Transactions of KSAE, Vol. 33, No. 8, pp.575-582 (August, 2025)

i A|g_%k_g_3+21

’i) Check for updates

Copyright © 2025 KSAE /237-01
PISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2025.33.8.575

>

} Prophet? |8t A|A|Y D& Jjgt

o

HO S 'w

Development of Prophet-Based Time Series Model for Raw Material Price

Prediction of Engine Components

Youngtack Sun’

Al Convergence Engineering, Seoul School of Integrated Sciences & Technologies, Seoul 06212, Korea

(Received 3 February 2025 / Revised 23 February 2025 / Accepted 18 March 2025)

Abstract : This study develops a Prophet-based time series model for predicting the raw material prices of automotive engine
parts, specifically targeting aluminum alloys. Traditional statistical methods and machine learning algorithms, including
SARIMA, XGBoost, LightGBM, CatBoost, and LSTM, were evaluated by using the price data from January 2016 to July
2024. The Prophet model demonstrated superior prediction performance compared to other algorithms, achieving R? values
above 0.97 for both A6061 and ACACH aluminum materials. In order to validate the model's generalizability, additional
testing was conducted on A6063, A6082M, and A7HO1 aluminum alloys, consistently achieving R? values above 0.95. The
model successfully captured price trends, seasonality, and the effects of external variables by using scrap price and tariff data
as additional regressors. The results indicate that the Prophet-based prediction model can effectively support the cost
management and procurement strategies in the automotive parts industry by accurately forecasting the prices of various

aluminum materials.
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Nomenclature 1.
RMSE  :root mean square error A AE A2 22 AAe] A4 sEoa) Ve
MAE : mean absolute error e FEshE Ao s HE AFdEsket AEF3
R’ : coefficient of determination 9] Y] Aol T34 At Al7|E ghol
SARIMA : seasonal auto-regressive integrated moving average shal glek o] gk WSk 7| 7|3 T4l o] B F
LSTM  :long short-term memory T AAE T T2 e TS vA AL e
XGBoost : extreme gradient boosting w, 53] <l F3F Alzzol] 4221 A5 g2 4
LightGBM: light gradient boosting machine 37 7148 #ele] FaAdo] ¥ F2-= a1 )tk COVID-19
CatBoost : categorical boosting Awe], Aot Al 2 W - T Fdsow IgH
KRW : Korea won =2 FFEe] B AsAk Akl e] AAlE
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Development of Prophet-based Time Series Model for Raw Material Price Prediction of Engine Components
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Table 1 Comparison of prediction performance by each
machining learning model

XGBoost LightGBM CatBoost
RMSE 307.16 390.82 261.19
A6061 | MAE 246.19 324.57 203.64
R? -0.376 -1.092 0.083
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Table 2 Prediction performance comparison of time
series-based models

LST™M Prophet
RMSE 157.65 21.08
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A5 71 5ol 283k A, 7 29l ko] 53
5 x}o] 7} WHE Q) Table 2= A AL 7)WF =l
o] 545 HERH 2105 Prophet 22> A60613%
ACACH 7 A A Bpol| A nf-9- & oS A =E HS
© 1 XGBoost X2} vl nlste] FAs] MAE A=
LERSATE ¥HA LSTM B8 A2 o2 A x5k A
o Btk o]2lg A zlol= vlolH o] 54 B
o] 22 Zfolol| A 7]R1%E A o & A HTh

53], A6061 A1 A2 UHE RFHS Holal, ACACHA A
o] A-9- 579 R2gks vEhE= 31s 1 2dllo] A
B2 BFFE A ok ol ok Al e 2719
LSTM 53} =& o} o7 Y B3l 122 7}
AL Ak 1wl ar, 671 h ] Al AolE ARE-ate] §f
g dlolH & 7 3em, o= 71 HlolE o] & U=
aA7)E AdE 7E e, A HolH ] 80 %E &
& HolHE ARESS o A gl AR Al 29
7F Bde] stepue] o vlsl wj-g- A g o] 3l& A
o2 =A=r)

HHH | Prophet> A1, A4, F<d
2 Bk 23 A&
A ATHAIAA & E/d3)skal SCRAPYHH oL
7F Bl M = ARgSle] REle] o S5EE e

ojglgl 2= At dtlolE oM A2l
7FsstAl gttt ole gk A= A AIE S Al )
543 a71€ st A4ds nds
Z 855 YERiTh

Prophet o] T2 X5} vlalsle] # A
RIS 2 Ay} Baste] 2 23 7154
AL ARE 7I8F Wb F2 918 A HiolH 7]
e 1270 S92 EEekar 3719 dxlehE A 53
o WAPAES s A7) & ﬂ]o]Eqﬁ(Rz 0.985)
A EloTE AR = 0.977)1 4] A 2] A
Btk o5 77k MBS HSe] A8 AA #=5
kol 95 % A& 3 el L3hE = v)ES A% Ay
A60612] 749- 93.2 %, AC4ACH2] 49 91.8 %= UEFS
th o] o] &4 7|A|1 95 %ol A g o=, B
o] d|So] B S A3 FA5HL oS HolFth

gk oS 1Ee] 3t Fo] A6061-> +2489H, AC4CH
= 8329 FEs A 5941 Ggolv 5 ¢l

o] RFg 211 M E BTt o]k Adp= o] 3
ARl o] EAAS vkdstal S-S YERdT o]

= Prophet 2 519] 352 A 5o] H4 gho] OW Al 1"‘ Eﬂ

pob i
oX o

0
fol
B
o
>

oo

S~
>
oo
ot
M
>
2,
=]

&
d

N
% >

ok
s, Mooy ¥

2
o ]
) g
(s =
- il
o o 0 L 42 |0

&1‘
s

rulo
L o
)

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No.8, 2025 579



23
2025

% Rl dg sk A

=R =] KN :d—_g.

= =

Y,
1%

Ak,
79744 9]
3,
AN Ijl—
48

=

ol

[e]
Fig. 3-= Prophet Fod
A60617} ACACH 7 A E 2] 714 Ws& 4
A BE ksl A B o B
= el SCRAPEZLL BAIE 95
AE T 95 %] AS e =ESISITh
A6061 A 2] 79 2 A7 A =2 %
w oS ko] Fo] Ao *ﬂl et
nFo] Wi o Se] Aol vl vt

—

I rE

)

A
o

1

=

ol

2 2

}

ol

o
o

EAH

o

—

H

o

o=

O vy fo

m rlr
i

flo

4500 -===Unit Price

== Predicted Price
95% Confidence level

4000

3500

Unit Price [KRW]

b1
8

2500

2021 2024 2025

Year

2016 2017 2018 2019 2020 2023

(a) A6061

--= Unit Price
g —— Predicted Price

5500 ; 95% Confidence level

5000 - &

4500

4000 4

Unit Price [KRW]

3500

3000 4

2500

2021 2004 2025 2026

Year

017 2018 2019 2020

(b) AC4CH

Fig. 3 Price forecasting results for A6061 and AC4CH
aluminum materials using the Prophet model

580 s=Ezt=238E =22 A33A AsSE, 2025

I

chelt) iAol AC4CHA 2 o] 7-9- A60613} B]uls}od]
of| 5 ko] Fo] 1 § A Yebskow 71 s o] o
= 7107 BAE )

4.4 SARIMAS} Prophet22o| Of|&Zn} H|m

ez} BE g VA8 2 FE BolbAA
2 g WHE 5] o 8ol d3s vhal Qv o]
gt g oA 7 o] A oS S HSsH] 2149
2024\ 8 Y HE 2025Lﬂ 19714 67118 7ke] A A YA s
7HA 3} o = v ul A 8kl

Fig. 4= o= @3 AA 7H4 9] vl A3E vebd
Ao 2 A6061 A2 2] 749 SARIMAS} Prophet 57 %1

WA o 2 F5 gk o5 S Btk 58] 2024 8¢
2] 7J-§- Prophet2] oS gko] A A 714 2o 12
H3}2025 1€ 9] o S| 4] % Prophet©] A A 7H4 ¥
S o Ass A 2. FE2E we go T
1097 A AHAo] 28] seke WS dlSel

FA = Aoltk. o]z 58] of 2l 9

A= 18]

4000
3000
Aug-24 Sep-24 Oct-24 Nov-24 Dec-24 Jan-25
#SARIMA mProphet @Real material price
(a) A6061
4800
: Z
Sy g7
3 PElE R B .
. e
i I B B . .
[ B T A
L h A
2111
EEEEEE
Aug-24 Sep-24 Oct-24 Nov-24  Dec-24 Jan-25

#SARIMA mProphet @Real material price

(b) AC4CH

Fig. 4 Comparison of predicted prices and real material
prices



A FE HAUR It oS 9IE Prophet?|Hh A[HE 2 JHY

oz Pu gk ko] HEsF Bad Qo

i
au

18}, ZHHA © 2 Prophet©] SARIMARTE T SHA
S Ho]FQTh ACACH A Zo = 7 &
Ao A SHAIE BT SARIMA &

1
= lo

e
5
=
o
ol
i)
rlo
z
=
fr
2
iz
)
o

X
2 AA 71 B} 9 S ¢S 1Yoy, 71
Hiso] 28 ugfe o Jojg o o obg 39l &S
A &gt

T Ao 3l o= AuE F3E o BAsud

Prophet X.20] o] 52] bGA] S -3 dss
BHoFATh A6061 A E ol A Prophet] Bt Ao @
T %F 73922, SARIMAS] °F 1049100} 1 5h2 <

2 7159},

45 ol RE9| 2V} HS

Aol A s oS 2ol HEE flete] &F
B A F A6063, A6082M Z ATHO1-S A Elsle] &
A5 o] Fo R 5T gRledeh F7t= A
gk QgL ke g8xEs A4 s,
A60632> HEAJ o] F-retal 3wzt Aol Fol A}
ko] ey ERe de] AR = W8 &
T Feolil A60S2M 5wt ek AP S 2t
o} Al A=A oF 2 Al vl E Hepzlef Wol A}
/¥ TE ATHO1 700041E &7 dao24
L7t 87 RS FaEl ARSEH, T A
= OE e Aldolule oA R HeAS A

sh7loll A& Ao FdE Ak

Table 3 Prediction performance comparison of time series-
based models

LST™M Prophet
RMSE 183.61 27.79
A6063 MAE 154.30 11.03
R? -0.032 0.983
RMSE 172.50 36.89
A6082M MAE 145.13 32.84
R? -0.006 0.954
RMSE 187.95 20.69
A7HOI MAE 157.74 15.87
R? 0.035 0.988

Table 3= F7} 5 Aol A ERle o] oS
% yEbd 232 LSTMY Prophet F &2 7+e] A
o] 7k el A thdol A A6061 2 AC4ACHS} AL
gk SRS Kol Ao = YERTE LSTM B 749
Al A Bl A B oS A 5S B2 Prophet X
Ao BE AHoA vy 58 oS Ao BT
At

RE Ao R2 gko] 0.95 o] A4S
wdo] Aol 5443 AARLe] A1 o 5
kS et A dE 2= ATHOLo] 7HE 8 oS A
B2 H3lom AG2MO| FTH o2 ve A =
UEFAAIRE A5 2po]7F A4 eol o] b S g

1% 5 AT,

ofr oX

lo
N
Jfu
%
P
flo
5
e

J

[

5. 28
AL HEA AHHE AAE] 74 B ths
b 742 l5e B9 rbag 9 vl )z
bt Q1345 714 71 oF Bus
bich 97 238 Fol bt 2o Fa

3.

o gk O
ofo
m—{}ll OIN ol
o ok
-0,
m
o ob b

e
P

fz

32

v

i

ol

zll

a8

N of
o 32 ok
N 7o p
E oy
E i

)

o

T

229

ofj
Mo
ol
&3
o
_rl',
N
Ha
o
rlr
PO
o
fru
T
ful
bW
o
B

4o ax
)
2
2 fr
v 1x
-0,

o
w

z
s
e

i)

ol [‘10
o

i ol

>

N

Yo

N

g

fru

W

3

-
fo ofr u

o o 2 Pt k1o
4> ox

e oot

tg e
i
1o

>,
ofl
o
NI
N
ox

=2
~N

ro

o

o
)
av

all o=

2) XGBoost, LightGBM %! CatBoosts 321 ™12
aEES A8 A, mdde A
U AuEE o 2 HEY e oS
A ol FAR 717 gl B
Folu} A e o] o] Bt
A8 S e,

3) AAE EAel 23S skE LSTM Y} Prophet ™ %
ProphetZig]&o] Y53 73 AsS Bk

A60617 ACACH T A& 254 0.97 o]AF¢] R2Zk
_]

of, M

B

o
o

[ ofr
)
o
o ok [r
o
Ry
B M o e -

r—b' oL
o (% o

0%

fol

o
rO
f
=2
lo
%

4) 7FE Prophet7] Wt o] & o] A3} 7gAd

=3
3171 9181 A6063, A6082M L ATHO1 A| 714 &=
ng Aol tisl F7F A4S AR A, BE A
Ao A 0.95 o] 9] RS 7S5l Rdle] =0
|AE dF3dTk
2 ATE S e oF e vds S
AL 717 dZo] 7|EH o7 FLE S AoT
71 E Y o) AEAF HE V1SS A B B 2

Transactions of the Korean Society of Automotive Engineers, Vol. 33, No.8, 2025 581



Youngtaek Sun

References

1) A. Milenkovic and G. Milovanovic, “Automotive
Supply Chain Disruptions Caused by Crisis in
Ukraine,” Ekonomika, Vol.70, No.l, pp.95-106,
2024.

2) T. Rokicki, P. Borawski, A. Beldycka-Borawska, A.
Szeberenyi, L. Ochnio and B. Klepacki, “Resilience
of Supply Chains in the Automotive Industry during
the COVID-19 Pandemic on the Example of Polish
Enterprises,” European Research Studies Journal,
Vol.25, No.1, pp.238-255, 2022.

3) D. Barber, “Automakers Raise Prices for EVs as the
Cost of Raw Materials Skyrocket,” LinkedIn, 2022.

4) McKinsey &Company, “Semiconductor Shortage:
How the Automotive Industry Can Succeed,”
McKinsey Insights, 2022.

5) W. S. Kim, G. M. Toh, J. S. Gwon and J. H. Park,
“Time Series Analysis Algorithm for
Prediction of Fastening Bolts and Determination of
Clamping Forces,” KSAE Spring Conference
Proceedings, pp.1123—-1128, 2018.

6) M. Arltova and D. Fedorova, “The Problem of the
SARIMA Model Selection for the Forecasting

Statistika, Vol.96, No.l, pp.47-587,

Signal

Purpose,”
2016.
7) S. M. Oh, K. H. Kim and S. W. Cha, “Development

582 #I2E2383E =2 A33A A8E, 2025

8)

9)

10)

11)

12)

13)

of Deep Learning Algorithm for Prediction of
Polymer Electrolyte Membrane Fuel Cell State
through Trend Analysis of Sequential Data,” KSAE
Spring Conference Proceedings, pp.789-794, 2022.
J. A. Rodrigo and J. E. Ortiz, “Forecasting Time
Series with  Gradient Boosting: Skforecast,
XGBoost, LightGBM, Scikit-learn and CatBoost,”
Ciencia de Datos, 2024.

N. Husein and M. K. Harahap, “Stock Price Time
Series Data Forecasting Using the Light Gradient
Boosting Machine (LightGBM) Algorithm,” Journal
of Information Visualization, Vol.3, No.2, pp.2271—
2282, 2022.

E. Zunic, “Application of Facebook’s Prophet
Algorithm for Successful Sales Forecasting Based
on Real-World Data,” International Journal of
Computer Science &Information Technology, Vol.12,
No.2, pp.45-56, 2020.

J. Dare, A. O. Patrick and D. O. Oyewola,
“Comparison of Stationarity on Ljung Box Test
Statistics for Forecasting,” Earthline Journal of
Mathematical Sciences, Vol.8, No.2, pp.325-336,
2022.

O. L. O. Astivia and B. D. Zumbo, “Heteroskedasticity
in Multiple Regression Analysis: What it is, How to
Detect it and How to Solve it with Applications in
R and SPSS,” Practical Assessment, Research
&Evaluation, Vol.24, No.1, pp.1-16, 2019.

C. M. Jarque, “Jarque-Bera Test,” International
Springer,

Encyclopedia of Statistical Science,

Berlin, pp.701-702, 2011.



	엔진 부품 원재료 가격 예측을 위한 Prophet기반 시계열 모델 개발
	Abstract
	1. 서론
	2. 이론적 배경
	3. 연구방법
	4. 결과 및 분석
	5. 결론
	References


