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A Modeling of Realtime Fuel Comsumption Prediction Using OBDII Data

Hee-Eun Yang' - Do-Hyun Kim" - Hoseop Choe™"

ABSTRACT

This study presents a method for realtime fuel consumption prediction using real data collected from OBDIIL. With the advent of the
era of self-driving cars, electronic control units(ECU) are getting more complex, and various studies are being attempted to extract and
analyze more accurate data from vehicles. But since ECU is getting more complex, it is getting harder to get the data from ECU. To
solve this problem, the firmware was developed for acquiring accurate vehicle data in this study, which extracted 53,580 actual driving
data sets from vehicles from January to February 2019. Using these data, the ensemble stacking technique was used to increase the accuracy
of the realtime fuel consumption prediction model. In this study, Ridge, Lasso, XGBoost, and LightGBM were used as base models, and

Ridge was used for meta model, and the predicted performance was MAE 0.011, RMSE 0.017.

Keywords : Fuel Consumption, Prediction Model, Stacking Ensemble, Regression Model, OBDII

OBDII HoJ¥] 7|5te] AAIZE

]|

oF =
g s 2

rlo

(@]
i)

AR 2HF o 2 A7

g2} A7k EeheA] ECU (Electronic Control Uniois 4% TLESFL 911, olo] ket xjeol ] ekt dlolel g S&eka 245t

£ QA7) chepstA] Almslo] ek et BCU A3 AZAPER Holt H2ERS
offfch 2 Aol Foke A% cloleia 2] Selel 18 BAoIE Aetol Aol 20199 183 299] 44 %

& 7ML Qo] A8 GV |2E HERt HolE FE3 240

FrflolE 53,580719]

doleg F2stgion, 2087t Uk 44 B2 79 B4 dolHel JRES ANt ol HolgE Higos UA AR %

o3 me| Heeg Hol] Fiste] Ly Y 7]

S o]&3l9it} B AFoAE wo]A REZ Ridge, Lasso, XGBoost, LightGBMO] AR&-=|11

el Bl RidgeZ} AREEQIOH, d& %S MAE 0.011, RMSE 0.0172 H&9 7= =y

II9E A AHY, HIEZE, AHY AYS, 2HZE, OBDI

.M B

218233} A} EelshEA] ko] MR (Electronic
Control Unit; ECU)= HA HF3} - 1&3=1 Qlof, 2
FollA H&st diojelE g5ota 45t 8ok A
gt $8/0] wobx 1 Aot Ty A A 2AReE 2
9, BCU A FA} 242t Ao|gt Z2EZS 2k Qo] gt
gk dlolElE g5ot7] A AFE od7] 9 "HeolE A

#o| RS 2020W FHHRAYS
“OBDII Hlo[¥ 7|5k 3|4 #4
Hoa upy =29 I A

T4 3 o dadEa EduAI’Eﬂ'ﬂ ﬂ:r"%

1 7 3 ¥ EREEAdolE AT
it v 3 o getie EduAKE AEA/ 14
Manuscript Received : July 8, 2020
First Revision : August 21, 2020
Accepted : August 25, 2020
* Corresponding Author : Hoseop Choe(hschoe@dankook.ac.kr)

5

ﬂ%l%**tﬂﬂ«]—:—.—‘kri
B9 AT A7 AuEF dF79] A

= nllo

3t g 1 et
E’l"l.k & E]f‘?zfﬂa O]%%} 7§° Eﬂ ]E1-4 3E/g0 EH§_
/\]‘G‘Oﬂ o == XFD‘”*E’\X]’“'X](On Board D1agnos1s
II; OBDI) @7|= Ex 9 9 Hole g AFS = U=
A7} glo] AnfEEo] AAE o] QS wivl HolHE 1
i} Alo]A] FEZ HojFI Raw HoJHE R &3]
7F AMAA E7HssteH2). S AA AEF £ 5 AnEE
olut AFEHE AZskr|7t HARL Adol7] wjZel, Hgt
gk glolE E53} HlofE &4Z WA|5H] = Raw Tlo]
B gRlo] 7Isstal Hol8E AT 4 3= OBDII ©&E7|
7t 283}

ojof] B o4& MAF (Massive Air Flow)E Zg3t
OBDII®] EEF= HolHES F3ste] AA| &3 HolHE
0|83l AR AH[FF & BAE ARISit) ol A A=k

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



58 FEXNstel=2

o] glolg& &% 4 Y& OBDII ©i7]et HYolE AH
A&} P@‘ o, 71&35t HolHE 7gte g

=

<t A8 EARF
e g QS ds 5 Aol I5T & e A=
) HeE B9 w2 A5 AgEE 24T & e PHe
AlRbstaAl ghet, ERE AIjbSh= oS Rdo] 452 wd A
7 23e} Blalste] lE AH|F 52 AT AR 4]

=
=
% A% N 5 9L Aow Busdt

2.

i

o oin

[

2.1 OBDIl 714

19709Het 1980 2FE A} ARAFEZ 27]/4
A2 02 AAL Aojsla A BAS Akslr] A&t
[3]. OBD 242 &4 Aol F3kst7] 15t H4o] 7o,
Rk A A”o] A Egsiglol waka] OBDIIZE 1990 o
of =d=|7] A6kt

LA A|99] AR EAE sfEst7] YA 196694 L
9] X=FEE OBDIIY gA7F 9F5t=9om, 1968+
H o= A9 k=0 OBDII EA47F o 535bE] k4l

Fig. 12 OBDIIO| Higt o|u]A =4 1¥~16¥7tA2] ¥
of tigt Aol EAQ +44 9 7 Ho] A YPok= ZREF
4 Ao tjgt Mdrgolct.

2.2 OBDII Protocols + Data

B oA ARE-E+= OBDII HloJE+ HAEed 7123
Z](Digital Taco Graph; DTG)olA #X3H= Ho|E6E A
5 ZoRKE AHZE Ae)) & 20719 F&ol Aok = &
Q= F=E o] HlolE FEES SHAL, A AL, 2
T EE, g A, TIEHEE, ot deand, AF
15, GPS 9/A%, 7101 & &, #Hlg € Afo]t Bio|H &

3 1I:II:II:II:II:II:II:II:I8

—
gﬂﬂﬂﬂﬂﬂﬂde

)
Y,

U

m
,:.,l
[_}
g
\
=

7 |oBD-n

,,,,,

PIN OUT

CAN High (-2284)
CAN Low (J-2284)
J1850Bus -

J1850 Bus +

5 Signal Ground

4 Chassis Ground

7 1509141-2Kline

15 1509141-2 L Line

16  Battery Power

2
=03
.’E‘ ]\- [
o\ = |

]
~

X5

O s N—- N WVWw

Fig. 1. Shape and PIN OUT Protocol of OBDII

X|/ATEQ 2 Ho|E =8t H10E H25(2021. 2)

5, X/Y/Z——% 71&71, oeld 75, <3t B4, e 237,

2.3 9] 0=

OBDIIOA] ¢AH] JHE AlF5HA] ot ALgt A8 E 9
Z35t7] fI5iA MAF AlA 9] HolHE &3t v AAMRE
ANNS %?} AH] AS7A gzt Al =E0
[1,6,7). 53] MAF AlA HolEE &% A& 2232 A
3171 9 H/\ = 37]/dA% ¥l&(Air/fuel ratio)S AAFs|oF
st o HlE&-2 7t AR /A 2AR] ECU ARl kA 2
o|7} 1Z& 4= QMo HELrt 2rH8l.

E3 7|29 I Aol e UE 2 49 HolHet A
A == 3 Hlo|E7t ofd X9 nlEst EFE S45t=
Z4H[Ql toli=(Dyno) 5oI419 Elolg AEE o]&3to] ot
ot AA 3 AN EAS §rF5t] ojFrt. £ Ao
Al ol=gt a0l oA BeE ot o Agwrt =2
g AQbetaa}t gt

2.4 AE{jZ 2

2 dHoAe Bd9 H52 =017] flst] IAE 719
ol 287E& ARESHAITE o714 FAdEClH o 79 9
SRPEZ ATt shHe] T ASHES Tes WHiol
ot AH7) PAE(Stacking ensemble)o|EtilE EE]& O]
HhHe JE mdEoA &3 oS | g o]
B NER &= oA Aol AZoRttH10].
o] HYl9] 7]& HFZ+= Sk tlo|H} HAE Holg AE
Argste ofg] 719 HlolA REEE o]gsto] g5ttt
Fol] &aH ¥, d5Z £t U= JiE Bd9 A&

okt

J

2 t}A] S5 glolE NER AR5l k&St npx|ero 2
Az o= pde MAFsto] &8, HEAHoF dj=Zho|
i3t H7HE gk

3. MAIZ 912 AHY 05 B

3.1 Ho|e =HS st SI=/0 HME

£ Aol 71Ee] +9F 4 9= OBDII AE|(dhd
NEY EAES ddstuA dExe stuglo] ©dv|el of
of grE HYolg Jidste]l AFE PGt

1) 2% ECU ARAPE Aolst Z2EZ

Fig. 2= 7]& AFo)A OBDII ©Z7]S 83 o Task
H £ QA7) tigk Aot} A1) AFoAE AlFo]
E1 9 ELM327S 7|Hto 2 AFE APstP o, Task
3 A A7hE B AA AL S0 A8 EE AJ7HET A
UEEe Z2EZS ZT BLM327& AAste o 22 Azt
o] 28 = IcH11].



Accident Detection _

Protocol Selection |

Search for supported protocols N
Retrieve ELM327 Version |

Configure ELM327 [l

Reset Device [N

Bluetooth Connection Il

Generate Layout Data Live Tab |

0 1 2 3 4 5 6 7

Time (s)

Fig. 2. Duration Per Task from Precedent Study

T3 A Azt R, Aol BCU ARAPER A
DRESS AL ] qEI(12), ot ZRESS
1517 QsAE A9 ©E7] 9 "elo] A ool o

S
ot

z

i

>
2o
)
o

2) Hloleje] A=y 2A

Wk 48 WU/IE o8 A dolgd ARy A}
e % Stk ELM3279] A9 Ashe At ZzE o]
u S Yol 1 0|9 AP A vlolee] AHL
B o9, 13

3.2 HU7| HE

QoF &2 o|f&E £ AtolA= 23 OBDII st=9o] &
B & AFrsto] AEetgoH, OBDII st=9ol= ARM
718ke] 32H|E CPUS} dlolE AA-S 93t 4GBY & HX
g7t Jon, AA7t dolHE V& 9 ARE ¢ d=s
3G/LTE Zd3} EF5A L FAsth

Fig. 32 ZH A& OBDII ©&7] tAZdo] & A4
ZEO| dZ=o] dHolHE F£A/Aste st=gojolH
SAEJ1850, 1SO15765 9 K-Line(ISO9141-2) ZTREZS
A sto] =PAF bt tjRRe] £=29] Apegol| A AHEE 5= 9l
o}, g7]9] AN A#L Table 13 Zth.

nster fo [“

W Ssibes

VIV

Fig. 3. OBDII Device Display and PCB Hardware

OBDII Hlo]E 7[8to] HAIZH g AHZ Ol 2™ A7 59

T

Table 1. OBDII Device Technical Specs

[tem Content
1 Voltage DC 8V~32V
2 Operating Temp. -20C~70T
3 CPU ARM7 120MHz 32bit
4 Internal Storage 128KB RAM / 1G ROM
5 CAN Port CAN 2.0B 2Port
6 Communication UART 1Port, USB 1Port
7 Electric Current max 500mA
8 Data Columns 14 Ttems
9 Physical Size 75%52%22mm
10 Vibration / Impulse 66hz / 500g@10cm
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Table 2. Error Correction Algorithm Description

Vehicle ECU Firmware Input Vehicle Speed

ext. temp.: 1~5 error corrected
tire info: tire spec result

vehicle speed
CAN DATA
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Table 4. Data Classification for Modeling

Start Date End Date Count
Training data 2019.01.09 | 2019.01.29 | 42,864
Validation/Test data | 2019.01.30 | 2019.02.12 | 10,716

Table 5. Description of Each ltems in Feature Set

Column |Description| Type | Column |Description| Type
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km/h; : ° i i ’
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Table 7. MAE and RMSE by Model

Table 8. MPG Prediction Results
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