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ABSTRACT

In this thesis, we chose to use the LED cube as a game or teaching material for children
to use on web application like answering questions or doing quiz, using LED cube to attract
children. For example, display the name of the person on the LED cube in 3D when that
person answers correctly, display the correct or wrong mark in 3D, or display the shape or
animation that corresponds to that problem in 3D, etc. The learning performance of children

is also assessed by a score-collecting method to analyze how much learners develop.
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FFuanmaliogegnaes

2. @579 Web Application fignunsaviminiidud enisaeulasaiunsad uduiusaud 14

(user) I9ENUNI9 LED cube



3. LED cube ansnsanauldnugldanulaniunislden Web Application 1wy dWagldaunay
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5. Software AvAuwdl interface dwsurldnilaau user friendly aansaldauladely

Iuusedldanuinnsiuneniiumes (Computer) wie IT Aanunsafiagldanuld

1.4 NANAIANIY

1. LED cube fias198un1aunsaldeaulaass q uansnaldogragndesmufidesnisuas
anunsaneulanugldnulaegigndes

2. LED cube annsaviinansinaulanazussansanlunmsdeuslidunnanla
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2.1 Python

Python tJumuwilusunsulusnuazeesnwndumesiusinsuiia (Interpreted programming
language) FIDUNDSNLADII¥81UAES (source code) Nagmde uaanuaaudu Machine Code
YUUU WAIYINTT Execute Adamoutlutay wadsdevduluorumdsluussinsely wda Execute

YT Feazdinisaiunisings wuuilllegneiaiiles Aagui 2.1

Source code Running code

5UN 2.1 1ASeas19N139i9UY8In 11 Python

(fian - https://miro.medium.com/max/569/0*qPZqO7mw6RMsGt7B)

Python Fafin1sdanisuiaeanudidusnlud® (Automatic memory management) lng
ImdunsnaLILAsNENNETUYDIN1910Y 9 tnkn ABC, Modula-3, Icon, ANSI C, Lisp, Smalltalk
wag Tcl [1]

2.1.1 Python 1.0

Python a¥19tuadeusnlud 1990 Tasunedla iy Tsada (Guido van Rossum) [2] @ CWI
(National Research Institute for Mathematics and Computer Science) lulszinusosLaus Loy
ladiAudnSavean1un ABC unusuldiu Modula-3, Icon, C, Perl, Lisp, Smalltalk uag Tcl 1oy

= =% A 1 & waa a v
wele Wy lsady fdedndudsisuuasAnauy


https://miro.medium.com/max/569/0*qPZqO7mw6RMsGt7B

2.1.2 Python 1.2

Python 1.2 ﬁf’ulﬁgﬂﬂdaaaaﬂmﬂuﬂ 1995 Tng Ala flu l5ady linduuniaun Python sefl
Corporation for National Research Initiatives (CNRI) fsady, 1asgesiily Ussineanigowsng
Toefluvazifeortufldvaesiulmi Tunneiausu 1.6 sonunlngeeil CNRI Wwuify

1nglu Python 1.6 a@unsaunlewdeinnainvesda software wazlmdulumudorrunves

GPL-compatible license ag19ady 5ol

2.1.3 Python 2.0
Tnglu Python 2.0 Wuldgnihesnineuwnsieynraniluain website MfiTa31 BeOpen.com
WAZNAI91A7 Python 2.0 71 BeOpen.com ka2 Ala Wu lsadu wazinwmuiaudu 9 Tuily

Python Labs Alalnsiuiuiineu Digital Creations

2.1.4 Python 2.1

IhdunennIsvinusaziaLILgIn 1.6.1 110037 Python 2.0 warldnisiasudedyan
Fuansluidu Python Software Foundation License tngfilu Python 2.1 daw ﬂ?uﬁé:l,ﬂuﬁwaﬂ
B Python Software Foundation (PSF) Tnefidussdnsitldvimmaiilswuietu Apache Software

Foundation

2.1.5 Python 3.0
\Ju Python guiilasunisusudsawagidludnnuuin anuuasuulasly Python 3 Wiy
nswasunlamliiaiuiuugounal nanafeynAdileudmsy Python 2 @1alivineumuund

Wadslwmiauuunalaniwues Python 3 [2]

2.2 HTML (Hypertext Markup Language)

HTML

SUT 2.2 lomounwn HTML

(ﬁm > https://www.hellomyweb.com/media/course/html.png.500x500 ¢85 crop.png)



a1 HTML Wunenifldudin (tag) Tun1suanswadnssng 9 uu website Mdeutiuun

windudnwarangveaniw) HTML Iﬁﬂumiszqgmwuﬁwﬁq W3ON15a95HARIES HTML
mﬁiuméammﬁlﬁaﬂﬂiﬂ (less-than bracket , <) LLazLﬂ%awmstmd’] (greater-than bracket , >)
Tnefiudin HTML wusls 2 dhwae Ao

1. uwinien Wuudindilddedinsdnssa wu <P>, <BR> Hudy

2. wiing Duuinfiusznoumeudinde wazuinda lneusinde azilinsosunasiu (slash |, /)

YnthAdaluniiniu 9 W <B>...</B>, <BLINK>...</BLINK> 18us

@ ——————— <!DOCTYPE html>

<html>
F 9 1 10>
3 charset="utf-8"> ——=——0
tle>Title here</title> —— @
l— </head>
®—
———— <body>
&H— Page content goes here.
<t/ ,\)0(“:'
</html>

JUN 2.3 1ns9as19eindauinuosny) HTML

(ﬁiﬂ : https://www.oreilly.com/library/view/learning-web-

design/9781449337513/httpatomoreillycomsourceoreillyimages2257981.png)

N5 @sulusunsusmenIe) HTML azdlassasiswdnuasnsanieedmdniidusinsgiu

willeufuwndlan lngvglsznausmigdman o og 4 Ardsngnumall

1. <HTML>.......... </HTML> Lf’Juﬁwﬁawé’ﬂﬁﬁmﬁﬂﬁuaﬂﬁmL?MﬁuLLazqﬂguqmaaLaﬂms
HTML

2. <HEAD»>.......... </HEAD> Wufdsiivimdindirvundiuiises

3. <TITLE>.......... </TITLE> LT ufd 97 LA munt 01107 § 99015010 LA INAU LAY

U2
v A 1

Title bar Adslazagn18luAEId@IW <HEAD>.......... </HEAD> 198Avunmnuenuediienys bty

Y

64 HIONYT

[

4. <BODY>........ </BODY> 1lurdsiifnundaninuuas Junuuvesmdenng q Alddmsu

USUFANDNETNALULEUDDONNI9DNN [3]


https://www.oreilly.com/library/view/learning-web-design/9781449337513/httpatomoreillycomsourceoreillyimages2257981.png
https://www.oreilly.com/library/view/learning-web-design/9781449337513/httpatomoreillycomsourceoreillyimages2257981.png

2.2.1 HTML 1
WARUUlUT W.A. 2536 (A./.1993) W89l WUBSIUBSE-a (Tim Berners-Lee) [4] way u1gLnU
usALiin (Dave Raggett) [4] leiuualionansnie HTML fiautudesiivilienarsiiadnadud

oulala

222 HTML 2

Aagulud w2538 (A.71.1995) Wauw1lay IETF (International Engineering Task ForceX)
Fajmislianmnsadauanimadiuiiuiustiies (web browser) Aldauinluld l9§uniseensuidy
mmgmﬁamgmﬁ wraealsAf USEW Netscape wazu3sn Microsoft snafuiiudndslny 4 adly
TUSUNTNVBIAULDY Lﬁ@iﬁ;ﬂﬁaamwu web page anunsaldilafdu (function) uuenwiieluain

HTML 2.0

2.2.3 HTML 3

a X a, v o vy a & a

WnTULUY WA 2538 (A.6 1995) tadmunniw HTML Tadlanuanunsasiiudu Tnenisiiunig
$191UA827UN1519 USUT0AURDUTIUNN Lazhansdrunianududauldnay sauvsaielidu
winlwesdounaulugiumin web page Miasitlvuunouudaldnngy HTML 2.0 n3eisaniy

WM309dlatuIN “Backward”

2.2.4 HTML 3.2
Andulud we 2539 (a.a 1996) Iddn1sifinesdusznaudey (Element) way AudNwE

(Attribute) Aanansaviiusiuiumaty 9 Buusiwes

2.25 HTML 4
Andulul w.e 2560 (A 1997) mnadasnisestineanuuuiifisanndy vilfesdng wac
anasUsenald Tnedauaiusaldeddlng o Hglvifeaniuu web page a11130MIUANTULUY
L0Na15 N5 NUTEANS Alun1sve LR CSS (Cascading Style Sheets) N384 object o4
TWsunsuaiuieuans junnuazidos n1sadravedu 18dT uuazldsautuniwianius
(Scripting Language) fie nsileumdsdy q Misenin ansus (Script) wuusing q el web page
ansnsaldmeuty fldnuldinntu Tavarsudfidoutudu deniluunsnlulinmm HTML uiisilidu
wiiwestursdosaduayuilerdures HTML 4.0 feanuannsalun1sdanisfu Object Model
Iog HTML 4.0 gnuuseandu 3 Ussanleun
1. WUULATIAA (Strict HTML 4.0) 1utenans Hypertext MTsusien1mwn HTML 4.0 AN
wwsguehanssadn uinlafinnznssinisynd denad dat (Deprecate) 3o THan

14 (Obsolete) Aazlaldmdsiuluns@euenans deluanuduasa



Tuvaued Sandlddl uwsiwes Ta alffuayunv HTML 4.0 sgraasean uiatainly
au1an dulng aziinnuduldla

2. wuuAeeduly (Transitional/ Loose HTML 4.0) iutonansfiasedieniw HTML 4.0
Tngldsaufumdslu HTML 3.2 iitelfonansfiarstuiizuuuuuasdfonildnuass ulf
arldAuiuusiwes ssuuAIeds wasUssinvaauiamesfivainuaisfniy way
wisuinenansfiainstuargninliegludulssand

3. Frameset HTML 4.0 Lﬂmaﬂmiﬁﬂmmﬂizmw Transitional L‘ﬁjﬂﬁuﬁﬂﬁ;\mﬁﬂ UsgLan
frame lawn Frame, Frameset, Noframes L8 Iframe %QL?]ULW]Gﬂblm\l'l,ﬁﬂ%muna%sﬁu

404

2.2.6 HTML 4.1
AnTulud wa. 2540 (r.A.1997) Il ugaiRamanslraysaiiinsianudssansam

&
gunnTu

2.2.T HTML 5.0

Hunesgiuvesniwn HTML Megluseninamisimuiniwianinsy dmsuguselulseen
weunsnsldauslotud 22 unsias .. 2551

Tngn1w HIML 5.0 fstuuudesiuuiifuiufo wuusaiu uasuuuiiaesio XHTML #l4lu

[y

msfrlasaiauarnisuanmaraaiemamsu world wide web 1nasgulvsiasdandnuasiud
ddey 1o

1. msldanudale

2. MIbARILLINNienans

3. manuldludnuazeelad

4. NSKARINIIANG

5. vllavesnsUeudeya wuulvsl Wy search, number, range, color, tel, url, email, date,

month, week, time, datetime, datetime-local [4]



2.2.8 CSS (Cascading Style Sheets)

LS55

sUf 2.4 lemeu CSS

(Fan - https://miro.medium.com/max/280/1*xfJlmNB_-rAJAJzBNKanlQ.jpeg)

CSS D MEALTEINSTURNULALNETST HTML/XHTML ThTladY s3oer1e Nunad iEduvauway

o v L4

9u 9 sudideanns Css Tanwamdunwnifisuuuulunisdeudadnualivuiamzuaglignriun
umsglag W3C idumumislunsnnus website
Css fusglonipgramainvany deldun
1. Pelidemneluenats HTML faradlaldieduaglumsutluenasfamsarii
¥$run3ndia ims1enasle €ss axdasannisldama HTML aslalusziunils uazuen
sevhadlemiuguuulumsuanswaldossdniou
2. yilwennsanadlvaninglaisa iesanddsluenans HTML anas Jaillndiivung
ianas
3. @NTARMUATULUUNISULEARAIINAEY style sheet yaiieaiu Tilinisuansnaly
naswuuieianivielunn 4 winld Faeannailunsusuluagilinisang
LoNaNsuL website fA71u59AL398 931 uanINTSsENsnAIUANILANING THAdE

A A U <@ I3 s
wowdlounulalunateiuiusiiees

v A

4. PaglunsmmuanisuananalugUiuuidannumnziudenis o ladueged
5. vl website finnuduninsgruunndunaziinusivads awisasessunisldauly

auAnlaa [5]



2.2.9 JavaScript

JavaScript

sUii 2.5 Tereuntw JavaScript

(‘17‘llm . https://www.oxygenyoyo.com/wp-content/uploads/2014/01/js-logo.png)

AW Javascript Wunwpeuiumesdmiunisdenlusunsuvuszuudumesitn dady
AwansUAiBeTag awnsaldsauiunien HTML ennsaiisuazsiaun website il website
naad el ansanevauesldaulduindu fsiismatnouludnvuynisulaniuuas
sflunulufiazFds 157 Object Oriented Programming Aiflithnuaelunisesnwuusaz iy
Wsunsuluszuudumesidadimsudiouniyn HTML anunsainauday platform e Tnavinau
iU HTML waznw Java sl Client uagils Server fsfidnwmznisdsunuulusialim
(Prototyped-based Programming) @uannldlumnia website Lﬁaﬂﬁzmawasﬁagaﬁﬁjwaqcﬂ%’mu
wifgTldifleuanAunnuasnslunsdouansudlneileglulusinsudug
Tnensiligu JavaScript sdidnuazniadouddsadeiunie Java Unfusdagldguuuuiidy
niuaglasauiuudn
N13Y1191UV08 JavaScript
1. Jeulusunsuiuude q lilaglddesfientvndu
2. fidndafineuausaiuglen Wuillodldadnfiyy vie Checkbox Aanansadaliidanti
Tyl vl website voaniiufdumiusiudldnuunniu fedofivaanis JavaScript ¥
T website 14 9 1A1de JavaScript Ul

3. anunsaldouniordsuuas HTML Element ¢ dufoanansaiUasuntasguuuuns
LansHaves Website ¢ vsontuanadomanunsadewsonansiioniduuuie 9

a. annsaldnsraaeudeyals dunaindloinsendeyauis website 19U Email Weisinsen
Yoyafnvzdntivhaiiostuiinsinseniin vdedunsenaglsunesns udu

5. awnsaldlumsasisaeudldliiau asnaeuigld IHivusiwesesls

6. @519 Cookies anunsaiutoyavelilupauiinmesvoslfiadla 6]
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2.3 Framework

Framework gnas1aud e duignuazaInkiR g 39 Framework duiivianguszian
wazaziisnsldauneay o fu

Ao sdususuisa dusunisiauuazass application

2.3.1 lonic Framework
lonic Framework AaLA3 93dlalun198519 HTML, CSS way JavaScript L alalun1sasng
Mobile Application @ sanunsaldarulasrelududou lonic Framework \duia3 oediofias 1

Mobile Application #ianunsaasneilifies ansaldaulauuszuuufuinig iOS wag Android

i0S

sigwEole]ls)

HTML

A

ANGULARJS
CS5

gﬂﬁ 2.6 LEAAINIINUVDY lonic Framework

(fian : https://miro.medium.com/max/700/1*UeDWCWvLXZXh1-8t VG TJA jpeg)

2.3.2 React Native

fonsasilofi@1uisa Bulld Mobile Application Té# ¢ 105 uay Android w3afd ey
Cross Platform Technology Wutas taeld Javascript tfundnlunswaunlagazldsauiu Css,
HTML, JavaScript wae Objective C

31]17; 2.7 laAau React Native

(ﬁm > https://miro.medium.com/max/700/1*ccMBSVUNt9CEoHU5SOCEXA.png)
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2.3.3 Onsen Ul
Onsen Ul t8u Framework f1asltnwaunauisaasne Mobile Application Ingldin3nsdie
lun1sasne CSS, HTML 5 wag JavaScript 3atAuved Onsen Ul Aadl document MAN®1918 Loz

fegraunnunglrdniaunleane [7]

Automatic Styling in Onsen Ul (_” g

gﬂﬁ 2.8 Onsen Ul

(fian - https://miro.medium.com/max/700/1*8pDU-P2AtMThhegxkxhmlw.png)

2.3.4 Flask

Flask A Web Framework fidleutiusndimsulwseu ield3aumiu webserver 1u Apache
wagld¥uniseensuan Community We Pages $utiigu Pinterest, Linkedin (Jugu Tne Flask an
1301 Micro Framework iws1zaalidesnisiedesile nie library aglsinn Snislisndudead

g1utoya (database) 78 usiagglsinan Flask AGe5e95Unsiiial extensions bl 61 Flask 5995

(8]

Flask

web development
one drop at a time

sUTl 2.9 lonau Flask

(Fian : https://mindphp.com/images/articles/book python/medium-flask.png)
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2.4 Raspberry Pi

2.4.1 7MN3UVBY Raspberry Pi model 4B
JweIssreuiimesiaiiowswindn Jeawisavinuldniounsuiiamesnned s WWeuse

Tuteuelitnes Aduase wavwndla wavaiuisauiuiussendldlunisin Usyandnusniemiu

diannsefing ¢ Raspberry Pi 4B fanwugasnnselull [9]

3‘1]‘1'7; 2.10 Raspberry Pi model 4B

(i - https://th.elementld.com/productimages/large/en GB/3051885-40.jpg)

AuaNURYeY Raspberry Pi model 4B

- Broadcom BCM2711, Quad core Cortex-A72 (ARM v8) 64-bit SoC @ 1.5GHz

- 1GB, 2GB or 4GB LPDDR4-2400 SDRAM (depending on model)

- 2.4 GHz and 5.0 GHz IEEE 802.11ac wireless, Bluetooth 5.0, BLE

- Gigabit Ethernet

- 2 USB 3.0 ports; 2 USB 2.0 ports.

- Raspberry Pi standard 40 pin GPIO header (fully backwards compatible with previous
boards)

- 2 x micro-HDMI ports (up to 4kp60 supported)

- 2-lane MIPI DSI display port

- 2-lane MIPI CSI camera port

- d-pole stereo audio and composite video port

- H.265 (dkp60 decode), H264 (1080p60 decode, 1080p30 encode)

- OpenGL ES 3.0 graphics

13
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2.

Micro-SD card slot for loading operating system and data storage
5V DC via USB-C connector (minimum 3A*)

5V DC via GPIO header (minimum 3A¥)

Power over Ethernet (PoE) enabled (requires separate PoE HAT)

Operating temperature: 0 — 50 degrees C ambient [10]

4.2 Geany

Software 7l#Taulsunsulu Raspberry Pi fia Geany tu software Usginn text — editor

Tngldwalulagues GTK2 Nflgauantfnazanuainisaninninluswnsy Notepad Tu Windows 1Ju

[

281917n 1n8 Geany HszuU library ﬁﬁ?ﬂ@ % 191 C language, Java language, PHP, HTML, Python,

Perl, Pascal Wuduy

Ur—7%|
“\o ¢ 9 J
Sy IEany

e =
- AT

sUii 2.11 lenau Geany

(ﬁm . https://4.bp.blogspot.com/-dvDbWEJumju/VoOF-

KsH_yl/AAAAAAAAAGl/EnWjWhicOoE/s1600/geany cpp compiler for_linux.png)

AuENURYDY Geany

1.
2.
3.

il
5.
6
7

158UU Syntax Highlight

)

T52UUNTHUIE NN VBINTISIBUAIAS

= a o o o Y & [y va 1 a ¢ o 1 =3 o A
lli%‘U‘UL(ﬂllﬂﬂ“ﬂ@ﬂﬂ’]ﬁﬂﬂmi‘ﬂﬁmuiﬂﬂﬂEJE)G]I‘L!&IG] EYU WHNATIN mysqL_ NYSURAIADNUD

A& AT UL 19U mysql_fetch array, mysgl connect, mysql select db Judu

Finlrazainean15@euluskNsULN

. Hszvulauiin Aeldlun1s@eulusinsuagna XML w5 HTML g9lusia

Hfeegedydnualiiiae (Symbols)

. Sszvuwugihnsldmdunazadslviognsaziden (Call Tips)

1 Plug-in t@sulmdenaiulvan [11]
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2.5 IC74HC595

IC74HC595 WJu IC flepnwuuandmsunisidaufiinats port wu nsurluldviidngluis
LED Srwiuvanenasn vise Unelnsng 9
IC74HC595 1w IC dou bit iedinisTdandnlului bit axgnideulumudeyaifld dvfamn
16 91 8991 output AuANlETTINA 8 11 dausivn QO Flv Q7 wagilun 3 MdmTuAUAN U1 QO s
Q7
- 91 ST_CP Wumnmuaudomgnsdeteya Welsifinsdseyasslianiuzaniidu HIGH u
dlofinsdstoyaarlinifaniusdu LOW sunirasvgedstoyaddfunidanugnduin
Hu HIGH Bnads

- 971 SH_CP fisuldfuan Clock unndiazdasdoudmaamuiad (Pulse Signal) iluiiie

L gv]

[V

muAnnsSudaya IC Inensleudynimagdosduiusiunisdoutoyaluusay bit
- 91 DS Wuvdmsudewdeyarinluiiaz bit wagddn 2 g wsnisteudayaniiaasd
- 91 MR sigltianueitu HIGH videsiawd +VCC

- 91 OF salvidanuzidu LOW vi5asaidin GND

T4HC595

T4HCT595
at [1] = [16] Ve
az [2] [15] Qo
Q3 [3] [14] DS
a4 [4] 13] O
as [5] [12] sTCP
a6 [6 | [11] SHCP
a7 [7] [10] MR

GND [8] (9] ars

001aao241

SUTl 2.12 ICT4HC595 datasheet

(Fian - https://cz.\nwfile.com/ /cz/ raw/dqg/nd/33.png)
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T4HC595 Digital timing diagram

Latch _|
Clock N o N S S e
patA f ar X @ { @ ¥ @ ¥ @ X @ ¥ a1 ¥ a0 \

* Latch = ST_CP, Clock = SH_CP, DATA =DS

g‘l.l‘ﬁ 2.13 Digital timing diagram

(131 : https://cz.\nwfile.com/ /cz/ raw/r1/fg/ke.png)
nmsdsdeyausias bit iilulmiazideou bit Wailumaernn madslunmun 8bits awvilideya
wngluaunun waznmsildsunlamaazsiulafsedie ST CP Janugnduunidu HIGH wintu [12]

2.5.1 A15igeuasInNUiaan LED

T9uase Arduino TuUN15aSHNISHNIU @11N506D2995 kAeall

-ii’l'-vtt0
-

@ﬂ?l WWLioxhop.com

sUil 2.14 nssiovasuesa Arduino fu ICT4HC595 uay LED

(fi3n - https://cz.\nwfile.com/ /cz/ raw/ph/79/aw.png )

Tu Arduino agfiflardu shiftout) dnsagu vinlvand et lddmsvdatayaluli IC ids
UM 2.15

void DataOut(byte data) {
digitalWrite(latchPin, LOW);

shiftOut(dataPin, clockPin, MSBFIRST, data);
digitalWrite(latchPin, HIGH);

5UN 2.15 Adnsdsveadeya
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frae19adImuanail wWuedalvll LED fnanvnludrensiazaie Wngldvinduwlsidu

byte udndeu bit 1

int latchPin = 8; // ST_CP
int clockPin = 12; // SH_CP
int dataPin = 11; // DS

byte tmp;

void setup() {
pinMode(latchPin, OUTPUT);
pinMode(clockPin, OUTPUT);
pinMode(dataPin, OUTPUT);
digitalWrite(latchPin, HIGH);
¥

void loop() {
if (tmp==0tmp==0x80) tmp=0x01;
else tmp=tmp<<1;
DataOut(tmp);
delay(500);

¥

void DataQut(byte data) {
digitalWrite(latchPin, LOW);
shiftOut(dataPin, clockPin, MSBFIRST, data);
digitalWrite(latchPin, HIGH);

s

5UN 2.16 Andsliilul LED Anannanludevasudaznig

2.5.2 M5I9IUATINU 7-Segment
IC78HC595 wisnzdnsunslanuiu 7-Segment Sagldauldennnia IC Auvasswa BCD

Wel IC74HC595 Tganetiaenin

17



(D7 www.ioxhop.com

Ul 2.17 M3vievesuesn Arduino fU IC7AHC595 uag 7-segment

(Fian : https://cz.\nwfile.com/ /cz/ raw/nh/if/e5.png)

Adenuasiliduddanldan 7-Segment Wanauau 7-Segment Waguannsld register

port D iJuilaridu DataOut() iivedalulel IC74HC595 vinaruunu

int latchPin = 8; // 57 _CP
int clockPin = 12; 4/ SH_CP
int dataPin= 11; /DS

int num[] = £ OX3E, 0x06, 0x5B; 0x4F, 0x66, 0X6D, 0x7D, 0x07; 0x7F, OX6F J;

void setup() £
pinMode(latchPin, OUTPUT);
pinMode(clockPin, QUTPUT);
pinMode(dataPin, OUTPUT);
digitalwrite(latchPin, HIGH);
¥

void loop() {
for (int i=0;i<10;i++){
DataOut{~numl[i]);
delay(500);

¥

void DataOut(byte data) {
digitalWrite(latchPin, LOW);
shiftOut(dataPin, clockPin, MSBFIRST, data);
digitalWrite(latchPin, HIGH);

)3

U 2.18 AdspuAu 7-segment

2.5.3 M3149U ICTAHC595 waea

vands port iisdoenisarldeuffiuanau IC78HC595 faiedldneld FoilRazfodld
wanefiteliiluldnuannty

N5l IC74HC595 andausaviilalaenisaeay SH CP uay ST CP $aufusausn

wiiv1 DS Wsaldhiue Q7' vesdaneumini Aagun 2.19
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ARDUING ONO RX &

;sﬂﬁ 2.19 n15MB ICT4HC595 wuurana@Iny Arduino

(T3 - https://cz.\nwfile.com/ /cz/ raw/dy/rb/xk.png)

n1sdsdeya antanTideteyaly 8bits Adesdsdoyaly bits x dauiuled wwu 14led

74HC595 $1uau 3 i iledadiayaazdesddluvionun 8 x 3 = 24bits

2.5.4 n15k9uasInurasn LED Iaeld ICAHC595 ianeifi

@7k| www.ioxhop.com

Ul 2.20 nssie LED fu ICT4HC595 nianeshn

(#a - https://cz.\nwfile.com/ /cz/ raw/Te/de/ia.png)
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Tusneg1etiagld IC7T4HC595 97u7u 2 A7lun1sAn LED 373U 16 a29lidnsausnawsnly

uisnnaavenmndunsusuln lngideumdsdiunlddsdayaluln IC7T4HC595 dagun 2.21

void DataOut(unsigned int data) {
digitalWrite(latchPin, LOW);
shiftOut(dataPin, clockPin, MSBFIRST, data>=>8);
shiftOut(dataPin, clockPin, MSBFIRST, data&0xFF);
digitalWrite(latchPin, HIGH);

¥

Ul 2.21 Adamuny ICTAHC595

Mnddsazdtudlddinnslddds shiftout) $1uam 2 ass munefenisdsteya sbits vl
rou wiadsldids shiftout) nasslunnsasdn sbits wds lae shiftout() FausnAIUAY ICTAHC595
Fafl 2 dau shiftout() #a7l 2 AauA IC7TAHC595 fansn wnld IC74HC595 naneda dedldeds
shiftOut() 3Nty

'
o o v A v

Al LED AnAsuAnIawsnautiendsgaving 16 lagly IC74HC595 2 failsiail

int latchPin = 8; 4/ ST_CP
int clockPin = 12; //SH CP
int dataPin = 11; // DS

int tmp=0;

void setup() {
pinMode(latchPin, QUTPUT);
pinMode(clockPin, OUTPUT);
pinMode(dataPin, QUTPUT);
digitalWrite(latchPin, HIGH);
¥

void loop() {
if (tmp==0||tmp==0x8000) tmp=0x01;
else tmp=tmp<<1;
DataOut(tmp);
delay(100);

void DataOut(unsigned int data) {
digitalWrite(latchPin, LOW);
shiftOut(dataPin, clockPin, MSBFIRST, data>>8);
shiftOut(dataPin, clockPin, MSBFIRST, data&0xFF);
digitalWrite(latchPin, HIGH);

31]1’7i 2.22 f&alal LED fauuuds 16 A
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NSRBI IC7T4HC595 TIuAUNaefifeIdln1IATEinTeAu bit ALLAEIT0Y wn@enty
suUstunsiiudoyanisin-Auves LED lasaindds shiftout() aunsadstayasantuliiienss
az 8bits s 1 byte 9 nluiide n1sldauassiunaea LED lngld IC7T4HC595 wianada agiiulain
a & XY a . . & v al ) a & & v Y
finsdenldiuuselin unsigned int uivteya Weosndwdsyiailaunsaiuteyals 2 bytes
viioieuniiunisiiudeyalyt IC74HC595 duau 2 i

defoua bit gewenlunouaue ¥ingan Timing Diagram aeLiulainsivzfasdsdaya bit

a 1 [ (% 1Y o w . a a = . a o a = |
agn qﬂ@@ﬂlﬂﬂ@‘u LUuaﬂwmzmiawmﬂamm bit Vlij\i‘l/l?m AMNUIUNIAINY bit NEINEN BINTIE

'
U = =

Y
Taya bit Negludrdun 9 G 16 lneu vildlagnisideuld bit legdwun 1 83 8 wnu lagly

LA DINUNNTEYINSEAU bit LAY bit [UN19971 8 §7 (data>>8)

o w

S8 bit 16151413 1211109876543 2 1
foya 111111 1111001100
Aoy bit 1U 8 §1u 0000 000011111111

detoya bit Awueenty Wedsoya bit dewiaus bit 719 83 16 eanluud siaundads bit 1
fie 8 mweanly urludiuds data fveyauuy 16 bit oy witlsddu shiftout() seesulua 8bits
AatiuFadesdn bit 719 B 16 M9l wndewd bit 71 1 fs 8 17 udFedalulvilendu shiftout() dedoya

panlU Tnansean bit 7 9 §s 16 senluiledenisuiul and OxFF (data&OxFF)

a1 bit 16151413121110987654321

LHG 11111 11111001100

and OxFF 0000 000011111111

HAGNS 0000 000011001100
2.6 Arduino

Arduino 8 Open-Source Platform dwsunisadssiunuunsaannseiing lnelgasaning
Tlassadiawes Arduino iulassa¥rsititesenisldau Tnslassasnses Arduino Uszneuluse

1. druifu Hardware vesadinnsefindvunnidn i Microcontroller Wugudundn gn
thinsgneusiuiugunsaiBidnnsedinddu 4 eliiesenisldau wiefiGendudi veda Arduino

2. dwildu Software n w1 Arduino @ wuiBsulusunsumiuau Microcontroller [13]

#9813 Arduino Mihunlglunisvinusgetinus

2.6.1 Arduino Uno
131 Uno Wun1w18md Feuvadinils uuese Arduino uusniieanyn dvwinuszaiu
68.6 x 53.4 fadwns (mm) Wuvesauasgrundeuldnuuinian wesndurwaimunzd iy

NsSsUSEUS Arduino uagdl Shields Tidenldnulauinnitvesa Arduino JudY 9 Nieenkuun

21



wnzannd Tnguesa Arduino Uno lafimsiaiunisasun Asusd R2 fis R3 uazjudesiluaeudy IC
Juwuu SMD

5Ufl 2.23 Arduino Uno R3

(ﬁm - https://cz.\nwfile.com/ajjlvt.jpg)

5Uil 2.24 Arduino Uno R2

(- https://cz.\nwfile.com/4q71ch.jpg)

MADE v
INITALY —

» ARDUINO
e

sUfl 2.25 Arduino Uno SMD

(i - https://cz.\nwfile.com/ubxthb.jpg)
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AUFNUR

3 IC Microcontroller
Tusenulidln
soefunsTensulii Fuuzi)
soefunsTeussulnih @isaiin)
Digital I/O port

Analog Input port
nszuabiiisnelaluwdas port
nszualnfignelaly port 3.3v

ATmega328
5V

7-12v

6 - 20V

14 ports (3 6 ports PWM output)
6 ports

40mA

50mA

FuTlUsunTUANEly 32KB ﬁuﬁiﬂmmu, 5008 T4lae Booloader

RAM

Nufimbeausians (EEPROM)
AuA (frequency) A3aFa

A

it (weight)

2.6.2 Arduino Mega 2560

Host 1111 n1slusunsudssasvinsiulusinaes (protocol) UART aguuueasald@y IC Microcontroller

2KB

1KB

16MHz
68.6x53.4 mm

25 NSy

R

gﬂﬁ 2.26 Arduino Mega R3

(ﬁu'l - https://cz.Inwfile.com/79m8w8.jpg)

Ua$a Arduino Mega 2560 9z1Aflaufyu Arduino ADK ansiunssfivuuasalid USB

LUe3s ATmega 2560
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GRIGHGI

- 3 IC Microcontroller ATmega2560
- Tussaulnin 5V
- seasumsdeuseiuliii @uuei) 7 - 12V
- sea5umstenseiuliil (@sda) 6 — 20V
- Digital I/0O port 54 ports (il 15 ports PWM output)
- Analog Input port 16 ports
- nszualwihsamdidnelalunn port 40mA
- nszualufidnlélu port 3.3V 50mA

- fiufilusunsunielu 256K8 ust 8K grldlag Bootloader

- RAM 8KB
- fufivtheanusians aKB
- Anudasada 16MHz [14]
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uni 3

N152DNWUULLAZNMUN

Fuperlunsiudunuazutsosndy 4 Tuneudseluil
1. ASBALUUNNTINVDITTUU

2. N5&@319 LED cube

3. NTODNBUUIATHALIRIAIUAN LED cube

4. MI9BNLUVLAZESI Web Application

3.1 N199BNLLUUNINIINVDITEUU

Tud1uv99N1590NLUUVAMNTINYDIT VU T TUNI509NLUUINGDIN1SIA LED cube @110
auaugluiu Web Application ldegslsuanisinudeyania 9 dewiegsls, iudeyalinln

[d ¥ I = v ! dy
LWusiu lnenmsmvedsyuuazdneseideanime il

3.1.1 n5L3ausa LED cube fiu Web Application

Tunsideusie LED cube fiu Web Application 2214 Raspberry Pi iusnandlunisideuss
Tnedi Raspberry Pi azsdu Server a3 Web Application 11ﬂu¢'f’;LLasm"mﬁ'}ﬁ'daﬁﬂ’ayjaﬁ]’m Web
Application AFlHlaLTy input 191U Arduino 7ifyaddsdmiuaruay LED cube Tuanina
Hugusing 9 Wewdulusunsuliegudanelu Arduino tierauaunsyinued LED cube Toduiug
fuldures Web Application ngmsdsteyaazifunisdsdeyasenislinsdoasuvueynsu (Serial

¥

communication) uazld library 715831 serial Tu Python snaaelsimsyanudieddu
Tnewnravandifdnindeniiagld Raspberry Pi uvimthilidu Server unumsldsuszuy

Aa1reesia (cloud service) Lilaan1ninludnvaraesnisléeru LED cube Aagdufduiusiu

W 199K 11U Web Application ij'IUiSEJS‘U@QB;ITI%Q’mf\]OWLﬂ UL 830¢ Ay LED cube aguad

AUENLSaNaELINDe Web Application snuszeslnanidudefvesnisidssuuaanmwesiadslala

v
¢ a v v 1

anldusslovy Snisdnvugvesnisdsdayaiviinisauau LED cube Alulafianududeouuinau
= oY Y a A = I3 s ag v Jo v v I3

fetudedlduinisdu q Nszvuaanaweially uenanddudunisanaududeunasleliasian
(overhead) Tun1sviauvesszuvaswazdiamnsanudeyavesldrnuativlusausimeldlnenss

a 1%
2NAN3Y
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arduino uno LED cube

JUN 3.1 NNSIUNTYNIUTDITEUY

3.1.2 maiudayavesdldanu

dnsunaiudoyavesilinuviohazuuuresmaneudiniuluuiayadsazgnifuadiuly
SD card dadumireannudives Raspberry Pi lngnss dnvazvaigiudayaszidunuy NosSQL sty
MongoDB ﬁqm%‘aﬂwmumﬂ Docker 8nfini it alsfniswaiun Web Application wagn13¢e

Web Application 91nip3asnauiamesnddavinldluniswanuilug Raspberry Piduldldagnuseu

' ' ¥ Ao & £ 1= ] I v v ‘:4' o &
JY Iuﬁ’JUGUEN?J@Z‘;IJaVI‘\]’]L‘U‘LF\]SGIENLﬂ‘Uﬁ]%LL‘U\?@QﬂLUUMM’JﬂﬂNﬂlﬁﬁl’lﬂJﬁl’lﬁ’Nﬂ 3.2 MU

DATABASE

USERS Quiz ACTIVITY
_id : Objectld _id : Objectld _id : Objectld
username : string guestion_num : integer date : datetime
password : string question : string timeTaken : string
name : string choicel : string name : string
surname ; string choice2 : string surname : string
role : string choice3 : string quizName : string
rating : float choice4 : string score : integer
correct : string maxScore : integer

explanation : string _

5UN 3.2 pnanyuvinAnsuviniielanIn1siieusievesn LED usazn
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3.2 1158579 LED cube

Tupaulunsinnivaen LED vianua 512 vaealinateidugunsignuiaiauin 8x8xs ey

annsanvadutumnaulaseidunsana Uil

3.2.1 Msvanuazideanisn1sUsEnauviaen LED iddnediuy

iesnngdavindonlduasn LED 5l common uluy cathode silvnnseenuuuisnig
Uaniviaen LED ivnedudusunssgnuian deseenuuulivn cathode veamasn LED wiaznasn
floglualees (layer) vioduifofuuasdoudefstuistuniodoniism common vesvstuli
annsaudeusiadeduldvnnasauensudutuuazdousn anode vasvaon LED fioglunadun]

(column) Weafiudmeiudsmianslugun 3.3

Cl C2 C3 C4 C5 ¢c6 C7

r—
o

o DD HR D HDEB D 8
- R FRHR HD FRHDD
o HR R HR HD HR D
o:B)= Bl B =Bl = 5] =Bl =] = )
PP R
B FD D HED HD R D
B HD HD HD HD HD D
B HD R D DD

v

L1

v

L2

\ 4

A 4

A 4

L6

]

L7

v

.

y

&

4 v A4 v A 4 v A 4

5UN 3.3 nunanyumindnauinieuLaAIN1SITeNsaveIn LED urazn

3.2.3 N15UANIY LED
TunsUnnsv1ved LED wiasviaami1meutuiieNazlivasn LED whiasraanilssasyinag
1 v @ o < a [ a A < a ) 7 1y a 1
win 9 Aunduduniagisiuvunudsunnwenaziivasn LED TdinluuazUnnivnvesunaziaon lag

Ay o a LY 2y 9 ' Y Y aa ' Y '
‘Vw'ﬂ ﬂVI']La@ﬂV]QgIGULLNUINQWLLagLQ']%E@')EJ?I’NUIWWW@'J?Jﬂ']iﬂsum'ﬁ']ﬂmllﬂ?quﬁqﬂsﬂaﬂﬂqﬂmﬂumagﬂqﬂ

1.5 wuimasadunszmuianihlufaduusulddadniierilinisanggdmiueililavasa LED vh
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'
a

FeuazusiugiBeaiu madentunvesiiangfimsfisdenvueidaulndifestunasa LED 7
ildnnianifiefiagsilymasn LED deuiinluluguudiliviulnluvagiisdani
dmiuitnisdaniddnvimuinisn1sianIlven cathode vasnaen LED udazvaen
Anfuldffanren1:in cathode vosudazvaonunwiufulvinefifie gyl vidvihdudainiu
wnfiaaludnunediulusud 3.4 venandnslithonfeussandmiutanindudunanaras
Femsldanufeunniusaudaldy fuguiemihondenszauiignasansudalutieluuiimen
cathode fiffasnsazdanifasrinlvingiainnidaldiemniy uifdesiauazeniusastu

WUAULN YA LAY DAL e T RN UTE A UN SR fuUataSIeanly ag19lsAnun1svinld

Y
I 1

Uaneiusaildtuazeinagnasananasiiinisdanitudetudnunn

JUN 3.4 uanans1aviaen LED 111 cathode viufiuiiteUnn3

3.2.4 n1sUsznaunasn LED widqenudugunsegnuand

Tumsmsusznauvaen LED Wsefuliiisunsadugnuiad faavindeniioviivaen LED
64 naonuUszneuLisheiunmlassaiiitanslusuil 3.3 seTSmsmuiiuandiidulusui 3.4
ldoenunduuns LED 1 unsiifinsidousienn cathode war anode figndasuazliifinnsdon
(short) 583191 cathode Uag anode ¥oeaaA LED 61vniin15¥eniuseninam cathode way
anode uiiliiesuAgaifieluussfianunsofiagyiili LED cube wansnaldfananald uonandnisden
thydlunendmindituss LED lusenouidu LED cube wéfagvinlddnn deduisdiausidui
osasamadauusd LED usazunsagsazidonnaufiaziiuadlulduszneuifu LED cube Tnei
Fudhuazdemaaounasn LED yanasaluunsnousionisassinglviilegimaon LED Tuunsdnuas

(% 1% 1 L% = [ a @ o0 & PN 4 = & 57 X o
ﬂUlﬂ’e]EJ’NQﬂG]@x‘i‘Vii@lﬂJ a1nINvaan LED ll‘t]iyﬂ']ﬂ‘{l’]L‘U‘LWIQ3@]8@LU68U@QLLG\?JUG]@TJUV]UV]
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) AV v o v ' Y Yo o o
MRINALATININISTUANTUATATITHOULNG LED UARZWAIAUATU 8 UKD HAYINuNG LED
wRazlHLL G ausanaleAulRldnwuzdu LED cube laani1sidausavul cathode Tuusazduvad
usazhuadnefuielRusazdures LED cube il common cathode fiitounafaiunenidu du 9

Javindenfiagldurulidanigniangslitvuiewin 9 duvuiavesvasa LED navun 64 julddu

@2y

§1UV83 LED cube lagi1v1 cathode ¥oduug LED N svun 8 Aeduinse 8 vdeuidiiuwniuld

'
1 I

BANBUNILVININISUANIIBNYN cathode VaILAAZIULINN LAY

3.3 N13YNHUUINIILLASRIAIUAN LED cube

{iovindenilazld software fiflieindaifivudleriiues (Altium designen) snfutaeglums
9ONUUVIRSAMFUUHIAIUAY LED cube ansnsauandldningudl 3.5 esanguasasivundilvg
wnvhliuasasluduionalidaou f¥avhisihguasasiuldaionflu google drive dmiudfidoins

Y3UTIUInleaunsavulaainan QR codelugui 3.6 lnefidiunie 9 NdAyveIaTAIUAY

LED cube anunsawuiaanidusigazidganiuitalasasallil

ﬂHHHHHHﬂ_—;

e

s

—

%

5UN 3.5 1935 m3uAIU LED cube

29



5U# 3.6 QR code dniuINUMATUUUHIU google drive

3.3.1 11568 ICT4HC595 wWuULnLau (daisy-chain)
dHesndnsdniuasdesauaunisinanuyes LED fevuna 512 naeadudsutsoaniu
4 9 udusesniunu LED Tanua 64 aonluusasdu laail IC7aHC595 1 daaedl output Hanun
8 outputs ¥l 1dedld IC7T4HC595 8 AId@IMTUNITAIVANYT anode Wazhaell ICTAHC595 8n 1
¢ iilevimiiiiaauas cathode ustadu Yiliawesld IC7aHC595 avsin 9 fautaiu 8 fdwmsy
AIUANYN anode wagan 1 ddmiuauAuw cathode
Srdulunssiennanes IC7aHC595 i 9 Masdulunudidude IC inuas anode wos
W9 LED Usiazuial38anaaduyaauaayiaemuingag IC Anuauen cathode Ingsauuuiadioy
Tudnwasuuuindumdousunstmun address 1097 LED ustazaliannsndudsldiiu bit vin
Tisanunsadsulusunailunisauaunisinuldegiasidoaaunsaiagidenlddnagly LED
vaonlnuiavienaenliudy Sinsreuvundouludnuasdesmngiunisdnuludiaandngd
unfian IngaiunsayininsAeIaUuLIABIY A 18A15 09 9 Bl ICTAHC595 TUudl 14 ve4

IC74HC595 shdinlussfiuandlyifiulugui 3.7
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._
=
H al
|@_| [-]-]-
=] 1 [1¥] (71 Y Y [

T4HC595

s

|._.|\:w

] BT [ (7] O (9% [ F

|c

JAHCS595

Ul 3.7 n3eie IC7TAHC595 wuuiedauaInefl 9 Tvidl 14 vedledmdnly

(Fudivaeslugy)

3.3.2 nslimsudameunvimiiilunusindatuau cathode usastu

\lesa1nviaen LED e 512 waendithurldasaadu LED cube Fuanil common 1uuwuy
cathode Wlsanvidudonlinsusanasuia NeN uwihmidifumiiouduaiadlunisaiuas
cathode w3 LED cube wsiazdu Inenimsudanasives PN2222A insednsneii 2 faileduns
vnenszudlniliifiometunasa LED 1a 512 nasanazsiowfu output 483 ICTEHC595 v

Wi7IAIUAN cathode eumazduAuandbiiulugy 3.8
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Q9

¥

‘ Q1
IC9
—| 16
15

—_ | PN2222A PN2222A

—T—
==
— 10 Q2 Q10
9
T —
T4HC595

PN2222A PN2222A

£

2] B 1= B S ) O

Q3 Ql1
PN2222A PN2222A
LED Catode
Q4 Q12 — 1
3 2
3
4
5
PN2222A PN2222A 6
7
8
Q5 Ql3

JUN 3.8 uanamsliniugawmesyila NPN swihmihiiasunu cathode

LAaLIUVDY LED cube

3.3.3 N3599NLUULAZUANIWKIAIUAN LED cube
lunseentuuLHIAIUAN LED cube HARIAeN721139938nUnn3nmienutodasuuLHLUIY
s al & vy Yo o @Y i 2 ¢ o i a =
aLunUszasananusavnyalenaly fnvilyurudSusunyssasanmun 2 uHulneunuLsnazdl
AUUTENOUVDINITVRNUAGIULNLN 2 2xTLNBILAGIAIUYIULAE port @usulauRaiy LED cube
K ) ~ ' & | v v U Yo o A A v
Wity TudIuveIn ISl um BUNIAIUANTIY 2 UHWLAY LED cube WadenugIniniiend asldy

v o

TuLEANaTAINRUUIINTIRa Al T port dmSuNUEAADSAIHLULIATLN Nz lRaINNTa

neALenFudIuusaztuesnuldazaniledmgnisallidnluazdeainnisgentize hardware Tu

AYNAY
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T
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5UT 3.9 MINUANATILIAIUAN LED cube WHUUIN

SIS |
SASssasd
sda~adsdssd
RAAISAESAE
A ARISSASSA
\-lx\x-l-\c.l
&

-

3
¥

T3855554541
-

S

N

B

3

NS 4
K
-J::
LA S OO
Lo rl

S8 RS
R oY

lo\x\‘

r
-
.
.
-
K
~
.

AESAAASK A~ A~

A

3U# 3.10 M318MIATHEIAIUAN LED cube UNudas
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3.4 N19BNLUULAZES19 Web Application

luduveIn1seankuy Web Application §3nvindeniiagly Framework Mil7ed1 Flask @4
\Ju Web Framework auaanifiiininiuuaglidudeuunnyilmmng fagldanuiuUsgeainus
1 luduvesgruteyad davindeniiagld MongoDB andanisgnudeya lngsigazidennisesniuy

wagiaul Web Application fssioludl

3.4.1 N159RALUUNLT Web Application

Web Application azintimdnitanun 5 nirussnouldrenia login, homepage 11y
ldsmitiunumdugasy, i homepage dwiuildnudidunumduinEou, nidmiuli
tnieuldiuuuneaeuLasninaswuuaaeUd NI ulaou

melunih login Wlegldauldasdorilduidouiesudansiinmuenifldnuauiusionum
JudaeuvsernSaunazazyinnissunss (render) nindalunuunumvesildanudmngldaud
unumiugaeunizisunesntl home page dmiudasunardmnglddutinSeunsisunesni
home page dwsutniseuliiugly

home page @ wsuiasuaziinlvildanunsagiuiinfanssuvesdniseulaindniSeuaula
wuuneaeulaluluiufiuagnanviile, Idasuuulunuunaaeuiumlnsuagldnaviuuuneaeutii
uninlvg wennddiainangldinddniousglussuuimueiauisosauidenazumanadi
o¢lste uazmelunthilasshldgldnuannsodnimihaiausunageudmiudaouldiiofiasyin

YV a

nsaswuunaaeulinudseuldvihuuunagey @ homepage dwsugisouasyinlvgldauanin

Y

1 [ [
Y1 aa 1

ALUUNAFRUNIMIAlaitedneslstmazausananluTuuunegeuliy 9 16 uenaintinnely
L Y a

Wi homepage dSUALTgUALINTUARITUSY (ranking) veuElTeunazgnIndumuivLlTaunleiu

RINSATIANUYNFRY (rating) TunisviuuunaaeuluusiavessazauiuluiFes o
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Teacher Student

Show recent
students
activities

o Show all
available quiz

z Home page
Home page Allow new —

for teacher for student
Allow teacher to users to

review each signup
students

performance for
each quiz

Show student’s
overall
performance

Allow the
bl student to select
which quiz to do

i

Allow teacher to

make quiz and
post them Quiz maker
for teacher

Display on cube
then choose
E e

Teacher can

choose how Choose answer
cube interact then display on
with student cube

JUM 3.11 famshnuwveawesiadmiunisnisameileu

3.4.2 N15USNN56AN9 9 A1elu Web Application (Signup service)
\Walvi Web Application a@1a13ne9nikuukaziaulaNeddnyidenaghuin1sinaIung 9

W89 Web Application oondunisuin1smig q seseluil

3.4.2.1 NMIUsNMsdmsunisameLUau (Signup service)

~ o & = £ [ ¥ Ao & v A A o Y & 1Y a

Wesnnindndunvgreanudeyaninduresildanuienazdiluldduuna w198
Aun15u3n138u 9 luraenglemasldau Web Application nsuimsdmsumsameidouiies
annsaiudeyaveliliegngndeuazasudu Inedeyaiideinisaguszneulanig username,
password, name, surame kazUMUIMYBE M (role) wananiin1suimsdmiunisameileu
wdpsanunsanTvaeulaiveayanyldnulduntusglusuuuunignaewiseldendiogiadu name

wag surname vasldnuipiiisanaAfadnysiuardadliifiavuszneududu vdwinivinnns

a A o=

asavaeukdanfeitoyangldnuldadiudlivlugudeyadniing
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2De

start

|

User input data/-.

Check data
format

yeS

Is format correct?

Is username
already taken?

yes

Insert data
to database

h 4

END

5UN 3.12 damsvihnuressruunisnsametleu

3.4.2.2 M5USNSAmSUANSABndY (Login service)

'
= Y a

nsusnistlagimindnnismsingsruuvesldaulagitly Web Application Azl

nsuusldnunuunum vedldnundsenaulusiednieu (student) waziaeu (teacher) N3
usmsdmsunishendulzdesaunsansivaeuldingldeuiimdnsidigssuuiiunumduiniEey

A v ° ] | v a Y a;' v Y o = v
wiaaounazihgldanulugnin homepage Aigndosnuunumiigldanuldvinsamadeulineu
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start

|

user inputs
username,
password

Is user role student

teacher or student

teacher

Redirect to / / Redirect to

teacher > student
homepage/ / homepage

END

= £y o ] o/ <@ a
g‘lJVI 3.13 FNNIVINUYBITEUUENNIUNITHDNDU

3.4.2.3 MIUINsdmTUAUaYag 9 a1ngudaua (Query service)

aNada o o o

1194910971 Web Application Aesiigdniunisiveyaingruteyauiuandliiu
Al endregatunisuaniseevesinteundveualiiudaouldiiuniglumin home page
dmsudaeu visensuanwevesuunaaeuliiuinseulaidenyinlunt) homepage dmsuliniseu

Judu dsduddnvidedoseaniuunisuinmsdmsuiadeyasnis 9 sanunangiudeya
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start

!

Request data
from database

l

Query data
from
database

Is data exist?

¥

Return said / i< /Alert that said
data / S o2 / data don't exist

END

3UN 3.14 fan1svinuresszuunisisdeadanie q 31ngudeya

3.4.2.4 NMIUINSEMTUNTATILUUNAARUE M5 ULaeU (Create quiz service)

Wesanmsarsuvvasuawiduszdeddisnisianisteyaiiuandnsluannns
U3msdu q Adfdnihiadeniesiunmsuinmsdmiunisaauuumasoudmiudaoutuinuenidu
nsuimsBnuuunil Inefinisuinstisnuasdesiudoyanndaouduniulilugudeya e

111905895 UINWIUTBImM Utk Uuauluwuunaaaule
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start

|

Teacher input
quiz name

|

Store quiz
name in
memory

¥

Teacher input
guestion, choice
and explanation

Y

Store quiz
data in

memory

Is there anymore
question

Insert all
data
to database

|

END

5UN 3.15 dansvinuresszuunsaiawuunageudmsuaeu
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3.4.2.5 MIUIMsEmSUdRzuuTIinS BUNa RN UUUNAgeY

(Submit quiz service)

= o oo < o A ° Y S v o o

W laun dunumdudndeuriuuuneaeukduenainazhuun dniseuvi
wuunageuliudIvzdedinmaiuteyansyiuuunaaauliy q Wudnendiegagy viuuuvageuty
Fudwinls, THoatlunsviuuuneaeuwinls uardnsanugndeaduvilsdudiu Fwnsianugndes
Tunisviuuunegeuvesldnuazgnifvazanlunn q aseiidldaundunumdudniseuldsin

Y v & o v v v v vaa [ v A A
LL‘U‘U‘V]@ﬁ’eJ‘ULLﬁS@Gﬁ’]ﬂ’NNQﬂm@ﬂu‘ﬂ%ﬂﬂuqlﬂ‘ﬂﬂ’EJUG]UﬂUEQ&L%WMUV]U’W]LUuuﬂLiEJuﬂu@u i

Y
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uni 4

NaN15ALEUITY

4.1 LED cube wazn13A3UAU LED cube

LED cube fignusznauiusnanuas LED v 8 uwnsgnifousterulsifidnwasdugnuierise
n191An3 cathode Tasustazduidndetuamsavineldesnsgndos Tnegdnrideniiasiindes
wanamnudsuldidugudnsuldunnaasnuagu LED cube i 2 wwslasnisianggiiduuunes
naomanadnuazih LED cube ushiuvusmiuandiifiulusud 6.1 uay 4.2

s[,uﬁawuammmquzﬁ 2 LLmLﬁaﬁwmiﬁ@ﬂ%um%wmLLé’a%ﬁé’ﬂwmﬂﬁLﬁummgUﬁ 4.3,
4.4, 4.5 uaw 4.6 Insiivhnnanaaouilasdudefineaiimesindinsdentuviolilunn « gaiiinag
danSlagianzqaiiinistnnilad q fuudlinuindinisten ludauvesnsvinuvesussauau LED
cube agynsnaaaulifneiiermUsznauiu LED cube ududoulusunsuaaunusiu Arduino
Software iy \fiovihnadeulusunsuilemuannisviuTuas LED cube udamuiannsniney
Isiegrsgniesmmilusunsuidounuiuandiidiulusuil 4.7 uay 4.8 Wunsuanswaduiedesne

HALALLATRIVUNYNRNAAY

JUN 4.1 LED cube 7iUsznouauaiaue
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5UN 4.3 uraAuAs LED cube UHULINAUMIN
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300600 B rkebbe

LRI RS AR SRR AN A0
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Lheebdis

VReRRRLE

SUN 4.4 wasrIUAY LED cube b

Y

1Y

NULSNATUNAS

1

TSRAPONN

FEDCHBA

=

SUN 4.5 waeAIuAY LED cube b

v

NUNEDIAUVLN

9
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O & 5 N S o
VD000 00000000000000000000000
DOOOO DODO000
YOO DO0O0O00O00O00 0000000 .
D DO00000000000000000000CCoDD
OO OO D000 0000000000000 .
Q ... 5 - >‘..l...:
.. T O00000
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DOOOODOO0000000000 00
DOOOO0000000000
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DOOO0O0O000000000
DOOOOO000000OOTD
Do00000 00000
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- oooooD
- goooooooOn
...

UM 4.6 UnemIUAN LED cube wiufiaeadinumes

JUN 4.7 n1suansua LED cube 1uguinseamuneiin
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JUN 4.8 n1suanana LED cube (Juguingaaninegn

4.2 Web Application waz#i1s19 « 1u Web Application

Web Application #vnesnarudramsaldnuldnisatmuneetls e web page QN
Feutuundenen HTML Tnainnstd bootstrap iy Framework dwiuthelunisvih web page
¥il¥nsWann Web Application 9188 93 uiazaI130a5 18 web page dwsugunsaldu
Tnswiislodelddnetusnde Tudauues back end fasgninnisde flak wagn1su3nisens 4 fign
a¥ratuaniiiosessunsvheuaes Web Application aitleiszyoliluunil 3 vhde 3.4.2

Tudvestin web page fdmindoniiagldnmeuuansmadoyasiis 9 fegratudeya
mMauvuneaeuvesinifuriateyavesuuunaaeuiiazgnuanslifudiSeuldidenviuuunaaey
Judu Tnefinnsefildazdunisianin JQuery plugin "?Qﬁ]%ﬁ’m’liﬂL%Ux’i“ﬁ@%ﬁiuw‘li’mw%‘@ﬁﬂﬂ’]i
Auvndeyaiidesnsle Wy mngaeusininisgeyanisiuuuneaeutesinGeuiitoiuneieaou
farvanunsafiardumdovesmeeldnglumnssiuiinnisyuuumaasuvestinidou mﬂﬁ?wﬁaagaﬁ

wanslumsvzgnnIoIumieiisaadoyavesuaowintu lnesegwweminivasiinaseludl
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@ localhost

Username
Enter Username
Password

Enter Password

Don't have an account? sign up here

g‘lﬁi 4.9 wiihdsnduves Web Application

® localhost/sigr

Username

Enter Username

Password

Enter Password

Confirm your password

Confirm Password

Name Surname

Your name Your surname

Choose your role

= v

gﬂﬁ 4.10 niaswziisuves Web Application
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< C @ localhost/teact

Teacher Home

Show| 10 +|entries Search:

oo Ranking *  Firstname Lastname

1 student one

l 2 student two
3 Student Four

Admin teacher
student three
Show students
Show activity
Pr’;\”DUS 1 NEXI

g‘dﬁ 4.11 w1 home page @1mSUraUYad Web Application

(o}l

Teacher Home

Question number 1

Wer Yo lestios
Choices
your cho
E ieryour cholbeHe.
Admin teacher '
En W
Create quiz Explanation
Enter your explanation

Show students

Which choice is correct?

Show activity

sUN 4.12 vihasuwuunegeudmsugaauves Web Application
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< C' @ localhost/student/home

Student Home

Show| 10 ~ entries Search:

Quiz name

test_quiz_UI_1 Do it now

Quiz for testing purpose Do it now

button

student one Stars war quiz Do it now

Ranking # 1

Log out

Previous 1 Next

gﬂﬁ 4.13 %t home page @msulintauas Web Application

C @ localhost/testquiz

score: 0 right answers oul of 2 possibfe
Who said: These aren’t the droids you're looking for?
O Yoda
2 Luke Skywalker

2 Obi-Wan Kenobi
Darth Vader

5UN 4.14 vilwhuuunaaeudmsutiniseuves Web Application
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4.3 UfFunusszndnaiu Web Application waz LED cube
139U Web Application wag LED cube AfiUfdunusiuaiunsaiinlaegagndediag
13 library w84 Python 7fie71 serial Feagyinnisdeasuuvennsy menisdadeyailuiidnus

HIUNNNISHRASHUUBYNIUIIN Raspberry Pi lUgs Arduino wagniely Arduino asiiluswnsuiinee

'
[

nsrvadeuIlasudeyaluidnusuunudiasdinisli LED cube wanwnaagdlsmusiogneiiuans

Tdiiluzudl 4.15 uag 4.16 Feluvandnustannsafyuidmusly 2 wufonismeuany
lUnouwd<ls LED cube wansuaiyu n1snouannly Web Application gnud<19 LED cube
wansraiduguindesmnegnlusuil 4.8 vuft uaznnslof LED cube LansHaneuantuSweufany
W letinsuEmihuuunaaey LED cube azuansradulandamandiegisiuandlugul 4.17

Pnduligldidenmneuneluy Web Application

@app.route('/cube/correct')
cube_correct():
if request.method == 'GET':
arduino.write(str.encode(‘c'))
print("[ARDUINO] user : " + session["user data”]['userName'] + " answer correctly")
return " ''"c¢'' sended to arduino', 208

signup_service.abort(465)

@app.route( '/cube/wrong")
cube_wrong():
if request.method == 'GET':
arduino.write(str.encode('w'))
print("[ARDUINO]  user IS " answer-incorrectly")
return " ''w'' sended to arduinc’, 208

up_service.abort(4e5)

if _ _name__ == '_ main

app.run(debug=True, host='©.8.8.e', port=88)

5UN 4.15 Adin1sdedayadidnusannidaves Raspberry Pi
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if (serial == 'c¢") {

show_correct(3);
draw();
delay(50);
clearcube();
delay(5@);
show_correct(3);

draw();

e if (serial = 'w') {

show_wrong(3);

draw();

delay(1e@);
clearcube();
delay(1ee);
show_wrong(3);

draw();

delay(1060);

JUT 4.16 AdIN135UT0YAMEN¥IAINNIYEY Arduino

« A
-
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%

UM 4.17 shegranintenisuandlanddaymilag LED cube
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35U 4.18 QR code dwsunialanisuandandlom

1ne LED cube Tu google drive
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N13¥1191UVB99T hardware kag software 13199 unna1u15avinulaog19gnd oIy
¢ 1 ' o a ) vy X D Ay & | . .
yeUszasAusnnagenaunsanazimun lifundundntlsauevisludiuves Web Application wag
LED cube Tudiuvaan1suaninauas LED cube #30n158Ufdunussening Web Application way
LED cube ﬁam’mﬁf\]zﬁ'@uuﬂﬁmm%ummmisuamﬁa%"m LED cube @3130919¢UanInaaann bavn
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Department of Computer Engineering

(Information Engineering)

LED cube for education

Chanon Mathavabhandhu , Kittitat Wattanakulchart
and Asst.Prof.Sorapong Wachirarattanapornkul

Abstract

For this project, the team investigates the relationship between the use of
an interactive LED cube with 3D display during quizzes and children’s
academic performance. The LED cube is introduced as a tool to increase
interactions, engage with small children and get their attention. The cube
includes features such as displaying 3D animation corresponding to the
questions and displaying 3D texts and numbers when answers arc
revealed. The children’s academic performance is assessed by a score-
collecting method to analyze their development.

Introduction

Problem and Concept

An acknowledged common issue in many classrooms is the lack of
noteworthiness and engagement in teaching methods which leads to a
disruption of the transferal of knowledge between teachers and students.
This persisting issue reduces learners’ efficiency, especially in younger
children who are driven by curiosity, rapid interactions and short spurts of
concentration. The team belicves that said issue may be alleviated by
finding a strategy to attract and maintain young children’s attention. The
proposed strategy should increase the appeal for learning about new things
and act as a starting point for any future self-conducted learning.

Purpose

To understand the workings and construction of an LED display cube. To
apply the knowledge to help engage young children and improve their
learning efficiency.

Expectations

1. The constructed LED cube is working correctly and able to interact
with users appropriately.

2. The constructed LED cube increases appeal, engagement and young
children’s learning efficiency.

user web application raspberry pi

Quiz for testing
purpose

whatis 10 -8 7

Quiz for testing
purpose

whatls 1087

Cormectt

a2

Conclusion

This project succeeds at attracting young children’s attention as planned. The
LED Cube can correctly display designated 3D animation when students answer
questions in the web application. The web application can collect scores for
cach student, enabling casier access for teachers.

arduino uno LED cube

5Uf n.1 Wames LED cube
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N135AAAY Python

1. alluann1w) Python 1A https://www.python.org/downloads/ (Python 3.9.1)

Looking for a specific release?

Python releases by version number:

Release version Release date Click for more
Python 3.6.13 Feb. 15,2021 & Download Release Notes
Python 3.7.10 Feb. 15,2021 & Download Release Notes
Python 3.8.7 Dec. 21,2020 & Download Release Notes
I Python 3.9.1 Dec. 7,2020 & Download Release Notes
Python 3.9.0 Oct. 5,2020 & Download Release Notes
Python 3.8.6 Sept. 24, 2020 & Download Release Notes
Python 3.5.10 Sept. 5, 2020 & Download Release Notes
View older releases
a
5U# 2.1 M3n1ilvann1en Python 3.9.1
Version Operating Description MDS Sum File Size
System
Gzipped source tarball Source release 429ae95d2422718fa1560684fad6fca7 25372998
XZ compressed source tarball Source release 61981498e75ac8{00adch008281fadb6 18897104
macOS 64-bit Intel installer MacOS X for macOS 10.9 and later T4f5cc5b5783ce8fb2¢as5f11f3f0699 29795899
macOS 64-bit universal2 MacOS X for macOs 10.9 and later, including macOS 11 Big Sur on Apple 8b19748473609241e60aa3618bbaf3ed 37451735
installer Silicon (experimental)
Windows embeddable package . Windews 96c6fag1fesbe50e68c3dd41258ae317 7571141
(32-bit)
Windows embeddable package  Windows e70e5c22432daf5Ta49Tcde5ec2ebce? 8402333
(64-bit)
Windows help file Windows. c49d9b6ef88ci831ed0e2d39bc42b316 8787443
Windows installer (32-bit) Windows dde210ea04a31c27488605a%e7cd297a 27126136
IWmdowsinstalLer (64-bit) IWindows Recammended b3fce2ed8bc315ad2bc49eaed8a94487 28204528

Ul 9.2 m3anallnanate Python 3.9.1 (sie)
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2. #AR9NI¥1 Python (llasannddavinlafingda Python 3.9.1 tanldaguaidaingunisings

s 1d Y 1
LIDIVUBULWUUAIDYY)

Install Python 3.6.0 (32-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

& Install Now
C\Users\marcuscode\AppData\Local\Programs\Python\Python36-32

Includes IDLE, pip and documentation
Creates shortcuts and file associations

< Customize installation
Choose location and features

pgthgn
windows

Install launcher for all users (recommended)

[ a6 Python 3.6 0 PATH]

3U7 ¥.3 M3ARAINI® Python

Setup was successful

Special thanks to Mark Hammond, without whose years of
freely shared Windows expertise, Python for Windows would
still be Python for DOS.

) -u
7 New to Python? Start with the online tutorial and
K| :
(( », documentation.
\ \ A
See what's new in this release.

W\

.

python

for

windows

sUfl 9.4 nsiasan 1w Python (5i0)
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N1SAAAILAZAYAT virtualenv 193U python

'
[

1. WUa cmd wagRunends pip install virtualenv 91nRusansARRIIUNINRELEST

[&5] Command Prompt

Microsoft Windows [Version 1©.8.19042.985]
(c) Microsoft Corporation. All rights reserved.

:\Users\Chanon>pip install virtualenv_,

E‘Uﬁ 9.5 ANSAARY virtualenv #11 cmd

2. @514 virtualenv @11iu Web Application Tagnisla@ds virtualenv anuniedalisian
Tu cmd Weeglulaweindeinisashe virtualenv (4a1ds cd Tu cmd wieludilviaines

v
NNDINIT)

:\Users\Chanon\Desktopjvirtualenv test_project_env
created virtual environment CPython3.9.1.final.8-64 in 1486ms
creator CPython3Windows(dest=C:\Users\Chanon\Desktop\test_project_env, clear=False, no_vcs ignore=False, global=False)

seeder FromAppData(download=False, pip=bundle, setuptoocls=bundle, wheel=bundle, via=copy, app_data_dir=C:\Users\Chanon
\AppData\Local\pypa\virtualenv)
added seed packages: pip==21.0.1, setuptools==54.8.0, wheel==0.36.2
activators BashActivator,BatchActivator,FishActivator,PowerShellActivator,PythonActivator,XonshActivator

JUN 9.6 NM3a374 virtualenv meAdaly cmd

3.\ Jansld99u virtualeny #aed s Scripts\activate Tu crd (Faslded s cd LU

directory 984 virtualenv fAiasnstonlinow)

¢+ Command Prompt

:\Users\Chanon\Desktop\test_project_enviScripts\activate

(test_project_env) C:\Users\Chanon\Desktop\test_project_env>

JUN 2.7 Wan1slda virtualenv sefdalu cmd
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nsAnea library Aisndu
1. a$alndde requirement.txt A1811 directory W94 virtualenv fiagetu ntuiiude

waztiostuves library Nenduadludsgui .8

| *requirement.txt - Notepad
File Edit Format View Help

Flask == 1.1.2
Flask-RESTful == 0.3.8
pymongo==3.11.3
pyserial==3.4

sUN 2.8 emmelula requirement.txt dwsuiinna library

2. 10a amd wagldAnds cd lUa directory a09 virtualenv Ags190u a1n0an1s1g 90U

virtualenv waglyand e pip install -t Lib\site-packages -r requirement.txt LN 8¥1113

[
a o

finag library N5udulinu virtualenv Mllanastauents

envypip install -t Lib\site-packages

UM 9.9 N3FnAs library suddsly cmd
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3. 19fnda pip freeze Tu cmd Waan1sldeau virtualenv agiitayiinisnsiaaeu library i

(test_project_env) C:\Users\Chanon\Desktop\test_project_env>pip freeze
aniso8601==9.08.1

lick==8.0.1

olorama==0.4.4

lask==1.1.2

lask-RESTful==06.3.8

itsdangerous==2.8.1

Jinja2==3.8.1
MarkupSafe==2.6.1
oymongo==3.11.3
oyserial==3.4
pytz==2021.1

lerkzeug==2.0.1

] (%
aa o

5UN .10 M3959980Y library NAnss Uy cmd

63



n15AARAY Docker desktop waz MongoDB
1. a1ilyam Docker desktop @10 Docker Hub LagyitnsAARIULES]

(https://hub.docker.com/editions/community/docker-ce-desktop-windows/)

Get Docker Desktap for Windowrs
ol Docker Desktop for Windows
“ha astst ard aaslest way o gt startad it Dockeron Winciows e

gﬂﬁ .11 n13A1Ulman Docker desktop 370 Docker Hub

2. \Un Docker desktop wazila cmd annnuldmas cd 1Uit directory ve9 virtualenv waz
WUWAE 9 docker volume create --name=mongodata a4lu cmd LW 8v1A1585 19

volume @15 MongoDB

(test_project_env) C:\Users\Chanon\Desktop\test project_env>docker volume create --name=mongodata

mongodata

UM .12 158319 volume dw35U mongoDB

3. A docker pull mongo Lazd31e container U89 MongoDB frerda
docker run --name mongodb -v mongodata:/data/db -d -p 27017:27017 mongo
ntuldrds docker ps iansi9dou container Tiad 9Ty

(test_project_env) C:\Users\Chanon\Desktop\test_project_env>docker run --name mongodb2 -v mongodata:/data/db -d -p 27017:27017 mongo
B4abf76225e897723898e8681ee839eBc76beae51dal07fd9b3e791e5a73ccbb

(test_project_env) C:\Users\Chanon\Desktop\test_project_env>docker ps
ONTAINER ID IMAGE COMMAND CREATED STATUS PORTS NAMES
B4bf70225e09  mongo "docker-entrypoint.s.." 16 seconds ago Up 15 seconds ©.0.0.0:27017->27017/tcp  mongodb2

35U 2.13 n13a519 container §1m3U mongoDB
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n15AnAY Ubuntu 1w Raspberry Pi
1. a2ulnan Raspberry Pi imager 970
https://ubuntu.com/tutorials/how-to-install-ubuntu-desktop-on-raspberry-pi-4#2-

prepare-the-sd-card

Or on other operating systems follow these links:

» Raspberry Pilmager as a deb package

» Raspberry Pi Imager For Windows

» Raspberry Pi lmager for macOS

g‘ﬂﬁ A.1 n13a1ilvan Raspberry Piimager

2. \Un Raspberry Piimager naUs “CHOOSE OS” uagidan Ubuntu desktop

Raspberry Pi Imager v1.6.1 = o X

Raspberry Pi

Operating System Storage

CHOOSE QS CHOOSE STORAGE

g‘dﬁ A.2 N15ARAI Ubuntu W1u Raspberry Pi imager
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Operating System X

Raspberry Pi 0S (32-bit)

A port of Debian with the Raspberry Pi Desktop (Recommended)
Released: 2021-03-04

hed on your computer

Raspberry Pi OS (other) >
Other Raspberry Pi OS based images

Other general purpose 0S )
Other general purpose Operating Systems

Media player - Kodi 0S )
Kodi based Media player operating systems

} @08 @

Emulation and game 0S N

gﬂﬁ A.3 N13AnF Ubuntu N1u Raspberry Pi imager (619)

Operating System X

< Back

Go back to main menu

Ubuntu Desktop 21.04 (RPi 4/400)
64-bit desktop OS for Pi 4 models with 4Gb+

Released 2023-04-22
Ying - 1.6 GB downloa

Ubuntu Server 21.04 (RPi 2/3/4/400)
32-bit server OS for armhf architectures

Released: 2021-04-23

Qaline - 0.7 GB downidad

Ubuntu Server 21.04 (RPi 3/4/400)
64-bit server OS for armé4 architectures

D &1 ®

gil‘ﬁ A.4 M3AnRa Ubuntu /1y Raspberry Pi imager (519)

3. 1den SD card fifasn15AnAY Ubuntu waznads “WRITE” $89UN31927n15RAnRALE5
4. \dwu SD card W1lUlu raspberry pi wazyinnisasa1n1el, wuiumw, time zone wagsa

Al
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5U#1 .5 n1sasAnwali Ubuntu

5UN .6 Mssaauduiuily Ubuntu
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Where are you?

gﬂﬁ A.7 N1599A1 time zone T4 Ubuntu

5U# .8 nseAngldanuly Ubuntu
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2935N15L%UAB Arduino Uno NULKIAIUAY

[l Clock pin (91 13 @ngdni)

[ Data pin (v 11 agdunRu)

+5V
Il Latch pin (@1 10 anefuns)

GND =

5U% A.10 N13N15iTeus Arduino Uno AUKIAIUAY (siB)
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