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Your critical advantage to develop 
the future of mobility engineering
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Figure 5. Schematic of geometric parameters for straight road

Parameters d, A, , and 1 are described graphically in Figure 5 for a 

straight road.

For a curved road, the angle  can be obtained from

(15)

where 1 is obtained by

(16)

where Rr is the radius of the curved road. Parameters A, , and 1 and 

the center point of the road curve (Xr, Yr) are described graphically in 

 for a curved road.

required to determine several road geometry parameters. Instead, 

distance to the lane and the vehicle lateral speed by

(17)

It has been shown in [13

increases as the TLC decreases.

In Equation (17), the dl and dr can be used as d for crossing the left 

lane and right lane, respectively.

V ALGORITHM DESIGN

The proposed sensor fusion algorithm for estimating time to lane 

crossing is shown in Figure 7. The vehicle trajectory information 

(vehicle speed and yaw angle) is obtained from ( ) using an IMU 

sensor and a GPS receiver data. The lanes are detected from the video 

camera images and the vehicle distances to the right and left lanes are 

measured using image processing techniques such as Canny edge 

detector and probabilistic Hough line transform. Then, vehicle speed 

and yaw angle estimations and the vehicle distances to the right and 

tracking. Finally, the vehicle trajectory estimation (vehicle speed and 

yaw angle) and the vehicle distances to the right and left lanes 

estimations (  and ) are fed into Equation (17) to estimate time to 

lane crossing (TLC).

Figure 7. Proposed sensor fusion algorithm for estimating TLC using camera 

image, IMU measurement, and GPS data

Integrating IMU and GPS data improve the vehicle trajectory estimation 

compared to a single IMU or GPS measurement. By integrating them, 

the IMU biases can be estimated and the vehicle trajectory can be 

estimated where the GPS data is not available or is poor.

It should be noted that in situations when camera fails to detect lanes, 

the lane departure warning system can rely on the vehicle trajectory 

information (vehicle speed and yaw angle) and the previous (or 

predicted) vehicle distances to the right and left lanes in order to 

estimate the lane departure and TLC. Therefore, the proposed 

algorithm improves lane detection reliability compared to algorithms 

designed based on the camera image only.

The algorithms proposed in this paper can be also applied for other 

vehicle trajectory information and the vehicle distances to the right 

and left lanes (  and ) can be used to reduce the latency of 

information embedded in the controls, so that the vehicle lateral 

keeping in ADAS applications or in autonomous vehicles.

Figure 4. The systematic layout of the complete hybrid electric vehicle model 
and controller in the dSPACE and MicroAutoBoxII
The signals between the Simulator and MicroAutoBoxII are transmitted through CAN Bus and analog signals. The vehicle and individual component controller models are running in dSPACE Simulator at the rate of 0.01 seconds and the hybrid controller is running in the MicroAutoBoxII at the rate of 0.001 seconds for the purpose of better control effect. For the plant model running in the Simulator, 10ms step size is used instead of 1ms because it’s inherited from the original Autonomie model.

The signal exchanges between the dSPACE Ecoline Simulator and MicroAutoBoxII are listed in Table 2 and Table 3. The signal description and the numerical range of these signals are also listed. All the requirement for the timeliness of these signals is considered when determining the signal resolution etc.

Table 2. The List of Signals Transmitting from Simulator to MicroAutoBoxII

Table 3. The List of Signals Transmitting from MicroAutoBoxII to Simulator

Figure 5. The ControlDesk layout for the real-time monitoring of the hybrid electric vehicle HiL setup

Cheng et al / SAE Int. J. Passeng. Cars – Electron. Electr. Syst. / Volume 10, Issue 2 (August 2017)
279

Figure 8. The degradation of SOH over the US06 driving cycle with the cell 
temperature of 20 °C

In the paper by Cheng et al. [17], the aging performance of the lithium 
ion cobalt oxide battery pack of a single shaft parallel hybrid electric 
vehicle under different ambient temperatures is studied. A single shaft 
parallel hybrid electric vehicle model is built by integrating 
Automotive Simulation Model (ASM) from dSPACE and AutoLion-
ST battery model from ECPower to realize the cosimulation of HEV 
powertrain in the common MATLAB/Simulink platform. It is found 
that the range of the voltage response of the battery pack is wider 
under lower temperatures indicating an increase in internal resistance.

Figure 9. The thickness of the SEI layer of the battery cell operating under 
different temperatures

Figure 10. The capacity of the battery cell operating under different 
temperatures

Figure 11. The battery pack voltage response under different temperature

Cheng et al / SAE Int. J. Passeng. Cars – Electron. Electr. Syst. / Volume 10, Issue 2 (August 2017) 281
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