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aEfficient Sunbathing A

For a sunflower, it is essential for survival to gather as much sunlight
as possible. That is the reason why sunflowers slowly turn towards the

brightest spot in the sky.

The same principle also applies to solar cells, so that as much
sunlight as possible can be turned into electricity.

With the help of these assignment sheets, you will learn how to build
your own sunflower and how you can make it turn towards a source
of light by combining the right kinds of electronic devices.

Necessary components

The wiring of the sunflower on the Arduino patch panels
only includes a handful of components. Besides Arduino
and patch panels, you need these items:

X a brightness sensor ,
tc¢c Baa OA, YT LTOB®Y

t a Servo motor with a cross top , \
t 3blue, 2red, 2yellow and 2 green cable,

t and of course a paper sunflower .

= =4 =4 =8 =4

In addition, you also need a flashlight as a source of
light, to test you project.

AT 3 gcol T3> n>vYR
purposefully, every device you have to
knowabout. "V n{ ~ 3>t Al 7T LT
©1013 START HGHEE
Fig. 3:Image by Stuart McGhee
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Thebrightness sensor lets the sunflower recognize if itis g etting brighter or darker and if it
is moving to the right (towards the sun) or wron g (away from the sun) direction .

Brightness sensor , or rather light resistor 3

TT7 Ty?PNTARTLL LTIRL3Y STAavyi >LPRN T7vyi FfL cyr>cnn

through depending on the light incidence. The more light hits the sensor, the higher the
resistance and the less electricity can flow. To measure the resista nce, you have to examine the
flow of electricity . A digital pin can only identify if electricity is running (HIGH) or not (LOW), but
notho® ¢>yiTt L3 RITT ™ GnahiRaase. Thatip jvhy we need thg anglog pins .

---------------

-------------
-------------
--------------
---------------------

Necessary components

You need the following components to test the
brightness sensor :

----------------------

ONINQYY rewxx
s xs

f t ¢ Baa OA YT LPLA3Y
i t a brightness sensor
T t b  Trpdundlyellow cable S <h, G

---------
“vneoresaclllorsoeree

Yourto-do&: S TR ! R
Look at the graphics and the image.
There you can see what your wiring should look Fig. 4:Complete wiring

like in the end. The circuit is similar to the one Fig. 5: Complete wiring (Fritzing)
you did for the LED. However, you need an
additional cable between resistor and
brightness sensor which is connected to an
analog pin.

Now you can start programming and work ing
with the brightness sensor. The following steps
will help you understand how to identify whi ch
signals arrive at an anal og pin using the serial
monitor .
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Your to-do/A:
1. Open a new Arduino sketch and save it under a reasonable name.
2. Create the default structure, which you know f rom the introduction.
3. First, you need to set up all the variables that you need in the settings section.
Give them reasonable names and write them down in the box below.

[Note: Even though the pins are called A0, Al, etc., you only use the number in your

sketch!]
You neeX
a. an int-variable for the pin that you used for the <pin-name>:
brightness sensor. The value of the variable has to
be the number of your analog pin . <brightness>:

b. an int-variable, which will save a number for the
TYyPNT AR LLt ER AT PL ycLl Aai
4. You first have to start the serial monitor in t °H “3> §3RAL OoR3°¢ 1
anymore, just have another look at the introductory project. Analog pins are usually used
cL cR FTR[>At L3 ~3> $3RAS RI T 4t33 canftayasitHs. c¢ R~
5. 1In , you can read out the analog pin and save the content of you r brightness
variable from 3.b) :

<brightness> = analogRead (<pin—-name>) ;

6. You should display the brightness variable inthe serial mointor.

7. The program will measure and display the numbers too quickly. That is why, you should
adda delay,sothatyoucan His 3¢ Al 7 LT vfPcn:ga3RAU@8wWE. P3RAR

8. Now you can start the test. You will probably have to resolve some slips. Those happen to
most of us, but they are usually spotted during the testing phase. Start your program and
then open the serial mointor. If the numbers are still appearing too quickly , increase
the delay value.

9. llluminate the head of the brightness sensor and watch the
values displayed on the serial monitor. Shield the sensor
with your hand or a piece of paper. Write down the results
in the box below .

[Note:° R v T ¢ nf néqlallyforight..ThaRis why your measurements will vary a little

Does a small value

mean bright or dark?

bit. ]
dark: high values O]
low values ]
bright : high values ]
low values ]
3
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Now you know the scale of the values of the brightness sensor and you can tell whether it is
bright or dark. But the flower needs to know if it is getting darker or brighter. You can use an
int-variable which can save the old brightness value and an if-else-command that checks
whether the current brightness value is higher or lower than the old one.

- <oldBrightness>.
Your to-doA:

1. Create a new int-variable in the settings, which will later
save the old brightness value. Give it an appropriate hame
and the start value A a &

2. Atthe end of the 1oop (), save the measured brightness value in the new variable
<oldBrightness> = <brightness>;

This way you can save the current value as an old brightness value and it can be used as
a comparison in the next run .
3. Now you need an i else-command which compares the current brightness value with

the old one and which tells the serial monitor if it got brighter or darker. You need to
>LY Aal7 ANyicaliy Rl cR4 cRY AniiLL Rl:cRE L  ¢TsantL
it > ) {

Serial.println(“darker”);

}
else {
Serial.println (“brighter”) ;

}
Important : Your program starts at the top and ends at the bottom. Come up with the
correct place for your @ if else-command
yourself, so that it compares the brightness values Should it be placed
correctly. before or after the light

4. Test your program and have a look what happens on measurement?

RIT LTyfPeon gsRBIYDFRNT HSBREGEREFENETICTE TR
it. In that case, just look for the mistake and try to solve of the brightness value

it. (see 2.)?
5. Save your sketch! You will need it again for your

sunflower .

QOO
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Very good! You already know how the brightness sensor works and how the program can
register changes in brightness. Now you can work on the rotary motion.

Necessary components

P3RAS HaYNI & =

1 t a Servo motor with a cross top

1 t BueTrgd and 1yellow cable . cross top

The servo motor will make the sunflower move. This sheet will explain to you how that works.

-
/7

Servo motor
A Servo motor is a motor that ¢ an turn up to a certain degree.
This Servo motor can turn from 0° to 179°.

[ ——— 4

Important : You can only tell the motor to turn TOa certain angle.

Structure of the wiring

You can keep your old wiring, because you will need it again for the sunflower. In the picture
below, you can see how the setups look like side by side.

Your to-doA: e

1. Connect your cables with the Servo motor :

T brown =>blue
M1 red =>red
1 orange =>yellow Fig. 6:Wiring with Servo

motor
Fig. 7:Wiring with Servo
motor (Fritzing)

2. Connect the cable with the Arduino : \

1 Dblue =>minus ledge
1 red =>plus ledge
1 vyellow =>digital -pin

Now you can go ahead and program the Arduino, so that it can steer the motor. You will first
learn how to set up the program and then how to move the motor step by step.

QOO
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Your to-doA:
1. Open a new Arduino sketch and save it under a reasonable name .

2. Create the default structure, which you know form the introduction.

3. Write down #include <Servo.h>. at the very top of your project. That way,
you tell the program it should provide all the  servo functions avaivable. This
command must be added to the very first line of the program  in angle brackets
and without a semicolon!

4. You can now add a Servo to your program,

which works like adding a variable. With that, you
can later use all the different Servo functions.

<servo—name>:

Different from variables, Servos do not get a start

value:
Servo <Servo—Name>;

5. Just like with all other devices that are
controlled, you need an int-variable which <servo-pin>:
saves the pin of the servo motor.

6. You have to tell the program in which pin is connected to the Servo by adding
this:
<servo—name>.attach (<servo—-pin>) ;

7. In you can now move the motor. You can type in
<servo—name>.write (<degree>) ;

and add a random number between 0 and 179 into the brackets.
Note: Do not add a °.
8. TTLAa “3>y [Y3aNvycg CcRSY ns3sso Hay gfLacol L

-~

9. Repeat steps 7 and 8 with different numbers and find out where the motor can move to.

With larger numbers the motor moves :

[ clockwise N
[] counterclockwise N

Awesome! You now know how the motor can move and what variables you have to use to make
the motor turn from 0° to 179°.

-~
11
Dn
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Your to-doA:

1. Come up with a new int-variable, in which
you will later save the degree or rather the <servo-position>:
position of the motor, and give it a
reasonable name. Assign the initial ¥ ¢ n,>7 Aaé
to it.
2. 1In that position should always increase by 1. A variable can be increased by

calling it up, adding a 1 and saving that new value. That might sounds difficult, but it is
actually really easy :

<servo—-position> = <servo-position> + 1;

This new position should be used in your write-command, so that your motor
can head for its new target. Substitute the value in your write-command by the
name of your position variable.

faR Tc[[TRL L3 v>fnfomgiotmovefocn &1 1

3. ! n3s3Jf vi/{
I L ST ° break aft@ri ¥sérvoe€Name>.write(). You

1
the new location. T 1
should add a delay.

4. Test your program. @

5. Change the delay value and try again. Repeat that multiple times and complete this
rule.

33

11 —

(of

-

If you increase the delay, the motor becomes:
L] slower

[] faster

S3>4Yy7 nicyRis T3¢ 53 Nvycsts>cnn™ ¢g3Y7l ali7 €323y =43
noticed that the motor stops at 179°. Now the motor should slowly move back and forth from 0°

to 179°. You can solve that problem with the help of some if -commands and a new variable for

the movement direction.

S
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Your to-do/A:

1. Create an int-variable, which should save the
direction. If the value is 1, the motor should <direction>:
move clockwise. If the value is -1, the motor
should move counterclockwise. Assign to it an
initial value of 1.

2. This variable should be added to your position calculation by replacing the +1 with your

direction variable :
<Servo-Position> = <Servo-Position> + <direction>;

3. Since the start value is 1, your program should still be working the same as before. The
motor should still be turning from 0° to 179°. Test that!

4. To make sure the motor changes its direction at the right moment, you have to add two

if -commaRsL nAlch LiAn RTT &Py iBATIR H EY ¢ Hpins3dks RA

That should work like this:

if (new position “==" 179) {
Set the direction variable to -1;

}
if (new position “==" 0) {
Set the direction variable to 1;

}

5. Test your program. If you did everything correctly, your motor should move
back and forth from 0° to 179°.

6. Save your sketch! You will need it again for your sunflower.

Well done! Now you know everything you need to set up and program a moving sunflower. If you
want the orientation of the sunflower to be exact, you have to shield the brightness sensor, so
that most of the light really comes from one direction only. Otherwise the brightness sensor is
too inaccurate .

QOO



Schillerlabor

Informatik

Informatics Enlightened

Station 1za G>RHimn3 71 Y A

1 2green cables

Necessary components: \
1 21sunflower pattern P>

Attachment of t he sensor ( A

1. Cut out the sunflower, coil up the rectangle and puti t e \
through the hole of the sunflower.

2. Take off the brightness sensor from the patch panel.

3. Attach it to the Servo motor by pushing the wires \-
through one of the holes at the opposite arms of the »
g3n3YL Ocol L>YT7T nl CFovyd
otherwise your wiring will not work. > e—

4. Now put the green cables in the same holes, that way,
they should stay in place on their own.

5. After that, impose the sunflower on the sensor and on

one arm of the servo cross . \
——
Structure of the wiring

To finish up the sunflower setup, you have to connect the
green cables with the holes that you used for the brightness
sensor before.
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Fig.8: Wiring (Fritzing)

Functionality of the sunflower

Good, now you know everything you need to steer the sunflower. The flower should move in
small steps and change its movement direction, if it is getting darker.  Otherwise it keeps its
movement direction.

QOO
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Your to-doA:

1. &[T R ¢ RI ¢ Givyvs ¢3n3y LOT Ayl cCRS >t nl AL
reasonable Rc ¢it TTcma ¢t “3> $3RAR TcY¥yl 473 LAacvyan
T _JcRY “3>y T _fLAPRN Givyvys ¢g3ns3y JysaNvcgt Ss3>

missing one last thing :

2. Tell the motor to only change its direction, if it is getting dar  ker. Otherwise the direction
should be kept.
a. Adopt the variables for the brightness value and the old brightness value from the
program for the brightness sensor and adjust your setup () accordingly.
b. KL STc¢ca “3>av7 ni cyYyRT & Hyshangs iobp ()T softhdtl 7 RT L
your program works like this :

void loop () {

. Measure and save the brightness wvalue.

. If it is getting darker, change direction.

. Calculate new position for Servo.

. If position 179 or 0O: change direction.

. Move Servo and wait until it has turned.

. Save brightness value in the bold brightness value.

o U B W DN

[Note:eeRYT 3 HI AT T LT nifRiL gc”~ RITSS g3yl =alc 3R
afewpagesbackT Ff Hi 3> YcRAGR YT ¢7 ¢Ti]ly 13¢ L3ginlf?fRN

3. Test your program with the help of your flashlight . Watch the brightness values on the
serial monitory  °HI F A fL Rsa S3vof RNt rfiffebecommarslTic Tn, "
could also be, because your delay values are way too high or way too low. If the lighting
conditions are bad, it may help to have the motor turn _or
each step.

You did it!!

Awesome! You have nowonstructed your own sunfloweYou can try to optimize your flower
continue with the next stdon.

List of references:

Fig. 1z Source: Photo by Charlotte Ségure

Fig. 2z Source: Photo by Alex Lang

Fig. 3z Source: Artist Stuart McGhee

Fig. 5, 7, 8z Source: Screenshotsof Fritzing-software (http://fritzing.org)

All other graphics/icons a Source: InfoSphere

10

(



