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ABSTRAKT 

AMR 
ho ho robot

 AMR 
byl   

kyber- . Nejprve byla nav

aplikacemi  

ABSTRACT 

This master thesis deals with the analysis of the system design and integration of 
automated transport in digital manufacturing of the Industry 4.0 concept. The theoretical 
part is devoted to the principles and standards of Industry 4.0. It also discusses the 
selection of an AMR autonomous mobile robot for inter-operational transport and the 
software to demonstrate the results obtained. Including a thorough description of the 
individual components. The AMR Robotino that was selected was used for the purpose 
of autonomous mobile transport within a cyber-physical system. Firstly, a production line 
was designed and assembled and the production was carried out according to the 

production plan. Subsequently, this line was rebuilt for the purpose of demonstrating 
material transport between the modules and their respective applications using AMR. 

 

-Factory, 
Kyber-  
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Industry 4.0, RAMI 4.0, Mobile Autonomous Robot, Robotino, CP-Factory, 
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2 STANDARDY PRO  
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2.1 Cesta k  

odstartovala. 
a  

  (1765 - 
, kdy za je

  
  o byla 

v   vedla ke 

 
 se datuje k 

Cincinnati instalovala v
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 N. Tesla v  A. 
 roce 1879, G. Daimler (1883-1886)  

 
  

 
S  
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a  

 roce 2011, je
 v roce 2013 na veletrhu v Hanoveru. Podstatou jsou 

Kyberneticko-
pr  Tyto 
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s  
 [1] 

2.2  

 em , , 
v   vznikl v zahrnuje  

   sdr
  4.0. 

  Hanoveru. Platforma 
 

 
, jsou standardizace a 

normy
 

u  
iniciativ ve Francii (Alliance Industrie du Futur) Piano Industria 4.0). 
z  
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In   [1] 
V   

  

a  
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-
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2.2.1  

k 
  

 [3][4] 
V  jeho . 

 tedy 
 

 y 
atd. [3][4] 

 [3][5]: 

1. Interoperabilita 
2. Virtualizace 
3. Decentralizace 
4.  
5.  

6. Modularita 

Interoperabilita 
S

odukty 

 
standard

 [3][4][5] 

Virtualizace 
Schopnos
u   

 [3][4][5] 

Decentralizace 
C

 ility a i 
 [3][4][5] 
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S  

  [3][4] 

 
M

   
 [3][4] 

Modularita 
S

[3][4] 

2.3 RAMI 4.0 

Reference Architectural Model Industrie 4.0 

 

, je vyobrazen na Obr. 1
Popis 

 vrstev: [4] [5] [6] 

 
Obr. 1: Model RAMI 4.0 [6] 
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 komponenty  dokumentace, obv stroj, 

  
[3][4] 

 
 

 proces , jako jsou 

 [4][6] 

 
Standardizuje komunikaci  

 [4][6] 

 
  exekutivu pravidel, 

 
 [3][4] 

 vrstva 

 

 

 [4][6] 

 
Z   

 U ,  
respektovat a obsah   . Tato vrstva 

  [4][6] 

 
 Typ a 

Instance. 
Obsahuje dokumentaci 

  

produktu. Tyto modifikace , pu 
v  
Instance. D    

e 
 [4][6] 
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Popisuje  

s   

u  

 
e tyto informace 

[4][6] 

2.4  

Model komponenty   modelu RAMI 4.0 
a ,  nebo SW komponenty pro 

 -

procesy a 
 -

, real-

Obr. 2:  
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yslu 4.0 je vyobrazen na Obr. 2Chyba! Nenalezen 
. [4][6] 

2.5 ASS  Asset Administration Shell 

 
 

komponenty v  mezi 
  

kyber-  

-server. 

, s 
-time procesu v 

kyber- [7][8][9] 

pak obsahuje podrobnosti o AAS pro identifikaci dely. 
z 

 onenty v 
o 

, 
stroj,  [7][8][9] 

 
Obr. 3 [7][8][9] 
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3 KYBER-  SYS  

Kyber- inte
 , 

 
o algoritmy a  daty. Architekturu 

, Obr. 4 
[10]  

 ) 

  

  
a   a prognostika.   

  
k  

 

  
 . Vzhledem k 

 

  
 samokonfiguraci, 

 
odolnosti.  

 
Obr. 4: 5C architektura [10] 

-Factory (Cyber-Physical Factory) 
 4.0 

a   
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Jejich 

spoj  
 

 

 a ethernet v tomto v 
PROFINET   a  

 linky . ni na 
  dodr

  a prostoje 
 [12][11] 

3.1 Kyber-  

 
jako r
ostrovy je m  , viz Obr. 5. 

 
Obr. 5:    
a e) Robotino [12] 
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i
jsou vyobrazeny na Obr. 6

[12]

a) b) c)

(carrier) a palet (pallet) na p
, 

v
ostrovy. Obr. 7.

,
v

a to, [12]
a) b)

c) d)

Obr. 7 , b) paleta, c) [13]

Obr. 6 [13]
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3.1.1  

, viz Obr. 8, 

ovaly 
neko    v 
pozici. 

(HMI) panel TP 700 comfort 
a u

 

 modul, 
 CPU z 

1512SP F-1PN y, 
 

 
C UA. FESTO komunikaci OPC UA 

 [11][14] 

3.1.2   

 

 , je uveden 
na Obr. 8  

 

  
 

a) 

 

b) 

Obr. 8:moduly CP-
s [13] 
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[11][15] 

3.1.3  

 manipulaci s 
, 

s 
l   , viz Obr. 9

 
 

na lince. Z    

 boxu 
  . [11][16] 

3.1.4  

   jejich 
robotu, viz 

Obr. 9, 
 boxu  

 na Obr. 9, disponuje 

 

 dvojitou vakuovou 
  

j
 [11][17] 
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a) 

 

b) 

 
Obr. 9  [13] 

3.1.5  

, 
, jak je uvedeno na Obr. 10.  

 

schopen kontr
. [11] 
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spoje nebo m v reflow peci
o simulaci procesu v . 
Nejde tedy o vzhledem k 

 

 modulu. 

 
, 

, 

z  

 
 

 
 

Obr. 10 [13] 
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istek. 

 

aby z  
 

 , 
m  

 

 

Efekto
 

3.2 AMR   

 

 

 d
k   

a
NTEC, KUKA 

td m 
r i a

vat 
ch na trhu je MiR (Mobile 

Industril Robots). 

3.2.1 KUKA 

m v 
v oboru automatizace a roboti , 

 iiwa a 
 



 
2023

33 
 

KMR iiwa 
V 

 

 
 

 li-
bateriemi. Tab. 1. [43] 

Tab. 1:  

Parametr Hodnota 

 700 mm 
 1 080 mm 

 630 mm 
Hmotnost 390 kg 

 170 kg / 200 kg bez LBR iiwa 
 3,6 km/h 

Ma  2 km/h 
  250 mm 

KMR QUANTEC 

 

 
 5 mm 

a  
 Tab. 2.[44] 

Tab. 2: MR KUKA KMR QUANTEC 3 000 a 45 000 [44] 

Parametr Hodnota 3 000 Hodnota 45 000 

 415 mm 650 mm 
vozu 2 4000 mm 7 200 mm 

 1 700 mm 1 850 mm 
Hmotnost 3 000 kg 15 000 kg 

 3000 kg 45 000 kg 
Max. rychlost  3,0 km/h 3.0 km/h 

 4 20 

3.2.2 OMRON 

  z 

vytv
a    8 mm. Omron k tomuto 
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 o 100 kusech AMR. Tab. 3. [45] 

Tab. 3: -60 a LD-250 [45] 

Parametr Hodnota LD-60 Hodnota LD-250 

V  380 mm 380 mm 
vozu 699 mm 969 mm 

 500 mm 720 mm 
Hmotnost 62 kg 148 kg 

 60 kg 250 kg 
Max. rychlost  1,8 m/s 1,2 m/s 

3.2.3 ubli 

Au  z  
(TX 290).  

 
 Tab. 4. [46] 

Tab. 4:  [46] 

Parametr Hodnota 

 1 120 mm 
vozu 1 000 mm 

 890 mm 

Hmotnost  710 kg 
Max. rychlost  0,6 m/s 

 

3.2.4 MiR 

Mobile Industrial Robots je jeden z , 
  

 10 mm.   

 
a v sti. Tab. 5. [47][48] 

Tab. 5:  parametry AMR MiR 100 a 1350 [47][48] 

Parametr Hodnota MiR100 Hodnota MiR1350 

 352 mm 322 mm 
vozu 890 mm 1 350 mm 

 580 mm 910 mm 
Hmotnost 67 kg 233 kg 

 100 kg 1350 kg 
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Max. rychlost  1,5 m/s 1,2 m/s 

3.2.5  

Robot
3.1 Kyber- , s 

 doky

olika senzory. N
. S  

G . Kameru Logitech HD Pro Webcam C920, 

je vybaveno 

odrazivosti. I  senzor  
pod podlahou Robotina. V  je vybaven -

a  
y, 

bude Robotino pohybovat a 
AMR  AMR Robotino 

,  

kapitola 
4 Robotino. 
Existuje 
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4 ROBOTINO 

 od firmy FESTO  p
odnou 

a, 

o
. , Obr. 

11 -Factory nebo CP-
Lab vyv .  y P  4.0, 

na Obr. 11. 

 
Obr. 11: AMR Robotino v    [23] 

Robotino, jak  
r z

proniknout. 

jsou Java, Python, .NET, C++, Matlab/Simulink, LabVIEW, SmartSoft 
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otinu jsou v Tab. 6 

a parametry Robotina. Robotino
o -
CP- -

-9,5 od 
y  [22] 

Tab. 6: [23] 

Parametr Hodnota 

 450 mm 
 450 mm 

Hmotnost 20 kg 
Baterie 2 x 700 g 

 30 kg 
Ochrana IP 00 

 (kapacita) 12 V (9,5 Ah) 
  

  

4.1 H  

 dispozici. Proto se tato 
 
:  

kap   

4.1.1  

obsahuje int
 

 
-5788 s procesorem Intel Core i5 520E, 

 onuje 
S-  standard 

 

Ubuntu 12.04. [24][25] 
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 konektorem pro 

-
 

disponuje, jsou SRAM 32 kB, 16 kB pro ethernet a 8 KB pro USB a 

enkod r pr  
i 

 [26][27] 

4.1.2  

Druhou velkou skupinou jsou poho

 
kol. 

Motory 

o
, 

 
krouti roud se 
pohybuje okol Obr. 12. [28] 

 
Obr. 12  [28] 
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  -2-

Dunkermotoren. Inkre

to se tyto hod
fotodiodami, t  

klad  

velikosti 5  [29] 

 
 

s 

6 Nm.[30] 

Kola 
-1258-

 [31] 

4.1.3 Senzory 

:  
kolize, senzo

kamerou a nasta je na Obr. 13.  

 [32][33] 

 
Obr. 13:  [ROBOTINO View verze 4.0.4] 
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 komora 

, 
k Robotino 

 [34] 

 

v 

a - 30 cm. 

p

uvedena na Obr. 14. [35] 

 
Obr. 14  [35] 
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Gyroskop 
-

je   

, 

 

jso  [36] 

 
-L-Q30-PAK-

mohou 

 

 [37][38] 

 
-M12B-UI-

- 

- 10 V nebo 4 - 20 mA. [38][39] 

 
-

kooperaci s kyber- -

Robotino pohybovat. Na 
y, Robotino pohybovat 

a 

hl  Tab. 7. [40] 
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Tab. 7: P [40]

Parametr Hodnota 

 2 m 
 15 m  

 30 m 
  

Doba odezvy 80 ms 

4.1.4  

 

schopn  -

USB AN-

a 
 

, 

   

WLAN 
-USB N150 od 

, oskytuje rozhra
k 

dat IP adresu Robotina. [41] 

 
Robotino , 

 Tab. 8 jsou 
 [38] 

Tab. 8 [38] 

Parametr Hodnota 

  
  

 Analogov  
  

+/-  
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4.2  

3D 
kyber-
 a optimalizaci. V ch 

 
 AMR. 

4.2.1 RobotStudio 

-line 

a naprogramovat jej s 
pro RobotSt

 
 

P
v eletrhu v  roce 2019, viz Obr. 15. [7] 

 
Obr. 15 [7] 

4.2.2 CIROS 

off-
-LAB, CP-

CAD.  V 
programovat,  
nebo CoDeSys
algoritmy. v -  

AMR Robotino a jeho  
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Obr. 16  CIROS [CIROS verze 6.4.6] 

4.3 MES 

  

 stroje. MES 

 
 

 
ch 

 [42] 
-11: [42] 

 dat a archivace 
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4.3.1 MES4 od firmy FESTO 

 -
Lab a CP-Factory, , viz 263.1. Tento MES vystupuje 

 iniciativou P
4.0. MES4 

 
 

. 
s . 
protokol linky (M
s 
na SQL dotazy, kter   commandu MES protokolu.  

e na MES4 jako na celek, 
 Lze jej 

data (Master Data). [49][50] 

 (Production Control) 
V 

 
 

 [49][50] 

 
V 

. Nejdeme 

 rders a 

 [49][50] 

 
V 

. [49][50] 
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ata 

  
 [49][50] 

4.3.2 COMES - COMPAS 

 firmou Compas Automatizace ze  

klient-server, jazyk C  
skrze w  

 
Modeller a 

Batch.[51] 

Logon 
V  

 a   pro 
  z  [51] 

Historian 
 

v  [51] 

Modeller 
V 

 [51] 

Batch 
ES. V 

 [51] 
COME

 [51]  
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5  

-  

ES4. V 5.1 
v  a MES4
v CIROS prozat  

5.1   a MES4 

vyroben.  Na Obr. 17 
  

s . 
P

 
5.1.1 

 CIROS.  
v 5.1.2  . 

 

 

1)   
2)  
3)  
4)  
5) proces , 
6)   
7) , 
8) 

 

 
Obr. 17  
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5.1.1  CIROS 

y modely CP-Facotry, viz kapitola 3.1 
Kyber-  Moduly byly 

 , viz Obr. 18. 
  

inspekci  
v , 

 ednak z 
 U modulu s nastavit jeho 

 
 

 MES4, viz kapitola 5.1.2 Tvorba 
 . 

 

 
Obr. 18 Studio] 

5.1.2   

v zdroje 
, viz Obr. 1. 

pro identifikaci v CIROS. 
  

 
z , 

, 
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 rozporu s 

 

 
Obr. 19  

 
, viz kapitola 5.1   a 

MES449: 

1) sklad -  
2) -  
3) -   
4) - 

pojistkami, 
5)  -   
6)  -  
7)   
8)  , 
9)     

z , 
10)  s , 
11) sklad   

Obr. 20
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nastavit, 
  

Obr. 20:  

 
simulaci modelu kyber-  

 tomto 

s 
 

  
 , viz Obr. 21. Vybere se 
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Obr. 21  

 CIROS 
lze v 
chyby, jak je uvedeno na Obr. 21. 

 
Obr. 22  

 
v , viz Obr. 23
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Obr. 23   

Obr. 24 jsou uvedeny 

na Obr. 24  v -F-

 

 
Obr. 24  

de lze vybrat graf 
 

Obr. 25. Na Obr. 25 
 

V   
, jak 

je uvedeno na Obr. 26.  
 , viz Obr. 27. Zde 

k 

lince v CIROS, viz Obr. 28. 
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Obr. 25  

 
Obr. 26  
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Obr. 27  

 
Obr. 28  

 
 

. V 
 

 
 

sponuje 

34 minut,  Optimalizov

  tomu
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6  AMR ROBOTINO 

-

linku. V  
-  CIROS,  

6.1  

V  

 4.1.3 
Senzory. 

 mapy je na Obr. 29. 

 
Obr. 29  

K aplikaci se R   
o 172.21.14.90. skeneru projet 
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 Program pro joystick lze   programu 
RobotinoVIEW, viz kapitola 6.3 RobotinoView.  

 
Obr. 29 je uvedena 

- , tato ma
.  

Manageru, viz kapitola 6.2 Fleet manager.  

6.2 Fleet manager 

Fleet M
a ort Fleet Manageru je nastaven na hodnotu 13 000. 

1 a portu 2000. Lze nastavit 
v  
V 

ID pozice, ID zdroje v MES a jeho 
 , viz Obr. 

30. V Command Centru Fleet Manageru v 
 

 

a , viz Obr. 31. 

 
Obr. 30  
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Obr. 31  

,   

 GoToPosition X  
  

v robotino Factory, 

 DockTo   

 

 Undock  ne z pozice v docku do pozice 
u   

 LoadBox   docku 
u stanice, 

 UnloadBox   

 DockToCharger- i, 

 Undock Charger   

6.3 RobotinoView 

Obr. 32 je 
o ena 

 
my pro Robotino odsimulovat v RobotinoSIM nebo v CIROS. 
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Obr. 32  

6.4  Python 

Robotino lze   
komunikaci m , ej 

 Obr. 33. 
 

a 
Robotina z   
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Load

Robotino Idle

Command: GoToPosition A

Started GoToPosition

Finished GoToPosition Error

Command: DockTo X

Started DockTo

Finished DockTo Error

Command: LoadBox

Started LoadBox

Finished LoadBox Error

Move MES buffer

Command: Undock

Started Undock

Finished Undock Error

Unload

Command: GoToPosition B

Started GoToPosition

Finished GoToPosition Error

Command: DockTo X

Started DockTo

Finished DockTo Error

Command: UnloadBox

Started UnloadBox

Finished UnloadBox Error

Move MES buffer

Command: Undock

Started Undock

Finished Undock Error

Unload Load
 

Obr. 33  
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6.5 v CIROS 

 kapitole 5.1  tedy postup, podle 
 kapitole 

5.1 s 

Obr. 34.  CIROS 
 

na Obr. 38. , 

leet Manageru, viz kapitola 7.2  Pythonu. 

Obr. 34  AMR Robotino [13] 

Byl  Obr. 35. 
 boxy a paletkami jsou 

uvedeny na Obr. 36 a Obr. 37. 

Obr. 35:  
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Obr. 36  

Obr. 37: ci s paletkami 
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  Obr. 38  CIROS s AMR Robotino 
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7 KOMUNIKACE 

Popis komunikace kyber-

 
 

u AMR Robotino a .  
  

 CarrierID  ,   

 OrderNumber (Ono)  , 

 OdredPosition (OPos)  pozice v , 

 PartNumber  , 

 ResourceID   

 OperationNumber    

 MES4 

s 
, viz Obr. 39. 

 
Obr. 39: Simulator PLC pro MES4 
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7.1 Komunikace mezi CP-Factory a MES4 

portech. Na portu jedna (v ME
  

, a komunikuje. V tomt  informace o 

 
 

-

nebo nuly 
. 

 
Pokud k 

  RFID jsou 
GetFirsOperationForResources s 

 
  
 OrderNumber, OrderPosition, 

PartNumber a OperationNumber , je 
 

  
 

ResourceID 
 ResoureID, OrderNumber a 

OrderPosition    
GetNextOperationForThisOrderNumberAndOrderPosition. 
z  ResourceID, OperationNumber a 
PartNumber. Dojde k dat, a pokud , 

 
V 

komunikace mezi  a MES4 jsou pos
StartOperation, EndOperation

opakuje. 
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7.2 Komunikace mezi MES4 a Robotino 

 kapitole 6.2, komunikuje s 

n m 
 bodu A do bodu B atd. Transport 

 . 
moho  

GetBufferWithMatrialToTranspot
 ResourcedID 

SetRobotinoToPosition. 
 bodu A 

do bodu B  v GoToPosition A, 
DockTo X, LoadBox, Undock, GoToPosition B, DockTo Y, UnloadBox, Undock. 

(FM) a MES4 v : 

1) c , z
  GetUnknowParts, 

2) Robotino se periodicky M 
GetToAVGBuff, 

3)  
zdroje, respektive jeho bufferu), 

4) p GetToAVGBuff ufferu v 
,  

5) p   
6) SetAGVToPos s Robotina, 
7) MoveBuf  

bufferu Robotina, 
8) FM SetAGVToPos s 

 
9) MoveBuf  bufferu Robotina do bufferu 

 
10) SetAGVToPos s 

 
11) c , , zda je 

 GetUnknowParts. 
dotaz GetToAVGBuff se opakuje. 
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Z  
zde k i, ale k 

optimalizace v 
 

Z  P-
o kyber-   
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8  

Vzhledem k popisu  jako 
 s  do ny standardy 

 aby  u
anta 

 de uvedena a emi 
 Obr. 40. Bylo by 

 podo  
 

1)  
GetUnknowParts), 

2) 
 

3) 
zdroje, respektive jeho bufferu), 

4)  
 

5)  
6) SetAGVToPos s  
7) MoveBuf  

bufferu Robotina. 

: 

8) XY  

 
9) 

jej  
10) SetAGVToPos s 

 
11) MoveBuf  bufferu Robotina do bufferu 

 
12) SetAGVToPos s 

 
13) 

GetUnknowParts
dotaz GetToAVGBuff  
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Obr. 40  [13] 

 
 

 budoucnu 
 

ni upravit.  
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9 Z  

it Rob
 -

 

 

 CP-Factory.  
 

Manager, CIROS a MES4.  
Dle z  jazyce Python a 

 -
nejen k  
Manager.  

Na z

k  
 

sy
k 

y  

  podo
 Pythonu pro AMR bylo autorem 

, 
v , autor se ve

text. 
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