YZMATAKE

P
EC 61499 Test System

Yamatake Corporation
H. Tsunematsu

2002/1/10 Yamatake Corporation



& Study
contro

& Study

P
Purpose of Our Project

EC 61499 and its ITA using physical
led target

now to design machine control application

using IEC 61499
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Features

& Editor and runtime
— FBDK

& Platform
— WindowsNT/98

< Device management (configuration)
— original tool

& Test machine
— LEGO set
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Platform

4 Prototype controller
< Windows NT/98 + Java
¥ Interface

&« FB

2002/1/10

Digital input (8 ports)

Digital output (8 ports)

DK (FBRT) for middle ware
‘DEV_MGR” + “SERVER 1 2"
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Device Management

4 Original tool (prototype)
— Java

— “DM CLT” + “CLIENT 2 1
¥ Load IEC 61499 system file (XML)

& Send “CREATE” and “START” commands
according to ITA
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Test Machine

& LEGO set

& Input
— Proximity Sensors
— Photoelectric Controls

< Output
— Motors
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Use of Test System

& Verify IEC 61499 Is executable
# Study IEC 61499 application and machine control

&

&

Research for extension and modification desired for
EC 61499

Research for effective application
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Hardware
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H/W Overview

Feeder controller

Conveyer controller
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Mapping of Interface

Ethernet

O | | |
Feeder control | Controller: | controller2
NIC NIC
1/0 Board (PC104) 1/0 Board (PC104)
10[11]12[13000010203 10[11]12[13[0d010203
Photoel ectric Control&lotor Proximity SensorgMotor
@ _
@ Conveyer control
f; & &)

&

Conveyer =—=>13J Conveyer =—=>{12)
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System Overview

Configuration Tool HMI

‘ Ethernet g
~Controllerl  Controller2
NIC NIC
|/0O Board (PC104) |/O Board (PC104)
10/11]12[13/00010203 10/11]12]13/0d010203
Photoel ectric ControlsMotor Proximity Sensors Motor
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eder device
eyer device
device
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& Extend and retract feeder arm

— Control a motor
— Read sensors
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Feeder Device

Yamatake Corporation

Feeder controller

NIC

Feeder Control

I/O Control I/F

I/0O Board (PC104)

0|11]12

13 | 00

01{02|03
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Feeder Controller
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Feeder Controller

c5 | APPLICATION

FBDK

J\/

JNI JavaVM

Z

IVER

Windows 98

NS Geode 233MHZz

|/O Board (PC104)

10

11(12]13]00{01|02|O3

NIC
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Functions of Feeder Controller

¥ Feeder control (status, action)

¢ |/O control

— Motor control
— Read sensors
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NIC

Feeder Control

I/O Control I/F

I/0O Board (PC104)

12
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o1

02

O3




Feeder Control

£ Supplied by device vendor (feeder developer)
# Decide feeder’s action

EVENT BN nTo|- EVENT [iniTo)
EVENT ———|REQ CNF EVENT
EVENT —& RD M1 _Fu n EVENT
- INT 4
MA_Bn = EVENT
M1_STP F—— EVENT \f
FC_FEEDER_CTRLZ 1 ———msTarT|—sTART[M1_5TPR|
BOOL —E-EEHal 0 R —— B
BOOL—E = STATUS FE-E-E-8-E—WSTRING
BOOL— 52 =1
52
b1 _B
By
CNF
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/O Control

Z¢ Developed by device vendor
# Provide interface for motors and sensors

Interface
&Motor control

—Forward

S g —Backward

1
poOoL—HBHHE8-4 FDT_CTRLLIZII; - BoOoL _Stop
S A I S &Sensor
—Indicate sensor’s events
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Z Control actions of feeder device

CTRL

INIT
REQ
-|RC

control

al

INITO
CHF

R _Fi |-
b B -
Mi_STRE

I

FC_FEEDER_CTRLE

Qo
STATUS

10

ﬁ

INIT INITO
MA_FUE IND
b1 B
MA_STOP

52

1 [
FC_CTRLA_IOIF
al 20
CT  STATUS
oT 51
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Feeder Device Control

Feeder controller

NIC

Feeder Con

trol

[/O Control

I/F

I/0O Board (PC104)

o(11]12|13|00

01| 02|03

.

@_

L
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# Access to motors and sensors

/O Control I/F of Feeder

< Developed

EWVENT
EWVENT
EWVENT
EWVENT

o |
=]

-
==

-
=)

IMIT IHITO
b _Ff IN:
b _ B
h1_STOF

i |
=]

]

FC_CTRLA_IOIF

BOOL

TIME

CT STATUS

TIME
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LT 51
sz

-
L= =)

—
==}

0y device vendor

EVENT
EWVENT

21 Qo

BOOL

BH— S TRING

BOOL

(nnl
=

BOoOL

D

Feeder controller

NIC

Feeder Control

1/0O Control I/F

I/0O Board (PC104)
0112112113 ]00|01|02|03
S i @

AN

Photoelectric Controls Motor

Yamatake Corporation
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m IIF of Feeder Controller (

- Inside of feeder I/O Control -

REQ

I

[[E=1.
CHe
{MD

FLTR_BOO __2_2

]|

INO
IN1
INZ2
INZ
ING
ING
ING
INT

Qo
auTa
auT4
auTz2
CUT2
oucg
ouTs
ouTE
auTry

P
cont.)

Event M ask

- IMC

Detect
—— Sensor

51

52

L S oo
El  EOO T —IHIT INITOFIN TO
EQ1 CLK —— — iR iR 0 — —
:| |: START EO —RD ROO|—
E_SWITCH STOP :| |:
G :| |: Llo_&_ s
E_CWCLE Qi Qo— L —
cT-oT WO -PARAMS STATUS - S1ATUS
—pon oo —
CTRL —{04 L — 4[
bl Pt ={ b1 _Fiis REQ —} Loz oz —
bl _ By {1 B STORP— e fale] DIS—J
oLy MA4_E TOP —{M1_STOP Do4 o4
START EO STOP_CPT Los o5
STOP :| |: ] DI
:| |: FC_CTRL1_IDCTRL oo7 o7
E_DELAY al G0 - or
=1 M1_Dbp— ——
T F e /O Interface
Motor Control
2002/1/10 Yamatake Corporation
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Motor Control

<t Developed by device vendor
< Control motor via digital I/O

[m1_Fue—m1_ruv|RED]
EVENT 1 _Fur REQ |G EVENT ]
EVENT —B—{—{M1_BU  STOP ——EWENT MW
EVENT — M1_STOP
EVENT STOP_CPT MW
1 /’jm1_aw|—|m1_aw|ﬂm|
FC_CTRL1_IDCTRL 1
BOOL—E-EE ) Qo {—— BooL [b1_8TOP[—u1_6T0P [REa)|
M1_D —E— BO0L M1_STOP
M1_p HE— BOOL STOP_CPT
M1_REV| REQ
M1_PSTOP
STOP
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eder device

eyer device
device
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Conveyer Device

& Carry works with two conveyers
— Control two motors Conveyer controller
— Detect works arrival

Conveyer Control
1/O Control I/F

I/0O Board (PC104)

10|11 ]12]13]00|01|02|03
]

e ®
S w7

Conveyer == Conveyer ===
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Conveyer Controller

2002/1/10 Yamatake Corporation
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Conveyer Controller

FB

APPLICATION

FBDK

J\/

JNI

JavaVM

i
IVER

Windows NT

/

Pentium MM X 266MHz

|/O Board (PC104)

10

11

|2

13

o0

O1

o2

O3

NIC
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Functions of Conveyer Controller

& Conveyer control (status, action)

¢ |/O control

— Motor control
Conveyer Control
— Read sensors 110 Control IF

I/0O Board (PC104)

NIC

0|11 |1213[00{01|02|03
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# Decide actions of conveyers

Conveyer Control

£ Supplied by device vendor (conveyer developer)

o
EVENT E—{INIT INITO & EVENT
EVENT —f——{REQ CNF ——H EVENT
INIT
EVENT —& RO M2 _Finf = EVENT !
M2_STP m EVENT
W3 _Fnr = EVENT
M3_STP gB—— EVENT ’ START 32—212
| [ s -
FC_CARRIER_CTRL2 SToP) REQ
- - sToP|—|cnr .
BOOL 153 ey iy ]| Qo —gsHH BOoOL ,"JHED-‘I |—|R|_|N|M3_F'|ﬂ|'|
BOOL—F 53 STATUS —EHE-E-EH-E-8— WS TRING 549
poOL—E 54 == A
\—\‘|RE|:2|—||M2_FW|
2002/1/10 Yamatake Corporation
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/O Control

Z¢ Developed by device vendor
# Provide interface for motors and sensors

Interface
#Motor 2 control
EWENT HINIT INITO & EWENT
EWENT hiZ _Fun IMD 5 EWENT _Forward
EVENT Mz _Bnf —Backward
EWENT MzZ_STOF
EVENT —& M2 P —Stop
EVENTTY e sTar 4Motor 3 control
1 [
FC_CTRLZ_IOIF _Forward
BOCL et s o ]| Q0 —E-H BOOL
TIME B—CT STATUS —EH—WSTRIMNG _Stop
TIME DT 532 BOOL
L | &Sensor
—Indicate sensor’s events
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Conveyer Device Control

£ Control actions of conveyer device

Conveyer controller

o o |
\‘ INIT INITO INIT INITO NIC
REQ CHF —MZ_FW  IND—
—|RrD M2 Fii— —l_ b2 B
M2_STP = ———— —|M2_STOF Conveyer Control
¢ I MT;FTU:: :EZ‘;“:DP | /O 1/O Control I/F
contro T 7
] [ 1 [ 1/0 Board (PC104)
FC_CARRIER_CTRLZ FC_CTRLZ_IOIF
o] 20— —al Qo 111213 |00|01|02|03
—{s= STATUS wsoms—{CT  STATUS
—{za w#2oms—{oT 53— ]
Sa—

E
e

Conveyer === Conveyer
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< Access to motors and sensors
<t Developed by device vendor

2002/1/10

EWENT
EVENT
EWENT
EWVENT
EWENT

EVENT —t¢

BOOL

TIME

TIME

—INIT INITO 5 EVENT
b2 _F i IMD: B——EVENT
bz _ B
hz_STOF
hZ_Fi
MZ_STOF
I
FC_CTRLZ_IOIF

B-H— 0 Q0 BOOL

B—CT  STATUS —BEHBE—WSTRING

oT 53 BOOL
S4—f BOOL
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/O Control I/F of Conveyer

Conveyer controller

NIC

Conveyer Control

I/O Control I/F

I/0O Board (PC104)

12113 ]00|01|02

o3

T il

Proximity Sensors ~ Motor
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(cont.)

& Control I/F of Conveyer Controller

- Inside of conveyer |/O Control -

[ S— Event Mask
El EQO IITINIT IMITOFIN(TO WS
EOQ1 CLK —uvR ] ,7——RED CHF
:l |: L|:5Tm=tT EC —RD ROO— IND [ INE Detect
E_suil TCH STOP :l |: :l |:
& :| |: oIo_g_ & FLTR_BOOL & & Sen Sor
E_C¥CLE oo Qo — Qo
CTHDT "I 0" {PARAMS STATUS ST ATUS —IN ouTor 53
— —{ooo DID—J—IN1 auTa - 54
CTRL — o0 ol —4|_ INzZ wuTZ
W2 P — b e R —— — —{ooz DIz Nz ol
hz_ELI = 42 B STOR ——— Loz olz N4 auT4
oL MZ_STOF M e oo Dl ING auTs
START EO —SMOFLCET o0s D15 ING auTE
5TOP h3_Fliv = bA5 Fili 0O Dl INT auT?
:| |: MZ_STOP —M=_5" Ok ooy iy
E_DEL&Y :| |:
LT LT Fi_~TRIZ_noTEI I/O I 't 'I:
| B N nierrace
151 ey
o _p——
e tor Control
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Motor Control

<t Developed by device vendor
< Control motor via digital I/O

EVEMNT iz _Ful REQBE—EVENT |M2_FW|—|M2_FW|RED|
EVENT Bz _Bniy STOF EVENT
EVENT 0 M2_STOP M2 R ]
EVENT STOP_CPT [z_sTor—mz STDF‘lRED[
- - Mz_Bti—wt2_B|—{mz_Bwi|REQ
EVENT = hiz_Fue B = = | |
EVENT —H M3_STOP M3 STOP ;
] [ o 5o
FC_CTRLZ_IOCTRL
M2_REV|REQ
B0 0L —E-E-E-E-8 ol QoE—B0oL ) ME R M2_FSTOP ~loror
M2_b [ BRoL |~ STOP_CPT
M2_P ——B00L [mz_Fu—{wz_Fui[RED)|
M3_P—H—B00L [Mz_sToP —Mz_sToP|RED]
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Z¢ Access to digital I/O
< Designed by parts supplier
< Used In I/O control I/F

2002/1/10

EWVEHNT E—INIT INITO B EVENT
EWENT B 'R MR B EVYENT
Controllerl E E §EVENT
D08 8
BocL B 0| QO BOOL
WSTRING B—FPaRAams STATUS FEBH—WSTRING
pOoOL—®- —{ao DIOp— —H8——peooL
pOoQL——H —DO1 D p— —8B——pepOooL
pooL————H —oz Dlz— —H—pBe0ooL
pOoQL——H — DOz Dl f— —H——pepOooL
poOL————H —0Og DIgd— —H——pBeooL
pOOL——®H —DboOs DIs|F— —H8B——pep0ooL
pOoOL—H- —DOG DI — —H——pBe0ooL
pogL———8- — o7 DIF— —8——pooL

Yamatake Corporation

P
/O Board Control (Common)

NIC

Feeder Control

I/O Control I/F

1/0 Board (PC104)
14|15 |16 | 17 | 04| 05| 06| O7
0|11|12|13|00|01|02| 03

| nput

Output
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eder device
eyer device
device
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HMI Device

4 PC + network
— Occur “START" event
— Monitoring devices status

f: Hvi _ O] x|
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HMI Component

Z One FB for one GUI component
< Designed by end-user or system integrator

Interface

Body

EWEMT EH—IMIT INITO

i EWEMT

EWENT i REQ CHF

1L

FC_HMI

BE—EWVENT

BoOOL H—E— 0| Qo

WSTRING —H 1M1

WSTRING —H M2

E-E—p0o0oL

OuTH ouTz
INIT={INIT INITO INIT INITOFINITO
REQ-|REQ CNF REQ CMF[-CNF

1 [ 1 [
OUT_AMNY OUT_ANY
(ol [F ] Qo ] nofoo
1M1 —IN INZ—{IN
iy i
"STRING" < TYPE "t TRING! < TP E
"FIEDER" —{IvaL "CONVER" - IWAL

2002/1/10
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achine Control Using IEC 61499)
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Application

< Designed by system integrator
% Select controls and connect

—9

Conveyer [|]||||||||||||||[ﬂ|]]||||||||||!||@£[l]

Conveyer == Conveyer=>
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NIC NIC
1M CTRLA CTRLE Application Application
INIT INITO INIT INITO INIT INITO Feeder Control Conveyer Control
IND [— —— —|RE@ CHF | ——— —|REQ CHF [/O Control I/F I/O Control I/F

1 L R MFw i vz_Fo 1/0 Board (PC104) 1/0 Board (PC104)
IN_EVENT M1 BY MzZ_STP
o oo wt_s T o lo[11]12|13]oojo1jo203 |10]11]12{13]o001]/02/03
L&aBEL :l |: M3I_STF

FC_FEEDER_CTRLZ _| l_

H M I @l (w]] FC_CARRIER_CTRLZ @ @
= | STATUS ]| (m]n}
g2 53 STATUS T
54 @

Feeder
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Local Application in Feeder

< Designed by system integrator

Initialize Sequence Control

START

CoLD REQ | CTRL
WMEAR i l—|N|T INITO INIT INIT Gy 15
STOP R&F IND| | REQ EN.‘l -| w “INIT IMITO
:| I—RD m_Fm:l hd 1 _F s IND
E_RESTART SUBSCRIBE_Q m_Em;I I I Im_aw
|

true =21 oo h1_STF M1_STOP
CMF j
2250021024 b STATUS ]
:I ‘ INIT IMITC I:

FC_FEEDER_CTRL: FC_CTRLI_IOIF
- - 1REQ CHNF - -

ol Qo :| |: ol Qo
51 STATUS #W50m=—(CT STATUS
PUBLISH_O
52 B20m=—0'T 51
=21 Qo
52
"225.002:1025 —ID STATUS —‘

Communication interface
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Local Application in Conveyer

< Designed by system integrator

__Initialize Sequence Control

coLp REQ | CTRL 10
WA R b it INITO] | INIT INITOY INIT INITDJ
STOF RSF IND REQ CHF hiZ _Fn IND
:| E I—RD M2 _Fu hiZ_ B
E_RESTART SUBSCRIBE_Q ru12_5TP| Mz_STOP
trud 2l Qo ma_le b3 _Fun
"225.0.0.2:1025 I STATUS M2_STP M2_STOP
o I 1 C
FC_CARRIER_CTRLE FC_CTRLZ_IOIF
Ql Q2o al 2o
53 STATUS #50ms—{CT STATUS
T #2o0ms—{0T 53
I N

Communication interface
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START
COLL
AR

|

STOF

]

E_RESTART

22000210281
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"START"

D

Local Application in HMI

1M1

INIT INITO

FUB1

INIT INITO
REQ CHF

1 L

FUBLISH_O

2250021024 D STATUS

e 1] DD——‘

== IMIT
RSP

]

SUBSCRIBE_1

Sue1

20
STATUS
RD_1

INITO
IND

"Z225.0 021029

| nitialize
Start
Communication interface

SUEz
INIT  INITO
RSP IND
m— Monitoring
] oo
It STATUS ouT H M I
RL_1 _—I INIT INITO
REQ CNF
:gE_HME:
true —{31 oo
—INA
—— Nz
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Extend Devices for HMI

# Recelve “START” event from HMI
# Publish status of devices

2002/1/10 Yamatake Corporation
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Extend Feeder Device

< Publish status of feeder control FB cyclically

START REQ I oTRE
INIT INITO—— T—INIT INITO [— — 10
RSP IND[—— T—|REQ CHF [— — INIT INITO
:I I: —RL 1 _Fuli— 1 _Fui IMD
SUBSCRIBE_D 1 B — 1B
E_RESTART true -1 Qo MA_STP[— M1_STOF
CMF
"225.0.02:1024" 10 STATUS
] [ L o I
FC_FEEDER_CTRLZ FC_CTRLA_IOIF
—REQ CHF
—l Qo :| |: [wl} Qo
—151 STATUS WE0ms—|CT STATUS
FUBLISH_O
5z W20ms—0'T 51
ol oo
52
"225.0.0 g 1025" I STATUS
IND |

T ‘—IINIT IHITOH
) i Send stat
{TOP j US

‘I:E]_EYI:L'E: true—ZTBLISHQ_; CyC| I Cal |y

[T "225.0.02028" Il STATUS

=0
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Extend Conveyer Device

< Publish status of conveyer control FB cyclically

IIIIIIIII

aaaaaaaaaaa

SSSSSSSSSSSSSS

|
IIIIIIIIII
F Fne —
1) ny J B
MMMMMMMMMMMMM
hZ_Fit Fir
SSSSSSSSSSSSS
;I_CARRIER CTR|:|_2 ;I_ CCCCCC I%
al”l Qo al Qo
53 TUSH memy BH50ms—{CT  STATUS
s 52
=
1ML J
Th INIT IMITO
START EOT R T TTREQ  CHNF
STO :| |:
1 C 1 [usus E
E_CvE Qo
m=—DT "Z225 @.0.2:1028" 10 ST ATUS
— D
Yamatake Corporation
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Send status
cyclically
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Design Method

& Parts supplier (OEM)
— Supply H/W and S/W (driver FB)

< Device vendor
— Supply interface FB for I/O (e.g. Sensor, motor)
— Supply control FB of device (e.g. Feeder, conveyer)

& System integrator
— Design system combining FBs among devices
— Configure local applications in devices
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Future System Development

NIC NIC
Application Application
Feeder Control Conveyer Control
1/0 Control I/F I/O Control I/F
I/O Board (PC104) |/O Board (PC104)
10{11]12]13]00/01/02|03 10]11]12]13]00/01/02|03
— =

X
& \
g
9 S S
(NRERRARRRRNAV I NRRRARRRENN
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System Integrator

Device Vendor

H/W, SIW Supplier
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