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Abstract

This research presents a simple scheme based on an image processing technique for
determining oil content in oil palm fruit. The scheme has four main algorithms for color
correction, classification, oil extraction rate (OER) of oil palm fruit and bunch determination.
The color correction algorithm can correct image color from the device-dependence effect in
the RGB color model by the device profile function. The classification process is developed
on a two-layer feedforward neural network by using features from the hue values of oil palm
fruits. The OER determination function is modeled by using the polynomial regression model.
The OER determination of oil palm bunch is modeled by using 3D reconstruction model.
The results demonstrate that the proposed scheme can classify and determine the OER with
a simple calculation. The scheme is implemented on a mobile device/phone and tested
with 64 oil palm fruit samples and 10 bunch samples. Comparing with the standard Soxhlet
extraction measurement, the scheme achieves a mean error of OER 3.30 and 10.29 for

oil palm fruit and bunch, respectively with the OER range of 30-73.
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AMNLLNU Standard  GretagMacbeth color checker ﬁiﬁlﬂm%&mLﬁauﬁuﬁﬂﬁéjﬁdﬁwuuﬁqﬁ RGB
el annaznistienmuiulurusduasiesgnaiuay osmnudasnndreildanndesusiariusing
1A1UALIBEATDIIANMN (Resolution  image) uanA1aiY ANFEULUTHI RGB vesn ne8usyY
Standard GretagMacbeth color checker Tuusagiaudainnassaziiatsal nsssuLisuAEvDs
uHudnamaned1sdslunsed 1 Jsilifissdnferiulundazusiuningunised 1 fuadvosusud
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fidngnndesasnsyrildlduiidoniifvosuadoyaliviiiu Tulassnisisedunauelild
AadsvesgndluUiiifivesusiud (Spatial mean) il fvunl LAmesvesARdsynALRaTUHLE
ﬁmamﬂﬂé’mﬁﬁmmimLﬂjagmmuﬁaaé’mé’ﬂmﬂ [R,G,B] lulasesnsisodazSonAnanesdion
RGB Uuiin(captured RGB) @ wsuliAmesuaeenda1dds (Reference RGB) xgnunumedyanual
[R,G,B] flaiduvesgunsaivesusazunud (fr(), f5() uae fz(9)) 9gnduiaieniausiaz seuIy

Angaunisi (1)




R= fr(R)
G = f;(G) (1)
B = f5(B)
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lulasamIfeilidonaunswuununusuduiges (Second-order polynomial) dwmsuasuleleitu
gunsalillosarnuan1sideilesdunuinaunisuuunuinsuduiidedmunsauigaluusziiuniy
WHUGIMATANIEADNITAMUY FUNITNUINTURUADIV DTN TULARE ST UIVEa T LARILAR
aun1si (2)

R = CZR'ZRZ + (XR'lR + aR'O

é = aG‘sz + aG‘lG + aG,O (2)

E = aB’ZBZ + aB’lB + aB'O
o agy ag; woy ap; ARANFNUTEANSAMSUTAEAUUSTUIU LAY WeY LAzl auadu A1
dulszdnsananaunsadeulnluglveduninduesaunisanaes (Regression equation) fauansly

AU (3)
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lulpssnsidetidnaueIsnsanneeluuiasa@esfitiosian (Least-square regression) anUssensily
Tumsiessiadulssd@ns a,;  onsannssuuuillduidamwndauninditen  wiinazdisns
o Ao v = v Y a = a 1 I & ad 4 1 o
Anundudawiosndeslssendlddanasiumaunsnd  wilduisnisunsgiuiarivinanuusiug,
aaneliauufignuvesanulueeiviensasifa  (Orthogonality)  senineU3givesteyauazaiy

4 a ¢ o =
AAALAREY  JULUUTRINTIATIReUTINgluaunsi (4)

a=XT-X)"1XT- % (4)
Wen « AoNWBsURIUUSLANSAMSUTALTOE
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Tuideiiavesunsitnmedeunasinausyssandnimesnssuiunisyaedituauslng
$199 9 URNUNINES1989 GretagMacbeth  ColorChecker  suau 24 @ TWsupsufiwauiny
nszuaumsfiiiaueluzufl 1n was v asfndilunonfinneifinauaugunnindes sevundesitld
naaevlulasin1sideilldfadamisutulnsdmiedoudl 3 quldud Samsung  GT-P1000 (T),
Samsung Galaxy Note (N) kay Sony Xperia Z (X) visvuufinistinunainisauassmlugii U5y
aunadunduluif® dmdunismununissuniuainuasnisuen Tulassnisifedasinaueuu
MInsAIUANTIYANassAIUANLAsTsuandluzu 3(n)  nassmuAuuAsTsnaiuvasiLdnuas
lalen (Light emitting diode, LED) 112U 2 Lm’samzqa&Uju%nmﬁmuuﬂumﬂdaqmmmLL?N N
suluresndesmunuazinusunIng GretagMacbeth ColorChecker @sagiunmdmiuliindesues
Felnsimiindeuiivianuiuiitenaaesine svazseniendosiundesauauazimusliuasdnuos

nsnaaedlulasinsideluanataninaieaselugui 3()
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(LED Light Source) UALNNAD1D 3
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wanAaiuanIzsigunsal LUSsuleuiunMEAIINYALEEAI8T8NNT Poly-3 (Wang and Zhang,
2010) KALATEUIUNNS DDC AUNAUD  HASNWSUBININET LAAINEDINTANAIINAITUALT LA ILANIAT
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Poly-3

Atnng

DDC

A8n7s

JUT 4 nmiaeveuNunNESNBINNaeRInea 3 Ju (n) MwauatuIINndes (1) AmfgnuaLy

AIBNTTUIUNTT Poly-3 Wag (A) MNgNUALYERI8NTEUIUNNT DDC

AnSUNTTIAUTEANB A NVBIN S UIUNSIALTEAINTAYN LA LAENISUIHATINYDITE ULNIUUY

gAdn (Total Euclidian distance, Ep). A1 Ep anunsouansluaunisi (5)

Er =¥, J(R'j —R) + (6 -G) + (B, -B) (5)

We R';,G';, B'; Aeddund Wen wagthtu vewdesd j Minesmsihuidieuiisuiuddonsds an
aunns (5) windnmliReuiiew Anasanvesszernawuveadnmssliandugud  vusiivinaduves
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INHANTUTHUAEUUTEANTAINANRUNINED19B991UIU 24 8 (n=24) INHALUAITIN 1
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f Ep flsnsdadanamilildvamesenszuiunsuaeaziinmn  ndesaingunsal sony Xperia
z Wien Ep fanndigalundundosis 3 shusdsendanndesiinfiuiioiisuiuaiindanniian
Uuzindoaan samsung GT-P1000 Wien Ey tonflan Usislimnmifisudainaddadstionilan uande
thieyarineaanamaeiildanynndeslusaeseiBnisvame Poly waz DDC  waUsIngi
P13 DDC Thiauelulasinsideillivasusvezmauuugadatiosnimaildanisnig Poly-3 i
aundes 38m3 DDC anansavaweAdllndiAssiumdsniddlaafian  Inenuidmasiuszogms

WUUEARNTBIAIEIINANIYALLERIEIS DDC anadlnewdeds 59% tuvunefinnuieuvesdanaald

v
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a = o & adaa Y} Y
INLAUNINAY 59% VNUﬂ']TUﬂLGUEJﬂ']WﬁVl@VIEjWLﬂ@GUUﬂ‘UﬂaﬁN Sony Xperia Z



M15197 2 UsEANENMYeInsEUILNMTYAIEaINN SIS ULTIEUANYDINATINTEEE NN UUEARA

JUVBINEDY ANYBINATAITTITINSIUUEAGA (E7)
, 75n13 Poly-3 25115 DDC
Tivaive . .
Er  dasnisan (%) | E7  dasinsan (%)
Samsung GT-P1000 1683 827 51 127 57
Samsung Galaxy Note 1771 894 50 783 56
Sony Xperia Z 1920 753 61 690 64
AaaY 1791 | 825 54 734 59
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TngausalSeuieulameaun1sEURse Aakandaluaunsi (6)

y=mx-+c (6)
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Y o

m,c  ABAIANNTULATIARALAY Y ANUAINU

q

4

| v a £ 1A < a s a a av v
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AN5197 2 WARINAANSANFUUTEANS M 1haE ¢ VOIAUNSIEAUNTININATIZILS  Tunnselanans
N5USHUTEUTEMINANED19DINUAIEYDININANEANNABINIANUNAINSUTAY  NaaNSURINIS
AATEImANNENTUSAMEaUNTEUATISEnI A ddoalulnlivAwes R G war B wudl e1dd
LldwaensanundotarauUsQIAANEuIINAEI BN MINAITUIIINANRALVDINAANTNS
anunaetarynUIgilunsanlilivnwefienseuiunsyaeuaImuInAdasiaiieuainde1ess
1N InemeinlasanIdeldeaausnssuIuMIuae  lunsei 2 Weussendldnseuiunisunigy
LAY ad v a ¢ o o & | | aNaA P A a
AEMETENS Poly-3 wag DDC Uad HamM AT svianuduiusseninmamdngnuaewaiuul3l
LI8LBS RGB WBUNUAIEDN9BIMIEANMUAUNUSAUALNIT (6) WU 35115 DDC T waannnasana
aunaeavudsgliviawes RGB lalndifsadiumdindann lngaunsaiansanlaane m uay c il
AlndAeeiuAIgauAR  KAENEYRIA1 m uay ¢ NEuNsalfisufslaun nstlnmilalavae
nsalvAlwesiy  Poly-3 uaznsdlyaesie DDC  wudidszauanudeiulndifgaiunsiliidela
AATIZNINANANURANAINAZAUIINNITIATIZROANDY WNAINT  TEAUAUTDNUVDIAT M Was ¢
a v ~ Y] ~ ' N a Y ac a0 )
AlAannsalvAlenIunszUILN1T DDC JN1nnnsanvsnweniedsnis Poly-3 uagnsailivasenie
NIEUIUNSYALE  Twens197 2 @aanseagUladn 38 DDC Mdnaweilduwisnsiilinadnsvesdlndifes

| aa va & v L aaA 9 a v |
WNLaAENARALNE UL DENINANENYAELAIINNTEUIUASVAIEEAIENTEUIUNT  Poly-3 8819
ey wenanil nszuIunisyae DDC anansainluussendldiumaadenlestoya (Look up

table) WatiuAMuslunsUszulanaladnae
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WGEY awiilsivae 25015 Poly-3 35n15 DDC
Slope Offset Residual | Slope Offset Residual | Slope Offset Residual
T R| 179 -33.25 93.68 1.03 -5.19 90.1 1 -0.13 93.32
G| 202 -83.9 100.93 1.23 -31.81 112.32 1 0.16 95.76
B| 141 -86.6 101.52 1.2 -26.52 112.28 1 -0.12 95.95
N R| 1.12 21.05 108.12 0.95 8.5 110.91 1 -0.06 87.85
G| 113 -11.9 112.45 1.01 -0.79 106.57 1 0.01 112.69
B| 093 -3747 12183 1.27  -37.74  120.28 1 0.16 102.35
X R| 146 2598 91.26 0.96 6.94 91.26 1 0 90.92
G| 149 -7.66 103.32 1.02  -2.89 102.98 1 0.12 100.77
B| 1.09 -32.18 94.85 1.16  -21.76 100.31 1 0.23 92.24
Wiy | 138 -27.33  103.11 1.09 -12.36 105.22 1.00 0.04 96.87

2. anwuzdvasnanaznsaraunaniniy (Color characteristics of oil palm fruit and bunch)

ssang (Natural pigment) Fpasdtsznaviuguvesdludsd@infiusing wu Flu aon waves
W sdeRIvlsesdnd é’m%’umaméuﬁwﬁuﬁiaﬂi’mqﬁaﬂa@lﬁ\laé (Chlorophyll) uals¥iuses
(Carotenoids) way weullwenfiu (Anthocyanins)  maslsiadfeasdideniildlunsdunsziuacds
Duundmdsnuvesiivfignduaduuadlutag 430 way 670 wiluues  uaAlsiuesdiduamsdduung
anunsaainduanslelasasuvendenitualsiiu wu dan-ualsfiu uag winualsiu dwsusining
flugnuaarefewsulvlsedu (Anthocyanins) Fsdfiusngastiuegfiuanmensavioss  dwulu
walhdy seninguenlnlveniuasnauivanswaliuess (Flavonoids) wavusingdudindesdulaey

annauaduLadtugy 530 wiluung

Tuvazfinauduidandauandluguil 5 Vnamnslulsinsnazanasuazaziideuluidunse
nAwalss Glyceride acid) wenvnil Usinmmaelsiladiianaszilidnalidundasuandeady
unsddaazgngaduadulutig 430 uas 670 wiluwns TeewdlewSsuifisudiuaddn (Hue) deoguu
U39dl HSV (Hue Saturation Value) uéh wuitdvessauduaziasuuvadluting -10 fa 70 e uaz
Adgaitlng 0 ssm @uudung) wnflandenaunduandun  dwalidnvazdvemzaroundu

Juldluiamafesduduandduun 6 a.
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3. NSARLENIZAUAMNENLAIIUIBUTITMUNTuYa e aNUndly

luideil agndnfinssuiunisfauenszaumuanuasyinueUsuahiulunaurduuniu
(Ol Extraction Rate : OER) N3¥UIUNTISYMUASNAUIINNITAARENTEAUAINANVRIHAUGNUNTY
Wu 3 szau Wedntensziuanugnudl naansazdsludinszuiunisinuneusuiadidiu Ty

la5an15398d Aoz Idssfnuiunauindiuaieiug weunsigndan (var.  Negrescens  Tenera)

Y
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3.1, WUUTIRBINSWUITERUANNgNVeIHaUaNUNiu (Ripeness Degree Classifier: RDC)
luihdeilagnaniimisesnuuumdauwenseauauanvesralay (RDC) lngldnudnuaeiiu
(Feature) andiIvewalIdufmansluwiuranseuunslugun 7

3
4

-:1‘91 . 1 1
wunjevay 5 Tuuaazaiu

1 -
Tnsanedszannimennuy
Youlthanthaeavu

1 ,é' _' =1 )
w20 @y
(lateral hue) HAANS

[lmﬂﬁl_ e nan, msﬂq:]
)

(L-Grade, M-Grade, H-Grade

sUN 7 amsinvesdanasiudmiudauenseauauanveswalnduiiiy

9N3UN 7 @Rdveanaunau (Lateral hue) gnuuseaniliu 20 @ (k=20) MULLIAINGIVDS
naU1duiiomARdeverddilunsazdy  nlunaanszdwalUgwndnnenssAuaIuENTaINa
U1du (RDO) Bellugueguulasaisusamiiisuwuuleulydathasstu (Two-layer feedforward

neural network) ﬁ\‘iLLamﬂugUﬁ 8

- a%(1)

202

b3(2)

1% i 1 2
n (30— 1a(30) n~(3)r—
[ w3309
b=(3)

winner-take-all rmh:.\'(mu.r(az(l ). aﬂz). a(3)

5UT 8 laswnguszamiigudmiudauenseiuaugnvesraU1dy (RDO)

Tasamsifeiltiauenszuiunmsdauensefunruanvematidulngldlassineyssamidioy
wuugoualses (Layer) vuia 30 Inun(Node) luguil 8 lassineiiiaususznoumeiaise fuadns
(Output layer) 3 nuanuAIzRUAINENLALN SEAUAUENTRY (L-Grade) szaugnUIunany (M-
Grade) wagseRuanun (H-Grade) seauANaNveIHaU1duzIATIEiINmALlA “winner take all”
Jadendtmiinvenaiwesnadniiliaunniigaoniome  Awmlidminnednsvousesaiwes

Ao al, a? wazseaumnuanvamaldy y azanunsatienulainaunis (7)9)

al = f1(Wlp +bl) (7



a’? = f*(WZ2al + b? (8)
y = index(max{a?}) 9)

We  fLF2 Aeflsndusinuesnueannieas (Sigmoid function vector) vedlaluoigouLazialys

p ADLINNBSYBIERIYBINAUNEY

(W1, W2) Rewmsndriminvenaesdeulaziawosunadng uay

(b1, b?) AennmesimiminesaestaulasiaasNadns
A1 (WL W2) uag (b, b?) 92A111a9 5503519138 U3UWUU SCG (Scaled Conjugate Gradient Back
propagation training process) HNaaWSA1TEAUANGNTDINAUIRL Y %Qﬂﬁﬂﬂ‘immzﬁﬁaﬁwum
Fonflerdudmiuimamdn OFR Tunsrurumsinevinaihiulunadludunousely

3.2. UseAnSnmmesuuusaesnsdnuenseRumsanveamaUdutiu (RDC Performances)

n3inUszAnSnmuaensruIunsulsssiuanugnuesialduiduiiviauedsddudnns
Tassthevszamifsnuuuousumiaesnawesazlifesmatiduhiumessssaeiugasugs
518 2 $1U9n 45 fegTematnduusdarnaial OER AialdannIsnisiaseinuureniian (Soxhlet
extraction, 1509001:2008) Tun1sneaesnuiwaunduiitwlusegiaiis 45 faeeediAn OER
Tuthedosa 30-73 msil 3 dvuasgiuAmanvesraUdl 3 seiulasduifusiua OER Tungu

Mg 45 feganuhilsyiunnugnszivay 15 fieg

o ! 2 901 LY (3 ! (%
19191 4 szmiJimmumwuENNaﬂﬁaﬂmmazimummqﬂ

iSﬁUﬂ'J'm’sjﬂ Lﬂiﬂ@"l;'] NFAUIUNANY bNINEN
OER 30.01-40.00  40.01-50.00  >50.00

1 I a o L A lﬂl a &{ !
HANTNAADUNUINARANAINMAIARURRE (Mean Square Error: MSE) AiAduseninanseuIuns
a b ! U ! a 1 o (% a dy d‘
Seudiindu 0.0042 lusgnitenszuiunmsiseuslinunisduunseduaugnia  wenaini e
nagouaAniunauay 64 nandaldinegninluldlunssuiunisseuilinunisduunseduainuan
VRANaALYUiY

3.3. N3¥UIUNTYIIUIY OER (OER Determination Algorithm)
lasamdeiliausiuuinasmepdamansdmiuinungdl OER  anukuuINaedkensy
sgauauanvewalIduiiy - anzRdudlausuuUTIaRIRlinmansuuaANN SNWLLe ST UY
& = v v Y A Y iAo YA 1 aa ¢ = &
Mauelianududeutosiign  AudnyusaumiuUssgndldferddivemaliay  lunisAnwlay
AuATIML AT NIz auvemalaulumvinelagsslinsienana maenaliay 45 feeng
\Hesndvesmaliduiianvasiuandneiuluwiasusion. dau anziidedsaussuinimnaliduduy
USnugesnisdu 20 Usha  Andduedevesusazusnaazgnaundiilusmunuuesdsiluuinaiy
v a a | e v s & avyr A I3 o 1N o a
MeldauufgIunienusUsUsiuvesdditey  (nsdill auludsslasedlonaurduluini Tufisnd
= e g dy Qv dy ' s aa o a [ 1 o
vselufiung) sl lunszuiunisvedasimsided nwaenaudunliviiazgnaneantuuaylidan
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, #14-#20) duvesiuiiiunTnegniglundunuhiiuiiussinadosay 35 vesiuiivomnduandy

Ul 10 Nudidsnangnunlasmenduiilililignsuniuananmuandenniouon 19U uawan iy
Y
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wWaruwlasesdeyansaesiiAnianaandlusui 12 wazaimsalleuaigaunsnyuiudunuaiy

(Third order polynomial, cubic function) Faandluaunisii 10
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Editor Comments to Author:

Reviewer #1 (Remarks for the Author):

Title: Oil Content Determination Scheme of Oil Palm for Mobile Devices
Burawich Pamornnak, Somchai Limsiroratana and Mitchai Chongcheawchamnan

Reviewer #1 comment

Authors action

1. Please define "RGB" term in the manuscript.

In line 50-51: “RGB” term has been defined.

2. In Figure 11, there is no data between 1% <%
OER <30, it will have a high uncertainty in the
polynomial modeling.

3. Reviewer suggests that the data for the 0% OER
removed from Figure 11, Figure 12 and Figure 13.

4. In Figure 11, after 40% OER, the hue values
seem to be constant with % OER.

In section 3: The methodology in this section has been
revised.

We follow what reviewer suggested. In classification
process, we designed new classification threshold that
grading into three groups, 30-40 % (L-Grade), 40-50%
(M-Grade) 50-60% (H-Grade) as shown in Table 3 and
new fitting function in OER determination process for
each group as shown in Figure 11.

5. Please put the experiment setup photos in the
manuscript that the reader will more clearly how these
devices work.

The experiment setup photos were added into Figure3
and Figure 14 for mobile device.

6. Is this proposed equipment only can take the
image for a single fruit or one bunch of fruit?

This proposed equipment performs on single fruit only.

7. Writing in the "Introduction" section can be
further improved.

In line 29-88: Introduction section is improved as the
reviewer suggested.

8. The data in Figure 11, Figure 12 and Figure 13
are quite scattered, but how the proposed device can
archives mean error of 1.38 % with the OER range of
0.29 % t0 56.03% ?

For our new experiment results, the proposed device can
achieves OER error of 3.06, 1.39 and 3.82 for L,M and
H-Grade, respectively where the absolute OER error
(average) is 3.30

9. In the "Introduction" section, author mentioned
that the complex permittivity measurement of the oil
palm fruit is unable to determine the ripeness degree.
This statement is not true, because the ripeness degree
can be found from the relationship between the oil
content, water content, complex permittivity and week
after anthesis as shown in following Figure (available
in attached file). The complex permittivity value of oil
palm fruits is proportional to water content in the oil
palm fruits

Line 43-47: The microwave technique is discussed.




Reviewer #2 (Remarks for the Author):

Reviewer #2 comment

Authors action

In general this paper is good and covered the scope of
journal. The mobile application and computing for
determination of oil palm content was similarly run as
below references which must be cite by author and
include in his paper.

1. Razali M.H., Wan Ismail W.l., Ramli AR.
Sulaiman  M.N. and Harun M.H. (2009),
"Development of Image Based Modeling for
Determination of Oil Content and Days Estimation for
Harvesting of Fresh Fruit Bunches," International
Journal of Food Engineering, Vol. 5(2), pp 1633 -
1637

2. Mohd. Hudzari Razali,Wan Ishak Wan Ismail, Abd.
Rahman Ramli, Md. Nasir Sulaiman, and Mohd.
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Estimating Optimum Harvesting Time of Oil Palm
Fresh Fruit Bunches". Journal of Food, Agriculture &
Environment, 9(3&4), pp.570-575. 2011

Line 62: These references are included in this paper.




Reviewer #3 (Remarks for the Author):

Reviewer #3 comment

Authors action

This paper presents three algorithms for evaluating oil
palm maturity and oil content.  This is a very
interesting problem and has values for the palm oil
industry. The paper could use a lot of editing. Better
writing quality and organization and presentation of
the paper are to be desired. There are many redundant
and duplicate sentences throughout the paper. Often
the presentation is out of order. For example, the
authors would raise a question but with no answer and
then present the answers in a later section without the
question. It makes it hard for a reader to
follow. There are typos throughout the paper, e.g.,
"We a present simple ..." in the Highlights section.

All sections have been revised

Introduction section should be rearranged better. Each
paragraph should have its focus point(s). The first two
paragraphs are super long paragraphs. Lines 47-50 are
redundant. Everyone knows what vision technology
can do. Even if the authors feel this discussion is
necessary, the references cited are far from being
qualified as representations of those fields. Should
focus more on the agriculture applications that are
related to fruit/vegetable quality grading. Color
correction is very important especially for hand-held
devices.

In section 1: Line 48-62, this section has been revised.

Line 73: "different illuminants"?

Line 75: What is the definition of "device-dependence
effect"?

In section 1: Line 73-79 has been revised; “different
illuminants” mean the illuminations from light sources
are different such as light temperature. “Device-
dependence effect” means the color correction
algorithm such as automatic white balance which
embedded in camera device designed for correct color
from different illuminants only. This produces
different color tones for different devices.

Lines 80-85 are duplicated in the abstract,
introduction, and conclusion. They are redundant and
can be removed.

The redundant part has been removed.

The entire Section 2.1 is redundant. Not much useful
information is presented. Physically independent does
not mean they are actually independent. Each
individual channel is still affected by light from
different color spectra.

In section 2.1: This section has been revised. As
explained in line 114-116, RGB channels in a digital
camera are assumed to be physically independent
which appropriate to implement for mobile device.

Section 2.2 need to be edited. Lines 119-122 explain a
process that should include the Figure 8. This is a
good example of poor organization. Questions such as
what image information (color pattern) were used and
how often must this process be done are without
answers. Section 4 actually has better explanation.
Sentence in Line 120 is wrong.

In section 2: The preprocessing and their performance
section are reorganized.

Lines 141-142 could be explained better with Figure
8.

In section 2: This section is reorganized. For beer
explanation, Figure 8 (previous) is moved to shown as
Figure 2.

Line 162: is this specifically 530 nm or a range of
spectrum?

Line 198: 530 nm is specifically absorbed.

Lines 164-169: A lot of detail on biology only to
explain that they have different colors for different
maturity level. It is hard to see any value to include
this information.

Section 3.1, Line 185-206 is revised.

Sentence in Lines 178-179 does not make any

Section 3.2 is revised and the reference is removed.




sense. References should not be included without a
meaningful discussion.

Line 203: This feature is not nondestructive why
include it?

In section 3.2 and 3.4: Destructive feature is not
included to classify.

What does Equation (8) mean? Is it based on a
polynomial regression? What is the ground truth?

From Equation (10), by our investigation, we have
found that each grade is well characterized with cubic
function as shown in Figure 11.

Lines 247-249 and Figure 8 should be included in
Section 2.1,

In section 2.1: This section is reorganized.

Lines 254-278: The authors first use visual inspection
to blindly claim that DDC algorithm works better than
others and then propose to use L-2 norm as a more
objective similarity measure. The authors then in
Lines 276-278 mention the proposed similarity
measure is not to be trusted and reverse back to visual
inspection. Visually, the three images in Figure 9 (c)
captured by three different cameras still appear very
different and the proposed similarity measure confirms
that. The three images in Figure 10 (c) are also very
different. At this point, it is very hard to continue to
read the rest.

In section 2: Improved experiment set up is performed.
We used auto-exposure and prescribed white-balance
functions under while LED source in light-controlled
box for all mobile camera devices as shown in Figure
3 to validate our technique.

The new ColorChecker results as shown in Figure 4
and the results obtained from DDC as shown in Table
1 are better than others..

From the relation between the corrected RGB and the
reference RGB, we justify with linear function, from
the results are shown in Table 2. DDC algorithm
produce linearly function with slope = 1 and offset =
0.04.

Finally, DDC algorithm can correct the color
information much better than the Poly-3 algorithm.
Our DDC algorithm is very appropriate method for
mobile implementation with look-up table technique.




Highlights (for review)

Highlights

e We a present simple oil content determination scheme for palm fruit based on an image
processing technique.

e The scheme can be widely implemented in various mobile devices since it includes a color
correction algorithm.

e The scheme is practically used since it is designed on open source platform, hence suits for a
low-cost mobile device.

e The scheme can fast determine oil content in palm fruit and provides high accuracy results.
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Abstract

In this paper, a simple scheme based on an image processing technique for determining oil
content in oil palm fruit implemented for a mobile device is proposed. The scheme has three main
algorithms for color correction, classification and oil extraction rate (OER) determination. The color
correction algorithm can correct image color from the device-dependence effect in the RGB color
model by the device profile function. The classification process is developed on a two-layer
feedforward neural network by using features from the hue values of oil palm fruits. The OER
determination function is modeled by using the polynomial regression model. The results
demonstrate that the proposed scheme can classify and determine the OER with a simple
calculation. The scheme is implemented on a mobile device/phone and tested with 64 oil palm fruit
samples. Comparing with the standard Soxhlet extraction measurement, the scheme achieves a
mean error of OER 3.30 with the OER range of 30-73.
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Oil palm, classification, ripeness degree, oil extraction rate, color correction, RGB, mobile,
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1. Introduction

OIL PALM is an important global economic plant because it produces higher oil content
than other oil produced crops. Palm oil is used as a crucial substance to produce several consumer
products including soap, diesel engine fuel, etc. Generally the palm fruit, var. Tenera, is most likely
to be chosen to farm due to its being the highest oil producing palm fruit. Farmers can gain much
revenue by trading palm fruit for its oil product. The degree of oil palm fruit ripeness and its oil
content, defined in terms of oil extraction rate (OER), are the key indicators for determining product
quality and pricing. Thus a grading process for palm fruit is required in palm trading markets
nowadays. Currently, this grading process is performed by human experts who can classify palm
fruit quality from color, shape, texture and some other profiles of oil palm. However, human errors
can occur due to work overload. For this reason, numerous nondestructive techniques have been
proposed for classifying palm fruit. A transmission-mode ultrasonic technique has been proposed to
predict oil content in oil palm fruit (Suwannarat et al., 2012). Based on the neural network model, it
was reported that the technique achieved a mean absolute error of 2.2 within the OER range of 20-
60. However, a measurement setup for this ultrasonic technique is required to be installed and hence
difficult for in-field applications. A microwave technique was proposed to measure the moisture
content of oil palm. This is accomplished by measuring the complex permittivity of the palm fruit
(Abbas et al., 2005; Yee et al., 2011; Yeow et al., 2010). Based on dielectric constant permittivity,
the OER determination function is related to average spatial dielectric constant of oil palm fruit
(Pamornnak et al., 2013). Nevertheless, this technique is both complicated and destructive method.

Since qualities of agricultural products are related to their peel color information, various
research works on image based nondestructive testing have been continuously reported. An image
classification/recognition algorithm is normally used as a core algorithm where RGB (Red, Green and
Blue) and hue color are usually adopted to characterize color information. For example; a post harvest
quality of mangosteen can be determined from relationship between pericarp hue color and
anthocyanin composition (Palapol et al., 2009), a rapid flesh color determination for clingstone peach

was proposed by forming a relationship between peel and flesh hue degree (Slaughter et al., 2013), a
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quality grading system for tomato was proposed by forming a color of interest in RGB to a one-
dimensional index color space (Lee et al., 2011). The RGB colors of an apple were transformed to
monochrome prior to applying a feature extraction algorithm for grading apple quality (Rennick et al.,
1999). For image processing applied to oil palm, a machine vision system was applied to classify and
predict oil content in a palm fruit as well as in a palm bunch. Several systems were proposed for
automated industry production by using color feature models such as RGB, HSI, relative reflectance,
etc. (Abdullah et al., 2002, 2001; Alfatni et al., 2008; Balasundram et al., 2006; Junkwon et al.,
2009; Mohd. Hudzari Razali et al., 2011; Razali et al., 2009; Tan et al., 2010).

As high performance processor and digital CMOS sensors are commonly embedded in smart
mobile devices (mobile tablet, phone, embedded computer, etc.), many image processing applications
has been continuously applied for various applications. However, it is well known that image color
obtained from a digital camera unavoidably depends on three important factors. These factors include
the camera device, the illumination condition (Barnard et al., 2002; Granzier et al., 2009; Wang and
Zhang, 2010), and the snapshot scene. For a camera device factor, image sensor, lens, as well as
preprocess algorithm embedded in a camera device affect to image color obtained. Consequently, a
preprocess algorithm is needed to correct image color information (Gijsenij et al., 2011; Park et al.,
2005). Color information, if uncorrected, can be distorted and subsequently deteriorate performances
of the core image processing algorithm. Thus from a practical viewpoint, an algorithm called color
correction has to be implemented. An automatic white balance algorithm (Chiu and Fuh, 2010; Hsu
et al., 2008; Huo et al., 2006; Lam, 2005; Liu et al., 1995) has been implemented and embedded in
camera device to correct color information suffering from different illuminants. Several algorithms
have been proposed such as Gray World, a calibration based technique, and white object purification,
etc. Unfortunately, such methods fail to correct color information suffering from the different camera
device (device-dependence effect). As the author's knowledge, none of them can correct the image
color from device- and illumination-dependence problems simultaneously with a simple calculation.

For our application, we proposed a simple scheme which can be implemented on a mobile

device to predict the OER of oil palm fruit using hue color features. The algorithms implemented in
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our scheme consist of three algorithms for color correction, palm fruit classification and OER
prediction.

This paper is organized by addressing the preprocessing process which includes color
correction algorithm and their performances in Section 2. The methodology which includes
classification algorithm, prediction function and their performances will be illustrated in Section 3.
A proposed system design and mobile device implementation are demonstrated in Section 4.
Finally, the conclusion will be drawn in Section 5.

2. Preprocessing Process and Performance

This section describes a preprocessing technique proposed in this paper. A color correction
algorithm will be illustrated, followed with their performances.

2.1.  Device-Dependence Color Correction (DDC)

In this subsection, we present an algorithm which corrects color information for each color
channel from an image from the device-dependence effect called DDC (Device-Dependence Color
Correction). It consists of two main steps. The first step, as shown in Figure 1(a), is to estimate the
device profile function for the individual R, G and B channels, whereas the second step, shown in
Figure 1(b), is to correct image color with the estimated profile function set.

Figure 1. Here

To estimate a device profile function of a digital camera, reference color information
obtained from GretagMacbeth standard color checker with 24 color patches shown in Figure 2 is
applied as reference RGB data set.

Figure 2. Here

First, the color checker is captured by the digital camera required for color correction. The
captured image data was modeled in RGB format. By averaging color information of all pixels in
each color patch area, the captured image information in RGB model called captured RGB data set
is obtained. The device profile function is calculated by mapping the reference RGB and the

captured RGB data sets for the R, G, and B channels as shown in Eq. 1,
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R=f:(R)
G=1f.(G) (L),
B=f,(B)

where f.(-), f;() and f,() are mapping functions, [R,G,B] is the captured RGB data set,

[ﬁ,é, E] is the reference RGB data set, for R, G and B channels, respectively.

In this paper, since RGB channels in a digital camera are assumed to be physically
independent as shown in Figure 1(a), the second order polynomial device profile function for

correcting RGB channels are proposed as shown in Eqg. 2,
R= ozszR2 +ag,R+og,
G =0 ,G" +ag,G+ag, (),
B=ay,B’ +a5,B+ag,

where ag;,aq;and ag; are the coefficients for R, G, and B channels, respectively. These

coefficients can be enumerated by applying the multiple regression technique as shown in Eq. 3,

x| |1 x X

0 (1% Xolla| |8

X 1=11 X3 X3 | ag|t|& (3),
S ay, e,

S 1 %, X

where X,X,a,;,and e are the reference RGB, captured RGB, regression coefficients, and

X0
regression error, respectively. For the second-order polynomial functions, n is the number of color
patches (n=24). The regression coefficients estimated by using the ordinary least square method
are as shown in Eq. 4,

a=(X"-X)"X"-x 4),
where a is the vector of regression coefficients, Xis the Vandermonde matrix of captured RGB

and X is the vector of reference RGB, respectively. Applying to Eq. 2, the device profile function
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for RGB channels are obtained. Then the color correction process as shown in Figure 1(b) is
utilized.
2.2. DDC Performance
To demonstrate the performance of the DDC algorithm, image information from the
standard GretagMacbeth ColorChecker shown in Figure 2 is used as the reference RGB data set.
Three digital cameras equipped on mobile devices; Samsung GT-P1000 (T), Samsung Galaxy Note
(N) and Sony Xperia Z (X); were used. To alleviate different illuminant effect, all experiments were
performed using auto-exposure and prescribed white-balance functions. The experiment setup to
prove the performance of DDC algorithm is depicted in Figure 3(a). Shown in Figure 3(a), two
arrays of white light-emitting diodes (LED) are installed at the top of the light-controlled box while
a standard color checker is posted against the inside wall. A photograph of this experiment setup is
shown in Figure 3(b).
Figure 3. Here
The snapshots of the standard color checker from these three cameras are shown in Figure
4(a). Evidently, the original color information obtained from these three cameras is different due to
the device-dependence effect. Figure 4(b)-(c) shows the corrected image after applying the Poly-3
(Wang and Zhang, 2010) and the DDC algorithms, respectively, called corrected RGB.
Figure 4. Here
In this paper, the correction algorithm performance is evaluated by computing the total

distance between the compared and reference data sets of all 24 patches. This is defined by the

Total Euclidian distance ( E; ) as shown in Eq. 5,

£ = (R - R) 4 (6 -G )"+ (BB, ®)

where (ﬁj,éj,éj) and (R},G},B}) are the reference and the compared data sets of color patch j,

respectively. It is noted that a data set [RJ .G, BJ] is obtained from the mean values of R, G, and B

for all pixels in the color patch j. To compare the performances of the DDC with the Poly-3
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algorithm for all 24 color patches, the reduction rate in E; after applying the correction algorithm is

evaluated. The values of E; and the peformance comparision between two algorithms are

summarized in Table 1. It is shown that the DDC algorithm corrects color better than the Poly-3
algorithm for all devices.
Table 1. Here
To demnstrate the similarity of the corrected color with the reference color, the relation
between the corrected RGB and the reference RGB image information is determined. A linear
function is used as follows,
Yy =mX+cC (6),
where y,x are the reference RGB and compared RGB data sets. Meanwhile m and c are the slope

and offset of the linear function. If an algorithm can correct color efficiently, then y should be

related to x, with m and ¢ being 1 and 0, respectively.

Table 2 shows the linear regression results. As shown in the Table 2, correlation parameters
of uncorrected, Poly-3, and the DDC algorithms are detailed. The slope and offset of DDC
algorithm are very near to 1 and 0, implying that the corrected color tones are very close to the
reference ones. On the other hand, slope and offset values of the Poly-3 algorithm are not close to 1
and 0. The average values of slope and offset obtained from the Poly-3 algorithm are 1.09 and
-12.36, whereas those obtained from the DDC algorithm are 1 and 0.04. The residuals from the
DDC algorithm is smaller than the Poly-3 algorithm and uncorrected image. This obviously proves
that the DDC algorithm can correct the color information better than the Poly-3 algorithm.
Moreover, the DDC algorithm is very suitable for mobile device since it is simple enough to
implement using Look Up Table (LUT) technique.

Table 2. Here
3. Methodology and Performances
In this section, two proposed algorithms in OER determination scheme are described. The

first algorithm aims to classify palm fruit into three groups of different ripeness degrees. The second
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algorithm is devised to predict OER. In this paper, only the palm fruit var. Negrescens Tenera is of
interest due to its high oil production and because it is the most cropped palm in the main palm oil

producing countries, which include Malaysia, Thailand, Indonesia and so on.

3.1. Color Characteristics of Oil Palm

In this subsection, we describe the color characteristics of oil palm fruit, which is related to the
fruit ripening mechanism. The issue of the natural pigment of palm fruit will be discussed first, followed
with the hue value of the HSV color model of oil palm fruit (Forsyth and Ponce, 2002; Gonzalez et al.,
2003) which represents color in a visible spectrum.

One of the basic roles of organisms is to provide attractive colors for leaves, flowers, fruits,
vegetables, and skin (on animals) by natural pigments (Delgado-Vargas et al., 2000). The principal
pigments that produce color in oil palm are Chlorophyll, Carotenoids and Anthocyanins (Edem,
2002; Mortensen, 2006; Tan et al., 2010). Principally, Chlorophyll is a green pigment which is used
in the photosynthesis process. It absorbs light in the range of around 430 and 670 nm (Mortensen,
2006; Tan et al., 2010). Carotenoids, a yellow-orange-red pigment, can extract to become the
hydrocarbon compound Carotenes such as a- and B-Carotenes (Mortensen, 2006). Anthocyanins
have mainly blue-purple-red pigments depending on the pH value of the oil palm (Wrolstad et al.,
2005). In oil palm fruit, Anthocyanin is mixed with Flavonoids and produces yellowish-orange
(Delgado-Vargas et al., 2000; Hazir et al., 2012) absorbing visible light in the spectrum of 530 nm
(Tan et al., 2010).

From the unripe to fully-ripe stage as shown in Figure 5(a)-(c), Carbohydtare gradually
decrease, while the Glyceride acid increases (Luengarpapong, 1980). This causes the color of the
palm fruit to change from yellow to reddish-orange and absorbs the visible light range of 430 and
670 nm. In addition, the quantity of Chlorophyll decreases along with the Anthocyanins and
Flavonoids, so the colorant of the palm fruit becomes reddish-orange, which is in the 670 nm range.
This is related to the hue value of range which is around -10 to 70 degrees. At the fully-ripe stage,
the hue value of palm fruit is very close to zero, which represents a reddish color (Tan et al., 2010).

Figure 5. Here
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3.2.  Ripeness Degree Classifier (RDC)

In this subsection, a ripeness degree classifier (RDC) for oil palm is presented. The selected
features from images of each fruit shown in Figure 6 will be discussed, followed by the
classification process.

Figure 6. Here

In Figure 6, a lateral surface of the palm fruit is divided into 20 subsections (k =20) and
mean of hue value for all subsections are calculated. This region of the fruit is called a lateral hue.
The RDC algorithm based on a two-layer feedforward neural network (Hagan and Menhaj, 1994) (a
hidden and an output layer) shown in Figure 7 is proposed.

Figure 7. Here

The hidden layer of the RDC is formed with 30 nodes as shown in Figure 7. This node
number in the hidden layer is obtained from our investigation. There are three output nodes in the
output layer. These three outputs are applied to the output layer to classify the ripeness degree of the

fruit, which include low OER (L-Grade), medium OER (M-Grade), and high OER (H-Grade). The
classifier output, y, is chosen based on “winner take all” technique. The variables a',a’and vy are

defined as shown below,

al =f1(W'p+b') @),
a® =f*(wW?%a' +b?) (8),
y = index(max{a’}) 9),

where f' f?are the sigmoid function vector, p is the input feature vector, (W*, W?) are the
weighting coefficient matrixes of the hidden and output layer, (b*,b?) are the bias vectors of the
hidden and output layer, and (a‘,a®) are the output vectors of hidden and output layer. Weighting

coefficient matrixes (W*, W?) and bias coefficient vectors (b*,b?) in the hidden and output layer

were calculated from the scaled conjugate gradient backpropagation training process (SCG). The

output of the RDC indicating the ripeness degree of the fruit is obtained from the index of the
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maximum value from the three output nodes in the output layer. The value of y is subsequently

applied to the OER determination algorithm.

3.3.  RDC Performance

To evaluate classification performance, the lateral hue of 45 postharvest fruit samples (var.
Negrescens Tenera, Suratthani-2) of different ripeness conditions (15 samples for each class) were
trained on the two-layer feed-forward neural network as explained. The OERs of these fruit samples
obtained from Soxhlet extraction (1ISO9001:2008) are in the range of 30-73. These are grouped into
three classes as shown in Table 3. For the training results, the mean square error (MSE) of training
process achieves 0.0042 and no misclassification occurred during the training error.

Table 3. Here

To test the performance of our classification algorithm, 64 untrained samples were chosen.
It should be noted that all 64 samples had not been used to train the algorithm. The classification
algorithm can provide the class correctly without error.

3.4. OER Determination Algorithm

To implement as simple as possible, an OER determination algorithm for oil palm is
proposed using a regression function. Again lateral images of 45 palm fruit samples previously
applied in the classification process were used to develop the feature for determination algorithm.
The spatial mean of lateral hue values of each fruit section was computed. A whole-fruit hue is
computed by averaging over spatial mean hue values of 20 lateral sections. Figure 8 plots the
whole-fruit hue values of 45 palm fruits and their OERs which are 30-73. Large hue distribution
ranging from -4 to 90 degree is obtained and this causes some difficulties to model the OER-hue
function for determination algorithm based on the whole-fruit hue.

Figure 8. Here

To obtain smaller hue distribution, two following cases are investigated. These are obtained
by averaging spatial means of lateral hue values over a) section #1-#13 (called top-perianths hue)
and b) section #14-#20 (called bottom hue). The second case is the bottom fruit area covered with

perianths. It is worth to clarify that these perianths normally covering around 35% of a whole fruit
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will protect the fruit from various hazardous environments such as light and rain as shown in Figure
0.
Figure 9. Here
Regarding to top-perianths and bottom hue cases, Figure 10 plots the average hue values
computed of 45 fruit samples and their OERs. The most compact group is obtained from the bottom
hue case since the hue information of bottom hue is not varied as much as the uncovered area. Since
a well compact feature group offers a simple mathematical modeling, we then select the feature
obtained from the bottom hue as shown in Figure 10(b) to formulate a mathematical model for OER
determination algorithm.
Figure 10. Here
In Figure 10(b), we propose to mode the OER function regarding to three fruit grades as
described in Table 3. We have found that each grade is well characterized with a cubic function as
shown in Figure 11. The mathematical model for determining OER is defined in Eq. 10.

Figure 11. Here
3 .

OER=) gh' (10),
i=0

where g, is the prediction vector coefficients, and h is the average hue value of bottom hue. As

shown in Figure 12, our proposed prediction algorithm has three OER prediction functions
(prediction vectors) for three different ripeness degrees. The ripeness degree obtained from the
RDC will indicate which OER prediction function to be applied. With the average value of bottom
hue of the unknown OER palm fruit, its OER value can be predicted. The prediction vector
coefficients of three functions are shown in Table 4.
Figure 12. Here
Table 4 Here
3.5. OER Determination Performance
To evaluate the performance of the determination algorithm, other 64 fruit samples were

applied to the OER prediction algorithm. The fitting functions of the bottom hue data are related to
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OER with a third-order polynomial function. The performance of the algorithm proposed to
determine OER is summarized in Table 5. The prediction algorithm achieves an average error of
OER 3.30. In summary, we strongly believe that the performance of the proposed prediction
algorithm and its simplicity can be readily implemented on a mobile device.
Table 5. Here
4. Mobile Device Implementation

In this section, we present the implementation of the OER scheme on a mobile device. All
proposed algorithms in the scheme are implemented based on open source platforms which include
OpenCV, A Java Matrix Package (JAMA) and Android. This leads our scheme to be applicable on
several mobile devices.

For the proposed mobile based OER determination algorithm. The image processing algorithm
is run on an OpenCV core, while the JAMA core supports mathematical processing. Graphical user
interface via a touch screen LCD is developed on an Android platform. For our implementation as
shown in Figurel3, the acquisition, oil palm detection, preprocessing, and OER determination processes
were programmed using OpenCV. In acquisition process, an oil palm image was extracted from image
scene by using background subtraction technique (Image threshold and finding an oil palm contour).

The JAMA core was used to compute the device profile function and operate the least square
technique for regression analysis. Two speed optimizers were employed in the system. Single
Instruction, Multiple Data (SIMD) was applied to reduce computation time. The matrix computation
can perform faster on SIMD processor types such as ARM11 architecture. The second speed optimizer
is to implement a device profile function in the form of a LUT for the color correction process. The
mapping function results are stored in arrays for correcting colors of fruit images, hence the
computation task is considerably simplified.

For implementing classification algorithms for palm fruit, neural network weights, biases and
prediction vector coefficients are stored in configuration file. The mobile device which installed
software as shown in Figure 14(a) and graphical user interface of the scheme on a mobile device is

shown in Figure 14(b)-(d).



313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

Figure 13. Here
Figure 14. Here
To evaluate the performance of the OER determination system on a mobile device, our
proposed experiment was conducted on a Samsung Galaxy Note (ARM Cortex A9 Dual Core
1.4GHz, 1 GB of RAM). The image resolution was 2048x1536 pixels in ARGB-8888 format. The
speed performances of the system implemented on a mobile device based on a conventional
iteration approach and using two speed optimizers proposed in this paper are shown in Table 6.
Table 6. Here
Speed performance when using SIMD and LUTs is 96.41 times faster than a calculation
based on iteration. It can reduce calculation time by 98.96%. However, this does not include other
operation time such as file operation or image acquisition time. The overall computation time can
be changed depending on other factors. In our implementation, the speed of the overall process

based on SIMD and LUTSs is within 373 milliseconds, which is sufficeint for real-time application.

5. CONCLUSION

A simple nondestructive method for classifying and predicting oil content of oil palm from
hue color features has been presented. The determination scheme has three main algorithms for
color correction, classification and OER prediction processes. The color correction algorithm
proposes to correct image color from the effects of device-dependence in an RGB color model with
a 59% Euclidian distance reduction rate. The classification process based on a two layer feed-
forward neural network is developed by using features from the hue values on an oil-palm surface,
while the OER determination process is developed by using a polynomial regression model. The
results demonstrated that the proposed method can classify correctly and determine the OER with
only 3.30 OER error. Finally, the oil content determination scheme implemented on a mobile
system can be conducted with an average speed of 373 milliseconds. The measurement system was
applied and tested with several oil palm fruit samples and our experiment was also compared with

the Soxhlet extraction measurement.
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We strongly believe that our method is very appropriate for several practical applications. In
addition, our method can also be applied to portable computing devices in practice.
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TABLE 1
Performance comparison of the correction algorithms for different camera devices
Device E;
Poly-3 algorithm DDC algorithm
tncatieciea E, Reductionrate (%) | E; Reduction rate (%)
T 1683 827 51 727 57
N 1771 894 50 783 56
X 1920 753 61 690 64
Mean 1791 825 54 734 59
TABLE 2
RGB color correlations between Reference and Uncorrected-Corrected colors
Device Uncorrected Poly-3 algorithm DDC algorithm
Slope Offset Residual | Slope Offset Residual | Slope Offset Residual
T R| 179 -3325 93.68 1.03 -5.19 90.1 1 -0.13 93.32
G| 202 -839 10093 | 1.23 -31.81 112.32 1 0.16 95.76
B| 141 -86.6 101.52 1.2 -2652 112.28 1 -0.12 95.95
N R | 112 21.05 108.12 | 0.95 8.5 110.91 1 -0.06 87.85
G| 113 -11.9 112.45 1.01 -0.79 106.57 1 0.01 112.69
B | 093 -37.47 12183 | 1.27 -37.74 120.28 1 0.16 102.35
X R | 146 2598 91.26 096 6.94 91.26 1 0 90.92
G| 149 -766 10332 | 1.02 -2.89 102.98 1 0.12 100.77
B | 1.09 -32.18 94.85 1.16 -21.76 100.31 1 0.23 92.24
Mean | 1.38 -27.33 103.11 | 1.09 -12.36 10522 | 1.00 0.04 96.87
TABLE 3
Classification Grade
Grade L-Grade M-Grade H-Grade
OER 30.01-40.00 40.01-50.00 >50.00
TABLE 4
Prediction Vector Coefficients
Function Coefficients
03 02 o} Jo
L Grade 8.00x10" -0.06 1.30 27.21
M Grade -8.00x10* 0.07 -2.00 60.93
H Grade 3.60x10° -0.31 8.03 -0.95
TABLE 5
Oil Content Prediction Results of 64 samples
Average Error (OER)
L Grade M Grade H Grade All Grades
3.06 1.39 3.82 3.30
TABLE 6
Performances of the OER determination system
Calculation Method Process Time (ms)
Preprocessing RDC+OER determination Total
Iteration 35.80x10° 164 35.96x10°

SIMD + LUTs 215 158 373
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