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ABSTRACT

Yield maps provide essential information for thetsd analysis and evaluation of crop
production management at a within field level. Tk reported here is seen as the first
step towards a full yield mapping system for sugare agriculture. The major objective
was to develop the basic technology to enable thasorement of spatial yield variability
in sugar cane, during harvesting. The yield valitgbmeasurements were based on the
continuous recording of material flowrate throudte tharvesting machine and the
machine driving speed. For the flowrate measuré¢mewas surmised that the power
consumption of the harvester's elevator system rtary drum chop system maybe
possible indicators of this quantity. An experimess designed to test this assumption.
An AUSTOFT 7000 cane harvester was fitted with hwtic pressure transducers and
shaft speed sensors to measure the power use ofetessary hydraulic motors. The
electrical output signals were recorded on an @n#pe recorder. Field tests were
carried out in a variety of crop and weather caadd. Analysis of the test data indicated
that both elevator and chopper power consumptian laearly related to material
flowrate. Elevator power consumption was seleadsdthe best technique for yield
measurements because of its relative immunity t@ttrans in crop properties. Necessary
accuracy was obtained to permit the use of thisrtigeie in the yield mapping of sugar
cane.

Using the recorded elevator and chopper signals cahclilated calibration functions,
yield maps were produced for a 0.35ha sugar caoe prhe general yield variation
trends of these maps agreed with average vyieldsuleé¢d using weigh truck
measurements.

Machine location systems were also reviewed an@réifitial GPS was selected as the
best option for locating a harvester in the fiétd,full scale yield mapping operations.
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Chapter 1 : INTRODUCTION

Yield (t/Ha)
Mm140-165
EE115-140
Eo90-115
(165-90

Figure0.1. A sugar caneyield map. (225m long X 15 rows wide)

As costs of production rise, each operation inftalel and factory comes under
close scrutiny to determine if improvements camisele to increase yields or to
lower costs in order to improve the margin of profiEconomical reasons are

forcing the sugar industry to strive for ever irasig efficiency and output.
(Humbert,1968)

Over a quarter of a century later Humbert woulccbefident that this observation is as
real as ever. The pressures on modern agricuituterms of reducing input costs,
maximising output quality as well as minimising adse environmental impact, have
forced farmers to look closely at their productioractices. One such practice which
produced considerable economical and enviromeredspre is the extensive use of
chemicals; but there is room for significant impeoents.

Currently most growers uniformly apply chemicalstheir crops which are calculated
from historical field data. An average yield isegicted for individual fields and
‘blanket’ application rates of fertilisers and cheafs are tailored to the assumed field
output (Massey Ferguson Group Limited, 1993 practice, crop yields vary not only
from year to year, between farms and between fiddssignificant yield variations also
appear within individual fields (Vansichen & Baemigeker, 1993). Experience has
shown sugar cane yields also vary significantiyhimitfields (Kirchner & Lee-Lovick,
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1991) and this is due to many factors. Variablefedility, varieties used, management
practices, use of fertilisers, irrigation, contadl weeds, pests and diseases, and many
other factors explain spatial variation in sugamecgields (Humbert, 1968, p.4). These
variations in field characteristics suggest thepproplacement of the inputs such as
fertilisers and chemicals according to spatial fimcawould assist in the reduction of
production costs. This type of farm managementyeelr‘site specific’ crop management,
involves the application of crop management prastiwhich are custom tailored to a
specific area in a field (Clart al.,1987).

Site specific farming has only recently become fixatthrough the rapid advances in
technology and it appears to be an obvious tecleniquincreasing the sustainability of
agriculture. Modern information technologies via# used to improve the efficiency and
cost effectiveness of today’'s resour(@kark et al.,1987). This comes in the form of
powerful computers, sensors to control and moniéeming processes and location
systems such as the Global Positioning System (GB&ne examples of the early
application of this technology include site speciipplication of herbicides to weeds
which are identified by machine vision (Claek al, 1987) and the spatially variable
application of fertilisers to row crops (Schumacgdfroehlich, 1989). Another example
of the application of this technology is in the atyield mapping.

A yield map shows the variation in crop performaheéveen fields, or within individual
fields. Figure 0.1 is a yield map constructed usiata collected from a sugar cane crop.
The variation in crop yield is obvious with defmitrends. The figure also shows how
evenly spread inputs do not produce even outpuieldYmaps provide essential
information for spatial analysis and evaluation abbp production management at a
within field level. This information can be an inpto decision making for field
operations during the next growing season (VansiéhBaerdemaeker, 1993). The crop
yield is a function of many variables as previoustigted, but these effects are integrated
in the final result at harvest. This culminatingri@ble is the best and most practical
method of assessing management techniques forsgéeific farming practices. By
studying several years of yield maps, areas oéuifit yield potential can be identified.
Seed, fertiliser and chemical application plans tten be designed around the yield
potential of individual parts of each field (Masdegrguson Group Limited, 1993). This
site specific management would result in a highfijcient crop production system.
Russnogl€1991) believes yield maps, combined with soil mé&psietermine the site
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specific application rates, can result in an esath®% reduction in fertilizer application

rates over rates determined by soil maps alone.

Yield maps can also greatly improve information ilde for making management
decisions. As well as use in site specific farnpogposes, a yield map can also highlight
problems with drainage, disease or weed infestdtark et al., 1987). With accurate
yield maps, a farm manager can investigate the nyossible reasons for yield
variations, as he/she has a clear indication ofigand poor areas of the field. Some
reasons for yield variations are relatively easyréatify, for example, subsoiling
compacted areas. Other reasons can be establigremill analysis, where the yield map
allows this task to be performed more selectivdignt traditional ‘random sample’
methods (Massey Ferguson Group Limited, 1993).

A great deal of work has been done on yield mappingereal crops. Grain combines
have been equipped to measure and record crop gmettle-go for the development of
yield maps. Even though this technique is newneldgy and is constantly developing,
the Massey Ferguson company already offers a yr@ping system for their grain
combines. Yield maps would also be of a great fitioesugar cane farmers.

‘The sugar cane plantSaccharum officinarum L., has been described as the most
efficient of all storers of the suns energy’ (Humipd 968, p.16). If the maximum
potential of this plant is to be approached, thi-@ant relationship must be at an
optimum. The many factors controlling growth must integrated into an optimum
environment. The fact that sugar production in Aali ranges from 160 to 60 tons per
hectare, stresses the range in productivity thatazur due to different management.
That is why yield maps could make a great inputhea form of information to the
management of sugar cane agriculture. For exargak,at the impact it could have on
fertiliser use. The crop, by virtue of the biomaseduced per hectare, causes a heavy
drain on soil nutrients. If the amount of plant teatemoved from the field is known,
then the nutrient drain could be inferred. The maikients could then be replaced only to
the optimum level, which would reduce the amounextess nutrients available to do

environmental damage and reduce the economic lessodwasted nutrients.

This information provides support for the applioatiof yield mapping technology to

sugar cane agriculture. Concerns from the commucedl for the economic and
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environmental sustainability of the sugar industrybe maximised. This will only be
reached when management has the most up to dateammprehensive information.
Yield mapping provides this vital information fanproving the sustainability of sugar
cane production.

1.1 Objectives

This project is the first step in the developmein& dull yield mapping system for sugar
cane agriculture. The major objective is to develop basic technology to enable the
measurement of spatial yield variability in sugane. Initially, the option of remotely
sensing yield was examined, but following a britdrature review (shown in Appendix
B), this option proved ineffectual. The next al@ive was to map yield during
harvesting. This system involves the calculatibpaint yield, using a measurement of
crop mass flowrate through the harvester, and ieeafi a location system, such as the
Global Position System (GPS), to pin point the posiin the field. No research has been
conducted in this area for application to sugarecaherefore the objectives of this
project were:

(a) To analyse, assess, and document the optiordsafeester location, to include dead
reckoning, local triangulation and GPS.

(b) Most importantly to design, construct, test @wadluate instrumentation to measure
the sugar cane flowrate in a billet cane harvester.

The research conducted to achieve these objedivesplained in this thesis. The first
objective is covered in chapter one, where diffetecation systems are examined. The
next five chapters focus on the second objectivthefdesign, construction, testing and
evaluation of a mass flowrate monitor, which witlable the yield mapping of sugar
cane. The objectives were completely fulfiled aad a result Figure 0.1 is the
culminating result of this thesis. It is the firsugar cane yield map of it's kind,

constructed using data collected from a billet daseester
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Chapter 2 : LOCATION SYSTEMS

REVIEW

As stated in the introduction, harvester locatisran integral requirement of the yield
mapping process. Figure 2.1 displays the basipssteecessary for yield map
construction using data collected at harvest. [Bhation system is as important as the
yield monitor, in terms of producing useful and @ete maps. So, naturally a project
developing technology for yield mapping sugar caheuld examine the options for
locating a harvester in the field. This chaptesatibes three possible techniques of
locating a machine in the field, known as the GloBasition System, Local
Triangulation and Dead Reckoning. This locatiosiems review is not exhaustive, but a
brief study required to make an educated decissoto ahe best system for incorporation
into yield mapping of sugar cane.

CROP YIELD LOCATION
DATA DATA

\/

MERGE DATA
FOR EACH POINT

v

| crop YIELD MAF |

Figure 2.1 Flow chart for the construction of ayield map.
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2.1 Global Positioning System

The Navstar Global Positioning System (GPS) istellga based radionavigation system
developed and operated by the U.S. Department f#ride. GPS enables land, sea, and
airborne users to determine their three dimensipaaition, velocity and time anywhere
in the world with unprecedented accuracy. Usergjitade, latitude and altitude are
calculated by measuring the time it takes a radinas to be transmitted from GPS
satellites and then received by a receiver.

The accuracy of GPS depends on the mode of operatibhere are two modes of
operation, Differential GPS (DGPS) and Absolute GRSPS). AGPS requires the use
of only one receiver and is known a “stand-alond?’SG The accuracy of AGPS vary
from several meters to over 100 metres (Harrigioal, 1992 ). The errors depend on
“dilution” of precision by the US military, positio of satellites and the number of
satellites in view. AGPS is sufficiently accurate fmany navigation tasks for marine,
aviation or ground vehicle purposes, but it is g@bd enough for measurements such as
surveying or agricultural applications such asd/mlapping.

DGPS is designed to improve the accuracy of GP&albipositioning information. A
stationary receiver at a known location (the “batsion”) receives signals from the
satellites, and calculates its own position. Siteeactual position of the base station is
known, the errors in the satellite signals are eately calculated. This error information
can be recorded in a computer data file for lager (post processing) and/or transmitted
to a mobile receiver (the “rover”) over a radioklifreal time) (Shropshiret al, 1993).
For yield mapping purposes, post processing woel@dreptable because the real time
location of the harvester is not required.

The typical accuracy of DGPS is 5m, 95% of the fimet depends on the distance
between base station and rover (Shropsdtiag, 1993). For agricultural purposes, a base
station within 700 hundred kilometres provides isight accuracy of 5 to 7 metres
(Higginset al, 1992). For yield mapping sugar cane this resmtutvould be acceptable,
however it would be preferred if it was less thia@ $tandard sugar cane row width of 1.5
metres.
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Larsonet al (1991) claims that the resolution of 1 cm will sehlay be available with
GPS and Hall {995, pers. comm.) presently believes that withvwsok, the real time
accuracy can be improved to less than 50 mm. Tlegsés of accuracy are not necessary
for yield mapping purposes, but it could providepogunities for other on farm
applications of this technology.

The costs of GPS hardware can range considerablsimple handheld unit can cost as
little as $2000, while a complete real time DGPStay with radio broadcasting base
station and receiving mobile station costs appraxaty $20,000 (Leica Incl995). For
yield mapping purposes however, a single mobileivec using post processing would
be suitable at approximately $5000. The baseostatbrrection data could be obtained
from any of the stations which are presently apgpgaall over Australia. In less than
three years this data will be available anywherdifite cost. It is also expected that the
cost of GPS hardware will reduce as this technolmpomes more commonplace.

GPS location hardware could easily be incorporatéal the process of yield mapping.

Installation would be a matter of mounting an anteon the cabin of the harvester and
securing the receiver in the cabin. The locati@tadwould be interfaced with the

necessary data logging equipment, which would ganebusly log yield measurements.
Post processing of the location data would simpplve software application on a PC.

GPS technology has been used for agricultural imeand positioning applications in
the United Sates by Borgelt and Sudduth(1992), iGa@val. (1991), Larsemt al. (1991)
and others.

2.2 Local Triangulation

Various techniques have been devised to deterrmme@dsition of an unknown point by
triangulation from two fixed points of known locati. The system usually works
utilising transmitters placed at known locationsl anreceiver on the moving machine
(Figure 2.2 ). The angle is measured by the receiver, using the two signhlsh travel
directly to the machine from the fixed stationsislimeasured angle along with the length
between the fixed stations, L, defines the two disi@nal position of the machine.
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These two results enable the opposite sides ofridragle to be calculated and then the

square coordinates of the moving machine deduced.

+Moving
.Machine

Cd
Transmitter Transmitter

Figure 2.2. Concept of Local Triangulation

Several systems have been developed incorporatingr éaser or microwaves as the
transmission signals. These individual systemEmat be examined here, but literature
is available on laser systems by Gordon and Holi1@88) and Schulevicé al. (1987);
and on microwave systems by Monod and Mechinaug1l88d Palmer (1991).

The reported accuracy of local triangulation varsgsnewhat. Gordon and Holmes
(1988) tested a laser system and found maximunrseob1.2m, while Stafford and
Ambler (1991) reported accuracy of better than 1. mSearcyet al (1989) reported
errors of microwave system, during a yield mapprgrcise, of between 1 and 2 metres.
In any case all of these systems would provide ntiza@ suitable positioning for yield
mapping purposes.

There are concerns for the range of these systdims.radiated power of the lasers must
be limited because of safety aspects and thisgtsthe range of operation. To increase
the range of the microwave system, transmitterostatcan be set up at regular intervals
arround the field. The laser systems also havalifedvantage that they require line of
sight and are subject to signal degradation frost énd precipitation. The direct line of
sight maybe a problem during yield mapping of suggare, particularly when harvesting

a tall crop.
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The capital cost of these systems are unknown éatithor, but they are assumed to be
comparable to the cost of GPS hardware. Monod Madhinau (1988) believes the
microwave system can be viable if used extensibglg cooperative of farmers who set

up permanent transmitter stations throughout tiseeld area.

Overall, these systems incorporating local triaatiah, do not offer any major
advantages over GPS, except possible present agcuras expected that GPS will
become at least as accurate as this and theré&dongeld mapping purposes, GPS is the
better option.

2.3 Dead Reckoning

Another location system which has been used facalgural position is dead reckoning.

For this system, position is determined relative aoknown starting location by

identifying the direction of travel and measuriig tdistance travelled. For row crops,
such as sugar cane, the direction of travel is ydwzarallel to the previous row and
therefore can be satisfactorily defined by the nowmber which is being traversed.
Distance travelled may be determined by direct nn@asent or by integrating a velocity

signal over time. These measurements are normalgulated from wheel sensors. A
major problem with this system is the errors pratlby wheel slip. These errors are
cumulative, and if not corrected by using a posititheck, can greatly decrease the
reliability of the location system. During yield ping operations in sugar cane, the
system would be corrected at the start of each noswy hence the largest errors would
occur at the ends of the rows. Schumacher andhkeche(1989) measured errors of
0.82%, equating to 8.2 metres per kilometre andathibor of this thesis also discovered
errors of this magnitude during the coarse of pnggect. This proportion of error would

be acceptable for yield mapping purposes in sugae @griculture, where most of the
row lengths are far less than one kilometre.

Obviously the capital cost of this system would \ery low in comparison to the
previously discussed techniques, however the aadditi burden of recording row
numbers while harvesting would greatly reduce tHep#ion of this technique in the
sugar industry.
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Schumacher and Froehlich (1989) successfully ubedslystem for spatially variable
chemical application and Lemmne (1992) carried careal yield mapping. The sugar
cane yield maps shown later in this thesis were gl®duced using dead reckoning

location data.
2.4 Location Systems Conclusion

From the review of existing literature and the camgon of these techniques for use in
yield mapping sugar cane, it appears that GPSgudfferential correction, is the best
option available for harvester location requirersentAlthough there is a high initial
outlay, the system could easily be incorporated the yield mapping process. In the
future, the accuracy of this system will increaseabling it's use in other agricultural

practices also.
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Chapter 3 : YIELD MONITOR DESIGN

Most researchers agree that a yield monitor, lonalievice and a data acquisition system
are the major portions of a successful yield mapgysten{Stottet al., 1993). Location
devices for yield mapping sugar cane were discussthe previous chapter and suitable
data acquisition systems are extensively availabltis leaves the heart of the yield
mapping system, the yield monitor, as the only iportimpeding the successful
production of a yield mapping system for sugar cageculture. This chapter is devoted
to the design of such a yield monitor. The momtdr firstly be defined in terms of its
function in the yield mapping operation. Next, teneral requirements of the monitor
are stated. Then a review will be conducted ostig yield monitor technology and it's
possible application to sugar cane agriculturethis review, a technique will be selected
to carry out the job of yield monitor for sugar eafinally this technique will be briefly
analysed to determine the expected characteratidperformance.

3.1 Yield Monitor Definition

During harvesting the material flow into the maehiten be expressed as a function of
local yield, travel speed and cutting width:

Fr) = Yi(t) . SP().Wa ..o Egoat1
whereFr, is material flowrate (kg/s),

Yi, is crop yield (kg/m2)

Sp, is driving speed of the machine (m/s)

Wa, is actual cutting width (m)

and t, time (s).

12




YIELD MAPPING SUGAR CANE

For sugar cane, being a row crop, the cutting widith be assumed constant and although
it may vary slightly between farms it can easilyrbeasured. Machine driving speed is a
function of time, and for reliable yield maps it shibe accurately measured. Driving
speed can be measured in many ways and methodsysigwised during yield mapping
operations include Radar Doppler measurement (¢hesi and De Baerdemaeker,
1993), direct wheel measurements (Lemne, 1993) ereh differentiation of GPS
location data (Stotét al., 1993). This leaves the material flowrate irtte tachine as
the final variable required to enable the measungéragcrop yield. This variable is also
the most difficult to measure. Presently, the rao flowrate measurement techniques
available for sugar cane harvesters. Thereforentjer problem at hand, is to develop a
technique for measuring the mass flowrate of sugae through a billet harvester.

3.2 Yield Monitor Requirements

The first step in the design process of the sugawecflow sensor is to define the
functional and performance requirements.

3.2.1 Performance Requirements

According to Harvard (1983), accuracy within 5 6r% may be all that is required when
relating cereal crop yield to site specific fielgdtments. This figure should be the
equivalent for sugar cane agriculture. De Baerddereet al. (1985) believes it would
be necessary to have an accuracy within 2 % igtbever desires a gross measurement
for each field. In the sugar industry howevers thccuracy may not be required because
this information is available from the sugar mithich records the mass of the sugar

cane received at the mill for payment purposes.

Through consultation with farmers, the author belgethat the yield monitor should be
able to resolve a significant change in yield odogr over 10 metres. That is, when
viewed on a yield map, changes in yield betweerh eaccessive 10 meters should be

determinable.
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3.2.2 Functional Requirements

De Beardemaekast al. (1985) formed a set of functional requirementsaa@rain flow
measuring system. These requirements are givenswitie adjustments for application

to sugar cane measurement.

1. The maximum flow of sugar cane at present is@pmately 50 kg/s (measured later
in the thesis). The flows in the harvester carmtflate strongly, implying that the
proposed accuracy should be maintained over theeange of flows.

1. Sugar cane conditions (size, variety, moistorgent, foreign material, etc) should not
influence the obtained results; or in case theytdhould be in a predictable manner.

1. Even when operating on slopes, the accuracylé@eumaintained.
1. Machine vibrations or shocks should not influetite readings.

1. The sensing device should under no circumstanpede the material flow in such a

way that normal harvester operation is slowed down.

1. The fitting, installation and removal of the nton should be possible without major
rebuilding.

1. The cost should not exceed $3000.
1. Calibration checks must be easy and practical.

1. The sensing device and associated electrordaitty must operate properly in rough,

dusty and moist conditions.
3.3 Yield Monitors Review

Although there has been no research into the a flmgsmeasurement technique for
sugar cane, ample research has been conducteohoati sensors for cereal crops and is
summarised by Borglt and Suddu(th992). In this paper the basic principles of 1&g
flow devices are briefly described. Although tHewf properties of grains are very
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different to that of billeted sugar cane, theremiaciples that may be successful for both
materials. Some of the these methods reviewed;hwhiay work for sugar cane, are:

a) Gamma ray absorption

This system consists of three units - a gammeenajjter, a detector, and a display
unit. The emitter is mounted under the crop matdidw, with the detector mounted
directly above the emitter. As the material passesugh the measuring gap between
the emitter and detector, it reduces the intertditthe gamma radiation registered by
the detector. This reduction is proportional to gh&n mass flowrate.

a) Impact plate

This sensor uses the change of momentum in mayiyy matter, impacting against a
curved plate, as an indicator of flow. On a caaseséster the curved plated could be
mounted at the outlet of the elevator, so the tsilfalling from the elevator are forced
to change direction. The force exerted on thisepdhiould be proportional to the mass

flowrate.
a) Pivoted auger

For the measurement of grain flow, an auger isntexiwith one end pivoted and the
opposite end supported by a load cell. The apmdicaof this principle for sugar cane
could involve a load cell or pressure transduceoriporated in the hydraulic rams that
support the harvester elevator. Obviously as kxeator becomes loaded with billets
these rams must provide extra support and this dvbel proportional to the mass
flowrate. A problem with this system may be theeassive noise generated by the

moving harvester.
a) Elevator photodiodes.

A light source and photodiodes can be mountednogievator to measure the depth of
crop material on individual flights. The light tha received at the photo diodes gives
an indication of the quantity of material on ealaght.

These techniques may be successful for sugar bamesver a far simpler method was
investigated by Vansichen and De Baerdemaeker §1993
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A measurement technique for yield mapping of calage was devised by Vansichen
and De Baerdemaeker (1993). Although the harvgdechnique of silage is notable
different to that of sugar cane, the similarityslia the fact that both methods involve the
removal and billeting of a whole crop. For thisthwal, the mass flowrate measurement
involved instrumenting the base unit drive shaftl dhe blower shaft of the forage
harvester with torque and angular speed sensadns. bdse unit included the cutterhead,
feedrolls and the row-crop header. The blower isted of a paddle wheel that gave the
chopped material momentum to flow through a spotd a trailer. Tests were carried
out by harvesting the corn silage at different gebapeeds. For each test run the average
flowrate over a certain time period was determibgadveighing the amount of material
harvested and dividing this by the period lengthe power signals (torque x angular
speed) were averaged over the same time period.réBults of the experiment indicated
that silage flowrate was proportional to the meadysower on each shaft. Under the
assumption of linearity, regression coefficientsravealculated and the coefficients of
determination were greater than 0.94.

This concept of relating material flowrates to powensumption could be applied to
various components of a sugar cane harvester. forage harvester's base unit,
described above, is analogous to the sugar canedtar's choppers and feed rollers. In
both cases, the system’s function is to delivemthele stalk of the crop to a point where
the material is sliced into billets. The rotaryigr chop system (chopper system) of a
sugar cane harvester, uses seven cuts per secbil@teugar cane at a rate of up to 50
kg/s. Logical thought would imply that as the number tlss increase, higher cutting
forces are required. This thought is supportedPbgsson (1987), who gives a detailed
overview of the ample research that has been dorleeocutting forces required for plant
material. From this work it can be stated that¢hting power requirement of a given
forage harvester in a given crop is linearly relat@the material flowrate. This statement
lends support to the use of a cane harvester'pehgower as a technique for measuring
mass flowrate. This work by Persson (1987) will foether examined later in this
chapter.

Another component of a sugar cane harvester, whoser consumption may be related
to the material flowrates is the elevator. Thevaler's job is to deliver billeted sugar
cane from the chopper system up and into the ‘heiwehicles. This system is driven by
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two hydraulic motors, coupled at the top of thevater. Billeted cane is lifted some 2 to
3 vertical metres over the length of the elevatord obviously energy is required to
overcome gravity. There is also the effect oftivic on the elevator floor as the sugar
cane is dragged up the elevator. From these tieotsfit would indicate that the mass of
cane being elevated would be proportional to thegoarequire to move it. The only
concern would be that this increase in power reguént, would be negligible to the total
power requirement for the system, and as a resultidvbe masked. This statement is
refuted by Dick (1995, pers. comm.), who did someliminary work looking at the
pressure fluctuations in the elevator hydraulideysof a CAMECO cane harvester. He
found that there was a significant difference betwédree running’(no load) hydraulic
pressure of the elevator motors to the heavily édadondition. The pressure readings
increased from a 800kPa at ‘free running’ to anrafiegy pressure of 1400kPa.
Therefore on this evidence there is also suppartttie use of elevator power as a
measure of sugar cane mass flowrate.

From this preliminary research it appears thatpbwer consumption of the rotary drum
chop system and the elevator system of a sugarlawester may be a successful in the
measurement of sugar cane mass flowrate throughativester. Due to the similarity in
testing both these methods, it was decided to b@h methods simultaneously as
possible uses for yield monitoring. The rest as tthesis deals with the design and
undertaking of scientific experiments necessargrtave or disprove the hypothesis that
sugar cane mass flowrate in a harvester is relatetthe power consumption of the
elevator and rotatory drum chop systems.

3.4 Analysis of Selected Monitors

The elevator and chopper power consumption hava bekected as monitors of mass
flowrate with little analysis. This sections fugthanalyses these methods to predict the
relationship between the variables of mass floweateé power consumption and also to
predict any other variables that may effect thatr@hship.
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3.4.1 Elevator System

The critical variables in the power consumptiortha elevator are the mass flowrate of
sugar cane, the angle of the elevator and theicigaff of friction. For yield monitoring
purposes we would like the variables of elevatogl@rand coefficient of friction to
remain the same to obtain consistent mass flowltsgshowever it is likely these
variables will change. For example a harvesteraiing on slopes will change the
relative horizontal angle of the elevator and tbefficient of friction may also vary due
to crop properties or available water. Thereforeauld be interesting to get a feel for
the sensitivity of the power usage to the changbese variables.

= F. sin(a) + pF.cos(a)

Figure 3.1. Simple modd of the force, p, necessary to raise sugar cane billets up a

harvester elevator.

The relationship between the principal variableshewn in Figure 3.1, where force ‘p’
can be assumed proportional to power, and weighefd-’ proportional to mass. Some
preliminary analysis was carried out on this momeldetermine the sensitivity of the
power requirements of the elevator to its angleth® horizontal and coefficient of
friction. The calculations are given in Appendixa@d are graphically represented in
Figure 3.2. Although it is unlikely that the cdefént of friction will vary from 0.1 to 0.5
and the elevator angle from 40 degrees to 60 degttee graph does give an indication of
the errors that may be involved. From the figtir@pipears that the power requirement is
most sensitive to the coefficient of friction, wiim approximated 30% increase in power
over the given range. The variation in elevatalamlso produces significant changes in
the power requirement, with an approximated 20%ei@ee in power over the 20 degree
change. From this analysis it appears that the garameters of elevator angle and
coefficient of friction, could produce significamrrors in the measurement of mass
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flowrate. Therefore both parameters may need tiaken into account in the integration
of a full yield mapping system on a sugar cane éster.

3000

2500 +

2000 +

1500 +

Power required (W) .

1000 +

------- 60 Degrees

— - —--50 Degrees
40 Degrees

500 +

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

coefficient of friction, p

Figure 3.2. Theoretical Elevator power requirement for varying coefficients of
friction and elevator angles.

3.4.2 Chopper System

While the elevator system measures mass flow somedirectly, the chopper system
measures the rate more indirectly. A mass flowisateferred using the assumption of a
specific cutting energy/power (eg Watts/kg). Hoemwvhe magnitude of this quantity
may vary due to a number of factors. Persson (L88@lysed the factors which affect
the specific cutting power of plant material. Thase:

Major factors:
Feed rate
Length of cut

Crop Factors:

Moisture Content
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Plant Maturity

Species
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Mode of operation:

Material thickness

Knife velocity

Design Factors:

Width of cut
Edge angle
Sharpness

For the chopper measurement to work, all thesebkes except the feed rate would have
to remain relatively constant. This is unlikelyeowa full harvesting season, but if these
variables remain constant over a harvested fieth tthis technique can be used to
measure relative yield differences. These relatesalts can be used directly for crop
management purposes. Actual yield variation cdndddetermined by recalibrating the
system, knowing the total yield of the field. @dthough there are many variables that
could affect the accuracy of the flowrate measurégmef the chopper system, it could be
successful in measuring relative yield differendesm which actual yield differences

can later be determined.
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Chapter 4 ; HARVESTER
INSTALLATION AND
INSTRUMENTATION

Instruments were selected and constructed to carrfield tests on a cane harvester.
These items were then installed to obtain theireduresults. This chapter briefly
reviews each of the instruments used and then iespleow each was installed on the
harvester.

4.1 | nstruments

Various electrical transducers were used to meagarn®us physical properties. The

output signals were conditioned by an ‘ElectroniadB Box’ and then a Tape Recorder
was used to record the conditioned signals. Theacheristics of each of the transducers,
the Electronic Black Box and the Tape Recordeeapained in this section.

411 Transducers

Transducers were required to sense the necessaigalproperties. The most important
property was the hydraulic pressure in the elevatwr chopper systems. Sensors were
also required to determine the angular velocityarious shafts. The properties of these
two sets of transducers are explained below.

41.1.1 Pressure Transducers

The transducers selected were DRUCK PTX 500 serdsstrial pressure transmitters.
They consisted of a cylindrical stainless steeinggsapproximately 100mm long and
40mm in diameter, with the required electronicstamed within. Operating pressure
ranges for both transducers of 0 to 100 bar gangee selected. This was decided after
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consultation with the harvester manufacturers, whcommended this range as the
normal operating pressures of the chopper and teleligdraulic systems.

The combined non-linearity, hysteresis and repddtatof the transducers were

extremely good. The product specifications indidaiat the output will not deviate from
the straight line connecting zero and full scalépotiby more than 0.3% F.S., and
typically 0.15% F.S. The transducers were powésed supply voltage of 9 to 30V DC.

and their output was a current of 4 to 20 mA, prtipoal to the pressure at the inlet.

Installation into the hydraulic systems involvedesang the transducer onto a hydraulic
hose fitting, where the pressure reading was desirehis can be seen on Figure 4.2,
where a transducer has been implemented to mesupeessure at the elevator motor.

4.1.1.2 Speed Transducers

Magnetic pickups were used to measure the speearimius rotating shafts. Constructed
by AGRI-RIMIK PTY. LTD. in Toowoomba, these sensaeturn an electronic pulse

when a magnet is passed within a critical distgabeut 1 cm). The time between these
pulses can be measured to calculate the shaftéaarspeed.

For all applications in this trial a single magmets attached to the required shaft and the
pickup was mounted on a bracket in close range.

4.1.2 Electronic Black Box

Electronics were required to provide electrical povio the transducers and also to
condition the transducer outputs for tape recordifigpis circuitry was contained in the
Electronic Black Box. Many hours went into theigasand construction if this item, and
a thorough description is given in Appendix D.

4.1.3 Tape Recorder

The tape recorder was an AMPEX F.R. 1300, which ¢eghbilities for recording 8
channels of information. The information was rel@wron reel to reel tapes, which at the
selected speed of 30 inches of tape per seconty oo for 15 minutes. At this speed
the frequency response of the recorder was exegptiovith a bandwidth from 0 to 10
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kHz. This property was important for recording tauic pressure signals, which
fluctuate rapidly.

The tape recorder’s basic operation consistedanfrdéng input voltage signals, supplied
through electrical connections. These signals ccdad played back at any time for
analysis.

For this experiment, it was unknown at what ratestwveuld sample to obtain the required
information. So, it was very convenient to simpgcord analog signals containing
virtually all possible data (up to 10 kHz rangedahen, at a later date, digitised or
sample the signals at any desired rate.

4.2 Installation

The instruments discussed above were installechnoRBSTOFT 7000 Cane Harvester,
shown in Figure 4.1. In the following section timeraction of the whole system of
instruments will be explained and then the placdnoérithe individual transducers will
be described.
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Figure4.1. The AUSTOFT 7000 sugar cane harvester used in thefield tests.
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4.2.1 Full System

Figure 4.2 displays the basic interaction betwéenvarious instruments on the harvester.
There were basically four sets of measurementsesd lwere the chopper system power,
elevator system power, harvester engine speed amnedier ground speed. Details of
each of these measurements are discussed in theautions.

Electrical cables relayed the signals from theddaicers, back to the Electronic Black
Box. This cable was shielded 4 core type, appavgyi grounded to prevent the
interference from any electromagnetic fields arothnel harvester. The Electronic Black
Box and Tape Recorder were placed within the h&vesabin, along with an
oscilloscope for easy monitoring of the incomingnsils. An electricity generator was
required to supply the Tape Recorder with 240V AC.

Details of the chopper system, elevator systemsaeed measurements are given below.

. ' Engine Ground
Pressure Speed L. Pressure Speed | Speed Speed
Transducer Sensor . Transducer Sensor | Sensor Sensor

Elecfronic 24V Harveste
Black < Battery
Box

240V
Oscilloscopé Tape Records

Figure4.2 Block diagram of the instrumentation installation on the cane harvester.
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4.2.2 Chopper System

Two different measurements were required to montter chopper system power
consumption. The first was the hydraulic pressungplied to the system and the second
was the flowrate of oil through the system.

To measure the pressure required to drive the @rapptor the transducer was attached
to the hydraulic delivery line between the pump anodtor. Due to the cost of the

transducers, only one of the four chopper motors manitored. Better result may be
possible if all or more than one are monitored.

An unexpected result encountered during instaltatieas that the feed train rollers of the
harvester were incorporated in the same hydrayitem as the chopper motors. For
practical reasons these systems could not be seg@aralherefore and all the power
measurements of the chopper system also includempoansumption from the feed train
rollers. It was unknown how this addition wouldeadf the end results. It must be kept in
mind that the chopper results presented later ig ttiesis do contain effects from the
inclusion of the additional system.

The oil flowrate through the chopper motors wassueed by speed sensors, recording
the rate of motor revolution. Assuming negligitdakage, oil flowrate was calculated by
the rate of revolution multiplied by the motor ceipa

4.2.3 Elevator System

The elevator system used the same measuremertie ahdpper system. One of two
hydraulic motors which drive the elevator was mor@tl. Figure 4.3 shows this motor
along with the pressure transducer. Again dubécekpense of the pressure transducers,
only one of the two motors could be monitored. t&etesults maybe possible if both
motors are monitored.

The speed sensor for this system was located dbwer end of the elevator, measuring
the angular speed of an idler sprocket.
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=3

Figure4.3. Elevator motor with pressure transducer.

4.2.4 Speed Measurements
4.2.4.1 Engine Speed

The harvester engine speed was also monitored)ypime analytical purposes. This
signal could be used to reduce noise and imprasgtse during signal analysis. A great
deal of work went into designing and fabricatingaat to digitally measure this engine
speed. Appendix E is a general assembly drawinlgi®part. The part was screwed into
the engine housing, where it was keyed to a dinadts The part incorporated a magnetic
pickup which delivered a electronic pulse. Eacls@indicated two engine cycles.

4.2.4.2 Ground Speed

The harvester ground speed was monitored usingehsor incorporated in the RIMIK
Cane Loss Monitor. For this measurement, a magm@tikup indicated every half
revolution of the harvester’s front wheel.
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Chapter 5 : FIELD MEASUREMENTS

5.1 Field Trip

The 3rd to the 5th of June were spent in Bundalfitigg the instruments to the

harvester. The following three days were spentycay out tests to obtain the required
data. The Bundaberg Bureau of Sugar Experimenio8té@BSES) provided all personnel
and equiptment, which included the AUSTOFT harweatal a specialised weigh truck.
Robert Dick, an agricultural engineer with BSES,swhe major force behind this
assistance.

5.2 Conditions

The three days of testing represented a variatiothé harvesting conditions. These
variations included differences in weather condsiaand changes in crop variety and
quality. Day one of testing consisted of a fine day, harvesting a crop of variety Q146-
2R. This crop yielded heavily at approximately 1A%a and was harvested ‘green’.
These crop conditions can be seen pictured in Ei§uk. For reference purposes later in
the thesis, this crop will be defined as ‘Field One

Day two and three of testing were carried out dadifferent field to day one. The crop
variety for these two days was Q146-3R, which wawdsted ‘burnt’ and also yielded
approximately 120 t/ha. Differences in weather dibons were experienced during
harvesting. These were wet drizzly conditions agy tivo and then dry conditions for
day three. The crop can be seen pictured in FigureFor reference purposes, this crop
will be defined as ‘Field Two’

The differences in the crop and weather conditiwh&h occurred during testing, should
not theoretically effect the results of the yieldypnproduced for these fields. If the
results of the tests do vary greatly over the tlit@gs, then this will indicate that these
yield measurment techniques are susceptible togesain environmental and crop
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conditions. If so, environmental conditions andpcconditions will have to be taken into

account to achieve an accurate yield mapping system
5.3 Procedure

5.3.1 Field Setup

The field was setup with three ‘witches' hats’ giosied equidistant along a single row of
sugar cane. For day one this distance was 112u®snend for day two and three it was
130 metres. This distance was decided as the @pmate distance required to fill up the

weigh truck with sugar cane billets. From thisupetach row of sugar cane provided two
‘test runs’ of data. For reference purposes, st ‘tan’ will be defined as the act of

harvesting a single row of sugar cane, approximai®l0 metres long (between the
‘witches' hats’) for data collection purposes.

5.3.2 Steps

The basic procedure for each test run was:

1. Start the Tape Recorder and stopwatch.

1. Begin harvesting cane from the first ‘witchest’ land drive at a preselected speed.
1. Note any irregularities in the crop along witleit time of occurrence on a notepad.
1. Stop the harvester at the next witches' hat.

1. Stop the Tape Recorder.

1. Record the weight of sugar cane in the weigtobithe truck.

1. Unload the weigh truck.
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Figure5.1. The green sugar canecrop harvested as Field 1.

Figure5.2. Burnt sugar canecrop harvested as Field 2.
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5.4 Field Trip Recordings

There were basically two types of field trip redags. The first and most important
were the data captured on the tape by the analoyder. This data consisted of
electrical signals relating to the physical quaesitof elevator and chopper motor
pressure and speed, along with the harvestersngrand engine speed. An example of
this data is shown in this section.

The other type of data recorded in the field wasdharitten information pertaining to
each experimental run. A summary of this data @whin the following section.

5.4.1 Summary of Field Recordings

Table 5.1 and 5.2 give details of the test runsdooted in Field One and Field Two,
respectively. This information includes the rownmher, the nominal ground speed of the
run, the row length and the mass of sugar canesbed.

The hypothesis being tested was whether the massatle of sugar cane through the
harvester was related to the power required toga®dt. To do this different mass

flowrates of sugar cane had to be created. Thesaghieved by driving the harvester at a
different speed for each test run. Assuming tlop gtield was somewhat uniform over

the field, each run will produce a mass flowrategidy proportional to the ground speed
of the harvester.

Note that the time to complete each test run isshotvn in the tables below. These
times were recorded with a stopwatch, but a mourate time of harvesting was
obtained during analysis using the chopper pressigeal. Figure 5.3 displays the
distinct increase in pressure at the start of Isivg and then the decrease at the
completion. During data analysis the time betwtbérise and fall was measured. This
time period defines the harvesting period, whiclswaed to obtain the average mass
flowrate for each test run.

Also note that there are runs that have “none’hasrow number. These are test runs
which are described as ‘free running’. ‘Free runghis defined as the ‘running’ of all the
harvester components as normal, but ‘free’ of amydsting load. These runs provided
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valuable information about the power required toalthe elevator and chopper systems
without processing sugar cane.

Overall, all these test runs provided approximateftyy data points to prove or disprove
the hypothesis that the mass flowrate of sugar damoeigh the harvester is proportional
to the power required to process it.

Table5.1. Summary of Field Recordings for Field 1.

Row |Run Nominal Ground [Pt |ength [Harv. Mass
No. No. Speed (kph) (m) (kg)
1 1.2 2.0 112.5 2023
1 1.3 2.0 112.5 1740
2 14 4.0 112.5 1770
2 15 4.0 112.5 1667
3 1.6 6.0 112.5 2058
3 1.7 6.0 112.5 1770
4 1.8 3.0 112.5 1960
4 1.9 3.0 112.5 1947
5 1.10 5.0 112.5 2050
5 1.11 5.0 112.5 1760
6 1.12 4.0 112.5 1940
6 1.13 4.0 112.5 1830
I 1.14 6.0 112.5 1799
I 1.15 6.0 112.5 1720
8 1.16 2.0 112.5 1529
8 1.18 2.0 112.5 2053
9 1.19 5.0 112.5 2023
9 1.20 5.0 112.5 1872
10 1.21 3.0 112.5 2082
10 1.22 3.0 112.5 1971
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Table5.2. Summary of Field Recordings for Field 2.

Row |Run Nominal Ground  [P|ot |ength |Harv. Mass
No. No. Speed (kph) (m) (kg)
none |2.1 0.0 0 0

1 2.2 5.0 150 2955
none |[2.4 0.0 0 0

2 2.5 9.0 130 2897
2 2.6 9.0 130 2374
3 2.7 7.0 130 2337
3 2.8 7.0 130 2135
4 2.10 3.0 130 2227
5 3.1 3.0 130 2205
none |3.2 0.0 0 0

5 3.3 3.0 130 2043
6 3.5 7.0 130 2095
6 3.6 7.0 130 1930
7 3.8 9.0 130 2241
7 3.9 9.0 130 1950
8 3.11 5.0 130 2350
8 3.12 5.0 130 2089

5.4.2 Data Recorded on Tape

Figure 5.3 shows an example of the data capturadpmfor each test run. The width of
the graph represents the time to harvest the ewtiveand the voltage axis represents the
voltages recorded on tape. The two pressure sigimal recorded as a voltage which is
proportional to the hydraulic oil pressure drivihg hydraulic motors. It is interesting to
note the apparent lag of the elevator responsentiethie chopper response. This is
particularly evident at the start and end of th& ten. During analysis, this lag was
found to range between 2.5 and 3.5 seconds, depeodiharvester ground speed.

The other signal in Figure 5.3 represents the gt@peed measurement of the harvester.
The time between the electrical spikes indicatestime for half a revolution of the
harvester front tyre. From these time incrementsigd speed can be calculated.

Note that the other speed signals of the engirapmdr and elevator are not shown in this
figure. Their appearance is given clearly in Figbi
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Voltage recorded by Tape Recorder

Signals

4™

—— Chopper Pressure

Elevator Pressure
Ground Speed

50 100
Time (s)

Figure 5.3. Example of the data captured on tape by the recorder for each

experimental run.
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Figure 5.4 A example of a dlice of the data (1.2 seconds long) captured on tape.
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Figure 5.4 is an enlargement of a small sectiorFighire 5.3, representing only 1.2
seconds of data. This figure shows all the sigredsrded on tape. Again the pressure
signals can be seen at the top of the graph. Thatelr signal remains steady while the
chopper signal appears similar to a sinusoidal waVbe other signals measuring the
various speeds, clearly show the voltage spikesictiep the measurement of a
revolution. The engine speed signal appears twatel a revolution time of about 50
milliseconds, while the elevator and chopper spesgisear to occur roughly every
quarter of a second. During this particular tinegigd the harvester tyre rotated half a

revolution in approximately 0.8 seconds.
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Chapter 6 : SIGNAL DIGITISATION AND
ANALYSIS

The data recorded in Bundaberg provided the infitomanecessary to make an informed
decision about the chosen methods of yield measnernihe next step was to transform
the abstract tape recordings to meaningful resilte analysis stage of this project
provided these results by signal processing ofrdoerded data. Before this analysis
could be carried out, the analog signal was dagiti®d permit processing by a computer.
These two steps of signal digitisation and analgsés explained in this chapter, so the
reader is aware of the process of obtaining thed fiesults.

6.1 Signal Digitisation

To implement signal processing strategies, witlraputer, it is necessary to digitise the
signal. Digitisation refers to the conversion ofatinuous-time (analog) signal into a
discrete-time signal. The transformation is perfed by an analog-to-digital (A/D)

converter. The A/D converter changes a voltagelitidp at its input into a binary code
representing an amplitude value closest to the i&undpl of the input (Oppenheim and
Schafer, 1989)

A major determinant of the digitisation processhis rate of sampling. For this project,
the rate was decided in relation to the speed Egitavas these signals for which the
rate of sampling had the greatest effect on acguparticularly the engine, chopper and
elevator speeds. These speed signals were compbsgsttrical pulses lasting for three
milliseconds in length. This means the voltage aignvere ‘high’ for three milliseconds
marking every revolution (see Figure 5.4). Therefoo capture ever pulse, sampling had
to occur at least at (1.0s/0.003s) 333 Hz. At tate however, the engine speed signal,
which produced pulses at a rate of approximatelyH20 would have an unacceptable
error of 6% (20Hz/333Hz). To reduce this error moaaceptable limit of 2% a sampling
rate of 1000 Hz was chosen.
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Implementing this digitisation rate proved to bewdifficult. The greatest problem was
the sheer quantity of numbers that were produckdyuick calculation shows that for
each run which lasts approximately 100 seconds sithchannels produces 600 000
numbers. This introduces two problems both redatm computer power and memory
requirements. Firstly, these numbers have to bedsan some form and secondly, each
of these numbers have to be analysed to obtainltsesuro achieve this rate of
digitisation considerable computing power was regli This power was difficult to
obtain for an undergraduate engineering projecttre University of Southern
Queensland.

Initially a 286AT machine was trialed but the maxim digitisation rate available was 50
Hz; obviously this was inappropriate. A 486SX-3aahine was then trialed, but it also
could not handle or deliver the require rate. Aft&tensive investigation, appropriate
data acquisition equipment was found. The mostomant equipment consisted of a
486DX2-66 computer containing 8 megabytes of RAM ardata acquisition card. This
machine was important in providing the necessampmgding power to digitise the
signals at the desired rate of 1 kHz.

The problems with digitisation did not stop wittetbse of this computer. The software
available at the University of Southern Queensl&adulty of Engineering was also
found to be inappropriate. The software could lertdle the digitisation rate required.
The only option left was to develop or write softeséo do the job. This software along
with the equipment used to digitise the data isflyriexplained in the next subsections.

6.1.1 Digitisation Equipment

The equipment required for digitisation is shownHFigure 6.1. The Tape Recorder
operated like a normal household tape player widly,prewind, fast forward and stop.
These functions were used to position the tapkeatequired data and then reproduce the
signals at the output connections. These signale welivered to the computer via
electrical cables. The two thin lines, in Figurel,6to going the computer via the
oscilloscope, are the ground speed signal and lbeper signal. These signals were
observed on the oscilloscope to confirm the statt @mpletion of each test run. The
other four signals were relayed directly to theadatquisition card.

38




YIELD MAPPING SUGAR CANE

4 Channe 486DX2-66
Computer

Tape
Recorder

- K

Oscilloscope

Data Acquisition
Card

Figure 6.1. Digitising Equipment set up for Data acquisition.

The data acquisition card was a PCI-20428W-1 Last@Aultifunction Board produced
by Intelligent Instrumentation. The card was cguafed for 6 single ended analog input
channels operating in the voltage range 010Y, with 12 bit A/D resolution and with a
possible 100 kHz throughput. The 12 bit A/D coteeproduced binary numbers having
a decimal equivalent of 0 to 4096'{Rfor the 10 volt input range. This produced a
maximum digitisation error of 0.0049 volts. Thgnals were coupled to the acquisition
card by a termination panel at the rear of the agemp

6.1.2 Software

As previously stated, the software available coulot cope with the digitisation
requirements. It was decided to customise a sardpler which came with the
acquisition card. The driver code was adjusted! itnproduced the desired output data.
An example of this data is shown in Table 6.1.

Table 6.1. Selection of a data file produced by the digitisation process.

File name: 2_3.dat

GND Pressure Pressure ELV. Speed CHO. ENG.

Speed CHO. ELV. Speed Speed
0.880 1.059 0.920 0.286 0.280 0.054

0.880 1.129 0.907 0.286 0.280 0.056

0.880 1.233 0.925 0.286 0.280 0.056

0.880 1.005 0.849 0.286 0.280 0.056
0.880 0.933 0.931 0.286 0.281 0.056
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0.880 0.984 0.946 0.286 0.281 0.054
0.880 1.089 1.027 0.288 0.281 0.056

6.2 Analysis Method

The products of the signal digitisation was a numbk large data files with little
meaning. The purpose of the data analysis worktavasake sense of this data. Several
types of analysis were employed to obtain usefslilts. The first and most important,
was the calibration analysis, whose purpose wafintb the relationship between the
power consumption and the mass flowrate of sugae.c&ome analysis was also carried
out in the frequency and time domains of the sgmaldetermine any general trends in
the data. Finally, the data was processed foptbduction of yield maps. The basics of
each of these analysis steps are discussed isdtti®n.

6.2.1 Calibration Analysis

The goal of the calibration analysis was to provedisprove the hypothesis of the
project, that there is a relationship between tlagenal flowrate and the power required
to process it.

There is no known technique available for the measunt of sugar cane flowrate. This
means the calibration of the instantaneous powersarements with the instantaneous
flowrate was not possible. Therefore the -calibratiwas indirect. This was
accomplished by calculating the average power reduor each test run and comparing
it to the average mass flowrate of sugar cane. aleeage mass flowrate was calculated
by dividing the weigh truck measurement by the batwg time. With these two results
of average power and average mass flowrate for rathover 35 pairs of data points
were availible to determine the relationship betw#ese variables. It should be noted
that in general, the use of average values is\ailyg for linear calibration functions.

The calculation of the power averages was execussdlg a spreadsheet and this is
explained in the following section.
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6.2.1.1 Spreadsheet

The analog to digital conversion produced large ditds for each test run. Each of these
files had to be analysed to obtain the average poggirement. Some type of computer
program was required to carry out these calculatioA spreadsheet was selected as the
medium for this analysis. The reason for thisc@&la was the ease of interface between
the data and analyser. A spreadsheet can prolv@eapacity to easily edit and graph
data. These points were critical for removingl@vant data from the beginning and end
of the test runs and also for observing any irragtigs in the data.

The spreadsheet was written to analyse the das ifil a series of steps. Each step
carried out a particular function using macro’sgure 6.2 shows the appearance of the
spreadsheet. The calculations were carried outdrvacant cells shown in the lower half

of the figure.

PROJECT DATA ANALYSIS

From Taped Data Recorded at Bundaberg
By G. Cox

Test Day: Chopper Elevator
Run No.: Approx. Speed 3.0 km/h Average Pressure: 0.00 0.00
Filename: _.out Average Power: 0.00 0.00
Total Time: 1.00
Original Data from Disk | Time Processed Data Power (W)
IGRD Speed Pressure C Pressure E ELV. Speed CHO. Sp¢ENG. Speed IGnd Speed Pressure C  Pressure E ELV. Speed CHO. Speec ENG SpeejChopper  Elevator
s v v s s s (s) m/s kPa kPa Is \/s rpm

Figure 6.2. View of the spreadsheet developed to analyse the data.

A graphical example of the data produced by thigagsheet is shown in Figure 6.4.
Simple averaging of the power and pressure signedsthe whole run was carried out to
obtain the required calibration results. Thesaltesre given in the next chapter.
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Original Data
1_6.out At 6.0 km/h
1.800 T+ 1.400
1.600 +
f ‘ + 1.200
|
1.400 + ‘
[ + 1.000
1 i i
1.200 !
S 1000 - + 0.800
<4
=1 |
2 Hh
& 0.800 15 1 0.600
0.600 -
+ 0.400
0.400 - ay v ~
+ 0.200
0.200 -
o
0.000 I I I 0.000
1.0 501.0 1001.0 1501.0

Data Points

Speed Signals - time between pulses (s)

—— Chopper Pres.
Elevator Pres.
—— Ground Speed
—— Chopper Speed
—— Elevator Speed

—— Engine Speed

Figure 6.3. A graphical view of a data file produced by digitisation of an

experimental run.

Power Data
1_6.out At 6.0km/h
14000.00 — ‘ ‘ ‘ | +20
+18
12000.00 +
+16
10000.00 + L1a
8000.00 I
s X
= +1.0
H
o
o 6000.00 +
+08
4000.00 + TO06
+04
2000.00
+02
0.00 0.0
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0
TIME (s)

Speed (m/s)

Chopper Power
— Elevator Power
= Ground Speed

Figure 6.4. A graphical view of the power data produced by the spreadsheet, from

thedigitised data.
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6.2.2 Spectral Analysis

Some simple analysis in the frequency domain wasedaout on the recorded pressure
signals. Frequency spectrums were calculated ubied-ast Fourier Transform (FFT)
function available in Microsoft Excel. Each FFT svearried out on 1024 data points,
representing 51 seconds of signal. The resultsi®fanalysis are shown in the following
chapter.

6.2.3 Yield Map production

Yield map production was not a requirement of grgect, but all the data was available
and out of interest yield mapping principles weppleed. Field One results were the
most suitable for this job, with a strong caliboatifunction and data for a continuous
area, 225 metres long and 10 rows wide.

The calculations were carried out using a modifiedsion of the spreadsheet shown in
Figure 6.2. The yield maps were reconstructed psurun, using the pressure data along
with the pressure calibration functions, given ime tresults chapter. The basic
calculations required were:

1. Obtain the location data.
a) Integrate the ground speed signal to obtaimligtance travelled down the row.
b) Correct this integrated distance by the knowareat the end of the row.

2. Obtain the yield data.

a) Predicte ‘site’ yields by applying the calibeatiresults to the pressure signal
data at every data point.

b) Average the ‘site’ yield to obtain an averageldifor every 10 metres along the
row.

This procedure produced 11 evenly spaced yieldtpdor each 112.5 m long test runs.
The yield calculations were carried out using hb#hchopper and elevator pressure data,
and the yield maps produced from each of theseatggbs is shown in the next chapter.
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Chapter 7 : RESULTS

Several different and interesting outcomes weredyred by the signal analysis

explained in the previous chapter. The resultthefcalibration, spectral and temporal
signal analysis and yield map production are irttligily presented in this chapter.

7.1 Calibration

The analysis of each experimental run conducteBumidaberg, produced an average
mass flowrate of sugar cane during the run, aloitly the average operating powers and
pressures of the chopper and elevator motors. eTtessllts are shown in table form in
Appendix F. The relationship between these vasmlman be shown in an X-Y plot,

where the independent variable of average massdtews plotted along the X axis and
the dependent variables of average hydraulic p@wvegressure are plotted along the Y
axis. In this section these calibration result e graphed to show the strong linear
relationship that exists between them. Also, thlbration curves obtained by linear

regression of these plots will be given.
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7.1.1 Power Graphs
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R?=0.9454
0 t : : :
0 5 10 15 20 25 30

Average Mass Flow Rate (kg/s)

Figure 7.1. Calibration functions of average hydraulic power versus average mass
flowrate of harvested sugar canefor Field 1.
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Figure 7.2. Calibration functions of average hydraulic power versus average mass
flowrate of harvested sugar canefor Field 2.
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7.1.2 Pressure Graph

9000

y = 136.18x + 4268.7
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A Elevator Pressure (Field 1)
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a Elevator Pressure (Field 2)
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Average Mass Flow Rate (kg/s)

Figure 7.3. Calibration curves of average hydraulic pressure versus average mass
flowrate of harvested sugar canefor both fields.

7.1.3 Calibration Coefficient and Statistic

Under the assumption of linearity, the relationshgiween the X-Y variables can be
expressed as:

P=mkF+b

where, P is the pressure or power measuremeit,the flowrate (kg/s) and m and b are
calibration parameters. The calibration functitorseach field are given below.

Note that the average absolute errors were caézllag the following equation:
verticaldeviation of data point from calibrationéi

Avg. Abs. Error FS = vertical scale of calibration line x100
No. of data points
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Table 7.1. Estimated flowrate calibration coefficientsfor Field 1.

Measurement Regression Statistic
Coefficients
Technique Model Slope, m | Intercept, R? Avg Abs. | Err. Err.
b Error FS Bar P Bar F
Chopper P.=mF +Db 1735 6239 0959 [ 14% | 750 | 3%
Power W
Elevator Pe.=mF,+b 97.7 2686 0945 [ 21% | 300 | 3%
Power W
Chopper p.=mF, +b 136.2 4268.7 0991 | 21 % - -
Pressure
Elevator Pe=mF, +b 67.5 2039 0.960 | 4.6 % - -
Pressure
Table 7.2. Estimate flowrate calibration coefficients for Field 2.
Measurement Regression Statistic
Coefficients
Technique Model Slope, m | Intercept, R’ Avg Abs. | Err. Err.
b Error FS Bar P Bar F
Chopper P.=mF, +b 61.0 6646.4 0589 [ 17.1% | 750 | 3%
Power W
Elevator Pe=mF,+b 67.2 2726.2 0.779 | 6.7% | 300 | 3%
Power W
Chopper p.=mF, +b 48.0 4579.7 0.656 | 13.1 % - -
Pressure
Elevator Pe=mF, +b 52.8 1871.8 0.798 | 10.2 % - -
Pressure

7.2 Spectral and Temporal Signal Analysis

The results of the spectral and temporal signalyaisawere graphs showing some

characteristic and variation of the measured sgyndlhe first is a graph showing the

variation in engine, chopper and elevator speedsighout a typical experimental run.

The other two graphs are typical spectral densdfethe elevator and chopper pressure

signals during harvesting.
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Figure 7.4. Graph of Elevator motor, Chopper motor and Harvester Engine speeds
during atypical experimental run.
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Figure 7.5. Frequency Spectrum of the Chopper pressuresignal.
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Figure 7.6. Frequency Spectrum of Elevator pressure signal.

7.3 Yield Maps

The yield maps were constructed for Field 1, usimge different sets of data. The first,
shown in Figure 7.7, was reconstructed using l&eaéor pressure signals of each row.
The calculation of these yield measurements wadaiqu in the previous chapter.

Figure 7.8 is the corresponding yield map assembidg the chopper pressure data.
These two maps have been plotted using a yield une@aent for every 10 metres along
each row.

The third map (Figure 7.9) was reconstructed frdva weigh truck measurements.
Masses of harvested sugar cane were measuredclorhe# row length for Field One.
These masses were simply averaged along the lesfgtheasurement to obtain an
average Yield. Therefore this map has been plogaty only a single yield measurement
for every 112.5 metres along each row. This isrd@son for the unnatural systematic
appearance of the map. The main reason for thisisn® provide a means of comparing
the other two maps for general trends.

The yield data used to construct each of thesd yiglps is given in Appendix G.
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Figure 7.7 Yieldd map produced using the Elevator data.
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Figure7.8. Yield Map produced using the Chopper data.
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Figure 7.9. Yield map produced using the Weigh Truck data.
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Chapter 8 : DISCUSSION

8.1 Calibration

The results of the calibration gave evidence oinear relationship between the mass
flowrate of sugar cane and the power consumptioth@felevator and chopper system’s
of an AUSTOFT 7000 cane harvester. This resulhspike way for the measurement of
crop yield during harvesting, and subsequentlypitesibility of yield mapping.

Field One results gave the best indication of thedr relationship. For this field both
the chopper and elevator systems gave a high ci@eftiof determination (& of about
0.95. Field Two results are not as good becauseethvere faults with the data
acquisition system during testing. The power seuiar the Electronic Black Box
appeared to be overloaded and this resulted inpthesure signals apparently being
degraded by interference from the speed signalse averaged pressure results for the
Field Two runs were generally lower than they stidwdve been due to this interference.
Some runs were affected more than others, whichltegsin the scatter of the data
points. For Field 2 a general trend of increagiogger consumption was still evident, but
the scatter is much higher wittf Riown to 0.58 and 0.78 for the chopper and elevator
respectively.

The results indicated a significantly high ‘freenning’ power requirement for both
systems. In both cases this power was approximd&8fs of the full load power
requirement, measured at maximum mass flowratés i$tdue to the high friction losses
that occur when moving the large masses. Thisooutcis exacerbated by fact that the
power consumption is calculated using hydraulictesys readings, and therefore the
energy inefficiencies of the hydraulic motor arsoaincluded in the result. A lower ‘free
running’ power measurement may be possible usirgutransducer attached directly to
the drive shafts, but this does not guarantee mhetsailts.

The graph shown in Figure 5.3 contains the pressata points obtained for both days.
Field One results are once again very good, with Freld Two having considerable
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scatter. This graph shows an interesting, but eeperesult. It appears the slope of
elevator calibration line is relatively unaffectled the different conditions between Field
One and Two. However the chopper calibration fectéd considerably, with the slope

of the Field Two line being less than a half ofl&i®ne. This may be due to the fault
during data acquisition, but it is likely that mastdue to the changes in crop condition.
The most obvious change in crop condition was teergcane in Field One and the burnt
cane in Field Two. The additional extraneous métie Field One may have notably

increased the power consumption for the chopper.

These results were expected from the chopper bedlesmass flowrate is indirectly
measured using the assumption that chopping farqeaportional to number of cane
stalks being cut. As discussed in chapter thitesetare other factor involved in this
action. The elevator measures mass flowrate mioeetly using the power required to
shift a mass. As discussed in chapter three dwer@nly three variables of concern, the
mass of cane, the coefficient of friction and thgla of the elevator to the horizontal. If
the last two variables can be kept relatively camisthen mass flowrate can be accurately
inferred. This points to the use of the elevaymtem as the best option for the use in
yield mapping for sugar cane.

One unsettling point on the pressure graph wasfré® running data point for the
chopper, which occurred at zero mass flowrate gopicximately 5500 kPa. This ‘free
running’ point appears to be much higher than ttieerothree ‘free running’ points at
approx 4250 kPa. This can not be due to the pnubleith the Field Two data, because
lower than actual pressure readings were expect€lis reading was taken at the
beginning of the day prior to any harvesting arellgdraulic oil was ‘cold’, resulting in
higher than normal viscosity. This viscosity irese could produce higher power
readings due to the additional power losses, howthe elevator measurement at the
same time does not back up this theory. It wo@dtucial in yield mapping operations
that this base value remain constant. If this @alhanges the whole calibration curve
would be displaced resulting in yield measuremerars. The variation in this ‘free
running’ power, for both the chopper and elevatagy have to be investigated further to
provide confidence in these methods of measuringsrflawrate.

Table 7.1 shows average absolute error of lessS#@for the data set. This satisfies the
requirement given in chapter three of errors Iésst5 to 10% suggested by Harvard
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(1983), for yield mapping purposes. The bestltesuere given by the chopper and
elevator power readings with an average error of 2%. The pressure results were also
very good indicating that motor speed measuremeatg not be required for accurate
yield measurements. These results will be discussethe next section using the
temporal results.

Table 7.2 shows the calibration curves for FieldoTwAgain, due to the errors during
data acquisition the statistics are considerablysevdhan Field One, but the trends are
still consistent.

The error bar values are given in the tables amavsion the power graphs. They are
very large but are an indication of the pressugeaivariations rather than the overall
errors of the technique. These error bars reptéserstandard error obtained if a single
instantaneous pressure reading is used to medserenaterial flowrate at the same
instant.  If however, the pressure signals arecthed or averaged over, say 3 seconds,
then the material flowrate measurement error wdaddsignificantly reduced. During
yield mapping operations this would be accomplisbsithg a slow moving average of
the pressure readings.

The theoretical implications of these calibratiesults are that sugar cane mass flowrate
can be successfully measure by the power consumpticthe elevator and chopper
systems. The practical application of this techgplis the construction of yield maps for
sugar cane agriculture. Therefore the major objestof this project have been
completed.

8.2 Spectral and Temporal Analysis

Figure 7.4 presents the engine, chopper and elespé®ds during a typical experimental
run. At this ground speed of approximately 6 kjgmigicant variation of all three speeds
occurred, with the lowest speeds occurring at @pprately half way. For the chopper
and elevator, this speed was approximately 90%free running speeds shown at the
start and finish of the run. All signals variedyéther in time as expected, due to load
increases on the harvester. The engine speedadedras the machine was loaded, and
this led to a proportional drop in hydraulic mospeed. There may also be addition
speed reductions owing to the increase leakagésnvitie hydraulic motors at the higher
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operating pressure. This variation in motor spdadgates that the linear functional
relationship between mass flowrate and hydraulessure will not hold. This maybe
particularly important at the higher flowrates wiheane harvesters usually operate. For
example, during the harvesting of Field One, taevéster driver was ‘comfortable’ at a
speed of 6 kph. This corresponded to the relatikielh mass flowrate of approximately
25kg/s. The possible reduction of the linear retahip for hydraulic pressure at the
higher flowrates may indicate that the power meaments would be required to obtain
sufficiently accurate yield measurements.

Note the square structure of the speed signalsignré 7.4 indicate the error or
resolution due to digitisation of the analog signalThis is particularly evident for the
engine speed signal.

The frequency spectrum of the pressure signal é@ekilsome interesting results. The
most obvious is the peak that occurs at 7Hz forctingpper signal. This is due to the
cutting action of the rotary drum choppers, whiotate at approximately 3Hz and make
two cuts every revolution. The amplitude of spalcpeak would be related to the
chopper blade sharpness. The magnitude of the weald increase as the blades grow
blunter with wear and higher chopping forces amguired. The elevator frequency
spectrum is smoother with no significant frequerbpove 2.5Hz. This difference

between the chopper and elevator signals is alsemvin Figure 4.3 where the elevator
pressure signal is substantially smoother tharchiopper signal.

8.3 Yield Maps

Yield mapping principles were applied to the daathgred during Field One harvesting.
The maps generated from the chopper and elevatsspre data are very similar. The
average absolute difference between the yield napsach measurement point was
substantial at 10%. This error is mostly due ®rtinor differences or inaccuracy in the
yield calibration functions.

The maps appear to indicate a high degree of $pati@bility. Although this variability
can not be backed up with visual observations dunarvesting, the weigh truck yield
map also displays this significant variation.
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It must be remember that the yield maps producetthdghopper and elevator should not
look identical to the weight truck map. The wetgick map is not a ‘yield map’ in the
strict sense. It is constructed of yields averagest 112m length of row, and although
these average yields are very accurate, this miphas a spatial resolution of 112m
along the row.

Even though the weigh truck yield map overall appe@ry different to the chopper and
elevator maps, similar general trends are pre€miall maps, higher yields occur along
the full length of rows nine and ten and also wité first hundred metres of rows three,
four and five. There are some areas in the magisajppear suspicious. These are the
low yield measurements of below 90 t/ha, indicaedhe white areas. Row one on the
elevator map is the displays a relatively low yied@asurement while the chopper and
weigh truck maps show higher yields. This was pbip due to apparent error in the
calibration curve, which did not fit as well to tiata points at the lower flowrates, at
which this row was harvested. There also appeal®ta slight valley across the yield
maps at the halfway mark, 115m. This corresponitls the point where the harvester
stopped on each row to weigh the harvested caniehvdompleted a defined ‘test run’.
Due to the stopping and starting of the harvestethia point, the ground speed and
hydraulic pressures varied too greatly to achi®@geiate yield reading.

These yield maps are the first of their kind evedpiced using instantaneous mass flow
measurement during harvesting of sugar cane. t€himique can open up a whole new
realm of information to improve the managementugfas cane agriculture.
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Chapter 9 : CONCLUSIONS

The main objective of this project, to develop thasic technology to enable the
measurement of yield variability in sugar cane, Hmen achieved. The yield
measurements can be done during the mechanicakdiemy operation of a billet
harvester. This development, when incorporatech vaeit machine location method,
enables the production of yield maps.

The Global Positioning System (GPS) appears thelbestion system for the location of
cane harvesters during yield mapping operationpecically Differential GPS will
provide the required accuracy with ease of implaaten. Although there is a high
initial outlay, the future improvement in its acagy will enable its use in other
agricultural practices.

Yield measurements during harvesting require thisaneous measurement of material
flowrate and travel speed. The power consumptiathe billet harvester’'s elevator and

rotary drum chop system (chopper system), appearée the simplest option for mass
flow measurement of sugar cane. There were cosdeowever, for the reduction in

accuracy due to the influence of unwanted variablesr the elevator, variation in the

coefficient of friction and the angle of the elesato the horizontal, may produce

significant errors to the yield measurements. <€hepper system’s accuracy can be
affected by changes in the extraneous matter, areistontent, plant maturity and the
knife sharpness.

An experiment was designed to test if the hydraptizver consumption of the elevator
and chopper system could be used to measure thexiahdlowrate, for yield mapping

purposes. The power consumption of each systenmeasured using the hydraulic oil
pressure and speed measurements of appropriatesmoftin AUSTOFT 7000 cane

harvester was fitted with a series of transducexs feeld tests were carried out. For
practical reasons, it was not possible to measueehydraulic power on the chopper
system separately, so the feed roller system vgasiatiuded.

58




YIELD MAPPING SUGAR CANE

An extensive data processing scheme was followettalasform the raw transducer
signals to power measurements. These resultsatedichat there was a strong linear
relationship between the mass flowrate of sugae through the harvester and the power
consumption of the elevator and chopper systemggh Eoefficients of determination,
greater than 0.94, were found for both methodsdithahal corrupted data produced the
same linear relationship, but had lower coeffieot determination. The uncorrupted
power results had an average absolute error, abeutinear calibration function, of
approximately 2%, over the full range of valueShis result is well within the
requirement for yield mapping application.

Hydraulic oil pressure at the elevator and choppetors was also a strong indicator of
material flowrate. Compared to the power restlis, pressure results produced similar
coefficients of determination and average errof$is outcome indicated that pressure
measurements maybe as reliable as power measusefoerthe determination of mass
flowrate. Therefore, speed measurement may noedpgired. Further analysis of the
speed measurement however, indicate that at noapatating mass flowrates, the
angular speeds of the hydraulic motors do decreassiderably. Therefore power
readings, may be a better indicator of mass flagratluring normal harvesting

conditions.

Even though both the chopper and elevator systeowvided a strong linear relationship
for mass flow measurements, the elevator wouldhleebest option for application in a

full yield mapping system. The reason for thishis variation of the chopper calibration
function under different crop conditions. The badition results indicate the slope of the
linear calibration function decreased significantigtween two fields, probably as a
consequence of difference in conditions betweeruratband ‘green’ harvested crop.

Under these same harvesting conditions, the eleeatiration function displays only a

minor change.

Yield maps were produced using the calibration fiems and the raw signals for both
the elevator and chopper systems. The sugar clate225m long and 15m wide,

showed a high degree of spatial yield variabilityhe general trends of the yield variation
agreed with average yields calculated using haedesiasses.
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9.1 Further Work

Further work for the project could involve reseaiadto the factors that effect the
accuracy of the elevator mass flowrate measuremeBtme factors which could be

investigated are:

1. Effect of changes in the coefficient of frictiom the elevator floor. The coefficient
may be affected by crop properties or wet condgtion

2. The possible variations in the elevator anglanguharvesting and how much this
affects the calibration function.

3. The possible variation in hydraulic pressure sneaments resulting from fluctuations
in hydraulic oil temperature.

Additional research is also required into the tpamgation delay of the harvester. The
mass flowrate being measured at the elevator tramsportation delay from when it was
cut by the base cutters. This delay must accyrateldetermined to produce consistent
yield maps. During the testing for this projedte tdelay was approximately three
seconds, measure from the chopper response, wiaislassumed to have no delay.
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Appendix A: Project Specifications

Development of technoloqy for vield mapping in Sugar Cane

Honour s Proj ect Plan

Name: Graeme Cox
Supervisors: Assoc Prof Harry Harris; Dr Randolph P&Q

Mr Robert DickBSES

Objectives: To develop the basic technology to enable the mmeasent of yield
variability in sugar cane. This work is seen asfits step towards a full yield mapping
system.

Research Plan:

(1) Undertake a literature review of the optionaikable for the mapping yield variability
in sugar cane at the field level. Particularly exarthe possible use of remote sensing
and harvester integrated measurement systems.

(1st-17th March 1995)

(2) Analyse, assess, and document the optiondhéomeasurement of the mass flowrate
through a cane harvester.

(17th March-7th April 1995)

(3) Propose one or more techniques for measurings nflowrate through a cane
harvester.

(7-14th April 1995)
(4) Design the instrumentation to measure the #oevusing the chosen technique(s).
(14th-28th April 1995)

(5) Manufacture the selected instrumentation.
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(28th April-30 June 1995)

(6) Implement the instrumentation on a harvested aarry out field tests of the
techniques at Bundaberg in July, 1995.

(3-14 July 1995)

(7) Analyse, assess, and document the option®footely sensing yield of sugar cane at
the field level.

(4th August 1995)

(8) Analyse, assess, and document the options dorebter location, to include dead
reckoning, local triangulation and GPS.

(18th August 1995)
(9) Analyse the field test results.
(18th August-22nd September 1995)
(10) Provide a report by November 1, 1995.

(1 November 1995)
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Appendix B: Remote Sensing Review

Remote sensing is a technique using reflectednmdition from earth. Using a recording
instrument, such as a camera, spectral data frerplémt is reflected back to the receiver
and this information can be interpreted in manysvayhere are several techniques used
to gather data for remote sensing use. Of thesentbe# commonly used and the most
applicable to irrigation agriculture application $pectral sensing. Spectral sensing
involves the measuring or recording of the refldclight from a source, such as an
agricultural crop. The recording can take the foofna photograph, a series of
photographs, video tape or other media. These merasuts provide data relating to the
light reflected by the crop, and this data canrterpreted to provide information about
the condition of the crop. An example of the agatiion of this technique, often used in
farm management, is the association of a greenasdgealthy and an off colour, such as
brown, with unhealthy.

The extension of this method to separately measnderecord different sections of the
light spectrum is known as multispectral sensin@he visible and invisible light
spectrum can be devised into different types, sachnferred, ultraviolet, red and green.
By using optical filters, special film and other tmeds, these spectrum sections can be
individually recorded. Multispectral sensing camyde additional data on which to
obtain information about crop condition. Specifizainformation about crop biomass
can be obtained and from this crop yield maps @&ddvised. Drury (1990, pp 94) states
that a semiquantitative measure of the densitylaiftpcover can be given one of several
vegetation indices. The vegetation indices in tjoesis the ratio between very near
infrared and red reflectance. This interpretatipn Drury indicates that it may be
possible to use these indices to measure sugaryide Colwell (1983) however, states
that spectral biomass techniques have been fourk taccurate for low to medium
biomass quantities, but are little value over 5@9fha. This statement exempts sugar
cane from this method because the typical yieldshie crop is 100 000 kg/ha.

The assumption that this technique will not work $ugar cane is also supported by
Kirchner and Lee-Lovick (1992) who little or no oelation between spectral signatures
of sugar cane and it's yield. This work is the imasmprehensive available in relation to
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remote sensing research carried out on sugar denoen this paper there appears to be no

merit in the use of remote sensing for yield estiomaof sugar cane.

Although this technique does not work for finallgieneasurement of sugar cane, it could
be used in the early stages of growth to find potd etc. Geoff Cox (1995, pers. comm.)
believes this may be the most important time tothietgs right and so remotely sensed
data may become useful in the future of sugar pao@uction.
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Appendix C: Theoretical Elevator

Load

Calculations

Comparison of elevator load for different coefficients of friction and elevator angle.

Max. Pour Rate= 180 t/hr

= 3t/min
h= F. sin(a)
Elevator Speed = 222 flights/min v= F. cos(a)
F(per flight) = mass per flight.gravity p=h+v.u
F(per flight) = 133 N Velocity= 1.9 m/s

F(total) = 1326 (ten flights) Power= p*vel

Table of Power (Power reguired to raise cane load in Watts)

p a-=> 0 10 20 30 40 50 60 70 80 90 100
0 0 426 839 1226 1576 1879 2124 2305 2415 2453 2415

0.1 245 667 1069 1439 1764 2036 2247 2388 2458 2453 2373

0.2 491 909 1300 1651 1952 2194 2369 2472 2500 2453 2330

0.3 736 1150 1530 1863 2140 2352 2492 2556 2543 2453 2287

0.4 981 1392 1761 2076 2328 2509 2614 2640 2586 2453 2245

0.5 1226 1633 1991 2288 2516 2667 2737 2724 2628 2453 2202

0.6 1472 1875 2222 2501 2704 2825 2860 2808 2671 2453 2160

0.7 1717 2117 2452 2713 2892 2982 2082 2892 2713 2453 2117

0.8 1962 2358 2682 2925 3079 3140 3105 2976 2756 2453 2075
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Appendix D: Electronic Block Box

Circuitry

Circuit diagram

Figure D.1 is the schematic representation of teet@nics within the box. On the left

of the figure, blocks representing the transdueeesdepicted. The outputs on the right
are voltages which are applied to the recorder mbian Within these two points are the
circuits necessary to supply power to the transdueed to condition the signals for

recording on tape.

For the pressure transducers, labelled P1 and #2 ifigure, their 4-20 mA output signal
had to be converted to a 0-3 Volt input to the rdena This is facilitated by applying the
current across a resister. By using Ohm'’s law, MR+ the voltage drop across the resister
is proportional to the current flowing through iThis “load” resister is depicted in the
figure by Rs. This voltage drop is exactly whataquired by the recorder. The LM741
Operational Amplifier following the load resisteimply adjust the magnitude of the
voltage, using resisters R1 and R2, and also pesvetbme buffering from interference.
The output voltage is given by the formula Vo =s.R2/R1. Therefore by adjusting Rs,
R1 and R2 the desired 0-3 Volt output can be made.

The pressure transducers were powered by 12V sabbpli the a stable power source, via
the black box.

The next output from the circuit was Vol the tisggnal. This subcircuit basically uses
a 555 timer chip to produce voltage pulses at ateon rate. This was to be used during
data processing as a stable time base, but the Raperder operated constant speed
(within 5%), so this subcircuit was deemed reduhdad not used.

What seemed to be the simplest signal, the spegedlsj turned out to be the most over
complicated interfacing. This circuit was desigf@da 4 channel recorder. So with only
one channel left after the two pressure signalsthedime base, all speed signals had to
be measured on this remaining channel. Basicéléyrémaining electronics shown in the
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circuit, condition the speed pulses so they canrdm®rded on a single channel by
multiplexing. Due to the fact that no 4 track net ever existed, a 7 track recorder was
used and none of this extra electronics are reguitdowever because the circuit was
already half completed some of the circuit was usqaovide speed pulses of a constant
3 millisecond length.

To power the speed sensors a 78L05 chip was usestitwe the supply voltage from
12V back to 5V as shown in the figure.

Even though half of the components in the circtét dundant for this project, they do
exist on the circuit board and could be used ieseary for different situations.
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Appendix E : Digital Engine Tachometer
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Appendix F : Calibration Results

F.1 Pressure Data

day 1
Run | Time Mass Avg. Flow | Avg Pc Ave Pe | Linear Fit % Error FS|
(s) (kg) Rate (kg/s)| (bar) (bar) Pc Pe Pc Pe
5 0 0.00 4198.422 | 2244.672 4269 2024.90 2.08 13.92
2 |1945 2023 10.40 5781.1 2581.2 | 5683.54 | 2728.68 2.87 9.34
3 |186.2 1740 9.34 5508.4 2543.5 | 5539.892| 2657.21 0.93 7.20
5 101 1667 16.50 6601.7 3099.8 [6513.673 | 3141.69 2.59 2.65
6 74 2058 27.81 3885.4 | 8051.27 | 3906.69 1.35
7 69.5 1770 25.47 3920.5 [7732.597 | 3748.14 10.92
8 |126.5 1960 15.49 6313.3 3044.6 [ 6376.194 [ 3073.29 1.85 1.82
9 |125.7 1947 15.49 6254.2 3080.1 [6375.539 | 3072.97 3.57 0.45
10 | 85.5 2050 23.98 7595.7 3823.2 [ 7529.819 | 3647.25 1.94 11.15
11 80 1760 22.00 7238.50 | 3498.70 7261 3513.51 0.66 0.94
12 | 105.7 1940 18.35 6699.50 | 3193.70 | 6765.121 | 3266.79 1.93 4.63
13 100 1830 18.30 6870.80 | 3214.90 | 6757.8 | 3263.15 3.33 3.06
14 71 1799 25.34 3714.60 | 7714.972 | 3739.37 1.57
15 | 65.8 1720 26.14 3797.80 | 7824.015| 3793.62 0.26
18 | 181.9 2053 11.29 5962.80 | 2770.30 | 5803.953 | 2788.58 4.68 1.16
19 | 85.35 2023 23.70 7398.60 | 3581.20 | 7492.527 | 3628.70 2.76 3.01
20 | 81.2 1872 23.05 7426.90 | 3633.90 | 7404.369 | 3584.84 0.66 3.11
21 | 1245 2082 16.72 6518.20 | 3214.50 | 6543.313 | 3156.44 0.74 3.68
22 | 126.8 1971 15.54 6368.80 | 3187.90 | 6383.006 | 3076.68 0.42 7.05
Day 2
1 38 0 0.00 5348.94 | 2045.92 4579 1872.00 24.32 5.84
2 1111 2955 26.60 5730.91 | 2698.67 | 5855.688 | 3276.36 3.94 19.40
4 38.5 0 0.00 4412.839 | 2057.781 4579 1872.00 5.25 6.24
5 | 64.75 2897 44.74 | 7438.806 | 4826.454 | 6726.583 | 4234.34 22.50 19.88
6 | 5195 2374 45.70 | 7282.899 | 4526.56 | 6772.494 | 4284.84 16.12 8.12
7 |69.45 2337 33.65 | 5507.417 | 2921.84 | 6194.205| 3648.73 21.70 24.41
8 70.1 2135 30.46 6512.279 | 3877.049 | 6040.912 | 3480.10 14.89 13.33
10 | 1524 2227 14.61 5664.608 | 3021.254 | 5280.417 | 2643.56 12.14 12.68
day3
1 | 138.6 2205 15.91 5606.44 | 2879.95 | 5342.636 | 2712.00 8.33 5.64
2 |44.15 0 0.00 4273.31 | 1848.47 4579 1872.00 9.66 0.79
3 |133.75 2043 15.27 5340.56 | 2607.96 | 5312.189 | 2678.51 0.90 2.37
5 | 65.85 2095 31.81 5902.39 | 3475.39 | 6106.107 | 3551.82 6.44 2.57
6 | 66.35 1930 29.09 5994.54 | 3392.62 | 5975.232 | 3407.86 0.61 0.51
8 |54.85 2241 40.86 5939.55 | 3854.72 | 6540.13 | 4029.24 18.97 5.86
9 |54.05 1950 36.08 6694.60 | 4246.22 | 6310.73 | 3776.90 12.13 15.76
11 | 90.1 2350 26.08 4753.61 | 2528.22 | 5830.942 | 3249.14 34.03 24.21
12 | 92.05 2089 22.69 5306.71 | 2852.40 | 5668.321 | 3070.25 11.42 7.32
averr |13.13824 10.28934
std dev | 9.039299 7.953845
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F.2 Power Data

day 1 | |
Run | Time Mass | flow rate | Ave Pc Ave Pe Linear Fit % Error FS
S kg kals (W) (W) Pc Pe Pc Pe
5 0 0.00 6239.4| 1678.80
5 0 0.00 6239.4] 1678.80

2| 194.5 2023 10.40] 8075.247| 2228.042| 8044.394| 2314.11 0.29 2.73
3| 186.2 1740 9.34| 7692.614| 2191.469| 7861.095| 2249.59 1.60 1.84
5 101 1667 16.50] 9357.345| 2701.297| 9103.669| 2686.94 2.41 0.45
6 74 2058 27.81 3285.875| 11065.69| 3377.51 2.90
7 69.5 1770 25.47 3416.25| 10659.05| 3234.39 5.76
8| 126.5 1960 15.49] 8931.099 2641| 8928.241] 2625.19 0.03 0.50
9| 125.7 1947 15.49] 8672.258| 2568.625| 8927.406| 2624.90 2.43 1.78
10 85.5 2050 23.98] 10508.62| 3155.715| 10400.3] 3143.32 1.03 0.39
11 80 1760 22.00] 10222.45| 3035.045| 10057.28] 3022.58 1.57 0.39
12| 105.7 1940 18.35] 9253.684| 2710.978| 9424.524| 2799.87 1.63 2.82
13 100 1830 18.30] 9639.571| 2775.484| 9415.182| 2796.58 2.14 0.67
14 71 1799 25.34 3256.50] 10636.56| 3226.47 0.95
15 65.8 1720 26.14 3246.31] 10775.7| 3275.45 0.92
18] 181.9 2053 11.29] 8394.127| 2427.364| 8198.046| 2368.19 1.87 1.88
19| 85.35 2023 23.70] 10122.16] 3004.843| 10352.71] 3126.57 2.19 3.86
20 81.2 1872 23.05] 10164.77| 3052.351| 10240.22] 3086.97 0.72 1.10
21| 1245 2082 16.72] 9156.432| 2823.794| 9141.491| 2700.25 0.14 3.91
22| 126.8 1971 15.54| 8839.875| 2766.886| 8936.934| 2628.25 0.92 4.39
ave err 1.36 2.07

day?2
1 38 0 0.00] 7548.53] 1812.21| 6646.40] 1703.90 23.46 2.82
2| 1111 2955 26.60] 7903.66] 2366.71| 8269.87| 2821.56 9.52 11.83
4 38.5 0 0.00] 6345.81| 1874.565| 6646.40] 1703.90 7.82 4.44
5| 64.75 2897 44.74] 10191.58| 4015.888| 9377.32| 3583.97 21.17 11.23
6| 51.95 2374 45.70] 10142.45| 3835.124| 9435.70] 3624.17 18.38 5.49
7| 69.45 2337 33.65| 7821.272| 2523.531| 8700.34] 3117.91 22.86 15.46
8 70.1 2135 30.46] 9066.795| 3372.937| 8505.40] 2983.71 14.60 10.12
10| 152.4 2227 14.61] 8201.708| 2658.885| 7538.34| 2317.95 17.25 8.87

day3
1| 138.6 2205 15.91 2488.181| 7617.46] 2372.42 3.01
2| 44.15 0 0.00 1663.563| 6646.40] 1703.90 1.05
3| 133.75 2043 15.27 2301.01] 7578.74| 2345.76 1.16
5| 65.85 2095 31.81] 8397.36] 2999.32| 8588.31] 3040.79 4,97 1.08
6| 66.35 1930 29.09 2933.32] 8421.88| 2926.21 0.18
8| 54.85 2241 40.86] 8588.76] 3219.71| 9140.22] 3420.75 14.34 5.23
9| 54.05 1950 36.08] 9465.12| 3638.86] 8848.51] 3219.92 16.03 10.89
11 90.1 2350 26.08] 6765.56] 2177.25| 8238.40] 2799.90 38.30 16.19
12| 92.05 2089 22.69| 7528.15| 2462.66] 8031.61] 2657.53 13.09 5.07
ave err 17.06 6.71
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Appendix G : Yield Map Data

G.1 Chopper Data (t/ha)

Distance

Down row

row 1

row 2

row 3

row 4

row 5

row 6

row 7

row 9

row 9

row 10

127.677116

104.8

79.51694

83.30669

98.97836

81.27672

55.43598

90.954

101.7757

108.6608

122.690865

104.8

110.345

116.1498

129.3683

111.6628

85.93707

75.53127

110.543

143.6449

142.992428

104.8

105.0409

108.336

121.6921

120.7056

91.98009

51.99816

106.1727

120.5915

139.207983
152.365832

104.8
104.8

113.3198
149.9339

123.9691
105.9053

132.0769
150.0396

119.2671
127.8774

87.51486
113.9429

74.11495
82.93836

116.0739
121.6827

131.7267
135.9101

143.517846
140.633616

104.8
104.8

113.0182

134.9837

138.1285

124.9691

118.44

127.3486

142.6012

115.4237

115.478

134.9479

141.5027

112.3027

100.6084

130.2309

120.0213

128.8987

147.516001

104.8

120.0364

111.7138

112.6284

114.5106

111.5262

129.8254

122.8125

114.1812

102.749467

104.8

119.8211

120.7498

121.2083

103.0453

99.06885

134.3554

119.7941

119.8397

117.146229

104.8

112.472

113.396

115.8015

100.1366

93.54711

149.8748

120.567

116.1532

109.13447

104.8

119.3098

121.2503

115.0065

99.36411

113.1991

135.204

115.3759

134.0285

98.1755652

102.3883

119.6639

101.4547

100.6304

94.86607

59.80976

134.3073

100.917

127.756

136.702802

102.7588

115.7643

121.0156

110.3072

105.5907

96.67839

135.8704

114.7641

134.3619

118.4441

112.6822

119.3053

119.7923

113.7491

120.3398

99.3097

148.2866

117.4697

143.3375

98.6860937

101.9936

116.1454

110.255

116.5272

118.6816

106.7239

143.9981

114.1131

129.2931

102.329674
84.9855145

118.4186
107.6585

102.814
95.21728

107.3367
109.3689

102.959
96.20157

116.2172
104.7355

91.56775
98.82109

133.0285
129.2759

115.9157
111.5603

119.6429
114.5802

90.9857451

105.6112

76.17112

121.3265

106.48

112.0295

91.81614

125.8746

120.5019

101.2532

95.0910391

111.7582

68.74899

110.1756

99.02067

112.6755

84.15484

135.2076

117.0616

99.01224

111.595793

107.3348

87.18143

106.2604

109.2146

120.4814

77.97058

142.4977

110.8171

110.0183

101.493129

87.72016

90.10949

118.3889

106.461

120.8598

94.26823

127.4751

101.0848

93.85661

98.9761696

95.16462

121.9697

115.2872

113.1527

122.9361

105.3172

140.0284

122.5788

136.5316|Ave Yield

sum

2583.09748

2306.289

2371.383

2515.37

2551.135

2464.531

2077.638

2678.226

2544.204] 2678.703| 112.5935

G.2 Elevator Data (t/ha)

(=]

row 1 row 2

row 3

row 4

row 5

row 6

row 7

row8

row 9

row 10

(&2

86.20922

104.8

77.9029

84.51656

100.6494

79.71613

59.52911

75.94473

92.25393

117.3961

79.89756

104.8

109.8539

122.1169

124.4279

105.9023

92.78237

54.11857

107.1006

140.4718

98.88664

104.8

120.9628

110.155

130.2352

114.3779

95.38548

45.05598

98.18727

129.773

100.2642

104.8

126.7099

120.4247

135.5815

115.5206

92.81355

58.84466

111.8585

138.6189

101.2503

104.8

161.6595

111.5469

145.1732

127.1033

117.423

68.31087

120.9668

133.6953

107.5936

104.8

143.1905

136.9518

136.6681

122.0412

119.9425

109.4048

131.1789

121.2409

102.4786

104.8

132.3539

128.468

130.3045

111.0322

113.7219

121.8316

118.5946

135.596

110.3513

104.8

138.8685

106.4744

120.6585

105.8001

117.6432

97.3508

127.2676

122.2313

81.82079

104.8

137.3175

116.1865

125.5536

92.22044

108.4942

117.4086

125.8438

128.1569

88.86888

104.8

133.3268

110.2529

124.024

93.54451

106.1709

118.9034

127.8981

118.0243

84.68954

104.8

146.0553

113.5994

120.2816

96.10799

125.7258

121.1942

122.7171

148.9637

72.16236

90.18472

125.5826

106.2182

97.62813

88.7296

74.0743

121.3952

104.2268

142.0766

110.5985

89.64988

134.928

125.1466

107.7114

93.26076

104.42

123.8988

116.5723

136.8389

101.6891

96.3289

143.777

124.2281

108.7306

102.866

105.8041

128.0407

127.1256

161.4649

87.68054

100.3102

150.0099

115.4917

116.5065

108.1145

116.9911

124.5886

121.1041

137.9379

74.20659

110.6481

132.4375

113.8688

100.7647

105.6665

106.9924

120.184

116.4669

133.2857

71.66419

100.496

115.1642

115.2059

98.41913

96.83256

119.4481

110.1905

114.4051

126.7087

75.05013

97.47987

97.35507

114.487

109.4731

104.1971

104.7608

109.3854

122.4102

117.1919

79.41197

97.4145

78.31961

114.8147

97.79571

106.0922

101.8864

109.9552

116.493

112.8828

83.75104

100.8386

95.53591

114.9472

108.82

107.9926

91.13451

113.582

107.0461

118.2766

86.67913

78.99103

112.9136

122.1084

103.6776

110.1471

105.5266

112.7964

92.1728

106.3621

84.55617

89.02266

138.367

121.0868

111.7577

111.3098

119.4785

129.0268

117.5615

146.4323

Ave Yield

1969.76]

2204.164

2752.592

2548.296

2554.842

2298.575]

2300.149

2291.412

2539.451

2873.627

110.604
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G.3 Weigh Truck Data (t/Ha)

Distance

Down row

row 1

row 2

row 3

row 4

row 5

row 6

row 7

row 9

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481
119.881481

104.8889
104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

119.881481

104.8889

121.9556

116.1481

121.4815

114.963

106.6074

90.60741

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

103.111111
103.111111

98.78519
98.78519

104.8889
104.8889

115.3778
115.3778

104.2963
104.2963

108.4444
108.4444

101.9259
101.9259

121.6593
121.6593

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

116.8

103.111111

98.78519

104.8889

115.3778

104.2963

108.4444

101.9259

121.6593

110.9333

116.8|Ave Yield

2452.91852

2240.415

2495.289

2546.785

2483.556

2457.481

2293.867

2334.933

2538.963] 2641.956] 111.3007
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