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Using several testbeds

i Festo Manufacturing System
i EnAS-Demonstrator
l Simulation of a Servo-Control-System

Using different Engineering Environments
and Hardware

0 Function Block Development Kid (FBDK)

0 Framework for Distributed Industrial
Automation and Control (4DIAC)

0 FBench
0 Corfu ESS
l ISAGraph
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Usability test of several control
implementation approaches

0 Central-Controller
0 Master-Task-Controller
0 Parametrised Master-Task-Conti .

imer_start =
Sledge_skation_Task_CTL
0.1
lide:

ove_si

l Workpiece-Controller
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ENERGY AUTARKIC ACTUATOR SENSOR SYSTEM DEMONSTRATOR

' testbed, equipped with a wireless
actuator/sensor system (2007-09)
= new SIFB

! Base Station + Sensor-Actuator
Modules

' 2,4 GHz with frequency
adaptation to the gaps of WLAN

! 1st phase - initialisation, get all
Sensor-Actuator Modules

! 2nd phase - real time wireless
communication - time sliced

' Control and Base Station |
exchange messages as follow: 1B
76 00 03 52 FF 00 FF 00 FF 00 e — oY ot e

' 1. Byte - Identifier the following data is an & _ii runtime environment
array (76) “ Industrial Ethernet Netmaster Il
' 2. & 3. Byte - Length of the array (data Wago IPC 750-860 (ELSIST S.r.,
values) {Wago Kontakttechnik GmbH . Enginaering Italy)

& Co. KG,Germany) and

Simulation
Station

! 4. Byte - datatype of the contained values
(52)

! 5, & 6. Byte - Low and HighByte SAMO (FF 00)
! 7. & 8. Byte - Low and HighByte SAM1 (FF 00)

' 9. & 10. Byte - Low and HighByte SAM2 (FF
00)




\/nrificatinn

CENTRAL-CONTROLLER APPROACH

I Central-Controller of the left plant part
7" No reconfiguration possibility or reusability (one monolithic FB)

7 Load Workpiece into tin- green
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Task-Controller of the Jack Station

Reuseable, if the component is used again
Load Workpiece into tin - green

Unload Workpiece from tin - red

.kE”“E"‘EdD““n REQ&jack_retracted

INIT INITOS
REQ CNF 4
load timer_stark«
unload finish
timer_Ffin
Stop

Jack_Station_Task_CTL

0.1

sucker_up sucker_on
sucker_down extend_jack:
jack_between lower_sucker

spmeepmeegyee gy

jack_retracted extend_jackstick:

(-

‘_jack_extended
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PARAMETERIZED MASTER-TASK-CONTROLLER

! Function Block Network of the Master and Task-Controller
controlling the Jack-Station

1Using Adapter Interfaces as Sockets

Actions
Length
Delay

Jack Sledge Timer

Q—ismm EQ

Fra

[asker
IMIT INITO
mlack, Jackd
mfinish_Jack load
mfinish_Seldge unload
mStop load_paosl
mReset load_posz
StopTask
ResetQ
Stopc

] Jack_Masker

Ackions
Length

0.1

—mmtirner_fin
mSkop

7] Jack_Station_TaskCTL [

Jackstation

© JlackSocket
L\R‘EQ cr\u’:

e .1

0.1

L,

sucker_on

extend__iack sucker_do_wn L

extend_jack!
lower _sucker

lower_sucker
stick_extend

jack_betweens

jack_retracted
jack_extented-bj

msLcker_up

moucker _down

miack_between

mijack_retracted extend_jackstick
E-jack_extended

Seldge Task CTL

mINIT INITO
mREC

load_pos_1

load_pos_2 Firish=

Skop tirner_skart=
mtirmer_Fin

Sledge_Station_Task_CTL
0.1

mowe_slide

CHFas———
rasetis i SledgeSocket

REQ CNF

SledgesStation
0.1

move_slide

T

PESTOR
J' E_DELAY
0.1
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| —— I’/
Jack Task CTL
—" mINIT INITC - IMITO
— RE i ok
[——®mload kimer_start= SkopCr
——T—Mmunload Fimish=—] Resetd
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PARAMETERIZED MASTER-TASK-CONTROLLER

action decrciption
! Master-Controller — :
0 - load load a workpiece into the tin
I Reconﬁ Uration b 1-load posl load a workpiece into the tin from the first
) g . y sledge position
m plement| ng d ” 2 - load pos2 load a workpiece into the tin from the second
i inWili+i sledge position
production possibilities il
. 3 - unload unload a workpiece from the tin
and parameterlze the 4 - unload posl unload a workpiece from the tin to the first
production scenario sledge position
) 5 - unload pos2 unload a workpiece from the tin to the second
! Actions - Array sledge position
(sequence) of actions to
p e rfo rm I 1 S Reseted m
op
ey t_acti t_acti
I Length - amount of / o
sequenced actions ' iy
StopO
q u m m. Stop f
_ "!!l..- N
action=1|actjeh=4 ion=2 [etion=
Er:il ;r:g(g | attmn=l|achon=4 ' aCtin:a’a&fg;szﬁz Sy Stop
F!n!Sh—JaCk load action=0 action=3
g?:ph_Seldge loa d"'_rgzzii load_post load_post J action=0 action=3 Iload _pos2 H [Ioad _poszl
— sReset Iosiﬂ ﬁ'oassi it inish_Seldgeg:action=5 Smp/
ResetO finish_Seldgetaction=1 / finish_Seldge&attign=4 S
StopO finish_Seldge&action=2 o
1 AW =
Jack_Master . .y action>=6
0.1 [load = Tload | [ [ urload |
Actions
Length finish_Jack Finish_Jack

s

closel

load_post ]
JackO |




\/nrificatinn

PARAMETERIZED MASTER-TASK-CONTROLLER - RESOURCE MAPPING

& Comeyort
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Eclipse-Plugln for 4DIAC

Apdapter inserted from th
pallet as new group (grey
headline)

I Inputs and Outputs
I Comment

I DataType

General

I Define used SIFB

I Publnputs

I PubOutputs

M ame

Yemwendung

Beschreibung

Adresse

Anfangsw.. I

El General

Publnputs o

PubOutput BOOL WaR_GLOBAL true
ReResd TIME WaR_GLOBAL t*sms
=l Colour_Detection
Workpiece_MNot_Black Bl VAR_GLOBAL  [work piece not black (381 FlH0.T7

E Control_Panel_Socket

StartButton BOOL WaAR_GLOBAL  |start button (51) W10

StopButtan BoCL VaR_GLOBAL  |stop button (520 2111
Auto_han_Button BOOL YaR_GLOBAL  |autodmanual switch (23 Pl .2
Reszet_Button BOOL WaR_GLOBAL  |reset button (54) 113

Start_LED Bl WaR_GLOBAL  |start LED (P1) 1.0
Reset_LED BOOL WaR_GLOBAL  |reset LED (P4) Q13

= Gripper_Socket

Pos_Down Bl WAR_GLOBAL  |position gripper dowven (281) YlH0.4

Poz_Lp BOOL VAR _GLOBAL  |position gripper up (2B2) FalK0s
Wiorkpiece_available BOOL VAR_GLOBAL  |work piece available (Part_a%) lH0E
Dezcend_Gripper Bl WAR_GLOBAL  |descent gripper (2%1) WioE02
Open_Gripper BOOL Visualisiation_ﬁPaet y ) "IN N O] x|
El Rail_Socket Festart

PDS—PVEWC'“S—SM.U” BOCL ~ nm_Rignt [ ConfigLeft | Visu_inputs_Left | ConfigRight |~ Visu_Inputs_Right |

Pos_Colour_Detection BOOL ™ StartPage I_O_Visualisation | self_sufficient_Actuator | Real View | HWI_Left |
Pos_left_Slide BOOL|

Poz_right_Slicde Bl J— r—

= — 1 1 i
Move_Leit BOOL ﬁ DO @ ﬂ
-~ -
Bl

Move_Right

<

I Time to ReRead the inputs

Define Adress
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AUTOMATIC GENERATION OF THE |/O-ADAPTER

I Generated I/O-Adapter

I Textual representation eases maintenance (data connection
results from adress)

I Reconnection by providing a new adress
I Export to LaTex = PDF generation for documentation

N To
[ ot
oot L - _In_Bank_t
In_Bank_L [ TMF RE i T _In_Bank_2
In_Bank_2 Gripperstation [ 1 ZOukt_Bark_1
L Bank Publsh 16 I
ut_Bank_L Gl T > . oot L 7 BStatus_Out_Bark_2
Our}'ﬁtannﬁ_zﬁ [ I T ME [Eo1- H— aripper_tp Tower_arper 1] o
nitDelay WK1l 5 Dok >
o [ 2 co I IjF oal jPUEUEHJﬁ[ qripper_down _ shut_gripp s REG CNF
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} 8|
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] T e st e |
- I H{[Psucker dann  extend Jack.
K I Ppieck betueen \nwer_suckev—»—rlﬁ—rl—
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@ 14 [
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Z Colll T r * Mot
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EANK STATLL E
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L
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y
stop_2 REQ CHE
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Conveyor ( STaTis
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R N < B A — m— ] | ¥
— o stop_1 1] 3
stop 2 il )
fl *‘—ﬁ 05
2 Conweyor3Plug 6
Merges ReRead N REQ#——————————— 7
START  EQ Conveyer [ C o8
STOR q 1] |

 Control Panel Secket

—HREQ NFp—————
Cortrol_Panel

:l 0.2

[
il

Bpstart_Button Start_LED:
5top_Button Reset_LED
éniko_Man_Button
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SysML Activity Diagram

1 Partition for each control of a
mechanical component

I Pallet 1 - blue

I Pallet 2- red

I Pallet 3 - green

Note the actions to be performed
Array of Actions

" From top to down

I Translate to numbers according
to the tables

Parameterize new productoin
scenario via HMI

Complexity shifted from the
development of the Master-
Controller to the production
scenario
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Kombi-Arm Schiitien Greifer nveyor m Schiitten Geil
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FUTURE WORK - WORKPIECE-CONTROLLER

Jack Sledoe Timer
Q—ismm EQ
—PesTOP
E_DELAY
] 0.2
DT

i
Jack Task CTL

FINIT INITOH [———®=INITO

[——#=lacko

RE i
mload timer_start =
rurioad Finish

StapOr
=Reset

mtimer_fin @ JackSocket | available

RStap REQ CHF AssignedTo

Jack_Station_Task_CTL Jackstation
0.1 01

msucker_uj ke | psucker_on sucker_upd

msucker_down mextend_jack  sucker_Howns

mja een lower_sucker s—"] mlower_sucker  jack_b

et |c|JdJ ek + Jackoretr ]

ek et

— 1] J}T

I Improvement of the Parameterized
Master-Task Controller approach with
an additional coordination layer = The
Workpiece-Controller

I Workpiece Controller allocates
/deallocates Master controller

! Master-Controller is a kind of event
multiplexer (see ECC)

Seldge Task CTL
pIMIT INITO

LI —
et HT—
" Additional Inputs N 7
I Actions - [INT] = Action INT
0 Assign - INT dealocate [IuIT0 | Treo]

Reseted

" Additional Outputs " o Reset
. Jacko\‘\—\’ StopTask |
0 Ava | |a b I e - BOO L - ackion=2|ackion=5 il StopQ |
action=1|action=4 ackion=0 =claction=
1 AssignedTo - INT action=3 ;;7
| load_pos1 == — lnad_posz |

I Additional Algorithms
finish_seldgefaction=1
i Al | O C a te | ) finish_Seldgefa

Available := False; 1
AssignedTo := Assign;

Skap

I Deallocate f‘”“‘h‘]\fk fl”;h'35°k

Available := True; load_pos1
. doszl
AssignedTo := 0;

"-I unload
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FUTURE WORK - WORKPIECE-CONTROLLER

' Digi-Connect-Wi-Me

' Workpiece-Controller at the
pallet

' Energy supply ?
' Beckhoff CX8000

' Jack, Slide and Gripper
Station through the
wireless auctuator sensor
system

/" Wago IPC 750-860

" Jack and Slide Station
' Auvis.pro

" All 3 left conveyors
' Auvis.box

' 1 conveyor each as well as
the Gripper Station

' WebServer at all of them

I Linked websites between
all
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FUTURE WORK - CLOSED-LOOP 3D SIMULATION

I Export CAD - Data of non-moving and moving parts as 3D Models
I 3ds files- AutoCAD, Autodesk
I VRML files - Solid Edge, Solid Works

I Simulation Tool - Enterprise Dynamics o
1" Modelling of process flows (Sources, Servers, Sinks)

! Based on atoms and subatoms
e.qg. Pallet is a subatom of the conv%or
I Communication between atoms via |

channels (listen to events, exchange
subatoms)

7 2D and 3D models

I Extendable by external librarie
e.g. communication
via Profibus to a Siemens PLC
= new library to communicate with
a distributed control system

I e.qg. TCP-Socket encoding and decoding messages according to the
compliance profile

L AV
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FUTURE WORK - INSTANT START-UP AFTER POWER DOWN

I Extension of the management narmal_establishment
resource with the FB StartUp of the application manager

type DEV_StartUp NIT+
" Initialized after the MGR FB 4’.\=::xists_ﬁlel{:'
ead_xml-element()

CNFi{+, DSTO, R, 4——M

1 Checks if the File exists REQ(RESF)—\_’(
ead_xml-element()

I If true - while EOF CNF(+, DSTO, R, 4———Ml

read xml-element REQ.:RESP;,_.*\.—.E
encode it to a destination and OF

request CNF(+, startj4—

wait for response REQireadvi:ﬂ
INITO+

Check response

I publish INITO+ = initialize the SVR s ~ g pinTo
IF:: ’L Y d PSTATLS
Fil=
" REQ Server(DST, RQST) ' & ——
. mINIT IMITO MGR
1. Store DST and RQST at the File ﬁ“ FREQ CHE fINIT  INITOS
RIP INDI: i wr REQDES”‘;V N REQ CMF
2. CNF(DSTO, RQSTO) ]SERVEI;IF;_I 2[ :l Zrarte DE\.::I r;IGR[
" ' 1 Qo
.% STP.T?_I% pal rosT DSTO S;T RES%
. . eSO 1 RD_1s PROST ROSTO ROQST
" Device still has the management . ~ RD 2 [RESP
interface as well as a Start-Up | C -

configuration up to the last change
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FORMAL CONTROLLER MODELLING

Definition of several rules to
transform

i simple and basic FBs

I Function networks and
composite FBs as well as

application ;
" Modelling of Process and Communication ot “[T™ =
Interface (SIFB) ":: e
[ Service primitives (ISO-IEC 10731) S : o
I Modelling of resources -
l Include the different schedulings of FBs : | %
(Scheduling Function) ) _I ” — ]
I Modelling of devices =
i §



Modelling of the mechanical

components

Modelling of the

workpiece behaviour

Establishing the Closed-Loop

D107 - Irpet
DIOT_Input_&
DICT_Input_5
DIO7_Input_d
DIOT_Inpt_2

DICT_lInput_2

D07 _Input_1

DIO7_Inpet_0

DIB15_Input_7
DIB1S_Input_&
DIB15_input_5
DIB16_Input_4
DIB15_Input_3
DIB1E_Input_2
DIB16_Input_1
DIB15_Input_0

DOATBUT_Y
DOO7_OUT_6
DCO7_CUT_S
DOOT_OUT_4
DOO7_oUT_3
DoO7_oUT_2
DOOT_OUT_1
DOO7_oUT_D
DO815_ DUT_T
Co815_DUT_6
CO815_CUT_S
DO815_ DUT 4
DO815_DUT_3
CO815_CuT_2
DO815_CUT_

B_gnpper_shut_teCN
B_gnpper_lower_toN

T
Blgnpper_down
B_grpper_up_ON

B_jack_extend_jsckstick_taON B_jack_between_ON

B_jack_extend_jack_toON
B_jack_lower_sucker_toON
B_jack_sucker_toOf
B_sledge_maove_slide_toOh
B_c3_relay_toON
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