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Due to the current state of global warming, there is an increasing desire to achieve carbon neutrality
and Circular Economy. Waste electronics, containing valuable metals like aluminum and copper, is
full of recycling potential. This research implements a prototype equipped with an object detection
algorithm able to detect components on a printed circuit board (PCB) using YOLO. By combining
the algorithm with a database of metal recycling prices, an infrared camera, and a PID controller
with vision feedback for conveyor control, the machine is capable of estimating the price of a waste
PCB. Results showed that the machine has a significant effect in recycling copper and aluminum.
This research aims to make the public recognize the potential of waste electronics in order to bolster
the desire to recycle. This increases the amount of secondary metal produced, which helps toward

achieving carbon neutrality.
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Aerh EZE AR YOLO f R HENT,

- Arduino #a¥ds @ TR PO RS, (1 C GBS, foARBRIE T EE R
RSP B PID AHBAHR 45,

- Anaconda fWfiE5: ¢ Anaconda J&— %2 B Python 2817, WE 1&F
% REHE (data science) BFgERs o Y T B, fEARFIET, T3 fr 6% mbE B
Python Ak BN, #5 Ee s iafniE. Arduino H7I#EH 5,

- OpenCV : Open Source Computer Vision Library j& {4510 F ikl 22
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e E ¥ (Machine Learning) S8 &G T FAS AN B B A B A 1T By, DI
CHT Y Ak B BB, 185 v AT iR 2 LY, oS i 8 e 25 A ISSHE A E
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— M 1 RS B S o AL G, 0 Al el A JE (Input Layers) . BEE &
(Hidden Layers) I Kigiti )& (Output Layers) .

1. g AJE @ i AEKRH (Data) EEE (Features), LIAWZEIM 5, Uit &
PCB A il P b s i UE, LA KOS IE R 2 sl 2 R

2. BB E @ B EmEE s (Neuron) MHBC, AR I GR M 63 40 Sk B0 7, okl 26
7 A S B e TP 1 SO B 1R

3. i o KBS G VS AT IS B FEAE,  FAMRE e /)s TRON B B B R
(Label), SgrFMbs ez, mi&dlsk it —MME = (weights)., 1M #E F 5L 7T LA
Y7 5 AR S 1) 36 FH RN £ LRz

4. KHF7e AR M H% (Convolution Neural Network, fiifi CNN), &

o= H R A 9 % (Deep Neural Network) #lkiy & 71, & 468
(convolution). i1t (pooling) &%,

C3: f. maps 16@10x10
INPUT C1: feature maps S4: 1. maps 16@5x5

32x32

6@28x28

S2:1. maps C5: layer :
6@14x14 | 120 g ot

Full connection Gaussian connections
Convolutions Subsampling Convolutions  Subsampling Full connection

[E P9 : CNN &ATmFE2L8HS  (Yann LeCun 1998)
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EM(Object Detection) e fif fE MUy 252 Fr SE Bl (R N Ay, FHHERE P19 25
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http://www.dengfanxin.cn/wp-content/uploads/2016/03/1998Lecun.pdf
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(confidence). Ifii 7 —fEMAVE R KA B2 H0E I0U(Intersection of
confidence), ZFoREARITAMIELIEfEE R 2% I FHIRPL. YOLO J* 2015 4 6 A
Joseph Redmon i Af&i, [ 4 YOLOv2 Hl YOLOV3, [fiA#7E41/1] YOLO
v4 JEAE 2020 4 4 H IR iy Alexey Bochkovskiy, LK & bR psepe
AT B L5 BT S B SR TR AR . ARFZENE AT YOLO #E17 PCB JryifB iz i
R R EE B, WA IoU(Intersection over union)fi & il AP:
average precision, =%¥UEJEIACPIET B BN PTG UERESR, AKBFIELERT 9 Ff
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Area of Overlap

Precision = loU =

Area of Union

e 7. ¢ ToU W (M H https://github.com/AlexeyAB/darknet)
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HEWE ArduinoBf 881k L

[ 1-/\ ¢ PCB [nlCH AR %

import serial
from time import sleep
import sys

#COM_PORT = 'CoMé' # METHEXFIEEN
COM_PORT = '/dev/cu.usbserial-0001"’
BAUD_RATES =~ 9600

ser =~ serial.Serial(COM_PORT, BAUD_RATES)

net = cv2.dnn.readNetFromDarknet("yolovd.cfg”, "yolové board.weights”) AEAMEY  JTFXHEES

layer names = net.getLayerNames()

output_layers = [layer names{i - 1] for i in net.getUnconnectedOutLayers()]

classes = [line.strip() for line inm open(”board.names”))#i@85

colors = [(0,0,255), (255,0,0), (0,255,0),(120,120,255), (255,255,0), (0,255,120),(120,0,255), (0,255,255), (255,

cvZ.namedWindow( "frame”)
cap = cv2.VideoCapture(0) 20 NIRNEN » BF1 288
while(cap.isOpened()):
ret, img = cap.read()
if ret == True:
cv2.imshow( " frame”, ing)
X = cv2.waitKey(100)#H 8N E Fz 18
if x == ord(“z") or k == ord("2"):
cv2.imwrite("test for mask.jpg”, img)
break

[ 1L © python #2202 FR 81 Mk i m

AR, DAROBETUAET B0 N (18 10x8 2273/ PCB #e, AEIEAEMTHIH
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EME], HUE https://udn.com/news/story/6871/5984890

—. ¥, Python FéesE B mteqb @ AL UGk SUE Bk, 1 i, &
AR A PR 22 1], 2020

pu. SLREF(2021), T YOLO Mk 8 HMAE, b B B TR

7i. Google(2021)., &KL @ B Google EfMFT & WG4, A
https://sustainability.google/intl/zh—

TW/progress/projects/recycled—aluminum/

7S. The Global E—waste Monitor (2020) from
https://ewastemonitor.info/wp—

content/uploads/2020/11/GEM_2020_def julyl_low.pdf

t:. Environmental Progress Report (2021,March).from

https://www.apple.com/environment/pdf/Apple Environmental Progress Report 2021.pdf

/\. Design of a Proper Recycling Process for Small-Sized E-
waste(2015) from 12th Global Conference on Sustainable

Manufacturing

25


https://www.apple.com/environment/pdf/Apple_Environmental_Progress_Report_2021.pdf

2% ] 100007

i

1 AERd AEHRMNE > DARAERT 25 2

=

2. Bengr oA a0 mp B R

2

B EHE- KT R e B R 4 g

3. wic g g LG AP BETE- HHBE K AR



	100007-封面
	100007-封面

	100007-作者簡介
	100007-本文
	英文摘要
	中文摘要
	壹、前言
	貳、研究方法或過程
	參、研究結果與討論
	肆、結論
	伍、參考資料

	100007-評語
	100007-評語


