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Online detection and sorting of passion fruit quality based on

machine vision using multi-indicator
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Abstract: [ Objective] Refining the accuracy and intelligence of

passion fruit quality assessment. [ Methods] The study used the
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capabilities of OpenCV along with a compact neural network
architecture, MobileNetV3_large_ssld. to accurately determine
the fruit’s diameter, ripeness. and the degree of its wrinkling.
The diameter measurement was achieved by analyzing the short
side of the fruit’s minimum bounding rectangle. The ripeness
assessment was based on the pixel ratio of H component values
within specific ranges (HE[0,10]U[156,180], [11,25], [26,
347, [125,155]) in the HSV color space. Furthermore, the
study developed a MobileNetV3_large_ssld model to evaluate the
wrinkling of the fruit’s skin. Leveraging these three key
indicators, a comprehensive fruit quality evaluation model was
established using a rating scale approach, and an online detection
and sorting system was subsequently developed. This system
employed KNN background subtraction to extract the fruits
target, excludes stems, and used interval frame sampling method
to capture single image for each fruit from the video. The
comprehensive evaluation model was utilized to assess the quality
of passion fruits, which were then sorted into their appropriate
grade channels through a sorting mechanism. [Results ] The test
results indicated a high degree of consistency between the
system’s sorting and manual sorting, with an overall accuracy of
97.02%. The consistency rates for top-grade fruits, first-grade,
and second-grade fruits were 95.51%, 97.84%, and 100% .
respectively. [ Conclusion] This system could be used for online
detection and sorting of passion in different quality grades.
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Figure 2 Comparison of extraction effects of different

background segments
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Figure 3 Target extraction and stem removal of
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Figure 6 Characteristic index variation curve during model training
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Figure 7 The confusion matrix of testing set
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Figure 10 The working principle of the online detection and sorting system for passion fruit quality
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Table 3 Confusion matrix of test results for passion

fruit of different grades

by T 45 4% W/ B
R Rt —% =% % /%
EER/4 85 4 0 95.51 97.02
— % 0 136 3 97.84

=t 0 0 7 100.00

S HT I 2 B g 199.66 ms/ A A LK 1 $UAT R
[f] % 400 ms/A>, ERFGEHIH W UE T 5 F BR 5 57 19 K
5 v 5 43 9 07 208 1 & SR B4 b B R AT
4 g

W9 il ot 45 & OpenCV 12 55 K % 4t B 5
MobileNetV3_large_ssld 41 2 F 2 #5000, S2 B0 T 3 75 S 2R
o ML B AR AR LR, 7E B SERE 1 3 O
P RIEENT TR R AN, LT HE
TR G AR AE B R Ay ik R . % R SR KNN
TR BRIT AR, A5 3% A 8 B A AR R R AR LA
AR ABR  ZBR AN I8 o X[ T 32 AR AR R 4 PR
REMR . RAEZ 18R A TP RIAL, SCH T A R R
14 43 2% o I3 3 43 3 WL 10 8 TCKE T 2 SR 0 ) B 28 A0 B
MEHETE., REMRGREH. RE MBS AT ok
M s RY) & IR B 97.02% o R Wy & Bl 95.51% .
—RBWIGEER 97.84 %, KW G R 100.00% . ZRE
AT SR R S 5 5 T A 2 G 5 4 k. A
Je SRR R, T LAGE S R e A R f B R S 4 LA B
AT B S5 kil — 25 B A R . A, B 5T AU —
ARl AT T B UE A, 4 IS S A 5T R
AR MA S HE TR R G B R85 SR R 48
AN T A% 3% TR S o 3 kT B Y B, 0 T 4R S R A
43 3 138 I PE 5 T

£ & Lk

[1] BEoR e, #4F5E, RS, &5 oW 7 If1 75 20 A7 AR 1 A 2R S 45 2R 0
B T2 BRI, ARl B AR, 2022, 30(2): 106-112.
XIONG R Y, CAI Y N, WEI L, et al. The technology and quality
research of citrus passion fruit compound juice by response surface
methodology[J]. Science and Technology of Cereals, Oils and
Foods, 2022, 30(2): 106-112.

[2] 53, PR T B, £ 88, 55 T 8RR G RS IR 6 BOR BT 5t 43 34
[0]. £t 5 & BTk, 2021, 47(1): 334-340.
GUO J, CHEN Y L, WANG P, et al. Research progress on
postharvest characteristics and preservation technology of passion
fruits[J]. Food and Fermentation Industries, 2021, 47(1): 334-340.

[3] HIY, ZER, B, 5. T HLE LAY D8 55 0 5 16 I

# OWMEETIHEARNEERARSERELRUS HiE

MU B 556 0], R0lk TR 4, 2017, 33(5): 287-294.
TIAN F, PENG Y K, WEI W S, et al. Design and experiment of
detection mechanism for potato blackheart based on machine vision
[J]. Transactions of the Chinese Society of Agricultural Engineering,
2017, 33(5): 287-294.
[4] ZER, MR, XK, 5. SRS AR B b 4 5K 10 75 28 46 I 43 2% 2
BT A (7] Al T AR 241, 2022, 38(23): 266-275.
PENG Y K, SUN C, LIU L, et al. Development of full-surface
online detection and sorting device for external defects of apples[J].
Transactions of the Chinese Society of Agricultural Engineering,
2022, 38(23): 266-275.
AR, SCE, AU TE, A5 MG AR AR LA 5 0 R R 5
0] & &S5 HL, 2022, 38(12): 121-126.
LI L, WEN T, DAI X Y, et al. Online detection and grading system
for citrus full-surface color[J]. Food & Machinery, 2022, 38(12):
121-126.

9

[6] FAN S X, L1 J B, ZHANG Y H, et al. On line detection of defective
apples using computer vision system combined with deep learning
methods[J]. Journal of Food Engineering, 2020, 286: 110102.

[7] PISE D, UPADHYE G D. Grading of harvested mangoes quality
and maturity based on machine learning techniques [C]/ 2018
International Conference on Smart City and Emerging Technology
(ICSCET). Mumbai: IEEE, 2018: 1-6.

[8] ARAKERIA M P, LAKSHMANA. Computer vision based fruit
grading system for quality evaluation of tomato in agriculture
industry[J]. Procedia Computer Science, 2016, 79: 426-433.

(9] B T IR L 27 oJ 1) 7 7 SR BB JEE S IS 4G T 570 325 T 5 [D].

Bk AL TR, 20210 45-48.
TANG R C. Research on real-time detection algorithm of passion
fruit maturity via deep learning[D]. Guilin: Gunlin University of
Electronic Technology, 2021: 45-48.

[10] B A 5. 5 T HL & L3 (9 1 7 5OR 4 20 L AT 6 B st it
(] AR H A 5 24, 2022(1): 54-56.

HUANG C G. Design of passion fruit picking grading robot
platform based on machine vision[J]. Agricultural Technology &
Equipment, 2022(1): 54-56.

[11] TU S Q, XUE Y J, CHAN Z, et al. Detection of passion fruits and
maturity classification using red-green-blue depth images [J].
Biosystems Engineering, 2018, 175: 156-167.

[12] RS, ZE15, LA, & | & R 8 Bt 5B
[7]. B TRHE, 2019, 35(10): 39-40, 107.

DAIZ F, QIN J F, JIANG Y J, et al. Design and research of
passion fruit sorting device [J]. Light Industry Science and
Technology, 2019, 35(10): 39-40, 107.

[13] SIDEHABI S W, SUYUTI A, ARENI I S, et al. Classification on
passion fruit’s ripeness using K-means clustering and artificial
neural network[C]/ International Conference on Information and
Communications Technology. Yogyakarta: IEEE, 2018: 304-309.

(F#% 142 7O

137



142

E5® & STORAGE TRANSPORTATION & PRESERVATION

LI X J, CHENG H. Study on key technologies for apple grading
detection based on decision fusion method[J]. Food & Machinery,
2020, 36(12): 136-140.

[9] ZHANG Z, LU Y, LU R. Development and evaluation of an apple
infield grading and sorting system [J]. Postharvest Biology and
Technology, 2021, 180: 111588.

[10] HU G, ZHANG E, ZHOU J, et al. Infield apple detection and
grading based on multi-feature fusion[J]. Horticulturae, 2021, 7
(9): 276.

[I1]LEE J H, VO H T, KWON G J, et al. Multi-camera-based sorting
system for surface defects of apples[J]. Sensors, 2023, 23 (8):
3 968.

[12] ZEE, IMR, XIIR, 4. 3550 w0 B B 42 3% 10 78 26 s ) 4> %
PE WD) Ak TR, 2022, 38(23): 266-275.

PENG Y K, SUN C, LIU L, et al. Development of full-surface
online detection and sorting device for external defects of apples
[J]. Transactions
Engineering (Transactions of the CSAE), 2022, 38(23): 266-275.

[12] F38, moRfe, ARV, 4. 3 T M0 YOLOVSs [ 44 i Iy 4 2
REAT R BN T7 3% 9] Ak TAE A4, 2022, 38(12): 163-172.
BAI Q, GAO R H, ZHAO C J, et al

of the Chinese Society of Agricultural

Multi-scale behavior
recognition method for dairy cows based on improved YOLOVS5s
network[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2022, 38(12): 163-172.

[13] YAO J, QI J, ZHANG J, et al. A real-time detection algorithm for
kiwifruit defects based on YOLOVS5[J]. Electronics, 2021, 10(14):
1 711.

[14] YUN S, HAN D, OH S J, et al. Cutmix: regularization strategy to
train strong classifiers with localizable features[C]// Proceedings of
the IEEE/CVF International Conference on Computer Vision.
Seoul, Piscataway, NJ: IEEE Press, 2019: 6 023-6 032.

[15] T IEFR, M, 224, 45 . 25 T itk YOLOVS /Y 5 2% B5 1 07 5t
TG A R IUE S B0 Al TR 2F 4R, 2022, 38 C17):
168-175.

NING Y L, YANG Y, LI Z B, et al. Recognition and counting of
pig individuals in complex cross domain scenarios based on
improved YOLOVS [J]. Transactions of the Chinese Society of
Agricultural Engineering ( Transactions of the CSAE), 2022, 38

BE22H | 2024 F£6 B | BRENM

(17): 168-175.

[16] i, BRoE b, £ 30, 4. 3 T8k ) YOLOvSs Ul 1€ 4 3% i

/N AR R A6 0 450 7 [J/OL]. 355 AL T A S5 0 . (2023-08-14)
[2023-12-13]. http:/kns.cnki.net/kems/detail/11.2127. TP.20230811.
1707.024.html.
ZHA J, CHEN X Z, WANG W C, et al. Small target defect
detection algorithm of particleboard surface based on improved
YOLOVS5s[J/OL]. Computer Engineering & Application. (2023-08-
14) [2023-12-13]. http://kns. cnki. net’/kems/detail/11. 2127. TP.
20230811.1707.024.html.

[17] VASWANI A, SHAZEER N, PARMAR N, et al. Attention is all
you need[C]// Proceedings of the 31st International Conference on
Neural Information Processing Systems. New York: ACM, 2017:
6 000-6 010.

[18] WOO S, PARK J, LEE J Y, et al. CBAM: Convolutional block
attention module[C]// Proceedings of the Europe Conference on
Computer Vision(ECV). Munich, Germany: Springer, 2018: 3-19.

[19] ¥ 2 36, X3 =M. 3£ T YOLOvS-en 3k Ay B A R AW HL 2 A H
FRAG I 2 AR (7). 5236 F R 545 H, 2023, 40(10): 178-183, 216.
GAO Y Q, DENG S P. Object detection technology of strawberry
picking robot based on YOLOvS5-en algorithm[J]. Experimental
Technology & Management, 2023, 40(10): 178-183, 216.

[20] T &0, W27 mE, T AbAk, 5. 3 T 0k YOLOvSs #5857 (14 45 it

BCF U T 1 [0, Aol TR AR, 2023, 39(12): 150-157.
WANG M N, GU J N, WANG H J, et al. Tea bud recognition
method based on improved YOLOvSs model[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2023, 39(12):
150-157.

1] Wis %, LHE, APHE, 4. T HALCON 4 {45 HSV £
B AR A R W00 5 32 BF T (0], VT 95 4R L B2, 2019, 47(6): 188-192.
FENG Y F, WANG X Y, SHE Y H, et al. Trees detection algorithm
based on HALCON software and HSV model study[J]. Journal of
Jiangsu Agricultural Science, 2019, 47(6): 188-192.

[22] WUHE T, MR L, W 5478, 4%, JE T Halcon Al 2R i 5T A0 5 46
IR AT [T]. £ A S PR, 2016, 32(10): 123-126.

XIANG H Y, XUE Z, LEN C J, et al. Experimental study on visual
inspection of apple quality based on Halcon[J]. Food & Machinery,
2016, 32(10): 123-126.

(k% 137 70

[14] SIDEHABI S W, SUYUTI A, ARENI I S, et al. The development
of machine vision system for sorting passion fruit using multiclass
support vector machine[J]. Journal of Engineering Science and
Technology Review, 2018, 11(5): 178-184.

[15] HEAA ZE, SRARAR, ¥ w8, 55, BT HSV (4 55 [l 1 40 i J4k
W B BT BIT 5E (3], B O AR ML, 2023, 54(13): 59,
WANG B J, GUO B Y, HUANG F R, et al. Study on

discrimination model of tobacco curing stage based on HSV color

space[J]. South Forum, 2023, 54(13): 5-9.

[16] BRI, BR2& &, X8 mak, 5. 3+ 58 2 o 2 8 8 9 2y
FrEFFE ). v E AR HLAE 25 2, 2022, 43(2): 163-170.
CHEN Q, CHEN C F, DENG X W, et al.

LViES

Research on weed
classification method based on mobile light weight model [J].
Journal of Chinese Agricultural Mechanization, 2022, 43 (2):
163-170.

[17] HOWARD A, SANDLER M, CHEN B, et al. Searching for

MobileNetV3 [C]/ Proceedings of the IEEE/CVF International

Conference on Computer Vision (ICCV). Seoul: IEEE, 2019:

1 314-1 324.



