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ABSTRACT

THE MANAGEMENT MODEL OF DIDACTIC FLEXIBLE CELLS USING
TECHNOLOGIES OF
RADIO FREQUENCY IDENTIFICATION

Flexible manufacturing systems as complex and stochastic environments require the
development of innovative, intelligent control architectures in order to improve flexibility, agility
and reconfiguration. The distribution management system, as a subsystem of Fatfenret,
addresses this challenge, introducing the optimal process management that is supported by
autonomous management units cooperating with each other. Classic transport management system
lack flexibility and agility, especially in cases where thdetsirof products and the representation
of smaller parts is large. In such cases, the system is insensitive to randdrmc aevents. In
addition to the monitoring, identification and categorization of parts via radio frequency
identification (RFID) techalogy, using the same, the technitathnological parameters were
introduced into the management model. The flexible system then enables the possibility of working
in real time of the process, and frees up computer resources for other tasks. Alsgiftleesfistem
acquires the character of an adaptive intelligent system.

The scientific goal of the PhD dissertation isit@provedthe management model of a
didactic flexible production system based on RFID technology and computer intelligence, and
represets a contribution to the development of Industry 4.0. The use of modern technologies,
primarily information and communication technologies, has a great impact on all aspects of
production systems management.

The tested model, the software solution is @erifrom, provides an opportunity for the
designed architecture of a flexible production cell to show that the presented framework is more
efficient than the most implemented ones in the current educational and production practice,
especially if the procasis dynamic, unknown to management and has reconfigurability
requirements.

The target group includes didactic flexible cells (FMC) whose configuration consists of:
CNC machines, material feeders and the robot that serves them. The research was performed o
cells and equipment most represented in the educational system of the Republic of Serbia. As the
management model refers to didactic FMC, the solution of management problems is accompanied
by settings that consider the elements of the didactic appredguich includes the degree of
perception, learning and expansion of knowledge, the reasoning and reaction of listeners. The
testing, verification and validation of the developed FMC management model was realized using
record networks, applying the McEvidensoftware and analysing the management model for two
types of didactic flexible cells.

By testing the examined model, the set hypotheses are confirmed and space is given for
further research and improvements, which is presented in the concluding rerh#irksdoctoral
dissertation.

Keywords Robot, RFID, Tag, FMC, FMS, Agent, Macro, CNC machines.
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Reader or
Interrogator

SO N \ |
oy ‘." Antenna
\ S~ — -
~

Tag or e~ —
Transponder

Workpiece
C¢ )I\”YU((’I

Merge Contex reader
and Paramiters
+

Macro Program

o zd @B Y ) IfOMOMB j teded 7 d da¥¥ St BBEHEY ©) HOJ KOS G 15
© O BMirkoy, Z . B&M.i i a po19)

00001 (Program number)

1030155
4003.53.02.0 RFID date #100=1.0 (Diameter of end mill)
#101=3.0 (X position of hole)
¥ = #102=1.5 (Y position of hole)
) — #103=.5 (Depth of counter bored hole)

#100 #104 #104=400 (Speed in RPM)
#101 #105 | Parametar #105=3.5 (Feed rate in IPM)
#102 #106 #106=3.0 (Tool length offset number)
#103 #107 #107=2.0 (Diameter of counter bored hole)

N

) 4

G90 G54 S#104 MO3 (Select abs mode. coordinate system, start spindle)

GO0 X#101 Y#102 (Rapid to hole center)

G43 H#106 Z.1 (Instate tool length compensation, rapid to approach Z position)
GO1 Z-#103 F [#105/ 2]

Y [#102 +#107 /2 - #100 / 2] F#105

GO02 J-[#107 /2 - #100/ 2]

GO01 Y#102

G00 Z.1

M30

. S/

o dzd 948 e i3 & BOC s  totsc CAAYCe jLEO juHEHIMEgkol ZiedH Q
Bak& M. napgol9),

t;;fdsiﬁlizdf@@ 4. dL oMaerg M fil Misj Bz § OLOB] sOBME 5@
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( WIS § ° FANPAZEFADAL ).
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/' RFID MOJIATAKO / AECUHUCALE

3- j MHHLTAJATTHHUX

| TIAPAMETPUMA U |

| - MAPAMETAPA

| BAPHJABITAMA [IPOCPAM

\ BPCTE OBPAJIE

(Starting Bloks)

T

KPEHPATLE
ITAPAMETAPCKHX MMAPAMETPH JYBHHE
HOJMATAKA U BAPHIABIIA (Infeed depth and depth)

BPCTE OGPAJIE

<
il hY

v
TIAPAMETAP CETMEHTA
KPUBE

+ R
MMAPAMETPH TTPUPACTA
KPHBE

A4

TEGUHHLIAIA KPHBE V
MAPAMETAPCKOM OBJIMKY

10 KPUBA OBPABEITA
. HA JEJHOJ IVEHHH -~

-

HC

uti]

l N He

< IF JIVB-=VKVIIHOI IVBUHH >

Ja

7 KPAT r
J 3
\_MIPOTPAMA / M3

sz 90 5CdCO (BBcLORY D JdafizEicOs i REB" < I
sj R desdfsteidl ijj st d 1§ © i R@INFitd ezts, 2014)

) esYj §f PEO G Is Ote ¢ 60 { fiotets cOECRELMO] [SDBIfEdd, y @ 4 . 4
Mz YO j o S tod af dZiy jetef@a(d @l - desdesed  §  §  ME
BSHAW S 50 Odzd 5B dzq KHetalfNdifter L G(HetakN.Fter e kl., 2014).
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fsHOOSO® BOOL, CHAR, |INT d REAL:
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8| MacEvidence oo ™
T & File Edit Node Network DEMO Y
= FMC1
=
=
QEn)
=
&
=
Input belief of A21
|0k |[Delete || New |[Modify] Vit en frame 002000
1 (Pres) Kol pod. 28 VALUE =
YES NO 059170
NO YES
NO NO
& VES VES 0.37830 5]
< @
@ Input belief of A11 Input belief of A22
0K __|[0Delete |[ New |[Modify] Vate o frame : 003000 | 0K |[Delete || New |[Modify]| Ve os frame 003000
1 (Pr) Kol pod. 26 VALUE ] 11 (Pres) Kol pod. z¢ VALUE )
YES NO 0.04850 YES NO 071780
NO YES NO YES
NO NO NO NO
YES YES 092150 3‘ YES YES 0.25220 5
Bl I IEE]
= Input belief of A31 3 Input belief of A23
[0k |[Delete | [ New |[Modify] ‘ake on frame - 003000 [Tox ] [Delete | [ New | [Modify] vats e frame - 0.02000
I (Pp) Kol pod. 2t VALUE ] 11 (Pres) Kol. pod. z VALUE m
YES NO 0.04850 YES NO 0.76630
NO YES NO YES
NO NO ND NOD
YES YES 092150 o] VES YES 0.20400 2
&l =3 ) Bl&
=] Input belief of A41 @] Input belief of R42
[T0K |[Delete |[ New |[Modify] ¥akeon frame ;003000 [ 0K |[Delete |[ New |[Modify] Vale o frame 010000
IV (Ppes) Kol pod 2zt VALUE § IV (Pp+s) Kol. pod. 2 VALUE §
YES NO 041710 YES NOD 063000
NOD YES NO YES
NOD NO NO NO
YES YES 055290 ) VES YES 027000 5
& =6 & 2=

sdzd 8.8 dz2Q dL & @B jfdgljjHdEds EoOts jodHJ daydtsdzO dstej 3 O
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ftcj HMjlsd@or W 2 dzC ydo OO ko j toj
23
SOLOCkjtedig® O v d §MC
FMC1 [%] FMC2 [%]
[ Belk<dzsmls § Otc O 20 10
Mstezec OeME drn s 4§ (15-25) (5-15)
odhi ©OL d&Jdudls
[ Oded f 2dzOyd * O 40 35
sfjtcOyd Q@ o6 d (35-45) (30-40)
[ Oded f 2dzOyd * O 30 35
s jtcOyd Q BL (25-35) (30-40)
=[d: - Input belief of FMC1 -
[ 0K ||Delete || New |[Modify]| Valueeon frame :0.10000
[ 31 MacEvidence Kol pod. za Kol. pod. z¢ Kol. pod. z FMC YALUE §
MO NO YES FMC1 0.30000
€ File Edit Node Network |NO YES NO FMC1 0.40000
B E YES NO NO FMC1 0.20000 ]
& < B
()
D
% (
>.
SE — Input belief of FMCZ =
[ 0K |[Delete || New |[Modify]| Valueon frame :0.09000
T 7| Kol pod. za Kol. pod. zi Kol. pod. 2z FMC YaLUE §_
NOD NOD YES FMC2 0.35000
MO YES NO FMC2 0.35000
NO VES YES FMC2 0.11000
YES MO MO FMC2 0.10000 5
< B
4 dzd 6OIO0OL O°Q di® dL BBtckFMCsdzyj f yd “ J
2B1 B¢ jHdsMsOs datsfylsd dL B jzmeQot@zOm dalsPinpsResirddls)j SidafdzCOy d © j

ks GHESEk<Os Olo ®dEP ik s © df ids j

BOdzd § £ dzOy d ‘FMC2sB2E%R Is € 15 o3
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1] Input belief of B(Pr)
[ 0K _|[Delete | [ New ] [Modify] Vi on frame :000000 |

1{Pr) VALUE Input belief of B(Pr+s)
cgs gggggg [0k ] [Delete ] [ New |[Modify] Vaws en frame :0.00000
Y 11 (Pr+s) VALUE
NO 0.70000
YES 0.30000

,_
jm
<

o) (@

Input belief of B(PP)

[_OK __|[Delete || New |[Modify]| Vvakeon frame :0.00000
\ 11 (Pp)  VALUE
: 0.90000
0.10000
=]
= Input belief of B(PP+S)

[ oK _][Delete ][ New |[Modify] vawe on frame : 000000
IV (Pp+s) VALUE

NO 0.60000

YES 0.40000

BB o dHj dzydsdz® B jy O BO b dzOL dzd 5 ko j

[EE=——— oOutputbeliefof IMC — |
Value on frame :0.25093
FMC YALUE
FMC2 0.37596
FMC1 0.37442
ll

Kol. pod. za Bus.
202; 709

Hdzd BEr o dH j dzydsdzO stej y G jfig®d® dL zOL ded o5 ko
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3./01|09| - |{04|06] - |02/08]| - |03]0.7] - 0.369 | 0.416 0.215
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7. 1 - - 1 - 1 - - - 1 - 0.206 | 0.668 0.127

8. 1 - - 1 - - 1 - 1 - - 0.236 | 0.569 0.195
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N5 R2=1 R3=0 R4=0 R5=0.2 R6=0.06 R7=0.06
R8=0.04 R9=9 R10=0 R11=0 R12=1

N10 R13=21 R14=-39 R15=3 R16=2.5 R17=0 R18=5
R19=6 R20=1 R21=1 R22=1 R23=1 R24=0 R25=0
R26=0.5 R27=0 R28=5 R29=0

) OcOdi3j sted Cctokzej REBEOGH

Prog_;ram Channel 1 JOG

Channel reset

Program aborted active part

3D-simulation DIS EKSPERIMENT.MPF

Program editor:;

N60 GO X30 Z10%

NG5 IF _POP==1 GOTOF POP*'
N135 CYCLEBE"VB",RE,R3,R4,R5,REH?[] START1 %
N75 IF _GUSP==1 GOTOF GUSP"'«
N8B0 START2: '
N85 IF _75P==1 GOTOF Z5P"'
NB87 GOTOF END'«
N90 POP:*
N95 :PROGRAM 7A POPRECNU OBRADU__ %
N100 G0 X22 70%
N105 G1 X-1'%
N110 GD Z1%
N115 GO X22 72'%
N120 GOTOB START1'%
N125 GUSP:'
N130 ;PROCEDURA ZA SPOLJASNJU GRUBU OBRADU

Edit Filwire FASolid
frame view

N140 GOD X30 Z5'
N145 GOTOB START2'
N150 ZSP-*
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ftcjSts Sodstesd 60 tsBslsO Mk LOMskf? jdd d L
ltoddsjtc § S U@ ciplOclsso 0°F ] foscic@GEO Mstekzec® HO
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Set Subroutine START CYCLE PCTURNSS

Print to Screen: START CYCLE PCTURNSS

Turn On Output 2

Set Variable START _MILL_PROCESS =1

Wait 20 (10ths of seconds)

Turn Off Output 2

Enable Input Interrupt 2

Send Message SET ROBOT _STATUS = 1 to Robot Device Driver ID=41
Return from Subroutine
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s s s s e o o o s sk ook s ok ook o o s s o o e s e s sk s o o ok o oo s o oo o o s ok sl s s

] B chfesctOd L O MsOLkss OF ] fsctOd

VU Botsd jSMijttdd) dsk wsesbmSy §scdyd j d Isjn
9JLOdtse LO fusdwifoO® Jdat] Hgs ez © J ded bsSCsd j ¢MY
yddzd dzHted ydzy HJ dzsej dzOdL d3j dzd ydzO REBOBHBPIsP@DOte
CNCf 8¢ tcOBO Mlstekec® §wOlsd dL djdkz Hj dss O.

[0600° Isdf JjSmijeddjdsd ‘j Ld&kOyo O0d MO fMkod
Oz HdMisedebyd O {§ SOIHO;SSOKCls dapessh) § dsed &5 v 06 5
L ZOYO‘ dz0 d B &OGBGo ts] d3jdsEa@lEiedddeisaa \ ifaDuzpip0 oo L
¢ s B s dZ)FMO.s O

6.2.4 =t et YT Y DEMC

rtszed 4 SmMijteddyd dzls € OtOC Is jHedD kztc Os tard g 6 O dzdyuddis](
5B e OHFGEN)O MO Isted NC MmjSojdzyy GSEGNCHOBEGHEEZMI O Y&
mMd Cojdyy O catsHOdyd d 6.19)H GPdNGgdLod;@EBNG u HEeO H
GizsH Odzd yd .

=
[5=]
e

<1

50

o~
} W

80

o

'?V. } }

4 dzd 6.0 odL BOISdyded Hit jCMijteddsj dzsO ¢

118



2,93

1,43

o

a7 o

/:’ =i n; '—i—‘ - :ﬁ‘_@
A | %/"1 :
|
|
|

1.2/45°

<
|
|
|
|

- |
|
|
|
|
|
|
|
|
|

L]

7199

— —

0. BNz dz® d ¢ dztsH Oz GNClylskz¢ Iz
g4 dzd 8.0y 90 yddzddzHted ydz0 tsBtcOISC O J MY J tod ¢

ltedstedlsjilsd E tsetdy j ¢ MY J tcdgj Aidsimcedddtpmiactuin@lsd, Is
Planningc j  O9 © L OHOIOS ftoj BO ftes' jCIstso Odesdz tcOMY ts
Ctedlsjted g LO EdzOLOSC Iktej<jc HJj&O & MmdMmisjd. |
ZO CtcO<ts’ BwOHd d2OH Mfjlstflice is. f widjfuzChigQ fofinlsi)y * czdg
sf jteOyd SARCc BBz JO L OEZL jIsO Iss Oc¢j dzls W tstcd3d te
yddzddzHted ydzdr HJj dzs9 O (MftcsotsHj<d BOddf zdzOyd "
sSBtcOHEZ d @O EkzdzOyd B tSHEZOCOT Q). vifw®E®fCd f
yddzddzHtedyded Hjts ftoj B3O Ctedlsjted ik Btets' © fj ¢
RO d&zO@ ftcj LOoth Qo0 GBEOHE d j ofjcdElsip@ddesizd B j
tesBtslsmMSdr fjCojdayd.

ltcod Myg OBNEd tesH Odzd yO L Oo GNCiHfjls s iz & O H tnstifists s H< jls ds
ftcots tcOHdd ftotsMlsste cdzcHOdZdy) L O ftedrno Ol ook
NCfjCojdzyi CcdzsHOT O Istsé Hj dzO. RL MfdmSO dBtsaek
CizsHOY O Cts5° § LOrRlsj 90 2 dHJdsdyoOd ftsdtsy O ig]
Y *ldn f sdis<dese ftocdBtstc® LO MisjL O j). [oj Isjn dat
etsBslSMEO M S o j deybnlsOWAR /OH jioid - 2 P O jzB jn o OlsO? ¢ j t
zosh je feMmlsOe? OF O tsHdsMdzs yJ dzlstcdtc O O (BJ EO.
fpdzj Hd ¢ jorOwedS j tsH 1 s RO dgd finxizrGryld 1 PdztlfdBeh)d &34 ¢ 5o 15

fsMmMisOe? OF g ddOBY Ok, d ftoj sMisOdzO Isj n dztsdzsh € O

teEed MALBCHGRstcze L O toh BICEdEO@dzd e jimd Misi d3 |
ftesyjm tBttOH] f Bo (dOMisackz® Olcdgf disHijz Mmj S o j dzykz
sBtOHd &O MmMstkzekz. 1 0 HO? ] MziHd BHEZOGCO® |J] { toc

SBOH)S ol®@ B s dzOydzaj Hoj Isj o ddsOme & jdzishn jOdedjuddy j HJ o

2%y s OE&BE H d Cdafless? | L O SfHteaPtOf dsj dis 0dzd §f E &ZzOyd & Hj &zse d B3O
119




RL Mmfttse jHjdatse Sy jtedd3j dlsiO Is3ss dets digh € i 18 y difsicfe
fedmilsdyy Mk d tseslMej-fHNky jdufei &ttH ki izt
MjiCojdzyj. 1tfftodsBOHUREE® sits<dd ftedptste L O
Bdlsd ftOodddats flsjcdzzls R"o0O?COBO wsBSSO L
CBOCIjtedmMsdS O (BS?j toj<d YBHOOS) “j ° jHda
ISt OdemMW stedsd " §  dif tdf thog) telsfOfs tafiAgaigd=u € dsd dssted " j toB

63 AdZOdzdL O ttjChEE@Eaj dzOkkO 1 d 2

) 8COLOIj?>d jSMmijtedds) delsOckzdzd s dMstcOydo® O Lk 1
©jL kool j

1 ftcOoddzdzgz HdMistedB zyd " & BRES CHRESHs dafs'Cisted h < j
Aftoj desfn d oij BstedMO® j ddaW sted5sOYyd  © dz® L Odzj
AR Hdimlstedelkzyd 0 MOHEYO O kOEO/ 8500 {§toj BO

Citf sdzj dzls O,dfO fd fMls i BRO

fdisde ©F §j W Ikdl g eR@ENG@Etoffiizdipg@P jfgp OC d HJ 5.

QfﬂUJHtESdﬂCBJ@dBl@QH%J HO MJj ftjoOMnBHAGE ditsyj
ddeV stcedsOyd - zO0 tj dzOyd d IkOc EftcB®s? Oy

?d BGIJGGZE[O@QI@ 0 ¢ Mtel b ddjoddOO MOj ¢ bt

dzsds) kY tcOo? ORRBIDEIS jBrj dzts dRISEE{dShj <M OMJj € o § dzy

) dzls © , dzjdf tolis oBls iz B etsh S s b kOded § 2 &zO

@Ot@l@iﬁlscl ted Mis d @& o sk dz@ dsdbwdeiPls dzed * § dBsce zO

Paguasz a5 j € MY § ted dfipiEsiOs of et RAES Pls dig O TS dats i
fogar sMdzj 1O Todh QGO i  dGse0Q dzshls  f to§ dzj |
N0 O d HJ oW dnsiPlds ey s hlsd  dssH§ 20 k2
j diBjddzioOted < OB o dz@tsgh Iste jf @dsdyL) )00 dz@ ts °

jLedsOkd dhmsteydo 0 0 HJA@OB]ykshlsd &sHj &0 [t
POUH . EdzOYd 5B SBOH dzd & taf | QteCiipigly jIsHO tafiColrds' (OO
jdyd, uddi fi dscds shEolekd oty ddlsd H(J

d@dzdsld WEC 2 YzBMlso O  HaD] @ B fists PO . t6 b 1 dats ¢

j MO O &0 f5 Ook GihOCO ' j did ded d5O dzclaC
d 1I240[ ' d deGsigiEs@edsiazl Ate sfygffdd) v d ylz  dliBy dzj d3d
J .

jBhGd edePEE ©jLbdsOkj ¢5°d §sCOLE E
BsHJ &zO. 1 t6] Hsdilg aidg < detg fiplesd],” ME G~ J  dzd fipln disth)y dndgy dig
HEZz OdzaiBfipjsC o j dzyd. 1 0 fteddijte yYj dalstcOdzdets GNMzts B Zh
Mistclzc &z CNGEJdzede@ dzd yd . uvtcj dzzlsdzs Oc j BWEMST &6 ¢ dzeg ¢ dzj
dzd “j] MismMscBOd LO ek otMmiskz =HIpdHASHd 9LOO Otc j( @EAd Lj
dmlsesfgts d L OkzL j <J ®BOMNddzj 2 3O FdE) g sz Iz

rsed  jded to] usk2 dzls Odsdff dapp@JAGROOfYE S Gte OBt O G 6§ dzj
tsBlsMS oy thg GREBA I - sdscd j] &sck HOld Bjdaj ¥

1 EdzOf 6]’ j°j WdzjCids dfddEesidyC Osj ¢ des dzsh € s @
T sfsdddL Oyd & d EdOfti' 4 fesyimoO (Isj-dd¢C

q(__. ~ Qe )t
=4
o
F

PO T O FF S

FIFQ NFrI—o

i
e
g

S S

- ns-.

Is
3]

J

jto
jtwo
st
[S3KO)

120



T tsHdLO ] ddOsO dL zyOs OF

RfMsEOY o 0° O Mk fsCOL OO SfcOHOdSNs s’ jClte
AOHsgttsdLotHS j, ©OMsjtkj<j’ O dd&fdj didlsdtodda

<jd&zde'tgL ddzj d HJZOBJudkshisd f(esyjno. rRfjsts lsOC
bfcOo? BEP shEsck<dds ketL Oo OF ] PEMCSSC O d da¥ sted

V JSMyjteddj dalsOdzdetsds Hj ke HdMjtelsOyd j, SOt sl
Yd dddyp EP@asoOf bswugpass j RBOC jict cfOBdoBAf SO &3O
L ORlszj otgj " 0o OF Iz s tc © dzff) iBQ.tc Islstzfs W @oistzts ¢ O dzj S 2 S H o
Odz0dzd L § L O Hjsyetdj SOzdd dmf 5 tBdZdSE d HJBJ d d
BstwOdj EC?kydlsd SOfOydlsjls o&j dsted j IStOdhf stcH

64 1 tcQoyd twOLoats O

ltej HsYd dzgd sHj dz kY tc Ow O P @plsdoAstz i d20 dgzy e  § & s d
COL detsdzd € s5fls d DEMCH] fods @Y MO dLoBH? o O CtesL
fMsWlse jteMS e tjihj© O.

[CttOdzdyOo O E<d Y OCktt Offj ChEyiudzOf qi5@ O O 4O
d dgt sted3OYyd " O Is* . sl O difisfody tsHY B @R3P Is | s O B34 B te
Is tc © def § ts dsHlsj otdftedgfE< tg Iz e dztfots] s dsticldzde @ Mg  C s BY dzd Is
f OtcOd3j Istedd H @ tc § ¢ wf@pEhnCtely OL Of dh 2 d Cstdmisy Lk

fesyjmMkz. [ SMso Ok 0 OCodR ®Bsck<kghgOf zdkty j
Bj Bedl AR ITOBH GRE so 5¢ MOHEY O O d2O kteOdhf sdzH § to

VftcOo? OF j d LOBR dz0 toj L dzse OdzOIsO k GMdzso dzts 3
Odzd ' J Btsc BG Of Ifls j=if) fod@addin € | tolp € @ deft) ff & &z Is @B d dzilze fip |
Bts Hzjzdf c O YO UBHms e k2 f sFu@dB'zj) 5W dzj OFMCENG dzdtsh I§
EdzOftcjHdlsd Eot' j¢ jd3 € tsdz@ B jfeedDistisErasfOs i ts e <
sMdso degsdz tetsBtslsz E yd’ k2 dLeoteh Qa0 O ftsMmists’ j <
BOdJf EdzOydsdesc/ dr L OOl &@Ols ts| B ®dA® dz®Od do # isdi Bdf L
£ yd?’k MmMftj yoe 0 0 SCtsdzdL d  O. J] o O tctsB tsls B d
ftedtozdgeslesy j tBYFOME L0

{ OL o d SHdgedz B wOasQUsBLMC s HIMjtlsOyd d HO | dz
ftcOClsdudstsh e Bdf § &0 BSHHEHEH GO LRCOUTE] ISt
dMmisj &3 def te. § Odzj lsded bktOdmy stcls. DEMECE j fiisigd&sQIg tc

noOldd jc& dLk

fedazOesndisd d dJREVSE d3ydialsa eipalsjdts sz
2 hMCosdhtdd Mdhisj BdB30 . wtsd’ j.

121



7 YAsh v YAs

~

Sod HGCIYuagn&l Gowd @ dsls @apds ko’ OF

Pz ) dasaiz®@dz B REINfls | ~ desdAstE d j ©j dzj L Oo d MO
0
d

o "y
=0 0Ra

g7

Odkzd d St Olsde d dFMER. [oifizs si@sids * djts Hgjj i
d MOcGdjHOs OF RFIDIsQ@ Ralzs dB cdf * d B3tz dzjzdgjsc
¢ mds d dzdeff § Otizm wsAygidoztipd ysdi’dey.  toj Odzc
S Y RPRdd @z Is 5 BB B fi) Szls d WOf B q @ 5 H RFIDZO B OL
GsE § ZOdzd O j kjrndsksh (se §sMskfto d&O «
9? OYS ¢ MdMmisjBO .. &sCO0ddLOyd O kftds? C

KOs Cdatcn dIsPC Isiistm | 20 L @O H QU @z] 8 Hd B d dzdzi <
Hdztsy J d20 E HEC s igHtss daan MJEddlsdl Qisd o dzs tod
sB Jj L B fasy tc OB dRERESTH IS dzts degtagsg z< O © HIMIsted B ZIsd ¢
2 @0 d dzOHEMERIOL jLLQ dzlsd tcOdzd *> €O 3@ s iz tzr® s
SHdshz] GEBOj ¢ 0B OtdlsO, C¢t°'d LORljoaO E BtoL j
(CNC &30N d 2O 30) d BOdd§ zdzOlsdo dzd 3 MdMisj &3 BO ( et
ss®B) BjdS O OH O KR8ty tt 0o ? O 'z0 o OdzjztkEj dzOIs
dzd § toJ Hjo dMdlez[GUWEL 5] Ctsdzydf JteOdz ddsH j dz ZotsHd W dzj ¢
dzdots EZftcOo® OF O.

[BHj &z b 8o HOf SOk ‘) :
1 bjodsksed £ LOMdss Odzz &zO Oc j dzls d GO,

T {OLO®R] s0Oehns s ANEASTePdgd & Of j
1 %dzjChmdeddds OdO] d &jlsHj bk fesyjndEo ¢
lstc O dzf § tstc F@IC. Iz dalz s O to

[sHjd ] bijmsdwOd §O0tyd Odkds {(sks<k tj Odd

TR QN

o-o0°3g

G o0
o0®n

Q
5
O Q.

§

S eSO, N =
§N S goz=go
o}

g FNIITEN

dmMstcOPd o OR MISGOY dp O sBkr 9 OIsddzs HJHOSC I yYs J W dzj
C i3 tsdzd dzls § mkz Jd &3t dzj d3d dzls d tc O dzd £ o j<ddz h Cts
disteOpd a®clz M) dMSstdhisdB ¢ OEzsgfdads @ ~L O d2Of e
Bd sSsHO d dOYHMO, @Rt gz Mot 8° figldfedz@ sz tedf o3

0L dzso tefded * j, Hiok@a@u GSHS MEOBEDEsH] 4§ 1sd B0
f SBSO0 jRdesdzsh S 56 fosyj MO §sHdybk<d ddots € sd
Oc¢ ddzdesmisd ydadd Wdzj ¢ Mmdsddzdzfs dzd & J dafud@lonH G dif IsCj QEOC
df oo j Hj dz0 dipAToY 0 0% @& &zjf BMRCdas § uddzj dsq dzd RO
sfhdzso dzz € ts daf fif le(jAtacdy & o5 ©© ) § o & 6jHakOd OB Oo OF j L
SBOL 5o dzd GBI sOUARBE Y j dzd  R3E % i et P d IO Okzo ' j ¢
¢ i3t @aOshHf s Mo ts' ° Ml tgjly Ude Iz thj@rdafidzi dzlsf do @R o3 ( datf te
BOh JHOfs dzEMME 5 Mot  &° MisklC lsdad QdzEdafa At dim
(df 6. toj ¢Oddets MS &ZOHGh Isj) .

[BHjdk Z{@HWE’ P¢ @ sHisB Oddss ©d idd Q@ updiziteff " yd d3j

f smMdzOlstcOdzd HBsHJ &z 2§ tcOo? OF O FMSfutd $laO@fIsO fig) dis Hig dd
FojHi Cti3f tsdzj dZE @€ jwtzdd jf s BipaBREAO0BHHE. (L © &iBd s
Hjdzse ] CB° ddBBO Istcj B O KOS Istefitxf@xbtilg €] \gegdi diz disj scGLo)

122



CSdzOB Sted 6O sy dats eztispdistztagizaf O b OC Ptc O & Mz f tsjc’ | dz
BSHj & f.cOs? OF O

) 6] Gl iSO 0d Q@ ¥ d ded MOdzj Mk § sdzOL dzfj djds S H |
fslse ol gz@A)ls Oo C kO PzBMIPLIES] f 5lsj L O f5° j H d dzOydzts

[sek<] “J ©OLodlsd BsSHjdz ¢°"d B BsScOs Wiz
HgdZOBd US PdhptetsiBsdy0’ 0O oL zdQd b dzg ¢ 3 @ e dadzBets )
fdmlsj B30O.

U ¢ OO dzj ¢ M efifdiAigdd J i3 Of OQhdisss "fislsote' 2'da d s
dzd s j @Bl tc ff tctsB dijtepQilgiftdn f 5 C@dsP H  BOdzd wdztsylsf fd Mls
“d fHtoe jdemise jdats sz Hd YO WAzlstcOdzdL s Odetse iy d fr

yd d

|ZO o dzd dzj IsORIOPEGFH s ] Mz tcg dMsC O  fdztsy j desfyls
Ff 8@ayC sc¢ fipldfrdsdj jdgedia) Isdgigts tSHLc{aO d i3 dzj d3j dzlsdff tc © dzd ~
Gjdzj toDliats o j dzd C O Istsdzj tc Odzy d ‘OO C@EYzlstsy dzjStg d YL Qztshy:
f sHfMd HEG EMS Mk 7 d@CidedgnidOodzd L O & d&zOo dzd (Y
cOUEdzOteMS d TAGsGEE &fmw®Odshnd Mo j tifddXsj?v0d jOu O daj
IsO¢C o 5 BIBHAEdsHS ddeW¥ stedBOYd 0 fj othd MdzO® jdBi € ¢
ftoky OF j o dz¥ steBOY dd Ofs js H jsdzls d6ls GHEEOx 50§ ¢ tc OdzOIs d * Iz
nd  jteOtend E d ko j<0O%j dL HGES Rk st @d3?S jtegizdzd
vOCs' § 4 klade] | fasdiue@ifiey ielzj j s jteOyd j, b0 Lk
HizY d BH MOBRtc t:8Ewdds diLididaeegdn@. HO | it
d dz0 Bdduy dets M © ¢ dalzdetsiplsy jGNO dMisd M ftojoOLddOL d
J i delOmdipidgls § 30 d wWOMIsjted <j.jdB3 tOUkdOtems dr |
JLd dL dfi isfsEl O @ Q WA, dzdfif @ ‘@ Q " ©PB OVOKOC O
O)da‘elch jdzgj Mk OHJjSCo0OIlsdzgy OdOdzd L | , dzf MO
o  FMCENSM O ) df 65O ZONjEP" pTO, COCss@&OhkhlsEEe
fe@EHOYSs' jo cOL dsednNihgf s wmESEdgssL dyd -
sd3 OdzOdzd L .

1 smd B dzO B f ‘M3 tc JRED Mde@zL steME 2 B th - Gets g Pz

d H J dals d wizef § Ezpchi © d dzpfffiisci® © NOR§ JOC o JCdusiE@ s B §HH S o | dzy d

MmMe@&dGE HJ O, t(JjLEdzlsOd HjStsBfBLdYd J ftetsyy MO
Elseotc' doOF j Htodd3dd dz°> dodnr { ®©Is fiitddssy jjiifag wdj @I Itcdedzist
BSHQA I tcOo "DBVMAD Y tod bfiteMPf sy MO d § slsdptetsy MC
Bseclz<ditsls dHY el de&@IdK) MO fesyj MO

MmdfslsjL O j ftetse | tdpsad @dzOdlLOR dD di®) dujjolsdBizls dzj oz
ZOMsOdzO ftoy d f§omd §dk®&k] OwdddicsByYydL g j & O
b 8@0 Ct° d Mj BOLJEOME sdz0 sisje )l tr KoM i st & dn ls

J 90 ~ndff slsirD ffiiagigolids GHPSOOd OO dzdL § 2 HdMmJ tels O

[sek<j ‘j GMsoOtdlsd OkktsdkOlMSE dHjdlsdWds
HddzOdd Y ¢ jf dzCMEJAS O d HdMmlstedelzyd & Hj dse
sftejdj b §smsts’ j<k OwndlsjChkilk.

123



td 3j dRFB Is j 7 dets dits chgd fifdstji@@e0 Bisczedzj ZOOBE Okl tsdts
dmsedelyd O HJ d&gdBlsdassdzd Bl § dyg Bk @®] " 0o O
d mdzszg " BOded § & dfAoysiys dipifdgs BMCadzlz s O t

G

C@nj dzL st j tsftej di3j [zts dislz < afirgis dilsiafialz ch G Qaepl Oz

Y d IsjOdRFID Is O.¢6 6 dzS to jUsossO Stejjdf:j toj dzls dats ¢ B te'tg d@SBCL Off d M C
BON d dzQuOY d M) O] dE®c3] tstRiftshlsldzj s te O dzf § ts BMCezts OB fls § o3k
ftesydls,Odalz@® Osmdzso £ H &g ¢ f daOs 3l HHIMEHPX Od3 , 5B tc OH T
Gjdzj ted MOIsd 1ty witiPuelyj @itz j yd " § kL f Jjc d3Tipz) dzls dats
sHod O k toj Odzelzfp dgls @ Vo Wesailidnlr tcj Odzdzets 3 o toj d3j dzlz
Wodzj Coddaj € jsdp@® fne 5, j dplyid Quani@ wy " § dzfs yJ ey dsi

2O HifdaFdgj E<d kOyds f§tjHoCNCHE®] dki tctedgl dOf
sy tc jidgltsd d3ff dzj d3j dzlzd G @d RjO W f<®Octs0 © L O dMd tsH

Zuj MisOdztsisy " gzO@j kg P detfizts  SMsz§ @Y Bj desds  § Ot O3] Lk
ftetsc e O@BiILOAUS d i GNOsZOMH dadts tndz dzd ) friCh) tfetalztsdi)jls B d dz
C°' d Mazkyo  ded °{§ tzis & 626 Updzts dzflagd@rHQ ozd Bl jd L § Odzj Is,
Hi zf 5@ sdd s @y BEmME B d dzdets® < j dzd * d .

[Bek<] ‘j duHjdsdidCcoOlkd *tBJyRf@Po YOS st
Bsdzd s ste d dzc O.

g

@S O OnidljShkkzted L OfNdEO0 kA Yiozs @O s & daf
qls JCSuS s jf BH©GOL Edsj 0 O 15 HEGSpHAGER A<dds diftogs Jkadods jo t
Jsimt Ozl I jsdzn j deyd " 2z  tc Oy AdaAs |3l datf $id) U dgts ds §f dz J
SEEOBEEONBHEEY § O § O & daEzsd | LD GEME0OD, ' J

g5 8=
o)

==

| tolst@y fROBIL@B digls diitcn s Es® | fucd & H8F | dzO

C o B dzj o3 dzls Otfj § oD B  BEEHEg)§Atazs dasEdgBRisE < 09 O
Bzlsd o Odz fPddids jdd3 dzQHEMBBR®A®] dzl®d S5  yddzj Otsr
E HOH GlsgdE z<j Wdzj Cde ddesimls, O0c¢ddaddsfls d
DJj Ocj OISO Mmj oo jdemlso jdets ©HEM] d&O HJ
SHo{j]" A tetsyj MO. Yhoj dz@tBj eipgOO o Otcrn dIsj CIsktc® MOH e
OCG j dzOIs O FMO, dA[@tskjiézy j OOl S d Mk didsfteh ¢ O
ctokzy d 0C j dOls0) d HEst tcddatg ifgOts @lstE dzts s df &3@ to of iy
e ") .

Acjdzlsj Bk ftojHBY] dsd dtH j diO dissHdZdsC Hn Exs@ESIS s deoddzk
Is j n dets@ztisdfOo dzd OMY j Sl toilyfls to dste dialsts ) Idn d Byds jj dg@Is © 15
C s dzls to ts dzd ¢ jzazEBlc@ MG C o Plsda®OtEOMO GLAAEY jfzsd ¢ OL I2°
SH©] 'ojodglis 2 d dzls 2zt d ghllzde M gets ¢ ] Ooffsaf @ias B ds o O

tcj L 585 0 Of E@dzdfte’@z.y j v OQds] gesd Mszf O & E Jdzlsj teO
SCwhkid, d k2 LO jHddyd MO HAxRjcdludl) (Ax |fipEsalrtds najd
Bz HOG j diGdsdgr ydtsdzd h j , 1S @'ts] Oujdgieiag 20 S Is d o dfdrte jO Gj jdadO Is C
Oc¢ jdasd fj dzOEzOLE  F SEEmToQl0 Hik e j5 00 ditisic O dafj
RZOwOL d Ek tOEkxds O° 0 dfowtsusion O) yd 34 © dfijse @ sy
C sd3lz dzd § OIsAE g diglsffls .? jLld@fislz f Bts H B FME,ffigtD o d H j O dzdzts
f tod dZOFasi, MlH @pFsMse dzd HO § shem s S & dif) Beefd fsdatisl 1sid
SH osd3j dzZOBO Stz JSIS o szls j 6o j dzyd * AG jfyeists ¢¢ OHsd L 600 ik daa

124

OI I pOosQpc



MdMmisj &3 dOdzOL d Mmj W H(ddagGasd EBugzEcRdARs ) | fi

"4 HOOs®dMPtk Is sdis dxtiafc Jf dzlsfdgts f sdzO" O

Q

l s BOEOdd § e dj B Bsck M) $O0©OSk,jtedmols
¢t d M) dsckz tjhdlsd feddj desds OkOddL ] d s

stz dHIOEOEPEBG OdOdzdL s Isjsted”  MEdrmr §sMmMisOs ¢
d¢MmY J tod Btz dpdetz@C HO JL BBt 5B tc OHapkl frafdrdsg) 3¢
stsdzd yd dzO ¢ tsH Ols O REID HYdtdg jd&jldsdas JLizAsejdn S HFMG.L B S5t O
1 sMdBOtcOdegs MO M isls jOats dEs dgtds difj slas@yd dEisckz OB dIs d
fofmdi ndylz ddi30 W Ed$ y 'y desipesjol & & §d@) Bz dz9 o § dzO dzc
fj ¢ Bidddffr j dzlsd W d ¢ Oydtsdzj Mj ¢ 3 dalg )y djiff Odadd I Mdstie.lz
AdzZOdzd L sy 3D azditfsEddd OC O ff BMCighsslsided = j 2z d°LizeyjOfls gH O O ¢

LBt dzgj OHJ] CoOlsdzte BB OH e SO fgzdgPiip@BE Y J 7
Iz twdjlso@jter dets dzsh Cdrn L OR BQP o @ ‘(P £©c B OL d
dzOo j H j dzd -, 0Of s®©sidfj 3@ - S olds cH dafij J" O PP dizO RBEIBZO dzd L ©
fsHOBSOCO LO HO O IO WEkdS ydsdOdzdzts fdzd ydzd = W dz
2 Is @gNCinl&ztie EMCL d 30 Mils OdzH OtcH dzd Is FWIC2te jdodtEizptigasiss |
QdzOls§ k£ to] o t5dzds Qs this@ Ay 6 © o Jizd -, Oz s ' J dzd -
Clolz f @yjddzse O, sz p BERA dgsy | s Odetso dIsd Gecdd Ha & Is s fr
Isjndatscdzsh € drn  (OsldlEadeDizdii- ¢ | 860. wftetseo jH | 20 OdzO
FMC f te ] (30 ¢ tREQ Y dsded®Ils OC O, Dé¢mpsitbeShafedsy sjeWZ dzSjy d
o f@BFL §oHthCE MW Mayjiderfgf s 0 0z0OtsPL EdzlsOIsj Ct5°
dLetste (i sdzj dzOO §toj B @ Jalf@z(Qc Cztd  jcdig)zdf j Oz
fsteCllzte® d € tsdzd ud dzO L stcC SRFDAsHOts by iff $i30. 4
anchc[dzdzO <jdzd 0 ) ifdOtcOdd ¢ O®s Oj HJ dzf
Is jtsenjls Z frOC Otc §f dzf st € S dFMB dzj dilsjdtstcd * M S 5@ fr]d3q’fr]'
o sl GZO BsSHYGEEZ,L @&zt dc O of jOd. @ o [k dzls AQjdendzd, L Oy d °
pOBE O dqiOlsd E oadHE

mMdzseo z dL dzsy § detse  ff etsd MB d Wi o3 pa <t fiddn € (s

j O, ¢t d <] td@tscbk<Jdydi Y isHisd & ddd Wipagts gnif @ ff ()
fnchc[dzdﬁJJ, ftotsdL o tSH

sSSut — Q..g.'_ >
00 "-0g
. N g_ 119
nkw%g

125



8 " - X AYYA

ArendarenkoE. (2009).A study of comparinRFID and 2D bar code tag technologies for
pervasive mobile applicationdoensuubniversity of Joensuu.

A.Seshanka Venkatesh, K.Vamsi Krishna, NRKSwamy,& P.Simhachalam. (2016[Robot
Navigation System withRFID and Ultrasonic Sensorgnternational Journal of
Engineering Research & Scien@dOER) 2(9), 92-96.

Avi gi eni s, -CA.Randel,b 8p & iLandwehd, .C. (2004). Basic Conceptd an
Taxonomy of Dependable and Secure CompuliBEE Transactions on Dependable
and Secure Computind(1),.11-33.

Ayatollahi, B.Kittl, F. Pauker& HackhoferM. (2013) Prototype OPC UA Server for Remote
Control of Machine ToolsConference: INTECH 2013Proceedings of International
Conference on Innovative TechnologiBadapest

Browne J(1988) Production activity contrd a key aspect of production control.
International Journal of Production Resear@®(3), 415 427.

Chen RS, Tu, MA., & Jwo JS (2010). An RFID-based enterprise application integration
framework for reatime management of dynamic manufacturing processed. Adv
Manuf Technob0,1217 1234

ChristensenHI. (2013) A Roadmap for US Robotiesrom Internet to Robotics

Duffie, NA. & PrabhyVV. (1994) Reattime distributed scheduling of heterarchical
manufacturing systemgournal of Manufacturing Systerhi8(2), 94i 107.

napil M. (2005), Evidenci oni Mosdgmsfijadmdiz u razvo
serije Inteligentni tehnolp k i s LOEA Irestituit, Beograd.

napi | M., & Milalil V. (1995), Merenje par
Ssi st ema pri menom mat emati | k2l JUPETER i | e e

konferencija, 17 simpozijum NU*ROBOTI*FT&653.70.

Geekologie .ASelf-Healing Robot Skin Grows Back Together WhendCuts j zL jIsts 6. 5. 2
f @ttp://geekologie.com/2013/09/séiealingrobotskin-growsbacktoget.php

Geiber C, Hanisch HM. & Ebbinghaus S. (2008) From IEC 61131 to IEC 61499
fordistributed systemsA case study.EURASIP Journal of Embedded Systems
doi:10.1155/2008/231630

G. Mirkovg&MZ. nBak iRFID( @BPda6)ogija u stamiggga f 1 ek
CNC malihiK-Mal.stragi vanj e i r a z2%2),j31-44, UDCe g k 0 | |
621 ISSN 0354829

126


http://geekologie.com/2013/09/self-healing-robot-skin-grows-backtoget.php

G. Mi rkov,&M. mBagki il RFID(tlhdldgy in the function of generating
flexible robotic sequences of the FM@burnal of the Brailian Society of Mechanical
Sciences and Engineeringl(12), 112.

G. Mirkov,& .. @urkjidnAmal i(2a01mMdguinosti pri men
identifikacije u procesu fleksibilne proizvodnjéehnikaMa g i n 852864 doi:
10.5937/tehnikald852M

Grzegorz N. (2009) Optimization of Execution Speaxf the CNC Parametric Part Programs
Advances in Manufacturing Science and Techngl8gy4

Hatvany J (1985) Intelligence and cooperation in heterarchic manufacturing systems.
Robotics and 6mputerintegrated Manufacturing?, 101 104.

Hetal N. Fitter, Akash B. Pandey, Jitendra M. Mistry & Divyang D. P4&014) Comparison
of Parametrically Programmed Machining with CAM System Machining #or
Continuity Bezier Curves Based on VarioBarametersPublished by Elsevier Ltd
11671177,doi: 10.1016/j.proeng. 2014.12.395

Huang G.Q., Zhang Y.F., & Jiang P.Y. (2007) RFID-based wireless manufacturing for
walking-worker assembly islands with fixgmbsition layouts.Robot and Conint
Manuf, 23(4), 469 477.

Huang G.Q., Zhang Y.F., & Jiang P.Y. (2008) RFID-based wireless manufacturing for real
time management of job shop WIP inventorlesJ Adv Manuf TechnoB6(7 8), 752
764.

Huang G.Q., ZhangY.F., ChenX., & Newman S.T. (2008. RFID-enabled reatime wireless
manufacturing for adaptive assembly planning and cortdot Manuf 19, 7011 713

Hvilshoj M., & Bogh, S. (2011). Little Helpe&n autonomous industrial mobile manipulator
conceptlnternation Journal of Advanced RomoSystems3, 8390.

IEC (2003a) IEC61331 , Part 1: Gener al informati on
http://www.ims.org/

IEC (2003b) IEC61804, Function blocks for process contrdPart 1: Overview of system
aspects. Il EC. ltjbkzLjimsgorgl4d. 2. 2016 MO http:

IEC (2005) IEC61494, Function Blocks- Pa r t 1 Architecture. } g
http://www.ims.org/

IEC (2010a) IEC61158, Industrial communication netwerkeeldbus specificationsPart1.:

Overview and guidance forthe IEC658 and | EC 61784 series.
MmO http:// www.ims.org/

127



IEC (2010b) IEC 61784, Industrial communication networkBrofiles - Part 1. Fieldbus
profil es. Il EC. ltwjkLjlts 12.3.2016 MO httop

IEC (2010c) IEC618048, Function blocksfor process control- Part 3: Electronic
DeviceDescription Language (EDDL) . | E
http://www.ims.org/

IEC (2013) IEC6113®B, Function Blocks- Part 9 Singledrop digital communication
interface for small sensors and actuators (SOCHMS2012. ltwjbkL jlsts 12.
http://www.ims.org/

ISO/IEC 144433:2011 Identification cards Contactless integrated circuit caiids
Proximity cards-- Part 3: Initialization and anticollisiont tcj 212j.I13s 2016 MC
http://www.ims.org/

ISO/IEC 144424:2016 Identification cards Contactless integrated circuit caiidBroximity
cards-- Part 4: Transmission protocdl tc j L jIsts 2. 3. 2016 MO httop

Jeng J-J., SchieferJ., & ChangH. (2003) An agentbased architecture fonalyzing business
processes of redime enterprises. INIEEE proc. enterprise distributed object
computing conferen¢c86 97.

Koestler A. (1989)The ghost in the machineondon, Arkana.

Lin, F.R., Tan, G.W., & Shaw, M.J. (1998). Modeling supghainnetworks by a muktagent
system. InIEEE proc. thirtyfirst annual Hawaii international conference on system
science 05 114.

Liu, MR., Zhang QL., Ni, LM., & Tseng MM. (2004). AnRFID based distributed control
system for mass customization manufaaigirLect Notes Comput Scil039 1049.

Liu, M.R., Zhang, Q.L., Ni, L.M., & Tseng, M.M. (2004). An RHIEased distributed control
system for mass customization manufacturiBR?A 2004 :Parallel and Distributed
Processing and Application4039 1049.

Liu, C.M., Chen, L.S., & Romanowski, R.M. (2009). An electronic material flow control
system for improving production efficiency in integrat@ctuit assembly industrynt J
Adv Technql42, 348362

Lu, BH., BatemanRJ, & Cheng K. (2006) RFID enabledmanufacturing: fundamentals,
methodology and applicationsit J Agile Syst Mandl(1), 73/ 92

Makrisg S., Michalosa G., Eytanh A., & ChryssolourisaG. (2012) Cooperating Robots for
Reconfigurable Assembly Operatiosocedia CIRR 3, 346-351

MAI 6 Hapi s & AlmadRZakarsak(2012A Framework for a Feature Based Machining
Using Macro Applied Mechanics and Material$10-115, 17111715.

128


http://www.scientific.net/AMM.110-116.1711
http://www.scientific.net/AMM.110-116.1711

Manocher Djassemi. (1998). A Parametric Prograng Technique for Efficient CNC
Machining OperationsComputer and Industrial Engineering5(1), 33 36.

M.A. Razak M.R. Ibrahim S. Sulaiman A. Jusoh,& A. Zakaria, (2013),Parametric
Programming in FeaturBased Machining/nternational Journal of Bgineering &
Technology Sciences (IJETESN 22894152,1(4): 218225

McFarlane D., Sarma S., Chirn J.L., Wong C.Y., & Ashton K. (2003). Auto ID systems and
intelligent manufacturing controEngineering Applications of Artificial Intelligence
16(4), 35 376.

M.L. Wang, T. Qu, R.Y. Zhong, Q.Y. Dai, X.W. Zhang & J.B. He. (2012). A radio frequency
identificationenabled reatime manufacturing execution system for arfea-kind
production manufacturingd case study in mould industrinternational Joural of
Computer Integrated Manufacturing5(1),20i 34.

Mike Lynch (1997. Parametric Programming for Comper Numerical Control, Machine
Tools and Touch ProbeSociety of Manufacturing Enginee@ustomer Servic®©ne
SME DriveDearborn, Michigan 48121

Mike Lynch(15. mart2016) Variable in Custom Macrdvlodern Machine ShQy2-74

Model ovanje apl iUME®L jcd Mk jfdsts dzomd.m0.2026510
https://www.vps.ns.ac.rdlaterijal/mat540.pdf

Monostorj L., VanczaJ., & Kumara SRT. (2006) Agentbased systems for manufacturing.
In: The International Academy for Production gtmeering CIRP (ed) CIRP Annals
Manufacturing Technology 55. 2nd,&®7 720.

M.R Liu, Q.L. Zhang,L.M. Ni, & M.M. Tseng, (2011), Fundamental technology R¥FID-
based supervisory control of shop floor production system, The International Journal of
Advanced Manufacturing TechnologySpringefVerlag, 57(9), 11231141, doi:
10.1007/s0017011-33587.

M. Razak, A. Jusoh & A. Zakaria (2012), FeatBesed Machining using Macro, International
Journal of Mathematical, Computational, Physical, Electrical and Computer
Engineerings(8),11071111

M. Weck, Jocken Wolf &imitris Kintsis, 001). STERNC i TheSTEP compliant NC
Programming Interfacé, tc j z 1 RPls® . 2018 MO
http://alvarestech.com/temp/nist2010/joao/CuttingToolRequirement/STEPNCProgram

mingl.pdf

Obitko, M., & Marik, V. (2002). Ontologies for mulagent systems in manufacturing domain.
In: Proceedings of IEEE 13th international workshop on database and expert systems
applications DEXA

129


https://www.vps.ns.ac.rs/%20Materijal/mat540.pdf
http://alvarestech.com/temp/nist2010/joao/CuttingToolRequirement/STEPNCProgramming1.pdf
http://alvarestech.com/temp/nist2010/joao/CuttingToolRequirement/STEPNCProgramming1.pdf

Onori, M., Akillioglu, H., & Hofmann A. (2011) An evolvable robotic assembly cell.
1t 2L jIsts 1 2htthsO/wvBqv@i2a0 O
portal.org/smash/get/diva2:439255/FULLTEXTO1.pdf

Ozan Erenay, Majid Hashemipoug, Sinan Kayaligil (2002), Virtual reality in requirement
analysis for CIM system development suitable for SMiagernational journal of
production research, Taylor & Francis Ltd 40(15), 36933708,
doi:10.1080/00207540210158843

PERA - Production Engineering Research Agation (1969), Survey of Machining
Requirements in IndustriPublished and Producedd by PERA, Melton Mowbray, UK,
1969.

Pétin, J.F., Gouyon, D., & Morel, G. (2007). Supervisory synthesis for prodven
automation and its application to a flexibleesbly cell.Control Eng Pract15:595
614.

Poon T.C., Choy K.L., & Lau, H.C.W. (2007) A reattime shop floor control system: an
integratedRFID approachint J Enterp Network Managé(4),331 349,

Programming Guide 10/2004 EditiddF-C5 2987AB10-0BP1, Sinumerik

Qiu, R.G. (2007). RFIEenabled automation in support of factory integratRobot and Com
Int Manuf 23, 677683

R. Abrishambaf, M. Hashemipour, & M. BaJ2013) Structural modeling of industrial
wireless sensor and actuator networks faordigurable mechatronic systenihe
InternationalJournal of AdvancedMlanufacturingTechnologySpringerVerlag 64(5),
793811, doi: 10.1007/s00174012-4070y

Raf ag Q20f7¢ Pasarkeitric programming &NC machine toolsMATEC Web of
Conference 94, doi: 10.1051/matecconf/20179407004

Ron Gainer & Dan Murphy(2013) Parametric Programming PMPA NTQ tcj kL j Ists
12.3.2016 www.pmpa.org/docs/technicabnferencfCNC-programming

workshop.pdf

RueyShun Chen, Mengru Arthur Tu, & Jw8&ng Jwo. (2010). ArRFID-based enterprise
application integration framework for re@@ine management of dynamic manufacturing
processednt J Adv Manuf Technpll2171234.

Russdl, SJ., & Norvig, P. (2010) Artificial intelligence. A modern approaclt8rd ed.
Upper Saddle River, Prentice HABBN 0-13-1038052.

R.V.Barenji, A.V. Barenji, & M.Hashemipour. (2014). A mudtgent RFIDenabled distributed
control system for a flexlb manufacturing shopThe International Journal of

130


https://www.diva-portal.org/smash/get/diva2:439255/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:439255/FULLTEXT01.pdf
http://www.pmpa.org/docs/technical-conference/cnc-programming-workshop.pdf
http://www.pmpa.org/docs/technical-conference/cnc-programming-workshop.pdf

Advanced Manufacturing TechnolggySpringer London, 71(9), 1778791,
doi:10.1007/s001 401355972

Saga T.I| &Govan¥W. Vasili.(2017) A New CNC Programming Method Using
STERNC Protocol FME Transactions45, 149158

Slota, A. & Malopolski, W. (2007)ntegration of simulation software Arena wkMS Control
SystemInt J Simul modell[SSN 17264529, 165172

Shafer, G. (1976)A Mathematical Theory @vidence Princton University Press

Shenoy, P.P. (1992yaluationBased Systems: A framework for managing uncertainty in
expert system®New York:John Wiley & Sons.

Sotiris Makris, George Michalos, & George Chryssolouris. (20RBID driven robotic
assembly for random mix manufacturingRobotics and Computéntegrated
Manufacturing 359 365.

SwaminathanJ.M., Smith SF., & SadehN.M. (1998) Modeling Supply chain dynamics: a
multiagent approachDecis Sci29(3), 607 632

Tan Zhang We* un Zhang& MadanM. Gupta (2018) An undernctuated selfeconfigurable
robot and the reconfiguration evolutioiechanism and Machine Theord24, 248
258

Travis Deyle, Matthew S. Reynolds, & Charles C. Kemp. (2014). Finding and Navigating to
Household Objects withUHF RFID Tags by Optimizing RFSignal Strength.
Conferece2014 IEEE/RSJ International Conference on Intelligent Robots and Systems
(IROS 2014)doi: 10.1109/IR0OS.2014.682914

van BrusselH., BongaertsL., Wyns J,, ValckenaersP., & van GinderachterT. (1999)
Aconceptual framework foholonc manufacturing: Identification of manufacturing
holors. Journal of Manufacturing Systenis8(1), 35/ 52.

van Dyke Parunak H(1998) What can agents do in industry, and why? An overview of
industrially-oriented R&D at CECCIA 1998:Cooperative Information Agents I
Learning, Mobility and Electronic Commerce for Information Discovery on the
Internet Berlin HeidelbergSpringe, 11 18.

Veeramani D., BhargavaB., & Barash MM. (1993) Information system architecture for
heterarchial control of largeMSs. Computer Integrated Manufacturing Syste6(2),
761 92.

Vivek Kumar, S. Srinivasar(2010) A Review of Supply Chain Managient using Multi
Agent SystemlJCSI International Journal of Computer Science Issués), 198205

Vyatkin, V. (2011) IEC 61499 as Enabler of Distributed and Intelligent Automation: State of
the-Art Review.IEEE Transactions on Industrial Informasic/(4), 768 781

131


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1109%2FIROS.2014.6942914

Wang H., & Zhang H. (2010) A distributed and interactive system to integrated design and
simulation for collaborative product developmeRbbotics and Computéntegrated
Manufacturing 26, 778789

Warg, JH,, Luo ZW.,, & Wong, EC. (210). RFID-enabled tracking in flexible assembly line.
Int J Adv Manuf TechnpB51-360.

Wikipedia,RFID. lJtojIz5 .j%s. 8 2016 MO
https://en.wikipedia.org/wiki/Radifrequency i@ntification

Wikipadia, ISO/IEC 1 te j Iz5 .j 9s.t52h@ip$:Men.wikipedia.org/wiki/ISO/IEC_14443

Wyld, D. (2006).RFID 101: The next big thing in managemdvianagement Research News
29(4), 154 173.

Xu, H. (1997) Uncertain Reasoning and Decision Analysis using Belief Functions in the
ValuationBased SystemBoctoral Thesis, Free University of Brussels, Belgium.

Yulu, Fu, Changlong Wang, Ran Liu, Gaoli Liang, Hua Zha&&hafiqUr Rehman.Z018).
Moving Object Localization Based &HF RFID Phase and Laser Clustering.
SensorgviDPI, 18(3), £18.

Zhang, W. J., & Lin, Y. (2010). On the Principles of Design of Resilient Systems and its
Application to Enterprise Information SysterEsiterprise Information System$(2),
99-110.

Zhu Xiurongand& Zhang Guangcheng (20183NC Lathe Programming and Machining of
Thin-walled Parts Macro Programnternational Conference on Education,

Management, Computer and Socje&ty8422.

Z.Q. Liu (20@), Methodology of Parametric Programming for Error Compensatio@G
Centres)nt J Adv. Manuf Technpl7, 570/ 574

132


https://en.wikipedia.org/wiki/Radio-frequency_identification
https://en.wikipedia.org/wiki/ISO/IEC_14443

IR{LT OARME [T ¢

[ duded §BHOYJ

{8 jd MOB k& 1 j ¢ ieOnkO2dbdkWds k@b fagoj 6 dsBEO L
1 j 56 ZOMY il s dEROO dfHzifbzy j ¢ jte SHMiCO L O fsdL o
BOh d defipisg 6,065 MOds 1981 ctsH. MO ftshj ydsd tsyj dat
{ Ondes dMCEMmlse 5

ﬂAR@Hzmsmq O KON ddz0 d kEOClsEOd O.H. 1 jGBCEt

odhd M ivyd" ooz:mm@oqiq@moso (BOhMddzj LO HEBT
LO BENMjS ] d tJLOY] dOeats O LOIB] o0l OB tc
~ndHteOEdzd ¢ O, CesdzmistczC yd O dzstej dzy daztsy j 9 O
fsmiss’ j <dm &GO d1@86.) OdzOIs¢d. (1981

TAl sdzdlsjmnded yO®, ¢EO®agsyjscteOH. ¢MdMmisj dzls dzO
CNC Mmdfmlsj 300 (HB 2010 0OH dgJ dadsfipldzta|@sts tdfr) OsteddfH tdad &
Engineer (MOHO Creo). ltesW j Mtste dBOM ddzmC 4 @
ftoesdL otsHS j Adzj € nd B d dzdzd ftesdL o sHdz®, MmdMmlsj o3
[ SH] dZdte O j BOM JdzmSC dnr | dzj d5j dzOSO Qtsdzfnlstelz Y

1 Al sdzdlsjFid&€@@ L O detseoj Isjrdesdzsed j 1 tsod 14
ftosW ] Mstcd® &OMNdqdmM¢) ctelkzfj Ijtfachdg)cjlsO COBs h st
Jdzj B3 dz2OIsO d SCwdmlstezS yd O, Adzj SMmdeddzded f tets(d

[ SHOkdts dMmSkzMmise ts:

T ARG sditsdzlsi  H. 5. 5. , 1 JSGOH (5o dzOh < j dzd  to
t.eteBd " d). swbtekzyded MmMOLOHddS¢ d QtsdzfnlzdzlsOdzls
dCjSydodets BtedL cOCHOdg@MIsdSj. (200

TA)OQoatsH LO kdzOftej' j° j 5B 1cOLus®BOS szils@)t@fnujcoflseq
tcOL o ts° ftosctcOdBt j §Istiety B f @2 Sidc j H ¢ ] Mistelz ydats t
o O0OMyf O’ j. 1 sMmMizsead EZyj"h <0 k dAfmbtezyddd Isddi
BOkztcO, f zOdztsoe ( , ftetsc tc O3, Mtczydz® didh ?
MOl jdd O ©OLoBMPJ]SBL®.L BHOHBGG(j0O cteOH]D |
bSIsdodes Odzc O ts9 O¢ j E tOHE Mbtekzydzdr Isd Bse O
CjHESCYyd ' d dLBSttddr §jHdBjkO &GO NS Mkklks

ZOf MOkt Mistkydds &Ih? j°0 d BSyjkd LO kg
Mtcj HS J h C tsdzj
1 Ay OatsH L Iz JddSj d dzOMmls Oeond@zGY . H fiplskaladitg o 4
B
s

¢ J -

O] vV B
CtsOkzlsste vejddst O &BOhdqdht¢y Mistkz¢y L O MtejH® J
E MtejH® jd3 BtcOLBs9 O k.  jHOCELGEO odhj tkzC sy
EVBJdZdl{g[JS ta;iaq’lsu(aOfr]tgchch h ¢ tsdzj . 1 sd3j dgzls© ( f
tsB dzOfls d d3lj‘lzlsjtgfr]gtsc Codemstczd MO © d f(tots
Olzlsisd30lsq’Lqu’ j ftwsdLoetHS jJ, &OhdJqdmSdna J dzj d3j
 Mdese O aqus Wdtedsz APro/lngo t.H. 1 jtsct
ddzy J ‘dgcted QDD 25) v tsCoadtek o j HJ ZOIdetsMisd
MOwOHdd ydg O tj OdzdL s9 O fMdMmisjd3 MsWe jte® L (
ftesdtcOBJteO® j HJHOSIsdySdrms CNC &O"NddO EMCO (
sHtsBtj O [ dddfMlsOtemise O { tctsfazjlalgd € G tstedcs<dj dp &
djojtedzgj [OCjHBdd j (software APCAM Mmdzd yodsz

133



APT €Ot d MddkzdOyd j CNC cdsHOdkdyj d CNC
dzd Mz d &3Odzj ) .
Towdh<i dO o JSYE s QHad iy dz)

dsf dMOC tMlsOdzdr t©WOHS O:

1.

2.

3.

10.

] dzd ¢ Sfted{tc GENCIs j mdzd § OodH L O kVvB jISBNSBGL- 1 jtscGte
100575, (2003),

| dzdetsted " jJCNCH iR tizg § Oo 81 L O kve jISBNSBGL- 1 jscte
100621 (2003),

Ldazdetsted " jf gHjeRdsOO" j &GO JdmS dn j dzj dff dzOlsO ¢
tcOL teROHdeMC d R, ) ®8§sH L O kv B jIBRNI7$86-171506087tc OH ,
(2009,

| zdetsted” j) $tef@BRsh d EistePala:<] BadzdteO® j KON d dafr
j dzj d3j HOILCs dzfmls to A\E @ L t©) H LABOL JIBM 861 %106522,

1 QatsH L O kvejdedC., l JBEtOH, (2004)
jzdetsted " Jf B jedzdBOC | BON ddzC g dzd Bidde@ OO d
tojh jdedrn HJuc@ tiPc,® O sH L O IV B JSBNBE-17-12057G SC tcOH ,
(2005,

L zdested " Jf t[HEEqEe0® j BON d dm¢ s j dzjLdpjddiEXis@®
tcjnh jdedr JUcF BPc@ O s5H L O VB JSB86]7;14060] 5G tc OH ,
0 (2007,

| dZzdested * j) Qo sp®&Bff<kzlsj e @ te@AFPOBH L O

Evejdd ¢ j |SBN9/a3615-@8v109 (2014),

| dzdetsted " § O EIgEEBIsdL Oyd O ftesdL o tsiL p sH dadd dzj
Mdmsj 3@ cDOL tcj H dBO" JSBMEEJ7023892,) OotsH L O kve,jdz
1 J 56 ({@2MYy,,

| zdetsted " j) HtE@ek sipAAsdsdzOIsdL Oyd O ftesdL otsH |
ftosdL otsHdd L igl®) B H 2 BZO" JISBN O%B-86-11166036,
108B8LO kZvejdzdPD,10) ] s&tcOH,

| dzd e sted * J) Jtefowlf o0 d d2M¢ d §-€H,ecPodd CL O Evej dz
1l ] BGOH.

AdlstcOdzed “ jLduyd

L alz©dz fdgts tc O d 8 Onpfletsdy Is Of diff @ j¢ SIB\ delf & " Gz
f dzizdgiddze dzg dn ¢ dfjdz3 O agf < ofsds3.

Al scOoayd d EZMOsth O 0 O k JdetsMisteOdeMmlise Iz

g jyd Odzd L Oy €CNCGs jdrL dettsdztizOfy Isjd L O 9 N(Z@hwmradn O dz 2 W c
Fabrik), FriedichafenGermanyd R&S Keller GmbHi Wupperta] Germany

134



Obpaszay 1

H3JABA AYTOPA O OPHIHHATHOCTH JJOKTOPCKE JHCEPTAITHJE

Ja. 'muropuje Mupkos . H3jaBJBY]EM Ja JOKTOpPCEA

THCEPTAIlHja O HACIOBOM:

Mogen ynpaerbaksa gngakTuyakum donekcndunHum hennjama npuMeHom
TEXHONOruje paguopekeeHTHe UaeHTUDMKaLWje

K0ja je ogopameHa Ha PaKyNTETY MHHWHEPCKWMX HayKa

VuueepzuTeta v Kparvjeeny npeactagisa opusuHamHo aynopcko 0eno HacTAI0 Kao Pe3yIITaT

CONCMSeRHOZ WCTHPANCHSAHKOZ pada.

Osom Hzjasom marofie nomspliviem:

* 11a caM jeduni aymop HaBeAcHe JOKTOPCKE JHCEPTALH]E,

* 13 V¥ HaBeJeHO] JOKTOPCKO] JHCEPTALHJH NUCAM U3EPULN0/TA nospedy ayTOPCKOT HETH
IPYTOr MPaBa HHTeNeKTYAIHE CBOJHHE IPYTHX JTHITA,

* 13 YMHOMEHH DPHMEPAK JOKTOPCKE JHCEPTALH]E V IITAMIAHO] H SIeKTPOHCKD] hopME
YV TH|eM Ce MPHIOTY HATazH oma M3jaea camp#® MOKTOPCKY OHCEPTAITH]Y HCTOBETHY
OI0pameHo] JOKTOPCKO] JHCEPTAITH]H.

Y Beorpany .__30.8.2021. romHHE,

Aiivhos 65% Qo ye

IOTITHC AVTopa
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Oépazay 2

H3JABA AYTOPA O HCKOPHIITBABAILY JOKTOPCKE JHCEPTAITHIE

Ja. Cnuropuie Mupkos

f( I03B0JEABAM

HE TO3EMBABAM

VHHBepeHTETCKO] OHOMHOTEH ¥ KparyjeBny Ja HAYHHH B3 TpajHA YMHOMEHA OPHMEpPEA ¥
€IeKTPOHCKD] (OpMH JOKTOPCKE JHCEPTAIH|E IO HACTOBOM:

Mopen ynpaersatka JMaakTUYKMmM anekcndbundmum henvjama npuMeHom
TEXHONOTW|e paauopeKBeHTHe WAeHTU@UKaLW|e

K0ja je omdpameda Ha QakyNTeT MHAMHEDCKMX Hayka

YHEBepzHTeTa ¥ Kparyjeely. H To v OEHHE. Kao H Ja 00 jeIaH OpHMepak Tako YMHOKEHE
IOKTOpPCKE OHCEPTAHjE VIHHH TpajE0 JOCTVIHHM JaBHOCTH [VIEM OHTHTATHOT
PEMO3HTOPH|YMA YHHBEDIHTETA ¥V EparyjeBly H OEHTPATHOT PENOIHTODH|VMA HALIEHHEOD
MHHHCTAPCTEA, TAKO JA IPHIATHHEITH jABHOCTH MOV HATHHHTH TpajHe YMHOEEHE IPHMEDKe

¥ EIEKTPOHCKD] GOpME HaBeIeHe JOETOPCKE THCEPTAIH]E Y TEM HPEVIUMAFET.

Oeov H3jarou Takolje

‘f I02B0EABAM

He J03BCEaEaM’

! Vxommwo ayrop mzafepe 1a He A0IEONE OpPETATEENEMA JaBHOCTHE I3 TAEC SOCTVIEY JOETOPCEY DECEPTANHE]Y
EOPECTE Do VeToerMa yTeplhemms jermom og Creative Commons TENeETH, To e BCEEYIV]e IPAE0 OPETATEHES
JEBHOCTE 13 HABEJEHY JOETOPCEY IECEPTANE]Y EGPECTE ¥ CEIAIY ¢d 0Ipedtama JaNoEa 0 Ay TOPCHOM B CPOIHEM
OpaEEMa.
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MPHOATHHIEMA JAEHOCTH 3 TakKo JOCTYIHY JOKTOPCKY THCEPTAH]Y KOPHCTE o] YCIIOBHMA
yTepljeHHEM jegHoM of ciedelimx Creative Commons MHIISHITH:

@A}'mpcmo
2) AYTOpCTEO - DENHTH DO HCTHM YCAOBHMA
3) AyTopcTeo - bez npepaga
4) AYTOpCTEO - HEKOMEPIH]aIHD
3) A¥TOPCTEO - HEKOMEPIH|AIHO - JefHTH II0T HCTHM YCI0BHMA

6) AyTopcTEO - HeKOMEpIHjaIHo - bes mpepana”

v beorpany . 3082021, rommme,

Ativhos é@mﬁ

MOTIHC ayTOpPa
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