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 and
met hod for tidal height prediction utiHizing Chi nese | unar cal endar and
Genetic Al gorithnms. Background of the I'nvention [0002] Tides are the
regul ar fluctuations in the nmean sea level that are caused by the
gravi t at i cRBIINESE BENAd QAJ#ENHéI%BMFdhEIBMp PREBDECTEON %%%ﬁEM/ANDe mean
tidal height denoting the relaﬁvi Pl jod, astronomically induced
vertical changes in the sea surtace ?e cl'usive of wind-induced waves and
eart hquake- caused tsunam ). Another useful termis tidal current that
refers to acconpanyi ng periodi c_horizontal novenent of the ocean water.
[0003] Tides are influenced by Kighdof thetdpventicic| udi ng ast rononi ca
nonastronom cal, or random ones. The astronom cal factors include tmo types
of forces responsi ble for producing tides. One is the force of gravitation
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attract] %lrsac% (etxgl?ml\\goonf V%Pn% 1nd1r1]ce%a\rzvtalvcgsl Iar>1/d earthquake-caused tsunami). Another
useful term is tidal current that refers to accompanying periodic horizontal movement of
the ocean water.
[0003] Tides are influenced by many factors including astronomical, non-
astronomical, or random ones. The astronomical factors include two types of forces
responsible for producing tides. One is the force of gravitation exerted by the Moon and
Sun upon the Earth. The other is the centrifugal force produced by the revolution of the
Earth and Moon (and the Earth and Sun) around 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




2 counteract each other so as to induce high tides that are | ower than
average and low tides that are higher than average. Such tides with

di m ni shed range are called neap tides. [0005] The non-astronom cal factors
such as configuration of the coastline, |ocal depth of the water,
ocean-fl oor topography, and other hydrggraphlc and net eor ol ogi cal
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pr edi cti aativities; and utilization of hydro-dams as energy generators. Therefore, tidal prediction is

of great practical significance.

[0008] A considerable amount of effort has been made for tidal prediction so far.
Many methods and devices have been proposed for tidal prediction and tidal information
display. For example, U.S. Pat. No. 6,226,594 discloses a method and device for
calculating a spring tide day. The spring tide day is useful for certain industries, however,
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




[ 0010] The harnonic analysis of tides is based upon an assunption that the
rise and fall of the tides in any locality can be expressed mathematically
by the sumof a series of harnonic terns having certain relations to
astronom cal conditions. From Speci al ngJbI ication 98 (paragraph 8)
"Harnmoni c Anal ysis" as applied to tides is the process by which the
observed tidal data at any place are separated into a nunmber of harnonic
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progr am gadmhadeeptasleGeneti c Al gorithnms (GA) based regression analyzer
program and a nodel paranmeter editor program wherein the GA-based
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| ocation, wherein the actual tidal data is formatted according to Chinese

| unar calendar; generating a regression prediction nodel for the actual
tidal data of the reference year by perform ng genetic algorithm evol ution
of the actual tidal data; and predicting the tidal heights for the
requested prediction date in accordance with the regression prediction
nodel . [0016] One advantage of the present invention is that the system and
nmet hod do not require any astronom cal know edge, tidal-producing forces,
conpl ex harnoni c constraints, or non-astronom cal and | ocal control
paranmeter input at all.




[0017] Anot her advantage of the present invention is that the system and
nmet hod are able to provide tidal predictions with sufficient accuracy. 5

[ 0018] Yet another advantage of the present invention is that a tidal
prediction in neters can be nmade for agy time, at interval of one mnute,
on any Gregorian cal endar date. [0019] "Yet anot her advantage of the present
I nvention is that the system and nethod can be applied to any water |evel
station of the world as | ong asmmpagyadf the davendioser vati ons are avail able for
generating the prediction nodels using the GA-based regression anal yzer
program [0020] Yet another advantage of the present invention is that the
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system comprising an electronic device having a memory capacity as a storage medium for

storing input, intermediate, and output information, and a processing capacity for executing
embedded programs; a regression model creator program; and a tidal height predictor
program; wherein both of programs are implemented in the electronic device. In one
embodiment, the regression model creator program comprises a Genetic Algorithms (GA)-
based regression analyzer program and a model parameter editor program, wherein the
GA-based regression analyzer program is adapted to perform genetic algorithm evolution
to search for optimal model parameters that would best fit the given set of the actual tidal
data.

[0015] 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 for 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.

[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.



[0024] FIG 2 illustrates the various Mon phases and the rel ati ons between
t he Moon phases and Chi nese | unar cal endar dates. [0025] FIG 3 is an
exenpl ary data representation of the Chinese |unar cal endar used for date
conversi on between the G egorian cal endar dates and the Chinese |unar

cal endar dates. [0026] FIG 4 i | lustraPes that the Chinese |unar cal endar
is also partially solar for the regular addition of an extra |eap nonth
(runyue) [00tB]a | unaletyamthdpradmggagehef thapasseyieiavesmokis ithet @ tidahpredidtiontihe

| onger sol ar year. 027] FIG 5 is_ _a graph show ng the positions o
i Sese” BTEn i PRBt9 G peRs. ALl TepaLic 08 PR EEPTIE COgHTr y of
the G egg4qiban cal endar year in a period from 2000 to 2080. 6 [0028] FIG 6

illustrates the existence of the correlation between tidal height charts
and Chi ni98#9]l unar ¥al enether adiasgageanidthchpresdys dnvantion istibatc her sistenh @nd
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accordance with one enbodi nent of the present invention. [0030] FIG 8
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tidal curve segnents, and generation of nultiple regression paraneters
defi ned FWWOLi dal height curve-fitting and enpirical nodel creation in
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the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.
Brief Description of the Drawings

[0022] Preferred embodiments according to the present invention will now be

described with reference to the Figures, in which like reference numerals denote like

elements.

[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.




[0032] FIG 10 is a matrix representation of the tidal prediction nodels,
each nodel being indexed using the Chinese |unar nonth mand day d. [0033]
FIG 11 illustrates how chronposonmes contai ning genes with a fixed range of
i nt eger nunbers are converted into actual paranmeters of the regression
nodels of FIG 10. [0034] FIG 12 is a69eneral flowmchart of a nethod for
creating enpirical tidal prediction nodel matrix HWD(t) using the Genetic
Al gori t hjee2djased r EnG. efs'fkliumtemthk pxistencd GBS oir¢l@ior Betivseratidid heaighecharts
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t he GA-based regre55| on analyzer. [0037] FIG 15 illustrates an exenplary
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present invention.
[0031] FIG. 9 illustrates division of tidal curve segments, and geheration of
multiple regression parameters defined for tidal height curve-fitting and empirical model
creation in accordance with one embodiment of the present invention.
[0032] FIG. 10 is a matrix representation of the tidal prediction models, each model
being indexed using the Chinese lunar month m and day d.
[0033] FIG. 11 illustrates how chromosomes containing genes with a fixed range of
integer numbers are converted into actual parameters of the regression models of FIG. 10.

[0034] FIG. 12 is a general flowchart of a method for creating empirical tidal

prediction model matrix Hy,p(t) using the Genetic Algorithms based regression analyzer.

[0035] FIG. 13 is a detailed flowchart of the method of using Genetic Algorithms
based multiple parameter regression analysis method to create tidal prediction model
Hm 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.




[ 0041] The present invention provides a Chinese |unar cal endar-based tidal
predi ction system and nethod that generate tidal predictions using
enpirical prediction nodels, wherein the enpirical prediction nodels are
generated using Genetic Al gorithnsbased regression analysis for a given set
of observed tidal data collected at a hater |evel station during a period
of one year which is referred as reference year. It is to be appreciated

t hat specific configurati Detilsfl Ddseription efitbeddvegion fi ¢ st eps of the net hod
in the followi ng detailed description are for the sole purpose of
illustration of the principles of the present invention. O her applicable
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provi de uncti opal bl ock..di agram.of the tidal.prediction.systemin
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different parts are stored therein with different data. For ‘'exanple, the
st or age fopthesakooibretitr ansl simpligiyser ved tidal data 32, nodel design

par amet 4, an I ut. C rol. [ t 36, 1h Y i dal
dat a 326'1:0(21’225 toq?%rgf\éﬁhngl tO?? gafﬂ%%ri%d%ﬁ rea ia%mz(fuoelltlﬂgra{ ((ri}lg u a&ﬁgé or

i rregul agiday ptedk@ionaystamrigfaeé@baeeStit! o erabydiMentoMBs pRYer@finndoy.edhe The
year duri_qr;g which the real-tine tidal data were recorded, using a water
gage, i stidah|precictiqar eistane d Oycomprispea disen wicrfapn d 25 pp\wieciepis diE eiigetn t he

stored 0, a Il r-agi.v ly.
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r egr essi anpuoadédrnerieat and prppgesasing Lapadtyafdrietatuthey ghbedieddirogamsprodr am

16. The GAbased regressigon nodel ctr eatgr program 14 further conpri sgs a

GA- baseCOEIBgSaEralal IcersesipigHars 4o cahdepnyoraflaardtises thaldpappe
program : : 5
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32, nodeinatikesa gserparnigpetistosth84]ecaodicGlevineathatinformatomt fayl prpeticamgethertsdaB6 f r om

the stora di u 0 and perfor GA evol utio | es to searc or the
opt i el REGFRO PSR e Ut ST iEs g foeet e gubisethe TR atune The
predi cti@dh] ReEbtiARr ametiafintfionaatiehedotifingl Watal subR o8t SYs8EeliNiddNlatt Or age
medi um 20b. "The tgredl ction nodel paraneters 44 may be manually edited b

t he end Rpes@metgssi oy esthleliskinguthe cpapiziead regresseint wodgls.candagtheinfarmatine taber

orocese e bl 485 Uty B oo Bin R HE S SARETE  SuR LRI ChneBER “The

t her ef ori@forinagios Bakdared 1Hghé eBtge Snatiddotite clebi@ii€deviéd. h vari ous settings of
GA evolution control paraneters 36, and thus the optinmal evolution control

paraneters can be obtai ned. [0045] The tidal height predictor program 16
further conprises a cal endar converter program 46, a tidal height predictor
program 48, and a prediction analyzer program 50. Wen the user nakes a
request via interface 12 for a tidal prediction at tine tP on dateG (the
dateGis normally in Gegorian calendar comonly used today), the cal endar
converter program 46 converts the dateGinto a correspondi ng Chi nese

cal endar date, date. And then the tidal height predictor program48 wl|l
use the Chinese cal endar date, dateC, as 9 the key to retrieve a correct
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[0047] As can be seen fromFIG 2, the Sun always illum nates the half of
the Moon facing the Sun (except for lunar eclipses when the Moon passes
through the Earth's shadow). The |unar phases are the appearances of the
Moon observed fromthe Earth's surface, The appearance of the Mon observed
fromthe Earth's surface changes over % cyclic period that repeats itself
once every approximately 29.5 earth days. [0048] Referring to FIG 2, when
t he Moonl08€d i s belTheetedttmiEaleviveamdyt be a8yncomputappaavisedsuck, as P&w, Moon"

64a. When .the, Su nd 60c_ar n osite sides of th rth t he Moon
appears qIEpFoks ED%SS a*h’/? Wg‘gﬁ e@%c qu% OB’@t&%"éﬁ applLe ﬁorEt £ 178 at ed
surface RRpp@@Sist @otQH&Wea Qo fal k'ty%%f c@ﬂﬂ)uhhgruedﬁ!éé Q8968g 19 thd)deviek thapew
noon 64e. For exanp when t on is at position 60b, we see half of the

Moon t hatledtepnid m"'m‘pl’y lor Sorisg clygspuednfimusiiooas mf@ssmmapw@hfor sxemutipgsi t i on
60d, hal { b u ce o LhiT r posi Ll
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gener at eghedifiin 20w 20b{ 30c,20d, Whkreth tHéadiffefenppadesre (sctua@l fateih eyittodiffcheant l\/bon
the neap_tides 62b are observed. Since the |unar phases 66 _are caused by

the rel afdt%eF Po¥pmpln thestorpgromeginm 28arstares the @bswRs tidal dptg 32 onedridetient o use
the lun e S t un,
Earth, a %B‘Elg%ﬁs%‘g%g&g} e‘?veo;hg[}ogl c%o('rjﬂgfrgaél c?t {Seie()argﬁlneg%bgg &'uﬁ{d% 93;32 %Zer{_s:‘ des
gener at ew.the 4QudlAd4Dheifefreadingsgeidter kégulamlyl—'dr(ﬁreg?hlaril}t taken stmm:réﬂcatstahhe | unar
phases 6(33 are cl osely related to i nese_| ﬁ Iendkaj]g at es 68. For
exanpl e, g EPTOIALRRG e nbY ¥ A B hithprerl-Hiae teial dap WetrregoréRt nese

| unar mopdiK, ARG Jo gu is MRk REGeRR e tﬁeﬁée{fﬁgafhefsh&v@é@t%ﬁ% Heto@n dent h.
Simlarly, a first quarter Moon 64b is on t day of any | unar nonth,
and a thstmdddamramdrthd\mﬂmptﬁetcpmgramherezt’e}dﬂhhaiyatmcpurmseanlgdI y next new Nbon

64e on trae first dﬁi next | unar nonth. F 2%} E{ag r@%
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of the new moon. Sin ec nevnn a _l.unar
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[ 0051] Chi nese |unar cal endar currently is defined b jinshan Cbservatory
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| end
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predi ct i gptirRallrp@@sssoparhimetepy iaebdst ifin iensbserved Tdel dathl e"ha @rezhmioal medel
sufficient Chinese calendar infqrmation, such as years ,E&l 78, and
nunber oParamgiergd4 spargled (hup oyl lbensieren mﬁ%ﬁr“@%ﬁﬁ’l’ lurflrgoéh prefigtgp year

4700, hﬁ%gel%a?arégelg%%%spbé H}%l} %/ﬁdgfg@?? 1 %rbd(; 185rer7 Eé’iﬁ? YheHbAMRS Palaiid year

say 4699 correspon ar s indicated in the
t abl e 70edifeor pregsam cAhwér thengse@mtgnﬁabarl 2c alendditionp tiehGre based uregressiahendar ,

tart d f h | [ New Ye . d
s el | - Dol SHBT BN IRGecERE GO icet Ve st (b geieeRoduToMlibr - year
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in FIG 3 contains Chinese |unar cal endar information from Year 1901 (not
shown i ncaniteel parbinelers 36, 208 Gyus ther eptiozal evelatiomedndrot parameteadaedetodtaitrg. tabl e

iath i , FlG 1. 10052 i
hot & pulBBBlunar CCHREEF B Pedibtor AR b8 dRRe L O e o pueRdR 1S
i nf or mat §@vefttr bRyra@l £#8,1 LAgaloRaL ﬁr@@lc{\@%o%ﬁﬁﬂ% anell Egrédictids adalgBdrt er  of

fact, Chinese Iunar cal endar is al so parti al sol ar because 7 tines in a

19- year pipetagm S&nWahen ke mseamah@rﬁnqqmsnmu@yrfa@ Beion g tideldeedietéoredidtineo® t he
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years, I nese endar
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




sonetinmes called a lunisolar calendar. In FIG 3, a leap nonth with its
previous nonth is marked in bold, for exanple, in Chinese year 4700, the
4th nonth 76 is a leap nonth that is added to Chinese |unar year 4700 such
that the | eap year (4700) has 13 nonths. [0053] The cal endar converter
program46 in FIG 1 reads into rrermrygthe Chi nese cal endar information
table 70, and constructs an array of date objects; each of the date objects
cont ai ni thg kely taarelnide @adoemciaset oHmeodelspaoaméteds oo nempata thdidal éemhpateimonre dat e

obj ect t e~k nma Chi nese | unar cal endar_ date '.nf romation suych.as
Gl nese. Tatal Felght Reic qr Ras oot Renaco et T ayeikd SR eet: FEEdhdi ng
Gregori %x?ﬁ)‘rl%”tf—}% g@%(h@cs' b, r@*tti"a‘?x@fe? %q%%ut%%ﬁér' D(%&'n?”@“ﬁé pY&RRdted X,
nont h nGk, and wher é =1t whi | i's the nunber of
el ement stldadi dota cmlnj tecozosl)pamd bh eheapnedgptlon adalyzerqbpgretms S0 iwitht mﬂelylstaemal NDOB

is set to,1200. e conv on re a dat ects is
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G egor i afylddad4ealanstofdaahené E@fagkqnéuiﬁ@mcan@}obé g mg)r&é}l 10 85 Cﬁrdv@ RRE

cal endar date, and vice vers [ 0054] aforenenti oned, the i nese | unar

cal endartida pyediction peaprasy) é?ta avigieh &Yiﬂl beldgseiibad lmfem&m nmont hs regul arly.

I n order provi dg. ace [aye t|d edlctl n the
rel ati VE[O{’)&;I tion %mtﬁ OI§ abf)o ’t taﬁldnsﬁlgt %{h%qn?i’ﬁpa {rblfg&g%%gﬁ}ﬁ'?s

G egor i aiffezdhgmidas., AMbedh 1he M@@mﬁaﬁ 2253@@&9rﬂomg&awc&tlohbjleatmddﬂs onshé)as ed
upon the |length of the Earth's revolution around, the Sun (and hence call ed

a sol ar wtémé%s th@gpms the &@Vﬁﬁwnebammomfroru fegebun spuldpeldisrigagredal Bhdar, a
solar vy

Febr uar y S4TSRy e b AicLoltheh 7 wloitoR) s orhe SAKR, MBMBE |,
Jan and ﬁbfﬁb%dep&dds:ap@dtherr ﬁelwlvdq&brtiomladlos.uhﬂf ddoca; Suhranderthyelariy . Thi s

gives a year qf 365 or 366 ys. However, the true riod of .the Farth's
revol ut |‘3’r1|(?eé¢ Bgheny predietion Wﬁ&‘&élﬁ‘@&ﬁ?%y&‘}?&?ld@%g 8£<t?‘F689’éYer%951t’é?&ﬁl nox)
i's 365 dgy, gt‘ﬁ R%ssuﬁgn&@gﬂﬁes and 46 seconds. Over time this discrepancy

woul d cause iclral calendar to be out of sync with various celesti al
event s s[0047]as theAeqan hexeen foth FOGs thesSunTaiWaesullllimlmatessthe haafithe of

| eap year |ntotecaledar ear n extra_day is
added” t oVioRE Tesies B SeaisPisep 1of ki Gaipesuin TeoiguPrges Rt & E5s an
cal endarghaiSRpP YR&IEhaP phsdes 'afb elppedtidesiofdhe Moddl d’dséﬂv@ﬂ‘fr&ﬂ tife E&%LePt

those that are divisible by 100 but not 400. [0055] FIG 4 also shows the
posi t i onsirfate. Cﬁ‘hﬁ@BBeaNHwe‘ﬁeéhe Mo obderysd fioont dmthmsq@@e ohprgesio¥spect to

t he Gregor an ca Chi nese _ca f r OI’ISI sts of 12

nont hs 167. lcfﬁréocgg‘aﬁ rtep%aﬁs %Sfe %CFSV?%%W%W%%&Y%Sé‘/l%tdﬁ ‘'second nb 122) 12
keeps t higoddpi nese RefRIngaaFEGIR W thy Mooi6DH id Brewtaintle Eafdi egdthedunsiol ar
year, but varies the CNY dates along a period of the G egorian cal endar.
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2000 to RLfQe appeaiishm/\gtokmtol:ﬂuﬁ 64, andh ehenvdecetasdyed the nest memdrrma’heﬂtehé?or

up- boundary 152 (19 February), and | ower - bound 154 (g %gu%r\%/( of the
range of eXapwlenhegdhe Mosa 18 ghpesitians@lh, rcotee it 0 5 e Mpop thet i 1

fall in Yaodl G 6,
the i nve#‘%orrgjge#ﬁgy %eéfetﬁteg?éld\%rsl ﬁgds“ |n56é)gvgérag§}t 8%86 fg?%ugg?&s:bgt Vgécl ose
correl atseera meﬂ\qeexmertmdai 64heMdrarnbe MudnGhanese pha.snamdcfa]l qahalm theFpring
exanpl e, .as shown in FIG the ti curve 212 ct i d

hei ght s IS P9 sereraied cht 91?8§E5tlaaﬂg*f“dc%‘faéﬁ%al?asa%@élaéfﬁg‘?%ﬁ% ¢ béf?@?gtlh? he
year 4704e ?Qld@%m% Jb¥aEd. C%@@ﬁﬁrlmee he:PepaR: a@ugéu E}hﬁlerélﬁﬁv@&Q%lan
Gregorian cal endar; the tidal curve 211? is the tidal heights observed on
1/ 1/ 47020 03y, Eatid anéh & e, vtes 2daB01ablel folus4 TISlup20pkises dbserveildalestiraatght
chart 200a shows that t dal rv

unar cateiaar R eonsetind SOf Bt E6T MR, il ol et PE e

Chi nese gatendrhiddab@sratdhle reason why the close correlation exists is
because we al ways observe a new Mbon on the Chinese New Year (CNY) Day, on
whi ch we al ways observe spring tides. There are small devi ations anong the
three tidal curves, 212, 214, 216 drawn in the chart 200a. The devi ati ons
are caused by deviations of the relative positions of the Sun. The

G egori an cal endar dates corresponding to the CNYs of |unar year 4702, 4702
and 4703 are listed in the following Table 1. [0058] Table 1: The
correspondence of CNYs to Gegorian cal endar dates.




Chi nese Lunar cal endar date (dd/ mi YYYY)G egorian cal endar date
(dd/ m YYYY) 01/01/470112/02/2002 O 1 /01 /47020 1 /02/2003

01/ 01/ 470322/ 01/ 2004 [0059] As can be seen from Table 1, the relative
positions of the Sun to the Earth in the first new nobon day of these three
Chi nese lunar years are not the sane. T%bre specifically, both the tidal
curve 212 and the tidal curve 214 are observed on the CNYs of 13 |unar
4701 and[od4)2, butRefeaing sidi teeEHONiindgs Srovgotliadthedbmasplases 6@ AG2¢126Y and

a1  hougHeHE GOLF B AP kR, (1 B> Gopae APTish SrEPaVROB o0 ( ho

Sun has GDaRogd: 5P Bﬁepﬁglmﬂnésmﬁna&%&%h@q fafl N’IB@HE@EBH‘[& [£V@hyubf on
around the Sun 1 s "abo 65 days, the period of eleven e%rth days nakes an

angul ar Ghmbmwhlaalomonm 1$1rrdbgyeefl.rst@mmsteldMopngMbhatontth@7 day of Iayy hergr about
30%gravita

0 he .,tifgs ,the vertic fte
12,19 GegpRe. BRGa R Rt rofid e Ay ohe s BheAeRY aens EReBR S ear ch
can be cgﬂgmlﬁggtegg @ng)gmnwrmd;ﬂ}y ~ (1- cos(11.15) %~ 1.88% Therefore,
unli ke the noon Kase s changes, this angul ar distance (11.15 dearees) does

not real 0958 ener at Refering mow sarfiGi pabe twaditional (Chwese égﬁi@}lﬁ{rﬂo upE) ween
E:E:r E Isdg%%{ldd Flcsl%rglalglgly uﬂgrr if ﬂjxa? ?lgeafunglaé}?csfe (afiﬁmﬁﬁl&q)%tﬁge%nnév{; RABnEEs &1 de

principal part of the calendar. A Chinese calendar year normally consists of 12 months
where a month corresponds to one lunar cycle. Each month starts on the day of the new
moon. Since the cycle is not an even number of days (a lunar cycle averages 29.53 days), a
month in Chinese lunar calendar can vary between 29 and 30 days and a normal year can
be 353, 354, or 355 days.

[0051] Chinese lunar calendar currently is defined by Zijinshan Observatory
(Purple Mountain Observatory) at Nanjing, China. The currently available calendar data
are for the period from 1901 to 2080. FIG. 3 shows the Chinese calendar data table 70
designed for calendar conversion and tidal prediction purposes of the present invention.
The table 70 contains sufficient Chinese calendar information, such as years 90, months 78,
and number of days 80 in every lunar month. For example, in Chinese lunar year 4700,
there are 30 days in the 12™ month 84. For every Chinese lunar year, say 4699 72, a
corresponding Gregorian year 2000 74, is indicated in the table 70. For easy converting
Gregorian calendar to Chinese lunar calendar, start day of each Chinese lunar year 92
(Chinese New Year - CNY) is stored as well. For example, the CNY of Chinese Year
4704 (Gregorian calendar year 2005, 86) is 09/02/2005 88. It is noted that although the
calendar table 70 in FIG. 3 contains Chinese lunar calendar 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




[ 0060] On the other hand, however, there is no correlation between the
tidal charts and Gegorian cal endar dates as shown in the tidal charts
200b. It is not possible to create a regression nodel to generate the tidal
curves 222, 224 and 226, because the helghts of the tides and tinmes of
arrival of the high tides are so nuchldifferent. This is because on the
new year days of Year 2002, 2003 and 2004, the nmpon phases have changed
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[0053] The calendar converter program 46 in FIG. 1 reads into memory the
Chinese calendar information table 70, and constructs an array of date objects; each of the
date objects containing detailed calendar conversion information. For example, one date
object datecx may have Chinese lunar calendar date information such as Chinese lunar year
Yck, lunar month mcy, lunar day dcx, and corresponding Gregorian calendar date
information such as Gregorian calendar year Ygi, month mgy, and day dgx; where k=1 to
Npog, while Npog is the number of elements (date objects) in the array of date objects, in
the system, Npog is set to 1200. Upon a date conversion request, an array of date objects is
dynamically constructed, and a pointer is used to search for the given Gregorian date and
thereafter to output a corresponding Chinese lunar calendar date, and vice versa.

[0054] As aforementioned, the Chinese lunar calendar is partially solar because of
addition of leap months regularly. In order to provide accurate tidal prediction using
empirical models, the relative position of the Sun to the Earth must be taken into account.
The Gregorian calendar, which is commonly used in most of the world, is based upon the
length of the Earth's revolution around the Sun (and hence called a solar calendar).
Referring now to FIG. 4, under the Gregorian calendar, a solar year is divided up into 12
months 114 of 30 or 31 days 116 with February 124 having 28 or 29 depending on if the
year is a leap year (the Jan and Feb 126 indicated in the dash-lined squares are in next
year). This gives a year of 365 or 366 days. However, the true period of the Earth's
revolution around the Sun (measured from vernal equinox to vernal equinox) is 365 days, 5
hours, 48 minutes and 46 seconds. Over time this discrepancy would cause the official
calendar to be out of sync with various celestial events such as the equinoxes and solstices.
To rectify this, a series of leap years were added into the calendar. On a leap year an extra
day is added to 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)




[ 0062] Now there is provided a nore detail ed description of the Chinese

| unar cal endar-based tide prediction nmethod in accordance with one

enbodi ment of the present invention. The present nethod conprises
generating a regression nodel for each reference year from actual observed
tidal data, selecting a reference year1,2 converting a requested G egorian
date into a Chinese |lunar cal endar date, making the prediction of tidal

hei ght flaepd the @iihesedendruwakndadhepdawitiahe ldasedragoribhsolhegee skitonariandel
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t he convenience of narration only; y no means denotes that the nethod
r equi r esthe 19 Felruswdu@nael widtopithatingad 10 r2ydayss, and steps. In practice,

many operations, ogr , nd st.eps foarmed accordi tQ, each
situati Jﬂ&lsh:or exa @%@@gégﬁ%&rogbgg&%(@% t{g’%gﬁ Wt iR %fe&?jnpﬁlf‘? ed by
t he useriyi dishdiginés fididadPthe upHoahdA¢ qsptlgipmm?g afld fowem bARairpas4$DUr ce
where the actual observed tidal data for any retference year is stored. In

addi t i onJanudrg) chtheasagd ahthe @AV elraiar Adaraa bei sehn Jiom GHP. YapestphyheoeNor eat ed
and stor(gag{ ﬁaﬁ . t1 at, it is .reaq for use when it is needed. Furthernore, the
regressi S ]dléllanIaWaWa?rmﬁgféﬁ?%m?’lgr any reference year may be made and
stored sgog7pat it Reéerrhg det td BU® D, fthe invehediof thoprewdig invientieh diseoeeeyear is
sel ected upon receipt of the prediction request. [0063] Referring nowto
FIG 7, thadherejexishy »¢logegomelauombetivecit Hdgliphsromena andj Hanese lymgs galendar.
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Chi nese Chinese New dtvda(CN YaDay raywhigk svezabyaysorbsenvi apringstidagi (fhbteeare gmal he

pr esent |.i cation. The Chinese | un l,e r,..dat 0 . FIG 3
is one e%pé’%ﬁ’logrs fnlf’é’lga&;f? gﬁﬁﬁgégﬁf 8‘6%%%%&?%2&’3 dpayyn ﬁng eeﬁiaét?]g@ﬂ;i Ig ﬁ?

[0065] AlevidiRnSaePcatRed bMiRMiatonks8S the GbREYE pasitiehLsfmesSunealhe Ghegorieh hod
300 then prepares the tidal data for the reference gear. The sel ected

r ef er encealgndar dates erarpspentlingtoyte CNiYeof lunarrveae 4742 47 0rand HE03 #e lisked iese
| unar cale r . ring which a conplete set of tidal height readings
PEd ke datd"

SZ have and stored. For each tidal day d in a lunar nonth
m the tjooss] hei ghTableadi g ressondemetfCNgs BABregdoridrheldridaadatései ght
readi ngs S2md = { hm_a(_t_u_)_,._hu}_aéi_a(gz_h (3}~ hmd=tk), ,
hma(tNt-1), h,,,, d(Ghiesse Lypercelongarn datg e Gregepian calgpdag gate1 5
(dd/mm/yyyy) (dd/mm/yyyy)
01/01/4701 12/02/2002
01/01/4702 01/02/2003
01/01/4703 22/01/2004
[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




the water |evel reading is taken, and Nt the nunber of tidal height

readi ngs taken during day d. The enpirical tidal prediction nodel generated
usi ng GA based regression anal yzer program40 in FIG 1 based upon the
actual tidal height data SZma are denoted as Hma(tk). As nentioned above,
the actual tidal data for a referencel§ear may be inputted by the user of
the present nethod after the selection of the reference year or collected
and st orleghrb47@r and H§02 ebet thein cofrespoadirgf Gregemanydaes ane th)Q/Z(lﬁ)é act ual

tidal f the referencey be retrieved when ef erence year
is sel e?)tlé@(? 2008 tepervabintin A9 0S PPt SR bt TeReIe %t BhGUgR dewW
regul arly, &N GE ENYAUE e dar®’ sp&s'ﬁ?onrl‘éfya@it@{hers%lﬂq{aQQEaﬂg@daC@ﬁMdMng‘ s 24,

al t hough 't bserved tT data can be taken irregularly any tines at
i rregul ahattthenpemmd ef thal EarthHIemglualodayounkitthe Sunagg elmblxt Rab daps thepenahele year

can al so,be a or a cal e ear t an l.engdar year
can be CORGBER %g I ‘??eas“eaq %chrfg;lrldﬁa‘f%ees[ g%‘g']%e%”f‘g f}ﬁlg n§| e%ce
year is @R MsHbud wfargrmﬁoﬂul taﬁ%ﬁo@srbraqié&iub afakertieaPnTRécB o eieng . Bdded,

the value of mis from1l to . As aforementioned, the number of days in a
nont h i rdeghes a@lguhesiwarunaxf tbalsendaWOSdm welatiye Ho the Bartk gan b cabpulpigsas For

I t f I 4702, 3). h
ont y 26 Tillge FEEE Hpi B Ao orr 0% FRerEBREaptthy @aeyn%?é L
mont h \Ahhfgmngﬁlagaﬂa&laé ed. pydég}ees%o@aﬁa%agg RE41ON sArmideht SmRe oh She
H6, 29('t However, in Chinese |unar year 3 (2004), the 6th nonth has 30

days, cs:lmeaoeekalees bnmeeexh@ﬂdqsr@da@uueﬂe lois ealeH@rgb(eISkys fagrbeysgen tfr@rrpr edi ct
the tid ht and d = 30 in 4703(2004) if 4702(2003) is

sel ect eghggg? %@?%@? g{?clg 3e The present invention solves this problem
by addI Goed] Vi 't Udbn tRYthe Haﬁ@ tﬁivfbvepméae afnd higrelgioarensenthé desehhtnar
year, 4702(2003). In practice, one virtual day wil|l be added_into any nonth

of the rasfidiregereanalandatdatespsshown daihe tidal ¢ 00h. &tispospsible tpicEgae The
tidal dat one
erbodi mareedreipRodid8 Setlctic VL B KRB A, 324 HRH LYE el BRI 00

the vir ttidek addyYintds,of adiNdl of itlse kighsidesiateesd mscndifferan. Thivis btaf:alpe emthms
day's and next day's actual tidal helght data col | cte é@g ?s fol | ows:
[ 0oos~] Hwapeardrys of Yeag 2042, 2093 \and 2004, {hg mogn ppasps aYel‘) angsERgnificantlys not ed
that equatiahhd fdenl foRNh¥ ddiEthdnRil ORI 1AaP BhlcRlar! da 1iglad & TaBR 2 he GA
regressi on anal ysi s nust be u create a a prediction nodel

H, ,,, 30(hdkgw.f or the virtual day It is also noted that in Equatlon (1), in
a normal | unar vyear th th 16 if m.is, equa t hen t he
mont h ( mi%1Ehoul Mﬁ‘g1 %%FFP@?S%PH%&‘F © fbHfesoraR ﬁ%?nqaﬁaﬁteﬁfc?n‘?ﬂnﬁl U38069]
The addition of virtual days into ghjnggsiesunar cal endar data may be
separated fromthe_generation of tidal data for the virtual days. As

di scussed above, {heGmpotidiscaiindar @3¢ day €hinese kwmamealendartdats years up to 2080
so that the Chinese |unar, cal endar datla nmay t he |virtual days.
When the tidal data is @\‘}Q’iﬂiﬂ/ g) the |ti dal @er&m? ihe vi ritual days may
be generated and storedgigq/dpgady to use w t/fihgopvail abl e |actual ti dal
data or generated|when a reference yedr is selected. [0070] {The et hod 300
at step 304 then perfor M/O(EAZ-OlOased regre55| @ﬁ/lahda7l095| s of tHe actual tidal
data S2m d of the lehoeset ence—yeqr optt+ral paraneters
and consolidate the enploll’foééa‘bogl dal predl ct @ﬂz‘(:fg(?gl s Hmd(tlk), where m=1
toN,,,, and d = I'To Nd. Note that Nm = IZ and Nd=30. Detail ed

description of the GA based regression analysis 304 will be given later in
r ef er encie082) Fl Gs.NOw-tha®.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 referenee
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




[0071] Once the data set up step 302 and the prediction nodel creation step
304 have been conpleted, the tidal prediction systemis ready for use to
predict tidal heights. At step 306, the nethod 300 gets the tidal
prediction request information fromthe user via the interface 12 in FIG

1. The input information includes predfiction date in Gregorian cal endar and
time in hour and mnutes. [0072] The method 300 then processes the user

i nput atyeat, apd 30Huttingctha pesdictione White irctividmal dgpeetibns, Geexyans,amdcadpeadar i nt o

a correspondi g Chi nese Iuna cal endar, dat e, of th
cal endardeedH¢ ﬁ?@?nﬁﬁ%rlb%tﬁ ¢ ?Hprﬁ?léedihat[ﬂ@ﬁ)spﬁ}‘erllﬁﬁg%@tg%ﬁ’é f%ﬁ%hﬁég - Ingnar ©
cal endar,rg@t n(vglﬁen&o()f YtibYP nl? 1t‘B &d nqéa'h?%ﬁéfesf 5t the %'tho@rr@&'thfé%'s@éh in

certain SI tuat I ons. so a tloned t he Chi nese | unar cal endar has
I eaph m)hm dfa?qgélgne ofenieeatmny,qaogr.amst aI]IIb steps. t hepmctmd @mnafopmmmhs rmbglamce
nonth s e based redi ction. renc YR
o e T sipamad b trionaed HP iR ashoutionn Hos g i asdl oS Sd

MR3~ R4 B RP be Tipitted B3 theTeRer PikkBe usE mﬂmt infRade bor G&vn[d&@géfroﬁhe

predi ction nodel s gener ated "based upon the tidal data collected in the
refer enwoﬂ@alsowﬁle (et the@Nm@al POy vask tl@ieﬂgﬁr foarany égﬁerezoﬁxyarma;st%@d u]éﬂad to

predict ti 17 .hei s fo n t he Y th

& egor i AR BooRp eI oth Sy Ueiiet 1R e o BN rondlDEL
repr esenhgdit By réda Z ffoia'uls@\Mh!éﬂ iEXPhr&RISH O IFur@kim 6RO 1] reﬁféssmfl Mhddel mﬂPZIdahP2~

nP3~ nmP4~ nPS, nP nP8~ nmP9~ P10~ nPl | ~ nP12} (3) where the 3°d

nont h neheighds for a1 tpferpn@e yeaippay pe madecand fiongeiso that it can be retrieved for

prediction when a reference year is selected upon receipt of the prediction request.

[0063] Referring now to FIG. 7, there is provided a main flowchart of the Chinese
lunar calendar-based tidal prediction method 300 in accordance with one embodiment of
the present invention. The method 300 starts at the data set-up step 302 which includes:
storing the Chinese lunar calendar data 70; selecting a reference year; collecting and
storing or downloading actual observed tidal data; adding a virtual day to the lunar month
with 29 days; and generating tidal data for the virtual day using Equation (1) described in
detail below.

[0064] The Chinese lunar calendar data is employed for the conversion between the
Chinese lunar calendar date and the Gregorian calendar date. Thus, the Chinese lunar
calendar data may be stored in the tidal prediction system of the present invention as
shown in FIG. 1 or retrieved from another source via cable or wireless means when the
Chinese lunar calendar data is required for such conversions. The Chinese 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 Yr.
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 Qma = {
hma(t), hma(t2), hma(ts), ..., hmd(t), ..., Bma(tne1), hma(tne), where t is the time at which



[0077] There is provided a lunar nonth adjust factor to tackle this problem
I n accordance wth one enbodi nent of the present invention. FIG 8 shows the
Chi nese Cal endar New Year (CNY) days from 2000 to 2080 in reference to the
CNY day of 2003 (1 February). The graqh shows that nost of the Chinese New
Year (CNY) days are positioned either Pate in January or early in February.
Therefore, it is desirable to select a year as the reference year whose CNY
day is pbswaicoied! neding isdaloanted I\bthetﬂu&nl@lkl‘ﬁfdidyl ln%iglgereadiogn fabewredutingundar y

N i - e P AR N TR R P S s R N P s

of Febr Yppyram®Win R11G. 9 Bas@PLHEH the BRG] ¥@Aheidhi AR 2 air@@@ndit@dﬂb@Hmh(ttk is
noted that in practice any year can be used as the reference year. [0078]

It is i r:‘pmmamnneﬂ@bp‘m, the angual tidak dagd fqmugfﬁrweryyan maabe rpntted brithe WSHI nese

| unar yegr resent e relati posi fi.on t he

carch, " ihdns e R dof Rt fels it Bt PRt Rkt iR Sl & ol Buif oo

and so deaseiieseidciibh oﬂﬁie&eﬁ:frer@%%aﬁo Dhige abttlﬁ!laﬂidaﬂfﬂﬂﬁahﬁ thd fe@em:r&xé yiear 12t h

| unar nont h%&h The CNY year represents the relative position of the Sun to
F

t het Ear tmay cieved vehesghe mféﬁeﬂ%i’eabé%%?&@@dt Hé isgigromaendasothat adddeight uence
on e il (o) t
factor OM Qcﬁ%gs &kgﬁénuregu]taﬂgt()h?%e s ar %%t gleéjﬁﬁ.r{ gggfeé‘gm%?. on %Nilﬁzgdj ust

(where ka?thohgh 129 obserNdT tlﬂﬂOdaftal rcahee @kay iféguiarihang ttands atatregofar ttinee

correspaondi ng reference rmnt k=1 to 12). Therefore, the re
r ef er endBleRH HIrEgedayorlt {5 ppsed gllabélpé?ﬁe%‘:% W Ican BisO bE & (egoBIn ‘faiileéqdar

fol I ow afa%'gét?l i dféggn?x{?e{fe %a(“ éar% lLé)%%l%rt diipae lﬁH&PEﬁlen’ﬂ;& Hskd. Ng

factor Omi’s (s) [0080] o"Z2 =0 if (-1
s <_od [91066]. s) 18tHeGORidnck lyearheaﬁqunalllmar (&9, Wlﬂhbut an eddigenahteap mmmitng

Equat | Or‘ae 62 addegsl the Valfuléeso m '1's fr(?rlﬁ 1/ to 12 Xs aforerr;en'iulgge the number of days in a
month in the Chinese lunar calendar can vary between 29 and 30 days. For example the 6"
month in the reference Chinese lunar year 4702 (2003) has only 29 days (see Table 70 in
FIG. 3). The last prediction model in the 6™ month which is generated by the GA based
regression analysis 304 is He2o(ty). However, in Chinese lunar year 4703 (2004), the 6"
month has 30 days, so there does not exist the actual model Hg 30(ti) for use to predict the
tidal height when m = 6 and d = 30 in 4703(2004) if 4702(2003) is selected as the
reference year. The present invention solves this problem by adding a virtual day to the 6"
month of the reference Chinese lunar year, 4702(2003). In practice, one virtual day will be
added into any month of the reference year that has 29 days as shown in step 302 of FIG.7.
The tidal data of the added virtual day could be derived in many ways. In one embodiment
of the present invention, the approximate prediction model for the virtual day Hm3o(t) is
constructed using mean value of previous day’s and next day’s actual tidal height data

collected, shown as follows:

[0067]
|
hm,30 (tk) = EX [hm,29 (tk ) + hm+1,1 (tk)] O

[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 Hu30(tx) for the

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



(6) [0082] In the Equation (6), Od 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 nonth npk in prediction year. fRsa(npk) is
a function that yields the start date of nonth npk in reference year YR in
form of correspondi ng Gregorian cal end@r day and nonth (dd/mm, and
simlarly fPsa(nPk) yields the start date of nonth npk in prediction year
YP in fdf mietquabte &3 pherdiha goBtte@ot 1)ashodd|bertbkafirstd hyaamdnthoather thadmengh  For
exanple, if the prediction lunar nonth is a third nonth (nPk = 3) and the
r ef er ende: year is the lunar year 4702 (G egorian cal endar year 2003), the
fxsa(3) ye8] ds t hergaaRfiti ol Ivirtdll &y s @itd 0hinest dihard@liéndat dafiemdyabd unar
nmonth (nRk= 3) in reference year 2003. The function fPsa(3) yields thel9th
of Apri Isgpashtied Hrang thehgenstagion ofididel ddta ferethi virdwal doys. hA¢ Widkssgy abevepithedi ct i on

year 4703 €] ian cal endar ar 2004) . S, accordin 0. Equat.i on (6),
b s Cosrouha 120y S kERVR o B8 o il 20 Gy p BTRC EfinR hRar @it 2
= 4. Thehgf ALincidie allel virehed58C Wheihd id4lged if evailibdadhe pideddatd f@thshoul d
be the 4th nmonth (nRk= 4) rather than the 3ra nonth. [0083] It is worth
poi nt i ngieal dayamayrhe geagentad audystered fot sredy davee withtthe agtilgblegeiyal tidaht h i n
predicti ear 1S . shift . ["an ys away fromthe start date of

t he samﬁpﬁ%r‘%?erﬁb%ﬁsﬁ e?lr?r?fee%enr%gx%‘gl%éé@%% is because a leap nonth is
added, wbo7op is sertendethodd) atsisp 304 theh podisrmse@A -bhidiBregfassigo anaysiy efir
2004), as shown in FIG 3. In this particular case, likely, the |unar

mont h adhe:agtugl didebdatofmed dhe chosen mAPRGSd opF Braceisl faf QpUmal RATamSHRIH an

onwar ds. {00 h LN ( C ly aws
boundariCgég?%r%aettﬁigE&é{eﬂfggttl(l&g\#retg?c ﬁFSb e ?C%tisl }g‘ﬁ’%de ,ég{l’: &gb%\g“arﬁgg? y 1BEHAf and a
| ower - baun ety tIBHN,,| ¥ 12handsNgr30. Mryailkell despriptitincof tre GAnbdsed segressoord t he

up- boundary,. say, . da e.g.,.18/ 02/ 7 2 of Year 2007, considering
t hat CN\anal}é/(tS‘é 3@%W‘@gtgh@méme‘géﬁf_@@nﬁ%@rﬁ%g' %/‘ 2?’2003, from Equation (5), we
have 0d mozf6. Thehgiohe daﬁ%?ﬁﬂ'sﬁgom SHIUAL R étfon mORI cTeakibh, stéh 304 the

predi cti'on hodel s of second lunar nonth in reference year shoul d be used.
That i s, havhéeercormplsipdntherttdal predictinnsysiemriRieady for uiedalndediet tidaddeightst he key

to retrieve t regressi nodel .parangters for, tidal .prediction. Note
vt orAtsiop S Hiteted 300 e IR v eR B hGed s bRl R Brh i
The FI Gh8itBif¥eel 13 USFIGL ESThO e iidahARS fnefudbd Bredrkios dafinobregpfigdi cti on

model for the first nonth; same nethod, e.g., equation (4), (5), and (6),
is 19 appsndecanddinag in hpunerd minvégs- nonths in the prediction year to

determ e lun month L ( i.e p s for
i dal bt on. - [5oBaor, URES A EnS A Radk BN S E oPRERERNGES (R
maxi mum@bdbtied dsbe ShanegoridrOéadedar nto @f corRepdriding €hiesey Rinhocdlbwiaralatel,
whi ch is caused by , I's 15.2 degrees, where, (ONS)nmax = (15 days) x

0d

( 365/ 360¥enated 3s fmgdlg) v&ing therralongsn ONSTER Grosrm#OdR fHeel - (15. 2 degrees) of
hooarr: o ; degress)

of oy ORT® s ( 085G HE Chiheb RppPbd thGPlad i, TSy Bot B bicklimetly | UEEP®

has aboufor 34 giedictian ioadtaiat ditvatidbnOnss atsot dferdmaleiontdetheahimasn fmgul ar

di stance, (ONS)max - 15.2 degrees, only has _approximately 1.05% of the

ver ti calcaigad deargnonthe f%ﬁéﬂﬁplyeﬁqsdéy@@ﬁ%ﬁhﬁtﬁrﬂﬁ?m ng@%%%‘ el ence iRyt ack to
FI G 7, 1dhohR Ba088H f0 PledidionS FoPSxadtide bR refde iR INIOfap 8O réfr&seaR@ A | ME
set-up steps, for one water station, there i1s no need to repeat these steps
unl ess sthefollhwdeg exaesimet(@):s need to be nodifi ed using Model Paraneter
Editor 42 via user interface 12 in FIG 1. The tidal prediction nethod 300
gets, vil0ifter interface 12, the tidal predi ction request information,

e.g., date yp= O} AMnGanGnd e, s afd, e ik, MM nahy Mk nuhg, } Thereafter at
step 308 the]?rreqthﬁ{gd %200 1£cgolrrll'\gl\RgrtsRsthg6 da?ﬁ i% Gregg%llan clal ené;r into the

date in Chinese lunar cal endar (np,dp) and applies lunar nonth nodifier Om

if appli e, th det er m nes the rretrievi ers to
constr uclﬁg%l] predic eoﬂreﬁﬁg]@il nﬁ%%@ﬁ&?%%ﬁas%ﬁ?wg%%e 6@%&19%?/%?@%&%&@% to
conput e feh@etded@lar Ygi(at, CNOHU7Vhoraprgbfidregea 2063) Way be LELAIBH] prediviatiday, at
step 310, the tidal prediction nmethod outputs tidal prediction results
either in text format, in graphics node, or directly transfer the output to
ot her integrated software systens which needs the prediction data. [0088]
Now there is provided nore detail ed description of generating the

predi ction nodel s based on observed tidal data. Referring to FIG 9, there
is provided a typical set of tidal data recorded in one day. The actual
tidal heights 414 are recorded as a series of data in the follow ng format:
hmd(tk), the tidal height at tinme tk of day d of month m Were, the tida
hei ght 402 is in meter, and the tidal observations can be regularly or

M o o g, "




20 [0089] Because the astronom cal tide-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 tidal curve is not a perfect
cosine curve in nost of the cases. Therefore, the tidal curve is divided
into two segnments 412, 420, and variofid adjusting factors are included in
the regression nodel in order to accommbdate variations of the range of the

tides, aleidhv@fortanfBghdf Gidgerih Ofeat.i tRSvevan dvidhfthe RBgorianppar ah04 (ONE, e. g.,
di ur nal sem di urnal and m xed t% es of tides. The basic regreSS| on nodel

i s propdd8d iagher predistien ypgoudps n{he kgpreseptephby thadoliopin eSO 1) ~P~m d
~LBP~m go(éég md XtkJ-~-VP~-md xPzmd ~' RPZmd XCOS [(47~ +' ~PZmd
~LZPZm Zmd Xtk,+VPimd |~ ~tk ~ pmd pmd ~ tk ~ 24~ [0091] In

Equation (A= Hm»la(mﬂs) nips, iR¢ fbglahpsheipghinppProeg) ateh,omplbmel ims} whiere, tk
is time (interval is one mnute), mis the lunar nonth index (ranged from1l

to 12), d is tidal day index (froml to 30 at maxinmum). The fitting curve

is divi @i egnents 412 with period pl
(0 < tK ré’;‘{rh]rf’g) r@(}qnéﬂ?gﬂ&%ﬂ?%bgfzg §%%¥E?g§§°“}§[0092] The fact orpxPIZ(r)n a

is It he gw]rcz] val ue Theg (sfprtoh&ieﬂlwlainahmgi’nh sdphat Fastprpter tackle pms RPElem inma is an
anpl i tude ctor40|n whi ch dt tt

curve t GCFoY ali“&nﬁét det ﬂggﬁlaﬁp REi t@n??sergiﬁuén%o,na%g%plﬁl% Hﬁ éfélpﬁ%aeﬂtg

factor i@y nRht REwPLeATENARdays @l 200078 2080w %fe@ﬁb@ﬁt’ﬁ@'@mﬁ Ag§ 6f 2003 peri od

p2. Both DAPZm a and aPZm'a Can adjust arrival tines of the tides 424.
sP2, ,,, d1Fsbiuagdl Tbargrepts shews thatavovrof4the Chingser Now Fear ((FRY) dags pte a

m cro-tidal. he ment fact.or. 2 th
14 ng RoatioBSd AMherd b ShlrEey orain fodnd. SebO0at Bl PG 7
sane setycaf adMe RIS yd&f Wwhed E1oy cmyrls ?dsmbned[&@%de &nee dffiee CNJadlaycur ve
segnent d| vider pma iS determ ned, a, the nean value 406 of the

tidal hepegs o lewerdopadaryd Shito up énur@@%h‘ﬁcwﬂf&ea der gtapes, thafPiegoryuat i on
(9) I Oo%c],ar 2003 is a good example as a reference year Yg because its CNY day 356 is on the 1%

of February, and it is a normal lunar year without a leap month. It is noted that in practice
any year can be used as the reference year.

[0078] It is important to point out that although every lunar month in a Chinese
lunar year represents precisely the relative positions of the Moon to the Earth, the start date
(CNY day)’s position in Gregorian calendar varies, and so does the start date of each of
other lunar months (from 2™ to 12™ lunar month). The CNY year represents the relative
position of the Sun to the Earth, which is also important because the Sun has about 30%
influence on the tide. Therefore, it is necessary to introduce a lunar month adjust factor
Am to make sure that the start date of the prediction month mpy, (wWhere k=1 to 12) is NOT
too further away from the start date of the corresponding reference month mgk (k=1 to 12).
Therefore, the real reference month used for tidal prediction should be decided by the

following equation:

Mgy = Mpy + Am @
[0079] The lunar month adjusting factor Am is cieﬁned as follows:
10080] -1 | if (Ad >15)
Am=| 0 i (-15 < Ad <15) ®)

+1 if (Ad < -15)




1 xPi md - ~Hr d (tk / NPRNP, rk =0 21 [0095] Simlarly, XP2ma, the
mean val ue 428 of the tidal heights during period p2 can be cal cul ated as
follows: [0096] 1 24

18

[0081] In the Equation (5), Ad is calculated using Equation (6).

Ad =fde ((”pk )_ fPsd ank) ©)

[0082] In the Equation (6), Ad is the day difference, i.e., the number of days
between the start date of the lunar month myy in reference year and the start date of the
lunar month myy in prediction year. frsa(mpi) is a function that yields the start date of
month my in reference year Yr in form of corresponding Gregorian calendar day and
month (dd/mm), and similarly fpsa(mpy) yields the start date of month my in prediction year
Yp in form of corresponding Gregorian calendar day and month (dd/mm). For example, if
the prediction lunar month is a third month (mpy = 3) and the reference year is the lunar
year 4702 (Gregorian calendar year 2003), the freq(3) yields the 2" of April, which is the
start date of the 3™ lunar month (mgi= 3) in reference year 2003. The function fps4(3) yields
the19th of April, which is the start date of the lunar month (mp= 3) in prediction year 4703
(Gregorian calendar year 2004). Thus, according to Equation (6), Ad = (02/April) — (19/
April) = -17. Form equation (5), mgx = mpi+ Am = 3+1 = 4. Therefore, the real reference
month used for tidal prediction should be the 4" month (mgi= 4) rather than the 3™ month.
[0083] It is worth pointing out that the reason why the start date of the 3" lunar
month in prediction year 2004 is shifted so many days away from the start date of the same
lunar month in reference year 2003 is because a leap month is added, which is second lunar
month in lunar year 4703 (Gregorian year 2004), as shown in FIG. 3. In this particular
case, likely, the lunar month adjust factor Am need to be applied from the 3" lunar 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




.7CPz md = ~ H?d \'tk / NPz tk -NPz (9) [0097] Wiere NP1 is the nunber of
data collections during the period fromO to pma; NPZ the nunber of data
collections during the period frompma to 24 hour; ht'tma(tk) the tidal
hei ght observed at time tk during perlod pl| at day d in nonth m and
ht'Zm a(tk) the tidal height observed 18t tine tk during period p2 at day d
in nonth m [0098] In the Equation (7), aPlma, the angular adjustnent in
peri od ppplisd woatpbothedluasr moht[m\'msthe[;ﬁﬁﬁglomm @ deteriming thet lunddhontB 0mg)10)

[ 00100] ere NHlsthe n ours. during a tidal day period (nornall
NH = 24 % to ?FHeYethgeLitPS’Eaé‘EFt?rﬁ rtidabprgdist ‘?rirre i nt erval Ps a coﬁlstant d
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[ 00101] LI'hei Equat I%ﬁa?g?ﬂfﬁs a gélnernllc m?djce u%ed for tidal Cl‘;lrven tting or
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[0086] Referring back to FIG.7, it is noted that the steps 302 and 304 in method
300 are one-time set-up steps, for one water station, there is no need to repeat these steps
unless some model parameters need to be modified using Model Parameter Editor 42 via
user interface 12 in FIG. 1. The tidal prediction method 300 gets, via user interface 12, the
tidal prediction request information, e.g., date in Gregorian calendar and time in hour and
minute. Thereafter at step 308 the method 300 converts the date in Gregorian calendar into
the date in Chinese lunar calendar (m,,dp) and applies lunar month modifier Am if
applicable, then determines the (mg,dr) for retrieving the parameters to construct a
prediction model Hy, ¢(ty) that will be used by the system to compute the tidal heights for
the specified tidal day.
[0087] Finally, at step 310, the tidal prediction method outputs tidal prediction
results either in text format, in graphics mode, or directly transfer the output to other
integrated software systems which needs the prediction data.
[0088] Now there is provided more detailed description of generating the prediction
models based on observed tidal data. Referring to FIG. 9, there is provided a typical set of
tidal data recorded in one day. The actual tidal heights 414 are recorded as a series of data
in the following format: hy, 4(ty), the tidal height at time t of day d of month 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.



[00102] Referring to FIG 10, the prediction nodels are presented in form
of an N,,,xNa matrix 500. The first row 506 represents the tidal prediction
nodels for the first lunar nmonth. The last row 510 represents the tidal
predi ction nodels for last lunar nonth (the 12th lunar nonth). The nodel s
in first colum 502 are used to predi €9 tidal hei ghts 22 (spring tide) for
first day (new Moon) of every lunar nonth, the nodels in |ast colum 504
for tidde088r edi ct iBacawde thasistrdeymishl vide-pravivwing. fokprsagre )haGagnic rin Radwrey and

Colum d 508 . s .generic. representati on o h redjcti. del .. Wien the
oy T e Rineg PR pEadspred RBE b SsigBanddes v e e EEBh oL BB 5 e s pri ng
tide) WG bhahihral appe s fotladeRcBeoshRVEUIROM ‘mof lof tHelddseSTODErefold) @0 3]
Referring to FIG 11, as an exenplary illustration, FIG 11 |ists the range

of the pulebicbive isadivisied ghto feo segmenisidda, gab.ammt sagowBoBlpHibguBewrs are he

predi cti.on model , (Eguat i on ):.. For example, .the val fp. b1 ve
Cegment BHURIER o5 B mbddin o G iR BoqbO TS ohund 4Be gf e

anpl i t udrlef,a@tiedl thddd dfhePBikh @idefiand affgest thparoflideq eld); dibARL, emiditrhdl t he
phase adjustnment factor, ranged from-2.51t0 7.5; sPlma, 616, the tida
curve standred wpeoef tidegngebasicreeregsion medel. is propasedrasdaliaws:vpl m a 618, the
nicro-ti&gb hei ght adj ustnment factor, ranged from-5.0 to 5.0. In FIG 11,
t he dasﬁe Lertical line 620 (value = 0) is drawn as a datum for paraneter
val ue conpari s n purpose. The val ue rangesPof the parangters 602 in period
pl are the samexs: tRenuvatoalls od'tne-phrardeers [60%.d n PEFi0drpD. [&0104]
I't should, lig)saoted that although the range of the sanplg val ues of he
regressi on par apet er gt j N fr gi%reds enbodi ek has been desorj bed in
detail, various nodifications and 1 fprovenents can be nmadé by a person
skilled in the art without departing fromthe principles of the present

i nventi 00105] er ; e PZm a are
not indgggﬁgent p§P§%§?@$£¢ﬂ§ﬁwéﬁ)égﬁﬁﬁgk%égéﬁf%Fe&“ﬁghﬁgﬁﬁaﬁg ?gﬁ%?%), (9)
an((ji ( 10étimee§ine6\tdl yebne miraike)] il iy $Iﬁe;] lalhhxomomhrip@elsae(,raﬁg@ddfdrﬁ érterij,at s tidaem f r om
i ndependent, varj ant paranmeters, they are circled using dashed ell|jpses in
FI G 11.daycodeefromyi te @8y maxgaymy, i 668 SUFHS e Fl}Vl@q@eat\Pé?Fr&@g«,do‘FMtﬁ%&)

i ndependgnt ' a 8 , | :
VP o s BEhE g AR Bidh peRUELD, AP B Py (I D et WA sSEIRE. e by
t he Gengpj,¢ <Al g4t hns based regression analyzer 40 in FIG 1. [00107] A

Genetic Algorithnms (GA) systemis specially desi g:tl,ned to search for_ optimal
val ues de0%2he ti dalhedpeiar ¥t nois thomepn ﬁ@ﬂ%ﬂ%ﬁ et the tidgbheights gwsing peemdRea,
DAPI m a~, P m_a~_ VP o PARPZ2M. A, \/ =W upon
the pri r%i Bf BIG pillétlfraﬁf%(ft evo lutaegﬁfﬁ)%ﬁhvﬁgﬁﬁgég}pé%&ad ‘%Bé%eafﬁ%lﬁg?ﬁ“?@?fﬁﬂt P

fitness.rahge éihie Glaliaseds.r aaFesdé phasandjugment fucagriamerisd utida *gfis the
apar anet er - searching problemis encoded inh a chppnosonme 632 in FIG 111.
Each uniangvler adiastaisnbipeton ieperkadann Beth AAyencand30 m.d eanadjust pgblabtimes A

apre- deft-hg %gesr i‘ﬂﬂesmm,d is tidal curve stretch factor 422 in period py. V' ’mais a micro-tidal
height adjustment factor 432 in period p, which can move the fitting curve up and down to
fit originally observed tidal data. There is a same set of parameters defined for period pi.
[0093] Once the tidal curve segment divider pmg4is determined, xplm,d, the mean
value 406 of the tidal heights during period p;, can be calculated using following Equation
(8).
[0094]

P 1 W

s = S, 6) ®

P1 tk=0




23 of values. CGenetic Algorithnms are well known to those skilled in the
art. Briefly, Genetic algorithns operate on a popul ation of encoded

sol utions or chronosones in a selectionreproduction evolution cycle. The
first generation of a selection-reproduction evolution cycle consists of a
nunber of randomy generated chronosodé#s, which are selected according to
a fitness quality. Selected fit nenbers of the first generation are put
into a [oous] ng podimilarly f €Pr, Qdb€ hican vhiuem28hifohe aidaleheiglendnang perisdspgeri ved
by conbrnrng crossover) or altering (nutating) genes anong I ndividuals
wi t hi n t38 bpsploniatedss folityes: sel ecti on-reproduction evol ution cycle repeats
unti | an tlnal set of paraneter settlngs whi ch generate a fittest
predlctron urve to the obseryed gtdal ,d is found or after a nunber of
pr edet er ni ned evoluﬂiénzxyerffr—[ ?%ka traditional GA system®the

sol uti on space of the probl ;Qaragh addressed i s encoded usi ng chronosones
with a fixed length. A chronosone is typically denoted using Ck, where k =
1 to Z ggyh Z den enes
such thdd d<- (g qugéreﬁ@ﬂ% %{}é Hﬁ&nﬁéxz@f da'%@%@llééﬁlgﬁg‘aﬁﬁﬁg tlﬁeaﬁe Jaaff&nLO“th

based qmgrE@ﬁﬂmnnmﬁarpfdMammﬁgnammduhagMﬁﬂgﬂhﬁdimnhmm¢mﬂédmﬁnd€[rﬁkbqual

to 9 (L~ The  Table 3 beI w.shows how the enes 632 into
e moadhe O BHERGP L Ras o oS FABP BB Y dRBSoAGERLE petudEh genes
and nodg| dapﬁéiglﬁ%ﬁéﬁec%ﬁﬁﬁéﬁ%ﬁﬁﬁ gax! RAAFR MR A ds mdv mdR m dDA
mds mdv md [00110] There are asrca ly two types of chronosones:

cont i nud0e®s] bi nar yp the Faeativadibe, mantheangier adjatimenhinageio}l pe by ewmemuetes. The
cont i nuou hrom)sorres are used to encode sol ution parameters which are
decinalfﬁz whil e enunerated chronpsones are utilized to encode the
solutroqpagjaneters whi ch are of integer types. As can be seen fromFIG
11, the tidal regression npogel consists of both continuous parameters 622,
such as DAPIm d offidegi=raltype (its values are ranged from-2.5 t7.5),
and as pmd is enuneratedAZJhﬁéger) parameter, ranged from8 to 17. [00111]
In the GA-based regression analysis program the unified enunerated

(i nteger) chronosones 632 are adapted, in which range of each gene's val ue

is fromO to 400, such_ as the geneg 630 iin FI.G ) %(iemalli(ldesigned
Gene Corfd¥PPkr 628Whsre Najeihspwmbeno W%drrlrgq%tléﬂm@srl Hhto the

requir e%mmtﬂd ¥ H&Sd Bek bed e time interval is a constant for the whole software

application, therefore a"' 1 4 is equal to a4

[00101] The Equation (7) is a generic model used for tidal curve-fitting or regression
analysis. For every tidal day d in every lunar month m, every lunar day d, in the reference
year Yg, the model Hy, 4(tx) has a specific set of parameter values. As can be seen from
FIG. 10, there are N, 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 Yg, and Ny 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. Ny 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
Iunar 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




24 exanple, to convert gl 630, which ranged frominteger 0 to 400, to the

I nteger values ranged from8 to 17 for nodel paraneter pmd 608, (see 624,
626). The conversion is described in follow ng equations: [00112] V = { 8,
9, 10, 11, 12, 13, 14, 15, 16, 17 } (Ll) [00113] n = (gl MOD 10) +I (12)
[00114] pmd = V [ri ] (13) [00115] N&Ze that the nodul us operator (MOD)
yields the integer remai nder fromthe division of two integer operands,
e.g., fdsprmgaide) for firdtIlaiCievwt 0Joony af eatrg furtaomdnthathe MadeldOD 18st evimhuwatidds t o O.

A her el RIS 2 8 cOMErLed (1 B L ey eIUFET A e, (L1595} fenes 25
generic representation of the prediction model. When the day index is 1 or 15, the model is
used to predict the tidal height (spring tide) when the Moon appears to be a “new moon”,
or “full moon”.

[00103] Referring to FIG. 11, as an exemplary illustration, FIG. 11 lists the range of
the possible values of the regression parameters 606 included in the prediction model
(Equation (7)). For example, the value of tidal curve segment divider pmq 608 is ranged
from 8 to 17 (hour); R™', 4, an amplitude factor 610 in period p;, ranged from 0 to 10;
AAle,d, 612, the phase adjustment factor, ranged from -2.5 to 7.5; splm,d, 616, the tidal
curve stretch factor, ranged from -0.2 to 0.2; and finally v''r,4 618, the micro-tidal height
adjustment factor, ranged from -5.0 to 5.0. In FIG. 11, the dashed vertical line 620 (value
= () is drawn as a datum for parameter value comparison purpose. The value ranges of the
parameters 602 in period p; are the same as the values of the parameters 604 in period pa.
[00104] It should be noted that although the range of thé sample values of the
regression parameters in the preferred embodiment has been described in detail, various
modifications and improvements can be made by a person skilled in the art without
departing from the principles of the present invention.

[00105] The parameters xplm,d, xpzm,d, aplm,d, and apzm,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, RP g, AAT g, s, voing R ma, AA L 6, S, v 2.4 606 are
determined and optimized by the Genetic Algorithms based regression analyzer 40 in FIG.
L.

[00107] A Genetic Algorithms (GA) system is specially designed to search for
optimal values of the tidal prediction model parameters, such as pm,d, R g, AA™ g, 85 g,
Ve R%ma, AAP 4, s7n4, ViZma 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




[00117] DA m d (g3 -100) / 40 [00118]SPImd= 1.0 + (g4 /10 - 20) /100(16)
[00119] VPI m d (gs - 200) / 40(17) [00120] The genes g6, g~, g8, Qg9 are
converted to paraneters RPZm a~ DAPZm a~ sP2m d~ vP2,,,,d for the second
segnment 420 of the tidal curve using the sane nethod shown in Equation
(14), (15), (16), and (17). [00121] T2&2 |east squares nethod is used in the
GA-based tidal regression analysis programto evaluate the fitness of the

r egr essioBRalies eGem@iRlcbatiBthrdWell kBoWRdE khasakkilled &f the aaaBrively, Oyndtie GA
regression analyzer. The tidal data points observed on day .d and nonth m
at ti e algeritlumg operaiqon apepwatin eldensedethpalpins qrrehryRpsogtes (infa, selection-(po
t2), ... .t . re trd Setl ' ti.dal .0 lLhneter.
The fi ttr?pnré@%clﬁlro \r}e%%;”r%’m ﬁEHn}r }}f( fi'"% g%%&%e&dée%lé{lfog nﬂeﬁxg)rd Pé(}%n ét}lotlétgbr% each
ﬂat g( poi)cpblc docril(ei.sts off ahuntbed (dfl thnddiilyddrle)yatedl zhrorhesodies 2vhidinard (deBctedd3 =
md(t3)- Hpd(t3), ..., d" = hmd(tn) - Hnd(tNt). According to. the nethod
of | eastoeddiagds a f{ltﬁ@ssmﬂ% i %qlmgff bl npeerut be g FaiPhPE B¢ AGwn i n
the fol ln?éﬁr@gpgdltfg?sréprt)ﬁﬁ&fdnoﬂom[ @Hljc%zzl new generation is derived by combining

(crossover) or altering (mutating) genes among individuals within the population. The

selection-reproduction evolution cycle repeats until an optimal set of parameter settings,
which generate a fittest prediction curve to the observed tidal data, is found or after a
number of predetermined evolution cycles.

[00108] In a traditional GA system, the solution space of the problem being
addressed is encoded using chromosomes with a fixed length. A chromosome is typically
denoted using Ci, where k = 1 to Z, and Z denotes population size. Each chromosome can
have Lc genes such that Ci= (k15 8k.25 8,35 8 k45 ---» Zk,Le-1> 8k Lo)- In the GA based
regression analyzer program, the length of the chromosome is equal to 9 (Lc = 9). The

Table 3 below shows how the genes 632 are mapped into the model parameters 606.

[00109] Table 3: The correspondence between genes and model parameters

g1 g2 g3 g4 gs g6 g7 g go

P 3 31 PT ) ) ) )
Pmd | R md [AA " ma |S md |V md| R md | AA ma | S “md | V md

[00110] There are basically two types of chromosomes: continuous (binary)
chromosomes, and enumerated (integer) chromosomes. The continuous chromosomes are
used to encode solution parameters which are decimal numbers, while enumerated
chromosomes are utilized to encode the solution parameters which are of integer types. As
can be seen from FIG. 11, the tidal regression model consists of both continuous
parameters 622, such as AA™',, 4 of decimal type (its values are ranged from -2.5 to 7.5),
and as pm 4 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




2 a (18) F't,d - ~ dk - ~Cn:.d (tk) - Hnd (tk )J k=1 k=1 25 [00123]
Referring nowto FIG 12, a flowhart of a nethod 700 of generating
enpirical tidal prediction nodels using the genetic algorithns based
regression anal yzer program40 is illustrated. The nethod 700 is a detailed
description of the GA based analysis 2#ep 304 shown in FIG 7. The nethod
700 starts at step 702 and proceeds to step 704 at which the GA regression
anal yzerexamplts to ndbmverthg 630rpwhieh rargadr fromhiateghi O es 0D urathedategadaaluetat a,
and evol utiaon_ control _paranmeters, such as chronp length Lc, range of
gene val'&esed Bt & 16d0s Wéelzpar?ﬁ@tegmdém%t (iR 62 76 | The, coeryioh i

cal endardeE@}ﬂ}eﬁh‘foﬂ'aW écﬁ‘g &L (m=0) for the lunar nonth count Nm which
is equal to 12 tfor a ngor Chi nese lunar cal endar without the | eap nonth
added. The nodel paraneter searching cycle count NSTOP is predeterm ned by

a user and can be gny arhi y ependi.ng on the paranet ey, searching
requi reftHid nt e"io?’epe{d;gé’ ]e,‘grgggf‘{’régi%el{lg'}@ is set for a va{ltlfe bet ween
fifty angyqse hundllgeg%1 Homwyey+1 ot her ranges of values nmay al so be set.

[ 00124] The nethod 7 continues at step 706 at which the nonth counter m

i s incrdé@ndled by pne ¥fmlt he method 700 then proceeds to step 788 at which
the day counter d is increnented by one too. The curve-fitting or nodel
paranmeter searching will be repeated until paraneters for all nodels are

determ g@@h 5] 0012%otd lgnt MRS H@dulﬁ@Q){p@faﬁﬁe(mm Qietdsefie TdRgerWdinathdes fram

GA- based regression evol ution nodul e designed for searching for optimal

par amet dhedivision ¢fgwadaegeraperapeds. o gnHer exsmnial(1hividp 18he %rte 3, &l ot put

of ther Sl 0] Ufi ' b [t di um
220 in D 3 4ERaftorh, ORI ettt prs AR i e SHARRARTED
checks whrédeeygenbeasfollels:par amet er sear chi ng has been conpleted for the

| unar nonth m e.g., (d >= Nd?). Fora "NO', the nethod 700 returns to step
710 to repeat the steps 712 and 714 for another cycle of nodel pac@gneter
sear chi her wi g8, WLt "YES', the nethod proceeds to next i sion
step 713;901:3&& whi cth Ad rreé%%%l 700 checks whet her the nodel paraneter

sear chi nootas beenAAfl |y @orloet @ for all |unar nonths in the r 8Pkr ence

year. Simlarly, wih a "NO', the nethod returns to step 706 to E)lg)oeat
steps 708911808, 718, mq1d.0 764/14nd0716%9 0 perform anot her cycle

par anet rchi ngeif oL nextygpynag nonth. Qtherwise, with a " YESuy the
nmet hod %%ﬁ%es togps‘f"gp %0 tO(k))Ljen t he nodel paraneter searchi ng process.

[00127] FIG 13 is a flowhart illustrating details of the GA evol ution

rodul e 742 4n the gethod 700, At step 122 16, 681 0N, 100 £, 16 [ eads

vF2ma for the second segment 420 of the tidal curve using the same method shown in
Equation (14), (15), (16), and (17).

[00121] The least squares method is used in the GA-based tidal regression analysis
program to evaluate the fitness of the regression model consolidated by the model
parameters searched by the GA regression analyzer. The tidal data points observed on day
d and month m, at time t (k=1 to Ny) are denoted as hp g(t) in form of (hy, t1), (hy, t2), ...,
(hn, tnt), where ¢ is time, and % is the tidal height in meter. The fitting curve function
Hinq(tx) has the deviation (etror) d from each data point, i.e., di = hma(t1)- Hma(t1), d2 =
hmd(t)- Hma(t), ds3 = hma(t3)- Hma(ts), ..., dn = hmd(ta) — Hma(tne). According to the
method of least squares, the best fitting curve should minimize Frgas shown in the
following fitness function.

[00122]

2
Eqm.d(tk)—Hm,d(tk)] (18)

1

M=

d’ =

N,
En,d =
k=

=
Il

1



26 tidal data SZm d and NSTOP Thereafter, the GA paraneter-searching engine
creates an initial generation Go by randomy generating Z chronosones at
step 724. Each of the Z chronosones, Ck, consists of Lc genes, (k =1 to
Z). In other words, [00128] Ck= (gk,1; gk,2, gk,3, ..., gk,Lc-1, gk, Lc)

(19) [00129] The GA paraneter searchi B§ nodule 712 then initializes a

gl obal best fitness variable, FG.-best, and a best fitness variable for the

ith genqo@kapn, FRefbebly adw b HIG2AQ, aBOsWciN ofiadnéthad §09edf penezating where
NNl is a variable that represents the nunher_ of generations evoIde wi t hout
any overcamiriealitidal predigionaedehy using the genstie pleogidres based fegreinettaliZe0130]
uni i ke gitbalahd'd0 38 iBYHERPE ThOSHULE A'E dekitel debGiRIoASANhe | EXANLPN does
not directfy represent solution paraneters. e integer val ues of genes,

gk, I'; glanzlysiglsted,304 shown igKIE&c7. | Thagkethed i7A0 staets ahstepBEbarel Thearde tacsever t ed

into the regressjo del paraneter's | ues i E ti 11,to 17 d
e condtH A EIRE L beh S1% SR RoteD ZFLFAS (15 b5 CatPagE giorss) AhbhERt o1,
The GA nggHieSsdfdr BRAULR ISulifeBoRYR MRhBSeRAGHIPhs ERBmbs6BRdbihah ¢.ct i dal
prediction nmodel's, [H,,,a(t)]ck (k=1 to Lc) by calculating a fitness val ue
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FGL._best, at decision step 732, then the regression nodul e 712 updat es
FGL_bestsetrghingsiyglei aognidsTob és predetemminep dyta uger s pary B agph arbiteary ingoRN =0

Qh i if.FG t sh i: i.S db
at ot op Cppandifg e M6 La SRONT QR HTELQUAMRENs, WL Hbleusd hSIBIRENRG0PY One
[ Fm a] cks 8ét foit £PalvsBetwdbit fftl iahd 6he Riis@TESowe & r,uskd ripes ofisdlugsahayaalsmt i ng

pool ; and the nunber of evolutions (i) is incremented at step 740. Fromthe
mati ng gwoet the GA system reproduces a new generation, G, at step 742 by

appl V! ”gtoﬂ]zgfSOVeth?e“f?le{HﬁtdaidtPé‘orﬁﬂlgééﬁpét?P 706 o Rehi P RIORUGI sl i 44 2, L he

nost-fit vidual's Ina curren eneration are copied directly to the new
gener at iiatremented [pY@h82hd the mathepd380 thee ptdeatdsdosiep J08wohichoing dayhmuder based

par AL of e Cll 0, B 00 sl becoes shamnant 1d unable, Lo, (had mmygeli
I's | ar gely. ReCAHE PataliftdrOfdraftlmRRRUAHE ARt he
[00125] The method 700 proceeds to step 712, which is a GA-based regression
evolution module designed for searching for optimal parameters for the model Hya(t). The
optimal model parameters, as output of the regression evolution module 712, will 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 >= Ng?). 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




27 individuals is randomy generated. Wien this situation occurs, the GA
based regression nodel creator sets an extinction operator (NEXTINCT) to
term nate the evolution. The extinction operator is |ike a biological
extinction of a population that kills all but the nostfit individuals. The
popul ation is then refreshed with nutdfed copies of such nost fit

i ndividuals. The nodel creator allows a user to specify GA evolution

par amet afdal da (0, RhENsdep. I TiRkdatter) ghaGAYRBahctatF seghiigaingRratdsein inbialc h
extinction occurs if there is no inprovenment in fitness after tq2g, nunber
of genergsPPEHEL Goby I3ndomply @nerrétj%?sicmrrﬁawmtgﬂ%&’& e Ergb 5 €<t op the

GA evol thh!ré}ﬂoéotnets h@kNfo‘sts’?d ﬁsl_idc%éﬂ% Sk BAS1o18. THBIGY t_after NSTGP

generatl ons, eC| sion step 4.” Thereafter, with a
Yes', the GA regreSS|on anal yzi ng nodule 712 outputs the nost fit
predlctlon nodel H &%) at step 750. Cihermnse with a "No', the GA

regr essilB%28hal y2| H &z Beheckdc-hBhldeci sion step 746 whet her thidte is a
need to use the extl nction operator, NEXTINCT Thi S deci sion step requires

checki ng whether N~ is | ess than NEXTINCT Wth a "No' follow ng the

deci si orfost2ep 746, Theh€@AGpamemptessiaohing alofsles 7hd didreiniédlizes keglobalchest ent

popul atl nin G t step 748 and return ep 728. .t herw se

" Yes' P‘Eﬁﬁnvﬁﬂaltlﬁ et &3hH e g‘ﬁ""’?ﬁ‘éana?’i?ep b%‘ e GFRLRYMh Faipast It egwr%%dul e
goes dl rGth Ny tRdSt &R sé2% zdfd, SyHRS ABEEh vasablehthAOrepyabits ithd nu@peabs unti |
the stop condition 744 is nmet. [00134] FIG 14 is an exenplary chart

showi ng gqng@ltlonmw@w:d witheyt a0y @varsyl whseirepropgmenie agh 1Hadbel eeRYPERT| on
anal ysi s fO{ the tidal data collected in reference year 2003 (Chinese |unar
year 4708Y"&t a reference station. The curve-fitting accuracy is conputed

ﬁs 1f a|m| ( t3% 08135]Tnlrke|\éx1stm]g GA' sys@nis, Mexchirorho$amsSCL vt fredent invidmich (t k
does not directly represent solution parameters. The integer values of genes, gk 1; 8k.2, 8k3, .
. 8kLe-1, EkLc in the chromosome Cy are converted into the regression model parameter’s
values using Equations (11 to 17) and the construct the prediction model [Hmg (t)]ck at step
728. Thereafter, The GA regression module 712 then evaluates each of the Z candidate
tidal prediction models, [Hm a(t)]cx (k=1 to Lc) by calculating a fitness value [Fracx using
Equations (18) at step 730. The lower the fitness value, the better a regression model fits
the observed tidal data. There must be a best fitness value Fgipest in €ach generation G, the
FGi.best 18 determined at end of the step 730.
[00131] If Fgipest iS better than Fgr pest, at decision step 732, then the GA regression
module 712 updates Fop-pest by assigning Fai-pest s For-vest at step 736 and setting Nn=0.
Otherwise if Fgipes: Shows no improvement, then Ny is incremented by one at step 734. In
any case, fit chromosomes are selected according to [Fralck 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, Gij, 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, Gi.
[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



(20) [00136] In Equation (20), "1J,,,,a is the curve-fitting accuracy in
ternms of percentage; Nt the nunber of observed tidal height readings taken
during day d in lunar month m hmd(tk) the observed tidal height in neters
at time tk; and Hnd(tk) the predicted tidal height in nmeters at tine tk.
The tidal curve-fitting accuracy'|l' ma7 cal cul ated using Equation (20) is
rel ative accuracy in percentage for day d in lunar nonth m As shown in

FI G 14 inditidualy ¢¢ aadoinlygéneeattd e WehtthiRGiReEdH ecyr3 A aalbRyeeedressione whol e
reference year (4702) is 97% which is sufficient enough for any real-tine
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"Tidal Height Prediction" 842, if pressed, trjggers the cal endar converter
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t he converted ['unar” nont eap non rue or Fal se) 838 Is 1ndicated,
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drawn, and ti dal i at a. specjfjc ti : 00 am sh in Fl 15) is
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tidal heights at a tine interval of one mnute, five mnutes or thirty
m nut es stegeidn diegeafisorwitine ‘Ye#r the GAoegression atlyringmotlilgal12daypyts ghe 00: 00

to 24:00 re tine 24. is.00:00 next day. L00138]-~Very often, the
br edi ot R A RSt a8 280 TS MY aen B ARSI .
i's addeqnﬂ?ﬁhg hddale/cHet KRS debisRYigtp US WRARerGN&E &) a ndddo e therdtihéticip can
be any nonth from2d to 11th lunar nonth in the Chinese |unar cal endar

syst em operatas;®mpier. Thisdedsios stephiequives sherkinehwheherAN & lpss than Napryeont h,
e.g., tRke. Athopth a rs twce | ' e . i an
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r ef er enaecuyRar pdfril&sonsiio@Nati step 748 add rdtudderie stdp, 728= Qtherwiké, with adles’
justifiable to use the nodels associated with nR (R.= 4) tq, predict the
tides fdpllewagthagesisipn fepy40pthe)CA TeeesiQn analysiy mewlﬁ@OE%g*ﬁ?félmf@ SPdel i s
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I n Equati on e pre tion no or the lTeap nonth 1s denoted as
H~p, d(t k9o134]he i nd¥&. | pissinaemplaoy chaztghombmg tidal wheedittipg accaracylaehiBepdat i on

(21) takes nean val ue of the previous nm ‘s and next nth's nodels to
gener at &Ytthe G4 d’éﬁedp’ke&ﬁsﬁlf’? S‘ﬁglf”éﬁs fonthe té‘?\% %ﬂfﬁ‘n?‘ﬂgc@gdp r‘%%ﬁeéllce 6'5%2% i on
data apQCHf‘ﬁ%seolfunméﬁlt 414 &fel deference station. The curve-fitting accuracy is computed as

follows:
[00135] : _
RN £ ) (U5 CVICS L2 AR | e o0
SN, |3 H, ()
[00136] In Equation (20), W4 is the curve-fitting accuracy in terms of percentage;

N, the number of observed tidal height readings taken during day d in lunar month m;
hm a(tx) the observed tidal height in meters at time ti; and Hp o(ti) the predicted tidal height
in meters at time t,. The tidal curve-fitting accuracy Wm 4 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.




[00141] Al though the enpirical tidal prediction nodels are generated by the
GAbased regression analysis for the actual tidal observations collected at
one water station, say StationR, the prediction systemcan also be used to
predict tidal heights for other nearby water stations, say, Stationp. In
this case, two new factors need to b $ntroduced. One is 29 the hi gh tide
arrival tinme adjusting factor OTA and another one is tidal height anplitude

adj ust i ep18dct or OREL 13 sloe) sifpdified U lafyr tlst Chigescalonar calyndat kased didali n t he
systemto just the high tide arrival .tine at Statignp. te Ahat.the

angul ar pﬂ‘?‘@‘% B SES Y eaPh WB‘%F@%@%P%[@T&I% B i o8 dodtg?et 1ﬁe(itT ¥ g%rbatrl?gi t ude
can be usRHIASad RERREAGR (hBuCldMimtd ddgivealbyehdhsdrhaht acinaian@béitomnd t hat
| ongi t ude angul_ ar distance 15 is equivalent to one hour of tine. The tidal
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configuration of the coastline which has significant inf e range
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of the thatey838rsdndicged, andiwaek dapds lamiisplayed 840e Hfﬁ‘il“(egggglecﬁ‘g‘%s enent s

to conp n . it w | |
corbi no 1t A aaft FARHF P FirsOiic it {I30Pm SRNERERONTD IFaHEIRI ) (o
pr eﬂi ct A hlﬁrsbli, d@d, ﬁ%r@jbﬁlﬂ}ne[&ﬁldﬁ] bé fnovbdmkm%rthe pndiczemigmdé arcudies toavacds,

either in_latitude or in_|ongitude, . ween StationR a Stati.o econe
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it may be nore desrrable to collect” one new set of actual tidal data at

St at i on0:(faeed:0fpohenattinnd2406 &t00000 pnedinextiday. nodel s can be created using
the GA based anal yzer f.or iction.. [00144] .FIG 1% sho%icthi dal

i dal..
predi ct iIBH38k cur acFrRORER Iﬁpg‘;&ﬁ“ﬁ{‘?gq‘t‘?aﬁé’fsarpylé@ia&l GrieaR L5288 By WD ct i on

year 2004,, FBRthIAL As B0 abialy Bindd ih SvdrhQ 98)6r @@R)dThd RES RLAIDE] vaen t he
predicted ‘and act tal tida heights collected in the prediction year (2004).
For eacibe argamodty fromhd" diof Fler kinaemeathwimethet Ghingieclynen eadendsn sugemafor

?bieg\éggex%}r%ﬁ{, 6{? ﬂ@;@ ,_Sth?_igr?l_clzg)]nlgt *h~rin§ntﬁ]~07rggll§taelgaﬁ‘ﬁlofnﬁl, legé’.\fsﬂle 11004 4mh aBlpéarsG"m d =
twice in Chinese lunar year 4700 (Gregorian calendar year 2001). On the other hand, there
are only 12 months in the reference year Yg as shown in FIG. 10 (where N, = 12). It is not
justifiable to use the models associated with mg (R = 4) to predict the tides for the leap
month m, (p=4). Therefore, following composite model is proposed.

[00139]

1
Hlp,d (tk) = 5‘ &{m.d (tk) + Hm+1,d (tk )] @D

[00140] In Equation (21), the prediction model for the leap month is denoted as
H, a(ty), the index Ip stands for leap month, where Ip = 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




(22) [00146] As shown in FIG 16, the nean average difference 902 between
the predicted and actual observed tidal heights is 0.15 neter. The average
predi ction accuracy in percentage is around 90% which is sufficient for
practical tidal prediction applications. 30 [00147] Wile the present

i nvention has been described with refé9ence to particul ar enbodi nents, it

wi Il be understood that the embodinments are illustrative and that the

i nvent i ¢he bighpRlei asrivdlttins® adjustingetictoAINTar el dnochee whods tidaltleighft atdpditpieesent
invention will becone apparent to those having ordinary skill in the art to
whi ch tﬁ@u@méé@ﬁ®rﬁﬁventlon pertains. Such alternate enbodiments are

consi der he S a C ent
i nventi gﬁ) 4 ccordl {&P (ﬁlésqglgo%%o f‘llls US%Qestet}h y%%e\%ﬁcf?%ﬁgtltégg‘gﬂérﬁi%bed by
t he appgpsipd tﬁieaatrma@dm Noté AR ehd @v%dpaf dlﬁen&eoae@@@anngad@ﬁgﬁﬂdoSﬂaaanp in31
CLAI M5 What is clained . Atid predi ction system based upon_Chi nese

| unar cadrersddirtheis bangltuqlqj@an tm@@d @s irefarengs toegnladap thesyakep of the factor AT,;
and that longitude angular distance 15° is equivalent to one hour of time. The tidal height
amplitude adjusting factor ARy basically depends upon latitude of the station. In general,
the range of the tides gets larger the further the location from the equator. However, the
tidal range of a particular station depends very much on a lot of non-astronomical factors,
such as the configuration of the coastline which has significant influence on the range of
the tides. Therefore, it is desirable to take actual tidal measurements to computer an
average value for the factor ARy and then the system will combine the factor ARy and the
amplitude factor Rsz,d in Equation (7) to predict the tidal heights.
[00143] If, however, the angular distance, either in latitude or in longitude, between
Stationg and Station, become considerably large, say, more than 15 degrees, or even more
importantly, non-astronomical factors at Station, are so much different from Stationg, it
may be more desirable to collect one new set of actual tidal data at Station,, based upon
which a set of prediction models can be created using the GA based analyzer for tidal
prediction.
[00144] FIG. 16 shows tidal prediction accuracy achieved by the tidal prediction
system for prediction year 2004. The data shown in FIG. 16 is the average difference
between the predicted and actual tidal heights collected in the prediction year (2004). For
each tidal day, the difference between the predicted and actual observed tidal heights,

AHp 4 , is computed as follows:

[00145] |
m, v 2 bs[hm.d (tk)_Hm,d (tk )] (22)
N, %
[00148] 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.



a user interface; and an el ectronic device having a nenory capacity and
processi ng capacity; wherein the user interface electronically connected to
the el ectronic device so that a user of said tidal prediction system may
input any information into the el ectronic device; and wherein the

el ectronic device is enbedded with exd@utabl e conputing prograns that
generate tidal predictions; the executable conputing prograns including a
Genet i c [gd1gyr i t hmewhiEAIeRsREt InveitesShabeb® dedcribé @ alithrreferage ampdraculusi ng
predi ction nodel paranmeters to create a regression tjdal prediction nodel

: ara § ! p
and a t ichodiaeht it pritldbe badergpod thah the iembermpenth prredMstrathvg andyiheh e
maki ng t:j - predl cLi n -t he | f . Lon. L L.Gtion
model - a0 etoR sEeg s iR So Mhilon® ARRRT £l ol R SR Mieseht e Rl WA
i nt er f adecame apparestd teahoeriaviresidorary skitldanke hedo widcictiel eesent inverfiess. 3.
The tidal prediction systemaof claiml1l, wherein the el ectroni.c devi.ce may
be any dSHBE Rychialsaateiemiodanes BESONHETED AR RS ENRRISSArHR. BAMLIRITS 4
The tid i CFi el al : [ - : : j on
model  cridrea, OF U pRKal A ol Alrdinglf e e B AR o
pr ogr amdestriveel hytthe dphebdskdlaimgrasisisosupmded by eht dorqgoory descrigtioheves
observed tidal data for a reference year, nodel design paraneters, and GA
evol ution control paranmeters; and perforns GA evolution cycles to search
for optimal regression paranmeters that best fit the observed tidal data,
thereby the optimal regression paraneters will be used as the prediction
nodel paraneters for generating the regression nodel. 32




5. The tidal prediction systemof claim4, wherein the reference year is
ei ther a Chinese |unar cal endar or a Gegorian cal endar year during which
t he observed tidal data is collected. 6. The tidal prediction system of
claim4, wherein the regression nodel has the follow ng equation: xP~ md
'~ RP~md XCOS [(4~ '~ ~P~ Hmd (tk)31TP~ md X SP~md Xtk ~ VP~ mdC
PZmd'l" RPZmd XCOS[(47L + QA PZ md ~Cl PZmd XS PZmd X zk,'f
VPZmdIlO~tk ~Pmd~ \pmd ~ tk ~ 24) where the tidal fitting-curve
nodel ed by the Equation is divided at point pma into two segnents:
segnments with period pl (0 5 tk >_ ﬁﬁi nd segnment2 with period pz (pma
< tk > 24); where Hma (tk) is the tidal height prediction function in
which tk is time, mis the lunar nonth index, and d is tidal day index;
wher e xPVhatas claimddas:mean val ue of the tidal heights during period pi,
RPlma is an anplitude factor in period pi, DAPIma is phase adjustnent
factor in period pl, and aP ma is the angular adjustment factor in period

pi, SPlmd i %hHQ%rediUﬁd&?sy%Eé’n@’oﬁgéde@)%h(Uhn'lé%e ﬂ)tﬁfak Qlefdar, i@ ¥l pRedictich
m cro-tidal height adjustrent factor in period pl; and where xP2ma is the

mean valsygiemfcompeisingdal hei ghts during period pa, RP2ma is an anplitude
factor in peri Odﬁ DAP2 a i s phase adjustnent factor in period p2, and
aP2r,,,a is tHEYY é"éﬁa&? ag ustment factor in period pz, SPZma is tidal

curve str et chnfedgtBhicideviee hhﬂﬂg a%len@dwl cx;ﬁ%m( and prodesdingrcapdditgal hei ght
adj ustment factor in period p2. he tidal prediction systemof claim®,

wher ei n t he w/engia thedisehimtertace gleg’tr@mcngf qogpq:céwsto the electronic device so that a

user of said tidal prediction system may input any information into the electronic device;
and

wherein the electronic device is embedded with executable computing programs
that generate tidal predictions; the executable computing programs including a Genetic
Algorithms (GA)-based regression model creator program for using prediction model
parameters to create a regression tidal prediction model, and a tidal height predictor
program utilizing Chinese lunar calendar making tidal predictions on the basis of the

regression tidal prediction model.

2. The tidal prediction system of claim 1, wherein the user interface and the electronic

device is connected via cable or wireless.

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 GA-based regression analyzer program; wherein the
GA-based regression model creator program retrieves observed tidal data for a reference
year, model design parameters, and GA evolution control parameters; and performs GA
evolution cycles to search for optimal regression parameters that best fit the observed tidal
data, thereby the optimal regression parameters will be used as the prediction model

parameters for generating the regression model.



NP1 xPi md- 1~ Hmn,d\tk/ N'i rk =0 wherein the xPZm a can be
calculated as follows: 24 x Pz npa’ - 1 ~ Hid \tk / Npz tk -Np2 33
wherein the aP1, T,,a can be conputed as follows: 4Tc Pi md = C' NH x 60

32

5. The tidal prediction system of claim 4, wherein the reference year is either a
Chinese lunar calendar or a Gregorian calendar year during which the observed tidal data is

collected.

6. The tidal prediction system of claim 4, wherein the regression model has the

following equation:

X" ma + R ma xcos [(47?: +AAR 4 )'ap‘m,d X 5" ma th]+vP‘m,d 0=<t, S Pua)
Hm,d(tk)z
X" ma + R%ma xcos [(47[ + A4 g )“apzm,d X s ma Xt, ]+ V2 (Dpa <t, £24)

where the tidal fitting-curve modeled by the Equation is divided at point pmgq into two
segments: segment; with period p; (0 < tx = pmg) and segment, with period ps (Pma <t 2
24); where Hp 4 (tx) is the tidal height prediction function in which t is time, m is the lunar
month index, and d is tidal day index; where X' 'm.q is the mean value of the tidal heights
during period pi, R™ .4 is an amplitude factor in period pi, AA™',, 4 is phase adjustment
factor in period py, and a*'nqis the angular adjustment factor in period pi, sTna is tidal
curve stretch factor in period pi, and vl is a micro-tidal height adjustment factor in
period pi; and where X2 418 the mean value of the tidal heights during period py, R4 s
an amplitude factor in period pa, AA™,, 4 is phase adjustment factor in period p, and asz,d
is the angular adjustment factor in period pa, s"2na is tidal curve stretch factor in period ps,

and v'*, 4is a micro-tidal height adjustment factor in period p,.

7. The tidal prediction system of claim 6, wherein the prm’d can be calculated as
follows:
5 1 & 5
X 'ma = EHmld(tk)
N P t,=0 |
1 “k

wherein the x> md can be calculated as follows:

1 24

X “md = ZH;}:d(tk)

NPZ 197 =NP2




and wherein other paraneters in the equation of the regression nodel is
obt ai ned by the GA-based regression anal yzer programthrough general GA
operations. 8. The tidal prediction systemof claim1, wherein the GA-based
regressi on nodel creator program further conprises a nodel paraneter editor
program by which a user of said tidal39rediction systemcan nmanual |y edit
the prediction nodel paraneters used for generating the regression nodel.
9. The tidal prediction systemof claiml, wherein the tidal height
predictor program further conprises a calendar converter programand a
tidal prerdnde Hrogenre cameredas fdowsal endar converter programis capabl e
of conversion of dates between a Chinese |unar cal endar date and a
Gregorian date, and the tidal predigggor program uses the regression

predi ction nodel of the pfbaer=$e%eFeﬁee Chi nese lunar cal endar date to
make tidal predictions for the pfedit60hg Chinese lunar cal endar. 10. The
tidal prediction systemof claim9, wherein the tidal height predictor
program_fyr. . r

B B R S R A
predi ct i@A-basluegreysionlarhlyZEhprogradathrqughgientrabiAsypstationsf cl ai m 1, wherein
t he executabl e conputing prograns further conprises a virtual addition
program for adding a virtual day to any Chinese lunar nonth with 29 days
and prow di ngryel gl peafi@idiodystdie o¥ blaial, viayeifihd B -basela@sRES 60 hodel
prediction nodel for the virtual day can be generated. 12. The ti dal

pr edi ct icosrterymrbgrmofurtlencomprisestiemeilel patamesstegsliton pregrem yuvhisl apsegehns

further ¢ Ises,.a. nont h _adj ust prear for providi '
factor S8 nﬁ péedlgkfmpsfyg be%rbﬁlaagﬁl@g%@g]hﬁ@ r?fglf ‘{%Oeljf glr?g?l cﬁ%%g\% {gh‘?sgh ;ﬁz’} erence
date acgghgh the réhtesanddgrar cal endar. 13. A Chi nese | unar
cal endar-based tidal prediction nethod conpri sing:
0. The tidal prediction system of claim 1, wherein the tidal height predictor program
further comprises a calendar converter program and a tidal predictor program; wherein the
calendar converter program is capable of conversion of dates between a Chinese lunar
calendar date and a Gregorian date, and the tidal predictor program uses the regression
prediction model of the proper reference Chinese lunar calendar date to make tidal

predictions for the predicting Chinese lunar calendar.

10.  The tidal prediction system of claim 9, wherein the tidal height predictor program
further comprises a prediction analyzer program comparing the predicted tidal data with

available actual tidal data to determine the prediction accuracy.

11.  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.

12.  The tidal prediction system of claim 1, wherein the executable computing programs

further comprises a month adjust program for providing a month adjust factor so that a




inputting a prediction date of which the tidal prediction is requested for
a location; selecting a reference year fromwhich the tidal prediction for
the prediction date will be nade; obtaining actual tidal data in the
reference year near the |ocation, wherein the actual tidal data is
formatted according to Chinese |lunar %Al endar; generating a regression
predi ction nodel for the actual tidal data of the reference year by

per f or mpR@i@Rneddte cal §obeidinmexbédiitina effelchee datt wadortlingab Cléhese lamd
predicting the tidal heights for the requested prediction date in

accor dafelendgtt h t he regression prediction nodel. 14. The method of claim
13, wherein, in the step of obtaining actual tidal data, if the requested
prediction date is the 30th day of the lunar nonth and the reference | unar
nmont h has. onlpyCRDestdysar caleudarthaadd tiday pradidtiohenalddieddnpisinge r ef erence nont h,

and proper tidal data wll be created t rate.th I . dicti
Tode| 1 or ¢ eI mbTeiaon $5e OBl BHeT GTeatn s EaUEPER IRt he st op
of obtai ni ng saetial » tdidRhcdatA frdhSyiAC R ddl SddidRhaor e frRdicRBHdhRd by

t he user 'fo_r pertorm ng t%e prediction or collected and stored to be used
for perfoliempdehe predictions. 16. The nethod of claim 13, wherein, in the

step of generating the r; SSi O redi ction nodel. it converts chrgnosones
from fixed rQEE]‘ém’gg a‘?tmlé’ag{‘%ﬁ%}?otg_? Ee Prebe” X9e0are eelaf%tl‘%“owﬂﬁf&%ﬁ%e S%Pélinet ers.
17. The gt dedisFhrnsdi@l Bt Rding e CRInGse Iuartda®nddrep of generating the
regression prediction nodel, it further calculates fitness value for each

of regressi ogepretdiige iregiessiseprediction mpdel fratthoacted! tidehilata P8 thawrderends t he
regress Iygert]r l%r I?eg o%trﬁnogngerr{gtgcealllgcbr%ﬁn{[ er{l%hIt%lnlo?Mena%tu%gff&{l'dg{&:, and
predicting the tidal heights for the requested prediction date in accordance with the

regression prediction model.

14.  The method of claim 13, wherein, in the step of obtaining actual tidal data, if the
requested prediction date is the 30™ 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 generating the regression prediction
model, it converts chromosomes from fixed range of integer numbers into tidal prediction

model parameters.

17.  The method of claim 16, wherein, in the step of generating the regression prediction

model, it further calculates fitness value for each of regression prediction models.

18.  The method of claim 13, wherein the regression prediction model has the following

equation:



35 Hmd Itk~ JCP~md + RPi md XCOS [(49L + ~ P md )" C Pi md XS
P md Xtk ]1'f- VP md CPZmd "I" RF2Zmd XCOS L\4T~' {-~Pamd }Cl PZmd
XSPZmd Xtk, +VFzmd |~ ~ tk C pmd Ipmd ~ tk ~ 24) where the tidal
fitting-curve nodel ed by the Equation is divided at point pma into two
segments: segnents with period ps (0 ¥ tk > pma) and segments with
period p2 (pma <_tk > 24): where Hna (tk) is the tidal height
prediction function in which tk is time, mis the lunar nonth index, and d
is tidal day index; where xPSma is the nean value of the tidal heights

during perl od p ocH,BP-SRﬁmaﬁcdsﬁlnapA@m &'Uci&sﬁ ack ol yin , per ok, g, ,PAPSM a i s

phase adjy D factor in period p and aPSm'a is th angul ar adj ust ment
factor in 'f)‘érlo sh@al c,urve str gch,factor in erlod ps,
and vPSma is a ﬁ1m# tTﬂéOSK *dH$Mé ‘bgﬁﬁﬁanFé t b n [(Ppefis and
where xP2,,,,a is the nean val ue of the tidal heights during perlod p2,

RPZ,,,,a is an anmplitude factor in period p2, DAP2,,,,a is phase
adj ust nﬁﬁlefq ﬁ@tt@ial iffitipeeiog pedelethbly Al Equatipn nssiwlldéd ahpeinhpnaditosiieent

fact or |n cur tretc ctor eriod. p2,

ot o po P e, iR RAon Byl ST > Boo I Eod iRl b betfod B Pty <6 =PT
The net hay vﬂfer&H@,'d (ﬂ<)]1§ theV’tﬂﬁ[ Eél@htt leiﬁt?ocfm cﬁtﬁﬂmﬂ@h@l@kk‘ib‘ kiseefh 9 $hef l@haluOWS3 1
NP | | 'le vvherelnthex2,,,acanbe

cal cul amlﬂagldm am% is tlcial zlay mtaz, wlaenewﬁgn ai dhemean walug PEMetided heights
conmput egluﬁﬁg p&llJ)&) ‘6’15‘,'R m.d is an amplitude factor in period pi, AA 4 is phase adjustment

factor in period p;, and a" ' 4is the angular adjustment factor in period py, s 'ma is tidal
curve stretch factor in period p;, and v*'mg is a micro-tidal height adjustment factor in
period py; and where X" ¢ is the mean value of the tidal heights during period pz, R4 is
an amplitude factor in period pa, AAPZm,d is phase adjustment factor in period p,, and apzm,d
is the angular adjustment factor in period py, s"2mg is tidal curve stretch factor in period pa,

and vam,d is a micro-tidal height adjustment factor in period p,.

19. The method of claim 18, wherein the xle,d can be calculated as follows:

Np,

x m,d —_ZHPld(t
P

=0

wherein the szm,d can be calculated as follows:

x2m, EH d(t

Pz 7k =Np,

wherein the a” 1, 4 can be computed as follows:

P 47
a md = ———
N, <60

and wherein other parameters in the equation of the regression model is obtained by the

GA-based regression analyzer program through general GA operations.




4Tc Q Pi md = NH x 60 and wherein other paraneters in the equation of
the regression nodel is obtained by the GA-based regression analyzer
program t hrough general GA operations. 36 20. The nethod of claim 13,
wherein, in the step of predicting the tidal heights, a nonth adjust factor
is applied if the start day of the ni38 h of the prediction date is too
further away fromthe reference nonth, and thereafter determ ning the

correct ohunarhgRidthod Bf tREn & eiRAGE, Ketle §& of BtddidMigNtie 3idaPhEiRlts, a
regressi on prediction nodel

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.




