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Fig. 1 Workflow of fish 3D reconstruction based on binocular stereo vision

FHARE B s, AR A MG R S R S A AV (E
PR (1) MRS B AR AL 15 Jay S AR A A 2 =X

\/512(-x’y)_13(-x’y) ] ( )
20 (x,y) = L (x,y) = I3(x,y)

PRI AT o R v IR AR A 16 A HHRS 3D,
30 A B R X AR RS S A =2 18] R [R] B SR S AR A7 R A T
X5y, RS A N .

P(x,y) =2 X G(x,y) + ¢(x,) %)
A, PARHERMNE, GHEELME, £11H

R E K7 2: 2 E /) sponsored by China Society of Fisheries

¢(x,y) = —arctan (

AR A A AR T2 R H 25 EG AL, A
i A5 1 42 Jmy AR AL T T 30 H R 25 BG4 DG i
(Kl 1-g)o fEAJmARNEAR R A RTEE T, A5
LZEAARALH u AR AR R . 2B v AR E R T

P v AR BRAE Y A5, R ) — 0 6 a5 7E 20 A5 AHBILIY
g, R,
My = 1LMG, =1
D(Luz i) = Dﬁtr,vr) (6)
Dgtrvr Hs D(ul,vl) <Dl(lem,vm)

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

/

IKP=244R, 2024, 48(12): 129105

K, My U-Net F i AR, M0 1 BATHTSE,
M7 0 RER, DALRMME, FiiufvA
MG A BRE, bR LA R SRR EEAES, F
B 180 r 43 SRR A2 A R i AR 3R a5 Ak

14 BE=-HFE
WHMZEE B A e, MG, &

B /N AR P BARR O H R B 22 4 R
W, OB E AL 22 A AL AT B AR S T A
FRl—Fm b (F 1-h), R4 = A, o]
ALY TSR = /N W

Uy —ug
X=—8B
d
V1 —Vo
Y=—8B
y ™
f
Z=*B
d

A, BAMHLIELRKE (mm), u. v, HIERZER
FRAE (pixel), wug. vy FAHHLEE f5 AR KR (pixel), fH
AHLER (mm), d AW ZE(E (pixel), X. Y. ZH

8P EH SRR R AL FR (mm).
AR E M2, it AR E S
T PR AR AR AR AT X L A = AR AR R, o D4R
FADLJ5 75 B R P A (5% 1 =4 i = B0 4
ZRUREAR ¢ O 20 (DB B AL HE,  ZBR PR IL
PE = A 1) 15 = WS RSy, TR B s = 4
AR, RN RN ) = AR (] 14

15 Z=HIEIE

A 5 ) A PV T S 455 AR 100 B 2
g 51 B (XK 375~600 mm, A 430~1 350 g,
# ). HHEEAKDEFZE-ATMEEXK, 4
K RS SRROERE, M5 RH L®RA N HE S
R0 T30 A ST W T B — AR S A R
L = AERIARR B IC R IE S BE (B 2), JF S
AIME%%N% Lﬁmiﬁﬁz%%hmﬁ
MR G N TR R R RS EER
WA o5 T fa R LR A A R RR R B fr Fib U H S7AAR
PR T 95 AN R S W, S A B o =, AR 4

*1 BESDBHEAER

Tab.1 S. niphonius samples information

5% Xmm g BOCER mm | g mm kg BRI K imm
1D fork length body weight Tﬁiﬁg er?cey 1D fork length body weight n;?ryélumn;lfr; er?cey
1 510.0 1079 2143 27 425.0 661 182.0
2 466.1 777 192.9 28 444.0 736 190.0
3 481.4 845 199.2 29 435.0 684 183.0
4 431.3 646 179.5 30 444.0 827 210.0
5 448.5 753 185.8 31 444.0 757 190.0
6 4352 644 181.5 32 414.0 704 190.0
7 445.3 688 184.5 33 450.0 877 205.0
8 448.2 763 190.7 34 440.0 736 184.0
9 428.7 646 184.7 35 380.1 453 163.5
10 4445 663 189.2 36 385.0 474 166.7
11 441.2 629 181.6 37 607.1 1 800 246.1
12 409.0 572 178.7 38 397.3 559 167.1
13 376.2 502 162.1 39 403.9 578 169.1
14 380.1 495 165.0 40 511.0 1074 195.9
15 392.9 516 168.7 41 527.0 1350 224.0
16 389.1 514 183.5 42 433.9 638 172.1
17 403.7 526 184.7 43 398.5 586 169.5
18 424.5 608 198.5 44 426.9 562 164.9
19 400.5 584 185.9 45 403.3 516 155.1
20 392.1 571 188.0 46 391.0 496 154.1
21 461.3 791 193.0 47 382.3 507 159.5
22 447.0 884 207.0 48 396.8 539 171.1
23 441.0 811 200.0 49 379.1 431 149.5
24 456.0 847 202.0 50 459.0 935 192.1
25 443.0 757 190.0 51 436.0 791 181.5
26 451.0 783 190.0
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XA
fork length

EERS
total length
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BEHT 2%, 7TREEE)E %, SJBEEILIR, RN AE L, 108X,
11 R 5%

Fig.2 Feature point diagram

1.snout, 2. anterior edge of eye, 3. posterior margin of eye, 4. posterior
margin of operculum, 5. anterior edge of first dorsal fin, 6. anterior edge
of anal fin, 7. trailing edge of anal fin, 8. base of caudal fin, 9. the nar-

rowest part of the caudal stalk, 10. caudal fork, 11. final margin of caudal fin.
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Fig.3 Training process

(a) training loss and learning rate during training, (b) evaluation indicators during training.
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Fig. 4 Point cloud reconstruction results

(a) original fish image, (b) reconstructed fish point cloud image.
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Fig. 5 3D reconstruction morphological traits error

(a) fish measurement relative error, (b) fish measurement absolute error. 1. total length, 2. fork length, 3. body height, 4. maximum body circuference,

5. posterior marginal body circumference of operculum.
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Fig. 6 The linear regression fitting graph of fork length and body circumference measured by point cloud

(a) linear fitting results between fork length and maximum body circumference, (b) linear fitting results between fork length and posterior marginal body

circumference of operculum.
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Fig. 7 Spearman coefficient heat map
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3D reconstruction of fish based on binocular vision: a case study of
Scomberomorus niphonius

XU Ankang, HUANG Liuyi ", YOU Xinxing, BI Chunwei,
HE Shuyue, XU Xinle, WANG Xiao
(College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: Fish are an important source of dietary protein for humans, contributing significantly to national food
security and public health. The body size of fish holds significant guiding and practical value for both aquaculture
and marine fishing industries. With the advancement of computer vision, non-contact measurement methods are
gradually replacing traditional labor-intensive manual measurements to acquire fish morphological characteristics.
However, current computer vision methods cannot construct complete three-dimensional models of fish, failing to
meet the current demand in the aquaculture sector for three-dimensional digital models of fish. this study utilized
structured light projection combined with binocular stereovision methods to reconstruct three-dimensional digital
models of fish. A fish point cloud acquisition system was designed, incorporating deep learning networks for fish
body image segmentation during the acquisition process. Phase-shifting was used to mark the grayscale on the sur-
face of fish bodies, and finally, a binocular stereovision system was employed to reconstruct fish point clouds. The
accuracy of the system was validated using the economically important mackerel species (Scomberomorus
niphonius). Results indicated that this method could construct fish point cloud models, with relative errors for fork
length, body height, maximum body circumference, and posterior gill cover circumference of the reconstructed
mackerel models being 0.82%, 4.47%, 3.14% and 2.87%, respectively. Correlation analysis and fitting of the rela-
tionships between body measurements showed that the multivariate linear regression method (R*=0.826/0.833) out-
performed linear regression methods. This study provides a methodological reference for digital information col-
lection in the fisheries industry.

Key words: Scomberomorus niphonius; fish 3D reconstruction; deep learning; fish body measurement
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