Online Version ISSN: 1314-412X
Volume 4, Number 2
June 2012

2012

Editor-inChief
Tsanko Yablanski
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria
Co-Editor-in- Chief
Radoslav Slavov
Faculty of Agriculture
Trakia University, Stara Zagora
Bulgaria
Editors and Sections
Genetics and Breading
Atanas Atanasov (Bulgaria)
Ihsan Soysal (Turkey)
Max Rothschild (USA)
Stoicho Metodiev (Bulgaria)
Nutrition and Physiology
Nikolai Todorov (Bulgaria)
Peter Surai (UK)
Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)
Production Systems
Dimitar Pavlov (Bulgaria)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)
Agriculture and Environment
Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)
Product Quality and Safety
Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)
Vasil Atanasov (Bulgaria)
English Editor
Yanka Ivanova (Bulgaria)

Scope and policy of the journal
Agricultural Science and Technology /AST/
– an International Scientific Journal of
Agricultural and Technology Sciences is
published in English in one volume of 4
issues per year, as a printed journal and in
electronic form. The policy of the journal is
to publish original papers, reviews and
short communications covering the
aspects of agriculture related with life
sciences and modern technologies. It will
offer opportunities to address the global
needs relating to food and environment,
health, exploit the technology to provide
innovative products and sustainable
development. Papers will be considered in
aspects of both fundamental and applied
science in the areas of Genetics and
Breeding, Nutrition and Physiology,
Production Systems, Agriculture and
Environment and Product Quality and
Safety. Other categories closely related to
the above topics could be considered by
the editors. The detailed information of the
journal is available at the website.
Proceedings of scientific meetings and
conference reports will be considered for
special issues.
Submission of Manuscripts
All manuscript written in English should be
submitted as MS-Word file attachments via
e-mail to ascitech@uni-sz.bg. Manuscripts
must be prepared strictly in accordance
with the detailed instructions for authors at
the website
http://www.uni-sz.bg/ascitech/index.html
and the instructions on the last page of the
journal. For each manuscript the
signatures of all authors are needed
confirming their consent to publish it and to
nominate on author for correspondence.
They have to be presented by a
submission letter signed by all authors.
The form of the submission letter is
available upon from request from the
Technical Assistance or could be
downloaded from the website of the
journal. All manuscripts are subject to
editorial review and the editors reserve the
right to improve style and return the paper
for rewriting to the authors, if necessary.
The editorial board reserves rights to reject
manuscripts based on priorities and space
availability in the journal.

Internet Access
This journal is included in the Trakia
University Journals online Service which
can be found at www.uni-sz.bg.

Address of Editorial office:
Agricultural Science and Technology
Faculty of Agriculture, Trakia University
Student's campus, 6000 Stara Zagora
Bulgaria
Telephone.: +359 42 699330
+359 42 699446
http://www.uni-sz.bg/ascitech/index.html

Technical Assistance:
Nely Tsvetanova
Telephone.: +359 42 699446
E-mail: ascitech@uni-sz.bg

Volume 4, Number 2
June 2012

Online Version ISSN: 1314-412X

2012

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 4, No 2, pp 177 - 183, 2012

Product Quality and Safety

Modeling of spectral data characteristics of healthy and Fusarium diseased corn kernels
Ts. Draganova*
Department of Automatics, Information and Control Engineering, University of Ruse, 8 Studentska, 7017 Ruse, Bulgaria
Abstract. Two approaches for identification of infected with Fusarium maize kernels using spectral characteristics in the near infrared region are described in
the paper. They are used for spectral data reduction and for corn classification. First approach is based on analysis of discrete linear parametric models
coefficients. Second approach is based on principal component analysis. Maximum percentage of correct rate achieve 74,67% for Fusarium infected corn
kernels when linear discrete model coefficients are used as classification features. Principal components show overlapped classes but in combination with
appropriate classifier as classification tree percentage of correct rate achieve 100% for Fusarium infected corn kernels. The main advantage for the classifier
which is used (classification tree) is that it is created using simple procedure without any additional parameters accept training data set and target for each input
variable.
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Introduction
Fusarium disease, caused by several Fusarium species, is one
of the major fungal diseased of cereals worldwide (Krska, 2008).
Fusarium Graminearum and Fusarium moniliforme are the most
significant, damaging and common pathogens in Bulgaria (Beev et
al., 2011; Georgiev et al., 2011).
Corn kernels consists of four main parts: the germ, endosperm,
pericarp and tip, through which the seeds are attached to the book.
Endosperm is the - largest component by weight of maize seed and
occupies about 83% by weight. With species of maize endosperm
has a different texture - powdery, horny, waxy, and different colors white, yellow with different shades.
Three traditional diagnostics methods for detection and
identification of Fusarium species of corn kernels are used in
Bulgaria. The first is based on visual assessment by expert. The
second one is based on chemical analysis and the third is based on
biology analysis of micro- and macro-morphological features of the
Fusarium fungal. Some other methods like fluorometric analysis,
gas and liquid chromatography are reliable and accurately. The
basic disadvantages of these destructive and non-destructive
methods of detection are time consuming, requires highly skilled
experts and each method varies in the requirements for technical
investments. The comparative analysis indicate that the computer
systems using image processing and systems using spectral
characteristics processing are the most common applied methods in
precision farming and agriculture.
The grain industry requires high accuracy of Fusarium
diagnostics, limited capital investments and short time of data
processing, which could do with new information technologies. The
implementation of new methods for reliable and fast identification
and classification of seeds is of major technical and economical
importance in the agricultural industry.
The problem of food quality control is determination of features
for products classification in classes defined in the Standards. The

development of an objective methodology for grading of food and
agricultural products in the last three decades has significantly
reduced the place of subjective methods. During the last years more
popular method for different kind of food quality assessment is
spectral data analysis (Damyanov, 2006; Damyanov et al., 2009;
Mladenov, 2011).
The purpose of this paper is to illustrate corn kernels spectral
data modeling using discrete linear models, to analyze the
parameters of linear discrete models and significant to be used as
criteria for separation of healthy and Fusarium infected corn kernels,
to reduce the spectral information and to choose a classification
procedure for corn kernels recognition.

Material and methods
1. Corn kernel samples
Grain samples were evaluated by expert at the Institute of corn Bulgaria, where was established and cause infection - Fusarium.
Reference samples included 150 healthy and 150 infected corn
kernels. Colour images of healthy and Fusarium infected corn
kernels are shown on Figure 1. Methodology to obtain the spectral
characteristics of the kernels (Figure 2) includes the following main
steps: forming two groups of maize kernels (healthy and infected),
each group consists of 150 grains; each kernel characteristics are
taken on both sides (of the germ side and the other side); forming the
spectral characteristics of 300 kernels group and after three
repeated measurements for a group of healthy and infected kernels
group were collected in 900 spectral characteristics.
Two sets of data were formed. Training set includes 300
spectral characteristics for the germ side of corn kernels and 300 –
for the other side for healthy and Fusarium infected respectively.
Testing set includes 150 spectral characteristics for the germ side of
corn kernels and 150 – for the other side for healthy and Fusarium
infected respectively.
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Figure 2.

2. Near Infrared Spectra Acquisition
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Figure 4. Normalized spectral characteristics of each kernel: a) – germ side of the kernel, b) – other side of the kernel

green are obtained from healthy kernels and these which are
obtained from Fusarium infected kernels are shown in red colour.
Results show that there are not so much differences between
characteristics and it is difficult to separate the kernels in two classes
using raw data from spectrophotometer. Therefore methods for
spectral characteristics modelling, data reduction and features
extraction are applied to the obtained information.
3. Spectral data modeling, reduction and features extraction
Data modeling is realized using linear discrete model of the
Autoregression (AR). Principal component analysis (Abdi, 2010) as
a most popular method for data reduction is used for reduction of
spectral information because obtained values for each characteristic
are 1050. These values are too much for classifiers – creation,
training and testing. Features extraction is based on the coefficients
and principal components histograms – healthy and Fusarium
infected kernels.
3.1. Data modeling using linear discrete model
The linear discrete model of the Autoregression (AR) type
(Daskalov, 2010) is used for describing the spectral data of corn
kernels with the following equation:

a) A1
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Sλ (k) + a1Sλ (k-1) + ... +AnSλ (k-n) = e(k),
(1)
where k is the k-th value of the wavelength λ in nm;
Ai , i = (1 ÷ n) are the coefficients of the Autoregression model
(AR);
Sλ (k) is the intensity of the radiation reflected from the maize
kernels for the k-th value of the wavelength λ in nm;
n is the model series of the Autoregression type;
e(k) is the difference (error) between the modelled and the real
characteristics.
Preliminary experiments (Daskalov, 2010) show that first ten
coefficients are informative for classification of the kernels.
Therefore the histograms of the first ten coefficients from linear
models of healthy and Fusarium infected corn kernels are shown on
Figure 5. The histograms are in polar plot and for angle histogram
creation is used MATLAB. The plot showing the distribution of values
grouped according to their numeric range, showing the distribution
of theta in 20 angle bins. The vector of linear model coefficients,
expressed in radians, determines the angle of each bin from the
origin. The length of each bin reflects the number of elements in the
vector that fall within a group, which ranges from 0 to the greatest
number of elements deposited in any one bin.
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Figure 5. Histograms of coefficients from A1 to A10 for two classes of corn kernels – healthy (blue) and Fusarium
infected (red)
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3.2. Data reduction using Principal component analysis
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Figure 7.

e
ne e e n e en s
10 0
u
e u es
ne s ee n
nen s
n e ne s e
n Fusarium n e e
es
n n
ss e
e ne s e s
n n een
u n
Fusarium n e e n e
u
e esu s s
e
e e
s ne ess
use
e
ss
e ue
ese e
e
sses
n e ne s n
ne
e e en s n
n
nen s
use
n u
es

Fusarium

en
sses
ue
ss
sses
n
s n

4. Classification procedure
Classification trees are widely used as nonparametric
classifiers (Venables and Ripley, 2002). Therefore this method does
not require speciﬁcation of any functional form. Classification trees
predict responses to data. To predict a response, follow the
decisions in the tree from the root (beginning) node down to a leaf
node. The leaf node contains the response. Classification trees give
responses that are nominal, such as 'true' or 'false'. This classiciation
procedure can easily handle outliers. Outliers can negatively aﬀect
the results of some statistical models, like Principal Component
Analysis (PCA) and linear regression. But the splitting algorithm of
the tree will easily handle noisy data. Classification trees isolate the
outliers in a separate node. This property is very important, because

spectral data of real objects as corn kernels very often have outliers
due to variety characteristics or climate conditions. Tree – based
methods work in practice and have some advantages as follow
algorithmic basis instead of mathematical; give good results in some
cases when classical methods are less satisfactory (Venables and
Ripley, 2002).
The classification tree created from the training set (which
combines the data for two side of the corn kernels – germ and other
side) is shown on Figure 7. In this case linear model coefficients are
used as input values for the tree.
MATLAB software is used for programming, creation and
testing the classification tree. Part of classification rules which are
created automatically are shown in Table 1.The classification trees

Table 1. Classification tree rules

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

if x1<-1.6268 then node 2 elseif x1>=-1.6268 then node 3 else 1
if x2<0.720207 then node 4 elseif x2>=0.720207 then node 5 else 1
if x3<0.0381093 then node 6 elseif x3>=0.0381093 then node 7 else 2
if x1<-1.85213 then node 8 elseif x1>=-1.85213 then node 9 else 1
class = 2
if x2<0.121902 then node 10 elseif x2>=0.121902 then node 11 else 2
if x3<0.107102 then node 12 elseif x3>=0.107102 then node 13 else 2
class = 1
if x2<0.310501 then node 14 elseif x2>=0.310501 then node 15 else 1
class = 1
if x3<0.0338474 then node 16 elseif x3>=0.0338474 then node 17 else 2
if x1<-1.60984 then node 18 elseif x1>=-1.60984 then node 19 else 2
if x3<0.146618 then node 20 elseif x3>=0.146618 then node 21 else 1
if x2<0.241979 then node 22 elseif x2>=0.241979 then node 23 else 1
if x2<0.339059 then node 24 elseif x2>=0.339059 then node 25 else 1
if x1<-1.36551 then node 26 elseif x1>=-1.36551 then node 27 else 2
if x2<0.236713 then node 28 elseif x2>=0.236713 then node 29 else 1
if x2<0.453895 then node 30 elseif x2>=0.453895 then node 31 else 1
if x1<-1.60522 then node 32 elseif x1>=-1.60522 then node 33 else 2
class = 1
class = 2
class = 2

aims are first to find a rule for classifying cases using a step-by-step
approach, one variable at a time and second to produce a rule for
classifying objects into categories. High dimensions and
complicated rules give over-optimistic performance.

Results and discussion
The corn kernels from the test set are analyzed using their
spectral characteristics. The linear model coefficients A1, A2 and A7
and first three principal components are calculated. The data from
the test set were divided in for subsets – Test group 1 (healthy corn
kernels – germ side), Test group 2 (healthy corn kernels – other
side), Test group 3 (Fusarium infected corn kernels – germ side),
Test group 4 (Fusarium infected corn kernels – other side). The
results from classification the data using created classification tree
are shown in Table 2.
Percentage of correct rate was calculated using following
equation (Venables and Ripley, 2002):
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Nc
(2)
.100%
N
where Nc is the number of corn kernels which are correct
classified,
N – the total number of the corn kernels in the test subset.
Percentage of misclassification rate was calculated using
following equation :
%correct rate =

%misclassification rate =

Nm
.100%
N

(3)

where Nm is the number of corn kernels which are non - correct
classified,
N – the total number of the corn kernels in the test subset.
The classification results show that the percentage of correct
rate when linear model coefficients are used as input features for
classification tree are in the range from 60,67% for class healthy to
74,67% for class Fusarium infected. The classification results for the
percentage of correct rate when principal components are used as
input features for classification tree are better from 81,33% to 86%
for class healthy and 100% for class Fusarium infected.

Table 2. Classification results

Principal components

Linear model coefficients
Groups
Class healthy

Class Fusarium infected

Class healthy

Class Fusarium infected

Test group 1
Corn kernels
% correct rate
%misclassification rate

91
60.67

59

129
86

39.33

21
14

Test group 2
Corn kernels
% correct rate
%misclassification rate

91
60.67

59

122
81.33

39.33

28
18.67

Test group 3
Corn kernels
% correct rate
%misclassification rate

44

106
70.67

0

26.67

150
100

0

Test group 4
Corn kernels
% correct rate
%misclassification rate

38

112
74.67

0

25.33

Conclusion
Linear discrete model is not so appropriate method for spectral
data modeling – the coefficients of the model are overlapped for the
classes and the accuracy of identification is lower. Maximum
percentage of correct rate achieve 74,67% for Fusarium infected
corn kernels.
Principal components also show overlapped classes but in
combination with appropriate classifier as classification tree
percentage of correct rate achieve 100% for Fusarium infected corn
kernels.
The main advantage for the classifier which is used
(classification tree) is that it is created using simple procedure
without any additional parameters accept training data set and target
for each input variable.
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