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ABSTRACT

This paper investigates the relationship between monsoon and
corresponding wave data observed by Harbor and Marine Technology
Center during year 2004-2006 at Taipei harbor, and sets up Artificial
Neural Network (ANN) model to calculate ‘significant wave heights.
Alternative wind data calculated by National Centers for Environmental
Prediction and National Centers for Atmospheric Research and simulated
wave height by ‘SW model in Mike 21 software are used to establish a
hybrid artificial neural model for accurate calculating monsoon waves.

Three parameters, simulated.-wave. height, wind velocity and wind
direction, are determined to be Inputs in thec ANN model. The proposed
model has high accuracy of calculating waves by a R-square exceeding
0.55 and by a Root Mean Square Error less than 0.38m and by a Bias less
than 0.09m. After the missing wave data were remedied by the original
ANN model, the evaluation on calculated waves shows that R* exceeds
0.56 and RMSE and Bias are less than 0.35m and 0.06m, respectively.
Time delay having very slight effect on calculation was examined this
paper. Therefore, this proposed model is applicable for a reference of
marine activity and ships work due to fast and accurately simulating
waves.
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B H o ZHGUER R A TR Tl g B Rz 2 et
woLTE R 4 T g7 47 54 (Wave action balance equation) » ¢t > 423% 3
BRI ks AR 0 AT AeT
ON S

SEVN) =2 (3-1)

95 N(X,0,0,t) 244 4733 %8 sadie(wave action density function) »
22 e H4F ¥ % R Sadic(wave energy density function)z_ B % 5 N=Elo
=(%,)) 2+ LB BER 02 A ME R QR Lk &

V=(C,,C,1CorCo)oi — B 4 BE B m & 1 (c,.c))=dxldi=c,+U » i
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LA o2 R d A o C=dOldt SR QLRI ER

=(0/2x,018y,0100,0100) = - 8 4 w2 s B35 5
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T I e B EHIPE A > £ o740 T
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 H S B Y PR ol s T A B Bl 11 R
¥ (weights)2r e (bias) & & 7L B (6958035 o & < 4hE B2 et iw ¥
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2
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B 5 5 @ YR+ (Back-propagation) o @ gl vE g
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AR RS S S CL R S SRR R
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P2 SR '}@ﬁéﬁﬁj:’ﬁ Bay BB Y piEiE Y RF2 » £ (norm)
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Flp o FRREREY DERL T EREM A EAR I ELERE
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(1) 4o B adcT= R :

e B 7 #c (correlation coefficient) #- f&* 1147 € = L% % &
(bivariate random variables)z_ B TaeE & - M @ /30182 12 F o 4p
B B IV R B R R 2 AR R AR R > TR ARR] BB R R B 2
Friphies » AR ¢ 48T 5 1o @ 4p B (et = &5 7 —‘rﬁiﬂ
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B HRTA0NB6) c RAE 0312 @ o % R EARRIT 10 &7 7
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2

i[(R—ﬁXOl—a)]
RE= 5 =y (36)
>(r-P) ;(0, -0)
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AR BB Y FR R S 2004 £ 222005 &SR PR R A 2005
£ % 2006 # o A BN GRAZ R T 4oB) 320 7 AAE TR 4 A B LK
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AN ER 2004 EFRLEERPAEE S T X
19§3ﬁ%%ﬁ§%»$&%éi—%%iﬂﬁﬁﬁﬁﬁ#
SR o RSN 2005 E e L B 0 T Avd 4-1 2 [§ 4-4
2_PER B % 3¢ B (scatted plot) o #74a i * £ 4 3 539 B4 B 0 R?
% 0426 RMSE % 0.913m - # Bias % 0.649m; fe 3t 2 § Z ¢ > & ¢
ABEFREH R Y 32428 0.3> RMSE 47 % i£ 0.86m 4+ - Bias
4w T 0.456m 2 0.619m o 58] 4-4 BT a4 Bk B G HBEUAP A
AL A5 RRAF > AAFAZRE S o d PTERRIREEFRIAS
AR 2 U HEUERGE S R o P R R R 1T G B ST A AT

S i L o

P EF BRI PR G R B AR ORFT Y R @
2w 0T S Sl o e fRde et ) 2004 SR TR
2 - BATEREA S5 N 5 2005 E A A B 0 F
hod 4-1 2 B 46 2 PR B A Sgji Bl e & 41 2 B 4-5 2 pF A 2
¥ i B3 M= ik e R° % 5 0.698 ~ 0.332 2 0548 > » RMSE 3
0.412m = 0.456m > Bias 4 A" %} 5-0.201m~-0.106m % -0.098m - 1 )
4-5 ¥ R i F AR RSO AS R R IT G g SR ke
AT 45 R A FE PN RS BT G e BORRAM AR RE -

F4-1 B~ FRIR G R R DANNSE L B 4 A B R 2t

ﬁs?l?‘?iﬁ'l&ii ﬁ;f])\ﬁ_‘;h)kﬁ
R? RMSE | Bias R? RMSE | Bias
(m) | (m) (m)y | (m)

# % 1~4 710426 | 0.913 | 0.649 | 0.698 | 0.456 | -0.201

2005|% % 5~9 " | 0.042 | 0.884 | 0.456 | 0.332 | 0.412 | -0.106

># 1~9 7] 0227 | 0.866 | 0.619 | 0.548 | 0.432 | -0.098
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AN E T 2004 EERAR AR A F 2RSS
ER VSIS SRS S R SRS Ll
PP RN dE B 2005 & n Mk B 0 vk 42 907 o HoERA B 2T
Bl B 99 R* % 0.464 T 0.804 2 % » RMSE * % % 0.366m> g F &2 >
# % 0.562m % 0.5°Bias #* % % 0.091m- & % 7 > # 1 Bias % 0.162m
2 0203 SEHH SHNEY TG4 TRAFIFRAR AR
0.790 » RMSE % 0.333m > & Bias % 0.014m; fe iz § F & > & e
B 279 PR % 0499 2 0.63 > RMSE % i 0.403m 17 + > Bias # A
%) 1 $/-0.013m % -0.063m o

it 41 R 42 BN BN E Y h Ak 2004 & TR kdE l
2005 & otk P o g ST HORUA B OSBRI E F F Ok
BEF R B RACE SRR & 2 b @34 0.092 » RMSE % i
0.123m > Bias /%-0.20Im % % 0.014m s 4z 252 > &4 % = 5 R
# 4 0.167 §2 0.082 > RMSE *# i£.0.008m % 0.029m : % % 5 Bias f&_
0.106m 2 & % 5 -0.018m » & & A /£-0.098m % % -0.063m - f&_t it &
RET LA RFAILAR AT Y R RRUL B HOELR
2R D P PR L R

# 4-2 foial B 2CANN BSHE Bk B2 R ORIA B 2t R

Him VS Hspo Hsp VS Hspo
R2 RMSE | Bias R2 RMSE | Bias
(m) (m) (m) (m)
*%1~4"| 0804 | 0.366 | 0.091 | 0.790 | 0.333 | 0.014
2005|% £5~9 7| 0.464 | 0562 | 0.203 | 0.499 | 0.404 | -0.013
>#1~97%| 0619 | 0500 | 0.162 | 0.630 | 0.403 | -0.063
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A BEF R EZ VAo 4-3 % B 47T 240 Blod £ 4387
2004 & 2 2005 # 4555 4 B 17 Bl B R H¢-0:406 T 0.804 2 & -
RMSE 12 2 Bias'% 7 2005+ % #if 5] 0.366m 7 0.091m * » H 45
% % 422 0.477m 3 0:581m §7.0.16m 20.257m 2. B 1 i {45 s
PR TR B R Rk B 0 AFRAT RIS ¥ ORMSE 4r K2
Bias fAkiT Bt Agonde Dl B PA B gE A0 M 1§ D
A o fe BN A3 irE R Adi 5-2005 & * A hE o L RIER
T F 5 A RO E 5.0.005 - RMSE 3 4:/0.0Im = + » ¥ ¢ Bias
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AF W ELIEN 02> 7 § F & 2L yEt 0012 % 0.018 FF > & X
A 977 o gt 2 @ = R PRE s Barehig | F & b N T] 5 o
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 4-3 WA B E ANNB G A B S FRIA R 2 R

Hs7m VS HS,O Hs‘p VS HS,O
R2 RMSE | Bias R2 RMSE | Bias
(m) (m) (m) (m)
* % 1~4"| 0683 | 0477 | 0.257 | 0.705 | 0.332 | 0.063
2004|% £5~9 7| 0.406 | 0.581 | 0.166 | 0.616 | 0.405 | -0.000
>#1~97| 0554 | 0535 | 0.209 | 0.635 | 0.400 | 0.000
* % 1~4"| 0804 | 0366 | 0.091 | 0.809 | 0.377 | -0.191
2005|% £5~9 7 |. 0499 | 0.569 | 0.199 | 0.462 | 0.421 | -0.054
># 1~9.710.630 {0505 | 0.160 | 0.618 | 0.414 | -0.082

5
R?=0.809

Hs,p(m)

1]

B 4-7 42 2 1 2005 & 4 & & F 8| & 2 25 )
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ERRG RS R Y 2 18 Nk 2005 £ £ F

HEe R

SN

7+ > e §_RMSE #rj%_0.377m "% i 5 0.322m > Bias » j£-0.191m %
% 0.028m -
% 4-4 4 5 2004-2006 £ T oA § & T Bl B
Hmn(m) Ho(m) Hm / Ho
25 1~4 7 1.228 0.972 1.264
2004 | § £5~97 0.811 0.644 1.258
>E 1497 1.078 0.799 1.261
2 E 140 1.244 1.153 1.079
2005 | & & 5~9" 0.938 0.739 1.270
>E 1~9 7 1:050 0.890 1.179
A E l~4 0 1.420 1.266 1.122
2006 | & ¥ 5~9 0.831 0,723 1.150
>E 1~9 1.120 0.989 1.132
% 4-5 figtih 8 2 ANNHC R A 9 F RIAF 2 %
Him VS Hso Hsp VS Hsp
R? RMSE | Bias R? RMSE | Bias
(m) (m) (m) (m)
2004 | * £ 1~4 " | 0.683 | 0.350 | -0.000 | 0.717 | 0.325 | -0.000
2005 |* £ 1~4 " | 0.804 | 0.366 | 0.091 | 0.808 | 0.322 | 0.028
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thid % (HAITANG) ~o8 75 (MATSA) ~ 3 i (TALIM) 122 2006
&g (SHANSHAN) = = Bl - B/ERA S4c0@ 4-9 (a)
(f) #17 » 3 F S RBE T L vk § 2180 Hohtd § 17 P
# % 7 R°~ RMSE 2 Bias+* 2 . @k ik g ciphk g L o
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PRGN SRRV I FRAAF LT RERS
‘m‘)ir‘és‘ Lﬁ‘&m*% 4od 4-6 HTT o b“s*&z\ 4-3 3 % 46&;7 ’
Lz

7 0.09 2 0.081 ° RMSE "é? % 0.081m % 0.054m > &P‘F z__#étxpgfﬁ—r
MA® 3% Rk TR afer b TG AZRE -

#4-6 B B 2 ANN R 508 2 R RIL B 2

Him VS Hso Hsp VS Hspo
R? RMSE | Bias R2 RMSE | Bias
(m) | (m) (m) | (m)

0=

g ¥ 5~9 0.467 | 0.5141-0.199 4 0.561 | 0.338 | 0.000

2004

># 1~9 21.0.614 | 0497 | 0.226 ['0.661 | 0.344 | -0.000
2% 5~9

> & 1~9

=

0.4641-0.562 |.0.208 .| 0.552 | 0.340 | -0.090
2005

=

0.619 | 0.500 [-0.162 | 0.699 [“0.360 | -0.106

4-3-3 iR £ AV IR B AT

EABE A G A T2 h B E AT EE i (AR R
SRR EE I A R A SRREE AR IS AF TR RE
LA o HEAY TR Y R AR PR T ;bﬂ%ﬁxfr LERPRETAT B
Ao A R G BRRPIFE B Eok 4-7T 977 o £ 4-Th
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2A4-7 2 A GO ERHATHGAFETRIAF LR

2005 2006
R2 RMSE | Bias R? RMSE | Bias
(m | (m) (m | (m)
ANN(4,2,1) | 0.796 | 0.335 | 0.035 | 0.777 | 0.377 | 0.020
, ANN(4,3,1) | 0.817 | 0.316 | 0.033 | 0.775 | 0.379 | 0.012
o ANN(4,4,1) | 0.808 | 0.322 | 0.028 | 0.773 | 0.381 | 0.014
ANN(4,5,1) | 0.793 | 0.330 | 0.011 | 0.755 | 0.395 | 0.009
ANN(4,2,1) | 0.508 | 0.353 | -0.064 | 0.540 | 0.378 | -0.031
ANN(4,3,1) | 0.517 0.350 | -0.058 | 0:537 | 0.377 | -0.027
A ANN(4,4/2) | 0.552-4-0:340 | -0.090 (| 0.550*| 0.375 | -0.027
ANN(4;5,1) | 0.527 1 0.363 |-0.074 | 0.534 [.0.379 | -0.018
ANN(4,2,1) | 0.666 | 0.372 | <0.096 | 0.746 | 0.379 | -0.033
~ | ANN(4,3,1) | 0.682| 0.367 |-0.104} 0.740 1:0.380 | -0.022
= ANN(4,4,1){ 0.699 | 0.360 | -0.106 | 0.747 | 0.376 | -0.028
ANN(4,5,1) | 0.685 | 0.366.-0:106 | 0.729 | 0.386 | -0.016

A ER SRRk 4-807F o A EERA B E2FRIAS D
R* % 0.464 1 0.804 2. & » RMSE %A F T 03Tm s L F e
>EFF>0497m 2+ > Bias 4 £ 5 0§82 0.091m > § F 7 » & eh
Bias 7 0.162m 1 0.226 2z EREEAN SN EY 2 8amr E ]
Fy>E 4% RMSE s < 5 0325 % 0.344 2 7 > Bias % % 2 % » %
TAEFRZIENLASERY cANH SN ARG ERFE 0 A
SHEBIHG G REAFERRAS DR BT A 00045 i
RMSE R # 0.044m > & &R & ;N85 (SN orde o ol B B34~ 4o 0
BRABHECFRABOMMELI F LI HGE FE2EDT N
BB R W47 % 0,07 0 RMSE 4 %)% <7 0.222m % 0.14m >
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Em AR o MG S eArE 495 o S EerBiEA B T RIA R
#1R* 5 0456 10804 2 ' - RMSE £ 32005 & # % % 0.366 - # 4
B R & 0.472m'% 0.562m > Bias# £ # 2005 & % %> 0.1m > # 4
% 0.118m 3 0.203m- £ % F 419 RMSE 420.304 50.332 2 % » Bias
AR oY 4 F LG R Rk F SR H4¢ 01015 - RMSE *% i1
0.091m > Bias /%_0.154m 2. ] 0.014m > %% T W 2 > & {38 Ja 5 4
B4 LB L RO 5% 0.094 82 0.063 - RMSE A4 %% i 7
0.157m §2 0.127m- Bias /%_0.093 m % % -0.027 m % 0.136m % % -0.028
m o

B 4-16 IR 4-21 ¢ 0% FARHR BT Lt 45 R ehY o
AR FErERG - BiHL 2 F5 H Biasil ade i 2005 £ 4 B -
B RARE SRR e AR
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# 4-82004 2 2005 # i ficitid 8 2 ANN L G &2 F RIA B 2 v 1

Him VS Hso Hsp VS Hspo
R2 RMSE | Bias R? RMSE | Bias
(m | (m) (m | (m)
* % 1~4 7| 0.683 | 0.350 | -0.000 | 0.717 | 0.325 | -0.000
2004 | % ¥ 5~9 7 | 0467 | 0514 | 0.199 | 0.561 | 0.338 | 0.000
># 1~9 7| 0614 | 0497 | 0.226 | 0.661 | 0.344 | -0.000
*x 1~4 7| 0.804 [ 0.366 | 0.091. 0808 | 0.322 | 0.028
2005 | & 5~9 7. 0.464 | 0.562 | 0.203 [.0.552 | 0.340 | -0.090
># 1~9 7" 10.619-{-0.500 |.0.162.[.0.699 | 0.360 | -0.106
% 4-92005 272006 & ik B 2 ANN 48 525 BlA 5 2 v i
Hem VS Hspo Hsp VS Hsp
R? RMSE | Bias R? RMSE | Bias
(m | (m) (m | (m)
* % 1~4 7] 0804 | 0.366 | 0.091 | 0.823 | 0.304 | -0.000
2005 | % % 5~9 % | 0.464 | 0.562 | 0.203 | 0.610 | 0.304 | 0.000
>+# 1~9 7| 0.619 | 0500 | 0.162 | 0.716 | 0.332 | 0.000
* % 1~47% | 0.758 | 0.472 | 0.154 | 0.773 | 0.381 | 0.014
2006|% ¥ 5~9 " | 0456 | 0.532 | 0.118 | 0.550 | 0.375 | -0.027
># 1~9 7| 0684 | 0.503 | 0.136 | 0.747 | 0.376 | -0.028
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A EAEY 107120 chFR kYT - ER P kB o
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F+ 2005 & 10 3] 12 * #4ih » BB HPBE A2 £ - L3 E 7 3
b ARF > 2L KSR 31 o B 4-22 5 2005 # 10 3] 12 ¥ ok Ik
TR MR EE 2R 437 1040 b bRk FILE AR
Fogpi s Fpt A2 dapl 10312 P AR AN Fh hE FRE LG4
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2005 & 10 ¥ 12 ¥ chfd it B &9 Bk 8 7 R* 5 0.612 RMSE
% 0.591m > Bias 3 0.214m > SiEapsl SRPBHNE VY ES > oG
Tt BT RIAF AR > ok 4-10 1o o P X F hlicdy (T &
HoN B Y F 41 20058 10512 7 4 % 22 Ik B hR° 5 0.655 -
Ve BcER L B W 4 0 0.043 > RMSE 2 i1 0.2m = + > Bias j£_0.214m
*$310.023m; F * § F iy kY » R %14 0.031>RMSE % < 0.072m>
Bias % % -0.256m -

M43 MA-24 80 % FFR BV HGETE2 10512 7
BenpE A B2 4 B 0 @ B 4-25 22 ) 4-26 R0 T F F R o
B 4-25 &2 B 4-26 # Bpom 1% T F FORE Y D ik F < e gri
WRRAF 0 ¥R 4-24 e RE S RS R ) - SR kg%
O 0 FREITIT 4D Rl A R M S LR i 4
e F B 4-26 AR AP BEin Y e MAZ S > A7 10312 0 B 2 %
hE HEPB I A BT EESEP R o

% 4-102005 # 1kt 5% ANN - 38w  § B 5 R 3§ 2 v

Hsm VS Hso Hsp VS Hso
R? RMSE | Bias R2 RMSE | Bias
(m | (m) (m | (m)

2005 |* & 1~4 " | 0.804 | 0.366 | 0.091 | 0.833 | 0.295 | -0.000

2005 | 10~12 * 0.612 | 0.591 | 0.214 | 0.655 | 0.402 | 0.023

2005 |% * 5~9 " | 0.464 | 0.562 | 0.203 | 0.605 | 0.306 | 0.000

2005 | 10~12 * 0.612 | 0.591 | 0.214 | 0.581 | 0.519 | -0.256
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B 5-1 2 B 5-12 s3c i BIATT #1 Hinda Bl & eat sl bk
BERLFART A A BHRAGHERRL LR 56HE
2005 # &k F HEH R L 4D RMDGHBRALR X G § L ¥ B
5-10 4 3 2006 £ § % 4 B BEMAS RR ARG - | B L ad @
frim > e B eni k% 6 @ WL B TR AR Y 45 R U A
Rl > A 2N E N o A A R (S TR S

e *EFRESAMRRES > 3 FFLE ] -

# 5-12004 1 2006 & 4% iff 5" #c

2004 2005 2006
8 74 993 578
2= 545 423 1309

4 5-2 A 3% ANN #5% e fo g e id <8
2004-2005 & 78 Pt B 20l

Hsm Vs Hsp Hsp VS Hso

R? RMSE | Bias R? RMSE | Bias

(m | (m) (m | (m)

* % 1~4 7| 0684 | 0.347 | 0.000 | 0.718 | 0.323 | -0.000

2004 |% £ 5~9 7| 0.527 | 0.500 | 0.197 | 0.624 | 0.318 | 0.000
># 1~9 %1 0627 | 0.487 | 0.220 | 0.670 | 0.335 | -0.000

%% 1~4 7| 0.848 | 0.330 | 0.085 | 0.860 | 0.267 | 0.009

2005 |§ % 5~9 % | 0.497 | 0.554 | 0.208 | 0.564 | 0.321 | -0.060
># 1~9 7| 0.680 | 0.469 | 0.154 | 0.732 | 0.348 | -0.106
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% 5-3 fHA® 2 ANN fis e fp L 5 AT i
2005-2006 & 775 PlA B 2 v

Hsm VS Hso Hsp VS Hspo

R2 RMSE | Bias R2 RMSE | Bias

(m | (m) (m | (m)

% 1~4 7| 0848 | 0.330 | 0.085 | 0.876 | 0.251 | -0.000

2005 |§ % 5~9 " | 0.497 | 0.554 | 0.208 | 0.619 | 0.295 | 0.000
># 1~9 7| 0.680 | 0.469 | 0.154 | 0.778 | 0.300 | 0.001

% 1~4 7| 0783 | 0.436 | 0.145 | 0.787 | 0.351 | 0.026

2006 |§ % 5~9 " | 0513 | 0464 | 0.111 |©0.611 | 0.304 | -0.023
># 1~9 ¥|0.711 | 0.452 | 0126 | 0.767. | 0.325 | -0.006
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25-4 1 puEprafiEA B 2 ANN 3R
2004 2 2005 # /& 8 & F RIA B 2 VR

Ft 2 2 pF 2 0] SR R
R2 RMSE | Bias R? RMSE | Bias
(m | (m) (m | (m)
# % 1~4 7| 0718 | 0.323 | -0.000 | 0.757 | 0.300 | -0.000
2004 |% £ 5~9 7| 0.624 | 0.318 | 0.000 | 0.646 | 0.309 | -0.000
># 1~9 7| 0.670 | 0.335 | -0.000 | 0.693 | 0.323 | -0.000
%% 1~4 7 0.860 | 0.267 | 0.009 | 0.867 | 0.278 | 0.044
2005 |% ¥ 5~9 7 | 0564 | 0.321{=0.060| ©0.577 | 0.318 | -0.066
># 1~9 24 0732 | 0.348 [=0.106 | 0.755 | 0.339 | -0.113
# 5=5 7 | PF sk 8 2 ANN 55048
2005 2 2006 & & § &1 FRIA F 2 e
A HEPE 2] T
R2 RMSE | Bias R2 RMSE | Bias
(m | (m) (m | (m)
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