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Fig.1 Model of the NIR spectroscopy measurement

of an onion bulb with detection fiber
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Fig.4 Diffuse reflectance detected by fiber probes of different numerical apertures
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Fig.6 Detected diffuse reflectance and average penetration depth of onion bulbs with skins of different optical properties
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Fig.8 Detected diffuse reflectance of onion bulbs with different infected layers and the relative

differences with that from healthy onion bulb

R, KGR e H H A B RO T IE W A,
XoF D' ) 6 ek SR 5 T 909 4 A U R BN TR R
(B B/ 1O IS 1 R R R SRR HLEE . M Case
3H B Case 1H., Fifi % #5535 ] b3 & Ji& . 18 S
GRS OEH I AR Z M 22 R R, X T
Case 2H #1 Case 3H, JUERIE /N T 0.3 cm B, 18 J2
SN 5 OE I A A5 R 22 ORI AR I TR
0.5~2.0 cm Z[A] I, 22 53 A8 15 B @, 3 A fy 321X B
F1R) - X5 % DN 8 B A0 Ok ik RE L D3 A Y BRO(E R U R
B, 24 T B AN R IR R T 3 J2 IR N B )2 ), 18
FHE S 5 IE W A 08 S F S JLF —FE B E
T30 o 1 S S 0 A
3 it
AT T Z 2B, ] Monte
Carlo J5 1k XF 2R G £F 248 3k 19 2 fioh =X 18 s 5 38 000 4
S5 AT BAE R, 4347 1 3R KR RE WSRO PR
JBE XS 18 SR S R B S E R, 5
SR RW] R A AFAEXT 8 S SHE 5 A = WAE T, B
E SIS CNE Y § N RS -3 § Y (E|
JE R BV SEE R AN K, T LLAE S
JCTEAS I b AR BEORA — & 1T 2B TR B IR T
TEARIE AT DI E B AE 1.0~2.0 cm Z ), 2 58 3B IR
JERTIK 0.5~0.8 cm., 7 I IE B3 [, B fE 5 R
oy g 2 B 24000 55 B O AR R AR L T A R
BACRFH P TR R ST xS0 e Y v 28 A F
AT AL, GIE W 3 21 51 38 B 5 6 3 2 R W] DL
W32 0.8 cm TRAL I U W F . AL 3BT T
LR Sk 2 B0 00 45 R 0 52 e, E RV 20 A
I e, B 5 1) 5 BE 5 1Sk mT SR AR TR AR EE

%

FIAE b . 2 IR IR BE BRI, T 18 S 5 280/
o FH AR RS AL AR B8R B 0 £ 458k FT L4 v R
R BE

£ % x #t

(1] fEENE, B Sk 3% T NIR I Raman S % 53 5% 57 5t 46 0 B 5
eI S BT ] A LB 41, 2013, 44(8) : 148-164.

(2] AT, XM 3E, 4= A 45 B T3 20 A6 1 vk 19 7K R i 71 ]
VPR D R I ). AR rh el K 4R 2016, 35(2) - 115-121.

[3] NICOLAI B M, BEULLENS K, BOBELYN E, et al. Nonde-
structive measurement of fruit and vegetable quality by means
of NIR spectroscopy: a review [ J]. Postharvest biology and
technology,2007, 46(2):99-118.

[4] BIRTH G S,DULL G G,RENFROE W T,et al.Nondestruc-
tive spectrophotometric determination of dry matter in onions
[J]. Journal of the American society for horticultural science,
1985,110(2) . 297-303.

(5] Eigfe, 2K A, 2 R I T 00 2080 S 5T G itk i v 280 ] ¥ 1k T
YA LT ] 5 563 40 H7 . 2013, 33(9) £ 2403-2406.

[6] CHUGUNOV S, LI C.Monte Carlo simulation of light propa-
gation in healthy and diseased onion bulbs with multiple layers
[J]. Computers and electronics in agriculture, 2015, 117 91-
101.

[7] WANG L.JACQUES S L,ZHENG L.MCML—Monte Carlo
modeling of light transport in multi-layered tissues[]J].Com-
puter methods and programs in biomedicine,1995,47(2) :131-
146.

[8] ZHU C,LIU Q.Review of Monte Carlo modeling of light transport
in tissues[ J ].Journal of biomedical optics,2013,18(5):50902.

[9] ZOLEK N S,LIEBERT A, MANIEWSKI R. Optimization of
the Monte Carlo code for modeling of photon migration in tis-
suel ] ].Computer methods and programs in biomedicine, 2006,

84(1):50-57.



116 LS S NI %36 &

[10] HENYEY L G,GREENSTEIN ] L.Diffuse radiation in the gal- tures in stone fruits using Monte Carlo simulation[]]. PLoS
axy[]].The astrophysical journal, 1941,93:70-83. ONE,2015,10(10) :e0140582.

[11] BORN M, WOLF E.Principles of optics{ M].7th. Oxford:Cam- [13] WANG W, LI C.Measurement of the light absorption and scat-
bridge university press,1999. tering properties of onion skin and flesh at 633nm[]].Posthar-

[12] DING C,SHI S,CHEN J,et al. Analysis of light transport fea- vest biology and technology,2013,86:494-501.

Numerical simulation of NIR spectroscopy measurement

of onion bulbs using fiber probes

DING Chizhu TAN Zuojun

College of Science, Huazhong Agricultural University , Wuhan 430070, China

Abstract Near infrared spectroscopy technique is widely used to nondestructively inspect agricul-
tural products. The Monte Carlo method was used to simulate light propagation in onion bulbs. The
measurement system using fiber probes was modeled. The detected diffuse reflectance signals were cal-
culated and the effects of dry skins on the measurements were analyzed. The results showed that the dry
skin reduced the signal strength detected, but had little influence on the average penetration depth. At
the wavelength of 800 nm, a source-detector separation between 0.9 and 2.0 cm is preferred to reach an
average penetration depth of 0.5 to 0.8 cm and is capable of detecting the neck rot-infected flesh located
in this depth. Using fiber probes with lager acceptance radii and numerical apertures helps increase the
measurement sensitivity.

Keywords NIR spectroscopy; nondestructive inspection; fiber; numerical simulation; onion
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