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THREE-LEVEL NEURAL NETWORK FOR DATA CLUSTERIZATION  ON IMAGES OF
INFECTED CROP FIELD

Summary

The objective of this research was to use neural network approach for segmentation problem of agricultural landed-fieldsin
remote sensing data. A neural network clusterization algorithm for segmentation of the color images of crop field infected
by diseases that change usual color of agricultural plantsis proposed. It can be applied for cartography of fields infected by
plant diseases to reduce the use of plant protection products.

Introduction watershed transformation and region merging. Tleern
operation of a watershed in mathematical morphqglogy
Machine vision systems are widely used for indpact which allows to segment the map with a high acouead
of growing plants to recognize their diseases usingvhich does not use the threshold operation. Asaltiehe
trichromatic features of leaves [1]. A goal is trtsdata application of the watershed immediately to thedgmat of
into some groups according to given parameters,tde the initial map gives too many areas. It will belkekned by
solve segmentation problem. the presence of noise on the map and of the irfgignt
One approach for segmenting agricultural landeltt§i  variations of brightness invisible to an eye. Aseault, a
in digital aerial images is using a generalizatidrregion common time of the map processing is sharply irsgda
growing techniques combined with deformable mof&]s owing to the stages of boundaries check and areagimg.
This mixed approach is called Region Competitiohe T The applying of grayscale pseudo-skeleton operatson
goal of this approach is to alleviate the taskgsligftizing  allowed to reduce effect of oversegmentation.
the region contours, to obtain the vector repredimt of In [5] it is proposed to use modular neural netgadior
the features that appear in an aerial photo. Defblen data processing for detect and identify vegetataoras of
models (snakes) are defined as elastic curves thaegetation) infected or polluted by bio-agents. The
dynamically adapt a vector contour to a regionriériest reduction of influence of distorting factors is @pnand
by applying energy minimization techniques. At g@me classification of spectral curves of chemical comgms is
time, given the problem of agricultural-land segméon, provided using this approach. Vegetation statemedion
we need region-growing approach to divide the raste(i.e. the detection of chemical components) wasa@out
image into homogeneous parcels. Region Competitioan the base of spectral curves shape obtained feain
combines the best features of Snakes/Balloon maatels reflectance. The modular neural networks can pmvid
Region Growing techniques. In operation time, theséetter results than traditional neural network geyas.
techniques are applied to the case of having owly t The results of [6] have shown the feasibility ofaige
regions: the parcel to be segmented and its congitary. capture/processing and fuzzy logic control in the
The ARTMAP neural network can also be used indevelopment of a precision farming herbicide amian
remote sensing [3]. ARTMAP belongs to the family ofsystem. Weeds can be located by the greenness aretio
adaptive resonance theory (ART) networks, which are fuzzy logic controller automatically manages hzde
characterized by their ability to carry out fastabde applications to obtain effective weed control, regleosts,
learning, recognition, and prediction, with a tiagh and minimize soil and water pollution. The fuzzygio
procedure that requires only one pass through #ta.d membership functions are very easy to modify anatrod
These features differentiate ARTMAP from the familfy instructions can be obtained quickly. These martagea
feed forward multilayer perceptions (MLPs). Theproperties are essential to precision farming syste
ARTMAP neural network mapping method presented here In [7] a remote sensing technology for automaltycal
automatically produces vegetation maps from speatrtd  detection rice field is proposed. The principal thiis
terrain data. As a supervised learning system, ARPNk  technology is applying a region based classificatiy
trained by example. The approximately accuracy ofmeans of integrating geographical data and domain
ARTMAP mapping is about 80%. knowledge with multitemporal Image. Based on the
The methods based on mathematical morphology ammincipal, there methods of investigating the terapo
also used for the agricultural field image segmimaWe  Normalized Difference of Vegetation Index profiedetect
are proposing the image segmentation algorithm Hey t rice fields were implemented. They are profile Mg,
grayscale pseudo-skeleton operation [4]. The gedgsc peak Detection, and difference classification.
pseudo-skeleton is a modification of classical hina The Advanced Spaceborne Thermal Emission and
skeleton in the mathematical morphology. In thiprapch  Reflectance Radiometer (ASTER) offers improved igpat
the image processing algorithm consist from 4 stage spectral and radiometric resolutions for various
morphology gradient, grayscale pseudo-skeletonatiper, applications. Hence, in [8] purpose was to evaluhe
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utility of multispectral ASTER imagery in the The output layer has one neuron, which activityegia
discrimination and mapping of agricultural cropsil &nd level of plant infection.

related land cover types. Four agricultural landveco

attributes were specifically considered for spdctraTraining algorithm

separability assessment and mapping: crop typep cro

growth stages, soil colour and soil texture. Thpesuised The training algorithm of the proposed neural roetwv
classification in this study utilised the minimunstdnce to is based on back-propagation algorithm. For eaple tf
means algorithm. diseases we train an individual neural network. sTHor

In [9] the segmentation algorithm was proposed thaunknown input data we receivevarious diseases, where
bases on clusterisation. The results of image geicg are i =1 ...N. Further, we define a membership function to the
shown in Fig. 1. Feature extraction for this altori is s
discussed in [10]. disease as followingl, = —— .
In this paper we propose neural network realizatidn zsﬁ
clusterization that allows increasing accuracy @fedse ) o o )
recognition. Back-propagation algorithm of return distributiors i

described by following relations:

1N , 1 N )
EP =§Zl'81 =§Zi(djp_yjp - mean-
1= 1=

square deviation of a network fprth training imaged; -
desirable target activity oj-th output neurony; - real

Three- level neural network for clusterusation

Since color of plant on a RGB-picture is represdriiy
color of leaves, time of day and overcast, we tallazated
as input parameters for approximation of diseasmtpl
functions the following parameters:

1. Averages RGB components of plant leaves. activity of j-th output neuron.yjp = F(Sjp)- target
2. Height of the sun above horizon. . )
3. Average spectral capacity of daylight at momen@Ctivity ofj-th neuron;

_ of photographing. _ sP = ZW - y-p + 6. — the weighed sum on an input

As input training data for system are represeitetthe J ; L7 J
form of a set of discrete values, it is necessaigelvelop an
approximator which could interpolate disease lexadlies
depending on any values of observable parameters.

It is proposed to use as such approximator a -lanes

j- th neuron, wher&([] - function of neuron activatiomy
— weight factor betweeri-th and j- th neurons,§ —
threshold of- th neuron;

neural network with back-propagation training. Tiirst OEP .
layer has 5 neurons according to quantity of tramaters, 4 oW, =~ — amount of change betweeth
the second layer has 3 neurons (it is obtained rézajy). W.J

R d)

Fig. 1. a) Input image, b) Segments of severe diseg Segments of medium disease, d) Sound segment
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andj- th neurons, wherg - an adaptive step;
EP _EP oyp
I:‘
A p
OWI,J OyJ 55'1 OWI,J

factor derivative of a mean-square deviation;

— a partial weight

U, =max(y; ), maxs) > S, where $- the
I I
threshold, defining if the plant is ill.
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weighed sum;

W t+D) =w () +Aw (1) =
=w () -a B, F'(s)) 3P - the final

formula of weight factors changes between the hidated

output neuron layers.

Similar relations are true for th neuron of hidden layer.
As a result we receive the final formula for catien of

weight factors between the input and hidden nelagers:

Wi (t+1) = w,; (1) + A w (1) =
=w,; (1) —a 0B, [F'(sP) Oy

For each type of diseases we train an individualrade
network.

Thus, for unknown input data we receNearious diseases
s, wherei = 1.. N.

Method clusterization of fuzzy data

Let's realize clusterization according to possible
diseases of plants: we consider that the plannigsltoj- th
cluster according to the following criterion:

max(s ) > S, ,where§ - the threshold defining,
|

if the plant is ill.
We define a grade of membership of a plant to

disease 4 by the function g =Z—'. We make
S
i
clusterization according to possible plant diseasesshall

consider, that the plant belongsjtdh cluster according to
the following criterion:

Dec. 1999.

[4] A.V. Inyutin. The algorithm of image segmentation b
grayscale pseudo-skeleton. Proceedings of the |l
International Conferences on Neural Networks and
Artificial Intelligence (ICNNAI 2003), November 124,
Minsk. Belarus, p.263-265.

[5] Natalia Kussul, Michael Kussul, Anatoly Sachenko,
George Markowsky, Sergiy Ganzha. Remote Sensing of
Vegetation Using Modular Neural Networks. Procegdin
of the Il International Conferences on Neural Netks
and Artificial Intelligence (ICNNAI 2003), November2-

14, Minsk. Belarus, p.232-234.

[6] Yang, C.C.; Prasher, S.O. ; Landry, J.A. ; Periktt,
Ramaswamy, H.S. 2000. Recognition of Weeds withgena
Processing and their use with Fuzzy Logic for RHieai
Farming. Canadian Agricultural Engineering. 42(4)95-
200

[7] Tseng, Y.H., P.H. Hsu, and Y.H. Chen, 1998.
Automatic Detecting Rice Fields by Using Multispett
Satellite Images, Land-parcel Data and Domain
Knowledge, Proceedings of the 19th Asian Confererce
Remote Sensing, Manila, Philippines, 16-20 Novemppr
R-1-1~R-1-7.

[8] Apan, Armando and Kelly, Rob and Jensen, Troy and
Butler, David and Strong, Wayne and Basnhet, B&{i0P)
Spectral Discrimination And Separability Analysisf O
Agricultural Crops And Soil Attributes Using Aster
Imagery. In 11th Australasian Remote Sensing and
Photogrammetry Conference, 2-6 September, pages 396
411, Brisbane, Queensland.

[9] Analysis of colour images of infected crop fieldarP2.

tof Wo-stage algorithm of segmentation and improvenwnt

color images of infected crop field / AlexanderPoudkin
et.// Wybrane zagadnienia ekologiczne we wspolgz@asn
rolnictwie — PIRM, Poznan, 2005.- P. 118-122.

[10] Barkun M.E., Tanuenxko B.B., ymkun A.A.,
ITerpoBckuit AN, Co0OkoBsIK b. Brinenenue
WHPOPMATUBHBIX TPHU3HAKOB OOJIE3HW KapTOodens I
IBCTOBBIM XapaKTCPUCTHUKaM JINCTHEB

The research is partially supported by the Belarusian Republican Foundation of Fundamental Research, grant TOSMC-

060.

A.A. Doutkin, A.V. Inyutin, A.l. Petrovsky, M.E. Vatki  n, B. Sobkowiak 7

“Journal of Research and Applications in Agricultur al Engineering” 2007, Vol. 52(1)



