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Abstract - This paper shows how mechatronics engineering concept is applied in real life applications. The idea is to construct 
an automatic device on a vehicle to prevent the heat penetration in the vehicle interior caused by the sunlight. This 
construction requires a combination of mechanical design, electronic design, control system design, and computer science 
design. This paper presents a novel design which is a fully autonomous sunshade to cover the car automatically when it is 
parked outside. The system will prevent any vehicle from getting affected by heat produced by the solar energy. Solid works 
design and simulation has been done to analyze the required power by the system. Finally, a prototype has been built and the 
feasibility has been checked. 
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I. INTRODUCTION 
 
Vehicles have become a primary factor in our 
lifestyle. It is one the best means of transportation on a 
daily basis.Due to the advancement in technology, 
people tend to use more automatic systems these days. 
Thus, engineers try to change manual systems into 
automatic systems in order to make people’s lives 
easier. This research and development project tends to 
do the same thing in the automobile industry. Car 
owners usually use the normal sheet to cover their 
cars. Other people tint their car windows. The reason 
to do that is to protect the car from the heat and this is 
the project’s objective. However, this project tries to 
accomplish this objective using an automatic system. 
While the car is parked on day hours, the car interior 
absorbs the heat produced by the sun. This effect is a 
scientific phenomenon occurs because of the thermal 
radiation caused by the solar energy and it is called 
Greenhouse Effect. As the thermal radiation travels 
from one medium to another that is the car window, it 
changes its waveform. Thus, the wavelength gets 
shorter whereby it cannot pass through the glass to go 
back outside the car, which causes the heat to be 
trapped inside. At this point, the interior of the car 
experiences a constant increase in temperature adding 
the fact that the interior of the car lacks air flow 
circulation as the car windows are closed. The more 
time the car is exposed to the sun while there is no air 
flow circulation, the higher the temperature gets inside 
the car.  
 
The main objective of the research is to prevent 
sunlight from penetrating through the car window. 
However, another equally important objective is 
producing a practical automated system so every car 
owner will no longer need to think about it. The most 
common solutions introduced in the market are still 
normal cover sheet, window tinting, and smart tint. On 
another hand, looking at the parking lots, most of the 
cars are unprotected neither by sheet covering nor by 
window tinting. If car owners experience this heat 

problem every day and not doing anything about it. It 
leads to one logical explanation which is laziness. 
Nowadays, humans tend to use the more automatic 
system rather than manual, which is why they prefer 
leaving their car unprotected rather than covering it 
manually. As for window tinting, there are several 
reasons why it is not favorable although car owners 
need to only install it once and the manufacturer 
claims that their tint can isolate heat up to 80-90%. 
The first reason is that in most countries, it is not legal 
to tint the car 100%.Due to the limitations by most 
state transportation departments, it is illegal to tint the 
windows to a level that adequately reflects the 
sunlight. 
 
There are rules to keep visibility about 70% in the 
front windshield, 50% on other windows. As long as 
sunlight allowed penetrating through the car window, 
the car will get hot. Practical test conducted in this 
research shows; the most expensive tint available in 
the market can isolate heat up to 50-55%.  The second 
reason is that the driver can’t see properly at night 
which makes it dangerous. The best solution 
nowadays is smart tint technology. This technology 
has many good features. It is automatic, no 
construction required, and can isolate heat up to 98%. 
However, the drawbacks are quite persuasive.  
 
The first disadvantage is that it is life cycle is way 
shorter than the normal glass. Secondly, it is 
incredibly expensive. Applying this window sheet to 
a car can cost more than $1000 USD. Thirdly, it can 
be announced illegal by the Government as the driver 
can change the visibility inside the car anytime. Last 
but not least, it consumes several minutes to change 
from clear to opaque and back again. This technology 
is new which is why it can’t be practically tested in 
this research. The scope of research is about the heat 
produced by the solar energy and the aerodynamics 
effect by the vehicle’s motion. The heat factor has a 
huge impact on vehicles with various forms. The 
research focus is on the greenhouse effect which 
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occurs inside the vehicle. This phenomenon increases 
the temperature inside any closed object. 
II. LITERATURE REVIEW 

 
The temperature inside the car can rise to as much as 
65° Celsius that are parked in the sun in hot climates. 
Al-Kayiem et al,[1] have conducted extensive 
experimental and numerical analyses on a salon car 
parked outside (un-shaded area) at Perak, Malaysia. 
The authors have investigated six different settings 
including, sun shade usage case, four different 
windows opening settings and full windows closing 
case. At 12 different locations, the temperature inside 
the car interior had been noted. The initial and 
boundary conditions to run the 3-D computational 
simulation were determined by the mean values of 
those collected data. Both CFD simulation and 
experimental results revealed that only the front 
sunshade decreased the heat build-up inside the car. 
The temperature of the car dashboard surface became 
26% lower and the maximum temperature of the air 
inside the car was dropped by 27%. In an attempt to 
reduce the heat build-up in automobiles, several 
devices have been developed. For example, tinted 
glass, window curtain, reflectors are available in the 
market [2, 3]. A window shade device was 
documented in the United State Patent No. 1,289,281, 
issued on December 31, 1918, to W. S. Shaft [4]. 
This device is a pleated shade for the window which 
is changeable by cords at the bottom and top of the 
window. Another  window shade device was typified 
by the United State Patent No. 289,573, issued on 
December 4, 1883, to W. C. Scott [5]. This pleated 
shade for the window consists a cord to lower and 
raise the shade along the vehicle window. These 
devices would be burdensome to operate by the driver 
where two identical shades were attached to the 
windshield at opposite sides. A typical side curtain is 
documented in the United State Patent No. 1,168,343, 
issued on January 18, 1916, E. Smith [6]. A curtain is 
a pleated gadget with transparent panels. It can be put 
on the window using a cable. When it is not in use, it 
can be retracted upwardly to open the car door. The 
transparent panels of the curtain would allow solar 
radiation to get inside the car and this gadget would 
be unacceptable as it can cover the windshield if its 
breakdown by air pressure while driving. 
 
A temporary shade or curtain for shading a home 
window was typified in the United State Patent No. 
3,913,655, issued on October 21, 1975, to T. Ogino 
[7]. This temporary shade is meant to use at the home 
window and it serves its purpose satisfactorily. This 
gadget is a pleated fabric like paper. People can use 
this material to put the shade on their window 
temporarily or if they don’t want to buy the more 
expensive fabric materials. It is not preferable to use 
on a vehicle windshield because there is no retraction 
mechanism for it. This device would be also 
burdensome to operate by the driver and strings are 

required to hold the material in open position and it 
should not hinder the vision of the driver while he is 
driving. A roller glare shield which would be 
mounted horizontally on a vehicle to cover its 
windshield is documented in the United State Patent 
No. 1,648,994, issued on Nov. 15, 1927, to E. F. 
Pitman [8]. The curtain is semi-transparent and can 
be attached to the vehicle using vacuum cup. To 
cover the windshield, the driver has to pull it and plug 
it on the bottom hook. This device works perfectly on 
the vintage car as those have apparently vertical 
windshield but could not be easily workable on 
modern automotive as the windshield is typically has 
a slope at the bottom. Therefore, the gadget cannot 
cover the major portion of the dashboard of the 
modern vehicle. There are more inventions on vehicle 
shades or covers exist in the market which demands 
manual labour to place the cover over the vehicle 
such as United State Patent No. 4,560,245, issued on 
December, 1985, to P. I. Sarver [9], United State 
Patent No. 4,205,816, issued on June 3, 1980 to C. L. 
Yu, [10] and United State Patent No. 2,723,714, 
issued to M. R. Moore on November, 1955 [11].  A 
few automated gadgets or systems exist in the market 
as well, including United State Patent No. 4,432,581, 
issued on 1984 to Guma [12] and United State Patent 
No. 4,432,581, issued on 2006 to Thomas, et al.,[2]. 
However, these gadgets are bit large and burdensome. 
Moreover, several adjustments or modification need 
to be made to the vehicle in order to support these 
gadgets to cover the vehicle. United State Patent No. 
5,291,934, issued on 1994 to Ouvrard, et al.[13], 
United State Patent No. 5,468,040, issued on 1995 to 
Peng Hsieh, et al. [14] and United State Patent No. 
5,752,560, issued on 1998 to Cherng [15] revealed 
sunshades devices controlled by power electronics for 
vehicles. These devices use extension rods which are 
placed within the vehicle. The rods can be extended 
automatically to cover the vehicle when it is parked 
in the sun but the user needs to give command using a 
switch or remote. All of these devices have the 
downside that they don’t have a pleasant look or they 
have a lack of slick design and cannot cover the side 
windows. As these devices place inside the vehicle, it 
consumes valuable space within the vehicle. The 
devices also failed to reduce the temperature inside 
the car adequately as there is no protection or cover 
for the vehicle roof. Automatic car umbrella with a 
solar charger is a very new product in the market 
[16]. It is able to cover the roof and all windows for 
nearly all car body type. It can open and close like an 
umbrella. The device consists of Aluminium skeleton 
with waterproof canvas featured with automatic 
remote control. Solar panel attached with the device 
can generate enough power to open and close the 
cover and it does not need extra battery or power 
connection from the vehicle. It can be used 300 times 
with full battery. The design is elegant and it would 
be able to protect the vehicle from sun exposure 
during hot summer. The drawback is that the weight 

http://iraj.in


International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-4, Aprl.-2017 
http://iraj.in 

Autonomous Vehicle Sunshade 
 

41 

of the device is 8KG and the user needs to place it on 
the roof of the car manually every time to cover the 
car. It is dangerous to drive the vehicle keeping the 
device on the roof of the car as the design is not 
aerodynamics friendly. The device can be stolen 
easily as it does not have any locking mechanism. 
The effectiveness of the entire prior device to protect 
the car from getting hot is completely depends on the 
driver or the user. If the driver is disciplined and 
position the device perfectly every time the vehicle 
parked under the sunlight then the devices work 
effectively. Most of the conventional devices are 
often lie down on the back seat of the car. Drivers are 
reluctant to place it at the position after one or two 
months of buying it. 
The best device would be the one that can be opened 
and closed quickly and automatically or with very 
little effort. Thus, it is understood that it is very 
important to have an automated vehicle covering 
which will open and close in short time. In this 
research, a fully automatic vehicle cover would be 
designed. 
III. METHODOLOGY 
 
This section will be covering the method that has been 
used to test and accomplish the objective of the 
research project. The methodology will be divided 
into three sections which are control system design, 
mechanic system design, and electronic system 
design. 
 
3.1. Control system 
Figure 1 shows the Control system diagram. Based on 
the figure it can be seen that system will be receiving 
an input signal either by a switch or by IR remote. 

However, the system will not produce an output until 
the processor reads the feedback sensors.  
 

 
Figure 1: Control system diagram 

 
The system would be running through different stages 
before being activated. The system is designed to run 
through three stages in order to be initialized. Figure 
2 shows the detail flow chart of the whole system. 
The stages are described below. The first stage is 
checking the state of the car and wait for the signal 
input that initializes the system. In this system, the 
signal is obtained from the vehicle’s alarm remote 
control. Usually, an automatic system doesn’t need a 
manual signal input in order to initialize it. However, 
in this case, the system operates in a working field 
whereby more than two events can occur. It means 
that the conditions which might initialize the system 
takes more than 0/1, true/false, or high/low 
conditions, whereby the computer can only 
understand 0/1. Thus, an external input needs to be 
considered before initializing the system.  

 
 

 
Figure 2: The detail flow chart of the system 
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The system can only be initialized when the vehicle is 
totally parked and the passengers have evacuated. 
There are other possible ways to determine this 
vehicle’s state by checking the engine’s state or the 
vehicle’s motion state. But the engine can be off in 
different situations other that parking as well as the 
motion state. So, the only possible solution to 
determine the vehicle’s state is by checking the alarm 
remote control state that is used to lock/unlock the 
vehicle. With this condition, it can determine that the 
vehicle’s state whether it is fully parked and 
unoccupied from any passengers or vice versa. The 
second step comes after obtaining the signal input. 
The process is to check the conditions that determine 
whether the vehicle is under the exceeded heat or not, 
the system will determine the heat using a 
temperature sensor. The computer will be having the 
data regarding the temperature limit that the system 
can sense without protecting the car. In the previous 
paper, tests were made regarding checking the 
temperature while the vehicle parked and exposed to 
the sun during day hours. Based on that test we were 
able set the limit of the temperature. After obtaining 
the temperature data from the sensor, the system will 
determine whether it is high or low. If the 
temperature degree is high the system will cover the 
vehicle by turning on the motors where the 
mechanical system comes in. however, the 
mechanism will be explained in the later part. Before 
turning the mechanical system on, a safety procedure 
needs to be taken. The system will check the distance 
between the vehicle and any other object surrounds it. 
If an object detected within a certain range which 
might affect the mechanical system performance, the 
system will wait till that object is removed. This 
procedure is very importance in case if that object is a 
human being. The third stage is related to the safety 
factor. Thus, it is synced with the second stage. It 
means that after checking the temperature state, the 
system will not run the range between the vehicle and 
other objects are in the safety range, otherwise, the 
system will wait until it is safe. 

 
3.2. Mechanical system design 
Currently, many vehicle owners cover the car 
manually by applying a normal cloth cover all over 
the car. Thus, this idea has been implemented it in 
this project. This method will be carried out using 
electronic parameters in order to automate it. The 
human hands that cover the cloth will be replaced by 
four mechanical arms attached to four DC motors. 
Between each of two arms, a piece of cloth is 
attached that will be rotating along with the DC 
motors. Figure3 shows the system setup on a car in 
(a) uncovered state position; (b) covered state 
position. 
 
Polypropylene based non-woven fabric can be perfect 
for the project. Its heat reflection rate is 95% which is 
considered very efficient. This material is very 

strong. It has a light weight. It is a green material that 
is environmentally friendly, as it is recyclable[17]. 
The material can be reused for different purposes. It 
is cost effective according to the size required to use 
in the project. 
 

 
 
Figure 3: (a) Uncovered state position; (b) Covered 
state position 
 
3.3.Electronic design 
The following electronic components have been used 
for prototyping. Figure 4 shows the full circuit 
design. 
 
1. Microcontroller (Arduino mega) 
2. Motor Driver (10 amp motor driver) 
3. DC motor (power window DC motor) 
4. Temperature sensor (LM35) 
5. Ultrasonic sensor  
6. IR remote control + Receiver 
7. Safety switch 
8. Limit Switch 
9. Power supply unit (12V DC battery) 
 

 
Figure 3: Circuit design 

 
IV. TESTING 
This section will present all the tests that have been 
made in order to assure all the system operates 
according to the methodology planning. 
 
4.1Range sensor test 
This test is to determine the safest distance for the 
mechanical arms to rotate. The range sensor assures 
the safety of any moving person around the device. 
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On the other, this procedure should not affect the 
performance of the system. In many situations during 
parking, the vehicle becomes so close to each other. 
Thus, the mechanical arms might not be able to 
actuate as it might hit the vehicles parked on the 
sides. Figure 5 (a) and (b) shows range sensor test 
and the actual infrared sensor position. Thus, we had 
to find the best distance suited for both the system’s 
performance and the safety verification. 
 

 
Figure 4: (a) Range sensor test; (b) Infrared sensor 

 
4.2. Sunshade efficiency test 
This test is to confirm the coverage area of the 
sunshade by calculating the area of the sunshade 
when it extended. Figure 6 is showing the side 
window's area coverage andFigure 5 shows the 
Front/Rear window’s area coverage when the arms 
are extended. 

 

 
Figure 6 Side window's area coverage 

 
Figure 7: Front/Rear window’s area coverage 

 
4.3. Motor Capacity test  
This is one of the most important procedures in the 
methodology as to make sure that motor can produce 
the required torque to actuate the mechanical arms. 
The testing will be conducted using the features of 
the motor obtained from the datasheet and it will be 
compared with the results obtained from the 
simulation constructed using SOLIDWORKS 
software to assure accuracy. The first step is to apply 
the material that will be actually used on the 
mechanical arm i.e. Acrylic plastic. Then, the 
simulation would be done on the mechanism using 
Solid works Motion analysis feature. The mass 
properties result obtained from the solid works mass 
property evaluation has been given below. 
Mass = 220.03 gram 
Volume = 183357.26 m  
Surfacearea = 59393.12 m  

Centerofmass: x = 259.83, y =  −14.74, z = 4.00 
The next step is to set the motors displacement in 
degrees and the time required to complete the one 
cycle. Displacement configuration requirement would 
be rotating 220 degrees in 5 seconds. This 
configuration is considered a heavy duty on the motor 
as to make sure the motor can perform in the worst 
case scenario.Figure 8, 9 and 10 are showing the 
Motor displacement, velocity, and acceleration 
respectively. 

 

 
Figure 11:  Motor displacement 

 
Figure 12: Motor velocity 

 
Figure 13: Motor acceleration 

 
V. SOLID WORKS ANALYSIS: 

 
In order to verify the motor power requirement, the 
normal calculation using motion formulas has been 
conducted as well as solid work simulation. Thus, 
two results were obtained regarding the required 
torque and compared them to the actual motor torque 
that has been used. The weight of the arm is 0.22 kg. 
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Weight force (F) = 0.22 kg × 9.81 m/s = 2.158 N 
Center of mass (r) = 0.259 m 
minimum torque required τ = F ×  r × cosθ 
τ = 2.158 N × 0.259 m × cos 90 
τ = 0.556 N. m 
 
Distance from the rotational point and center of the 
mass (r) = 0.259 m and angle of rotation θ =
(270 − 90)° as after reaching this angle, torque 
requirement would be less as gravity help afterwards. 
This analysis was based on the solid works software. 
The simulation data inputs were to turn the 
mechanical arms to 220 degrees in 5 seconds. The 
time can actually vary due to an external factor such 
as current supply. However, the simulation is quite 
accurate to the actual prototype.  

 
Figure 14: Motor torque capacity 

 

 
Figure 15: Motor angular Velocity 

 
Figure 16 shows that the maximum torque required is 
a 0.6 N.m. According to the motor’s datasheet, its 
rated torque is 2.9 Nm which is a lot higher than the 
requirement. At 2.2s motor torque requirement tends 
to zero because, at an upright position, the motor does 
not need torque much. This comparison can mean 
power wastage or wrong motor selection. However, 
the reason that this motor has been selected is 
approximately 200% higher torque might be required 
due to the external weight such as the sunshade cloth. 
Lifting a piece of cloth with 0.56 m^2 area can be 

quite heavy as it depends on the speed of the wind 
that will act as a force. Thus, the overpowered motor 
can assure the system to perform in most of the 
weather conditions. Figure 17 shows the angular 
velocity of the single motor. 
 
VI. EXPERIMENTAL SETUP 

 
As shown in figure 9, the motors have been set on the 
roof base of the vehicle. On each side, there will be a 
piece of cloth attached to the mechanical arms which 
mean four pieces. The motor in the middle is 
responsible for folding the loose pieces of the cloth 
from each side as the cloth is a soft material, and the 
mechanical arms are not enough to fully fold the 
whole thing. The middle motor will be attached to 
four strings on the four sides and once the folding 
process starts, the motor will rotate pulling all the 
strings to its side. The position of motors in this 
figure 9(a) indicates that the system is in a folding 
state where all the arms are set on the vehicle’s roof. 
Figure 9(b) shows the mechanical arms are actuated 
down the base which means it’s in the covering state. 
The four pieces of the cloth will be expanding in 
trapezoidal shape matching the car’s side windows 
shape. 

 
Figure 18: Prototype position (a) Folded state; (b) Covered 

state. 
Comparing the area of the sunshade achieved by the 
mechanical arms with the actual size of the window 
glasses has shown full coverage, as measurements 
were taken before designing the mechanical arms. 
Thus, the size matches with the vehicle’s size. 
Adding the fact the front/rear windows are covered 
with more than required due to the angle the motor 
installed with. 
 
VII. FUTURE WORK 

 
Fairly, this project is still new. Thus, a lot of 
improvements need to be conducted regarding the 
mechanism. Drag force may cause a huge problem to 
the mechanical system performance, which means it 
is the priority factor that needs to be considered. 
Taking the current mechanism concept presented in 
this paper, changing the material characteristics to 
elastic prosperity can significantly help improve the 
system sustaining the drag force. When the sunshade 
material has an elastic property, it will stay firm 
during extending and shrinking to its original 
position. Thus, it will be firmly attached to the 
mechanical arms in any case during the actuation. 
This will give the material a good resistance against 
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the wind while staying flexible. Another method is to 
attach a protection wall that will be able to drift that 
air into another direction. Another improvement is to 
use better range sensor instead of using four 
ultrasonic sensors which would save energy and 
money. 
 
DISCUSSION AND CONCLUSION 

 
This system is a new opportunity for the automobile 
industry. It can cause a huge impact on the market as 
well. However, it is considered risky at the same time 
which is why it is not introduced as a real product. 
Nevertheless, if this idea was to be adopted by a real 
automobile manufacturing corporation, a practical 
system can be produced. This paper has shown the 
capability of making such thing. Due to the 
limitations of finance and equipment, better results 
could not be obtained. But, the current results are 
promising for the future work. In the end, this 
research and development project offers a real 
solution to a very common problem that people face 
on a daily basis regardless the obstacles that appear. 
Based on the tests and the results, the system is fully 
automated and its algorithm can be used in the future 
work for similar projects.However, regarding the 
mechanical system design, the aerodynamics is the 
main problem. As the vehicle moves, the drag force 
can heavily affect the soft part of the system i.e. the 
cloth. The cloth can be carried outside the roof frame 
due to the air force. Due to the difficulty of physically 
testing the mechanical components, it cannot be 
assured the full stability of the system. However, the 
only part that might be affected is the cloth material 
as the mechanical arms and the motors are installed 
using bolts and screws which will make them very 

firm. To reduce the drag force, a plastic block with 
holes has been suggested to put in the front of the 
device to guide the air above the clothes when the car 
is moving. 
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