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Abstract

:

Considering the rules of Formula Student Racing regarding functional and safety requirements of an electric vehicle’s power system, a reliability control model of accelerator and brake pedal is developed in the Matlab/Simulink platform. Voltage signals of the accelerator pedal are filtered. An amplitude limit module and consistency module check the filtered voltage signals of the accelerator pedal. The voltage signal of the brake pedal is processed to achieve the accurate position of the accelerator pedal and avoid the influence of incorrect signals and mis-operation on safety. The control model need not change the structure of the pedal and increase the sensors. Simulation and experimental results verified that the model can effectively avoid influences of pedal vibration on the voltage signal, identify the faulty signals and cut power output when the accelerator and brake pedal are depressed simultaneously.
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1. Introduction


Formula Student Racing is an engineering competition. Over a year, students need to build a single seat formula racing car. Every year, Formula Student conducts the competition in Germany, Britain, China, America and other countries. Students compete with teams from all over the world. The purpose of the competition is not only to select the fastest race car, but also to examine the comprehensive strength of a car, such as construction, performance, cost and business planning [1,2]. Undoubtedly, Formula Student has cultivated many talents for the electric vehicle field. As an important component of an electric racing car’s power system, the accelerator pedal will greatly affect the power, stability and safety of the racing car. It must respond to the driver’s intention accurately and quickly. Now, research on electric accelerator pedals are mostly focused on using Kalman filter, fuzzy control, sliding-mode control and neural network control to obtain the actual position of the accelerator pedal. Hai Wang et al. proposed a tracking control model based on continuous fast non-singular terminal sliding mode for vehicle electronic throttle [3]. Bin Yang et al. took spring, stick-slip friction and gear backlash into account and proposed a nonlinear controller to estimate the throttle opening change [4]. Youhao Hu et al. proposed a control scheme to estimate the upper bound of the lumped uncertainty. The scheme is based on an extreme-learning-machine for vehicle electronic throttles with uncertain dynamics [5]. Hao Sun et al. established a fuzzy dynamical model for an electronic throttle system which had the features of uncertainty, nonlinearity and external disturbance [6]. Sun Jian-min et al. established a mathematical model for an electronic throttle by using fuzzy and immune feedback control algorithms [7]. In order to access the actual position of the vehicle electronic throttle when there are failures in the sensor, Alessandro N. Vargas et al. used a wattmeter and unscented Kalman filter to estimate the position [8]. However, these control algorithms are complicated and require more memory which need more iteration time. So they are not suitable for the quick response control system of electric racing cars. In the research on the reliability of the accelerator pedal and the brake pedal, the main focus is only on the pedal mechanical structure [9,10]. The research on brake pedals mainly focuses on electro-hydraulic brake systems of electric automobiles and the identification of the driver’s braking intention. Bo Wang et al. proposed a method of identifying the driver’s braking intention which is based on an empirical mode decomposition algorithm and theory of entropy for electric automobiles [11]. Xuan Zhao et al. proposed a braking intention identification method which is based on a Gaussian mixture-hidden Markov model to improve identification of the driver’s intention [12].



However, the research focused on combined reliability control of electric racing cars’ accelerator and brake pedals is still very few. The control algorithm and mechanical devices for preventing mis-stepping on the accelerator pedal have certain limitations. Hao G et al. designed a locking device, using the centrifugal clutch, with speed threshold on the accelerator pedal [13]. However, the device will also be triggered during the rapid acceleration, which will affect the acceleration performance of the racing car. At the same time, this method greatly changes the structure of the accelerator pedal. Ming-Ji, W et al. used radar and sensors to collect vehicle information and prevented the driver from accidentally stepping on the accelerator when the distance is too short [14]. This method requires more sensors to be added to the racing car, which increases the complexity of the system and reduces the reliability.



In order to establish a combined control model of acceleration and brake pedals that meets the special requirements of the rules and design, while keeping the mechanical structure unchanged, this paper takes the accelerator and brake pedal of the Xiamen University of Technology electric racing car as a research object and proposes a simple and reliable control strategy. According to the rules of the competition, the voltage signals of the accelerator pedal position sensor (APPS) and brake pedal sensor (BPS) are detected and processed accordingly, and the acceleration and brake pedals are prevented from being depressed at the same time. The control model that meets the requirements is established in Matlab/Simulink and verified by experimental test.




2. Design Requirements


The electric accelerator pedal consists of mechanical structure, two independent displacement sensors and relevant circuits. Its essence it converts the driver’s torque request to corresponding voltage signals and transfers them to the vehicle control unit (VCU). As shown in Figure 1, voltage signals are sent to the motor control unit (MCU) by controller area network (CAN) bus after processing in the VCU and the MCU controls the torque output of the motor.



According to competition rules, the electric racing car’s accelerator and brake pedal should meet the following rules:




	
Each car must use at least two independent APPSs, which means that each sensor does not share power and signal line;



	
If the car uses analog sensors, the transfer function of each sensor must be different. Each sensor’s slope must be positive and either the gradients, offsets or both, should also be different to other(s);



	
If the difference in accelerator pedal travel between two sensors is more than 10%, the VCU must promptly cut off power to the motor(s) entirely;



	
If the accelerator pedal travel is more than 25%, and at the same time the brake pedal is hardly pressed, the power to the motor(s) must be cut off immediately and completely. The power to the motor(s) must remain shut down until the accelerator pedal travel is less than 5%, whether the brakes are still actuated or not.









3. Pedal Reliability Model Build


This research surrounding the accelerator and brake pedal of the Xiamen University of Technology electric racing car as research object, combining rules of the competition, builds a reliable control model in MATLAB/Simulink. The control model consists of four parts: filter, amplitude limit check, consistency check and APPS/Brake pedal plausibility check.



3.1. Filter


During the driving process, the acceleration and brake pedal will generate some vibration because of the intense driving, so the output voltage of the sensor will fluctuate. By properly designing the filter model, the effect of vibration on the output voltage can be effectively eliminated. The output voltage range of the APPS is related to the pedal’s mechanical structure. The relationship between the positions of the accelerator pedal is fed back by the sensor and its output voltage can be obtained by Equations (1)–(3):


  T =    1 2  ×  (   T 1  +  T 2   )   



(1)






   T 1  =   A P P S  1  i n p u t   − A P P S  1  n o − l o a d     A P P S  1  f u l l − l o a d   − A P P S  1  n o − l o a d      



(2)






   T 2  =   A P P S  2  i n p u t   − A P P S  2  n o − l o a d     A P P S  2  f u l l − l o a d   − A P P S  2  n o − l o a d      



(3)




where T is the position of the accelerator pedal. T1 is the position fed back by the No. 1 accelerator pedal position sensor (APPS1). T2 is the position fed back by the No. 2 accelerator pedal position sensor (APPS2).   A P P S  1  i n p u t     is the output voltage of APPS1.   A P P S  2  i n p u t     is the output voltage of APPS2.   A P P S  1  n o − l o a d     is the output voltage of APPS1 at no load.   A P P S  2  n o − l o a d     is the output voltage of APPS2 at no load.   A P P S  1  f u l l − l o a d     is the output voltage of APPS1 at full load.   A P P S  2  f u l l − l o a d     is the output voltage of APPS2 at full load.



The voltage output range of the accelerator pedal sensor is 0–5 V. When the sensor is installed on electric racing car, it is limited by the pedal structure. The output voltage of APPS1 at the no-load position was 0.415 V, and the output voltage at the full-load position was 1.392 V. The output voltage of APPS2 at the no-load position was 0.561 V, and the output voltage at the full-load position was 3.163 V. In order to ensure that all signals can be detected after filtering, the upper and lower limits were appropriately expanded so that voltage ranges of APPS1 and APPS2 were 0.4–1.4 V and 0.5–3.2 V, respectively. The filtering model is shown in Figure 2. The Tapped Delay module was used to delay the input signal by 5 sampling times, then the maximum and minimum values were removed and the average value was calculated. Since the two sensors’ output voltages were not in an integer ratio relationship, in order to facilitate detections later, the signal was converted into a percentage in advance by using the 1-D Lookup Table module. Then the model outputs two signals APPS1_consistency and APPS1_limit for consistency detection and limit detection, respectively. The APPS2 and brake pedal sensor (BPS)’s filter model is similar to APPS1.




3.2. Amplitude Limit Check


After the filter, if the signal exceeds 100% and the duration exceeds 200 ms, it means that the mechanical limit structure of the accelerator pedal is damaged and exceeds the design position. If the signal is less than 0% and the duration exceeds 200 ms, it means that the signal wire of the accelerator pedal sensor is broken or the sensor is damaged, and the signal cannot be output. Therefore, when the opening of the accelerator pedal exceeds the normal range, in order to ensure the driver’s safety, the power output of the motor must be stopped. The amplitude limit check model is shown in Figure 3. If the values of APPS1_limit and APPS2_limit are between 0% and 100%, then the values of APPS1_check and APPS2_check are 1, respectively, otherwise the values are 0. If the values of APPS1_check and APPS2_check are 1 or the values are 0 but the duration is less than 200 ms, then the value of Limit_check is 1, otherwise the value is 0.




3.3. Consistency Check


According to the competition’s rules, if the difference between the travel of the accelerator pedal fed back by the two sensors exceeds 10%, the power output from the motor controller to the motor must be shut down immediately. The consistency check model is shown in Figure 4. If the difference is greater than 10%, then the Consistency_check output’s signal is zero.




3.4. APPS/Brake Pedal Plausibility Check


If the racing car lost control in some situation, the driver might simultaneously step on the accelerator and brake pedals by instinct. At this time, the brake system cannot slow the car down immediately. So according to the rules, if the accelerator pedal travel is more than 25%, and at the same time the brake pedal is hardly pressed, the power to the motor(s) must be cut off immediately and completely. The power to the motor(s) must remain shut down until the accelerator pedal travel is less than 5%, whether the brakes are still actuated or not. In the case of emergency braking, the pressure in the brake master cylinder will be very high. Due to the influence of accelerations, decelerations and vibrations during the driving process, the oil pressure in the master cylinder will fluctuate sharply. The higher trigger point can prevent the model from being activated by interference signals and causing power interruption. Therefore 40% of the brake pressure during emergency braking is taken as the trigger point. This can ensure that the power can be effectively cut off during emergency braking. Signal APPS1_limit and signal APPS2_limit are averaged to obtain signal APPS. Using the Stateflow module to check signal APPS and signal brake, the APPS/brake pedal plausibility check model is shown in Figure 5.



As shown in Figure 5, signal APPS and Brake are input into the APPS&BPS check model. The state is ”off” and the value of BPS_check is 0. If the value of signal Brake is less than 40%, the state is changed from ”off” to ”on” and the value of BPS_check is changed to 1. At this time, the electric racing car can output power. In the case of state is “on” and Brake is more than 40%, the state is changed from “on” to junction 3 then junction 4. At junction 4, if APPS is more than 25%, then the state is changed to “off”, otherwise the state is back to “on”. Since Brake is more than 40%, the state is changed from “off” to junction 1. At junction 1, if APPS is less than 5%, then the state is changed to “on”, otherwise the state is back to “off” through junction 2.



The above control algorithm model is encapsulated into various subsystems according to different functions, and the subsystems are connected according to the signal transmission sequence. The global control model is shown in Figure 6. The signals of the acceleration and brake pedals, APPS1_input, APPS2_input and Brake_input, first enter the filter model. Signal APPS1_limit and APPS2_limit are output from the filter model to the amplitude limit check model. Signal APPS1_consistency and APPS2_consistency are the consistency check model. APPS and Brake are respectively the accelerator and brake pedal opening position. Signal APPS and Brake are output to the APPS&Brake plausibility check model. After the detection of three models, signal Limit_check, Consistency_check and BPS_check are output to the arbitration model. Only when the three signal values are all 1, is APPS output, otherwise only 0 is output. Then the actual opening of the accelerator pedal will be converted into a torque demand value and sent to the motor controller by the CAN bus.





4. Simulation


4.1. Projects


In order to verify reliability of the entire control model, the model needs to be simulated with Matlab/Simulink. Simulation items include filter simulation, amplitude limit simulation, consistency simulation and APPS/brake pedal plausibility simulation.




4.2. Simulation Results


Simulink’s Band-Limited White Noise module and Sine Wave module are added to produce a signal to simulate the input signals of APPS1 and APPS2. APPS1’s normal voltage range is between 0.4 and 1.4 V. APPS2’s normal voltage range is between 0.5 and 3.2 V. To verify the effectiveness of the control model, using a sine wave signal that satisfies the equation   f  ( a )  = 0.6 s i n 5 a + 1   plus a white noise signal to simulate APPS1’s voltage signal. Therefore, at the upper pole of the signal, the voltage will exceed the normal range. A sine wave signal that satisfies the equation   f  ( b )  = 1.4 s i n 5 b + 1.8   plus a white noise signal is used to simulate APPS2’s voltage signal. Therefore, at the lower pole of the signal, the voltage will exceed the normal range. A sine wave signal that satisfies the equation   f  ( c )  = 0.2 s i n 20 x + 1.15   plus a white noise signal is used to simulate BPS’s voltage signal. The voltage signals of APPS1 and APPS2 before and after filtering are shown in Figure 7. Before filtering, the voltage signals of APPS1 and APPS2 have more burrs, indicating that the position of the accelerator pedal is unstable and has a great influence on power output. The signal before and after filtering is subtracted from the original signal, respectively, and the standard deviation is calculated. The standard deviation before filtering is 0.03187 V and after filtering is 0.01935 mV. Therefore, this filtering method can effectively reduce the influence of noise on the signal and the power output is smoother. After converting the voltage signal into the pedal position signal, the positions after filtering of APPS1 and APPS2 are shown in Figure 8. It can be seen from Figure 8 that the position of APPS1 at the upper pole exceeds the normal range and the difference with APPS2 is greater than 10%. Additionally, the position of APPS2 at the lower pole exceeds the normal range.



After filtering, some position signals are still less than 0% or greater than 100%. If 2 sensors’ position signals are both in the normal range or their signals exceed the normal range but duration is less than 200 ms, then signal Limit_check outputs 1, otherwise it outputs 0. APPS1_limit and APPS2_limit are input into the amplitude limit check model and the simulation result is shown in Figure 9. At the upper pole of APPS1 and the lower pole of APPS2, the Limit_check value is 0.



APPS1_consistency and APPS2_consistency are input into the consistency check model. If the difference between the two signals is less than 10%, then the model outputs signal 1, otherwise outputs signal 0. The consistency check model simulation results are shown in Figure 10. When the difference between APPS1 and APPS2 exceeds 10%, the model can detect the fault signal and outputs 0.



APPS1 and APPS2 signals after filter are averaged to obtain the APPS signal, which is checked with the brake pedal signal. According to the rules, if the accelerator pedal travel is more than 25%, and at the same time the brake pedal is hardly pressed, the power to the motor(s) must be cut off immediately and completely. APPS and BPS’s signals are input into the APPS/Brake pedal plausibility check model, the simulation results are shown in Figure 11. When APPS exceeds 25% and Brake exceeds 40%, the value of BPS_check is 0. Additionally, the value can remain 0 until APPS is less than 5%.



Output signals of the three detection models are input into the Arbitration model to obtain an accurate accelerator pedal position signal APPS_output. If amplitude limit check, consistency check model and APPS/Brake pedal plausibility check model’s results are all 1, then the APPS_output value is equal to APPS, otherwise the APPS_output value is equal to 0. The position of the accelerator pedal will not be transmitted to the MCU, and the motor will stop.





5. Experimental Verification


5.1. Experimental Setup


In order to verify the effectiveness of the above reliability control strategy, a test platform as shown in Figure 12 is built. A signal generator is used to simulate the output voltage signals of the accelerator pedal and brake pedal sensors. Signals are transmitted to the VCU which is used by the electric racing car for processing. Then the VCU transmits the results of the test to the computer for analysis through a signal converter.




5.2. Experimental Results


The signal generator outputs a voltage signal by superimposing white noise on a sine wave. The sine wave varies between 0.4–1.6 V and 0.4–3.2 V. The voltage changes before and after the filter are shown in Figure 13.



APPS1 and APPS2’s position changes after filter are shown in Figure 14.



According to Figure 13 and Figure 14, APPS1 and APPS2’s positions change smoother after filtering. The amplitude limit check module experimental result is shown in Figure 15. At the upper pole of APPS1 and the lower pole of APPS2, the Limit_check value is 0. When the value is 1, it means APPS1 and APPS2’s positions are all between 0 and 100%, or the signals exceed the normal range but the duration is less than 200 ms.



APPS1_consistency and APPS2_consistency are input into the consistency check model. If the difference between two signals is less than 10%, then the model outputs signal 1, otherwise it outputs signal 0. The consistency check model experimental results are shown in Figure 16. When the difference between APPS1 and APPS2 exceeds 10%, the model can detect the fault signal and outputs 0.



It can be seen from Figure 15 and Figure 16, when the difference between APPS1 and APPS2’s position is not greater than 10%, the consistency check module will output value 1.



Signal APPS and Brake are transmitted to APPS/Brake pedal plausibility check model for processing. The experimental result is shown in Figure 17. When the value is 0, it means the accelerator pedal and brake pedal are depressed at the same time. When APPS exceeds 25% and Brake exceeds 40%, the value of BPS_check is 0. Additionally, the value can remain 0 until APPS is less than 5%.



Output signals of the three detection models and signal APPS are input into the arbitration model for processing. Only the amplitude limit check model, consistency check model and APPS/Brake pedal plausibility check model are all passed the model outputs APPS, otherwise outputs 0. The accelerator pedal position experimental results are shown in Table 1. According to the table, the signal APPS_output outputs only when all check models pass, otherwise it outputs 0. The model is able to detect error signals and prevent pressing the accelerator and brake pedal simultaneously. The position of the accelerator pedal will not be transmitted to the MCU, and the motor will stop. The experimental tests proved that the system is effective in increasing the accuracy, reliability and safety of the electric racing car accelerator pedal. Moreover the above benefits have been obtained only by VCU software without modifying the mechanical structure of the pedal, and without increasing new sensors.





6. Conclusions


This research studies the reliability control strategy of an electric racing car’s accelerator and brake pedal. The control process of the model is simulated by establishing a simulation model in Matlab/Simulink. Simulation results show that filter model can effectively reduce the glitch in the signal, make the voltage signal smoother, and improve the accuracy of the signal. The amplitude limit check model and consistency check model can effectively detect sensors’ abnormal signals. The APPS/brake pedal plausibility check model can avoid the situation that accelerator pedal and brake pedal are depressed simultaneously, and the power output can be shut down immediately. After two accelerator pedal voltage signals are processed, the pedal position signal can be accurately output. The model meets the reliability control requirements. In future work, we will record the signals before and after processing through the data collector, and verify the reliability control algorithm on the racing car. At the same time, reliability control research will be conducted on other control components of electric racing cars to improve safety.
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Figure 1. Racing driving system structure diagram. 
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Figure 2. Filter model. 
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Figure 3. Amplitude limit check model. 
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Figure 4. Consistency check model. 
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Figure 5. APPS&Brake plausibility check model. 
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Figure 6. Global control model. 
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Figure 7. Filter model simulation result. 
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Figure 8. The positions of APPS1 and APPS2. 
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Figure 9. Amplitude limit check simulation result. 
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Figure 10. Consistency check simulation result. 
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Figure 11. APPS/Brake pedal plausibility check simulation result. 
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Figure 12. The experimental platform of the reliability control strategy. 
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Figure 13. APPS1 and APPS2’s voltages before and after the filter. 
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Figure 14. APPS1 and APPS2’s position after filter. 
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Figure 15. Amplitude limit check module experimental result. 
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Figure 16. Consistency check module experimental result. 
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Figure 17. APPS/Brake pedal plausibility check module experimental result. 
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Table 1. List of fault signals






Table 1. List of fault signals





	Condition
	Limit_Check
	Consistency_Check
	BPS_Check
	Output





	1
	1
	1
	1
	APPS



	2
	0
	1
	1
	0



	3
	1
	0
	1
	0



	4
	1
	1
	0
	0



	5
	0
	0
	1
	0



	6
	0
	1
	0
	0



	7
	1
	0
	0
	0



	8
	0
	0
	0
	0
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
APPS_tmic

[ ares2 it

PPt Amplid it check el

APPS1_consiseney R i

D aers
APPSHinpot

Limitshosk

APPSI_consisency

o> Comency_check
s APPS1 input [APPS2 consiieney APES vt D
APPS2 ot | Appss. consis N auput
APPS2_sonsiseny Consiency check model ’7’”& et ARpS, su
Bake ke ]

BPS_check

O paie i avrs aors
Broke inpw avrs APPS ke plausibiy check model

Filter model "Abiiien model






media/file4.png
max

Delays

APPSI1 _input

+#€+ X

1I-DT

(D

APPS1 consistency






media/file30.png
Accelerator pedal position/%

120

100

80

60

40

—— APPS1’s position after filter
—— APPS2’s position after filter

25
Time/s

4.5






media/file18.png
Position/%

120

100

80

60

40

20

APPS1’s position after filter
APPS2’s position after filter

I I

|
2.5
Time/s

4.5

()]





media/file35.jpg
APPS position after filtering.

rake position afer filtring
— BPS.check value

"
N a A ol

os §

04 ¢

20 02m
nn 05 1 15 2 3 35 4 45 50






media/file21.jpg
~ Difference between APPST and APPS2
— Consistncy_check value

12

'
o8
06
04
02

0s

o
354 as s

Consistency_ check valus





media/file26.png
Signal Converter






media/file27.jpg
35

25

Voltage/V.

05

APPSI's
APPSI's volage ater fler

 vohtage before fiter

APPS2's volage before e

APPSY's volage st fker

s

25
Timels

35 ¥

s






media/file3.jpg
APPSH inpat

Doy

[/

~ 1,

D

APPS comistncy

D

AP
PSI_Li
‘mit





media/file22.png
Difference/%

—— Diftference between APPS1 and APPS2
—— Consistency_check value

2

5
Tl%ne/s

|
3.5

4.5

1.2

1038

0.6

104

0.2

Consistency_check value





media/file19.jpg
= APPS'I position after filter
| APPS'2 postonate e

03

0
16






media/file28.png
Voltage/V

S:)

2.3

APPS1’s voltage before filter
APPS1’s voltage after filter
APPS2’s voltage before filter

APPS2’s voltage after filter
l |






media/file10.png
10%

(1) P+
APPS1_consistency > |ul >

(2 ) >l — Consistency_check
APPS2_consistency -

Iy






media/file33.jpg
~— Difference between APPS1 and APPS2
~— Consistency_check value

16 "
1
08
06
04
Y 02
6 o
o 05 1 sz oqEs 3 35 4 a5 3





media/file32.png
Position/%

120

~ APPSI1’s position after filter
- APPS2’s position after filter
- Lmmt check value

2>

€&

o>

(L

|

A

£

A

L5

Time/s

3 3.5

4.5 5

Limit check value





media/file14.png
Co—
APPS1 input

APPS2 input

Brake input

APPSI1 _limit
APPS1 input

APPS2_limit

APPS1 consistency
APPSI input
APPS2 consistency

Brake

Brake input
APPS

" APPS1_limit
Limit check

APPS2 limit

Amplitude limit check model

> APPS 1 _consistency
Consistency check

APPS2 consistency

| [

Consistency check model

”| Brake
BPS_check

APPS

APPS&Brake plausibility check model

E

Filter model

> Limit_check

Consistency check

APPS output

BPS_check

APPS

APPS_output

Arbitration model





media/file11.jpg
BES check
5 check

APPS&BPS chck

(o )

oy ey

| i, as

sz

[Bke 4%

Ias:






media/file36.png
—— APPS position after filtering
—— Brake position after filtering
— BPS_check value

Position/%

120

100

80

60

40

N

T

2.5
Time/s

BPS check value





media/file15.jpg
Voltage/V.

55

25

0s

——APPSI's voltage before fiker
—APPSI's volage atr Fer
—APPS2's volage befor fier
—APPSY's volige atr fier

05

3 35 3

s





nav.xhtml


  wevj-12-00001


  
    		
      wevj-12-00001
    


  




  





media/file6.jpg





media/file16.png
3.5

Voltage/V
N )
n S} i w

(="

0.5

——APPS1’s voltage before filter
——APPS1’s voltage after filter
——APPS2’s voltage before filter
——APPS2’s voltage after filter

1.5 2 2:5
Time/s






media/file2.png
APPS1

APPS2

Analog

Signal

Vehicle

Control

Unit

Battery

High

Voltage

Motor

Control

Unit

High

Voltage

Motor






media/file20.png
Position/%

120

100

80

60

40

20

APPS’1 position after filter
APPS’2 position after filter

)

<

Limit _check value
. — T

A

A

0.5

1.5

2

2.5
Time/s

4.5

0.8

106

0.4

0.2

Limit check value





media/file23.jpg
120

Position%.

& 8 2

B

T APPS pasition after filtering
~ Brake posiionafer ilering

~— BPS.check value

05

L5

2

25
Timels

3

35 4

s

12

o5

06

04

02

BPS_check value





media/file5.jpg
D

AveSLTmis o0

Lini shesk






media/file7.png
1
APPSI_limit ::—* >0 >

I— 4 )

1> 1 APPS1_check D

: 3 L
APPS2_check D

» Limit check
. J

2
APPS2_limit E:—f >0

> 1

Sel=ha





media/file24.png
— APPS position after filtering

~ Brake position after filtering
— BPS_check value

I I I I I I

Position/%

0.0

0.4

0.2

BPS check value

1.5 2 2.5 3 3.5 4 4.3
Time/s





media/file29.jpg
Accelerator pedal position/%.

Loz s 2oz

g

H






media/file1.jpg
Battery

i
Voltage High
APPSI  [——|  Vehicle Motor Voltage
“Analog
. Conwol AN Control Mator
Signl
ams2 — Unit






media/file31.jpg
APPS1's position afler filter.

APPSX's postion afe fiter
Limit_check vlue

12

os 1 18 2 25 3 35 4 a5 s






media/file25.jpg





media/file12.png
S

APPS

J

Brake

APPS

Brake

\

()

t C) BPS_check
J

>

BPS check

APPS&BPS check

on
entry:

[Brake > 40%] : :Q1 [APPS <= 5%]

:
[APPS > 5%] @
& [Brake > 40%]
[APPS >25%] -\, [APPS <=25%] .






media/file9.jpg
10%

APPSI_consistency [ = *(1D)
> i Consistency_check

APPS2_consistency






media/file0.png





media/file8.png
I

(off

entry: check=0

[(APPS1_check==

1)&&(APPS2_check==1)]

(“on

[APPS1_check==0]

entry: check=1

—

after(0.2,sec)
[APPS1_check==0] [APPS1_check==1]

after(0.2,sec)

[APPS2_check==0]

e

[APPS2_check==0]

I [APPS2_check==1]






media/file34.png
Difference/%

—— Difference between APPS1 and APPS2
—— Consistency check value

l

25
Time/s

1.2

1

o8
To.6

104

0.2





media/file17.jpg
0

APPSI's position afer fiber
APPSYspostion e e

o5

a5
oty

35






