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INTRODUCTION

The purpose of this research effort is to determine if various types of
fruit at different staces of development can be counted from digitalized
ground photograpns by the system of sequential classification, clustering,
and counting.

The fruit to be analyzed are apples and peaches. The apples have trans-
cended from their immature stage, which is characteristic of green colored
apples, to the stage when apples are yellow in color. The peaches are in
a more immature stage of development and are characterlzed by green and
yellow peaches.

It was known by examination of 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 counting can be produced by this system of sequential
classification, clustering, and counting for various fruit before matura-
tion has been attained, this system may prove beneficial for surveys to
forecast crop yield.

DATA COLLECTION

L]

Data Source:

Data were obtained by acquiring side-view 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 form 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 trec and peach tree photographs was 80 microns square, which pro-
vided an excellent representation of the data.

All filter and scanning mode combinations were utlized when digitalizing

the photographs so that multivariate responses for each pixel or data point

could be examined. Four filters (clear, red, green, and blue} and two scan-

plng modes ﬁtransmlssion and density) were available. Therefore, intensity readin:
tor eight filter and scanning mode combinations for each pixel were recorded.

For the apple tree photograph, 41 pixel readings were dicitalized per line.

Forty-six lldua were s}1uncu Qrwd trerefore 1,886 pixels with readings for
eignt filter cad scannisz Love combinatiens were ssored on megnetic tape.
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There were 55 pixels digitalized per line on the peach tree photograph, and
49 lines scanned. Therefore, 2,695 pixels were stored with multivariate re-
sponses.

Groups:

The spectrally distinct groups represented on thne digitalized section for the
apple trce were: dark leaves (D), ligiht leaves (L), and yellow apples (Y).

The digitalized section for the peach tree displayed a greater variety of
spectrally distinct groups. The groups were: yellow peaches (Y), green
peaches (G), light 1eaves (L), dark leaves((D), dark branchcs (B), sunny
objects (h), shaaows (S), and light branches (X).

Training Data:

Training data, which is also referred to as labeled data, were determined by
selecting from each spectrally distinct group a collection of pixels. Selec-
tion of training data was made by recording on the PDS microdensitometer's
teletype a set of boundaries in which a spectrally distinct group was known
to exist. Training data were collected separately for the apple tree and
peach tree from the digitalized sections.

APPROATH

The: approach by which fruit on ground photographs was counted is identical to
the approach token to count fruit trees on aerial photographs.{3]

For each digitalized section training data were generated and analyzed to
determine suitable discriminant functions for classifying unlabeled 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 from the clusters .
were examined to determine which clusters were fruit and which were not fruit.

DATA ANALYSIS

Feature Selection:

Filter(s) and scamning mode(s) utilized for the classification procedure of
unlabeled pixels from the apple and peach tree photographs were selected by
examining two-dimensional plots of all cembinations of variables, which are
all filter and scanning mode combinations.

As illustrated in Figure 1, the red filter in density and transmission scan-
ning modes provided the best visual separation of yellow apple pixels from
dark and light leaf pixels.

Training data for the «igitalizod section of the loaf"\ tree docmonstrated that
red and green filters o the transmission scannine mode separate yellow peach
pixels and green peacn pixels from the remaining plX“lS (Figure 2)
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In summary, density-red and transmission-red were the variables selected for
the applc trez for discrininant analysis of the training data. Transmission-
red and transamission-green were the variables cnosen for the peach tree. .

Discriminant Analysis Appliced To Training Data:

(1) Apple Tres:

Once discriminant functions were obtained using intensity recadings for each
pixel in each group in the training data, training data were trcated as wm-
labeled data to test the discriminant functions.

Using the variables chosen from the two-dimensional plot in Figure 1, quad-
ratic discriminant functions with equal or umequal prior probabilities stated
for the three groups provided perfect classification of each pixel in the
training data., The classification matrix was: '

Dark Leaves Light Leaves Yellow Apples

Dark leaves 22 0 0
Light Leaves 0 20 0
Yellow Apples 0 0 18

which provided perfect classification of the training data.

(2) Peach Trec:

To reduce computer costs, pixels with transmission-green readings greater

than 170 or less than 63 were deleted from further analysis. This deletion
eliminated dark leaf pixels, branch pixels and most sumny pixels. The remain-
ing sunny pixels were corbined with light leaf pixels because of their similar-
ity in intensity readings. Inspection of Figure 2 shows the justification of
this action. OCbviously, the removal of these pixels does not hinder any analy-
sis to be performed.

The prior probability of each group was based upon an approximation of the
relative frequency of each group in the digitalized section. Quadratic dis-
criminant functions based upon the chosen variables provided excellent class-
ification of the training data. The matrix obtained for classification of the
training data when training data were treated as "unlabeled" data was:
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Light Leaves -
Green Yellow and Shadows Light

Peaches Peaches Sunny Objects Branches
Green Peaches - 29 0 0 0 0
Yellow Peaches 0 61 0 0 0
Light leaves
Sunn;"n 80 jects 0 75 0 0
Shadows 0 0 0 4 0
Light Branches 0 : 0 -0 0 3 ,

which contained only one misclassification, which was a light leaf or sunny pixel
classified as a yellow peach pixel.

Classification Results:

(1) Apple Tree:

The classification procedure involves classifying unlabeled 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 density-red readings greater than 130 were deleted to reduce com-
puter costs.

With this deletion the classification matrix obtained for unlabeled pixels
digitalized on the apple tree photograph was:

Light Leaves Yellow Apples
Light Leaves 20 0
Yellow Apples 0 18
Unlabeled Data 1121 65

I —

Therefore, 83 pixels have been classified as yellow apple pixels.
(2) Peach Tree:

The classification matrix for unlabeled pixels on the digitalized peach tree
photograph was:
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Light Leaves

Green Yellow Shadows Light

Peaches Pcaches Sunﬁ?dObjects Branches
Green Peaches 29 0 0 0 0
Yeilow Peaches '] 61 .0 0 0
Light Leaves
and

Sumny Objects 0 1 75 0 0
Shadows 0 0 0 4 0
Light Branches 0 ] 0 0 3
Unlabeled Data 196 290 1887 8 15

A total of 225 pixels were classified as green peach pixels, and 352 were
classified as yellow peach pixels.,

Cluster Anzlysis:

(1) Apple Tree:

Procedure MSTCLUS in the Statistical Analysis System (SAS) was used to cluster
classified yellow apple pixels and count the yellow apples. Clustering was
performed on classified yellow apple pixels with respect to their x and y co-
ordinates as recorded by the PDS microdensitoneter.

Eight clusters were produced for classified yellow apple pixels by HSTCLUS,

which is identical to the actual yellow apple count in tihe section under analy-
sis. An examination of the two-dimensional plot with respect to the x and y
coordinates of all classified pixels also shows that ro misclassification occurred
with respect to yellow apple pixels.

(2) Peach Tree:

As in the apple tree, MSTCLUS was cxecuted with respect to-the x and y coordi-
nates of classified peach pixels to count the peaches. Since peaches were to

be counted, yellow and green peach pixels were concatenated since some peaches
contained both yellow and green peacn pixels. Fifty-two peach clusters were
obtained from the 577: (225 + 352) classified peach pixels. Therefore, some
misclassifications had occurred since it was known a priori that only six peaches
existed.

Using cluster size, which was generated by 'STCLUS, as the discriminator between
peach clusters and non-pcach clusters, peach clusters were easily separated from
non-peach clusters. The criteria were: (1) If cluster size 1s greater than 35
pixels, then tine cluster w11l we classified s a peach. .} If cluster size ic
greater than 100 pixels, <he cuister will b classified as wwo peaches,



Since over ninety percent of non-peach clusters were characterized by a cluster
size of less than five pixels, peach clusters were easily detected.

Utilizing the two-fold criteria, six clusters were classified as peaches, which
is identical to the number of peaches actually present on the section analyzed.

CONCLUSION

Apples, which are yellow in color, and immature peaches can successfully be
counted from digitalized ground photographs by the system of sequential classifi-
cation, clustering, and cownting. Light apples and six peaches were counted by
this system, and there were eight apples and six peaches on.the areas analyzed.

COMMENTS

Further research nced be coaducted to detemmine if this system is applicable to
other types of fruit in the immature stage.

Several photographs of the same type of fruit should be analyzed to determine
if spectral homogeneity exists among photographs.

Classification results using varying aperture sizes with all filter and scanning
mode combinations should be examined for various fruit at different stages of
development to detemmine the best aperture size and filter-scanning mode combina-
tions for each fruit at various developmental stages.

Research should be performed to determine which pesitioning of the camera with

respect to the sum will provide the best classification results of unlabeled
pixels.

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