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A Wireless Sensor Network for Rice Whiteness andRice Temperature Monitoring

in a Whitening Process
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Abstract

Whiteness of rice grains is a key factor for making a decision to increase or decrease the power in a rice

whitening process. Traditionally, an operator in rice mills monitors milled rice quality manually at sampling

interval of 172 hours since there are no continuous on-line measurement methods available or in some
cases, the whiteness is estimated by an experienced operator. Thus, the aim of the research project is to
builda system that can measure the whiteness and the temperature of rice grains after being whitened by
three whitening machines and displays the results obtained via a wireless network. There are two main parts,

i.e., three sensor nodes and one base station. Each Sensor node consists of a color sensor, a temperature
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sensor, a wireless module, a display module, and a warning LED. It also includes a rice sampling mechanism
that can take a sample of rice at every 30 seconds. Then, color and temperature of rice grains are
measured. After that these data are shown on the display module and sent to the base station via a wireless
network. The base station consists of a wireless module, a Raspberry Pi single board computer, and a
display module that can illustrate the data to operators.The experimental results showed that the average
error of rice whiteness measurement was 1.22%, while the average error of rice temperature measurement
was 0.87°C. Both rice whiteness and rice temperature were transferred to the base station via a wireless

network and shown on the screen correctly.

Keywords: Wireless sensor networks, rice whiteness, rice whitening process, rice mill
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Figure 1 The block diagram of the overall system consisting of three sensor nodes and the base station
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Figure 3 The block diagram of the base station
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color sensor 493z 16@A1 RGB V8Iueard1819717

AIuEadlu Table 1

Table 1 The relationship between rice whiteness
percentage using Kett C-300-3 and rice
color using TCS3200

No  %whiteness using Rice color using

Kett C-300-3 TCS3200

R G B
1 28.4 154 127 95
2 32.0 158 136 105
3 34.8 173 149 116
4 36.7 176 151 118
5 38.2 186 159 124
6 40.6 196 171 135
7 43.5 207 181 144

ANNUFNNUTVBIATUAZAINNDIIINN
\3esinuasgiuuasan RGB Afald ane3nld
FUAUD 2 WWINTY Ao ANNFNNUTLABATINUANE
RGB W&z ANFNWREAUAIANY127 LN
WUUsI889 HSV Seutasanend RGB filaanms

Naaad
ANMUFUWUTUIN Ao aNAITLTILEY

sdaluil
Y = b + byXy + boX; + bgxg (1)

lasf Y Aasosazainua1v899)
by, b1, by, bsABANAIN
X, Xp, XsA8F1 RGB

anenfilalu Table 1 1JaldaunmInanas
WUULB 9@ (Linear Regression) 3= lddnasi @a b,
= 13.5933, b, = -0.5436, b, = -1.9008, W& b, =
1.81716 000 anuFunwEnle do
Y= 13.5933+0.5436(x,)- 2)
1.9008(x,)+1.8171(xs)
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Y= 77.4725-0.0131 (W) (4)

lun1snasauniadnugndadzaaunis
(2) uaz (4)ﬂm:;ﬁ€fﬂvl,ﬁm°ﬁnﬁ‘hmu 4 ¢a819uN
M 3ian1en RGB uazulasmunnusuwuin be
NN WU'laNaas Table 2HAN1INARBINLIN
ANuFNRUSAuENNT (2) lhanugndasannni
ANUFUWHEAINENNIT (4) hufe Jaanuaaia

LARDULRAE 1.22%

WUULBILE(Linear Regression) 3z 16

Table 2 The accuracy test of the rice whiteness sensor using the color sensor compared to the standard rice

whiteness meter (Ket C-300-3)

No %whiteness using  Rice color using using Eq. (2) using Eq. (4)
Kett C-300-3 TCS3200
R G B %whiteness  Error (%) %whiteness Error (%)
1 29.5 146 122 92 29.45 0.16 28.94 1.89
2 33.6 156 132 103 32.75 25 34.66 3.15
3 37.3 185 160 123 36.66 1.71 374 0.26
4 41.9 194 171 138 41.56 0.81 41.91 0.02
Average 1.22 1.32
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LL‘]JLIE]%W’]L?@]VLiﬂ’]imJNﬁ E%MLX90614ESF luﬂ’]i Table 3 The accuracy test of the temperature

nasey wfmuaszEziIERiduTeTuaz iag sensor
A o o A a ¥ o A o A o
Ada9In1370 F9A0 11 lawaziaiounuLaiadla No  Thermometer  Temperature  Error
qmwgﬁmaiwﬁma%ﬁmﬂsaw NanIINaFauLdn (°C) Sensor (°C) (°C)
&3 Table 3 1 23.8 24.05 1.01
o . 2 27.1 2717 0.25
AINNANIINARDINUINTULTII
"L e e A 4 I 4 3 28.5 28.45 0.17
amnniuuy $FuNE Jannunaiatndanlagiany
a kL 4 30 29.77 0.76
0.87 °C 5 32.1 31.89 0.65
6 35 34.77 0.65
nnagauszuulagsIn m 1598212 7 38.7 38.11 1.55
A o ¢ Ay v o & a & 8 455 44 61 1.93
Luamqﬂmmw"[mwwmmuvlﬂmm tu,
Average 0.87
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Figure 6 The rice sampling mechanism installed
at the outlet of the rice whitening

machine
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Figure 7 The results shown on screen of the base
station after 3 sensor nodes installed at

the rice mill
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