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SYSTEM FOR CONTROLLING A WORK 
MACHINE 

[0001] By de?nition, embedded systems for controlling 
Work machines are such that they are incorporated to a high 
extent into their environment of use. This problem includes a 
central core aspect: The system must have available Ways of 
acquiring the respective environmental parameters (status 
parameters) in order to start a desired reaction, as a counter 
measure. For this purpose, sensor arrangements are used that 
measure a special parameter and directly or indirectly convert 
it into an electrically usable signal. 
[0002] In order to be able to reasonably combine or com 
pare the determined magnitudes, it is essential to convert 
them to a standard representation format. This is necessary 
because the sensor arrangements have different output vari 
ables, measurement units and scale formats. A good example 
of this is the speed of a vehicle. Said speed can be represented 
at the sensor output as a voltage, a resistance, a pulse per time 
unit or as a digital value. Moreover, depending on the sensor 
type and the manufacturer, various other measurement units 
or scales, for example, km/h, m/s, mph or the like or a static 
bias can be used. In addition, there may be various types of 
information representation (for example, amplitude or fre 
quency modulation) are common. 

[0003] Converting measured values of different sensors 
into a standard representation format is an absolute require 
ment in the context of sensor fusion approaches. 

[0004] During the fusion, the output values from as many 
available sensors as possible, Which represent the same physi 
cal parameter (ideally using different measurement prin 
ciples), are mathematically combined in order to increase the 
precision and the reliability of the measurement above the 
level of capability of an individual sensor. 

[0005] Achieving this in past systems required, for each 
sensor, that the knowledge on the information representation 
With the above-mentioned parameters be explicitly present 
locally in the system. As a rule, this means that, for the 
development phase, a ?xed sensor con?guration of the system 
is assumed, for Which the required information is available 
beforehand in ?xed form. A typical example of such a static 
process can be found, for example, in the publication 
HOSEINNEZHAD et al., “Fusion of Redundant Information 
in Brake-By-Wire Systems Using a FuZZy Voter,” JOURNAL 
OF ADVANCES IN INFORMATION FUSION, VOL. 1, 
NO. 1, JULY 2006. Other systems With fusion of sensor data 
in agricultural Work machines With locally stored data on the 
information representation of the given sensors can be found 
in EP 2 020168 Aland EP 2169 499 A2. 

[0006] The decisive disadvantage of this approach is the 
inability to achieve a dynamic enlargement of the information 
sources over the operating time, because the knowledge 
required for that purpose is not available locally. Conse 
quently, the sensors in question cannot be included in the 
decision process of the system, Which in general results in loW 
precision and reliability of the result. 
[0007] This is a decisive disadvantage particularly in the 
?eld of agricultural utility vehicle technology, because, for 
example, information sources that are made available by a 
Work or cultivation apparatus can usually not be used. In this 
special case, this is particularly disadvantageous, because the 
sensors are often tailored in a much more targeted manner to 
the concrete application case than the sensors available on 
board a tractor. 
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[0008] The problem that is the foundation of the invention 
is to avoid or reduce the mentioned disadvantages. 

SUMMARY OF THE INVENTION 

[0009] This problem is solved according to the invention by 
the teaching of Claims 1 and 10, Wherein, in the additional 
claims, characteristics are indicated Which further develop 
the solution in an advantageous manner. The invention relates 
to a system for controlling a Work machine, comprising: a 
plurality of sensor arrangements, each of Which provides an 
output value, a processor unit, and a data transmission net 
Work Which connects the sensor arrangements to the proces 
sor unit, Which can be operated to convert the output values 
from the sensor arrangements into a standard data format on 
the basis of formatting data associated With the sensor 
arrangements, and to amalgamate them to form a combined 
measured value. 

[0010] The system and method presented beloW make it 
possible, particularly in an agricultural Work machine, to 
carry out the adaptation of the available information of the 
sensor arrangement to a standard format for static as Well as 
for dynamically changing sensor con?gurations of the sys 
tem, Without explicit local prior knoWledge. The formatting 
data required for this purpose is obtained over the running 
time via a data transmission netWork, Which connects the 
sensor arrangement to a processor unit Which carries out the 
adaptation and the amalgamation of the measured values of 
the respective identical or different sensor arrangements. For 
this purpose, all that needs to be knoWn is a system-Wide 
unequivocal recognition characteristic, for example, an iden 
ti?cation number of the sensor arrangement. The formatting 
data proper can be stored either locally or also in a decentral 
iZed manner in the data transmission netWork. Here, they are 
then available if needed, in order to convert sensor measured 
values transmitted via the data transmission netWork to a 
standard and comparable format. 

[0011] Before the arriving raW data from the sensor 
arrangement can be processed, the formatting data that is 
needed to convert the values from the sensor arrangement into 
data that can be compared to the data from other sensor 
arrangements has to be made accessible to the system. For 
this purpose, at the start, or after the connection of a Work 
apparatus to the Work machine, an identi?cation number can 
be transferred, a single time, from each sensor arrangement, 
Which identi?cation number Which then makes it possible to 
unequivocally assign the sensor arrangement. On the basis of 
this identi?cation number, the processor unit noW can query 
Whether local knoWledge is present (i.e., the system already 
knoWs the sensor arrangement). Then, the formatting data can 
be called up, for example, from a storage unit of the sensor 
arrangement or from a separate storage unit. If this is not the 
case, then the corresponding data has to be procured in a 
decentraliZed manner, for example, via a Wireless data trans 
mission netWork Which provides a connection to external 
computers. A suitable example is a data transmission net 
Work, since it alloWs connected systems and service providers 
of various types (for example, different agricultural 
machines, servers of service providers) to exchange data. 
Thus, if any participant (for example, another tractor or a 
server of the apparatus manufacturer) already has the required 
information, then said information can be made available to 
all the units connected to the data transmission netWork. 
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[0012] The provision of information occurs in an ordered 
form. The essential components of a data unit of the format 
ting data can be: 
[0013] An identi?cation number Which alloWs unequivocal 
assignment to the corresponding sensor arrangement: 
[0014] The physical parameter(s) Which is (are) measured 
by the sensor arrangement (for example, temperature or 
mechanical forces) 
[0015] Measurement unit, scaling factors, Zero offset (bias) 
of the measured value 
[0016] Indications on information coding 
[0017] Dependencies on intrinsic parameters (for example, 
Wheel parameter in a Wheel rpm sensor for calculating the 
speed) 
[0018] Additional optional information, for example, a 
quality metrics, a measurement range, etc. 
[0019] For this purpose, data sets in the XML format are 
ideally suited, because they make it possible to store and 
exchange the required contents in a compact, structured, and 
easily accessible form. However, other data formats are also 
conceivable. 
[0020] The presented approach makes it possible to adapt 
dynamically to neW data acquisition sources (Which are 
unknown to the local system).As a result, it becomes possible 
to make all the sensor arrangements that are available across 
the entire system available to the system. This is a decisive 
advantage, particularly in the ?eld of agricultural machines, 
because this procedure alloWs, for example, by Way of using 
the sensor system of the Working apparatus, a higher preci 
sion in the acquisition of the physical measured parameters. 
Moreover, as a result it is also possible to reduce the number 
of the sensor arrangements in the total system (since sensors 
need to be present only once, instead of having to be a pro 
vided, for example, in duplicates in the tractor and in the Work 
apparatus). As a result, a cost savings can be achieved. Other 
data combination approaches make it possible, on the basis of 
this enlarged data foundation, to reach conclusions regarding 
measured parameters that heretofore Were not accessible. The 
formatting data can be stored in the factory, or they can be 
learned during the operation of the Work machine in question 
or another Work machine. 

[0021] The combined measured value made available by 
the processor unit can be used in particular to control actua 
tors of a Work machine or of a Work apparatus. 

DRAWING 

[0022] In the draWing, an embodiment example of the 
invention is represented, Which is described in further detail 
beloW: 
[0023] FIG. 1 shoWs a side vieW of an agricultural Work 
machine With a Work apparatus; 
[0024] FIG. 2 shoWs a schematic diagram of a system 
according to the invention for controlling the Work machine; 
and 
[0025] FIG. 3 shoWs a How chart shoWing hoW the system 
Works to control the Work machine. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0026] FIG. 1 shoWs a side vieW of an agricultural Work 
machine 10 in the form of a tractor and of a Work apparatus 
12, Which in itselfis knoWn (see EP 0 316 506 A1) and Which 
is connected by a draWbar 14 to a trailer hitch (not shoWn) of 
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the a Work machine 10, said Work apparatus being in the form 
of a round baler With constant or variable press chamber siZe. 
The Work machine 10 is constructed on a supporting frame 
18, Which is braced on steerable front Wheels 20 and drivable 
rear Wheels 22, and Which carries a cabin 24 in Which an 
operator Work place 26 is located. 
[0027] The Work machine 10 comprises a control unit 30, 
Which is used for controlling the rate of advance of the Work 
machine 10, and Which controls the transmission ratio of a 
transmission (not shoWn) Which is driven by a combustion 
engine 32, for driving the rear Wheels 22. Here, the rpm of the 
combustion engine 32 and the rpm of a poWer-takeoff shaft 
34, Wherein the latter can be selected in increments, for driv 
ing the driven element of the Work apparatus 12, remain at 
least approximately constant. For the construction and for the 
control of the driving of the Work machine 10 and of the Work 
apparatus 12, reference is made to the disclosure of DE 10 
2005 029 405 A1, Which is included by reference in the 
present documents. 
[0028] The control unit 30 is connected via a data transmis 
sion netWork 36 in the form of a bus to different sensor 
arrangements 38, 40, 42. A ?rst sensor arrangement 38 com 
prises a camera that looks on the sWatch in front of the Work 
machine 10, and an image processing system 52 that derives 
the cross-sectional volume of the sWath from the image of the 
camera. A second sensor arrangement 40 is arranged on board 
the Work apparatus 12, and it determines the driving torque of 
a rotor 44 Which conveys harvested material doWnstream of a 
receiver 46 into a baling chamber 48. A third sensor arrange 
ment 42 is located on board the Work machine 10 and it 
determines the driving torque of the output shaft 34. The 
control unit 30, for its part, controls the rate of advance of the 
Work machine 10 in such a manner that a desired, constant 
harvest material uptake rate of the Work apparatus 12 is 
achieved automatically. 
[0029] FIG. 2 shoWs the data transmission netWork 36, the 
sensor arrangements 38-42, and the control unit 30 in a sche 
matic representation. 
[0030] The ?rst sensor arrangement 38 comprises an image 
sensor 50, the image processing system 52, a netWork inter 
face 54, and a memory 56. The image receiver 50 delivers 
image data, from Which the image processing system 52 
derives the cross-sectional area of the sWath, and transmits it 
via the netWork interface 54 and the data transmission net 
Work 36 to the control unit 30. In the memory 56, formatting 
data is stored, Which contains the folloWing information: (a) 
an identi?cation number of the ?rst sensor arrangement 38, 
(b) an indication that the ?rst sensor arrangement 38 is deter 
mining the cross-sectional area of the sWath in front of the 
Work vehicle 10, (c) the measurement unit of the cross-sec 
tional area (for example, cm2), (d) indications shoWing hoW 
the information of the ?rst sensor arrangement 38 is coded in 
the data, (e) indications shoWing at Which site, that is, hoW far 
in front of the ?rst sensor arrangement 38, the cross-sectional 
area is evaluated, and (f) indications on the precision of the 
determined cross-sectional area in the ?le. 

[0031] The second sensor arrangement 40 comprises a 
strain gauge 58, an analog/digital converter 60, a netWork 
interface 54, and a memory 56. The strain gauge 58 delivers 
an electrical value (voltage, current or resistance) that the 
analog/digital converter 60 digitiZes and transmits via the 
netWork interface 54 and the data transmission netWork 36 to 
the control unit 30. In the memory 56, formatting data is 
stored, Which contains the folloWing information: (a) an iden 
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ti?cation number of the second sensor arrangement 40, (b) an 
indication that the second sensor arrangement 40 is determin 
ing a torque of a rotor 44 of the work apparatus 12, (c) the 
measurement unit of the torque, (d) indications showing how 
the information of the second sensor arrangement 40 is coded 
in the data, (e) the relation between the torque and the feed 
rate (kg/ s) of the harvested material into the work apparatus 
12, and (f) indications regarding the precision of the deter 
mined torque. 
[0032] The third sensor arrangement 42 comprises a strain 
gauge 62, an analog/digital converter 60, a network interface 
54, and a memory 56. The strain gauge 62 delivers an elec 
trical value (voltage, current or resistance) that the analog/ 
digital converter 60 digitiZes and transmits via the network 
interface 54 and the data transmission network 36 to the 
control unit 30. In the memory 56, formatting data is stored, 
which contains the following information: (a) an identi?ca 
tion number of the third sensor arrangement 42, (b) an indi 
cation that the third sensor arrangement 42 acquires the 
torque at the output shaft 34 of the work apparatus 12, (c) the 
measurement unit of the torque, (d) indications showing how 
the information of the third sensor arrangement 42 is coded in 
the data, and (f) indication on the precision of the determined 
torque. 
[0033] The control unit 30 is connected via an interface 54 
to the data transmission network 36. It comprises a processor 
unit 64, which comprises or implements a sensor data format 
ting module 66, a fusion module 68, and a classi?cation 
module 70 for classifying the fused sensor values. The sensor 
data fusion module 66 is connected to a sensor knowledge 
base 72, while the classi?cation module 70 is connected to a 
rule knowledge base 74. The sensor knowledge base 72, the 
rule knowledge base 74, and the classi?cation module 70 are 
also connected to the interface 54. An additional interface 54 
connects the data transmission network 36 to a transmitter 
receiver 76, by means of which data can be sent via radio 
waves to remote work machines and/ or remote servers, and 
received by them. 
[0034] The ?ow diagram of FIG. 3 reproduces the operat 
ing procedure of the control unit 30 during operation. After 
the start in step 100 (or after the connection of a new work 
apparatus 12 to the data transmission network 36), in step 
102, all the available formatting data is ?rst downloaded 
using the identi?cation numbers of the sensor arrangements 
38, 40, 42 from the memories 56 of the sensor arrangements 
38, 40, 42 via the data transmission network 36 into the sensor 
knowledge base 72. 
[0035] If said formatting data is not su?icient to mutually 
compare and amalgamate the measured value of all three 
sensor arrangements 38-42, then step 104 takes place, in 
which, via the transmitter/receiver 76, additional formatting 
data is downloaded. In the present example of FIGS. 1 and 2, 
for example, a relation is lacking between the swath cross 
section and the associated quantity of harvested material, 
relative to the path distance, which would make it possible to 
compare the measured values of the sensor arrangement 38 to 
those of the sensor arrangement 42. Said formatting data can 
be queried via the transmitter/receiver 76 from a remote 
server 80 in which such formatting data based on older mea 
sured values and/or the previous history of the ?eld in which 
the work machine happens to be located is stored. Moreover, 
in order to be able to compare the data of the sensor arrange 
ments 38 and 42, an additional piece of information regarding 
the ongoing rate of advance of the work machine 10 is 
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required, which is as a rule available in the data transmission 
network 36. Analogously, there is no relation between torque 
determined by the sensor arrangement 40 and the throughput 
of the work apparatus 12, in order to be able to compare the 
measured values of the sensor arrangements 40 and 42. These 
formatting data can be queried either via the transmitter/ 
receiver 76 from the server 80, or from another equivalent 
control device 30 of another work machine that has an equiva 
lent or similar work apparatus where they are stored in the 
factory, or learned and stored during the course of work 
processes. 
[0036] After step 104, su?icient formatting data is available 
in the sensor knowledge base 72, in order to convert, in step 
106, respective current measured values of all the sensor 
arrangements 38-42 to a standard format. In the present 
example, all the sensor values can be converted to a through 
put (kg of harvested product weight taken up per time unit), 
on the basis of the formatting data (and optionally current data 
from the data transmission network, pertaining to the rate of 
advance of the work machine 10, for example) in the sensor 
knowledge base 72. Step 106 occurs in the sensor data for 
matting module 66. 
[0037] Then, step 108 occurs, in which the sensor data is 
fused in the fusion module 68. In the process, the respective 
accuracies of the individual sensor arrangements 38-42 can 
be taken into consideration, and implausible data can be 
ignored. Besides the fused sensor value, the fusion module 68 
also outputs a precision of this sensor value. 
[0038] Finally, step 110 occurs, in which the fused sensor 
data is classi?ed in the classi?cation module 70 with recourse 
to the rule knowledge base 74. The latter can also receive, via 
the transmitter/receiver 76, data from other work machines 
and/or a remote server 80. The classi?cation module 70 uses 

a fuZZy classi?cation, and the rule knowledge base 74 is used 
to make available the associated systems of rule of the infer 
ence. For this purpose, reference is made to the article by 
HoseinneZad et al., mentioned in the introduction, and to the 
disclosure of EP 1 277 388 A1, which are included by refer 
ence in the present documents. In the present example, the 
system of rules can be based on properties of the harvested 
material (for example, humidity) and/ or the properties of the 
bale determined by suitable sensors (for example, the bale 
shape). 
[0039] In the present example, the classi?cation module 70, 
in the ?nal analysis, makes available a control parameter that 
is based on the current throughput of the work apparatus 12, 
which is used for the control 30 (or by another control of the 
work machine 10) for controlling an actuator 78 which is 
controlled via the data transmission network 36 and an inter 
face 54, and which controls the rate of advance of the work 
machine 10. The classi?cation module 70 can also be 
replaced by a regulation of any desired type, for example, a 
PID regulator. Again, step 110 is followed by step 106. 
What is claimed is: 
1. A system for controlling a work machine, comprising: 
a plurality of sensor arrangements, each of which provides 

an output value; 
a processor unit; and 
a data transmission network that connects the sensor 

arrangements to the processor unit, which is con?gured 
to convert the output values from the sensor arrange 
ments into a standard data format on the basis of format 
ting data associated with the sensor arrangements, and to 
amalgamate the converted output values to form a com 
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bined measured value, wherein the processor unit is 
con?gured to procure the formatting data via the data 
transmission netWork. 

2. The system according to claim 1, Wherein an identi?ca 
tion number is assigned to each sensor arrangement, Wherein 
the processor unit is con?gured to query the formatting data 
associated With the sensor arrangements on the basis of the 
identi?cation number from the data transmission netWork. 

3. The system according to claim 1, Wherein the data trans 
mission netWork extends over a Work machine and optionally 
a Work apparatus connected to said Work machine, Wherein 
the formatting data is made available in memory units con 
nected to the data transmission netWork and/or in the sensor 
arrangements. 

4. The system according to claim 1, Wherein the data trans 
mission netWork additionally extends over a Wireless com 
munication section to a data transmission netWork of another 
Work machine, Which makes available the formatting data in 
a memory unit connected to the data transmission netWork 
and/or in a sensor arrangement, and/or to a stationary com 
puter Which stores the formatting data. 

5. The system according to claim 1, Wherein the formatting 
data comprise at least one of the folloWing data: 

a physical parameter or parameters determined by the sen 
sor arrangement; or 

a measurement unit, a scaling factor, and a Zero offset of the 
measured value; or 

a dependency of the measured value on intrinsic param 
eters. 

May 9, 2013 

6. The system according to claim 5, Wherein the formatting 
data comprises information regarding a quality metrics and/ 
or a measurement range of the sensor arrangement. 

7. The system according to claim 1, Wherein the processor 
device is operated on the basis of the combined measured 
value of an actuator of the Work machine or a Work apparatus 
connected to the Work machine. 

8. The system according to claim 1, Wherein the formatting 
data is stored in the factory, or learned during the operation of 
the Work machine. 

9. The system according to claim 1, Wherein the formatting 
data is learned during the operation of the Work machine. 

10. A Work machine having a system according to claim 1. 

11. A method for controlling a Work machine, comprising: 
providing output values by a plurality of sensor arrange 

ments; 
transmitting the output values via a data transmission net 
Work to a processor unit; and 

converting the output values from several sensor arrange 
ments on the basis of formatting data associated With the 
sensor arrangements to a standard data format and amal 
gamation of the output values that have been converted 
to a standard data format into the form of a combined 
measured value, Wherein the formatting data is trans 
ferred via the data transmission netWork to the processor 
unit. 
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