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FIMGER YOLO-V4 W%, &5, ZiFRCIRE T2 T Hu YOLO-V4 W% K AE a2 MOD (Marine Organism
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A& BFREM (Object Detection) ARG VL, HF/KTF
IRIAAT B G VR, HE H broRar 7 AE 7 22 A S
N1 S5 7 T AR A R R R R 5K, B DA 7] 3 PR R A AT
WA B AR e R LAY 2 O — AN BT
WFIT . A B, B AR v EA I — T E
%, BIEMRUOTH ENI G R A S A ) 1) g B A
YIRS A FIAL B, P9 vl PR e R R PR R 808 e e 1
T bR Sk i iR

A& 45 1) H ARSI 77 v2— M el BEUE R AR B2 RN AR 41 27
SIS R AL B R SR T . INEVEA B, (R4t E
FrASE I 77 V2408 T BB AR AE 42 U SR T St PR A
WUl 2 AR 4R . ZAERHIEEE — B, BB
1] LR 2 4 3008 2% ) 50395 K 56 i R IR S i 4%
o TSR BURRHE SR IR 7 B A BRI T 0
Wiy, T H SRR S S A B, AR TR BURRE
MEFE RN A RE J7 55 M Blar Bk i, Rk B AR SRS A 2
IR AR AR A BT AR B 28R P

TG T, TR E M4 (Convolutional
Neural Networks, CNN) IV B 22 > H b il 59202t
A T OB 7 M B A W 4 ST IR ST B
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BRI B9 O B, 25T CONIN IR B 2 STE R 38 i CNN
FEREERIEEEIRE. —Rins, ETHRE¥
(1) B ARSI 7 925 1 25 2 8CR E LN T AR AU B BRI ARG
FFEEGES . DHAR A LU, CNN 5 A 3 it
TR 2],k AR RE R IUR 2 BB 5],
KBRFE MR NN T, $2TF 7 @A hE 1, sk, o
) CNN M2 a5 5E (Data enhance) 3 RSRIG N2
SIREARRI R L2 B, ART ONN KIS R w7 5
TR 24 ) B ARG I 59 R AEVF 2 5 0S8 N
T2 g SR a | NI EA N TN 5 S MG o 73 =1
SN GRS o

TR H AR v R EA RS H—
RBRT X BB (Two-stage) B il &2,
41 R-CNN. Fast R-CNN. Faster R-CNN; % — %25 T
[ — B B (One-stage) HARKGIISYE, 40 YOLOM!?,
RetinaNet!'?, EfficientDet!"*, — i Bk I &% v 3 FH 5%
I i YOLO R4IE . 2016 45 5 F, Redmon 21242
HE AT EEP) H PRI 7% YOLO-VI, Hik—&4E
S22 TR AREAIN 12 0E. BEE YOLO RAIGHIE
MR &, 16 2020 SECEEHF 7M. YOLO-v4
HERGHMERE, W prAEEUREEE FEHE, YOLO-V4
& B AT E bRk R 2 — R R R 2
YOLO-V4 {5 2 HF £

TR, ENAMIFFN R CE¥ YOLO W28 A i &4
TS PR AR I . W Wang U ERTK
NSRS B A, 3B A 2 21 775 N B YOLO
BRI, Xia Z07dH YOLO-V2 835, Skis F5 11
SRR, AR T UINZRARE AR A R I A5 7R ) 48 v v
RS P N (1 i S IO =1L o -3 N N S B 7w
FE%%, R T HET R YOLO ML HIK T HFsk i i7
e BT T ST RGN X g SOV B
i Retinex S0 B HEAT TAL S, B0 T 5 SIREAR IR £k
PEMZRENE, 27T YOLO MZ80E7K S ] #2111 i i
Ho ZEPREEPNGE ST YOLO MI%%, BTy
0y ]| E2 N G 4O o s e S YA N = 7 o L S
43R

YOLO $EfE R85 O AN, (HR2EHBEMN
F B3R 72 0 A VR BT SRAZAE [l . 3050 3R I 1
FEREA: 1) BTSN AEsm AR, FH
REMBARIEW EA R, BN EEAZE; 2) f
SEFPE A ) S A TE AR IX 7 BEANE W) 5 5 B AR 1
THoLs 3) AVRIGER . RSN RS W I, Xt
PR NZ AL RE FTESR T . [R, R SCET S IX S i g
FEAEPIR I R 58 e, B T 0% EC (Embedded
connection) A, FEFEE IR A E] YOLO-V4 )30
AUty B Y B X 4 1) 2 ) Rz AL R

1 EFEYIENRE

AT EEH MR AA AR A MOD
(Marine Organism Detection) . ik, MR 3 ANJ7THAK
UHHTAUR: 1 2087 54 YOLO-V4 456 R TAE 5,

R YOLO-V4 WSS HEIEAR S 1; 2) BHERE R
AR TR, &Itk BEC #1580
YOLO-V4 M 258; 3) BT oult YOLO-V4 4%, $2 i
WA VIR MOD .
1.1 YOLO-V4 FL& o #f

YOLO FRF &2 Hur M AN 20— B H bs
KWl 595 2 —, YOLO-V4 & H ai fili H # 2 i A A
YOLO-V4 ZEAFEMANE. T 1M (BackBone) . #i
(Neck) FlfiH 2 4 ANIEAMER, f N2 B2 [ 52 K/
PIEUE, 2t 3 W EAT RRAE S B 128 21200 ) 347 REAE
RE, Akt Eml 3 BRI EREHE (5
CHR N YOLO Head)
.1.1 =£FH

YOLO-V4 ¥t i+ M & CSPDarknet53, ‘B &7t
Darknet53 %A F 2% 7B BRI 4% CSPNet? 4
H 1. Darknet53 & YOLO-V3 [ ET-M, B AEH 53 4
LREMTS%. YOLO-V4 {RE T Darknet53 [JHESE, {H
JERHA T CSP WL, AT BEEE R mfE iR AE,  [RIRTAE
TEERR TR N AR TitEE. B 1 AHT
CSPDarknet53 {3 A 451 o

fﬁﬁ)\@n@t _ _ _ __ETMBackbone |
.IWW@W CBMCSPECBM CBVCSPCBM| o
——————————————— SRR
Deep layer

X 2
wE Middle layer

Shallow layer
VE: CBM BRI CSP NEEH BRI #M 4% o

Note: CBM is convolution block; CSP is cross-stage partial network.

B 1 YOLO-V4 £F ML
Fig.1 Structure of backbone in YOLO-V4

W 1 iz, CSPDarknet53 £ 2 AN EE I REHIG:
1) CBM (Conv+BN+Mish) , FRizHIPHEFRFES T
£, Hh Mish /& YOLO-V4 A# R (37 i 5% il e5 %
(YOLO-V3 {# {52 Leaky relu) ; 2) CSP, —ZHEEH
Bk Z o0 (40 CSP8 wlitje 8 MERZEHIL) .

YOLO-V4 5 YOLO-V3 [FEZEXJZE: YOLO-V4
277 CSPNet ML, X5k ZE B ICHIER G /T T 2
B, IINT — kBRI 55 1%, TSP B R 4 .
XFE A Bk > TR R R . R, 7R
YOLO-V4 HJEFM A, —ANk 2= 50 0] LU R 2%
B: — MBI T — AR ZE R R 5 — 4 CSP
[ R SR 22 BT IERE (358%) o B T7E YOLO-V4 i
TS5, BinTLL CSP MHERE S &3, 1 HA o T
PIEBERFE, Bk TR R R I fE R, Bz A T 52
e /7.
1.1.2 #HRK

ST S 75 2 R TI00 4 H 2 2 T8) 3 0 ) — AR AR
FEIB 4%, BAE F S 3 T R R AR AR 47 SRR
RBE, TWHAERE N RERARHE.

YOLO-V4 [P35 /% 1) /2 B 12 58 & M 2% (Path
Aggregation Network, PANet) 45 1. 418 2 fifi7~, PANet™™!
KHAFHL & T A REGHEA, FHREEEERY
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AR EHR, SELLEANER, RN SCRER, iy Ah=2K

SRR IR

=~
T amr L L7
40W— I |

BEARIR I 2%
Path Aggregation Network(PANet)

R A % TR
Upsampling “ Downsampling

Bl 2 PANet ZifR Bl
Fig.2 Schematic diagram of PANet structure

1.2 HRERE EC ERHF%it

Wit EC #AFM H 3R EEN TR R A &
NEPERZAGRE ST o R UL, THIK R A8 K A W
PR, 5 B 9T i 1 B B SR A AR TR E R A RE T
345 T EC MR BBl Wl 3a fion, EC &
AR, —EdER 1 G 2 ALK
W A BB 2 —ANHOUORER. XFE, e

R 2500 B R 25 SR T LA A 99 SR A I AR R i 2=, )

I AR 1 AN AR 2 A F AN 6] 38N o8 2t 389 0 EC B4
TN AP 3b Fias, B R IE T, [
/& Leaky Relu JiER%L, REE T 5K YOLO-V4 HF 5o
Wi 3¢ frow, B 2 288 RGBT, A /2 Linear
BRI R E . TN AR B, Linear pR %5 PRI SE 25 5 T AT
O )% 2

ACH EC BRI NS YOLO-V4 )35 % K i, ENLE

320%3201%2320%320 pixels

YOLO-V4 i W [ oK uiig 38 i EC &84, R T it
YOLO-V4 %,

RFAIE

Feature
EH B2
conv 1 conv 2
E HR2
%*Dz VaY
conv 2 eonvll Conye
FRAE % Hlcony % Flconv
Concat
LeakyRelu | (. Linear )
a. BEC i e b. B 1 c. B2
a. Schematic diagram of EC b. Convolution 1 c. Convolution 2
components

B3 ik (EC) ¥t
Fig.3 Embedded Connection (EC) components

1.3 #%Z) MOD ig it

ARSI AN BC #fF)5, ot 7 YOLO-V4 K
2%, VERASCREAEDIR IR IR AR BE Al HR EC #
) YOLO-V4 M2% 45 | 2R S AL A& RE 77 35009 R i L
FEEREF] YOLO-VA R, 145 ) S n &4 ae /A B T
FRMSHNZ GRS, AT R ZE, [, B EC ¥
14&%&%1)\@%%/%9%9’]%%, R AT T Z
REEE, AT LA R il RS i e .

BTt YOLO-V4 W4, AR ST 1 A Pkl
1% MOD (Marine Organism Detection) . & 4 251 T
MOD [P F#AEE 4 .

S I 75 (] 4
« BETPN 75 1) <
B Tnput CSPDarknet53) e

& ,\L’QJGXBi

B 4 MOD (A ibn ) AR W 45254
Fig.4 Structure of MOD (Marine Organism Detection) model

1 MOD HIZ5 k), FRAEFEEU B2 25 T YOLO-V4
] CSPDarknet53 K5, 3B 1R R ERE R A B

Bt M2 BIAE = AR E3RHURHIE, WREF Efad
PR ERESEREE R RS, REFrEE L mix

TRFES BIAEAR F 40%x40. 20x20. 10x10 ST f i,
BT BT R K s /N 3RS R RS IR E bR A T,
REE BN FRNE R RS BAr, REE R A ST
AINRSEE AR, NIRRT RER . RS BRI

MELZ W/, AT EC #4F, XEEMRTHESE T B
FEH RGP BL, AR TRME R AR
2 REELH
2.1 REIMESHREEE
ARG AR R 8 G WAER Intel® CoreTM

i7-8700 v+ L AbPE S (Central Processing Unit) , FtH K
TEIMi# % (4 G ) GeForce GTX 1650) , 7E Windows10
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RN ARRHAEE FdAT. 100. 150, 200 I mAPs, Al mAP;s HIfaH5R. AR 3L

80 ) B9 Sk BT 1 B 4 A 1) 3 T 7 A A
P o IR 2 i A AT B R GG B 1810 5K, R AL
P 3 R B R 06 B R AT T A T 78 A T AL
H, DR AR o S I B R SR R IA R 7 420 5K, fENA
SCHEIN SRR IR . SVE R AR AT 4 Fh:
fifi 8, WEAR . WS RNGEE Dl . ] Labellmg XX
i i W P B R AT TN AR, IR S 80%, I
REG 20%. EAERERZ, W RH R HERR
VRS FR, TVF 2 AR AN A A . A
HERE 9 AR 2 ERRI, i B BE AR T
R B AL, RIRAE bRy e T AT b B AR B . 75
G AR, ASCE SRR FEAAREE 4y, AT e
BEDEHSHMAERERET L. A, WP IraERE
LA XML i A6k, BExE A4 BisEA 4
PRy BEUE RS BAER B IS B4,
2.2 M IERRIEE

PR B T i 75 EXF 2T e (Intersect Over Union,
10U) BH{EZ BT E . 10U HI{E 3 5E 5 H FHE
FHEEXRR. — M, BT A R = . AR
TR0 A ECHE T B A A EE, A H AR R BT 2 [a]
ZRBN, RN 10U W BIMEE FI T4 A 20 H Frid
MAEE o ARG H TP FEAR R ZE AR mAPs,
(IOU HRIE N 0.5 HIFEEIIE) « mAP,s (IOU BI{E N 0.75
FASFEAMED « WG IIEE (ms) o mAP A [0 R0k
B R 2 %) PR 2R3t — 518 21, 2475 B ARR I 1)
KRS B R bR, AR (1) ~ (3) AT HlE,
FE R AP YRS B (mAP) HITHE T4,

__E (1
E+N
rR=—E 2
E+M
1 K
mAP:EZHAP(P,R,k) (3

X P ORKETZE: RONBREIZE; ERIEFEAREMLIS NIE
FEARMHCE; N SRR R R 0 IEREAR I B M
T EFEARGA R FOREAR S AP AR A
HARXT M) PR 2R 5 AL bR B AR 20 T AR s mAP AR
FeBAFINAIN B A7~ RS SR AR5 s K AREAS
W H RN R, ARG K=4.
2.3 MNOD #REVFE L YOLO-V4 A F X1

AT B IEIRIE MOD #E8Y 1 RictE, 2 AR
G YOLO-V4 B FEAT X ik 3 . k36 YOLO-V4 1
MOD #Ag AR R I EREE, WEAFESH: AR
1545 2 R~F A 320%320, batch_size 4 16, HIIEFETH N
0.001 3, ZhEN 0.949, W EEWIEN RECN 5x10%, &
RRIKECH 200, R T BEGIZRILSIRT2: 2150, MIERE
160 B, BEAGEE ST HONVIGG S 21 R W 1710, 241%48% 180
I FRAG 27 ) O IUE S 1 2510 1/100. 24 FH RS AR Y
BEAT IR, 5B 0.5 A1 0.75 PIANAE I EL BRI 3EAT 56
145 H T YOLO-V4 BRAT MOD #E R AR EAE 50.

JE155], MOD AL YOLO-V4 H7I7E I % mAP |-
FHFER, FEHINZREE R E MOD BORIRILFE 4, mAPs,
fem 7 09 MED A, mAP;sHEE T 48 MEH . K2
25 P (R T BRSO SR, MOD i SLRUA
35.328 / BFLOPs (1{ZiF Fi2H¥0D , 5 YOLO-V4 #H
FA R T 0.2%, mAPsy fll mAP,s 54 $2
F 1 BRENERENKER

Table 1 Test results of target detection model

IEARE

K P £

. mAP Number of training epochs
Detection network
50 100 150 200

YOLO-V4 0.680 0.813 0.940 0.960
mAP50

MOD 0.734 0.852 0.945 0.969

YOLO-V4 0.058 0.216 0.364 0.686
OLo mAP75

MOD 0.137 0.321 0.450 0.734

*2 REFEMAREGNRE

Table 2 Model calculation cost and detection speed

] e -
SRISE TR A e g
Deteﬁi/éill—rllétgw ork Calculate cost Detection frame rate
/BFLOPs /ms
YOLO-V4 35.257 139
MOD 35.328 139

PR 282 — 205 B R S P\ b A A [B] 2R A 1) ot
2, Mgl 2 v] DUON H VR P S IR (MR . — AR
b, KRS A AR KA
M5 RAENE, T2 H B2 @GR S8 MR,
R R AR T EE R, 4 A B RS R
e iE, k] PR 2 mT DLER FUBETY (1) 25 6 1 R
MK 5 B, MOD HiZEfZE/E YOLO-V4 fiZksMil, If
HF#5 5 (Precision = Recall I IIEUED) {7 B 588218 T4
Fr (1,1) , # MOD HiRIPERE 4T,

1.00

8

E

&

£ 085F  —yOLO-V4t!

r YOLO-V4 model
080} ~—"MODEEMOD model

0.75 080 0385 090 095 1.00
[ % Recall

BS BEMKEENE-BEEBE

Fig.5 Precision-recall curves of models on test sets

K 6 2 {8 ] YOLO-V4 #7415 MOD #2473 33 ¢ A ]
cREE G, St WEIE. B2 4 RN IR
ElZ . IWEIHRTLLE H, YOLO-V4 AR 7E A I i £ 11X
BRGNS Sl R IEAEES R
o, AR, A — MU ] MOD B AEAS:
D =R S

BEAT IR REG I, &SR A0 ke 0 v ik 3 45 SR
K3 Pax. —Jii, £ 10U BIfEY 0.5, ZriE bl i
ZANEIRAIRNH, YOLO-V4 B84 F1 MOD R (46 1)
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FEARFEF, M7 A ARSI T, mAPs 325 3.4 AN H A
H—J71f, 76 10U BB N 0.75, SHED R, B3, i

YOLO-V4 MOD
a. SAE o i fil

a. Thamnaconus modestus

YOLO-V4 MOD
c. WEH
¢. Echinoidea

T J7HE: BTN E bR B BENER.

Note: Square frame: Target of model prediction; Round frame: Difference of prediction.

RE AN 6 PRSI R mAP,s WA TR, AN 2.5.4.5.3.1.
92 MNHE R,

YOLO-V4 MOD
b. fififf
b. Abalone

YOLO-V4 MOD
d. 5%
d. Apostichopus japonicus

o6 REAZR SR BR
Fig.6 Detection effect of different model

x3 RENIREZN LA ERRER
Table 3  Accuracy results of each category in model test set
o) S8 L T fi b

begile! L]
Detection mAP  Thamnaconus  Apostichopus fgﬂf b
X . Echinoidea Abalone
network modestus japonicus

YOLO-V4 0.955 0.986 0.936 0.962
l’IlAP50

MOD 0.956 0.990 0.933 0.996

YOLO-V4 0.736 0.729 0.602 0.678
mAP75

MOD 0.761 0.774 0.633 0.770

2.4 FEEERRX LRI

NHE—BI6AIE MOD A 25k, AR T KA T
2018 4Ff#) RetinaNet 22131 2020 4E 1) EfficientDet 521
YEXF LIRS . IXPHANGREAN YOLO & H R 78 (1 — B B
EHAMGIE .. £ 4 40 7 BRI R E B RN E.

F4 AEFZEBIRENER
Table 4 Target detection results of different methods
AR P 2% iallL Bt
Detection network Detection frame rate/ms
RetinaNet 0.956 0.797 185
EffcientDet_DO 0.648 0.524 72

K4 (SHER D W, PN EREREEMEIEET,
ARSCHEH ) MOD FERUTE mAPs, T A% /7 THI, X L RetinaNet.

mAP;s, mAP7s

J71f, XFHC RetinaNet fiX 6.3 MH 73 s+ EfficientDet_ DO 5
21.0 NESY . TERTNEE /T, RetinaNet A UAS I iiis
1% 185 ms, 8 MOD %1% 46 ms; EfficientDet 1§ DO ik
A, PR, RIMEEE 72 ms, % MOD AR 67 ms,
{ERHER R EAG . SREFIERIMIMERZE ST, 154
Rl H MOD FAVGE A 7K FHLES N BT 55

3 & &

AR SR e A A I R 5, BT TR BC 7

4, S0 TR AR MOD, JF TR IE B E 5,
TE R E M EEE 2 X MOD BRI 280 0 LLERAIE o

D #itiir AN EC #4F, K EC HAHR AP 48 Kbi
M T YOLO-V4, #JEE T MOD #ERL, A SCHE H A
AT R A B AR DB AL 37 B, T LU 2 285
R EARR BRI 25 5%,

2) ST R AR YOLO-V4 Bi%Y, MOD 58 RS IR FE
1E mAPso Fl mAPs f5 b5 E 3 JliA 2 T 0.969 #10.734, 12
F7 0.9 F 48 MNE AL HHENIEE 0.2%. Rl
MKE BETE mAPos fabn FIRAF ORI, $i8 MOD #i4Y
. YOLO-V4 BAUNE A PRI 1 H brd il e 77 5 5

3) KPR AG T YOLO-V4 B2, MOD #5818 4 5
T o BRI LE SRR IIRG B R S 1R S, R 2 1E mAPss
Bhn FE R, UiBH MOD 1AL L YOLO-V4 A1) &
IR LR IS LR T B AT

4) X EE A — B B H FR A I B9 1) RetinaNet Al
EfficientDet_D0, MOD 528 e i 2 R S AR T P A
R SR RIS BE 5 THA B T AR UF ()P4, BiH] MOD
TR0 B 3 A M AR A AT 55

HF 26 PRRR ], AT AR A — L T — 2
ORI TT . 1) SRR A 2R R, A
SR R 1810 5K, S HEdER ARy i
HERE, Y RENEIEERFER 7240 5K, A RS0
FOCHRARIGEIEAT . TP OB TR B, SRR
WRMREEARE, KFEEEIRE, AR E: 2) YOLO
RINVEE H T2 H 205 AR, JE8RE 7 YOLO-VS 5%,
W PAERI AR T X G .

(& % 3 #k]

(11 B4EHE, BRE, &F5HE, % URERBes & sk s

KIERTRI]. E TR, 2016, 18(3): 79-84.
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YOLO-V4 network
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China; 5. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Intelligent detection of marine organisms is a significant step of marine ranching strategy. An underwater robot is
highly demanding to rapidly and accurately monitor marine organisms in the complex ocean environment. However, there is a
relatively low distinction between marine organisms and their living environment, some of which are covered or semi-hidden,
due mainly to the low contrast of seabed environment, and uneven distribution of brightness. Therefore, it is a big challenge to
accurately identify the specific marine life in the undersea environment. Many target (object) detections using deep learning
have emerged, such as EfficientDet, RetinaNet, and YOLO-V4, with the development of convolutional neural networks (CNN)
in recent years. Nevertheless, the current network cannot fully meet the specific requirements of marine biological recognition.
It is also necessary to improve the detection accuracy, operation speed, and detection efficiency of dense targets. In this study,
an improved target (object) detection network using YOLO-V4 was designed to realize the rapid and accurate identification of
marine organisms in an aquaculture environment of a shallow sea. A marine biological dataset was firstly established with
7 240 images, which were generated from 1 810 original images after data enhancement. Training (80%) and test datasets
(20%) were divided. Data enhancement (suitable for the small data sample learning) effectively enriched the background and
elements of the original images, thereby producing much more learning samples than before. As such, an effective expansion
of the sample was achieved in the same learning effect as the large sample. Secondly, the Cross-Stage Partial network (CSP)
was successfully introduced, while the Embedded Connection (EC) component was designed to detect marine organisms. An
improved YOLO-V4 network model was constructed, when the EC was embedded into the end of the YOLO-V4 network. The
improved YOLO-V4 network with an EC can be expected to make the gradient flow propagate on different learning paths,
while effectively delay the occurrence of gradient disappearance, aiming to improve the detection accuracy and cost-saving
calculation. Finally, Marine Organism Detection (MOD) was presented using the improved YOLO-V4 network to achieve a
better performance in the complex seabed environments. The experimental results showed that the mAPs, and mAP5 of the
MOD model were 0.969 and 0.734, respectively, while the computational complexity was 35.328 billion floating-point
operations (BFLOPs), and the detection frame rate was 139 ms on the computer system with a graphics accelerator GeForce
GTX 1650. The mAP5, and mAP;s from the MOD increased by 0.9 percent points and 4.8 percent points, respectively, while
the amount of computation only increased by 0.2%, compared with the original YOLO-V4 model. Especially, the evaluating
indicators in the MOD model improved in all studied categories, where mAP;s presented the most obvious. In addition, the
precision and recall values of balance points in the MOD model were closer to (1, 1) in most cases. It can also be reasonable
that the learning performance was better in the MOD than the original YOLO-V4 model, compare with the PR curves.
Consequently, the finding can provide promising insightful ideas and useful references for the rapid and accurate detection of
the marine organisms in an underwater robot of intelligent fishing.

Keywords: models; deep learning; object detection; YOLO-V4; cross-stage partial network; embedded connection
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