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Fig.1 Hyperspectral diffuse transmittance imaging system
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Fig.2 Positions of tomato in hyperspectral diffuse
transmittance imaging
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Fig.3 Images mosaicing of tomato in position C1, C2 and C3
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Fig.4 Background segmentation and extraction of regions of
interest
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Fig.5 Diffuse transmittance spectra (400~ 1 000 nm) of
tomato

2.4.2 RaEAE

FrfEIE A4S & (standard normal variate, SNV)
A B R PAD B ] 792 — o IX R AR
PR CRE IR 2P IIE G PR LG (R An e 22, Al
P340 B AR 2 IR A — ARk, v AT BR O
B OCFRAR AL SR D AR AR R i S v S T RS ()
.\ s S T AN W {0 =8 = N Gy ey SH M R 82
R AR A 25 5 DG TG A M 75 R LG () %, Al



250

Ak TREA AR

2013 4F

FRIXLE R R 1 Rg ), B IH—A0 a i th 48 FCK
F AR e IE &8 & AR 4 fl IR SRR B
(quadratic removed baseline) BT IFALEE,
2.5 SEHAXHKR

N T IO R AR 52, ER TR IE
PRI R BR AR o (RIS /e P i R e
R AR R Y E R E AR SIBR, AR
Chauvenet 56 /7 VEFIYCREATAHE AT LEE R 8
AHHATHE TR, 1 SR AL 5 SR AR A
TR Chauvenet R4 77V AT R i A . 76
95% MBI T, BHEHE A EE TS KR
2, I AR AR S REA, AL B
SRRy, RS G E AT . — 4
AEAR SR CHEATAER, AT EFEA . YEissr
FFBIMESET 2nfins,  (ns MFEAKL, nf I T%0 P,
2 2 FhOTEAHE A e REAIN T O PR AR P . d5 e
PR T IIFEARRERBI T, o 75% AR IE
£, 25%FEAAE BRI .
2.6 WEMERYRERNZFEEIREEL

K] 6 A AN A2 T BRI B e & SOl 5 1
VAR ) AR 4 9B (400~1 000 nm) FIAH
KRBT ARSCEFE 450~720, 720~990 il

450~990 nm 3 ANy BV 1 g d5 7B ) 0 1 [X dak
ATt /N —3Fe[r[IH (PLS) X Eb g3 #T .
FmEAs

0.5 Positions of tomato

<
'S

0.3

o
o

M= A% Correlation coefficient
=

Sl
1000

600 700 800 900
& Wavelength /nm
B 6 TREASBREHAES L

T B e AR K RS
Fig.6 Correlation coefficients between tomato spectra and
soluble solids content over entire wavelength range
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Table 1 Performance of PLS models for predicting soluble solids content
ks A B 5 e &ﬂ:% Calibration set - ﬁ;ﬁz%‘h\/alidation set
Position  Outlier samples Wavelength /nm Number of factors I;MSE(;)/:‘V%— A R, /R |\7/7I—SE;)/:‘V? MRS,
450~720 4 0.340 0.60 0.379 0.24
BS 2 720~990 9 0.213 0.87 0.243 0.76
450~990 8 0.302 0.71 0.342 0.44
450~720 5 0.326 0.66 0.395 0.23
Cl1 2 720~990 11 0.125 0.96 0.197 0.88
450~990 17 0.114 0.96 0.224 0.82
450~720 4 0.377 0.55 0.342 0.07
C2 3 720~990 14 0.056 0.99 0.267 0.57
450~990 4 0.367 0.58 0.330 0.13
450~720 3 0.343 0.60 0.377 0.45
C3 3 720~990 8 0.226 0.85 0.360 0.47
450~990 17 0.119 0.96 0.301 0.67
450~720 9 0.314 0.72 0.299 0.42
C1C2C3 1 720~990 10 0.192 0.90 0.133 0.89
450~990 17 0.157 0.94 0.151 0.90
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Inspection of soluble solid content for tomatoes in different positions
based on hyperspectral diffuse transmittance imaging

Zhang Ruoyu’?, Rao Xiugin'*, Gao Yingwang™*, Hu Dong?, Ying Yibin'**
(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China; 2. Machinery and
Electricity Engineering College, Shihezi University, Shihezi 832000, China; 3. Equipment and Informatization in Environment
Controlled Agriculture, Ministry of Agriculture, P.R. China, Hangzhou 310058, China)

Abstract: Soluble solid content (SSC) is one of the most important indexes for quality evaluation of tomato
products. Near infrared (NIR) spectroscopy and hyperspectral reflectance imaging have been widely used in
quality evaluation of fruits and vegetables including tomatoes. But they have many disadvantages for inspection
of SSC in tomato. For example, NIR spectroscopic assessments cannot get the spatial variability of sample
materials. Although hyperspectral reflectance imaging can obtain both spatial and spectral information of
tomatoes, it's almost impossible to avoid a serious influence of high specula patches on tomatoes. Diffuse
transmittance is one kind of transmittance mode. Compared with transmittance, the influence of shape, size, and
core of fruit can be reduced through adjusting the lighting angle in diffuse transmittance systems. So diffuse
transmittance is more suitable to assess the components of fruits and vegetables. Hyperspectral imaging technique
in a diffuse transmittance mode was used to measure the SSC of tomato. First, a hyperspectral imaging platform
with diffuse transmittance illumination was set up, and then hyperspectral diffuse transmittance images of
tomatoes were captured in different positions including BS, C1, C2, and C3. All images were resized to eliminate
boundary noise. The position C1C2C3 was achieved through mosaicing images of position C1, C2, and C3. Then
background segmentation on a single wavelength was operated on the images to extract regions of interest (ROIs).
Afterwards, the mean diffuse transmittance spectra of tomatoes in each position were calculated and preprocessed
using normalization, standard normal variate (SNV), and a quadratic linear removed baseline. Finally, partial least
squares regression (PLSR) was used to establish predicting models among the SSC of tomatoes and mean diffuse
transmittance spectra in different positions on three different wavebands (450~720 nm, 720~990 nm, and
450~990nm). The results indicated that the prediction precision of integrated position C1C2C3 was much better
than that of the other positions on the above three wavebands. RMSEP of the C1C2C3 model on the three
wavebands were 0.299%, 0.133% and 0.151%, and the correlation coefficients (rp) were 0.42, 0.89 and 0.90
respectively.

Key words: imaging techniques, spectrum analysis, fruits, hyperspectral diffuse transmittance imaging, imaging
positions, tomato, soluble solid content
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