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Description

Method and arrangement for designing the control of a
complete process

The invention relates to a method and an
arrangement for designing the control of a complete
process which comprises a number of individual
processes.

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
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
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
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
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
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.
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It is the object of the invention to specify a
method and an arrangement for designing the control of
a complete prdcess in which it is (formally) ensured
that there is no impediment to the individual processes
and only authorized states are occupied.

This object is achieved in accordance with the
features of the independent claims.

Within the context of the invention, a method
for designing the control of a complete process which
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
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
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
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
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
without disturbances.
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A further development consists in that the data
for controlling the complete process are determined in
the form of an executable code. This ensures that the
result of the validation and possibly of the sequence
optimization flows completely automatically into the
control of the complete process. For example, a program
code written in the programming language C or the
programming language C++ is generated which initiates
or ensures the control of the complete process.

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
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
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
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
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
that no hazardous states are assumed.
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In the context of the invention, an arrangement
for controlling a complete process is also specified,
which complete process comprises a number of individual
processes, a processor unit being provided which is set
up in such a manner that functionalities of the
individual processes can be identified. Furthermore, 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
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,
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
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
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;
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Fig. 5 shows a state machine which represents a
sequential processing of the vacuum test and of
the scan test;

Fig. 6 shows two state machines which represent a
parallel processing of the vacuum test and of
the scan test;

Fig. 7 shows a number of state machines which
represent a system behavior;

Fig. 8 shows a state machine which represents a
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.
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
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.

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

is subject to physical wear and whether it needs to be

exchanged. For the subsequent observations, the scan
test 104 and the
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vacuum test 103 access one and the same resource: the
rotation of the turret head 101.

The text which follows explains how the control
of a complete process is determined, guaranteeing
freedom from conflict and providing for the execution
of wvacuum test 103 and scan test 104 at the same time
without the complete process being able to assume
unpredicted states. For this purpose, the function
calls of the abovementioned C programs must be
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).
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
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.

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
pipette 102 is examined for wear. If the “scanning” 1is
concluded, the machine returns to state 301. Similarly,
the machine returns to
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state 301 from state 302 when an error occurs (error:
the process of scanning indicates that the vacuum
pipette 102 must be replaced). A “recover” command
changes state 301 to a state 303 in which the machine
returns to the starting conditions (recovering). If the
“recovering” process is ended, the machine Jjumps back
into state 301 (“done recover”).

The specific system behavior is also shown in
the form of a state machine. For this purpose, figure 4
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
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”),
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
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”,
“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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A next step 202 in figure 2 ensures a
validation of the control of the complete process by
automatically verifying characteristics of the complete
process. Such characteristics are, in particular, a
blocking 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).
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During this process, during the automatic
generation of the control of the complete process,
controllable events are allocated, in particular, to
the 1linked function <calls within the individual
processes and thus to the associated program code
fragments. Uncontrollable events are allocated to
corresponding return values of function calls or output
values of sensors. An example 1is represented by the
function call of the event “scan” which relates to the
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
various 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.

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).

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
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
by both individual processes running in parallel, is
not guaranteed. Whereas one machine wants to turn the
cylinder head, the other machine



10

15

20

25

30

GR 98 P 2012 - 10 -

wants to increment the counter, resulting in blocking.
In contrast, sequential processing as indicated in
figure 5 is possible, the tests for 12 wvacuum pipettes
102 each being performed in succession and thus the
cylinder head 101 having to be turned twice completely.
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
can be analogously understood per se. Thus, figure 5
comprises states 501 to 517, figure 6 comprises states
601 to 618, states 501 to 509 and 509 to 517
characterizing the in each case independent machines
according to figure 6 which can run in parallel. The
event which is 1in each case decisive for a state
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”
occurs if the- state machine of the system behavior
(compare figure 7) is in state “0” or, respectively,
the state machine of the specific system behavior
according to figure 8 is in state 0 or in state 1 and
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”, “error turn”, “done scan”, “error
scan”, “done vacuum”, “error vacuum”, “done
recover”, “counter=12?”, “counter<12?”, “stop”,
“repeat”.



10

15

20

25

30

35

GR 98 P 2012 | - 11 -

The respective state machine indicates the
state in which the corresponding system behavior can be
terminated, i.e. the state with a dark background
defines a termination condition.

Figure 7 shows the system behavior. As already
mentioned above, the system behavior shows sequences of
events which represent physically possible system
states. Such physically possible behaviors are the
turning of the cylinder head, the performance of the
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
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
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”
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
to figure 2 (compare transition from validation 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
purpose, three tasks have been identified
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which are executed in parallel: error recovery, scan
test and vacuum test. The error recovery, in
particular, is only activated if both the scan test 104
and the vacuum test 103 [lacuna]l in a marked state

(compare state 6 or, respectively states 907, 917 in
figure 9). The scan test 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
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
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
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.

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

1. A method for designing the control of a
complete process which comprises a number of individual
processes,

a) in which functionalities of the individual
processes are identified,

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

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
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
individual process; '

b) the individual process reaches an unauthorized
state or a state endangering the operation of the
complete system.
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claims, in which the control of individual processes of
an automatic placement machine is designed.

7. The method as claimed in one of the preceding
claims, in which the data determined for controlling
the complete process. are used for controlling a
technical installation.

8. An arrangement for designing the control of a
complete process which comprises a number of individual
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

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

for controlling the complete process.



