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Abstract We developed a prediction model of assistance force for the opening/closing of an automobile door
depending on the condition of the parking ground. The candidates of the learning models for the operating assistance
force were compared to determine the proper force according to the slope and user's force, etc. The reduced
experimental model was developed to obtain learning data for the estimation model. The learning algorithm was
composed to predict the assistance force to incorporate real assistance force data. Among these algorithms, an
Artificial Neural Network (ANN) and Support Vector Machine(SVM) were applied and the adaptability was compared
between these models. The SVM provided more adaptability for the learning process of the door assistance force
prediction. This paper proposes a system for determining the assistance force to control a door motor to compensate
for the deviation of required door force in the slope condition, as needed in the plane condition.

Keywords : Artificial Neural Network(ANN), Assistance Force, Mechanism, OEM Door, Support Vector Machine
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Fig. 1. Coordinate System for Door Force in Car
Body.
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Fig. 2. Comparison of Assisted-Force between
plane and slope condition
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Fig. 3. Design of Learning Simulation Model for
Automotive Door using 3D-CAD.
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Fig. 4. Comparison of Door Operation Force
between the Simulation Model and Real
Car.
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Fig. 6. Structure of Neural Network Learning Model.
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Table 3. Comparison of Learning Quality between
measured data and predicted value using ANN

and SVM.
Algorithm Average Maximum
/ of Error Error MSE
Validation [N] Case [N] [-]
Lat10” Long5" 0.9943 #1 2.6929 | 1.5783
A Lat23" Long0" 1.2968 #16 | 5.1766 | 2.0198
N Lat23” Long5" 0.9033 i4 1.8432 | 1.0345
N Lat10° Long-3° 1.1798 #16 | 1.8069 | 1.8085
Lat10° Long-3° 1.0305 #16 | 2.6819 | 1.6151
Lat10° Long5’ 0.0139 #1 0.1222 | 0.0010
S Lat23° Long0° 0.1123 #9 0.3345 | 0.0349
A% Lat23° Long5’ 0.0108 #3 0.0340 | 0.0003
M Lat10° Long-3° 0.0069 #3 0.0177 | 0.0001
Lat10” Long-3° 0.0123 ##4 0.0286 | 0.0002
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Fig. 7. Comparison of Predicted Force between measured
data and predicted value using ANN and SVM.
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Fig. 8. System architecture for Control of Assistance
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