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It-l'TRODUCTIO"J

111epurpose of this research effort is to detennine if various types of
fruit at different stages of developmentcan be counted fro1"ldigitalized
ground photograpils by tile system of sequential classification, cllLstering,
aid COUll tinge

111efruit to be analyzed are apples and pead1es. r;1e apples have trans-
cended from their immu.turestage, ",hid1 is dlaracteristic of green colored
apples, to the stage ,,,henapples are yellO'..•.in color. '!he peaches are in
a more immaturestage of developmentand are characterize'd by green and
yellcr...•.peadles.

It was knownby examinati.onof the sections to be analyzed that eight apples
were present on the apple tree and six peaches were present on the peach
tree.

If accurate fruit comting can be produced by this system of sequential
classification, clustering, and cotmting for various fruit before matura-
tion has been attained, this system mayprove beneficial for surveys to
forecast crop yield.

DATA COLLECI'ION
Data Source:

Data ,.,ere obtained by acquiring side-viet'l ground photographs of an apple
tree and peach tree and digitalizing a representative section on each
photograph using the Photometric Data System (PDS)microdensitometer. [1]
Representative sections were digitalized to minimize computer costs.
Digitalized results obtained from the microdensitometer were stored on
magnetic tape in a fonn that could be processed by software in the Statis-
tical Analysis System (SAS).[2)

Scanning Parameters:

The aperture size and shape chosen to digitalize the selected sections for
the apple tree and peach tree photographs ,.,as 80 microns square, which pro-
vided an excellent representation of the data.

All filter and scanning modccor.binations were utlized whendigitalizing
the photographs so that multivariate responses for eadl pLxel or data point
could be examined. Four filters (clear, red, green, and blue) and 0'10 scan-
ning modes (transmission and density) were available. TIlerefore, intensity readin~
for eight filter and scanning modecombinations for eaChpixel ,vere recorded •.

For the apple tree photogr,mh~ 41 pixel readings were eli dtalized per line.
Fi?r,ty-s~x lines \,:erc S~j~HleCl., anci therefore 1,886 pixels ~:ith readinr;s for
elgnt fIlter ;Jld SCC\l'Jl.~~ ,;,'.)\:t:' cor::b:inaticTls \\'erc :;torcll on magnetic tape.
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There h'ere S5 pixels digitalized per line on the peach tree photograph, and
49 lines scarmed. Therefore, 2,695 pixels were stored ivith multivariate re-
sponses.

Groups:

'I1lCspectrally distinct groups represented on the digitalized section for the
apple tree were: dark leaves (D), light leaves (L), and yellow apples (Y).

'Dledigitalized section for the peach tree displayed a greater variety of
spectrally distinct groups. The groups were: yellow peaches (Y), green
peacnes (G), light leaves (L), dark leaves ((D), dark branches (B), sl.mny
objects (\'I), shadows(S), and light branches (X).

Training Data:

Training data, which is also referred to as labeled data, were detennined by
selecting fronl each spectrally distinct group a collection of pixels. Selec-
tion of training data was madeby recording on the PDSmicrodensitometer's
teletype a set of bomdaries in \\'hidl a spectrally distinct group was kno.m
to exist. Training data were collected separately for the apple tree and
peach tree from the digitalized sections.

APPROAO I

The.approach by which fruit on grotmdphotographs was cotmteelis identical to
the approach t.Jken to count fruit trees on aerial photographs•.[3]

For each digitalized section training data were generated and analyzed to
detennine suitable discriminant ftmctions for classifying tmlabeled data.
After unlabeled pixels were classified, pixels classified as fruit pixels
were clustered and counted. If misclassifications of unlabeled data occurred,
and therefore an excess of clusters resulted, training data froln the clusters.
were examinedto determine which clusters were fruit and whidl were not fruit.

DATA Ai\jALYSIS
Feature Selection:

Filter(s) and sCID1I1ingmode(s) utilized for the classification procedure of
tmlabeled ph:cls from the apple and pead1 tree photographs were selected by
examining two-dimensional plots of all combinations of variables, \vhidl are
all filter IDldscarmin~ modecombinations.

As illustrated in Figure 1, the red filter in density and transmission scan-
ning modesprovided the best visual separation of yellOi'/ apple pixels from
dark a~d light leaf pixels.

T!·uL.'1ingdata for the :.li.;it..:lli:cd section of the i~cachtn~e (:;:;j;)onstratedthat
rel ,md !I,reenfilters::; t'~,;:' transmission scannitE n:1,lc :;~marJ.teyellow peach
pixels and green peac.npixels from the remaining pixels. (Figure 2)



(3)

In sununary,cL::nsiqr-redarid transmission-red ,vere the v(lriables selected for
the apple tre~ f()"f discrinin~mt analysis of the tr:lining data. Transmission-
red and trans'nission- green \\'cre the variables cilosen for the peach tree ..

Discriminant Analysis Applied To Training Data:

(1) Apple Tree,:

Oncediscriminant functions \\'cre obtained using intensity readings for each
pixel in each grou!) in the training data, training data ,,'ere treated as tn1-
labeled data to test the discriminant flU1ctions.

Using the variables chosen from the D'lo-dimensionalplot in Figure 1., quad-
ratic discriminant functions with equal or unequal prior probabilities stated
for the three groups proviJed perfect classification of eadl pixel in the
trainulg data. lhe classification matrix wa~:

Dark Leaves

Light Leaves

Yellow Apples

Dark Leaves

22
o
o

Light Leaves

o
20

o

YellO\vApples

o
o

18
•which provided perfect classification of the training data.

(2) Peach Tree:

To reduce computer costs, pixels with transmission-green readin~s greater
than 170 or less than 63 were deleted from further analysis. 111isdeletion
eliminated dark leaf pixels, branch pixels and IIDst surmypixels. 111eremain,:"
ing swmy pixels ,.••ere cOlilbinedwith light leaf pbcels because of their similar-
ity in intensity readings. Inspection of Figure 2 sh~vs tile justification of
this action. Obviously, the removal of these pixels does not hindcr any analy-
sis to be performed.

Tne prior probability of each grm.•.p '..;asbased upon an approximation of the
relative frequency of each p,roupin the digitalize,l section. Quadratic dis-
criminant functions based upon the chosen variables provided excellent class-
ification of the training data. The rcatrix obta:L'ledfor classification of the
training data whentraining data ''''ere trcated as "unlabeled" data was:
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Light Leaves
Green Yellow and ShadO\;,s Light
Peodles Peaches SunnyObjects Branches

Green Peadles 29 0 0 0 0

Yc110w Peaches 0 61 0 0 0

Light Leaves
and II]SunnyCbjccts 0 75 0 0

Shadows 0 0 0 4 0

Light Branchcs 0 0 0 0 3

which contained only one misclassification. \vhich was a light leaf or sunny pixel
classified as a yelloH pcach pi.xcI.

Classification Results:

(1) Apple Tree:

The classification procedure involves classifying tmlabclcd data by the dis-
criminant procedure chosen to classify the training data.

Since dark leaf pixels clearly separate from yellow apple pixels in Figure 1,
pixels with deI.sity-red readings greater than 130 were deleted to reduce com-
puter costs.

Hith this deletion the classification matrix obtained for unlabeled pixels
digi talized on t."1eapple tree photograph was:

Light Leaves

YellOt'lApples

Unlabeled Data

Light Leaves

20

o

1121

Yello.v Apples

o
18
65

TI1crefore, 83 pixels have been classified as yellO\v apple pixels.

(2) Peach Tree:

The classification matrix for tmlabeled pixels on the digitalized peach tree
photograph was:
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Green Yellow Light Leaves ShadO\'Is LightS andOb.PeadIes Peadles urlIlY Jects Branches

Green Peaches 29 0 0 0 0

Yel1a.oJPeaches 0 61 .0 0 0

Light Leaves
and

SurmyObjects 0 1 75 0 0

Shadows 0 0 0 ,4 0

Light Branches 0 0 0 0 3

Unlabeled Data 196 290 1887 8 15

A total of 225 pixels were classified as green peach pLxels, and 352 \'lere
classified as yelloloJpeach pixels.

Cluster A~alysis:

(1) Apple Tree:

Procedure ~·1STCLUC;in the Statistical Pnalysis System (SAS)was used to cluster
classified ye110\'.' apple pi:\.els and C01.Iilttl1e yellow apples. Clustering was
performed on cla5sified yellO\oJapple pixels with respect to their x and y co-
ordinates as recorded by tile PDSmicrodensito~eter.

Eight clusters were produced for classified yellow apple pixels by 0~TCLUS,
which is identical to the actual yello.'l apple count in ti1e section under analy-
sis. Anexamination of the two-dimensional plot with respect to the x and y
coordinates of all classified pixels also shows that r..omisclassification occurred
with respect to yellow apple pixels.

(2) PeaChTree:

As in the apple tree, ~LSTCLUSwas executed with respect to·the x and y coordi-
nates of classified peach pixels to count the peaches. Since peadlcs wcre to
be counted, yellow and green peach pixels Here concatenated since sone peaches
contained both yellow and green peach pixels. Fifty-tKo peach clusters ",'ere
obtained from the 577: (225 + 352) classified peach pixels. T}\crefore~ SGr:'~
misclassifications had occurred since it was kno.m a priori that only six peaches
existed.

Using cluster size, which ,,,as generated by I· LSTCLUS, as the discriminator between
peach clusters and non-pcuch clusters, peadl clusters 1:;~tr.::' easily sep2.rated £ro:11
non-peach clusters. Ti1ecriteria \'Jere: (11 If cluster 'o:::e is greater tbm 3:;
pixels, then tile cluster '.,i1:). U~ classi ic(; :s a peach. \ ..:) If clustc' si::(:
greater th~lJ1100 pi)wls, ,-he Clii'=; t.e~'h1 1 1: clas;; ifi::',~as -.::...0 T',;;lcnes.
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Since over ninety percent of non-peach clusters \\cre dlaractcrized by a cluster
size of less than five pixels, pead1 clusters were easily detected.

Utilizing the two-fold criteria, six clusters were classified as pead1es, whid1
is identical to the nU!lberof peadles actually present on the section analyzed.

aWCLUSIO;~

Apples, which are yelloi'! in color, and iml11aturepeaches can successfully be
counted from digitalized ground photographs by the system of sequential classifi-
cation, clustering, :md counting. Eight apples and six peaches "rere cotUltedby
this system, and there Kcre eight apples and six peaches on.the areas analyzed.

ffi\ r-·1ENTS

Further research need be cO:lducteJto deten:line if this system is applicable to
other types of fruit in the inmature stage.

Several photographs of the S3.r;letype of fruit should be analyzed to determine
if spectral hOITcgeneityexists amongphotographs.

Classification results using varying aperture sizes \~ith all filter and scanning
modecombinations should be examinedfor various fruit at different stages of
developmentto detennine the best aperture size and filter-scaJUling modecombina-
tions for each fruit at various developmental stages.

Research should be pcrforned to tIetennine ,·;hichpcsi tioning of the camera""ith
respect to the sun will provide the best classification results of unlabeled
pixels.

Since aerial photographs are more economically ohtained than ground photographs
in a large scale survey, aerial photographs should be analyzed to test this
system for counting lil~ture fruit.
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