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1. Tithog ‘Epyou:
2uoTtnua ‘E€utrvng Aiahoyng Atroppippdtwy ue YOLOvV11 kai Raspberry Pi 5

2. Katnyopia ‘Epyou:
Al / Sustainability / Computer Vision / Intelligent Automation — VET Maker Project

3. Neprypaen ‘Epyou:

To €pyo d¢eixvel TTwG uTTopEi va kataokeuaoTei éva Al-powered smart waste sorting system pe xprion Raspberry Pi
5, camera module, YOLOv11 object detection model ka1 servo motor. To cUoTnua TTapakoAouBei pia oTabepr)
TepIoyr o€ real time kal avayvwpilel avOKUKAWGIKA QVTIKEIMEVA, KUPIWG TTAACTIKA JTTOUKAAIO KOl TTAPOUOIoUG
TTEPIEKTEG.

Ortav aviyveuBei £va avTikeigevo-oToxoG Pe eTapkég confidence, To Raspberry Pi otéAvel GPIO signal o€ éva SG90
servo motor, To OTT0i0 avoiyel TO KATTAKI TOU KAOOU yia GUVTOUO XPOVIKO SIGCTNMA KOl 0T GUVEXEIQ TO ETTAVAQEPEI
oTnV KA€ioTr 8€on. Mg autdv Tov TpATTO, TO €pyo auvdEel TO computer vision pe To physical automation kai deixvel
TTWG 10 Al pTTopei va uttooTnpigel TTIo uTTEUBUVEG oUVBEIEG avakUKAWONG o€ axoAgia, ypageia kal VET
TEPIBAAAOVTA.

To €pyo €i0dyel Toug pabnTtég oto edge Al, oto Raspberry Pi configuration, oto camera-based object detection, ato

servo control, otov Python programming kai otov axedlaouo BILCIMWY TEXVOAOYIKWY AUCEwv. MTTopEi va eTTeKTAOE]
o€ évav eupuTepo smart recycling station pe object counting, 0T dashboards kai data reporting yia Tnv evioxuon tng
TTEPIBAAAOVTIKAG EuaioBNnTOTTIOINONG.

4. NéGe1Gg-KAE10I14:

Raspberry Pi 5
YOLOv11

smart waste sorting
computer vision
object detection
servo motor

edge Al

recycling automation
sustainability

VET maker project

5. Opada-oTdéx0g:

MaBnTtég/oroudaoTég Vocational Education and Training (VET)

Epyaotripia Robotics, automation kai STEM

MaBntég/otroudaaTég TTou evdla@épovTal yia Al, sustainability kai physical computing
ExTraideutikoi Tou avadntouv éva TTpakTIKO TTapddeiyua Al for sustainable development
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. ZTO)X0I TOU ‘Epyou:

time.
pins.
cloud processing.

TTPOooRAaciuo oXOoAIKO prototype.

7. Xpovodiaypauua ‘Epyou:
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&

Na pdBouv g epapudleTal To computer vision yia TRV avayvwpion GVAKUKAWGINWY atroppidudTwy o€ real
Na katavorioouv Tiwg éva Al model utropei va eAéyxel évav physical actuator péow Twv Raspberry Pi GPIO
Na digpeuvcouv 1o edge computing, ekTeAwvTag 1o inference ToTTIKG 010 Raspberry Pi 5 xwpig e€aptnon amoé

Na TrpowBrigouy TNV uTTEUBUVN dIGBECN ATTOPPIMPATWY Kal TTPOKTIKEG circular economy péaa atré éva

ddaaon Xpovoc / Huepounvia
Huepounvia évapéng 18/01/2026
Huepounvia Anénc 27/02/2026
2xedlaouoc épyou kal Al concept 1 ¢Bdouada
Hardware assembly kai servo wiring 1 ¢Bdouada
YOLOvV11 setup kai ONNX optimization 1-2 eBdouadec
Programming kai integration 1 eBdoudada

Testing, calibration kal improvements 1 ¢Bdouada

o]

. Mapexouevol Moépoi:

Python source code yia Al inference kai servo control
YOLOv11 / ONNX model deployment workflow

Mepiypagr oxediaopol Kal cuvapuoAdynong Tou smart bin prototype
>nueiwoelg yia Raspberry Pi 5 kai camera configuration
NeTrTopépeieg KaAwdiwang servo motor yia GPIO-based actuation

Checklist dokipwyv yia detection confidence, latency kai servo reliability
2uvdeapog video presentation: https://youtu.be/Sjh06PGHFeM

9. EpyaAcia kal TexvoAoyieg Trou XpnoipoTtroinénkav:

Hardware

Raspberry Pi 5

Raspberry Pi Camera Module v2 / Camera Module 3
SG90 servo motor

Jumper wires kai power supply

Custom 3D-printed camera mount kai servo brackets

Software

Raspberry Pi OS

Python 3.11

Geany IDE yia coding ka1 debugging

TigerVNC / RealVNC yia remote access kal monitoring

Funded by
the European Union

Aopn smart bin TTou xpnoiyotroindnke wg physical prototype
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e Linux Terminal yia eykardoTaon dependencies kai diaxeipion GPIO permissions

Al and Machine Learning

Ultralytics YOLOv11 yia real-time object detection

ONNX Runtime yia optimized CPU inference o1o Raspberry Pi 5

COCO dataset kal transfer learning, pe xprion object classes 61rwg bottle, cup ka1 wine glass
OpenCV yia image processing, video display ka1 annotation

GPIO and Physical Computing

e GPIOZero kai LGPIO yia cuppardétnta pe tnv Raspberry Pi 5 RP1 1/O architecture
e PWM signal control yia dvolyua kai KAEioIo Tou servo mechanism
e Servo-detach logic yia peiwaon buzzing, jitter kai TepITTAG KaTavdAwaong evépyeiag

Digital Management

e Edge computing: 10 inference ekteAeital Tomika 010 Raspberry Pi 5
o [lpoaipeTiki peANovTIKN l0T etrékTaon péow MQTT, Mosquitto, Node-RED 1) Grafana
e GitHub / version control yia diaxeipion Twy iterations Tou Python script

10. Zxé5810 YAotroinong BApa mpog BARua:
Brjpa 1: PUOpion Tou Raspberry Pi kai Tng Camera

EykaraoTthoTte 1o Raspberry Pi OS o1 microSD card, ekkivijoTe 1o Raspberry Pi 5 kal evnuepwaoTe TO operating
system. XuvdéoTe To camera module péow Tou CSlI ribbon cable kai emBeBaiwaoTe 611 KaTaypdeel frames cwaoTd.

sudo apt-get update
sudo apt-get upgrade

Brua 2: Eykaraotaon Tou Software Environment

EykaraoTtAoTe Ta Python dependencies yia computer vision, Al inference, GPIO control kai camera access. To
Raspberry Pi 5 amraitei To LGPIO backend yia a&iomoTo servo control péow GPIOZero.

pip install ultralytics opencv-python picamera2 gpiozero 1lgpio numpy
pip install onnxruntime

Brua 3: NMposroipacia Tou Al Model

To £pyo xpnoipotroiei To YOLOvV11 Nano wg real-time object detection model. To model BacieTtal o€ transfer
learning a6 To COCO dataset, To omroio Adn TTepiIAauBavel bottle kai container-related classes. Na kaAUTepn
ammoédoon oto Raspberry Pi, To model yiveral export ce ONNX format.

from ultralytics import YOLO

model = YOLO("yololln.pt")
model.export(format="onnx")

Brjpa 4: Kataokeul Tou Smart Bin Mechanism

ToTroBeTACTE TNV camera €101 WOTE va BAETTEI TNV TTEPIOYXN EITAYWYNGS ATTOPPIMMATWY. 2ZTEPewaTe To SGI0 servo
motor aTov lid mechanism, woTte pia TepioTpon 90-degree va avoiyel Tov kKado. To signal wire guvdéetal oto GPIO
17, 10 red wire ota 5V kai 10 brown wire 010 GND. ZuvioTtdral external 5V supply €dv 1o servo TrpokaAei voltage
drops katd Tn d1dpkeia Tou Al inference.
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Prototype photos: smart bin, camera mount kai Raspberry Pi-based setup.

BAua 5: NMpoypaupatiopdg Tou Detection Logic

To Python script kataypdgel cuvexwg frames aT1é TNV camera, Ta YETATPETTEI 0TO OWOTO color format kal EKTEAE
YOLOv11 inference. To script eAéyxel av 1o detected class ID aviikel oTig oToxeupéveg recyclable categories.
TARGET_IDS = [39, 41, 43] # bottle, cup, wine glass

results = model(bgr_frame, conf=0.35, verbose=False)
found_target = any(int(c) in TARGET_IDS for r in results for c in r.boxes.cls)

BrAua 6: Zuvdeon tou Al Output pe Tnv Servo Movement

Ortav 10 Al model avayvwpicel £va target object, To servo kiveital opaAd atrd TNV KAEIOTA oTNV avoikTA 8éon. O
KGOOG TTapPAPEVEI AVOIKTOG Yia £E1 OEUTEPOAETTTA KOl OTN GUVEXEIT KAgivel auTopaTa. O KWAIKAG aTTOOUVOEEl TO SErvo
signal peTa TNV Kivnon, waoTe va elwBei To jitter kal va e€oikovounBei evépyeia.
if found_target and last_state == "idle":

last_state = "active"

move_servo_smooth(servo, -0.99, 0.88, steps=120, delay=0.01)

servo.value = None

time.sleep(6)

move_servo_smooth(servo, 0.88, -0.99, steps=120, delay=0.01)

servo.value = None

last_state = "idle"

BAua 7: Aokiuyn kai Calibration Tou Prototype

AokiydaoTe To ouoTnua ue diagopeTika bottles, lighting conditions kair camera angles. To confidence threshold
pubpuiotnke aTo 0.35, emmeIdr) uwnAoTePES TINEG TTpoKaAoUoav missed detections o€ low light. H oudda emrékTeive
etriong Ta target IDs woTte va mrepidauBévouy related classes, €1meidr) To model pepIKEG QOPES TaEIVOUOUTE TTAACTIKG
MTTOUKGAIO WG cups 1) wine glasses.

e Detection metric: confidence score kai correct class detection.
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e Mechanical metric: otaBepr) 90-degree servo rotation xwpig jitter.
e Response metric: latency atré camera capture £éwg servo movement, ye o1éxo kKatw améd 200 ms.
e Reliability metric: 10 cuvexduevol emTuxnuévol KUkAol open-and-close xwpig mechanical failure.

Brijpa 8: TeAiki ETrideign ka1 AvaoToXaopuog

To TeAiké prototype avayvwpiCel éva target recyclable object, avoiyel 1o bin lid, Trepiyével va tomroBeTnBei TO
QAVTIKEIMEVO HECQ KAl OTN OUVEXEID KAEIVEI auTOpaTa. To £pyo emIOEIKVUEI UE ETTITUXIO Eva oAokAnpwévo Al-to-action
workflow: camera capture, object detection, decision logic, GPIO output ka1 physical actuation.

Ti Aeitoupynoe kaAd: To Raspberry Pi 5 diaxeipiotnke amoteAeopatika 1o YOLOv11 inference xwpig dedicated
GPU, 10iaitepa petd 1n xprion ONNX optimization. To servo-detach logic éAuce 10 Baciké TTpORANpa jitter kal ékave
TO prototype 1Mo oTaBepd.

MpokAAoeig: H Baaikr duokoAia ATav n e§ilooppdtrnon Tng Al processing power [e TIG ATTAITHOEIG I0XU0G TOU Servo.
Oi1 lighting conditions enpéacav etiong 1o detection reliability, K&t TTOU aTTAITNOE TTPOTEKTIKA PUBUION TOU
confidence threshold.

MeAAovTikr) erékTaon: To £pyo ptropei va BeATiwBei ue MQTT connectivity, web dashboard, bottle-count statistics,
KaAUTEpO waste-category recognition kai multi-bin mechanism yia diaxwpiouo plastic, paper, glass kar metal.

Internal servo mechanism mmou xpnaoiuotoigirail yia 1o dvolyua kai 1o kAgioiuo Tou bin lid.

11. Kpithpia AgioAdynong:

H emtuxia Tou épyou aglohoyeital ye Bdon Tnv TEXVIK atTéd00N, TA JABNOIAKA ATTOTEAECUATA KAl T CUVAQEIQ JE TO
sustainability.

e Detection accuracy: To YOLOv11 model rpétrel va avayvwpilel cwoTtd Ta target recyclable objects o
controlled lighting pe oT16X0 accuracy mwavw até 90%.

e Servo response reliability: To lid Trpérrel va avoiyel kai va kAgivel opaAd, oAokAnpwvovtag 10
ouvexouevoug KUKAoug xwpig jitter B mechanical failure.

e Latency: o xpévog amré 1o detection £éwg To servo movement pémrel va Trapapével KATW atrd 200 ms pe
xpnon ONNX optimization.
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e System integration: o1 pa@nTég pétrel va dei§ouv 611 n camera, To Al model, To GPIO control kai To
servo mechanism AgiToupyouv wg éva gviaio oUoTnA.

e Sustainability learning: o1 pa@nTég TTpéTrel va propouv va e§nynoouv wg to Al kai To automation
HTTOpOUV va utrooTnpi§ouv 1o utrelbuvn S1d6gon aTToppPIPHATWY.

12. AloBéoipeg MNwooeg:
e EAnviké

13. ZuvteAeoTéG:

Project team: dev TrpoadiopideTal ato apyikd Project 9 document.

O1 development resources trepiAapdavouv Raspberry Pi documentation, Ultralytics YOLOv11, COCO dataset,
ONNX Runtime, OpenCV, GPIOZero, LGPIO ka1 AI-VET kit components.

14. Avatpo@odoTtnon kai Zuvexng BeAtiwon:

H avarpo@oddtnan utropei va GUAAEXDE atrd pabnTég Kal eKTTaIdEUTIKOUG WETG TN OOKIUA Tou prototype o€
classroom A laboratory environment. H xprigiun avatpo@oddtnon Ba mpéTrel va €0TIAlEl TNV €UKOAIa assembly,
oTn ca@rjvela Twv odnylwv, oTo detection reliability, otTnv ac@dAeia Tou servo mechanism kail 670 TG00
ATTOTEAEOUATIKA TO £py0 avadelkvuel Tn ouvdeon Yetagu Al kai sustainability.

O1 yeAovTikég ekdOoeIg Ba TrpéTrel va TrepiAauBdvouy richer dataset, web dashboard yia recycling statistics, remote
monitoring kai multi-category physical sorting. To £pyo 8a pytropouae €Triong va cuvdebei pe pia school-wide
awareness campaign, 6TTou Ol JaBNTEG CUYKPIVOUV T CUPTTEPIPOPE avaKUKAWONG TTPIV Kal HETA ThV €100ywYH TOU
smart bin.

To €pyo €xel avadiaTuttwBei pe xprion Tng doung AI-SAVES@PROJECTHUB Tou Project 8. OAgg o1 odnyieg Tou
template £xouv agaipeBei kal To TTEPIEXOUEVO £XEI TTPOTAPUOCTEN aTTd TO Project 9: Smart Waste Sorting System.

To €pyo TrpoopileTal yia eKTTAISEUTIKN Kal TTpowBnTIKN) Xprion oTo TTAdiolo Tou Al and Sustainability in VET
Education. MNapouoiddel €va TTpakTIKG Kal avatrapaywyiyo Tapddeiyua computer vision, edge Al kai physical
computing epappoopévo o€ pia TTpokAnon sustainability.
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