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Fig. 1�m1D Vehicle System Simulation Model
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Fig. 2�mMonitoring Process of Fuel Economy Distribution

Fig. 3�mHistogram of Vehicle Speed and Acceleration
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Fig. 5�mConcept of GAN
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Based on CGAN

2.4 �m=Õ~ß�1�f�)

�mR¤J[\€�×�¶�½�÷ CGAN �Ú=Õ~ß�×�Ûæ{2.3 w
�Ó•¢�å�Ë�ô

�²�×>Kš��þ™e•d�Ã�ËQ�y¸-(�Ú›¦ž��1�f�)�¸Eó’²�Ô�Ö�÷�o

'™5��Û Table 1 �×r��Åæ{.Ìx›5‘6–�þ?�—Ë�×BÐ•s5‘�ð±�ž�

ž£š��Ö�Õ�Ú>Kš��þ™e•dQ��×“˜^ �Ã�Ë 45 ���f�#�Ú›¦ž��1�f

�)�þ(ªk=�Å�÷�o

Table 1�mCondition of Real-World Driving Data

Region North America

Road Type City, Highway, Suburban, Hill

Vehicle Speed Range 0�‰171km/h

Duration Range 2594�‰12283s

Distance Range 12�‰329km

Number of Data 45

�mCGAN �Ó�Ûæ{&gE’�Ú§¿�Á�Ú�1�f�)�þ=Õ~ß�Ã�Ò�É�Ú§¿�Á

�Ú›¦ž��;�)�f�]æw'™5��Û WLTC�Ö�Õ�Ú™e•d�L�f�3�Ô0ZsŽ

CÝ�Ú1600 s1æx�þk0Ií�Å�÷�¸æ{�¿�Ú>Kš��1�f�)�Ó�Û���f

�#�À�Ô�×§¿�Á�¸k¯�Ö�Ï�Ò�°�÷�o�ê�Ëæ{=Õ~ß�1�f�)�Ú7ÓDü

�Ô=Õ~ß�Å�÷›¦ž�6–�×*	�ö�þk0�Ä�Á�Ç�Ö�°�Ë�í�×æ{ Fig. 7 �Ú

�ô�²�×0P>Kš��1�f�)�Ú-�-´�þ•d�°æ{�É�ø�õ�Ú-�-´�1�f�)

�þz`0U�Ã�Ò�Ù�õ�°�ÚQ�§æ§¿�Á/ù�ß›¦ž�6–�Ú=Õ~ß�1�f�)�þ

(rIí�Å�÷�o&gP/�Óæ{z`0U�Å�÷�1�f�)�Û�S�]�*�J�ÓŸ�JÛ�Å

�÷�Ë�íæ{z`0Uv˜J=�Ó›¦ž��¸Fˆ8Œ.É�Å�÷�Ö�Õæ{>Kš��×-q�Á

�Ö�°=Õ~ß�1�f�)�¸k0�Ä�÷03•IF•�¸�®�÷�o�É�¿�Óæ{0P/�§æ

�Ú�1�f�)�þ�S�]�*�J�×Ÿ�JÛ�Å�÷©w�×-VyÈ�þ'°&w�Ãæ{-VyÈ

�þ_+�Ë�Å�ê�Ó�É�Ú/�§æ�Ú�1�f�)�ÚŸ�JÛ�þ|¸�ö•d�Ã•d�²�o



� H � . � * J ® 7  No.41 æw2025æx

�Ì 13 �Ì

Fig. 7�mDriving Pattern Creation Process for Train Data
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Table 2�mTrain Data Composition

Condition 
æªkm/h æ¬

Example Pattern
(Time vs Vehicle Speed)

Number  
of Data

vmax < 50 100

50 � vmax < 70 100

70 � vmax < 90 100

90 � vmax < 110 100

110 � vmax 100

Total Pattern of Train Data 500
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Fig. 8�mTraining Result of Driving Scenario Generation
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Table 3�mValidation Target of Fuel Economy Distribution 
Prediction

Product CX�30

Speci�cation SKYACTIV�G 2.5 / AT

Region North America

Period February�‰October, 2022

Sample Size 50 (Sampled)/1406 (Population)

(a) Distribution  of Population

(b) Distribution  of Sampled Data

Fig.9 Fuel Economy Distribution  of Validation Data  
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Fig. 9�mFuel Economy Distribution of Validation Data
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Fig. 10�m1D Simulation Model for Fuel Economy 
Distribution Prediction
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Fig. 11�mValidation Result of Mode Drive Situation
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Fig. 12�mValidation Result of Each Vehicle Fuel Economy

Fig. 13�mValidation Result of Fuel Economy Distribution
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Fig. 1�mConcept of High-Speed Control Calibration
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Fig. 2�mMethod of Estimating the Stochastic Indices
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Fig. 3�mEstimation Method of Gas Temperature
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Fig. 4�mModeling Using Gaussian Process Regression
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Fig. 5�mExploration Using Bayesian Optimization
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2.4 �m�!�#�0�JW�Ií

�m2.1�‰2.3 � Ú X # • I ~ ‡ � þ ] � k = � Å � ÷ � Ë � íæ {HPC æwHigh 

Performance Computingæx�!�#�0�J&s�×0PX#•I�þzŸ0U�Å

�÷�!�#�0�J�þW�w �Ã�Ëæw Fig. 6æx�o HPC�!�#�0�J�Û ECU)K

0>�ð�C�]�+“ã*’�Ú0PsÏ“˜^ )K0>�Ö�Õ�þ0•�í�Ò�T���U�)��

�J�×�1�f�)0
E¤�Ã�Ò“QS?,âi��¸03•I�Ö�!�#�0�J�Ó�®�÷�o�¿

�Ú�!�#�0�J&s�Ó�1�f�)“˜^ �ê�Ó>KP5�Ãæ{“˜^ �1�f�)�þ6Ç�×

r!8©jF7®æw���S���3æx&s�Ó�L�1�U.É�eRQžÝ.É�þ>KP5�Å�÷�o

�É�ÚE“æ{v¾,ÿ�Á�ø�ËY‚�Ú“˜^ c?�þ,DCÝ�1�f�)“˜^ �Å�÷�Ô

�°�²W�Ií�Ô�Ã�Ò�°�÷�o�ê�ËR¤jF7®�Ûæ{ HPC�!�#�0�J,;�Ó

�1�f�)O­0UF•�Úq6” X#•Iæwk¯C"�1�f�)�Ú^I,�¨ÇYúæx�ð0P

sÏž,M•jF7®�Ô�Ú�?���f�U�%�f�?X#•I�þ�î�Ë�Ç�÷�¿�Ô�Óæ{

8¸§æd�'‚�Ó�îž,zò.[(r�Ãzò�½�÷“˜^ žÝ0UjF7®�þ>Ki
�Ã�Ë�o

Fig. 6�mSystem Overview
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Fig. 7�mMeasurement and Evaluation for Torque 
Reduction Capability
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Fig. 8�mHigh-Speed Control Calibration
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Fig. 9�mParallelization and Batch Processing

4. ]�k=z`SS
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Table 1�mProblem De�nition

Sweep 
method

Ce-sweep (charge e�ciency)

Optimization 
Target

fuel e�ciency ( æŒTorque)
maximization on the map per engine 
speed/charge e�ciency

Input 
Variables
(Decision 
Variables)

7 factors: engine speed, charge 
efficiency, intake and exhaust valve 
timing, external EGR rate, injection 
timing, SCV (Swirl Control Valve)

Constraints
11 conditions including knocking and 
combustion stability.
5 Binary models, 6 Regression models
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Fig. 10�mTransition of Optimal Point

Fig. 11�mTransition of Optimal Input Variables
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