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(57) Abstract: The invention is related to a system for modi-
fying a running PLC program (10), comprising a program-
mable logic controller (PLC) (12) which is foreseen to per-
form at least partial changes of a PLC program (14) running
thereon, an executing device (18 + 22), which is foreseen to
execute a sequence of commands, wherein each command is
determined by a belonging function block (62, 64, 66, 82, 84)
of the PLC program (14) running on the PLC (12) and an ex-
ternal input device (24) for determining a command to be in-
serted into and/ or deleted from the sequence of commands to
be executed. A control device (28) is foreseen, which has the
source code (32) of the PLC program stored thereon at least
in part, which is foreseen to receive data of the command to
be inserted into and/or deleted from the sequence of com-
mands to be executed by the external input device (18 + 22),
which is foreseen to translate the received data into PLC
source code language, which is foreseen to implement trans-
lated data into the source code (32) of the PLC program so
that a new source code is generated, which is foreseen to gen-
erate a modified PLC program sequence based on the new
source code and which is foreseen to transmit the modified
PLC program sequence to the PLC (12) and initiate at least a
partial change of the PLC program (14) running thereon.
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System for modifying a PLC program

Description

The invention relates to a system for modifying a running PLC program, comprising a
programmable logic controller (PLC) which is foreseen to perform at least partial
changes of a PLC program running thereon, an executing device, which is foreseen
to execute a sequence of commands, wherein each command is determined by a
belonging function block of the PLC program running on the PLC and an external
input device for determining a command to be inserted into and/or deleted from the

sequence of commands to be executed.

It is known, that execution devices, for example robots, are widely used in industrial
applications, such as material handling, machine tending, assembly of parts, arc
welding or painting of vehicles. Usually, several robots are working together along a
common production line, wherein each robot is foreseen for a certain production
step. The overall control of those robots is typically realized by a system, which is
based on a programmable logic controller (PLC). The programmable logic controller
coordinates the triggering of the working sequences of the different robots dependent
for example on the position of a conveyor system, wherewith a workpiece to be as-
sembled is transported along the different working positions of the robots. The pro-
gramming of a PLC is standardized in a wider manner, for example by IEC 61131, so
a person who is skilled in PLC programming is able to operate a wide range of differ-

ent PLC controlled production lines concerning this issue.

A robot comprises normally a robot manipulator with several degrees of freedom in
movement, for example six or seven, wherein at the end of the robot manipulator typ-
ically an end effector like a gripper or another tool like a welding gun is foreseen. A
robot manipulator with at least six degrees of freedom in movement is able to posi-
tion a belonging tool within each coordinate of its working range in each orientation.

Thus, a coordinate along a movement path of the robot tool requires typically six val-
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ues, three for the belonging coordinate and three for the belonging orientation. The
working range of a robot depends on the robot and might be for example within a ra-

dius of 1m to 3m around the belonging robot base.

The movement of the robot is typically controlled by a dedicated robot controller,
which comprises on the one side a kind of computer system and on the other side
several amplifiers for the belonging drives of the robot. Typically each degree of free-
dom in movement requires a dedicated drive such as an electrical motor. The desired
movement of the robot is normally contained within a robot program, which is stored
on the computer system of the robot controller. The movement path is composed by
a sequence of movement sections inbetween given coordinates, which are specified
within the robot program. Thus a robot program might contain commands with the
content “linear move from current coordinate to coordinate [x1, x2, x3, 01, 02, 03]
with speed [z]' or “linear move from current coordinate to current coordinate + delta
[x1, x2, x3, 01, 02, 03] with speed [z]'. The robot controller calculates the belonging
control signals for the different motors, so that the tip of the robot manipulator exe-
cutes the desired motion. It is also thinkable, that two or more robots are controlled

by a common robot controller.

In the patent applications PCT/EP2011/000243 and PCT/EP2011/000244 - which are
cited by reference herewith - systems and methods for commanding a robot by PLC
are disclosed. According thereto each command executed by the robot commanded
by a PLC corresponds to a belonging function block within the PLC program. The
function blocks are orchestrated into robot commands and applied to the robot con-

troller. The programming of a robot is easier therewith on the one hand.

Disadvantageously within this state of the art is on the other hand that a PLC pro-
gram becomes typically generated from a source code, which has to be re-compiled
after any modification. Before any changes of modified source code become effec-
tive, the re-compiled PLC program respectively at least a re-compiled PLC program
sequence has to be transferred to the PLC. Thus modifications of the kind respec-
tively the sequence or the number of PLC blocks for commanding a robot respec-
tively an executing device is not subject to a modification during runtime of the PLC

program. Since the robot movement is determined by belonging function blocks, an
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online modification of a movement path of a robot commanded by PLC is not possi-
ble according to the state of the art.

But especially for modifying a movement path of a robot an online teaching or online
modifying of the path is desirable, for example for commissioning a robot on site.
During commissioning robot movement is fine tuned stepwise by an operator before
starting series production. Thus during commissioning the robot program is running
while the movement sequences are performed step by step preferably at a reduced
speed. In case of a required fine tuning of the movement path a new command might
be added, an old command has to be removed or an existing command replaced.
Preferably the start of at least some of the movement sequences is subject to an ac-

knowledgement of the operator.

Based on this state of the art it is the objective of the invention to provide a system
for modifying a PLC program for commanding a robot respectively an execution de-
vice, wherein it is possible to apply the changes during runtime of the PLC program.
It is also objective of the invention to provide a belonging method.

This problem is solved by a system of the aforementioned kind. This is characterized
by a control device, which has the source code of the PLC program stored thereon at
least in part, which is foreseen to receive data of the command to be inserted into
and/or deleted from the sequence of commands to be executed by the external input
device, which is foreseen to translate the received data into PLC source code lan-
guage, which is foreseen to implement translated data into the source code of the
PLC program so that a new source code is generated, which is foreseen to generate
a modified PLC program sequence based on the new source code and which is fore-
seen to transmit the modified PLC program sequence to the PLC and initiate at least

a partial change of the PLC program running thereon.

The basic idea of the invention consists in providing a control device with a software
service program running thereon wherein the device has the source code of the be-
longing PLC program to be modified stored thereon. Assumed that data of a new
function block and/or data of a function block to be deleted are provided to the soft-

ware service, those data are implemented into the source code of the PLC program



WO 2013/113320 4 PCT/EP2012/000407

to be modified accordingly. Furthermore the control device is foreseen to translate
respectively compile the source code respectively a part of the source code into a
machine code which is executable by the PLC. This is done for example by executing
compiler software which is stored on the control device or another device connected
thereto. The control device is furthermore foreseen to transmit the newly compiled
PLC program respectively PLC program sequence to the PLC by using a suitable
data connection. This can be either a communication line, or in the case that PLC
and control device are réalized on the same hardware by storing belonging data into
a belonging section of common memory storage. The PLC hardware is foreseen to
exchange at least sequences of the PLC program during runtime. According to the
invention this process is done during runtime of the PLC program. Thus it is possible
in an advantageous way, to teach new coordinates of a movement program of an
execution device connected thereto in an advantageous way while the PLC program

is in execution.

According to another embodiment of the invention the executing device is a robot. A
robot typically comprises a robot controller with on one side a computing unit for the
interpretation of the robot program and on the other side some electrical amplifiers
for the generation of belonging supply voltages for the different motor drives. Espe-
cially a robot is suitable to be commanded by PLC since a typical robot program
mainly consists of a sequence of clearly defined movement command sequences
inbetween different coordinates. A PLC typically carries out the commands repre-
sented by belonging function blocks6 quasi parallel within the same cycle. A sequen-
tial structure of the commands represented by a PLC program according to the in-
vention is gained by connecting the function blocks such as by triggering the input of
a subsequent function block by the output of the previous function block. Thus a ro-
bot movement program can be represented by PLC by a sequence of well defined
function blocks which are connected in a belonging manner each to each other. Fur-
thermore robots normally are used in an industrial environment, where PLC systems

are widely used.

According to a further embodiment of the invention the input device is a teach pen-
dant. Teach pendants are a typical interface between the robot and an operator for

the manual fine-tuning of the robot program on site. A teach pendant normally com-
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prises a display, control buttons, a kind of joystick and is connected to the robot con-
troller. Thus it is easily possible to manually move the robot in a desired position and
determine a new coordinate therewith. Temporarily the teach pendant respectively
the robot controller connected thereto have to be enabled, to provide data of a de-
sired new coordinate or data of a coordinate to be eliminated to the control device.
This can be done either directly via a belonging communication line such as a field
bus or so. But it can also be done by via the PLC by using belonging communication

channels.

According to a further embodiment of the invention the control device is an industrial
personal computer. Personal computers are widely used and standardized comput-

ing platforms which are also foreseen to be used in an industrial environment.

According to a further embodiment of the invention the executing device respectively
the PLC is foreseen to provide data for identification of the command currently in
execution by the executing device to the control device directly or indirectly. As de-
scribed in the patent applications cited by reference PCT/EP2011/000243 and
PCT/EP2011/000244 the output of a PLC function block might represent several
states about the robot movement command represented therewith. This can be for
example a first state, which indicates, that the function block has been activated, a
second state, which indicates that the robot has started the corresponding motion
and a third state, which indicates, that the robot has finished the corresponding mo-
tion. Thus the states of the belonging outputs also represent the command currently
in execution. Following a further embodiment of the invention the control device is
foreseen to implement translated data into the source code of the PLC stored
thereon according to the data for identification of the actual command in execution by

the execution device.

Since a movement program of a robot is represented by a sequence of movement
commands which are represented by belonging function blocks of the PLC program
themselves, also the PLC program comprises such a sequential structure. Thus an
additional movement command respectively a movement command to be removed
requires a certain position within the sequence of commands, for example inbetween

the n" and (n+1)" or (n-1)™ command respectively n and (n+1)" or (n-1)" function
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block. By defining the belonging position where to insert or delete a belonging func-
tion block within the PLC program, exact information how to modify the PLC program
is provided.

During commissioning of a robot the movement program is executed stepwise. In
case of modifying the movement program during commissioning, the execution of the
movement program is on hold (waiting for acknowledgement for the execution of the
subsequent command for example) for fine tuning of the movement sequence around
the actual position. Providing data about the robot command currently in execution to
the control device easily enables the determination of the position within the se-
quence of function blocks where the source code has to be modified according to the

data received from the input device.

According to a further embodiment of the invention the input device and/or the control
device and/or the PLC are realized within a common device. All of those devices
comprise a computing hardware. Thus the implementation of those devices, for ex-
ample represented by belonging software, in a common hardware enables an easier

realization of a system according to the invention.

The problem is also solved by a method for modifying a running PLC program using
a system according to the invention, comprising the following steps:

e starting the execution of the PLC program on the PLC,

o stepwise executing a sequence of commands by the execution device, where-
in each command is determined by a belonging function block of the PLC pro-
gram running on the PLC,

e determining a command to be inserted into and/or deleted from the sequence
of commands by using the input device,

e applying data of this command to the control device,

e translating this data into PLC source code language,

e implementing translated data into the source code of the PLC stored on the
control device so that a new source code is generated,

¢ generating a modified PLC program sequence based on the new source code,

e transmitting the modified PLC program sequence to the PLC,

e initiating at least a partial change of the PLC program running thereon
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The advantages of this method correspond to the advantages gained in using a be-

longing system according to the invention.

According to a preferred embodiment of the method according to the invention the
execution of a further function block within the PLC depends on the execution of the
command corresponding to the previous function block by the execution device. Thus
the PLC and the execution device are more or less synchronized. Of course it is pos-
sible to allow a certain offset between the command which is currently in execution
by for example a robot and the execution of the corresponding function block within
the PLC. Such an offset might be realized by orchestrating the movement commands

corresponding to belonging function blocks in a motion queue for example.

According to a further embodiment of the invention the execution of at least some of
the commands to be executed by the execution device is subject to an acknowl-
edgement. Such an acknowledgement is for example given by the operator by using
a teach pendant. Thus it is possible to hold the execution of the movement program
around a coordinate, where modifications of the program are required. When the ex-
ecution is on hold (but not interrupted) the robot might be manually moved to the po-
sition of a desired new coordinate. Having reached this coordinate, the coordinate
data and the belonging movement command (linear path, curve etc.) is transmitted to
the control device. Later on an acknowledgement is given and the next command is

executed.

According to a further embodiment of the invention data for identification of the be-
longing command currently in execution by the execution device are provided to the
control device. According to another embodiment of the invention the implementation
of translated data into the source code of the PLC stored on the control device is
done according to the program-pointer on the actual command in execution by the

execution device.

Providing information of the robot command currently in execution to the control de-

vice enables the determination at which position within the source code of the PLC
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program modifications have to be implemented. As explained before this method is

possible due to the well defined sequence of the movement commands.

Further advantageous embodiments of the invention are mentioned in the dependent

claims.

The invention will now be further explained by means of an exemplary embodiment

and with reference to the accompanying drawings, in which:

Figure 1 shows an exemplary system for modifying a PLC program,

Figure 2 shows a first example for relation of PLC function blocks to movement se-
quences and

Figure 3 second example for relation of PLC function blocks to movement sequen-

ces.

Figure 1 shows an exemplary system 10 for modifying a PLC program 14. A pro-
grammable logic controller (PLC) 12 comprises a computing hardware 16 and the
PLC program installed thereon. The PLC program comprises a sequence of PLC
function blocks, whereas each function block corresponds to a belonging movement
command for the robot. Upon executing a function block by the PLC a belonging mo-
tion command is orchestrated to a motion queue on a robot controller 22 which is
connected therewith by a connecting line 48. The motion queue can also be inte-
grated within the PLC.

The robot controller 22 itself is connected with a robot 18 by a connecting line 50,
which is foreseen as well for a bi-directional data flow as for the power supply of the
robot. The robot controller 22 comprises as well a computing unit as amplifiers for
adapting the voltage and frequency of the supply of the different drives of the robot
18. The robot 18 has mounted a gripper tool 20 at the end of its robot arm. Typically
a movement program is stored on the computing unit of the robot controller 22. While
executing the robot program supply voltages for the motor drives of the robot 18 are
generated accordingly by the amplifiers, so that the robot 18 executes the desired

motion according to the robot program.
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The robot controller 22 continuously receives the orchestrated motion commands
from the PLC 12, integrates those commands into the robot program and initiates the
belonging execution by the robot 18. Thus the robot is controlled effectively by the
PLC.

In this example a modification of the robot program respectively of the PLC program
14 is done on site by an operator 26 using an external input device 24, in this case a
teach pendant . But also another Human Machine Interface (HMI) might be used,
even a PLC-HMI, which is directly connected to the PLC and not to the robot control-
ler. The teach pendant is connected as well with the robot controller 22, with the PLC
and directly and with a control device 28 with belonging connection lines 38, 40, 44.
The system 10 is switched into a teaching mode before starting execution of PLC
program. The robot motion according to the PLC program is executed at a significant
reduced speed due to security aspects. Furthermore the belonging motion se-
quences of the robot 18 are executed stepwise, preferably each on acknowledge-
ment of the operator 26. After execution of a belonging command, the robot 18 is in a
hold modus and is foreseen to be moved manually to a desired position by using the
teach pendant 24. After the desired position has been reached, the actual coordinate
of the robot 18 is available within the robot controller 22.

The actual coordinate and orientation is set to be a desired new coordinate and ori-
entation and sent to the control device 28 together with information about the actual
executed command of the robot 18. Furthermore the required type of command, such
as linear or curved movement or such, is provided to the control device. The control
device 28 comprises a belonging computing hardware 30, a source code 32 for the
PLC program 14, a software service program 34 running thereon and temporarily a
compiled PLC program 36. In case that data of the required changes of the PLC pro-
gram 14 are received by the control device 28, those data are translated into PLC
source code language accordingly and implemented into the source code 32 by the
software service program 34. Afterwards the software service program triggers a
compiler software to translate the PLC source code into a new PLC program 36.
Then the new PLC program 36 is transferred to and activated on the PLC during run-
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time of the PLC program, so that an online change of the PLC program has been
performed.

Fig. 2 shows a first example 60 for the relation of PLC function blocks to belonging
movement sequences. Three function blocks 62, 64, 66 of a PLC program are dis-
played in the upper area of the example 60. Each function block 62, 64, 66 is trig-
gered at its trigger input 70 by a belonging output 68 of the proceeding function
block. A certain movement sequence 72, 74, 76 is related to each function block as
indicated in the drawing in the y(t) diagram. Trigger criterion for the execution of a
subsequent function block 64 is for example that the movement sequence 72 related

to the proceeding function block 62 for example has been executed.

Fig. 3 shows a second example 80 for the relation of PLC function blocks to belong-
ing movement sequences. In principle the example 80 corresponds to example 60,
but in example 80 the function block 66 and the belonging movement sequence 76
have been replaced by two new function blocks 82, 84 and belonging movement se-
quences 86, 88. Thus a new PLC function block has been added into the PLC pro-

gram.

Fig. 4 shows a function block 90, comprising an input 92 (in the Fig. referenced with
“T") for triggering the execution of a belonging function, further inputs 100 (in the Fig.
referenced with “11”, “12”, “I3”, “n”) and three outputs 94, 96, 98 (in the Fig. referenced
with “O1”, “O2", “O3"). The function block describes a functional relationship between
the inputs 100 and the outputs 94, 96, 98, which all are foreseen to encode either the
status TRUE ort FALSE. The first output 94 represents the first state, namely that the
function block has been activated, the second output 96 represents the second state,
namely that the execution of the belonging movement segment has been started
whereas the third output 98 represents the third state, namely that the execution of
the belonging movement segment has been finished. Such a function block is as well

realizable as software function as with a dedicated hardware.
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Claims

1. System for modifying a running PLC program (10), comprising

e a programmable logic controller (PLC) (12) which is foreseen to perform at
least partial changes of a PLC program (14) running thereon,

e an executing device (18 + 22), which is foreseen to execute a sequence of
commands, wherein each command is determined by a belonging function
block (62, 64, 66, 82, 84) of the PLC program (14) running on the PLC (12),

e an external input device (24) for determining a command to be inserted into
and/or deleted from the sequence of commands to be executed,

characterized by

a control device (28),

e which has the source code of the PLC program (32) stored thereon at least in
part,

e which is foreseen to receive data of the command to be inserted into and/or
deleted from the sequence of commands to be executed by the external input
device (18 + 22),

e which is foreseen to translate the received data into PLC source code lan-
guage,

e which is foreseen to implement translated data into the source code of the
PLC program (32) so that a new source code is generated,

e which is foreseen to generate a modified PLC program sequence based on
the new source code and

¢ which is foreseen to transmit the modified PLC program sequence to the PLC
(12) and initiate at least a partial change of the PLC program (14) running
thereon.

2. System according to claim 1, characterized in that the executing device is a robot
(18 + 22).
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3. System according to claim 2, characterized in that the input device is a teach pen-
dant (24).

4. System according to any of the previous claims, characterized in that control de-

vice (28) is an industrial personal computer.

5. System according to any of the previous claims, characterized in that PLC (12) is
foreseen to provide data for identification of the command currently in execution to

the control device (28) directly or indirectly.

6. System according to claim 5, characterized in that the control device (28) is fore-
seen to implement translated data into the source code of the PLC (32) stored there-
on according to the data for identification of the actual command in execution by the

execution device.

7. System according to any of the previous claims, characterized in that the input de-
vice (24) and/or the control device (28) and/or the PLC (12) are realized within a

common device.

8. Method for modifying a running PLC program (14) using a system according to any
of the claims 1 to 7, comprising the following steps:
o starting the execution of the PLC program (14) on the PLC (12),
e stepwise executing a sequence of commands by the execution device (18 +
22), wherein each command is determined by a belonging function block (62,
64, 66, 82, 84) of the PLC program (14) running on the PLC (12),
e determining a command to be inserted into and/or deleted from the sequence
of commands by using the input device (24),
e applying data of this command to the control device (28),
¢ translating this data into PLC source code language,
e implementing translated data into the source code of the PLC (32) stored on
the control device (28) so that a new source code is generated,
- o generating a modified PLC program sequence based on the new source code,
e transmitting the modified PLC program sequence to the PLC (12),

¢ initiating at least a partial change of the PLC program (14) running thereon
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9. Method according to claim 8, characterized in that the execution of a further func-
tion block (66) within the PLC (12) depends on the execution of the command corre-

sponding to the previous function block (64) by the execution device (18 + 22).

10. Method according to claim 8 or 9, characterized in that the execution of at least
some of the commands to be executed by the execution device (18 + 22) is subject

to an acknowledgement.

11. Method according to claim 8 to 10, characterized in that data for identification of
the belonging command currently in execution by the execution device are provided

to the control device.

12. Method according to claim 11, characterized in that the implementation of trans-
lated data into the source code of the PLC (32) stored on the control device (28) is
done according to the data for identification of the actual command in execution by

the execution device.
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