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SITTINON JULNITI : DESIGN AND PROTOTYPING FOR DRUG
SUPPORT AND MANAGEMENT IN DISPENSING ROOMS. THESIS
ADVISOR : ASSOC. PROF. FLT. LT. KONTORN CHAMNIPRASART,

Ph.D.,65 PP

CARTESIAN ROBOT/SOCKET PROTOCOL/TRAVELING SALESMAN

PROBLEM

The objective of this research is to design and build a prototype for aiding and
managing medicines in the drug storage room. From the problem of drug delivery to
patients who have been hospitalized for a long time due to the large amount of
medicines available in the hospital. Dosage per patient or the amount of patients with
a lot of time This is the reason why pills are taking so long and there is a chance of
error. In this research, the researcher designed and built a prototype that assists in
drug administration. It is designed as a robot with a Cartesian structure that is made
up of the 350 mm long 1Al ROBO Cylinder RCP2CR-SA5 core and the 150 mm long
IAlI ROBO Cylinder RCP2CR -SA6C with a Raspberry Pi. It is a device that transmits
data from the user via a wireless network and manages the robot body to move the

robot to the position of the drug compartment with the shortest distance and least time
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J A Lt < 2 . [ 1 Y 9 A a
UARSYAISUA 16 bit ﬁ’JIJLIJ‘L!‘V]\?WlJﬂ 128 bit ’ff'liﬂiﬂﬁ’é]\ﬁ‘ﬂgﬂslﬂﬂulﬂﬂi$iﬂm BRFEREGEGH

v
AUryIyLaY

An IPv6 address (in hexadecimal)
2001:0DB8:AC10:FE01:0000:0000:0000:0000

¥ ¥ ¥ ¥+ L /
2001:0DB8:AC10:FEO1:: Zeroes can bE omitted

VNS

0010000000000001:0000110110111000:1010110000010000:1111111000000001

51U 2.15 anuuz¥0 3 IPV6 (https:/th.wikipedia.org/)

2.2.3  Port and Services
& Y = o S 4 = A 9y = sa
LﬂuﬂTii“Uﬂ15l"’lﬂﬂ\‘l host TagAavaa 099 65535 INBIVIDILD IIE
(Services) ﬁ 94N15A115 U Port 6]f?N&s‘Nl,m 199 1023 3¢ ﬂﬂ!i&lﬂﬂ’JW Well known Ports 1/]‘1/]1\1
Internet Assigned Numbers Authority (IANA) Wuaudimualdidy post #1171 Services

v
[ o

AYw ' < P 3 A 2
1asg I NINAUN T 15 TCP Post 23 11111314 Service Telnet W30 UDP Port 69 1111013
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I 1 { R
14 Service Trivial File transfer Protocol (TFTP) wWudu a9 Port ‘ﬁﬂg‘]ﬂ’N 1024 94 65535 wWwYn
' <3| ' { ° % ' o
59131 Registered Ports 1P ug 9N lFanuamsadmuaiuutedldndosnis sanuly

Services 111 T

Service Port Number Service Description

echo 7 UDP/TCP sends back what it receives.
discard 9 UDP/TCP throws away input.
daytime 13 UDP/TCP returns ASCII time
chargen 19 UDP/TCP returns characters
ftp 21 TCP file transfer.

telnet 23 TCP remote login

smip 25 TCP email.

daytime 37 UDP/TCP returns binary time
tftp 69 UDP trivial file transfer.

finger 79 TCP info on users.

http 80 TCP World Wide Web

login 513 TCP remote login

who 513 UDP different info on users
Xserver 6000 TCP X windows (N.B. =1023)

A - A a Y < . .
517 2.16 Port and Serv1ces‘1/l§]ﬂ!,’i€lﬂ1%@1u!ﬂuu1@i1§ U (https://www.tutorialspoint.com)

U

23 dawmimsaumeveIniina g (Traveling Salesman Problem, TSP)
I Y A Y v Aa 1 ~ gﬁ A ~ a A
AumsuddyrunelFlumaaadule iy szeznwnaurismuzaunga lasliios
A o Ay a 3 o A A A9 A A &
130 91UIUYANADUAUMIVT UTIUIU N 1103 150 N 99 Guaunloslamenilaniu
A A o Y A ' A v o A A A 9 o ' '
Jou'luidivua ududenniediunn N dosuganienauuniilous uau endoe1agu
Y 9 o a Y o 9 g}] - (Bl = [ S A a 9 A A
WINNUVIBABIN U UAUDTUAINUGNAING 5 T18N0gA1ININY TaeilipasuauiIod 3
@ a I =< <3 1 A 9 A A o
ANHAUZMTAUNIIITU 3 -4 -2 -1 -5-3 FILHUMVLSUAUNINUDINAIHUAA TN
A Y a 1 v A 9y [ A A a
Ao ly udaauniene ldduiios 4, 2, 1, 5 LaNUPaU N AR
MIMIUMFUN NNz ey 1AIN UM TAUUDVYBIM TAUNIIVBINITNIUVIY
[ a 14 @ v A gj -
wilsznau ldre dydl mslmes nazdulsaaduleansonanalaaall
v A
AY:

- = Y A . A . A L.
1, ] HUNYON Qﬂ?ni']ﬂ‘ﬂ I Y39 | Iﬂﬂ'ﬂ 1] =1..k
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a J
WS IR03:
C;,  wwwdadunulumadunivesgnd i llwigad j
k  wneds Suaugnm
S wvwede Swaugnmniegluduns
=2 o v &
Vo vunede Suugnmniavue
aulsaadula:
X Ldelima@unienn i 1 j

Il

0: e lifimsaumenn i T j

a9 o

Llllll‘t]o”Iﬁ’E)\W]Nﬂﬁ@]ﬁTﬁ@]gﬁTﬁ%‘Uﬂiiﬁklllll‘U’E)ﬁﬁ ﬂ‘ﬂN@%ﬁu'ﬂ%’Wfﬂﬂﬁ

aumathvane
D CyX; 2.1)
i#]

AUNTVOUVY
k
> X =1 i=1.k (2.2)
i=1
k
> X, =1 j=1.k (2.3)
=1
> X<[sl-1 sV 2<(s|<k-2 (2.4)

~ 9 A A . A . A
AU (2.1) HAAIAUNUNITIAUNIIINWD 9 i 11iliee ] aun1sf (2.2) uaaanis
a A k 9 = | [ % A A é a Y A 5 =
AUN199DNINGIBY i 1A Aealiaumidy 1 (ealaieaniiudunisesnlaiissnsauns)
1 { a = g}l = 4 I o
Tuvaznaumsn (2.3) IMs@aumatuiiod i laieansuaed e 2.4) Wuaumsileanums
AANIUAUEDY (Subtour) MTNANMIAUAUIDENNIIAIINIT NMFAUNIITUAUAEDI lariaq
% 1A 1 o Y a a 1 2 1
nilauaaunie ldasuiih iRanu@udesu 1w 1 -2-3-4—1uag 5-6-7-8-5 9N
Y 1
HeauAumatnuazeanvieas 1 ATIANANMS (2.2) Bag (2.3) elaunis (2.4) 912 a 1159
@ d’l Y A 9 Aa A Y ' o o Y a 9 a
dosru Tyt Idie ludunislag Aldeaisoniisiuau n vz ldinadunienisau
' o o { o [~ a
MRV Weanil i ldaums 2.4) Tuidluase
Mrgiudymmaduniveswinaune lasuanuaulwndisemosiuiuuin ¥
Y 9 k) asy ~ 1 ds! [ 1 A [ 1 a9 A
1$smsudtymnaieismsiuanaresn 1l Auivegiton luare luuaazdynuazil dod
Y [ [ 9 a Y] [~ 1 [
do1ie uanaenull Tasmsuddymmsdunisvesminauae nuuilu 3 ngu naasaag

' Y
1 2.17 9310 1 daane 113
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Traveling Salesman

Problem

Problem Based
Exact Solution o Metaheuristic]
Heuristics
| (_lﬁ f—lﬁ
Branch & Column Necarcst- Ant Colony Genetic
Cutting planc| Saving Algorithm
Bound Genceration ncighbor Systcm 9

~ an ° Aa o
3191 2.17 AMImmae Ve WYMIMIIAUNIVBINENNUNY
[ YY) 4 Y=
(PIUANHYU FITIUIAN,2559)
dad

o i . ax dy 1 k) ~
1) MININEU aANga (Exact Solution Algorithm) aﬁu%“lummm Llﬂ‘]jﬂJuWWlﬂ’NiJ

o 9 £y Y o w A A ° a 3 o = Y o Aa
%umaumamamﬂmm“lmiaWummamaﬂumimmmmmﬂuﬂmamﬂﬂ AINDUNY

4
anunNanuly endedredane T
o a 2 o w . 33|
1.1) 9ane3NUNSHANNIALTINAVOUIVA (Branch & Bound Algorithms) 11
350 higeenn ua liansouddymndudeu laxedodinmsiugaliasy nngalaeliaule
seulumseiu Tagdanesnuazldmsaadiuasnlumsmuiainveua (Bound) ia3nh
A Ay A ° A 2 anl 9 A a
imvouandosNgaziin1suanng (Branch) Fa35aza o uduneiminzauiga
[ A <3 A Y 9 1 o o
munzaunulymndvwaaniiesnndegttennuitaznallunms dAuawn
1.2) A3msunyna1e35mIaasz 11l (Cutting plane) eunsauddywind
A A Yo Aa A
o 49 owaz lamaeunanga
. I ) Y an “ . 9
1.3) Column Generation 1Wun15A1M0UA287T Linear Programming Taoldy
Aax a < < )
FMSTUNANT lUMITIAIAeY
' an A Y v K .
2) nguaeaIsmsnamrsolduntyrumnizlanun1iu (Problem Based Heuristics)
9 1
1aun
d { o o { { )
2.1) Saving Heuristics 321H1u3579 1% lamaeunane l9aelu szeznarnly
WU
. .. 2 v Sy ¥ g
2.2) Nearest-neighbor Heuristic #11130/34A 1910 Node 14 unla 911Y

A Y A a ] YA g‘l S A g’,/ 1 v oA A 1 Y A 1 dy
L%@Nﬁﬂﬂﬂluﬂﬂﬂﬂgiﬂﬁ‘ﬂq@ mﬂuuﬂwau‘gﬂuu@]@llﬂﬂwm”lﬂi/l’e)gclﬂam’cm!,%@um@!,muu

v
a

A A 9 [ A 9 o A dy Y = 1 o
]1‘1_]!,5{’)8‘] IUATUNNND LASTANMYIUNIEIIALTUAUY BIITNITUYAUTUAUISUHNAADAIND U

a a a I o .
3) WAFITaaN (Metaheuristic) Wunsriaiaey lagnislssyiu (Approximate

=\

. I ax ~ < o 1 Y o A v U
Algorithm) L‘]J‘L!’J‘ﬁﬂ”li‘ﬂllﬂ?]"llli?ﬂ!i?iuﬂ”ﬁﬂiu’f]m Tﬂﬂmuum%z“lwmmnmﬂmmqu
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.. I ax A a oA 1as 1 dy =
Problem Based Heuristic 131210/ 4ATMSNMANNIINAGNN 2 uaI5n15 Tunguilaziaiu
o 9 1 R Y o A 1 o (] as 1 dy Y
FudounNIimneunan d1061935mM3 Tunguil laun
@ I Y v o
3.1) 21190 3NA (Ant Colony System) Wunisldsuuse uaralonion
2
WOANTTUURINA FRONUUVITMITITIaeanganssuil Taglullymims@unisveswinau
2y a A =& o A 1 A Y
18 (TSP) GuAUMINMTAUNNNN Nl T duilosasaunsunniiosas 1dszezniesn
9 Yy v H
narnamnszezmaauneiay 125 1s Tuu13inn minszezman laereg il s
Y Iy
Tuu1iviee
at a o . . I ax o o
3.2) IFBINUFNITY (Genetic Algorithm) 1UITMIHIIAIn0 L Tagareglun
nalnMIAAAIINUENITUIINGITNA FIWUFNITUNATloUf Ao UNAIZTAINI500g500

uazgnmienealilgjugniurause i 1d

24 U3nassanssungIveg
9 A Y ) @ 1 A @ Y ! g Y
GlUﬂTiﬁﬁW\ilﬂ3@QﬂuLLUUﬁTW§Uﬂ13%'}ﬂ!Wﬁ@Llagﬁ]ﬂﬂ15813181uw@ﬂfﬂ'}ﬂﬂ']uuﬂgﬁﬂx‘]
Yy ¢ 9 2 v = = o ] \
“l%"e)ﬂﬂmmgmm ﬂﬂiuﬂ’]uﬂ’mﬂq‘HQ‘U@QﬂﬂJ‘HWﬂWﬁ!@HVI']\TEIJ’E)QWHﬂQ']u“U']fJ ﬂ']ﬁﬁ\isll@ll“ﬁw]u

13018 15818H11 protocol socket 11 oN15 1N A5 19 T sunsuA1F lunsiauve s
A 9 o [ 1 A (9 Y 1 = Y= Av A A 9
ATOIANLL LTINS UM TIeMADLaYIAN1581e U 0991881 9 lafny1nuITeNNeIve
Y 9
aaae 11l

@

o W 7 o A 92 v gy A ¥ X a v
FIUANB U q’)ﬁiﬂlﬁﬁﬂ (2559) 1@ﬁﬂ1&l1ﬂ13ﬂﬂﬂ11%ﬁﬂﬂﬁﬂﬂ“1 HIFDINAT AYNITOA

Y
1 % (%

A o A Y Y X A v
5388ﬂTﬁLﬂ‘ﬂ”l\‘lsUﬂQWHﬂslﬂﬂslﬂfJ‘ﬂfﬂgﬁf’NUl‘]JWUQﬂﬂ']GlHWHWLMﬂGHQ HUNINUA 33 ﬂﬂ Iﬂfﬂ%

v
=1

4 A ¢ Ay g a A ¥
wsealoveldsunsy luTassennonea iNods 1dumuauNduNganInMIa1enI
WAINIZITNNIEHINYA29A 1A

Aav Jd v A YR a o Al A o = g &
pATNY dn3a1d (2554) laAnyuReInumslszgnalisisaiugnssuauilunitely

Emsmaineuveslay N SAUNIeINITNIUYIe oA Mz auiga A28n13

'
Y o ¥ o =

a3 & 0 Aad 1=
NAVIATUNEG YY) 5 sllLlﬂ’é]ulW@ﬁT@Tﬁ@Uﬂﬂﬂﬁﬂqluagﬂ”li]ﬂﬂWﬂ@iJ“VllliJﬂE]’ﬂﬂ

q

K. A. Radhika tazaaz (2018) Taiin1safeginsalniuguyjuoud Pibot 910

Raspberry Pi @0 4@ 1710 411 Pibot 1@z HAIVAN d9U03ya 11U H1U TCPIP Socket

G

i [ 1 (Y ] 4
communication TA8NAIUAAIVANIZAIVO1AIN joystick 1163 Raspberry Pi Nogiuyuoua

4 { { v o U 1 J o 1 . .
Trnaeunawn 1d5umdwazimsasnmonyueuanay lmidaiugusiium live video
.. Y 2 o ] g
L. Hui-ping tazaarz (2011) Ta@ou T sunsuniugunsiiauve sy uoudniu

Y : A s X 4 I o
TCP\IP protocol TUEABUE client/server FavziinouniuaoivilanTouily Server ADOTIIU
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TRfuaeuiumesnegiuyuend yueudmimnl¥luauisessiilu MOTOMAN-HP3 1ay
NPT800

H. Belhadj tazaaie (2013) lawaunszunil¥anuguyuoud KUKA KR-125 A1y

aedunesilia IEEE 802.3 Tumsdsdyananinliduszuul§idnsvesusud KAKA

e iusudinaoud ludsdmmisuesdavealunnld



=
unna3

Isa Uy

U o
3.1 NAaIH
awv dy o Y 4 Y ) [ ' A Y o
NUIBUUUAUDMTODNULVLAL T IATOIAULVUT M UTIvae Tuosdne lag

A 4 o & ' S 3 o '
l'ill%']ﬂﬂ'lﬁf)’f]ﬂllﬂﬂllaﬁﬁ%j']\uﬂéﬂ\jg{uuﬂﬂﬁjjﬂ@.ﬂﬂimﬁu:‘g’]uﬁqﬂq UASTUINUNIDYNIY

v
@ o w o

Y ] v
nnduesnuuy Tsunsuaaazsumdan sy 1sunsunsnsmuiInussezmsnasui
A Y Y I a 3’, d o [ a %] 1 g’/
YOAUATOIAULUD gaMeiumIfnniglnTald i UnIUAI06199199N NG
4 ) o 1 I o
TaeTunisadrunsesduunylddemhunudiGaniounaosnruguinlfiluglnsel
TuadransoaduuuuNIANUea09UUIAAD 350 HadwaT 1A 150 HaaaT AT9IAUIUY
a 4 4 § . 1 o @ o ] 4 {1
1 YNAIUAVAIIADUNAADTUDTAIAYI Raspberry Pi 1agn1sadam1aadumuamsnaouiriu
NNMITOATUDUOYNTN (Serial communication) JULUMTIATDUNUDUATOIRAULLVVYIZYN

=

4 H
Mvualdlszeznenauigariudymmaaunaeaminaag

4 d' %4
3.2 MS99NIULLAZEI1NIATOIAHIUY
lumseonuuunazaiuasesauuuylaimsAnvmguivueudineidylasaade
' s ' Y A 9 9 S A . ANy aA
YoIUsUANINO Mool taz ladenldInssadaununiiidou (Cartesian) Niidvoan0
o 'y Y Y Ay 1o g 3 v A 9
msaugudmrLelahenaz Tassdei lugudon uuilulaseaieueuasosdumuy
A 9 A Y o 9 1 =} a A =2 A 9 o < 1
e lmsesdunyuinauldedaidss@niamdaudenldunudGagu 1A1 ROBO
o I
Cylinder RCP2CR-SAS (1@ ¢ 1AL ROBO Cylinder RCP2CR -SA6C 4 11 1 uunuvod
A Y A o & 1 . < A A A A
1AT9AULDY TasfinUd15931 TAI ROBO Cylinder RCP2CR (i utnuniaruinaouinilu
IUATI QAIDANNITHINIUHIUNIINADIAIUAFY TAT ROBO Cylinder Controller RCP2-C
I 1 A 3 o ] o Y a o 9y
WundesnruguiaIwIsaanuaguawE dnrisvesnudusola douiily 19
{ 1o <3| a o
magadrnssundesmsanuindrigunsiziiunmsaruguuuuila (close loop) Hion159
=

Ay A @ o I A 1A o o o 9
AAUIY (Cleanroom) Vlﬁmmimmﬁzmﬂl,um%mmuﬂumlﬁ%uL!,Nuﬂﬂﬂuiaumuﬂumﬂﬁ

Tutimsandsnoonlduendau'ld
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A 7 Y R y &
Lilmaeﬂqﬂﬂimﬂ%ﬂﬂumﬁnﬂaammm”lﬂmaaﬂmnﬂﬂiﬂﬁin BUINVINULAL

Y
gilnsaltelumsdads luTdsunsuTedaisa

g1 3.1 mseenuuasesduuuD luTsunsu Txdaisn

A3 3.1 S10azBoave AU 33U TAIROBO Cylinder RCP2CR-SAS

Motor type Pulse motor
Encoder type Incremental
Lead 3 mm
Stork 350 mm
Speed 1-150 mm/s
Power supply voltage 24 VDC
Applicable Controller RCP2-C

137197 3.2 waziduaveawnudUTIFU TAI ROBO Cylinder RCP2CR-SAGC

Motor type Pulse motor
Encoder type Incremental
Lead 6 mm
Stork 150 mm
Speed 1-300 mm/s
Power supply voltage 24 VDC
Applicable Controller RCP2-C
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M50 3.3 10az1BoAveINADIAILANUAUFUTY TAT ROBO Cylinder Controller RCP2-C

Number of controlled axes 1 axis/unit

Supply voltage 24 VDC £10%

Control method Weak field-magnet vector control (patent
pending)

Encoder resolution 800 P/rev

Positioning command Position number specification

Direct specification

Position number Standard 16 points, maximum 64 points

PIO 10 dedicated inputs/10 dedicated outputs.

Selectable from five patterns

Communication RS485 1 channel

o (YY) ' v
33 iﬂi!!ﬂﬁuﬁ]ﬁ?ﬂ51]!!%13%\'\161]9%@
@ ' a 4

gnIleUA29A 117 python A1 11SUATNIL DGV Raspberry Pi 1Az DUADUTNIADS VD
A 19970 F9U Raspberry Pi 92di 1sunsulumssudoyaning lsfvgadaud i iunis socket

o Y 1 9 . A o g
communication uamggﬂuﬂaﬂﬁ@giugﬂuuummqm@mm (Strmg format) INDIALN
9 9

0 £ = ! Y A Yo A
WoyaAIgIUTDYAVU Raspberry Pi Inodoyanzgnadnszilsznou lUdae Fovesdive ¥o

81 A UIUVDIE

> Rasoberry b
M <: a(ssirser?)( Pl K Tepip socket communication PC (Client)
SQL command

5U7 3.2 MadedoyamInUTTHINE 1991UAY Raspberry Pi
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Edit Tabs Help

pberrypi

519 3.3 dnvmzdeyah Raspberry Pi 1451

S ' & o v .
Tlsunsufeguumsosvesd ldausziullsunsudmsudedoyanunsosduuuy

1 9 1
Tageziinthanaignilouaudae python qi-quick 1o liauremsidendeyador 19

31 3.4 wihaa T sunsuved ldaulunmsidensn
0 A A Ay
34 Tisupsumsannaszazmsmnaouive UNIo AU
A g9 A a X A g v ¥ 3 d X 9 '
e ldaaszeznmenifaiuainmadendoyaved 19 1dduawazG I uaIensHIY
N3ZUIUNTVOING BT YHINITAUN1W0INITNUUIE Arenguf TanInsiaun1aves
o = =q Y a Yo Y YA .
winnuneiinanwategluuunlslumsaaszezne Taedive Ifidontny Nearest-neighbor

9
Heuristic 1191191396t lumsidenngufdanminisidun1aueaniinauuienyy Nearest-
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. L ¥d g an A Ay 1o v o q ¥ g A o v
nelghbor Heuristic il'lslsb'uulﬂu'J‘ﬁﬂ']iﬂﬂﬂllilclfﬂcﬁﬂuﬂ'lclﬂﬂ'l'lllLiTVIﬂ']ﬁ‘ﬁ']ﬂT@l'ﬂ‘]J@'ﬂﬂiJ']slﬂ!ﬁ'J
- v @ v ' v 2 o q ¥ Y
Llﬁ$l|WaﬁW’ﬁ‘lJ?J\ﬁgUgﬂTQﬂﬂﬂil']nlﬂu']W'E)Glmmalu‘ll'l\‘iﬂﬁ\ﬁgﬂgﬂ']ﬂﬁ'lll'ﬁﬂﬂ']alﬁﬁuﬁ\?ulﬂ'ﬂﬂ

A2835n13111 Nearest-neighbor Heuristic #1501 3amsfuan Tasnswiszezmaliyade 11

v
a

daunuszeznennauINNaGEuAY

1529293118325

Data Set :

319 3.5 Ma@onduN1ALIUY Nearest-neighbor Heuristic

o o o 9 A Y Y A Y o ' 9
msiamvesTlsunsuagshimahdoyandldau ldden lUdudwmiaugudoya

A g o ' 9 A A A vy o ' Y o °
meﬂmumuwm%qmmg,amaaﬂ LﬂJf’Julﬂ"llﬂll“ﬁG]”ILWT‘LNLL?I’J%%U”I“lﬂﬂ”lu?uigﬂg‘vnﬁ

oid name local X localY indexd
1 0 HOME 0 0 999
2 1A 221 145 0
3 2B 158 145 1
4 3C 2835 115 2
g 4D 95.5 115 3
[3 5E 325 115 4
7 6 F 221 115 5
£ 7G 158 115 6
9 8 H 2835 145 7
1n 91 347 115 8
11 10) 325 45 9
12 11 K 2835 45 10
12 12 L 325 145 11
14 13 M 95.5 145 12
15 14 N 221 45 13
16 150 158 45 14
17 16 P 347 145 15
HOME 1A 17 Q 95.5 45 16
19 18 R 347 45 17

[

A o ] ' I a
sUn 3.6 G]']!LWHQEIﬂH"]fENLﬂ‘LILLﬁ%W 2

U



4 ° ] o ] Y o 9
Lﬁ’ﬂﬂTL!’J“L!iZEJ%WN%EJW;T‘IGHLLWHW]i‘]Jl,m’JIﬂi!,miiﬁlz‘i/nﬂﬁm%mr’u [RVRURE

aweldoglugives HEX ASCII 16 bit a3 3.8 eda lildanassniuguldinaounld

517 3.7 dmeun ldiweru T sunsufuauszeznia

24

daiumiaif uaiIUN IS TomsuUIYNTY TNty arzimMImAINTeInvia 1

. 3. o o .. < Ay A A Y
Axis# 92 U1 UYBILNY Position Data (HEX) 3211 Uszezn1anasmsmasunmsalagula

Yy Ad a Y o A I VA g
iﬂﬂﬂlﬂuﬂ’ﬂhi&@ﬂﬂﬂl@ﬂ Encoder LLﬁ?@jﬂ!ﬂUiZﬂZW%ﬂl@\ilLﬂu 1ag BCC L“]J‘L!ﬂﬁ/]l,"]fﬂﬂ’nm

Y o v 1 o oA @ @ 9
ﬂﬂ@]@Qﬂlﬁ]\iﬂ1ﬁ\ﬁ/ﬂll§°%}"ﬂ"lﬂﬂ1imWﬂTGl,‘LlGnLL’Viu\WI 2 5\1 12 NTUUﬂﬂuLLé}’JLB1ﬁ'flx‘lﬂaﬂﬁﬂ1/]'lﬂ

U

Q

Increment | STX | Axis# | ‘m’ Position Data (HEX) [ BCC | ETX

Move [ 02 6D [ | 303 [ [ 03
Inc Move | STX ‘u Axis# | ‘m’ | Status | Alarms IN OUT | ‘0’| BCC | ETX
Response | 02 | 55 6D | | 1 | | 30| | 03

51U

3.8 Tnseassvesmdan g lumsimasui ludadumialas
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a5 doya lugw
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Taldigaya
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WASN sEEENY
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AU EENNNAUT N
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@438

uilassnupmisiaz
wnitauily
‘lu hex ascii

A hex ascii T
fanaasaIuny

AT dibiaTy

d’ o o
519 3.9 urudsmsmhauves ldsunsumuIuszez N

Ll

d o U a v v
3.5 Qﬂﬂ‘iﬂ!ﬁ1ﬁiﬂ‘ﬁﬂﬂﬂ?@ﬂ1flm

9 H b4
a v A 4 o v

S @ 1y Yo 2w
Wugilnssingnaaasndatevesiuaunuy idmsuihewenangu Tasluanuide

g Y Y < o [ a @ ] A A a Aa
‘LlUlﬂ@ﬂﬂllﬂﬂiﬁqﬂﬂimﬁ1ﬁiﬂﬁﬂﬂ@l’mEJNEJW]HJE’]J'V] 3.10 YUUIA 56.5 x 70 UaaLuasLag

]
U =3

Usznouldeo1idies Tawomos 2 @1 Aidlugu Tower Pro MG996R 1A Tower Pro MG90S

o J ~ ! a A a o ]
Tagaos 1amoimei§u Tower Pro MG90S Tnihi lunsaiugumsitlatlamungualediaen
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Tsupsumvnanadldau
import sys

import os

import datetime

import socket

from PySide2.QtGui import QGuiApplication
from PySide2.QtQml import QQmlApplicationEngine
from PySide2.QtCore import QObject, Slot, Signal, QTimer, QUrl

from PySide2.QtCore import Property, QStringListModel

class MainWindow(QObject):
def _init_ (self):
QObject. _init_ (self)
# QTimer - Run Timer
self.timer = QTimer()
self.timer.timeout.connect(lambda: self.setTime())
self.timer.start(1000)

self._model = QStringListModel()

# Signal Set Name

setName = Signal(str)

# Signal Set Data

printTime = Signal(str)

# Signal Visible

isVisible = Signal(bool)



# Open File To Text Edit

readText = Signal(str)

# Text String

textField =""

medicSeclect =""
dataraw =""
medicines =[]

medicineShow =[]

addr="'192.168.1.132'

@Slot(str)
def send2pi(self, text):
self.dataraw = text
for i in range(len(self.medicines)):
self.dataraw = self.dataraw + "-" + self.medicines[i]

print(self.dataraw)

s = socket.socket(socket. AF_INET, socket.SOCK_STREAM)
socket.setdefaulttimeout(1)

s.connect((self.addr, 5000))

s.send(self.dataraw.encode())

s.close()

# Show / Hide Rectangle

@Slot(bool)

def showHideRectangle(self, isChecked):
print("Is rectangle visible: ", isChecked)

self.isVisible.emit(isChecked)



# Set Timer Function

def setTime(self):
now = datetime.datetime.now()
formatDate = now.strftime("Now is %H:%M:%S %p of %Y/%m/%d")
print(formatDate)

self.printTime.emit(formatDate)

# Function Set Name To Label
@Slot(str)
def welcomeText(self, name):

self.setName.emit("Welcome Docter, " + name)

@Slot(str)
def getMedicine(self, medicine):
self.medicSeclect = medicine

print("madicine select :", self.medicSeclect)

@Slot(str)
def medicineList(self, amount):
self.medicineShow.append("madicine "+self.medicSeclect + " " +amount)

self.medicines.append(self.medicSeclect+" "+amount)

self. model.setStringList(self.medicineShow)

print(self.medicines)

@Slot(int)

def medicieDel(self, mDel):
self.medicines.pop(mDel)
self.medicineShow.pop(mDel)

self._model.setStringList(self.medicineShow)
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@Property(QObject, medicineList, medicieDel)
def model(self):
return self. model
if name ==" main ":
app = QGuiApplication(sys.argv)

engine = QQmlApplicationEngine()

# Get Context
main = MainWindow()

engine.rootContext().setContextProperty("backend", main)

# Set App Extra Info
app.setOrganizationName("Wanderson M. Pimenta")

app.setOrganizationDomain(""N/A")

# Load QML File
engine.load(os.path.join(os.path.dirname(__file ), "gml/main.qml"))
if not engine.rootObjects():

sys.exit(-1)

sys.exit(app.exec_())
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TsunsuSuteya
import sys

import glob
import re

import codecs
import serial
import time
import sqlite3

import socket

def mainServer():
host="'192.168.1.132'

port = 5000

while(1) :
soc = socket.socket()
soc.setsockopt(socket.SOL_SOCKET,socket.SO REUSEADDR,1)

soc.bind((host,port))

soc.listen(1)

print("Waiting from User....")

con, addr = soc.accept()

dataraw = con.recv(1024).decode('utf-8")
print(dataraw)

saveData2DB(dataraw)

def saveData2DB(dataraw):
#print(datafromUser)
connection = sqlite3.connect('project_test.db')

cursor = connection.cursor()

42



sql_command = "INSERT INTO dataformUser (dataraw ) VALUES ( ? )"
cursor.execute(sql_command, (dataraw,))
connection.commit()
connection.close()

if name ==" main ":

mainServer()
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TdsupsumuIuszazng

import sys

import glob

import re

import codecs

import serial

import time

import RPi.GPIO as GPIO
import sqlite3

import numpy as np

import csv

servo A0 =27
servo Al =22
inMoveA(Q =23

inMoveAl =24

rud=0

sumq =0
aryPosition = []
partA = []
completed = []
n=0

cost=0

sortRoute =[]

def main2RPC():
print("Start pi2RCP")

GPIO.setmode(GPIO.BCM)



GPIO.setup(servo_A0, GPIO.OUT)

servol = GPIO.PWM(servo_A0,50) # pin 27 for servol
GPIO.setup(servo_A 1, GPIO.OUT)

servo2 = GPIO.PWM(servo_A1,50) # pin 22 for servo2
servol.start(0)

servo2.start(0)

GPIO.setup(inMoveA0, GPIO.IN)

GPIO.setup(inMoveAl, GPIO.IN)

ser = serial.Serial(port = "/dev/ttyUSBO",
baudrate = 38400,
bytesize = seria. EIGHTBITS,
parity=seria. PARITY NONE,
stopbits=serial. STOPBITS ONE,
write_timeout=5.0,
inter_byte timeout=1.0,
timeout=1)

starT = time.time()

summ = 0

while(1) :

if time.time() - starT >3 :
tick = time.time()
starT = time.time()
connection = sqlite3.connect('project_test.db')
cursor = connection.cursor()
sql_command = "SELECT dataraw FROM dataformUser "
cursor.execute(sql_command)
results = cursor.fetchall()

summ =summ-+len(results)
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print(summ)

#print("inMoveAO :",GPIO.input(inMoveA0),"inMoveAT :",GPIO.input(inMoveAT1))

if results is not None :
sql_command ="DELETE from dataformUser"
cursor.execute(sql_command)

connection.commit()

connection.close()

if results is not None :
for result in results:
result = str(result)[2:-3]
result = list(result.split(""-"))
print(result)

pat = result[0]

result.pop(0)
madical =[]
amount = []

for i in range(len(result)):
xxx = list(result[i].split("_"))
madical.append(xxx[0])
amount.append(xxx[1])
#print(madical)

#print(amount)

madicalDis = select DB(madical)
routes,costRoute,initRoute,initSelects = TSP(madicalDis)
toc = time.time()

calculate = toc-tick
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print("calculate time :",calculate,"S")
asciiTextAQ =""
asciiTextAl =""
servoToggle = False
for route in initSelects:
#print(route[ 1],route[2])
distanceA0 = int(route[1])
distanceAl = int(route[2])
distance AO = round((distance A0*800)/3)
#distanceA 1 = round((distance A 1*800)/6)
if(distanceAl == 0):
#print(distanceA1,"A0")
distanceA 1 = round((distance A 1*800)/6)
servoToggle = False
elif (distanceAl < 120):
#print(distanceA1,"A1")
distanceA 1 = round(((distanceA1-40)*800)/6)
servoToggle = True
elif (distanceAl > 120):
#print(distanceA1,"A2")
distanceA 1 = round(((distanceA1-10)*800)/6)

servoToggle = True

#print("distanceAO0 :", distanceA0 ," distanceAl :", distanceAl ,"servoToggle:",
servoToggle)

BCC_AO0 =241 #hextodec AxisO

BCC_A1 =242 #hextodec Axisl

text A0O="023061"

text_ Al1="02 31 61"



dis2hex A0 = hex(4294967295 - int(distanceA0))
dis2hex A0 = dis2hex AO[2:].upper()
dis2hex A1l = format(int(distanceA1),'#010x")

dis2hex Al = dis2hex A1[2:].upper()

for i in range(len(dis2hex_A0)):
ha = ord(dis2hex_AO0[i])
ha = hex(ha)
BCC_AO0 =int(ha[2:],16) + BCC_A0
text A0O=text AO+""+ ha[2:]
for i in range(len(dis2hex A1)):
ha = ord(dis2hex_A1[i])
ha = hex(ha)
BCC_Al = int(ha[2:],16) + BCC_Al

text Al =text Al +""+ ha[2:]

text A0 =text A0+ " 30 30"
text Al =text Al+"30 30"
beel A0,bec2 A0 = beeCal(hex(BCCA0).upper())

becl Al,bec2 Al = beeCal(hex(BCC_Al).upper())

text_ A0 = text AO+" "+bccl A0 +" "+ bee2 A0 +" 03"
text Al =text Al+" "+bccl Al+""+bcc2 Al +" 03"
text A0 ="join(text A0.split())

text Al ="join(text Al.split())

text A0 =hex to raw(text A0)

text Al =hex to raw(text Al)

text A0 =text AO.encode()

text Al =text Al.encode()



ser.write(text_A0)
time.sleep(0.25)
ser.write(text Al)
time.sleep(0.25)
#msgCount = 0
while (GPIO.input(inMoveA0)==0) or (GPIO.input(inMoveA1)==0):
pass
if servoToggle :
servol.ChangeDutyCycle(10.5)
time.sleep(0.5)
servol.ChangeDutyCycle(0)
#print(msg)
time.sleep(0.5)
distanceAl = int(route[2])
distanceA 1 = round((distanceA 1*800)/6)
BCC_A1 = 242 #hextodec Axisl
text A1 ="023161"
dis2hex Al = format(int(distanceA1),'#010x")
dis2hex Al = dis2hex A1[2:].upper()
for i in range(len(dis2hex_Al)):
ha = ord(dis2hex_AT1[i])
ha = hex(ha)
BCC Al =int(ha[2:],16) + BCC_Al
text Al =text A1 +""+ha[2:]
text Al =text Al+"3030"
beel Al,bec2 Al = beeCal(hex(BCC _Al).upper())
text Al =text Al+" "+becl Al+""+bcc2 Al +" 03"

text Al ="join(text Al.split())

text Al =hex to raw(text Al)
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text Al =text Al.encode()

ser.write(text Al)

while (GPIO.input(inMoveA1)==0):
pass

#print("A1123")

duty =10

while duty >=7:
servol.ChangeDutyCycle(duty)
time.sleep(0.2)
duty = duty - 1

servol.ChangeDutyCycle(0)

time.sleep(0.1)

time.sleep(0.25)

toc = time.time()

working = toc-tick

print("working time:",working,"S")

with open('programRun.csv', 'a’, newline=") as file:

writer = csv.writer(file)

writer.writerow([pathA,cost,pathB,costB,calculate,working,costRoute,initRoute])

tick = time.time()

def select DB(datas):#step2
xxx =[]
datas.insert(0, HOME')
for i in range(len(datas)):
data = datas][i]
connection = sqlite3.connect('project_test.db')

cursor = connection.cursor()
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sql_command = "SELECT * FROM medicine data WHERE name = ?;"
cursor.execute(sql_command,(data, ))
results = cursor.fetchall()
for row in results:
#print (row)
name = row[ 1]
locx = row[2]
locy = row([3]

xxx.append([name, locx, locy])

connection.close()

print(xxx)

return xxx

def TSP(listSelects):#step3
global ary
global pathA
global completed
global cost
global pathB
global costB
global com_RouteB
pathB =[]
costB=0

ary = np.arange(0)

numl =[]
num?2 =[]
newarr = []

completed = []



pathA =[]

cost=0

for listSelect in listSelects :
nl = listSelect[1]
n2 = listSelect[2]
newarr.append([nl, n2])
numl.append(nl)

num?2.append(n2)

ary.resize(len(num1),len(num1))
minn = ary[0][0]

position =0

global aryPosition
global sumq
global rud

global sortRoute

com_RouteB =[]
sortRoute =[]
for i in range(len(num1)): # AMUIUILIZHITENTNA 2 A
for j in range(len(num1)):
xi = np.power((num1[i]-num1[j]),2)
yi = np.power((num2[i]-num2[j]),2)
d = np.sqrt(xi+(yi))
arylil[jl=d
completed.append(0)
com_RouteB.append(0)
n = len(num1)

print(ary)
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mincostA(0,n)
mincostB(0,n)
initRoute =0
initSelect=[]
for i in range(n):
ifi+1 == n:
initRoute = initRoute + ary[i][0]

initSelect.append(listSelects[0])

else:
initRoute = initRoute + ary[i][i+1]

initSelect.append(listSelects[i+1])

for i in range(len(pathA)):
if i == len(pathA)-1:
print(pathA[i])
else :
print(pathA[i],"---=>",end =" ")
if (cost<=costB):
sortRoute.append(listSelects[pathA[i]])
for i in range(len(pathB)):
if i == len(pathB)-1:
print(pathB[i])
else :
print(pathB[i],"---->",end =" ")
if (costB<cost):
sortRoute.append(listSelects[pathB[i]])

costRoute = cost if cost <= costB else costB

return sortRoute ,costRoute, initRoute ,initSelect



#TT AN

def mincostB(city,n):
global costB
ncity =0
com_RouteB[city]=1
#print(pathB)
#print(com_RouteB)
if (Ien(pathB)<2):
city=0
else:
if(len(pathB)%2==0):
city =pathB[int(len(pathB)/2)]
else:
city =pathB[int(len(pathB)/2)-1]
ncity = routeB(city,n)
if (ncity == 0):
ncity = pathBlint(len(pathB)/2)]

city = pathB[int(len(pathB)/2)-1]
#print(ncity +1)

costB += ary[city][ncity]
#print("costB:",costB,"city:",city)
pathB.append(0)

return

mincostB(ncity,n)

def routeB(c,n):

global pathB



global costB
nc=0
mint = 999
for i in range(n):
#print("i:",i,"c:",¢,"ary:", ary[c][i])
if (ary[c][i]!=0 and com_RouteB[i] == 0):
if(ary[c][i] <= mint ):
mint = ary[c][i]
nc=i

#print("mint:",mint)

if(mint != 999):
#print("costB:",costB)
costB+=mint
if(int(len(pathB)%2)==0):
pathB.insert(int(len(pathB)/2),nc)
else:
pathB.insert(int(len(pathB)/2),nc)

#print("pathB:",len(pathB),"n:",n )

#print("pathB",len(pathB),"nc:",nc,"costB:",costB)

return nc

#0770/ ANNNNNNNNWNNNNWNWNNW
def mincostA (city,n):
global cost

ncity =0

completed[city] = 1
#print("city: ",city,"completed : ",completed)

#print(city+1,"--->"
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ncity = least(city,n)
#print("ncity: ",ncity)
if (ncity == 0):

ncity =0

#print(ncity +1)
cost += ary[city][ncity]
return

mincostA(ncity,n)

def least(c,n):
global cost
global pathA
nc=0
mint = 999
#print('n',n)
for i in range(n):

#print('c o', ¢, " i:",i,"ary : ",ary[c][i])

if (ary[c][i]!=0 and completed[i] == 0):

#print("mint :", mint)
if(ary[c][i] + ary[i][c] <= mint ):
mint = ary[i][c] + ary[c][i]
#print('min :',mint)
kmin = ary[c][i]

nc=i

if(mint != 999):
cost += kmin
pathA.append(nc)

return nc
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#7111 AN
def beeCal(bece):
BCC1 = bec[-2]

BCC2 =bcc[-1]

BCC1_bin = bin(int(BCC1,16))[2:]
BCC2_bin = bin(int(BCC2,16))[2:]
#print(len(BCC1_bin),len(BCC2_bin))
if len(BCC1 _bin) !=4:
for i in range(4- len(BCC1_bin)):
BCCI1_bin="0"+ BCCI1 _bin
BCC1_bin = bceinvet(BCC1_bin)
else:

BCC1_bin = bceinvet(BCC1_bin)

#print(BCC1_bin,BCC2 bin)

if len(BCC2_bin) !=4:
for i in range(4 - len(BCC2_bin)):
BCC2_bin = "0" + BCC2_bin
#print(BCC2_bin)
BCC2_bin = beeinvet(BCC2_ bin)
else:
BCC2_bin = becinvet(BCC2_bin)
#print(BCC1_bin,BCC2_bin)
if BCC2 bin!="1111":
BCC1 = hex(int(BCC1_bin,2)).upper()
BCC1 = hex(ord(BCC1[2:1))[2:]
BCC2 = hex(int(BCC2_bin,2)+1).upper()

BCC2 = hex(ord(BCC2[2:1))[2:]



else:
BCC2_bin = "0000"
BCC1 = hex(int(BCC1_bin,2)+1).upper()
BCC1 = hex(ord(BCC1[2:]))[2:]
BCC2 = hex(int(BCC2_bin,2)).upper()
BCC2 = hex(ord(BCC2[2:]))[2:]
#print(BCC1,BCC2)

return BCC1,BCC2

def beceinvet(bec):
inverse s ="
for i in bec:
ifi=="0"
inverse s +="1"
else:

inverse s +="'0'

return inverse s

def chunks(text, chunk_size):
"""Chunk text into chunk_size."""
for i in range(0, len(text), chunk_size):

yield text[i:i+chunk size]

defhex_to raw(hexstr):

mnmn

"""Convert a hex encoded string to raw bytes.

return " join(chr(int(x, 16)) for x in _chunks(hexstr, 2))

== " "

if name ~_main__ "

main2RPC()
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ROBOT TEACHING LABORATORY DEVELOPMENT FOR
EFFECTIVE REMOTE DELIVERY
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CHAMNIPRASART

12345chaol of Mechanical Engineering, Institute of Engineering, Suranaree University of Technology, Thailand
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Abstract - Teaching Laboratories are the essential learning activities for the engineering education field. During the
laboratory period, there are several learning activities, including theoretical review, equipment setup, data or result
collecting, and analysis of the results. However, handling laboratory with social distancing during the pandemic of COVID-
19 is hard to deal with onsite laboratory. Focusing on the industrial robot laboratories in the mechatronics engineering
curriculum of the Suranaree University of Technology, this paper covers a remote robot laboratory design state using a
computer programming technique to achieve the industrial robot laboratory and hardware design for robot programming
tasks. There are three keys to practicing robot control, jogging, teaching, and programming. Students can remote access the
university laboratory from distant areas, and they can book any time during the day and night shift. This paper can help
educators deal with robot laboratories or other related laboratories in the social distancing situation.

Keywords - Remote laboratory, Industrial Robot Laboratory, Distance Learning

L. INTRODUCTION

In the context of a Thailand pandemic due to
COVID-19,  educational institutions, including
schools and universities, are advised to enhance their
teaching and learning activities in the physical
distancing procedure. During the first period of
lockdown in Thailand, It is at the end of the semester.
Students were in their homes already, so the curfew
announcement was delivered. Traveling across
provinces was against this law. Consequently,
students are advised not to come to university and
stay home for online lectures and laboratories. Most
teachers had no concrete experience of distance
leaming and little or no skill in using the
technological devices and appropriate software to
provide this distance education [1]. There are types of
problems of distance learning, and online learning
must be concerned.
*  Technical problems: difficult or impossible
connection for teachers and students
* pedagogical issues: the difficulty of staying
focused on learning for hours on-screen
communication and mutual assistance
hampered by distance, despite the private
practice of social networks. It is well known
that these daily private practices are not so
casily transferred to education [2].

The lecture course remained almost unchanged and
delivered in an online classroom, such as in the zoom
application. On the other hand, the laboratory courses
must be re-designed because it is hard to teach their
laboratory lessons or laboratory skills in truly virtual
classrooms, The traditional laboratory must be
developed to serve engineering students. The process
for transforming currently in-person experiential
learning activities to those suitable for remote

delivery depends on several factors such as the nature
of the experiment (simulation heavy vs. hands-on
heavy) and the available time and resources. Some
educators may adapt hands-on experiments for
remote delivery, while others may restructure the
activity altogether by concentrating on learning
objectives[3].

Focusing on one of the industrial robot laboratories,
called the cartesian robot. There are three modes of
robot control
e Jogging mode: to perform the robot any
position in its workspace by using pulse
command
*  Teaching mode: after jogging a robot to the
desired position. To save the current position
of jogging mode, called teaching mode.
¢ Programming mode: the last process of robot
control after the two previous modes.
Moving a robot in a sequence of positions,
the user needs to program using its
programming language.

This research aims to design and develop computer
programming to communicate between the controller
of the robot and the personal computer of students.
Students can access the robot laboratory anywhere
they are, and anytime they want. IAl robots are
selected to develop the remote laboratory to serve
students, who enrolled the industrial robot class.

II. DESIGN OF SYSTEM OVERVIEW

2.1. System Design Concept

The key concept is to design the remote robot
laboratory for the industrial robot laboratory class
using the assumption that students who enrolled in
this laboratory class have their laptops or personal
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computers. This laboratory can access through the
global network, which means that they can do a
laboratory where ever they want. “WebLabs™ type
option, where the students can control and operatethe
equipment remotely[4][5][6].

2.2. System Overview

There are four primary devices in this system,
including a personal computer, raspberry pi as a
server for communication between robot and
computer, an [AI RCP2 robot controller to drive the
robot, and a camera for real-time monitoring (Fig.1.).
TCP/IP protocol is selected to communicate the
controlling signal from a user to the central server.
After a user commands the robot on the user
interface, the controlling data will be sent to the
server via TCP/IP. Then, the server will send the
actual commands to the robot controller via serial
PIO communication. And a robot will be moved by
its controller. We use the camera to monitor the
movement of a robot to show that a robot moves to
the desired position by broadcasting a real-time video
streaming to the web page.

The system layout as see in Fig.2. The main robot
(IAI Robot) has the operation stroke of 150 mm and
three of output on its. A monitoring camera is located
on the top of this plate for catch-up every components
to broadcast to Graphic User Interface (GUT) on PC.

the shole messages without the start bit character.
Then end the message with [ETX] character. It can be
seen the way to calculate the two checksum
characters in Fig.3.

status | STX [ Awist [ 0" | 10 continuous 0's [ Bee [Enx |
Inquiry | 02 | [ 66 |30 [30]30 s 30 s w50 %00l [ [o]

I BCC Data

Fig.3Message Detail for RCP2 Controller

3.2. ASCII Messages for RCP2 Controller

There are eight standard messages for using the TAI
robot in the laboratory. The First two major
commands are HOME and STOP. When the electrical
power of the robot was connected, the first command
that the student has to send to the controller
immediately is a HOME command for homing it and
let the robot stayed in its home position before use.
Servo ON and Servo OFF is the critical command for
active the servo motor of the IAl robot before JOG or
movement by increment. Students can move the robot
manually by using JOG Forward and JOG Backward
functions. While the robot moves, students can
monitor its movement via the onboard camera in the
robot station. A monitoring camera can show the near
real-time situation. The list of messages of the above
command is in Table.1. below.

ASCII Characters
HOME [STX]ecs7000000007B [ ETX]

Command

1Al RCP2
Controlier

rial ::u'\rum(i'm\\\ Raspberry pi

- muncuo] PC (Client)

Fig.1 System Overview of Remote Robot Laboratory

Output 3 Output 2 Output 1

.

Y |
-—

Fig.2 Equipment Layout of Remote Robot Laboratory

III. METHODOGY AND RESULT

3.1. IAI RCP2 Command

Command messages are sent from Raspberry-Pi to
RCP2 controller via TCP/IP protocol. String of one
message is combined with 16 long ASCII code. The
start character is [STX] and end with [ETX]. For the
validation of each message, there is the checksum of
the last two characters of the continuous messages,
The checksum character can be calculated by sum of

Servo On [STX]0q10000000087E [ETX]
Servo Off [STX]0q@eeseeeeea7F [ETX]
Jog Forward [STX)@aFFFF65430025ETX]

Jog Backward [STX]@aFFFFFFFF@@DF[ETX]
Stop [STX]@dPPeeerereesC [ETX]

Position Inquiry [STX]@R40208740008F [ETX]
Increment Move 80mm| [STX]@aFFFFD6550@13[ETX]
Table.1. List of messages for RCP2 Controller Command.

3.3. Sequencing the Robot Command

If the command messages were used separately, there
is an essential operation for using the IAI robot in the
laboratory. Students have to command the robot in
sequence to achieve the robot task. We create the
computer programming command to deal with this
IAl robot. The flowchart of this programming as can
see in the Fig.3. After the program start, users or
students have to write the sequence text of operation
in one string with the following text.

“MX" stands for moving the robot into a specific
position, X represents the position number.

“OX” stands for state changing of the output relay, X
represents the output number to change the state ON
or OFF.

“TX” stands for delay time for moving to the
following command, X represents the time in seconds
to delay.
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Fig.4Flowchart of Robot Operation Programming

The first exercise of the robot teaching
laboratory is to teach the desired position the robot
controller. By using the GUI for manually control and
then check the “save position” block. Then the
current position has been saved to the controller. The
example of this operation as see in the Fig.5.

Fig.SExample for Robot Position Teaching

3.4 Laboratory Task

The students will be assigned by the teacher
assistant a task. They have to teach and programming
the TAI robot to achieve the task, which, combined
with moving to some position, changes the state of
outputs and waits for the following command.

For example in Fig.6, the series of command
is  “P0-O11-P4-T3-010-P1-O31-P3-T3-030”. The
steps of this command are following,

1. Move to position number “0”

2. Change state of output number “1” to active high

(ON).

Move to position number “4”

Delay for 3 seconds

Change state of output number

(OFF).

6. Move to position number

Change state of output number *3” to active high

(ON).

8. Move to position number “3”

9. Delay for 3 seconds

10. Change state of output number “3” to active low
(OFF).

bt )

“p

to active low

“»

=

Fig.6 Example of Sequence Command of Robot Laboratory
Task

IV. RESULTS

After this remote laboratory has been used
for one semester, the students can appreciate the
robot with online or distance learning methods. And
they can access this laboratory at any time of
learning, Because this laboratory open 24 hours a
day. Student can book their slots on google sheet and
using the user and password to enter them during
their period.

As a result of teacher assistance, it is more
comfortable to teach the laboratory with real robots in
an online situation. Before this remote laboratory was
launch, the teacher assistants have to do this robot
task by themself without practicing with students

V. CONCLUSION

The results show that this remote laboratory
can be used in an industrial robot laboratory for robot
class in SUT. These can also help the teacher
assistance can teach their students with the actual
situation commands and tasks without social
distancing or physical distancing problems.

Students can get more flexible of using
university laboratory on the period they want. With
this condition, they can book their learning period
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online and log in to the remote learning page to do
their task.

We have to extend this remote platform to
every industrial robot laboratory for the near future,
for example, Articulated Arm Robot, SCARA Robot,
and Cartesian Robt. If the pandemic situation of

[3] Vijesh J. Bhute, Pavan Inguva, Umang Shah, and
Clemens Brechtelsbauer, “Transforming
traditional teaching laboratories for effective
remote delivery—A review,” Education for
Chemical Engineers., vol. 35, no. 14, pp.96-
104,2021.

COVID-19 still makes an impact on our world. The [4] Klein A., and Wozny G., “Web Based Remote
remote laboratory is the key to the success of Experiments  for  Chemical  Engineering
engineering laboratory in teaching and learning Education: The Online Distillation Column,”
methods. Education for Chemical Engineers., vol. 1., no.
18, pp.134-138,2006.
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