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Abstract : Unlike the existing regression analysis, this study anticipated future marine traffic volume using time series analysis and artificial neural
network model. Especially, it tried to anticipate future marine traffic volume by applying predictive value through time series analysis on artificial neural
network model as an additional input variable. This study used monthly observed values of Incheon port from 1996 to 2013. In order for the verification
of the forecasting of the model, value for 2013 is anticipated from the built model with observed values from 1996 to 2012 and a proper model is
decided by comparing with the actual observed values. Marine traffic volume of Incheon port showed more traffic than average for May and November
by 5.9% and 4.5 % respectably, and January and August showed less traffic than average by 8.6 % and 4.7 % in 2015. Thus, it is found that Incheon
port has difference in monthly traffic volume according to the season. This study can be utilized as a basis to reflect the characteristics of traffic

according to the season when investigating marine traffic field observation.
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317 % (Artficial Neural Network, ANN)< -2 o

= 2gor 3oz Z9(Homnik, 1989;
Funahashi, 1989)%|31 o™, =1 &&Fol7} tpislc}. 1 o2
%%—611% o|Z(Lee et al, 2005), AHALE] 7154 o S(Quan et

., 2011), 3] o=(Choi, 2011)T} 22 w4 o S (Park et
al. 20113 22 ZA A oS #Eoket A A 5 (Kang.
2012), 54 &% =(Kang et al, 2012)9} Zo] M HEof
A= AgEo] WA FA RFEL v tlolElE o
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E—;] ARIMA 233} ANN 28-S Z33 ARIMA-ANN &

Shin and Jeong, 2011).
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Fig. 1. Procedure of ARIMA model.
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Fig. 2. Diagram of ANN.



- ARIMA(p.d,q)

- Simple

- Holt’s linear

- Brown’s linear

- Damped trend

- ARIMA(p,d,q)
Prediction

Fig. 4. Procedure of time series analysis.
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oS Ly AAA AES 98 Table 13} o] Hat Al
= 2F2] Al (Root Mean Square Error, RMSE), ¥ 4 tj ¥}
=91 9 2F(Mean Absolute Percentage Error, MAPE), %A t] S

Z}(Mean Absolute Error, MAE), o]} Zd X % %= (Baysian
Information Criterion, BIC)?] =& SA% S o]&3ith
(Akaike, 1978).

Table 1. Criterion of model

Criterion Definition
RMSE
n . 'Av
MAPE 100 Yi Y
n =1 Y;
1 & -
MAE = v —u
n i=1
In(n
In (MSE) + m#
BIC

1 -
* MSE : ;E(yﬁy[)z
i=1

* m : number of parameter

Table 2+ 25K-30K(K :
Ry} ESMO] Kol A
EAFE Hlagk Aol
2 ES vk 43,
RMSE, MAPE, MAE,
Winters’ Additive =.3]©]

1,000 H|RF S AFHE ARIMA
FAT ASA] g0k B5A] o BY
RMSE, MAPE, MAE, BIC =& %7
e~ 74 (Winters” Additive) 53 ¢]
BIC7} ARIMA R3Ht} zomg

4 oz 4ue 5 vk

I 3] o

Table 2. Model Statistics of GT 25K-30K

ARIMA(0,1,1)(0,1,1);,  Winters’ Additive

Table 3. Model prarameters of GT 25K-30K

Winters” Additive Estimate SE t sig.
Alpha(Level) 165 .040 4.126 .000
Gamma(Trend) .001 .024 .042 967
Delta(Season) .039 .024 1.632 .104
Residual ACF Residual PACF
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Fig. 5. Residual ACF and Residual PACF.
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Table 4= 7 EF9E AAE B48 53 Ags 288 et
W Aoltk 1005 wwk Muk 500-1K, 1K-3K, 20-25KE-S <IE

2~ < (Winters’ Multiplicative) 23 0] H35lH, 25K-30KE &
Winters” Additive 23, Z2]al 1 9] Yz E %
(Simple Seasonal)=& o] #gtaldrt. 1671 zF B AALE =}
BE ARIMA X3 XU} ESM REo] Aggsiion, FEZ o7

ALH B4 AY Anele o & ek

Table 4. Model of traffic volume by time series analysis

RMSE 4.798 4.550 Gross tonnage Model
MAPE 20.298 19.369 Less than 100 Winters” Multiplicative
MAE 3.612 3.435 100-500 Simple Seasonal
BIC 3.765 3.108 500-1K Winters’ Multiplicative
1K-3K Winters” Multiplicative
3) E’_—/r—.o/] "7_[\*23 gl _‘5’_639] %_113__ 3K-5K Slmple Seasonal
L _ 5K-7K Simple Seasonal
Table 3-> 25K-30Ki= 7|9k Xule] Xghsk 232l Winters’ TKA10K Sigle Seasonal
Addictive B ] Eagks WER Zlofrh B Ea(a . 6) @k 10K-15K Simple Seasonal
2 19 VeSS HE AS5E 9§ B2 Vs 1, 0 15K-20K Simple Seasonal
o NWMEFE RE BZHPES 555 HFshe] A= 20K-25K Winters’ Multiplicative
Aethe om A, o] AAG AR E WMEe] Zo] FAEHE 7} 25K-30K W.lnters’ Additive
HAR AR s AL o & ot Ea 248 o] & SRR Sirple Sessonal
. ) _ B 50K-60K Simple Seasonal
Fol sAM R M Fig. 59 o] A ACFS} PACE 60K-75K Simple Seasonal
Axg st} kate] = 75K-100K Simple Seasonal
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More than 100K Simple Seasonal
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Fig. 6. Prediction of export and import by time series analysis.
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Table 7. Significance variables by gross tonnage

Gross tonnage
Less than 100

Significance variables

Import, Exchange rate

Exchange
_rate

100-500 Export price index, Exchange rate ey

500-1K Export price index, Exchange rate @

1K-3K Exchange rate, Export price index

3K-5K Export, Import price index Fig. 8. Structure of ESM-ANN Model.

SK-7K Export, Export price index

7K-10K Export price index, Exchange rate Table 8. Relative significance of imput variables by ESM-ANN
10K-15K Export price index, Import price index Input variables Significance(%)
15K-20K Oil price index, Incheon cargo volume Exchange rate 6.8
20K-25K Export price index, Import price index Incheon cargo volume 2.0
25K-30K Export, Exchange rate Oil price index 10.9
30K-50K Exchange rate, Import price index Export 6.0
S0K-60K Incheon cargo volume, Import price index Import 9.7
60K-75K TImport price index, Exchange rate Export price index 115
75K-100K Import, Incheon cargo volume Import price index 3.1

ESM prediction of GT 25K-30K 50.0

More than 100K Incheon cargo volume, Exchange rate

4.3 ESM—ANN 28 A
419 AAE B4S B3 72 25

ANN B o] Qe 5718l ESM-ANN 2@ She53}
At} Fig 82 25K-30KE |7k AulS AlEl2 ESM-ANN &
g Fx2E e Zlojth 2459 = X
E AA TE md™e &, 7 =
A AEA T Table 82 25K-30K= m]wtk Aule] ESM-ANN &
g5 53 JHgHFEY AUFaEs Yed Aot HE
Z FFL ESM ol F(50.0 %)0l 3L, FEETFA (115

A7 4109 %), 22 3L G H(9.7 %))

e

{

¢

7 F2d JHWUFE BSM o FX 9} FEdeln, 100K
ool ekl A= ESM e S5A|9k AT SErdFdon
et 7H R ESM I SA7F v AE @] & A

Table 9. Significance variables by gross tonnage

Gross tonnage
Less than 100

Significance variables
ESM, Export

100-500 ESM, Export price index
500-1K ESM, Export price index
1K-3K ESM, Import price index
3K-5K ESM, Import price index
5K-7K ESM, Exchange rate
7K-10K ESM, Export
10K-15K ESM, Incheon cargo volume
15K-20K ESM, Import
20K-25K ESM, Export price index
25K-30K ESM, Export price index
30K-50K ESM, Incheon cargo volume
50K-60K ESM, Incheon cargo volume
60K-75K ESM, Import
75K-100K ESM, Import

More than 100K ESM, Incheon cargo volume
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Table 10. Observation & prediction of GT 25K-30K by model

Date Observation ESM ANN ESM-ANN
2013.1 62 66.6 60.5 64.2
2013.2 60 55.9 63.8 58.3
2013.3 66 64.3 60.6 64.9
2013.4 66 66.9 62.2 66.3
2013.5 70 65.6 64.8 66.0
2013.6 68 65.9 65.9 67.1
2013.7 69 69.7 63.7 68.0
2013.8 62 69.5 62.6 65.4
2013.9 68 65.8 62.7 64.7
2013.10 70 66.6 63.1 67.1
2013.11 63 67.4 63.9 67.7
2013.12 68 69.6 62.6 67.8

Table 11. Model Statistics
ESM ANN ESM-ANN
RMSE 5.681 6.369 5.383
MAPE 10.272 11.617 9.774
MAE 4.419 4.885 4.148
BIC 3.549 3.977 3.740
Table 12—H 7t Bud d3Y A% BY FAY HaE
AR Age 2y¥S A Aolth 1008 Wk ddky)
SK-7K, 7K—10K, 10K-15K, 20K-25K, 75K-100KE ol A= ESM©]
g3k 2go]m| 100-500%, 1K-3K, 3K-5K, 15K-20K, 25K-30K,
30K-50K, 50K-60K, 60K-75K, 100K o]Alol| A= ESM-ANN

Z] 31—5]. =)zl

o,

23 o) 500-1KE 0| A= ANN 23 o] #3gk3t 7

o]-&3t s FuEHE A5
Sow AEHAT. 5 B0l 4 E5H BT AR I
A AAE Holx ghe AoR YEyY. EE AAY
A5 7 2 ATE B AoR 4P ESM-ANN
H3go] ESM, ANN 231t} 3 253 ¢ & Hol
Al &%kt
Table 12. Suitable Model
Gross tonnage Model
Less than 100 ESM
100-500 ESM-ANN
500-1K ANN
1K-3K ESM-ANN
3K-5K ESM-ANN
5K-7K ESM
7K-10K ESM
10K-15K ESM
15K-20K ESM-ANN
20K-25K ESM
25K-30K ESM-ANN
30K-50K ESM-ANN
50K-60K ESM-ANN
60K-75K ESM-ANN
75K-100K ESM
More than 100K ESM-ANN
6. T DEY o5
Fig. 9% 25-30KE W|WF duks Ab|= 2] 231 ESM-ANN
= A&t Ao wEHFS A5 slojt 121E¢] 25-30K
= Hg ek Al A g FHE Boln HRF A% S
7V FAIE Hole AE & T Ak ol¢) o] 4 EFEHE
Table 122] H 23 R o 7 oS Aol 20153 F g
DES Table 137 o] AAEA ) v &= d4(28Y, 30
319)S 1E 3 AHF9] 20153 FY S FunEFE 59
('E,‘ 14613 471%4/1%) I 11€(F13963, 46.52/129) i<
Het WEFHFWMSHNDEY 7L 59%, 45% FRkoH, 1¥
& 1262ﬁ, 4078 /19)7} 8L (F 1316%, 424%/14) ¥
B wEHF Bod 7 8.6% 47% A2 Aoz JFHAG

g2 599 7

AvA o AHFge 7

aul
ok

upebA] 7Hd g ol
TF ApolE HolH,
Al WFF zol7t veve A
o7 *gﬁ y_ﬂi

Holu 100-500%F
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Table 13. Prediction of suitable model in 2015

o ol jan Feb. Mar Apr May Jun Jul Aug Sep Oct Nov Dec|Sum
~100 67 70 106 114 130 125 115 108 104 111 100 94| 1244
100-500K || 287 284 364 357 401 357 340 311 320 372 389 379( 4162
500K || 12 17 11 13 13 15 15 16 16 13 13 12 165
IK3K | 219 225 211 216 215 216 221 224 220 209 205 200|| 2581
3KSK || 140 126 150 147 151 142 139 133 130 144 146 147| 1694
SK7K || 111 102 120 118 123 121 115 112 113 119 122 119] 1395
TK-I0K | 83 78 8 84 8 8 8 8 8 8 8 83| 1012
1K1K || 60 53 6 60 64 59 6 6 58 59 59 64 723
15K-20K 9% 8 100 9% 98 94 95 94 92 96 97 100| 1144
20K25K [ 11 9 10 9 10 9 9 9 9 9 9 9 114
KK || 72 65 2 B B T B R 12 73 1 75 865
30KS0K || 49 44 49 48 50 47 48 48 46 49 48 48| 574
SOK60K || 18 17 19 18 19 17 17 17 17 18 18 18| 212
60K75K [ 12 10 12 11 12 10 10 9 11 11 11 11f 129
TSKIOK || 14 12 14 9 9 8 8 8 9 11 12 14f 129

100K~ || 11 10 9 8 7 7 7 7 7 8 9 12] 103

Total |[1262 1207 1394 1381 1461 1389 1360 1316 1308 1389 1396 138516246
AVEIagE || 407 431 450 460 471 463 439 424 436 M8 465 447 445

(1 day)

7 é =2
. -

B 7)Y B4 AR FAE 9ad Bdd 5
Aol obd AlAA EA(ARIMA, ESM)¥ ANN =3,
ESMAANN % 37b4 o3 walg asholn 483e oy
om EiWE ANG Ye Aud ¥, 4d AYuED
& a=shen.

53], AlAE 245 S8 d5%E ANN 2o 71 ¢
e Bgatglon, guEFel 93 WA 5+

s - BAE
BAAAEE 3&, AW GutE 5, FARFIA S, FEA,
FYA, FEENATF, FHENATIE 850 g
TF d5Es Aastaa sgivk

RE XNAY AR 71 2 AFAES Y AR o
P ESM-ANN F & o] ESM, ANN Z& Ht} s 253 o
A AFE Holx &= Ao Yelyteon, 7 EFH BE
AAE A5 A wE 98 wFEFe] AolE HolE
Aoz BAFY AL 593 1Yo Hd wEHFH
o &I He Nk, 197 Y2 thE ol v]3)] 4
E48 Bk

EATARE g2 F AR 2 I AA SH gk
B T AS Ao, WA FTHA SHAAMNE AT F]
Halo] M2 T AAE T 5 US Folrh T3 §)
B G5 Ade Aar 3Rty G nEgd o5 F43
G Eer Ao M2 AXFBS A A wE §)
FuEsEY A4S B F e T A(EE &84
T d& Flolth

7 Bl RE AAE Amdd 54 45 2ol 3 &
g A2 Holx] &= Ao R Yeh Ame] EAd ot
2 F7HA B0 s H ek 1 o]9] wu o
e g R ByS I A Eete] A3 AduTH 4
S OAE 5 e dutsld By £35S FF A 3
3 starat ko), e, ML 5¥o] 5008 vwke] o H-A
T ayAddre] wEEFe] 19 vlE) 158 Wol wEZy A
A S SAt ] AoddAd s wele AR e A
58 &84 F d& Aotk
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