Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.7.509
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 7 pp. 509-514, 2023

2833 oJu]x) ¢} Logistic Regression ®E 7|8t uls 34 &4
A& 1d T

gmor’, arga'
"ZRUST ATIE SIS, YRS HO|QAIAYT|HZ 8t

Development of Garlic Superficial Injury Detection Model based on
Hyperspectral Images and Logistic Regression Model

*
Pingan Wang', Xiongzhe Han"?
nterdisciplinary Program in Smart Agriculture, Kangwon National University
2Department of Biosystems Engineering, Kangwon National University

Hir
9,

r
A
o,

fru
ro,
%
Y

1 FAA e HES Aok 2 AL
, A A & ot B =52 25T 7 71eS

719te 2 oy BY &4 st V)4 g% L RAESY §F AES Yo AA-E Hka*—ls~

% 104F02 o] & 80%Y w2 ZE /i 8%, 2459 s AlY ASEER ARESIth 94 ENVIOIA] Aolgt

&4 2049 A3t 245 99 A AeE /\}%o}&’iﬂ}. I3 o2 57970 YA logistic regression 2@ W55

XYotgict. iAo 2 BEo) AX AE5E 5] 24719 vhedl 9 BEE 8ot HFottt. 1 A1 NDVI 7%

2 s EHO| Fgo] FES oA AT 5= o, 22 ”W«l &Y tiafjAl= Thetsl] o9t Logistic

regression WHOZ AFH EF 19 YT 90%E Yelton, nis WO Au] &4 FE AEE 5 919

o} o] ks &4 A Yo A2 nhs &4 B9 A& 2829 7] S THAA HESHHIL o2 Qlsto] &4
& Adgshs H-8o] Ao

LN %

;
jru 2. o
ko
e,

>
ot

ﬂl{o e
1o

_?EOE fe)

;R o
:;

H.IS'.E oX

:‘é

Abstract The potent antiviral and immune-boosting properties of garlic have earned it the moniker
"natural antibiotic". On the other hand, rotten garlic can result in nausea, food poisoning, and possibly
endanger people's lives. This paper aims to develop a garlic superficial injury model based on
hyperspectral camera technology and a machine-learning classification model. One hundred and four
garlic plants were pretreated for surface damage, of which 80 and 24 were used for model development
and test validation, respectively. First, the Normalized Difference Vegetation Index (NDVI) method was
used in ENVI to analyze the results under different damage conditions. Subsequently, 579 pixels were
selected for Logistic Regression Model training. Finally, 24 garlic bulbs were used for actual verification
of the model. The NDVI technology could identify the mildew part of the garlic surface but could not
identify the small area. The accuracy of the classification model established by the logistic regression
method can reach 90%. The initial small lesions on the surface of garlic can also be identified. The
development of this garlic damage identification model extends the application of the hyperspectral

technique in garlic detection. Similarly, the cost of garlic damage detection was reduced.
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Fig. 1. The garlic samples used in experiment: (a)
experimental group and (b) verification group.
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Table 1. Specifications of the SPECIM FX10
hyperspectral camera.

Item Ventilating fan
Spectral Range 400~1,000 nm
Spectral Bands 224
Spectral FWHM (Full width
. 5.5 nm
at half maximum)
Spatial Sampling 1,024 px

330 FPS full frame

frame Rate 9,900 FPS with 1 band selected

FOV (Field of view) 38°
F-number F/1.7
Camera SNR 600 : 1

(Signal-to-noise ratio)

Camera Interface GigE Vision or Camera Link

150 mm x 85 mm x 71 mm

1.20kg

Dimensions

Weight
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Fig. 2. The composition of the outdoor hyperspectral
image collection system.
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Fig. 3. The reflectance value in normal and damaged
areas of garlic.
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Fig. 4. Results of the experimental group obtained
using the NDVI method (the black dotted line
frame represents the damaged garlic samples
successfully identified, and the white dotted
line frame represents the damaged garlic
samples not successfully identified).
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Table 2. Precision accuracy, recall, and Fl-score
results of regression model.

Item Precision Recall Fl-score
0 0.97 0.76 0.85
1 0.86 0.98 0.92
Accuracy - - 0.90
Macro avg 0.92 0.86 0.89
Weighted 0.91 0.91 0.90
avg
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Fig. 5. ROC results of the regression model.

Fig. 6aclA 1A 92 /st 29 7|gto = 4
et ot Aol 3l Fig. 6b= "H=2] RGB H|o]E o]t}
NDVI 89l <14] Axtel v|wslo] logistic regression
S s &4 & HAd 99 oA AEE 5
A Bl ofl} vheY] An| &A% FEA AEE

4 othe A & 4 gtk Tet B Al AU
299] G Fig. 6bel ek A G} Zo| use)

Yol &4 JooR NS, o= ks Heolol
uRs FUS APEE 5 ot IR BR 2R AU

7] Stol o chbstn e HleleE 4ol Wasltt



Z83F o]u|X|¢} Logistic Regression @ 7|49t ks ¥WH &4 A&

=g A

b)

Fig. 6. Identification results of 24 garlic in experimental
group: (a) model classification result and (b)
RGB camera result.
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