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Al-Based Marine Debris collector with Organism Detection and Intake
Blockage
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Abstract: As interest in environmental protection grows, many devices and systems have been developed. Yet,
most are labor-intensive and environmentally insensitive. This study proposes an intelligent, marine life-
friendly waste collection device. It uses a YOLOvll-based real-time object detection model and Arduino
control to raise a barrier and stop the pump when fish approach. The design also prevents waste backflow,
increases capacity, and improves maintenance efficiency. This device achieves marine waste removal and
ecosystem protection, and as a public solution, it can effectively raise environmental awareness.
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Fig. 1 The effects of marine plastic pollution
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Table. 6 Duckbill valve test results
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Fig. 13 Flap Valve
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Table. 7 Comparison of buoyant materials
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Fig. 18 Flap valve operation test
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Table. 10 Pump specifications
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Fig. 21 Manufactured impeller drain adapter
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Fig. 22 Impeller drain adapter modeling
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Table. 14 Comparison of strainer types
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Fig. 24 Manufactured strainer connector

Fig. 25 Strainer connector modeling
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Table. 16 Inlet opening and closing mechanism
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Fig. 29 Connection with net

Fig. 30 mesh and the way out

- 34 -



Qo FHolA FHS FATE dFH FFOR Bol YW F AUtk ol 8] ¥ 4 %
ool B FEE FAHT FAX-Y, I3 Atolel FAL BE AANE AAstel BE Ak
YR FEH BAS B AT FHL PHHOR AT P FHAA I £ 74 5
A== slet,

Fig. 32 Support structure modeling

2422 ¥ =

At = A]~ElL RoboFlows &3k Ea17] 212 AE vl O = Seabino] 4 7Hule} HxLol 2t
& Aojst= Al &Holth

RoboFlow™ python 7|WF AW ZHE HFEE AA Aol A34E ‘ON, ‘OFFZ 7 33le] Arduinod]
Aeld AR FAIRT ol Arduinow AEWE AdE wiFow Heo] REI A RE] S}
< Aozt 9 g

- 35 -



24221 ¥§ 55

TTHE ST

Table. 18 List of components

TE FEg Al 2 e o &
- Az A 2El
; .
ql o] F- Arduino Uno3 ol N5 22
A4988 HLE]
=zfolH = apolm 12v 9 2B E 7o
. NEMA17 17HS3430, Ea17] Q14 A
TR : .
2~El 1L E] 1.5A 352 78
2923 SSR Yajo] my | M g=
—rheT = 240VAC 2A ON/OFFA| o]
o AMZ-8015, o
TE5 S L00W T 133 3
] 2EEE 9
a2l =] Bl &
SR I=p= DC 12V A ol A9
SSRE Hlo] =
HAH HE] Y AC 220V Fok Hx AL
L1
[N =]
S 229 €920 USBS 2, B 317)/224 7]
BT HD ProWebcam 1080p A 214

- 36 -



HYE=ERE, s A
A RESEE

71 &

24222 FE| A H o] A4 €A

HEHog Hgo] ZES SSR(Solid State Relay) &zl o](HY-M285, A4 240V, 2A)E AM&3HA] A
o 279 Agsgd 7AA ol 2 AFE BE XY ZS ON/OFF A3 A 93 Fo] A7 n}

2g g o] wiHaslA AT B IR AEA o]F /JA35t7] ¢l SSR(Solid State Relay) I
ol aEshA HATE SSRE WHEA AxpE o] &d FAStRE VA4 mpETE glow FAg, whE
2913 o] 7hsstthe Fol sk 53 X Aloje} o] wWHEZA <l ON/OFF 5&01 a3k 7ol A
HBAES IA FEAA F dvkar A webA 71Ee 71 AA delolelA SSR "ol 7f B Al
Blo A @ et o] o F-3siet

Table. 19 Comparison of pump and SSR relay ratings

Cigss H X (AMZ-8015) SSR & d| o] (HY-M285) H| 2 A4 7}
A& stol Hyle]e]
44 A AC 220V AC 240V 47§29 (240Vo] 3hel
3
E~ IS 100W -
. o] 818 HF7F oF
é\_]j X] = OE Z = o -
=2 Fi4 60Hz 50/60Hz A 33 7
2315 g e 2A7HA] ACH-3 A s |

ol AE: 100W, At 220V

P

a5 I= ;= 0.45

AFEE AT = AZA 220V, 100We] Alo® HAIXZE= oF 0454 AHES AE3h SSR ol AU
2A9] FoE Ad F Jonz FHEo A dagt dRE ol HuA oF 22%= FEs] HHAo
2 &% 7 dv AFE Frsa vk E=S ARE A 220ve HElole] AAMUGR] 240V o] 51
Hololl ZFEo] o Mt B AF FHA BT hAHgo] drEY. A g e olE o] 83l
HEE Aloshe A2 A7 4 Abel A of g Aot



L= A5, 2 34 JER Aojy AN, EdENZ AL glom 7} RELS 47]F
oz dduo] AA ANads FEA

WA e = g3 (Logitee C920)S ARESEGIAL o] BAS Este] Ao FAS =EHS
2 A5 RoboFlow Ho2 FE FEste]l FH 919 2AE ANT 5 d=F I
Aol e =ESRI Arduino® o] FolHth RERE S WwolSelal AAE A A3ES wd
e s vl et A3ge “ON”, “OFF"® W 3ste] Arduinool Al A% 3l Arduinot™= ©] & Al
gAdE o Jeutel AA st=dolE FEde AsE F Ptk E A 0]4 S (STEP, DIR)St ¥
=3

29X 5= SSR dHol2 FAHO 9o ArduinodA] HEHre U)X Y AFE nigo R AYS A
ofstrt. delol= ANS A 2 A s HETH o Fro AYdFF AFE AAHIT

YR 2" BEE 54 20 Bav|E A4S AHdA Eav)e fU8 Adss 71AA 3
S s Zo] Hxolth. FFEHEZE SSR ol E Bl dE Rl APS wrol e e 79}
ES olFA7E 988

2905

Fig. 33 Overall system schematic diagram

Fig. 34 Actual operating environment
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Table. 20 Arduino pin layout and connections
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Seabind_ino

1 N 3

2 4

3 IN 7

5 bool entryClosed = false;

B lastFishDetected = false;

7 igned g lastCommandTime = @]

8 const unsigned long DEBOUNCE TIME = 1069

g

e ip() |

11 ria ogin(9609) ;

12 e(STEP_PIN, OUTPUT);

13 pir e(DIR_PIN, DUTPUT);

14 pinMode (RELAY_PIN, OUTPUT);

15

16 v

17 ligitalWrite(RELAY_PIN, LOW);

18

19 serfal.printin(® @ Arduino Fish Trap Ready (SSR version)!¥);
i Serial.println{“Commands: ON, OFF, STATUS, RESET");
21 1]

Fig. 37 Arduino IDE Codel
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Fig. 38 Arduino IDE Code2



52 else if (command == “OFF") {

53 if (lastFishDetected) {

54 lastFishDetected = false;

55

56 if (entryClosed) {

57 Serial.println("l ELJ| M2HEL H3 @I");
58

59 i ARREH BAINYE

68 digitalWrite(DIR_PIN, LOW);

61 rotateStepsForTime(5e@);

62 entryClosed = false;

63 } else {

64 Serial.println("m 0101 &3TF BFHUS");
65 }

66

67 fF S5R S0l + EHI oN (LOW = ON}

68 digitalWrite(RELAY PIN, LOW);

69 Serdal.println(" O EZ A& (SSR)™);

78 1

71 }

Fig. 39 Arduino IDE Code3

73 else if (command == “STATUS") {

74 Serial . print("&El - 27:");

75 Serial.print{entryClosed * "&#" : "W&E");
76 Serial.print{”, S OJIZXi:");

T Serial.print{lastFishDetected ? "UE" : "
78 serial.print(”, HIZ:7);

79 Serial .println{digitalRead(RELAY_PIN)} ? "OFF"™ : "ON");
8o 1

81

82 else if (command == “RESET") {

83 serial.printin{"B} A2 a7,

B4

85 entryClosed = false;

B6 lastFishDetected = false;

87

a8 digitalwrite(RELAY_PIN, LOW): // #II ON
&9

o digitalwrite(DIR_PIN, LOW); // 2/ 0 @12

91 rotateStepsforTime(588);

92 }

93

a4 else {

95 Serial.printin{"2» 2 = Qi "+ command};

96 Serial.println(“AlS Jlis@l 221: ON, OFF, STATUS, RESET");

188 printStatus{);
181 ¥

Fig. 40 Arduino IDE Code4
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3. 2F Aol R A 29 I
rotateStepsForTime(); Z=v 94 AlZF &<t 28 EHE 3
LOW A5 5 Fol3] REE Alojsty AA 3d3 £~¥1e] =5 &3t
AWiL
1e3 / ]
104 void rotateStepsForTime(unsigned long duration_ms) {
1e5 unsigned long startTime = millis();
186 int stepount = 8;
1a7
188 while (millis() - startTime ¢ duration_ms) {
8% digitalWrite(STEP_PIN, HIGH);
118 delayMicroseconds(808);
111 digitalWrite(STEP_PIN, LOW);
112 delayMicroseconds{80@);
113 stepCount++;
114 }
115
116 serial.print("B @& & (A8 +:");
117 Serial.print(stepCount);
118 serial.println(™)");
119}
128

Fig. 41 Arduino IDE Code5

printStatus(); 127Fch A A|2=8lo] HE|E Fr)2ow )
1st7] golatm m=o BHEAdE =

=t

=
T

120

121 / 4

122 void printStatus() {

123 static unsigned long lastPrint = @;

124 if (millis() - lastPrint » 180@) {

125 lastPrint = millis();

126 Serdal.print(" g AlEH: B+=");

127 Serial.print(entryClosed * "@" : "W ");

128 Serdal.print(" &X=");

129 Serial.print(lastFishDetected 7 "d" : "X");
138 serdal . print(" Ha=");

131 Serial.println{digitalkead(RELAY PIN) ? "@OFF" :
132 }

133}

Fig. 42 Arduino IDE Code6
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2.4.2.3 2T E9|0]

24231 A2 8

YOLO vil ¥ 59 dHoJg A AT 32 3AHdA Fdd J4%4 ddt Eu7E gde=
TFHERAT] wizol AA| Y A A dHolE YAES FEd] FHEA Xk 2 TS Agd
Ao A g HS A (proof of concept)Z ©]3| & 4 Jr}

1) YOLO vil 24 +&

YOLO vil 22 T3S 23] Roboflow ZHEFS 8349 Seabin®] Hol: Wl 538 E17] 7
= Rdg /sl Roboflows AFFEH vl md /s 913t 5§ ZPFT o2, doly 4, g
9, AA, 29 T4, wjztxe] A FAHS A3 2 Ao A= Roboflowe] dHlolE] Al ¥ 7]
S F3l 71089 5 ] ovAE AAHeR #AEsta, As gy BE V)5S &8st a&
AQl doly dAAgE skt T3k Roboflowd] HolE F7 7]5& AH&ste] 90%= 314, ¥ =4

25% ~ +25%, &7 4.5px o WEE AHEste] mEle] Adnksl e strstalal

Table. 21 Dataset distribution

T oA () H] £ (%)
8}<5 (Train Set) 639 90
7 5 (Validation Set) 64 9
E|2~E (Test Set) 7 1

Table. 22 Data augmentation parameters

90 3|7 g =4 £
+ A Al 3 25% 4.5px
- Hk A] A wkek 25% -

Detaset Spik TRASM SET D VALID SET TEST SET

639 Images 64 |Images 7 Images

Preprocessing Auta-Oriant: Af

Augmentations Cutputs per training example:
00" Ratate: kW ge 1 bk
Brightness: Bat wes
Blur:

Fig. 43 Dataset management interface and train/validation/test split and data augmentation settings
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tolH, H2AE HolHE 90%, 9%, 1% Hl &=

B39t g AE Aol H

o
B
B~
ot
2
o
o
s

of AAsA A HAAIeRE RE oS WU Adolng HAF oRE dAdsts 15 dHolH9
HETE dubAl vl &2 g3t Fdd 292 Roboflowe] F+8 APIE &3l HlxZ ¥ o] AAF A=
o] hEES TAHY
Table. 23 model training parameters
= e #k A
Hjx] =17] 16 GPU W& AleF e
oEA F 308 AA R A
oju A =7] 1920x1080 AN 7F Ae H A s}
AF = A 0.8 & A% g5
NMS A% 0.5 TH A= A
1-1) oj=El o] 7% B Al oA 2~E &-§
d¥te doly 2 S FHA77] g
Heek VEs THES , Ae
NEe YA, WA, R
Roboflow =HE2] Al Atk
o] 7l Abd FHH A oF3)
T BAow FAe. 2 A R
HF cUHH, o5 Fal

Fig. 44 Experimental setup photographs showing
water tank environment with toy fish objects
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2) Python AW A28l &
Python Flask-SocketlO 7]WF A B AJZ~®le- AAZF kel $41S A Ldth A¥e b5 8= 874
oA FZstH, 7 ~EEE HY e & FAlL, AR FAE 727 At
L2 itk oy A A Fx2E F8 st Agle] AdHYeE e % !
55 A2E dAGEE dRE ¢ d}Jnh

2-1) Inference Pipeline % 7|3}

YOLO v11 2] AR 25 ]3] Roboflow Inference Pipelines A}M8-3}A T} Pipeline> $1A&=
T 7Nk A2 A e Sl Rl 2, AA-Y, 8, £ A A S Asseeh A" 2731 A
APl 719} fJasdlolx ARE F3l Febv-5 7N Edof] FHsiy, 47 e Yo sdRHE A
A 2EZS wol 7} SA FE25 483} Roboflow Inference Pipeline®] =2 A4

=

3z 1
7|2 max fpsE B3 ZEd % A9, video referenceE F3 PP A~ A A, on prediction
=) 2~
WSk 55 ol A

5LO. = oF
s TA 2

current_pipeline = InferencePipeline.init_with_workflow(
api_key=API_KEY,
workspace_name=WORKSPACE_NAME,
workflow_id=WORKFLOW_ID,

video_reference=0,
max_fps=current_settings[“max_fps”],
on_prediction=websocket_sink

Code 1 Python code for initializing YOLO v11 inference pipeline using Roboflow API.

2-2) AAIZE AE A

websocket_sink 3+ Inference Pipeline®.ZH-E] F&
o4, Arduino Alo] 8¥ ZF, WebSocket Hlo|E] W%
HA F2 AolA dAE A= JAZE oo HETHE Ay Hete oAdE

MA o YA = Supervision TFo]H 222 BoxAnnotator®} LabelAnnotatorE AR8-3lo] AA|7Fo 2
g dhe)l gpals g Qle] e o]t

Mo il

def websocket_sink(result, video_frame):
frame = video_frame.image.copy()
predictions = result.get(“model_predictions”)
fish_detected = False

if predictions and len(predictions.xyxy) > 0O:
high_conf = [i for i in range(len(predictions.xyxy))
if predictions.confidence[i] >= current_settings["confidence"]]

if high_conf:
fish_detected = True
filtered_predictions = predictions[high_conf]
frame = box_annotator.annotate(scene=frame, detections=filtered_predictions)

send_arduino_command(fish_detected)

socketio.emit('detection_result’, {
"frame": frame_to_baseb4(frame),
"detection_data": detection_data

)

Code 2 Python function for real-time detection handling, including confidence filtering,
annotation, Arduino command, and WebSocket transmission.
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3) AR&AF QlE o]~ -3

AREAL QBT o] 2 At aTEE ¢ VES &5t vgd tAlow FAH STk HTMLS ]
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Table. 24 Loss fuction

= a5
2 AA GRS AA A AR 29 AA AolE
box_loss e 24
- T=
cls loss

A A A% Aure B¥ JO2 g5
dfl loss (Distribution Focal Loss
0w ¢ ) A% wolt u Adee &4
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Table. 25 Performance metrics

ds A

=
=

A X (Precision)

A A& (Recall) Al elzel = aehe zd_xﬂ AU
deAow FA W B
AUl AAdES TFHeRE adshe A &4
B ALE (mAP@S50) mee] ARl A AR & AFdAE ToU
AAS 052 A

mdol g otHAS Hrulshy] fE] o X T wE &4 WIE BASTE  train/box loss,

train/cls_loss, train/dfl loss®} valid/box_loss, valid/cls loss, valid/dfl loss 5.7 3Fs5 Z7] @Al A] 32 574
3] A &, AxF kAo R st S BT 58] AT &A% IF &4 FA A F

AE Holw AkshA] e AL Edlo] A glo] Ao SEHAEE v

tralrubon_loss trainicls_loss trainidf_loss metricy/precmioniB) rrtricsirecallB )
e Bt PR el i tent M B —— ) p————— L i
204 134 |
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159 0.90
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104 10 .50 o834
|
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os 0754
P P 4 60 a o0 [ 188 [ 00
valthon kol Valcls lods walidh foss et /mAPS0{B] e trCATAPS0-9516)

034
1
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Fig. 45 Model training progress graphs showing loss functions

o ——

00 [

g
=]
21
o
¥

1

sho]l e Ee mel mAP(mean Average Precision) 5 4% A 3%7F AR Aoz gy = ZS gdsh
gt HFHoz Jde mde A (Precision) 98.5%, A¥ & (Recall) 96.0%, 123l IoU(Intersection
over Union) Y7ZL 0.5914 mAP@S50 99.2% &= w9 =2 ¥4 %S EAskSth o]& Seabin Y+
Ao Hshe 2alE gA st TR des A dvkar JUkE 5 ok

mAP@50 & Precision (% f Recall

99, 2% 95. 0% ) 96, 0%

Fig. 46 Model performance metrics
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Model Performance

Fig. 47 Model training progress chart showing mAP performance variation over training epochs

Table. 26 Model performance evaluation results

s A& ar T
AEE AA T A4 Bl
™ %= (Precision) 98.5% Azd A o I
v &
ANHE (Recall) 96% A 2] = =9 6e
B AHEE (mAP@S0) 99.2% AA A5 A%

ol = A A=yl A AIHS AlFHoz SA )
7 1.59ms, o}FFolx Al HA 3.0ms7} AL F o
o agla AR A ShdAE 29 975 THAS
7
=

4
il
=2
o

Atk 9A A e H 10.98ms,
S AT 9F 16ms(0.016%)%
SAEAJ. o]

oz

19 H SN E MR & VM’ FroR AdHE.

[¢]

Table. 27 System response time

g aA Hit A~ A7F (ms)
G7d THA 10.98
YOLO +& 1.59
A3 A2 0.0
o} o] FAl 3.0
WebSocket A5 0.31
T 9 At 15.88

440 45 AR del® AtE mae] A4 48 S FAs] 98] G0 mue A%
of AN AR WA 45e AZdHow Pl e aHe YRR FYH Fx ouHd o
welo] off AANE AL LFHE
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Fig. 48 Detection results visualization
showing bounding boxes and

confidence scores on toy fish

S8 WP, Y 7MY W B WA M EE/AY 7S

Fig. 49 Misdetected, undetected factor pie chart
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3.1 25 AlH

Fig. 51 waste of garbage collection
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