
  

  
Abstract—The technology developments in automotive are so 

fast. One of the supporting component in automotive is wiper 
system that acts as a cleaning water on the windscreen and the 
rear of the car. To give more convenience of drivers, the 
automatic wiper system is developed. The bang-bang system 
and the PID controller are simulated and applied to determine 
the response system and the level of energy consumption. In this 
work, the developed wiper system is installed in electric cars, in 
which the energy source comes from the battery. The results of 
the comparison between the simulation and application of 
bang-bang system and PID controller in terms of the response 
system and electricity consumption are used as the basis for 
selecting the automatic wiper system. The results indicate that 
the PID controller provides better response system and level of 
energy consumption compared to the bang-bang system, in 
which it is currently applied in most cars. 
 

Index Terms—Wipe, modeling, bang-bang system, PID.  
 

I. INTRODUCTION 
Comfortability is very important in driving a car. One of its 

aspects is the cleanliness of windshield which contributes to 
the driver's visibility, especially during heavy rain conditions 
and driving in high speed. Therefore, there is a need for 
components that can clean the water properly. Wipers are the 
components on the car to remove the water on the windshield 
and the rear of the car. Therefore, the wiper system is 
expressed as a safety support system that works passively 
(working if required) [1], [2]. 

Most wiper system is currently still using materials from 
the rubber on its blade, and using a manual switch on the 
steering wheel area. Usually, the switch for wiper speed is 
classified to low, intermittent, and high. To facilitate the 
operation, currently, it was invented a wiper which is added 
with rain sensor. Generally, cars with rain censor are limited 
to luxury cars. However, it is assumed that the fate of the rain 
censor will be the same as ABS brake technology (Anti-break 
Locking System) that a few years ago was only applied to 
luxury cars, but it is now applied to various types of vehicles. 
Moreover, as the modern technology developed 
computerized system for cars, driving will turn into a 
comfortable thing. One the example is automatic wiper 
system with rain sensor shown in Fig. 1. 
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Fig. 1. Sensor-based wiper system [3]. 

 
The wiper rain sensor system works when water wets the 

surface of the sensor which is placed on the windshield. 
Furthermore, the signal received by the sensor is forwarded 
to the controller and activate the wiper motor. In the 
development of the automatic wiper system there is an 
automatic wiper which uses infrared sensor consisting of a 
signaling infrared (transmitter) and the receiver infrared 
signal receiver. The sensor works by firing a signal from the 
infrared transmitter and get received by the infrared receiver 
[4]. When working in normal circumstances without the rain 
water, the sensor is not working. It will work if the infrared 
signal is disturbed by raindrops rolling down the windshield 
as shown in Fig. 2. 

 

 
Fig. 2. Signal at the time the water drops occur and not [5]. 

 
The automatic wiper system was also developed using a 

piezo-electric sensor to detect the intensity of the rain. This 
system uses a microcontroller as wiper controller and sensor 
as an input signal [6]. Some published works regarding to the 
automatic wiper system are detailed in [7], [8]. The system 
was developed to reduce driving distractions so that the 
driver will only focus on the primary task of driving. 
Kantawong and Janepumisart [9] developed an automatic 
wiper control for heavy rain conditions that lead to the onset 
of fog in front of the glass (mist control).  

The inquiry carried out in this paper aims to explore the 
other side of the automatic wiper system that is in terms of 
energy used by wiper actuator. As a note, the electric cars 
which are similar to city car were developed and 
manufactured in our Laboratory. Indeed, the battery's energy 
is used not only used as a driving force, but also for other 
needs such as lights and wipers in which it uses a DC motor. 
A DC motor is the most widely applied actuator in the 
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automotive and industry, especially for robotic actuators such 
as the in the control position of an arm robot manipulator [10], 
[11]. 

Therefore, the main objective of the present work is to 
develop the bang-bang system and control Proportional 
Integral Derivative (PID) which can adjust the wiper system 
automatically on an electric city car that has been made. This 
also leads to the investigation of the level of energy 
consumption required by the batteries between those two 
systems arrangement of automatic wipers. 

 

II. RESEARCH METHODOLOGY 

A. Mechanic of Wiper System 
The wiper system works by changing the rotational motion 

of motor wiper into wiper blade movement, i.e. the right and 
left. The developed system is a mechanical system that is a 
combination of an electric motor with worm gear to reduce 
wiper and linkage that converts the output of the wiper motor 
into motion back and forth on the wiper blade. The wiper 
systems are designed to operate at temperatures from -30° to 
80° [12]. 

 

 
Fig. 3. The pattern of wiper system [13]. 

 
Nowadays, there are various patterns of wiper system in 

various vehicles. Fig. 3 shows the pattern wiper system, 
namely (a) wiper system with a pattern of parallel, (b) 
single-lever system with sectors wipe patterns, (c) a 
double-lever system with parallel wipe patterns, (d) opposed 
pattern double lever system with overlapping sectors wipe 
pattern, (e) tandem pattern double-laver system with 
overlapping sectors wipe patterns, and then (f) 
tandem-pattern three-lever systems with extra-wide sector 
overlapping wiper patterns. Accordingly, this work develops 
the wiper system or type of single lever system with one arm 
wiper systems for electric city cars.  

 

 
Fig. 4. The mechanim componen of wiper system. 

 
In this study, the mechanism design of wiper system is 

adapted to the circumstances of the electric cars. Figure 4 
shows the components of the wiper system which has been 
successfully created. The designed wiper system consisted of 
(1) wiper blade, (2) the holder, (3) joint, (4) link, (5) DC 
motors, and (6) joint wiper motor. 

B. Wiper System Using Simmechanics 
The prototype design is then simulated by using 

SimMechanics, so the mathematical modeling is not 
necessary anymore. As a note, the SimMechanics application 
creates mathematical modeling automatically. Fig. 5 shows 
the wiper systems modeling at SimMechanics. Furthermore, 
the model could be simplified into subsystems which became 
clearer for each component, and is shown in Fig. 6. Fig. 6 
shows the subsystem of each system, ranging from the input 
of the input value, the wiper motor which is modeling for DC 
motor wiper, until the wiper arm and a wiper blade which is 
modeling the wiper arm and wiper blade on SimMehanics.  

 

 
Fig. 5. The mechanism component of wiper system. 

 

 
Fig. 6. Subsystem of the wiper system. 

 

C. Modellling of DC Wiper Motor 
DC motor is used as an actuator wiper as shown in Fig. 7. 

Further, the equation of DC Motor based on the modelling is 
as follows. 

 

 
Fig. 7. An equivalent circuit DC wiper motor. 

 
Based on Fig. 7, we got the Back-EMF voltage value 

shown by equation (1): 

Ea (s) =Kbϴ (s)                                 (1) 

Voltage Ea is the result of the armature coil voltage caused 
by the movement of a coil in a magnetic field area. Kb are 
constants for electromotive motorcycle, θ is the angular. 
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Meanwhile, Va stands for voltage, La is induction, and Ra is 
the resistance of the motor. Therefore, the equation is as 
follows:   

Va (s) = (La s +Ra )Ia(s)+Ea(s)                     (2) 

Further, mechanical load is the part that discusses the 
relationship moment of inertia (Jm) connected with the motor 
shaft and the friction caused by the air and bearing (Bm), thus 
affecting a large torque generated and realized in the 
following equation: 

T (s) = (Jms2+ Bm)θ(s)                              (3) 

T (s) = Ka Ia(s)                                     (4) 

Based on the equation (1) - (4), it could be considered that 
the function of the transfer between mechanical load and 
voltage is expressed as follows: 

G(s) = θ/Va                                     (5) 

G(s) = Ka / Jm Las3(JmLa+JmRa)s2+(BmRa+KaKb)s      (6) 

D. PID Controller 
The PID controller is needed to control the wiper system 

automatically. Further, the system developed is bang-bang 
system (on-off system) and PID control. Bang-bang system is 
the term used in closed loop control systems without using a 
controller. The bang-bang system is shown in Fig. 8.  

 

 
Fig. 8. Simulink of bang-bang system for a DC motor wiper. 

 
Furthermore, PID control consisting of proportional 

control (P), integral (I), and derivative (D) is combined into 
one controller. This was done because each control has 
advantages that can be put together to get the ideal control. 
Accordingly, PID controller system block diagram is shown 
in the following Fig. 9.  

 

 
Fig. 9. Simulink PID control for DC motor wiper. 

 

E. The Implementation of Software and Hardware of 
Wiper System 
The design of software and electronic hardware is an 

important part in the planning of the wiper system as it would 
facilitate the reading in understanding the flow and 
processing scheme nets electric current flow in the wiper 
system. The aim is to make it easy in knowing any problems 
or disorders related to the electronic circuit.  

Fig. 10 shows the hardware circuit of the wiper system on 
the electric city car. Fig. 11 depict the implementation of the 
automatic wiper system on an electric car wherein Fig. 11 (a) 

shows the windshield wiper system with one arm that is 
applied to the car and Fig. 11 (b) shows the hardware 
controller mounted on the automatic wiper. Moreover, the 
wiring diagram shown in Fig. 12.  

 

 
Fig. 10. The implementation of controller in wiper system. 

 

 
                            (a)                                                         (b) 
Fig. 11. The application of automatic wiper system, (a) wiper application on 

electric car, and (b) electronic controller hardware chain. 
 

 
Fig. 12. The wiring diagram of the wiper system. 

 

III. RESULTS AND DISCUSSION 

A. Simulation of Bang-bang System and PID Control 
Simulation is carried out to get an overview of the 

response system of wiper actuator. In addition, the simulation 
is performed using Simulink toolbox from Matlab. Moreover, 
the analysis plot's result with sisotool with the existing 
toolbox in Matlab is shown in Fig. 13. It can be found that the 
response system's rise-time value is 0.4 s, overshoot 0 %, 
setting-time of 0.6 s, and has a steady-state error value of 0 %. 
Figure 3 reflects that the controller is capable of converging 
towards a single point so that the system stands in a stable 
condition despite having a long response.  

Further, the simulation with closed control without a 
controller to investigate the response system is also 
performed. By knowing response system, the value related to 
the kinematic motion can be determined. Figure 14 shows the 
response system of DC motor as the wiper actuator with 
bang-bang system. The red line is the set point and the blue 
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line is the result of the simulation with input step by step time 
to 1 s. 

 

 
Fig. 13. The response system of PID control. 

 

 
Fig. 14. Response system for positioning using bang-bang system. 

 
It can also be observed that the results in Fig. 14 are similar 

to result as shown in Fig. 13. Thus, it indicates that the 
rise-time of 0.4 s, overshoot 0 %, setting-time of 0.6 s, and a 
steady-state error value of 0 % are obtained. 

The simulation results of PID is less maximum since it 
took quite a long setting time, so it is necessary to have 
tunning. Tunning is done directly in Matlab / Simulink. By 
such method, it is found that the gain of Kp is amounted to 
22.02; Ki is 28.6; and Kd of -0.062. These values are the best 
values to achieve the setting-time with fast response, as 
showed in Fig. 15. Figure 15 shows that when the rise-time 
value is 0.00665 s, the system is experiencing overshoot up to 
6.26% and  setting time = 0. 0297 s. Based on the result, the 
system can be said to have a fast response and convergent. 

 

 
Fig. 15. The PID response system. 

 

 
Fig. 16. Response positioning system with PID control. 

 
The simulation for DC wiper motor by using PID 

controller is described in the following Fig. 16. The 

simulation results depict that the overshoot is 6.26%, the rise 
time is 0.00665 s and the setting time is 0.2 s. Based on Fig. 
16, the red line refers to the set of points and the blue line 
shows the simulation output with PID control. 

F. The Implementation of Bang-bang system and PID 
Control 
The next stage after the simulation is implementation. The 

program is developed in Matlab / Simulink and embedded in 
the hardware. The result of bang-bang system 
implementation is shown in Fig.17. This figure shows that 
the results of the implementation in accordance with the 
simulation in which the set-point is shown by the red line and 
the blue line is a bang-bang system response that leads the 
profile set-point as a reference input to be achieved. 

 

 
Fig. 17. The implementation of bang-bang system. 

 
The next stage is the implementation of the PID controller 

and the results are shown in Fig. 18. The result of the 
implementation is in accordance with the simulation which 
has been done in previous section. The red line shows the 
set-point, while the blue line represents the condition of 
response system which formed lines that follow the 
movement profile of set-point as a reference input to be 
achieved. 

 

 
Fig. 18. The implementation of PID control. 

 
If the bang-bang system and PID controllers are compared, 

so the difference in the response system is obtained as shown 
in Table I. It is found that the PID controllers have better 
performance than the bang-bang system. 

 
TABLE I: RESPONE SYSTEM ANALYSIS 

Wiper system Rise Time 
(s) 

Overshoot            
(%) 

Settling 
Time (s) 

Steady State 
Error (Ess) 

(%) 
Bang-bang 

system 0,4 0 0,7 0 

PID control 0,00665 6,26 0,0297 4 

  

B. Energy Consumption of Bang-bang and PID Control 
The main point in the development of this wiper system is 

the level of energy consumption of the battery on the use of 
bang-bang system and PID controller for electric city car. 

International Journal of Materials, Mechanics and Manufacturing, Vol. 6, No. 3, June 2018

227



  

Again, the majority of vehicles are currently using 
bang-bang system, whereas for electric cars only uses battery, 
so the battery energy usage must be distributed efficiently. 
Based on this, we have planted bang-bang system and the 
PID controller to determine the level of energy consumed 
when the wiper system is being used. Additionally, Fig. 19 
shows the energy consumption of the battery. Blue line 
shows the energy consumption for the bang-bang system, 
while the red line shows the battery's energy consumption 
PID control. When compared, the amount of energy 
consumption of bang-bang system reached 0.039 joules, 
whereas for the PID control 0.009 joules. As a result, it can 
be concluded that the automatic wiper system with PID 
control is more efficient for energy usage compared to those 
on bang-bang system. 

 

 
Fig. 19. The energy consumption of bang-bang system and PID control. 

 

IV. CONCLUSION 
The automatic wiper system was designed, manufactured 

and developed for wiping the rain on the windshield. The 
system was designed to increase the comfort level of the 
driver. Moreover, this wiper system was developed on the 
electric car by applying bang-bang system and PID controller. 
This was done because an electric car has a characteristic to 
be saving in energy consumption of the battery. Meanwhile, 
the results of the simulation and implementation shows that 
the PID control is better than bang-bang system in response 
system. The test results shows levels of 0,039 joules of 
energy consumption for the bang-bang system and 0,009 
joules for the PID control. As a result, it is more efficient to 
use the PID control, and also the PID control is supportive in 
the distribution of energy in the batteries of electric cars. 
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