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3. W EDKFERF A T B N ACER I ST, L 200092)

O ZANERERSHCR A KRR Pl B2 UR %5 5 Fs & & Rt 75 00 B B YE . D SEI = A LR AP
RSB T P FAERSRE, SRR T — e YOLOVSn ) = f WL ig: R B MR S 50 E 4% 5 YOLOvV8n-CBM.
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2, NN 4 BRI R 1B (convolutional block attention module, CBAM) ,  PA$Z i 5t = £ WL 46 JBR 32 2% % J5) #5521
TR SRR s HR, AESNER RN 2% A 5] N WU A IE 4 7 H5 P 2%  (bidirectional feature pyramid network, BiFPN)  DLjlGH
ANEJRERHE 2 (R R A, FEmR R 2 RE HPRIIRIERE 1 RN, CKIEE C2f i & i h £ R 2SI G AU
(multi-scale dilated attention, MSDAD, LAY KEHEZRZET, 53407545 B FUE BINBA EE )1, &5, 46
Ve FHE S B R LT R &R, IR &, RESE AR KSEHE. 45K H, YOLOv8n-CBM LAY [1F
PPRSEEEIE (mAP50-95) 5% 98.2%, 7ot 4w 58 m AVE AU I BB 4 iR 2 70308 1,512, 1.083. 1.019
51.998 mm; 7fEAFFEKE S 24T, YOLO-CBM 8 il & i% 7= 35 /N T J5 46 YOLOvSn %Y, fe K48 %) iR 2 N8
it 2.879 mm, &I T X2 LA T = AR BUECE I SRS RS . A SR T DU AR KM RE VT AR RSB A A
SR ETTE, N THESIE IR NI E R Bt R R EAEE R L.
KR BRAE, REFT: AR Z AW YOLOvEn
doi: 10.11975/5.issn.1002-6819.202507134
hES£S: TP391.7 XHEIARERD: A

BE%, K&, EFRE, F E£TH# YOLOvSn M=AMEREERSENESEN]. R TEFR, 2026, 42(12):
239-248. doi: 10.11975/j.issn.1002-6819.202507134 http://www.tcsae.org

ZHOU Puluo, ZHANG Jun, CAO Shouqi, et al. A method for measuring phenotypic trait parameters of Sinohyriopsis cumingii
based on an improved YOLOv8n model[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the

XEHmS: 1002-6819(2026)-12-0239-10

CSAE), 2026, 42(12): 239-248. (in Chinese with English abstract)

Www.tcsae.org

0 5| =

=i (Sinohyriopsis cumingii) & [ 5 B H17%
KBRS, HARRME BRI A S R A E,
R BRI 2 SR, AR TEm .
B AU K ER MRS, PG EERIEae S5M
JoT B R SRR R AR, X TR R SRR VE A . B AR B R AR
FORAT EE N MG SR, ARG i AR
NLBANFRE SN E, ZdBREBE A W&k RS
H BRI 8% 7, A LA AL R I 1) P A 1 SR SR e A A A RRAE
AR F R Hedh, NS AE b S etk i s 47 5
ML ESAKKRE, i SEUE B REAMER,
Yok B 5B AL RFR IR R

WA AR H AR R AR S B ISTUR T I 7K
T AN SR T T ResNetS0 AR A5
TR IR DR RS & T, REIRG Gt

Weks HH#E: 2025-07-15  BITHH#E:  2026-02-26

HEWE: ERESTRTRITE (2023YFD2400502) 5 i {48 Rl %
HETH (24ZR1429000)

TER Iy S, WFFUT7 At DU R B R I B R

Email: 2416705346@qq.com

XGRS KR, Wt #a%, PR ERlL TR %,

Email: zhangjun@shou.edu.cn

doi: 10.11975/j.issn.1002-6819.202507134 http://

THUER S AR 520 ) A T RLE AT
BSHHGI 5| NTE R LS K5 B AR RoAR, 92
TR SRR AR TE, SHEN 50505 53 #y 2 3D &
o MRS R ey a3 AT v B R AR A, UESE T 4R
LA ST VUSSR LT 2 3005 A 55 Fel () )87
Wy, 2@ YRkl SR VED-SegNet #5754 F T 42 Hi 1 3%
PRASEEA, fif R T 0 RS 22 S i R ) % JBR iR 4 1) i
YRR Ut AR 5K B A R TE Bl B 7 T R 4k
KOGE T Z PP R B A SRR AN R A i N Sl B
500 gh & THz g S RE S, IR B R AR R
FIMG RSB 93% MR AR N HER R, BoR T 28BS
FFAERL & 7E R 4 HAR R R & Bt sl T3
FFAHPHACELI T MU S EE gl E, AR
B H bR RS PR AR TR T TR AR

YOLO ik R H A Mk B e K FE s i) iz
ST E ARSI RN 22 AL AR o S, sk 5 R
FT Mot YOLOVS-Seg #5278 1 77 4 - S AR 3R AL 2 B0 &
ik, AREBERBESHIGHENERME THEARSH,
25 [ {2524 2T YOLO-SDCG FAMM [ { HL i 1 777 Jie
A R A, AIED iR AE BRI T H T
e WRIESE P PR T B0 YOLOV7-seg 35 76 3 46
5810715, 8T T A0k B ARSI 5 53 EE S R
5 52520 i FHl Re-YOLOVS FHAG I [X 45848 2% 44015 3k B


https://doi.org/10.11975/j.issn.1002-6819.202507134
https://doi.org/10.11975/j.issn.1002-6819.202507134
https://doi.org/10.11975/j.issn.1002-6819.202507134
https://doi.org/10.11975/j.issn.1002-6819.202507134
https://doi.org/10.11975/j.issn.1002-6819.202507134
https://doi.org/10.11975/j.issn.1002-6819.202507134
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202507134
https://doi.org/10.11975/j.issn.1002-6819.202507134
https://doi.org/10.11975/j.issn.1002-6819.202507134
http://www.tcsae.org
http://www.tcsae.org
mailto:2416705346@qq.com
mailto:zhangjun@shou.edu.cn

240 flk TR (http:/www.tcsae.org)

2026 F

KGMEERSE, NEDRRSHINE G 24t
T5%,; ZHRERT T 0 YOLOVIOn (I H 5k
R RRLS RN L, TR S E L E
95.5%, FFAE FRAR T 505 2% B RIS B RILASE (1) ] B S B T
119.6 Wi/s IR IRFE ;s X250 ¥y T YOLO-CRC #5
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BEF R VERR B SH R IR F s .
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Tt = A WL AR P v W B s o, R SR 2 5 R R AL
HURFAF RS 77, b0 S B S AE R A IR 2 K 1 shil
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U FE S BERRAE XK SGTEBE /15 2D 51N BiFPN 4544, LA
AN A RBEARRAE 2 (R PRI A 80R s 3D ih C2f MSDA
BEH, DARE A A 2 RO A5 SN SR UGG ) PR AR A 2
TP 4) GEA TR0 FAHER I &h B 5 B R E 5 58 r
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a. Schematic diagram
L WOGREFI M FERLEE 2. TR 3. STE 35 [ 454 4. 538 5. (L%
6. XA 7. BhASHTRE 8. B 9. TSR 10, SCHERR 11, ZRIHESE 12. Bk
FH7R PR 13, ARIA R 14, fR185E 15, TREREEHY 16, 153871 17. HAL 18. SCHER
1. Laser array distance measuring module 2. Industrial camera 3. Scanner fixed
structure 4. Scanner 5. Conveyor belt 6. Upper bracket 7. Dynamic electronic
scale 8. Sealing plate 9. Lower bracket 10. Support plate 11. Structural frame

12. Bearing and bearing seat 13. Conveyor belt cover 14. Conveying wheel
15. Tensioning structure 16. Conveyor belt 17. Motor 18. Support foot

A1 ZARSEREERAKADNZZA
Fig.1 Automatic measurement system for phenotypic trait
parameters of the Sinohyriopsis cumingii
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A, [F IR [H) & 1) YOLOvSn-pose 15 54 4 52 e B A
M2 B, BT EALFEI0 . BE S I 5 AL R 1E 55 DA S % 36
RSV SR, 5 AR 1) B
TE ARG BE O 2 I R, WOR 6 L AMCR b &5 e s
BT H M YOLO il AT 45K FH /K~ AR EAT B s e
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(oriented bounding box, OBB) #&ill| 3P, 3 5] N &
R BB (CBAM) .« £ R E HF1E & 7 8 W 2
(BiFPN) % R FE 253 & /1 ik (C2f MSDAD ,
) YOLOvVSn HE AL 4E /) i ] 2 Fros

1) CBAM #ith

AWM S AR . S SRR E B
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U, RIARE, & SRR 2, Wi 3 fr.
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HIE R ST, dt—DnE 2 RE B bR R R 5
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2) BiFPN fit

SRR ERK BAME E R, X
MM & H) 2 RERAERIERE TIRE TEEHER, K
i FT4E YOLOvSn F 2003 0 2% 5] N WL ) REAIE 4 7 55 WX 4%
BiFPNPY, B AR R AT 4R & 71 M % (feature pyramid
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H: Conv AHBRURHL Cof AIFIERABIE: CBAM NHRUER S SPPF Jy2f [l & LR UpSample Jy I REFIEHEL; BiFPN JyR [AIRFAE 42
HWgk; C2f MSDA AL REEZIGRIEE /I OBB ANEH: 4 FHERIN Sk ; ©~®7 BiFPN B4 5 Size ARHEE T (RxFExliESH) . N
Note: Conv is the convolution module; C2f is the feature aggregation module; CBAM is the convolutional attention module; SPPF is the spatial pyramid pooling
module; UpSample is the upsampling module; BiFPN is the bidirectional feature fusion module; C2f MSDA is the multi-scale dilated convolution attention module;
OBB is the rotated bounding box detection head; W~ (®) denote the indices of the BiFPN modules; Size is feature map size (H x W x C). The same below.

B2 7t YOLOv8n e942A! 44
Fig.2 Improved YOLOv8n model structure
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Fig.3 Typical characteristics of the Sinohyriopsis cumingii MEREIN, $RFFT LR 2 RE HARFRIERE S, JUE
BIFPN HLHOEI [ T F 5 FR A EMRUARE G G AR 2 RIS, St 5 fis.
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Note: @ represents the addition operator, the fusion of average pooling and max pooling features; Sigmoid represents the activation function.
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Fig.4 Structural diagram of convolutional attention module
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Bidirectional feature pyramid
network (BiFPN) layer
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Input T M %% Backbone
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PN B Z AL P2 Jyrhi h H A ik JZREIE &L P3 9rh oy 3
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Note: P1-P5 denote multi-scale feature maps output from different stages of the
backbone, where P1 is a high-resolution shallow feature map; P2 is a medium-
high resolution mid-shallow feature map; P3 is a medium-resolution mid-level
feature map; P4 is a medium-low resolution mid-deep feature map; P5 is a low-
resolution deep feature map.

B 5 BiFPN k%A
Fig.5 Structural diagram of BiFPN module
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( Linear ( Linear ( Linear
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VE: Linear NZEVEMUFZ, Concat MAFEHFEARIE, »
mE, Koy, vosERE.

Note: Linear denotes the linear projection layer, Concat denotes the feature
concatenation operation, » denotes the dilation rate, @ denotes the query vector,
K denotes the key vector, V denotes the value vector.

Bo6 2REZREAERLEMA

Fig.6  Structural diagram of multi-scale dilated attention module
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Note: a and § denote the angles between the long and short sides of the rotated
bounding box and anal angle radial rib length, respectively.

B/7 ZARHERNEARE THELRFE
Fig.7 Phenotypic measurement parameters and shell height
perpendicular determination for the Sinohyriopsis cumingii
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HAZEL S e HED S 2 (AW I My BT e it 1 A
VY 25 AT BARAR L BARIEAS, ik, HFEHHE
HE5W MR I MAEPTT, s35hid Ra. B. fEHEARE
DU, ZIELR T A B R BT AR R T M, T S e
HEA T 1 e A7 i /INT- 4500 (B2 0 g AR 22 4r #lid
TR TS N T e NE AU A 22 o, 2R 4RI 45°8) B Y
BNIE SISV S AT R N (7 v ed 7 N U S = A SR vk 7]
W HI ARG, Bk, 78 4505 510 F il E
SINZEME, HRERERN 40° (RZAEKT 0.766),
DLIBEFF 45°B T ()5 S DX (8] 4 i s e 1 i) B k.
Je, IHIEI AT A0°WUAE kiR, RE, REEE
2% T i 211200 B R 8 KT 52 T 3% 020 BE B8 B e i Ve R
HEEmM R K, &, MBS R %5/
2, TPENZIELKRE, BRI T
1.5 RWIMESTFNIERR
1.5.1 KB IRIRE

R A 3445 K A Python 3.12.7 4w F21E &, Pytorch
230 E ¥ 2IHESE, 847 T Windows 11 #:1E R 4.
B R 3 B8 5 13 ARSE s 2R I & 15-13500HX H ot 4k 2
#% (250 GHz, 14# 204#), 16 GB AT, ZFN
NVIDIA RTX 4060 #5414 GPU. EUZIIZR S FE¥(E
T3S H, 2% 080,002, 48200 Kk, Ak
N AdamW, FEZERCH 0.000 5, ZhEH 0.937.
152 #4847

AW FL P 3 K BE ¥ {H (mean average precision,
mAP) . Z (& (params) FliF i B H & (floating
point of operations, FLOPs) 3 Tii i A5 1 155 284 4% 8 PFAN
bR, P, mAP RAREZEHELE (intersection over union,
ToU) BI{H9 0.5~0.95 I (PR FE{H (mAP50-95) .

_1 Bk 0
mAP50-95 = 10 Zr:o.so,o‘ss,.u,oss (E Zb:l APy ) (D
D
Params = Zd:l P, (8)

FLOPs =’ FLOPs, (9)

Kb B RNEREE: bR b A APYRIRTE IoU
BME ¢ 5 b RIS IR D RN ERE, P, oA
% d R IS8R FLOPs, A% d EHITHHE .

2 FER55H

2.1 HERIRAIE

NG AE B JE AL (YOLOvV8n-CBM) () i,
Wit AR I R I A R MR R, TR R ER 1 TR
GERRH, HIELLRIA (YOLOvSn) AHEL, fEIHER: R
J7IE, Fh 5] N CBAM Al BiFPN # bk J5, #5717 1
K (mAP50-95) 4y 5l 0.3 A1 0.5 4 H 7 5,
FH] CBAM M BE % 34 9 A5 B4 X O AR R4S 2 10 O 7
RE 77, BiFPN B REGE A RN 50 A [F] R RFAE 2 1] 1) il
G T EE A RS IUAS 25 [FIAF 5] X CBAM+BiFPN,
CBAM+MSDA #1 BiFPN+MSDA #iHtj5, #iH) mAPS0-
95 7 AT 0.8, 0.4 F1 0.7 NFE4r s [FRSIANLLE 3
MG, BMEVE SR R RS RGN T 8.4%, {H
ZHERFIKT 6.2%, FIBEE K mAP50-95 #&F+ T 1.6

NG, R SRR SRS % 2 A T
HRkF 4

x 1 HMIARLE

Table 1  Ablation experiment results
CBAM BiFPN MSDA mAP50-95/% Z#¥{& Params/M FLOPs/G
/ / / 96.6 3.08 33
v / / 96.9 3.18 8.5
/ x/ / 97.1 3.28 93
/ / x/ 96.4 2.58 7.8
S x/ / 97.4 3.38 95
v / \ 97.0 2.68 8.0
/ \ \ 97.3 2.78 8.8
v \ V 98.2 2.89 9.0

TE: N7 FORLHOEBIE S AT RN LSO BT R Bl 5 R
mAP50-95 LR H LLBIME A 0.50~0.95 i I K 3518 FLOPs FoRiF &1
irHEE. FFE.

Note: “\” denote that the improved module is introduced into the model; */”
denote that the improved module is not introduced; mAP50-95 denote mean average
precision at intersection over union thresholds of 0.50-0.95; FLOPs denote the
computational cost in terms of floating-point operations. The same below.
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Fig.8 Bounding box loss on the validation set
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Fig.9 Distribution focal loss on the validation set
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% 27 %, YOLOv8n-CBM ffj mAP50-95 #¢
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Origin images
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BN 8.6%, 1H#E YOLOvVSn 38/ T 6.2%; H: FLOPs
B YOLOvV8nHl YOLO11n 73 H 3 I T 8.4% F 34.3%.
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Table 2 Performance comparison of different models

— e

Dﬁii | mAP50-95/% ;/’: fﬁi FLOPs/G
YOLOv8n 96.6 3.08 83
YOLO11n 97.0 2.66 6.7
YOLOV8n-CBM 98.2 2.89 9.0

bt FEABE 7R At T i 6 AN [R) e 2 45T AR 25
HEHL 0°. 60°. 120°. 180°. 240°F1 300°3: 6 Fhfigks £ &
(1) = A MLEEREARBATR I . I 10 iTEAE H, YOLOv8n
TE 0°FN 180° S A7 7E A WIAE £ 5 e 22 R FBLAS 576 % (14 i) 8
M2 T, YOLOv8n-CBM 7E &AM e £ B T I REfig i
UF MO A = A AN R EE, AT IUAE 75 ) 5 H bR iR 5
A5, WE SR E R, T T R A
AT AR e

180° 240° 300°

e ALEHEY PR IE, SR BEAR R IAE, 2 A [RR R AE A B 6 45

Note: The red box denote the actual detected bounding box, the green box denote the ideal detection box, the yellow circle denote areas not covered by the

detection box.
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Fig.10 Detection results of different models
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Fig.11 Visualization results of the prediction
model
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#4512 %Z (mean absolute error, MAE) . “F-1)
FHXTiRZ (mean relative error, MRE) . ¥ 5 fRi%Z%Z (root
mean square error, RMSE) . ¥J77##% (mean square error,
MSE) . & K454t %% (maximum absolute error, MaAE)
FPE BB (RD PPAETRARDY, A sy il 3% 2,
HES5R

1 N —
MAE = ZH Iy — il (10D

1 N |yl'_37i|
MRE = — (11>
Z' ( Yi )

N

1 N —0
RMSE = w/Nzl_:l(yi—y,.) (12)
— 1 N )2
MSE = NZH 3 =) (13)
MaAE = max |y; — ¥, (14>
N
-y
R = —Z' (15)
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A% YOLOvSn /F R n EE A AL, HoA Ui E i
S HE R BAG A, H 5 YOLO1In Kl P fE 2 5 A
K, AIFE YOLOV8n 5 YOLOvV8n-CBM 7F = ff i i %
RUMIR 2 B0 & b v R, e KRN 4 v AN PR B T
M RIFATIREG 00T, S5RWE 3 Fin.

*®3 RKS5ESHRENN
Table 3  Error analysis of shell length and total height

RUSH SEEME eit] MAE/ MRE/ RMSE/ MSE/
Phenotypic parameters Mean/mm Models mm % mm mm’
7k 133.48 YOLOvS8n  2.997 2.347 3.716 13.809

Shell length % YOLOv8n-CBM 1.512 1.168 1.746 3.049
G 11118 YOLOv8n  1.928 1.796 2.445 5978

Full height 1% YOLOv8n-CBM 1.083 0.997 1.217 1.481

1 MAE FoR-FHAixTR%E, MRE £-FHMXRZE, RMSE £R¥7iR
"%, MSERRBITRE. TR,

Note: MAE denotes mean absolute error, MRE denotes mean relative error, RMSE
denotes root mean square error, MSE denotes mean square error. The same below.

SFHG 3 HT e 3 AT, YOLOv8n-CBM 7E 58 K Al 4 i
DU 1 DY TP Ak 48 br 38T YOLOv8n. X+ 5243l
&, YOLOv8n-CBM ff] MAE. MRE. RMSE il MSE #;
YOLOVSn 73llFAIK 49.7% 50.2%- 53.0% F177.9%; XT
4FlE, YOLOv8n-CBM [fJMAE. MRE. RMSE FIMSE
5 YOLOvSn 73 7l FEA% 44.0%. 44.4%. 50.2% 1 75.3%.
SERY, OB RK S s E T B SN
R EE ARSI, B T AT PR A LA G Ot SR RE S 2K
T2 LBEZMF =MAER MR SE I E M

FKAhH T HARIKSAHAN YOLOVSn B8 5
YOLOv8n-CBM 1 5% K il #ll 4T 55 1 (] MAE 5 MaAE.
LR, fEFTA 2 4H, YOLOv8n-CBM ] MAE #h%
f&F YOLOvVSn #7%4, %5 2 41 MAE N4 67.22%, MaAE
TF& 69.96%; 5 3 41 MAE F [ 59.28%, MaAE | [#

71.57%. AN, YOLOvS8n 5 B 7E 5 43 20 il vb H B s K

MaAE, RHHEEERFTKES TR EEEZ, M

YOLOv8n-CBM ] MaAE ik T 2.879 mm, =Z W 2R

B P, AEANRDRSHREA T 3R B SR A e IO S 1 R
F4 FEKNEIREITLE

Table 4 Comparison of shell length measurement errors  mm

2059 YOLOVS8n YOLOv8n-CBM

Group MAE MaAE MAE MaAE
% 1 2 Group 1 2.556 7.528 1.656 2.876
%5 2 40 Group 2 3.767 6.581 1.235 1.977
%5 3 41 Group 3 3.396 9.512 1.383 2.704
%5 4 21 Group 4 3.551 6.909 1.353 2.819
#5 5 41 Group 5 1.729 4.157 1.924 2.794

H: MaAE FoRi RN iR 2. FIH.
Note: MaAE denotes maximum absolute error. The same below.

xKSH T 5 FRK S AT YOLOvSn 1 AL 5
YOLOv8n-CBM 7E 4= & Wil dll 4T 5% H 1] MAE 5 MaAE 4%
o, 459 % M. YOLOV8n-CBM 1E JT A 43 20 rh 35 4
FAET 1.259 mm ) MAE, MaAE #%#17E 1.978 mm LA
W; YOLOvSn #& B 7F 25 3 40 5 55 5 40 1 MAE # i
2.035 mm, MaAE 73514 4.985. 5.063 mm, iHI7EER
A AT T AEAE — 0 Y BN B R Z W 3; YOLOv8n-
CBM 74 e P AT 55 0 [R)F FR 30 o B s PR RS R ARG e 1,
EHTZRE. Z2BAES T =MIREAR B 3R 50

#=5 2EMNRIRENE

Table 5 Comparison of full height measurement errors ~ mm

2050 YOLOvSn YOLOv8n-CBM

Group MAE MaAE MAE MaAE
25 1 41 Group 1 2.035 5.988 1.259 1.978
5 2 2H Group 2 1.516 3.517 0.990 1.948
% 3 41 Group 3 2271 4.985 1.163 1.758
%5 4 41 Group 4 1.771 4.759 1.022 1.646
#5 5 41 Group 5 2.062 5.063 0.976 1.746

242 mREALZHRENH

VTAS I B AR G AE O B AE SR AT 5% v (ARG P R IR
XoF bb 2 M AR R T B 5 N T S IAE AE 5% v 5 8 A TR
KH AR B ER. BT 50 AREARSE, hlitE
MAE. RMSE 5 R, DAEAWBERY T () e ik 5 e 1k
RSP 12 fE 13 Fis.

62
y=0.418+1.01x

60 - MAE=1.019 (55.9,58.7)

53| RMSE=1.229 ° o
£ 56| MaAE=4.080 ° 1
£ °°[ r=0932 B
2 54 r g
5 (49.3,52.1) 5
; 52+ ° >
2 50 2
S i &
i
S 48t E
= 41.8,45.9 =
Eas| @349 E
= i
X 44t =

=
21 09 45425)
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o
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FL 9 True value/mm
T BUOHERRREARS I, AR ZBEX LR AR Z . TIE.
Note: The color gradient represents sample density, and red indicates the highest
number of samples in the nearby value range. The same below.

B12 ZZH=)astik
Fig.12 Regression comparison of shell height
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Fig.13 Regression comparison of radial rib length

B 12 ATA0, K2 BORE AR p 2 25 4 A7 70 B AR T
& (y=x) iz, E2IHEER—HESWSE, i
TR Xof e v P AR AIE U 0 5 A R i, A TR T
g5 B 5 N ThRyEM 2 18] MAE 4 1.019 mm, RMSE A
1.299 mm, R*ik#] 0.932, MaAE N 4.080 mm, % B ¥
Mz R 5 JIE 2 B BA S ER M, RES MR
EAE.
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JRAEAN BIFEARAE 10 25 X IAFAE — 58 T 22, {H 844
WiE, MATERESE, X JRRIE S 5% R A BT F
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(convolutional block attention module, CBAM) F1 XX [1]
FEAE & 7 85 M 4% (bidirectional feature pyramid network,
BiFPN) J&, HAIHFREEEIE (mAPS0-95) 4342
TEE 96.9% F1 97.1%; A G| N 2 B 25 45 AR 15

(multi-scale dilated attention, MSDA) E{# mAP50-95 0%
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A method for measuring phenotypic trait parameters of Sinohyriopsis
cumingii based on an improved YOLOv8n model

ZHOU Puluo! , ZHANG Jun*™ , CAO Shougi® , BAI Zhiyi* , HU Qingsong® , LIU Xingguo® , WANG Bin*

(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. College of Fisheries and Life
Sciences, Shanghai Ocean University, Shanghai 201306, China; 3. China Fishery Machinery and Instrument Research Institute, Chinese
Academy of Fishery Sciences, Shanghai200092, China)

Abstract: Sinohyriopsis cumingii is one of the economically important freshwater mussels in the pearl aquaculture industry.
Phenotypic traits of S. cumingii can be expected to evaluate the individual growth performance. Germplasm resources are
identified to implement precise genetic breeding. However, conventional manual measurements cannot fully meet the
scalability and applicability of the large-scale production in intelligent aquaculture, due to their labor-intensive, time-
consuming, and highly susceptible to subjective errors. In this study, an improved measurement was proposed for the non-
destructive, rapid, and accurate acquisition of phenotypic parameters using YOLOv8n, termed YOLOv8n-CBM. 1) An
integrated phenotypic measurement for S. cumingii was constructed to combine the dynamic transmission, machine vision, and
digital image processing. The system comprised a conveyor device, a high-precision industrial camera, and an image
processing module. The mussel samples were automatically transported into the imaging area, thus enabling standardized
image acquisition and high-throughput phenotypic measurement under continuous dynamic conditions. 2) Three targeted
improvements were implemented in the original YOLOv8n network architecture, according to the characteristics of mussel
images. In the backbone network, four convolutional block attention modules (CBAM) were embedded after each C2f block to
enhance the extraction of contour edges and local features of mussel samples, while effectively suppressing irrelevant
background interference. In the neck network, the bidirectional feature pyramid network (BiFPN) was introduced to strengthen
bidirectional fusion of multi-scale features for the targets of different sizes and postures. Meanwhile, the original C2f module
was replaced with a multi-scale dilated attention (MSDA) module to expand the network’s receptive field for the local fine-
grained and global contextual information. Finally, the key phenotypic parameters were extracted, including shell length, full
height, shell height, and radial rib length of the buttock angle, according to the geometric relationship between rotated bounding
boxes and biological key points. A series of experiments was conducted on a dataset of 50 manually annotated S. cumingii
samples with diverse sizes and postures. The results show that the mean average precision (mAP50-95) of the YOLOv8n-CBM
model reached 98.2%, indicating the rotated object detection performance over the original YOLOvVS8n model. The average
localization deviation of biological key points was less than 2.0 mm, indicating the high precision in feature detection. The
mean absolute errors (MAE) of shell length, full height, shell height, and radial rib length of the buttock angle were 1.51, 1.08,
1.019, and 1.998 mm, respectively. In all groups stratified by different shell lengths and full heights, the measurement errors of
YOLOvV8n-CBM were consistently lower than those of the original YOLOvV8n model, with the maximum absolute error within
2.879 mm. Measurement accuracy and robustness were effectively improved with diverse morphologies and postures. In
conclusion, the reliable technical approach was used to realize the rapid, accurate, and non-destructive acquisition of
phenotypic traits in S. cumingii. Shellfish growth evaluation and genetic breeding can be expected to support the transition of
the pearl industry from empirical farming to data-driven and intelligent aquaculture. The findings can also offer a valuable
reference for phenotypic measurement in the molluscan species.

Keywords: image processing; deep learning; phenotype; Sinohyriopsis cumingii; YOLOv8n


https://doi.org/10.11975/j.issn.1002-6819.202504113
https://doi.org/10.11975/j.issn.1002-6819.202504113
https://doi.org/10.11975/j.issn.1002-6819.202504113
https://doi.org/10.11975/j.issn.1002-6819.202504222
https://doi.org/10.11975/j.issn.1002-6819.202504222
https://doi.org/10.11975/j.issn.1002-6819.202504222
https://doi.org/10.3390/s24175850
https://doi.org/10.1109/TMM.2023.3243616
https://doi.org/10.1109/TMM.2023.3243616
https://doi.org/10.3354/cr030079
http://www.tcsae.org

	0 引　言
	1 材料与方法
	1.1 三角帆蚌表型性状参数测量系统
	1.2 数据集
	1.3 YOLOv8n-CBM旋转框检测模型
	1.4 特征提取方法
	1.4.1 参数定义与测量原理
	1.4.2 壳高目标边判定与垂线生成

	1.5 试验环境与评价指标
	1.5.1 试验环境设置
	1.5.2 评价指标


	2 结果与分析
	2.1 消融试验
	2.2 不同模型检测效果对比
	2.3 旋转框与关键点可视化结果分析
	2.4 测量结果分析
	2.4.1 壳长与全高误差分析
	2.4.2 壳长与全高误差分析


	3 结　论
	参考文献

