Al R 2 2024,29(11):50-62
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

X FEE N RIE,F YOR RAEE . BETEAERGESRRILMES KRB EENESRHBRGRN[I]. PERLKZZR, 2024,29(11):50-62.
LIU Yande,LIU Liangfeng, LI Xiong, YAO Chi, OUYANG Aiguo. Detection of early damage on strawberries using hyperspectral reflectance imaging combined
with band ratio and improved watershed segmentation algorithm[J]. Journal of China Agricultural University,2024,29(11) :50-62.

DOI: 10. 11841/j. issn. 1007-4333. 2024. 11. 06

ETEXERGERRREMEHIFS KRS INEZNESEEH
15 457 #az

g R¥ F A R KMEERE
TR AR 8 REBLAL S # QU BRI Be , B 330013)

H E AMERREFERWMEHRIRTAEGTRHRGAEARZENGPE, REELZZGH LML LR T
A AR RE AL THEERGEBERGIT T E, L5 MBI ARG SRS 53k, TN EZ T MBI
FARA A, £ Vis-NIR(480. 19~1 015. 63 nm) . Vis(480. 19~780. 0 nm) F= NIR(780. 0~1 015. 63 nm) 3 A 3% i
BA#RTERSRESH,FBE RSB AL EHFIER K. I E AT B8 £ R0 BE Ak LB, F K
AREN SRS SN A FHFTEERG R B >% . 2R AN DA Vis-NIRA NIR & #EE A, & PCLF &
TAR LR 5 R R A5 34509 5. 2)FE ok Bk B R R B P, Quos. a1 015, 0 5 B P62 12 38 32 40 45 24 WL o7 &
MR AT, B Ak A R E A GO B, 3B 5 KM 5 B Sk AR A T4 G 88 K% 5 B ik A
P R E kB R 6 5 B AR BT, B ARAb e A AR B) 95,590, A ML sk A E BT A 5w A
AT EEAA AN, FE iRk R AL R G B 6 5 K B F ik 4 A st 3 B o) 0 B G SR AT Bik BB G
MR =TT, hEFERRARER R R ARST B R LHF,

IR FHLERAE; MR R B s KM SRk ¥

hESES 0657.3 MEHE  1007-4333(2024)11-0050-13 NHERFRRERD A

Detection of early damage on strawberries using
hyperspectral reflectance imaging combined with band ratio
and improved watershed segmentation algorithm

LIU Yande, LIU Liangfeng, LI Xiong, YAO Chi, OUYANG Aiguo

(School of Intelligent Electromechnical Equipment Innovation Research institute, East China Jiaotong University, Nanchang
330013, China)

Abstract In order to solve the problem of early damage of ripe strawberries during picking and transport,
which is difficult to detect quickly, and to safeguard the commercial value and food safety of strawberries,
this study proposes a new method based on hyperspectral imaging technology, which combines the band
ratio and the improved watershed segmentation algorithm, to realize non-destructive detection of early
damage of strawberries. Principal component cluster analysis was conducted across three spectral ranges:
Vis-NIR (480.19~1 015.63 nm), Vis (480.19~780.0 nm), and NIR (780.0~1 015.63 nm). Characteristic
wavelengths were identified using principal component loading maps. Subsequently, corresponding

principal component and band ratio images were generated. The segmentation of strawberry damage
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regions was performed using an improved watershed segmentation algorithm. The results indicate that: 1)
Strawberries with different damage areas can be effectively differentiated in the Vis-NIR and NIR spectral
ranges, along the PC1 direction. 2) Among the band ratio images, the Q6101565 DaNd ratio image
exhibits the best performance in enhancing damage contrast, making it the most suitable for subsequent
analysis. 3) The improved watershed segmentation algorithm outperforms the traditional watershed and
improved Otsu methods, achieving an overall detection accuracy of 95. 5%, demonstrating its reliability and
effectiveness in detecting early strawberry damage. In conclusion, the integration of hyperspectral imaging
technology with the improved watershed segmentation algorithm is a viable approach for the rapid,

nondestructive detection of early strawberry damage, offering theoretical and technical support for ensuring

strawberry quality and food safety.
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Fig. 1 Damage fabrication device and strawberries in different damage areas
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Fig. 2 Hyperspectral imaging system and strawberry 3D data acquisition
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Table 1 Segmentation efficacy assessment of strawberries in healthy and different injury regions
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