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Abstract

The present work intends to introduce students to the phenomenon of stroboscopy through
an STEM teaching approach. The principle of stroboscopy is used nowadays in a variety of
applications, but here it is applied in a different context, so as students to study the free fall of
a water droplet. For this purpose, a chamber is constructed consisting of three interacting
systems: an electronic stroboscope with LEDs, a hydraulic system responsible for the
circulation of the water inside the chamber and a sound production system responsible for the
controlled oscillation of the water outlet point in the chamber.
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Keeping the frequency of sound constant and changing the frequency of flashes of LEDs, we
observe that water droplets "defy" the law of gravity. Thus, when the flash frequency of the
LED:s is equal to the frequency of the sound, the drops appear stationary, whereas when the
flash frequency of the LEDs exceeds this value, the water droplets appear to exceed the
gravity and move upwards.

In addition to the low-cost construction and observation of this very impressive
phenomenon, students also take measurements so as to experimentally study the free fall of

the droplet. Using the free fall equations adapted to the problem data, students finally
calculate the acceleration of gravity with very good accuracy.
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project, $ - !
! $ $ (35R ) ) (6R
) : " JAmaseis, ( Android
TV BOX, ( 3 $ , $1!
( ! 3% L. Arduino.
Abstract

This project is about the construction of a simple seismometer capable to record regional
(3.5R and up) and global (6R and up) seismic data. The jAmaseis software, running on a
modified Android TV BOX, is used to receive and display the seismic data, after being
amplified and digitized by an Arduino.
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$ project, &
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. I ( i .
- - ! $ :
. Arduino " NERdaq & Chris Knudsen *
New England Research Inc & (
3% ' Arduino 9 ' '
( 3  (oversampling)
( 19 ) ) 3 -
. & (- (desktop
laptop « ( » Windows Linux, raspberry pi )
I 1T ( Android TV Box,
( Armbian Linux,
" jAmaseis,
) $, 7 $ ", 7
servers !
IRIS online )
( ! ! 1
1. NERdaq : https://code.google.com/archive/p/nerdag/
2. Armbian Linux : https://www.armbian.com/download/
3. jAmasSeis : https://www.iris.edu/hg/jamaseis/
. - $ ! !
! "35R ! ! 6 R,
" jAmaseis - !
'Y
project * I
* ) $ ! ,
$ :
) ) | ] ( | ] 7
) ! ( &
* ) (.C ’ )
& :
) Linux (Armbian) Android TV Box,
« »
jAmaseis , 7 $
! ! IRIS.
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/ 4
1. jAmaSeis manual. Retrieved from IRIS: https://www.iris.edu/hg/Wiki/jAmaSeis_Manual

2. NERDaq software. Retrieved from http://ru.auckland.ac.nz/files/2014/07/nerdaqll.zip

3. Seismometer amplifier. Retrieved from https://www.instructables.com/DIY-Seismometer/
4. TC-1 School Seismometer. Retrieved from https://tc1seismometer.wordpress.com/

5. R. Hawkes, J. Igbal, F. Mansour, M. Milner-Bolotin, P. Williams Physics for Scientists and
Engineers, An Interactive Approach, 2019, Nelson Education Ltd., Toronto Canada

$ $ : Science on Stage Greece

Science on Stage Festival 2022,
Prague, Czech Republic
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« » %  (Catch the Muons)

Nobel %
= / 1 l -$- C / &
ekfethesp[a]sch.gr
(2 ¢ ) 11& & -%& $ % & % % )
8
"catch the muon" $ ) ( ( !
Geiger ! . 7 ! - :
1. " , $ ' (powerbank). 4
Arduino Mega ( ) (
' ) $ 32" $
1 ( ) ( !
2. ! ( Rasperry Pi (
) $
" , ! ! Bluetooth  $
$ .
+ ( ,
( : .9
C++ Python " ( :
Abstract

The "catch the muon" project is about the construction of a muon detector using two Geiger
tubes in coincidence mode. Two versions of the device are presented:
1. The first is standalone, as it can be powered by a battery (powerbank). An Arduino Mega is
used to collect experimental data from the detector. A 3.2" touch screen is used for the
graphical representation of the received data, but also for handling the device through relevant
menus.
2. In the second version the detector is connected to a Rasperry Pi and appropriate software is
used to collect and graphically represent the data on screen. In addition, he data can be sent
via Bluetooth to a mobile device for graphical representation.

For the needs of the project, the appropriate electronic circuits were designed, the relevant
boards were constructed, the devices were assembled, the necessary code was written in C++
and Python and a series of relevant experiments was performed.

- ) 0 & ( ( ,
- ( I ( ! 7 ! $ (
( (muons hunter).
0% 7 &! $
project, &
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1930 - Bruno Rossi.
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1. Matteo Leone and Nadia Robotti, European Journal of Physics (Jan. 2008), P M S
Blackett, G Occhialini and the invention of the counter-controlled cloud chamber

2. Cosmic ray, Retrieved from https://en.wikipedia.org/wiki/Cosmic_ray (2021)

3. Muon, Retrieved from https://en.wikipedia.org/wiki/Muon, (2021)

4. Cosmic Rays and Coincidence detector, Retrieved from PhysicsOpenLab
https://physicsopenlab.org/2016/01/02/cosmic-rays-coincidence/, 202
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8
% 1 - STEAM
! ( (
). - - 1 5 «* 1 - 80
», ( - . - 6
$ + Ic - : $ & 8"
& & ( (-
Abstract

This paper is a STEAM, multidisciplinary, educational suggestion carried out by two
teachers and their schools (primary and secondary school). Based on the classic book of Jules
Verne Around the world in 80 days , it was attempted, using inquiry- based activities, to
deal with the rotation of the earth, the day & night cycle, the time difference between places
and the technology evolution over the years.

* 4+ (2014) ) ) & « »
1 1 - & « ( »
$ $ : ( (G
( ( $. 4 |
( ! : (STEM - Science/ Technology/ Engineering/
Mathematics) 7 C , ( )
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Engineering/ Art/ Mathematics) 7 - ,
(- (2019). * $ ( ( ! !
& & " 7 $ , ( .4
- 11 5 «* 1 " 80 » (
( . . 1o
_ . I .
o - 7 ,
& $ .
( ( (
(Vosniadou & Brewer, 1994, Driver et al, 1998) 7
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1 "

1. Department for Education (2013). Geography programmes of study: key stages 1 and 2
National curriculum in England (retrieved on 15/7/2021)
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2. Driver, R., Squires, A., Rushworth, P. & Wood-Robinson, V. (1998), * -
- - 1 3 ,
1+ O - )
3. Vosniadou, S. & Brewer, W.F. (1994), Mental Models of day/night cycle, Cognitive
Science, 18, 123-183
1
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eyropi ( 12/7/2021)
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b81e-f1f43dbafe51&SearchScope=All ( 15/6/2020)
+ , +. (2014). ( : - & « .
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SOLAR TRACKER AND SUN PATH FINDER

- - C , =% o ¢
nektarios.25mafalgmail.com
(4o ) 11& & -%& $ % & % % )
8
$ ; "( $
( 73 "
Abstract

A device that always rotates perpendicular to the rays of the SUN and at the same time
records the angles formed by the SUN at the place where the device is set up. | developed it to
be an easy-to-use laboratory tool for astrophysics, measuring the altitude, azimuth angles of
the SUN in real time in the schoolyard. In the age of information we find on the internet
either "diamonds" or "garbage™ like nonsense about flat earth. One of the many ways we show
children the scientifically correct truth is with experimental devices like the one | present
here. Also the photovoltaic panels that operate in their majority do not turn to the sun and thus
have a loss of at least 20% of energy.

(’& #* % 1 - - -
& ! &!
- ( GITHUB P
$ + %-1 >,
3 - —— 2019-20,
& % & &
1( % $ ( altitude,
azimuth : (" ! ( ).
$ « » -
( $ !
- .4 ) !
(
- 7
D $ $
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( 20%
4 % -

< - « $ » , 3(

- .4 - !

$ ! - arduino

2 Servo "7 $
% 7 ( - " solar tracker "
https://www.instructables.com/id/Building-an-Automatic-Solar-Tracker-With- Arduino-N/.
< [ ] | ] ( | ] & (
light tracker) "( " solar tracker.
LH % % - "4
- ! solar tracker

$ ( $ - $ )  solar
path finder- . ! $ (

. ( ! $

( - 8 github

sunpath (power point) link:
https://drive.google.conVfile/d/1GLD8PmMXYanXQI7J CQ0ZFBPLYN2PAcjO/view?usp=sh
aring 7 & .
5 . https://www.youtube.com/watch?v=OR8EQODWpPw&t=49s

& - 1 , " , , link:

https://www.youtube.com/watch?v=emRvdH7JC21&t=79s

SOLAR PATH FINDER AND SOLAR TRACKER
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*4(C $ & $ - processing ide pc laptop 7
) ; Bluetooth  *
! . 7 1 2 -
& & .(.  1800-430=1370.

3.1 $ : (

! ! ’ ' $
4 1 , $

7 & - -
( GITHUB.

- ( " L] ):

1.arduino uno (https://grobotronics.com/funduino-uno-rev3-arduino-uno-compatible.html ) =
11.90

2. 4 1dr (https://grobotronics.com/photo-resistor-ldr-5mm.html )=4*0,20= 0,80

3. *2 servo (link: https://grobotronics.com/servo-small-5kg.cm-metal-gears-with-analog-

feedback-feetech-fs9225m.html

https://grobotronics.com/analog-feedback-micro-servo-plastic-gear.html

)= 9.90+ 12.20= 21,10

4.wires (https://grobotronics.com/jumper-wires-15cm-female-to-male-pack-of-10.html

1 -79-



https://grobotronics.com/jumper-wires-15cm-male-to-male-pack-of-10.html )=2* 1.80=
3,30

5..breadboard (link: https://grobotronics.com/breadboard-400-tie-point-white-half-size.html )
= 3.20

6.Bluetooth Module for Arduino HCO5 (https://grobotronics.com/bluetooth-module-for-
arduino-hc05.html ) = 6.80

7.4 1kohm (https://grobotronics.com/carbon-1-4w-5-1kohm.html ) = 0,04
8.servo arm(https://grobotronics.com/servo-arm-double-5cm-horn-spline-25t.html)= 1.90
9.5 4mm 9cm = 0.10

10. 7 3D Lo ( STL (
ST1,ST2,.)
"l = 49,00
0 & " ( ' -https://grobotronics.com/solar-panel-
3.5w-165x135mm.html- solar tracker , $ 7 1 smartphone.
SOFTWARE

1. ARDUINO IDE
2. TINKERCAD-ONLINE 3D DESIGNERNhttps://www.tinkercad.com/
3. PROCESSING IDE

1. -
2. " - $ 3D &
4
% ( , "$ /"
( ) $ /
. . .7 %
" (
( $ /- " -
! ! 1 " STEM-
8 -y
( ! "
( "7 $ /"
( ' "( $
.8 ( 4 1dr $ - $ -
$ $
-2 ( 1 1 1
* $ . arduino
$ .3D & "
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*(- 3D & $ & ! ) . % -link

https://github.com/nektarios25ma/Solar-tracker/tree/master3 - ( &
9-axis MEMS sensor & MCU
! * ( -
| ] _ 3 | ] $
( - L ( ( - 3D & -
+ - & ! )
github - - - $ - 7.
( 3d & - st ( github.
Servo « » &

servo : https://grobotronics.com/servo-small-5kg.cm-metal-gears-with-analog-feedback-
feetech-fs9225m.html

« » 3d & base.stl ( stl 1)- "$ :

servo 7 servo arm (https://grobotronics.com/servo-arm-double-5cm-
horn-spline-25t.html , * 1
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servoarm 3d & panel-mount.stl ( stl2)
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panel-mount.stl, *
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2 Servo Vertical_Servo_Gear.stl ( stl5,
o5 “',
k. v
= -
b v
v
YYAY
"2

Panel_Bracket2.stl( stl4)
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https://en.wikipedia.org/wiki/Sun path

https://en.wikipedia.org/wiki/Position_of the Sun

https://www.youtube.com/watch?v=lJVEubm9Ja8

https://www.instructables.com/id/Arduino-Solar-Tracker/

Link - -Calibration SERVO* :

https://dronebotworkshop.com/analog-feedback-servo-motor/

7. $ - processing - !
$ $ :

https://processing.org/tutorials/

x> " " GITHUB, * $

Sk~ whE

~

) -FLOWCHART: ( - ) https://openedtech.ellak.gr/wp-
content/uploads/sites/31/2019/11/%CE%91%CE %9B%CE%93%CE%9F%CE%A1%CE%99
%CE%98%CE%9C%CE%IF%CE%A3-FLOWCHART .pdf

( ) Servo*.
link - "
" project ) (
- - ( . https://github.com/Ampirath/Solar-
Tracker - https://github.com/nektarios25ma/Solar-tracker (branch master )
Link video $ ( ) :

https://www.youtube.com/watch?v=emRvdH7JC21&t=79s
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! (Artificial &ntelligent) 7 .
$ 3,
(
Abstract

We live the 4th technological revolution, everything has changed, the world has changed, of
course the teaching methods follow this way, and it could not be otherwise. With these
educational changes, implemented in recent years a method called STEM education. This
method came from the research and quality product production in research institutes and
industry. Of course it has been adapted as a teaching method to students so far with great
success. Its innovation is that it aims to implement a real project tailored for students of all
ages, with all the offering learning benefits.

As the above title states, this project has to do with the construction and mainly the
programming (coding) of a robotic arm. Robotic arms are found everywhere, in industry, in
medicine, in everyday work, and even in toys. But is it an impressive object that awake
curiosity about how it works? Thus, the interest of the students is guaranteed.

The whole idea came to me with my professional involvement with such a construction. I
thought, why not to my students?

Moving away from the children’s toys that control their movements - which are essentially
not autonomous robots - but manipulative tools - can be perhaps the most representative
project fora STEM approach.

If mathematical calculations, like the Jacobians matrices, are simplified, then the robotic arm
project, can be performed by students, and above all, can be written the code with relative
ease by students.

1 -90-



The aim is for students to understand the involvement of many sciences and technologies to
achieve a product, as well as the great importance of teamwork, as well as the flexibility that
programming (coding) offers in such constructions.

Learning goals: a) acquire students the ability to apply their knowledge to a practical
problem. b) to seek and select new knowledge which they need c) to be able to solve
problems that arise, and d) to deal with new technologies.

Skills goals:

a) to acquire skills useful for the future,

b) to learn to handle simulation software

c) To learn to convert theoretical calculations into code

d) Learn the method (EDP, Engineering, Design, Process) namely, experiment (test),
conclusion, improvement, and go again until to satisfaction.

The project is a STEM project of long duration (approximately 40 hours) depending on the
construction.

It consists of two identical robotic arms. One is the main project and is designed and
constructed by the students with the role of the teacher as the one who will help them find the
knowledge. Its specifications are: total length 50 cm without the final action tool. Can be
able to handle a weight of 300g. The arm is shown in the attached pictures; of course it can be
made with different dimensions and materials, depending on the budget.

The challenge in this project is to give the spatial coordinates and the end of arm to goes
in the correct point.

This problem in robotics, named inverse kinematics problem. Its solution is the values of the
angles of joints. We need three degree of freedom (DOF) for the position of object, and other
three for its orientation. Its solution, need complicated mathematics for students ages 16 to 18.

If we simplify the maths without to lose the generality and the relative accuracy, then the
students can solve the kinematics problem with geometry, trigonometry and algebra. The goal
is these equations to became code in a software where named LabView and has graphical
language named G. This language has all of mathematics symbol which is known to students,
as ready libraries. So is easy to be written the code from students.

Giving the coordinates as inputs in software, returns to us, the values of joints angles. These
values of angles, are transmitted to a microcontroller, (here we use the Arduino Mega device)
which moving the servomotors shafts of joints, in order that the end of arm reach the correct
point. Of course has been written code on Arduino which is simple.

Because the arm has 4 DOF with the base rotation, (without the DOFs of orientation) in this
case the solutions perhaps are many, the code of course find only one. The others solutions
can found from students practically, using the other robotic arm with their hands.

The controller of this robotic arm, has a big external memory, that be able to save the
motions which did the students, and it can repeat these again and again. Also we can adapt on
it many peripheral tools, such as camera which recognize faces or objects, and with this
reason we can create many educational scenarios. The robotic arm can therefore be described
as the most representative teaching tool in STEM approaches.

Just look at the acronym Science, Technology, Engineering, and Mathematics.
As it seems,
are included all the above to an exuberant degree!
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(forward kinematic problem)

(inverse kinematic problem).
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D) XY,z ° " 13 z+h
) (
) - : L shoulder , M eroW, N wrist - gripper
) * ! .
e D) $ d
) $ (shoulder) a
) (elbow) b
) I (wrist) c
7 .
R ! x.,y 7 (
% RE=x*+y% (1
S=R-N )
(7 ! $!
( (
! , (
! ( (xy,2) .
" (wrist)
44 7 (XleW!ZW)
% 7 7 Q=V5*+z22 (3
f: Atan2(z5) (4) -tan2(&, ) &
. _ [L2+Q2_M 2]
( . g = Acos T (5)
7 :a=f+g (6)
7 : b
2,72 _nl
( . b = Acos 21 (7)
2IM
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2 7 iC c=2 -a-b (8)

- ! ! c 7" (x,y)
7" .
2 7 :d d=Atan2 (x,y) (9)
! ! (xyz) -
( : $ ! $ -
( & ' ) ,
!

> o

( 8 ool 21, (' : 44= 3-8 (10)

* 1 (( " 3 1= (1) T
* 2 ) 4 8= (12)

- ( ( o= 2+ (13)
? " 10, 11,12 13 ( D 4d= 3— = 3— + 2= 3+ 2- 1 (
$ (! : 49= 1+ 2+ 3 (14)

" 1 " (X, ya)

7 $d

5 $ &" 1, 2, 3
% 1 $ ! & I (X,
Yw)-
a( " X, =X, =1, cos(f,) X, =X, =1, cos(F,) (15)
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y, -V, =lsin(f,) y, =Y, -Lsin(f))

XW! yW

L ( 9 ( L
XW2+yW2:|12+|22+ 2ll2c (17) coSC = (Xw? + yw? - 12 I22)/(2I1I2) (17)
-1F cosc F1 (18) (! ) (
sin?$ +cos?$ = 1 F 3
Sincp = /1 — coscp?
: 2= Atan2(sinc , cosc ) (18)
( 9 ( : :Atan2(yW Xy ) (19)
1= 18 (20)
5+ (
c0s8 = (xw? + yw? + 112 Izz)/(ZIm.r +y,.%) (21)
sin8 = /1 — cos*y
8— tan2(sm8 cos8) (22)
? 3 D 3=4d—- 1— 2 (23)
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) Torques= (rs * Mpox * Q) + ((1/2) * r4* Minia * Q)

r..-'
=1 ) Box ((r3 + 1) * Mpox * Q)
Link4 . ..((rs + ra/2) * Miinka * Q)
Joint 4 ..(r3 * Mioina * Q)
Link 3 (ra/2 * Miinka * @)

Torques= ((rs + ra) * Mpox * @) + ((rz + ra/2) * Miinka * Q)
+ (rs * Mipina * @) + (r3/2 * Miinka *

12 (, , ) https:/fautomaticaddison.com/how-to-determine-what-torque-you-need-for-your-
servo-motors/
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3cm 3.33kg . . . "% ! ' .
$ ! ( ,
- D) 4 &
) $ & 1806 ( 606,
2706 3006. + 3606 - continuous servomotors
$ ( ¢ .
! , ( ! 1806 2706 3006,
$ $ 7 link "
( ( . ) $ % % (! -
, (- $ & 606 ,
( 1] & 1] 1] $ 1
( 7 ) " (! $
$ \
$ ! (
. . ( I
. . | , , (
( ) !
< $ ( 13, ( '
7 $ ! 1&
$ . g $ "7 - '

1 -101 -



) : ( 13 % (position sensor.) -
. $ ’ .
) & .
x> ( - ! ) , $ L]
, $ (control signal) ( 13

(- 11 I (duty cycle) 7 PWM (Pulse
Width Modulation) , :
" 1

Gt

LieEy s Tn s fip rsipy

Biiys eair o
Fzlmpe Doamwrian

Conbizd Sigris

, 13 https://engineeringlearn.com/servomotor-working-principle/
! - .% L] - ,
- (Comparator) ( 13,
, o & ( $
$ 7 ( $ ! :
& $ $ ) $ .
4
& $ $ ! &
o U $ ,
( I
L] ! Ll L]
w , !
project. ! $ ( !
( $ )

11 -102 -



.« ( $ . &
) $" Arduino ( .(. Raspberry pi, Arm, Beagle Bone . . .)

- . ( $ " LabView ( .(.
Matlab) ( $ '
$
. $ | ( " ( (!
e 2 ( - $. ! project
! .
« * v "( $
! $ project.
H ( I 1 I (
%/2 " LabView -
$ ! . & ( &
EEPROM I . I
! ! $ ! $ $ :
! , !
wifi . ( . 1 (
loT. * T ! , -
$ ! , $ link
( $ ( :
7
+ &
$ (7 ) 7 D
( $
$ I 7
( 1'$ ( 7 7
. &
1 $ ! , ( 7 links
( " (
( 7
4
$ -
e * ( : 55cm
e 5 16(3 ( : 3
’ )
e 5 300gr
. ) (base) ( $ 06-1806 ), H  (shoulder) ( $ 06 -
180%), (elbow) ( $ 06 -1806, + & $ 06 - 2700),
" (wrist) ( $ 256-2456 + & $ 06-270)
. "1 $  grippers

1 -103 -



e microcontroller: Arduino Mega 2560 Rev3
e Software communication: LabView.
Block diagram cartoon ! -

) & . (* $
$! .( excel).

L1 L2 L3 L4 L5
& Mass of actuator - - g : : . E BODY
® Mass of link Al M1 A2 M2 A3 M3 Al M4 AR M5 AG

15

https:/iww.robotshop.com/community/tutorials/show/robot-arm-torque-calculator
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2. Craig John J. , - ( b 4 ( ,
' 7% ,2009.
3.0 # «, , O 4 (

5 (" » O0* 1 ,11% ..
4. Schilling, Robert J., Fundamentals of robotics : analysis and control, Prentice Hall,
1990. (629.892 SCH
Mason, Matthew, Mechanics of Robotic Manipulation, MIT Press, 2001.
Denavit, J., Hartenberg, R.S. (1955), A Kinematic Notation for Lower Pair
Mechanisms Based on Matrices , Transactions of the ASME, Journal of Applied
Mechanics, E22, pp.215-222.
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https://www.researchgate.net/publication/46401997
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(Shoubra) Benha University
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"o " 7 Youtube

https://www.youtube.com/watch?v=rJx XZ8xz6w
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https://www.youtube.com/watch?v=myWV3zPeh60

1 -109 -



$ (1]
( ( $
! « ! ( !
$ .
.4 1 b « " »
1 D 1
( ! :
. " $! (  10mm
e 1 ( 5mm
e 1 & - ( 4mm
' " $! ( (base) ( M
(shoulder), & 8! N '
* AUTO CAD CNC
water jet.
( 6 $ & ( &
3)
4 & ) Actobotics, Servocity
b %0
. 1

e Standard Hub Shaft ServoBlock (25T Spline)
e Aluminum Beam

e Clamping Mount 90 5/8" Bore
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e Servo Hub - Standard (Futaba Standard)

e gripper
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Servo motors
e Servo Standard 17kg.cm Metal Gears with Analog Feedback (Feetech FB5118M)
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e Servo Standard 20kg.cm Metal Gears (Feetech FS5323M)
e Servo Robot 15kg.cm Metal Gears (Feetech FRO115M)
e Servo Standard 35kg.cm Metal Gears (Feetech FT5330M)

Electronic Parts

%
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10A step down in 3V
40V

Out 5V 36V 8A
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Abstract

The motivation for developing the current project, was my desire to find ways that would
intrigue students curiosity and facilitate them to look at the natural world through scientific
lens. Taking science out of the student s coursebooks and connecting it to the real world
seemed to be the best way to make science learning interesting. Furthermore, it was very
important to illustrate that the boundaries of natural science fields are not impossible to cross.
On the contrary, interdisciplinarity offers a much more insightful look to the observer, as well
as opportunities for creativity, out-of-the box thinking, and innovation.

Taking into consideration all of the properties mentioned above, | decided to introduce
students to the emerging and interdisciplinary field of Biomimicry. Biomimicry is the practice
of applying lessons from nature to the invention of healthier, more sustainable technologic
solutions for people. As Janine Benyus eloquently defines it, Biomimicry is the conscious
emulation of life s genius. . In essence, Biomimicry identifies and extracts interesting
biological strategies (characteristics, structures, functions, or even behaviours) from well-
adapted living organisms that live in specific habitats, studies their properties from a
physical/mechanical perspective, and utilises them to develop design strategies that will
inform the development of practical, sustainable solutions to real world problems.

Apart from guiding students to study interesting case studies of bio-inspired design in action
and propose their unique, innovative solutions, | also constructed interactive models that
enable them to understand them and deepen their knowledge about them.

Several constructions were developed to facilitate the study of bio-inspired solutions
connected to 4-5 different species that also reveal the interaction of Biology with different
STEM fields:

1) A wind tunnel, aiming at revealing the aerodynamic properties of kingfisher s beak as well
as the reduction of drug when airfoils are designed based on whales tubercles (tubercle effect)
and shark s scales (Physics).

2) A water channel, aiming at simulating the turbulent flow produced by different surfaces,
including the whales tubercles and the shark s scales (Physics).

3) A wind turbine with different types of blades, smooth or with tubercle-like bumps that will
measure the produced energy (Physics).

/9
> " 5 - 5 (Biomimicry), ( - (
; $
( $! ) ! . %

$ 8! $!
: ( (Janine Benyus),
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Abstract

The citizens of each region must contribute to the protection of the environment in any
constructive way. This places the inhabitants of each city to find new ways to deal with the
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problems that affect both human health and many animal and plant ecosystems in the area. On
the occasion of the 11th Construction and Experiment Competition and the recent
Competition for Creativity and Innovation organized by the Municipality of Saronikos, we
decided to look for problems that we often face and pose a danger to the lives of citizens. An
apparent problem that seems to affect our country every year, is the outbreaks of fires,
especially in the summer. According to the meteorological department of the National
Observatory of Athens, more than 115,000 fires in the last 20 years, similar to those we
experienced recently in both Corinth and Attica, have destroyed almost 8,000,000 acres of
land in Greece. The Greek fire brigade states that the majority of fires are caused by human
negligence. Therefore, informing and advising the citizens immediately becomes extremely
important and necessary for the solution of the problem. After conducting research in our area
we discovered that the prediction of fires and the information of the citizens is inadequate as
there are undeveloped manual systems. Bearing this in mind, the local collection of
meteorological data and the evaluation of the risk of starting a fire in combination with the
presentation of these data to the citizens, will result in the awareness of the citizens and
consequently in the alleviation of the problem. In this way, the timely and effective advising
of the residents will be achieved, which is the main purpose of our Project. Thus, with the
help of the technical advisor, Fani Baika, a former student of our school and a graduate of
Polytechneio, who had taken part in the 8th Construction and Experiment Competition, we
were able to understand the basic principles of programming and creating circuits. In this way
we were able to organize our thoughts and ideas and thus lead to the end result.
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SETIHN DELLEA BAPHI THA. 1
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14t ( ( ) (
& Mark 5,
McArthur. ( , & :
! LCD -
1. 1 MicroBit expansion board.
2. 1 Breadboard $ "ov.
3. regulator 3.3V~ 2 $ - MicroBit.
4, 1 " )Y pin 2 MicroBit $
5 1 3.3V, pin 19(data) pin
20(clock)  MicroBit.
6. ! " LCD 3.3V, pin 19(data) pin 20(clock) MicroBit.
1.
8. 1 ! : step up !
7 (
& IC ) ). +
( ® fritzing.
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e Microbit micropython API : https://microbit-
micropython.readthedocs.io/en/v1.0.1/microbit micropython api.html

e« A LR.NOBLE B.GA.\VBARY C. AM.GILL McArthur's fire-danger meters
expressed as equations Australian Journal of Ecology , 5,(1980), 201-203

e http:/fritzing.org/home/

e https://www.dasoprostasiavaris.gr/eidikh-pinakida-enhmerwshs-epikindynothtas-
dasikwn-pyrkagiwn/ (+ 1)
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Abstract

In the present work, we propose an inquiry based activity that aims to highlight and manage
a significant deficiency that occurs among people, the Color Vision Deficiency (CVD). The
interest of our proposal lies in the fact that it manages a common and often undiagnosed
deficiency, as many people do not even know they have it, and we try interdisciplinary to
include all the students involved and in addition to develop interest and empathy for those
who with CVD. Therefore, in addition to the phases of locating, understanding and
identifying issues related to color vision, we also suggest a small solution to this problem: an
Arduino microcontroller connected with a color sensor that will assist individuals with CVD
in color perception, combining low cost and openness. Thus, through a scenario, which is
described in a worksheet and has a duration of 2 teaching hours, students experiment, record
and interpret data, develop claims and conclusions in order to step by step lead to clear
scientific answers to the research question. In addition to developing scientific skills and
concepts, the students involved through a proposed simulation will see what it looks like to
see like a person with CVD does. This approach will allow them to adopt the role of a person
with CVD, so that by developing empathy they can change attitudes and behaviors towards
these people. Finally, it is an interesting suggestion for the teachers themselves, who will be
sensitized when they realize that they probably have students in their classrooms with CVD
and therefore will try to reform their teaching and educational material so as not to exclude
these students.
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10% &l (Peic, 1977).
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#include <Wire.h>
#include "Adafruit TCS34725.h"

/I our RGB -> eye-recognized gamma color
//byte gammatable[256];
const int buttonPin = 2;  // the number of the pushbutton pin

/I variables will change:
int buttonState = 0; // variable for reading the pushbutton status

Adafruit_TCS34725 tcs
Adafruit_TCS34725(TCS34725_INTEGRATIONTIME_50MS, TCS34725_GAIN 4X)

void setup() {
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/I initialize the pushbutton pin as an input:
pinMode (buttonPin, INPUT);

Serial.begin(9600);
/ISerial.printin("Color View Test!");

if (tcs.begin()) {
/ISerial.printIn("Found sensor™);

}else {
Serial.printIn("No TCS34725 found ... check your connections™);

while (1); / halt!
}

}

void loop()
{

float red, green, blue;
/Itcs.setInterrupt(false); // turn on LED
delay(200); // takes 50ms to read

// read the state of the pushbutton value:
buttonState = digitalRead(buttonPin);

/I check if the pushbutton is pressed. If it is, the buttonState is HIGH:
if (buttonState == HIGH) {
tcs.getRGB(&red, &green, &blue);

/Itcs.setinterrupt(true); // turn off LED

Serial.print("R:\t"); Serial.print(int(red));
Serial.print("\tG:\t"); Serial.print(int(green));
Serial.print("\tB:\t"); Serial.printin(int(blue));
/ISerial.print(" ");

if( (red>180 && red<256) && (green>180 && green<256) && (blue>180 &&
blue<256) )

Serial.printin("? ");

}
if( (red>-1 && red<40) && (green>0 && green<40) && (blue>-1 && blue<40) )

Serial.printin(* - 1 ");
}
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if( (red>39 && red<100) && (green>39 && green<100) && (blue>39 && blue<100) )

Serial.printin(" - ' ");

}
if( (red>99 && red<120) && (green>99 && green<120) & & (blue>99 && blue<120) )

Serial.printin(* ! ");
}

if( (red>119 && red<150) && (green>119 && green<150) && (blue>119 &&
blue<150) )

Serial.printin("+ ");

}

if( (red>149 && red<18l) && (green>149 && green<18l) && (blue>149 &&
blue<181))

Serial.printIn(" "),
}

if( (red>-1 && red<95) && (green>100 && green<256) && (blue>-1 && blue<100) )

{
Serial.printIn(" ");

}

if( (red>140 && red<256) && (green>120 && green<256) && (blue>0 && blue<150)
)

{
Serial.printIn(" ");

if( (red>-1 && red<100) && (green>-1 && green<100) && (blue>100 && blue<256) )
{

Serial.printin(" . ™);

}

if( (red>-1 && red<100) && (green>100 && green<l50) && (blue>100 &&
blue<256) )

Serial printin("+ 7 "),

¥

if( (red>125 && red<256) && (green>0 && green<95) && (blue>20 && blue<47))
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Serial.printIn(" ");
}

if( (red>140 && red<256) && (green>0 && green<70) && (blue>40 && blue<60) )
{

Serial.printIn(" " ")

}
if( (red>99 && red<122) && (green>60 && green<85) && (blue>66 && blue<96) )

Serial.printin(", 7");
}

if( (red>110 && red<130) && (green>49 && green<6l) & & (blue>75 && blue<88) )
{

Serial.printin("  1& ");

}

}
}
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Abstract

In many experiments, like fluid density measurement, titration, etc., good accuracy in
volume measurement is required. We present here two devices in which by using a 60 mL
syringe we achieve volume accuracy of about 0.05 mL. The basic idea is to measure the
distance at which the syringe plunger moves, and knowing the inside diameter of the syringe,
to calculate the change in volume of the liquid in the syringe.

! - 1 ! Arduino,

15: # h ! ! Arduino
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( Arduino Micro Pro (

ATmega32U4 3,3V. 4 !
3,3V.
( $ ( L - , L
Arduino. -
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Abstract

Photosynthesis is a chemical process that is described both in elementary and high school in
many subjects, such as in elementary school physics and in high school science, both in
chemistry and biology. In the present work, a device in two variants is proposed. The set-up
can be used to study photosynthesis, measure the volume of gases produced in its stages, as
well as the effect of the type of light radiation which causes the phenomenon. The device can
be used either in elementary school, in its simplified form, or in high school in its most

complex form.
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Abstract

The lighthouse of St Theodore in Argostoli, Kefalonia, Greece was built in 1829 by the
British who occupied the island at that time. It is one of the landmarks of Kefalonia. In 2012,
a group of students and teachers of the 1st General Lyceum of Argostoli measured the
dimensions of the lighthouse and captured its distinctive architectural features. These
activities took place in the framework of the Comenius project "Maths, science and the
world". The measurements of 2012 were utilized in 2020 by another group of students and
teachers of our school to construct the model of the lighthouse by reusable and recyclable
materials on a scale of 1:25. The model is one of the final outputs of the interdisciplinary
KA229 Erasmus + project "People Organizing Redevelopment Technology and
Sustainability” (PORTS). This project emphasizes port ecosystems as well as local history.
We followed the steps of Inquiry based learning to implement our work. The construction of
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the m del is an application of STE(A)M training in Environmental Education. The
combination of Environmental Education and STE(A)M training at the lighthouse of St
Thedore highlighted the great importance of Education for Sustainable Development for the
benefit of humanity.
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Abstract

The present work concerns the design, construction and use of a system, which self-
stabilizes when an external cause puts it in rotation around its vertical axis. The stabilization
process is based on the principle of conservation of angular momentum and is achieved using
an Arduino microcontroller, a gyroscope sensor, an electric motor that spins a plastic disk and
the appropriate code written in the C ++ programming language.

More specifically, the stabilization of the system is achieved by rotating the plastic disk at an
angular velocity of such a direction and such a magnitude that the system slows down and
eventually remains stationary. The appropriate angular velocity for the plastic disc is selected
from the code based on the angular velocity values of the system that the gyroscope sensor
sends to the microcontroller.

The construction can, with the appropriate changes in the code, work in reverse by rotating
the initially stationary system with the proper rotation of the plastic disk. The rotation of the
Hubble Space Telescope to aim at a celestial body is based on this technique.

The process of designing and building the system is an application of STEM education. The
idea started with the team’s participation in the CanSat in Greece competition, when a CanSat
was built that, among other technological applications, had a similar system to be stabilized
while falling with a parachute. The team then decided to create a larger, supervisory and
"transparent” system for the observer in order to more effectively demonstrate the results of
the principle of conservation of the angular momentum.

The result is that the ready-made system can be used by the teacher in teaching this
principle, being a "living" example of its application in technology.
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Abstract

Worldwide, education focuses on resolving real-world problems that stimulate students
interest and motivate them to think aw they acquire and apply new knowledge in order to
solve problems A current issue like this is the detection of subatomic particles that enter the
Earth's atmosphere and the utilization of these data. In this project, Elementary School
students were asked to answer the central question "How can we detect particles that are not
visible?" entering the world of cosmic radiation through the pilot collaboration with the
Astroparticle Physics team of the Physics Laboratory of the Hellenic Open University. The
most important learning outcomes were: increased interest and participation, acquisition of
skills related to STEM sciences, difficulty in understanding the subject.
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Abstract

The construction with which we participate in the 11th Panhellenic Games of Construction
and Experiments of Natural Sciences, is described below and is included in the thematic
section «Technologies in STEM education», aims to raise awareness of local and wider
communities whose school units are part of that the cooperation of all actors inside and
outside the school community is necessary in solving everyday problems.
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. $- & % Arduino,

- % IDE,
. $- Fritzing
- % led $ ", "

% /

WiringC  ( Arduino $
* $ :

TrafficCtrlLeds _PedCtrlLeds
const int Red_Cars_Pin=13; // *

const int Orange_Cars_Pin=11; //

const int Green_Cars_Pin=9; //

const int Red_Ped Pin=6; // * 7
const int Green_Ped_Pin=4; // 7

/l $ 2: -
const unsigned long Orange_Delay=2000;
Il ( $ 2-° 71
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const unsigned long wait_to_ph2=4000;

/l $ 1: -
) 7 10
volatile unsigned long Green_Delay;
/l $ 3" -
7 5

volatile unsigned long Red_Delay;
unsigned long start_time; / ( $
unsigned long elapsed_time=0;

void setup()

pinMode(Red_Cars_Pin, OUTPUT);
pinMode(Orange_Cars_Pin, OUTPUT)
pinMode(Green_Cars_Pin, OUTPUT); "2
pinMode(Red_Ped_Pin, OUTPUT);
pinMode(Green_Ped_Pin, OUTPUT);

I - pin

!
attachinterrupt(0, buttonpush, RISING);

}
void loop()
{
Green_Delay=10000; // $ 1,
10
Red_Delay=5000; // $ 3,5

digitalWrite(Red_Ped_Pin, HIGH); //$

1, 7

digital Write(Green_Cars_Pin, HIGH);
elapsed_time=0; "3
}

digitalWrite(Green_Cars_Pin, LOW);
digitalWrite(Orange_Cars_Pin, HIGH); //$ 2

start_time=millis(); //( " & $ 2
while(millis() - start_time <= Orange_Delay)
{1 $

}

digitalWrite(Orange_Cars_Pin, LOW);
digitalWrite(Red_Cars_Pin, HIGH); //$ 3
digitalWrite(Red_Ped_Pin, LOW);
digitalWrite(Green_Ped_Pin, HIGH);
start_time=millis(); // ( * & $ 3
while(millis() - start_time <= Red_Delay
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{1 $ 3

}

digitalWrite(Green_Ped_Pin, LOW);
digitalWrite(Red_Cars_Pin, LOW);

void buttonpush()

{1/ (- ( $ 2>4
if(Green_Delay - elapsed_time > wait_to_ph2)
{1 $ 2 4

Green_Delay=elapsed_time + wait_to_ph2;

}

7-

$ Arduino,
« C
(

Red_Delay=7000; // $ 3,7
}
%
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$ . . <
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PhotoSensTestSerialPort
void setup()
{
Serial.begin(9600); // (
pinMode( 5, OUTPUT);
}
void loop()
{
Serial.printin( analogRead(0)); // $
delay(500); // "
( $
$ $
$ .
PhotoSensor4leds
void setup()
{

pinMode( 5, OUTPUT);
pinMode( 12, OUTPUT);

}
void loop()

{
if (( (analogRead(0) ) < (800)))/
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{
digitalWrite( 5, HIGH ); // "l
digitalWrite( 12, HIGH );

}
else
{
digitalWrite(5, LOW ); // !
digitalWrite( 12, LOW );
}
delay(500);
}
"6
% 17 $
$*  Arduino® $ (
7 8
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Abstract

Organizing biological data into a freely accessible repository (that is, a database), as well as
being able to find answers to biological questions, is essential. Therefore, it becomes clear
that questions need to be asked in these repositories, and they need to return some answers.

In this work, the design of the Pfam database is implemented in five steps to store some of
the information available. It should also be noted that this design contains some (but not all)
of the basic functions of this database.
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7: % SQL L % ! " 6
% 50 ( ! SQL

INSERT IGNORE INTO Family VALUES

('zf-C2H2’, 'PF00096', 23.20, 159, 734380, 'Zinc finger, C2H2 type’),

(ABC tran’, 'PF00005’, 148.90, 55, 676776, ABC transporter’),

('WDA40', 'PF00400’, 39.40, 1465, 642179, 'WD domain, G-beta repeat’),

('Pkinase’, 'PF00069’, 242.40, 38, 424548, 'Protein kinase domain’),

(MFS 1', 'PF07690’, 311.70, 192, 387719, 'Major Facilitator Superfamily’),

(Ank 2', 'PF12796’, 88.00, 195, 326974, 'Ankyrin repeats (3 copies)),

(AMP-binding’, 'PF00501’, 385.90, 144, 162131, 'AMP-binding enzyme’),

('p450, 'PF00067’, 342.30, 50, 160387, 'Cytochrome P450"),

('PPR’, 'PF01535', 29.30, 458, 181004, 'PPR repeat’),

('l-set’, 'PF07679', 88.70, 48, 198070, 'Immunoglobulin I-set domain’),

('Helicase C', 'PF00271’, 117.10, 421, 204442, 'Helicase conserved C-terminal domain’),
(RRM 1',’PF00076’, 67.40, 68, 246503, ' RNA recognition motif. (a.k.a. RRM, RBD, or RNP
domain)),

(LRR 8, 'PF13855’, 59.20, 62, 276960, 'Leucine rich repeat’);

INSERT IGNORE INTO Clan VALUES

('CL0361", 52,Superfamily of classical and closely related C2H2 or beta-beta-alpha zinc
finger DNA-binding domains.’),

('CL0023, 231, 'AAA family proteins often perform chaperone-like functions that assist in the
assembly, operation, or disassembly of protein complexes.’),
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('CLO186’, 80, 'This large clan contains proteins that contain beta propellers. These are
composed of between 6 and 8 repeats.The individual repeats are composed of a four stranded
sheet. The clan includes families such as WD40 Pfam:PF00400 where the individual repeats
are modeled. The clan also includes families where the entire propeller is modeled such as
Pfam:PF02239 usually because the individual repeats are not discernible. These proteins carry
out a very wide diversity of functions including catalysis.”),

('CLO016", 38, "This superfamily includes the Serine/Threonine- and Tyrosine- protein kinases
as well as related kinases that act on non-protein substrates.”),

('CLO015', 23, 'The major facilitator superfamily (MFS) is one of the two largest families of
membrane transporters found on Earth. It is present ubiquitously in bacteria, archaea, and
eukarya and includes members that can function by solute uniport, solute/cationsymport,
solute/cationantiport and/or solute/solute antiport with inwardly and/or outwardly directed
polarity. All permeases of the MFS possess either 12 or 14 transmembrane helices.’),
(CLO0465, 8, 'Theankyrin repeat is a short sequence region that is about 30-34 amino-acids in
length. Multiple copies of the repeat composed of two beta strands and two alpha helices
combine to form long arrays. In general these repeats are involved in protein-protein
interactions. This superfamily also includes some families that are arrays of several repeats.’),
(CL0378, 4, 'This superfamily consists of enzymes including luciferase, long chain fatty
acid Co-A ligase, acetyl-CoA synthetase and various other closely-related synthetases as well
as a plant auxin-responsive promoter family. The name ANL derives from from three of the
subfamilies - Acyl-CoA synthetases, the NRPS adenylation domains, and the Luciferase
enzymes. Members of this superfamily catalyse the initial adenylation of a carboxylate to
form an acyl-AMP intermediate, followed by a second partial reaction, most commonly the
formation of a thioester.”),

(NULL, 0, '(CYPs) are a family of enzymes containing heme as a cofactor that function as
monooxygenases.In mammals, these proteins oxidize steroids, fatty acids, and xenobiotics,
and are important for the clearance of various compounds, as well as for hormone synthesis
and breakdown. In plants, these proteins are important for the biosynthesis of defensive
compounds, fatty acids, and hormones.),
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Abstract

The work concerns the construction of a densitometer that utilizes a microcontroller, a

distance and force sensor while displaying the measured value of the density of homogeneous
liquids on a liquid crystal display.
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Abstract

From antiquity until today, the experiment has been the main arsenal of the Natural
Sciences. Through the experiment come new discoveries, confirmations of theories and their
overthrow. The experiment reveals the secrets of nature and generates ideas for new
technological achievements.

With this work we try to describe one of the most important energy quantities: heat.
However, the description of heat will not be done with trivial methods e.g. use of
thermometers, but with the use of a thermal camera, so that the thermal phenomena, apart
from the temperature measurements, appear before our eyes in the form of colors. In this way
the visualization of the heat journey is achieved!
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Abstract

Earthquakes are very common, especially in areas like Greece. While earthquake
preparedness exercises are quite common during the whole school year there is a lot of panic
when the natural phenomenon actually occurs. *ur device first detects the primary waves,
advising the students to get under their desks and as soon as the secondary waves become
very weak it instructs them to leave the classroom to a safer place making sure that the
evacuation was successful.
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