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DISEASE AREASDETECTION ON AGRICULTURAL PLANTSUSING FRACTAL AND
TEXTURAL FEATURES OF HIGH RESOLUTION COLOR AERIAL PHOTOGRAPHS

Summary

A method of disease areas detection on agricultural plantsis proposed based on image processing using textural and fractal
characteristics of images. The developed method was implemented in a joint segmentation algorithm of aerial photograph.
Itisapplied in a decision-making system, which isa part of software-hardware complex for agriculture application.

1. Introduction

Remote sensing methods allow effective detectielg f
areas that are infected by plant diseases. Thetiofe
detected on early stages of its development redumsts of
plants protective measures. There are two appreaftie
detection of the infected areas: spectrometricaptital or
visual [1, 2]. Spectrometric approach allows detecta
number of infections on very early development atadn
spite of that fact development of an optical metHod
infection detection takes place both for an indejeen
system and for spectrometric one that increasebtyyd
the identification. Agricultural fields color imageare
object of our research (fig. 1).

vision systems. Fractal and textural charactesstaf
images are used as basis for the detection methddru
consideration. Essence of the method consists in
development and use fractal and textural charatiEsi
with required properties for construction of atitibs space
and objects detection on agricultural fields catoages.

2. Textures

Heterogeneity or repeatability of fine fragmengfers
as a texture of digital image. A characteristicilatte of a
texture is uniformity at a level of vicinities orlacal level,
i.e. at a level of adjacent pixels groups with oas
brightness values [8].

The purpose of the work consists in development of Textural images can be divided into two classes:

effective method of processing of vegetative cowaiter

stochastic (or casual) and periodic (or structustl)ctures.

images received with help of high resolution digita On basis of base elements attributes they are ddidion

shooting, and also their realization as softwarectonputer
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Fig. 1. Examples of initial aerial photographs
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fine-grained, coarse-grained, smooth, granulatelchdly.
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On basis of a base elements interaction degree . _ . }
subdivided on strong (interaction submits to soaie)rand a{F("J'“l)_ mao{u Ciey 1;’<Tuqaw kme Jl )

weak (interaction has casual character).

Based on the analysis of methods and algorithms aof(i, j,e-1)= min{U i.jc)-Lmax kme )}] (6)
image processing following textural characteristidSM o
(Angulqr Second—Moment feature). — a measure of énag,, ={(k,m)|d[(k,m),@,j)]sl};
uniformity; Contrast — a quantity measure of local
variations on the image and Entropy — a measuimafle  whered — distance function.
pixels disorder:

()

The designed covering, formed by two specified

N = i (13(7:,]‘)>2 1) functions, has thickness:.2For a bidimentional signal the
e = R ' area of a surface is the volume occupied with oy,

' and divided on size&2 The intensityA(g) "surface" area
N =g = PG,j) within the limits of a supervisioR_ window calculate by
e Zﬂ " ;;( R ) : (2)  subtraction of bottom "surface" points from topwitirther

" == summation on all window:

Ny Ny o o - .

Entropy = — Z Z <P(1[L{l)> log (%), (3) Z u (l’ J 15) - L(' '] 15) V(E)

A(E) - i,j0R

i=1 j=1

2 2c (®)

Selection of the specified characteristics is Haea
results of the lead visual expert analysis and daze Fractal dimension is defined on an inclinatiog A(e)
presence of visible differences between diseased ams functionlog &. The example of fractal signature is
healthy fields areas. The example of textural attarstics represented on fig. 3.
calculation result is resulted on fig. 2, whereuaigzation
of calculated values ASM is resulted. ASM approxiesal
at a small variation of initial data, and it varéshat greater
variation.

Fig. 3. Fractal signature of plant cover

) o ] ) Fractal dimensioD (i, j) at a finding of pixeli( j) on
F|g. 2 Result Of textural Chal’aCteI’IStICS (|n thﬂase - a“ Sca|es is eva|uated as a We|ghted sum of |6‘w[a|
ASM) calculation for the field aerial photographeexted  gimensions, (i, j):
from height of 15 meters

. 2.C.F.(.1)
3. Fractals D("J):T; 9)
An essence of the proposed method consists ijnere:
calculation of separate channel images signatuitbstiaeir
subsequent association with use of factors whidnega ¢, =!99¢-10g€-1). (10)
depend on vegetation type and condition. log2

Fractal signatures calculation is based on thé tfzat T -
g F _logA.j.e)-logA(.j £ 1).

quantified values of bidimentional signal intensigye F: loge —log(e - 1) (11)
located between two functions named the top antbivot
surfaces. Top surfacel contains a set of points which SizeF. (i, j) is divisionA (i, j, &) onA (i, j, e — 1) [3]:
values always exceed an intensity of the initiajnal. o ~ (2-D)
Bottom surfacel has values of poi [ Al §.€) Ke*™ €
points which always are "1 = = : (12)
lower of the initial image. Al,j.e-1) KE-1" \e-1
_The top _and bottom su_rfa.ces are defined for atra z after finding the logarithm, we obtain:
point of origin as the following:
|OgA(|,],£)_|OgAG 1]»‘5‘_1):2_D:F£(i,j). (13)

U(i,j,0)=LG,j,00=9(.j) (4) loge - log(e - 1)
where:g(i, ) — initial image. Having substitution in expression (13) values cosgul
Generally we have: (11) and (12) we obtain:
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log A, j,&)—logA(,j 1), The hue and saturation values are calculated dicepr

D)= loge - logl ’ (14) to the following formulas:
It is possible to build fractal dimensions evaioias L2 ainl?

with the help of expression (14). Hue = arcta sin(3Mtg sm(gn)Db : (15)
Results of fractal signatures calculation alganithre " +cos(§n)Eg +cos(§n)[b

presented on fig. 4 (visualization of the calcudatalues

fractal signatures is resulted). The quantity[l <2 more,

than cut more up and non-uniform is image area. Sat = max(, g,b) -min(r,g,b), (16)

wherer, g, b are red, green and blue color components.

Thus, the algorithm of initial images processimy f
special areas maps building looks as follows (gped 5):
1. processing of initial images for receiving of adutial
information channels representing matrixes of tettand
fractal characteristics of each initial image coétrannel
separately;
2. joint segmentation performance of the received ixesr
of textural and fractal characteristics and initialages
color channels;
3. special areas maps building on basis of a taskew v
Fig. 4. Fractal signatures of various areas foffidd aerial  and results of carried out joint segmentation.

photograph executed from height of 15 meters The given algorithm is intended for performance of
segmentation of initial bidimentional data represen
4. Processing method matrixes of various initial image characteristizsdqur case

as these attributes color channels, textural ardtel
An essence of the method of processing consigtsrih  characteristics are used). Thus, work of algorithroarried
segmentation [4], using them as the additionalrinfition  out in N-dimensional space of attributes (wheke is
channels supplementing an available initial image. guantity of used characteristics) where each dimansan
Calculation of fractal signatures and texturalbe considered from the some people in weight factor
characteristics of images is carried out for sepachannels Directly segmentation is carried out one of widespr
with their subsequent combining using of factorsiclvh segmentation algorithms (for example, K-means or
values depend on type and a condition of vegetation ISOMAD). The scheme of the algorithm is presented i
As attributes space on basis of which decisionasak figure 6.
weighed matrixes of color characteristics of inifimage,
and also textural and fractal characteristics dated for

each color channel of an initial image are used. 5. Results of experiments
As color attributes color ranges defined by expert
corresponding healthy and diseased sites of fisldused. The purpose of experiments carrying out was clufck
The values of ranges of color of diseased areas mlnt  working capacity of the developed algorithm on &alde
are resulted [9, 10] in table 1 initial data, and also an evaluation of an erroitofvork.
As initial data for experiment images of site aitato
Table 1. Color ranges values field, executed with different heights from Julyti2 July,
6th, 2007 are used. In figure 1 examples of thdéaini
Segments hue rangé  saturation rafnge images executed from height 100, 50, 15 and 5 s\eter
healthy plant (green) [1,4;3,14] [40; 200] resulted.
infected plant (yellow) [0,9; 1.4] [80; 200] Example of result of the algorithm work is resdli@
infected plant (brown-green 1518 [14; 58] figure 7 (initial image executed from height of ieters, it

is resulted in figure 1).

Textural characteristics

Fractal characteristics

Initial images /
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Fig. 5. Processing algorithm scheme

Characteristics matrix 1 il »

- . W,
Characteristics matrix 2 Segmentation of L Segmentation result

N-dimensional
data
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- . W,

Characteristics matrix N N »

Fig. 6. Scheme of joint segmentation algoritivn¢ weight ratio)

table 2, for each experiment various images froenititial
images set are used).
6. Practical application

On the basis of the developed algorithm the hardwa
software complex for mineral fertilizers and other
chemicals application on agricultural fields haserbe
proposed.

The scheme of the proposed complex is resulted in
figure 8.

At work under the proposed scheme chemicals
application is carried out as follows:

1. with use of the proposed algorithm special areapsma
(for example, sites with developing disease of {gpare
) ) ) calculated;

Received segmentation result allows detectingsaoga 5 ne ready-built maps receive a geographical bindindj
which there is a disease glevelopment in an autor_mﬂ'de. are kept in base GIS for further use;

Knowledge of a location of such sites will allow 3 the received maps are used at decision-making on
determining need of those or other sites of adiical necessity of application of this or that amounfesfilizers
fields for fertilizers and other chemicals. Andwilll allow 5 that or other site of farmland:

making_ agricultural works more effective and lessy  ihe chemicals application control system on thésbafs
expensive. _ . available maps and real-time data, supervises amoiun

At the decision of special areas maps buildindpbly  chemicals brought in soil and directs a correspundi
occurrence on a map of areas wrongly detected @8a8p command to chemicals application system.
areas. It is connected in particular to degradatioimorders As real-time data can be used:
between parts of the initial image (for exampleisiag data of global navigating satellite system. s trase the
transition of color to border of images of sepami@nts  control system, determining with help of navigatygtem,
and soil) which can appear, for example, as a resul o what site of a field is is, calculates necessanpunt of
JPEG-compression of the initial data. chemicals, proceeding from the special areas map;

— data from color camera of a seen range. In thie tas

Table 2. Evaluations of errors for various resolusidata ~ CONtrol system can correct in real time the giveecsl
areas maps, thus, making of more exact decisioat th

Fig. 7. Example of the result of the developed algm
work

Height of increases efficiency work.
shooting, 100 50 15 ~5
meters
Experiment Numerical value of error evaluation, % 7. Conclusion
number
1 44,7 6,6 24,8 2,2 The received results on calculation fractal andutal
2 4,6 26,6 4,6 3.9 features of images of agricultural fields allow eiing
__3 31,9 5,4 2,7 5,1 additional information on condition of a vegetatigever.
Middle value 21,2 10,2 9.5 3.4 | Thus the result to a lesser degree depends onticosdof

illumination and presence on image of extraneolnests,

The specified error is evaluated as relative avéa than at use only color attributes. However use dhbse
erroneous areas received on the initial image, ndttributes does not allow detecting diseased gitesisely
containing special areas, and depends on initigh daenough. For decision of this problem the joint segtation
resolution (evaluations for various resolution agsulted in ~ algorithm, which for detection of special areassuas well
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color characteristics of images for reception ofrenexact

software complex for mineral fertilizers and otcbemicals

result, is entered. On basis of this approach hamelw application on agricultural fields also is undensiuction.

Initial
images
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Fig. 8. Scheme of the hardware-software complexnioreral fertilizers and other chemicals applicatan agricultural
fields
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