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Research Title: Superconducting Chaotic Robots for Engineering Education

Researcher: Pitikhate Sooraksa

Faculty: Engineering Department: Computer Engineering
ABSTRACT

This research presents design and implementation of superconducting chaotic
robots. The work integrates superconductivity in the real-space with robots in the
cyberspace, which is considered as a cyber-physical system. STEAM education, which
integrates Science, Technology, Engineering, Art, and Mathematics, is used as a guideline for
engineering education. In this demonstration, superconductivity makes' happening by
cooling BizSrCa;CusOp with liguid nitrogen.  Image processing is employed to sense
Meissner’s effect by using students’ smart phones. Once the phenomenon is detected,
chaotic robots are activated by augmented reality (AR). The results from this research can
be extended to be a guideline for teaching sciences and engineering that corresponds to
Thailand 4.0.

Keywords : chaotic robot, superconductor, pedagogy, leaming
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.7, 2003 (w.A. 2546) lnaduuldaldnszainlanaseaiuwuy Van der Pol dwdunisvauidaie

t oA =, 2 4

1719 Tulldesn (e, 2547) Aairinidoyusida [17] AAsugUuuunseaaueaIuLuy Amold
Tu 1121 wndlu Lorenz 5&4Lﬂun'ﬁsmuamuuwﬁqﬂﬁqgﬂﬁawﬂ FINTEAUBAIULUY Arnold Tl
L] 1/ cl‘ o 3 ar 2 2 o
dwnliusegniluund ¢ lulidendudues Fmihlasmsuaseas [18, 19] IevhnsiSoudieu
NITEIUSIULUUAN 9 vanuanavdauinnit 128 sUkuY rdensinassmeneuTmesingly
4 -:: 1 7] ] 4 :J - -3 8 ot
RowluSususing 9 fu wudinsraueaiubuy Chua TsUuuuiimneauigalunininlulddu



uamaﬂumsmﬁauﬁwmﬁuauﬁ wa"fmn'ivmwﬂiauﬂauwuwmnnmﬂ‘svmuaafmluiﬂl,mu
fu 9 swiwvy Amold  Bslundd nsadedyaeatunuy Chua ummmam‘lmma
gunsafBinAnsediadifiediffulaglsideserdelulasreulnsaians (microcontroller) 3nvinees
aAIULUU Chua dunsemildhenndiseaiumans (Chaos) Halu  snidfemediiidslasy
n1saule dmsfinnduatudniudfing q vesesdmuiifeatujusuiiatiinniu [20-26)

BaBehifudnanitidmasushiayseiiuumnunanduneureaunssuvamalulad
(state-of-the-art)  smAeUszgndjueudeauiveonagmslfnuiesnnemiuszanyde
LLﬁ‘ljm%ﬂﬁﬁdﬂuﬁdﬁU‘jﬁﬁﬂmﬂﬂﬂilﬁéﬁﬁ&i@ulﬂﬂ'hﬂ'ﬁﬂ%’lﬁLL‘U‘URT']ﬁﬂﬂﬂfﬁﬂﬂﬂﬁﬁ%ﬁ%aﬁuwuaﬁm‘i
#34 wﬂumw&namﬂﬂmu’lwmqmwauwmn'ﬁwaaanmnwawgummi Tngiowizatnads

mAdefesathulisslonlumstauminensuanavassume videdntiawiensld
vususeauitomsfnumdiLnsding

| ¥ P & = aw o | o ar var A

Tugduvuueusinemsfinunfihaulady fruddemhmdandridudaeylagsi

aAdeves Kozima wavamiy [27)  shiaueuusudsunadnifelinunisiaunnisdmiudn
wazlusuyes siean Chin uasaaiz [28] shasimunjusuditasasuiifided Bioloid fingdaey
fmﬂsa’ta’lﬂsuﬂsumiaaumuﬂauﬁmma% A Kim waznny (29] lmwmmwuaummﬂma
witouldledn Enkey  Fallmnuaminsamniy wuaummummﬂuﬂ'l'saaumisn Iﬂwuwm
anunsalaneuiuiyedlaenametnl de 9 wuiide llvassensual viedela ehuniadh
WUAAINA 1B Papert uazAaz [30] WumsiliiAnaunsafeudinmsesnuuuuazns
Ussnaujueusivesiiies uauges Cooper uasaaiy [31] Wunisoenwuuiusudifielugiae
dowinWanduasadinaans

Chang wazamy [32) wuiwusuihuaisUssaumsainsdeuiivuiidwsu uazde
Aagarweulavesinten  deinnaudamselumuitan  assnutisaiiey
wanwautaSeu vusudtigwmaesunassunisdeuludnuasdinanaamsasngly
smi3deves Park uasame [33] Tagai1s ROBOSEM neaesldrutinFutulsyalutssmanva
10 uavawddeves Chin wasamz (34] nansuFiLisunsdeulagliusuditugtudeutu
nsaeulngnTsusseeiilidemaaeuiuy Power Point fuiheuaestudoussiulssanfing
$ruau 52 au wudmsaeulamslivusudfuddsseuiiulinsnmmuininsseuuuudady
adnililudy Siaenndosiunuddenes Brown war Howard [54] fldusuidenueelay vie
Social Robot lunsepuuuy STEM 'hfm‘umn’LumiLiaui‘mamummmamsanma Feldnarind
msiFediuunadi

’Luﬂu (. 2017) Sullivan wazanz [36) wuhnsldvueud KBO dansedumsiios
voudnliuedreitalifideuiiumunms Foufuasinnisiunn Wainsednifdutg wee
muwnwvmammmﬂﬁﬂmawLiauﬁ]ymmmsaaﬁmnmmamummau‘[ﬂmmuﬂauwmas
Msldsafug (sensor) uazdduidh (actuator) masnaunisliYagliidueed ziuliinguuuy
nsaeuliAnaufnaiassilagldiusud duiituduhdtedwarenisitumueanuse
mamsideuiinduedid msaeudensziunsGeuifemaiin STEAM uay STEM fenslésu
Anudlanathioios LLﬁﬂwﬁ’amsaauﬁqaiﬁmsamwaum%Lﬁa‘zi'mLﬁumuwaé’quéwqaﬂﬁiL%au
vasinAnyimnTsumans [37]



2.2 \anansansing _

dieldrhdrdnlunisamedeuienansaviauiud robot+superconductor  liwu
wnansdvdtnsladdvsnisussiivg wonasavitnsisneTanuarautRdaiandilasaths
Indidestuaifuayguseveshihfeedlilumitoiinndasfe  US  Patent  vnean
5,396,136 wewwilumansTull ae. 1995 Fededeiedvivaimsairdassatrefiudmdngs
(permanent magnet) Hgumsi3en (interaction) nmmmanlmm (diamagnet) laggunazA2N
ﬂmaﬁ‘lnammnumamnu'sﬂmyl,t.amma“l.tﬂ.uww a fu Wunm Figure 4 vauenans@vddnsues
ansgeninifuandunni 2.1 [38]

AW 2.1 ﬂ’]WLLﬂﬂWNéﬂU?%ﬁwﬂu‘gﬁﬁ 4 ¥4 US Patent uanenay 5,396,136 [38]

2 ]

aahﬁliﬁmmaﬂﬂﬁﬁé"}qﬁw%msa%"maumuajmﬁﬂﬁw%‘%msmamamw Tuifinssyydes
18laq TunsanuivBnsld winfinwsdauuaduigilevesfedointutarimwesmsssivgi
mm'm‘l‘ifﬂ'iﬂaw“léimsnzéaﬂsxﬁwﬁ'ﬁﬁaﬂﬂ%’aEJ'N%'@]mumwwuluu%nﬁﬁqwhﬁu

Laﬂmiamwuaumwwaauaamuaaﬂauimnmm‘lﬂwiw Google [39] Whaenans
avBnduihiaula Fadummhautusussrhejusudluszuulanade HunIsAIuALlay
Tsunsululaniadiou Iﬂwuaummmmﬂsumaauﬁqn%uLLa~iﬂLLuqumnﬁu‘uaamLaq"LmLamm
fusususiaialuiuimetusunadeyaiuiemaiu (sensors) 1ndeuindeuuasuushn
am‘wcuagawlﬂmaaqaﬁymm‘mﬂsuwmumaﬂumwm (actuaton)  WiUSuAsuHeiduns
muAumudwaden  usnanfvusuditegluaauiisne Muluszerlnafinisuridoyaiu
aghlsiimudvddnst  Svldldnseumquitansaladuty Aeviugusieglulipfiluvesiavedly

dandaululanass



fodudeddy  robot+chaos/chaotic  liwutenansaviiAsateslngnss  fliftes
Laﬂm'ﬁwma*‘z‘}’uﬁﬁa'nﬁaqﬁ’unﬁﬂ%”mﬁ’mmmamum sl dusSubvesiuend  Sdluifidda
uradlafifieadednensetunuideld  adwlsfinmy madsuwuuioussiumalennsssuwasin
Faglunrsaanuuundinnssuanein (Bio-inspired design) WUt Llenasavdtiadesiidnala
#® intelligent Pet Robot &4anlny Rheey wla¥uf 25 weunsngen U A 2002 Wunisen
TassasanIsvinnuiuy CPS Iﬂﬂmamaawsmiﬁaumm'ﬂﬁnmasﬂwuaumwﬂsﬂngmamﬂmw
Tmaammsmmwﬂawuaumammaaaﬂaiﬂuuuaﬂﬂumwm 2.2 mmumuulumw CRRRETA
nueLaY (180) Lﬂwmijaumanuﬂiﬂulmuai AFTuFeng 7 Fadummannsavasdn e
mmalmﬂuuwuawuaumwaflmm'imm‘saﬁauwimma sips  vusuiamsasuihiiuyudey
‘Lﬂéﬂmamﬂﬂmi‘usaumﬂLimmwﬂwuaummauaum’luwwmmaaﬂlﬁammnmaa Tmauﬁaﬂ‘ﬂu
m'sma'mmmaadmmm’lfdm‘smumaLwaﬁamsﬂwuaummumsvﬂﬁm
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".-‘-0 displsy part ‘gﬁncsr:::;pm] ngbﬂ{l‘Oli“motDrli!
mo[nr driving : :u.....;.....1_I'............J' I. == ,....,!.............i i-........u.l.,............:
NJD
fnfisred ray o 180
ynumprs;nd {J v Y,
sensars e e ...W}
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. 140 cantrol past ; inteiTacs
i...m.....n-.»...a-..‘-.l_‘.._.._.-‘j
sound sensiig.
g ‘30
150
- MEMoLy:
mode setting
part

A 2.2 unudslugul 1 ves US Patent vieiae 20020098879 (40]

o

5 ' o o cw 1 o
wonanil  gelfdruiuiaulafo wudanstowemsnaselauedfuueudnuning
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connesis to a game server I-'v?.. 510

1

initielization

620,

630

: succeed .
in downlgading the
digita! food? -

power =power + &q 2. 640

2 succeed
in downloading the
‘eyber medicine?-

power= pawer - A 2. <60

power2 k?

increass of lhe'ng_n 2. A

a il 2.3 unudsluzudl 11 98s US Patent mreian 20020098879 [40]

ﬁlumulm'f[.uﬂﬁﬂaua'lm'swmm'smmuiumwm 2.3 H Luwuaum"lmwmmimawu&mmv
Waduandndn An wasmnthedosleusn s (power) YaajueuRIsanasiudn Am 1w m
wae n uddeiifistudeanadlvnnmduia

ag 1l maﬂaawsﬁlﬁlmﬂiauﬂaumnimmiaamumwwuauﬁl%L‘uaﬁ LALDTNS
Vs memEnI et mLﬂuﬁuaqmwaaawmmsmua'mmnmaaamlﬂ feasiundudlass
vidauumilulasinisisednely dusnanluund 3 was wnil 4 §aly
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lowesinifugndunsfisanuasstuniaudsiilagsuuveany

(2) a'mLLU‘umaaaLmﬂmmmam*umulﬂﬂum‘smwumﬂmauummsmm
L‘Lla»ﬂ%’lﬂLLUU%']ﬁE]\?‘UBGﬂ'IiGTJUWENEJ?WE)‘CU%NJUUENI%JJJBRWE]SU']ElLL‘U‘U‘\ﬂﬁ'eN
meqwﬁlﬂqﬂmaqwiamqu’tuvgﬂﬂﬂngﬂwim 'L‘U‘W‘uﬂu'ﬂ'lﬁUMq%ﬂ{]ﬂﬁ’]&J’]‘SﬂBﬁUWU

o = o =l Y ar e .
Usngmaaifigulalulasesnisil lawediiifeadosiudsingnisel Meissner
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(R) PRNUVUTEUURIUANULAT FB@ITOMUELFATURR UM I TouTenyiLas

o d v . = @ '
lunfimsssuumunlénged] Petri Net wildlumswasummmssladusswing
Vagfilaveiuazy3nghiess Tagldinelulad AR Wunsuanwa

(4) NNABILALILATISTANTYINUYEITE U
lututll agdnssvinsviuseszutlunwnunazluesiusenaudss wazUduy
wisdimasliaeandesiunisussynaldau

(3) eanwarUssfiunamndelaldnunasiUssdunduluvide (7) way (1) Tud
uuFlussaulsifunuuanysal
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3.2 maauflunsiSeuiaiuuuu STEAM

Tukde 3.1 ﬁchu:.rll,l,é"aﬂgutﬂusuLﬁauﬁﬁﬁf{l’aﬁL{'flummmuﬁ'l‘ﬁ'ﬁuﬁ"'ﬂﬂ Tuhdates
dhauesy LU&IU?ﬁ‘NL‘UH?ﬁmiLﬁMBUﬂ']‘iU’]‘iﬂ\‘mﬁuUU CPS waaﬂLL‘UULLazamm'mwanmﬁLiaus
Wuu STEAM &adu PBL uﬂ‘ﬁmﬂ’luwuavmulé’lmmwmnmiw1Lmum‘ﬁau‘lmmmauwuﬁ
sewine STEAM AusallouiBiNedndndasiu duwanddumsed 3.1 defifiadommemnum x
Wunsuanspnuduiug

M99 3.1 Anudurusseritesedeviiidulurade 3.1 fu STEAM

EETRVSIURT) () () () (1) ()
S X X X X
T X X X X X
E X x X X X
A X
M % X X

3,2.1 S-Science

Tushtedosil wnandanwhbwieduduanmiinmuiumusesdaieenadn
wiifugud (R=0) Fsaunsansivaeuldainastasermudumi  audifdndvesinhioend
Funundauanlng Kamerlingh Onnes Tl A, 1911 annnisvdaudulsendaedifoumas Tne
wmmammuﬂsumm 4.2 K musnuvutassevdamviniueud [41). deandffunuasda
fanmudindy o Reiidulowusandusstiuasyssnay warly 22 Toiewn Aol me 1933
Meissner uag Ochsenfeld wuusIngnisalddgiaunsalineaeurnudusnidenald duile
autRnnuthuiménlae Fafmannrsudnidndusininsenainiusarsihdeendis
gamginningamgiiinga fuandlunni 3.1 [41,42) Fefdntuluwuunngansal Meissner

(‘ ™
{40! )
\ o .—.#/
T>T, T<T.
H>H, H<H_
(b)Y @nvalng (#) anmnladema

= 1 o o o
A 3.1 anundulhvinlesivesiiibn
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ndrndu lul e 1957 Bardeen, Cooper, Way Schrieffer mmmasmﬂﬁﬂngmsm
wﬁﬂawaam'smﬂamwmmmmmwﬂﬂamﬂunamammaumwuaq \@uevquy]  BCS  (BCS
theory) Saduiesnusimihvesiniandieanuviy Ltaxmamim%’umi’a‘luwamnmiﬁuwu
PNET wqwguaﬁmmwmimamwmmmm@Lﬂmﬂuuléfﬁwama]mm‘:ﬁﬁlﬁnmautﬁwmﬁuﬁﬁ’u
(electron pair w50 Cooper palr ) Invandedunsisenlvuou 3 mmsmmﬂmanmsauu%mmmawaa
Laumimmmmmwamwnummﬂammmﬂqm (Critical temperature, Tc) quwgummam
ammmﬂqmmmmmmﬁﬁ]vluLﬂu 30 K wilull mA. 1986 ‘Lﬂmmiﬂuwummmmmmn
miUi"ﬂaU‘UsuLmnmmﬂmumumaumﬂmm‘mmn (rare earth) Useuan La-Sr-Cu-O mam‘wnw
'mqmw‘svmgu 30-40 K ‘u‘ULLC‘]UUWHﬂﬁfﬂﬂLi&ﬂﬁl?ﬁﬂﬂ&&l?ﬂﬂﬂmﬂﬂumm’] 30K 91 “Faribeean
9NN (Low-temperature superconductor)” meadmw 30 K 11 “mmmmmamwﬂuaa
(High-temperature superconductor)”

saulut e 1987 Paul Chu 97A University of Houston, Texas wuigsdadiviaun
MnEUsENBUTes Y- Ba-Cu-O uamwmmmmwamwnmnqrﬁm 90 K [42] waglulfimuniigny
mmmmﬂwamwnuawumﬂmsﬂs“ﬂa‘uﬂ'ﬁ”mw Bi-Sr-Ca-Cu-O mmwﬂmﬂqm 110 K slu
Taseniiseiasle BIQSrZCaQCu3O4 Wuarstidewan | Suamsantinnudusieinen
Usingmsel Meissher daimdl 3.2 %vmu‘lmnu.umaﬂsﬂaﬂmenwaﬂiwaaaaaﬂmammﬁ Ty
a15U52noV BisSrsCasCusOy wmaaﬂumwuwaawumaluimmumm “Luﬁﬁmuuumluumwum
’Lﬂuanm.nmﬂqmwumaqmwuumuﬂmfaqu'nmmnLLammamwnmnqmwwmwamam’luamw
w,aaamwmmsﬂs"ﬂauﬂﬁvLnﬂlﬁimumwaim H;S 1 230 K (nnusfu’ 150 GPa) [43) Tniand
ENmma’nwumiﬂuwumimmaammmqmwgwm fududauinmeuazsensiunuiludiu
vemg¥fiauysaliaznisvnans

AW 3.2 Usingnisad Meissner filsiainnisvnaes
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3.2.2 T-Technology

Tulassmsiidlulasroulnsaiaes dsPIC30F2010 Tumsiumadsdygaeauiel il
Mduindeuwiusudlviiglaasdiiidosnts uas MCPa922 lunsuvasdygraflnealusundon
(D/A : digital-to-analog) Tums3de  wagldlusunsy MPLAB Tun1sTusunsululasraulnsaiaas
msiiueyariugunsal DAQ Ju USB-6009 1dsugdagneineldenmd 3.3

SPI Interface

Power Microcontroller /A P xyzaxis
Supply dsPIC30F2010 MPC4922 j—pp outputs

A A

Al 3.3 gsawisnisasedyanaeaiuieusuaTllUsinsusE Uy AR

v g

MsvauYeeileAty MPCA922 \iadsaliiu MPCA922 TnaiFuatnansulaseniiduumiy
gIuduen udwimsesasudeuledndfidslududusives X,Y"MI0 z ieideniasly
MPC4922 §lasarn aaniuld DAQ U USB-6009 Tunisinuauaylfesadslaalaulunisiiu
mwmimmasgmmammwauﬂmmemeav"L‘dﬂuﬁqnﬁumwuiﬂimelwuawﬂuﬂ'ﬁnulm
wai lumsaiiserinuasiielUSuAgaritaidu liiiniseantiuuasesly Protel 99SE Rauan
Tun il 3.4

) 1 ! :
f 1 = ') "
alil Tl I TR TR A 4>x
bt 45 e idk &Gk f [gits
= S P I 4P L1 I ax
"m + o + —Q 3 ¥
tots — b e O, - I R I T L i
x —3 4 IT K —4 4
—1 & 1k —X3 e 1y
— e HEg e H
by . ba . ]
. s I ;,,._._J SUTH
Craed 23 3 u
1 = f =
FP ey 1 —
e = ) i R K et
B . . e ™ 113
3 LIE il

AW 3.4 wuunesiidadyameaiudeusie Protel 99SE



15

VAN 3.4 NndFYaa x,y,z Aewnaldanlulasreulnsaaed dsPIC30F2010 Aevn

<

v o

RE1-RE3 w31 23-25 siaid1iiu 41 SCK,SDI waw LDAC %3091 4,5 waz 8 vas MCPA922 v 2 #
ANEU WadrevnFenuwUadygal x uar y Ao REO w3ewn 26 vaslulasmoulnsaiaes
dsPIC30F2010 19191 CS w3091 3 vBe MPC4922 fausn wazsevdenuuasdyyia z Aewn
RE4 wSo91 22 vedlulasmaulvsaians dsPIC30F2010 191 CS w3097 3 999 MPCA922 fitaes
wasedIf Muadyrmuridng 4 MHz 19191 CLKI way CLKO w3891 9 way 10 U89
Lulpsmeulnsaiaes dsPIC30F2010 uastordmavdswlasdnyqianes MPCA922 Tnedyam x
ABv 14 vo3 MPC4922 fusndeyeyras p Aot 10 989 MPCA922 fusn wasdya il z Aoan
14 993 MPC4922 fafiaes 8919957 ldasdasinndefuisasdudiuuy H-bridge IN912/BINNT
Tuderusuilagadulassairmsmenwuduaduidujusudlavedifesassanwaiousse

saandlun g 3.5 wazldrunuurassaiandlunand 3.6

EFF )/ agetalonagnena

Fe | .
o

LRI T LA R ET L)

LA LL]!
(IR LILL)

AP 3.6 siunuuesAuiadygaduiiiuy H-bridee (#18) wuu PCB (177) %1993

=
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3.2.3 E-Engineering

) =y - d d 1 L4 !’j L
Tudwimnssumsmuauiieninisindeuiivesjusudliduluunssaueaiui sonuuul

o @ pai A o a o ) & YR P
n1seulUsinsuAanmi 3.7 Wedrasditlasseauielddumdousiauislusndates 3.3.2 7
ARG

[ seart diadyensuidasns ]

A

Aoy min @ iuey
_ \ !
i AUATOAIU
=v*as(C \g\\w {/
3 =& T A s
c ‘X / ; wi*goo 3,100
&) / 3
g &?;, Y :]
=} P
<l

% III]I
; M

)~
®
o~
Dhuedis o&&
& N7 e QP
PWM > 5088w~ n Teverse dr

4 o ¢ o a a !
A7 3.7 wwudsn i urenivasiveruladtlnesueuieaiy

<4 N Yo w Y] B = o ! Y o ] ¢y 1Y
whanstiduenasianulidmsunsldnuiionisneringu ldeygnlmiluldusslomisnunisdn

lidnsdilagiadu dnvivnuiilvidaulasient wagdesdnadadudvesenarsynasaninisualuly



3.2.4 A-Art
ilesnnnislidmdseiniulpsaimesusuifmumsilfiAneuduudesianis

waaidulagldlulasimumennn  Felifimumngauiivlddnihdendulasedvimmn ios
dhesihBinalugatagiuerdemaadusslulasauman lfssuunvdadulimnefums
vsspillulassadevesijueud  daunsasldvsslevianumngnsel Meissner s mnls
IﬂaaaiwmuaumﬂmmmanmmmLaﬂ n1sasadnduslmdnfavyinliusivdniignadslionadoudils
Fath ’L‘umuma‘lwmﬂmwimms‘iuwmmamwm'smm']m Augmented Reality swalviin
wuaumﬂuﬂ‘mﬂmuai (cyber space)

LLaULuaam’1ﬂamﬂivammﬁa‘mwuaummmmmmu whilufinsfinemnadnidemnssa
FafuFwiulufisuunisaounuy STEAM Faudunvmansuausewine Science, Technology,
Engineering, Art way Mathematics ety Yanilni8nag (physical space) was U‘iﬂlJ‘l‘?jLUE]‘i 29
LUuaummm'ﬁvmwmwumwmﬂamiazum']cuaa’;u (chaetic signals) Lﬂummumaawamuaum
Tuligfilwwes Suldiunanmsliannsasimsdildndinwdluidetos ST Fdludimuuunin
A avuangluafavessroududaaudnmi 3.8 fauanddenisiBenlosuRausiiinnados
(story telling) 1T “Chaos’of Cat and Dog” | &niumsuanswwipaiesiy Hunumiely
msfnwluanddel Seneldan astingwaniniy. marker WAUNTAIRIRIUNISUAR LN AR T
nsipdeuftomunnsgandic ey Tngnssatmeatusndnainsadenldltmzautu
Sesmuesiiagnivioatsedlugudefideefils ieituagiuuiunitiauansifiadeuiildm
aunsvselleiduildeudasne | C# luild | duvuelifSsudug@odusinsunsidouiiio
ausvlnulaspnuLe

Q-wA__ &
CHA’Q n@»

MOVEMENT

=J a
AN 3.8 LuIAATEUU CPS
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3.2.5 M-Mathematics

P ¢ = & a a aa of oA e
aumsadinmansiililuntmasasesldaunsluligfianiifenund 2 vomilsioyueud
aau [11] Inediguaunsildneaaunanadudaaulfeed

AN Lorenz
%=0‘(y—x)
%-—-xy—ﬁz

Amdinesues Lorenz ilY x, = -1.0, ¥y =3.0,z,=4.0,0 =10,p=28,3=8/3
AunNIs Chen
dx

£ dly-x)

%=(c—a)x—xz—cy

dz
)i ARy
RS 25

A31Rnesua Chen A x, ==1.0,p, =3.0,z, =4.0,a = 35,5 = 3,¢ = 28

dun1s Chua

dx
E=“b’—x—f(x)]

dy
——=x—-V+
dt X y z
dz
s

X, =0.1,y, =0.1,z, = 0.1
Asiiviosuas Chua Al £(x) = m]x+%(m0 —m Yx+1] =[x ~1))

_ a=15.6,=2558m, =—8/7,ml =—5/7
aun13 Rossler
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@
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“~=x-q
dr Y

§=b+z(x—c)

dt
Amnslimesaues Rossler M x, =1.0,y, =1.0,z, =1.0,a=0.1,5=0.1,c = 14
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Euler Modified Euler 4" —order Runge-Kutta
At min optimum max min optimum max min optimum max
Rossler 0.035 0.050 0.090 0.035 0.090 0.190 0.035 0.055 0.107
Chua 0.001 0.025 0.109 0.001 0.065 0.214 0.001 0.060 0410
Chen 0.001- 0.010 0.022 0.001 0.020 0.045 0.001 0.015 0.070
Lorenz 0.003 0.015 0.061 0.003 0.035 0.100 0.003 0.030 0.101
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i L1 L2 L3 L1 L2 L3 L1 L2 L3
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0 ;i,J = otherwise
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tytrans invokes(examine(parameters, limits))
pa:placelty)

tatrans(ps)

ps:place(ts)

ts:;place(py) invokes(update(link))

pe-placelty)

tg term
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Design of a Cyber-Physical Demonstration
using STEAM: Superconducting Chaotic
Robots

Pirapat Tangsuknirundorn Paramat Sooraksa Pitikhate Sooraksa

Department of Computer Engineering
Faculty of Enginecring
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, 10520, Thailand

Abstract— In this paper, STEAM approach to create superconducting chaotic robots as a cyber-physical system is
demonstrated. In seience and technology viewpoints (S&T), Meissner's effect is a fascinating phenomenon leading
students to be motivated and inspired to learn more about this macroscopic quantum effect. In engineering and
artistic design (E&A), we utilize augmented reality to create a virtual octopus over a real environment. The virtual
octopus is appeared whenever a superconducting phenomenon is detected. In ather words, once a Meissner's cifect is
identified by a computer program on smartphones, then the octopus will chaotically floating over the superconductor
disk in the real space. The octopus’s trajectory can be mathematically (M) generated by any chaotic equation.
Subjectively, the proposed CPS demonstration was impressed by computer engineering students in our classes.

I. INTRODUCTION

Through a creative learning process, STEAM is an educational approach that combines
Science, Technology, Engineering, Arts, and Mathematics as guiding learning ports to gain
knowledge, problem-solving skills, and skills of the 21 century [1]. The approach has
student-centered learning at its core. With design aspects of engineering and arts through a
focus on inquiry based instruction, the approach has inherently been an active learning. In this
paper, STEAM approach is employed as guided points to engage intentional connection
between lesson design and implementation of a cyber-physical system. To be specific, the
CPS demonstration unit is “superconducting chaotic robots.”

The demonstration was presented at KMITL, Thailand, for the first lecture aiming to
introduce a cyber-physical system to students at undergraduate level of Computer Innovation
Engineering program. The aim of this demonstration is to manifest CPS as enabling
technologies that connect the virtual and physical worlds together. The scope of this paper is
limited to the detail design of the demonstration.

II. PEDEGOGY CONCEPT

To answer why we choose superconducting chaotic robots for illustrating cyber-physical
systems using STEAM approach, it is benefit to present core learning elements of this
designed lessons. We would like students to learn 4 concepts which can be viewed as a core
element of CPS:

1) Cyber-physical systems: Integration of superconductivity (S) and augmented reality
technology (T) presents innovative way of illustrating what CPS is;
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2) Modeling and Computation: Image recognition of Miessner’s effect to activate AR serves
as modeling computational intelligence (E);

3) Virtual space: A virtual robots add artistic elements into the designed system (A);

4) Control: Chaotic paths of the cyber robots can be generated by using chaotic equations (M).

The lessen focuses on designing superconducting chaotic robots as an introduction to a
CPS system. To introduce students to multidisciplinary nature of cyber- and real-world
interaction, a superconducting chaotic robot is an interesting example. Several reasons why
we choose this lesson are:

- To review lessons on material science and quantum physics.

- To motivate the use of modeling and design by applying chaos in engineering.

- To understand interactive coupling between cyber and physical

- To construct a mathematical model using non-linear ODEs

- To help students realize value of safety and techniques when work with cryogenic

environment such as dealing with liquid nitrogen.

At a practical level, we let students work in team to create chaos toolboxes that are writing
codes in MATLAB or Python for designing virtual robots’ chaotic trajectories. The toolboxes
help to model and simulate a design problem. At interactive level, a software package such as
Maya, Vufuria, and 3D Max are adopted to utilize interactive and virtual experiments with
physical background. Facilitating the software packages with C#, students can write their own
functional mock up interface.

I1I. KEY LESSONS

Students’ collective responses to the lesson in the real world and to the cyber space are
important outcomes of active learning. In this designed CPS lesson, there are two valuable
lessons herein to be learned by students. One is Meissner’s effect as the ticker point. The
students can use their cameras on smartphones to determine the phenomena. Once Meissner’s
effect is detected, a cyber-robot is appeared. Eventually, this will activate the second key
lesson which is chaotic signals as the robot’s path generators. A brief explanation for these
two key lessons are as follows. ‘

A. Real World: Meissner’s Effect as the ticker point

Meissner’s effect is named after Meissner who first discovered the phenomenon in 1933
[3]. This effect is occurred when the strength of applied magnetic field is presented and the
superconductor repulses the magnetic field exhibiting a property of diamagnetisms. This
magnetic repulsion phenomenon is one of the properties of superconductors and is easy to
demonstrate. This proves that the superconductors are strongly diamagnetic. Meissner’s effect
is also spectacular which is suitable to draw attention from the audiences.

In addition, another amazing observation is that the levitated magnet as shown in Fig. 1 is
under flux pinned which is not easily side off. This is a phenomenon uniquely associated with
Type II superconductor for high temperature ceramic superconductors. To exhibit a good
picture of this effect in the classroom, it is recommended to use a wireless cameras connected
to a projector or use an overhead projector to magnify the levitated magnet hanging in the
mid-air.
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Superconductor

R

Fig. I"'Meissner’s Effect is input to activate the AR feature

To utilize this phenomenon as input or as a token from the Petri net point of view,
students are encouraged to write a computer program for interfacing this input via image
recognition. A real-time picture is used for activating a virtual robot on the screen of students’
smartphones. The cyber robot is assigned to move chaotically which will be discussed in Part
B.

B. Cyber Space: Chaotic signals as a robot’s trajectory generator

Onge an image in the input window shown in Fig. 1 is recognized by the image processing
program, cyber robots on Fig 2 are activated. In other words, the effect proposed in Part A is
actually an AR marker! The robots are freely designed by using students’ imagination. A cat
and a dog moving chaotically in Fig. 2 presents the idea of the paradigm.

o

Pog ﬁ

QA A d
okl .

MOVEMBNT.  MOVEMENT

Fig. 2 The conceptual framework of the designed system

To generate chaotic movement, students have free choices to select from their chaotic
database. For example, Arnold equation is mathematically described in equation (1) may be
used for generating chaotic paths:
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dx .

—=gsinz+ccosy

dt
£=bsinx+acosz . )
dt

dz .

= =csiny+hbcosx

where xg,19,5 =(4,3.5,0) a,b,c=(0.27,0.135,0.135)

Given initial condition and parameters for equation (1), gaits in mid-air of the cyber robots can be simulated by
using MATLAB shown in Fig. 3 running for 100 s. Calculating Lyapunov exponents of Arnold chaotic trajectory
using Wolf’s algoritm, we obtain (+0.2261922, 0, -0.2261922). Since there are two different signs (+ and -) in
Lyapunov exponents, this system is proved to be chaotic. Students are encouraged to try a new chaotic gait or other
chaotic trajectory generators such as those of Chua, Chen, Laurenz, or Sprott and so on [4, 5]. Next section provides
a demonstration of the proposed paradigm.

Fig. 3 Chaotic path generation using Arnold equation

IV, RESULTS

A superconductor disk used in this paper is Bi2Sr2Ca>2CusOs with critical temperature at
110 Kelvin. Applying this type of material as body of a physical robot in the room
temperature is impossible. Because the ceramic needs to cool down below the critical
temperature by liquid nitrogen. We have tried to move the levitating magnet floating over the
superconducting disk around the containers in the physical world. But the material is too
fragile to use and can be changed to a normal ceramic when its temperature is below the
critical one. We have experiences on this situation and the material is broken apart into
fractions. In addition, physical robots made of superconducting materials were dropped down
to the floor if the temperature exceeds the critical temperature. If this the case, the ceramic-
type body might turn out to be dark powders. To avoid this event, we then set the
superconductor performs only static Meissner’s effect and use the cyber-robots move
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chaotically instead. Figure 4 reveals a series of photographs taken by the authors during the
demonstration.

An AR marker in Fig. 1 is a virtual octopus which is a cyber-robot. We may also ask
questions about biology, chemistry, and marine life, or even sex life associated to the octopus.
Apparently, students are inspired by curiosity rather than a chalk-and-talk teaching style.
Figure 4 shows a series of photographs from (a) to (f) for the demonstration. We adopt
parameters and initial conditions using equation (1) and select only variable z for generating a
chaotic trajectory. Note that the ground zero or the reference of the cyber plane is set to be 5
cm off-set above the center of the superconductor disk.

Fig.4. A series of photographs for the proposed demonstration system: from (a) to (f)

V. CONCLUSION

A CPS demonstration on superconducting chaotic robots using STEAM have been designing
and is presented. - Two Key lessons are addressed: one for physical world applying
superconductivity and the other for cyber space using AR technology and chaos theory.
Meissner’s effect is employed for drawing attention from students. The picture of a magnet
levitating on the mid-air is always fascinating. We assign this picture as a marker for AR to
activate a cyber-robot. A case study of generating a trajectory of a cyber-robot is driven by
Arnold equation to chaotically generate orientation and displacement. Based on feedback
from the students, the designed approach yields satisfactory results.
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