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Whiteleg Shrimp Body Length Estimation Approach Based on
Keypoint Detection

Wu Xuehui' Ding Qi'  You Guangi' Xu Huanliang' Yu Hongfeng® Zhai Zhaoyu'
(1. College of Smart Agriculture( College of Artificial Intelligence) , Nanjing Agricultural University, Nanjing 211800, China
2. College of Engineering, Nanjing Agricultural University, Nanjing 211800, China)

Abstract; Precise measurement of body length and morphological dimensions in whiteleg shrimp is
critical for intelligent industrial aquaculture. However, practical farming environments present significant
challenges, including interference from residual feed pellets, high stocking densities, mutual occlusion,
and individual adhesion. These factors often lead to inaccurate keypoint localization, false positives from
feed pellets, duplicate detection, and incomplete recognition of occluded individuals. To overcome these
limitations, YOLO 11 — Shrimp, an enhanced model for shrimp keypoint detection was proposed.
Specifically, YOLO 11 — Shrimp incorporated three key architectural enhancements. Firstly, standard
convolutional modules within the backbone were replaced by diverse branch block ( DBB) modules to
enhance multi-scale feature representation. Secondly, the coordinate attention ( CA) mechanism was
integrated to capture long-range spatial dependencies, thereby refining keypoint localization precision.
Finally, the C3k2_OREPA module was introduced into the detection head to substitute the original C3k2
structure, facilitating more robust feature fusion and representational efficiency. Experimental results
demonstrated that, compared with the baseline YOLO 11 — Pose model, YOLO 11 — Shrimp improved
PCK, | by 10.35 percentage points and PCK,, by 7. 82 percentage points. Meanwhile, false detection
caused by residual feed pellets were significantly reduced, and duplicate detection under dense scenes
were suppressed. Also, the shrimp keypoint shift was markedly decreased, and bounding box confidence
scores became more reliable. Furthermore, an automated shrimp body length estimation system was
designed. When a shrimp cannot be fully detected due to occlusion, the system can automatically

estimate the body length based on visible parts. The research results can provide a methodological
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framework for precision monitoring in smart aquaculture for whiteleg shrimp.

Key words: whiteleg shrimp; body length estimation; YOLO 11 — Pose; keypoint detection; feature

enhancement
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PRI SCT7 VR I PR R A 34, B o e ) TR S H
EFNHE) B S, FEARBEFE 25 AR I 25 AR
BN 80 F, Wl R 2 2 R 0.002, (AL EE N
AdamW R FHAH [ 79 50805 34 588 5 W%, 28 2o 7 W] — %%
P LN ZR 5 PEAG, DR RS B \PCK S 8 it 4
AT T A . ERA R MR 1 PR,
Ferf mAP50 R A 2 AU S {E (OKS) KT 0.5
I FT A MR DG B 0 288 3 SF- 2400 B2 4 4B, mAPS0 - 95 &
7N TE 5 S AR DL AN 0.5 %1 0.95 L4 0. 05 Jy

3.1

) = e 0 L A1) KARE I, X5 4 B AE T 19 mAP BCP2{E
F1 EEEBITLE
Tab.1 Baseline model comparison
T KR/ % B =/ % mAP50/% mAP50 - 95/% PCK/% SR
YOLO v8 — Pose 99.2 98.7 99.5 98.3 PCK, , :83.24/PCK, , :86. 26 3.08 x 10°
YOLO 11 - Pose 99.5 98.8 99.5 98. 1 PCK, , :82.95/PCK, , :87. 04 2.66 x 10°
YOLO 12 — Pose 99.0 98.7 99. 4 96. 6 PCK,, :80.66/PCK, , :87. 35 2.64 x10°
HRNet — w32 99.0 99.3 99.0 93.5 2.85 x 107
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LY gk IR B, YOLO v8 — Pose {UFEPCK, | #8 5
W T YOLO 11 — Pose, £ mAP50 - 95 #5845 v
AR5 0.2 A~ F 4 a5 o R0, YOLO 11 — Pose 7F H
EATUE b LR B, O B R DRSS AR
YOLO v8 — Pose = 0.3 NE 4, B IR EH 0.1
NE R, PCK L R T 0.78 A1 70 s, A i HoA
SRS BCE, EAh, YOLO 12 — Pose {U1E PCK, , 1
B EH YOLO 11 —Pose i 0. 31 A~ 43 s, HAx 4K
PRI R 54 o i HRNet — w32 72 it £ % LL 45 A5
Wy J5 T YOLO 11 — Pose, H A1, YOLO 11 —
Pose T8 A BE |3 B e o 249 4, 7 DR 40 0 v OC B
SE LR BE R R, S RO B A TR LT
FoAb Xy LAY, B, S A8 E YOLO 11 — Pose fE
R T B G ARG DA 55 1) SE Rl A
3.2 AEKBWHERILE

T $2TF YOLO 11 — Pose 45 70 75 Xof R 5C it 1 K
AL S5 APERE , BIA T B IR 5 1 B I HL
il 4k A PEAT ARSI 58 o X FE AR BT A TR B 2 5 AR AR
RS HE \PCK {ELA5 07 1T AR B, &5 R N5 2.3 i o

F2 AEBHRERMALITEE
Tab.2 Comparison of different convolutional

modules %

L APSO -
A e " mAP50 " PCK

i3 R 95

82.95(PCK, ,)

standard 99.5 98.8 99.5 97.8
87.04(PCK, ,)

82.44(PCK, ,)

LDconv!?”) 99.3  98.4 99.5 98. 1
conv 86.33 (PCK, ,)

80.90( PCK, ,)

DCnv!2® 99.2  99.0 99.5 98.0
Cnv 85.20( PCK, ,)

67.01(PCK, ,)

(297 98.0 96.8 99.2 94.8
ODbConv 74.45(PCK, ,)

88. 16 (PCK, | )

DBB 99.8 98.9  99.5  98.1
91.55(PCK, ,)

x3 EEAVFHBNITLE
Tab.3 Comparison of different attention mechanisms

%

H e mAP50 PCK

W A mAP50 -
E: ko 95

82.95(PCK, ,)

standard 99.5 98.8 99.5  97.8
87.04(PCK, ,)

85.09(PCK, ,)

EMA) 99,2 98.7 99.5 98. 4
* 89. 00 ( PCK, ,)

90. 48 ( PCK, ,)

+CA 99.8  99.5  99.5  99.0
92.28(PCK, ,)

3.3 HmhSCIS
R VA AS [R) AC it 8 ok 4SS U RE Y 52 L 58T
T 8 FhARLAY A B PEAT X VI 4k 5 B0 AE, A RS . R A

YOLO 11 — Pose AL, 43 5| F ik ARER DBB Bk
CA i1 C3k2_OREPA [y #EAY W W 20 5 4k A Y 3 Fil
fid & DBB + CA .DBB + C3k2_OREPA ,C3k2_OREPA +
CA, DA K [A] B 2 BB B sk 3 AN B B 1) 5 3 pig ik
R, PCK $8 45 19 425 £k 8 $4MH 45 F LM 46 b 38 O 12
& R I S 0 3o BBCHC A Sy 3 48 A 4T X LE 43
Bro MISCILIGSE R WK 4,
x4 HMRK

Tab.4 Ablation experiment

C3k2_OREPA DBB  CA PCK/%
82.95(PCK, ,)/87.04(PCK, ,)
vV 88.29(PCK, ,)/91.46(PCK, ,)
Vi 88.16 (PCK, ,)/91.55(PCK, ,)
\/ 90.48(PCK, ,)/92.28(PCK, ,)
VoV 91.56(PCK, ,)/93.29(PCK, ,)
vV \/ 91.64( PCK, ,)/93.67(PCK, ,)
vV V. 92.40(PCK, ,)/93.89(PCK, ,)
vV VoV 93.30(PCK, ,)/94.86(PCK, ,)

BV ERROR I

GERBW] A RLAE 3 A BB YOLO 11 -
Shrimp A5 7 5 A5 52 A7 K B 3 T ook B 3,
PCK, & hr 58 5L 2 B R 42 55 T 10.35 A~ H 43 4,
PCK, , #6br 32 7H 7 7. 82 A1 20 5, WA e % B9
BEHAE OGS K DU AT 55 v B BAF /Y D[R] 3
TEH
3.4 KMERITEE

AT YOLO 11 — Pose &R M A {1k 5 1Y
YOLO 11 — Shrimp BAYAE %4 & e 50 T R
B A A DU 1 i, EC 3 A TN ) R R A A
FARTE 5 FioR

T T X ) R 3 ) 2 2437 5 i, YOLO 11 — Pose
LR ALY Ty g ) RE 5 AR ) Dy MR 44 T YOLO 11 —
Shrimp A58 308 0 4544 £ Ak, G 3 6 T 28 R 4G B
%, 6 iR,

FEMF LA RAEM B 5T, YOLO 11 — Pose &
FEAETUA KA 1 2 5 9 YOLO 11 — Shrimp #5
R S L 1 s = 1L [ P 1 S R T

YOLO 11 — Pose Y7 G5 0 A U AT: 55 v A7 7
— 2 Y JRy BR M+ OGS A RGBS A 8 AR, X
5 B PR AT 110 6 B 057 900 A7 7 B 8 A 2% 5 0 A
WA B8 A DR M 19 B 2 onh B AR B ke AR R
TEVR I , T BOR — FUR (%) O Bl R, 152 b b 1 31 AH 40
WRfAR B AMEEZ R, YOLO 11 — Shrimp A5 78 B 7¢ 3
Sy H U T A . R D2 RN TEL 8 BN
3.5 ER#EFEITMSE

X TR HE Y 3 A0 N7 B B AR A R R
Wt A R e E R B R RN O AR IR 2
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(a) YOLO 11-Pose (b) YOLO 11-Shrimp
5 WHEGFTURERGE
Fig.5 Overall improvement in confidence of

bounding boxes in dense scenes

(a) YOLO 11-Pose (b) YOLO 11-Shrimp

K6 falkHRE K
Fig. 6 Feed pellet false detection

(RMSE) DL K8 ¥ 48 X% 43 i 25 (MAPE) Sk PE Ak
HPE LR 5w o o v, BARSS R nk 5 pror,
[F] B PP A% £ (] 05 5 2 A AR 1, 3R 6 TR .

SEUAS B R W, AE B R B ] g AL A op ) -
WK KRR R B, }9 0. 945 ,RMSE iy
27.62 %% MAPE } 2.53% , ¥ 0% BL K Ji 5 %R
ESNIVER S & W RB =3 T P S i S 5
KB R WS, 0.914 ,RMSE 3y 34. 48 {4
#,MAPE 2 3. 15% , R W H 52K B A R 1 AH
Kk HEEAL T AT S . MILZ T, "R KE
) R BRI K 0.830, RMSE Wy 48.44 {4 %,
MAPE 2}y 4. 37% , 15 W AR 5 12 B BE 00 4 K 1sf

(a) YOLO 11-Pose (b) YOLO 11-Shrimp

K7 EED

Fig.7 Duplicate detection

(a) YOLO 11-Pose (b) YOLO 11-Shrimp

8 SR A i B B A AG N

Fig. 8 Keypoint offset and duplicate detection

bR 2ZEBER, L T fE 1A FR

H12 5.6 AL, Joig 2 WF — il XUAE 2 4, Lok
SERBR M TR R R E R R
(0.945) ,RMSE # it T 5. 7% £ b 5 fiX /9 RMSE i
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Tab.5 Univariate regression equation evaluation

- PeE ZE RMSE/ MAPE/
R Bz %
k= PR 0.914 34.48 3.15
IR TR K E 0. 945 27.62 2.53
BRIk g 0. 830 48. 44 4.37

®6 T 2O TS ETERE

Tab.6 Bivariate regression equation evaluation

HREFR RMSE/ MAPE/
BR  BE %

A 1 ik 2

K- K E e 0.990 11.97  1.04
K

LR KE  RW-EMKE 0957 2431 2.26

HH-KT-E

K BB 0.974  19.05 1.74

(27.62 {R K ), MAPE ¥ Ik T 8045 & v fe I 19 i
(2.53% ) , 501 [] Bsf s T 79 A 25 S5 e T 4 T, 390 0
Re AR B 2 PR R A R ) R AR TN 8 T o T AN ] AR
HAG B SORAFE2ZE 7, “hkB-EH M
4K T~ 45" g 2 R 8 R Sl 0.990, hy 5 5,
RMSE 7 11.97 142 ,MAPE % 1.04% , ¥} A%,
B 4230 58 AU G, U T 3 A DX B 3 [ 7 o 0 AR 4
KW R IEEE S, ZH KA RA BB
Ry PR MR- Nk E
ZEC R h 0.974, RMSE 3 19.05 1§ 2, MAPE %
1. 74% , A7 R G (1) 3 B0, 158 BH 33 1 3508 40 1) 4L 45 %o
A RUEE B o0 [R) A A 0 S = Y f BT R
BB E 2L R® M 0.957 ,RMSE 3k 24.31 1§ 2,
MAPE 3 1. 74% , A% T Hi P14 B IS .

AT 18 £ Hh BE AL IE B 10 A4S R AEAS  JE TR A
PR b B O 52 B A (gt _length) 5 5 ¢ I 44
(pred_length ) iy & &, i1 5 13 21 °F ¥ 48 Xf 1% 2
(MAE) HIPF-¥ A 3R 22 (MRE) , 5 R 0K 7 Fis.
S 25 RR BT BT R A 1 1 4 iR 25 3 4R AR
Lem DI SEB A XTIR 22N 10% X R
FRGEAEXTURA R B 2 54T 55 Hh B A 5 10K B2
R G R
3.6 MNRELAE

WATIF S T —E X UMA R H 3l RS, %
RGRHABYALR EE P 2w, EZ R 508 3 4
811 RSt U TR N E I B N R ol 119
S i 7 P S O I 4 A, T 2 3 40 A A I i AR
SIS, AT AR S B A MR AR OGBS (0 Sk L
R ERAR ) A A 5 1 S T 5 SR T 5 oA ) T AR
Sy SE SCAC H R X, T T IE sk RGBT A Y

R7T EREKMUNSEEKWIRE

Tab.7 Error between actual and measured body length

A SibRiks MRS MAE/

s o o o MRE/%
1 13.31 13.32 0.01 0. 08
2 12.12 11.58 0.54 4.46
3 11.98 11.47 0.51 4.26
4 12.76 11.94 0. 82 6.43
5 12.36 11.97 0. 39 3.16
6 13.17 12.66 0.51 3.87
7 12. 81 12.45 0. 36 2.81
8 13.15 12. 80 0.35 2. 66
9 13.11 12. 80 0.31 2.36
10 12.93 12.83 0. 10 0.77

BOR S 5 i R G A R 5 i AR A B AR 4

¢ mrarengns

TR EEIE R 5 I iR AR " . I 9 s

R T R o i
Fig. 9 Body length estimation system interface

FAGUR st R A shin & H Zk g YOLO 11 -
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SRR SEBR A R o 0 43 T A PR JE Y o S R B
S BRI, RGNS U B A 05 B ) A R
A A

i 58 B, R B8R G I AR 0 A L5 L Al
T AR RO | Az 45 A0 e A, B0 B L A
SRR KESEERY K, JF A SRR
By R BT v ) SCPF 5 45 R4 R 2315 A B
fift T LA 9 4 5 i 44 19 0 S7 SO e 9, R D S i
FEATY . A0 H & DO 5 i 25 B, i
032 ) MR AR R AR IR A T 2 A RS G
P, i 2 30 5 59 T s A I S8

ZARGILI T R S A B A RO B S
TR A AR A S Ak, P RS PSS HL R AR BT 3R
b 52 B I A5 R, I AR T TR R OGS A A RURS:
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