiscurgghoimyation. For ease of reference,
PCT/ S&007/ 000144 0144 7 a seal ed container having

tonmman referehee nymeralsshitivbe) used throaghout thefigures echer réferring to the
surface of the fluid colum 112 for el ectrical

Gaime & sinfillar fddttreb comthonQb tidYigukds.Nas a hol | ow space
for containing the fluid 114. The fluid 114 only fills

up the hollow space partially. The ground el ectrode
116 and the sensing electrode 118 are two el ongat ed

S|, RS o o S e 10
bR S b B8 b e a&ﬁaéérz R N—
Octol;]n(:"prrlslesn agg?ce i0 aavgcl)»gerdéoru?gg l(ﬂ eacyainc ?\!Vltgho?(tmacatnd a sensor 110
connecting to each other in serial connection. Briefly, the alarm 120 provides audio
and visual warning when the sensing system 100 is triggered. Audio warning can be
génerated by any loudspeaker or siren or the like depending on the level and the type of
audio that is to be sounded. Visual warning can be generated by any warning light,
such as beacons, strobe lights. The power source 104 provides powér to energize the
sensing system 100. The main switch 106 is a main power on and off switch. The
sensor 110 serves as a sensing switch that is configured to be normally opened. When

the sensor 110 senses any vibration, it will be triggered close for activating the alarm

102 to provide warning signals.

[0027] Still referring to FIG. 1A, the sensor 110 comprises a fluid column 112,

fluid 114, a ground electrode 116 and a sensing electrode 118. The fluid column 112 is

0144
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| ength than the sensing JeT8etT O

the sensor 110 is oriented upright and still, the
ground electrode 116 has one end dips into or touches
the fluid 114 where the sensing el ectrode 118 is just
slightly short of it, i.e. hav¥ng a close proximty to
the surface of the fluid 114. That nakes the sensor

14l Sbabedroontaihérthaoingted temmindll (Ndt®Rowh) éxpokélomthe t%p exterior surface
operating orientation. The sensing el ectrode 118 has a

Coffthé IfRid cAluRDVE1 2147 eﬁ@frﬁcﬁ?%rﬁ\&?tgrb ig?epﬁ?iﬁfcoi 112 has a hollow

sensing el ectrode 118. [002 ustrates a

SRS A b 0 BB B0y o e
D 1 a6 S bt 8 o

vibrations, the fluid 114 there within produces
rGopghetng metals that exdended datpdhe hellow spagscaf the flyid: epdamm112. Each

and transverse waves upon physical vibration. The
sofrthe electoddeis|1d 61 181is comnected tb lone df thealvonermiiddls. pTheltvaeeectrodes
up-down (Z-Axis) novenents when the contai ner shakes

| 1163 118 are lavhtedradjdcem@Yeathk othefoin Spaced @voidUdirdcP elebtfical contact
ripples, the fluid 114 touches the sensing el ectrode

Iith 3aeh Gihkres TRE GabuddC lece ORI Y$6 1D é&bgnggtf Ebggglem the sensing

ground el ectrode 7116 and the sensin

t trii ' .Leceipt.a, L1
SIS 198 JHERF M0 S SARR A 1% BB ShrigR ™y, te ground
9],.! e above .egbodi pent, the sensjtjvity of the )
LBt 11 B 38R ipS L aicBes e iy M ewhere B sensing
sensi electrode 116 and the fluid |evel. This can be
cﬁwﬁ? A48 15ush shghtly shertiafdt, d€o havipe p close preximity tosthecsurface of
this sensing system 100 would be used. It is possible
tﬂ‘i&tﬂ“ﬂ%él‘&e?@w mekes thgysensop il nymally ropeneshswitchnwheryit is in an
el ectrode
operating orientation. The sensing electrode 118 has a capillary groove 119 defined at

the end of the sensing electrode 118.

[0028] FIG. 1B illustrates a schematic diagram of the sensing system 100 of
FIG. 1A when the sensor 110 is triggered on, i.e. the sensor 110 is closed. The sensor
110 is triggered on when it senses vibrations. When the sensor 110 senses vibrations,
the fluid 114 there within produces ripples, i.e. waves interference between longitudinal
and transverse waves upon physical vibration. The surface of fluid 114 in the fluid
column 112 produces up-down (Z-Axis) movements when the container shakes in a
lateral or sideway (X-Y Axis) mode. Due to the ripples, the fluid 114 touches the
sensing electrode 118 and causes electrical conduction between the ground electrode

116 and the sensing electrode 118 thereby triggering the sensor 110.
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the present invention. e sensi ng ectt
is provided in a different |length for sensing
different level of vibrations. [0030] The capillary
groove 119 provides capillary effect to hold fluid
onto the sensing el ectrode evén after the
fore-shocks/vi brati ons have subsided to allow the

alo82gh t o solmtheabove embodiment, fthe ednsitividyastahé gensor 100 depends on
ef fectiveness and detect short inpul sive fore-shocks

othe adistangec bebwegn Shé Qeﬁbi?grelé&%a@ 916 4B hglldt RGel2OPHE can be

enbodi ment, it is provided that the ground ectrode

ﬁlﬁtomﬂ@&i i’c&)f*‘d?ﬂé tb @ %Eﬁ%ﬁllﬁhﬁ'ag& fflc{glgi@ﬁ Hﬁx\dsetémﬁptggﬁgem 100 would

uid when the Senso S ori ernt upr

' ' e erati orientation. |n )

Zl]c;:écllldére a %tclg p?v%;fmé zlélhnat a ctsgp%%g??/ ay pra¥ide mare thapgge sensing electrode
internal surface of the fluid colum 112 can be nmade

a@‘? Weac(‘j%ﬁﬂﬁe with an; glicmative emhodimens of the presgnydmyention. Each of
FIG 2 illustrates electrodes |ayout of a sensor 200

i the sensing sleetrodgstin previdedin a aliffergntilengthofor tsbrsing diffendnt level of
i nvention. The sensor 200 has a ground el ectrode 202
avibratiops.ural i ty of sensing el ectrode 204. The ground

el ectrode 202 is located substantially at the center

of the sensor 200. Surrounding which, the plurality of
sensing el ectrodes 204 are spaced apart in a plurality

i1y S e A et SRS oo
B AR 5 A8 b e P bt e

are connected to.a co n term pal ,(not_shown) for the
alarm’ to Soun contmuouslg;n%lergby enpmncnrgg effectwene?ss and detect short

impulsive fore-shocks of an impending strong earthquake.

[0031] In the above embodiment, it is provided that the ground electrode 116
has a length that providing contact with the fluid when the sensor 110 is oriented
upright and still, i.e. in the operating orientation. In accordance with an alternative
embodiment, the internal surface of the fluid column 112 can be made as the ground

electrode to the sensor 110.

[0032] FIG. 2 illustrates electrodes layout of a sensor 200 in accordance with
another embodiment of the present invention. The sensor 200 has a ground electrode
202 and a plurality of sensing electrode 204. The ground electrode 202 is located
substantially at the center of the sensor 200. Surrounding which, the plurality of
sensing electrodes 204 are spaced apart in a plurality of locations. The ground

electrode 202 is connected to a terminal (not shown) for the sensor 200. The plurality



sensor 200. All the sensin s. 20 sanme

ength within the SoREOR BowE 11 s SPoUH bR EErBediTionas, 0 1 44
202 is longer than the senS|ng el ectrode 204 and

aligned with the sensing electrode 204 within the

sensor 200 in a manner simlar to the sensor 110 of

FIG |A [0033] Referring back9to FIG IA the sensing

el ectrode 118 provides the capillary groove for

t ofosensing dléatiodes 204 aire) cometel! t8i 41 co RN rRIHEL (Ho® Qhown) for the
FIG 3 illustrates a configuration of electrodes of

t AscTABOT AR PRk séhsRHpCERDREE204 meyaeﬁaﬂ] %tlﬂs y rth1§ (%e sensor 200.

enbodi ment of the present 1nvention

T ol Blop 8% 20 e Bmn 535 ¢ %Psei#%argf %ltz“s@ with the
5608 B B b 0 Y SRSt o B2 110 o

conflgured to be cl osed enough for providing capillary
At o trap fluid between the gap of the two

el ectrodes. Specifically, when the fluid ripples
occurs causing the sensing el ectrode 304 touches the
fluid, some fluid 310 traps between the two

efoesa) r odes Referrigd) back W PIG. HA the idnbingt élait®de 18 provides the
sensor 400 in accordance with yet another enbodi nent

Odaplliagy Rr6&wN for Wapping Offuid TiereR Wieh 104 H@eélo%gfe’d FIG. 3

features and configuration of the sensor

S, i o HSOST A3 B 0 o iy, v
B o 1 A O e
d he f d | b

S T U, a0 e, e e

tg. the circuit connected there to. The signal can be
usieR) closely drut aies invglestrioab portags ipitte cachhethers | Fhedistance thgtween the
used to trigger a warning sign or the like to indicate
t ¢lectradre isf damfigutedite|beickosed enough for providing capillary effect to trap fluid

between the gap of the two electrodes. Specifically, when the fluid ripples occurs
causing the sensing electrode 304 touches the fluid, some fluid 310 traps between the

two electrodes 302, 304.

[0034] FIG. 4 illustrates a sensor 400 in accordance with yet another
embodiment of the present invention. The sensor 400 has similar features and
configuration of the sensor 110 of FIG. 1A. The sensor 400 further comprises a fluid
level sensor 410. The fluid level sensor 410 is provided for sensing if the fluid inside
the fluid column is in a desired level 420. When the fluid level sensor 410 detects that
the fluid level is below a desired level, the fluid level sensor 410 sends out a signal to
the circuit connected there to. The signal can be used in various ways, for example, the

signal can be used to trigger a warning sign or the like to indicate that the fluid level is
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and require refilling. The signal can also be used to
trigger an automatic refiller to refill the fluid
when the fluid is low [0035] Still referring to FIG
4, the fluid I evel sensor 410 s a sharp tip for
sensing the fluid level to avoid fluid adhesion. If a
bbelawy the desired lenel and quire pefillings dhe aignal ¢am disobeluded\e krigger an
i's dropping gradually below a desired level, to a
cantomatic refillenth refiiehé fluidovhemalie Shidlis losw.i ng ont o the
broad surface detector tip. Under the circunstance,
the fluid Ievel sensor 410 will not trigger any
warni ng signal or the automatic refiller to top up

] 'S L PRG0S 40 PGS e o oo o

ok s e 055 3050 o o i i,
r 'nég signal or autqQmatic refiller to top up fluid. _
\[A@B%} feived 1s gronping graduallybelow a,desirmddavel ctosrertainextend, the fluid

view of a sensor 500 in accordance with one
emay gtikehng onta the bypads surface etector dip.  Uhdergbe siveurbdishce, the fluid
conprises an automatic refiller 510, a sensing plate

S20el sensoo i @iwillrndd 3Aggen dnp waehing isiganl 6 the Rutowatic @Bfiller to top up
pl ate 540. The automatic refiller 510 is a fluid

r fhid | witgh therflid iedpy bélow! theiddsivliERvell P 58y tpN6n the other hand,
automatic refiller 510 is nounted on a top sufface o?

P8 vide 3 icidn Mrédewith 4% gﬁi@ﬁﬁé’%ﬁ%ﬁoﬁ% ghﬁ {(égélqaﬁsaGelow the

t
be a mni syringe or a

tx] fluid.sensor for refilli f l.ui d when .
s L 8t e R Bbnab stomalf sl oo by Gid
the container 530. The el ectronic sub-system pl ate 540

is adapted for housing printed circuit board therein

for the necgssary operation of the sensor 500. FIG
F8038lows a E@sﬁ&‘t‘ﬁ“@‘éﬁt‘?ﬁ anyesploded, perspentive rview cof5p senspr 500 in
the sensing plate 520 in

accordance with one embodiment of the present invention. The sensor 500 comprises

an automatic refiller 510, a sensing plate 520, a container 530 and an electronic sub-
system plate 540. The automatic refiller 510 is a fluid refiller for supplying fluid when
required. The automatic refiller 510 is mounted on a top surface of the sensing plate
520. The automatic refiller 510 can be a mini syringe or a diffuser pump or the like
trigger by a fluid sensor for refilling fluid when necessary. The sensing plate 520 is
adapted to cover the container 530. The electronic sub-system plate 540 is adapted for
housing printed circuit board therein for the necessary operation of the sensor 500.
FIG. 5B shows a perspective view of a bottom surface 522 of the sensing plate 520 in
accordance with one embodiment of the present invention. Various components can be
shown on the bottom surface 522. The components include a shock sensing electrode

525, a fluid level sensor 527 and a ground electrode 529. The shock sensing electrode
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i nvention. Various conponents can be

bottom surface 522. The conponents include a shock
sensing el ectrode 525, a fluid | evel sensor 527 and a
ground el ectrode 529. The shock sensing el ectrode Date
of receipt: 11 June 2007 (11.d4&. 2007)

PCT/ SG2007/000144_ 1 01 4 4 11 525 is in a form of

1325 deinqu fortreof threerphartbmdoand platenigavingd plusdlity yf edpillary grooves 526
capillary grooves 526 defined thereon. The ground

lefifiéd foh2 The rouhdeléct¥odt 329 & iHUDRIRAVrladlibdarfttafty 'qBArter round
round plate |ocating beside the shock sensing

R 'i%c‘ﬁfiﬁ% 5%52?& Ehessﬂﬁﬁf aen-ogﬁ %Lé&oﬁe 3% §h sﬁ ac 2013%?&3 1dvél sensor

a L-shape attache e sensing p

t hock .sensj n el ectrode 5 nd th .

RIS el o “wBERSL A8 e sireci e S Bctivsen Fhgcshgek sensing
%%%atgé #higk ess than the shock sensiqg el ectrode

trods 525 apy e grund cikstrode 539, T eraund-alewtradect?d hana ereater
ground el ectrode 529 will dip into the fluid while the
dhigknasy thancther thoek sensing jelgotroder 525. Simiilarly;Tivben [the censor 500 is
| evel sensor 527 senses the fluid level within the
@sseimhilew; thésgdund\eleotrode829 will diptintonthe dluid vhile thd dehsifig electrode
the contai ner 530, the fluid |level sensor 527
ti§ isigtar shokhef aut TRt flid" RVl seborS88y énse®fthd Iflufd Wvedl WRthin the
a desired level. [0037] FIG 6 illustrates a circuit

@Bftaktler 33¢.CWHER thet S %&N%‘ R VAthif ‘&'feo&)?;ﬁzﬂﬁ& 350! the fluid level
esent e CI

one enbodi nent of the pr I nvent1 on. rclnt

b S er 1 Lh.switch 62 a
3phtof SERfehine BBl T S1g B FBI Pl S 12l
The battery 610 is the power source for the circuit
600. Beyond which, a main switch 620 is connected in
series for controlling the circuit 600 on and off. The )
P 640 Klknt 6 Hiystrates @ qivylt 6PR e eeismigngensing system in
beacons 644, connecting in parallel, for providing
agenrdancavith ensmembodiment ofthe ptesent inventine. The eirodit 600 comprising
enmergency. The alarm 640 is
a battery 610, a main switch 620, an alarm 640, a sensor 630 and a battery indicator

61S. The battery 610 is the power source for the circuit 600. Beyond which, a main
switch 620 is connected in series for controlling the circuit 600 on and off. The alarm
640 that includes a loud speaker 642 and a beacons 644, connecting in parallel, for
providing audio and visual alarm indication in the case of emergency. The alarm 640 is
connected in series with the battery 610. A switching transistor 645 is connected
between the alarm 640 and the negative terminal of the battery 610 as an electronic
switch. Suitably, a bipolar junction NPN transistor can be used for the circuit 600. The
sensor 630 is connected between the switch 620 and the alarm 640 to trigger the alarm
640. The sensor 630 has a ground electrode 632 and a sensing electrode 634 with a
similar configuration as the sensor 110 of FIG. 1A. The sensing electrode 634 is

connected to a base of the switching transistor 645. When fluid ripples occurs due to



L in series i . |
ransi stor 64515 ootk Tabaloriitheupbahfoifipos 10144

the negative termnal of the battery 610 as an

electronic switch. Suitably, a bipolar junction NPN

transi stor can be used for the_circuit 600. The

sensor 630 is connected betwedd the switch 620 and the
alarm 640 to trigger the alarm 640. The sensor 630

iphysical gitratichss thectwooelectt@izs 32 and $34 arenshoeted aihd @dendiBdurrent is
Wth a simlar configuration as the sensor 110 of

kért.to tggef ke Switching thsisor 648 t®adivate the ARMACE4T TRe Sircuit 600
base of the switching transistor 645. \Wen fluid

fal t:04: Lt -

D SRR BB TRE S 5 St e e s

vi brations, the two el ectrodes 632 and 634 are shorted

and a snmall current is sent to trigger the switching
“transistor &éS o.activate the alarm 640. The circuit .
6381 al so F1G- udellugtrpfstiea clrchit 200 o 8 a3eiymig 1 sensing system in
indicating the battery 610 status. (0038] FIG 7
iap¢ardance math an ajternative erdodimhert of Biepresentsiomeritivg. SEhetcinenit 700 is
in accordance with an alternative enbodi nent of the
ulestantinlly thecsatmecas. thd biecuit 600ubft FIGD 6 eieept shab gieasiicuit! M09 provides a
the sane as the circuit 600 of FIG 6 except that the

Fluidlevél sZﬁﬁng eiRvii€l Theairchit 700! cbxﬁ?ﬁ‘iiné@ Batterd 780, £ihain switch 720,
The circuit 700 conprising a battery 710, a main
trlic(f;"{sythe power

Wity 74P a seﬁ%rah@rdﬁhyfgattegyl | Ser 7430 Flhaf
.fs8|5:c£ ?&' tﬁ. rg%&llx% 7(?(9 OBe %e o\gﬁj’xcfghg {1:1?}& ﬁ%\fl r(l:g '7?8 3§M 8‘%&%&%7 Qn series for

. e
i ndi cator 715. The battery the power sdu
'S connec Séeri or on

700 and af f. e al 740 that j.ncl ude | oud

pRuRpg Wi St 700 ardarit 8. Thea oy 7l st g ndes & 3 speaker 742
paral | el , for providing audi o _and visual al arm .

i9d & bercoms 144 (ronpectvgom parallele fes, providing | aydip and visual alarm
connected in series with the battery 710. A switching
tindipationt ior thg 48s¢ of emergencyd Thetalran74this ednaeeted 40 series with the
t he

battery 710. A switching transistor 745 is connected between the alarm 740 and the
negative terminal of the battery 710 as an electronic switch. Suitably, a bipolar
junction NPN transistor can be used for the circuit 700. The sensor 730 is connected
between the switch 720 and the alarm 740 to trigger the alarm 740. The sensor 730 has
a ground electrode 732 and a sensing electrode 734 with a similar configuration as the
sensor 110 of FIG. 1A. The sensing electrode 734 is connected to a base of the
switching transistor 74S. When fluid ripples occurs due physical vibrations, the two
electrodes 732 and 734 are shorted and a small current is sent to trigger the switching
transistor 745 to activate the alarm 740. The circuit 700 also includes a power status

indicator 715 for indicating the battery 710 status.
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switch. Suitably, a bipolar junction NPN'transist

can be used for the circuit 700. The sensor 730 is
connected between the swtch 720 and the alarm 740 to
trigger the alarm 740. The sensor 730 has a ground

el ectrode 732 and a sensing el l8ctrode 734 with a

simlar configuration as the sensor 110 of FIG IA
TRe3sYensi ngStell eeferrimgeto HG.i% thosumsert 730 fusthar beiRsriRt a fluid level
the switching transistor 745. \Wen fluid ripples

adetector 136 dopdetedtingl thy flbidaAkved Within the skN¥ar 780.€Fhe ﬁgﬁslevel detector
732 and 734 are shorted and a small current Is sent

t73699 Rbnidddsdial il Movel Wﬁsﬁw At} 31(5@‘&&8 '(y\é?a]f%llg' *%83 the alarm

alarm 740. The circult a
t | 5 r indicati

8 he Q18 A6 Blaicale 150 comitist oty 789 ang g Log Hight 752 10 ale

PCT/ SG2007/ 144 13 [0039] Still referring
¥etodop-up B‘Hg ‘&*é“ﬁ’)s‘é‘F ﬂ;‘%“? thetssasor Jahfulisshalow o desired level. The
| evel detector 736 for detecting the fluid |evel
viluid i lsvelndetector 736 7iggershthef fluidd levely indichtore @5@rvia 186 switching
is connected to a fluid level indicator 750 that is
damsistore®™paral lelly to the alarm 740. The fluid
| evel indicator 750 conprises speaker 754 and a LED

light 752 to alert wuser to top-up fluid when the
fluid in the sensor 730 falls below a desired | evel.

Tosao) f | Ui d hewe! atdot %‘?ﬁ%ﬂuﬁéﬁs [ hid e "ed NS 4 ld.ggcgﬁ&?Yrﬁ’Jdium for

indicator 750 via two swtching transistors
d d .
ks e OB TARARRY, o MEREAED e e
S P Ve R bl 516 4 i
Ilke as | s jt conducts electricity. Further, it
LeciiBr S5t ohiseungeriod thasiothor dlidhma aise be lsprestfor dhe presen

the present
invention. Generally, fluid with low viscosity may provide higher sensitivity to the

vibrations.

[0041) The sensitivity of the semsors in accordance with the above
embodiments can be varied by the water level, the length of the sensing electrode, the
number of sensing electrodes and the distances between the sensing electrodes and the
ground electrode. It provides a relatively low cost, simple and robust early warning
apparatus for earthquake sensing which is affordable by the public. It can be used to
sense the initial pre-quake tremors and gives out an audio-visual alarm for people to
take evasive action. It is designed to cater to the rural population staying in earthquake-

prone areas and is equally applicable to the urban areas.
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provi de higher sensitivity to the vibrations. [0041] v

The sensitivity of the sensors in accordance with the

above enbodi nents can be varied by the water |evel,

the length of the sensing el egtyrode, the nunber of

sensi ng el ectrodes and the distances between the

sensing el ectrodes and, the ground electrode. It .
BR% des a ndcgerdaugewith yetanather emhodiment, the;appargtus can be rigidly

early warning apparatus for earthquake sensing which

i mowrfted ptithe | interspctioneoftvi walls pf ahanselns aksghl positios,easssach, minor

the initial pre-quake trenors and gives out an

avitifations eaused by aheredrtiquake jh dtstinitial sthge RilRcause the Auiinside the

It is designed to cater to the rural popul ation

Sdonudind té Fipgie! t hquake- prone areas and is equally

applicable to the urban areas. Date of receipt: 11

June 2007 (11.06.2007) PCT/S&007/000144 0 144 14

[0042] In accordance with yet another enbodi nent, the

at us n be riqid nmounted at the intersecti.on .
3?8@ wal | eofsencfoﬁgﬂstbx aboye g enty 1soﬂ§"a§£° Qfcfletecting low
i nor vibrations caysed py.the earthquake in its .
e quengy §%§%ﬂ§f1ike Physicat fibrationsqcaused & theygensor. Hence, high

container to ripple. [0043] The sensor in the above
neyesaunisvibrations caused by the achiclag andmachinexyueilyot trigger the

ear t hquake-| i ke physical vibrations caused to the

ssensyito caise Efalsehalafim™. f r equency sound, vi brations

caused by the vehicles and machinery will not trigger

the sensor to cause "false-alarnt. [0044] Wile

speci fi c enbodi nents have been descri bed and

in[g{ﬁt rat edWh'nEV' iﬁU.’é‘i’r?Jo?ﬁrH&H% ‘(1)19 w@lﬂdeseﬁéeﬁg?xgdo;nmated, it is

i cations, riati ons and I nati ons t
understood that many changes, modifications, variations and combinations thereof

could be made to the present invention without departing from the scope of the

invention,
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departing fromthe scope o I nvent 1 on.

recei pt: 11 June 2007 (11.06.2007) PCT/ S&007/000144
vJ144 15 Clainms 1. A sensor for sensing vibration
conprising: a container for cantaining conductive
fluid; a ground el ectrode prodﬁded Wi thin the
cont ai ner, wherein the ground electrode is in contact
with the conductive fluid wh€himée sensor is
operational; and a sensing el ectrode adjacent to the
ground el ectrode in space, the sensing electrode is
configured to be in a close proximty to the

cpnducy i (s g j ' ation, the
c%nducéisgvlgog rdjlsgnsgggggddépgg?‘rp?ga " conducti on bet ween
the grpo . trode and the sensing el ectrode when
fluid %#%%?@% E%ﬂﬁm3“§<?ﬂ@m@gﬁgf el ectrode touches
the conductive fluid. 2 .The sensor according to claim
1, whet &oHnd flecaedrsproyided svthin the catainesswhereindhe gropng electrode
groove that provides capillary effect. 3. The sensor
dé éearitacy with the gonductive fleid witesrthe senserds operational; and
electrode is positioned closing to the ground

el ect rodensing pleotrodte adjaperit| tar theegroand .eleétrodérdn Space)rthe sensing
according to any one of the preceding clains, further
Ccedegiiods lis'ebnfiguiddub Be ¥ Eloss proxahity & the ebRkictiVOflbiae
fluid level. 5. The sensor according to any one of the

precedyhidein! f sPeratitiCiRicBnditfive fluid causes electrical conduction between

the ground electrode and the sensing electrode when fluid ripples occur and the sensing

electrode touches the conductive fluid.

2. The sensor according ‘to claim 1, wherein the sensing electrode defines a

capillary groove that provides capillary effect.

3. The sensor according to claim 1 or 2, wherein the sensing electrode is

positioned closing to the ground electrode to provide capillary effect.

4, The sensor according to any one of the preceding claims, further comprising a

fluid level sensor for detecting the fluid level.

5. The sensor according to any one of the preceding claims, wherein the

conductive fluid has a low viscosity.



conductive fluid ha _
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16 6. The sensor accordlng to any one of the precedlng
clainms, wherein the conductive fluid is water. 7. The
sensor according to any one of _the preceding clains,
further conprising a pluraliﬂﬁ of sensing el ectrodes
adjacent to the ground el ectrode. 8. The sensor
& cor dihey semsor | agconding wheanyi rone hef phel raddedingotlaims)sivherein the
el ectrodes has a sane proximty fromthe fluid
sonfuative fBiid iSheatarensor according to claim 7, wherein
each of the plurality of sensing electrodes has a
different proximty fromthe fluid surface from each
other. 10. The sensor according to claim4, wherein

the fltHeSehSt
eI ect r oge qc%ﬁaﬂ%ghsa% accor rec?ci’ﬂé Flairh?fmher comprising a
he sensor her rls ut omatic
d*yr éx SPRSIRE.T °W‘TJ§§§ Jé‘EF"by" |°$°°F‘8€% sensor .
12. The sensor according to cl a| m 11, wherein the
automatic fluid re-filler is aa mni syringe. 13.

The sensor according to claim11l, wherein the
&t onekhecsensaniagearding ity claimiZs wheregi fieupdumlityofisensing electrodes has

a same proximity from the fluid surface.

9. The sensor according to claim 7, wherein each of the plurality of sensing

electrodes has a different proximity from the fluid surface from each other.

10.  The sensor according to claim 4, wherein the fluid level sensor comprises a

sharp tip electrode.

11.  The sensor according to claim 4, wherein the sensor further comprises an

automatic fluid re-filler triggered by the fluid level sensor.

12.  The sensor according to claim 11, wherein the automatic fluid re-fillerisa a

mini syringe.

13, The sensor according to claim 11, wherein the automatic fluid re-filler is a

diffuser pump.



