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Grading Research for Potted Snow Pineapple Based on
Multidimensional Phenotypic Traits

Li Tianhua'? Li Wenxian' Ji Jiapeng' Zhang Guanshan'” Dong Chunyan®*  Shi Guoying'*
(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Key Laboratory of Intelligent Horticultural Facilities and Equipment, Tai'an 271018, China
3. Shandong Center of Technology Innovation for Flower Technology, Weifang 262500, China
4. Qingzhou Yatai Agricultural Technology Co. , Lid. , Qingzhou 262500, China)

Abstract ; Aiming to address the issues of low efficiency and poor consistency in manual grading of potted
ornamental plants such as Ananas comosus var. bracteatus ( ‘ White Snow Pineapple’ ), an intelligent
grading method was proposed based on a lightweight segmentation model and multi-dimensional
phenotypic feature extraction, and a corresponding automated grading equipment was developed. To
enhance the real-time performance and accuracy of plant segmentation, the YOLO v8n — seg model was
structurally optimized by introducing the lightweight reparameterized cross stage partial ( REPCSP )
module to replace the original CSP bottleneck with 2 convolutions ( C2f) module and adopting shared
convolutional segmentation head (SCSHead) in place of the conventional segmentation head, resulting in
the YOLO v8n — RS model. The improved model achieved a segmentation accuracy ( mAP) of 98.0% ,
with an inference speed of 1 121. 8 /s, and only 1. 7 x 10° parameters. Compared with YOLO v8n —seg,
the inference speed was increased by 30. 8% , making it more suitable for real-time grading scenarios. To
meet the requirements of intelligent grading for Snow Pineapple, key phenotypic traits, including plant
height, flower diameter, inclination angle, and flower fullness were accurately extracted by combining the
segmentation results with depth image processing techniques. Experimental results showed that the mean
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absolute errors for plant height, flower diameter and inclination angle were 0. 745 em, 0.410 em and
1. 627°, respectively, with corresponding R* values of 0.933, 0.915 and 0.773. The flower fullness

classification achieved an accuracy of 85. 3% and an Fl-score of 84. 9% . Based on the proposed method

and system, an automated grading device was developed, and a field test involving 100 Snow Pineapple

plants was conducted. The system achieved a grading accuracy of 89.0% , with an average processing

time of 3.54 s per plant, demonstrating its high efficiency and stability in real-world production

environments.

Key words: Snow Pineapple; YOLO v8n — RS; phenotypic feature extraction; instance segmentation

intelligent grading
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Tab.1 Grading standard for White Snow princess

ornamental pineapple
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Fig. 1  Structural diagrams of ornamental pineapple

grading equipment
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Tab.2 Design parameters of grading equipment
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Fig.2 Example of annotation for ornamental

pineapple segmentation dataset
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Fig.4 C2f module and REPCSP module
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Tab.3 Performance test results of different modules

_ Wi,/ PR St mAP/
(fs7") 5 %

c2f 914.8 7.5x10° 4.595x10® 96.9
RepNCSPELAN4 946.7 3.6 x10° 2.261 x10® 96.1
REPCSP — RepConv 1122.6  3.5x10° 2.179 x10® 97.7
REPCSP — OEPRA 911.9  2.2x10° 1.358 x10° 96.4
REPCSP — DBB 584.1 4.9x10° 3.004 x10® 97.0
REPCSP — DeepDBB 376.6 6.4 x10° 3.913x10° 96.9
REPCSP — WDBB 523.4  5.7x10° 3.498 x10® 97.3
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Tab.4 Performance test results of different detection heads
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Fig.6  Schematics of plant height and flower diameter

measurement
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Tab.5 Ablation experiment results
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3.2 AEEBEEENIK

Jg e — A BAE TR YOLO v8n — RS HERIZE T
BB 43 FAT 55 o P RE AR 35, 2 B YOLO v5n —
seg . YOLO v8n —seg . YOLO 11n —seg , RTMDet — ins —
t . Mask R — CNN #il Sparselnst — R50 %5 F2 9 52451 73 )
FERIUEAT X L, &5 SR 36 6 s, R YOLO v8n —
RS 194 B IS T YOLO v8n — seg Al YOLO v5n —
seg,H mAP ik 98. 0% , M r A A iR, 5 YOLO
v8n — seg AL, YOLO v8n — RS 7EA 35 07 ks B2 1y ]

i, SECE /D 48.5% |, 17 2SI B AR 33.3% , '
P R LAY R4 BE 77, AH L YOLO 11n — seg,
mAP 27} 1.2 A 5 5, WIRSE T 33. 8% , TEAG I
JE SR 2 (B LI P-4, 5 RTMDet — ins — t £l
Sparselnst — R50 AL, YOLO v8n — RS iz — %
1) 1. 66 f5F19. 05 %, H S AU — 319 30. 4%
M5 4% , % AR, YOLO v8n — RS e EL# i s
B SCR R AR 18 TR AZ IR N Y
RS 5 EE 55

Fo REREASRRESEES R

Tab.6 Performance of different models on Snow Pineapple segmentation task

TR HERN 2/ % 2%/ % TR AR % eI FR AR Wi/ (f-s7")
YOLO v5n — seg 78.7 96.9 85.8 1.90 x 10° 6.70 x 10° 698. 6
YOLO v8n — seg 89. 1 97.0 96.9 3.30 x 10° 1.20 x 10 857.6
YOLO 11n - seg 87.8 94.0 96. 8 2.80 x 10° 1.02 x 10" 838.6
RTMDet — ins — t 92.0 5. 60 x 10° 1.19 x 10" 674.1
Mask R — CNN 86. 1 4.91 x 107 1.08 x 10" 548.2
Sparselnst — RS0 92.9 3.16 x 107 9.92 x10™ 123.9
YOLO v8n— RS 91.4 93.6 98.0 1.70 x 10° 8.00 x 10° 1121.8
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R g UE 4 3 RE R R IE B O 2 A 5K
PES SN 78 2.1 15 ik KA 53 908 B 1Y SE PR T
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HATRAE SRR TS 45 TS b B H5 A bR =1 B fE R
BLAR ACSTEFE B A R AR A, Rt 7R SR

YOLO v8n — RS FEHXSF (5 R (5 247 52 451 731, 5F:
256 DUE FIMR S B 2 4R R AE RS MESR U 280 T
S b RELRR v R 3 o A e T o 5 8 I 7 1) 114
e BB B ARAT s AR o AR HE T 70 W HE 1B e KA1 4 [
T TR R B 45 5 BT 73 S SR 5 5 IX I
PRELEEHE 5 BRI 3 I 0045 Rk T i 5 Tl 26
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Fig.9 Examples of manual measurement operations
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Fig. 10 Violin plot of measurement errors for different metrics
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Fig. 11 System and manual measurements using scatter plots
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Tab.7 Statistical analysis of measurement errors

28 EEgaIRYE  WOTRIRZE RERBR
B 0.745 cm 0. 881 cm 0.933
iz 0.410 cm 0. 496 cm 0.915
iR 1.627° 1.971° 0.773

g5 b ORI S S RUAL R = 4B SR
FARURTHESZ I, Sy B 3h 7GR PP Al S At SR
BEXSE SR M AL, 25 JEHAS T bR T 5k
HURRPE  MELME BB 5 T B B & R & 5075
AR N TIPAG B ME . BAKD B 50 3 A 2
T SIL R R AETR BRI S JOE
BIE XS FEAR BT AR RN 53, 43 A B C 3 2K,
A3 VI3 1Y AREVE i A8 2 19 N 155 b
%, FERGMETT I, 1 e HH YOLO v8n — RS
BRI AEAIRAS LAFE A Ry C HAEAS B X E
C AT T HE 5 X S8l 1 45 3R 5 L kAT A B
C3PNEMR 77, W RFELE RGN TARE AT X
H T3 43 25K 16 2R ( Precision ) 3 [A]1 3 ( Recall ) X

x8 AXRMBHEEERNHSRBER

Tab.8 Experimental results of flower fullness level

classification
HE W/ % AR/ % F1 {8/ % FEAEL
A 81.8 90. 0 85.7 20
B 88.0 78.6 83.0 28
C 84.6 91.7 88.0 12
IACFHIE 85.3 85.0 84.9 60
¢ 8 AT, 32 J7 32 76 A6 2 T 05 3 S5 9 ) 3

RIS 2 PERE, C HHEAR FI Hfm,
9 88.0% , 7B YOLO v8n — RS #5 AU 7E JH Jji| 48 J=
HFY 3 AT 085 ) RS I B AR Y B M 5 A 20 B
9% F1AE 4> 54 85.7% 1 83.0% , /KBl T % T H
AR RN B ROk A S, AR L AR A
TIAUKS 8 2R AINAY F1{E 34 F 85. 3% £ 84.9%
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Fig. 12 Confusion matrix for flower fullness level classification
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Fig. 13 Schematic of recognition interface of pineapple grading system

(1) B3 T RBE F AR 1 e e 75 oK, il s
TIHT ZARARIAL > R WS B T —Fh 243k
TSRO WSO 36, -0 T A shikb g 45 1
TR T S AT TR R R R RS

(2) RS YOLO v8n — RS RERILE 1155 JRUBL 52
153 #1445 o mAP 3K 98. 0% , iR A 1 121. 8 /s,
SN 1.7 x 10°, #5255 80 8.0 x 107, 3
HiEgE S5 a1k, M YOLO 11n — seg, FYHE
JEBESRTE 1.2 A 5, WOREE T 33.8% 5 H L
RTMDet — ins — t, F-¥AE EBIEIRTF 6. 0 A~ E 40 41,

MR R I 1. 66 £, B30 T LR AT 55

(3) HET LA o B2 3 5 VR B AL 3, i 2 4
IURBR R AR R 5 e 2 Tl B A5 G f e 7Y
FRAE, R 50 25 S BN, bR O R 22 0. 745 em,
R* =0.933; fE42 iR % 0. 410 cm, R* =0. 915 ; {5
BHATHR 22 1.627°,R* =0. 773, A3 B 25 % 0y
HUENR K 85.3% , F1 {H N 84.9% , 45 Feka & vl
5 XA R AT,

(4) W e o (5 R AR AT R
W3 HX 5y, RGE BAERF I 89. 0% , F-HJHR bk
ACFERF ] A 3. 54 s, B AIE T 1225 £ 76 92 b v i
eSS,

2 % x #t
(1] wscHt, s, BN2R. JETHLE LR — 2L A sh 90 ikise[ 1], BURRI AR A, 2024, 45(5) : 53 - 58.

Tang Wenqi, Cao Yuhua, Li Yingguo. Research on automatic classification of poinsettia based on machine vision[ J]. Modern

Agricultural Equipment, 2024, 45(5) : 53 —58. (in Chinese)

(2] skisl, 227%, XS, 4% JETHLEUERZARBU A Fi B SO ENTE )] ZRAIRE, 2024, 52(7) : 230 -234.



348 P A IR A S 2026 4
Zhang Ge, Lan Sheng, Liu Xinwei, et al. Research on quality grading method of potted mini rose based on machine vision[ J].
Anhui Agricultural Science, 2024, 52(7) : 230 —234. (in Chinese)

[3] ShiX, Chai X J, Yang C X, et al. Vision-based apple quality grading with multi-view spatial network [ J ]. Computers and
Electronics in Agriculture, 2022, 195 106793.
(4] EOEAS, WREMK, ®hiEd), % BT 2 R R HLHRI AR Z 0 0 2 M - O 111, A pLi =4, 2022,

(5]
(6]
[7]

(8]

(9]

[10]
[11]
[12]

[13]
[14]
[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

53(9): 399 -407.
Huang Haisong, Chen Xingran, Han Zhenggong, et al. Tea buds grading method based on multiscale attention mechanism and
knowledge distillation[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53 (9): 399 - 407. (in
Chinese )
Xu J J, Lu Y Z. Prototyping and evaluation of a novel machine vision system for real-time, automated quality grading of
sweetpotatoes[ J]. Computers and Electronics in Agriculture, 2024, 219 108826.
Zhang Y P, Chuah J H. An intelligent grading system for mangosteen based on improved convolutional neural network[ J].
Knowledge-Based Systems, 2025, 309 112904.
fafto, ARERT, XK, 4%, BET DXNet SR B L R AN BT O WFsE [ 1], R HLA A, 2021, 52(7) -
379 -385.
He Jinrong, Shi Yanxin, Liu Bin, et al. External quality grading method of Fuji apple based on deep learning[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2021, 52(7) : 379 —385. (in Chinese)
WRaidie, TRA, Kl 4. T ECA - FV - CNN BUKREURR I 70 0k [ 1], AW B4, 2023, 54 (34T
2) . 235 -243.
Chen Mengyan, Wang Minjuan, Song Qingfeng, et al. Method for single rice grain weight grading based on ECA — FV — CNN
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(S2) : 235 —243. (in Chinese)
SRR, FIEPHE, A0, SF. JETHCHE SSD UM L% 1SR E AL 5 00T [ 1], AR, 2023, 54(6)
223 -232.
Zhang Lijie, Zhou Shuhua, Li Na, et al. Apple location and classification based on improved SSD convolutional neural network
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(6) : 223 —232. (in Chinese)
Nakaguchi V M, Abeyrathna R M R D, Ahaned T. Development of a new grading system for quail eggs using a deep learning-
based machine vision system[ J]. Computers and Electronics in Agriculture, 2024, 226 109433.
Liu SY, Zhang F Q, Zhao P, et al. Morel ( Morchella spp. ) target recognition and size measurement based on machine vision
[J]. Computers and Electronics in Agriculture, 2025, 229 109823.
SREE, AME, A00H, A5 BTG YOLOVSs HYBCREEUIAE M ik ()], A (hIES0) | 2024, 6(2)
118 - 127.
Zhang Yuyu, Bing Shuying, Ji Yuanhao, et al. Grading method of fresh cut rose flowers based on improved YOLOv8s[J].
Smart Agriculture, 2024, 6(2) : 118 — 127. (in Chinese)
Chen F N, Li Y, Sun H W, et al. Petal damage and bent flower detection method of rose cut flowers based on computer vision
[J]. Scientia Horticulturae, 2025, 340 113927.
Ding Z Z, Chen Z W, Gui Z Y, et al. Quality detection and grading of rose tea based on a lightweight model[ J]. Foods,
2024, 13(8) . 1179.
Duan Z Y, Liu W H, Zeng S, et al. Research on a real-time, high-precision end-to-end sorting system for fresh-cut flowers
[J]. Agriculture, 2024, 14(9) . 1532.
Sun XY, LiZY, ZhuTT, etal. Four-dimension deep learning method for flower quality grading with depth information[ J].
Electronics, 2021, 10(19) ; 2353.
NS, LM, R, A R TG YOLOV8s FUBL H A9 I S5 /B r 2K [ 1], Rolk TR, 2025, 41(7) .
192 - 199.
Shi Guoying, Ji Jiapeng, Li Tianhua, et al. Detecting chrysanthemum to classify flowering stages using improved YOLOv8s
[J]. Transactions of the CSAE, 2025, 41(7): 192 —199. (in Chinese)
Zhang Y P, Mohd K A S, Chuah J H, et al. Intelligent grading system for mangosteen based on faster — FRNet: enhancing
accuracy and efficiency in post-harvest quality control[ J]. Journal of Food Composition and Analysis, 2025, 141 107394.
Pham Q T, Lu S E, Liou N S. Development of sorting and grading methodology of jujubes using hyperspectral image datal J].
Postharvest Biology and Technology, 2025, 222 113406.
LuJ Q, Luo HX, YuCR, etal. Tea bud DG a lightweight tea bud detection model based on dynamic detection head and
adaptive loss function[ J]. Computers and Electronics in Agriculture, 2024, 227 109522.
Wang Z L, Yang L, Wang R X, et al. WE — DeeplLabV3 + . a lightweight segmentation model for Panax notoginseng leaf
diseases[ J]. Computers and Electronics in Agriculture, 2024, 227 . 109612.
Fan X P, Sun T, Chai X J, et al. YOLO — WDNet: a lightweight and accurate model for weeds detection in cotton field[ J].
Computers and Electronics in Agriculture, 2024, 225 109317.
Ding X H, Zhang X Y, Ma N N, et al. RepVGG: making VGG — Style ConvNets great again[ C] // Proceedings of the IEEE/
CVF Conference on Computer Vision and Pattern Recognition (CVPR) , 2021 13733 — 13742.
Han K, Wang Y, Tian Q, et al. GhostNet: more features from cheap operations[ C] // Proceedings of the IEEE Computer
Society Conference on Computer Vision and Pattern Recognition, 2020 1577 — 1586.
Hu M, Feng J Y, Hua J S, et al. Online convolutional re-parameterization[ C] // Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR) , 2022 568 - 577.
Ding X H, Zhang X Y, Han J G, et al. Diverse branch block; building a convolution as an inception-like unit[ C] //
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2021, 10886 — 10895.
Wan D H, Lu RS, Hu BT, et al. YOLO —MIF; improved YOLO v8 with multi-information fusion for object detection in Gray —
Scale images[ J]. Advanced Engineering Informatics, 2024, 62 102709.
Ghiasi G, Lin T Y, Pang R M, et al. NAS — FPN; learning scalable feature pyramid architecture for object detection[ C] //
Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), 2019, 7029 —7038.



