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Watermelon Breeding System Based on Machine Vision and
Hyperspectral Imaging

ZHAO Zehua'®  WANG Qingyan®® CHEN Junjie®” HUANG Wengian®”
(1. Mechanical and Electronic Engineering Institute , Xinjiang Agricultural University, Urumqi 830052, China
2. Intelligent Equipment Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China
3. National Research Center of Intelligent Equipment for Agriculiure, Beijing 100097, China)

Abstract; The watermelon breed testing system combining machine vision and hyperspectral imaging was
developed to enhance efficiency, reduce labor, and improve consistency in quality evaluation. The
system included an automatic image acquisition device, featuring a Gige camera and a weighing platform
to capture watermelon phenotypic data. It used hyperspectral imaging on selected regions of interest to
model SSC distribution within the watermelon, with measurements of transverse and longitudinal diameters
achieved through minimum external rectangle fitting and rind thickness estimated using Canny edge
detection. Convolutional smoothing ( SGS) algorithm was used to preprocess the spectral data by
combining three algorithms, namely multivariate scattering correction (MSC) , standard normal transform
(SNV), and unit vector normalisation (UVN), respectively, and then the best preprocessed spectral
data were filtered by competitive adaptive reweighting algorithm ( CARS) , successive projection algorithm
(SPA), and one-time combined dimensionality reduction algorithm ( CARS + SPA) for feature
wavelength screening, and finally the screened spectral data were used to build PLSR models and
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analyzed for comparison. The results showed that the system had the highest accuracy of 98.68% ,

98.82% and 93.81% for the measured values of transverse diameter, longitudinal diameter and rind

thickness of watermelon, respectively, with the root mean square error of 2.43 mm, 2.08 mm and

1. 63 mm, respectively, as compared with the manual measurements. The best model for predicting
watermelon brix was (SGS + UVN)— CARS — PLSR, with prediction correlation coefficients and of 0.920 4
and 0.9127, root mean square errors RMSEC and RMSEP of 0.376 0° Brix and 0.466 8° Brix,
respectively, and a relative analytical error of prediction RPD of 2. 49.

Key words: watermelon breeding; phenotypic data; brix visualization; machine vision; hyperspectral

imaging
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Fig. 1 Watermelon visual information acquisition device
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Fig.4 Comparison of different filtering effects
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Tab.3 PLSR model prediction results by using different feature extraction methods

FEIESE (n =225)

T LE (n =75)

REAE i 1597 A LVs
R, RMSEC/® Brix R, RMSEP/°Brix RPD
CARS 45 8 0.9204 0.376 0 0.9172 0.466 8 2.4900
SPA 27 8 0.8852 0. 466 8 0.868 8 0.504 6 1.9884
CARS +SPA 21 8 0.8636 0.4848 0.8977 0.4426 2.2670




F12H

B A5 SET OIS 5 RO R B P S R R G

457

RPD 4R FRCRA 2, XKW, SPA SEILFEAL 2
ARSI T PRI RO Y63 K v o S5 4
JEHCHE (G, 16 CARS BkpLal bk 7 —
K SPA &[4t J5 |, BERIR IE B2 SR B i F [, il
DR () %R FRPD A3 BT 32 T, (0N B Bl (i
CARS H LM UR B, 78 CARS ki i iy K
t ZEILAEC SRR, P SPA #E1TRE
P — 7 REFRTH R, RO 23 5B — S X B
AHRPIATEE

R, 2545 43 BT o G JIT) T 88 5 A 3903000
7 }(SGS + UVN) ~ CARS ~ PLSR, 2 R, F1 R, 4331
10.920 4 1 0.917 2, RMSEC 1 RMSEP 43 1l
0.376 0° Brix F1 0.466 8° Brix, RPD } 2.490 0,
Kl 14 4 PLSRA TR XS P IR Y] 11 SSC 1) T U AE 5
SEAEZ (Al O

o | it
Y

SSCTMHE FN/°Brix
[ ]

®e
R =0.9204 RMSEC40.3760°Brix
R =0.9172 RMSEP }0.4668°Brix

8 9 10 11 12 13 14
SSCELSAE/°Brix

P14 PUJTOBE L 5 fik PLSR AR T Hic i F6
Fig. 14 Scatter plot of PLSR model predictions

for watermelon sugar content

3.2.5  PUJRUIERE R 434 nl AL Ak T

T AR B A I R A T L RB A AR U
IRFEA P AEAME S ITRAIDEIS S B, AR SCRI X
S S 2 A O B2 4 A1 1) AT A A S BT AT it
FFVEJREEA T SSCAEA [R] X8 1) 43 A5 17 5045 DA L
pURIRSS] N

3 3o PR IOPY Y A T R MR R R GRS
S, FHE ST A VG IO B2 70000 AR 78 R L 30 b 75 0
AR R SRIBEEE | LARZR A2 (R AL 8 BT I i 2 42
Wl TR A PR R, W 1S BTN, BT LAY WU
Wb B PG NI B B A i O, oA [
VERA T SO R BN O F B ER AT FOR
BHEEER &, PUTUE — N E AR, A EEW
YIRS Y, TEie S5 1) 140 S B 1] 35 S AR 34 5 43
A, A R AT IO 21 7 TSR A0 8 DA 320 2% 31 s

2 %

[1] /NPEJKH 252 0GB [ N]. 2555 H#,2024 —06 — 17(8).

{37 B WO X AT 45 SCHR [ 29 ] X6 VU N AR 73
A EIAIFTE Pl r TIOR8 s ) S R PR IR 528
PR B T 2 RS o3 A7 25 S, I HLAE DI P TR
PR R 22 Bl U0 T 1) T B i 2 16 R B SSC

it 55

)
SSC/°Brix

PHTORE B2 73 A nT #L Ak

K 15

Fig. 15  Visualization of watermelon sugar content distribution

4 it

(1) 32 fe /NME SRR T 378 NI R 42 90
A3 5 2H 75 I B 235 R Y A s R R 40 ) R
98. 68% .98. 82% M1t 25 5 N T (B 1) e o R
R 43514 0.94.0. 93, 05 MR 22 53 51y 2. 43
2. 08 mm ;ffi F Canny 31 2 A6 I 50 326 0 #5 I 57 J&8
) B e HE R SRR 93.81% , R E R R® 4 0.90,
FTARRZEH 1. 63 mm,

(2) %P9 R 1w R 4R 615 R SGS 435l 45 &
UVN MSC, SNV 317 1 Zb 38 | 38 2o 2 8 45 SR /R
SGS(fUA kLI, M58 R 7) 454 UVN il
Ab PSR fe b, X AL B B O 1 43 S R AT — IR
CARS SPA [#4ERI—IK CARS + SPA 414 F&4E , $HL
AR AS R o0 45 27 F 21, 54tk i B
9 11. 6% .6. 8% F15. 4%

(3) 3T 3 FRRESREO %, 43 9 257 PLSR il
DAY 285 %0 s ff ] CARS — PLSR A5 i) il
P RE IR AR R B R, FIR, 535124 0. 920 4 F0
0.912 7, ¥J )7 #i% 22 RMSEC #11 RMSEP 43 %I Jy
0. 376 0°Brix F1 0. 466 8° Brix, T | #H XF 73 #7 1% 22
RPD 4 2.490 0, 74 JIAE A& MR R SN GIE R
ST R TN ASE A e A5 2 VG TORE B 43 A 9 ] R
AL, R B b L5 21 P8 IS A7 8 AR B 43 A

X Bk

(2] 2o, Tt FETOE & R IR KRS [T]. P EIREE,2019,32(12) 279 - 83.



458 & ol HLoB cE 2025 4
(3] XISCHE. A =7 I PYREAL B MITFEEE )], hEJREE,2021,34(12) <1 -9.
LIU Wen’ge. Research progress on watermelon genetic breeding during “the 13th Five — Year Plan” in China[J]. China
Cucurbits and Vegetables, 2021,34(12) :1 =9. (in Chinese)

(4] R WPG I AP AR 7tk e il R ARk i 20 M [0 ] BUARARIL, 2022(3) : 42 -45.

(5]  aRABE, AR, Fh/ N 45 AL GE AR 00 0 SR A AR AR WRFRL 25 B, T b R S8 ok Ji [0 . v [ R LA~ 41, 2024,
45(2) :280 —287.
ZHANG Weijin, WANG Fushun, SUN Xiaohua, et al. Research progress of traditional image segmentation algorithm in seed
testing of crops[J]. Journal of Chinese Agricultural Mechanization, 2024 ,45(2) ;280 —287. (in Chinese)
(6] ZAN I, 77,4, T MBI BUGIN HT S3E0 ()], bl 2 5FHT, 2024, 44(1) ; 40 —44.
LIANG Pu, TIAN Shuxia, YANG Xiuxiu, et al. Analysis and evaluation of quality of Ningxia Kylin melon[ J]. Horticulture &
Seed, 2024, 44(1): 40 —44. (in Chinese)

[7] T, S K2R 5 BT R@E RSN GE 0 VRS [R BB AL v] i P B2 & S AE Ll e [ 1], oGl 5ok
47,2023 ,43(6) ;1800 - 1808.
YAN Zhongwei, TIAN Xi, ZHANG Yifei, et al. Online detection of soluble solids content in different parts of watermelons
based on full transmission near infrared spectroscopy[ J]. Spectroscopy and Spectral Analysis, 2023,43(6) ;1800 — 1808. (in
Chinese )

[8] LIX, LIC, SUN J, et al. Dynamic changes of enzymes involved in sugar and organic cid level modification during blueberry
fruit maturation[ J]. Food Chemistry, 2020, 309 125617.

[9] JAWAD U, GAO L, GEBREMESKEL H, et al. Expression pattern of sugars and organic acids regulatory genes during
watermelon fruit development[ J]. Scientia Horticulturae, 2020, 265 109102.

(10]  VFmEE, BRER, £, 55, G g ARt b B JCA0AG 7y vk [ 0], a4 561 4047 ,2021,41 (7 ) :2188 -2195.
XU Lijia, CHEN Ming, WANG Yuchao, et al. Study on non-destructive detection method of kiwifruit sugar content based on
hyperspectral imaging technology[ J]. Spectroscopy and Spectral Analysis, 2021,41(7) ;2188 —=2195. (in Chinese)

[11] 25, T8 X B AR A5, 6T L 1 AR AR 1 1 S R M B e AR I 2 e [0 ] R R (3 30) ,2024,17 (1)
128 - 139.

LI Bin, WAN Xia, LIU Ailun, et al. Optimal position for suger content detection of Yongquan honey oranges based on
hyperspectral imaging technology[ J]. Chinese Optics, 2024 ,17(1) ;128 —139. (in Chinese)

[12]  HBRE bE , E A, Kb vE , 4. T8 Gl g i MESspk it 5T nT BEAL 43 5 s BE A I [ ] Ak ML 41, 2020,51(8)
344 -350.

SHAO Yuanyuan, WANG Yongxian, XUAN Guantao, et al. Visual detection of SSC and firmness and maturity prediction for
feicheng peach by using hyperspectral imaging[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020,
51(8) :344 -350. (in Chinese)

[13]  OATa, TV, i, 5 AL B JC BRI B rT AR 7E [ ], h E R BLIb 244k , 2024 ,45(2) 1157 - 163.

FENG Shunan, TAN Tao, SHANG Jing, et al. Non-destructive detection and visualization of sugar content in loquat[J].
Journal of Chinese Agricultural Mechanization, 2024 ,45(2) :157 = 163. (in Chinese)

[14] HUANG J, ZOU T, HU H,et al. Automatic Brix measurement for watermelon breeding[ J]. Applied Sciences,2022,12(23) .
12227.

[15] ORI, LR AR, 2. JET OpenCV YN E T OPESLR B [T ]. Rl T4, 2019, 35(23) : 177 - 184.
LIU Xingxing, WANG Shuoshuo, XU Liming, et al. Real time color recognition of moving raisin based on OpenCV[]].
Transactions of the CSAE, 2019, 35(23) . 177 —184. (in Chinese)

[16] “RZAH. HET OpenCV BT IBAL FIEARBIF S S [) ] TR B IRFHE 2019, 16(22) : 118 -119.
70U Hongwei. Research and implementation of digital image processing technology based on OpenCV[]J]. Wireless Internet
Science and Technology, 2019, 16(22): 118 —=119. (in Chinese)

[17] Wi, Fatedg, Wbrr, 5. JUME FIEHSR 515805 AGE R PER A L[], BerBoR 5 HT, 2016(5) @ 140 -
143.

(18] XUETy, BUutdy , NI, 45, JE TR ) 5 MR AL B TR ZEFF UM D7 i 5 [0 ] A0 ALR A4z, 2020, 51(4) :
207 -215.

LIU Huili,JTA Honglei, WANG Gang, et al. Method and experiment of maize( Zea Mays L. ) stems recognition based on deep
learning and image processing[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(4) ; 207 - 215.
(in Chinese)

[19] #pKlE, £ui fedetle 55, JET Mask R — CNN Y215 5 FRMEREC T U SB[ T]. R HUEHR, 2019,50(8)
22 -30,69.
YANG Changhui, WANG Zhuo, XIONG Longye, et al. Identification and reconstruction of citrus branches under complex
background based on Mask R —CNN[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(8) : 22 -
30,69. (in Chinese)

[20] BRI, 2k, RGERS. T Canny DG LT ACRI S IAIT T (1] iR BHAR SEEME, 2024(3) : 25 -28.



5512 B A5 SET OIS 5 RO R B P S R R G 459

[21]

[22]

(23]

(24]

[25]
[26]

[27]

(28]

(29]

T AL, A ST R Canny SRR DGR I L [T ], WOE SOt TR, 2023,60(22)
221 -230.

YU Xinshan, MENG Xiangyin, JIN Tengfei, et al. Object edge detection algorithm based on improved Canny algorithm[ J].
Laser & Optoelectronics Progress, 2023, 60(22) : 221 —230. (in Chinese)

X AR BT e A ST AR E L i R G A SRS e [ 0] A ALBR =4, 2024, 55(2) ; 242 -248,294.
LIU Hao, REN Hong, ZHAO Dingxuan, et al. Image edge detection strategy based on sub-pixel location[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2024, 55(2) : 242 -248,294. (iin Chinese)

FRAEW], BARIL, OO, 4. ERBERE RIS UG PO p e EEAE Tk [T ] AR LA, 2015, 46(7)
227 -232.

GUO Zhiming, ZHAO Chunjiang, HUANG Wengqian, et al. Intensity correction of visualized prediction for sugar content in
apple using hyperspectral imaging[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(7) : 227 -
232. (in Chinese)

ZHANG D ,XU L ,WANG Q , et al. The optimal local model selection for robust and fast evaluation of soluble solid content in
melon with thick peel and large size by vis-nir spectroscopy[ J]. Food Analytical Methods, 2019, 12(1); 136 - 147.
PINEERE, XU BT RIS RO I A K B R AT ST T ] B4R, 2021(19) : 118 - 120.

ZHANG F, LI B, YIN H, et al. Study on the quantitative assessment of impact damage of yellow peaches using the combined
hyperspectral technology and mechanical parameters[ J]. Journal of Spectroscopy, 2022, 2022 . 7526826.
FR/NGE, U B, RIRER A5, SETUTZLAMIY 22N 1 & bl BUE B R DETE [T ). BB, 2020, 45(7) : 298 -302.
LIAN Xiaoqin, TANG Shenmiao, WU Jingzhu, et al. Research on quantitative model of lilium Lanzhou quality by near infrared
spectroscopy[ J ]. Food Science and Technology, 2020, 45(7) ; 298 —302. (in Chinese)

BAIR, AR TR, A SE TR LLAMGIE S 2 BUR BRI RN AR BT SE ) ] AU, 2023, 54(2)
386 —395.

ZHAO Juan, SHEN Maosheng, PU Yuge, et al. Out-of-warehouse evaluation and prediction model of apple based on near-
infrared spectroscopy combined with multiple quality indexes [ J]. Transactions of the Chinese Society for Agricultural
Machinery, 2023, 54(2) : 386 —395. (in Chinese)

MGG, IS, ZE0TT, AF. /NP TR SN SRR R 0 A K RS ()], A B R 24, 2012,
3(6): 661 —666.

ZHU Qiangian, GUAN Jiehao, LI Kuangkai, et al. Internal Brix distribution and its influencing factors of small watermelon

[J]. Journal of Food Safety & Quality, 2012, 3(6); 661 —666. (in Chinese)





