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Research Title: Design and Development of Thermal imaging Machine Vision System for
Automatic Foreign Bodies Detection in Grains
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ABSTRACT

This research presents the design and development of thermal imaging machine
vision system for automatic foreign bodies detection in grains by detecting foreign matter
in the rice and roasted coffee as cases study. The type of foreign matter is mixed in the
stone, wood chips and plastic. For the thermal processing is divided into two parts: 2D
image processing that can identify foreign objects by processing the area and the diagonal
of the object; thermal imaging processing can identify foreign matter by using different color
processing of thermal images after the object is heated. Different objects having different
thermal properties; therefore, the radiant heat dissipated to the thermal imager of different
objects is also different. The testing of the operation in real-time system can be validated.
The percentage of errors from wood and plastic chips were 14.87%, 6.24%, and 13.81%,
respectively.

Keywords: Thermography, Image processing, Thermal properties, Grains, Foreign bodies
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o lavzdo iringildnsaadufiaudinisiniiuazantintauindnadieadaty szl
UseAniamlunisfanenianslavsanas drulvgagldnsiaasviuvantaonly
NILUIUATTEAVINENaUBINEGNaIn (Wthnw uavaniy, 2545) dmiunssuiumsinuen
51"3H%%L%aﬂaﬁuﬁauiwwlﬁawm15ﬂLLEJnmé"ﬂﬁwavﬁaLtﬂaﬂﬂaamﬁﬁauﬁ’ﬁmqnwmw
'lnal,ﬂaqnulm vty Svunawinfu Silwdnwihie vielusuaswinduld Suwiindatess
n1saanuin warUsevdamdaanann uidhllaunsadnuenduanuassldveun

2.2.3 nansrvseuiawantasudesnsnadmd

INFNaIFUUIZNBUMENTZUIUMTTUNMW MTIATIERA W Lasvhanudhlaniw v
\deunvunsueaiulasiuiveayed dussuudidnnseiing Snsnaivied Snaswaunanedis
saiflawiaduansaufuarrendfauiundesdiofansnldlununsvaounasfnuenuanan
nansinuasldedesrmiilaridugi anunsnanuseu wazUsendanailunisvinauld
UsgloniBnananils Ao \Junisasegeuuuulivhang Taealunisnsivaevuasiauonas
wlanUasudiniuwdaiin gy 412 agldnmsussinanadonmd (Color Image) endurmuauta
vosdudarfifiunndreiuveusiasing lnedfiAntutuinonaduwsivadn i luguiinnuyed
ueaiiiu UsgnaulUdedsunu 7 & 18 Siae Sasmu dihdu 880 Swides duan Aung Sedeng
q wardareglutimiueriadu 380-760 urluwns nsnsaaaeudaeithuldnaununis
avavEBufmaeeuitidedinlunsuenditauannvans Gunduie, 2551) Fafu
Rl luedasdnusnd (Color Sorter) (rSeaiilddmiunsavaeuuarinuendawantasy
WU N5 U Ay 58 Waen A A wasudadivdug Tnserdenisuansewesdifianaiy
wannsvivuveassosiauend fe Werdanasuludnlulufiufinsiaaeuuas (Photo detector)
wazinsRsRERUMEIEUUNaaY CCD (Charge Coupled Device) ¥uthiiduduaosiviven
lngn1saIvaauLsayiniga Lta.,mwmmml,muayLﬂasumLz,mLﬂuﬁmmmamaaﬂaqmmaﬁ
Wasuaswdonludyyndinoasng mnuuhhunimvmmaaumamsﬂsvmawamwma
mmamwmaamwsaﬂgLaﬁa‘uauaﬂmmwaau m‘[tlsu.nium's'mwuawﬂgmﬁﬂ aaafgﬂqulﬂwm
UANIATDISNDINA LasdeTanoanuansinand 2.3 (n) oz 2.3 () 3 Filortwfivannwion
Jafvludaite uanmﬂumiaaﬂﬂLwﬂammmimmlﬂﬂsvaﬂﬂﬂﬂﬂuwamwamamianmiauq
WY WIN nszisy wannu Ludy agrelsAnnunsguiunisasivdauLatAnLenaIgaAIIL
unndnsvosdiartsoAnuendudantasuldsondy uiornliaunsawsndulanyaaudiig
TndiAnaiule



Reject Receptacie

Rcddish whcat

Sorted bulgur

il 2.3
AU Bayram and Oner, 2006

2.2.4 nMsasavdevdaanyasudendessnenmanudeu

AMenANEou (Infrared thermography) léanndesiianunsadienmeasnisusinaiy
founndursnse dwrsalilunisiadgamgiuuvbisuiatng Inovialuiswuiaiesde
w3eedng Yo gunsaivaeuiinsinasiinanwiouiuiiaunfnoufivsinaruudeme Fafufah
¥ Infrared Thermography flunumesgramnlunisuszendldauitontsinuasunaeulusy
Urpsihwndetieatu nmsasedevannzlugnamnssu msinmd nIvnaes wazdue

nsusgndlfnundssdisnwanudeuiionisiauaznismageundseeniy Ussam 2
Ao Passive thermography ua¥ Active thermography #991u3daiiinausnisnsiaduds
wanUasuiivzunluwdaivsemaila Active thermography 133 ldEenthumegey 3803
Uszgnailunisliszuuilnealundrasdesdiunaansedumuousinaeuen (Heat Source) 1
Juundddiauieutuingfisginisasvaey dehedilasionldiduumansedumiuiou
dwsuaunsisasuuuvlivinany As uasannuasalielalny vaenlidueu uwaalves
nszualvifmyuin vie  Fansilella Wudu Medrnisusvyndldidesaraninainudeusie
winlla Active thermography TunsmaufAnunduuusiuleds dawandunind ¢ Tnslia
ouasunifnvesiedenou mniuléndesienmaniudeunsiaaouruinund wudiuiion
mLﬂuiwsqmn'maameﬂ,umwmauﬂ“muaanlﬂlmuaEmwﬂ,wﬂ'nmauauauaau’mnmmnmau
muumw1’Lwnaaqmmmm'zawusLaamwmﬂnmlm mmmﬁmimwaauLLUUlummame
Active thermography u%umanuaqwmma \iu 3% lock-in infrared thermography N3
naaeuiedtiianududauninninittuilesnin undddaiufoussfectoudiudnuay
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al « 1 o & 2 ¥ 1 el at =y !4 b4
munavudyanled iuludguasalnsesuanudou wu vaealv wie Sanslela tely
4 5 oF L N cl' L
AnudaunniuiananauaustlugUuureuns (Phase) uay uuniign (Magnitude) Innawdile
nnaeanten naLiay lunmveswaauisauenismrudusiusvesnatlunisnszanesaiy
Sou LLavmmwmﬂnmuuwumlﬂ 5 Pulse thermography Ssiiuidnisldaanudousinumas

‘i“’ﬁlULWENLLﬂ‘iyEluL’Jﬂ'Iﬁu 9 mumuaanwumaawumaaﬂ ArANATITouTIHIzYR TER
Cp) warAduUsEBvsnsusssiiainudou (Emissivity)

Excitation: Heat Impact Recording: Heat Emission

Base material

P v 2 w & ey = P o ) '
AA 2.4 (n) Msianusauiuiuiall @) vnufildulnsaesarananusaulauiuni
#iun: P. Meinlschmidt (2005)

n13esvdeudwmaundluemismendstatgnmauiauvilalos ordenisnsradued
(=Y = ) LY P v 3 [ . 1 1 o oo
durlsuianuneanuaningivihainiagsneiiafiu gy Anakana13YeInIsuASsEBuT LAY

- P = w ' a a < a1 w e
awnsuasilanUasufivuagludndy awinTaqusiaseileflasiusenouneluiisinetu 3e
1 2y | - & [y o tY ) ar 1o o
danalvilian Emissivity (€) fidhaiiu vilianuamsalumsgaduanufouresidnuasnisunyed
avmiusanunInTagsaiu Tnsnmmsisaeudie Biindudeddgunselldaudeuvnionanu
a - I . ) A o w ' o o
L8 (Heat Source ) unwdane iy Flash Light Lusy iNamlvauuanssassdinusasn
nddnunAivmdniuanasfudaauunddu antinhnmdemsanudounaseinded
franundafiviuiulanUasy Sasinasdninguisenunszaenndesiuanduandy
mwmamwmau LLa~LLammmamwuﬁnuammmaqmaﬂw‘u Tng¥ngifigumgiganinasuandd
AduninYanfigamgisiing mnsdnmsdndndshli aunsasenddiauninideuulufuda
foglel doftvasnisléndosdrvnmauiouluntsnsinasudaunilumdnde Wud awase
o - 1 | 1w o al < @ & o =
- asdevdwdandasufvuleowludaielnglinesduda wadesfunsuuiouiionainain
qunsalldlunisnsisaey dadunsesteaeuuuilidudadslivilionnafnnisgey e
1 . 2 o y [ w a4 = 1 [ 1

amargniaueutunmnlasinnisuiidussing Taduadundimanlwirlugw

UNsLIA (nfrared region) Nnsnsrvaaviaudanyasudionisuszanananmaieaiuiou
L =, =l ° = I w o o L = ﬂ'q !

JagtunduAsadiueuegluseduiuide Tnsdunmsindmaunmiiansunauuansdisves

: 1 wa ~ P =
aw Fudumauraineruuanarsesaudiniauioursundafivuarfulantaoufideants
NTIVFAU

E (T) = €oT* (1)
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A s 1 &t - tf 1 t 2 AI
A15149% 2.1 segnsdudsyansnisudSadanufeuvesdandanlasunaziuanne

S fuUTeavintsuntedautou flan
wiwlalom 0.82-0.92 Touloukian and Ho, 1972
Ay 0.88-0.95 Mallory, 1969

Gubareff et al., 1960
Kreith and Kreider, 1978

gnwén 0.21-0.28 Arnidon, 1999

Hlwesuein 0.84-0.86 Boudenne et al., 2005
fhdeas 0.92-0.96 Jeng Liang Lin et al, 1998
favdes 0.93-0.95 Ramstad and Geddes, 1942
P 0.93-0.96 Kazarian and Hall, 1965

1) auganufoudunie fe Arfuansisquandilunisiuanudouresing
Tneirlumugaudeusiimeio vhinamrudoudlildinguaa 1 wiae fguvgiifuiunie
anadSINLF 1 ase ey Usnuenaseusonisuanemhsaumgl 1wy unasiseniu
Aspsrnfuadea Nlaunassreflaniuressrenidua wiagareilansuneinadu dmiuaunis
vesmammaseumdeuningldfussiamiluansiaunisd 2 wayfedaugaruieu
SumrvesTanuansiinged 2.2

7
q= m'[ c,dr (2)
n
159l 2.2 Hetemuganufauduwizvesdudandaouazidaiiy
A1l AL Sau U (ki/kg'K) P
141 1.260-2.900 Tan, 2010
#u 0.460-0.900 Lalit et al., 2010
gnindin 0.477-1.449 ASM International, 2002
Measuaia 0.881-2.584 Boudenne et al,, 2005
PGRN 1.926-2.912 ASHRAE, 1989
_ , Alam and Shove, 1973
f%daq 1.583-2.353 Ramstad and Geddes, 1942
Kazarian and Hall, 1965
AR 3.660-3.326 Legrand et al., 2006

2.3 MueaeANsau
2.3.1 msudfedaiaiou
Tnqunuiindifigaugiigainitdigudesaduysel (Absolute Zero u3e - 273.15°C
w30 0 K) azdnswifedianufausenut dmiunalnvesnisuifedaufeuinainnisdu
(Oscillations) uaznisindeuil (Transition) vedidnnseudsuszneviuduaats Sngfifigangd
gedidnnseussduvdaindeuiiing dwalindenunigluingiiang nanlimdsnumaudoud
wlpananimgiimuduiusuusiunseiugamgl uasiedanufeuiivieananingegludasniy

d = - 2 [ -7
gndulszutn 0.1 lulaswas 89 100 llasiuas (Usednd 2553) Tasanuiduasenisus$ad
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mﬂmauaanmmmdﬂ q e aqﬂ 43 © Wiy 0 Baen LAAITINNT 2.5 (1157 WaTHINg,
2555)

r,O

Directional
distribution

d 19 =i du =1 ot =
AIWN 2.5 AMSULHSIEINANUNIMUTHNURIUTIANG
AU W9 wasnIna, 2555

o el o & o PP a .y Yy  woad a o
FEAAMUITDUNIVUANUEDDNIINWUHIING VY (Radiosity, J) Ussﬂaum'wsqamﬂﬂmmmq
L. W P~ 9 w v ar
184 (Emission, E) Ltaz'iaamnaqLnmaaaﬂmasaw‘%‘ammmqaumﬂizmu,azaswauaaﬂmmmq
o IR — o v w P
(GA,ref) wansluniwit 2.9 dafu Radiosity N8anu1IINIREeNEUNITN 3

J=E+ G/\,ref (3)

2.3.2 Nagtngn Aoy
2 1 . 0w
NABIaIBNMAINTOUNSD Thermal image camera  (T1 - camera) ugunsalfild
& 1.7 s QAQ r 1 L o -] QU a L7 @) &=y ‘J 1
dmivinguugiininevinglagluiimsdudanazihaieing onden1sinisddunssniiukenn
aQ/ v 1 e Al AU b =9 e/
1ning uazufudArfiddunsusaninlilugunglondungves Planck Lavngao Stefan-
ar =] L2 (-] ot A
Boltzmann (A1 Wag NIWa, 2555 (BNWaEN1IVIULERIANAINN 2.6

Optlcs
of window

Target Atmosphere Datactor Display and interfaces

l'-‘ v =y ot la oley at
NN 2.6 ‘i-"d‘U‘Uﬂ’]'5’3QQMWQNIG]El?J']ﬂEJﬂ’]‘iLLNi\?ﬁ’EJUW‘i']Liﬂ‘ll@@’]ﬁ]q
fun: Gruner, 2003

dlsznoundnuanaas TI 1aun 1aud (Lenses) #9m5193u (Detector) uayduuaning
- (Display) Tnefivdnnsyhaused wndnmaoanulisluuvrananduasiiay wazUsznausmie
wuwawumauﬂmswmam Lmaumu,amqwaaaﬂm'l,uiﬂmemmmamanumuamwnmawm
th q ImamlﬂaumﬂvLLamama‘wuamwnuaeu,avamwumemamawmmwuamwmm ma‘[wua

q
|

ATNULEARSHATBIUZ m‘wuqm‘wgugq LLﬁuI‘VI‘Uﬁ&JﬂLLﬂﬂQNﬁ‘U@ﬁﬁ'ﬁL’JW%NQﬂJWQN@'] HAUDN LLﬁ]ﬂB’i}.ﬁﬂ
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Inwuwesudazia Wethuisinfueruszneviudiuam Bend1 amdrenisainuieu
(Thermal Image) (WiM31 Uay viwa, 2555) JUkuuningaumgisiandesiieniwanuiou
wisaanifiu 2 uuuufe mstmideUiune (Quantitative) Fuvnefisnsingumgiinesaaiiauls
wazn1sIaBanua1w (Qualitative) Famurefan1sRiarsuinnuuani1arasnn dan15¥aids
auawanansadlulssgnaldenludnunieeng (evawd uasane, 2556)
2.4 MSNVNAUITIUNSIRTIREITRY
2.4.1 nsnsavdaudaRvftednsnaivied |

nsiuAsndaiiesmanta dnfifmangiusnanuuiu fafu lunsifuineirienis
iludmhe msdnkenuaznisnsagunmdudaisiidudenit (Pearson & Slaughter, 1996)

sonuuukaraimTodmiunenudadauantosirfan1dlaile (Pistachio nuts) Tne
naaoudIT U 180 Win Madanenfuannuiifianuduiedosas 100 WaLINNITANLENTUG
frldnannuuiug¥esas 99

MY Ghazanfar et al. (1996) 'l"ﬁﬂiwwﬂiua'mmw wendafianndle 4 mawuﬁ
dlenaasufuiiegaeds 150 fedae dnadeariuuliug Yesas 95.9 deut Pearson &
Toyofugu (2000) Waunadesdnnadvimisaluifidewsnds Ramilafiddivenudonesnain
nsrvaunsndnluadasinsusenauhoedediedidoedaluiundedasilvdhnsudiu dauen
fivondenuariivendanlrensidioudiovd fnuulusweinisdnuentasay 95 svuu
vienuld 40 wiaredunf

Omid et al. (2009) ﬁ'&umnuué‘aa‘%avﬁmé‘uﬁmanﬁ'uﬁ"uaaﬁ"';ﬁam%lal,%a TawsaunIs
'gmsuwﬂamam aafUsEneundn uaslaswteUssamiiion efnuends wamw‘[awawuﬁ
Huiles 4 Wug $1au 3,200 wie vinsownedudsdaslidndouassniibes 60 s whad
wnnnIEnuLuIman dedyarandoasdufinlidmiuinsgd annsdakganuitatausiug
YDITTUUSEEY 97.5

Huang (2011) AsavdeuuassLUndmINeBIAdsednanaivim Ingussgndlilnsetng
Ussamiiipuuasvadan1sUsLanananIn uasnsIomaanilsaviauaas S1uuaYssnnuaed
vunaInAuausaintasuadn 19U ATmeMLAUNAN Audl Faurunay 2annsITenudn
UssAvEnwraansswuntamanniinnuusiudrdosay 90.9

Nakariyakul & Casasent (2011) 9wunussinnassmuidemenisludaveudingldnm
ANNENIATUGIUMANN1TENIIdILTBsNNSHBUAURIIBINEAR BT WU
AuiugSoras 97

Hobson et al. (2007) w@ua3tn1sdenmildndosmivaunasdmiunisatenimite
prvgpuameRusvenudaily nowilustnananmielusunsy Sanslindasmunuiasie
ammawmumnﬁismnﬁ Faagrlfldnmidaan desenisiluvssuanantw dndnans
fuilunsfenind 7 () Tnefivaen LED 2 waaalunisliruaindunassauguuas waaivaz
ﬂmN‘uummmuﬁ‘umwuml,l,mnmqnumamw‘u LLa“’J'NéJEJIﬁWI’ILLMuﬂIWﬂEI‘UENﬂaaQ Jufinamw
vtk umeulumsusunm fMﬂmwwum'mLLmﬂmanuaawzjﬂmumm‘ww 7 (V) wand
amitldssniasdafivieguariunddnuandsedredany lnserfoau i@
19U ANE19 ANRREYBIATILETT WATAT Grey Level 21AN1SUSTUIANRATN HUINEINATE
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avvdsuULazAnLanaeRusvaauiaiivld Choudhary et al. (2007) inssviuazUsvanananiyw
Tneldnmdrewdadio Wud 4191e dnunad $1918 wazdnlsd anduvhnisiessinmine
Tsunsy MATLAB emiladefifinadanisdnuandonisussuananw wuindadeiiinalaun
pETIAALEY amsne & uariinduia egrlsimumuiilisunsaedufissethdlaatmil
inlFaseidmiunsivasuriinvaandafiald arshinsanamsnuasiinduiavonudafivuld
Tunsasavaeusne dehaildufulgsnmseseulilaunmiuazansay dmiuldlunms
AR MIBALANT1Y styrlavesmeiuiinn uasnedeududanyasuesnnniudaiiy
(Majumdar and Jayas, 2000; Paliwal et al, 2003; Choudhary et al, 2008) yonanidsiinsld
dnvazvesituiinmeuenvassdafislunsiauenaefugiishesindu (Zayas and Flinn, 1998)

Light sealed box

LED
Light
panel

#--- Target Grains

Field of
vision

Matte background

=t ] o w '
Ad 2.7 (n) MswanewsiaReiienguaIuANLEd (1) msussurarnanmainlusuagy
<
M317: Hobson et al. (2007)

Mollazade et al. (2012) Usggnaldnisdszutananiwlunisnsisaeugninaduis
v o 3 < a4 g v < a <
wlanuasy (A1) Ingldgunsaldrenimniwi 8 (n) ieiiuteyaniw Mntdunsaasuiugninail
oa dav ° = e o = o |
idden gnina@ilisaniii gnineden uazgnineddadifin ami 8 @) TnsedeAnuunnsie
U098 YUIN UATNININTBPNLAA TINTSATIVADUNUINTE ANNs SVMs DTs uaw BNs flaaugn
Aoslun1InsIvdeugean 96.33 95.67 94.67 uay 94.33 %
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Terar A plaw

(n) ()
Al 8 (n) yagunsaldmiuidienm gninaillflunsnsreaey ()
#iu: Mollazade et al. (2012)

2.4.2 MsnvseuwanivdieIBnsinszinmitemeufou

Tafind uaznmy (2545) Uﬁuanm’lﬂuﬂaummmwEJnunums’lﬂm'lwmsm'lmaulunﬁ
Jamsdnliusmnaisiiy Alflatoxin TnewuinBanan1siaids A. flavus anas lesvesiam
uavgaumgilunslirduauiinedniy smanufeudlfanndodurlsusauansnsnseane
arwfeuresnisussyuinimsuugygime wWisuisussrinnsussquuulififuiihafugs
100% uaznsussquuUliiuiilneddnvagnisussynaslasliftuiiussausenn 85% uamas
Al 9 nasfdednnldfummiteustvashiauedwealidos Aiammeluilan

Ginesu et al. (2004) Wnwaremnufeunsinaeuisulanyaouidu fu nsgauuds Tane
Fuidn 4 uasdenlyl Astuafuninsaunad gning uazdaias Tnuo1fenauuans1ewe
winuiindedldfusemindulanyaoufuiudaiia esmnaudinisanufeuvesTaniiaa
uansneiu lasnFeuiflouanadevesnmimdessaz nanlunisangungivasuiafivuasds
wlanuasu awnsonsvasvisuvanuasuesndiniudafials wu avldifugning awdl 10 (n)
winnszanuudsiumdadauead nwil 10 (@) uasiAviiufuuidndauend awd 10 (a)

() () G)
nwil 2.9 m‘sn‘s.mamwmawaams‘usmLmua; TRTghet
(n) Uﬁmmulmuwumwmum 100% (%) ‘Uii'ilLLUUQJW‘LWD'NI@aﬁ“ﬁuﬁv‘é‘iﬂﬂimﬂm 85%
' (m) wmmnmuﬂaummqu

fnn: Tading Milvdanasany, 2545
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11 1o

AR 2.10 mwdigeruieurenudaituariaudandasu (n) wwlifugning @) wensseny
wae (A) weiuiuwiadauead
= .
#17: Ginesu et al. 2004

Chelladurai et al. (2010) Ussgngldninaranismmidoulunisnsvaouiosmdans
Hufealagendoauunndiwesamngfissnindadiliaunmidudinadiniansinde
amshemeeieuansalilumansisasudonlivarsrinusessudelddmaunnt et wu
Aspergillus glaucus wag Penicillium spp.

Chandra et al. (2010) Uszgnildnmarenisainudenlunsnsisgeuinasivinliiugn
Fradidanuidsmelngodeniudu Wisuifisuanuuandieresdasninuenaduuas
AMENTRANLANA9YR4E amnsaldnsrvaaunuadlaun e seadiden davisaiuu
woaulls uonvnuuasdinginldnaninudrineiu Smuuuasdun Snvanseie
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UNA 3
AsadunisIe

Iuwﬁnﬁnﬁa‘ﬁ’umaumﬁnmLﬁmffumsaamwm;ﬂwﬂammsm’m%’u?m

PN 2 A Y ' Y & o -
wlanUasunUrUuluwaaiiv Tngeniagne 1dunsdldnw nswinatfuunzadlunig

W =l ) | Y a
nsgsuAuiou Mmemnafimnzadlunisasiadunimaisanudeu Bnsuseatananin 2
1A 8n15UsELIaNanImeeAINsaUY I3n1505793uAwUanyUasunvzduludin suvienis
Ao UUSEENENIWANTYINNUTBITEUUATIIU N1TeBnkUUYAndnAuTauNSousSTUY
AIUAN kaLYAN1TIATIRANN TnaillenUsenausie yagunsaluaziegeildlunimaaes
YUMAADIVBITEUUNITASI9UAwUanUanuludnn

3.1 Yngunsaluazitegreildlunsnaass

3.1.1 ¥agunsad
YANINANBIVDITLUUNIIATITAUAIMYanUasuludiusznousie 2 diu fe

A NIAANUTBUNTOLTTUUAIVAN LavYANITIASIZANW LAAINaNIWA 3.1

o v v
AN 3.1 sEUUNIsRasINIseTIdudsilandasulugng
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3.1.1.1 ganudinrnuiouniaussuuaiugy
gafuiiannufeundeussuumunuuszneudeaswiugides (nwil 3.2) ngu
fregaithniiessiindauilasuoinesivie nissel fu GLM-18 (nwnil 3.3) Aimuauns
vhausaeiresnuauuuunTsnilusunsuls (Programable logic Controller; PLC) §4a
Omron §u C200HX (N1l 3.4) Felideyyrasmidn (nput) Ao wwwimesues 8%e Omron U
E3X-DAL1 (Nl 3.5) LLazﬁ'mvsynmmaah Aa uasnln halogen 50-60 Hz 100W 200-240
vaC filfiduuvaslfainuoutudratine (nnil 3.6) uarduliefinas vinlifiuvas
wsasiulaidh 1 e Widuusedulaih 3 e Tagldlunnseuaurnuidvesuewmefnssuaady

(mwﬁ 3.7

2l 3.2 anewiudides
Foyaniuvalinvowomss u GLM-18

1. aunnsssulng 380 v

2. N354d 0.58 A |

3. Auf 60 Hz

4. smnudrwewes 4 4



AWl 3.4 Lead (PLC) Omron Ju C200HX

18



AT 3.6 viaan halogen 50-60 Hz

;7

ToyanunAlAYeIBUIBIINDS U 3G3IV-A2004-V2

1. Rate unit power (400 VAC Supply) 1.4 kVA
2. Max rate motor (400 VAC Supply) 0.4 kW
3. Rate unit current 1.9 A
4. Max unit current 32A
5. INPUT : AC 3PH 200 to 220V / 50 Hz

6. OUTPUT : AC 3PH 0O to 230V 1.4 kVA 3.6A



AW 3.7 SutiesRes Su 3G3IV-A2004-V2

3.1.1.2 4ANSUATIEHRAN
a o Y 1 [
lunswpasawazdasizinniaeldssuunInuuy eray scale tiladagsldsuniny
%] v & | P ' o -
Souanszuyluauiou 9 nuuldndesnagnnaainiou FLIR U A315 (nwil 3.7) Fail

- ar s - i d 1 as

ANAZLEEA 320 x 240 Ainlga SUSIEBUNSSAluYIRIIRE1aAAY 7.5-14 MM YN0
gampil -20°C §4°350°C Armlasieanmadl (Thermal sensitivity) iy <0.05°C @+30°C/50
mK A1 FOV 1y 25°H %18.8°H A1 IFOV 11117U-3.16'MRad wazaugndodvainisin
Wiy £2°C vhnsdenwingfegne Ssnmiildanndesdenimauiounsidnuaram
o g o & o v - ¢ | ] o v
nduandn1eg anduinamauireuines (nwin 3.8) wausun iy gray scale
H1uganii$ ThermaCAM wagdiuUszananan ne1ulusunsuinauI T ussgenuas
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Thermal Image Resolution on Angular
Emissivity Measurements using Infrared
Thermography

T. Nunak, K. Rakrueangdet, N. Nunak, and T. Suesut

Absiract—This paper reports the effect of viewing angle and
thermal image resolution (IFOV and FOV) of Thermal Imager
(TI) on the emissivity, with a view to providing a potential
temperature ‘monitoring of equipment in the electrical power
distribution system which the reliability of system is the most
important concern. The results show that the emissivity, which
is the most important parameter to obtain the accurate
temperature, is approximately constant at the viewing angle
less than 45° In case of the changing of the object to detector
distance, this will not affect fo the temperature measurement if
MFOYV at the object level is smaller than the targeted object.
This can be concluded that TT is an effective tool to measure the
temperature and monitor the failure of electrical equipment
instalied in the position at far away from the operator,

Index Terms— Emissivity measurements, thermal imager,
viewing angle, thermal image resolution, electrical equipment

I. INTRODUCTION

MISSIVITY (£) of object and infrared detector-to-object
distance are technical factors for an accurate infrared
thermography measurement which are the source of
uncertainty in temperature measurement with the infrared
camera. Emissivity values play a significant role in the
determination of correct temperature of an object surface.
Emissivity depends on many factors such as temperature,
surface roughness, wavelength, and viewing angle [1], [2],
[3]. In general, emissivity of a real surface is interested in
emission at a given wavelength or in a given direction, or in
integrated averages over wavelength and direction [4].
Thermal imager (TI) or infrared thermography is 4 novel
nondestructive technique that measures the temperature of
an object remotely by measuring infrared radiation emitted
by an object surface. It can be used as a tool for monitoring
process and preventive maintenance since the faults
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generally presented with abnormal temperature distribution
and easily detected by thermal image [2]. Electrical
inspection is one of the monitoring applications that has
successfully utilized from TI. The reliability is the most
important topic that engineer who takes responsibility of the
electrical power distribution system needs to concern in
order to avoid the failure of equipment. This causes to the
Condition Based Maintenance (CBM), based on using the
real-time data, involves to the electrical system and need to
be achieved maintaining the correct equipment before its
failures actually occur. The contact measurement of
temperature of the electrical power distribution system is
usuaily impossible to achieve, whereas TI can be an
effective tool to success [3], [6].

For accurate measurement of electrical equipment
temperature by an infrared camera, emissivity and object to
camera distance need to clearly understand. Since increasing
of object to camera distance can decrease the spatial
resolution of a thermal imaging system. This can affect to an
accurate thermal image and can be achieved by choosing the
right TI with the appropriate application. Spatial resolution
is explained in many specifications of TI such as FOV,
IFOV, and detector array [2]. .

There are several performance parameters of TI, which
effected to a sharp and accurate thermal image, e.g. spectral
range, temperature resolution, frame rate, and spatial
resolution or thermal image resolution [2]. Some researchers
have been studied about these parameters, e.g. Muniz ef af.
[7] have proposed the use of experimental models for error
correction in temperature measurement by thermal imager
due to the influence of the field of view of the imager’s lens,
combined with varying viewing angles between the
measured object and the imager. However, they have not yet

-studied the accurate temperature measurement in the

viewpoint of emissivity changes due to the thermal image
resolution,

Also in general, the emission of a real surface differs from
the Planck distribution. Emissivity of real surface obtained
from TI with the specific infrared spectral band should be
presented at a given direction. In 2011, Suesut et al. [8] have
been studies the emissivity of electrical distribution
equipment at a normal direction over wavelength band from
8 um to 14 um. Nevertheless, equipment in the electrical
distribution system is instalied at the approximately height of
10 meters above ground level, the operator who carry the TI
for measuring the temperature of equipment usually is at an
angle of elevation of 45° with the targeted object.



Therefore, the main objective of this paper was to study
the effect of viewing angle and the thermal image resolution
(IFOV and FOV) of T1 as the influence of instrument on the
emissivity, with a view to providing a potential method
capable of actual impilementation. Also, consideration about
these parameters has the benefit to operator for choosing an
appropriate thermal imager because they had an influence on
an accurate temperature measurement.

II. THEORETICAL BACKGROUND

A. Basic Principle of Thermal imaging

An object emits infrared radiation at a temperature above
0 K. The amount of radiation emitted by an object depends
on its temperature and emissivity. Emissivity is defined as
the ratio of energy emitted from an object to that of a
blackbody at the same temperature. In general, the spectral
radiation emitted by a real surface differs from the Planck
distribution (Fig. 1). Emissivity of real surface is interested
in emission at a given wavelength or in a given direction, or
in integrated averages over wavelength and direction [4].

Directlonal
Distribution

|/
7

Fig. 1. Radiation emitted by a real surface at various directions or viewing
angles (6)
Source: Fundamentals of Heat and Mass Transfer [4]

For temperature measurement of an object with TI
camera, the infrared radiation emitted from a measured
object is converted into an electrical signal via IR detector in
the camera and then processed into a thermal image which
displayed a large number of point temperature over an area
in form a thermal map of the measured object surface [2],
[9}. '

B. Thermal Image Resolution

Thermal image resolution or spatial resolution is an
important parameter, e.g. field of view (FOV), instantaneous
field of view (IFOV), detector array, considered for
choosing the infrared camera.

Fig.2. Spatial resolution at a different object to camera distances

This parameter can be used to indicate the ability of the
camera to distinguish between two objects in the field of
view. It primarily depends on object to camera distance, lens
system and detector size. Thermal image resolution
decreases with increasing object to camera distance as
shown in Fig. 2. Lens system with small field of view has
higher spatial resolution. Finally, detectors with larger
number of array element will produce thermal images with
better spatial resolution [2].

III. EXPERIMENTS

A. Experimental Setup

The equipment required for the experiments consists of an
infrared camera of a thermal imager, a tripod of camera
stand, and a heating unit. Fig. 3 shows the schematic of a
typical experimental setup, where the thermal imager camera
is placed suitably in front of the sample placed on
thermoelectric cooling device (TEC) constructed on the
holder. TEC was used as a heat source. The temperature was
controlled by a DC power supply (24 V 2.1 A) with a
current regulator circuit. In order to measure the emissivity
at various directions, a special sample holder was used to
enable adjusting of the samples direction as shown in Fig 3.

The acquired thermal images are displayed on the TI
screen and stored in the personal computer and real time
temperature of the sample can be remotely measured.
Typical thermal images of samples at normal direction and
45° to the normal direction along with their original
photograph are presented in Fig.4.
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300¢m
100 cme
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Fig. 3. Schematic of a typical experimental setup

B. Thermal Imager (T1)

Infrared detector with a band pass filter from 7.5 um to 14
um was used in experiments. A portable infrared camera or



thermal imager TIi400 (Fluke Corporation, USA), with a
temperature measurement range of -20 to 1,200°C and an
accuracy of +2°C at 25°C or 2%, whichever is greater, was
used in experiments, The thermal detector was a Focal Plane
Array, uncooled microbolometer of 320 x 240 pixels with
the field of view 24° (horizontal) x 17° (vertical), spatial
resolution (IFOV) 1.31 mRad and minimum focus distance
of 15 cm. An addition lens type (telephoto IR) with the field
of view 12° (horizontal) x 9° (vertical), IFOV 0.65 mRad
and minimum focus distance of 45 cm was also used. The
thermal sensitivity was 0.05°C at 30°C. Thermal images
were analyzed by thermal imager software Fluke

TABLET
THERMAL IMAGE RESOLUTION OF THERMAL IMAGER {T1400) AT

VARIOUS OBJECT TO DETECTOR DISTANCE
Distance FOV? IFOV®
(cm) (em) (cm)
50 21x16° 0.07x0.07°
100 42x31 0.13x0.13
300 126x94 0.39x0.39
300° 63x47 0.2x0.2

®Field of View; “Instantanzous Field of View;
*Horizontal size x vertical size; UIR tele lens type

SmartView® 3.5. The thermal image resolution of Ti400 at
different distances is presented in table 1.

(®)

Fig. 4. Typical (a, d, g) original photograph and thermal images (b, ¢, h) at normal direction
and (g, f, i) at 45° to the normal direction of blackbody, black painted sheet, and galvanized
zinc sheet, respectively

C. Measurement Method

Three types of experiments were carried out. The change
of emissivity of targeted object due to variations in viewing
angle was studied. Then, the effect of IFOV and FQOV
changes on emissivity was investigated by changing the
object to detector distance and lens type. The radiation
emitted from the sample is measured using an infrared
radiation detector, which has been calibrated at a blackbody
model 9132 (HART Scientific, USA) during separate
measurement in order to ensure that the obtained results
from each experiment had no effect of the-instrument,

Temperature of sample surface measured by TI was
simultaneously —measured with a Jtype contact
thermocouple, in order to record the actual temperature,
which are placed on the sample surface, close to the area

viewed by the infrared detector. Emissivity of the object at
each condition as displayed in TI was adjusted until the
temperature measured with TI equal to that of a
thermocouple, then the adjusted emissivity is the actual
value of the object. The reflection temperature or sometimes
call the background temperature (Tgg) is & parameter that
affects the emissivity measurement; therefore, it was
monitored during experiments for determining the reflection
of radiation of the surrounding. In this study, Tpg was
between 25.1°C to 26.4°C.

Experiments were performed on two types of samples:
square piece of black painted sheet, as a representative of the
high emissivity sample, and galvanized steel sheet, as a
representative of the low emissivity sample, as a part of the
electrical distribution equipment such as PG clamp,
connector or bolt. The sample coated with a black-paint for
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Fig. 5. Emissivity of (a) blackbody device, (b} black painted sheet, and (c)

galvanized zinc steel sheet as a function of the emission angle at distance of
30 om, 100 cm, 300 cm, and 300 cm with addition tele infrared lens

enthancing surface emissivity. The emissivity of each sample
was measured at the temperature of 50°C normal to the
surface and at the viewing angles 15°, 30°, 45, 60°, and 75°
to the normal direction at object to detector distance of 50
cm, 100 cm, and 300 cm. For each viewing angle the same
sample was used for emissivity measurement. Each
experiment was repeated three times and the average value
was taken from the recorded data.

IV. RESULTS AND DISCUSSIONS

A. Effect of Viewing Angle on Emissivity
The first experiment was carried out to understand how

the angle of view was influenced to the emissivity. Changing
in the emissivity was recorded in each direction, and results
for all samples are shown in Fig. 5 (a, b, and c). It can be
scen that the emissivity of all three types of samples is
approximately constant over a range of viewing angle and
dramatic changes to increasing or decreasing with increasing
of viewing angle depends on sample types. Emissivity of
blackbody device and black painted sheet starts to decrease
at the angle beyond 45°, whereas that of galvanized zinc
steel sheet increases at this viewing angle. These results are
in agreement with reported in the textbook of Fundamentals
of Heat and Mass Transfer [4], which explained about the
influence of viewing angle on emissivity of a surface. For
emissivity of conductors, it is approximately constant over
the range of angle less than or equal to 40 (8 < 40°), after
which it increases with increasing of angle. In contrast, for
the emissivity of nonconductors, it is approximately constant
for angle less than or equal to 70 (8 < 70°), beyond which it
decreases sharply with increasing of angle.

B. Effect of distance between object and detector on
Emissivity

The increasing of object to detector distance causes the
increasing of the size of a single pixel (IFOV) and the
horizontal and vertical enlargement of the total measuring
field (FOV) at the object level as explained in Fig. 2. FOV
and IFOV of TI at various distances is shown in Table 1. It
can be seen from the results in Fig. 5 (b and c), the
emissivity for all distances at the same viewing angle are
quite similar. This is thought to be due to the measured size
or measurement field of view (MFOVY} at the object level is
smaller than the targeted object, as a highlighted rectangular
frame on the picture in Fig. 4, for all objects to detector
distances and all viewing angles even IFOV and FOV are
changed.

C. Effect of Lens type on Emissivity

Changing IR lens from standard type to tele type can also
changes the thermal image resolution as IFOV and FOV
changed. It can be seen from the Fig. 5 (b and ¢) that the
emissivity of both standard lens and tele lens at the same
distance (300 cm) has almost the same values. This can be
explained with the similar reasons of changing in object to
detector distance. However, it was found that there is a slight
variation in the results of the galvanized zinc steel sheet at a
distance of 300 cm. This is probably due to the emissivity of
this sample is quite low, causing to the sample meets the
large-effect of the surrounding radiation.

V.CONCLUSION

From the importance of accurate temperature
measurement using TI, especially when used for monitoring
the operation of the electrical power distribution system that
the reliability of system is the most important thing, this
paper reports the effect of viewing angle and thermal image
resolution (IFOV and FOV) of TI on the emissivity, with a
view to providing a potential method capable of actual
implementation. The results show that the emissivity, which
is the most important parameter to obtain the accurate




temperature, is approximately constant at the viewing angle
less than 45° Although changing of the object to detector
distance causes to change the thermal image resolution, this
will not affect to the temperature- measurement if MFOV at
the object’level is smaller than the targeted object. This can
be concluded that TI is an effective tool to measure the
temperature and monitor the failure of electrical equipment
installed in the position at far away from the operator.
Nevertheless, most of electrical equipment has the low
emissivity that will be affected from the surrounding
radiation. Their exact values of emissivity at each angle
should be reconsidered with concern the reflection, and also
the results should be brought to determine the emissivity
correction methodology at different angles in further
research.
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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. -
processing,  Active

Index  Terms—thermal  image

Thermography, emissivity

[. 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. Consumets 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[61[7]. Infrared thermography is a nondestructive
evaluation methed with an increasing span of applications.
This technique is 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) is £ =1, '
Emissivity of a surface, denoted ¢, is defined as

E(T) (1)




where

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

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

E(T)=eoT* (2)
t C, 3

E(T)=] < 3
0 [15 exp (ﬁ)—l}

E,(T)=0oT* . (4)

where o is the constant of Stefan—Boltzmann is equal to 5.67
x 108 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
nendestructive 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.
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Fig. 1. Principle of active thermography (adapted from P. Meinlschmidt)

ITII. EXPERIMENTAL SETUP

The experiment setup consisted of infrared thermography
camera FLIR series A315 (see Table 1), 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.

Computer
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light buly

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

TABLEI
TECHNICAL CHARACTERISTIC OF 1R 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 = 240 pixels
Spectral range 7.5-13 pm
Thermal resolution 320 x 240 pixels
Image frequency 60Hz
Field of view 25° % 18.8°/04m(1.31 )
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 Al 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




using FLIR IR Camera Player software. The experiment was

repeated for five times.
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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.
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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,

(b) (c)

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 (¢) 5 pieces of stones in roasted coffee
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Fig. 6. The examples of counting the number of foreign bodies from Fig.
3. 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. (¢)
The detection of stone in roasted coffee, the program can count 5 from §
pieces of foreign bodies.



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.
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Fig. 8. Temperature curves of the sample in cooling times afer 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.

TABLE I
EMISSIVITY OF THE MATERIAL
Material Emissivity
Roasted coffee 0.75-0.78

Stone 0.80-0.85

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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