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7: YOLOV8-MSA %7~k YOLOvV8 multi-head self-attention #%!, I T4E g S KMINE: SAM-AD 7R segment anything model adapter #%, T2 il 2
95 E; PRV FIR poisson reconstruction and voxelization 5%, - FHFSAF 5.

Note: YOLOVS-MSA represents YOLOv8 multi-head self-attention model, which is used for generating sea cucumber detection boxes; SAM-AD represents segment
anything model adapter model, responsible for generating sea cucumber mask information; PRV presents poisson reconstruction and voxelization algorithm, which is

applied to calculate the volume of sea cucumbers.

B 1 HEAMRBRNEEHRER
Fig.1 Overall framework for measuring the volume of sea cucumbers
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Note: The vertical axis in figure 3a and 3b represents the numerical value of the
loss, which is used to measure the difference between the model's predictions
and the actual labels.
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Fig.5 PRV (poisson reconstruction and voxelization) algorithm volume calculation flowchart
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V(X xF)@= [ F@Ns@dp

RPVABEE T, <RERMFD, X @S T
WEAE. FRETHEE, ¢ SARTIEE— A H
T PH BT, P05 p AR T b,
F (@ FR TP 5 .

F Tk 2 T 5 25 B 2 BB, Nos ()3 T3 10
A g AR A, B T ELE R p = (pro)
KA. A4 VIE B BREA S HEICAT, CATHI—A A
(ET), tAHEMBEE (Lp) MERNEEE (LN).
5 0.8 i IR 7 18] K] 43 AR R B #E THT X B 0T, ElreT,
AT C 3S o ¥ LRIFEA BN KA, Hrh AN RS
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RV BRI S SRS . X &R TGRSR
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BFL RN R S, HF (8).
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AX=V.VX=V.-V (8)
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PR BT SRR AR I, 0 Bl Kol i 58 S A L
BN RIRERL, ks T REAE L T IR ZE N E, Pk
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A N R R IoR . R F ARG E S L R 1 B L
R PR f IR AR T, R ARLTE,
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PRI WA P — S AMABLE T, 0 BT SRR A% T K —
iore B, @R AR TR MR IR AR 1A
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2 HER55H

21 ESHFFUNEFERITHIIE

N T ISAEA SRR BT R AT, A SE BRI
AR, AHIEFUAE T PR IO E RSk R S,
MASTE S BRI 5Kk ARl R A B3R B 2
M=gk =8 . Bija, FEPX R BdR T 8, TH5
BREEZIAR. K 6 NS ERRIERE R LG ER.

{AF Volume: 130.50 cm?

a. /e LRGN 2 R

a. Left view detection results

b. o ML R AR R
b. Point cloud visualization and
volume rendering

B 6 #EARRNERA K HE
Fig.6 Example of sea cucumber volume measurement program

22 EBEHINE S EAEMIERIE
22,1 AR 2T XIS

AT BAE YOLOVS-MSA HE8 [1) A 0tk AHTF 78 it
1T T KIS B2 r et Bk 8. B i3 $9 7E i 4 NVIDIA
RTX 2080 ti GPU HiTSHEML Eit1T, RSN Windows 11,
15 FH 10 R B 2 I HE 2254 PyTorchl.8.1, CUDA fit & N
11.7, W38 B &K T RS G EBEE,
b7 Faster RCNN. Cascade RCNN. YOLOv7.
YOLOV8s Al YOLOv8-MSAS Fht 24 (A Wl 4: i o

RIS H O Bk wsR 1, 458K W], Faster RCNN £l
Cascade RCNN 1E4 H A R IR LT IR BY Bt B bRl 52,
FERS IS FE 7R PR, mAP@O0.5 2 HiE %] T 88.9%
H189.4%, B3 =T YOLOVT 41 10 NE 7 A 4R, iX
PR () S H R A FLOPs #F8CNFE R, JtH & Cascade
RCNN, HZ¥&EiA% 694 M, FLOPs 2563 G, KKk
FEAR TR . IX 1B, R Faster RCNN A Cascade
RCNN 7EHEE B, HEMAE&LEBHEeE. M
Z ', YOLOv8s fENiEE/>SHEAT HERFR, KA
TRFF T RGRIIRE S o A E IR RS T MSA Btk
ZJa, HmAP@O0.5 iAF] T 92.5%, & T JEL YOLOVSs
T 13N ED A, FNSHEMN FLOPs (UF 114 M
F128.9G. iXFEH], YOLOV8-MSA #rill BRI AE /K T S
ARSI g T B A — e . kA, YOLOVT 1 R Fe A%
7 0.641, WEFEACTHAMBR, XEH, RE YOLOVT
1E P iEbR LRI RLF, (HER BRGHEAFEAL, KW
R S AR RS IE] . S, YOLOvSs
F1YOLOVS-MSA TE{R £ i b i 6 A [RI B, R 48 bR 5%
. 5308 0.873 A1 0.885, IS EATN F1 B0 E# 5
T HABA MR, AT, YOLOvS-MSA 5| N\ MSA #it,
ARERTE TR R AR I VE AR, R T ZRA TR I B
BRI

® 1 RNERMREXI L S

Table 1 Performance comparison and analysis of detection models

it mAP@ FPS/ F1 ¥4 S E
Models 0.5/% (Wi-s™) PI% RI% gy scorers F1OPYG params/m

Faster RCNN  88.9 11
Cascade RCNN  89.4 13
YOLOv7 78.2 24

0.769 0.901  0.829 208.1 40.7
0.789 0.914  0.847 256.3 69.4
0.910 0.641  0.752 104.7 37.2

YOLOVSs 91.2 33 0937 0.873  0.904 28.5 11.3
YOLOV8-MSA 925 31 0963 0.885  0.922 28.9 11.4

i mAP@O.5 NASHEEL N 0.5 I FRIREREYSE, FPS AR, P NG,
R NH I, Flops JVE HitH &,

Note: mAP@0.5 is the mean average precision when the IoU threshold is 0.5, FPS
stands for frames per second, P is precision, R is recall, Flops is floating point
operations per second.
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FMEEENEE. A0, Alpha shapes [ 5 2 f A
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LRI E SR T A R EE S

! e
(
a. MR AE BRI b, RIRE c. JHIN E ik

a. Alpha shapes b. Ball pivoting c. Poisson reconstruction

B7 #ARGHEEMRE
Fig.7 Surface reconstruction effect diagram of sea cucumber
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Alpha shapes 721 Ball pivoting 7% 4 FhAS[A] §) 7 ik 3047 %t
Feordir, DA E foid & I & 07 7% . DAES — 30 i,
S5 /N0, BB v 088 3 A S — AN e /D IR O AR AN S s A
BAREk, DAt EAE. A, BT aEEAE T
WS AMOE 2, XS ERRS E R RS, T
AR B B AR R e K (253 em®) TS B S i 5
W SER . JEHX T IS AR 2, 4 BEAE Y 44
R T SEhrfaf, SEOEL LA . Alpha
shapes VAR & [ o TORME IR E, H BT —45 20,
X H R ARG BRI = AF AR ORI . Ball
pivoting V2 7E SEFR I & A BT A5 25 B8R 10 5 HOPE R S
SFEAR ERERK, REkEE. WihEEEET
XF 2 B AT B B SR A IR VR B A S HE W % [T 42
P, AR o2k H OGRS TR B AR B AL . 1207 V0 e 8 AL i i
W& 2 I LTS, $& A 5 DR o i 1 A B 2 5 AR
(176 em®> |, HLBRAR (193 cm®) HoAHEL .

#2 TEBETESERNEEBELR

Table 2 Comparison of accuracy in sea cucumber volume measurement using different methods

N . A Volume/em® SEAA R R
H%: Algorithm T 3 3 7 5 5 7 3 9 10 Average accuracy/%
SERRAARFR 193 213 175 226 290 358 223 272 146 213
/M L AE V5 253 300 236 332 446 465 323 373 180 296 72
Alpha shapes 112 136 124 383 136 240 134 446 73 292 62
Ball pivoting 164 172 154 167 367 393 187 185 113 168 80
PRV CAHFI0) 176 198 177 199 278 365 207 256 143 194 94
9T B8R AR SRV AE A [R) (R U B R AT SR, 3 Fig

AW FEBAT T A EREE T I8 Xt b 508 e e
70, 100. 120. 150 cm 4 NAFEEE T, 4rHlic A Lk
4 Fh 7 yEBHAT T SRR S HER R 1. Wi g R
W 3 Fios.

#F 3 TREREESEIFNEERELLR

Table 3 Comparison of accuracy in sea cucumber volume
measurement at different depths

o HERZR Accuracy/%
TR ¥ Depth/em— — — —
/MALEKEY: Alpha shapes Ball pivoting PRV CAHFIE)
70 74 46 75 91
100 46 62 80 94
120 75 68 82 88
150 91 53 77 83

AW, TR AET— MRS LR, PRV SN & 1)
TR R IR T oA 3 Fh k. 456 X H AN B fE TAE
FEEY, FEPEESA 100 om Ao A5 B 2 ) & v 1 A4 AR I R
% 94%, AHELA /N FEMEYL . Alpha shapes. Ball pivoting
Ty AERE T 22 324 14N E . FRRI L RE
Y, VAL B R AR B A R = AR AT EVE N, A
A B RS LIRS e M

ARSI T —Fh BT H A S = AP )i 24K
TSI, i X E AR E] H bR 4 R E 2
SRJE R S ST R AN B, A A =
RIS R, BRNGS =4 S s 8dE, @R
BRI AR AT IR, &S SRS I R

1) ASCAE YOLOvS it b, IIAZ Sk BiER i,
fJ# YOLOV8-MSA ( YOLOvS multi-head self-attention)
KA, RS IS B T 92.5%, HE T R G
RS T 131N E . WA, BHEE adapter HLHI1
SAM-AD (segment anything model adapter) 4 #5174 1
TS ERE, NSRRI R AR HE AT SE
EXTEAER

2) AT A R A A RS B AR FR A A BRI PRV

(poisson reconstruction and voxelization) Hy% 317 #§ 2
AR E . KR, ZITVEEIRE N 100 cm B, )
G RLIE R 94%, HERIUBLT I Ball pivoting J5 i & H
14 NES R, BRI, REU8E PRI 477
B R R ORI B

AHIE TR FH R 77 ARG TR A1E s ) iz O H bR
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Measurement of sea cucumber volume using binocular vision

ZHEN Shuai'>?, LIN Yuanshan>* , SHENG Yifan' , HONG Shengcheng® , WANG Wenliang' ,
CHEN Qijun* , YANG Zhiging® , LI Zhijun'*

(1. School of Information Engineering, Dalian Ocean University, Dalian 116023, China; 2. Dalian Key Laboratory of Smart Fisheries,
Dalian Ocean University, Dalian 116023, China; 3. Key Laboratory of Environment Controlled Aquaculture (Dalian Ocean University)
Ministry of Education, Dalian 116023, China; 4. Dalian Xinyulong Marine Biological Seed Industry Technology Co., Ltd, Dalian 116007,
China; 5. Guigang Rongchuang Wood Industry Co., Ltd, Guigang 537000, China)

Abstract: Accurate volume measurement is essential to the marine treasures in aquaculture. However, existing approaches
cannot fully meet the growth and evaluation in the volume measurement of sea cucumbers. In this study, the binocular vision
was introduced to efficiently and precisely in-situ measure the volume of sea cucumbers. Three modules also included target
detection, segmentation, and volume estimation. In the first module, the target detection was used in the variable lighting and
environmental conditions under the typical underwater. The reason was that object detection previously failed to monitor
underwater environments, due to the fluctuation of light conditions, reflections, and debris in the water. YOLOVS target
detection model was introduced to integrate the multi-head self-attention mechanism, in order to enhance the detection
accuracy in these unpredictable conditions. This attention mechanism was significantly improved to detect the sea cucumbers
under the complex underwater landscape. A high-precision system was obtained to more effectively process information from
different parts of images under these challenging circumstances. In the second module, instance segmentation was used to focus
on the precise identification and segmentation of sea cucumber entities. A segmentation model of sea cucumber was
constructed using the segment anything model (SAM) with an adapter mechanism. The SAM model was used to more
accurately isolate the sea cucumber from its background, even in the presence of noise and other marine organisms in the water.
The segmentation was successfully essential for the accuracy of subsequent steps, as the generated mask served as the input for
the volume estimation. High-quality mask information was provided to ensure that the shape of the sea cucumber was captured
with the necessary details for accurate volume reconstruction. In the third module of volume estimation, the 2D mask maps
were input into 3D space to obtain a point cloud representation of sea cucumbers. Poisson surface reconstruction and
voxelization were employed to reduce the distortion of the 3D model because point cloud data often suffered from sparsity and
noise. Specifically, the sparse data and noise interference were avoided for the accurate 3D model. As such, the actual volume
of sea cucumber was faithfully represented for precise measurement. The experimental results demonstrate that the superior
performance of the improved detection model was achieved, compared with the existing algorithms. The 92.5% accuracy and a
frame rate of 31 frames per second (fps) outperformed the rest, such as Faster RCNN, Cascade RCNN, YOLOv7, and
YOLOvVS. Additionally, the Poisson surface reconstruction also produced a closer shape approximation of the true sea
cucumber, compared with the Alpha Shapes and Ball Pivoting. More accurate volume measurements were better performed at
various depths. Specifically, the accuracy of volume measurement reached 94% at a distance of 100 cm, which was 22
percentage points higher than the minimum bounding box and 14 points higher than the Ball Pivoting. Reliable data was then
provided to accurately measure the sea cucumber in aquaculture. In conclusion, high efficiency and precision were obtained to
measure the sea cucumber volume after 3D reconstruction in underwater conditions. The finding can also offer reliable data to
monitor the growth and assess value for more accurate and efficient aquaculture practices.
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