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Introduction
(NRC USA, 1999)(NRC USA, 1999)

PRECISION FARMINGPRECISION FARMING (PF) IS A MANAGEMENTMANAGEMENT STRATEGYSTRATEGY THAT 
COLLECT DATA FROM MULTIPLE SOURCES AND USE THEM TO COLLECT DATA FROM MULTIPLE SOURCES AND USE THEM TO 
TAKE DECISIONSDECISIONS RELATED TO FARM PRODUCTION ACTIVITIES

FARM  PRODUCTION  ACTIVITIESFARM  PRODUCTION  ACTIVITIES

N
G

IN
E

E
RI

N
G

PF is firstly a PF is firstly a 
MANAGEMENT STRATEGYMANAGEMENT STRATEGY

ARABLEARABLE

FARM  PRODUCTION  ACTIVITIESFARM  PRODUCTION  ACTIVITIES

A
G

RI
CU

LT
U

RA
L 

E
N MANAGEMENT STRATEGY…MANAGEMENT STRATEGY… LIVESTOCKSLIVESTOCKS

VITICULTUREVITICULTURE
ORTICULTUREORTICULTURE

D
E

PA
RT

M
E

N
T 

O
F 

A

DECISION MAKING PR. BASED ON DECISION MAKING PR. BASED ON 
TARGETED INFORMATIONTARGETED INFORMATION
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DECISION DECISION 
CAPABILITYCAPABILITY



The Operative Monitoring (1) 

Monitoring operative conditions is one of the most important aspects of 
modern agricultural management. This in order to improve the efficiency of 

the data collection procedure and to improve the precision with which 
agricultural operations are managed.
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The subsequent management of the collected data  which is 
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realised via ffarm management informationarm management information systemsystem (FMISFMIS), 
allows the farmer to process and store the data using models 
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and databases, depending on the type of decisions required 

from farm management, and to convert data into 

D information for use in decision making. 



The Operative Monitoring (2) 

Recording of all ACTORSRecording of all ACTORS involved involved 
h h dh h d

The measurement of PHISICAL EFFECTS The measurement of PHISICAL EFFECTS 
d hd h

What?What?

in the mechanized operation in the mechanized operation occurring during the event occurring during the event 
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AUTOMATE THE AUTOMATE THE 

OPERATIVE MONITORINGOPERATIVE MONITORING

Where?Where?
Who?Who?

How?How?
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IDENTIFICATION IDENTIFICATION 

SYSTEMSSYSTEMS SENSORSSENSORS

N
T 

O
F 

A
G

RI
CU

LT
U

D
E

PA
RT

M
E

N



The basic architectures 
Problem:Problem: to supply the electric power for   

the monitoring system

AA--GPSGPSPhotovoltaicPhotovoltaic
CellsCells Monitoring system installed Monitoring system installed on on 

board of specific operating board of specific operating 
machinesmachines

UAUA ++ BatteryBattery
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IMPLEMENTIMPLEMENT -- ORIENTEDORIENTED
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Monitoring system installed Monitoring system installed on on 
board of tractorboard of tractor. . CTU

RES
CTU

RES

UAUA
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Problem:Problem: to identify the operation



The inference engine

AutomaticAutomatic identificationidentification ofof thethe eventsevents associatedassociated toto
fieldfield activitiesactivities andand determineddetermined fromfrom thethe knowledgeknowledge ofof::

1. 1. TractorTractor; 2. ; 2. Operating MachineOperating Machine; 3. ; 3. FieldField; ; 
4. 4. Specification of workSpecification of work TRTR
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550987074f 3 240310 034326 00

Automatic update of the FMISAutomatic update of the FMIS
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++ OMOM550987074fc3 240310 034326.00 
240310 034234.00 

45.3201483333333 9.264325 A 
True 191.8000 0 0 0 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
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FIELDFIELDDETAILS OF WORK

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 False False False 
False False False False False 

b1b28c62-0122-4842-b21e-DD FIELDFIELDb1b28c62 0122 4842 b21e
550987074fc3 240310 034223.00 

240310 034224.00



The identification of the Operating Machines

Optical systems (bar code, infra-red lectures)
ExpensiveExpensive

not suitable for work in a dusty/dirty workplace

Transponders (passive and active)
Expensive
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they require a large receiver antenna on the tractor 
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Connections by wire
Expensive (es. ISOBUS)

D
E

PA
RT

M
E

N
T 

O
F 

A

they are subject to breakage and

they are subject to accidental or intentional forgetfulness by the farmer

Radiofrequency systems.

D



Materials and Methods

Radiofrequency systems

OperativeOperative objectiveobjective::

• To allow, in the operative monitoring context of field
mechanized activities, the automatic recognition of the
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operating machine coupled to the tractor. This in order to
identify, without ambiguity, the work carried out;
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univocal numeric code generated from a radiofrequency
t i t ll d b d f th ti hi
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Materials and Methods

The developed hardwareThe developed hardware
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Materials and Methods
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Power supply : 3.6 VPower supply : 3.6 V

Frequency band: 868Frequency band: 868--870 MHz870 MHz
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Modulation: FMModulation: FM--FSKFSK

Code: 10 alphanumeric charachtersCode: 10 alphanumeric charachters

Ex    set(mo='CCCCCCCCCC B') Ex    set(mo='CCCCCCCCCC B') D Ex.   set(mo= CCCCCCCCCC,B ) Ex.   set(mo= CCCCCCCCCC,B ) 



Materials and Methods: the lab tests
AimAim ofof lablab teststests::
1) to evaluate the effective energetic absorption of the transmitting

devices at two different power levels: PW 0 and PW 1 in order top
estimate the life of the transmitter;

2) evaluation if it is a more convenient to substitute only the battery or if
it is more efficient to replace the entire transmitter when the batteryit is more efficient to replace the entire transmitter when the battery
is completely discharged.
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Materials and Methods: the field tests (1)

A B C
N

G
IN

E
E

RI
N

G
A

G
RI

CU
LT

U
RA

L 
E

N Location of the receiver device on board of a John Deere tractor:Location of the receiver device on board of a John Deere tractor:

A)A) on the left mudguard, on the left mudguard, 
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B)B) at the top of the cabinat the top of the cabin

C)C) on the front part of the engine’s hoodon the front part of the engine’s hoodD C)C) on the front part of the engine’s hoodon the front part of the engine’s hood



Materials and Methods: the field tests (2)

•The field tests were conducted on a level field on

which was traced a 11mm xx 11mm virtual grid, with the
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tractor positioned in the centre.

•The transmitter was placed at two height on a

topographic stake : 00 88 and 11 66 mm
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•Through the manual registration of all the

coordinates in which the code was correctly
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received, it has been possible to graphically realise

the 22DD--beambeam powerpower patternspatterns related to every

height of the transmitter with respect to the soilD height of the transmitter with respect to the soil

and for every location of the receiver device on

board the tractor.



Results and discussion: the lab tests
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Power absorption at POWER LEVEL 0POWER LEVEL 0:
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7.63 mAs

P  b i   POWER LEVEL 1POWER LEVEL 1

2 code/minute

10 h/da  for 90 da s/ ear

9 years

D Power absorption at POWER LEVEL 1POWER LEVEL 1:
7.70 mAs

10 h/day for 90 days/year



Results and discussion: the field tests
POWER LEVEL: PW 0POWER LEVEL: PW 0
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T  i t  id tif  f t d  l d ti  hiD Two receivers to identify front and rear coupled operating machines



Results and discussion: the field tests
POWER LEVEL: PW 1POWER LEVEL: PW 1

N
G

IN
E

E
RI

N
G

A
G

RI
CU

LT
U

RA
L 

E
N

D
E

PA
RT

M
E

N
T 

O
F 

A

One receiver is enough toD One receiver is enough to
identify front and rear
coupled operating machines



Results and discussion

The measured data and their interpretation



Conclusions

• From the energetic point of view, adopting a vibrating sensor that only
manages the circuit ignition when the operating machine is in its work phase
should promote longevity in transmitter life;

• the solid technological level achieved contains the cost of production of a
i l i (i i h hil l h i i hsingle transmitter (it is worthwhile to replace the entire transmitter when

battery power is discharged rather than replacing only the battery);

• the identification process, based on a wireless connection, permits a flexible p , , p
and reliable system that is able to work in all operative conditions;

• the configuration of the transmitter with a transmit power of PW 1 and the 
position of the receiver at the rear of the tractor cab allow the use of a single N
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position of the receiver at the rear of the tractor cab allow the use of a single 
receiver to identify  front and rear coupled machines;

• the influence of climate on real battery life remains unknown. To ascertain 
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this, the transmitters installed on the operating machines that belong to the 
University of Milan’s experimental farm are being evaluated.
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Functional typologies of FDL
Different typologies classifiable on the grounds of the 
following point of view:

PARTIALPARTIAL

ORGANIZATIONAL ORGANIZATIONAL 

GLOBALGLOBAL

Domain of monitored eventsDomain of monitored events
ORGANIZATIONAL ORGANIZATIONAL 

AUTONOMOUSAUTONOMOUS
RECOGNITIONRECOGNITION

Capability to recognize the Capability to recognize the OBSERVATION OBSERVATION 

ASSISTEDASSISTED
RECOGNITIONRECOGNITION

monitored eventsmonitored eventsCAPABILITYCAPABILITY

AUTOMATICAUTOMATIC
ACTIVATIONACTIVATION

ff
ACTIVATION OF THE ACTIVATION OF THE 

MANUAL ACTIVATIONMANUAL ACTIVATION

Type of system activationType of system activation
ACTIVATION OF THE ACTIVATION OF THE 

SISTEMSISTEM



The tractor-oriented architecture

Different levels of complexityDifferent levels of complexity


