EARTHQUAKE DETECTI ON AND EARLY WARNI NG SYSTEM Fi el d of the Invention 5This
invention relates to a device for detecting vibration. Mre particularly,
this invention relates a device for detecting seismc waves and providing
early warning. Still nore particularly, this invention relates to a system
conprising a plurality of devices |ocated at different |ocations for
detecting seismc waves and providing early warning. 10Background of the

| nventi on EaFARHHQWAKE DEEELTAQNIANDNEARIYAWARNING SVEENMI and bring a
great deal of destructive disasters. Since earthquakes cannot be avoi ded,
people are trying to find ways to detect and predict earthquakes in order
to reduce | osses. \Wen an earthqqﬂhﬁogﬁﬁthmﬂﬁnprgy 15 travel s through the
earth as three types of waves, nanely primry waves, secondary waves and
surface waves. Primary waves are the fastest seismc waves (at relatively

| ow frequencies of approximately 5-20 Hz) and always arrive first at our
houses> These weNsigvedivarrglates tpoy deviog tar desedtiagivikaatiorheMoee padaularivathéss and
can travel, th&oughlﬁny @gpehpf mat eri al.s. Hence, yarious instrunents qave
been i nverP &0 P8 THEtE@ 4°VEF R AGSREVRSCTHRE YAUBT 80 REPVEHPE FARAWATTRE t 1k he
public bef il ot 0 ' c :

Damages anrgér?nﬁﬂ:aeq?l%ghgégg%@%art éﬁgﬁgsggn%b{ Egﬁ]k}éﬁﬂggdawﬁ (E%P r\@g@g'?sni ng
of an ear tibguekat difer@vaiokald e .foAlldtbaritgbelshc wavaiiang provigingebmeearshgnal
arrival and that of 25 ground notion rmay be relatively short (typically
less than 1 mnute), it does provide useful warning to certain inportant
public.establishnents, such as_train statjopns or. airports, so that sone
operaﬁpons can be shut down inﬁ@*ﬁgPﬁFV§thﬁp §P§ﬂﬁuake war ni ng i nstrunent
is typically conprised of arrays of seismc notion sensors installed at
different locations for detecting seismc waves. Conputers and
comuni cat i on $psthguakesbareecwiphapped it chewabti¢ahd aridg agadatsieat dfed SenstrEeS'

readi ngs sp that emergency procedures can be initiated and early warning
signal s c&Fapers ramsriarthayakes ceneothecaidqdk pegple areptsying to find ways to detect

and predict earthquakes in order to reduce losses. When an earthquake occurs, energy
15  travels through the earth as three types of waves, namely primary waves, secondary
waves and surface waves. Primary waves are the fastest seismic waves (at relatively low
frequencies of approximately 5-20 Hz) and always arrive first at our houses. These waves
generally move twice as fast as the secondary waves and can travel through any type of
materials. Hence, various instruments have been invented to detects primary waves and
20  provide early warning to the public before arrival of the stronger and destructive

secondary waves.

Damages and injuries caused by earthquakes may be reduced if early warning of

an earthquake is available. Although the warning time between signal arrival and that of

25  ground motion may be relatively short (typically less than 1 minute), it does provide
useful warning to certain important public establishments, such as train stations or
airports, so that some operations can be shut down immediately. An earthquake
warning instrument is typically comprised of arrays of seismic motion sensors installed at
different locations for detecting seismic waves. Computers and communication systems

30 are employed to collect and analyse the sensors’ readings so that emergency procedures

can be initiated and early warning signals can be transmitted to the areas likely to be



affected. These early warning instrunents and systens usually tend to be
bul ky, costly, conplicated and not user-friendly. Further, nost of the
eart hquake detectors in the market use electronic neans of 5 detecting
sei sm c waves. They use accel eroneters to detect seismc waves and use
digital signal processing to filter and identify the seismc waves. This
nmethod is less reliable as it is prone to failure and fal se detection due
to its el edffactast cThesarerly warmampinbieymapisraalclystesnsasnaltyrtehd o hg builkys cqsitlg,

el ectrodes isluseg tq detect sejsmc 10 waves. This approach is described
in PCT Pat@ht?" ﬁ§i%8§PPBH“%6ﬂe /G2007/ 000144 entitled "Sensor for Early
Warning of Seismc Activities". However, this approach is less efficient,
less reliable and | ess user-friendly, and the fluid adjustnent of the

sensor is perf ciumdadrmasualfklye edrbidiekeldetetort s Bkikkt @ dlBctedric Afe@ns of
constantly striving to provide a sensing device that is reliable, accurate,
| ess experfi§te@dingpwismipwavesadiey oise raskelarometarsdtoudetectSsaisricywarest dnal use

| nvention he. abpve and of hgr propl ens_are sol ved and .advancepent in
the art i sﬁﬁa"‘éé‘%‘ﬁp%ocs-%ﬂgh*ﬁuﬁﬁ?ﬂp %fé‘f @@f‘?%“lfe?ﬁ'%'ci‘%“&é-cgnﬂ“&am?gh%e tSh'thi s

I nvent 1 on.reliable as it is'ﬂ?oﬁ‘&ﬁplfaﬁlﬂ@%‘?nd%IE@_d@teHicSrE&u@ﬁﬂﬁc%e&);ontig%ﬁaﬁfyent I on,
there is provided a device for detecting vibration due to selismc waves.
The device conprises a container for holding a 25 conductive fluid; a

fluid adjuster for supplyig%hand di scharging of the conductive fluid
t hrough an oper AGCEhAT epREORGN e apM@r having ruiliirle eleradesds used toatatedtseiamid t he

conducti v i ¢.fn, t antai ner: .a lurality. of el iLthin the
cont aﬁher Q’ng)ﬁg ﬁf‘hr%ﬁp %F%_c)'f’ _%F%@’Wdﬁﬁ@%ﬁﬁ% g%""égféfahg‘f’nggﬁsggﬁﬁ%f%&ﬂ% ng
a first enrdttiad cbaser RIrESHIW NG JrRishROAbGiide. HoWede! Rhik RBpFARh & & to
cause contact with the conductive fluid by ripples in 30the conductive
fluid caus#litidn, kesyirdichte and tehausesiriabllys hed tien fleideatjuste@ht odninesénsonism t h

t he ground condugtor t? detect the vibration; and a | evel el ectrode having
a first erﬁ)&rforme manually.

15 Therefore, those skilled in art are constantly striving to provide a sensing device

that is reliable, accurate, less expensive, portable, easy to implement and use.
Summary of the Invention

20 The above and other problems are solved and an advancement in the art is made

by an earthquake detection device in accordance with this invention.

In accordance with a first aspect of this invention, there is provided a device for

detecting vibration due to seismic waves. The device comprises a container for holding a

25  conductive fluid; a fluid adjuster for supplying and discharging of the conductive fluid
through an opening in the container; a ground conductor in contact with the conductive

fluid in the container; and a plurality of electrodes within the container. The plurality of
electrodes comprise a sensing electrode having a first end in close proximity to the
conductive fluid in the container to cause contact with the conductive fluid by ripples in

30 the conductive fluid caused by a vibration that establishes an electrical connection with

the ground conductor to detect the vibration; and a level electrode having a first end



proxi mate the conductive fluid in the container such that contact between
the conductive fluid and the first end of the |evel electrode establishes
an electrical connection with the ground conductor wherein the |evel

el ectrode is in electrical comunication with the fluid adjuster to
indicate to the fluid adjuster to supply the 5 conductive fluid to the
contai ner when no electrical signal is received in order to maintain the
conduct i vePPKifnade ahea coreiiciv] fluid/dh the containsir sshsthat véanjacsf betiveeesebis ng

| ectrod in th Lt f t first d of t | | electrod
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is detectable by the sensing el ectrode. evi ce provides an

ef fi ci ent,cooonumicdticmdwithdhe dluidibbsreanpendicatedet Bt flEe i it sternay agplyewant ed
fluctuations of_thF fluid level in the container will automatically be
rectif iPed BPIvHes flyiddtoadyauseripingnavharu ot plectsiealdzignal ve receives ins oadlenaies

mai nt ai ne - ' : el .. Therefar false alarm.due to fluctuations
of the fl ﬂ?%“}%@ﬁ\“gﬁéh%&gﬁ@fﬁ*& a5 fatedied; Ereh @S Ty L TF SER9BRie | <
consi st entel@irodlel antdi vilGein the pBQBbA bPthelfirst BRI bEKElleRl BRErOBCWIR redRect to |

adj ustable to control the sensitivity of the sensing el ectrode. The device
i s port ablfidiegeldasgjus@mblenelativent tlansensse.electrode to defin@a cwinthauna envidlitdde
enbodi nents of thi@ainvention, the fluid adjuster is configured to supply

: . : : : p
t he condué‘f‘fe\(i/)é?f fippleg in ghe eRndughiveativid thathis desersaile by dhe pensingnelaetredee Theui d
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establishing an electrical connection with the ground conductor. The device

provi des ahe 8pid; asijiuster angythtothesdontastivetfhad sl ahvalys| resietainau dthbe desitai lnesl. as
the fluid._adjustnent is rformed automatically. 25 = I n accordance
with enbod HITe Breia g et anaat e fuid Jreli ripimisecasdt seppEvihon
reset opergdi ; I ] | i.d..f: i d
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fluidibs iadjustableact conitidh th@nkitiviy otk @hsihpeldcavat. eheabviedr wstadh irhi ng
an electrical connection with the ground 30conductor, In accordance with
enbodi men€dsYoP iMmieneipeAtFeon, the reset operation is triggered by a change
in anbient conditions or triggered manually. The device provides an
efficient way to reset the conductive fluid to the desired | evel when there

1 Snl et BRI MR oRRARS Wi, i gl SR
to supply the conductive fluid to the container in response to the conductive fluid
20  dropping below the desired level. The fluid adjuster is configured to stop supplying the
conductive fluid to the container in response to the conductive fluid being in contact with
the first end of the level electrode establishing an electrical connection with the ground
conductor. The device provides an efficient way to maintain the fluid level in the
container as the fluid adjustment is performed automatically.
25
In accordance with embodiments of this invention, the fluid adjuster is operable
in a reset operation to discharge the conductive fluid from the container and then to
supply the conductive fluid to the container until the conductive fluid is in contact with
the first end of the level electrode establishing an electrical connection with the ground

30  conductor. In accordance with embodiments of this invention, the reset operation is

triggered by a change in ambient conditions or triggered manually. The device provides



S5punp for self-driving the conductive fluid into and out of the container.
In accordance with enbodi nents of this invention, the plurality of

el ectrodes further conprises a control electrode in contact with the
conductive fluid in the container to establish an electrical connection

wi th the ground conductor that indicates 10 the |evel of the conductive
fluid in the container wherein the control electrode is in conmunication

wi th the fouiefficrijtuaserto tresedl theveankectivieufldidad tist desited leoelt wbén fthew isad e of
t he conducstii\zﬁ fltu;ﬁd into E?he contai ner such that the flow rate of

conduct i ve ¥ UFE FRIECIHAMEEAE L21HéH0NSs reduced in response to the
conductive fluid being in contact wwth the control electrode. This feature
prevents the conductive fluid fromexceeding the desired level. 15 In
accordance W t hinetbadian®nigh @mbobingeritI¥EiHid Blentidhe tKEEN I8 & dfudfdr REMmpFioedy | ses
a warni ng systemin connection to the sensing el ectrode wherein the warning
syst emdi s RYTRyHIseli-drivingdBpermsiactive fiid lteend oohdf thepetatrieon bet ween t he
sensing el ectrode and the ground conductor being established. 20 In
accordance with enbodi nents of this invention, the sensing electrode is
coated wWith a phig@brdahtd mﬁthhé(rqBQ&n%'tslcoF%PQMQg%R ﬁfeeeflﬁrhtlit\hla? chQpdYeL i ve
fluid fromclinging onto the sensing el ectrode. Sinmilarly, the l'evel

el ectrode fugheoabegprisks a esorprdl n@ectvddeh ire DO piEDIthe CORBOHNE fIGIdPIE YRt
the conductive fluid fromclinging onto the 25| evel el ectrode. In
accor danc &M aIErdRifRstAbNERN £18 elgcirical eoninggtéen wish, the Iseounidreondeetdr dfattimdicaensi ng

| ect r,gde 4 imilarly the first end of the |evel trode i
Caper o, the PRRENEhe shTuofbitid %y SARlRE e e ore) Ebnatt v

fluid and cohen@liesionofden whenuidQa; bRt
accordance with Ierr‘ocr)]di ment s L(j)lf th@gﬁﬁg\?&ghﬂ}gh?’uﬁgﬁﬁtgﬁ%ﬁg%lﬂﬂ%ﬁ% f)]:avel

of ri ppl egh¢ pondhetizefididébiowbe tbntiathet bath thst thetfrel albd 6f dy dubeeSFRAG ing the
electrode is 0.1 mm This allows the device to detect prinmary seisnmc waves
at rel ati VAMPMGW SoHFe4 idegronse ko Hiecwndugtive fluid heigainoenniegitvgthothetdentrol

i nvention,odheug. his Wéaqwe%q'gvea}]tyﬁmtehc%gwdaccﬁve fluid from exceeding the desired level.

15
In accordance with embodiments of this invention, the device further comprises
a warning system in connection to the sensing electrode wherein the warning
system is triggered in response to an electrical connection between the sensing electrode
and the ground conductor being established.
20

In accordance with embodiments of this invention, the sensing electrode is
coated with a primer with a hydrophobic compound to prevent the conductive fluid from
clinging onto the sensing electrode. Similarly, the level electrode is coated with a primer

with a hydrophobic compound to prevent the conductive fluid from clinging onto the

25 level electrode.

In accordance with embodiments of this invention, the first end of the sensing
electrode is tapered. Similarly, the first end of the level electrode is tapered. The

tapered end provides a clean break between the conductive fluid and the electrode when

30 aseparation is expected.



detecting vibration due to seismc waves using a sensing device as

descri bed above. The nethod conprises maintaining the conductive fluid at
the desired level by detecting a |lack of electrical signal fromthe | evel
el ectrode in the fluid adjuster indicating that conductive fluid is to be
added to the container by the fluid adjuster; and establishing an 10

el ectrical connection between the sensing el ectrode and the ground
conductor in rd8permeancs withpmbésdinenthef himiduettione thd minimoauanpludédéevel
conductive fluid tq contact the first end of the sensing el ectrode,

I n accor dacl)’fCréDR}\?stlHqBﬁﬁBH‘?lf‘FéW? gluﬁlfthﬁﬁfss‘ﬁitﬁ?}é!h'ﬁbdﬁ,hetsﬁﬁs'%ﬁgélﬁ%? $ritiht &Ri ng
of the 15condyrii } ; i 9@@% 1 ; lying the
conductive f'I U?Ké\ls}t‘fge P!ﬁg&écjtc?ﬁ%eélé&ngr”qﬁf/y %(ﬁgni:‘c%a?/gs adj u?’k@?s&?v?lgﬁlgg%g%ge to the
conductive fluid being in contact with the first end of the |evel

el ectrode. |In accordance with enbodi nents of this invention, the step of
nai nt ai°ni ng of 'PRECOrgacevitiuembedimentsiaf this investideghereds proyisled @omethiod der

di schargi nductive fluid fromthe container by the flyid adjuster
Fol Toned et BaranaLS hle L isRote Wpe et PhstiaTebistos chen sy 2bade s i
adj ust er Uﬁéﬂhbdtcﬁﬁgﬁ@@ﬂ%idtéﬁﬁinfg'tHbQoh&udtﬂeQRﬁﬁ getheMiddehNeyd 'bwe_t@a%mgoaL the
| evel el ectrode. 25In accordance with enbodi nents of this Invention, the
met hod f urladkeof elenpichk signdirfrggethengvel aledtradeginsiiat #ondi adjuesponisatihg tast

el ectrical connection between the sensing el ectrode and the ground
conduct or “BBFHGIVEdluithisita he@dded to the containerdydbe daifcadivssera are egablishiggert of

this i,pvention, t i i ded. a system for ,30detecting vjbrati on due to
sei sm'lg m%@éegac%h%ﬁéggloimgéﬁyﬁp i Esjnees *qteEnt eﬁﬁoﬂ? s ??%&“ﬂmdt fo'?i(}%g%w
readabl e bysgdhee e&Ripbtls iRRE @6&d RGve fiuld cARMgahR! dohalthvg Mfid $8RSh1AG HaYi ces

first end of the sensing electrode.

In accordance with embodiments of this invention, the step of maintaining of the
15  conductive fluid at the desired level comprises stop supplying the conductive fluid to the
container by the fluid adjuster in response to the conductive fluid being in contact with

the first end of the level electrode.

In accordance with embodiments of this invention, the step of maintaining of the

20 conductive fluid at the desired level comprises discharging the conductive fluid from the
container by the fluid adjuster followed by supplying the conductive fluid to the
container by the fluid adjuster until the conductive fluid is in contact with the first end of

the level electrode.

25 In accordance with embodiments of this invention, the method further comprises
triggering a warning system in response to an electrical connection between the sensing

electrode and the ground conductor being established.

In accordance to a second aspect of this invention, there is provided a system for
30  detecting vibration due to seismic waves. The system comprises a central processing unit;

a memory readable by the central processing unit; and a plurality of sensing devices



| ocated at different |ocations and in comunication wth the central
processing unit. Each sensing device conprises a container for holding
conductive fluid; a fluid adjuster for supplying and di scharging of the
conductive fluid through an opening in the container; a ground conductor in
contact with the conductive fluid in the container; and a plurality 5 of
el ectrodes within q‘tlihe container. The plurality of electrodes conprises a
sensi ng el Bcetedqd #Hereang lecatiops ene i cpamneuriesioprwikh whe yentoalt frecessinduati. ve
fluidint cantaj , se contact with the conductive flui Y
ripples i nﬁﬁ?escé@%'%%{"fégoﬁll%ﬁf%s TERNARehH rat“\ll‘%'% ﬁ??‘gﬁt'Y%gP'dééthPgHé@ran
el ectri cal ferGopggihs @Rd WistharkiRg o EHRLUEH 4G ONAYRE PhrbQgtiS] §5&ni G tHE REALIQR
wherein a vibration signal I's generated and transnitted to the central’ 10
pr ocessi ng? @rfiundiqandedpoims@ntart arithethe cbn i waive corhiecthe @dntatenean § pRrappsi ng

el ectrode and the rougd conduct or being established; and a | evel el ectrode
havi ng a f 9 SECERLFSHWERINERG coHainebndiiet PVERlifY of ¢lqcirodre commrisgsnersessiog
t hat cont uckive i.d and the first end of the |evel
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adjuster to indicate to the fluid adjuster to supply the conductive fluid

to the contiiafiep thiieestatdisbéseant elecamicaisiapnattidrswitbabe gesliridncapiddetor t® degicat ai n
t he conducthi ve, f at a desired level to control sensitivity of the

uid ¢ .
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processing unit is configured by instructions in the nmenory to determne
whet her arP"@4PRER AR eceiiductive diwid bastw oantairerr sebi vied voripat betwesing tiad s

fromthe ty,of sensing.devices, The system provides an efficient,
controll _ngoﬁﬁg tIrvgl i 3nc$llsathﬁefl’rsi c?”ge?feé"_?e 3%Y%rﬁ'€ft0%iﬁe§5‘iahl'%‘ef ayelestrisal
e.g. a Citgnnd@ion with thd BrAMEOE u%&r%%@reﬁmﬂg'lg?;‘({fté (;:]H(*ooteh'issinI YR PN
the plurality of electrodes of each sensing device urt het conprises a

contrdb elceotmudeation wihtthetflud tbjustee t6andidstiel teetHd Biid ddjudibiets APy mes to
establish an el ectrical connection with the ground conductor that indicates
the | evel “BRIYd¥eclhtitiuer ihee containgr iwhamaoceattsicalesigni e eiepeivdit i onderoto

el ectrode 1S:] 0 C L.catj o ith the fluid adjuster to allow the fluid
adj ust er tngg}(]:%h rIEh 0 9§I oW %tfleu |(§3ra¥vf[ah esér(?ﬁdl_ﬁ&(g!R?ecqrit[ﬁﬁosef‘ﬁf'l’i“_f RE t'i‘,‘_i)ﬁ?'&si”l’\%r
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el ect r odefluid level is adjustablerretative ta drceenaing el @mioaditoeitite @fmihith smiaavgntdon,
the s @temfﬁr}[ her conprises 5a warning systemin connection to the central
Pt rieRyet 1
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an earthquake will occur based on the received vibration signals from the plurality of
sensing devices. The system provides an efficient, controlled and reliable manner to
detect seismic waves in a large area, e.g. acity.
25
In accordance with embodiments of this invention, the plurality of electrodes of
each sensing device further comprises a control electrode in contact with the conductive
fluid in the container to establish an electrical connection with the ground conductor that
indicates the level of the conductive fluid in the container wherein the control electrode

30 isin communication with the fluid adjuster to allow the fluid adjuster to control flow rate

of the conductive fluid into the container such that the flow rate of conductive fluid into



affected area. 10l n accordance wth enbodi ments of this invention, the
central processing unit is configured by the instructions in the nenory to
determ ne whet her an earthquake will occur based on nunber of the sensing
devices affected by a vibration wherein an earthquake is confirnmed if sum
of the sensing devices affected by the vibration over a period is greater

than a predeterm ned threshold value. 15 | n accordance with
enbodi ment®egpntaiies is nedusedl dm respesc ntheatonpluciiesBiidpeaing in ¢ataithytireed by
the instruct n the nenory to determ ne whet her an earthquake occurs

ons, i
based on Icé)é‘;rtor‘f)'ﬁ‘étr% €the sensing devices affected by a vibration wherein
an earthquake is confirned if the sensing devices affected by the vibration
are | ocated 20adj acent to each other. I n accordance with
enbodi ment s of IthisriamventitloBmbbliendendbf ais PratRsS tMYsydttint firsthe @BMpgiséLd by
the instructions in the menory to determ ne whether an earthquake wl|l
occur Based“GMNHEHttEmn® eFnnehidorns épdhegeaisdli posessingernibdo Byisgervebersenon
wherein a eart hquake is confirmed if .the sensing devices are tri red
by the vi Y ERBR o Re pAGHT A Thesr TRk it T eEel sy tontra procesting A
accor dancerhy bRatssoadi BANS 18 prbhilie éaﬂY%rhﬂ@gtoeﬁn@h HARE RGNS hSRAially
recei ved by the central processing unit conprises t?1e date and/or tinme of
vi br at i on,afeaickdtanea.30st rengt h of vibration. This information is useful for
identifying seismc waves. Brief Description of the Draw ngs The
above and ot her aspects of this invention will now be described, by way of

exan‘pllg only, Vl\’h Elecorrggnecreevoi%? an%oElWen scgp{msalrr]%er%o%\{“tpggéntiraq p\llf\@cie%sr}r:\g unit is
configured by the instructions in the memory to determine whether an earthquake will
occur based on number of the sensing devices affected by a vibration wherein an
earthquake is confirmed if sum of the sensing devices affected by the vibration over a

period is greater than a predetermined threshold value.

15

In accordance with embodiments of this invention, the central processing unit is
configured by the instructions in the memory to determine whether an earthquake
occurs based on locations of the sensing devices affected by a vibration wherein an
earthquake is confirmed if the sensing devices affected by the vibration are located

20  adjacent to each other.

In accordance with embodiments of this invention, the central processing unit is
configured by the instructions in the memory to determine whether an earthquake will
occur based on locations of the sensing devices affected by a vibration wherein an

25  earthquake is confirmed if the sensing devices are triggered by the vibration propagating

in a particular direction.

In accordance with embodiments of this invention, each vibration signal received
by the central processing unit comprises the date and/or time of vibration, and the

30  strength of vibration. This information is useful for identifying seismic waves.



5 Fig. 1illustrates a schematic diagram of a sensing device in accordance

with an enbodi nent of this invention; Fig. 2 illustrates a bl ock
di agram of a system having a plurality of sensing devices in 10accordance
wi th an enbodi nent of this invention; and Fig. 3 illustrates a bl ock

di agram of a systemof Fig. 2 with each sensing device is associated with a
fixed area (cell) in accordance with an enbodi nent of this invention.

15Det ai | ed Descri ption of thddriefiPestripdion of the Drafings i nvention rel ates a
sensi ng device for detecting seismc waves and providing early warning
signals. More particularly, the sensing device is capable of detecting

oo T 2V R )P e o b T Sy

of sensi ngxdeplecaty, ath @dedrecdd 1aghs et@m anpavesingd, ithivhicer ent | ocations and
identifying an earthquake based on several seismc detection algorithns.
Fig. 15shows a schematic diagram of a seisnic sensing device in accordance

with 25 aq?en?oﬁinth of ghe 8r§?ent ingention. %ensing devi ce 100

conpri ses ¢ont di HEP0T FEFMEF of A 2o b SRVENE 196168 1832CPIIANGe it er
105; gr oungh kst Bihil @lendopl Urality of el ectrodes including sensing

el ectrode 108, |evel electrode 109 and control electrode 110; al arm system
111; and power source 113. Alarm system 111 provi des audi o and/or vi sual
warnings to alert people when sensing device 100 is triggered by a

vi br at i on.Fig3GENYFHItes aghlogh diagrasy of ensyetem ihavingde plusality pgaﬂeé?i@g anvicesED

di spl ays. Power source 113 provides.operatin ower for the entire sensing
devichloﬁF&ggﬁgFV@Qh?%gmﬁﬁgngﬁﬁogg"s@Y%ﬁ&@rgngatteries, AC power supply,
or solar energy (if sensing device 100 is installed at outdoor). Contai ner

101 is a sealed hollow structure that is capable of holding fluid and is
Fig. 3 illustrates a block diagram of a system of Fig. 2 with each sensing device is

associated with a fixed area (cell) in accordance with an embodiment of this invention.
15 Detailed Description of the Invention

This invention relates a sensing device for detecting seismic waves and providing
early warning signals. More particularly, the sensing device is capable of detecting
seismic waves in an efficient, controlled and reliable manner. Still more particularly, this

20  invention relates to a system comprises a plurality of sensing devices for detecting
seismic waves at different locations and identifying an earthquake based on several

seismic detection algorithms.

Fig. 1 shows a schematic diagram of a seismic sensing device in accordance with

25 an embodiment of the present invention. Sensing device 100 comprises container 101
for holding conductive fluid 103; fluid adjuster 105; ground conductor 107; a plurality of
electrodes including sensing electrode 108, level electrode 109 and control electrode 110;
alarm system 111; and power source 113. Alarm system 111 provides audio and/or
visual warnings to alert people when sensing device 100 is triggered by a vibration.

30  Examples of alarm system 111 include loudspeakers and LED displays. Power source 113

provides operating power for the entire sensing device 100. Power source 113 can be



5 used to house conponents of sensing device 100. Container 101 is portable
and can be in any shapes, such as rectangular or cylindrical. The
portability of container 101 allows it to be carried by a person to
different places easily. Container 101 can be nounted on a floor or a
surface of a structure by a | ocking nechanismso that conductive fluid 103
in container 101 is kept stable during operation. An opening can be forned
i n cont ai népndard bageriesm ACipoweealiEily,orisylaa enegp\id ke rasingalesice 10hds bpiiedgt
shoul d be | rge enough to allow access to the interior of container 101. At
st andby node, ﬁ&rt of container 101 is filled with conductive fluid 103.
Conductive fluid 103 can be any nediumthat is suitable for conducting
electricity, for exanple water for nornmal environnent and an anti-freeze
solution for hatshaihenpEr Btadedlc@Millb@ndtBitturekBat is capablEb¥held@ ) Mel &hd 105 i's
mounted to container 101. Fluid adjuster 105 is capable of supplying and

di schaPgi ritfed dpdaetd sasnidngnts aftR@nsing deipel 16t Caftainent @l isgrortable afth cuge an
openi ng 1%§ain t he coqiainer. F?efer bly, aqleloggﬂted hol | ow tube 117 is
provi ded W £AY SPEariR Bhissiangtiaf g aﬁeﬂ iy ihePyirblithef eiainee Mt dlemesrdi ng
to bottomigi : i ) i fd At I tjve
Ui d to be aaaar B 5P eara narer b P e nstl di 2 R EheRerd el o

of conductfloce of lauiuefad®3f & Btract@bparioddds methtntknadh sdt@ondQ&iveFIGONORH ed
to reservoir 119 that provides storage for conductive fluid. The fluid
comuni cate8RIMEt R kerisgpklei duringPpgrticnommionerind 0an bhrfouged fri cardainer
adj uster i1 s .performed _aut omgtical ly wthout user's intervention

Py of ool y AT BRI PLR TD8VTle St The pBEt e Hich b ByPTEREHoNE Caflent e of
sel f-dri vidagess @0 UME intdiorf driebHtdifira 08N chi Qedn Bl nfRIY gbﬂ%f cORidrem 6L&"filledi

el ectrical signal is received by fluid adjuster 105. &}oun
conduct or WigVcorgluativeeflaid Ja@Be dComdnctivet fouid d03 pas @d amy trhédiumanbaisneralle foand
at least a Rgrtjon of the conductor is in contact with conductive fluid
103. G our8"BEBARIRGEFiItYLY" PXaNgRlevWateadom NneBRRNViTenIENt Pad RN antifleezs ri ¢
current. o 07 can be in any forns and sizes so long as it
can act a§£§§§ﬂﬁ%ﬂﬁg&?%ghETéﬁﬁ??E@P”Eﬁﬁguction. A plurality of electrodes
for fasilitating vibration detection are disposed within 5 container 101
and in connection to ground conductor 107. These el ectrodes include sensing
el ectrode 108 frbid dejusiet iLA isvinbuatddor dontaoerdifdt i Rkeid faldjtister 103, is kapedle of

el ectrode 109 for determining fluid | evel in container 101 to control

sensi ti vi tYPRIIM&ER Fﬁﬁhﬁg@étcf’aﬁ'éc_t%é',”i‘hi‘i@-” BEnerbPUbrbntyae 100othreeh an
Root ooupl BRehgns B e VpabARGUThbttPady, Ui SN EAER1IT5 Pidkideq with

Preferably, electrodes are 1 n €long ape and ver

di sposed oh® endt torimecedt & BeEniAD L 18SanshtiNothr lind- exken %Qb%tﬁin@%‘cfeogﬁ 108

has a first end in close proximty to conductive fluid 103 | eaving a snall

gap 120 beewawerifk This senfigndatidin Jomsiaegdedtaetliuitioo HO8ddaudntdeorgainéatis

| evel of conductige fluid 10{3;3;5 The sr'rfall 3aﬁ 120 can be as low as 0.1 nm so
£ e

that pri mdyoRhJkEuing teayriace feve) el G 84idofO3phreaniamsr et} sEl He
can be eB@ﬁEt%ﬁj 18¥ is3BARE R84 Fde%Q%FVQQEiﬁQgﬂtﬁé\oggﬁﬂfg%e %rgc%'(mfiagﬂﬁel il quy

el ectrode 108 is 15 separa romcon nor ma

open) andflaiddoaseahitaxm beswben radruint 11 9gnaWwadtfenrdwa ttRfoull flunhedugentisci ve
fluid 103 is in contact with sensing el ectrode 108. Wien a vibration
occurs, rispiresmsad autemaiilly witont userisistdrvaritionl P3etenablpribidigdiveteadPbés t he
fluid,surface, .If . the anplitude of the flyid ripples. is_higher than th

smal !zgapgﬁfg?c“fqnﬁ(i §PPp aés'svﬁaf)f’blﬁe"fieﬁelh’gﬂ‘f'ﬁ%tcogﬂ?ﬂ'vﬁh%”'fji 1Eq a@Hao‘Hf of
sensi ng et&thineAeoilWBed On BREARGI SEhaAR received by fluid adjuster 105.

Ground conductor 107 is an elongated conductor disposed within container 101
and at least a portion of the conductor is in contact with conductive fluid 103. Ground

30  conductor 107 is served as a common return path for electric current. Ground conductor



20 el ectrical connection with ground conductor 107 and hence detects the

vi bration. When a vibration is detected, alarmsystem 111 that is connected
in series with sensing el ectrode 108 and ground conductor 107 will be
triggered to alert public. Preferably, sensing electrode 108 is di sposed
about center region of container 101 surrounded by other el ectrodes so that
ground novenents |i ke vehicul ar novenents or construction 25activities or
ot her t hanlG’hearohesn casfednbyandeiizyi © Bogiasi ttis @t esngbuddibe doedldorical
sensi ng electrode 108 and hence fal se detections can be m nimsed. The
senS|t|V|t?’8F sing electrode 108 is determ ned by the small gap 120. If
gap 120 becones | arger, sensing el ectrode 108 becones | ess sensitive
to vibration, i.e. only 30strong fluid ripples are detectable. If gap 120
becores smal | era paeniayng deedEots: OBt PG UIRSLIIP Rt REBS ke \UspbSed/ What | on,
i.e. small fluid ripples are detectable. Therefore, in order to obtain
accur abe deneinerollr ard,fnt sonnedtion terigndurics eorfdaice Hl7ar Frse fdledtebdesvidluden
contai ner 101 ha intained at the desired | evel

Further, i ﬁ”ﬂP%%CVSd‘? ﬁ%%éé’éte}cﬁég d@*{%teﬁ'} 'Br?OBWﬁt'c‘,’Fé'H&mg‘vﬁfé/ Io‘F'SEté‘g‘EE Ho
keeping c

it ot o] o elR e Ml Eleketin Boncley BOELY Gtelsh ey PP erRlERiectroge 1985 and
fluid adj usidetonfrobeledtexd) 116l fe&:tdSrﬁﬁ&ll@%\h%te&)ffcbﬁ@dcne@ﬂuwIOQJ iR €ntainer
conductive fluid 103 such that contact between conductive fluid 103 and the
first end 198 | Bieberablyectectradest 00840 aie iis ndengatecebkaper prdhivedisathe slisposedni t h

groun cond uct or 107 s indicates the desired_ |l evel of conductive

71 ot 01965 415 Shethinbe 0% 5 Mhawh 35 Efedy Sebae SREbBe apBles adustger it
contact Wb m@ye@am.&é nu.q 1b9$eatv91gosesfnuﬂrgabhéomemmhe¥95tfénu' s!aﬁsrﬁé
contai ner 101. Level electrode 109 i1s in electrical comunication wt

fluid adj wstcerod2(0b8taod ahé awfdck uévdl afijdmiuetivelflid 1035 Uippnialt gaeluza carebd dvi d
to contalner 101 when no el ectri cal nal is received fromlevel electrode
109. Thi s 'AVRE&RS 18 Jecibpt BORADCYRNRS aﬂf&ﬁ@wei\o@maﬁreqw@%é@f plRToKigsely &rdP t o

control th i i sensin r 1 OSJtI of, t first
end of Ievl_{t::-azlCélglrﬂécatelt ééa/tiggmsmlg ele %t%t8 %&i QQEY gi e\?é'l"g ecﬁé’dﬁg‘pg

15 rehat i epdratesehsh 36n ®lcBGs ﬂmaeloéQBe tRreiafiy Siferd ahd B8y %g id Fdaﬁh%dlmﬁwl of
the fluid ripples that is detectable by sensing el ectrode

sone enbo@ﬂﬂﬁﬂﬁ@nds@nsﬂ@bwbhec®mhdwefm&iHﬁdmh@m@ﬂaﬂhﬂdtuﬂdmgkmaxame1@®ated

by a pri wi th a hydrophobi ¢ conpound to prevent conductive fluid 103
fromecli ”&V'?Fg" a fbfa&w&%% féﬂpé%%%rsé%fénedrﬁéOf'W%weélﬁaisl%famrﬁp@aaé%eweéﬁes

108 and 1Q9 ﬁﬁ%s&?ﬁ?&eﬁtk p%l re ? t id
103. This ﬁ?events con UC?I&ﬁgﬁf d 6§RF ﬁb“?#h@ ﬁ%v%ﬁEQﬂ %ﬁ, ﬁ§§ﬁ2§hds
of the el dald osigss Whiesk id GheRD wWiPREFHrit0dhd & RKNRELRrodbase taS eabbli®San
inmprove the reliability of sensing device 100.
20  electrical connection with ground conductor 107 and hence detects the vibration. When
a vibration is detected, alarm system 111 that is connected in series with sensing
electrode 108 and ground conductor 107 will be triggered to alert public. Preferably,
sensing electrode 108 is disposed about center region of container 101 surrounded by
other electrodes so that ground movements like vehicular movements or construction

25 activities or other than the ones caused by seismic activities are not detected by sensing

electrode 108 and hence false detections can be minimised.

The sensitivity of sensing electrode 108 is determined by the small gap 120. If gap
120 becomes larger, sensing electrode 108 becomes less sensitive to vibration, i.e. only
30  strong fluid ripples are detectable. If gap 120 becomes smaller, sensing electrode 108

becomes more sensitive to vibration, i.e. small fluid ripples are detectable. Therefore, in

10



25The auto top-up operation of conductive fluid to container 101 is
performed in the follow ng manner. Wen conductive fluid 103 in contai ner
101 dropping below the desired |level (i.e. conductive fluid 103 is not in
contact with | evel electrode 109 and hence no electrical signal in fluid
adj uster 105 fromlevel electrode 109), fluid adjuster 105 will be
triggered to supply conductive fluid into container 101 automatically from
30r eser voi rden 80 obknin gesurste dqtestipni eeseltoppddo fripimisel fiilsegalorme foomtiereher 101

duct 03 t h he fi d of | | electrode 109. Th
auto reset onErddtfosgp begRaOE kot et BRI ot r%ierf)ﬁﬁrgrrr&a in
the foll OV%HQa@H{@HeteEiréﬁte“f%renfc{/ Uil Rlast & ke]e% r tg&eﬁﬁeve(% di §|g:é1ar ge

conductive fluid 103 from contai ner 101 and hen urd w
sl owi ng drd:qspedlgeMImWetfbendtsummbtlreMel Thé\f:lbbl\/eacaﬁhm Tachréhte%!r wabugh level
conductive fluid will be added into container 101 by fluid adjuster 105 5

until condilegtiass 199 ped flosl a@urtﬁr d8ht develpleriredre 109 has addirgt @f\dlmxalmate

el ectrode |on n betrl ere a

change in C;Oﬁgfl(:etrytéef!:ug(ﬁ?l@fl ocﬁgk o@ﬁacgiﬁg’e%en[?? FiNEd! ‘i@@?ﬂ {ﬁ'l%ﬁ 101
to be incrieasekctboddaoyeassisheln a&é@h@cﬂfcoﬁm&bhlvﬂﬂﬁgﬂou% légﬁ‘dué?w 1c§‘P£nd
limted to, tenperature, pressure, and humdity. For exanple, the anbient

t enper at urtbus swm@aeﬁutrezddaured\,lerey o rcesedctivenfluid no@riv abniaircbri f01t hat siahiiley ence
10 between the current teirlr(‘g‘ir ature and the | ast recorded tenperature is

mor e t han "8O%% daKst £ ﬁé‘iﬂo% is in ﬁ@‘t?@s‘@‘ﬁh é‘ﬁ)‘éfr"éf'}’%ﬂ“'\ﬂnll@ tpalefipe &yemmum

oper atl on manua ect ro S ca a

flow rate a@'ﬁusﬁé}nl(ﬂlBleaM&foluw ﬂ:ltjuskgr ﬂ&std smrpgrycc@naaanerﬂuil@ﬂe co-ﬁlﬂéuﬁerfﬁﬁtwﬁ@n i's
useful to prevent conductive fluid 103 from exceeding the desired |evel.

Control elnectleddeal sigDal is receivelddotmilea eotrodailoat iThis albwvh té keecadjuaster

105 to al ,Tl&i“ d at&;@ustqeﬁrg ]]05 to change the flow rate of conductive fluid
into cont a(f)H’e ththe ferrechisveliang teicanfrphihe seasitubude e pleeBAdudPsvENS | ui d
103 is | Np 9|rt‘|5ﬁ tPM ﬁﬁag@%éﬁgbel% ?rlordgqﬁgylgtrresp%c‘tﬁ(? er'hﬁg‘ief\)ei:g Ilg Ct' on

wi th ground con uctor I's es abllsh 0 con eflurd

103 witth celativeto eneiegletderodd @08 bsliiemices miMatunt Aaphidude qiexﬁeﬁoramrarfmw:hpmgs t he
first end of |level electrode 109. Sensi ng devi ce 100 has an event

| oggi ng syBitdnfetestablednrredsingbleceoenied.execut ed by the device. Alog file
can be downl oaded fromthe device for analysis. 25

In some embodiments, sensing electrode 108 and level electrode 109 are coated

by a primer with a hydrophobic compound to prevent conductive fluid 103 from clinging

20  onto the electrodes. The first ends of both electrodes 108 and 109 are tapered to reduce
the contact area with conductive fluid 103. This prevents conductive fluid 103 from
clinging onto the first ends of the electrodes when a clean separation is expected. These

features improve the reliability of sensing device 100.

25 The auto top-up operation of conductive fluid to container 101 is performed in
the following manner. When conductive fluid 103 in container 101 dropping below the
desired level (i.e. conductive fluid 103 is not in contact with level electrode 109 and
hence no electrical signal in fluid adjuster 105 from level electrode 109), fluid adjuster
105 will be triggered to supply conductive fluid into container 101 automatically from

30 reservoir 119. Conductive fluid is stopped from adding into container 101 once

conductive fluid 103 touches the first end of level electrode 109. The auto reset

11



Fig. 2 shows a bl ock diagramof a systemfor detecting vibration due to
seism c waves in accordance with an enbodi nent of this invention. System
200 conprises central processing unit 201, nmenory 203 readabl e by central
processing unit 201, central warning system 205 and a plurality of sensing
devi ces 206-210 in comunication wth 30central processing unit 201. Each
sensing devi ce 206-210 is same as sensing device 100 as described above and
shown in FPRgration Seﬁ@frdr@tld%\ﬁudem QmEaipdr01Qt & perseralddeid the fotowingrmentner.

I t t t ha br at t I
reg; on_dud PUTsuTE e Girvins e reBetite eibienyosbbipg ﬁ‘w;r?é‘schgm‘é‘e%"%é@'ef o
installed a1 dRCREHRMRe Wuld Dol WA %?cfv&rhggt%:{p ﬁ%gelgw th r&ef(ﬁ&t' a
vibration by a parti cufar sensi ng devi ce ) , a Vi r | on signa WI Il

be gener atshdrtaintertalansmuctied fltid WBINGS aliddd PESTBhfaghainioll bybfl2A adpystéhads
particul ar sensing device 206-210. The information carried by the
t ransmict t et FephCtiveBriddes s ipgeniast with the Bt eod of leveldéacerodad0®i fiee tfset he

br at th t th of th Centr al t 201
cont + gur e G tsar 7ot B Bty ategalralh ibisciti e g one o e o g
det er m ne gabatshgve ﬁurHQ@belQﬁrm%ﬁeﬁﬁlﬂ hé b%cfﬁldfeasé’é%g o%@re%?@d S&haM fibient

detection algorithns install I'n menory an earthquake I's confirned
by cent raICOpdmloesmchgeuhmttnoiﬂmrtedmtte&ipemnm Pepssyre) &8 ROBIdWY. Fotdample,
activated to trigger a series of energency procedures, such as sending

war ni ng sit ﬁéf“é"‘f’g t?'ﬁée@ﬁ‘fréd% Bgaswed el oYRyy oresebtiae lamva|lakéllfythtﬂdi'f[ﬁfe*ence
af f ect,ed. e | se detecti confir 15sensi ng devr ces
206 518 b BB e blreh, Rriepa®hE 8o W s dBinehd Thmab ahuey S rbde o

I'n the preseddfinedvank ﬂn’éwe§e@‘6‘%@?&'troh%@§e?rﬁgg%‘?é§m\%sgeﬁo‘?%&érﬁﬂle%y%&sﬁm are
used. A first type of algorithmis called Sinple threshold value detection
whi ch i s essétutinnthey alsobéggeothesessiopgratevi masuallp6- 210 bei ng tri ggered
over atime interval. An earthquake 20 is confirned if the total numnber of
sensing devi ces 206-210 being triggered is greater than a predefined

t hreshol d val u i ft nsi n CEeS
206- 210 and an%ezri]][r:t8 L Egﬁg@% gl%gsn%%ﬁ ?rle%ao facfoalrr?elmlg(}ﬁ 5I r%%f’? %‘%ﬁ%ﬁ"&j

devi ces 2263246 b@mamer rno@gerHgl fda3ur@ofk euseRlantot BYR0EM- corafa@cwy ﬁe.taom vahpe is
a random nunber that may be refined based on the results of field trials

and anal y§r<f§edm8atheﬁdemed &avel. ofonthe deaboieel eisdn ichettisl nqnhmumwmaash@*hdw
Sensi ng aBialugEr B Sowndd g Wb sbates e Catmal sobdtdrea Hithear
notion de‘rﬁﬁtc'oﬁﬂarﬁerg 1 gl*lﬁ}tWﬁ{ Bk hswhased r%ﬂuyefd QR YoRluGRE ST 10345

This method is suita eavy novi ng
contact with control electrode 110, i.e. an electrical connection with ground conductor

20 107 is established. The contact of conductive fluid 103 with control electrode 110

indicates that the fluid is approaching the first end of level electrode 109.

Sensing device 100 has an event logging system that records all events executed
by the device. A log file can be downloaded from the device for analysis.
25
Fig. 2 shows a block diagram of a system for detecting vibration due to seismic
waves in accordance with an embodiment of this invention. System 200 comprises
central processing unit 201, memory 203 readable by central processing unit 201, central
warning system 205 and a plurality of sensing devices 206-210 in communication with
30  central processing unit 201. Each sensing device 206-210 is same as sensing device 100

as described above and shown in Fig. 1. Sensing devices 206-210 are installed at
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30such as trains arid trucks. Consider two sensing devices D1 and D2
installed at locations Si and S2 are triggered at tines Ti and T2. The

vel ocity of propagation of the trigger event (v) is determ ned using the
equation, v = (S2 - S1)/(T2 - Ti). The neasured velocity (v) is conpared
with the primary wave velocity which is the speed of sound and the
secondary wave velocity which is about 60% of the speed of sound. If v >
fp, an eardifigngakbocporsonfar ared (Bewdhin  pity) sodhpuvibtation infe partieanyregione
velocity (e.qg. fp = 0.9 x b¢ erein.c is the vel oci of sqund lf v >
{5 %an sartiRAeBs Vater s deaedt s8ing SeviEendtd 8 b tBelahinspottave
vel ocity ( = ; J i L : ; A
third t ype\'ﬁggn gltaac?r?‘irt?ﬁ%ﬁirgglgrawgﬂgg%gaIdrﬁ%ﬁ%ﬁ?%@hﬂytgéﬁ?ﬁwﬁ?\%ﬁﬁ% ‘ljesvl eas ed
on | ocati @08-210, e.vilireppagsiapdiyill bk geaatdattbrrbaasiti2dbo2b0trbleprogessingggétr ed
over a tine interval. 10 In this nmethod, each sensing device 206-210 is
associ at ed?Oli Py at | Bastc e sensing [dpvied 2206 ZL0pnTheorirf@rmafions epgifde bictheyi ty.

i.d of | j ig.,.3.
ear t nquaka e R 1Pl Ees dubih il LEAEHaRrE BEF ol Periausnaidine

| ocat ed adjRagihoftRe GBEdYioAt her, i.e. they are inmedi ate nei ghbours w th one
or nore borders being shared. For an exanple with reference to Fig. 3, any
group of four neighbouring 15 cells (e.g. cells 4, 5, 6 and 7) being
triggered will constitute an earthquake confirmation. If a few randomcells
are being trigdePEal Arrsesses uaib 203t 's copfigwed teuperirmandiiron ithy reeiyed
(e.g. gells 1. 5, . ver ime interval . the. al i e, shut
o 1 “adf " HbrEieT s, AR o n el B ) BpiPhate B Cp B R s B0 A

variant ofsefsh@ ddteétbr Mg@r_imnsahgeméd iRMaofess. | PaA ARAYBakeSs BasMtheyt he
direction of the cells being triggered. An earthquake is confirned if the

cel | s ar e cheiralgprocesyiper wdt 201, acepinat iweliag sgitemc205owill Forctvatek dompliggania h
reference tQ Fi 3, an earthauake is confirmed if.any‘grougbqbefo r cells

bei ng triéﬁré‘?seé‘gé‘”r’%erlg%%\/t BEPFAUEEST EYSt Py esFHalv AR PR ANl [ 15e Aecterh, 13
and 14). Ztasations %relgmun‘:s‘.IiF%Iggfpé?ggj&gqub%v r:s'llfgff?lgggetgl;t? eigfc?,l(\)ﬁ(;p t ch

have been descri and i ove, | e unders at they

are exenplsagngdevidee 206280bie Mg tAgbréd ®ilNge rebex Rl reansedipreshdog nhgdd.i m ti ng.
It is expected that those skilled in the art can and wi || design
alternative enbodinments that infringe this invention as set forth in the

foll om ng 30cl ai is. . . I . .
9 ?n W\;e present invention, several types of seismic detection algorithms are used.

A first type of algorithm is called simple threshold value detection which is based on the
number of sensing devices 206-210 being triggered over a time interval. An earthquake
20 is confirmed if the total number of sensing devices 206-210 being triggered is greater
than a predefined threshold value. For example, consider a system of fifty sensing
devices 206-210 and an earthquake is confirmed if the total number of sensing devices
206-210 being triggered is more than twenty. The threshold value is a random number
that may be refined based on the results of field trials and analysis data. A variant of the
25  above described simple threshold value detection method is to assign a weight (between

0 and 1) to each sensing device 206-210.

A second type of algorithm is called linear motion detection algorithm which is
based on velocity of seismic waves. This method is suitable for heavy moving objects
30  such as trains and trucks. Consider two sensing devices D1 and D2 installed at locations

S1 and S2 are triggered at times T1 and T2. The velocity of propagation of the trigger
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What is claimed is: 1.A device for detecting vibration due to seismc
waves, the device conprising: a container for holding conductive fluid; ba
fluid adjuster for supplying and di schargi ng of the conductive fluid

t hrough an opening in the container; a ground conductor in contact with the
conductive fluid in the container; and a plurality of electrodes within the
cont ai ner conPrisin . a sensing electrode having a first end in close

proxi nmity €Nt i issletkretingd using the adation, t\he (62nt aLMER + dlbalibe roessusast
with the conductive fluid by ripples in the conductive fluid, caused by a

Vi brat i on St QS BT EREd WiHD WietReTPark SravE SRIRERY MBI EF SPREd gF el and
conduct or the sdediaky Wace Y/,leBEﬂ% Whth is about 607 drNElspELES E&ﬁ\%. hayi 0g, &, f i st
end proxi mate the conductive flurd In the contal nel such that contact

bet ween t hardhonelecit icoefidiad whedath fiphea furcsibn engriefary Weve ddodigvels. &l €oonode
establ i shes an electrical connection with the %rounq conduct or wherein the
| evel &l ectVbI&IN Gisithe welagty ofsarndothunic aniearthapake is aenfirmeidavhedpings isra t o

indicate t luid adjuster t u y the conductive flyid tq the

cont ot ner TIREI o ser el Wil Re P L o eHRRTb e velofit b ne
conductive fluid at a desired level to control sensitivity of the sensing
el ectrode and wherein the 20 position of the first end of the |evel

el ectrode with A dspktipetad dlgarittim Bwrlled areatjdesiceibh aldogitiahi wigich & bdvedsensi ng
el ectrode to define a mninum anplitude | evel of ripples in the conductive
fluid thatlosatiopeti€ctoRsprby) efisendasdevicgs 20eiP baing triggerghhaveratine inservel- aj m

o't habcont aragiethds R SLBIng S FRAdRIeR ob Db REls Brsd e Befibl e ' ©
monitored for seismic activity. An unstructured grid of cells could be formed as shown in
Fig. 3. An earthquake is confirmed if sensing devices 206-210 being triggered are located
adjacent to each other, i.e. they are immediate neighbours with one or more borders
being shared. For an example with reference to Fig. 3, any group of four neighbouring
15  cells (e.g. cells 4, 5, 6 and 7) being triggered will constitute an earthquake confirmation.
If a few random cells are being triggered and they do not form a group of neighbouring

cells (e.g. cells 1, 5, 14 and 15) over a time interval, the alarm will be shut off and the

system resets and resumes its operation in standby mode.

20 A variant of the third type of algorithm as described above is based on the
direction of the cells being triggered. An earthquake is confirmed if the cells are being
triggered in a particular direction. For an example with reference to Fig. 3, an
earthquake is confirmed if any group of four cells being triggered are located in a relative

linear direction (e.g. 11, 12, 13 and 14).

25
While preferred embodiments of the present invention have been described and
illustrated above, it is to be understood that they are exemplary of the invention and are
not to be considered to be limiting. It is expected that those skilled in the art can and will
design alternative embodiments that infringe this invention as set forth in the following
30 claims.
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desired level. 3. The device of claim1l wherein the fluid adjuster is
configured to stop supplying the conductive fluid to the container in
response to the conductive fluid being in contact 30with the first end of
the |l evel electrode establishing an electrical connection with the ground
conductor. 4. The device of claim1l wherein the fluid adjuster is operable
in a reset operation to discharge the conductive fluid fromthe contai ner
and then tWhstisglaymedhis: conductive fluid to the container until the
conductive fluid is in contact with the first end of the | evel 5electrode
establishing an electrical connection with the ground conductor. 5. The

device of ¢l ai rﬁéem%ﬂ:l@tercﬁ ge\agrsa%%n(apigliégéigﬁnc_\%vg 'tH(.gSé\ﬁ&‘r pehsﬁ\% nge in

anbi ent conditions or trig devi ce 1 wherein

the fluid adj usi @htaeeEs saamgcauarmttfv@ﬂu@elf driving the conductlve fluid
into and out of the container. 7. The device of claim1l wherein the
plural bty of elabuid adivsterfot heaplydogrpnd dissharging ofithe o ustive Hdid througbranact
with the conductlve fluid in the container to 15 establish an electrical
connect i orPRA'E 1 HE® PgHWH'conductor that indicates the I evel of the

conductive fl uifsbing Hﬁ\(ﬁ?ﬂ)tr% taMIGHHER cFF@uﬁQE?ILﬁm%@E& tQAEr aﬁdI n

communi cation with the fluid a uster to a uid a ustér

control flow raatpﬂumfltytdﬂélmaﬂuﬂvlthm thk dbstainkt eorhpasieg@nt ai ner such that t he
flowrate of conductive fluid into the container is reduced in response to
the conductive fl ui & ¥8Fing elastredahaving wifirst anddn close podxinalte ¢e thrdeonductive

10 fluid in the container to cause contact with the conductive fluid by ripples in the
conductive fluid caused by a vibration that establishes an electrical connection
with the ground conductor to detect the vibration;

a level electrode having a first end proximate the conductive fluid in the
container such that contact between the conductive fluid and the first end of the

15 level electrode establishes an electrical connection with the ground conductor
wherein the level electrode is in electrical communication with the fluid adjuster
to indicate to the fluid adjuster to supply the conductive fluid to the container
when no electrical signal is received in order to maintain the conductive fluid at a
desired level to control sensitivity of the sensing electrode and wherein the

20 position of the first end of the level electrode with respect to fluid level is
adjustable relative to the sensing electrode to define a minimum amplitude level

of ripples in the conductive fluid that is detectable by the sensing electrode.

2. The device of claim 1 wherein the fluid adjuster is configured to supply the
25  conductive fluid to the container in response to the conductive fluid dropping below the

desired level.

3. The device of claim 1 wherein the fluid adjuster is configured to stop supplying
the conductive fluid to the container in response to the conductive fluid being in contact
30 with the first end of the level electrode establishing an electrical connection with the

ground conductor.
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20 8. the device of claim1 further conprising: a warning systemin
connection to the sensing el ectrode wherein the warning systemis triggered
in response to an electrical connection between the sensing el ectrode and

t he ground conductor being established. 25 9. The device of claiml
wherein the sensing electrode is coated with a priner with a hydrophobic
conpound to prevent the conductive fluid fromclinging onto the sensing

el ectrode. 10.The device of claim1l wherein the |level electrode is coated

with a prijper w,th a hydrophobic conpoynd to prevent the conductive fluid
from ol nghng oegiePise or BOBT TGS Qo g 4, rHRs SGthrEbe 51 & CIoaI SROrSURLICb!
the 11t &Rfapl thoBoRARE| Oy !s ' r N§edekbganetufd &l m
1 wherein theaﬁ%rst %n o¥ tﬁ% ﬁgﬁgﬁggf%%?%%ﬁgtﬁ§“?%§§¥@@&m1§. %ﬁg dg§!ce
of cl ai m Ltovdherm@htitdreuntil nhéndondurgeive tfludeisl iewehtaaf withppleelrst Bnd € the level
10conductive fluid that is detectable by the sensing electrode is 0.1 nm
14A mePhotledrodgestablishing a1 eleglricarrodnection with heistoumsleadusiong a devi ce
conprising: a container for holding conductive fluid;

5. The device of claim 4 wherein the reset operation is triggered by a change in

ambient conditions or triggered manually.

10 6. The device of claim 1 wherein the fluid adjuster comprises a pump for self-driving

the conductive fluid into and out of the container.

7. The device of claim 1 wherein the plurality of electrodes further comprises:
a control electrode in contact with the conductive fluid in the container to
15  establish an electrical connection with the ground conductor that indicates the level of
the conductive fluid in the container wherein the control electrode is in communication
with the fluid adjuster to allow the fluid adjuster to control flow rate of the conductive
fluid into the container such that the flow rate of conductive fluid into the container is

reduced in response to the conductive fluid being in contact with the control electrode.

20
8. The device of claim 1 further comprising:

a warning system in connection to the sensing electrode wherein the warning
system is triggered in response to an electrical connection between the sensing electrode
and the ground conductor being established.

25

9. The device of claim 1 wherein the sensing electrode is coated with a primer with a
hydrophobic compound to prevent the conductive fluid from clinging onto the sensing

electrode.
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a fluid adjuster for supplying and discharging of the conductive fluid

t hrough an 15opening in the container; a ground conductor in contact with
the conductive fluid in the container; and a plurality of electrodes within
t he contai ner conpri sing: a sensing electrode having a first end in
close proximty to the conductive fluid in the container to cause contact
with the conductive fluid by ples in the 20conductive fluid caused by a
vi brati on ¥hat %%Icﬁsﬁébmﬂ wﬁ@r@irr ﬂ@dEVQi@iﬂ@ér@tie imcagtechwithen piimahyith a
conduct or e ct the vibration el , el ectrode havi first
ond br oxi ARCEHEB cHRRVEs IR the o BT SEink oL Chrtipn o Hi e

bet ween thg.gRductive fluid and the first end of the l[evel electrode
establishes an electrical connection with the ground conductor 25 wherein
the level electrode is in electrical conmunication with the fluid adjuster
to indicate to the fluid adjuster to supply the conductive fluid to the
cont ai Aer Mhen The devise of ¢laia 1 wihgrain thesfirseend ofabe pensineddectiasiedatanetidn t he
conductive fluid at a desired level to control sensitivity of the sensing
el ectrode and wherein the position of the first end of the |evel electrode

Wi th respect torhklddiide bEMSIM lﬁ/h%p@mhésﬁr@pérﬁj mh@tévgreex&&rad%qs@a%%mg
el ectrode to define a mninmum anplitude | evel ri pples in the conducive

fluid that is detectable by the sensing electrode t he net hod conpri si ng:
mai ntai ni ng the conductlve fluid at the desired | evel y detecting a | ack
GV

of electrildal o ﬁr%qv'CFrfa‘nWﬁblnéky@le"brf@cwwm Amphiide) lgvel Hfdjirpiesin the
| ndi Cﬁb' ”Qohb‘@&w@‘%@m&%g{ lls\égtec a[ a%PY es%nspﬁ%gl(g?t et80t ha Cont ai ner by the

fl ui d adj ust rlca M€nnecti on between
t he sensing el ectrode and the ground conductor in response to ripples in
the conductive fluid causing the conductive fluid to contact the first end
of the serdi ng Aemethiodddedetecting vibration due to seismic waves using a device comprising:

a container for holding conductive fluid;

a fluid adjuster for supplying and discharging of the conductive fluid through an
15  openingin the container;

a ground conductor in contact with the conductive fluid in the container; and

a plurality of electrodes within the container comprising:

a sensing electrode having a first end in close proximity to the conductive
fluid in the container to cause contact with the conductive fluid by ripples in the

20 conductive fluid caused by a vibration that establishes an electrical connection
with the ground conductor to detect the vibration;

a level electrode having a first end proximate the conductive fluid in the
container such that contact between the conductive fluid and the first end of the
level electrode establishes an electrical connection with the ground conductor

25 wherein the level electrode is in electrical communication with the fluid adjuster
to indicate to the fluid adjuster to supply the conductive fluid to the container
when no electrical signal is received in order to maintain the conductive fluid at a
desired level to control sensitivity of the sensing electrode and wherein the
position of the first end of the level electrode with respect to fluid level is

30 adjustable relative to the sensing electrode to define a minimum amplitude level
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1015. The net hod of claim 14 wherein the maintaining of the conductive fluid
at the desired | evel conprising: stop supplying the conductive
fluid to the container by the fluid adjuster in response to the conductive
fluid being in contact with the first end of the |level electrode. 1516. The
met hod of claim 14 wherein the maintaining of the conductive fluid at the

desired |l evel c¢ I,Si y . i rgi t onductive fluid fromthe
contai ner by t hgméﬂdlggdﬂgﬁf&SP%H’C"feoﬁﬁ"g&E% 'gﬁgg‘?fb%ﬁ?ﬁﬁéh‘i RNSESrRIet9dee the i d
to the contai nemetodtddmpiisidzd adj uster until the conductive fluid is in
contact with the first end of the |level electrode. 20 17. The net hod of

claim 14 further conpainsdimgg the conductite flggeat tHrgdira@idvengy SMsteiB 4 Rck of
response to an qleqtrical connection between the sensing el ectrode and the
ground conduct ot CBEFHG &St A9 dhedevedigtmdsyist b flwd atbueser intbcavinbrtaei on

gr ound condu st der <t | M ibus
eadabl’e by t he RanC B a5 oegraded e Sanine? 87 By Boibeel 4 of *sensi ng

devices located at distdfEiang ahQS@ti@NSoAREttion HATBAMN AL RMMIER dd2€and
central processing unit wherein each sensing device conprising: 30a

cont ai ner for Hbﬁcﬁrwgﬂcbmwucttoir\'ne rédponsk to ripples in the conductive fluid causing the

conductive fluid to contact the first end of the sensing electrode.

10  15. The method of claim 14 wherein the maintaining of the conductive fluid at the
desired level comprising:
stop supplying the conductive fluid to the container by the fluid adjuster in

response to the conductive fluid being in contact with the first end of the level electrode.

15 16. The method of claim 14 wherein the maintaining of the conductive fluid at the
desired level comprising:
discharging the conductive fluid from the container by the fluid adjuster followed
by supplying the conductive fluid to the container by the fluid adjuster until the
conductive fluid is in contact with the first end of the level electrode.
20
17. The method of claim 14 further comprising:
triggering a warning system in response to an electrical connection between the

sensing electrode and the ground conductor being established.

25  18. A system for detecting vibration due to seismic waves comprising:
a central processing unit;
a memory readable by the central processing unit; and
a plurality of sensing devices located at different locations and in communication
with the central processing unit wherein each sensing device comprising:

30 a container for holding conductive fluid;
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a fluid adjuster for supplying and discharging of the conductive fluid

t hrough an opening in the container; a ground conductor in contact wth the
conductive fluid in the container; and 5a plurality of electrodes within

t he contai ner conpri sing: a sensing electrode having a first end in
close proximty to the conductive fluid in the container to cause contact

ith th ductive flpui i pples in th duct j |ui d ed
Vi brat i on that est aot iTLHEQOMtos Be EP R eca Bth SR o 6o GBHAE e -

conduct or to degR&hghtdheoptnigah HoMpsh&. N a vibration signal is generated
and transmtted to the central processing unit in response to an electrical

connecti on bet ween theramedsondusbeintdacet anth thaeogdwdtivg foahmhubeaonbendrg
established; a level electrode having a first end proximate the conductive
fluid 15 in th%ontai ner such that contact between the conductive fl uid

and the first end of level electrode establishes an .electrical
connec?ion with the %é@ﬁﬂﬁf%§%%§g¥%?“' LR oY SORP A 8 ctrode is in

el ect i cal communi cati on siideelebidl nadh St st fal iHIGRL Grokibfo Ehel d
adjuster to supply the conductive fluid to the container when no el ectrical

signal is 20 recei veddiivertiéd it chemiontaner toheauserdutict wethf the doratuctive
desired level to con n&l sensitivity of the sensing el ectrode and wherein
the position of the 4i¢sRY dipaless int hle | @pdpctiveelridogarset By respation othet ui d

ampl i tude | evel of 1 Baeecer PREPERERRL AR RO o SR B Fo by

the sapsing el ectrodee Ahbtién GeREdIRIa RFREBESIgAl MNichelted QRS itBMERTtEY to
instructions in the nenory to determ ne whether an earthquake occurs based

on the received vi brthei eantsil gpratessingomit hie péspradd tty af dendéalgecaeeciss.
19. The system of cl gim 18 erein the plurfjity of el ectrodes of each
sensing devi ce 30f ur hwpen. oths, jsepsing electrode and the ground conductor being

established;

a level electrode having a first end proximate the conductive fluid
15 in the container such that contact between the conductive fluid and the
first end of the level electrode establishes an electrical connection with
the ground conductor wherein the level electrode is in electrical
communication with the fluid adjuster to indicate to the fluid adjuster to
supply the conductive fluid to the container when no electrical signal is
20 received in order to maintain the conductive fluid at a desired level to
control sensitivity of the sensing electrode and wherein the position of the
first end of the level electrode with respect to fluid level is adjustable
relative to the sensing electrode to define a minimum amplitude level of

ripples in the conductive fluid that is detectable by the sensing electrode;
25 the central processing unit is configured by instructions in the memory to
determine whether an earthquake occurs based on the received vibration signals from

the plurality of sensing devices.

19. The system of claim 18 wherein the plurality of electrodes of each sensing device

30  further comprises:
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a control electrode in contact with the conductive fluid in the container
to establish an el ectrical connection with the ground conductor that

i ndicates the | evel of the conductive fluid in the container wherein the
control electrode is in comunication with the fluid adjuster to allow the
fluid adjuster to control flow rate of the conductive 5fluid into the

cont ai ner such that tge “O\g{v rate of cqr;ﬂ ctive fluid into the container is
reduced in respbi8BIPhLeleRBOG My septagk With,the sendstive fluithdmdhe opkriRgfeto

control el &aeiyieden elgchicaT}egn%ﬁ&ﬁ@itﬂ\;th%ﬁ{)m §orf&ﬁrc{g?qr1atcmg}25{e§ittggée%vielgaié ;

a warning systemin connection to t ral processi ng uni

10emer gencepoodedive dRiid ih theSPARSRr inheddin @A tHtEKSedt®de e domeulivatidie
central processing unit. 21. The systemof clainms 18 wherein the central

processi ngVitihithe flaidcshisteupetionytherlid aditstactd orrsréllovheterefrbreycanluctive
det er m_ne t her, an _eart hquak curs based on 6 15 n er of the sensin
devi ces af%‘gfnga tB?/ cAIINsF g?‘?‘oﬁagﬁéer é?‘ﬁ aif ‘gra(foﬂqﬂﬂffé%eﬁ{iqg ”EBﬁF? FREGMEF IS u%
of the 5eW%Hﬁ'(gedqﬁ\‘és(b%ﬁs@lfoftﬁ@}cgpd&ifivé h&‘ld\zﬂzem#h'ﬁﬁ'ta&v\ﬁirth g}eoc%rn'tr%ﬁjeltigtr%@at er

than a predeterm ned threshold val ue. e system claim erein

the central processing unit is configured by the 20 instructions in the
menory to determ ne whet her an earthquake occurs based on |ocations of the
sensi ng dedf cesThgrsyeemedf daymd8vimherdontprisher ei n an eart hquake is confirned

if the sensing deyjce aféect.ed b %Fe vibration are | ocated adjacent to
each ot her. 25f3?“ﬁ{§'”§y§\{5 of' EPEIH'YS Rﬂhél?eeicr‘?mirﬁlcra PERTTEY S PBYolBsYEIERG" uni t
| s conbi gumedg@¥eyt PRockdFlet URL iPShseNtd BA BBAREYaKE Ois A& B eoy IRt hehan
eart hquake occurs based on | ocations of the sensing devices affected by a
vi brat i on prpesgnguait. eart hquake is confirmed if the sensing devices are
triggered by the vibration propagating in a particular direction.

21. The system of claims 18 wherein the central processing unit is configured by the

instructions in the memory to determine whether an earthquake occurs based on

15  number of the sensing devices affected by a vibration wherein an earthquake is

confirmed if sum of the sensing devices affected by the vibration over a period is greater

than a predetermined threshold value.

22. The system of claim 18 wherein the central processing unit is configured by the
20 instructions in the memory to determine whether an earthquake occurs based on
locations of the sensing devices affected by a vibration wherein an earthquake is
confirmed if the sensing devices affected by the vibration are located adjacent to each

other.

25 23, The system of claim 18 wherein the central processing unit is configured by the
instructions in the memory to determine whether an earthquake occurs based on
locations of the sensing devices affected by a vibration wherein an earthquake is
confirmed if the sensing devices are triggered by the vibration propagating in a particular
direction.

30
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30 24. The system of claim 18 wherein each vibration signal received by
the central processing unit conprises the date and/or tine of vibration.

25. The system of claim 18 wherein each vibration signal received by the
central 5processing unit conprises the strength of vibration. 10

24, The system of claim 18 wherein each vibration signal received by the central

processing unit comprises the date and/or time of vibration.

25. The system of claim 18 wherein each vibration signal received by the central

5  processing unit comprises the strength of vibration.

10
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