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ABSTRACT

Development of Non—Destructive Sorting System

for Fruits Using Near Infrared Spectroscopic

Ma, Sang-Dong
Advisor : Prof. Kim Jae-Yeol. Ph.D.
Department of Precision Mechanical Engineering

Graduate School of Chosun University

The study has been accomplished for measuring the quality about the vegetable
and food included with rice, power of red pepper, honey mel, sesame oil, soy sauce.
and then most of traditional chemical method is used. Therefore the technology
need to discriminate is used as NIR in non invasive technology. Especially, NIR
spectrometer is mostly used to measure the sugar and acidity of vegetable, organic
contents, moisture of grain, amylose contents, milk fat, milk protein, contents of
solid state etc.

Near infrared spectrometer is used with near infrared wavelength of the range
from 700 to 2500nm for measuring the sample and light of reflective and
transmission i1s mainly analyzed by spectrum of NIR. Because the signal to noise is
small, the method is not used until chemometrics is developed.

NIR is used such as vegetable field The study is researched for making

instrument to measure sugar and acidity of fruits based on non-invasive method



and is developed with setting NIR system to conveyor for measuring on -line
analysis in field. If the fruit skin is thicker than another fruits and the strength of
fruit skin is stronger, not only the measurement type of previous system for
measuring sugar and acidity contents is difficult to measure the fruits but also
because the deviation of measurement is high, the quality of fruits is not controlled
by previous system. Therefore for this two problems are solved, this study should
search the fundamental and best optimized condition of optical parameter about
Halabong fruit that has the thick and weak of strength of skin. The optical basic
theory consists of optical structure with diffused reflectance and then such optical
structure with the drawing of optical structure to lamp part increase the light
intensity per unit area and although injected spot size of light is broader, the
optical structure could minimize direct reflectance effect relatively. As this result, It
is to measure more accurate sugar and acidity contents in internal quality factor of
fruit with the optical structure.

The study is used on Halabong produced in farm as sample and the fruits is
used for being fundamental study. The skin of Halabong is too thick and weak to
happen the demage of heat to fruit skin. Therefore for the light has to minimize
the demage of heat, the specification of optimized light is set for improving the
efficiency of light scanning. and then optimized NIR system is set on commercial
conveyor. The sample cup of conveyor is used with cup type for loading the fruits.
After setting it, the data required fundamental study is applied for setting the
hardware. and then the sugar and acidity contents in Halabong is calibrated after
the spectrum is measured. As the result, The correlation of sugar contents is 0.98,
and the correlation of acidity contents is 0.98. Two correlations are good linearity.
Also routine analysis is worked after working calibration. The result appears that
SEP (standard error of prediction) is 0.51%6, 0.11%. By the result, we hope to apply

and use it to the industrial fields.

_10_
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Table 1-1 SSC of various agricultural products
a) Fruit group of High-SSC

Name of an article SSC (Brix) SSC Range (Brix)
Jujube 28.7 244 - 323
Kumquat 25.7 24 - 27.3
Banana 235 208 - 269
Grape 18.8 168 - 21.7
Chestnut 17.7 157 - 19.7
Hallabong 15.4 150 - 156

b) Fruit group of Middle-SSC

Name of an article SSC (Brix) SSC Range (Brix)
sweet-persimmon 145 13.8 - 15.3
Pineapple 145 13.8 - 15.2
orange 13.2 10.6 - 14.0
kiwi 13.0 121 - 14.2
apple 12.3 121 - 165
pear 11.9 111 - 124
melon 11.7 103 - 12.7
mandarin 11.8 87 - 124
pomelo 10.4 9.7 - 108




¢) Fruit group of Low-SSC

Name of an article SSC (Brix) SSC Range (Brix)
watermelon 9.1 8.6 - 99
strawberries 9.0 74 - 116
mini—tomato 8.5 81 - 90

avocado 7.3 6.8 - 75

d) Vegetable group

Name of an article SSC (Brix) SSC Range (Brix)
sweet potato 15.3 13.7 - 178
mini paprika 115 11.0 - 116

carrot 7.6 73 - 80
tiny—carrot 6.9 63 - 7.8
vellow paprika 5.6 54 - 59
green pepper. 3.8 3.3 - 43
tomato 49 41 - 55
green cucumber 45 41 - 51
white cucumber 44 24 - 47
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06622 wAEo] T3 AAEYS o] &3 Hgold] Ttk SA4L 7led soR
ddstFa AEe FAE o] &S B #de] JFEFE SA4d% 1 A&l vhed



Aoz waskgd
Seo 5(2006)2 VIS/NIR H#3 3% =74 WPHS o] &3}o] "Fuji” AF#e] W
q

ACAg ERA)S w5k Hel gy
o 3

[e]

|

ZA8t7] st et Wy Ax

] F} 640, 710 L2 800nmoll Al Ht

b= Ao solw]o] W E S Matlabe] SIMCA W& Abgste] Agsta

O d%s Horekdnh o A @ n iy @l ZAgwrt 47 70.0%9
81.0%%1 Aoz ®aet uf 9@

Kang 5(2008)2 NIR 3} A~=E82 o] 43le] 7hzle] |

4
FHoE WEN 2HEY

1

Mo o o

T AN R S5 §e AlaRe s AFAT, A UEE S
A7l e MEE oS d e AdAFrE 0.83, SEPE 0 o] o=

Aok 80%, oS A= 067%1Uth 1Hv 35 7 e ¢ jle seE B
SI92m, Sun 52008 & W9 PESF VISNIR %3} EgRale] &g 2
AR AW 8 Foam =g

O

d
o:

4948 7 H¥e vastdr. FHAEDL 3U5~1040nm WA FHD
U, AdAgEA v, MSC, SNV 58 A8% o4 PLS WiHo=m mygs /Est
B DL ﬂ 1200 AN FA 2HEDES F4sE Aol E I

3 ANE Bol: o wusHh?

2

Ho
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2. A SA J|Ee AT

o

rUL
>~
i
ofd
iz
ofd

A ot B YEEAE S5 % AFeEs A4HRd
o} McGlone 5(1998)2 7]91¢] #4 Wy A% AE &% 1 &
o 3

< 800~1100nm <

Et
o,
=
@
Z
=
=)
~
>,
f
)
im
il
o
O,
o
ol

= At AFASF(RY7) 09003, RMSEPE 039°Brix® #4415 9lon, 3
As} ARAF(R)E 06603, RMSEPE 780Ne 2 ¥4 wo] e oL oy
& o wsginh zﬂﬂﬂ& Hde] AVIE By B aeste] et
AR dERge AL AAAF(R7) 0.760] i, RMSEPY 70No® mpele] =7]
£ nEsA] & B ZAFARTh okt v e AAAFE Holw Zow EAH
Atk sHAIRE o] =] AgAbE Hdel AVek AHLAbolole AP HAVE §)
= Row Rusgo?

Lu 5(2000)& 800~1700nm Atole] NIR uhAl A= =2 o] &3lo] Alabe] %

¢ G E AT Ao A “Golden Delicious”, “Empire”, “Red Delicious” #£% 2

At AAs AAS A AASHA] XS Ae] AdE H]ﬂé}‘iﬁdr. EAA B A

vl PCR(principal component regression) 412 3l9tl. A= A A, Ali}e

AEe AAT AP AASA F2 Aol FBAF@= 44 .383% 0588 4] %

a1, SEP+ 6.67 10.INS =2 #3334 ZAztel ZEAfolo= vt JaaAA 7 ot
o

3 oRasteth R o2 Av, 44 %1 AHMVM APA T E 093~0972
4S5, SEPE 0.37~0.42°Brix 2 4]

bl g oE REAMel gl 1 EFY 43 24 e A0 nasd

Lu(2001)= 800~1700nm Alele] NIR WAL A~#EE 8 o] &3)o] sweet cherry ]

25 SHely] Y5 AFoA] “Hendelfinger’$t “Sam” ¥ %9 4= I

Ak & A4 2E A WHS PLS 41E ol &ote] HA Y o5 2Y

At #F°] “Hendelfinger”$} “Sam”<l sweet cherry® 4% oS Aap 4
Z

ur
F7F ZFZF 0.80, 0.650]H, SEP= 055, 0.44No.2 &2 A#aAE vehd=

mlo

ry

N

_9_



o7 RudPT FE oS Aite ABAFE7 424 095 0.89, SEPE 0.71,
0.650°Brix® ¥& AHAAAE e e 2o Hastgon, ol ng e g NIR W
Ab 2#ER] S o] &35e] sweet cherry®] Bt GEE dST 5 1S Alelgtl B
16}‘}1@_“1)

Peirs 5(2002)& At#e] 4 SAE 9ste] AFolA ~HER S SA31851
NIR &4 Wi FT-NIR 54 Wi$ vlwsaz d5-5 F3sk3rh NIRS 574
& Aol A wALE = A EYLS 380~1080nm B HlA Si AEIE ALREl] =
FaL, 1080~2000nm 4 % ol4l InGaAs HA=71E AR&3ste] oA &3

S

e HAT F ZAstA Ao FT-NIRS =4 1000~2500nme] %4
PbS A&7|E Abgste] AT & X9 ohgA, o] T} o], YFEd §go]
& des vlasiin. SHE AFHERSE o]fste] PLS &40 93 o5 =¥
& MEEa AR AR, AFAEE U A FFY AMRE didste] SAE Ak
F oA SR A M AR dE] oS Aues V€Y Bad Aol 24"
= exut vl BAHgen, HAHNwe oF AdE FT-NIR =4 wds
NIR 4 W 2% Add 28] Ave] $58kA & 2oz nusiglrh 3
FT-NIR 2¥E#9 =4 FA& ¥ Aad F2uE el Aes dusg
51, o] b dole gk Aow nusgrh /Ay Ryl 37 B4 A 14
e FT-NIR 5% ®Wie] NIRS 53 WHRT ot 1t 53 2108 Hishe]
om, FT-NIR itAb 2B SA46k= 212 dHoly 18 mar sfarshs 5
BE 7o) NIR 49 oAl 54 wgeletn nusgdt.”

Hsieh 5 (20052 400~2498nm<] 4<%
Pearl guava®l ZE9l BEE %4 At 8% ~9=de @y 942 4
gote] F A wolx 2l o] F e HFE AAT F dF EIFE etk
23 g2 MLR(multiple linear regression), PLS(partial least square), MPLSR
(modified partial least square regression)®] 412 Fsto] MEsdct o2 A7
MPLSRZ 7@s Zge o &3 Tx9 oFe AaAFr7F 095013, SEP+
0.72°Brix#} i1 Ha1s} S th F el o &8 PLSR(partial least square regression)
Mg Foto] et 2EAgA 7HE e SEPE UEe sloz A FEGlem 343
Nelghi wishdrt®

He 5(2005)2 EviES UlF FEE& vl Wy or 46171 $fste] 350
~2500 nm W VIS/NIR ¥HAF ~HERS =



\r

T Zzre] IR #F2 W] dis|A PCRI PLSE A9 o& 2E2 /sy

2y A dah Fre] AuAFrE 090, SEPE 0.19°Brix, A=

0.83, SEP&= 009019, +&=x #lge] A#AAFm= 247 081, 0.83, SEPE

16.11, 1.18N2Z 7j@g 2§e] o= A%o] olF 95a Aoz mustygr.®
McGlone 5 (2007)2

1& ol gste WHA & ol&ole WHoE 719 FHAE o Soto

5 %, A4 (Hue), 12131 7184

gale] 71910 EAL ST A4,

7bex 85 ko] o) Zo]E= 800~1000nm W sl Aake 500

<l B

g AFe % @ 5 =, 300~1140nm

HEAL 2

sy

Agsl o=z BAHIU. A% 7|te F4 dS439 SEPw +0.24%, £0.31%,
7V S7VER T Gk dE4d3e] SEP7F +0.71%°1 A4 £0.31% =

o
S71e A2 AA geste e oSl VIS/NIR &% S El v Adsith=

e =
o

kl

f

5

30

=

olgo® Fui
Park 5(2002)2 400~2500nm <% %¢] VIS/NIR WA} ~HAERS o]&sle] Al
o] Aol Jrg dSstazt st th "Gala”9b "Delicious” &l dlsiA Zhzb UiE
s FAsRen, A4 2HEZS PCR 43 MD
(mahalanobis distance) #4& &ste] E-& /fdaetdt:. 400~1800nm Akeolo] 3
¥ E9E PCR #4& SRy Heg A¥EY, "Gala”
EFE AHe A9e AAASF(RY)7E 022, SEPE 49INS® R4 9151, "Delicious”
E& AlFe 2ARZASF(R®7F 079, SEPE 7.02No 2 A ¥ th 800~1100nm Ake]
Eqld dis) MD #4& Sdte] /Es By de& A 23
"Gala" EE Aabe] @ o) Ze AR AS(RY)7} 093, SEPE 0.28°Brix® hEFRL L,
"Delicious” FEZ Ao s AAASF(R®)7) 097, SEPE 0.34°Brix® #4521t}
i

olgel ABEHE, ATAL BF BHE o gdte] A% Fre dFe UST U

|

oft
ol
ol
0
=
(2
o
o,
k1
£
e

|
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‘4594 LH’% =4 W= total solids, soluble solids, total acidity, total sugar,
glucose, fructose$th. 43 ~HE @2 mean smoothing, Fourier filter, MSC, 7|+
o AAHYE ALt dAee ~#EL PLS19 PLS2 248 539 =¥
2 MEstgleon, /g R deE Hrletdth PLS2 4z /st Ry
total solids, total sugars, glucose®} fructosed] ] PLS1H.t} 93 Al52 HOl 7
o5 et PLS2 4o /s Ry He 23S B, 74 Ui 2E ¥F
E9] SEP % total solidsT 267, soluble solids 1.14, total acidity® 9.60, total
sugar® 18,69, glucose: 11.60 12|31 fructoses 1345% waslgch™

w33k 5(1997)2 600~1100nm I Eﬂoﬂg F WAL 5A4E o] &ste] AbR
HY, Hoote] g FH 2HERS 23 nEg o] §sto] I Aol FRE
A& F Ue IAELES N ST @15%494 el A Gl g
7V 2 dSAdde AFNER))ZF R=096, SEP=0.4°Brix, ®l(X1a1)7}  R2=0.88,
SEP=1.17°Brix, H%oH4)7} R?=0.84, SEP=0.77°Brix¢| &3l X 318} vh Heh A}
o] AAGAke et Fd AR 22 HR g AaAleE v B 24
el 3929 AAAS(RY)E 0472 FAF AT wlo] digt A=A AF o
H917F 0.045~0.064g/100me o] 3=, o gk m#Fe] W) AFEE VIS/NIR 3348
o o Feh e ndAeh] grha mashg e

FETF (200002 Aol HlIbd] WiHSEE dAe] oS AT FNE 9T
VIS/NIR = E"] dx2] 7I'E& WEstdsrl, VIS/NIR ~HER LS oeke] 3k

2 ol WA W, 2eh9l 24 FAE 2WEFS 4T F9E 55 9 B 2
Aol elgron Agsh Arkn wasdrh =¥ HE AAEde AALE 7
F A 2A Aol ol 2dEdd xgE v JFL Ared wrl o
Aol YFEL dZ 29L WEY] 5t Bastin wasgeh®

o] 42 VIS/NIR®] F3hsh whal 29EFS ol §ate] 7o) P EAS oy
Aol Wy ow FH5] 9% AF ABLA, VISNIRS e v 2fEgown
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g ol ek,
sHEg AAe Byl 4ol e g

4 T
« BFY A%
I
-
I 7 3)

I, = Light intensity of No. i wavelength

o] 71 A,
n
I;
_ =1
L o™= m : Mean of No. i spectrum
n = Number of spectrum
o g A&
. T
‘[Z_I_Z_ ______________________________ (4)
nmax
7|4, I = Light intensity of No. i wavelength
I, = Maximum of No. i spectrum
o 9H G A6
I_—IZ_ _____________________
i -[max _-[mm
7|4, I = Light intensity of No. i wavelength
I... = Maximum of No. i spectrum
I, = Minimum of No. i spectrum
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7|4, z;yse = MSC Correction spectrum
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o EFEAAD AiFshelel wawe] FF AAGE P

4 2
Hgo] e A~"fEge] o] So] SNV Axg|z2 A" = Qv o1 &

e ©)
X = n(xf_ L — (10)
20— a) 2
(n—D)

o] 7] A, ZZ: In about all wavelength average of No. i spectrum
A, ; = No. j spectrum of No. i sample
z; = Spectrum of No. 1 wavelength
x ;9w = Correction spectrum
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+ Bz, +¢;

By + By e

Y; —

Spectrum data of sample i

€T;

o] 7] A,

Consistency of interest objective ingredient of sample i

Yi =

Probable error of sample i

€;

n

’

=1, 2.

i

Invariable

Bo

Coefficient of =z,

5

Coefficient of =z,

B; =

e

M= v
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Fig. 3-7 Schematic diagram of internal parts in lamp and lamp lens module.

_35_



s 4R 2 Aol

A
Al

ks

2.

ol

Yy

e o
Tt

P LS

e

7= Sl(slit),

o]
H

W=

ol

A

2 AEn o7 wha

o

749

Nl
2l

oA =

BA B

171

Htt | =27

¥

O

g2

Ho
—_

o)
B

ol ol =

i e I e B -

A 28¥F= 5

|
&

) o]

=
=

R EEE

7}. @A 313 2] (Monochromator)

% t}o] & = (Multichannel

He te Ad

ol A

Photo Diode)E AF&3F F3333 A7) /s 7] 714

& Bof sttt

4l

1o
Be

22K double beam)-2:

=

o, o]% olF

o]

_Zrl

o]

N
Ny

_36_



©

—_
7
(ORI
- ga% MEPHEE T TeEa
s g 8 of - TR BT =
= > O w X o )= S
~ © O‘dﬂ = ) L w5
2 S p W E =T TR o
o - PRS- B I PoELE
= 2 § e s 8% TI14
i / g S Sgrofiid Izeii
< — _ = T ! A iy _ :
o 4 5 EE¥ 4o 8 g T E
5 ~ — g © HTLI 3
i an.w a B 0o O g oy °
7 TR mmimMﬁJdrﬂ@.
gl >, o = w w5 5 A T oo F R I
z : digbmofresien?
il > 2SS ® e dT 28 T h L wE
i = / 2 R IS O B
; g 2o 5 < X0 o
c RS i T fn o oo
I = g g o o~ W oo T ol
— © 2 = 8 o= NN © g
o G 2 To0THx LT XE @ M
- i = wﬂmeaaquM%@Mﬂ@
o N ‘
i S s AT IR L P e e T
© THomn o) R £3 W
bl £ = S e A
wr 5 g WON N e K W T g
s % do o N 2T T Loy T >
s 5 f eERT g T g
T > N & i 5 o - 4
2 o 2 gl WL T R
5 o g TR I
c g e R D% oy @r s T oh
)] ‘I—IU~
a7 g e K o T RIS
) ™ ﬂﬂA]]ﬁPoumo]
o D] Tg‘ﬂl‘ml OLO X A
v e o_%wm@ﬂEﬂdrﬂ%
o 7»MﬂMMﬂo ~ e Y
o | = < e o X o W M
X0 ¥ o S o B W T oW
ﬂﬂ g o 1T [ m Wﬁ TH =z i.e ﬁi HE o) ML o w
R 5 T I R G T B BTG U]
Xp‘rltﬂ m;od LE 76LEMOEL!
W Mﬂwﬂﬂm_ur%gﬂm}v%ﬂ
SRS = W o W S 3 X
5 SR @Al zE1 0 X
Jd Amﬂ I TR
T o wonw M @ﬁrﬂmf

_37_



PDAX T}

ol 7+E=7F #olunl F 2 (Photon)el o

a9tk CCD

Fahg

H, 71 5 CCD$% PDA7F 4

ikss

9

8

ol

she

it webA] 2FvHRaman) o]y ¥4 (Luminescence) 3

X

of PDAT Z= WboAE CCDel HA

AL Ang AL]-7FAA(UV-Visible)# 2ol He] Al717}F 4

=
=

ol A A
off

Bl

3 =

At

j=]
RN

o} o}

T
R

Fa 2w, Fig. 3-9¢14 X

&3]

|
&

O

o]

Table 3-1¢ “eERHATH

Aol R A

ZF

D A A E o]

H(rack) ol

T we ohie 19914

Fig. 3-9 Photograph of monochromator

_38_



Table 3-1 Specification of monochromator

List

Specification

Wavelength range

380~ 1050nm

Grating Holographic transmission grating
Stray light <0.1%
Optical resolution 2 pixels

Focal length

50mm (512 pixels) or 25mm (256 pixels)

Numerical aperture

3.1 (512 pixel) or 2.7 (256 pixel)

Interface RS232
Digitalization 16bit
Dynamic range >1: 10,000

Line array output

16bit data, Parallel

Line array input

clock (pixel clock)

Photodiode line array

256 pixels , Pixel size | 25mm X 25um

Telw o] wajs A
o, o %
2 A 5 vk

1
A EFF "W Abdstke] #e
Bt v B33

o] 971%

7 shge] At obd
Aol st ojw 54

Aol W 9]

N
ez HA Yt olu o] &3l Eow F 3%
2ol AFury He= zdolgd MR BT}

S ol of BAAA HHOE YA YEL Fol
T Hol aolAA ge FE Bom Holg
Mo s 475 soldls Aol o3

_39_

-

ye
uo
B
o
b

N

—
o
-0,
e,
2
2
N
-0,
o
oft
A

IS

8319
50AL
AHE &
— =1
ofzl e
ge ¥
o 54
i)} st
# 23}l
v x
e} 3}
vXOP =]



AL agh

%l

3

Az H

Zoltt.

1)

asin(6)

(1714 n

T
R

o) 57, ©

Hl
=

A5, A

-
<

2,-1,0 1, 2

o _
T

Sy HZHA

Fig. 3-10 The concept of transmitted grating

%

—
"o

_40_



Aluminum case

/

+3

.

w
a
=
i
&
=
™
2
a
o
‘s
=
]

Transmitted grating
Photodiode array

Fig. 3-11 Schematic diagram of monochromator

o} A}

we)

717181 HE7124 A

ol

N
Ny

il

AEmE dolAl7]aL o] &2

7=

Al o]

T
R

ot} e FF

K

shago] 3mely Wi WP o] g8 wo]
gojofe] 21t o)A

71 #

N
Ny

= ©
= —

sef ol

N
Ny

N
Ny
TH

el

=R
&

= 256mm A

of 2 o]
409674 2] F tol L =& H

O =
X

o] gl o] (Photodiode Array, PDA)2] 7l\d t}o]

2 24 o AAF o2 1287155 102471, =] o]

T
R

_41_



,.-J——_
o, - &
:-:‘_'_ 1"'"—-—-,_:— — f::.ﬂ“’
‘ B
i F
a
ATHRN ST ——, -
| | L T [
I
LY H TVFE SLI0OH

Fig. 3-12 Internal structure in PDA (a' 25mm b: 13mm)

Fig. 3-12014 ®= wke} o] A vz Ad UV-VIS &%

o
OE
b
)
2,
R
rir

o,

o
T,

Hoz 1024708 & tol LEE 7HA AL Sl PDAS ARgsha

FreAle FHo2RY gl ARFE Au pAstdA 2 Yib E8ls Sste
5 rAEe] sk vAE AAe A EHY] 52 wE deoler ofde] f® at
AR Z4ze] F el o 5A w7k Ayt S e FA)
F telermd mEeyl FAA7E AAFEHLL olge] S Add detE WA A
ok weba] ZAzhe] g telermd FAE 5479 Asdel AbSEe dstEe
caF o Sk dA o Mol i AAERSE A& ¢ Ak ol#d #A
& U mE SR R SV s ts dshrt old mzkx dshrh A
How A& #F4lAM(integrating photo detector)zt & 4 Uth

_42_



E27F A wol A 2E T
2 AT AFEE WA AES Fig. 3-139] o|H A2 YERf AT

Fig. 3-13 Photograph of sugar measurement system

ST Aol 1AL Table 3-2¢] Ve gt

_43_



Table 3-2 Specification of sugar

measurement system

List

Specification

Constant temperature method

Insert temperature module ( 57C)

Measuring item

Index of refraction(nD), Brix %

Measuring range

nD @ 1.3250 ~ 1.7000/ Brix 0.00~ 100.0%

Input voltage

AC 100 ~ 240V , 50/60Hz

Puwer consumption

85VA

Light source

LED Lamp (D line wavelength)

Material

Artificiality sapphire

0. stele A =g 44

dultd o g strel HAH Y= F A4 Citric acid) £ #7]4F2 0.IN NaO
S o] &3ty /U4 FdHEE oA Hed o] WhHE AEd) sl ARE
2 Qm= & AH|E Fig 3-140] 1Yoz Vehiich

Fig. 3-14 Photograph of acid measurement system
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O Tartaric acid(F44h)-& X Eo A ol A FTH

O Malic acid(AtHih e o8] o] Eoiglx 7HF @ 2 ¥ koAl Citric

acid(7-d4h) =+ Tartaric acid(F44be] 34 A&EH 7% gt

o) AAEE Bl o AHEAE FashE 7HY Fa% 5o uitd &
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gy AA RS SA-sr] ST V7R § ade] ARSAV|E 54 Tl
7k B dol ok AR M1 E Table 3-30 Ve AT

Table 3-3 Measurement range of organic acid in fruits.

Fruits Measurement range of acid Basic of primary
(g/100mL) acid
Lemon 4 ~ 62 Citric acid
Orange/Citrus 08 ~ 14 Citric acid
Peach 024 ~ 094 Citric acid
Plum 094 ~ 164 Malic acid
Strawberry 06 ~ 11 Cirtric acid
Grapes 04 ~ 09 Tartaric acid
Tomato 034 ~ 1.00 Citric acid
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Collimating lens

a)20W Tungsten-halogen Lamp

Diffused reflectance head

Collimating lens

b)75W Tungsten-halogen Lamp

Fig. 3-15 Schematic diagram of diffused reflectance head.
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a) small gap head

b)large gap head

Fig. 3-17 Interval gap between the center of one collimating lens and the center

of other collimating lens.
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a) 40mm gap

b) 50mm gap

Fig. 3-18 Gap variable between diffused reflectance head and sample.
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Fig. 3-24 Schematic diagram and photograph of on-line NIR system.
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a) small gap head
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Fig. 4-2 Full spectra of NIR system by small gap head and large gap head
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Fig. 4-4 Full MSC spectra of NIR system by small and large gap head
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Fig. 4-12 Sugar calibration by integration time of monochromator
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Table. 4-2 Data of SSC and acid measurement value.

SSC Acid
Sample No. Actual Value | Predicted Value Actual Value Predicted Value
1 15.8 15.7 1.55 1.509
2 15.1 15.9 1.2 1.483
3 16.4 16.0 1.34 1.37
4 16.4 16.1 1.31 1.47
5 14.1 14.7 2.06 1.62
6 13.7 14.4 0.90 1.37
7 14.0 14.3 1.48 1.43
3 13.7 14.2 1.67 1.48
9 17.3 17.4 1.64 1.45
10 16.9 17.0 1.11 1.40
11 19.0 18.2 1.49 1.52
12 19.0 19.0 1.06 1.37
13 14.2 145 1.19 1.35
14 13.9 14.6 1.40 1.40
15 14.1 14.6 2.08 2.00
16 14.2 14.7 1.43 1.36
17 13.6 13.1 215 1.70
18 14.0 13.7 1.88 1.35
19 14.9 13.8 1.64 1.40
20 13.1 13.7 1.16 1.42
21 14.4 14.0 0.91 1.34
22 14.8 14.2 0.75 0.95
23 14.4 14.1 1.73 1.41
24 14.3 14.1 1.60 1.54
25 14.7 13.8 1.48 1.38
26 14.7 13.7 1.68 1.81
27 13.3 13.2 1.22 1.48
28 14.2 13.6 151 1.49
29 14.3 14.5 1.29 1.44
30 14.4 14.7 1.87 1.43
31 15.2 15.0 0.85 1.19
32 15.0 15.8 1.34 1.39
33 15.9 15.7 1.67 1.54
34 15.3 15.6 1.62 1.56
35 14.3 14.2 1.09 1.37
36 14.7 14.6 1.44 1.58
37 13.8 14.8 1.16 1.36
38 13.7 14.5 1.17 1.40
39 13.6 14.5 1.55 1.54
40 13.8 14.5 215 2.19
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