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COMDES-II Specification of the Production

Cell control system
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Actor Interaction diagram
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COMDES-II framework
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Dynamic Aspect of COMDES-II:

Table actor

Table_Left!

Sensor =1
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Feed Belt Feed Belt
Env. Actor
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Actor interaction diagram
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Table Table
Env. Actor
loop env_table_moving_to

_feedbelt_on

env_table_sensor
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table_left_fb

>

go_table!

Table_Left!

Off,
Ready for_
Arm1!

Sensor =2

env_table_moving_to
_arm_on
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-
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Graph transformation of Actor interaction diagram
to Uppaal model

e Sensor Signal (trigger from

env. to actor): > Vvariable: i ey
int [0,1] env_feedbelt sensor; SenSOF\
Variable included only in a guard. Signal N B
The environment will set this variable control | eny_table,_sensor
and the controller will read it. Signal — R T
- : - env_table_moving_to
No synchronization is necesarry here. I I
ready_for_feed
-
e Control Signal (reponse from
actorto env.): > broadcast —
eedbelt_loadde
Channel table_left_fb >
urgent broadcast chan env feedbelt motor on; - —
The controller will issue it.
The Environment waits in a state to receive

the control signal. After it gets the control
signal, the state of the environment could
be changed.
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Graph transformation of Actor interaction diagram
to Uppaal model cont’d

e Global Slgnal (pair

. ; . bl Tabl
interaction from actor to actor) . Bu Actor
9 Chan nel : env_table_moving_to
urgent chan loaded, loop | _feedbelt_on
ready for feed, " env_table_sensor
table left fb; (1) >
. env_table _moving to
Both sender and receiver are o fecdbel off
blocked if they are not at the ready_for_feed

rendezvous points.

o States: steps between N\t bedied q
sensor signal, <t
control signal and
global signal. State

10
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o Priority

* |n the real life, the controller is much faster than
the environment, because the controller has to
react as soon as it gets input from the
environment.

 To model this feature in Uppaal, the controllers
will have the highest priority in the system.

system brickl, brick2, brick3, brick4, brick5
< Env_FeedBelt, Env Table
< FeedBeltController, TableController;

11
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Production Cell

 Environment:
- Brick
- Feed Belt
- Table
- Robot
- Press
- Deposit Belt

e Actor (Controller)
- Feed Belt
- Table
- Robot
- Press

- DepositBelt «Channels: 17

*Broadcast channels: 31

*Global variables: 8

L ocal variables: 3

L ocal clocks: 4

C|E|=® Locations: 191 12

* Properties

- safety
- liveness
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Brick Environment
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‘H_FE_SENSOR
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.~ OnTahble SensorOff hrick_cl = FassingSensor A
W ovingWithTable brick_table_run? ‘,—j go_table?  go brick_feedbelt_sensor0! OTII-.-I E_LEAVE_FE_SENSOR () brick_feedbelt_stop? S0F22dBefWaiting
. brick_clock==
L L TIME_LEAVE_FB_SENSOR_MAX

faric k_taple_

go_arm1? FallDown

hrick_clock=p

ondrmmi ¥

one_brick_on_feedbelt=0

brick_clock==

TIME_LEAVE_FB_SEMSOR_MAX

OnPress
Fa

go_press?

go_arm2?

brick_feedbelt_run?
brick_clock=0

onArma2

e et QOnDeposit
go_deposit?
a °°-

('\

frick_robot_run? Brck_robot_stop?

brick_clock=0
M avingWithArmd

hrick_clock=0

brick_press_run?

MovingWithPress

rohot stop?
brick_rabat_run robot_st

W ovingWithArmz2
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Feed Belt actor

[nitWaitingBrick

table_left_fo?

-0

env_feedbelt_matar_aon!
V
() WaitingFeedBeltSensarTrue

env_feedbelt_sensor==1
env_feedbelt_motor_off!
v

() WaitingForTableReady

ready for feed?

L)
() StartLoading
env_feedbelt_mator_an!
¥

LoadingToTable

env_feedbelt_sensor==0

Durmmy
s feedbelt_loaded!

go_table)

WaitingFarTableleft

Feed Belt Feed Belt
Env. Actor
loop env_feedbelt_motor_on

env_feedbelt_sensor

(1)

env_feedbelt_motor_off

>

g

ready for feed

env_feedbelt_motor_on

env_feedbelt_sensor

(0)

feedbelt_loaded

table_left fb
<

>

go_table!

Feed Belt environment

brick_feedbelt_sensort ?

env_feedhelt_sensor=1

brick_fesdbelt_sensor0?

env_feedbet_sensor=0

StopBrick
env_feedhelt_motor_off?

O
Motoron

brick_feedbel_runl orick_feedbelt_stop!

Env_feedbelt_motor_status=1 env_feedbelt_motor_status=0

RunBrick C-.\

env_feedbelt_motor_on? I

ERSITY OF |ISOUTHERN DENMARK
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Table Environment

UNIVERSITY OF [SOUTHERN DENMARK

t~m| =1||ternp= 1||t emp=

temp==1|[ternp:
_tahle_movi P I
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brick_table_stop! brick_table_run!
brick_table_run!
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} N ) MoaovinglnReadyForFee dBeltfirea
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Damage
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safetime==TIME_TO_ARM_MAX p
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Table Actor

ReplyToArm 1
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A

env_table_moving_to_am_onl

StartMoveToArm
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loop

ready_for| feed
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_feedbelt_off
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¢
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-
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_arm_on

env_table_sensor
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-
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>
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-
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Robot Environment

temp=1

env_robot_moving_to_table_off? brick _robot_stop!

brick_robot_stop! temp=5

bride—obot_run!
temp==1

env_robotrrodThg_to_table_on™

“s afetime=10,
env_robot_sensor=3

temp=2

brick_robot_run! -etime= &,

“ env_robot_sensorF

brick_robot_sto!

env_robot_moving_to_table_off?
temp=3

brick_robot_run!

To_table_off?

brick_robot_run!

env_robot_moving_to_table_off?
te mp=5

brick_robot_rup

temp==

env_robot_moving_to_piess_on?
s afetime=30

. env_robot_moving_to_press_off?

temp==5
sy _robot_moving_to_press_on?

safetime=4L.g robot_sensor=1 brick_robot_rup

brick™~eghot_stop!

tetap==4
erv_wgbot_moviag to_press_on?
s afetifve=18,
env_robotsgensor=0

temp=4
ermv_robot_moving_to_press_off?

bricky robot_stop!

brick_robot_run!

terhp==32
e obot_mbying_to_press_on™
safetine=20,

env_robot_senshw=2
temp=3
env_robot_moving_to_press_ off?

brick _rob oty stop! brick_robot_run!
tempa=2

erv_ropot_moving_to_press_on?

safetimg=28,

erv_roblt_senso=0

) i 1
brick_robot_stop! Emp=

env_robot_mov

env_robot sarso=3

Damab

brick _robat_run!

temp=1
noving_to_press _off?
brick_robot_run!

safetime==

safetime==33

Arm1ACWMovingInT able

safetimes=12

safetime==12
env_fobot_sersar=0

ArmZACW Moving ToPress
safetime<=20

safetime==20
env_robot serso=2

ArmZACW MovingInPress
safetime =22

safetime==22
env_robot serso=0

Arm1ACW Moving ToPress

safetime<=30

safetime==30

env_robot_senso=3

ArmAACW MovingInPress
safetimes=33
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Robot Actor

Arm2LoadingToDepasit O
/

env_robat_maving_to_press_offl
eny Sensar==3

WaitingForﬁri’nZlﬂovingTuJ eposit )

env_robat_maoving_to_press_on!
Eitart&.rmzr-v-luJ\e'eTuJDepquit()
press_left_arm32?
WaitingFarPressLeftArm2 ()

am2_grip_successfull

b4

Arm2GripingFrampPress (

press_ready_for_am2?

oy

Arm2ReadyForPress (

env_robat_sensor==2

env_robat_moving_to_table_off!
WaitingFarArm2MavingToPress ()
env_robat_moving_to_table_on!

StartArm2MaveToPress ()

press_left_arm1?

WaitingForTableLeftArm 1 go_press|

Dummy2

arm1_loaded!

0o_deposit!

Dummy|

go_arm1|

©) Dummy3

Rabatinit

©

() WaitingFarArm 1MavingTaTable

env_rabot_maoving_to_table_on!

env_robot_sensor==1

env_rabot_moving_to_table_offl

ArmIReadyForTable
() rm \

table_ready_for_arm1?

Arm1GripingFromTable
am’1_grip_successfull
WaitingForTableLeft
table_left_robot?

() StartArm1MaveToPress
env_robat_moving_to_press_on!

() WaitingForArm 1MavingToPress

env_robot_sensor==3

env_robat_moving_to_press_offl

Arm1LoadingToPress

press_ready_far_am17?

o.ﬂrm 1ReadyForPress

table_ready_for_armi

Robot Robot
Env. Actor
loop env_robot_moving_to

_table_on

env_robot_sensor

(1)

env_robot_moving_to

_table_off

A

arml_grip_sucgessful

-

table_left_robot

-
| lgo_arm1!
env_robot_moving_to
_press_on
h env_robot_sensor
(3)
env_robot_moving_to
| _press_off
press| ready_for_arm1
e
arml_loaded
go_press!

env_robot_moving_to
_table_on

press_left_arml

env_robot_sensor

(2)

env_robot_moving_to
_table_off

-

A

env_robot_moving_to
_press_on

preiss_ready_for_arm2

-
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arm?2_grip_successful

press_left_arm2

>

-
env_robot_sensor

(3)

env_robot_moving_to
_press_off

\ 4

go_deposit!

]
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Case study reguirements

Safety requirements
- R1: Keep blanks sufficiently distant
Do not put blanks on the table, if it is already loaded,

- R2: The limitations of machine mobility

The elevating rotary table must not be moved downward, if bottom sensor is true,
and it must not be moved upward, if top sensor is true,

- R3: The avoidance of machine collisions

The robot, for instance, would collide with the press if arm 1 would extend too far
while pointing towards the press;

e Liveness requirements

Every brick introduced into the system via the feed belt will eventually be put on the deposit belt.

 Claim: controller correctness is implied by the
correct behaviour of bricks and environments

= safety & liveness properties are specified using
elements of brick & environment processes 19
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Reachability and Safety

* |s it possible that one brick is moving with table
and another is moving with feedbelt?
(Reachability)

E<> ( brickl.MovingWithTable and brick2.MovingWithFeedBelt )

 The table with the brick on it can not move down
to the feedbelt. (Safety)

A[] not (brickl.MovingWithTable and
Env_Table.MovingToFeedBelt)

20
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R1: Keep blanks sufficiently distant

* The bricks can not overtake each other,
l.e. It IS necessary to show that their
locations In the system are occupied under
mutual exclusion

* Only one brick at a time can be on the
table.

A[] (brickl.OnTable imply not
(brick2.0nTable or brick3.OnTable or
brick4 .0OnTable or brick5.0nTable))

21



r,s.fﬁ MCI Mads Clausen Institute

www.mci.sdu.dk

f

R2: The limitations of machine mobility

 The table (Robot, Press) never enters Damage state.

A[] not Env Table.Damage
A[] not Env Robot.Damage
A[] not Env Press.Damage

* Property Composition

A[] not ( Env Table.Damage or Env_ Robot.Damage or
Env_ Press.Damage )

A[] not Env Table.Damage AND A[] not Env_ Robot.Damage AND A[]

not Env_ Press.Damage

i |Project

¢ Declarations

-9 Con_Table

- Env_Table

&) Con_Fake Robat
& Con_Fake_FeedBelt
e Syskemn declarations

B ey RO oy B O oy B

tahle_left_rohot?

ready_for_feed?

feedhelt_loaded!

table_left_ih?

22
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R3: The avoidance of machine collisions

« Arml can not wait in the press area when press
IS moving up/down close to the process area

A[] not (Env_Robot.Stop and Env_ Robot.temp==1
and Env_ Press.DMovingInProcessArea)

A[] not (Env_Robot.Stop and Env_ Robot.temp==1
and Env Press.UMovingInProcessArea)

23
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Liveness Properties

e Liveness : Q is eventually satisfied. A<>Q
Brick eventually reaches Arm1.

A<> (  brickl OnArml1 )

f

- 3|
EHEEL]

) L IVE @ com,uppaal. engine, ServerException: Cannok handle A<, E[] and -- Formula for maodels with priorities

If a
picked up by arml1.

brickl.OnFeedBelt-->brickl.OnArml

be

24
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Bug found in the Actor Interaction Diagram
of the Production Cell

e |s It possible that a brick is moving with arm1
and another is moving with arm2 at the same
time?

E<> ( brickl.MovingWithArml and brick2.MovingWithArm2 )

e EXpected true, actually it is false in this model.

 Reason: according to the current design of the
actor interaction diagram, it does not support this
feature.

25
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Robot hit

New Robot actor

am?2_grip_successful

Wiaiting For Pres sLed Am2With Brick On A,

press_let_anmi?

emy_robot_maving_to_press_on!
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Conclusions

* The verification model presumes explicit
modeling of both environment and actor, within
the corresponding plant-controller pairs.

 The global Uppaal model is checked as sub-
models in a sequence of chained reactions,
concluding the correctness of system behaviour
properties from local properties of the plant-
controller pairs involved in the transaction.
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