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the control elements and sensors, which the company sells separately. The price range of these components is from 74 to
500 Euros. If one wants to reach the same functionality as we
in our project one would need to buy their brightness control
sensor called SSunis WireFree RTS”with a cost of 204 Euros
or their cheaper alternative which still costs around 160 Euros. In addition to the sensor one still needs a motor so in total
the entire system would cost around 560 Euros. The price of
this system is high for a small household. There are also a more substantial number of companies that build electric shutter
systems, but they all only offer manually controlled systems,
so they do not have the option of being controlled solely on
external sensor input.

ABSTRACT

Our project Automatic shutters was planned and implemented
as part of the Interactive Systems lecture of the Universität
des Saarlandes in 2018. It consists of a shutter system capable of user-independent operation and an Android application
with different controls options and features for the user.
INTRODUCTION

We were kind of surprised that automatic shutter systems are
still rare these days if you think about the comfort gain of
such a system in contrast to the complexity. So we decided to
think about how we can realize such a system, what we need,
how complicated it is and what related solutions exist. We
noticed relatively quickly that one reason why most people
do not use such a system is the high price of every solution
we found We came back to this in the related work section.
Because we also had a low budget for the project, keeping the
price down was one key challenge and the main goal of our
project. Before we look at how we solved this, we look closer
at the related work and already existing solutions.

Upon further research, we found a system called ”Paperchase,”which did offer a very similar experience to our product.
At the time of our proposal they still had a website with information about their product, but no prices. At the current time,
their website seems to be unavailable, or it no longer exists.
http://paperchaseboca.net/motorized-blinds
More commonly found are motion based systems for garages and shopping mall entrances. One could also very easily
modify these systems and use them as shutters, but a motion
based shutter system is not very useful in a living room scenario. These systems are therefore not real competition to our
brightness based system.

RELATED WORK

There is a system called ”Rolling Shutters”which is made
by the company Somfy. It offers comparable functionality as
our project with some minor differences. The Rolling shutters system offers different motor options called ßmart motor,”these can be controlled by a smartphone App called ”mylink,”but other remote options can also control their system.
The company claims that the system is also easily expandable
and allows to control a great variety of shutters, they are also
able to create scenes and can synchronize with other smart home devices or platforms. Somfy specializes on metallic shutters, which you can commonly see in stores or other bigger
buildings. With all those positive points there is bound to be
a negative aspect of this system. The drawback of the rolling shutter system is that it is costly. The motors alone cost
around 300 Euros, not including the installation fees by a certified company. In addition to the motor you also need to buy

Finally, we also looked for papers. Many papers talk about the
gains and losses of having automatic shutter systems. These
papers often state that people in offices prefer daylight over
artificial light which is somewhat irrelevant for our context
since we will have the possibility to control the system manually. Furthermore, there are also some papers that talk about
how to save energy by using automatic shutters, yet none of
those papers touch the concept of automatic shutters. They
only discuss their consequences or appliances.
DESIGN RATIONALE
The APP:

We wanted to build an easy to use and easy understandable
App to control the shutter system and to get extra information. For the manual control options, we decided to use an already existing metaphor from the physical control, which you
can find at lots of systems that users are used to from other
scenarios. These are for example used in elevators and also
in installations more similar to our shutter system like garage doors. One difference to our design is that the majority of
these systems only have an up and a down button. So we had
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to think about how we would like to structure the rest of our
logic. Finally, we placed the up, auto and down buttons in a
vertical row under each other with the up button at the top and
the down button at the bottom and the auto button in between.
Because this would be the most used functions of the app, the
app displays them prominently in the main activity. We also
decided to include the button to go to the sensor plots in the
main activity. We think this is the best placement for the feature because this way we do not have to use an options menu
and can keep all options visible in one view. We also do not
have lots of complicated features or settings that we would
need a dedicated options menu to access. Furthermore, we also decided not to include an extra button for automatic mode
based on temperature because we do not think that users use
this feature as often as the automatic mode, which depends
on brightness.

Figure 2. The schedules activity

Figure 3. The screen to create a schedule

Figure 1. The main activity which include the manual controls

The next set of features is the schedules activity where you
can set intervals for the shutters system. For example, you
could say you would like to close the shutters from 12:00
to 13:00 and then from 13:00 to 16:30 in automatic mode
(light dependent). An interval is just a rectangular box with
the mode icon on the left, then the start time, the connection
word ”to,” the end time and a deactivate switch at the right
side. There is only one row which is filled from top to bottom
with intervals. The user can add new intervals by pressing
the plus button to open a new screen where the start and end
times and the interval mode can be specified. It is also possible to disable created intervals by pressing the switch at the
right side of the interval. A disabled interval is greyed out to
indicate that it is not active at the moment. To delete an interval the user has to swipe the interval (the interval box) to the
left or the right as known from many other Android Apps like
Gmail. Then a bar appears at the bottom and allows to undo
the deletion. The user can also change the mode of an existing interval by pressing on the mode icon to circle through
the different modes in the following order:
Auto to up to down to temp to Auto.
There is also a sync button at the bottom of the screen to manual sync the active intervals from the App with the Arduino.
However, all created intervals are sent to the system if when
the user creates them if there is a Bluetooth connection to the
system activated at the moment of creation.

Figure 4. The time picker

The plot activity contains the received sensor data from the
shutter system displayed in two Plots one for light and one
for the temperature to allow the user to monitor changes in
brightness and temperature. The plots contain the last 25 received sample points. The user has to press the ”Sync with
Arduino” button to receive new data from the Arduino controlled shutter system. This button is also used to send the
current time to the system to prevent time deviations over
time.
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uses. According to these modes (up, down, auto-light, autotemperature, stop) the motor is controlled.

Figure 5. The plot activity
Figure 7. The final prototype

However this basic and straight forward design raises some
questions:
What if an incoming control command is contradicting to the
active schedule?
We chose to always prefer manual input over schedules. This
means after such a control command (like drive up) comes in,
there is some delay before a schedule can overwrite the active
mode again.
How to prevent the system from driving to far up or down?
In our design the Arduino knows where the shutters are at
every moment and it updates based on timing for driving up
and down.
Figure 6. received new values from the arduino system

Additionally, the App can also connect to multiple shutter
systems, but only one at the same time because we did not
focus on the realization of many shutters in parallel. However, the App could be easily expanded to handle multiple
independent shutters at the same time. For the communication between the Arduino which controls the shutters and the
app, we developed a custom communication protocol (more
in the implementation section). This communication protocol
would also allow the App to control every shutter system that
implemented this protocol.

Figure 8. Another picture of an earlier version of the prototype

The hardware system

For the computing device, we chose an Arduino Uno which
offers all the flexibility we needed for the features of our system. More specialized tasks like measuring light or controlling the motor are all outsourced to dedicated modules like a
light sensor or a motor controller.
Our idea for the functionality of the hardware system was an
Arduino Sketch which uses all those external modules and
takes care of everything logic-wise. This sketch contains
three main parts: Input Handling, Data Storage, and Motor
Control.
So the Arduino acts as a reactive system, it waits for input
commands over the Bluetooth Module, saves given schedules before later checking if any of these are currently active.
All this results in one active mode that the system currently

IMPLEMENTATION

Because the most important components, the 12v DC Motor
and the L298n Motor controller for our project arrived last,
we had to start with the implementation of our app named
”Shutter controls.” We started with the basic functionalities
in the main activity which is called shutter controls like the
app name because the main focus of the app is to give the
user control over the shutter system with some nice comfort
features. The basic functionalities are moving the shutters up
and down with the respective buttons and the automatic mode
for light. To interact with our shutter hardware, we used Bluetooth. There is an Arduino included in our hardware system,
which can communicate using a Bluetooth module. In the
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reacts accordingly.
Because the check for active schedules has to happen
very often, we always keep the instance of our ArrayListImplementation sorted and can use binary search for checking
if the current time is inside one of the schedules.

app, we created a class, that can establish a Bluetooth connection to this module by iterating over the available Bluetooth devices and searching for the one with the right name.
This class is then used by the other parts of the app to send
commands to the Arduino in a predefined format, which the
Arduino then interprets, e.g., as an Interval in which it should
roll the shutter down or as a command to immediately roll the
shutters down. It is also used to receive information from the
Arduino, which could, for example, be the temperature at the
current moment. The internal functionalities of the app are
not extremely complicated which is a good thing, but there
are no real interesting stories about them. However, some
things are worth mentioning. We had to implement a custom Listener for the swipe event to delete an interval because
there is no Android API implementation also not planned.
So we implemented with the help of math and people from
Stackoverflow a SwipeListener which is working perfectly.
We realized the saving of the intervals by writing a serialized
ArrayList of intervals to the internal storage of the device.
By starting the schedules activity, the ArrayList is, and for
each interval, there is an interval box appended to the layout attached to the needed listeners to provide the functionality of the intervals. For storing the plot data, we use the
same system because we wrote a powerful class for handling
the saving. For drawing the plots, we use the GrapView API
from Jonas Gehring which is under Apache v2 license Link
to GraphView We can also say that we wrote readable and
understandable code for most sections. However, we must
confess that there are exceptions. Especially the layout related code is not beautiful. For more details on how we implemented things, we recommend to check out the code.

For the communication of Arduino and Smartphone app, we
developed the following communication protocol:
Smartphone Arduino: Commands and Arguments

Always send command character first, then arguments in
given order but encapsulate the whole message in arrows.
E.g. a valid message would be ”<
c d
>” (drive shutters down) or ”<
i a 15 30 16 15
>” (add automatic interval from 15:30 to 16:15).
Notice: The white spaces are only to separate the bytes here,
they should not be in the sent byte array.
Notice: It is important to send everything as a byte array or
split up into multiple byte arrays, not Java chars or strings.
Notice: All the integers should be unsigned.
• c
: control the mechanics
– mode
∗ s
: Stop
∗ u
: Up
∗ d
: Down
∗ a
: Auto (light)
∗ w
: Auto (temperature, w=warm)

The actual building of the hardware system was more challenging than the app. We had problems with our motor controller because there is no manufacturer documentation and
most resources miss the fact that it is necessary to connect
the ground gate for the negative pole of the battery also with
the ground of the Arduino to activate the gates of the controller where the DC motor has to be connected. To figure this out costs us lost of time and was frustrating. However, finally, we managed to get this necessary functionality working. Wiring the other components like light sensor,
Bluetooth-module caused luckily no more problems. We assembled the shutter mechanism which we made of a metal
rod connected by a rubber tube to the DC motor. Then we
attached our textile material to the metal rod with a combination of duct tape and ”extreme” glue. To have a portable
installation we used a wooden board as assembling platform
where we fixed every component except the 12v battery into
place with a combination of nails and tape. To understand
how we did the wiring, please look at the circuit diagram at
the end of the paper which we created with the fritzing tool.

• i
: add new interval
– id: 8 bit Integer
– mode
∗ u
: Up
∗ d
: Down
∗ a
: Auto (light)
∗ w
: Auto (temperature, w=warm)
– start-hour: 8 bit Integer
– start-minutes: 8 bit Integer
– end-hour: 8 bit Integer

The Arduino sketch is an implementation of our design explained above. To keep the code structured and efficient was
another task though. In a loop of our system, the Arduino
reads all input that is currently available on the Serial port
which delivers the Bluetooth messages. So the Arduino stores
the bytes until it has a full message (indicated by opening and
closing bytes <message >) and if it is a valid command it
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– end-minute: 8 bit Integer
• d
: delete a specific interval
– id: 8 bit Integer
• t
: update the arduino’s time
Figure 9. Repository chart

– hour: 8 bit Integer
– minutes: 8 bit Integer
– seconds: 8 bit Integer

controls are also self-explaining because they are simply two
button one for up and one for down. However, in our prototype, the placement on the breadboard is not the best solution.
Larger buttons with less resistance would be better, but for our
prototype, the simple buttons also did the job well. The LED
indication of the systems current mode is also a good way to
visualize to the user that the system reacted to the performed
action by for example changing the color to green if the user
pressed the up button. This visualization is especially helpful
for functions like the automatic modes because here the system would otherwise not indicate the mode if there was no
RGB-LED. The main critic point for the whole system is the
material of the shutters and the bit of skew that the shutters
can have. The DC motor that drives the roll up and down process does not always perform the same because of variations
in motor power transmission to the metal rod, material resistance friction and harder to control factors. However overall
the system manages to fulfill the given task to the standards,
that the user would expect.

Other Operations:
• edit interval i: delete i add new edited i
• deactivate interval i: delete i
• activate interval i: add new interval i
Arduino Smartphone: Commands and Arguments

• b
: send brightness level
– value: 8 bit Integer ( 81 of the measured value to keep
in byte range)
• t
: send temperature
– value: 8 bit Integer (in °C, measured value + 50 to
keep positive)

For the user studies, we asked some of our friends (because
user studies are hard if you have no money or cool things to
motivate people) to give us feedback about our system.

We also had problems with the balancing of the shutter material because the roll up and roll down process is not the same
in every iteration because of hard to controllable factors like
gravity, the material resistance and the motor also has some
variance in rotation speed. However, we finally managed to
configure the system in a way to keep the variance minimal.
For a bigger, not portable installation unlike our prototype,
we would also use other more high-quality materials, especially for the textile. The Arduino and the sensors worked
perfectly fine so that we can recommend them in this configuration for a more extensive system. As already mentioned
the impression of the motor controller was not as good. We
had moments when we thought it has a personality and hates
us. So we would use another motor controller next time.

Feedback from participant A(w 21)

She said that the functionality of the physical buttons is clear,
but she would like to have bigger buttons which are easier to
press. She also likes the possibility to move the system easily. However, she said that the material used for the shutters
is not protecting from sunlight and we should improve it. She
also likes the design of the app especially the main controls
and the plots. On the schedules screen, she does not understand the exact functionality of the button at the bottom of the
screen.
To sum this feedback up: The users criticized the hardware
prototype for our use of the materials we currently had. We
know that this is a weakness of the system. That the functionality of the sync button for the intervals is not directly clear is
also understandable. A possible solution for this would be the
creation of a new icon which indicates the synchronization
of intervals between the App and the Arduino more clearly.
The possibilities of a movable shutter system are also a topic
which should be investigated further as also mentioned in the
project presentation. We did not consider this when we designed the prototyping system. The reason we designed it to
be mobile was for easy transportation and easy maintenance.
However, this expands the possible use cases of our system

Below you see some statistics from our project repo for the
project. In the end, we got more than 1500 lines of Java / Android Code + auto-generated files, XML resources for layout,
SVG images, etc. and 800 (with debug code over 1000) lines
of Arduino code. Gitlab created the following chart.
EVALUATION

Regarding the evaluation, we can conclude that the interacting with the systems does not overwhelm the users. We managed to keep the complexity of our system low by not overloading the app with functionality so the user can easily identify and use the actions he wants to do. The manual hardware
5

9. User presses the up button again

into space where no existing research or other products are
available.

10. The system stops opening, and in the App, stop turns into
the initial up button icon again

Feedback from participant B(w 46)

She immediately knew which buttons to use in the App for
Up, Down and Auto mode. It was also easy to find the measured sensor values / plot screen for her. However it was
more difficult to find the Schedules screen because she did
not know the meaning of the English word and also the button does not really present itself as one. Like participant A
she did not know what the synchronization button would do.
Although she had no problems creating a schedule with specific start/end time and mode and also managed to deactivate
it using the toggle. The delete functionality instead was not
obvious and was not found easily. She understood the functionality of the physical buttons and knew how to use them
and also mentioned that it was nice to have these buttons for
people who don’t always have their phones with them.

Light dependant control

1. The user wants the shutters to act automatically according
to the brightness
2. So the user opens the Shutter controls App and presses the
auto button
3. The system is now in automatic mode, and the symbol in
the App starts to glow to show that it is active
4. It gets bright outside, and the system fully closes the shutters
5. It gets dark again, and the system opens the shutters again
6. The user presses the auto button again

To sum this feedback up: The user liked and performed well
at the main tasks of driving the shutters up and down or activating the automatic mode especially because of the simple
and minimalist controls. The schedules screen of course is
much more complex and seems to need more design iterations what is not surprising because this is a general problem
of prototypes.

7. The system is no longer in automatic mode, and the App
shows the initial symbol again
Intervals/Schedules

1. The user wants the shutters to close from 11:00 to 13:30
when the sun is in front of the window
2. So the user opens the Shutter controls App presses the
Schedules-button to access the Schedules list

USE CASES

As possible use cases for our system we thought about the
following scenarios

3. The user presses the Add-Button to create a new schedule

• Manual control with the control button in the APP

4. In the opened dialogue the user chooses 11:00 as start time
and 13:30 as end time by first selecting the hour and then
the minute on a clock

• Automatic mode (dependent on light intensity)
• Intervals to control the shutter system by time

5. Then the user switches the modes by pressing the symbol
until the Down-Symbol (∨) appears

• Temperatur interval mode
• Control by the hardware buttons with LED status indication

6. Then the ADD-Button is used to confirm this schedule

Manual controls

8. Later at 12:00 the user notices that the sun is not as strong
as expected

7. It is initially active and sent to the Arduino

1. The user wants to close the shutters to prevent the sun from
shining in his face

9. So the user swipes the entry in the Schedules list to the left
”out of the screen” to delete

2. So the user opens the Shutter controls App and presses the
down Button

10. But then the user remembers that the next day this Schedule
could be useful again

3. The system starts to close the shutters and the symbol in
the App changes to stop

11. To bring it back the user presses the Undo-Button in the
Deletion-Message that popped up at the bottom of the
screen

4. The user presses the down button again
5. The system stops closing, and in the App, stop turns into
the initial down icon again

12. The entry reappears in the list
13. Now the user uses the toggle of the entry to deactivate it

6. The user realizes that it is now darker in the room than he
would like
7. User presses the up button

14. After that the user presses the Shutter controls Button to
get back to the control screen

8. Shutters start to move up and up button in the App changes
to stop

15. There the user presses the Up-Button to open the shutters
again
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Temperature control mode

CONCLUSION

1. The user wants the shutters to act automatically according
to the temperature from 08:00 to 16:00

Our system is a lot cheaper than the system from Somfy
which is the only other company which deals in automatic
shutter systems comparable to our system. We are proud to
be able to say that our system can offer the same functionality
as the Somfy system minus the linking with other smart home
appliances, only that we are cheaper than Somfy by a great
margin. The shutter system itself functions great although, we
faced some limitations in the shutter material which proved
hard to adjust for our specific case so that the shutters will roll
up at an angle at the very end. We could easily fix the problem by using a better material. We also see the potential of a
mobile and portable shutter system, and our communication
protocol would make it possible to control different shutter
systems with multiple sizes and used materials if the system
implements our communication protocol. To allow this, we
are discussing to publish the communication protocol along
with some example / basic functionality Arduino code as an
opensource project on Gitlab or Github and the App in the
Play store. So all in all our system is very competitive with
already existing commercial products, because it is cheaper,
offers more or the same level of functionality and has good
potential to be expanded further.

2. So the user opens the Shutter controls App and presses the
Schedules button
3. He presses the Add Button to create a new schedule
4. By pushing the Start time Button, he can choose his start
Time in the Popup
5. He selects 08:00
6. He presses the Endtime Button and selects 16:00 in the
Popup.
7. Under the Choose mode part he presses the Button 3 times
until the Temperature symbol pops up and confirms by
pressing the Add-Button
8. The system is now in automatic temperature mode from
08:00 to 16:00
9. It is 12:00, and it gets hot on the inside, and the system
fully closes the shutters
10. It gets cool again, and the system opens the shutters again
11. It is 19:00 so the system is no longer in automatic Temperature mode
Physical control options and status indication

1. The user wants to open the shutters because there is no sun
2. So the user presses and holds the up Button
3. The system starts to open the shutters and the color of the
LED changes to green
4. The user stops to press the button
5. The system stops opening and the color of the LED
changes to red
6. User presses and holds the down Button
7. Shutters start to move down and the color of the LED
changes to blue
8. User stops to press the button
9. The system stops closing and the color of the LED changes
to red
For the project presentation we combinded 6.2 and 6.4 to one
use case
7

8

