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Abstract : In a vehicle driving test, altitude data is used to determine elevation gain and calculate driving resistance.
However, altitude data acquired from GPS has the disadvantage of low accuracy and missing data. This study proposed
altitude standardization in order to increase the accuracy and interpolate the missing data. The altitude was recorded during
20 driving tests on the same route. All the data were accumulated based on latitude and longitude, and the missing data was
interpolated by using the smoothing spline method. Positive cumulative elevation gain with high reliability was obtained by
using only the altitude data from three driving tests. The accuracy of the standardized altitude was confirmed through driving
resistance analysis. Meanwhile, driving resistance was used to calculate engine efficiency. The results showed that the engine
efficiency calculated using the individual altitude was unrealistic, whereas the engine efficiency calculated using the standard
altitude was constant at 35 %. This indicates that the standard altitude was correctly interpolated.

Key words : Road gradient(*= = 1)), Real driving emission(2 %= = ¥} 7] Z-74), Positive cumulative elevation gain( % 2]
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Table 1 Specifications of the test vehicle

Type Sedan / Hybrid
Engine power / Torque 113.3kW/ 188.3 Nm
Motor power / Torque 38.6 kW /205 Nm
Overall width / Height 1.860 m/ 1.445 m
Mass 1,515kg
Drag coefficient 0.24
Wheel 215/55R17
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Step A. Data Logging
Latitude, Longitude, Altitude, Vehicle Speed @ 10 Hz

Step B. Noise Removing (Individual Data)

Noise removing based on,
- Vehicle Speed: Remove data faster than 150 km/h
- Vehicle Acceleration: Remove data higher than 5 m/s?
- Number of Satellite: Remove data lower than 10

Step C. Data Dividing into Grid

-5m x 5m grid based on latitude and longitude
- Convert time-based individual data
to location-based integrated data

Step D. Noise Removing & Averaging (Integrated Data)

Noise removing based on,

- Altitude Deviation: Remove data in the same grid higher
than 20 m

- Data Number: Remove data in a grid less than certain
number (depending on vehicle speed)

- Test Case Number: Remove data in a grid less than certain
number (depending on number of test case)

Data Averaging for each Grid

Step E. Interpolation & Smoothing

Interpolate and Smoothing using the smoothing spline
method

Mileage calculation using latitude and longitude
Latitude, Longitude, Altitude, and Road gradient data per
one meter
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altitude on driving resistance and engine efficiency
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