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◆ In EU-KP, CO2 emissions decreased in the majority 
of sectors between 1990 and 2020. However, CO2

emissions increased in road transportation.
◆Similar to EU-KP, CO2 emissions accounted for a 

high proportion in Korea in 2020.
◆Globally, to reduce CO2 emissions of light-duty 

vehicles has been strengthened emissions 
regulation. (e.g. EU - Fit for 55, Korea -
FRAMEWORK ACT ON CARBON NEUTRALITY AND 
GREEN GROWTH FOR COPING WITH CLIMATE 
CRISIS)

◆To monitoring CO2 emissions from road 
transportation, various emission calculation 
systems suitable for each country have been 
developed and used. (e.g. EU - COPERT, HBEFA, 
USA - MOVES, Korea - CAPSS)

◆Therefore, researchers aimed to predict CO2

emissions during real-driving through deep 
learning model.

◆As a basic study, a study on predicting CO2

emissions based on calculated ECU data and deep 
learning model on real-driving conditions for LDVs.

Gas Principle Range

CO NDIR
(Non-Dispersive Infrared Detection)

0 ~ 8 vol. %

CO2 0 ~ 18 vol. %

NO, NOx 
NDUV 

(Non-Dispersive Ultra Detection)
0 ~ 3,000 ppm

Exhaust flow Pitot flow meter 0 ~ 670 kg/h

Standard Signal 
Measurements

Engine RPM, Intake mass air flow, Lambda, Fuel flow,  
GPS signal, Speed
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◆Deep learning model results are similar to Combustion reaction calculation results and characteristics of diesel vehicles (CI engine, EGR) are shown.
◆The deep learning models conducted with each vehicle data have high accuracy than that conducted with diesel, gasoline and hybrid vehicle data at 

once.
◆Although the deep learning model has lower accuracy than combustion reaction calculation for time-series data, it has a similar level of high accuracy 

for one RDE.
◆ It is possible to predict CO2 emissions through dynamic factors of vehicles, but there exist limit.
◆For accurate prediction, it requires to add factors related to engine and combustion. Also, it requires to add static factors like displacement, Tolerance 

weight, year, presence of after-treatments.

-Model Specification-

KNUT02

KEA

GangNam

KATECH

Vehicle Fuel Type
Model 
Year

Vehicle 
Type

Disp.
Tolerance 
Weight

Max. 
Torque

Emission 
Regulation

Veh. 1 Diesel 2018 Sedan 1,685cc 1,520kg 34.7kg•m Euro-6

Veh. 2 Gasoline 2017 Sedan 1,591cc 1,480kg 27kg•m LEVⅢ-ULEV70

Veh. 3
Hybrid

(Gasoline + Electricity)
2017 Sedan 1,999cc 1,585kg 19.3kg•m LEVⅢ-ULEV125
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Urban Rural Motorway Total

Trip
Distance

(km)

KNUT02 30.11 34.33 28.99 93.43

GangNam 22.93 20.74 23.95 67.62

KATECH 29.81 33.27 35.53 98.60

KEA 35.92 35.38 31.30 102.60

Trip
Duration
(min.)

KNUT02 62.9 32.1 20.1 115.1

GangNam 47.7 21 21.5 90.2

KATECH 39.1 23.8 35.9 98.8

KEA 53.7 30.1 26.5 110.3
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Vehicle Test Mode CVS (g/km) PEMS (g/km) Diff. (%) Diff. (abs.)

Veh. 1 WLTC 138.66 152.52 10 13.86

Veh. 2 WLTC 128.841 131.489 2 2.65

Veh. 3 WLTC 110.561 113.841 3 3.28 0 25 50 75 100 125
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Correlation of Vehicle Speed between OBD and GPS

 y = 1.0119x + 0.1627

R2 = 0.9921
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Correlation of Exhaust Mass Flow between OBD and PEMS

 y = 0.8939x + 2.0888
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Air and Fuel Mass Flow (g/s)

•Vehicle Speed (km/h)
• Engine RPM (RPM)
•Road Gradient (%)
•VSP (W/kg)
•RPA (m/s2)

• Lambda (-)
• Intake Mass Air Flow (g/s)
•Air/Fuel Ratio at Stoichiometry (-)

•CO2 Emissions (g/s)

Engine Data

PEMS Data

Vehicle Data

Combustion 
Reaction

Deep Learning 
Model

CO2

CO2

CO2

Epoch 5,000
Conv1d
Layer

Layer Num. 1

Filters 128

Batch Size 32
Activation elu

Optimizer Adam
LSTM
Layer

Layer Num. 1

Layer Size 128

Loss RMSE
Activation tanh

Power Module

Gas Analyzer EFM

OBD

Diff.(g/km) Diff.(%)

PEMS 154.64 -

Calculation 7.49 4.84

Model(All) 23.87 15.44

Model(Veh. 1) 11.54 7.46

Model(Veh. 2) 16.18 10.46

Model(Veh. 3) 50.68 32.77

Diff.(g/km) Diff.(%)

PEMS 180.52 -

Calculation -2.35 -1.3

Model(All) 1.81 1

Model(Veh. 1) -10.47 -5.8

Model(Veh. 2) -3.96 -2.19

Model(Veh. 3) 28.95 16.04

Diff.(g/km) Diff.(%)

PEMS 168.68 -

Calculation -3.62 -2.15

Model(All) -11.6 -6.89

Model(Veh. 1) -11.61 -6.9

Model(Veh. 2) -3.39 -2.01

Model(Veh. 3) -4.79 -2.85
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