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Abstract - This study proposes a predictive model using XGBoost and SHapley Additive exPlanation (SHAP) to estimate fiel
consumption in bulk carriers. Previous studies have also utilized ship engine data and weather data. However, they lacked reliability in
predicted results and explanations of variables used in the fiilel consumption prediction model implementation. To address these
Ilimitations, this study developed a predictive model using XGBoost and SHAP. It provides research background, scope, relevant
regulations, previous studies, and research methodology. Additionally, it explains the data cleaning method for bulk carriers and verifies
results of the predictive model.

Key words - bulk carriers, filel consumption prediction, XGBoost, SHAP, external weather data.
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Table 2 Original Variable

Name Description Unit
no.l Main Engine Fuel Oil
1 MEL FOC Consumption ke/h
2 Speed Over Speed over ground knots
Ground
Vertical distance between the
waterline and the bottom of the
3 Fore Draft hull measured at the m
perpendicular of the bow
Vertical distance between the
Draf waterline and the bottom of the
4 Alt hull measured at the m
perpendicular of the stern
Vertical distance between the
waterline and the bottom of the
5 Port Draft hull measured at the m
perpendicular of the port side
(left)
Vertical distance between the
| | waterline and the bottom of the
6 S Dra hull measured at the m
perpendicular of the starboard
side(right)
‘i Teadi Compass direction in which the
7| Ship e ship’s bow is pointed
3 Course Over Direction of Whl?h the vessel is
Ground moving
9 | Rudder Angle angle of rudder degree
jo| Wind Wave | o ificant height of wind waves | m
height e
‘Wind Wave L .
11 Direction Jirection of wind waves degree
‘Wind Wave . .
12 Period Mean period of wind waves S
13| Current Speed | Directional movement of seawater | my/s
Current L
14 Direction Direction of seawater degree
Swell Wave .. .
15 Height Significant height of swell waves m
Swell Wave L
16 Direction Direction of swell waves degree
17 Svel W ave Mean period of swell waves S
Period
Relative .
18 Wind Speed Speed of the apparent wind m's

Relative Wind . .
19 Direction Direction of the apparent wind

2.3 eolel FA| L w2l
A A A =T, AH oY, BA B
F7h @R ¥ Aol @

AA dlolE &
" &3 dojEe o7 A5 BASH  -9999¢ error
o} o] 71 5EW & AFA = o2 &7 HolHE A
st AARY S a8kt
IS Table 29| Wzke] A 2318 Folo] A2 HFE
Adetdnt. wgke] 23S Fal Wtk dsagS ghetd
T Ao o= Ax oS Hdlo AIEE Fo]al oS mdld
g A e S ol FRol Ak 7 AFeAE Avte dn
AR dSol AMEg WG AR AR oW JFS A
EAE Astazt shah
A GPS(Global Positioning System) 258 =A% += A

lo

AA A7 COG(Course Over Ground)®} Gyroscope=
=A%) = Ship Heading®] AF&Alo]S Leewaydhal 2l(1)
o] 7159 tH(Yoon, 2005). ATl A= kel
oA WASHE 2/ FFgo HAute] olFwey} g2}
A= 4EE Tidewayelal sto] 272 W3 (Current
Direction)¥} Ship heading At&E3bo]l2 2(2)¢F o] A2|3s4
t}. Leeway$} TidewayZ Fig. 29} Zo] Yepich

o B x7de ofgk Mul ARARF vXE JFL
& AFAo R dAHstana T3, UsE, 27 59 W& Ship
heading#}-9] At&ato]E 2(3)~(B)F #Zo] M2 HFE F
7Vakaitk. tE 2 o2 Swell Wave Angle$ Fig. 3¢} #o] 1
Bflon vmx] o 74 e o3 BFER A
218 A&t
Ap, Au), ZE, 3o S5 e d oz ALt
FE A6G)T Zo] MR WER Frisigor,
(Trim) ¥ (HeeD)S Aigt Alate] 21(7)~ ()3} o]
sttt
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Leeway = Course Quer Ground — Ship Heading (1)
Tideway = Current Direction — Ship Heading 2)
Wind Wave Angle = Wind Wave Direction— Ship Heading (3)
Swell Wave Angle = Swell Wave Direction — Ship Heading (4)

Relative Wind Angle = Relative Wind Direction — Ship Heading  (5)

Fore Drajft +Aft Draft +
Port Draft + Star board Draft

AvgDraft = 1 6)
Trim = | Fore Draft — Aft Draf | (7)
Heel = | Port Draft — Starboard Draft |

t)
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Table 3 conversion of angles

Range Processing Unit
1| 90° <angle<180° angle - 90° degree
21 180 ° <angle<270° angle -180° degree

3| 270 ° <angle<360 °

angle - 270° degree

waha 71E9] 1979

Fol AHeE HE W T

el A dloly dAeE Fal g

Table 4 final selected variables

17702 Table 4} 2ol 423ttt

Name Description Unit
1 ME1 FOC - kg/h
Speed Over B
2 Ground lants
Arithmetic mean of fore,
3 AveDraft aft, port, starboard draft m
4 Trim The longltudlr_la] slope of a m
ship
5 Heel The honzontgl slope of a m
ship
6 Leeway Angular difference between

Course of Ground and Ship

heading

Angular difference between
7 Tideway Current Direction and Ship | degree
heading

Angular difference between
8| Wind Wave Angle | Wind Wave Direction and | degree
Ship heading

Angular difference between
9| Swell Wave Angle | Swell Wave Direction and | degree

Ship heading

. . Angular difference between
1 RelatAlve IWmd Relative Wind Direction degree

ngle and Ship heading
11]  Rudder Angle - degree
12 Wind Wave Height - m
13 Wind Wave Period - S
14 Current Speed - m/s
159 Swell Wave Height - m
16 Swell Wave Period - S
4 Relative Wind
1 Speed m/s

2.4 Hlole &4 =A

2 AFA e &EHE kel MCR(Maximum Continuous
Rating)2] 75~83% --7F2] m|<lalx1 9] RPM(revolutions per
minute) ¥} SpeedES & 3Fe] WA A RPM(revolutions per
minute) 50 r/min ©]/, X% %= (Speed Over Ground) 10
knot ©]/de] duto] kA o7 FFafste= ke vlolHE &
L3ttt olelgh FireA= Auto] HA|Hola by A olet
EolfrE Ydurd o A4 wEks fAs st 1ol
35 F Uk BEHA) & =
£ AelFdHH Leeway”t
Asts e o] ofdFoletal

e Ho -

3.1 XGboost M= Mul ddgazgt o 23

3.1.1 XGboost(eXtreme Gradient Boosting) ©]&

F 2" (Boosting)> WA HYA dE] AMREE GAE
71¥ % sl tH(Optiz, 1999). WAl A8 digF 7
Mol YA E R ~A"(Gradient Boosting)¥ XGboost
(eXtreme Gradient Boosting)e] Uth ZHHAE H=H
(Gradient Boosting)2 ¢F3t 8h<57](weak learner)?l 274 E
Y& ALH O R SFoto] 3 dE RdS T
g Folt}

XGboost(eXtreme Gradient Boosting) =22 Gradient

Boosting &128]&& 7|wto 2 2F3k 3k 7] (weak learner)?l

N
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s SrFtlolH e} H=EdolH 2 ]
37 2d A bl dFHor AHEHE 3
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ojH ¢t HIHE HolHE Al&3 = A3
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Table 5 The performance evaluation of the model using
the training dataset

RMSE MAE
9.2580 6.3690

MAPE
0.0033

R?
0.9811

Table 6 The performance evaluation of the model using the
test datase

RMSE
1 | 62.4345

MAE
31.3686

MAPE
0.0158

R2
0.9512

Hlo]
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F -

Train Set Scatter Plot
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Fig. 4 The Scatter Plot of the model evaluated
on the training dataset

Test Set Scatter Plot
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Fig. 5 The Scatter Plot of the model evaluated
on the test dataset

3.2 SHapley Additive exPlanation(SHAP)S £t =&

3.2.1 XAlI(Explainable Artificial Intelligence) ©]&

g B3l 71EY A7
Hl 3l W2 RA W E k2 (Black-box)
2 Q3 #dHdAMeE FHEs] oEes 7ML
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3.2.2 SHAP (SHapley Additive exPlanations) ©|&

SHAP  (SHapley Additive exPlanations)<  XAI
(Explainable Artificial Intelligence) #oFollA Al&E+= &
Aw 7] o] tHLundberg, 2017). SHAP value= ol
A& O}L A o] Bol A FHgh AdoR Has
‘jr SHAP-2 2t W7t o & A Ftol
A, & AARA G

fﬂ- Z]
&

mi 12 Mrone

l

3.2.3 Global ImportanceE

Global Importance:= SHAP value®]
ZroltH(Mengnan, 2019). ]S E3] Rt
=] ﬁ;"x—ioi FasH At
6 2 01

value

mlru ﬂlﬁ

vlo] x| <= (Speed Over
Z%(Relative wind speed), Auke] &
E(Trim), ¥ (Heel), U&2| 0]

(Swell Wave Height) 412 ¥ 0l%] =8 J3e 2 elslglr)

2

ﬁ%—’F(Average Draft),

SPEED_VG +85.86

|
reL_wino_speen [N : -
sweLt_wave_HeiGHT [N :
vee! | NG - =
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wino_wave_perion [ + 2
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currenT_speeD [l 522
RruUDDER_ANGLE [ +33
sweLL_wave_ancLE [l 7
wino_wave_anGLE [l 232

Leeway [ 220
TIDEWAY ] 185
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o
3

) 6
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Fig. 6 Global Importance
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Name South africa All
1 | Relative Wind Speed | 236.029953 -10.235121
2 Speed Over Ground 190.759094 14.258556
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SHAPS &-83 Had v
3| Wind Wave Height | 121.321915 | 0.232600
4| Wind Wave Period 96483419 | 1981623
5|  Swell Wave Period 70867287 | 1.318987
6 Current Speed 27607906 | 0.980486
7 Trim 24453243 | 8568977
8 Rudder Angle 17.998415 |  0.696779
9 Heel 11916217 | -2.658451
10 Leeway 11.823912 | -0.035883
11| Wind Wave Angle 701979 | -0.264497
12| Swell Wave Angle 1337704 | -0.662614
13 Tideway 0234860 | 0023434
14| Relative Wind Angle -0.091090 -0.134646
15| Swell Wave Height 9667458 | 0.607939
16 AvgDraft ~39.065830 -1
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