1 CHI NESE LUNAR CALENDAR- BASED TI DAL PREDI CTI ON
SYSTEM AND METHOD THEREOF Field of the Invention
- [0001] The present invention generally relates to
technol ogi es of tidal prediction, and nore
particularly to a system andnet hod for tidal hei ght
prediction utilizing Chinese |unar cal endar and
((HMESE JUNAR CAIENBARBASETIDALRREDICRIONSYYDOY] AND
Ti des are the regul ar tin [,h the nean sea
| evel that are cause&wwféﬁ % %quti onal
attractions of the Moon and Sun. Tides are usually the
nmean tidal height denoting the relatively
short-period, astronolielhof theilneendionr verti cal changes
in the sea surface (exclusive of w nd-induced waves
and earthqgquake-caused tsunam ). Another useful term
[oodfy ti dal Tiguipresattt ihiviation @kperally Gelaes pehydlogiepof itidal grediction,
hori zontal novenment of the ocean water. [0003] Tides

andamere prrigrabet By st ynd methadsior Héalhwighy PEesiGtiongrilizig Chinese
1.cala, ndom ones. The astronom cal
lungrg%%%l?g}4n%§@§g@é&%&ﬁt§l%g's of forces responsible for
producing tides. One is the force of gravitation
exerted by the Mon and Sun upon the Earth. The ot her
is the centrifugal %’r‘%‘é’“ﬁfidﬁlﬁg"eﬁ“'ﬁyt‘?%e revol uti on of
the Earth and Moon (and the Earth and Sun) around
their conmmon center-of-mass. [0004] The net effect
[ooeziert ed Dides hee thboegdadiSunatoms til¢heGacarhsaidpesidbatigsenaused by

the:ggz?vg‘igfiglrgﬁ sBctigh et te N e Sy hdh g raallyche in tidal height
derid)l‘ﬁhg Ghd RRaPRAP SRor®lpetibE Mﬂomi@aﬁ¥ $hducal Watscal changes in the sea

iIlum nates one half of the Moon tacing the Sun,
surface dpxclfigive lofinginddofiqedewavashan edthqBake-aaupeflbounantip Another

0ppPOS;|. sides,of the. Earth, the Noon. ear
usel PR SR 0] Bt skt Aoutpnr g kT P RRPPRAL g vement of
the 9déan Wwiter. appears dark, a "new' Mon. |In between, the
Moon's il lum nated surface appears to grow froma new
0088 on to hides| areMsdlnenegt byheany eleetoss dgclugding asiienqmical, non-

asttORdmIC Nor y&;ﬂ%@g{ Fr":r‘es. MpgQ aisé?ﬁrﬂig%aggorgz%élgﬁé]n %(?%ypésh@f forces

gravitation ractrons o

resﬁomﬂjl@ fatprediding tidebuo@ngisehé doreé bhpraaitati@gexeiied &y, the Moon and
nown as S&i ng tides. is at, first
r

VWhen the Mb |
Sun wporythg i ther Tlisnetbesis the égfg}?ié\&(;% veoRritead e rgrugen of the
Batth'ind¥0R0n 0 RV Bafhid Hid)ardund their common center-of-mass.

[0004] The net effect exerted by the Moon and Sun on the Earth depends upon their

relative positions. One way to describe the relative positions of the Earth, Sun, and Moon
is using the phases of the Moon. The Sun always illuminates one half of the Moon facing
the Sun, except for lunar eclipses. When the Sun and Moon are on opposite sides of the
Earth, the Moon appears “full” to us. When the Moon is between the Earth and Sun, it
appears dark, a “new” Moon. In between, the Moon’s illuminated surface appears to grow
from a new Moon to a full Moon, and then decreases to the next new Moon. When the
Moon is at new or full phases, the gravitational attractions of the Moon and Sun
synergistically induce greater-than-average tides, known as spring tides. When the Moon

is at first or third quarter phases, the gravitational attractions of the Moon and Sun partially



counteract each other so as to induce high tides that

are | ower than average and low tides that are higher

t han average. Such tides with dimnished range are

call ed neap tides. [0005] Th% non- astronom cal factors

such as configuration of the<4coastline, |local depth

of the water, ocean-floor topography, and ot her
coumyatndgadipbiter ands treindocohighitclas that afel lowac then augrage ayd low tides

n i.nportant role n.alfering,.the .range, the.nterv
thaf el gevEae Poh ided vt uinitoled Hifurat® Sale i Bes
[006d] the tirdeonfaeoonmiaRl Rctokd sichi ReonebUREDn b éhaedastline, local

and ocean floor slows the novenent of the tides; |and

depthof dke watesseceantfinor itepographyhend pihey hadepgedphiq erg meteorological

. ter: and topograph n.the ocean fl oo [OVI .

inthEAGEs m ! §laY B8 SHRERAN PR b AFRBSERR b1, PRI Bpraften high and

lovAklatelr NasiEtht aBh &l o difyal dEltay tiads. | Na@l skaipld, ifdetonf stweyh the water
to 3.5 hours. [0006] Unpredictable random factors, may

anchaeeansflenti slowaiic erovenest ofntherfides; ad massey Hpeggtaobayrier to the

i ncl . LW v o, f ‘g
e 95 R Do s RERLEL Apef HIGIes 0o o e
for@atd mauakeas oftidalgedter. allkethtsuaeiots maeddapbirivglstafdides for up to 3.5

waves that are nmuch higher than normal regular tides.
ho‘FE)OO?] “Information of tidal heights and their arrival
[00bd]™8S | SUGhFAiGRbIE YahdBRR TAABEs Y hade \¥hifiatt ffects on the tides.

d

activities'including navigation througlt I nter-coastal

Sustatfectorsy sSnande vill ddal, nwinglst waini efsgshbayes, runodf, ardotlsr short-term

har Qor, engi neerj n rojects; cruise and contai ner . .
me{eQrolpRishl CYgBIN oA I GRRkT G LURARSORBHAFTHRYS [pPBPgepfating tidal
wa®ds thi € FRich ALHELHES 88fal kQJulatiggE Wat er  denol i tion

activities and other mlitary engineering uses,; .
[0007]sher y; Ifatreationgifaidetheights and thetriayiivdl dgnesaneritically important for

ut.i]ization.of. hydto-dans as enerqy. generators. oy
a gt f b iR SRR SRSy REREe3h Clfiepupys and within
est@ardRl bhFsan6E hal P8 AarkdrCansicdfih @ ph6jeaDetise tindefohdifier terminal
has been made for tidal prediction so far. Mny

bertip talloaatiem and esghedidinga peoisien @i porediqnopeqesgpgy for underwater

redict i . [ W1l J: el a I :
o e Sl T SR s s o
activitiesglenvd eflization oLy deoHdaink B eigergp peregatbisd @ hel@yore, il prediction is

spring tide day is useful for certain industries,
of grealerragtical signiffgacenot predict the daily and hourly

[oolbédd al h e iAQQJns}éi%Hﬁ?es aﬁ%ﬁﬁ%f%ﬁﬁ%{w& fiMdeGbPRlal opr%(gﬁtéon so far.

dustries and recreati ons. rrently, t
Maniy da¢thpdseatidcddvives hahé béencpropedeyl fappidad xiredittéort &l tidal information

g B SR T AR, 90 S0 . e
cal@tﬁléﬂiﬂ%% §1;rirfg3{i§@&1ay‘f?‘31" ieseinh kel duf id heful Merndeatainhdustries, however,
Har noni ¢ Anma nd

ysis a
it does not predict the daily and hourly tidal height values which are useful for other

industries and recreations.

[0009] Currently, to make tidal predictions which closely approximate the National
Oceanic and Atmospheric Administration (NOAA) predictions one must use the
“Harmonic Analysis” method as described in the “Manual Of Harmonic Analysis and
Prediction of Tides”, Special Publication No. 98 published by the U.S. Department of

Commerce. Since tides are generated essentially by astronomical forces of harmonic



Prediction of Tides", Special Publication No. 98
publ i shed by the U S. Departnent of Commerce. Since
tides are generated essentially by astronom cal forces
of harnmonic 3 nature, it is_no surprise that the
har noni ¢ analysis is the prlﬁ%lpal nmet hod used in
tidal study and prediction. [0010] The harnonic
natareahym ® girptisaltst e hasediupoly sinisdbs pripeipehmethed ushé in tidal
and. fall of the tides in any locality can be
Su@&ﬁ?%ﬁ@’Wlﬂﬁthenatlcally by the sumof a series of
[00R&F MONi C The hAmn MY Aty L taiel iJ Bséd issant 88sumption that the rise and
astronom cal conditions. From Special Publication 98
falf @%\tbaqﬂaﬁam 8)y lopplitirsan be Anplegssidsnathematinglly by the sy @4 series of
harﬁgpti% g C%S ég\%%lg é/ertau% egﬂn‘é £ ba%ffo erglc‘él gﬁﬁdlﬁ%h? &rom Special

epalra O a nu

PuBlwibht%e@hﬁLgréﬁheS)q‘thdnhceAnﬁl@ﬁ@’lhs ap@ddnmvﬁrleam the process by
har noni ¢ constants consi sti ng of npl 1t udes and

whighathesobsepyedoiadal dateaf any mkaqesarsoﬁsaﬁfatqulw& apgumber of harmonic
ngrmt.h 0
coé&?ﬁén&% ‘ rglz)hr(?o ua%?i%? r%toggl?fto%t% %?%‘%/% IléF Irhtr?gmgftﬁctaﬁ&x@{a%@ 9§n51st1ng of
amplitudbs aitephages dHaﬁmaaﬂs p&ﬁ&tﬂﬁd@acobﬁ@hﬁﬂed 'jarenmiting the elementary
co%&e}éﬁc’%}% aﬁirbr(g‘é%‘?q%d%lg} ?s{tr)e;)%lpgﬁ‘@i Iﬁeggtg;pts Ié)%%}lg)‘gandﬁt m‘% grrrllte %or which the
préd%ﬁﬁ?hﬁé‘?nade requi res tidal observations at one water
tation over a long period of tine, typically 18.6
[Oquar s. | ﬁHaﬂﬂomc dhmalydis’t fm;thqde‘s) pﬂeélcusldabﬁmehamddmghts for any
straints nt rol or each |
EGRTGHIEHE SarabiF BROGREE MRSt u oft Fepge Igahiamar @ons it one water

stafigh BU@I’ dTRnE petibe of ﬁh&t 't}fiﬁlcaﬁl'ydl%' 6 eS¢l G AdaiSrY St REBir&Y tBe use of
very large and conpl ex. IS not possible to

hainmineg eatstraisiscindsyemems ﬁienioo eathhleeation fey whishghe tiéd paedictions are

o BE ol PR Pl o S5 A RGBS ey e and
co@Plek! IING ok Passitle eslikédroR stys bRMEMAIe Bkr I"Béljibtéﬂj{s such as cruise
avai l abl e for wi de range of industrial_ _applicati

and gentpiagy barfhnallocptipy syskeses thet sawre Fmaky tidal predction. ‘As a result, the
exid 18% tf&%ﬂ gféd?c‘f%#{r%g%n?scgee%?qe?éﬂ Mjﬁl]a | B 'vﬂgf: trhtg%l of industrial
varies in a Icantly

ap;ﬁl&i&ﬁ@ns/\fdrheﬂqnhe ciialemedetions pEmaﬂy,ahﬁ ipedi@fonracneraoy :achleved by
paraneters includi ng astronom cal, and non-astron

0
thegpresing tg] WAt SYX0a VAL ®pigpiicantht laras range Wﬂfén §%ffecmess of
vspélﬁgﬁ%ltlﬁé %I{l?ggve {a@ﬁ@cex@q clggifng% oern%Eélsa%dynon-a\’ﬁFoﬁ&mcal ones,

pr of essi s, the tid
as pret dis dbdab nortood Lpamm)eterarif ltiee sericexmplels | pprangaters amjnot defined precisely,

m@b@dg% G IR EC REE CHENICE TV -

anc?h }ﬁ@sy to use, portable, and world-w de
% Furthernore, the system
[0012] Therefore there is an existing need of a tidal prediction system and method

that is simple, easy to use, portable, and world-wide applicable. Furthermore, the system
and method can provide real-time tidal predictions with sufficient prediction accuracy for
various industrial applications. This invention satisfies this need. Other advantages of this

invention will be apparent with reference to the detailed description.



and nethod can provide real-tinme tidal predictions
wWith sufficient prediction accuracy for various

i ndustrial applications. This invention satisfies this
need. O her advantages of this invention will be
apparent with reference to t e detail ed description. 4
Summary of the Invention [0013] The present invention
provi des a Chi nese [Smamacybfcthddnvddimad ti dal

predi ction system and nethod that generate tida
predictions using enpirical prediction nodels,

[oo¥4)er €i N e SERdt! HIEnthSE PrHHEE 2 "OHRSe Mifar GIEH A Bdsed tidal
using Genetic Al gorithns- based regression analysis o
prefdontioa systeemaskmetfodothsegaredate itidal prédicsiondbibing tearpirgal prediction
er.leve station during a period of ogne. I [ .
molghy Bhafiote st pe o dafi Rt Bt st p Rty Afgbrictms-
badell e REFQNEnd1PME Rirl DPived BEI & dbSeRe@Yidaedht@ cblledtdd at a water level

prediction system conprising an electronic device
statiew {lwringsa pestask of angyae whickis rafested s spfenenen YA%T - or
oring knput, inte di . .ou Y| tJ g
oofHa " or SEBHS o SL R BB G ¢ BBl A8l prediction
sy <R ¢bAPEsind ah @WcE 66 ABvioP HeVing b @aintiry REREItREL adtothgd medium for
tidal height £redictor program wherein both of . .
stoing itratrsNIgFracqiAts) AIEAHRH INTATRAONe prch 2 PRORFPEINGSFPRELY fprexecuting
eRefiEn -- | I 53t QTtidal AGfBMpredict
eri3c BRERLTEN roet B S RN PR R B 8/l BGIA Chredicto
propiahy néerdhn dgttaof prupramsracteimpamantet dn thelieteotropicodpvaney In one
wherein the GA-based regression anal yzer progr IS
embadipeat BoTeBEFIOR MOEhEERET RICGEIT CRRPEGS o feygHe Algorithms (GA)-
i0f aQRlYY bnd 3" ARY Yafant it e IR 8 wherein the
ba$§?£gﬁé&g§€en&sgﬁhg gﬁe act ual ?%dal d%ta.??%%?Sj“in '
Gahaded eegrasyierc tnady zer peograre Se adapited mperfonm genetiealggrithm evolution

o B8 o LRSS b B0 FREPSE TSI e e

daf@r edi ction date of which the tidal predictionis
requested for a location; selecting a reference gear.
[oofislom while Anather asperiiof reantesent mventinn, these isrseyided @ fhinese lunar

RGN PG 0T B Y Y b B

of Wik thdatdal pedi@ionBik tregliesed Fbelh N@ratibn; §Siddtiage fefratice year from
cal endar; generating a regression E)r edi ction npdel f

whidhethg didgbpredictian ferathg prestictionedaiepa bp sradgcehtaiping actua? tidal data
Y
to CRijesstuast qaiedbs igbasratiiey €rdgression prediviioa médeh farhike actual tidal data
o e e S sk oAl [001E) O ROt 20, B s
pr&ﬁ&ting the tidal heights for the requested prediction date in accordance with the
regression prediction model.

[0016] One advantage of the present invention is that the system and method do not
require any astronomical knowledge, tidal-producing forces, complex harmonic
constraints, or non-astronomical and local control parameter input at all.

[0017] Another advantage of the present invention is that the system and method

are able to provide tidal predictions with sufficient accuracy.



requi re any astronom cal know edge, tidal -producing
forces, conplex harnonic constraints, or
non- astrononm cal and | ocal control parameter input at
all. [0017] Another advantage of the present invention
is that the system and net hof are able to provi de
tidal predictions with sufficient accuracy. 5 [0018]
[00Mgt anot Wer amdhvanidageaagd of the ppeseaeimventiorentthar tidal pheadiction in
a tidal] prediction.in neters can be. made for any .
metersygan B made dp &Ry GMeoAkIETH: o OsmiHe. Bl Piggorian calendar
tcal endar date. [0019] Yet another advantage of the
present invention is that the systemand nethod can
[0018 appl i ¥dt toothay adwantagel ef/ gle preatitanvedftianhis thet Khe sstem and

| o as_actuyal, tidal bser yati,ons e availahle for .
meyRfl G g o o deREReVaU R ThE P! o T feruat dcal
obseREHBRT 198 a9AIBIE For REAGEAM thDP2RictXR! nidvaekh@ing the GA-based

advant age of the present invention is that the system

regiessipo analptes pregiancan be easily integrated with any

h I T h [ -ti i dal )
o fopor t . OO tHecsnet i 2o iRy BLEERRIRER porable

and et daBilly Witbdrale@ GALaBPHBEEIT sylste@® thitheeell @ddl-aimengdal prediction
detai |l ed description of preferred enbodi nents thereof

suppprtconnecti on with the acconpanying draw ngs. Bri ef

[00 2 script Tﬁg ogj%g%\lﬂegi a% %%ﬁ?%e[s Q)Q%l%é in%ﬁ?tf(ﬁlr \Fvﬁfjbecomel ﬁpparent from

odi men ng to present 1 nvention w

thefolowiag ddesled dbediprbh bf preferednatodiméhetherafiirsonnection with the

which like reference nunerals denote |ike elenents.
accppemyingAEwings. s a functional bl ock di agram of a tidal

predi ction systemin accordance with one enbodi nent

of the present invention. [0024] FIG 2 illustrates

t he vari ous Moon RiiefSBescription o theDeavwings bet ween t he

Moon phases and Chi nese | unar cal endar dates. [0025]

FIG 3 is an exenplary data representation of the

[0053]i Nese bupdhed %%Bgﬁﬁentyﬁg&rﬁﬁg dathe feveisiedfion will now be
bet ween the Gregorian cal endar dates and the Chi nese

descrihed withatefengaee tatlesFiguon26] which like ireferance avagralp genote like
ele}ngrel\ts.Chi nese lunar calendar is also partially solar for

[0023] FIG.1 is a functional block diagram of a tidal prediction system in
" accordance with one embodiment of the present invention.

[0024] FIG. 2 illustrates the various Moon phases and the relations between the
Moon phases and Chinese lunar calendar dates.

[0025] FIG. 3 is an exemplary data representation of the Chinese lunar calendar
used for date conversion between the Gregorian calendar dates and the Chinese lunar
calendar dates. .

[0026] FIG. 4 illustrates that the Chinese lunar calendar is also partially solar for
the regular addition of an extra leap month (runyue) to a lunar year brings the lunar year
back into line with the longer solar year.

[0027] FIG. 5 is a graph showing the positions of Chinese Calendar New Year
(CNY) days with respect to the 1% of January of the Gregorian calendar year in a period

from 2000 to 2080.



the regular addition of an extra |eap nonth (runyue)

to a lunar year brings the lunar year back into |line

with the longer solar year. [0027] FIG 5 is a graph

showi ng the positions of Chinese Cal endar New Year

(CNY) days with respect to t@e Is* of January of the

Gregorian cal endar year in a period from 2000 to
[0023980. 6 FINBABListfakds thé ehbﬂeusd sfahe sorrdiatiaxbeitveercedabheight charts

the correlation between tid hei charts nd . .
and&hlﬂ%@éuwﬁa}engéq Grigmand dhee Sela??oo the Coplafion beffvep tidal height
ChaﬁgFﬁ A5, bt Weshdtt galks. he| ght charts and G egori an

ar cal endar dat es. 0029] FIG 7 is a flowhart of

[0029!1e met hidés. fois apﬂednchant m@ thé deethddefog mredjstmgtldzﬂdlelght using the

ChleFse %%?r lalf§ aag)aﬁﬁﬁg (??3 o1 1{?&0“ d?ené E’gbﬁihgnag?ﬁgr?%lgc@ with one
emwd%ﬁ&ﬁtof'tﬁkvﬁr%énf’ﬁweﬁmﬁo] FIG 8 shows the Chinese
Cal endar New Year ( ay's positions with respect

[00&06) t he GNG.§athewsfthe Eélr@xfe (rpleadar Nesw é{re@hﬁ(éN Yedny’ @pﬁsmons with

res iR R APHG Y Scts oF A SEOPBARL E TR ORE' LhoBii RENRIP003) for

detdriBninp RS Ritlr b hdjasting ROREJin htdorddhct |vsl'1tl§61ieﬁlé1ﬁ80d1ment of the
di vistron of tidal curve segnents, and generation of

present VPO egr essi on paraneters defined for tidal
ht f.q | ' .
ol ST, Y00 BRI h891 B0 Sl B4 s o

mult{p fte3Bion [pafdddterk Idefinddforgidal Aeight curvefittegpenidagrpinical model
the tidal prediction nodels, each nodel. being
cregtioidR @ecordansg V\tﬂlh@newmb@één?rﬁ RhtheAserent iKentioR- day d.

[00&22033] Ffflh@ 16} g Syt W GhOTRA PRActERANhSdN, Rech model
nes wt | %ed ran I nteger nunbers are
beim:g)md@tetdeﬂmgrth@ Chntesmlunpxamanthtm rsd ddy d.he regr essi on

nodel s o%dgl? 003 FIG 12 is.a gener fixed ¢
[0033] o har Gl éﬂm%liar?a OPHIrQPRSNEs §ORIABTRE gHFS wt&& ixed range o
inte%éxeﬂhﬁﬁér%e%e{é@érteﬁ%tb'aéuié%sﬁﬁ&&)ers@tﬁ@re R&sibe Hﬁfdbl% of FIG. 10.
gorithnms based regression anal yzer 0035] 13
[0034 a detBliG.el@ s ogehemt ﬂofwchm offest methodf fouwmm@e@mplmal tidal

predistrd wode TS Theal b v b8 AR RIS hET bR piyssion anatyzer.
rooddp d(t k)FI[(PQ%QL a'ﬁe@ﬂe@l‘hoﬁﬁ@ﬁﬁ Jrhige feddl oF Wi@-Gdretic Mgorithms

accuracy achieved by the GA-based regression
basahahyliple. parameter regression analysis method to create tidal prediction model

Hin,a(tx).
[0036] FIG. 14 shows the tidal curve-fitting accuracy achieved by the GA-based

regression analyzer.

[0037] FIG. 15 illustrates an exemplary and simplified user interface of the Chinese
calendar-based tidal prediction system.

[0038] FIG. 16 shows the tidal prediction accuracy achieved by the Chinese lunar
calendar-based tidal prediction system of FIG. 1.



[0037] FIG 15 illustrates an exenplary and sinplified
user interface of the Chinese cal endar-based tidal
prediction system [0038] FIG 16 shows the tidal
predi ction accuracy achi eved_by the Chinese | unar
cal endar - based ti dal predict?on systemof FIG 1. 7
Detai |l ed Description of the Invention [0039] The
present inventi Gretaited Descriptien of dudinven@on eadi | y by
reference to the follow ng detailed description of
certain enbodi nents of the invention. [0040]
[003br oughope pldkcht IRNtIEARIMbe WIRESoRURbICRRAIBNBY #ference to the
referenced, the disclosures of these publications are
follpwingiyletdiled deprwipdipe of byrtaire¢rabedinentsiof theaventiont i r et i es,

j.nto this a icati.on in order to nmore.fully descri
0046f e o EnGRBLOG® ® el RiiF s v Rrse e Figtlont, 7 §LLRRced, the
disd18¥des] of T s Sieitioris it € RbleBy ifoRydraies by reftrdiRE Sinl tHéidkntireties,
. calendar-based tidal prediction systemand nethod . . ,
into; thigt appbipetion ia arderdp muredplbt desegbe dieripte appyt ite which this invention
pertB[n diction nodels, wherein the enpirical prediction

nodel s are generated using Genetic Algorithms- based
[0041gQr esSi Die pReEews ivvehtionapovides & dahinéscohmar celtntiadbdsed tidal

lata collected at a water |level =~ station during a L
predigtipnaydemaing Peapd it @neiate ddal mredictiens sing eppisical prediction

r . | . . .

modfE hrhcklin (% 0o PPal AERLEG] ARA0e FPOLRRA] dlifl Genctlc Algorithms
basexbtdpoehsion anhlysisffol b @nrengset of abdeevkdotidat htatdodlactad et & ovater level

t he ,sol e purpose.of illustration of the i nci ples qf .
statiqfediiiRg Ehberfadl BHONS Hea i a%pmfﬁfs%%aé GlEFTEE R dF ds to be

appfRIAE ¥APLS IR EdRRriohs bethel By stehfandddedific steps of the method in
Furt hernmore, those details known to those skilled in

the falloweng detailesd destriptipent & thesadé purpper oftiHesteagikr obthe principles of
brevity and sigplicity., [0042]. Now referri to FlG. .

the By Eons, et P e et ety s G o i in the

arts! IFheRh&@! ok BetaNSkRIWH 1 BOSOSIHBETR e ahts @Renot repeated herein
enbodi ment of the present invention. The tidal

for hesekeef byavisyandermpiciBonpri ses a user interface 12; an

ectrony ' <N I j
oof 5L SOGESENHB LTS, e PRI AL HaPFSt 1EHE ot

tidal piediot@disattem i@rdcordatideutith oficosmbddiment @htile resent invention. The
) agr ocessing capacity for executi n% enbedded prograns; )

tidah pepdietinmptitsicny 19riniises 2 THer WdQface ride PR Adeetrppice @iy igsehaving a

el QURLIPHL Y S6SR 00NEAD SEHIATBA, ormcia, a

outphihforaratiohy ehdeasroasssing rapacign fyl exeautitge embeddedpprograms; and

into the el ectronic device the information fo
corrﬁarugegip{pg]r&n{sheﬂgq I}:]%rdmt\élr ace 12 calnnbe any a\lfacl)lab{e (gevices that may be

electronically connected to the electronic device either through cable or wireless, and that
enable a user to input into the electronic device the information for practicing the tidal
prediction method of the present invention, and receive and display the output 18 of the
tidal prediction. The information includes original data such as observed tidal data,
parameters for establishing the empirical regression models, and other information to be
inputted by the user for carrying out the calculations required by the method. The

information is stored in the storage media of the electronic device.



prediction nethod of the present invention, and
recei ve and display the output 18 of the tidal
predi ction. The information includes original data
such as observed tidal data, , paraneters for
establishing the enpirical régression nodel s, and
other information to be inputted by the user for
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recorde usin wat er gage, is called,.reference vy
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o 520 e 03 00 a3l S B s eression
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12. 1n addition, the GA-based regression paramneter

consohparhinatgry¥te end thus she entisnal solutiemcentiod gaimeterggan ke obtained.

[Oos‘ﬁ e stor 8 t]['(ri%?i I{Jqughztogfedictor program 16 further comprises a calendar
converter program 46, a tidal height predictor program 48, and a prediction analyzer
program 50. When the user makes a request via interface 12 for a tidal prediction at time tp
on dateg (the dateg is normally in Gregorian calendar commonly used today), the calendar
converter program 46 converts the dateg into a corresponding Chinese calendar date, datec.

And then the tidal height predictor program 48 will use the Chinese calendar date, datec, as



therefore, the searching results can be conpared wth
various settings of GA evolution control paraneters
36, and thus the optiml evolution control paraneters
can be obtained. [0045] The_ tidal height predictor
program 16 further conprises’a cal endar converter
program 46, a tidal height predictor program 48, and a
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I ed | order to inprove the’
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am@tBEMdog, Sinflaad EAfthhough the Mon has 2.25 tines m)re
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shad6¥@). €The hﬁﬁr pR&des atd Brtappeaands d;fIQHdSl Mdtﬁﬂ (Iibséﬁzleatﬂone the Earth’s
£OS| tions anong the Moon, Sun and Earth
sur

¢-d&he appreransa ot sheooni dhserved Hiom Fh?sEarfl?ak gurfyge shanges over a
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[0048] the ufeingayFIG) 2, uienaheMooh@0hdd Hetweert the EaNh and the Sun, it

facing the Sun (exce or lunar eclipses when t .
appwaﬁar% %&M%&dﬁ Rbeeriths Sih gnd sy OpRif ides of the

Ear?:h ﬁ&gﬁ ?IF] E%ﬁela PERNANGEE Mo’ ¢ N@@Bc;t%@ﬁ rtH@Mofoﬁ@ Muminated

sur ace. The appearance o
surfabs eppeads for growt toefublab4dy'asd ﬂtmﬁciaaceeasdmmgths n@xztemeva moon 64e. For

T L0 MR B Bl S e
quaﬁkﬁnogn 6%%&%@ MP&ﬂl i® Qﬁpdsﬁm@ﬁlﬂﬂeﬁﬂf bh&e@ﬁéél{hsélﬁ AptHE but we

appears dark new Moon" a. n the Sun
see aﬁﬂlrMOmfﬁ()DO(m‘ e4dbnWappdks Moosiis etnw phm@ and full phase, the spring

tides 62a are generated. At the first and third quarter phases (quadrature) of the Moon, the
neap tides 62b are observed. Since the lunar phases 66 are caused by the relative positions
of the Sun, Earth, and Moon, it is reasonable to use the lunar phases observed to estimate
the relative positions of the Sun, Earth, and Moon, and therefore to predict the range and

type of the tides generated.



Earth, the Moon appears "full" to us, "full Mon" 64c.
In between, the Moon's illum nated surface appears to
grow to full 64c, and then decreases to the next new
noon 64e. For exanple, when.the Mon is at position
60b, we see half of the Mo Othat is Iit up, a first
guarter noon 64b; when the Moon is at position 60d,

[0049h| f of Rdferrivgontili ® FIG. Lipt isoghovuthatvdhe lypar phase 6@ are closely
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momtkn Kthoresé dmar oalendue chn vaty hawyear 2hand 30 dapsrandonndrmal year can

0 Referring nowto FIG 3, the traditional
be :lélgl'r ﬁéggg%}'ﬁi tural (lunar) calendar is primarily
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onversion and t redi ction purposes of )
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i pese, cal endar i nf i.an, r.s_90 nt.hs
4108 e e s adps o F o BREy SR el S aeH (R HSueh the
cal&iaRibs 70 th &0 MLsshthitd Think8@ lurfh? @8endar information from Year 1901

(not shown in the table) to 2080, more calendar data can be added to the table via the user

interface 12 in FIG. 1.

[0052] The Chinese lunar calendar is not a pure lunar calendar, but is actually
embedded with accurate information of the relations among the Moon, Sun, and Earth. As
a matter of fact, Chinese lunar calendar is also partially solar because 7 times in a 19-year
cycle, an extra leap month (runyue) is being added to each of the seven lunar years to bring

lunar years back into line with the longer solar years; this is why Chinese lunar calendar is



there are 30 days in the 12th nonth 84. For every

Chi nese | unar year, say 4699 72, a corresponding

Gregorian year 2000 74, is indicated in the table 70.

For easy converting G egorian calendar to Chinese

| unar cal endar, start day oflleach Chi nese | unar year

92 (Chinese New Year - CNY) is stored as well. For
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account . . .
day is adclfec{ fo the end of February, February 29th. According to the Gregorian calendar,

leap years occur in every year that is divisible by 4, except those that are divisible by 100
but not 400.

[0055] FIG. 4 also shows the positions of Chinese New Year (CNY) days from
2000 to 2080 with respect to the Gregorian calendar. A normal Chinese calendar year

consists of 12 months 102. The addition of extra leap months (e.g., the second ms 122)



The G egorian cal endar, which is commonly used in nost
of the world, is based upon the Ilength of the Earth's
revol ution around. the Sun (and hence called a solar
cal endar). Referring nowto FIG 4, under the
Gregorian cal endar, a solar 1¢ear is divided up into 12
mont hs 114 of 30 or 31 days 116 with February 124
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[0059] As can be seen from Table 1, the relative positions of the Sun to the Earth

in the first new moon day of these three Chinese lunar years are not the same. More

specifically, both the tidal curve 212 and the tidal curve 214 are observed on the CNYs of



hei ght s observed on 1/1/4702 (2003); and the curve 216
on 1/1/4703 (2004). The tidal height chart 200a shows
that the tidal curves 212, 214, 216 match the Chinese
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[0062] Now there is provided a more detailed description of the Chinese lunar

calendar-based tide prediction method in accordance with one embodiment of the present
invention. The present method comprises generating a regression model for each referenge
year from actual observed tidal data, selecting a reference year, converting a requested
Gregorian date into a Chinese lunar calendar date, making the prediction of tidal height for

the Chinese lunar calendar date based on the regression model generated for the reference



[0060] On the other hand, however, there is no

correlation between the tidal charts and G egorian

cal endar dates as shown in the tidal charts 200b. It

IS not possible to create a regression nodel to

generate the tidal curves 244, 224 and 226, because

the heights of the tides and tines of arrival of the
yeathiagh otifpdemgahe psalictionh Wihilé eéndiwitinal dpestioss, kpeogame, @l steps are

the, new year .days.of Year 2003 and .2004
desrifon SpEatETh 43 S A ARRICEIeg Rt b gt JEseggtion & for the sake
of tl'?ee@d?lvteﬁleﬁ@et dSafati6e §ﬂ9nﬂ'bggloqﬁédh§ %@ndt%ﬁt B3 IR requires such

dates listed I n Tabl el ow. [0061] Table 2: The

a seqocrroesp”mp@muxoas afro@aso pivdistepal &n gractioka teanyt epeGHiané sprograms,

and lﬁﬁ:ﬁglmaé/ %!a%n ?cté:%rd(na@(zn%c{wa%tfo?lg %ﬁdar r@@% ethe aétﬂgl Sbserved

tidaD &41@h4PBe ulﬁftt%a/ 00 us@rll(lﬂ]ﬂngﬁ& i280tlibtedFAd or downloaded from
01/ 01/ 2004 10/ 12/ 4702 006211 Now there is provided a

another soufet aiheesithgesstial pbsesredofidaldatactir fay aefepmge year is stored. In

add %llnﬁ{h%a%hlge?% nglr G en[glr £ ?%ﬁt‘é“{t"lgﬁg‘s’gﬁ%‘f@%ﬁb@ 8& Qfeg%aga%d stored so

thatpit 8 eéatlﬁ nfot el wlﬁﬁ‘rit uss ﬁéec@dﬂ ehathengor®, ﬂfegregsasmn mwrodigd| of tidal
for each reference year from actual observed tidal
heights for aw| wéerenes Year aney bpdradreaild stersdvier biphy ogn be retrieved for

o A AR P 4, PRl
[oos3pr t ha{e(ihnrmgsmw 10EIG. Fattendarpravitied bamédflowchdreof the Chinese

a8 GRS Hok FETRR B O Jsor AR T e REDiment of

the gﬂ%éﬁt ih onp MR ABB0d 300 sBrBPS (RS §ata SQSE ét&?g()Z which includes:

equent |a y, It 1s to be appreciated that the
stomigqtlzenChmlesathmr icplendar daga 10y, seleetismraefepénceheear; collecting and

conve nce of narration e
storfga QongHorat e g s s A eRa Ry Y8 BR' Bar month
witlPPE I} d; ARG geikir DS Al d@f&dfoﬂﬁpﬁrtuziirda?&@ﬁl@E‘c?atlﬂ@(lw described in
operations, prograns, and steps may be pe r med
detalclmdedi ng t o each situation. For exanple, the actual
serve al data e
oYy P BB R Ut cHE Bvcon e
Chifédd BaMbRER1al Matcosiditle GRg6FiMEedalehdial datat Ihty rthat@hlnese lunar
reference year is stored. In _addition, Chi nes
caldndam dateanendarsiesad an dhe Hdgl Predigtion Ay 9p RIFeE dRvention as
r
shoﬁléle &% Eu?rtr%trletvggtfrolﬂ% ﬁfég‘tpéelefoglg%elf g% cﬁtﬁ)ﬁ dlm?elﬁs fhSans when the
Chinese lunar calendar data is required for such conversions. The Chmese lunar calendar

data may take any form that is suitable for the present application. The Chinese lunar
calendar data 70 as shown in FIG. 3 is one exemplary data representation model used for
date conversion.

[0065] At the step 302, when a user selects a reference year, the method 300 then
prepares the tidal data for the reference year. The selected reference year is denoted as Yx.
The reference year may be the Chinese lunar calendar year during which a complete set of
tidal height readings Q have been collected and stored. For each tidal day d in a lunar
month m, the tidal height readings are denoted as Qmg; the tidal height readings Qmg = {
hima(t1), hma(t2), hma(ts)s .., hma(t), ..., hma(tne-1), hma(tne), Where t is the time at which



hei ghts for any reference year may be nmade and stored
so that it can be retrieved for prediction when a
reference year is selected upon receipt of the
prediction request. [0063] Referring nowto FIG 7,
there is provided a main fl dRchart of the Chinese
| unar cal endar-based tidal prediction nethod 300 in
the wateoldiah cemdmgt is tainm end O itheemimiodr ofttivel mlglstewtadmgs taken during

I e A T W S
proé%ﬁilne‘fmﬁ‘erI@ﬁtl%aZQd up @etachal BddlkRhease (Y gfdre denoted as Hua(tk).
collecting and storing or downl oadi ng actual observed

As mem;tadned abaye, élmhjm@l didel data &r agrsferensetylter av ke inpoted by the user

29 days e ti ta
of 1 priscrt BayOHeTlG (B8 DEF Rt o R Risoy ' Glpctpg and stored
befd?€ liReldcHOR oF thehefdhicasser ddihaf the abeatiadal datacofithe reference year
enpl oyed for the conversion between the Chinese | ung
maychy wttaryied etea the selersacay e oy sadertedal I agrscopmcadedribgtt al height
t
o PP AR s PSP Bl 12 BRI B S0 e s 2
alths d Bbdelréed fidslr datetcah edec@kén aneguiatn eny sones et nre@ular time
cable or wirel ess neans when_the Chinese |l.una

mtet‘@iséﬁ’d@tg adaya I & notedithakthersferange HeE 53y sglbgnaséregﬂgan calendar
a2t BS bri a%lféﬁf eaﬁj@ é@éﬁv@ﬁ&‘@toa@lﬁnés@rlﬁﬂatr RAEndss dates.
Yot i {fa%?e (F}Jég F

e pr esent appl 1 cation. The Chinese
[ooesunar dﬁtlenéﬁaremtatyaar?i@ a aasrmeﬂdmar waaxﬁtrﬂmlm an gddifienal leap month
exenpl ar d ta_repr
rkgoqgigﬂrggi,stp% ya Gﬁ@g% A?m g%%em%ﬁ tbg gpmger of days in a

month hl‘?ﬁlteSC}ﬁni@fhﬁ{a‘? R4IEnYE @hn Vérg’%eﬂﬁleh@@ a%QQ’OtdB.?@ For example the 6™

prepares the tidal data for the reference gear
morsh lie theed farericer@rineseylurar yiesr 4HR0R2003)akasYrRly 29 Hays (See Table 70 in

b h I
Fich ) SRR e B R b 9 e S LR BOER R REDA basa
reg@sﬁéﬁf @naﬁ?ﬁ@ 3694 H%@@ et RAChifreve 1 dat 423 cimym)j the 6™
[ unar nont the tidal hei ght readi ngs

ar
momb rh@s 86l days, S0 rﬂpeue dpmnqtuemr theeacgipl mOélshHm@gtk)ézﬁpgﬁ to gredict the

udam bg%.ﬁh%hef{‘r@f *ﬁfé g%@ q h"i%{ 3103(2004) fAALIK03) ds splected as the

refekénce B4 V‘I&Ie%fredeﬁt/ﬁk/eﬁtﬁmcboh@s ittsis protom baaddih atvireual day to the 6™
nunber of tidal he| readi ngs_taken during

monthef dregiefarense (higpse T e s 4 R A4 | IngarAeticss g ‘Gévfﬁgiay will be
addDiR3s %n{oﬁﬁ{]&s{ﬁé ?&e@ﬂ?&' %%F f}ﬁt RACHY g'sﬁg shdwif fncétepl?a()z of FIG.7.

ased e actual ta S2md are
Thettetad tigd ofi shebimded wijual dey comid be:)dmdzedh:mmny Mws abt erngl embodiment
tidal data for ref erence P e
of the reseit g HRESe EASCAROT B DRGPBREEPD el Bttt 1 Bfhab ey Bt s
congt‘?f.l&&? ﬂgﬁg%?@a[nh\%lu@ gk :p?&f'icﬁﬁ BRe sPhed da?e§ QJtﬁaltthﬁl height data
selection~o reference year so that fhe actual
collectddl shdenas dbllavwse r ef er ence year

[0067]

|
hm,30 (tk) = EX [hm,29 (tk )+ hmﬂ,] (tk )] @

[0068] It is noted that equation (1) is only used to generate a set of tidal data, and
the GA regression analysis must be used to create a tidal prediction model Hp30(tx) for the

virtual day. It is also noted that in Equation (1), in a normal lunar year without leap month,



may be retrieved when the reference year is sel ected.
It is recomended that tidal height readings be taken
regularly once every hour, i.e., the nunber of
readings in a day Nt is 24 al t hough t he observed
tidal data can be taken |rré§ularly any times at
irregular tinme intervals during a day. It is noted

if mtihreduat tvel 2, ¢iearthe omngte@n+ Hashowldde thefiat Bnegopntrrather than month
cal endar vyear, as dates in Gegorian cal endar year

13. can be converted to Chinese |unar cal endar dat es.

[006610066]  Ihet fRIAGT SF QRGRalYEBS info ThiMMsEBhndrUsAénds@alata may be
wi t hout an additional |eap nonth being added, the

sepavatbd &roof the geserfatiomof tidel data favsthafvinteahelays. ofe discugsed above, the

o O B U SR 08 g cotncr

datatlﬂ%r Bthide AR MdVittlall 39 s WiRhehe 8d{ldnnas &vdllabm th)eeﬁilal data for the
2 (2003) has only 29 days (see Table 70 in

v1rt®)1 dayﬁh@ay épgtgepp@éﬁdcandoﬁowécfér rqady tiy éseawﬁhﬁb%ﬁalmiecwual tidal
gression anal ysis 304
data < gg%qu%?%gn Qﬁ%&&%c%eaﬂ% %gecﬁ‘gecge | unar year 4703
[0076]2004) Thbendihdd 300t ep BBt thén @atférmsﬁAtHaeecbregnﬂson ahalysis of
exi st the actual nDdeI H6, 3o(tk for us q
the qaeal tAlcAta Heid @it ONCHERTENGS HeapioLseaishfor OpFRR. Botapyeters and
f =1
ok B LA A, YOS - 1
N, Nlotd tihat Njay= t10 4rkleNg*30. Mxledodestﬂn@mebét@n@é Bied gsgression

| unar year, 4702(2003 In pr ice,,one virtual day
analisis p04, @’ll?gﬂ gegn f%‘f’ro‘né THEh Forflﬁ § R&3ref erence year
po7if'at hagHl Haysaas: § dlg QB 302 sideie IPLi@ioninGdd]. credifth step 304

tidal data of the added virtual day could be derived
have beama:wnp]atyé the mdahpreéwbgmsm;nm is pfady Her pseetgeﬁgdlct tidal heights.

i nv |on Jctlon no
At s\tﬁpr}e N: eora?} gﬁ?@@ g?t)s Xl?e tlé@i 8 wgtrg%}leat 1 od*mraég% fro the user via
the RftedPARVI20HSFIdRY! . STRE thpt@Xifoftadich @eludad pleld 9 Ct@lonhﬁteghlt Gregorlan

data collected, shown as follows: [006/] hm 30 (tk) =
calendat and fnoin(hokry and minwtes) (tk) 1 ~tl [0068] It is

ted that I a

ol £ AR 0 G eSS A SRS BRI & Spher e
predi&@sh e G Q‘ﬁégbrﬁant datkaldap irftd iacdor@spamlited Chme&{)(tmhj cilendar date,

the virtual ¥ is al so noted that IFﬂ% quatlon
dengtgy as {1y, é»mm& hey qakafiarf@awe%rtpwﬁmﬁga% h, 16 if

s e

o] ¢ HlehD AELISIIHIETORR oY) 8Pl bty Lo e
for aﬁldl predictivh in r:émmh sd‘alylﬁonmt/bs mbrlafsmm&MK)ned,aﬂEnﬂhmese lunar

ta may be separated fro ner ati on .of .t.i
cale@ggrgafs ée(aptrﬁ@itbtf Gartaig Fgars. {f}ﬁ en9d \y\guch[ lﬁgerence month

should be based for prediction. For example, a normal reference Yr may be represented in

the following expression (2):

[0074]
Ygr = {mg1, My, Mg3, Mr4, MRs, Mge, Mr7, Mgs, MRy, MR10, MRII, MRI2 } @
[0075] The prediction models generated based upon the tidal data collected in the

reference year Y (e.g., CNC 4702, or Gregorian year 2003) may be used to predict tidal



nmonths with 29 days are known for the years up to 2080
so that the Chinese |unar cal endar data may include
all the virtual days. Wien the tidal data is
avai l able, the tidal data for the virtual days may be
generated and stored for reddy to use with the
avai | abl e actual tidal data or generated when a
heigh®f @F @AY & @ aGreigbriseYat. e tlowedor! Gz}heﬁrme @emnsmr 3004 (CNC
step 304 then perfornms_ GA-based regressjon analy
4703rie thec prgdiction ygar, aaﬁﬁlmoaﬂ)éfremﬁi@n Swehe F&b@vﬂ%@mmn Q):
[007%/]ear to search for optiml paraneters and consolidate
he enmpirical tidal prediction nodels Hnd(tk), where
iYp ={rhpi} OnMmpanthpy rmps] nhG, nivegl. mNotrapst @b, Mo, mpildnand ()
Nd=30. Detail ed description of the GA based regression
analysis 304 will be given later in reference to FlGs.
whet® the 38 mdif? dke@lﬁ%ofd"?edﬁitp? 1§§§eag|?n(§ftl?p 302 and the
predi ction no creaf 1 on have been
[oomonpl et dihere Feproviizd g hedi alll()mihl adjust antorstor @akly thisrproblem in
eto Efledl ct i

sccoiinogorh e erbedimspeal G BirsPRqERSE g it raR Fioginese

Calénlagr NERIYr "{‘CNtYr)QlaSIQYI%H 200 tH2080 ifrk&ferehee tthBe (ONPYday of 2003
I nformation incl'udés prediction date in Ciegprlan

(1 FetruengaThargtaphi seows tlmmnommf thericiasse Now7 YparrHeNY) days are

.ret hod .30 the rocess user
posighefiiuitr o AL Prf S cRrig b ASpaR), TRBYrP IS beftsBlio sclecta
year d¥ e %ﬁ%n&@?@&n@h% Ry pusidonebh@n des caddrarf the CNY day
denoted as (nr, dr), using the cal endar converter
rang@rftfgn Jaweréoundary &54 10 up borslrHbedilG. Sh&orisiese the Gregorian
ca te ( ) the 1%
Ve 36 s TSR & Mere b oHE Yo BPbarRP UL ERE B PG sk he
of Fabasend itdsedorhilduChiyeaseithanarleapcmbethddt ismated| thatpn practice
nonths for certain years. It poses the probl em of
any wpgrcign e ugededfctle FRIRIERCe ¥Bbul d be based for predicti on.

[0075 r exa oﬁe moﬁr{éﬁf BPhoihEbif HEL ?St}m[gﬁae)(/eﬁ)eluhgpﬁl%ﬁﬁmneg Chinese

ng expression (2

lunam?Bar RS semnSPrecisddy thaviebtiverRdsitioR8of theiyfoomra Che Fetin the start date
2 007 The prediction nodel ener t
N80 i Oresdmion BRSNS BEe i ) doRe 1 GPEPBisce each of

R ONG A2 n & mEHBY O ThTN'E Feark@P@}eri®ihe relative
oth g%agglgi) ’ g?oenél ct 0t| daliunl7m helgghts forgan glt%h

posﬁoagﬁrthaﬁun(dmthe Euﬁewdgqh intedsp mr@eg@@uw Sapn I@e@hout 30%
infHlsF o5fi B by EREO ol oA S5eaek s Ltsidlsd f 3y iRk st factor

Am to make sure that the start date of the prediction month mpy, (where k=1 to 12) is NOT

too further away from the start date of the corresponding reference month mgy (k=1 to 12).
Therefore, the real reference month used for tidal prediction should be decided by the

following equation:

mRk = mpk + Am (4)
[0079] The lunar month adjusting factor Am is defined as follows:
-1 if (Ad >15)
[0080] am=| 0 if15<Ad<15) )

+1 if (Ad < —15)



YP = {nPi, nP2, nP2, nP3, np4, nP5, nP6, nP7, MPS,
nmpg, nplo, rrPrl rrpl 2} (3) where the 3'd rmnth mar ked
in bold, i.e., np, is a leap nonth. [0077] There is
pr ovi ded a lunar nonth adjust factor to tackle this
problemin accordance wit h18ne enbodi ment of the
present invention. FIG 8 shows the Chinese Cal endar

[0osiNew Yeailn (HENBGuatay £5)f Adinm @lktedbutBBquationéb)er ence to
the CNY day of 2003 (1 February). The graph shows
that nost of the Chinese New Year (CNY) days are

posi tioneg eitrhef, | teri Jg)wuary or early in 6
February. 4he¥ r/’e9 %’“" Pdesi rabl e to select a year ©
as the reference year whose CNY i's positioned near

[008ghe cend®rthoEQUAGOTKY) dy is Fh&n@@é’ fhlff‘/‘ﬁ?flcéwéﬁ BbeimyEbgr of days

u u 152 in,Fl G For
veysZadb? ptif} PR Ristiyda o g indstiios VB! AN e sidifdate of he
lunay 8¢t R a6 P& ctidrs yQ\ﬂY fﬁgﬁnp:ﬁffs 4 Surfioh NBat1yidlds Ghe start date of
Febr uar y, and it is a nornmal_ |unar year wi t hout a | eap
monip sk in reference geard Yr Hatform ofregsiesrad lr@q(}rgg@&an&&#nséf Jay and

o St Lo PUE R0 b v

Yp 1hlm1&11ri] o¥ ﬁgfesp&ﬁmﬁ% Gﬂ%@rﬁﬁ@@]eﬁéﬂr}day faad g&inﬂ’t {ddémposiFor exemnple, if
of e on to the Eart t tart CNY d .

the prsdictinn Aungs negrehy éy p Anrd FioBtERrad) @y %gﬁef(egf‘dwa é(gé‘) iofiae lunar

yearsjé’ﬁ%?t q@%&laﬁfcafe%%'r ge{?r Z%efhel f‘ﬂﬂ@g g‘f@g&g s e BPﬁbﬁf‘ HHich is the

sents the
startr ditead i the 3™ asir tricmith (mRkFrﬁe) 118mﬁerbnx:etWer B3t Bhe functbn ifsa(3) yields

e B A R RO RE S D SRR 30 Mg veor 470
(Gré%'%‘)hﬁﬁ@lifcﬁdﬁ' yeaPapo430 lThhs %@b&afn ft@qécfaauoy{\(@)t ggprm@/ﬁpﬁg (19/

the start dateée of i ction nonth
Apr{ipket & Borth dqmati@n) (S)Smli@F m}tk&OAIfnu:F BheF éh\ﬂ]élyrefwr@mhte hreal reference

mong e i) Prediefpaor i Dot Bty @ver AN g d o ghonth.
[00812'&@r tidg} Pg6Hh ‘Hohﬁﬂﬁ%}@ w4 tﬁ@ Q86 %? tRY sia'?tedate of the 3" lunar

owi ng equation
morth rrapredmnb]ln yealj2084 nsnsjnﬂtabsoanaMays awey |fnwdtfa§tdrbdat¢mféthe same

lunqroo%lrﬁ%i%énc%gfgari ff ?n%ﬁfq?ae °#R) é)gpﬁblﬁd'g%e)dl %5% secbhd lunar
morﬁﬁl 13%&"r?@%#5@769(@%@@41&@%&@004%%shdwﬁsd F10. 3) in this particular
case hkely, the lunar month adjust factor Am need to be applied from the 3™ Junar month
onwards.

[0084] Referring now to FIG. 8, the Equation (5) actually draws boundaries for the
selection of prediction model, an up-boundary 354 and a lower-boundary 358. If the start
day of a prediction month is beyond the up-boundary, say, CNY day (e.g., 18/02/2007) 352
of Year 2007, considering that CNY date 356 of the reference year is 1/2/2003, from
Equation (5), we have Ad = -16. Therefore, according to Equation (4), mg; = 1+1, e.g., the
prediction models of second lunar month in reference year should be used. That is, the
correspondent lunar month, mg; = 2, should be used as the key to retrieve the regression
model parameters for tidal prediction. Note that dr; = 1, because CNY is the first day of
the first lunar month mp;. The FIG. 8 only illustrates the boundaries for the selection of

prediction model for the first month; same method, e.g., equation (4), (5), and (6), is



[0082] In the Equation (6), Ad is the day difference,
i.e., the nunber of days between the start date of
the lunar nonth npk in reference year and the start
date of the |lunar nmonth nP in predi ction year.
fRsd(npk) is a function that yi elds the start date of
month nPk in reference year YR in form of
appléwir toedlpathei lngar@lel@bs uatheqw@ctdm yadago determing HreHunar month (mg)

as tl-%.fq(e%m%%rl and S#TBF‘ %‘iff g%q&ngpped%gé gsfto P‘rsn start dat e

[008§]or resp@ydapslyfdgeaiRer hidbr GRineh dafust dyct@nd mIfE Mnaximum angular
(dd/ mm). "For exanple, if the prediction |unar nonth

distarse A APk oﬁﬁm&un(rnbkwc t@thediadtht whichd$ eaused by Ydais 52 degrees,
ek baa 55RO A AL Pl e e
St R N -
of Atme-t 9(11 hc@(lsayfr)% 3169 oh thestidengenstaginh. Bacaaxsothetihm dninhas about

= 3) .in prediction year 4703 ori
30‘%&4@1@%@% atiectensan theiide, thsparpmuAyangy! aE CSn&(rbG Ymax = 15.2

degr(egs) On&ﬁk as algpﬁ(%g(m’&m{eyl 4_(?'_5@‘3 dz‘lfl ‘Ph?heerré?zgrlgﬁﬁ (%q?xgttbé’ RJverall tide

gendréfi@.ence nonth used for tidal prediction should be
the 4°k nmonth (nRk= 4) rather than the 3rd nt n. .
[0086h083] Reffsing ech tfp@%ﬁﬂp Hgfs Ggtedy a6 it éﬁgéﬂgv&% in method

30()tatje,e oﬁéz g@% sgf"{:lg ﬁ@Pt s, f0ford! Halel! Q%ﬁon REEhs | h@ nBEE I‘éf)éé? IGﬂhese steps

’ed so many days away fromthe start
unlddats@nefmddeepaameterd needr torbenhbdiifind eihe Nodsd PresanctaOiddtor 42 via

nt dded d
user igicaece Aot FIG-- TR aRe s ic PR e e g s 2bslige 12 the
tlda?ﬁ 11%9 récﬁbgtl 1§for§1at1!)1'i‘ d 4l 8atPR Gr&gdhiah caleA&R anllith@d  hour and

unar adj ust’ factor Am need to be applied
minfiteo The¢reaftGrati step 388 threomethod SA0aorisrts [tl@m@th indgfegpripmegplendar into

e BBt 2 R Sy SR 2y LB MU g m

appHBIHIOUIAT detdRftin@Nthed(rh QWO fdioféﬂfﬂéiﬁﬁg 388 patdndidre tot @tstruct a
day of a prediction nmonth i s beyond t he up-bounda

prediatyon OAWelddy(fe thpt Wil deomedbp The Sstem &t coyapyte iléf‘ot?daﬁ heights for
he SONS g(e%f p(?ary that CNY date 356 of the reference year is
the §0e515965'2 $P¥om  Equation (5), we have Ad = - 16,

[008-'528r ef orEnalag cRrstdp1810,0thEqldat ipeedidtibn, metkod =0u1pluls tidalgprediction
predi cti on nodels of secgnd | unar rmntp ﬂ
results aifien e 16 fPraHo it grapbiqsseade. Tvadirgedy trapgter the output to other

1nte§ﬁart&€s%@t%g§ %}ﬁs elnlrm%lc JiR A ’thé\@edlcngn dsthoul d be used as

rleve e regression nodel paraneters
[oodspr ti daNO\pltl&ﬁ}e (stprmflded\moee détateddRberiptibn off gm&mg@hﬁ(predlctmn
IS the fi rost da

ol sl e e 5, RSB ARbced Ml secof
‘udeﬂ3 85‘(?{ %do?{lédgtﬁ onl rd.gf' th g{’[}l%fﬁgf(ildrl)lélgﬁts ;ﬂ'@ afel &6(5(%315@5151 & segrles of data
in the followmg format hm d(t), the tidal height at time tk’ of day d of rﬁonth m. Where, the
tidal height 402 is in meter, and the tidal observations can be regularly or irregularly taken.
But it is recommended that tidal height readings be taken once per hour 408 every day in
the reference year. Time is from 00:00 to 24:00, where the 24:00 is 00:00 a.m. on next

day.



applied to all other lunar nonths in the prediction

year to determne the lunar nonth (nR) as the key to

retrieve nodel paraneters for tidal prediction. [0085]

By applying the Iunar nonth_adj ust factor Am the

maxi mum angul ar  di st ance, ?Q s)max, of the Sun

relative to the Earth, which is caused by Ad, is 15.2
[008elegr ees Becaminer the dshibBsthjoabtide-pfddicitegy §)rcos $186BABONIC in nature,

15.2 degre Xi mum angu an 1
cosie ey ToRHpHE e SeSRERIcE T dp St TSRTE Ay o shown
FIGCaN TARIMaD@MPe & NATH pefelt EddideU@Re@in @bstAFhe cdsds. Therefore, the
cos(15.2)% = 3.5% on the tide generation. Because the

tldaBunrvorulsydlhmbdabmJtWO 3eg«mgmaxmt2at4i26n and aeripac adjgsiéngofactors are

1nc111<2¢%21n tg% 5?%8%9101’0WP§HH8 %&S&g?«'}éﬁ%ﬁ@t@ Va&%’éﬁ fmﬁe range of the

tidey, %hti‘i/aﬁ AmdsIfHEREE thiks,tdne effaeRd dypéd sfetidegeng aturih, semidiurnal
[00 Referrln%hbackto FIG7, 1t is noted that the

andmlé@stygeﬁzofatmss e basioreegrrseion gugekis ranvsed dfellews: up
[oogﬁteps for one water station, there is no need to
peat these steps unless sone nodel paraneters need

to be nodified using I\/bdel Paramster |tor 42 via

user x"f'waﬁéaexm[(n + B G ) a” Tves iacka) [rpf edi o 06t < Pud) ;
H, ®yaod 300 gets, via user interface 12, the tidal @

pred | onpk e 14 L,en s tf’ze in <t <24

G eg )?itan ](e:aTaqy Lwaﬂéz@t P;ark m%gpu"%xatnd e nutane < =29

Thereafter at step 308 the nmethod 300 converts the

[OOSHﬁn arl c &f? éEeﬁ)(gulgﬁ Elacgl e g tf'éegé al hterg%tg d?ct o'ﬂ tﬁﬂétfbﬁs%here tx 1S

timé'Qfiefvalis 4B ﬂninut@pﬁi isQH@hmar inbﬁfh ﬂdé)e(lﬁng‘@sfrdirhd to 12), d is tidal
(MR, dR) for retrieving the paranmeters to cgtgstruct a 4
day pndasi @mh terg et mqmmu@@tﬂ)e Hiting qiryq isylavig N Pyt 404 into

two s}%r%? %gx%?%% 33? v{:_tﬁlﬁ)a 1Iog a d"@lt,?bg ég%{d Seggl%{lt? %g@ fiinSstriod p,

(pmpkngqupon met hod out puts tidal prediction results
‘either in text format, in graphics node, or direct
[0092} ansf erThehfactorkPus istthe oiehe rvalup He8 gt thecliflal bflgmd&rmg period py.

zrps f}g}%tﬂg% IB«}C%{}; gtgggf,%t heerl ’I v @%s%r%%i Ft’(z a(gggp%?c] ﬁm\é’curve to fit

ran atnualghdlges pnadt ctik @ﬁasemdjiﬁhﬁexh&&ﬂdr iarpesiod gy ved a™ 4 is the
idal data. Referring to FIG 9, therg,is provided. a
angtlapadjastmest fa@for in peridd prat léothée%rrdewd ® @méaraa‘yustwﬂﬁféval times of

tigal . hts 4 ded sepi e 4
the G524 e 1 GRRGUPIG YRt ST AR o B k& miero-tidel
hm%lﬁ 'agiﬂﬁtn?ént Fdcitt 438 iRbeday p.owhich BB Hove the fkiap eurvkh@ and down to

hei ght 402 is'in mster and the tidal

fit cwigsrall\yaxbswsd tidﬂi dpte. rldgust ia pisgme petiof pargamesars gefingddpr period p.
ded t )
0o o o Sal EE R heh lach o ¢ ey B83ce, e e

valefi6 of-EhéTﬁdalSheig’l@m&ﬁthﬁbriod p24ca@(be catvaiated ién@ lI0O/ingsEquation
00: 00 a. m on next

(8).

[0094]
Np,

ZH d(t ®

P1 t, =0

de—'



day. 20 [0089] Because the astronom ca
ti de-producing forces are harnonic in nature, cosine
function is adapted as the regression nodel to fit the
actual tidal data, as shown in FIG 9. The tida
curve is not a perfect cosidt curve in nost of the
cases. Therefore, the tidal curve is divided into two
[00951€g lrregt gnﬂﬂeﬁlyﬁ 49, 4, andmyar ivﬂug 4i'as| jofistid tidnlfraighoy durdigeperiod p;
included in_ the regression nodel in order to
can beealsaiehesiolasat i ons of the range of the tides,
[009 rrival tlnes of the high tides, and different types
f tides, e.0., dlmrnaI24sen}d| and mi xed types
of tides.X dbasgs—r még@%ﬁg is proposed as ©)
follows: [0090] d+=Rvy d XCOS10 2+AAPIn1daPin1d XS
PPmd Xtk]+VP' md (O< tk ~pmd) Hmd (tk) (7)
[oog7f MU+RP WL, (it AR I dhd c&%@gnwﬁﬁrﬁ th¥ peidd from 0 to
p,,,d <tk < 2 [0091] In Equation (7), Hmd(tK) is
Pma;tNe the dambetewfgiata poléagitions dumgml@tpeund fighe e, ta R4 iheur; h*'ma(t)

e ST | BRIy e BRI o)

udal(hfefgh%ﬂsemci?a@ tigde tm@%@nod@a Qt fidytd imdogHmye i s
di vided at point Pmd 4 into two segnents: segnent,

[0098]12 wi t Fn perfiayation (o8 m,k, the ppguar asinstEerria PEHod pois computed
asfoi\qgth period p2 (Pmd <_ tk >_ 24). [0092] The factor
Mdis the mean val ue 428 of the tidal hei ght s
posgiuri ng period p2. RP2md is an anplitude factor 430
in period p2, whigh is used to adjust the fitting
curve tdifjt =+anrge—of the tidal heights. AAP2Zmd is (0
phase adj ust medY,f48®r in period p2 and aP2md is the
angul ar adjustment factor in period p2. Both AAP2Zmd
and aP2m d can adj ust arrival tinmes of the tides 424.

SP2md is tldal rve ch f Ct 4 d
013Bom o +¥hereiiisaby FRBP Sy ORI LAy PR HoRBy Ni =
24 hgﬁr e%ngq} Rnotdd @ Gﬁféﬁu;@)ﬁﬁ%e tuﬂ@rvfal std Qs@Hf 1R th@wﬁﬂlé software

It origina 'y observed tidal data. There is
appla:asammhereﬁora)ﬁ ,ﬂausmplabuosa Paf i ned for period p,.

Q093
o055 R O S SRR i B
anal?ﬁ& OhbiSevdBy fidd dBe El' iRvEy lutdmdieh ﬁﬁb%«fﬁ/ 2Rl dd$dnDh the reference

| ow ng "Equation (8). [0094

year Yg, the model Hp 4(tx) has a specific set o parameter values. As can be seen from
FIG. 10, there are Ny, X Ny empirical prediction models, each of them being associated
with a lunar month and a tidal day in the reference lunar year. Where Ny, is the number of
months in a reference lunar year Yy, and Ng the number of days in each lunar month. It is
recommended that a normal lunar year without a leap month be selected as the reference
year Yg, €.g., the number of months Ny, is equal to 12. Nj is the number of days in each
lunar month, where Ng = 30. For months having 29 days, a virtual day will be added by
ways as discussed hereinbefore.

[00102] Referring to FIG. 10, the prediction models are presented in form of an
NmxNg matrix 500. The first row 506 represents the tidal prediction models for the first

lunar month. The last row 510 represents the tidal prediction models for last lunar month

(the 12™ lunar month). The models in first column 502 are used to predict tidal heights



XPi md =Y, Hnd (tk (8 IV NP tk =0 21 [0095]

Simlarly, XPZmd, the nean val ue 428 of the tidal

hei ghts during period p2 can be cal cul ated as

follows: [0096] 1 24 XP2 md | Hred (tk ) (9) NP2

t k=NP2 [0097] Where NP1 is 2Re nunber of data

collections during the period fromO to pmd; NP2 the
(spring nidey foaffirstatag (aew Madin) ofisvaty rhhrmg nicméh, pler modkl$ indlastieoewnn S04

for tgq%#éf{qdrp]@?ég}rqf Hgs% 'gé)? pg&erﬁ rrtug“ﬁhtd g) gi& %rbkp}?{quaaig‘g)lumn d 508 is
genf%f) e ege(ntté& jont he %I‘e@lghoﬁ‘ glo%‘lt Wﬁé’rﬁfh\é%‘gy Mdek idE 01'Z i<5 the model is

ur| perio I'n nont 0098] In
usecﬁ(plmbdmnth(e@dal hﬂgm (dprlm@ad@nghdnatﬂle Mq»axs&pmms tcv he pé‘lnewdnoon
ﬁlﬁ is conputed as follows: [0099] aP md 47r (10) =
r51‘6‘(5‘[00100] Wiere NH is the nunmber of hours during

[001@3]t i dal pdayriRgté PHG.(NOLEEY byerhBiary illddtrafion! BIG. 1AM sithe range of

'S noted that because time interval is a constant for
the pdaﬁ@bm okbies @ffttham@re@ppi paramictss 60h gp@lﬂmcblratblen@rgdlpgon model

oI TS AR e 3 O BB FERY ol BP0 i rane
fron28abyS trouPRIREYEraN dnhlahddltytsd 610 @vREWd I nﬁhgéﬁb ﬁbhl 0 to 10;
4N, every | unar day d, in the reference year .Y

AAY rmd &12-hedthery adiasimens fectons rengsdtirasp %ért8n7e§>e-°r nv«aﬁé@sthe tidal

B R Y LR D

adjuBSRAE fRk & ransed froth 1UN&Y 5.0 FI@NT, ahd dadakd d@ﬁcalrllntehieﬂ (value
reference | unar year. \Were Nmis the nunber of

= O)ripAravan asrp datwinfler ppametelalie GeAPArisR PHIROSNT b ealpr rpass of the

para%%e}erd?g Pﬁﬁ% ul{r]t%e?%@g)ér WI gal u?&gthle L 1ude§ of h%‘bgmg dod gﬂ;erl%d p2.

eap non e selecte
[potbdye ref dr eh@dd teeasted Ratealthongh hhe nargeest tfe smpfihyaNes of the
is equal to 12. Nd is the nurrber f gaysm ach . .
TegIESHiYT PHBMEISTS ihtherajgrred smbogpne $ geqﬂ,ge;,slt:ﬂgecﬁg %eé%’varlous

moﬁﬁ&tf&n@a&nddﬁﬂpr%éﬂaeﬁg AR Y. by a person skilled in the art without

departing from the principles of the present invention.

[00105] The parameters xle,d, xmm,d, aPIm,d, and ap2m,d are not independent
parameters, which can be calculated using Equation (8), (9) and (10) respectively. For
illustration purpose, to differentiate them from independent variant parameters, they are
circled using dashed ellipses in FIG. 11.

[00106] For every tidal prediction model, the values of the independent variant
parameters, such as pm,d, Rle,d, AAle,d, sle,d, Vle,d’ Rsz,d, AAP2m,d, SPZm,d, szm,d 606 are
determined and optimized by the Genetic Algorithms based regression analyzer 40 in FIG.
1.

[00107] A Genetic Algorithms (GA) system is specially designed to search for
optimal values of the tidal prediction model parameters, such as pm,g, R g, AA g, S5 e,
Vg, Rsz,d, AAP g, spzm,d, v'?m.4 606 based upon the principles of natural evolution,
which depends substantially on fitness. In the GA based regression analyzer program,
solution of a parameter-searching problem is encoded in a chromosome 632 in FIG. 11.

Each unit of the chromosome, known as a gene 630, is a variable with a pre-defined range



ways as di scussed hereinbefore. [00102] Referring to
FIG 10, the prediction nodels are presented in form
of an NmNd matrix 500. The first row 506 represents
the tidal prediction nodels for the first |unar
nonth. The |ast row 510 repf@sents the tidal
predi ction nodels for last lunar nonth (the 12 "h
of valuemrGenatit h&lgor’ﬁﬂ’lﬂlsrmd eleH kinowhito sose okillaah irbh2 aar eBricfhyg Genetic

algogtgyr?sz gﬁge:ﬁ(l:ttﬁ/@t%lg glgguq ht 22 geé ;@{4{1&15 quﬁgn' fa%{r%gsl lﬁsat selection-
repro@itioft %'leﬁﬂoﬁ (rgr? d](:f Ofhel ﬁl@?%e&rrﬁijdnc&' é’@el@éﬁ&n@%brd&%’u&f evolutlon

very nont Row I n and
cyclgenesisis ofepmasdet auf i nandcnﬁlyt benepated |chtormsomed,ekvhldﬂ‘1em selected

t he day i ndex i 1 5 h del. | dt .
accafiBgian ARG gty rSHledied im%m?érsf 3t4b§ fittdrnpREoR B Pt into a
matﬁ@&ﬁ)%'l Yot GeR6d@tioREMoRDRAICh a Bbw %éﬂei‘atf@ﬁoifé 'derlv@8183tombining

Ref'erring to FIG 11, as an exenplary illustration,

(crosspgr) bt Altesng (mutating) genesf am«prtgelqdoeémaéa; within thesparmulatioa. The

ession ara ters i ncl u n th di_cti
sele{ o (RS PRTAGH) Sr<TbseBS il in'oPlad sl Hofe tesines
whlélygé&ﬁm&@&nﬁ’t@ést radictesn Pibvel 6@ bBsckwiagedhl dats odrd dr/after a
hour); R% ,d, an anplitude factor 610 in period pi,
num @rr@amedeﬁ%ml@dteyomon cmleff md, 612, the phase
j ust t 0
oo @54 TR, 38R, (ANACHE A 81l of S oy b

addr’éQse@ 1s2encaﬂ€ii fiding thnpmoSome Swah 8, ﬁ)teﬁ&errgth: r @- ¢hirclabsdimed Ghypically
adjustnent factor, ranged from-5.0to 5 0. |In FIG
denofqd usingCyautras kel 19 éafnd 7 Aencbespopyliige size- pch ghigmeggme can
L nmparg, $0 p
have SRR M By RO AR b B e B0 ekl ARl o e TS based
regré8mnsanatyzas ptdgeam,aﬂmdsngth of ke planommedrae $s 6Qual itm 9pdcioll). The
Tab],eé»,.}:ﬁ:g)vgg}}qo @@{}gﬁ%&%@ A fr‘laotr Al ramifrs 606.

parameters in the preferred enbodi rrent has been

described in detail, various nodifications and
[001091pr ov erikables3 CEhe d@eremmdew tatvwmg@nesgmdl m@@I paramigters
ar t—wi-thott (JCpalll IgIIJIIIlII, plllblple of—the

praseit |i n¥enti of® [p0%05] Fhe|p&faneteérs x' ‘& d, &
xP2m,d aﬁlmdA@h Jrare nef? I ndegendent? ;v
ararre?e . _Whi ch ¢ah be' tal ¢l at &4 lusi ng -auatl on
(8) (9) and (10) respectively. For illustration
urpose, to differentiate them f om i nde&eﬁndent

[001Y8; i ant Thsieaptt bpsica Y oaPRes ity ENSEOSOIRY Aadiugus (binary)
vV

chro‘ﬁ{dsb §t§ I%gg %n&rb%atéhl(ﬁnt[%&?l gfgémg)?&?éﬁse el:ﬁr%déedggﬁh%unst chromosomes are

used/ar |ean¢de praluanntra:r&netsmc fhach pm decimpl rmumbempwmlei enumerated

chro?n%sgnmgs are utlﬁnzed tR encoge the solu{n 10n parametetsd\‘zvhl\é 2are of m%geratypes As

can be seen from FIG. 11, the tidal regression model consists of both continuous
parameters 622, such as AAP' 4 of decimal type (its values are ranged from -2.5 to 7.5),
and as pmgd is enumerated (integer) parameter, ranged from 8 to 17.

[00111] In the GA-based regression analysis program, the unified enumerated
(integer) chromosomes 632 are adapted, in which range of each gene’s value is from 0 to
400, such as the gene g; 630 in FIG. 11. A specially designed Gene Converter 628 is

developed to convert the enumerated integer into the required parameter values 622, for



determ ned and optim zed by the Genetic A gorithns

based regression analyzer 40 in FIG 1. [00107] A

Genetic Algorithns (GA) systemis specially designed

to search for optiml valu of the tidal prediction

nodel paraneters, such as pfAfd, RPImd, AAP' md,

SPPmd, vPmd, RP2md, AAP2m d, SP2nd, vP2m d 606
exarhplseth cpomrt fie60.i woich|resgedf fromt teger 8vtol490; tnthe intrigen values

rang‘% g 3?‘88& %?Zﬁg{]%};})@?i éz?rg&ﬁgeiiﬁ prfd: 1 SUI gestr#}gf (gg‘@b a%ﬁg conversion is

descPiBb@EfoBbwhRdmBliord: probl emis encoded in a chronmpsone
632 in FIG 11. Each unit of the chronmpsonme, known as

a gene 630, is a variable with a pre-defined range 23

val ues._ Ggngt Lt a Il known to those
01841 | Ted ¥ i heSulE 1 lp, {%ﬁée#gtli\ﬁg al gori t hs b

[po19xer at e A (g Powiet+ion of encoded sol utions or (12)
chronmosones in a selection- reproduction evol ution 13
[001¢4Icl e. ThesF Vil generation of a (13)

sel ection-reproduction evolution cycle consists of a
nunber of random y generated chronbsones, which are

[00135! ect eNotacentid mydtinms apkiacre®$0D) Fidlds/the Seleget dhafinder from
menbers of the first generation are InNto a. nating

the 10T QWP BRI FEETRBAS EorfOLRTEI I (e W%‘é J0f siatestey g P and 15

MOPES | Xaflih% ©OIPDMAImoIAr OFSAUREY af clvlefied Lfgom the enumerated

nmut ati ng) genes anong i ndividuals within the
(intqgep)geats arfollde sel ecti on-reproducti on evol ution
cycle repeats until an optinmal set of paraneter
settings, which generate a fittest prediction curve

(00148 the oR®erved,jiglal data, is found or after a (14
nunber of Fl’redeterrri ned evol ution cycles. [00108] In a 1s)
[0011Tladi t | ONAl nGX @y sti® 4@ he sol uti on space of the

probl em kei ng. addr eqd.i coded usi ng chronosones
0013k h a f?MIlQnJ’g{j%‘ﬁ?ISOZ'gRr)anr@Qone is typically 1o

po1dgnot ed {Bing Gk,- agpgraok = 1 to Z, and Z denotes (17)
popul ati on 'si ze. Each chronbsone can have Lc genes
such that Ck= (gk,1; gk,2; 9gk,3; g k,4; ..., gk,Lc-1,

,Lc) 1.g the GA based r ' 2001 ART2 P2
008, B 5 TR G AR BT B
V2 her tlébé®nd Remewt §50WE thoWdhiheurde nemo6Be sane meppedhown in

'nto the nodel "paraneters 606. [00109]g Tabl e 3: The

Equeten E4pdhde o, ast(M@en genes and nodel parameters gi

ooty ERRER it 1 Tl Pachb QAL Fafiign s
pro biﬁing(?;?;\fMubtéOt}erﬁﬁﬁspbf Gh¢ QEmeI®S m&Rhtconstidated by the model
parameters searched by the GA regression analyzer. The tidal data points observed on day
d and month m, at time tx (k=1 to Ny) are denoted as hm4(t) in form of (hy, t1), (he, &), ...,
(hn, tni), Where ¢ is time, and 4 is the tidal height in meter. The fitting curve function
Hn o(ti) has the deviation (error) d from each data point, i.e., di = hma(t)- Hma(tr), dy =
hma(t2)- Hmd(tz), d3 = hma(t3)- Hma(t3), ...» dn = hma(tn) — Hm,a(tno). According to the
method of least squares, the best fitting curve should minimize Fpngas shown in the

following fitness function.

[00122]

2
&’lm.d (tk) _Hm,d(tk )] (18)

1

M=

2
En Aa = dk -

N,
k=

=~
i

1



chronosones, and enunerated (integer) chronosones. The
conti nuous chronosones are used to encode sol ution
paraneters which are deci mal nunbers, while enunerated
chronosones are utilized to_encode the sol ution
paranmeters which are of intgaer types. As can be seen
fromFIG 11, the tidal regression nodel consists of

[001281t h COIReifesmingsnovpao &ttt d2s adP@wclsuichf asnghpd r7100 @ﬁ generating

G ST NI L NCNE TR LR LT -

proérﬁl‘ﬁ”l@ id ﬂlli]s?ratehooitﬁel]ne’tﬁbdtm 2 RRESLJ TRErGHHNAT the GA based
anal ysis program the unified enunerated i nt eger)

analp$is sp S0Aebowd M Bl TadBstmethod A0Msianh at sieryé02otndepreseeds to Step

7045050 ML SRR 985 A BB Rt chins

luna®28lendar SaYCARPEEbIEGoIE BOMES] tpaidiBetefiy H@dhaﬁﬁdhrbﬁioegﬁé length Le,
into the required paraneter vaI ues 622, for. 24

ranggx{rgsng, Va11@8cmﬁ}1éattorlg$lzea§o Tbﬁmcsrﬁm ahrgeiaitialiges thetlagarcalendar

morgy bSyclo 48 LHG: BT ARG 4B 1hun SRR (BAh Bl © 12 for

norB8NE RISk uria$ calt@der W@dut fhef lehlb NGy aﬁdetat iThiesmodel parameter
[00112] V={8, 9,10,11,12, 13, 14,15, 16, (41) [ Q0113]
searphiag cyale GRERtINyToR 15 Predyicrmined PX1a URY ane fﬁ'] ¢ 3y arbitrary number
r
ook ahAFubE A eeRsy B e P M, Nowor
is seft fﬂr&g\eﬂuwmwaﬂdﬁfty endjone fumdreal diiphever, (ollBr MBRed 0F values may also
evaluates to 3, and 15 MDD 5 evaluates to 0. O her
be sgfpdel paraneters are converted fromthe enunerated
[001%. nteger 9d 2R 0f &Hti?i‘ﬁ@s at[ Q 37@]5 a'RFV)%HRijthe @énth &finter m is
[0 11 AAPI md = 00118
1ncr&ﬁentpdj by ofte @ndi-th@gﬂlethqdﬂﬂ() 12@1) piocg@b t¢ &'ﬁp 70{5 @t)Vl’LQ]l the day counter

RRTIRET I R E T i e
repe@f&\,'agiﬁ\tﬂj arométeror alY Rlel akOdetémanskgcond segment 420 of

the ti daI curve using the sane nethod shown in

[00125juat i orlhe1mpthod18)0 proteyds tarden 1¥3.. wp@@}l@ 1 Gryrhaged gggression
evolAaa modu JehOd %or sgarghln f(gwo%tl%] etré 2?lthe model Hm d(t). The
B’Pé% ARAry s L

program-t
optiftfal Iﬂa,qelr;ﬁ%ﬁasﬂsoab d’(ﬁﬁﬁof@l&ﬁ‘é@ﬁehﬁ@ﬁ e@bltwort ﬂnedmte dez, w111 be stored

into storage medium 22b in FIG. 1 at step 714.

[00126] At decision step 716, the method 700 checks whether the model parameter
searching has been completed for the lunar month m, e.g., (d >= Ny?). For a “NO”, the
method 700 returns to step 710 to repeat the steps 712 and 714 for another cycle of model
parameter searching. Otherwise, with a “YES’, the method proceeds to next decision step
718, at which the method 700 checks whether the model parameter searching has been
fully completed for all lunar months in the reference year. Similarly, with a “NO”, the
method returns to step 706 to repeat steps 706, 708, 710, 712, 714, and 716 to perform
another cycle of parameter searching for next lunar month. Otherwise, with a ‘YES’, the
method 700 goes to step 720 to end the model parameter searching process.

[00127] FIG. 13 is a flowchart illustrating details of the GA evolution module 712 in
the method 700. At step 722, the GA searching engine reads into the memory the actual



paranmeters searched by the GA regression analyzer. The

tidal data points observed on day d and nonth in, at

time tk (k=I to Nt) are denoted as hmd(tk) in form of

(hi, t1), (h2, t2), ..., (h tNt), where t is tine,

and h is the tidal height iR6meter. The fitting curve

function Hmd(tk) has the deviation (error) d from
tidaleRehQgatad PRiddt Thereafter, the GAlpargnatftérigearchingctfiping, crehfes=an initial

hm.d(t2 Hmd(t2), d3 = hmd(t3)- Hmd(t3 d’
geneﬁﬁﬁl(br( qu by r ( Ww§ner%%pé@n%%opﬁé a %Ih g&4oiEach of the Z
t fr Lty C lsd m nim ze
chr O et T I K o D F T MBCERBS Ton.
[00122] z Fn,d =~ dk 2 (tk)-Hm (18) k=1 k=1 25

00123] f r|ng now to FIG 12, a flowchart of a

100128t hod é’e’h%‘@at i Frge-L rical tidal prediction &
nodel s usi ng the genetic al gori thnms based regression
anal yzer program40 is illustrated. The nmethod 700 is

[oo1a91det ai Téd @ésp,arametem reeafchingemadulsad b themniniyalizes ¢t glpbal best

finen g Bt 1t 55 557 it oh T e Celetr g SGpul Sep 726

Botla D), ¥Z8li dr€a8std Bére, kWherd Nyp i Ervaﬂ'@lﬂerthaﬂ Re@resbnts @se number of
| unar cal endar data, and evol uti on control paranefers,
gengadonsaev e ribore ane oyetll Eness wppjevenciesed y 4p ({g generation
LuF%olpul ation size Z The systemthen initializes the
thar cal endar nonth counter to zero (m=0) for the
[ootbeinar mMunlike GRisting M swhiesB3, the chepmabsohe CRidf tre @esent invention
nor mal Chi nese | unar cal endar thout t | e nont h
doe&a@f&éiéreCﬂSh@PFﬁé‘%l SOBHYORPatasReters. eﬂ%ﬁ’%‘:’@f& PO Bkl 8k2, Bk3,.

gk;a ?3 s 6111? i aﬁg&%&&%@@k %é( B3Rl iRRBANE erB&iAMModel parameter s

y nu ependi ng on the parameter searching
valueggsihg Eqnattcms (1 tot HA apd desgoneimuce theoutedietion mNGIIOE L i (8 ]ck at step

e between fifty and one hund
728} Bhegarer SPRGHA A regiguionmogule 42 B SSHH pEdief he Z candidate
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Fg,bs?ﬁecﬁe@ﬂuﬂé@tdt%n@@f@%te@ﬂsofor all nodels are
det er m ned. [00125] The nethod 700 proceeds to

step
[0013112, whilfHcivs: is beiebhee Hor-egras ¢igian step 732, then the GA regression
module 712 updates Fgp.best by assigning Fgi-vest as FoL-vest at step 7 36 and setting Nyn=0.

Otherwise if Fgi.pest Shows no improvement, then Ny is incremented by one at step 734. In
any case, fit chromosomes are selected according to [Fmdlck at step 738. Such fit
chromosomes are used to construct a mating pool; and the number of evolutions (i) is
incremented at step 740. From the mating pool, the GA system reproduces a new
generation, G, at step 742 by applying crossover and mutation operators. At the
reproducing step 742, the most-fit individuals in a current generation are copied directly to
the new generation, G;.

[00132] It is possible that during evolution, the GA based parameter-searching
program becomes stagnant and unable to find more-fit model parameters even though an

optimum fitness has not been attained. This is largely because the initial population of the



evol uti on nodul e designed for searching for optim
paraneters for the nodel Hnd(t). The optiml nodel
paraneters, as output of the regression evol ution
nodul e 712, will be stored _into storage nmedium 22b in
FIG 1 at step 714. [00126] 24t deci sion step 716, the
nmet hod 700 checks whet her the nodel paraneter
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fltnegs var. abl e,

b
Toll B deqioon cife T46r thectiar RErorion £OEY o loMe Gginpaty o st
728841 aﬂﬂMm&&dsebrcﬁfr% SBlutibA r&RAR uni @l 8tdN¥ondliSioa 744 is met.

vari abl e that represents the nunber of generations
[001a4jol ved FIGt hemamnw@‘y ghart shawisg sdplryrsvBiagaccupagy gchieved

o &5 0S5 S50 6 OO0y LA AR e o
(ChRSESIunat yedl 804 Y a &BfeasefhtiGiO| THd Qv AftagRLalracy ifkdmputed as

i nt eger val ues of genes, gk, 1; gk, 2, gk, 3, -
follgs:LC-1, gk, Lc in the chronosone Ck are converted into

W01 e regressron nodel rameter's values using
uatl ons (111t 7)aba Jthe—ddpsta upbt %)B rediction ()
nodel [nHm at ste 3 § Ther |8aPPé | The A
regr essi on ﬁo dr'e 712 thenmé dl' uat es /each the Z

candi date tidal prediction nodels, [Hmd(t)]ck (k=1
oo1a8 LC) Y mahay @03 if i@t ve-Hatldtackiiabf IiderHs bP ercentage;

N; the number of observed tidal height readings taken during day d in lunar month m;
him a(tx) the observed tidal height in meters at time ti; and Hma(tx) the predicted tidal height
in meters at time t,. The tidal curve-fitting accuracy W4 calculated using Equation (20) is
relative accuracy in percentage for day d in lunar month m. As shown in FIG. 14, the
average tidal curve-fitting accuracy 800 achieved in the whole reference year (4702) is

97%, which is sufficient enough for any real-time tidal prediction applications.



Equations (18) at step 730. The |lower the fitness

value, the better a regression nodel fits the

observed tidal data. There nust be a best fitness

val ue Fo;-best in each geneé tion G, the FOi-best is

determ ned at end of the st €730 [00131] If FG - best

Is better than FG.-best, at decision step 732, then
[0013Re GA Fé@r b shaoys a pigenlified I {psdle Ehineey lupasealgpar based tidal
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builf 191tq0@1n %%gté‘rﬁt t%acoméﬂt B 820 lnf?ﬁ%%hh?dﬁ Bh chfendar to the date 834

i NCcremen at step 740. Fromthe
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o0, B T AR SRR TP B e
leapeﬁﬁgﬁtﬁt mQNs add (aBtuRILY qttinm ifRe¢ER10ryeas cydlke The leap month m;, can

bi ol ogi cal extinction of a Fopul ation th&n?kllls al | F
be asut moh frost 2" ftot1 i nkwngs meathsn theeChig b relprdarpgpfem. For

exa{nﬁk,r esgﬁ(gl therﬁg'%ﬁtﬁdmii%' '%Slsoaf ?% %n"ﬁ?set f{hte 4th month appears

€ nodel Ccreator a WS a user
twice CHines&hirRy 9b41t4700 (Qripariat edlendabyean 2001)G. Ollthe other hand, there

are Igglgfl légrélglggyhsa %%g?%gqegzq %%rr] Rlaat§ls gv%n }rh%fé)vlgﬂ%\%?rei N =12). It is not
Justj:fktbrl"eetcbsus%f&g rm&ﬂ?s't asSOUTReA vﬁfh 8f [}Rrﬁﬁb N predid Qﬁ@ﬁ]ﬂesﬂb@ the leap

ression anal yzing nodul e 712 may stop the GA

moﬁh@ﬁpl(p#@n THerdftve, foblosingd ¢onfipasite s®dblds praposerhr ovenent

after NSTOP generations, e.g., NM>= NsTOP at deci sion
[001$8@kp 744. Thereafter, with a "Yes', the GA regr essi on

anal yzi ng nodul e 712 outputs the nost fit prediction

model Hm ()_ rwise, with a "No', the 1)

GA regﬁj@é@i‘%ﬁf (}?/@I ’"I‘fﬂﬁﬁ?ﬁ checks at deci sion

step 746 whet her there |s a need to use the extinction

operator, NEXTncT. This decision step requires

[ooﬁ"c\)gckl ng Whetastid @h),ithe praRtibhamb INELK!thNEap Widrth & denoted as
foll owi ng the deCi si on st ep 746,

the GA
Hipp@gr the dinder lastangs ifer leeniooathy afhekssiies m. The Equation (21) takes mean

value of the previous month’s and next month’s models to generate the tidal prediction for
the leap month. Real tidal observation data approve of Equation (21).

[00141] Although the empirical tidal prediction models are generated by the GA-
based regression analysis for the actual tidal observations collected at one water station,
say Stationg, the prediction system can also be used to predict tidal heights for other nearby

water stations, say, Station,. In this case, two new factors need to be introduced. One is



a current population in G at step 748 and returns to

step 728. O herwise, with a "Yes' follow ng the

deci sion step 746, the GA regression analysis nodul e

goes directly to step 728.2§his par anet er sear ching

evolution repeats until the“Stop condition 744 is net.
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often, the prediction lunar year Yp may be a | eap year
durlng whi ch a

[00145] 1 & 22
AH,,, == abslh, ,(t)-H, ,2,)] @2
N, %
[00146] As shown in FIG. 16, the mean average difference 902 between the

predicted and actual observed tidal heights is 0.15 meter. The average prediction accuracy

in percentage is around 90%, which is sufficient for practical tidal prediction applications.



| eap nonth, np, is added (actually 7 tinmes in every 19
year cycle). The leap nonth np can be any nonth from
2"d to 11th lunar nonth in the Chinese |unar cal endar
system For exanple, in Fl 3, the second 4th nonth
76 is a leap nonth, e.g., t 4th nonth appears tw ce
in Chinese |lunar year 4700 (Gregorian cal endar year
[001270 1) GWhildthegirbsent araekjon hesrbeen dessribad yitharefepenchdo particular

embj_)g % eiIE Sﬂ%ﬁeleé/ %egfto%)? ilbeffqg? &nl})é)gll:r%l%gs ]ﬁg dg}/\ggatlve and that the

inveRfSR GEdeeid ntft k6 h@ﬂtedeA:Pteﬁ*)atlkf@ eRiRdingdnts bethei plenf Bivention will
the leap nonth np (p=4). Therefore, follow ng

becaynerpprAren tadbede haying @r,d@@gd sk1plogjjggprt(tq whigh gled)tyseﬂt invention
pert'iuﬂg @ua}]éﬁeﬁ'}rl%t H'{}I{E)g%rger{lg%gﬁe c;g 519%1%321 t«% %Q %ﬁgclrrrl]éﬁgséz:iq\wﬁﬁlhqge spirit
and deswyd efl ttsprekénd, i drklon. Aleordidy, the sﬁblﬁldﬁtlfeqﬁreke@apnventlon is
mont h, where I p_ = in. The Equation ( ntgakes nea
desrihedeby fthe r?@psflé@fi SRRt 1S Swrwéixby A reg i deseription.
to generate the tidal prediction for the |eap nonth.
Real tidal observation data approve of Equation (21).
[00141] Although the enpirical tidal prediction nodels
are generated by the GA- based regression analysis for
the actual tidal observations collected at one water
station, say StationR the prediction systemcan al so
be used to predict tidal heights for other nearby
wat er stations, say, Station. In this case, two new
factors need to be introduced. One is 29 the high
tide arrival tinme adjusting factor ATA and anot her one
is tidal height anmplitude adjusting factor ARH.
[00142] The tine adjusting factor ATA is used in the
systemto adjust the high tide arrival tinme at
Station,,. Note that the angul ar di stance between
StationR and Station in ternms of their |ongitude can
be used as reference to calculate the value of the
factor ATA; and that |ongitude angul ar distance 15 is
equi valent to one hour of time. The tidal height
anpl i tude adjusting factor ARH basically depends upon
| ati tude of the station. In general, the range of the
tides gets larger the further the location fromthe
equator. However, the tidal range of a particular
station depends very nuch on a | ot of non-astronomn ca
factors, such as the configuration of the coastline
whi ch has significant influence on the range of the
tides. Therefore, it is desirable to take actual tida
measurenents to conputer an average value for the
factor ARH and then the systemw || conbine the factor
ARH and t he



anplitude factor RI'2md in Equation (7) to predict

the tidal heights. [00143] If, however, the angul ar

di stance, either in latitude or in |ongitude, between

Stati onR and Station becone considerably |arge, say,

nore than 15 degrees, or even nore inportantly,

non-astronomi cal factors at Station are so nuch

different fromStationR, it nay be nore desirable to

I e new set of actual tidal data at Station,

W@g‘ssecgéihsg%' whi ch a set of prediction nodels can be

created using the GA based analyzer for tidal

predi ; ynm
1 Ronr Sel REdetA i S ubon BfiRiS: Gdaichia sabaa o,
praslicign eYSteSh CQ@ANSIP04. The data shown in FIG 16 is the

avepdsr idiefh&s: aRge between the predicted and actual

tidal heights collected in the prediction year (2004).
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3. The tidal prediction system of claim 1, wherein the electronic device may be any

computing device including PCs, notebooks, PDAs, and computers.

4. The tidal prediction system of claim 1, wherein the GA-based regression model
creator program further comprises a model parameter editor program by which a user of
said tidal prediction system can manually edit the prediction model parameters used for
generating the regression model.

5. The tidal prediction system of claim 1, wherein the executable computing
programs further comprises a virtual addition program for adding a virtual day to any
Chinese lunar month with 29 days and providing tidal data for the virtual day so that a

regression prediction model for the virtual day can be generated.




What is clainmed is: 1. Atidal prediction system based
upon Chi nese |unar cal endar, said tidal prediction
system conprising: a user interface; and an el ectronic
devi ce having a nenory capacity and processing
capacity; wherein the user interface electronically
connected to the electronic dgvice so that a user of
said tidal prediction systemmy input any information
into the electronic device and the el ectronic device
can_store and process the input information; and
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prégf&Rs iRk EcdnARES | b%nﬁ{ ﬁé}fﬁogfrérh Xr ;ﬂ&ﬂﬁﬁgaé ?nohihe just factor

predi ctions using t Information fromt user;
SOﬁfr?é agredictiontsiate Ca@ch?diﬁ“ieh@‘a]é?h% W8 refatangeifalg agcadingda ¢
ChiNed@Tunkh8Retdaf) - based regressi on nodel creator

program for using prediction nodel paranmeters to
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as the prediction model parameters for generating the regression model.

10. The tidal prediction system of claim 9, wherein the reference year is either a
Chinese lunar calendar or a Gregorian calendar year during which the observed tidal
data is collected.



so that a prediction date can be better matched with a
reference date according to Chinese |unar cal endar.

7. The tidal prediction systemof claiml, wherein the
tidal height predictor program further conprises a
cal endar converter progran1ang a tidal predictor
progrant wherein the cal endar donverter progran1|s
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data, there %%t he opti %%r essi on par amet er s

perm R+ ansl Whese 3 asisthemses yrlg Ptme deighis dureg #pdod ey R™ma
éiﬁﬁ?liﬁlde"fgctbhﬁ peA&d ZSNA |§3ﬂ’ﬁ|se aé@stm@hﬁfa&t'oﬂﬁh' period p,, and

orediction systemof cl ai'm ei he referen
ye'arthff angular gEiustinent fAcRE SEPioH e S?%aéwa%' e giretch fadtor in
oggomw?z,,paaé & Relero-tidartieight BHjogmehi fabtok ingpedba py.ved
data is collected. 33 11. The tidal prediction
system of claim9, wherein the regressi on nodel has
121 heThd tddl prédivtion gysérn @nclaidP! mwthereiRPihenxd' X CaXbkd ¢aldnlSad as
flla" d XSPmd Xtk]+VP md (0!~tk <pmd) Hmd (tk) =
%m d +RP'2m d XCOS K47r +MP2m d) _aP' md XSP2m d
Xtk]+VP'md (Ymd <tk < ) vvherethetldal

fitting-curvepnodel ed Toy I%gua [ n is divided at
poi nt pmdPﬁt(mtIV\U‘—eU ng,g with period p,
(05 tk? pmd) and seé\%ent,}\mth perlod P2 (Pmd <tk a

wherein the X7, 4can be calculated as follows:

x_sz,d — ]\/'IP ZHPZd (z‘ )

> t=Np,

wherein the a™', 4 can be computed as follows:
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24); where Hnd (tk) is the tidal height prediction
function in which tk is tine, mis the lunar nonth
index, and d is tidal day index; where x"md is the
mean val ue of the tidal heights during period p,
R'md is an anplitude factor in period p,, AA"md is
phase adjustnent factor ip4period p,, and a"md is
the angul ar adjustnment factor in period p,, s"md is
tidal curve stretch factor in period p,, and v'md i$
a mcro-tidal height adjustnent factor in eriod p,;

angd whergirepthendrrametersgn theeequation ofdhe eegissionenadetiglobtained by the

Gﬁbﬁéééhtrégrgé’éiérn% éwf@ %m%ﬁ%ﬁl r‘aﬁGﬂ% p8ihbrsl ude

factor Tn perlo ase adjustnent

factor in period p2 and aP2n]d is the angul ar
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stretch factor jn

i chButing émr%?tgﬁtda%o?fmq?éh% hﬁ%lmﬂ'ctlpﬁ 'sgéweéaedﬁgr a lpgation;

The séle&aqlg dveRférithiyesr ot Wathahe Gdatpradiclion foh@ledrédittidn date
an be calculated as follows: NPi HX 1 md =,

W"E(l?ekma Rtk =Omd wherein the X 2md can be
cal ebtamirechcasl fiddl datadn thedeferencX ygarchehr tHe:I@htiof, WwHekein the
can be({cﬂﬁe ut ed as
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par gemdrating a regteseior guestidtion madet foethe egluektistabdatarotibe reference

I
e By ePBimBY biific afgonARPErRHTP 5 iR AE! | D o0 am
cal eredmtm@ti@édathecws for thei requestednredicivnaiatedniastardance with
thd ,@g,g;l %:Ibﬁgre@ho%r‘m\'oeél‘ QrFH date of which the tidal

nis requested for a location; selecting a
ref ero¥ising %ﬁé’a?reﬂlﬁféﬁwt'dﬁlf@mhtﬁéﬂﬁﬁﬁf pr ediction for the
prediction date w1l be nade; obtaining act uaI t| daI
data in the reference year near the |ocation,

144 he Thamethed of claim 13rherein, in iengien efpbiriving a?tH@ t’f’é‘ data ’f the
reduekieg predidibAtateds BREBI day of the lunar month and the reference lunar

month has only 29 days, a virtual day will be added to the reference month, and proper
tidal data will be created to generate the regression prediction model for the virtual day.

15. The method of claim 13, wherein, in the step of obtaining actual tidal data, the
actual tidal data may be inputted by the user for performing the prediction or collected
and stored to be used for performing the predictions.

16. The method of claim 13, wherein, in the step of predicting the tidal heights, a
month adjust factor is applied if the start day of the month of the prediction date is too
further away from the reference month, and thereafter determining the correct lunar
month in the reference year for retrieving a correct regression prediction model.




generating a regression prediction nodel for the
actual tidal data of the reference year by performng
genetic algorithmevolution of the actual tidal data;
predicting the tidal heights3¥or the requested

predi ction date in accordance with the regression

predicti n Ldi ' edi,ct I dal
17 bei Db SR Bl L7 Ve h S B 3o REFE . ebait?
predmmremndeh ihcoriverts chiomokombs fiomifined cange af inteigdahurdkzrainto tidal
[ prediction date is the 30th day of
prch%&*ﬁxﬁg%I%%Dpﬁﬁggnd the reference lunar nonth has
only 29 days, a virtual day will be added to the
r ef t ;
184 7 SR ERERER Lim FRARERTS e STbr LRy e rorespion
Prefd@tloﬂ medel; lt? faer @ﬁigilateq@newlqeefpmﬁphaf regregsianpgediction
mo\‘iﬁl@f ein, in the step of obtaining actual tidal data,
the actual tidal data may be inputted by the user for
performng the prediction or collected and stored to
19be yseReltRb dP ebln?t 8] vitibréin thdreg@kSibh ?féa.cnéﬁmoamamaﬂod
of claim 13, wherein, in the step o predicting the
f°"P‘fV'&§quH%tl°§'hts a nmonth adjust factor is applied if
. the start day of the nonth of the prediction date is
 too [fxdnkher” anays framathe lrat.exehoaapbnth, aj@<i, <p,,)
Ht@?r after determning the correct lunar nonth in the

ref erlepce, ygar tfjnev a.correcy negression
pr edi gtloﬁwnﬁdé{ {@g‘i 7”d;}’ﬁq”ﬁ§fh'&‘ﬂxo Zindi ml@ge <t <24)

wherein, in the step of generating the regression
pr ewherei tba tida ditting-cutve auodetedtby thd Equatioo iedivitied at faint ¢l « into

o Q80 OGN ITRRR G20, ot SRRl i T b
tc 2 248; whesp Ha.fd (tg)emtheatdaﬁylgm ered@gprewpm in whécli tdis timg, m is the
lunZPAShth ibdext 4hd Qfsrtld%latljé?j%@éxeﬁ/héﬂe esﬁhtﬁéln%é%ﬂ ﬁfue%@fﬂ% bl

regreSS|on re IC on  nodée alm
heights durieg eerwdt meRT egis@aannityse &ntertin periadRiePAhasisthase

adjﬁjgﬁﬂe‘ﬂw)%%%{ ﬁﬁ%@foli (AR an?fpb? %ﬂﬁgaﬁéﬂamﬂﬂgﬁtfféf&m énod P1s
sp1m, @.ﬁﬂplz:,wrgtretch factor in penocg P1, and Vind :s a mlcro-trgal helght adjustment
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V\,her al fittin rve nodel ed b
@é’é 5 O reliie fAgih norioH P Ao i PSS ARtner ot period
p2, 300 Iﬁé’md is thebhglﬁlaf ad;uitrﬂent (f4ktot in péricd g21878) s iatidal segEBIERA

fac\%r in pgnodI pg,d and V**, ¢p n; a micro-tidal height adjustment factor in period p,.

20. The method of claim 19, wherein the X', 4 can be calculated as follows:

wherein the x™%, 4 can be calculated as follows:

s 1
X m,d—NP ZHPzd(t)

2 & =Np,



tk a 24); where Hmd (tk) is the tidal height
prediction function in which tk is tine, mis the
| unar nmonth index, and d is tidal day index; where
Xp'md is the nmean value of the tidal heights during
period p,, RPPRmd is an anplitude factor in period p,,
AAP' md is phase adjustnent3§actor in period p,, and
aP'md is the angul ar adjustnent factor in period p,,
wheRimihe a5, stanibé cemputed 6 faliowk: -f act or in period p,, and
vPPmd is a mcro-tidal height adjustnent factor in
period p,; and where XP2m d,is the nean val ue of the
tidal heights dumithgperiod?p2. RP2md is an
anmpl i tude factor in peridd,pR60AAP2m d i s phase
adjustnent factor in period p2, and aP2md is the
angul ar adjustnent factor in period p2, sP2md is

and m@}eif&ﬁyﬁﬁﬁﬁgﬁgp élﬂe?&g%}loﬁ 5 thE Fd s:%%'mtﬁféfjis\égtoamgqlgg the

IS a mcro-ti ustnent tactor 1 n perio
G/pbasetiiegrassionornabizet prapiam throughaeseral GAepsmationsd can be
calculated as follows: NP 1 md P ZHmd (( Itk NP
tk_O wherein the xP2m d can be cal cul ated as foll ows:
24 X PZmd 1 EHn? Nd \tk) P2 tk =NP2 36 wherein
the a?’ md can be conmputed as follows: ap'md = 47r NH
X60 and wherein other paraneters in the equation of
the regression nodel is obtained by the GA-based
regression anal yzer programthrough general GA
operations. CH NESE LUNAR CALENDAR- BASED TI DAL
PREDI CTI ON SYSTEM AND METHOD THERECF  ABSTRACT  The
present invention provides a Chinese |unar
cal endar - based tidal prediction




system and nethod that generate tidal predictions
using enpirical prediction nodels, wherein the
enpirical prediction nodels are generated using
Genetic Al gorithns-based regression analysis for a
gi ven set of observed tidal3fata collected at a water
| evel station during a period of one year which is
referred as reference year. In one aspect of the

ol t__lnyenti t he ' Vi '
cHrSHSE uAK Corttomnit s TRBALcERR B 1T sesTEm AND
having a nmenory capagigpaed PHERIF@Ee nedi um for
storing input, intermediate, and output information,
and a processing capacity for executing enbedded
prograns; a regression creator program and a
tidal height predictor 6&%@&%%‘ erein both of
prograns are inplenmented in the electronic device. In
anot her aspect of the present invention, there is oL
pr db¢ geekent Thienber prawides ¢ &lhénrsarlunraswdendpibgsed tidal prediction

redi,ction thod ¢ rising.the steps c i
sysuh G cbr @i dRRC S RTIshT B EREaRp b PHf M Rodels
whefe@fl usémpirical pRdlcdieathedls aededeidtdiudng €t ddgorthins-based

fromwhich the tidal prediction for the prediction )
regresgioa aRglysiser a ghiga;scodk ehsarvied tislat dain collerigd dat Watehlevglestation
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invefiibig Nilare; isgeroeidadl iantidal predicess ispstemproeaprisingd an rixdelonic device
for the actual tidal data of the reference year b
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modekbgesssprogranr; edi attidehheiglitgiredictbt Boglanacwlwmpahothsofifitegrams are

. __abstract. : : . . .
1mplementea in 'the electronic device. In another aspect of the present invention, there is

provided a Chinese lunar calendar-based tidal prediction method comprising the steps of
inputting a prediction date of which the tidal prediction is requested for a location;
selecting a reference year from which the tidal prediction for the prediction date will be
made; obtaining actual tidal data in the reference year near the location, wherein the actual
tidal data is formatted according to Chinese lunar calendar; generating a regression
prediction model fbr the actual tidal data of the reference year by performing genetic
algorithm evolution of the actual tidal data; and predicting the tidal heights for the

requested prediction date in accordance with the regression prediction model.

FIG. 1 accompanies the abstract.



