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) (2.1)
Ey(T)

o

e & Aa duussAvsnmisussidanueuveding
[ v A:l‘ 1 al = 2
E(T) fa wasuenuioufiniainingasda 4 (W/m)

ar 124 al 1 al o A = a 2
Ey(T) fia waanuanusounueningavaamaiineiu (W/m’)

q

AN5199 2.1 fMedemduUsEansnsuasidanusau [3]

¥iin FuuszAvsnisuisedanudau
U717 [16] 0.98
winazgiliilay 0.28

Leiwlal 0.82-0.92

AU 0.88-0.95

Waddn 0.84-0.86

2.2.2 ANURAMNIBUINWAS (Specific Heat capacity, C,)
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wila AMuANTBUT WL (k/kg*K)
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GIh 1.260-2.900

A . 0.460-0.900
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RGB componeris

Indexvalue

(m) )
;nlﬁ 2.4 fagnalseiAnaaanInanaadiif [23] (1) Mww1an (@) AnsEaudmn (@) and

(9) AMNWLUURYL

2412 MWAEAINTBU
Tegvlunanarganusaudsuuuudlideniumstanimalinunziunisldeu
wissanldilu 3 suuuu ldun amaeeraiufauding (eray Palette) nwareaduioudss

(rainbow Palette) wazniwaieanusaudinan (ron Palette)

Rainbow

Grayscale

=0, g

3U# 2.5 mwanganuTeugUuuuaieg [24]
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2.4.2 FupsunisUszatakanNIN
Judum a‘u'luﬂ'l'iﬂ%’uﬂqamwiﬁﬁm%’?uLﬁaiﬁmmmﬁm'}wmwaqmwlﬁdw
Tnedudanisdeyalituamlifianumingan Tumafuwasdammdunistisliasizinm
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2.4.2.1 Image Acquisition
fio duneunisldunvesamm Wunsiamilfesnisussinanalingnanfinnes

F99199%iin15UsEIIaNaLUBIAY (pre-processing) LU USUTUIATBININ NI1SaAdy I

I P a v w
suniu FederntugasuaulunisWaussuunisuszuiananin [36]

uovinfiatudisan

fgih‘?i 2.6 N13LALNUBINTW [37]

2.4.2.2 Threshold Image
AB TURBUNITULENEIUTBINIWLALNISWTI UM URNLYATRIN NS UAUAUANNSTY
e v o a ) 1 s . & 9]

1ga llunsaindayanimildnwasidaiusenineing (Object) Wagiuma (Background)

1 —= Ad 1 1 = 1 ) 1 d o
138] InsArvasiinwalunmwidiaminndmsewinuanmselaaszgniuasudu 0 (Rad) uas
- 4 1 1 H $ al A E 2
fnwalunmifidesnitAwsdlaatsgnildewidu 1 (3n17) Fewansdaunisi 2.3 nsld

a & 4 v v e - - | o o o & '
waliamstlaatuiielilanasnsiinunzauuasaudn Fadnaidyiaans n1sidenAnnsy
Toa wzdudendmsdlsaiildwiunzay awdildenvsraietioaduly wisahawnduly

WianmilaTidssuniu (Noise) 1intu vilnmilaldasauwindians

0= flxy)=T
g(xy)= { 15 fixy)<T (2.3)
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dlo sy o awluwiSilivesumis X, Ywdeanvinsinsaloa

fx,y) A8 AINTZAUMIVBIR ALY X, Y

& 1
P An  Awvsdlga
X A AnAd LU
Y IR Tl N N L]

2.4.2.3 Histogram Equalize 78 Fuaaun1suuinsInwlmiadu lnedaad
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seAuATastayan1n Fusdiunisuanuasanuivisedniugan nve s seduiiniluug

UG q

]
o .1

azuwuud dwmsudniAszaudmiduauganimuin asgniduninuinndngiiaszaudn
fdugnnmiley [25]
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(¥)
g‘dﬁ 2.7 mi‘UEI']EJ“tngaLLUU Histogram Equalization [40]

(M) nsmivisvesiandeyalSusu (1) nTmivisveslayaivenewa

% s = 5 P efu 5/ 5 =

2.4.2.4 Image Filtering Az TUABUNTNTBINN LT84 IMATULTLN U1

Fryayausuniu visedanadlifiedssasd asnsesdeyaaunsoiiliseazideanlidaiaud

w = & o8 v @ de w = Y »

Anudalaudy visiigudnwueidfnlinmameiudaty amalaainnisnsesdeyaninay

fauandiunndnaanaimsudu deinguszasdndnasinisnsssdayanimAsnisidy

o wa = v d wa

(enhance) wiaanneau (attenuate) AnsandAuaUsEn1svRIn N Walnldnminlinuauds
v o A o o v v o

AuAeIn1T lagnisnsesnmiidenididenlduuunisnsesdeyaninlaelddnaisnuy

Adnmans iWesandstdifumsaaveudygusuniu mwilldasiidyaiusuniuanas [41)

msnsesteyanulaglirafeuuundamans (mean filttering) lne3snsiiayly

1 a = L3 ﬁ’,’r P (] L =
ﬂ'lLQﬂEILLUUﬂﬂJﬁFﬂaGITUENT\}'ﬂ‘ﬂ\‘l‘lﬂilﬂ “?Nﬁ']iJ’ﬁﬂﬂ']u’JﬂJW']ﬂWWIﬁiJﬁ\iﬂiJﬂ’ﬁ‘lﬂ 24

ixy) = %ZJF;I L(x,y) (2.4)
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dl' a & U ] 1 (%) (3
We I(xy) A9 ANUWULENYEIYN A ATWUU (XY) lunnwwaang

ixy) AR ALTLLAYRRR ) AU (xy) Tuniwi j

2.4.2.5 Morphological processing fia funsunisuszananalasnisidsunlas
dnwairgUsuaclesisiweanm Fuzifertosiunisusndnussnouvesnmielilunis
waneguse loiwn n1sgenw (Erosion) n1svananw (Dilation) wagn1smlasaadandanued
Jng (Skeleton)

n1398ne (Dilation) Sumeunisveetiuaunsaldfunmluniuaznmdion dada

=l o

nefifiuiliiingussasdlunisanuuiavesiunasas Lagaog LY ULINTaITRg a11150LaRd

1

Juaunsléseaunisi 2.5 [26]

ABB={(x, y+(u, v):(x, y) EA, (u, v)E B} (2.5)

(n) (%) (@)

a 1

= [%} 1 v
sUN 2.8 MagA1TVENIN [27] (1) AMWALLUUNDUYEIEVUIA (V) AIWWAIVLI18YUIRN

U

v o 4 @ v, od 4
Tnalaseasea@wasy 3x3 (A) Munan15v818vUn LaalAsIAs 198 as 5x5

nseavun (Erosion) TumeuniIsEsvuIatiuamasaviilalaenisansuininguay
ggnefunds Judunisautuusnvesinaresingoen aunsawanaduaunislasaunis

2.6 [26]

AeB={w:B ecA} (2.6)
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(%) (m)

(n)
UM 2.9  @18g19n158e0 W [27] (1) AWAUWUUABUERIUIA (V) AWUAIEaTUINLAY

9

s o w1 v o o
Iﬂidaiwﬁmaau 3x3 (A) NMWKNAIEVUINRELASIASI9ELNA8Y 5X5

=al . a (7] o’.JJ ] .
A1slatnuils (Opening) LuN15TMAUTDITURBUNNTEDUUNA (Erosion) Lay
Jumaun133818 (Dilation) lagAidunrsamainu Jeaiunsadivuailuaunislanaiiang

aunsn 2.7

AeB=(AOB)DB (2.7)

(n)

5U# 2.10 fMedrenrslanuile (1) Awsuluudsuiin1slalnuil (1) A mnawiinig

ToLmudls

A5lAaaR (Closing) tunissrufuvesduneaunisvene (Dilation) way

Funauni158avuIn (Erosion) Inedidunisaiuansu deanuisanmvuaduaunisiasaannis

728
(2.8)

A *B=(A@B)6B



drilnvedanan nissendaanIzie .

(n) (@)
sU#1 2.11 dredreanisiaaads (n) awdunuudauiin slraade (1) AMWuaevianas

TAaads

2.5 NUNIUIIUIBNLNEITD4

Ludwig et al. (2008)[28] yhnisveassmsadeuamtuvadlinasyulngléndos
dgnmanuiou Sanmdeanufeuildansassyiunisesfiufiiiiautu Ui
1) fuandreiu Tnsueuinaldannsoveuiuldenilar nsléndasdeawanuieu
Tunsasavasuiduisiisinia Liviarelfuazyu iensivdrfesazvasaruduainnis
nseaeuihliiaunsadesiunsiindesld dagtulunimssasuarmiululdldineiai
fandmiun1msiadey

Ginesu et al. (2004) [8] Fn1snaassnsrdeviwlantasulusmisineldnmene
msanudou Fuduiinsnredeuiuanvasunuulliiguuuaaanllannsonsiany
Tneldndnnisauuandisesridulseaninisussadamuou uazanugaiufourasing
Tnelimusaudiuiadlunisnseduingiteliduantaenaunsauanseanliednedaiay
dauvanUaeuiimamasey Toud taulsl tauaszaty wazirvindn Tnsldnmamalunis
Uszanananw 13sveais waglddnvasdugulunisimgsit nanisvaaaanuinnig
nsndudadanvassluemnsdieamdiamianuseuduitnisiuusaud mSunitam
Tunsmsandunuus i

Manyong et al. (2008) [29] ¥n1svnassmiUsunadaunnsssnielfvestuaulagls
wiAtlA Lock-In Thermography miwﬂaaqﬁmiﬁmumiauﬂwéaﬁ’iﬁgﬂéw YUIA WazAIY
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1. A5 llUswnsy Thermacam

1.1 subaranfilusunsu Thermacam iialnnsldau

5U# 1 n1slalusunsu Thermacam (1)
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Detection of Foreign Bodies in Roasted Coffee
by using Active Thermography

A. Ngoensod, N. Nunak, and T. Suesut

Abstract—This paper presents the detection of foreign bodies
in roasted coffee by using active thermography with real-time
thermal image processing. Foreign bodies, including stone,
wood, etc., are found in roasted coffee beans contaminated
during drying process and transportation. The principle of
radiation from objects with different emissivity and heat
capacity is applied. The heat radiation from the roasted coffee
and the foreign body are different; therefore, the thermal image
can be used to identify the foreign objects. The active
thermography system consists of a thermal image camera and
computer image processing, heat source and conveyor system
controlled by programmable logic controller. The testing and
experimental results of the proposed system show that the
foreign bodies in roasted coffee beans can be found in all
batches, however, the number counting of foreign objects are
inaccurate.

Index  Terms—thermal
Thermography, emissivity

image  processing, Active

[. INTRODUCTION

In northern Thailand, the hill-tribe farmers grow Arabica
coffee, while Robusta coffee is grown in South of

Thailand [1]. Thailand is the third grown coffee in
Southeast Asia [2]. Normally, the coffee production starts
from growing coffee, harvesting the cherries, processing of
cherries, drying the beans, milling process and finally
roasting process. The quality of the coffee is not only
depending on the odor and taste, but also the quality of
production is very important. Consumers always have high
expectations about food purity [3]. Generally, roasted coffee
beans contain a small percentage of foreign bodies such as
stone and wood. Therefore, it is important to find the way to
get coffee 100% pure [4]. In coffee industrial production,
many of coffee producers need a pure coffee without any
foreign bodies matter because foreign bodies will reduce the
quality of coffee. The traditional detection of foreign bodies
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in coffee by using a person or sorting apparatus, it is not as
good as it should be.

~ The color sorters are the machines replacing hand sorting
that consists of the functions of the human hand, brain and
eye by separating the color. The color sorter can reduce the
amount of foreign bodies, but it cannot be done effectively
for 100% [5]. There are many possible reasons for the
limitation, for example, the difference material with the
same physical size and same color.

The destoner or specific gravity separator is widely used
in coffee industry based on the principles of different
specific gravity. This machine can be used to produce
roasted coffee for the finest quality and it is suitable for the
large coffee industry [4].

To overcome this problem, in recent years, many new
applications of infrared thermography have been developed
[31[6][7] Infrared = thermography is a nondestructive
evaluation method with an increasing span of applications.
This technique 1is able to detect contaminants or
inhomogeneities. Many industries use thermal image to
detect foreign bodies.

Infrared nondestructive testing is particularly suitable to
evaluate the quality of fruit, vegetables, seeds, flour, etc.
This method includes passive and active infrared
nondestructive testing. In active infrared nondestructive
testing, the sample under test is stimulated by appropriate
thermal activation and thermal images are collected in a
determined interval time in order to reconstruct the time—
temperature curves of the sample. By analyzing the behavior
of the curves for any image pixel, inhomogeneities, flaws
and foreign objects can be individuated even in the case of
internal defects [7].

In this work, the problem has been solved by using active
thermography to find foreign bodies in roasted coffee
products. The principle of active thermography was applied
to the foreign body detection system for roasted coffee
beans.

II. PRINCIPLE
A, Emissivity

Emissivity is the coefficient of thermal radiation which
ranges from 0 to 1, can be defined as a ratio of the thermal
radiation from the surface of any object to the thermal
radiation from a black body at the same temperature. The
maximum thermal radiation that surfaces can radiate (Ideal
surface or black body) ise= 1.

Emissivity of a surface, denoted &, is defined as

E(T) )
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where

E(T) is the thermal radiation energy of any object
(equation 2);

Ey(T) is The thermal radiation energy of a black body at
the same temperature as that surface (equation 3 and 4);

E(T)=goT* 2

Eb (T) o C’l d (3)
0 |:15 exp (Cz] - 1}

AT
B (T)=ar" Y

where ¢ is the constant of Stefan—Boltzmann is equal to 5.67
x 10* W/m? - K*.

Emissivity depends on the type of object, the surface of
the object and the surface temperature of the object.

B. Active thermography

Active thermography is a method that enabled
nondestructive testing assessment of properties of materials.
This method needs external heat source to stimulate the
thermal energy to the sample. The difference of thermal
radiation between the sample and the defects can be
classified by the thermal image. There are 3 methods for
active thermography: pulse methods, lock-in methods and
pulse phase methods.

Meinlschmidt [13] was developed thermographic
detection of defects in wood-based materials. When wood
sample under detection was heated with heat source, the
temperature of the surface will increase suddenly. The speed
of heat at surface diffused into the sample based on the
thermal properties such as emissivity, density and heat
capacity. The defects in the sample made an obstacle for the
heat spreading process. Thereby, the surface temperature
over the defect would drop slower than the temperature in
other areas and the surface over the defect expressed the hot
spots for a long time.

Excitation: Heat Impact

Recording: Heat Emission

Fig. 1. Principle of active thermography (adapted from P. Meinlschmidt)

III. EXPERIMENTAL SETUP

The experiment setup consisted of infrared thermography
camera FLIR series A315 (see Table I), Halogen light bulb
50-60 Hz 100W, Conveyor 15x160 cm® 7.27 cm/sec,
Programmable Logic Controller Omron C200HX, photo
sensors, and computer for thermal image processing as
shown in Fig, 2.

ISBN: 978-988-14047-3-2
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Halogen
light bulb

Thermography
camera

= Photo sensors_

@

Fig. 2. The detection system for foreign bodies in roasted coffee by using
Active thermography.

Conveyor

TABLEI
TECHNICAL CHARACTERISTIC OF IR CAMERA [15]
Measuring range —20 to +120°C (-4 to 248°F)

0 to +350°C (32 to 662°F)

Accuracy +2°C or £2% of reading
Resolution 320 x 240 pixels

Spectral range 7.5-13 um

Thermal resolution 320 x 240 pixels

Image frequency 60Hz

Field of view 25°%18.8°/04 m (131 &)
IFOV 1.36 mrad

Sensor Uncooled microbolometer
Camera Interface Gigabit Ethernet

A. Foreign bodies detection procedure

The detection procedure started from preparing the
sample by mixing the roasted coffee and foreign bodies (i.e.
stones, wood), and placed the sample on the tray. The
conveyor system controlled by PLC was turned on. Then the
sample tray placed on the conveyor belt. When the sample
tray was passed to the first photo sensor, the belt would be
stopped in order to heat for 50 seconds by stimulating light
source. Afterward, the conveyor belt would move the tray to
the second photo sensor which was the position for acquiring
thermal image by infrared thermography. This step spent
time for 4 seconds, including cooling time of sample and
thermal image processing. The thermal images were
analyzed to detect foreign bodies in roasted coffee using
Vision Builder Software AT 2013 (National Instruments) by
using functions stimulate acquisition, extract RGB, filter
image, threshold image and detect objects, respectively
according to the flowchart as shown in Fig. 3. The analysis
was divided into 2 parts. There was detecting of foreign
bodies and counting the number of foreign bodies. Stimulate
acquisition is used for exporting images into the program,
extract RGB is used for converting images to 8 bits, filter the
image is used for suppressing the high frequencies, threshold
image is segmented color into 2 colors (black and white),
and detect object is used for counting the number of foreign
bodies.

B. Estimation of cooling time for detecting foreign bodies

This process for estimating a suitable cooling time after
the roasted coffee beans was heated. The estimation was
started by preparing the sample. After that the samples were
heated for 50 seconds in order to increase the temperature of
the samples around 40°C by stimulating light source. Then
the samples were cooled down for 24 seconds in the ambient
temperature and infrared thermography camera will be used
to record thermal image into video files. Finally, the roasted
coffee beans and stones were analyzed the temperature by

IMECS 2017
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using FLIR IR Camera Player software. The experiment was

repeated for five times.

Acquire thermal image

'

Image preprocessing

.

Threshold image

!

Image object detection

.

Counting foreign body I

&

Fig. 3. Image processing for detecting foreign bodies

C. Emissivity measurement

From the previous work [14], we applied this method for
measuring the emissivity of roasted coffee bean and stone. In
this emissivity measurement, the sample tray and the black
tape were placed on an aluminum plate which was heated by
water in a hot water bath for 85°C. The emissivity value
shown on the thermal camera was adjusted the temperature
to the temperature on the thermal camera was equal to the
temperature at the thermocouple.

IV. RESULTS AND DISCUSSION

The experiment results were divided into 3 parts: foreign
bodies detection procedure, estimation of cooling time for
detecting foreign bodies and emissivity measurement,
respectively.

The foreign body detection procedure included detecting
of the foreign object and counting the number of foreign
bodies. Thermal images have clearly shown the difference
between roasted coffee beans and foreign bodies, even
though the eyes could not distinguish at some parts. FLIR IR
Camera Player software was acquired thermal images and
analyzed the temperature. The optimal setting temperature
for the level and the span of this experiment was 27°C -
47°C.

For the detection of foreign bodies, the experiment was
done randomly for 200 times with the sample containing the
foreign body and the roasted coffee. The testing result found
that the proposed system could correctly detect the foreign
bodies for 100%. The detection result from Vision Builder
Al shows pass for pure roasted coffee and shows fail for
detecting the foreign bodies as shown in Fig. 4.

However, counting the number of foreign bodies was
found some errors. The samples in this experiment were
added 1, 2, 3, 4, and 5 pieces of the foreign bodies,
respectively and the experiment was done 10 times
repeatedly. The result found error 2 times of the total 50
times. The examples of counting the number of foreign
bodies have shown in Fig. 6.

JSBN: 978-988-14047-3-2
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# Cbiects =0

Fig. 4. The examples for detecting foreign bodies. There are thermal
images from infrared thermography camera, gray images converted by
FLIR IR Camera Player software and the result from the program. (a) The
detection of stones in roasted coffee, there is no any foreign body, the
program cannot detect foreign bodies. (b) The detection of stones in
roasted coffee, the program can detect foreign bodies.

(a) (b)
Fig. 5. Examples of roasted coffee beans and stones are mixed together.
(a) 5 pieces of stones in roasted coffee, (b) 3 pieces of stones in roasted
coffee and (c) 5 pieces of stones in roasted coffee

L

Fig. 6. The examples of counting the number of foreign bodies from Fig.
5. There are thermal images from infrared thermography camera, gray
image converted from FLIR IR Camera Player software and the result from
the program. (a) The detection of stone in roasted coffee, the program can
count 5 from 5 pieces of foreign bodies. (b) The detection of stone in
roasted coffee, the program can count 3 from 3 pieces of foreign bodies. (c)
The detection of stone in roasted coffee, the program can count 5 from 5
pieces of foreign bodies.
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The problem may be caused by the segmentation of the
thermal image. The image processing algorithm cannot
classify the difference between the roasted foreign bodies
and sample tray, therefore, the function of counting object is
mistaken the operation.

Fig. 7 shows gray images recorded from the infrared
thermography. The intensity level relating to the
temperature, low temperature was dark gray and high
temperature was bright gray.

The estimation result of cooling time for detecting foreign
bodies has shown in Fig. 8. In x-axis represents the time
(seconds) and the y-axis represents the temperature (°C).
After stimulating with same heating time, the temperature of

the stones was constant, but the temperature of the roasted .

coffee beans was gradually declined because both materials
had different emissivity. The suitable time for detection was
the first second which the tray was moved to the position of
the infrared camera due to the temperature between roasted
coffee beans and stones was the most difference.

(a) (b)
Fig. 7. The image and gray image of sample tray is placed with 5 pieces of
roasted coffee beans and 5 pieces of stones.

Lh
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Temperature (* C)
s

35 9
30
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—+— Stone @8-~ Roasted coffee

Fig. 8. Temperature curves of the sample in cooling times after the coffee
beans and stones are heated about 4 seconds. In x-axis represents the time
(seconds) and the y-axis represents the temperature (° C).

Table I shows emissivity of roasted coffee and stone from
the experiment. The results of the emissivity were the
difference between roasted coffee bean and stone. After the
samples were stimulated, the surface temperature of the
samples was different because of the thermal properties.

TABLEI
EMISSIVITY OF THE MATERIAL
Material Emissivity
Roasted coffee 0.75-0.78
Stone 0.80-0.85
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V. CONCLUSION

In this work, the detection of foreign bodies in roasted
coffee was done by the principle of radiation from objects
with different material properties such as emissivity and heat
capacity. Consequently, the heat radiation from the sample
surface and a foreign object surface is different. Therefore,
the thermal image can be identified the contaminated objects
from the roasted coffee beans by using active thermography.
The testing and results of the system show that it can detect
foreign bodies in roasted coffee beans accurately. However,
it still has some problems caused by the thermal image
processing. The result of experiment presents a clear
comparison between roasted coffee and foreign bodies. This
system can be improved to an automatic real-time system
and this principle can apply to detect foreign bodies in other
products as well.
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