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ABSTRACT

The conventional distance estimation system only uses a
constant speed and a constant level of road elevation to esti-
mate the driving range of a vehicle. This technique leads to
low prediction accuracy. In this project, a new estimation
technique namely the Contour Positioning System (CPS) for
an electric vehicle is proposed. The CPS provides a more
reliable estimation of the electric vehicle battery energy usage
by taking into consideration additional factors such as road
elevation and regenerative braking energy. In order to perform
the CPS calculation, first and foremost, the elevation profile
of the selected destination must be determined. In this paper,
the automated technique to extract the elevation profile i.e.
latitude, longitude and altitude was determined by using
Google Maps and Google Earth®. This procedure enables the
user to obtain accurate road configuration to enable the driver
to compute the amount of energy needed to reach the said
destination.

I. INTRODUCTION

The Contour Positioning System (CPS) works by extracting
the road contour distance and elevation data from the road
elevation profiles. These data will be used to generate road
contour slope angles, £ (in °). With the aid of relevant soft-
ware developed for this purpose, the data obtained from the
road profile can be used to estimate the amount of battery
energy needed for the said electric vehicle (EV) to complete
the journey. For instance, the application of this procedure
will indicate to the user that driving 100 km from point A to
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point B requires 50% of the EV’s battery energy. As a result
of this computation, the user is in a better position to know if
the remaining battery energy is sufficient for this particular EV
to reach the chosen destination [4].

The data required to estimate the EV energy consumption
is tabulated using Google Earth which provides the road ele-
vation data. The elevation data accuracy is collected at 10
meters per sample. The energy consumption of the vehicle can
then be calculated by applying the angle formula as shown in
Eq. (5) [9, 11].

Compared to the conventional method of estimation, the
proposed method provides higher estimation accuracy as it
includes road slope profiles, which drain different amounts
of battery energy depending on the degree of the slope. For
example, driving up a hill for 100 km in a 10% slope uses
more battery energy compared to driving 100 km on a normal
0% straight highway [8, 12]. The parallel multi-channel de-
sign in today’s GPS receivers produces extremely accurate
information. The accuracy of the most standard GPS receivers
nowadays are as accurate as within 15 meters on average.
Newer GPS receivers with Wide Area Augmentation System
(WAAS) capability can improve its accuracy to less than three
meters on average. Only certain atmospheric factors and other
sources of error such as ionosphere and troposphere delays
and signal multipath could affect the accuracy of GPS re-
ceivers [2, 5].

II. METHODOLOGY

1. Main System Function

The main function of Contour Positioning System (CPS) is
to provide an automated data acquisition method and to per-
form a better distance estimation method for EVs.

Fig. 1 shows the process flow of the CPS. The numbers
indicate the process flow of the system operations.

Fig. 2 shows the main user interface (GUI) while Fig. 3
shows GPS-like interface that indicates the battery energy
usage status.

In the experiment conducted, multiple road lines with dif-
ferent contour configurations were used to study the effect of
road contour on electric vehicle energy consumption. The
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routes selected were: normal travelling highway, uphill trav-
elling, and downhill travelling. To use the CPS in an electric
vehicle, the user must first determine and select the desired
destination. This is the information that is needed from the
user. The CPS will detect and pre-calculate the electric car’s
current position with the GPS antenna and draw the route to
the desired destination. The CPS will then extract the distance

Fig. 4. Elevation of a route from Google Earth.

example : Point A — N30 17.017 W97 44.190

Point B — N30 16.595 W97 43.909

Fig. 5. GPS Coordinates.

and elevation profiles to generate the slope percentage data
from Google Earth’s elevation profile. All these data acquisi-
tions and calculations are acquired in real-time and will be
simulated in the background of the CPS software. The data
extraction and acquisition processes are performed by a
computer-generated system and all the data and information
acquired will be stored in a database. Finally, the CPS will
execute and display the amount of energy (Wh) and battery
capacity (%) needed for the user to drive to the desired desti-
nation. If the amount of energy is insufficient, the CPS system
will intelligently advise the user to drive to the nearest
charging station [6, 10].

2. Elevation Data Module

Fig. 4 represents the elevation profile extracted in graph
form from Google Earth. The CPS system will extract the
distance and elevation data along the route line, which repre-
sents the starting point of the vehicle and the last point in the
graph is the destination. The data extraction is done on every
10 meters per sample.

3. Database Storage Module

Getting all the required data into the database to execute the
calculations are important. The data acquired will be stored in
algorithm form as the coordinates of the map appear compli-
cated. Fig. 5 shows an example of the coordinates. Storing the
data in decimal form will simplify the simulation process
using Matlab.

4. Data Generation Module

This method of data generation reduces the processing time
of the programme. The algorithm will automatically detect the
elevation data obtained. The sample with changing elevation
between 10 meters distance will be stored. However, the sub-
sequent sample with no elevation changes will be ignored.

For example, if the selected journey has 100 sets of data
where each data containing the longitude, latitude and elevation
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Fig. 7. Relationships between slope angle, distance and elevation differ-
ence.

information. The required information to perform the calcu-
lation is based on the difference of height between two sam-
ples. Once the system detects a height difference of 1 meter,
then the system will keep the data. Where else if there is no
height difference at the next distance of 10 meters, then the
system will erase the data. So the samples of 100 sets of data
can be reduced to enhance the processing time.

Fig. 6 shows the example of the data that will be stored or
ignored based on the changing of elevation profile.

5. Data Calculation Module

In Fig. 7, the measurement of the distance is taken at every
10 meters. The elevation difference will be taken from a ref-
erence of two different elevations. After all the data has been
collected, each sample will have a distance and elevation
profile stored in an Excel spread sheet. From here, the dif-
ference in distance and elevation height is calculated as shown
below:

Distance Difference (m) = Current Distance—Previous Distance
AD=d, —d,_, (1)

Elevation Difference (m) = Current Elevation—Previous Elevation
AE=e; ¢, 2)

The slope angles in term of degree and percentage are
calculated and compared to the measured slope angle obtained

from Google Earth using the law of trigonometry formula to
get the angle:

6 =sin""’ AE 3)
AD

Z(%) = tan@ x 100% @)

Eq. (3) represents the ratio of Elevation Difference over
Distance Difference which is to obtain a positive or negative
slope. For a downhill slope, the Elevation Difference fraction
will return a negative value whereas for an uphill slope, it will
return a positive value. The percentage of slope is calculated
as the tangent of the angle of inclination times 100 as shown
in Eq. (4). It is most commonly used to describe a slope on
the road.

The calculations of the vehicle traction torque (and thus
power) are a function of velocity, acceleration, and road slope.
This function is called the road load equation [1, 3]. From this
equation, the value of the traction power, kW operating under
any slope angle can be obtained:

P:mav+mgvsinot+CRngvcosot+%pCDAv3 %)

where,

P = traction power (kgm’s™ = Js"' = W), v = velocity (ms™),
a = acceleration (ms™), a = slope angle (100sin® = % slope),
m = mass (kg), g = acceleration due to gravity (ms?), Cgg =
coefficient of rolling resistance, p = density of air (kgm™),
Cp = coefficient of aerodynamic drag, 4 = frontal area of
vehicle (m?)

Apart from the traction power, the time taken to drive up the
hill with different slope angles must also be recorded. To
calculate the time (hours) taken for every data sample, the
calculations are based on the total power and energy needed to
travel at a constant 80 km/h speed up slopes of varying angles
of up to 25°. Therefore, the formula to calculate the time taken
for each sample is as shown in Eq. (6):

Distance difference (m)
80,000 m/h

Time taken (h) = (6)

Finally, the overall sum of energy usage for each data
sample can be calculated using the formula of Eq. (7):

Energy usage (kWh) = Traction power (kW) x Time taken (h)
O]

All these formulae and steps will be used in the Matlab
coding and functions for the CPS simulation results [7].

III. RESULTS AND DISCUSSION

The simulation output of current work shows the elevation
profile which was extracted from Google Earth. The coordi-
nates are downloaded from the current mapping system da-
tabase like Garmin Navigation System, Mapking, and others.
The coordinates in this simulated experiment are all calculated
from Google Maps.
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Fig. 9. Elevation and energy profile of 50 KM route.

Based on the database obtained, this model intends to com-
pare the differences between CPS and the current GPS esti-
mation systems. The effect of the contour on battery energy
consumption is evaluated. For the first case study as shown
in Fig. 8, no contour is being considered in the system’s es-
timation for a route distance of 50 km travelling at 80 km/hr.

Fig. 8 shows that when elevation is not considered, the en-
ergy usage is 6.742925 kWh which is 42.41% of the total
energy in the vehicle. However, for the same route line, when
the elevation profile is added into the simulation (Fig. 9), the
total energy usage is 9.589847 kWh which is 60.31% of the
total energy in the vehicle. There is about a 20% difference
between the two estimation systems.

Another experiment was carried out to validate the contour
estimation system which was based on the uphill route of 5
KM. The distance in the experimental study is shortened in
order to observe the behaviour of energy usage in a more
detailed manner.

Fig. 9 shows that when the contour angle is on an upward
climb, the energy needed is greater due to an extra energy
needed to climb the slope. In the descent phase the energy
usage is minimal because the vehicle is under the free gear
movement. The total amount of energy needed to climb the
hill route as shown in Fig. 10 is estimated to be 1.051425 kWh
which is 6.61% of the vehicle’s energy capacity.

Fig. 11 shows the elevation and energy usage profile when
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Fig. 11. Energy and elevation profile of 5 KM route downbhill.

the EV is moving downhill of 5 km. It can be observed that the
energy usage is lesser when compared to a hill climbing pro-
file. The total amount of energy needed is 0.794818 kWh
which is also 5% of the vehicle’s energy capacity. Compared
to the normal estimation system where the contour is not
considered, the uphill energy and downhill energy usage are
both at 0.6742925 which is 4.24% of the vehicle’s energy
capacity.

Table 1 shows the summary of the total energy consump-
tion for three different case studies with and without the con-
sideration of the road elevation. It clearly shows that the CPS
method provides a more accurate estimation than the conven-
tional method.

IV. CONCLUSION

The consideration of the contour profile for selected routes
offers an additional advantage compared to the existing EV
distance estimation method. The reliability of the GPS system
can be further enhanced by integrating the CPS function into
the current distance estimation technology. The CPS tech-
nology was designed and created to solve problems against the
conventional distance estimation system. When the electric
vehicle is moving up a hill, the current distance prediction
method is not accurate and has a higher percentage of error
compared to driving on a Z0° normal road. This is important
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Table 1. Distance Estimation with and without road elevation.

Energy Used (kWh) (15.9 kWh = 100%)
50 KM Highway Uphill 5 KM Downhill 5 KM
Dist: timati ithout d
stance esumation WIoutroad | ¢ 6742925 42.41% 0.674293 4.24% 0.67443 4.24%

elevation (kWh)
Distance estimation with road

9.589847 60.319% 1.051425 6.61¢ 1.05142 59
elevation (CPS) (kWh) o o o
Percentage Difference 29.67% 35.85% 15.2%

to avoid electric vehicles from being stranded in the middle of REFERENCES

a hill slope or road due to the inaccurate distance estimation
method.

V. SUGGESTIONS FOR IMPROVEMENT

The regenerative braking generates approximately 5% of
the total consumed energy which is sent back to the lith-
ium-ion battery pack. However, this 5% of the regenerative
energy is not included in the CPS calculations. This is to
provide a small safety buffer into the CPS distance estimation.
For example, when the fuel gauge of a mechanical engine car
hits the “E” mark, the car is capable of travelling an additional
30 to 40 miles even after the “E” light illuminates.

Another option to improve the CPS is by using self-learning
algorithms. This method will be used when specifications and
technical data are unavailable or to reroute to a new driving
direction when there is a traffic jam by using Google Maps
real-time traffic data.

The CPS assumes that there is constant connection with
Google Earth database within the car but this might not be
possible all the time. This problem can be resolved by
searching for the desired destination and to download the
required data when the vehicle is at home or when there is
connection to the internet before starting the journey. Beside
that, the data acquisition when running under multiple proc-
essor platforms is fast and can be done before travelling.
Alternatively, the CPS could be connected with a standard
navigation system which contains elevation information in-
stead of extracting data from Google Earth’s elevation profile
which requires internet connection.

. Blewitt, G, Melbourne, W. G., Bertiger, W. L., Dixon, T. H., Kroger, P. M.,

Lichten, S. M, et al., “GPS geodesy with centimeter accuracy,” Lecture
Notes in Earth Sciences, Vol. 19, pp. 30-40 (1988).

. Farr, T. G, Rosen, P. A., Caro, E., Crippen, R., Duren, R. Hensley, S., et

al., “The shuttle radar topography mission,” Reviews of Geophysics, Vol.
45, pp. 583-585 (2007).

. Greaves, M. C., Walker, G. R., and Simpson, A., “Vehicle energy through-

put analysis as a drivetrain motor design aid,” Conference Proceedings
of the 2006 Australasian Universities Power Engineering Conference
(AUPEC'06), Vol. 1, pp. 1-7 (2006).

. Hasberg, C., Hensel, S., and Stiller, C., “Simultaneous localization and

mapping for path constrained motion,” /EEE Transactions on Intelligent
Transportation Systems, Vol. 13, pp. 541-552 (2012).

. Information on https://groups.google.com/forulm/?fromgroups#!topic/

google-maps-js-api-v3/KcjkS-U36dE%5B1-25%5D

. Information on http://malaysia.ahk.de/fileadmin/ahk malaysia/Bilder/

Sustainable Mobility/sentations/1st_Sustainable Automotive Mobility
Conference PROTON.pdf

. Larminie, J. and Lowry, J., Electric Vehicle Technology Explained, John

Wiley and Sons Ltd, West Sussex (2003).

. Quddus, M., Ochieng, W., and Noland, R., “Current map-matching algo-

rithms for transport application: State-of-the art and future research di-
rections,” Transportation Research Part C, Vol. 15, pp. 312-328 (2007).

. Skog, I. and Héndel, P., “In-car positioning and navigation technolo-

gies—A survey,” IEEE Transactions on Intelligent Transportation Sys-
tems, Vol. 10, pp. 4-21 (2009).

. Taysi, Z. C. and Yavuz, A. G., “Routing protocols for GeoNet: A survey,”

IEEE Transactions on Intelligent Transportation Systems, Vol. 13, pp.
939-954 (2012).

. Ulmke, M. and Koch, W., “Road-map assisted ground moving target

tracking,” IEEE Transactions on Aerospace and Electronic Systems, Vol.
42, pp. 1264-1274 (2006).

. Yang, C. and Blasch, E., “Fusion of tracks with road constraints,” Journal

of Advances of Information Fusion, Vol. 3, pp. 14-32 (2008).



	CONTOUR DATA ACQUISITION SYSTEM FOR ELECTRIC VEHICLE DISTANCE ESTIMATION SYSTEM
	Recommended Citation

	untitled

