GR 98 P 2012 Description Method and arrangenent for designing the control
of a conplete process 5 The invention relates to a nethod and an
“arrangenent ¢RrogleBi goimg the control of a conplete process which

conpri ses a nunber of individual processes. 10 The contro

of a conplexDéggp£§g§$ninstalIation or, respectively, of a system

(conmpl ete rises a nunber of smaller control units which are
provi ded for certain parts (individual processes) of the installation or,
respecti vel yMegho@handy d¥fingenidnt | £6+ desigalingnithd oconttol sbfi rali vi dual
process is restric%ed in this case to this individual process. The sane
applies to ST*PsBEBNB®®EBAProl for a second individual process. Even if
an inter@ay of the first control with the second control functions |argely

20 wi thout errors, t?hé d9§§eﬂ9&oﬁua5@ﬂgﬁgsthﬁb ag efd¥hod and an
arrangement for designing the control of a complete
process which comprises a number of individual
processes.

10 The control of a complex technical installation
or, respectively, of a system (complete process)
comprises a number of smaller control units which are
provided for certain parts (individual processes) of
the installation or, respectively, of the system. A

15 first control unit for a first individual process is
restricted in this case to this individual process. The

. same applies to a second control for a second
individual process. Even if an interplay of the first
control with the second control functions largely

20 without errors, this does not guarantee that an error-
free operation of the complete installation is still
guaranteed with a slight modification of the first or
of the second individual process. Thus, a small change
in a process or the addition of a third process can

25 lead to conflicts and blocking between the processes
which <can only be empirically verified. 1In this
context, it is possible that a faulty state of the
complete process overcomes an empirical test and thus
remains undetected. This is not acceptable especially

30 with regard to a critical installatioﬂ with respect to
safety since it must be guaranteed in every case that
no unpredicted event occurs in the interplay of the
processes.

Apart from the unauthorized states to be

35 avoided, there are in the sequence of a process so-
called authorized states which should occur exclusively

for the process if it is functioning correctly.



free operation of the conplete installation is still -guaranteed with a
slight nodification of the first or of the second individual process. Thus,
“a smal |l changk p8 & poogess or the adeéi2ien of a third process can 25 | ead
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exclusively for the procegpidet! tid SalHDEHL Nk AY UGG with the
features of the independent claims.

Within the context of the invention, a method
for designing the control of a complete process which

10 comprises a number of individual processes is
specified. In the method, functionalities of the
individual processes are identified. Furthermore, a
validation is performed by automatically verifying an
interplay of the functionalities in accordance with an

15 input to the complete process, to the effect that each
individual ©process is not disturbed during the
operation. From the result of the validation, data for
controlling the complete process are determined.

An advantage of the method consists in that it

20 is ensured in the step of wvalidation that each
individual process can run undisturbed. A further
advantage consists in the automatic generation of data
for controlling the complete process. Thus, data for
controlling the complete process are systematically

25 generated with the aid of the method.

An embodiment consists in that a sequence
optimization is performed after the wvalidation. Thus,
it is certainly an advantage that individual processes
can run undisturbed and another advantage consists in

30 that the several individual processes run time-
optimized if possible. It is the aim of the sequence
optimization to carry out the performance of
predetermined actions of the several individual
processes in parallel and in the shortest possible time

35 without disturbances.



GR 98 P 2012 -2- It is the object of the-invention to specify
a nethod and an arrangenent for designing the control of a conplete process
in which it GR eBopmablyp) ensured that-there is no inpedinent to the

i ndi vi dual processes 5 and onIy aut hori zed states are occupi ed. This object

is achieved in accorga@% dﬁﬂkﬁgﬁ sildiss ififependente claLas.

e
Wthin the context of the |nvent|on thod for designing the control of
a conpl et e pESEeLONIHAR Iy ErrmpErERLete sPIAGRESr areofdet ¢ FpRER AR
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oo o B et Sl e A R U0, oLl E b0y B e
det er ni ned. md@dvaﬁtlééénoflﬂhetfh‘ét HFP TN ilandwads t C or
programming language C++ is generated which initiates

or ensures the control of the complete process.

10 In particular, the advantage becomes noticeable
in the generation of executable code if functionalities
of the individual processes are also provided in the
form of respective program units. If a number of
functionalities of a number of individual procesées in

15 each correspond to at least one program unit, the data
which were generated in the form of executable codes
are used for controlling the coordination of the
individual program units or, respectively, the
executable code uses the interfaces, e.g. function

20 calls or method calls, provided by the program units.

It 1is also a further development that an
individual process is disturbed if one of the following
conditions is met:

a) The individual process is blocked by another

25 individual process. In the case of the blocking,

two individual processes wish to use one physical
resource in different ways. In such a case,
blocking occurs since the resource cannot meet the
requirements of both individual processes at the

30 same time.

b) The individual process reaches an unauthorized
state or a state endangering the operation of the
complete system. It is an essential requirement
for a critical application with respect to safety

35 that no hazardous states are assumed.



20 is ensured in the step of validation that --each individual
process can run undi sturbed. A further advantage consists in the autonmatic
"gener ati on otrdagapf @apigontrolling the conrpl ete process. Thus, data for
controlling the conplete process are systematically 25 generated with the

aid-of the nmethod. Aj_e dii:rg; onsd I 4 : 3y S e g3 zation
Is perforned after tgg \B/%%i at :%toeﬁict ?ﬁu?hseltq}‘;sé}g%%%'i nly §%P%. g%%{%ge t hat
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wi thout di stythangesa pég%ééééé 294¢ ve identified[’éﬁfthermore, a
validation can be performed by automatically verifying
an interplay of the functionalities in accordance with
an input to the complete process to the effect that
10 each individual process is not impeded during the
operation. Finally, the data resulting from the result
of the wvalidation can be used for controlling the
complete process.
This arrangement is suitable, in particular,
15 for carrying out the method according to the invention
or one of its further developments explained above.
Further developments of the invention are also
obtained from the dependent claims.
In the text which follows, exemplary
20 embodiments of the invention are showh and explained
with reference to the drawing, in which:
Fig. 1 shows a turret head of an automatic placement
machiney;
Fig. 2 shows steps of a method for generating the
25 control of a complete process;
Fig. 3 shows a state machine which represents the
system behavior of the “scan” operation;
Fig. 4 shows a state machine which represents the

specific system behavior of the scan test;



A further devel opnent consists in that the data for controlling the
conpl ete process are determned in the formof an executable code. This
“ensures thatGRhe8 res2012 of the validati bn—and possibly of the sequence 5
optim zation flows conpletely automatically into the control of the

conpl ete pfOﬁf??-sF%h&x@rbee, st aREOUTABIARe Wihidlen kBpkheeRESYr @M Ng
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functionalities of t I ndi yvi dua o ; Q. Pr QY . the form
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i ndi vi dud processespanalbel epaicessiagpafl theavacaas st padgr&f unit,
the data which were ggpesaigdrbgethe formof executable codes are used for
controlling the coordjnation of the individual program unitsg, .or,
respecti vel yF19-the 8Re¥8t alfl e BBBBCHseLH he StALSEr f JERSNIREF. on 20
calls or nethod cal |l seppesshtied byst&e peograsrunits.

Fig. 8 shows a state machine which represents a
10 specific system behavior;

Fig. 9 shows two state machines which in each case
represent specific system behavior for the
vacuum test and the scan test;

Fig. 10 shows a state machine for the complete process.

15 Figure 1 shows a turret head 101 of an
automatic placement machine. The turret head 101
accepts components and places them at a predetermined
target position.' The turret head contains 12 vacuum
pipettes 102 which are used as receptacle and placement
20 tool. If the turret head 101 is used for a prolonged
period, wear occurs, the vacuum pipettes become dirty
and worn. Accordingly, it is necessary to perform
periodic tests in order to determine the state of the
vacuum pipettes 102 and to exchange them, if necessary.
25 Two different tests are performed by two different C
programs. A vacuum test 103 is used for finding out
whether the respective vacuum pipette 102 can still
generate the intended vacuum; a scan test 104 indicates

the extent to which the individual wvacuum pipette 102

30 is subject to physical wear and whether it needs to be
exchanged. For the subsequent observations, the scan
test 104 and the



It is also a further devel opnent that an individual process is disturbed if
one of the followng conditions is net: a) The individual process is
‘bl ocked by ganggher 28%2 i ndi vi dua -process. |In the case of the

bl ocki ng, two |nd|V|duaI processes wi sh to use one physical resource in
different vaygcallh SUdt & @RoGocllOckinl0 fafUfe SEARE BAAIAU CengaNnot
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of vacuum test 103 and scan test 104 at the same time

In

without the complete process being able to assume
unpredicted states. For this purpose, the function
calls of the abovementioned C programs must be

10 coordinated.

Figure 2 shows steps of a method for generating
the control of a complete process.

In a step 201, functionalities of the
individual processes are identified (structuring).

15 Furthermore, controllable and uncontrollable events are
identified. Controllable events are events which can be
avoided by the control. Uncontrollable events are
events which cannot be avoided, e.g. output values of
sensors or results of actions. Furthermore, sequences

20 of events are identified which represent a possible
physical system behavior. In addition, sequences of
events are identified which represent a specific system
behavior (task-related system behavior) under the
influence of the control.

25 The step of structuring 201 also comprises the
representation of a state machine as shown in figure 3
for the “scan behavior”.

From an initial state 301, a “scan” command
places the machine into a state 302 in which the vacuum

30 pipette 102 is examined for wear. If the “scanning” is
concluded, the machine returns to state 301. Similarly,

the machine returns to



for controlling a conplete process is also specified, which conplete
process conprises a nunber of individual processes, a processor unit being
provi ded whi @R ig8 fet20B2up in such a marher that functionalities of the

i ndi vi dual processes can be identified. Furthernore, a validation can be

performed by sac;]stt%nvééfakkxmvg@a% r@zanwh@ﬁeaal - r t@&@ggct(eege&iot ies in

accordance wt I nput to the co ete process to the effect that 10
each individdel pRosesss 9fs Sﬁ@ﬂnlpﬁpeééélcéﬁﬁﬁngthﬁﬁe &per avrgrum

Finally, the e eesqlotzl nﬁu&tonbé heré;ﬁlﬁé&éd)of tme“\tvélcb%tﬁ"onc@aﬁaha used
for pontrollkﬁgﬂthe Iet 0 cess. Thi s géé U|tabb
particul ar, C%F 3 t e Fethoa=decd d| % ARG ﬁPFon or
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and expl ai ned-nia Istadfee ‘t@ft%éfetﬁ%rﬁ@ - in which:
The specific system behavior is also shown in
the form of a state machine. For this purpose, figure 4
10 shows a state machine which corresponds to the specific
system behavior for the coordination of the events
“turn”, “done turn”, “error turn”, “scan”, “done scan”,
“error scan”, “counter”.
Figure 4 shows a state machine which represents
15 the specific system behavior of the scan test 104. An
initial state 401 is changed to a state 402 by a “turn”
command. If the turning of the turret head 101 is
ended, the machine changes from state 402 to a state
403. If an error occurs during the turn (“error turn”),
20 state 402 changes to a state 407. From state 403, the
“scan” command initiates a change to a state 404; when
the scan test 104 is concluded, the machine changes
from state 404 to a state 405. Incrementing a counter
changes state 405 to a state 406. A check is then made
25 to determine whether the counter has already reached a
value 12. If this is so, state 406 is changed to state
407; if the counter exhibits a smaller wvalue than 12,
state 406 changes to state 401. Various commands ensure
that state 407 is kept: ™“recover”, “done recover”,
30 “operator input”, “stop”. A “repeat” command causes the
process to be repeated in that state 407 is changed to
state 401.
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ch characterlstlcs are, 1n par ar,

ss.
blgfilng or non-blocking characteristic and a
controllability characteristic. If wvarious individual
processes are operating in parallel with one another
and if these individual processes share one or more
resources {in this case the turning of the turret head
101), freedom from Dblocking 1is ensured if the
individual processes can perform their tasks right to
the end without impeding each other by accessing common
resources. In the exemplary embodiment shown, the
individual process scan test 104 and the individual
process vacuum test 103 jointly use the resource
“turning of the turret head 101”. This could lead to
mutual blocking if the control of the complete process
does not prevent this preventatively.

Furthermore, the validation 202 is carried out
in that a plausibility check of the structuring 201 of
the complete process to be controlled is effected by
observation or simulation of the system and of the
specific system behavior in the form of a state
machine. Finally, predetermined characteristics are
automatically verified. One of these characteristics is

“after an error has occurred in scan test 104 (the
event “error scan” was indicated), the “recovery”
operation (the event “recover”) always starts”.

The wvalidation 202, if it 1s not done
completely and which formally verifies the undisturbed
sequence of the individual processes, is repeated by
branching back to step 201, the structuring of the
functionalities of the individual processes. If the
validation 202 is successful, code for controlling the
complete process 1is automatically generated (compare
change to step 203 in figure 2).



Fig. 8 shows a state machi ne which represents a 10 -. specific
system behavior; Fig. 9 shows two state nachines which in each case
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i ndi cat es values of sensors. An example is represented by the
function call of the event “scan” which relates to the
10 corresponding program code fragment (C program routine
“scan test”) which comprises “scan error” or “scan
done” as return values.
The automatic generation of the C code for
controlling the complete process is determined from
15 wvarious state machines, allocations and/or program code
fragments. The individual functionalities structured in
step 201 correspond in this case to the corresponding

state machines or, respectively, program code
fragments.
20 As already mentioned, the vacuum test 103 and

the scan test 104 are carried out in parallel, each
test being performed at different physical locations
(compare figure 1, oppositely located performance of
the two tests).

25 Figures 5 and 6 show the desired behavior of
the individual processes for the vacuum test 103 and
the scan test 104, figure 5 showing a sequential
processing of the two tests and figure 6 showing a
parallel processing of the two tests. In the parallel

30 processing in figure 6, blocking of the two individual
processes can occur due to the fact that after the
event “recovery vacuum”, one of the two events “turn”
or “counter” will not occur. As a result, a turning
(“turn” command) of the cylinder head, which is needed

35 Dby both individual processes running in parallel, is
not guaranteed. Whereas one machine wants to turn the
cylinder head, the other machine
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The time expenditure for the sequential processing is
far greater than for (almost) parallel processing.

On the basis of figure 4, figure 5 to figure 10
Thus,
comprises states 501 to 517, figure 6 comprises states
601 to 618, 501 to 509 509 to 517
characterizing the in each case independent machines
The

state

can be analogously understood per se. figure 5

states and
according to figure 6 which can run in parallel.

event which is in each case decisive for a
changing to another one is in each case indicated along
the transition arrows in the figures.

Events having the same name occur synchronously
in machines in which the respective event is defined.
In the present exemplary embodiment, the event “scan”
if the
(compare figure 7)

the

state machine of the
W Oll
specific

occurs system behavior
is in state
of the

according to figure 8 is in state 0 or in state 1 and

or, respectively,

state machine system behavior

if the state machine of the specific system Dbehavior
according to figure 9 is in state 2.
Controllable events are:

“turn”, “scan”, “wvacuum”, “recover”, “recovery

turn”, “recovery scan”, “recovery . vacuum”,

“counter”,

“operator input”, “reset”.

Uncontrollable events are:

“done turn”, “done

“error turn”,

scan”, “error

scan”, “done vacuum”, “error

vacuum”, “done

recover”, “counter=12?”, “counter<12?”, “stop”,

“repeat”.

’ﬁm%hﬁor



In a step 201, functionalities of t he indi-vidual processes
are identified (structuring). 15 Furthernore, controllable and
uncontrol | abce egemt 20are i dentified. -Cont+ol | abl e events are events which
can be avoided by the control. Uncontrollable events are events which

cannot be avoi ded, e O O#)tec\{:ql‘}ées é—‘éat%e”%&Hclﬁ*ﬂ{e rmﬁéagés actj,gns.

Furthernore, sequences 20 events are jdentified .represent a
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identified wiieghih@Redsent @ speakf i gtayst egibphayi odatkaskaergabeAdsyst em
behavi or) under_the influence qof the cgntrol. 25 The step of

structuring S6FfiRESo 2c S/EMIDEL 100 CPBFLELOR ati on of a state machine as
shown in 3igure 3 foFighee' scashdedavher syskEeamahaviidr alAst aleed8f, a

"scan" conma I, t chiine J . 302_1 | acyum 30
pi pette 102 ?‘%ngxl%%%%le %ﬁm&aﬂk %ﬁ‘?%ng Eés%a‘ﬁ%%gﬁﬂﬁg\@%%%%ﬁgﬁ%/ §Ee
machi ne retuevents stwhiclBolresrasenr| y phyisd caddlyi necosgibkss t system

states. Such physically possible behaviors are the

turning of the cylinder head, the performance of the
10 vacuum test, the performance of the scan test, the

incrementing and interrogating of the counter and the

inputting of a command which triggers a predetermined

action. The state 0 in figure 7 characterizes both the

initial state and the end state of the respective
15 system behavior.

After the system behavior has been identified,
the specific system behavior is determined which
relates to a behavior of the complete process with
regard to the task to be controlled. The associated

20 state machine for the specific system behavior of the
error recovery is shown in figure 8. In figure 8, there
are two marked states 801 and 807, state 801 being
simultaneously the start and an end state of the state
machine. The specific system behavior “error recovery”

25 can be terminated in each case in states 801 and 807.

According to the above statements, the
validation is then performed. To this end, a number of
iterations which, finally, lead to the solution
according to figure 7 to figure 9 are shown according

30 to figure 2 (compare transition from wvalidation 202 to
structuring 201l: iteration).

Figures 8 and 9 show the controlled specific
system Dbehavior corresponding to the predetermined
functionality of the complete process. For this

35 purpose, three tasks have been identified



GR 98 P 2012 - 7 - state 301 from state--302 when an error
occurs (error: the process of scanning indicates that the vacuum pi pette
102 nust be GBple8c®dRO1R "recover" conmhRd-changes state 301 to a state 303
in which the machine 5 returns to the starting conditions (recovering). If

the. "recovermachprgféss.a;ae%u%@edmt@%ﬁ&&q@me éie'f@ﬁ li%‘i:'&xﬂe'ltﬂ stahg 301
("done recover”). The specific systen1behaV|or Is also shown'in the form of

a state machit®€t FoRPEhi FafHYbse tepitgur eTRe 10 eifns ZSSCYEE YmachifRe whi ch
corres ponds tpartthe:u&ra&ql filsC oﬁMSj eretiatsnE Dri f (HotHhEthJ@Od;damate@ﬂ vH4t he

events "turn", "dpopne turn r sca ,"done_sc Ny r
scan", "counf 5%1 g&?guf%lﬂh%hg 5 %#%télﬁa@ﬁa e mﬂlé% rep%ésen?géﬁg
speci fi ¢ Syst{coripelreyi otaéd ﬁheoscamesesptlﬁelYArﬁtanets aP03t at®Bl 40ini s
changed to af%&ﬂf%‘%&lbfh@'gegﬂrtest 104 and the vacuum test 103

are only activated if the error recovery is in the
initial state {(compare state 0 or 801 in figure 8).
' The system behavior and the specific system

10 behavior according to figures 7-9 are non-blocking.
Furthermore, the specific system behavior according to
figures 8 and 9 is controllable with respect to the
system behavior from figure 7.

In figure 10, the complete process is assembled

15 from the state machines according to figures 7-9.
Figure 10 represents the product state machine of the
state machines described and is comprehensible per se.
In particular, the product state machine according to
figure 10 is not used for structuring and solving the

20 control task for the complete process since the easily
traceable procedure, as described, guarantees a
structured and clear approach to determining the data
which are necessary for —controlling the complete
process.

25 The executable program code for controlling the
complete process is automatically generated in that
first function calls are assigned to the controllable
events, the return wvalues of the function calls or
output values of Sensors being assigned the

30 corresponding uncontrollable events. The program code
for controlling the complete process is generated from
the state machine assignments and associated program
code fragments.



command. If the turning of the turret head 101 is enﬂgﬂ
changes fromstate 402 to a state 403. |If an error mmm m@m&g urn
("error turn'GR 980 P ACAt2e 402 changes-t @3a-state 407. Frém sta

"scan" command initiates a change to a state 404; when the scan test 104 S
concl uded, theg @Bghidg ghanges fromstate 404 to a state 405. Increnenting
a counter chamges—state 405 to a state 406. A check is then made 25 to
determ ne whether the counter has already reached a value 12. If this is
so, state 406. s changedndtthsd at fod07deslighigcowhieer exitiinl s afsnal | er
val ue than 12, state 406 chan t.o state 401. Various ¢ re that
state 407 is ci?é‘B’tl CLe AR e‘b‘o‘f& ‘F%’E%’t?e @S e %Era?mgggiﬁ%ﬁggg'i stop

"repeat$ cqmarahsEUSes t he process to be repeated in that state 407 is
Changed to s%ﬁte %9}' whi@ﬁ 98fﬁhggignalities of tH® - individual

processes are identified,

b) in which a validation is performed by
automatically verifying an interplay of the

10 functionalities in accordance with an input to the
complete process, to the effect that each
individual process 1is not impeded during the

operation,
c) in which data for controlling the complete process
15 are determined from a result of the validation.
2. The method as claimed in c¢laim 1, in which a

sequence optimization is performed in addition to step

lc).

3. The method as claimed in claim 1 or 2, in which
20 the data for the control are determined in the form of

an executable code. '

4, The method as claimed in one of claims 1 to 3,

in which one of the functionalities of the individual

processes 1is a software unit for controlling the
25 individual process affected.

5. The method as claimed in one of the preceding

claims, in which an individual process is impeded if

one of the following conditions is met:

a) the individual process is blocked by another
30 individual process; '
b) the individual process reaches an unauthorized

state or a state endangering the operation of the
complete system.



A next step 202 in figure 2 ensures a validation of th
conpl ete process by automatically verifying characteri E’lﬁmwuﬂ"ﬁk’lﬂﬁiﬂl ete
process. Suclercie®r #ctoexliosti cs are, in-pagticular, a 5 blockiingn *
non- bl ocki ng characteristic and a controllability characteristic. If
vari-ous indiyidual Processes, S €aQPehaliilG i1h Paha! e uid hpepecgaggher and
if these individual processes share one or nbre resources (Fn tﬁlS ase the
turni ng of tsdaddsretiméeddiciy thigontrak efiolmdivbdnabl BERFASefsofensur ed

if the indi vrdydlt H=0G85 $A% e e ma@hehals deasighdd. ght to the end
wi t hout inpedjng each other by accessing conmon resources. In the exenplary

enbodi ment  sHown, t he BendiSFRRA 2pr oo t 8RE P4 PRECPHAPGI dual
15 proceSs oclacumspn iesStwhilh3 thei ridtya dseermbaedr eour contkoilding of the

turret head i I o] ual, bl ockd i ol _of the
conpl ete pr ocj:tgées d%%ﬁln%?gp?%%gggs%hi gmﬁr e\‘/lg%tdgt ikéve yé?—“&gﬁr‘cé"?% e, %t he
val i dati on 202dhnicad jiggtallatdon.n that a plausibility check of the

structuring 201 of An arrangement for designing the control of a
complete process which comprises a number of individual
10 processes, comprising a processor unit which is set up

in such a manner that

a) functionalities of the individual processes can be
identified;

b) a validation can be performed by automatically

15 verifying an interplay of the functionalities in

accordance with an input to the complete process,
to the effect that each individual process is not
impeded during the operation;
c) data from a result of the validation can be used
20 for controlling the complete process.



the conplete process to be controlled is effected by observation or
sinmul ati on of the system and of the specific system behavior in the form of
a state machicee ggFipnalollg, predeterm ned characteristics are 25
automatically verified. One of these characteristics is "after an error has
occurred in ggan.test 104 (the event "error scan” was indicated), the
"recovery" operattomrr (the event "recover") always starts". The validation
202, if it is not done 30 conpletely and which formally verifies the
undi sturbed sRYwCerd hBahfen¥heUFHorPIRELSHESng | EhéCRRAEG1DYoPr anchi ng
back to step 201, the structuring of the functionalities of the individual
processes. | CHRISFE PFRASESS 202 is successful, code for controlling the 35
conplete process is automatically generated (conpare change to step

203 in figure 2). 7R 98pE§38ﬁ€ blocking 'bé%Wéen competing
individual processes within a complete process,
functionalities of the individual processes are
identified and the interplay of these functionalities
is validated. The data obtained from the wvalidation can
be used for controlling the complete process.



During this process, during the automatic generation of the control of
the ~conplete process, controllable events are allocated, in particular,
to the linked function calls within the individual 5 processes and thus to
t he associ ated program code fragnents. Uncontroll abl e events are all ocated
to corresponding return values of function calls or output values of
sensors. An exanple is represented by the function call of the event "scan"
which relates to the 10 correspondi ng tybplan1code fragnent (C program
routine "scan test") which conprises "s rror” or "scan done" as return
val ues. The automatic generation of the C code for controlling the conplete
process is determined from 15 various state machi nes, allocations and/ or
program code fragnments. Tle—Tmdi vidual functionalities structured in step
201 correspond in this cage to fthe corresponding state machi nes or,

respectively, program |code-frragatfd4s. 20 As al ready
nmenti oned, the vacuunltegtzéoa and
&S
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the scan test 104 are carried out in parallel, each test being performed at
di fferent physical |ocations (conpare figure 1, oppositely |ocated
performance of the two tests). 25 Figures 5 and 6 show t he

desi red behavi or of the individual processes for the vacuumtest 103 and
the scan test 104, figure 5 showi ng a sequential processing of the two
tests and figure 6 show ng a parallel processing of the two tests. In the
parallel 30 processing in figure 6, blocking of the two individual
processes can occur due to the fact tqutﬁfter the event "recovery vacuunt,
one of the two events "turn" or "count®™ wll not occur. As a result, a
turning ("turn” comrand) of the cylinder head, which is needed 35 by both
i ndi vi dual processes running in parallel, 1is not guaranteed. \Wereas one
machi ne wants to turn the cylinder head, the other machine

J FIG 2
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NOT OK

202 Validation
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303
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recover
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302

done scan,
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GR 98 P 2012 - 10 - wants to increment the counter, resulting
in blocking. In contrast, sequential processing as indicated in figure 5 is
possi ble, the tests for 12 vacuum pi pettes 102 each being performed in
succession and thus the 5 cylinder head 101 having to be turned tw ce
conpletely. The time expenditure for the sequential processing is far
greater than for (alnost) parallel pro$§$1ing. On the basis of figure 4,
figure 5 to figure 10 can be anal ogous understood per se. Thus, figure 5
10 conprises states 501 to 517, figure 6 conprises states 601 to 618,
states 501 to 509 and 509 to 517 characterizing the in each case

i ndependent machi nes accordinEﬂﬁi‘gjgure 6 which can run in parallel. The
event which is in each case d ive forga sf#Bie 15 changi ng to anot her
one is in each case indicated al ong the‘D§= sition arrows in the figures.

)

Events having the sanme nanme occur sync# OUSTy Tn nmachineg in which the
respective event is defined. In the pfesént exenplary enbodi nent, the event
n Scan"

@

furn
402

done turn

~— repeat

counter<12

done scan,
grTor scan

405

~~ counter
406

error

counter=12-—1 lurmn

recover
done recover
operator input /
stop 407




20 occurs if the state machine of the system behavior (conpare figure
7) is in state "0" or, respectively, the state machine of the specific

syst em behavi or according to figure 8 is in state O or in state 1 and if
the state nmachine of the specific system behavior 25 according to figure 9

is in state 2. Controllable events ardf1{turn", “scan" , “vacuunt,
"recover", "recovery turn", "recovery scan", "recovery vacuuni',
“counter", "operator input", "reset". |30 Un£EG (5I abl e events
are: "done turn", "error turn", "donegscan', "error s "done
vacuunt', "error vacuunt, "done ver" "count er=127?",

"count er<12?", " st opGountercedat ‘Le- 99 2012 - 11 - The
respective state machi ne 1 ndi cates/t hd~~turn :

502 : ()53

done turn error

recovery turn
vacuum 504
vacuum
T 505
506 eITor done vacuum recovery
vacuum (£)—s507 turn
. counter
508 6
counter=12
recovery 0 509
scan turn
510
1 grror turmn 0 511
done turn
(2)~512
scan
(3)~513
recovery
done scan turn
(4)~514
counter<12 counter
(5)~515
counter=12

17

o eIror scan @ . 516




state in which the correspondi ng system behavior can be term nated, i.e.
the state wth a dark background defines a term nation condition. 5

Figure 7 shows the system behavior. As al ready nentioned above, the system
behavi or shows sequences of events which represent physically possible
syst-em states. Such physically possi 3/% f)ehavi ors are the turning of the
cyl i nder head, the performance of th 01 vacuumtest, the performance of
the scan test, the increnenting and interrogating FG?B counter and the
inputting of a command which trigger$ a predeterm ne l tWon. The state O
in figure 7 characterizes both the [Ritial state and the end state of the
respective 15 system Igouatereri2 Af @ heG¥lyst em behavi or has been
identified, the specific syste beheor is determned which relates to a
behavi or of the conplete pfdcesg” w ré‘g rd to the task to be controll ed.
The associ ated 20 stai€ nmachj RebBPeci fic systemehavi or of the
error recovery is she i i T gure—8; = 0 603

done turn error
504 turn
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done turn error
612 turn
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(4)~614
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617 counter=12

0 error scan @ 616

recovery
turn




are two marked states 801 and 807, state 801 being sinmultaneously the start
and _.an end state of the state machine. The specific system behavior "error
recovery" 25 can be termnated in each case in states 801 and 807.

Accordi ng to t he above stat enent s, the validation is then
perfornmed. To this end, a nunber of iterations which, finally, | ead
to the solution according to figure 7 to figure 9 are shown according 30
to figure 2 (conpare transition fromvalidation 202 to structuring 201
iteration). Figures 8 and 9 show the ﬁzqqrolled specific system behavi or
corresponding to the predeterm ned fufiCtionality of the conplete

process. For this 35 purpose, three tasks have been identified GR 98
P 2012 - 12 - which are executed in parallel: error recovery,
scan test and vacuum test. F]’G 7error recovery, in

recovering  Systembehaviour  raeqvering

done recover done recover

recover turning recover

scanning
turn

Scan

done turn, done scan,
error turmn BrTor scan
recovering waiting

done recover reset

vacuum testing
vacuum

recover checking

done vacuum, counter=12
error vacuum counter<12

operator waiting
input

stop repeat



particular, is only activated if both the scan test 104 and the vacuumtest
103 [lacuna] in a narked state 5 (conpare state 6 or, respectively states
907, 917 in figure 9). The scan test 104 and the vacuumtest 103 are only
activated if the error recovery is in the initial state (conpare state 0 or
801 in figure 8). The system behavior and the specific system 10 behavi or
according to figures 7-9 are non-blocking. Furthernore, the specific
syst em behavi or according to figures 8 and 9 is controllable with respect
to the system behavior fromfigure 7. In figure 10, the conplete process is
assenbled 15 from the state nmachines according to figures 7-9.
Figure 10 represents the product state nachine of the state nachines
described and is conprehensible per se. In particular, the product state
machi ne according to figure 10 is not used for structuring and solving the
20 control task for the conplete process since the easily traceable
pr ocedur e, as descri bed, guar ant ees a structured and cl ear approach
to determining the data

7/

FlG 8 Specified behaviour (error recovry)

turn, done turn turn, done turn vacuum,
vacuum, done vacuum done vacuum, error vacuum,
scan, done scan scan, done scan, error scan
counter  errortum,  counter
error vacuum,
grror scan recover
802
operator \?eocr;;er

repeat 805

input
N
3 )~804




whi ch are necessary for controlling the conplete process. 25 The
execut abl e program code for controlling the conplete process is
automatically generated in that first function calls are assigned to the
controll able events, the return values of the function calls or output

val ues of sensors bei ng assigned the 30 corresponding
uncontrol |l abl e events. The program code for controlling the conplete
process is generated fromthe statﬁ{ chi ne assi gnnents and associ at ed
program code fragnents. GR 98 P 2012 - 13 - Patent clains
1. A method for designing the control of a conplete process
whi ch conprises a nunber of individual ;5 processes, a) in which

functionalities of F'G giAdi vi dual
301

Specified behaviour
(vacuum and scan testing)

~-repeat
counter<12

done vacuum,
error vacuum

counter
906

error

counter=12 turn

recover
done recover
operator input

stop N—7 907




processes are identified, b) in whi ch a validation
by automatically verifying an interplay of the 10

IS per f or med

functionalities in accordance with an input to the conplete process, to
i npeded during the
operation, c) in which data for cogaﬁ l'ing the conpl ete process 15

the effect that each individual process is not

are determined froma result of the ation.

The net hod as

claimed in claim1, in which a sequence optlnlzatlon is performed in

addition to step 1c). 3. The nethod as clainmed in claim1 or 2, in
which 20 the data for the control are determned in the formof an
execut abl e code. 4. Jani ngd as cllainmed in one of claine 1 to 3, in
whi ch one of the functlo Ei processes is a software

of the |nd|,qjua

af fected. 5. The

unit for controlli the 25 individual Jrocés
nmet hod as cl ai med %&ﬁﬁ&d)béhamem ecedifig

(vacuum and scan testing)

—~—turn
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—~~done turn
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counter<12
~~ scan

914
O

done scan,

error scan
315
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916

(5)

counter=12

y recover
One recover @

error
turn

~~ repeat

operator input
stop 917



-

claims, in which an individual process is inpeded if one of the follow ng
conditions is net: a) the individual process is blocked by another
30 i ndi vi dual process; b) the individual process reaches an
unaut hori zed state or a state endanﬂﬁrigg the operation of the conplete
system GR 98 P 2012 l 4 - 6. The net hod as cl ai ned
i n one of the preceding clains, in which the control of individual
processes of an automatic placenent nachine is designed. 7. The net hod
as clainmed in one of the preceding 5 clains, in which the data determ ned
for controlling the conplete process are used for contrmliréga.technica

I nstallation. 8. An arrangenent for designing the contr of a

conpl ete process which conprises a nunber of individual =)

/

—~ recover

-

stop
/
done
recover

(7))

input
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errof turn

F ,G 10A Non-blocking behaviour of the coordinated system
reset

done turn

error
SCan

vacuum-

scan
- vacuum

error
SCan

™~ counter<12




- 10 processes, conprising a processor unit which is set up in such a manner
that a) functionalities of the individual processes can be identified; b)
~a_validation can be perforned by automatically 15 verifying an
~interplay of the functionalities in accordance with an input to the

conpl ete process, to the effect that each individual process is not inpeded
during the operation; c) dat a fromaﬂ1ﬁ$tlt of the validation can be used
20 forcfgntrolling t he conpl ete process.
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