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Introduction

(NRC USA, 1999)

PRECISION FARMING (PF) IS A MANAGEMENT STRATEGY THAT
COLLECT DATA FROM MULTIPLE SOURCES AND USE THEM TO
TAKE DECISIONS RELATED TO FARM PRODUCTION ACTIVITIES
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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

realised via farm _management information system (FMIS),

allows the farmer to process and store the data using models
and databases, depending on the type of decisions required
from farm management, and to convert data into
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information for use in decision making.




. The Operative Monitoring (2)

The measurement of PHISICAL EFFECTS
occurring during the event

Recording of all ACTORS involved
in the mechanized operation

NECESSITY TO
AUTOMATE THE
OPERATIVE MONITORING

IDENTIFICATION :
SYSTEMS : 'Ff;'ﬂ.

FIELD DATALOGGERS
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The basic architectures

Problem: to supply the electric power for
the monitoring system

~ Photovoltaic
S Cells Monitoring system installed on
board of specific operating

n 3 machines.
.. U
S
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UA + Batter
IMPLEMENT - ORIENTED

A-GPS

Monitoring system installed on
;é;g | board of tractor.
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TRACTOR - ORIENTED

Problem: to identify the operation
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The inference engine

Automatic identification of the events associated to
field activities and determined from the knowledge of:

1. Tractor; 2. Operating Machine; 3. Field,;
4. Specification of work

Automatic update of the FMIS

b1b28c62-0122-4842-b21e-
550987074fc3 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
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- DETAILS OF WORK
550987074fc3 240310 034223.00

240310 034224.00



The identification of the Operating Machines

Optical systems (bar code, infra-red lectures)

Expensive

not suitable for work in a dusty/dirty workplace

Transponders (passive and active)

Expensive

they require a large receiver antenna on the tractor

Connections by wire

2
3 Expensive (es. ISOBUS)
&
<
g they are subject to breakage and
=
<

they are subject to accidental or intentional forgetfulness by the farmer
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Radiofrequency systems.




Materials and Methods

Radiofrequency systems

Operative objective:

P

e To allow, In the operative monitoring context of field

mechanized activities, the automatic recognition of the
operating machine coupled to the tractor. This in order to
identify, without ambiguity, the work carried out;

® this 1s made possible through the transmission of an
univocal numeric code generated from a radiofrequency
system installed on-board of the operating machines.
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Materials and Methods

MICROPROCESSOR

VARICAP
DIODE

TRANSMITTER MODULE

L. PLL CONTROLLED

BE8 MHz
b L‘;T:}'Z"fs BAND PASS
FILTER

4

(N
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I I
11| PLL CONTROLLED
CODE 11| OSCILLATOR
GENERATOR
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I
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___________________________________________ I
1
TIMER :
1
i
——— _(L_ ——
| VIBRATION SWITCH
GHD
o

Power supply : 3.6 V

Frequency band: 868-870 MHz
Modulation: FM-FSK

Code: 10 alphanumeric charachters
Ex. set(mo='"CCCCCCCCCC,B"
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Materials and Methods: the lab tests

Aim of lab tests:

1) to evaluate the effective energetic absorption of the transmitting
devices at two different power levels: PW O and PW 1 in order to
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 battery
Is completely discharged.

MICROPROCESSOR MODULE

I
I
I
I
TRANSMITTER i
I
1
I
1




Materials and Methods: the field tests (1)

Location of the receiver device on board of a John Deere tractor:
A) on the left mudguard,

B) at the top of the cabin
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C) on the front part of the engine’s hood
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Materials and Methods: the field tests (2)

The field tests were conducted on a level field on
which was traced a 1m x 1m virtual grid, with the
tractor positioned in the centre.

eThe transmitter was placed at two height on a

eThrough the manual registration of all the
coordinates in which the code was correctly
received, it has been possible to graphically realise

the 2D-beam power patterns related to every
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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

ch2:d aT=7508ms aV= 350mV
ch2: pkpk= 410mV
ch2: freq= ---- Hz

ch2: aT= 300ms oV= 352mV :
ch2: pkpH= 374mV

CH2 200WV= MTB 50.0ms - 0.93dv ch2f

Power absorption at POWER LEVEL O:
7.63 mMAs

2 code/minute
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Power absorption at POWER LEVEL 1: 10 h/day for 90 days/year
7.70 mAs




Results and discussion: the field tests

POWER LEVEL: PW O

John Deere 6900

{__]U
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— 08&m
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Two receivers to identify front and rear coupled operating machines




Results and discussion: the field tests

POWER LEVEL: PW 1 20“00
We,
PW 1 - left mudguard John Deere 6900 PW 1 - cab @e,h
~HRL TP | pe

N oy, Ns

O]
=
L
2 2 PW 1 - engine's hood
% % 195 lsl.r_] 343 U 15 195 180 &5
—
a2 &
8 F
=
2 3 300
5 8
285 25
E: % 270 |- L an
€ =
5k 255 105
B I . .
Bl One receiver is enough to -
o identify front and rear Tirﬂ
I 4

coupled operating machines




Results and discussion

The measured data and their interpretation

842845T5-2ba6-4811-252e-71d568508765 240310 090020.00 240310 090022.00 45.3257183333333 9. 267406066666067 A Trueg ]
342845F5-2ba6-481f-a52e-71cd568508765 240310 090011.00 240310 090012.00 45,3257 9.267470606600667 A True 2.8700

B842845f5-2ba6-4B81f-a52e-71d568508765 240310 090900.00 240310 090002.00 45.3256783333333 9.26748833333333 A True

842845F5-2ha6-4B1f-a52e-71d568508755 240310 090851.00 240310 090852.00 45.3256566666667 9.267505 A True 2. 0000000019, 0
B84284575-2ba6-4811-a52e-71d568508769 240310 09084:2.00 240310 09084:2.00 45.3256383333333 9. 26753166666667 A True

84284575-2ha6-4811-a52e-71d568508765 240310 090B831.00 240310 090B831.00 45.3256333333333 9. 26755833333333 A True

84284575-2ba6-4811-252e-71cd568508765 240310 090B821.00 240310 090B821.00 45.32564 9. 26757833333333 A True 2.
842845T5-2ba6-4811-252e-71d568508765 240310 090B10.00 240310 090B811.00 45.325655 0.26750333333333 A True 2. 0000000019, 0
342845F5-2ba6-481f-a52e-71cd568508765 240310 090B0L.00 240310 090B0L.00 45.32568 9.267505 A True 2.9700 0O
B842845f5-2ba6-4B81f-a52e-71d568508765 240310 090751.00 240310 090751.00 45.325705 9. 26759166666667 A True 1.0202 2
B84284575-2hat-4811-a52e-71d568508769 240310 090741.00 240310 090741.00 45.3257333333333 9.26758833333333 A True

84284575-2ha6-4811-a52e-71d568508769 240310 090730.00 240310 090731.00 45.32576 9.267585 A True 2.9700 0O
84284575-2ba6-4811-252e-71cd568508765 240310 090720.00 240310 090721.00 45.32578 9. 267 10666666667 A True 1.0202 2. False 0000000019, 0
842845T5-2ba6-4811-252e-71d568508765 240310 090710.00 240310 090711.00 45.3257083333333 9.26754333333333 A True 1. False
842845T5-2ba6-4811-252e-71d568508765 240310 090701, 00 240310 090701, 00 45.325815 9.26751833333333 A True 1.0573 2
842845T5-2ba6-4811-252e-71d568508765 240310 090630.00 240310 090631.00 45.3258333333333 0.26740333333333 A Trueg 1.
342845F5-2ba6-481f-a52e-71cd568508765 240310 090640.00 240310 090641.00 45.3258516666667 0.26747 A True 1.0017 2.9700 0 False 0000000015, 0
842845F5-2ha6-4B1f-a52e-71d568508755 240310 090630.00 240310 090631.00 45.3258683333333 9. 26744666666667 A True 1.
B84284575-2hat-4811-a52e-71d568508769 240310 090620.00 240310 090621.00 45.325885 9. 26742166666667 A True 1.0573 2
84284575-2ha6-4811-a52e-71d568508769 240310 090610.00 240310 090611.00 45.3259016666667 9. 267306600606067 A True 1. False
84284575-2ba6-4811-252e-71cd568508765 240310 090600.00 240310 090601.00 45.3250183333333 9. 26737166666667 A True

842845T5-2ba6-4811-252e-71d568508765 240310 090550.00 240310 090531.00 45.325G383333333 9. 267351666666067 A True 1.
342845F5-2ba6-481f-a52e-71cd568508765 240310 090540.00 240310 090541.00 45.3250560666667 0.26732833333333 A Trueg 1.
B842845f5-2ba6-4B81f-a52e-71d568508765 240310 090530.00 240310 090531.00 45.3250733333333 9.267305 A True 1.1315 2. 0000000019, 0] 0000000035 I
B84284575-2hat-4811-a52e-71d568508769 240310 090520.00 240310 090521.00 45.3259883333333 9.26727333333333 A True 1. _
84284575-2ha6-4811-a52e-71d568508769 240310 0903510.00 240310 090511.00 45, 3260016666667 9.26724 A True 1.1515 2.%700 O False
84284575-2ha6-4811-a52e-71d568508765 240310 090500.00 240310 090501.00 45, 3260166666667 9. 26721166666667 A True 1. False
84284575-2ha6-4811-a52e-71d568508765 240310 090450.00 240310 090431.00 45.3260316666667 9. 267185 A True 1.1130 2. False
84284575-2ba6-4811-252e-71cd568508765 240310 090440.00 240310 090441.00 45.3260433333333 9. 2671666666667 A True 1. False 0000000019, 0
842845T5-2ba6-4811-252e-71d568508765 240310 090430.00 240310 090431.00 45.3260516666667 0.26712333333333 A True 1. False
342845F5-2ba6-481f-a52e-71cd568508765 240310 090420.00 240310 090421.00 45.3260633333333 9.26707333333333 A True 1. False
842845F5-2ha6-4B1f-a52e-71d568508755 240310 090410.00 240310 090411.00 45.3260033333333 9.26705333333333 A True 1.
B84284575-2hat-4811-a52e-71d568508769 240310 090401.00 240310 090401.00 45,3261083333333 9.26705833333333 A True 1. False 0000000019, 0
84284575-2ha6-4811-a52e-71d568508769 240310 090350.00 240310 090351.00 45, 3261066666667 9.267055 True 2.
84284575-2ba6-4811-252e-71cd568508765 240310 090340.00 240310 090341.00 45.3261116666667 9. 26707833333333 A True False
842845T5-2ba6-4811-252e-71d568508765 240310 090330.00 240310 090331.00 45.3261083333333 9. 26710666666667 A True False
342845F5-2ba6-481f-a52e-71cd568508765 240310 090320.00 240310 090321.00 45.326005 9.26713333333333 A True 2 False
B842845f5-2ba6-4B81f-a52e-71d568508765 240310 090309.00 240310 090311.00 45.3260816666667 9. 26716166666667 A True

84284 575-2bab-481T-a32e-71d5685087635 240310 090300.00 240310 090301.00 45.32607 9.26719 A True 2.9700 0 0
342845F5-2ba6-481f-a52e-71cd568508765 240310 090250.00 240310 090251.00 45.3260583333333 09.26722 A True 2.9700 0O =
842845F5-2ha6-4B1f-a52e-71d568508755 240310 090240.00 240310 090241.00 45.3260466666667 9.26725 A True 2.9700 0
B84284575-2hat-4811-a52e-71d568508769 240310 090229.00 240310 090231.00 45.3260333333333 9.26728 A True 2.9700 0O 0000000019, 0
84284575-2ha6-4811-a52e-71d568508769 240310 090220.00 240310 090221.00 45.3260216666667 9.26731 A True 2.9700 0 i
84284575-2ba6-4811-252e-71cd568508765 240310 090210.00 240310 090211.00 45.32601 9.26734 A True 2.9700 0 0 False
842845T5-2ba6-4811-252e-71d568508765 240310 090200.00 240310 090201.00 45.32500666666467 9.26737 A True 2.9700 0O
342845F5-2ba6-481f-a52e-71cd568508765 240310 090150.00 240310 090151.00 45.32508160666667 9. 267306606606067 A True

B842845f5-2ba6-4B81f-a52e-71d568508765 240310 090140.00 240310 090141.00 45.32596660666667 9. 26742166666667 A True False 0000000019, 0
842845T5-2bat-4811-a52e-71d568508745 240310 09012900 240310 090130.00 45,3259516666667 9.26744833333333 A True False
84284575-2ha6-4811-a52e-71d568508769 240310 090121.00 240310 090120.00 45.3259383333333 9. 26747666060606067 A True False
84284575-2ba6-4811-252e-71cd568508765 240310 090109.00 240310 090110.00 45.3250283333333 9. 267 50666666667 A Trueg False
84284575-2ba6-4811-252e-71d568508765 240310 09003%.00 240310 090100.00 45.3250G233333333 9. 2671833333333 A True 1.094. False q
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Conclusions

e 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;

e the solid technological level achieved contains the cost of production of a
single 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
and reliable system that is able to work in all operative conditions;

e 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
receiver to identify front and rear coupled machines;

e the influence of climate on real battery life remains unknown. To ascertain
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:

).

PARTIAL
ORGANIZATIONAL
GLOBAL
OBSERVATION T
CAPABILITY
AUTOMATIC
ACTIVATION

ACTIVATION OF THE
SISTEM
MANUAL ACTIVATION



. The tractor-oriented architecture

Different levels of complexity
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