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ABSTRACT

In this dissertation, destructive and nondestructive optical investigation methods for identifying Thai
_jasmine milled rice have been presented by spectrometry and refractrometry in cooperation with chemical
technique. In the spectrometry method, instead of using traditional time consuming methods based on the
disintegration of the rice kernel in an alkali solution, we analyze the milled rice powder dissolved in the alkali
solution via a spectroscopic method. In this study, four Thai rice varieties, Kaw Dawk Mali 105 (KDML105),
Pathumthanil (PTT1), Chainatl (CNT1), and Thai sticky rice (RD6), have been chosen. Then each milled rice
sample is grounded and then dissolved in 10% potassium hydroxide (KOH). At a certain time of dissolution,
the relative optical transmission spectrum of the milled rice solution at wavelength of 500-800 is measured
and only its first derivative is used for the identification of the KDML105 milled rice. We have founded that
the best condition is 0.10 g milled rice powder dissolved in 10% KOH for 10 minutes, provides the lowest
false rejection rate (FRR) of 15%. In the refractometry method, we analyze the ground milled rice grains
dissolved in 10% KOH. The idea comes from the fact that due to differences in the amount of amylose content
in each rice variety, the refractive index of the milled rice powder dissolved in the alkaline solution can be
used to distinguish the desired KDML105 rice from others. The result shows that the milled KDML105 rice
can be distinguished from the remaining three rice varieties with a total false error rate of 6.7% together with
the required measurement time of < 20 seconds.

Nondestructive optical method is divided into four parts. First, this research combines multispectral
imaging with simple imaging techniques. Especially, we exploit only two fluorescent wavelengths of 500-580
nm and utilize simplq igg.ge thresholding, blob filtering, and blob analysis techniques in order to identify 8

different Thai rice breeds (i.e. KDML105, PTT1, CNT1, RD6, Hom Pitsanulok 2 (HPSL2), Hom Supanburi
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(HSPR), RD15, and RD23). In our experimental study, UVC light, a liquid crystal tunable optical filter, and a
644x488 active pixels digital camera have been used. The experimental result shows that by appropiately
applying image thresholding, blob filtering, and blob analysis to fluorescent images, all Thai rice breeds have
been effectively identified. Second, single-wavelength spectral-imaging-based Thai jasmine rice breed
identification is demonstrated. Our nondestructive identification approach relies on a combination of
fluorescent imaging and simple imaging technique as above mentioned. We apply image subtracting processes
to either a 545 or a 575 nm image for identification. The result shown that the Thai jasmine rice breed has
been identified with moderated false acceptance rates (FAR) and fast identification time of 25 ms, showing
high potential for real-time applications. Third, instead of considering only the amount of fluorescent signals
spatially distributed on the image of milled rice grains, this part shows how the single-wavelength spectral-
imaging-based KDML105 milled rice identification system have been improved by analyzing the shape and
size of the image of each milled rice variety especially during the image threshold operation. The image of
each milled rice variety is expressed as chain codes and elliptic Fourier descriptor (EFD). After that, a feed-
forward back-propagation neural network model is applied, resulting in an improved FAR of 11.0% and FRR
of 19.0% for identifying KDML105 milled rice from the unwanted four milled rice varieties. Fourth, instead
of use complex EFD, we highlighted that only a polynomial function fitting on the determined chain code and
the neural network analysis are highly sufficient in obtaining a very low FAR of < 3.0% and a very low 0.3%
FRR for the separation of Thai jasmine rice from CNT1, PTT1, and HPSL2 rice varieties. With this proposed
approach, the analytical time is tremendously suppressed from 4,250 seconds down to 2 seconds, implying
extremely high potential in practical deployment. Finally, we emphasized here that a combination of an
appropriate polynomial fitting function on the determined chain code and a well-trained neural network
configuration is highly sufficient in achieving a low FAR and FRR. Experimental demonstration shows
promising results in identifying our desired KDML105 from six unwanted rice varieties with FAR and FRR

values of 6.2% and 7.1%, respectively.

Keyword: Spectroscopy, Refractrometry, Spectral imaging, Fluorescent imaging, Image processing, Blob

analysis, Chain code, Elliptic Fourier descriptor, Polynomial function, and Artificial neural network, Rice
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Expected Results

The destructive and nondestructive optical methods to identify the KDML105 milled rice

variety were studied with the key features of simplicity technique, less or no waste product, fast identification

time, moderate or high accuracy, and reliability technique. A prototype of KDML105 milled rice

identification was developed.
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CHAPTER 2
THEORITICAL BACKGROUD

2.1 Ultraviolet, Visible, and Near-Infrared Spectrophotometer

Spectrophotometers for the ultraviolet (UV), visible (Vis), and near-infrared (NIR) regions will be
discuss in this chapter. Typically, the UV region is considered to extend from 190 to 350 nm, the visible
region from 350 to 800 nm, and the NIR from 800 to 2500 nm. However, considerable latitude can be found
in the definitions of these regions; the UV might be extended up to 400 nm and the short wavelength NIR
from 600 to 1100 nm. The total wavelength range from 190 to 2500 nm is equivalent to a frequency range of
50, 500-4000 em'. Absorptions in the UV-Vis regions are due to electronic transitions. Most UV-Vis
absorptions by organic molecules are attributed to transition involving nonbonding (n) electrons or electrons
in molecular orbitals found in unsaturated molecules. Generally, the absorptions are due to n — n* and © —
7* transitions; thus, molecules with double bonds and especially conjugated double bonds such as aromatic
compounds are stronger absorbers.
2.1.1  Absorption and Concentration
2.1.1.1 Lambert's Law

The proportion of incident lighi absorbed by a transparent medium is independent of the intensity of
the light (provided that there is no other physical or chemical change to the medium). Therefore successive
layers of equal thickness will transmit an equal proportion of the incident energy as shown in Fig. 2.1.

Lambert's law is.expressed by

@1

S~

where I is the intensity of the transmitted light, I, is the intensity of the incident light, and T is the

transmittance. It is customary to express transmiftance as a percentage

T=—I-><100. 2.2)
IO



— ] P e
monockromatie light T=50%) T = 50%} T=50% Light Detector
%T T 100 )
; 100
2 75
E 50 = r-i
25 25 1S I,
= 125
0
A
¢ 100 0.903
'é 0.75 0.602 ‘ I
050 301 A=logm o
0.25 ]
0 0

Figure 2.1 Diagrammatic representation of relationship between transmission and absorption.

2.1.1.2 Beer's Law
The absorption of light is directly proportional to both the concentration of the absorbing medium and
the thickness of the medium in the light path (see Fig. 2.1). A combination of the two laws (known jointly as

the Beer-Lambert Law) defines the relationship between absorbance (A) and transmittance (T)

I 100
A=log—=log——~=gh- 2.3)
ogI og T &

0
where A is absorbance (no unit of measurement), € is molar absorptivity (dm3 mol™ cm'l), ¢ is molar
concentration (mol dm's), and b is path length (cm). It is important to note that € is a function of wavelength
and so the Beer-Lambert law is true only for light of a single wavelength, or monochromatic light. Fig. 2.1
illustrates the conditions when three samples (e.g. standard solutions) having identical absorption are
introduced into a beam of monochromatic light. Each of the samples is chosen so that precisely one half of the
intensity of the incident radiation is transmitted (T = 50%). If the intensity of the incident radiation is 100%T,
then the intensity after passed through each sample will be 100% x 0.5 = 50%T, 50% x 0.5 = 25%T, and 25%
x 0.5 = 12.5%T, respectively. The three samples may be considered as known concentrations of an absorbing
medium and it therefore becomes possible to plot concentration against transmission. It will be found that the

resultant graph is exponential, and so of limited value (Fig. 2.2).
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Figure 2.2 Transmission plotted against concentration.

However, providing the light is monochromatic and the Beer-Lambert law is obeyed, it becomes possible to
define the process in terms of absorbance (A). In the example above, the expression relating A to T (A = log
100 / T) shows that the absorbance after each sample will be 0.301, 0.602, and 0.903, respectively. It can at
once be seen that a plot of absorbance against concentration will be linear as shown in Fig. 2.3. It is therefore

more convenient to express results in absorbance rather than transmission when measuring unknown

concentrations, since linear calibration plots will be available.

>
L

Absorbance ——

v

Concentration ——

Figure 2.3 Absorbance plotted against concentration.

An alternative to plotting calibration curves is to make use of the relationship of

C=kA (2.4)



where C is the concentration of the unknown, A is the measured absorbance of the unknown, and k is a factor
derived from the reference or standard solution. To determine the factor, measure the absorbance of a standard

solution of known concentration and divide the concentration by the absorbance.

_ Concentraion _ (2.5)
Absorbance

The factor k may be applied to a series of absorbance measurements on similar solutions measured in the
same conditions to give results directly in concentration. In many of today's spectrophotometers, the output
electronics provide the means of entering the concentration value of the standard or the factor to the

calculation so that instrument readings are directly in concentration units.

22 Basic of Refractrometry

The speed of light in a vacuum is always the same, but when light moves through any other medium
it travels more slowly since it is constantly being absorbed and reemitted by the atoms in the material. The
ratio of the speed of light in a vacuum to the speed of light in another substance is defined as the index of

refraction (n) for the substance.

Speed of Light in Vaccum (2.6)
Speed of Light in Substance

Whenever light changes speed as it crosses a boundary from one medium into another its direction of travel
also changes, i.e., it is refracted (Fig. 2.4). (In the special case of the light traveling perpendicular to the
boundary there is no change in direction upon entering the new medium.) The relationship between light's
speed in the two mediums (v, and v,), the angles of incidence (6,) and refraction (6,) and the refractive

indexes of the two mediums (1, and np) is shown below:
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. X, =iAx,., (2.18)
* i=1

yp=2Ay,. . (2.19)

25 Elliptic Fourier Descriptor
As the chain code is a function of time and line segments along the boundary, we can consider it as a
discrete periodic pattern whereby it can be mathematically analyzed by Fourier series. In this case, the Fourier

series expansion of the closed-contour which is a projection of the contour on the x and y axes can be obtained

as follows.
N
x,= A, +Zan cos 2nmt +b,sin 2nmt , (2.20)
n=l T T
N
y,=C, +ch cos 2’;’” +d, sin Zr;nI , (2.21)
n=1

where n is the order of the harmonic being considered and N is a maximum number of harmonics. T is the

perimeter of the closed contour. From Eqns(2.20-2.21), a,, b, ¢, and d, are the Fourier coefficients of the n

n? Yn?

harmonic and they can be found by using the following expressions.

a,= 2n27;2 Z ;cos Zn;d” —cos 2n 7;” = i| , (2.22)
b= ,,Z; e sin 2"]’,”" —sin 2”’;""], (2.23)
c,= { ; pzli;Ay" [ ;d” —cos Zn;t”'l:I, (2.24)
d,= anﬂz pZ’:Ay 2 [ f" —sin 2"7;"" } (2.25)
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The two constant terms A, and C, are calculated as

1&1Ax,, Ax,
== ——2{¢ " )-—£¢t, (2.26)
“ ngmp(" ) At,*
118, (0 2 \
== 22 g2 )Lt (2.27)
’ ngmp(” ) A, ”

Here, as shown in Fig. 2.8, Axp and Ayp are the segments between p and p + 1 of the closed-contour
projected onto the x and y axes, respectively. Atp is the step between p and p + 1 of the closed-contour. t, is
the curvilinear coordinate of the point p and K is the number of sampling points on the closed-contour. The
shape descriptor determined using Eqns(2.22-2.27) clearly depends upon the size of grains, the orientation of
grains, and the starting point of the chain-code. As a result, they cannot directly be used to indicate the
variability for comparison of the grain kemels. To alleviate these problems, the normalized Fourier

coefficients (an”,bn" ,cn" and dn“) are considered based upon the ellipse of the first harmonic as follows.

A Direction for
outline description
1 E 2 L] L ] L ] L ] L] L]
K
L ] L d L] L]
o L d L)
L d L d
. Atr .
Ay {y'ﬂ """ &Q/ .
P y' ----- Ev - : . .
. H o o e ©
; E * o e o e o o o .
Xpt1 ‘r *
-’
Ax,

Figure 2.8 Illustration of the parameters used for computing the Fourier coefficients of an EFD on an outline [10].

a, b'| 1][cosy siny]a, b, [cosn® —sinné (2.28)
¢ d°| E|-siny cosy|ec, d,|sinnd cosnd | .

where
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. : b 4
2 =(a?+c:’7”,[“1]=[“* d][ } (229)
la | La d]sin@

6?=—1-arct Tz(a—‘f-’i%‘d’—)z ,0<0<n, (2.30)
2 a, +¢, —b —d
w= arctan[c—’_], 0<y<2r. (2.31)
4

The number of sets of elliptic Fourier coefficients increases as the number of harmonics increases. For each
harmonic set, four coefficients are always generated. The Fourier amplitude (FA) is related to the number of

harmonics by the following expression [15].

I;,A=2mr‘/(a,','cosw+c,':'sint//)z +2(—b,':'sint//+d:'cos¢//)z . (2.32)

2.6 Polynomial Function
A polynomial function is a function such as a quadratic, a cubic, a quartic, and so on, involving only non-
negative integer powers of x. We can give a general definition of a polynomial, and define its degree. A

polynomial of degree n is a function of the form
f(x)=ax"+a, x"" +-+ax* +ax+a,- (2.33)

The degree of a polynomial is the highest power of x in its expression. Constant (non-zero) polynomials,
linear polynomials, quadratics, cubic and quartic are polynomials of degree 0, 1, 2 , 3 and 4 respectively. The

function f{x) = 0 is also a polynomial, but we say that its degree is undefined.
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2.7 Shape Analysis
Using these normalized harmonic coefficients, each harmonic can be graphically represented as an
ellipse and can be analyzed in terms of semi-major axis (SMJA), semi-minor axis (SMNA), area, and

perimeter by using the following equations.

'SMJA = abs(a, cosy +c, siny), (2.34)
SMNA=abs(-b, siny +d, cosy), (2.35)
Area= 7 - SMJA-SMNA, (2.36)

2 2
Perimeter= 271'\[ SMJ4 ;SMA . 2.37)

Using the chain coding and the fitted boundary, a geometry feature can be analyzed in terms of perimeter {16],

area, and eccentricity [17] by the following equations.

-1
Perimeter =0.95 -ilength(c,) . (2.38)
=0
and
1 1
Area = E{i(xiJ’m —XinYi )‘ : (2.39)
=0
where,
length(c)=\J; T aay - (240)

The lengths of the two principal axes, known as major and minor axes, are equal to the eigenvalues A, and A,

of the covariance matrix C of a closed contour, respectively. The matrix C contains a sequence of the ordered
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2.8.1 Artificial Neural Network Structure

A simple ANN structure is models of a single neural network. The starting point for most neural

networks is a model neuron, as shown in Fig. 2.10.

AN

Activate i
Function

Figure 2.10 Simple ANN structure.

This neuron consists of multiple inputs and a single output. Each input is modified by a weight, which
multiplies with the input value. The neuron will combine these weighted inputs and, with reference to a
threshold value and activation function, use these to determine its output. This behavior follows closely our

understanding of how real neurons work.

2.8.2  Artificial Neural Network Operation
From fig.2.10, the output of each neuron is a function of its inputs. In particular, the output of the jth

neuron in any layer is described by two sets of equations

N

U, = Z(X i 'wNj) (2.43)

i=]
Y, = F,{U,+)) (2.44)

For every neuron, j, in a layer, each of the i inputs, X, to that layer is multiplied by a weight, w,. These are all
summed together, resulting in the internal value of this operation, U,. This value is then biased by a threshold
value or bias value, b,, and sent through an activation function, F,,. This activation function is usually the

sigmoid function, logsigmoid function, and linear function etc. which has an input to output mapping. The
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resulting output, Y, is an input to the next layer or it is a response of the neural network if it is the last layer. In
essence, Eqn.(2.43) implements the combination operation of the neuron and Eqn.(2.44) implements the firing
of the neuron. From these equations, a predetermined set of weights, a predetermined set of threshold values
and a description of the network structure (that is the number of layers and the number of neurons in each

layer), it is possible to compute the response of the neural network to any set of inputs.

2.8.3  Artificial Neural Network Learning

Learning in a neural network is called training. Like training in athletics, training in a neural network
requires a coach, someone that describes to the neural network what it should have produced as a response.
From the difference between the desired response and the actual response, the error is determined and a
portion of it is propagated backward through the network. At each neuron in the network the error is used to
adjust the weights and bias values of the neuron, so that the next time, the error in the network response will

be less for the same inputs.

Figure 2.11 Neural weights adjustment.

This corrective procedure is called backpropagation and it is applied continuously and repetitively for each set
of inputs and corresponding set of outputs produced in response to the inputs. This procedure continues so
long as the individual or total errors in the responses exceed a specified level or until there are no measurable
errors. At this point, the neural network has learned the training material and you can stop the training process

and use the neural network to produce responses to new input data.



21

2.8.4 Backpropagation Neural Network Structure

Although there are many different kinds of learning rules used by neural networks, this thesis is
concerned only with one; the delta rule. The delta rule is often utilized by the most common class of ANNs
called backpropagational neural networks (BPNNs). Backpropagation is an abbreviation for the backwards
propagation of error. From Fig. 2.10, backpropagation starts at the output layer with the following equations
= wy+LR-¢;- X,, (2.45)

Wy

€ = YJ(I“YJ)(dJ"YJ) (2.46)
For the i" input of the jth neuron in the output layer, the weight w,; is adjusted by adding to the previous
weight value, w'y;, a term determined by the product of a learning rate, LR, an error term, ¢;, and the value of
the i® input, X. The error term, ¢, for the jth neuron is determined by the product of the actual output, Y}, its
complement, 1 - Y}, and the difference between the desired output, d;, and the actual output. Once the error
terms are computed and weights are adjusted for the output layer, the values are recorded and the next layer
back is adjusted. The same weight adjustment process, determined by Eqn.(2.45), is followed, but the error

term is generated by a slightly modified version of Eqn.(2.46). This modification is

€ = Y,.-(l—Yj)-Z(ek-w'j,,) (2.47)

In this version, the difference between the desired output and the actual output is replaced by the sum of the
error terms for each neuron, k, in the layer immediately succeeding the layer being processed (remember, we
are going backwards through the layers so these terms have already been computed) times the respective pre-
adjustment weights.

The LR applies a greater or lesser portion of the respective adjustment to the old weight. If the factor
is set to a large value, then the neural network may learn more quickly, but if there is a large variability in the
input set then the network may not learn very well or at all. In real terms, setting the learning rate to a large
value is analogous to giving a child a spanking, but that is inappropriate and counter-productive to learning if

the offense is so simple as forgetting to tie their shoelaces. Usually, it is better to set the factor to a small value
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and edge it upward if the leamning rate seems slow. In many cases, it is useful to use a revised weight
adjustment process. This is described by the equation
Wy = Wy +([—M)-LR-¢,- X, + M -(wy, —w;;) (248)

This is similar to Eqn.(2.45), with a momentum factor, M, the previous weight, w';, and the next to previous
weight, w"y,, included in the last term. This extra term allows for momentum in weight adjustment.
Momentum basically allows a change to the weights to persist for a number of adjustment cycles. The
magnitude of the persistence is controlled by the momentum factor. If the momentum factor is set to 0, then
the equation reduces to that of Eqn.(2.45). If the momentum factor is increased from O, then increasingly
greater persistence of previous adjustments is allowed in modifying the current adjustment. This can improve
the learning rate in some situations, by helping to smooth out unusual conditions in the training set.

In a BPNN, there are two steps during training that are used alternately. The backpropagation step
calculates the error in the gradient descent and propagates it backwards to eaéh neuron in the output layer,
then hidden layer. In the second step, the weights and biases are then recomputed, and the output from the
activated neurons is then propagated forward from the hidden layer to the output layer. The network is
initialized with random weights and biases, and was then trained using the Levenberg-Marquardt algorithm.

The weights and biases are updated according to
D, =D —[JT+ul]'Te (2.44)

where D, is a matrix containing the current weights and biases, D,,, is a matrix containing the new weights
and biases, e is the network error, J is a Jacobean matrix containing the 1st derivative of e with respect to the
current weights and biases, I is the identity matrix and £ is a variable that increases or decreases based on the

performance function. The gradient of the error surface is equal to Te.
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CHAPTER 3
DESTRUCTIVE OPTICAL METHODS

In this chapter, the destructive optical methods for milled rice identification were proposed. The
methods are based on a traditional alkaline spreading method. The basic of these methods were based on the
difference of amylose content in each milled rice variety that the amylose molecules are dissolved in alkaline
solution. In practice, 1.7% concentration of KOH solution was used and KDML105 milled rice variety was
completely dissolved in 23 hours. By this result, the alkaline spreading method was used in present field
testing. However, time consumption is an issue. Therefore, the research relies on this traditional method by
speeds up time testing with increases KOH solution concentration and uses spectrometer and refrectrometry

methods for identifying KDML105 milled rice variety.

31 Combination of Simple Chemical and Spectroscopic Methods for the identification of Thai

Hom Mali rice

Spectroscopy is one of the interesting techniques that can be used to study rice characteristics.
Previously, transmission spectra in a near infrared of 850-1050 nm wavelength band of milled rice grains were
pérformed to discriminate Basmati rice grains from undesired rice grains with a 20% error rate [1].
Reflectance spectrum of one zone in visible region and two zones in the infrared region was also studied to
classify 139 Korean domestic rice grains from 141 unwanted rice grains [2]. A simpler and possibly cheaper
approach via the use of only a visible spectrum in 400-1000 nm wavelength was investigated, showing a
classification rate of 89% in identifying two different rice varieties [3]. With these concepts in mind, it would
be desirable to follow standards inspection but with a faster analytical technique. This topic studies the
combination of chemical and spectroscopic methods to identify the milled KDML105 rice [4]. In approach,
powder of the milled rice is dissolved in an alkali solution and its transmission spectrumn only in a 500-800 nm

wavelength region is investigated.
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CHAPTER 5
SUMMARY

This dissertation studied the destructive and nondestructive optical investigation to identify Thai
jasmine or Kaw Dawk Mali 105 milled rice variety from several milled rice varieties such as CNT1, HPSL2,
HSPR60, PTT1, RD6, RD15, and RD23.

In destructive methods, the combination of chemical and spectroscopic methods is studied. The
optical transmission spectrum of rice powder dissolved in our KOH solution in the 500-800 nm wavelengths
is investigated. The slope value of the optical transmissivity of the milled rice solution depends on the
dissolution time and the ability of t‘he milled rice powder to be dissolved in KOH solution. In the study, the
results shown that the use of a 0.1-g milled rice powder dissolved in our 10% KOH solution shows a lowest
false rejection rate of 15%. Another approach, the combination of chemical and refractrometry methods is
studied. Only 0.1 grams of the milled rice powder was dissolved in 10 ml of 10% KOH solution. During
refractive index measurement, merely 0.5 ml of the dissolved milled rice solution is dropped onto the sensing
area of the refractometer and the measurement time is less than 20 seconds. By appropriately assigning upper
and lower refractive indices as the threshold interval, the results showed that a total false error rate of 6.7%.

In nondestructive methods, we studied several techniques combine with a spectral image and image
processing analysis. First, a nondestructive of two-wavelength spectral-imaging based rice variety
identification was studied. A high energy UVC light source was induced unknown milled rice grains to radiate
fluorescent radiation in a 500-580 nm wavelength spectrum. Only two fluorescent wavelengths at 540 nm and
575 nm and simple image processing techniques are applied. The spectral image at 540 nm wavelength goes
through two-level image thresholding and blob filtering twice. For the spectral image at 575 nm wavelength,
it.goes through these processes six times. By subtracting two selected binary images and then filtering out
unwanted pixels, all eight rice varieties are effectively identified. Second, a nondestructive of single-
wavelength spectral-imaging based rice variety identification was studied. A spectral image at either 545 nm
or 575 nm wavelength and simple image processing processes in order to separate KDML105 milled rice
grains from the refnaining are investigated. These spectral images were assigned threshold value range at 57 —
91 and 90 — 144, respectively. And, the thresholded image passes one at a time through two sets of blob

filtering processes. At the end, by subtracting two selected binary image, KDML105 milled rice grains can be
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identified with the best FAR of 8.6% with a fast identification time of 25 ms. Third, a single-wavelength at
546 nm based Thai jasmine rice identification system can be improved by analyzing the spectral image with
the use of both EFD and FFNN. The chain code method and the EFD are applied in order to define the
appropriate elliptic geometry. The trained FFNN is used for identifying our desired KDMLI105 milled rice
grain via analyzing key elliptical parameters. Experimental results show the average FAR and FRR of 11.0%
and 19.0% in identifying the KDML105 milled rice grain from unwanted CNT1, HPSL2, and PTT1 milled
rice varieties, respectively. Fourth, the single-wavelength based Thai jasmine rice identification system can be
improved by using a polynomial function and a well trained FFNN. All threshold images are applied by the
chain coding and the polynomial function in order to define the appropriate geometry feature. At the end, the
trained FFNN is used for identifying our desired KDML105 milled rice grain via analyzing key shape
parameters (area, perimeter and eccentricity). Experimental results show much improved average FAR and
FRR of < 3.0% and 0.3% in identifying the KDML105 milled rice grain from unwanted CNT1, HPSL2, and
PTT]1 milled rice varieties, respectively. Finally, with similar procedure but different layer node of FFNN, this
leads to a fast analysis time of 30.5 s, implying a 157.4 times improvement. Experimental results show low
FAR and FRR values of 1.7% and 7.0%. Taking into consideration the robustness of our system, 55 additional
sample sets are tested in our system, showing FAR and FRR values of 6.2% and 7.1% in the identification of
the KDML105 milled rice variety mixed with unwanted CNT1, HPSL2, HSPR60, PTT1, RDlS‘, and RD23

milled rice varieties.

Recommendations
1. Rice grain of each variety has to use more than in the research.
2. More testing has to do in the laboratory for checking reliability.

3. Another side of rice grain should to record for accuracy shape analysis.
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C language code write on ET-OPTO AC Dimmer controller board
unsigned char i;
void main() {
TRISA = 0;
PORTA = 0x02;
TRISB=1;
PORTB = 0x00;
Usart_Init(9600);
while(11{
while(PORTB.F0==1)
{
i=Usart Read();
ifi="a")
{
PORTA.F1=0;
//PORTA.F1 =1; 3
else
{
PORTAFl1=1;
}

} /* end program*/
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LabVIEW source code for control UVC light bulbs

1. Lamp Warm Up Code
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2. Save Image Code
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1. [Initialized code of LabVIEW to call Matlab for use and path location.

laddpath('c:\dipicormmonidipimage');
Bdip_initialise;

1 dipsetpref{‘imageﬁlepath','C:\,My DocumentsiRice Classification} Threshold Image’)

2. Array size assigning for store image data.

% C:\My Documents\Rice Classification Threshold Image |

» A Sermi-niajor

| Ahiumber of harmaonic r}

» fremi-minar

L L @ et o)
;ﬁEliipse parimeter |
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3. Crop and Save image.

Image 1
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5. Elliptic fourier descriptor by Matlab in LabVIEW.

91

oad Threshold Image
ﬁc:\Documer ts and SettingsiKajpanyaiMy DocumentsiRice Classffication\Threshold Image |

[Open image from threshold image folder |

Image name

Bl

T

B3

B2



MATLAR script [

fo=tn ‘code & EFD by Matiab 2010 LISl

B2 —#

B3

!’E‘m =[10;1 -1;01;-1 +1;1 0;-1 1,0 1;1 1]
Indx = find{dip_array(imd), 1)-1;

2= i

stort = [Foor(indsef2)), 0

start(2) = indx - (Ml)'ﬂ(z)).

chaincode = [1;

coord = stavt ; 'I.CMM (f the current phesl
:‘; 1; % The starting drection

n.wenwd coord + a-udhs(d'ﬂ.').
Mhﬁmd(l),mwcwd(z))
chaincode = [chaincode, dr];
mwd = newcoord;
dir = moc{dir+2,8);
s
dr = mod(d¥-1,8);
I akcoordmmstart) 86 dirme] Yoback to starting stuation
break;

end
end

[EFD status

A B
@ Seas. Pty

D Stabus

=
'L%%Vo%'h'h%%%%'h'h'h%'h'h'h'h'h'h'h’h'h%'h'h'h%'h'h'h%%’h’h%%’h
d = calc_travessal_dist(cc)
e uk_vwersd_nna(c:)
cc_co=[00;d);

x_cc = cc_oo(:,1);
e
‘b?-‘lo’b1.7.%’bﬁ‘h’h’I.‘b‘l.’h%’b‘lc'l-%‘h‘k'fb‘/e‘/.'Io%%‘l-%%'b%’lb’h‘b%'h%

har_coef = :d:_hmk_mﬂﬂduﬁ«,n), Shfourter coefficient
(afdx efdz) = ofd 5, 0, m, 1); “%Mormalzed fourler costfident
%‘L'l.‘l.'ld‘-'I.%'h‘h‘I-’ln%’h'l-%’k'b%‘b‘b’b%%%’h%‘b%%%’ly‘b%%‘l-’h%%
2ppreadee,n,m,0);

ofd m-[dd efd(1,1) efd(1,2)];
ofd_x = efd_co(:,1);

ofd_y = efd_col2,2)
%7.70V&:%%'loﬂ'k'l-%‘h%%%'&)?'In’I-'h'l-%?o%%%'lo%%%’h'k%'h’k‘l.%%
normal_efd. co-[mvmd -fd ;normal_efd(1,1) normal_efd(1,2)1; Tt ok ¢
normal_sfd_x = normal_ef :o( 1%
normal_efd_y = namd ofd on(

6. Storing Area, Perimeter, semi-Major axis and semi-Minor axis in Array
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7. Area, Perimeter, semi-Major axis and semi-Minor axis saving in Folder and Path that assigned
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E3 2]
(R arear)r Lo




APPENDIX D

94



MATLAB source code of neural network analysis

Q,

% Neural
clear:
clc

Network to classify Thai jasmin rice

$input data
S EIEIL S EACNTISS22222235%2232%52332523385%3%333%%%

cnt_area
cnt_peri
cnt_majo
cnt_mino

xlsread('Ellipse area CNTl.xls'):
xlsread('Ellipse perimeter CNTl.x1ls'):
= xlsread('Semi-major CNTl.xls'):;

= xlsread('Semi-minor CNTl.xls'):;

$E3252232 3 HPSL2%3%%5235%%2%32%2523229834833333%%%
hpsl_area = xlsread('Ellipse area HPSL2.x1s');

hpsl peri
hpsl majo

xlsread('Ellipse perimeter HPSL2.x1ls'):
xlsread('Semi-major HPSL2.xls');

I

hpsl mino = xlsread('Semi-minor HPSL2.xls');
$35%33233253KDML105% 3232232222322 32334384323%03%%
kdml area = xlsread('Ellipse area KDML105.xls');

kdml peri = xlsread('Ellipse perimeter KDML105.x1s');

kdml majo

xlsread('Semi-major KDML105.x1ls');

I

kdml mino = xlsread('Semi-minor KDML105.x1ls');
$232I283223PTT12223224224223233 3322232383 389%%

= xlsread('Ellipse area PTT1l.xls'):
xlsread('Ellipse perimeter PTT1.x1ls');
= xlsread('Semi-major PTT1.x1s'):

= xlsread('Semi-minor PTT1.x1ls'):

il

I ittt it i i i it E it R R R R R R R R R R AR A A R AR R L L

ptt_area
ptt_peri
ptt majo
ptt_mino
datal =
data2 =
data3 =
datad =
rowl =1

[cnt_area cnt_peri cnt_majo cnt_mino];
[hpsl _area hpsl_peri hpsl_majo hpsl_mino];
[kdml area kdml_peri kdml majo kdml mino]:
[ptt_area ptt_peri ptt_majo ptt_mino]l:

:1100;

row2 = 1101:2200;

Pl = datal(rowl, :),; %CNT1
P2 = data2(rowl, :);%HPSL2
P3 = data3(rowl,:):;%KDML105
P4 = datad(rowl,:);%PTT1

P = [P1;P3]"';

dataé = xlsread('Testing.xls'):;

Tl = [data6(1:220);data6(1:220);data6(1:220);data6(1:220);data6(1:220)]";

T2 =

95

[data6 (501:720) ;data6(501:720) ;data6(501:720) ;data6(501:720) ;data6(501:720)]"'

T = [T1 T2):

Ul
U2
U3
U4

1

datal (row2, :) ;%CNT1
data2 (row2, :) ;¥HPSL2
data3(row2,:);$KDML105
data4 (row2, :);%PTT1



U = (Ul;U3]"';
PR=minmax(P) ;

s1l=11;
S2=13;
S3=11;
S4=1;

TFl='logsig’';
TE2="'logsig';
TF3='purelin';
TF4='purelin';
BTF='trainlm':
BLF='learngd':;
PF="'mse';

net=newff (PR, [S1 S2 S3 S4],{TFl TF2 TF3 TF4},BTF,BLF, PF) ;
net.trainParam.epochs=100000;
net.trainParam.goal=le-21;

[net,tr,Y,E,Pf,Af]=train(net,P,T);
nout=sim(net,P);

nTest=sim(net,U);
netout=round(nout);
netTest=round(nTest);

figure (1)

hold on

plot (netout(1,1:100),'0");

plot(netodt(l,lOl:ZOO),'r*‘); $Figure for training & Testing
legend ('PTT1"', "KDML105")

hold off

title('Traning & Testing')
T S N LI i ittt it i i it i ittt it R A A AR EEE AL LR LR R 211
d = netTest’;
for i = 0:99
m = (i*11)+1;

n = (i*11)+11; %Sum the NN output
o = 1100+m;
p = 1100+n;

a(i+l) = round(sum(d(m:n,1))/11);
b(i+l) = round(sum(d(o:p,1))/11);
end
x = [1:100]"';
y = la:bl';
B L e P P L T L e T R L R TR R R L R R EE LR R R R LR L AR R R R R R
figure(2)
hold on
plot(x,y(:,1),'0")
plot(x,y(:,2),"'c*") $Figure for Testing
legend ('HPSL2', 'KDML105")
axis([0 100 O 5])
title('Testing')
hold off
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MATLARB source code for chain cod
img = readim(fp); % fp = file path of the binary image
directions = [1 0;1 -1;0 -1;-1 -1;-1 0;-1 1;0 1;1 1];
indx = find(dip_array(img),1)-1;
sz = imsize(img);
start = [floor(indx/sz(2)),0];
start(2) = indx - (start(1)*sz(2));
chaincode = [J; %The chain code
coord =start ; %Coordinates of the current pixel
dir=1; %The starting direction
while 1
newcoord = coord + directions(dir+1,:);
if all(newcoord>=0) && all(newcoord<sz)...
&& img(newcoord(1),newcoord(2))
chaincode = [chaincode,dir];
coord = newcoord;
dir = mod(dir+2,8);
else
dir = mod(dir-1,8);
end
if all(coord==start) && dir==1 %back to starting situation
break;
end

end

cc = chaincode; 9% chain code number of the boundary image

98



APPENDIX F

99



100

MATLAB source for Elliptic foureir déscriptor
function output = calc_traversal_dist(ai)
% This function will generate position coordinates of chain code (ai). Number of

% harmonic elements (n), and number of points for reconstruction (m) must be

% specified.
x_=0;
y_=0;

fori=1: size(ai, 2)
x_=x_+sign(6 - ai(i)) * sign(2 - ai(1));

y_=y_+sign(4 - ai(i)) * sign(ai(i));

pG, D=x;
p(i,2)=y_;
end
output = p;

end .
%6%%%% %% %% %% %% %% %% %% %% %0 % % % % %0 %0 % % % %0 %6 % % % %% % % % %% % % %% % % % % %
function output = calc_traversal_time(ai)
% Traversal time is defined as accumulated time consumed by every
% component of the chain code.
t =0;
fori=1: size(ai, 2)

t_=t_+1+((sqrt(2)-1)/2).*(1-(-1).%ai(i));

i) =t;
end
output = t;

end
Yo%eYeYo Yo Ye Vo Yo e Yoo Yoo Yoo oY% Yoo %% %% %% %%l he oo oo ho Yoo Yoo Ho %% %6 % %%
function [A0, C0] = calc- dc_components(ai)

% Calculate DC components.



% A0 and CO are bias coefficeis, corresponding to a frequency of zero.
%% Maximum length of chain code
k = size(ai, 2);
%% Traversal time and distance
t = calc_traversal_time(ai);
s =calc_traversal_dist(ai);
%% Basic period of the chain code
T = t(k);
%% DC Components: A0, CO -
sum_a0 = 0;
sum_c0 =0;
forp=1:k
delta_d = calc_traversal_dist(ai(p));
delta_x = delta_d(:,1);
delta_y = delta_d(:,2);
delta_t = calc_traversal_time(ai(p));
if(p>2)
zeta=s(p - 1, 1) - delta_x/ delta t * t(p - 1);

delfa=s(p-1, 2) - delta_y/ delta_t * t(p - 1);

else
zeta=0;
delta=0;
end
if (p>2)

sum_a0 =sum_a0 + delta_x / (2 * delta_t) * ((t(p))*2 - (t(p - 1))2) + zeta * (t(p) - t(p-1));

sum_cO =sum_c0 + delta_y / (2 * delta_t) * ((t(p))"2 - (t(p - 1))"2) + delta * (t(p) - t(p-1));
else

sum_a0 =sum_a0 + delta_x / (2 * delta_t) * (t(p))*2 + zeta * t(p);

sum_c0 = sum_c0 + delta_x / (2 * delta_t) * (t(p))"2 + delta * t(p);
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end
end
%% Assign to output
AO0=sum a0/T;
CO=sum c0/T;

end

UYL Y %% %e %6 % Yo Yo Yo VoYY e Yoo Yo Yo V6 Yo N %o Koo Yoo Yo Uoho Yo ho Yoo Yo% % %o %6 % % % %% %

function output = calc_harmonic_coefficients(ai, n)

9% This function will calculate the n-th set of four harmonic coefficients.

% The output is [an bn cn dn]
%% Maximum length of chain code
k = size(ai, 2);
%% Traversal time
t = calc -traversal_time(ai);
%% Basic period of the chain code
T = t(k);
%% Store this value to make computation faster

two_n pi=2 *n * pi;

%% Compute Harmonic cofficients: an, bn, cn, dn

sigma_a = 0;
sigma_b=0;
sigma_c = 0;
sigma_d = 0;
forp=1:k
if (p>2)
' tp_prev=t(p - 1);
else
tp_prev = 0;

end
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delta_d = calc_traversal_dist(ai(p));
delta_x = delta_d(:,1);
delta y = delta_d(:,2);
delta_t=calc_traversal_time(ai(p));
q_x=delta_x/delta_t;
q_y=delta_y/delta t;
sigma_a = sigma_a +q_x * (cos(two_n_pi * t(p) / T) - cos(two_n_pi * tp_prev / T));
sigma_b = sigma_b +q_x * (sin(two_n_pi * t(p) / T) - sin(two_n_pi * tp_prev/ );
sigma_c =sigma c+q y* (cos(two_n_pi * t(p) / T) - cos(two_n_pi * tp_prev / T));
sigma_d =sigma d+q_y * (sintwo_n_pi * t(p) / T) - sin(two_n_pi * tp_prev/T));
end
r = T/(2*n"2*pi*2);
a=r*sigma a;
b=r *sigma_b;
c=r*sigma c;
d=r*sigma d;
%% Assign to output
output=[abcd];
end
%%%%% %% % % %% %% %% % % % % % % % % %% %% %% %% %% %% %6 %% %% %% %% %% %% %% %
function output = fourier_approx(ai, n, m, normalized)
% This function will generate position coordinates of fourier approximation of
% chain code (ai).Number of harmonic elements (n), and number of points for
% reconstruction (m) must be specified.
fori=1:n
harmonic_coeff = calc_harmonic_coefficients(ai, i);
a(i) = harmonic_coeff(1, 1);
b(i) = harmonic_coeff(1, 2);

c(i) = harmonic_coeff(1, 3);



d(i) = harmonic_coeff(1, 4);

end

[A0, CO] = calc_dc_components(ai);
% Normalization procedure
if (normalized == 1')

% Remove DC components

A0 =0;
C0=0;
% Compute thetal

thetal = 0.5 * atan(2 * (a(1) * b(1) +c(1) * d(1)) /...

@(1)*2 + c(1)72 - b(1)*2 - d(1)72));
costhl = cos(thetal);
sinthl = sin(thetal);
a_star_1 = costhl * a(1) + sinthl * b(1);
b_star .1 = -sinthl * a(1) + costhl * b(1);
c_star_1 = costhl * c(1) + sinth1 * d(1);
d_star 1 =-sinthl * ¢(1) + costhl * d(1);
% Compute psil
psil = atan(c_star_1/a_star 1);
% Compute E
E = sqrt(a_star_1°2 + ¢_star_1°2);
cospsil = cos(psil);
sinpsil = sin(psil);

for(i=1:n)

normalized = [cospsil sinpsil; -sinpsil cospsil] * [a(i) b(1); c(i) d@)] * ...

[cos(thetal * i) -sin(thetal * i); sin(thefal * i) cos(thetal * i)];

a(i) = normalized(1,1) / E;
b(i) = normalized(1,2) / E;
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c(i) = normalized(2,1) / E;
d(i) = normalized(2,2) / E;
end

end % end if normalized

fort=1:m
x_=0.0;
y_=0.0;
fori=1:n

x_=x_+(a(i) * cos(2 *i* pi *t/m)+b() * sin(2 * i * pi * t/ m));
y =y _+(c(i) * cos(2 *i*pi*t/m)+d(i) *sin(2 *i * pi * t/ m));
end
output(t,1) = A0 +x_;
output(t,2)=C0+y_;
end
end
%% %% %% % %% %% %% %% %% %% %% %% %% %% %%%%%% %% %% %% %% %% % %% % %%
function plot_fourier approx(ai, n, m, normalized, color, line_width)
% This function will plot the fourier approximation, given a chain code (ai),
% number of harmonic elements (n), and number-of points for reconstruction (m).
% Normalization can be applied by setting "normalized = 1".
if (nargin < 5)
color="b";
line, width = 2;
end
if (nargin < 6)
line_width = 2;

end
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% Do Fourier approximatoin

k = size(ai, 2);

x_ = fourier_approx(ai, n, m, normalized)

% Make it closed cantour
x=[x_;x_(1,1)x_(1,2)];

plot(x(:,1), x(:,2), color, ‘linewidth', line_width);

end
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Combination of Simple Chemical and Spectroscopic Methods for the
Identification of Thai Hom Mali Rice

Kajpanya Suwansukho®, Sarun Sumriddetchkajorn™, and Prathan Buranasiri®
Applied Physics Department, Faculty of Science, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, Thailand
®Photonics Technology Laboratory, National Electronics and Computer Technology Center, 112
Thailand Science Park, Phahonyothin Rd, Klong 1, Klong Luang
Pathumthani, 12120, Thailand

ABSTRACT

As the Thai Dawk Mali (KDML105) rice variety is popular due to its high sensory after cook, there is an increase in
mixing the KDMLI1035 rice with other rice varieties that leads to unqualified KDML105 milled rice products for export
and unqualified unmilled rice seeds for next plants. Instead of using traditional time consuming methods based on the
disintegration of the rice kernel in an alkali solution and the inspection of rice cooked in boiling water, this paper
proposes to analyze the milled rice powder dissolved in our alkali solution via a spectroscopic method. In our study, 0.1
g, 0.2 g, and 0.3 of milled rice powder from four Thai rice varieties, i.e., KDML105, Pathumthanil, Chainatl, and RD6,
are selected. Then each milled rice sample is ground and then dissolved in a 10% potassium hydroxide (KOH) solution.
At the specified minutes of dissolution, the relative optical transmission spectrum of the milled rice solution in a 500-800
nm wavelength is measured and only, its first derivative is used for the identification of the KDML105 milled rice. We
find that the use of 0.10 g of the milled rice powder dissolved in our KOH solution for 10 minutes provides the lowest
false rejection rate of 15%, indicating that we have a faster approach with less amount of waste produced. With the 0.2-g
milled rice powder, 5 minutes of dissolution is needed but with a slightly higher false rejection rate of 18.3%.

Keywords: Rice, Spectroscopy, Optical sensors, Biophotonics, Agriphotonics

1. INTRODUCTION

At present, the most well-known rice in Thailand is Khao Dawk Mali, also known as KDML105, due to its good texture
and impressive fragrance. Because it is in the top list of Thailand export products, there is an increase in the mixture of
unwanted rice varieties such as Pathumthanil (PTT1) and Chainatl (CNT1) in the KDML105 rice products. Although
these three rice varicties have similar physical characteristics, they are different in cooking qualities and nutrient
contents, leading to unqualified KDML105 milled rice grain products for export and unwanted unmilled rice seeds for
next plants. This also implies that a simple machine vision technique [1] cannot be used to separate these rice varieties
from each other.

Spectroscopy is one of the interesting techniques that can be used to study rice characteristics. Previously, transmission
spectra in a near infrared 850-1050 nm wavelength band of milled rice grains were performed to discriminate Basmati
rice grains from undesired rice grains with a 20% error rate [2]. Reflectance spectrum of one zone in visible region and
two zones in the infrared region was also studied to classify 139 Korean domestic rice grains from 141 unwanted rice
grains [3]. A simpler and possibly cheaper approach via the use of only a visible spectrum in 400-1000 nm wavelength
was investigated, showing a classification rate of 89% in identifying two different rice varieties [4]. A more simpler
approach based on refractometry has been proposed and experimentally demonstrated to identify the KDML105 milled
rice with a low 6.7% false rejection rate [5]. However, a high sensitive optical refractometry with a precise temperature
controller is needed. )

In Thailand, several chemical and biological methods have been used for the inspection of the KDML105 milled rice.
For example, DNA technology is a well known accurate method to identify rice varieties [6]. Apart from the DNA
analysis, simple techniques based on iodine-binding [7] and the alkali spreading value [8] have been widely used and
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