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Coder, Hacker, and Maker

• (coder, programmer)

✓ (coding)

• (hacker)

✓

• (maker)

✓
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Application

Web 

Mobile APP

PC APP

OS | Driver

Firmware

Hardware

X86/ARM/MIPS/DSP/GPU/FPGA
VHDL/VerilogHDL

EDA

Windows Windows MFC/QT, C/C++

Linux Linux QT, C/C++

, C

, C

Android Android 
Android system, 
Java

iOS iOS IOS system, Objective-C/Swift

Windows 
Phone

WP Windows SDK, C#/C++/VB

HTML/CSS/JavaScript

Java Java, JVM, Spring, Database

PHP PHP, Linux/Apache, Database

C# C#, ASP.net, Database

Python, Ruby, 
Nodejs 

Python, Ruby, Nodejs

1.

2.

3.

4.

1.

2.

3.

1.IC 

2.

BSP

OS

C

1.

2. APP

3.

APP

OS

Driver

HW



(1/2)

•

•

✓

✓

•

✓

✓



(2/2)

•

✓

✓

•

✓

✓

•

✓ 4.0

✓



因為有這些程式

生活更美、更好



X X

X X

Python Python Python



Hello, World! 最像英文的 Python



11

Python C
# Hello World!
print("Hello World!")

/* Hello World! */
#include <stdio.h>

int main()
{

printf("Hello, World!\n");
return 0;

}

C++ Java
// Hello World!
#include <iostream>

using namespace std;

int main()
{

cout << "Hello World" << endl; 
return 0;

}

// Hello World!
public class HelloWorld{

public static void main(String []args){
System.out.println("Hello World");

}
}
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1-1  AI

• (rule-based)

•

✓
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AI - Python
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Python Anaconda

• Anaconda Python

Python

• https://www.anaconda.com/products/individual

• Anaconda (IDE) Spyder

1. IPython 

2.

3.

4.

5. Debug ( )

ex1-1
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Python 

•

•

•

•

•

•
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• + Python .

• ()

✓ car.go(100) 100

•

✓ car.left(50, 30) 50 30

Python

car car

car.start() car start
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• (>>> )

>>> "abc".upper()

'ABC'

>>> "abc".find('b') 

1

>>> "abc".replace('b', 'z') 

'azc'

•

"abc" upper()

find() 'b' ( 0 )

replace() 'b' 
'z'

ex1-2
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•

( ) 111 11.1

>>> 111 + 111

222

>>> "111" + "111"

'111111'

• +

(Data Type)

ex1-3



24

•

>>> 111 + "111"
Traceback (most recent call last):

File "<ipython-input-6-4832c22160be>", line 1, in 
<module>

111 + "111"

TypeError: unsupported operand type(s) for +: 'int' 
and 'str'

ex1-4
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•

>>> str(111) + "111"

'111111'

>>> 111 + int("111")

222

str() 

int() 

ex1-5
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•

✓ + ( ) - ( ) * ( ) / ( ) // ( ) % ( ) ** 

✓ Python 

(+)

>>> 10 + 5.5
15.5

(-)

>>> 10 - 5.5
4.5

ex1-6
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(*)

(/)

>>> 10 * 5.5
55.0

>>> 10 / 5.5
1.8181818181818181

(//)

>>> 10 // 5.5
1.0

ex1-6
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(%)

>>> 10 % 5.5
4.5

TIP 1.
2.

(**)

>>> 4 ** 0.5, 8 ** (1/3)
(2.0, 2.0)

ex1-6
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• (variable) 

•

=

>>> n1 = 123456789

>>> n2 = 987654321

>>> n1 + n2

1111111110

123456789 n1

987654321 n2

123456789 + 987654321

ex1-7
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•

•

>>> x = 1
>>> x = x + 1
>>> x
2

x += 2 x = x + 2

x -= 2 x = x – 2

x *= 2 x = x * 2

x /= 2 x = x / 2

x //= 2 x = x // 2

x %= 2 x = x % 2

ex1-8
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(1/2)

• (variable) 

a = 3.1

b = 2.2

c = a * b * b

pi = 3.1

radius = 2.2

# 

circle_area = pi * radius * radius

ex1-9
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(2/2)

•

✓

•

•

# 1

# 2
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• (function) 

• print()

>>> print("abc")

abc

>>> print("abc".upper())

ABC

>>> print(111 + 111)

222

ex1-10
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•

• (module)

(import) 

>>> import time

>>> time.sleep(3)

>>> from time import sleep

>>> sleep(5)

time

time sleep() 3

time sleep() 

sleep() 5

ex1-11
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# 暫停 3 秒後，印出 Hello World!

from time import sleep

sleep(3)

print("Hello World!")

3 Hello World!

ex1-12
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1.

2.

3.

4.

5.

6.
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(WEBCAM)

https://bit.ly/3yEVgF9

ex1-13
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droidcam
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手機連線
https://www.dev47apps.com/ 

或掃描 QR code 

選擇自己的手機作業系統

下載並安裝



Android 

『手機設定/系統/關於手機』



USB 

『手機設定/系統/進階/開發人員
選項』
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iOS itunes

iOS 

iTunes 

Windows 

64 

https://www.apple.com/itunes/download/win64

32 

https://www.apple.com/itunes/download/win32

ex1-14

https://www.apple.com/itunes/download/win64
https://www.apple.com/itunes/download/win32






OpenCV



https://learn.adafruit.com/diy-wifi-raspberry-pi-touch-cam

https://learn.adafruit.com/diy-wifi-raspberry-pi-touch-cam
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1-2  Windows OpenCV (1/2)

• OpenCV (Open Source Computer Vision Library) BSD 

Intel 

✓ OpenCV Android iOS C/C++ Java Python

• OpenCV

✓ pip Python pip OpenCV

OpenCV ( )

✓ OpenCV OpenCV

OpenCV



pip OpenCV

• Anacodna Prompt 

>>> pip install
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1-2  Windows OpenCV (2/2)

• OpenCV

• OpenCV

• OpenCV

52
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OpenCV

• python 3.9.7 

✓ Python numpy ( ) matplotlib Python

numpy imutils OpenCV

>>> pip install numpy #

>>> pip install matplotlib #

>>> pip install imutils #

ex1-13
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OpenCV

• pip OpenCV

>>> pip install opencv-python

>>> pip install opencv-contrib-python

•

>>> pip list

ex1-13
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OpenCV

• Python OpenCV

>>> import cv2

>>> cv2.__version__

'4.5.4' # OpenCV

ex1-13



Outline
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OpenCV 

OpenCV 

https://max543.com/debugger/class/python02/ /code/ch01.zip

ex1-14
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1-3 OpenCV

1-3-1 OpenCV 

1-3-2 OpenCV 

1-3-3 OpenCV 
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• Python OpenCV imread() imshow() 

import cv2

img = cv2.imread("koala.jpg")
cv2.imshow("Koala", img)

gray_img = cv2.imread("koala.jpg", cv2.IMREAD_GRAYSCALE)
cv2.imshow("Koala:gray", gray_img)

cv2.waitKey(0)
cv2.destroyAllWindows()

1-1 (1-1.py)

ex1-15

cv2.IMREAD_COLOR
cv2.IMREAD_UNCHANGED
cv2.IMREAD_GRAYSCALE
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• shape 

import cv2

img = cv2.imread("koala.jpg")
img2 = cv2.imread("koala.jpg", cv2.IMREAD_GRAYSCALE)
print(img.shape)
print(img2.shape)
h, w, c = img.shape
print(" :", h)
print(" :", w)

1-1a (1-1a.py)

ex1-16
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• OpenCV cv2.resize() 

imutils 

✓ imutils.resize() 

import cv2, imutils

img = cv2.imread("koala.jpg")
print(img.shape)
resized_img = imutils.resize(img, width = 300)
print(resized_img.shape)
cv2.imshow("Koala", img)
cv2.imshow("Koala:resized", resized_img)

cv2.waitKey(0)
cv2.destroyAllWindows()

1-1b (1-1b.py)

ex1-17



Python ( )
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Python 

• string = "52python"

✓ string[0] '5'

• tuple tuple = (1, '2', 3)

✓ tuple[0] tuple 1

• list = [1, '2', 3]

✓ list[1] '2'

• set = {1, '2', 3}

✓

• dick = {'A':1, 

'B':'2', 'C':3}

✓ dick['B'] '2'

ex1-18
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Python numpy.array

• Numpy Python

>>> import numpy as np # numpy

>>> a = np.array([10, 2, 45, 32, 24]) # 1-D 

>>> len(a) # 

>>> a[2:4] # 2、3 (

>>> a[:4] # 1 ~ 3 

ex1-19
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(Matrix)

import numpy as np

A = np.array([[1, 4, 2], [3, 2, 0]])
B = A[1:, 1:3]     # 2-D array 

1 4 2

3 2 0
A

 
=  
  2 3

 2 0B = 1 2

(row)

(column)

ex1-20



66

• OpenCV imread() Numpy 

Numpy 

import cv2

img = cv2.imread("koala.jpg")

print(img.shape)

x = 10; y = 10

w = 150; h= 200

crop_img = img[y:y + h, x:x + w]

cv2.imshow("Koala", img)

cv2.imshow("corp_Koala", crop_img)

print(crop_img.shape)

cv2.waitKey(0)

cv2.destroyAllWindows()

1-1c (1-1c.py)

ex1-21

(x, y)
w

h
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• RGB ( ) 0 ~ 255

✓ (R, G, B) = (0, 0, 0) (R, G, B) = (255, 255, 255) 

✓ RGB 256 x 256 x 256 = 16,777,216

354

252

[65,  91,  108] ...

... ...
img

 
=  
  354 252



68

• OpenCV ( cv2.flip() )

imutils 

import cv2, imutils

img = cv2.imread("koala.jpg")
rotated_img = imutils.rotate(img, angle = 90)
fliped_img = cv2.flip(img, -1)
translated_img = imutils.translate(img, 25, -75)
cv2.imshow("Koala:rotated", rotated_img)
cv2.imshow("Koala:fliped", fliped_img)
cv2.imshow("Koala:translated", translated_img)

cv2.waitKey(0)
cv2.destroyAllWindows()

1-1d (1-1d.py)

ex1-22
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BGR 

• OpenCV cvtColor() 

2 cv2.COLOR_BGR2GRAY

✓ RGB cv2.COLOR_RGB2BGR RGB BGR (

RGB cv2.COLOR_BGR2RGB BGR RGB)

import cv2

img = cv2.imread("koala.jpg")
gray_img = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
bgr_img = cv2.cvtColor(img, cv2.COLOR_RGB2BGR)
cv2.imshow("Koala:gray", gray_img)
cv2.imshow("Koala:bgr", bgr_img)

cv2.waitKey(0)
cv2.destroyAllWindows()

1-1e BGR (1-1e.py)

ex1-23

imread() imshow() BGR
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URL 

• imutils url_to_image() 

import cv2, imutils

url = "https://fchart.github.io/img/koala.png"
img = imutils.url_to_image(url)
cv2.imshow("Koala", img)

cv2.waitKey(0)
cv2.destroyAllWindows()

1-1f (1-1f.py)

ex1-24
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•

import cv2

img = cv2.imread("koala.jpg")

cv2.line(img, (0, 0), (200, 200), (0, 0, 255), 5)
cv2.rectangle(img, (20, 70), (120, 160), (0, 255, 0), 2)
cv2.rectangle(img, (40, 80), (100, 140), (255, 0, 0), -1)
cv2.circle(img, (90, 210), 30, (0, 255, 255), 3)
cv2.circle(img, (140, 170), 15, (255, 0, 0), -1)
cv2.putText(img, "OpenCV", (10, 40), cv2.FONT_HERSHEY_SIMPLEX, 1, (0, 255, 255), 5, 
cv2.LINE_AA)

cv2.imshow("Koala", img)

cv2.waitKey(0)
cv2.destroyAllWindows()

1-1g (1-1g.py)

ex1-25
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• OpenCV imwrite() 

import cv2

img = cv2.imread("koala.jpg")
gray_img = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
cv2.imwrite("result_gray.jpg", gray_img)
cv2.imwrite("result.png", img)

1-1h (1-1h.py)

ex1-26
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1-3 OpenCV

1-3-1 OpenCV 

1-3-2 OpenCV 

1-3-3 OpenCV 
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OpenCV 

•

『 (Frame )

『 (Frame per Second )

• OpenCV 
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• Python OpenCV VideoCapture 

import cv2

cap = cv2.VideoCapture("YouTube.mp4")

while cap.isOpened():
ret, frame = cap.read()
if ret:

cv2.imshow("frame", frame)
if cv2.waitKey(1) == 27:

break

cap.release()
cv2.destroyAllWindows()

1-2 (1-2.py)

ex1-27
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• Python VideoCapture 

import cv2

cap = cv2.VideoCapture("YouTube.mp4")

def decode_fourcc(v):
v = int(v)
return "".join([chr((v >> 8 * i) & 0xFF) for i in range(4)])

width = cap.get(cv2.CAP_PROP_FRAME_WIDTH)
height = cap.get(cv2.CAP_PROP_FRAME_HEIGHT)
print(" :", width, 'x', height)
fourcc = cap.get(cv2.CAP_PROP_FOURCC)
codec = decode_fourcc(fourcc)
print("Codec :", codec)

1-2a (1-2a.py)

ex1-28

https://docs.opencv.org/4.5.3/d4/d15/gro
up__videoio__flags__base.html#baeb8dd9c8
9c10a5c63c139bf7c4f5704d
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• 1-1e.py 

import cv2

cap = cv2.VideoCapture("YouTube.mp4")

while cap.isOpened():
ret, frame = cap.read()

if ret:
gray_frame = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
cv2.imshow("frame", gray_frame)

if cv2.waitKey(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

1-2b (1-2b.py)

ex1-29
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• OpenCV VideoCapture 

import cv2

cap = cv2.VideoCapture(0)

while cap.isOpened():
ret, frame = cap.read()
frame = cv2.rotate(frame, rotateCode = 1)
cv2.imshow("frame", frame)

if cv2.waitKey(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

1-3 (1-3.py)

ex1-30
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• Python VideoCapture set 

import cv2

cap = cv2.VideoCapture(0)
cap.set(cv2.CAP_PROP_FRAME_WIDTH, 320)
cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 180)
cap.set(cv2.CAP_PROP_FPS, 25)

while cap.isOpened():
ret, frame = cap.read()
cv2.imshow("frame",frame)      
if cv2.waitKey(1) == 27:

break

cap.release()
cv2.destroyAllWindows()

1-3a (1-3a.py)

ex1-31
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• OpenCV VideoWrite 

import cv2

cap = cv2.VideoCapture(0)

fourcc = cv2.VideoWriter_fourcc(*'XVID')
out = cv2.VideoWriter("output.avi", fourcc, 20, (640, 480))

while cap.isOpened():
ret, frame = cap.read()
if ret == True:

out.write(frame)
cv2.imshow("frame", frame)
if cv2.waitKey(1) == 27:

break
else:

break

cap.release()
out.release()
cv2.destroyAllWindows()

1-3b (1-3b.py)

ex1-32

YUV *'I420' .avi

MPEG-I *'PIMT' .avi

MPEG-4 *'XVID' .avi

MP4 *'MP4V' .mp4

Ogg Vorbis *'THEO' .ogv



Outline

1-1  AI

1-2  Windows OpenCV

1-3  OpenCV

1-4 OpenCV 



OpenCV 

OpenCV 



83

1-4  

• OpenCV (Haar-like feature) 

✓

✓

•

✓ https://github.com/opencv/opencv/tree/master/data/haarcascades

•

haarcascade_frontalface_default.xml

haarcascade_frontalface_alt2.xml

haarcascade_profileface.xml

haarcascade_eye.xml
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import cv2

face_cascade = cv2.CascadeClassifier('haarcascade_frontalface_alt2.xml')
image = cv2.imread('demo.jpeg')
gray = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

faces = face_cascade.detectMultiScale(gray, 1.1, 3)
# faces = face_cascade.detectMultiScale(gray, 1.05, 4)
for (x, y, w, h) in faces:

frame = cv2.rectangle(frame, (x, y), (x + w, y + h), (0, 255, 0), 3)

cv2.namedWindow('frame', cv2.WINDOW_NORMAL)
cv2.imshow('frame', frame)
cv2.waitKey(0)
cv2.destroyAllWindows()

1-4 。(1-4.py)

ex1-33

cv2.WINDOW_NORMAL

cv2.WINDOW_AUTOSIZE

cv2.WINDOW_FREERATIO

cv2.WINDOW_KEEPRATIO
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(1-4.py)

faces = face_cascade.detectMultiScale(gray, 1.1, 3)
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(1-4a.py)

faces = face_cascade.detectMultiScale(gray, 1.05, 4)
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import cv2

face_cascade = cv2.CascadeClassifier('haarcascade_frontalface_alt2.xml')
eye_cascade = cv2.CascadeClassifier('haarcascade_eye.xml')

frame = cv2.imread('demo.jpeg')

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

# faces = face_cascade.detectMultiScale(gray, 1.1, 3)

faces = face_cascade.detectMultiScale(gray, 1.05, 4)

for (x, y, w, h) in faces:
frame = cv2.rectangle(frame, (x, y), (x + w, y + h), (0, 255, 0), 3)

face_rect = gray[y:y+h, x:x+w]

eyes = eye_cascade.detectMultiScale(face_rect, 1.15, 8)
for (ex, ey, ew, eh) in eyes:

frame = cv2.rectangle(frame, (x + ex, y + ey), (x + ex + ew, y + ey + eh), (0, 255, 0), 

2)

cv2.namedWindow('frame', cv2.WINDOW_NORMAL)

cv2.imshow('frame', frame)
cv2.waitKey(0)

cv2.destroyAllWindows()

1-5 。(1-5.py)

ex1-34
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Demo 1-5.py



OpenCV 
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import cv2

faceCascade = cv2.CascadeClassifier("haarcascade_frontalface_default.xml")

cap = cv2.VideoCapture(0)
cap.set(cv2.CAP_PROP_FRAME_WIDTH, 640)
cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 480)

while True:
ret, frame = cap.read()
gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
faces = faceCascade.detectMultiScale(gray, scaleFactor = 1.1, minNeighbors = 5, minSize = 

(30, 30))
print(" :", len(faces))

for (x, y, w, h) in faces:
cv2.rectangle(frame, (x, y), (x+w, y+h), (0, 255, 0), 2)

cv2.imshow("preview", frame)

if cv2.waitKey(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

1-6 。(1-6.py)

ex1-35
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import cv2

faceCascade = cv2.CascadeClassifier("haarcascade_frontalface_default.xml")

cap = cv2.VideoCapture(0)
cap.set(cv2.CAP_PROP_FRAME_WIDTH, 640)
cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 480)

while True:
ret, frame = cap.read()
frame = cv2.rotate(frame, rotateCode = 1)
gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
faces = faceCascade.detectMultiScale(gray, scaleFactor = 1.1, minNeighbors = 5, minSize = (30, 30))
print(" :", len(faces))

for (x, y, w, h) in faces:
frame = cv2.rectangle(frame, (x, y), (x + w, y + h), (0, 255, 0), 3)
face_rect = gray[y:y + h, x:x + w]
eyes = eye_cascade.detectMultiScale(face_rect, 1.3, 8)

for (ex, ey, ew, eh) in eyes:
cv2.rectangle(frame, (x + ex, y + ey), (x + ex + ew, y + ey + eh), (0, 255, 0), 2)

cv2.imshow("preview", frame)

if cv2.waitKey(1) == 27:
break

cap.release()
cv2.destroyAllWindows()

1-7 。(1-7.py)

ex1-36



4-3：

OpenCV 
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•

•

✓ 100 

✓ OpenCV Eigen Fisher LBPH

✓
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Step 1

• 100

100 
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import cv2

ESC = 27
n = 1

index = 0

total = 100

def saveImage(face_image, index):

filename = 'images/h0/{:03d}.pgm'.format(index)

cv2.imwrite(filename, face_image)
print(filename)

face_cascade = cv2.CascadeClassifier('haarcascade_frontalface_default.xml')

cap = cv2.VideoCapture(0)
ratio = cap.get(cv2.CAP_PROP_FRAME_WIDTH) / cap.get(cv2.CAP_PROP_FRAME_HEIGHT)

WIDTH = 400

HEIGHT = int(WIDTH / ratio)
cv2.namedWindow('video', cv2.WINDOW_NORMAL)

while n > 0:

ret, frame = cap.read()
frame = cv2.resize(frame, (WIDTH, HEIGHT))

1-8-1 (1-8-1-capture.py)

ex1-37
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frame = cv2.flip(frame, 1)
gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

faces = face_cascade.detectMultiScale(gray, 1.1, 3)

for (x, y, w, h) in faces:
frame = cv2.rectangle(frame, (x, y), (x + w, y + h), (0, 255, 0), 3)
if n % 5 == 0:

face_img = gray[y: y + h, x: x + w]
face_img = cv2.resize(face_img, (400, 400))
saveImage(face_img, index)
index += 1
if index >= total:

print('get training data done')
n = -1
break

n += 1

cv2.imshow('video', frame)

if cv2.waitKey(1) == 27:
cv2.destroyAllWindows()
break

(x, y)

w

h
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Step 2

• h0 h1…
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import cv2
import numpy as np

images = []
labels = []
for index in range(100):

filename = 'images/h0/{:03d}.pgm'.format(index)
print('read ' + filename)
img = cv2.imread(filename, cv2.COLOR_BGR2GRAY)
images.append(img)
labels.append(0)    # 第一張人臉的標籤為 0。

print('training...')
model = cv2.face.LBPHFaceRecognizer_create()
model.train(np.asarray(images), np.asarray(labels))
model.save('faces.data')
print('training done')

1-8-2 (1-8-2-train.py)

ex1-38

# 建立模型，使用 LBPH 演算法。

# train() 只能接收 numpy 格式的陣列。

# 儲存訓練好的辨識檔。
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Step 3

•

『 』
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import cv2

model = cv2.face.LBPHFaceRecognizer_create()
model.read('faces.data')
print('load training data done')
# 載入聯集分類器 (需與取樣時的分類器一致)，並開啟攝影機。
face_cascade = cv2.CascadeClassifier('haarcascade_frontalface_default.xml')
cap = cv2.VideoCapture(0)
cv2.namedWindow('video', cv2.WINDOW_NORMAL)
# 可識別化名稱
names = ['pllai']
# 讀取攝影機資料，並轉換成灰階影像。
while True:

ret, frame = cap.read()
frame = cv2.resize(frame, (600, 400))
frame = cv2.flip(frame, 1)
gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

1-8-3 (1-8-3-recognition.py)

ex1-39

# 載入訓練好的辨識檔。

# 建立模型，使用 LBPH 演算法。
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faces = face_cascade.detectMultiScale(gray, 1.1, 3)
for (x, y, w, h) in faces:

frame = cv2.rectangle(
frame, 
(x, y), (x + w, y + h), 
(0, 255, 0), 3

)
face_img = gray[y: y + h, x: x + w]
face_img = cv2.resize(face_img, (400, 400))

val = model.predict(face_img)
print('label:{}, conf:{:.1f}'.format(val[0], val[1]))
if val[1] < 50:

cv2.putText(
frame, names[val[0]], (x, y - 10), 
cv2.FONT_HERSHEY_SIMPLEX, 1, (255, 255, 0), 3

)

cv2.imshow('video', frame)
if cv2.waitKey(1) == 27:

cv2.destroyAllWindows()
break
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Demo 





Demo

project_multiFace


