MINUUNTUHOVBINZ NI 1N HoNeauIaamMIUszaanamNaag 1uTeta
Y Y ) =
gumIMsannauuduladIwaluiiea
Classifying Young Aromatic Coconuts Flesh by Image Processing from the

Buttom and Polynomial Regression Equation

U

A
ANVY NSIND

Suppachai Madue

3ﬂﬂ1ﬁwu§1§aﬂudmﬁﬁwmmiﬁnmmuﬁé’ﬂqmﬂ%@w
IrInssumansunama a3 IaInssuneniines
NINNABTIVAIUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Computer Engineering
Prince of Songkla University

2553

d
a Aa A a (Y] a d
AVANHVIINYIINYI1AYAIVATIUHATHNG



Y F4 Y
mifﬁmuﬂcﬁugﬁamamzw%’nﬁmamaauiﬂamiﬂszmawamwma

14 9 9 9y a =
AMuUMeLATAUNINTOADBELLLFY IAa Ina Tuilea

A a a d
BOINTUNUD
Y v A
ALY NS UIYANYY UIAD
a a J
GRLAREA AIAINTTUADUNIAUNDT

da = a a ¢ v
@1%15ﬂﬂﬂiﬂﬁ13ﬂﬂ1u‘wuﬁ°ﬂﬁﬂ

1 -4 J
(Ej%?]flﬂ”lﬁ@]iﬁl”liﬂ AT.FLUA AITWINIA)

da (= a a d 1
mmsﬂ‘nﬂsnm’mmuwuﬁsm

s
(39NMANT19158 AT.UUAT NMYIUSIAYY)

Y] Aa A ] o,
(A3.8U%8 HaudA155anu)

AMULNITHMTAOU

....................................... 5L FIUNTTUNT

................................................................. EEFUARE]
] 4 A

(A ePNEATITH AT FIUA 1ATTHINGS)

................................................................. NITUNIT

4
(59NN 19158 AT.UUAT NMYIUSIAYY)

................................................................. NITUNIT

4 a J o
(393NN I19158 ﬂﬁ.jﬂﬁu‘ﬂﬁ mm"l‘n‘il)

................................................................. NITUNII

Y] Aa A ] o,
(A3.8U%8 HaudA1s5a)

s a A @ a @ a 4 EZ v Aa a J @ yd
UUNAINYIY UN1INTIAYTIVATUATUNT aumiﬁ'umwmuwumuuﬁmu

AIUNIVEINIANET awnangasliygiaanssumansumtiuga a1913513a055)

AONNNNDS

J a o
(393MANT10158 AT. INTNVE ‘V]fN“Vill‘])

AVANUNAINGIREY



4 A a d o g { 3’ 1 1
%63%811&7‘!1&5 msmuuﬂ%mﬁamamzw%’numamaauiﬂamiﬂizmawamwma

14 9 9 9y a =
AMuUMeLALANNINTOADBELLLFY IAa Ina Tuijea

Y A [ d‘
HIeY WBANGY NLIAD
VI INITUAONNUADT
Umsanm 2552
U \]
UNAAYD

Y Y Y Y
MATEEUeITMIT NSt ovsIuz w31 medou Tagnsiszuranann
Y v v Y
NNMUMUITNUAUVBIRANZ NS 1eNeaY Falumsddeldiinmsiwunllszmnnduiile
Y 3‘ U 3 A Y oy 1 dy 09; = 9
voauznsMIvensousonily 3 UszanaeuzwiiiveuesulsLA NN FUIASY NTNWI1)
g’ 1 dy 09; d! 9 oy 1 dy 09;
reuooulszNUITUATI tazuzwI ey uls s NIHo aDI% Y
a v Y o d‘ = d‘d v o o o OSJ‘
msave laimsnaasuivemszuudvesmwidvedag lunissuunisziandu
dy o a 9 dy A A 9 o A A A ~ 491’ ~
iWin Tasmsaurarlsuadssazveaniunanlanmsmaasuldsunmuzay vuiun
aulaluumazszuuavesnnluszuud RGB HSV 1agssUUd CIELAB Wan15NAADIN1IN
S A =\ = 1 !191’ d'd
Tgannluszuiu S szuud HSV vazmwlussuiu A szuud CIELAB 11U 7Y
% o o 091’ d” = S Aa di’ d‘d tal dgl d' d'
veday lumsdwundszianduiions JuUSinunundaulunuduawergueswainlasuld
qg./’ Y o d’i @ o o =y =3 1 1 [
i ldimInaasanoriHadans lumsswun Tasnsalssumeunia1sseziagening
A9 A ¥y A A 4 o o ¥
nsmntiesnge Taensaianuniuiduanlangiganinanyena MNHUAIUINNIToBAS
dy Aa A A [ o ~ = ] ]
voanunavuunuiaula lunaaz1auviiu taziimsadSeumeumaszez i veansv

[

Y] Y] 4 1 ~ v Y dy A A 1
ANVFUNUTIZHINSWUNVoLIUNUSpgazvosnunanau v luuaagrumIvvesnm

o Jdo

it funsmanuduiusaanan vesaumsswuni ldonnisdszananduTdauy Tna Tu
9

Y Y

A 4 1
Weasidedosouzniimineusouni 3 Usznnduile navzninhuimaaeuvzeglu
4 Y 1 H
Uszinnduiiloniinszezyinadiosdga 1nwan1snaaeanNMluszuiu s szuud HSV
H 1 Y Y 4
Tinamssuunnanga Inslinnugndeslumsswunuzniimensoulszinmiloduifen
) A J A9 A S v
Jowaz 97.15 Usznnilloduniaiosay 82.85 uazilssinmilodetiuiosas 7142 uag
9
anugndedlumsswunsiuiesas 83.80 wasnniiuldimsdsulgenszurumsduun
1 Y v
Tae1438msavsosnasnuunneda Tulafennsamsdaiiunsesnasnesn lidreaisan

9 Y

ad q 9 4 o Y o 4 dy c?/‘ = Y
’J‘ﬁﬂ13u1ﬁﬂ311|gﬂﬁﬂ\‘lﬁlufﬂiﬁnl!uﬂll3W31']1“1’1@11@fJUﬂﬁglﬂﬂLu@Gﬁulﬂﬂﬂﬁﬂﬂﬁz 97.15

3)



L o Loy & g v v
ﬂiglﬂﬂlu@%uﬂﬁﬂiaﬂag 80 llagﬂﬁglﬂcﬂlu@ﬂ@\‘]“ﬁui@ﬂag 82.85 Llﬁgﬂg'lllgﬂﬁﬂqﬁllllﬂ'li

Suunswdesas 86.67

Y
mdne: mstszananann, uewihmeuseu, msswun, iduldawn Tna Tudea



Thesis Title Classifying Young Aromatic Coconuts Flesh by Image Processing from

the Buttom and Polynomial Regression Equation

Author Mr.Suppachai Madue
Major Program Computer Engineering
Academic Year 2009

ABSTRACT

This research proposes a method for young aromatic coconut classification from an
image of the bottom part of the coconut using image processing techniques. Coconuts are
classified into 3 categories: single layer, one-and-a-half layer and double layer. Preliminary
experiments were conducted to search for significant color components in 3 color standards:
RGB, HSV and CIELAB. Percentage of the color area inside interest region was used as a
classification threshold. Experimented results showed that the S plane in HSV color standard and
the A plane in CIELAB color standard were significant. Their intensities are correlated with
coconuts age. In classification phase, the minimum distance interested regions for classification
are defined. Circular rings around the center of the coconuts for each ring the percentage of white
pixels with are computed. Then the relation between the ring order and the percentage of the
white pixels of each ring and plotted. The graph is approximated by a second-order polynomial
function. Each coconut category has its own polynomial function. In classification mode, the
graph of the unknown sample is compared against these 3 polynomial functions. The function that
yield the minimum distance is the answer. From experiments, the image in s plane of the HSV
color space yields the highest accuracy, that is 97.15% for single layer coconuts. 82.85% for one-
and-a-half layer coconuts and 71.42% for double layer coconuts. This yields the overall accuracy
of 83.80%.

A scratch mark removal algorithm was introduced in order to remove the image areas
which contain scratch marks. After applying this technique the overall classification result of
86.67%. This comes from 97.15%, 80% and 82.85% accuracies for single layer, one-and-a-half

layer and double layer coconuts, respectively
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ABSTRACT

This paper present the classification of fresh aromatic coconuts into 3 types: single layer,
double layer and one and a half layer by inspecting colors at the bottom of coconuts. We take
the photos the bottom of coconuts in RGB mode, change the colors into the HSV mode, and
then place 4 circles into the image. The 20 photos of each type are used to generate the
relation of the rings for each type by using polynomial regression. Finally, we use the
polynomial equations to test new 100 fresh aromatic coconuts, the result is 11.76% errors for
single layer, 18.6% for one and a half layer and 18.18% error for double layers.

FRESH AROMATIC COCONUT, IMAGE PROCESSING, CLASSIFICATION, POLYNOMIAL
REGRESSION

1. INTRODUCTION

Fresh aromatic coconut is one of the popular fruit in Thailand because the juice and pulp tease
very well and smell very nice. Each year, Thailand exports a lot of fresh aromatic coconuts to
many countries. The big problem for agricultures is to find the technology to classify their
fresh aromatic coconut. The fresh aromatic coconut has 3 types which are single layer, one
and a half layer, double layer. The most popular type is the double layer. In the process of
harvesting, The agriculture will look at the color of the junction between the coconut and the
fresh aromatic coconuts pole. If that part is big white circle, that’s mean the coconut is too
young. On the other hand, if that junction is small white circle, it means that it is the right
time to cut it down. This agriculture classification method has only 46.3% of accuracy [7].
There are many previous research projects about the image processing to classify harvest in
agriculture. For example, Morrow [6] present the technique of vision inspection of apples,
mushrooms and potatoes for size, color and shape. Then Cao and Bato [1] use image
processing algorithms were implemented for orientation and shape determination of
strawberry. Choi use color image analysis procedure to classify fresh tomatoes into six
maturity grades [2]. Edan [4] developed a weighted color parameter base on human
perception that provided a stable model invariant to changes in lighting conditions with
excellent classification into 12 maturity classes. Naratorn Sangprasert [7] invent the new
method using image processing to classify the type of fresh aromatic coconut. This method
can be 91.7% accurate by using the photo of the top of the fresh aromatic coconut and then
analyst the layer but if this fresh aromatic coconut is not suite to be double layer type, this
fresh aromatic coconut will get throw away because it already cut from the tree. In this paper,
We use the images of the bottom of fresh aromatic coconut because we can analysis the fresh
aromatic coconuts on the coconut tree without cutting its from the tree.

Second International Conference on Digital Processing, edited by Kamaruzaman Jusoff, Yi Xie,
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1.1 Tree types of fresh aromatic coconut

1.1.1 Single layer fresh aromatic coconut. The fresh aromatic coconut started to build the pulp inside.
The pulp will be like a jelly and it will only be half of the fresh aromatic coconut which is not suitable
for cutting down.

1.1.2 One and a half layer fresh aromatic coconut. The fresh aromatic coconut in this period will have
the pulp almost full inside but the top part will be still like jelly. Some people like to eat fresh aromatic
coconut in this period.

1.1.3 Double layer fresh aromatic coconut.The fresh aromatic coconut will have pulp all fill up. Pulp
will thick and soft. Agriculture likes to cut it down in this period.

Figure 1: Single layer fresh Figure 2: One and a half layer Figure 3: Double layer fresh
aromatic coconut fresh aromatic coconut aromatic coconut

2. METHOD AND MATERIALS
2.1 HSV color model

HSV (Hue, Saturation and Value) defines a type of color space. It is similar to the modern RGB and
CMYK models. The HSV color space has three components: hue, saturation and value. 'Value' is
sometimes substituted with 'brightness' and then it is known as HSB. The HSV model was created by
Alvy Ray Smith in 1978. HSV is also known as the hex-cone color model.

The hue is an angle from 0 degrees to 360 degrees.The saturation indicates the range of grey in the
color space. It ranges from 0 to 100%. Sometimes the value is calculated from 0 to 1. When the value is
'0," the color is grey and when the value is '1," the color is a primary color. A faded color is due to a
lower saturation level, which means the color contains more grey.

The value is the brightness of the color and varies with color saturation. It ranges from 0 to 100%.
When the value is '0' the color space will be totally black. With the increase in the value, the color
space brightness up and shows various colors.

2.2 Polynomial regression
_ 2 m
The general equation of Polynomial curve is: Y =8 X 48X 4.4 8 X +E (1)
m is highest degree in Polynomial from Eqg. (1) and Polynomial regression equation is
ap +aX+a,x2 +..+a, X"
which the square of deviation is similar to a straight lines.

3 2 m
y=aqy + @ X+a X" +...+a,X (2)

From Eq. (2) the difference of second order of real data and data from regression equation is:

Second International Conference on Digital Processing, edited by Kamaruzaman Jusoff, Yi Xie,
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n 2 n 2
SSE=3(y; +¥;) = (y—ao—alx—azxz—...—amxm)
i=1 i=1 (3)
From Eg. (3) use to find the relative of Polynomial equation by fixing Partial derivative equation equal

to zero which will get the unknown relative value that is 80,81,82:-8m T find this relative values

this can be done by solving equation of variable m. The number of relative is depending on the highest
degree of Polynomial equation.

2.3 Materials

In this experiment will be done in the closed environment

by using the light control box that consists of 2 Neon light
power 18 Watt. This control equipment has the dimension

with 0.6 m x 1 m x 1.2 m. The bottom part has black paper
to reduce the reflex. A Canon EOS 350D has been put in

Fluorescent lamp

the middle of the top of the box to take a photo. The fresh 1.2 m

aromatic coconut place in the middle of the box. The bottom

of the fresh aromatic coconut must be a center of the bottom

of the box. The length from focus point of the camera to bottom <

of fresh aromatic coconut is 0.63 m as below on Figure 4. 0-3*«:1
o

Figure 4: Light control box
3. EXPERIMENTS
3.1 Normalization image and find region of interested

The photo that gets from the light control box is in JPG and RGB color mode with 1728 x 1152 pixels
(see Figure 5(a)). Change the color mode from RGB to Gray scale (see Figure 5(b)) and then find the
proper threshold value (see Figure 5(c)). Then removing noise with opening technique (see Figure 5(d))
and filling the empty space with closing technique (see Figure 5(¢)). Determine the size of the fresh
aromatic coconut by finding the middle point of each side of fresh aromatic coconut (see Figure 5(g)),
Then draw the rectangle around the fresh aromatic coconut (see Figure 5(f)). We can find the
dimension (D) by D = (width + length)/2. After that, we use the center area of the original RGB color
size D/2 x D/2 pixels - a region of interested to classify the type of layer (see Figure 5(g)). We assign
radians(r) r = D/4

o m
= = =

(@ Input RGB (b) Gray image (c) Threshold (d) Opening technique

(e) Closing technique () Draw the rectangle (9) Resultof ROI

Figure 5: Step of normalization image and find ROI
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We transform the region of interested in RGB system to HSV color system mode and then split into 3
channels. The photo from channel S will be taken to find the proper threshold. The result is shown as
Table 1.

Single layer One and a half layer | Double layer

A
<

.

Table 1: Compare threshold image channel S (HSV) in each layer

From the Table 1, you can see that the regions of interested in each layer are different. In single layer
will have the smallest distribution. On the other hand, the double layer is the biggest distribution. We
will bring Threshold above make the ring area of interested in different sizes which are following: 1.
ring size (4r/15 - 6.5r/15) 2. ring size (6.5r/15—-9r/15) 3. ring size (9r/15 - 11.5r/15) 4. ring size
(11.5r/15 — 14r/15)

ring 1
A\

ring 2
ring 3 \ \
A

Figure 6: Draw circle in different size

After that, we find the percentage of color area for each and find relationship of the quantity of color in
each ring. The result is shown as blow.

Ring 1"Ring | 2°Ring | 3°Ring | 4" Ring

% color (ch.S) 48 50 27 10

Table 2: Relationship between order of ring area and quantity of color on color area

The data from Table 2 above can be present in Figure 7.

% colorinch. S
100 T v

% 5 1 15 2 25 3 35 4 45 %Ringno'
Figure 7: Relationship between ring no. And percent color in channel S
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We collect sample of all layer, 20 each. Then we find the relation between order of ring area and
quality of color in each ring. The curve will made from probability of each layer by using polynomial
regression equation. The result is shown on Figure 8.

% colorin ch. 5

_'__I.,—‘ —.h " Two la}:er

4t One and a half layer ;

£l

]

wof ( - N

"

o ne layer :
10}
o}

20

ol ..., Ring no.
g § 2 26 3 a5 & & &

Figure 8: Graph of polynomial regression equations

The polynomial regression of three types is:

f1=-0.6071*x*x - 0.1786*x + 12.7976 4)
f2=-1.5357*x*x - 1.4214*x + 32.6786 (5)
3= -6.7250*x*x + 21.0550*x + 27.4250 (6)

We get 3 equations for each type of layer, to determine the type of the fresh aromatic coconut, the
process will consider the difference of the graph in Figure 8. The most similar graph of the equation
and the fresh aromatic coconut will be the type of layer for that fresh aromatic coconut.

3.2 The result

We test with 100 fresh aromatic coconuts. The result is in the Table 3

fype single laysr one and a half layer | double layer

accuracy 88.24% 81.40% 81.82%

Table 3: Result of classify fresh aromatic coconut

This method can classify 88.24% accuracy in single layer, 81.4% accuracy in one and a half layer and
81.82% in double layer. The total accuracy is 81.82%. From this experiment we know, the color in
channel S will have amount of color that spread will be depend on the age of the fresh aromatic
coconut. The single layer will have fewest amount of color in the center and the fewest spread of the
color opposite as the double layer.

4. CONCLUSIONS

This method can classify the fresh aromatic coconut with the error of 11.76% in single layer, 18.6% in
one and a half layer and 18.18% in double layer. The error in one and a half layer and double layer is
greater than a single layer because 70% of this is cause by the thickness of the tested fresh aromatic
coconut pulp is in the middle between the one and a half layer and double layer. It means that we can
classify them to one and a half layer or double layer.
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