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Computer Vision + Sensor Fusion + Deep Learning

2I&Xls 22X, Amazon Go, 7+2/HIEEte| Ata = ArsAt

https://youtu.be/NrmMk1Myrxc?t=26 https://youtu.be/wuhbgcMzOaw?t=7
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" What is OpenCV?

* Open source

* Computer vision & machine learning

» Software library

* Why OpenCV?

BSD license ... Free for academic & commercial use

Multiple interface ... C, C++, Python, Java, JavaScript, MATLAB, etc.
Multiple platform ... Windows, Linux, Mac OS, iOS, Android
Optimized ... CPU instructions, Multi-core processing, OpenCL, CUDA
Popular ... More than 18 million downloads

Usage ... Stitching streetview images, detecting intrusions, monitoring mine equipment,
helping robots navigate and pick up objects, Interactive art, etc.
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import cv2

1999

2006

2009

2011

2015

2017

2018

2020

~—q —q —€—4€¢

Project Start

OpenCV 1.0

OpenCV 2.0

OpenCV 2.3

OpenCV 3.0

OpenCV 3.3

OpenCV 4.0

OpenCV 4.3

Intel =22 A|ZE}
Ol LEAAZ 7=

CE 7. & & X=X
Iplimage 24|

OpencvV ZZHME
GPU(T-API), IPP &2 =Y

= J0M

—_

|_

DNN(Deep Neural Network) 2= X| &

C++ 11/C++ 17 X| &l (c API X| & =EH
DNN X| & &3}



" OpenCV main modules

* Core, widely used, infrastructures

e https://github.com/opencv/opencv/

calib3d, core, dnn, features2d, flann, gapi, highgui, imgcodecs, imgproc, java, js, ml, objdetect, photo,
python, stitching, ts, video, videoio, world

" OpenCV extra modules
* Brand new, unpopular, non-free, HW dependency, etc.

e https://github.com/opencv/opencv_contrib/

aruco, bgsegm, bioinspired, ccalib, cnn_3dobj, cudaarithm, cudabgsegm, ..., cudawarping, cudey, cvy,
datasets, dnns_easily_fooled, dnn_objdetect, dpm, face, freetype, fuzzy, hdf, hfs, img_hash,
line_descriptor, matlab, optflow, ovis, phase_unwrapping, plot, reg, rghd, saliency, sfm, shape, stereo,
structured_light, superres, surface_matching, text, tracking, videostab, viz, xfeatures2d, ximgproc,
xobjdetect, xphoto



Anaconda 7j&H=t4 MM
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conda create —n opencv4 python=3.7
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conda activate opencv4

opencv I 7| X| AX]|

pip install opencv-python==4.2.0.32

matplotlib Z{7|X| AX]|

pip install matplotlib

pafy Il 7| X| 2X]

pip install pafy




OpenCV-Python X

> pip install opencv-python

« <PYTHON_PATH>\Lib\site-packages = OF 2} 0| cv, opencv_python-4.2.0.34.dist-info
L7t A0, 11 Of2f O cv2.cp37-win_amd64.pyd L 20| X & &,

« AX|Z|= opencv H{ A2 https://pypi.org/ HA =0l 7ts
» OpencV 7} HE &7/ Ar&5}2 ™ opencv-contrib-python I 7| X| & 2 X|

* OpenCV 4.2.0 MO A cv2.imread() &5 AR50 EA2 Iy 0|AH Y WAooz
=o= M T2 40| 22X 28 &= =871 U
> cv2.imread() &7t 4 SESH=E OpencvE AX[SH2{H Of2 HH ALE

> pip install opencv-python==4.1.0.25



L0 A OlO|X|E SHOA A =50}

Import sys
import cv2

print("Hello OpenCV")
img = cv2.imread('cat2.jpg’)
if img is None:

print("Image load fail")
sys.exit()

cv2.namedWindow('img’)
cv2.imshow('img',img)
cv2.waitkey()

cv2.destroyAllWindows()
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cv2.imread(filename[, flags]) -> retval

cv2.imwrite(filename, img|, flags]) -> retval

cv2.namedWindow(winname][, flags])

cv2.imshow(winname, mat) DS HA|

cv2.waitkey([, delay]) -> retval 7|2E = 7|

cv2.destroyWindow(winname) R Y
RE AR 7

cv2.destroyAllWindows( )




cv2.imread(filename, flags=None) -> retval

El

[ 0] AHE)

Mo

= Filename : =2|= 8¢

= (
Q7|

H

B

o
= flags G4 O = =cff 1

flags

cv2.IMREAD_COLOR

BGR Z2| Gate =z 27|(7| 24

shape = (rows, cols, 3)

cv2.IMREAD_GRAYSCALE

80l B2z &Y

shape = (rows, cols, 3)

cv2.IMREAD_UNCHANGED

Yo o &4 A= 87|
PNGI}E : shape = (rows cols,4)

= retval =22 B HO[H (humpy.ndarray)




cv2.imwrite(filename, img, params=None) -> retval
= Filename : &g o It O|S(=AHE)

* img e d4 MOl

= params : O M& 248 X8 (G429 2t X|H 5.)
= retval HadHo 2 NHSIH True, HIiSIH False




namedWindow() : A & A4 A5}

cv2.namedWindow(winname, flags=None) -> None

= winname : Mdg &9o| O|F(EXIE

o
= flags & 54 XE S

flags
cv2. WINDOW _NORMAL |Ga 37|15 & A7|0 &AH X H

0zt

cv2.WINDOW _AUTOSIZE 7|2 G& A7|0| A HEP|24H




cv2.destroyWindow(winname) -> None

cv2.destroyAllWindows(winname) -> None

= winname : 21X} St= & O|&
= destroyWindow()= otLt2| &8 B destroyAllWindows()

&= 2= destroyAllWindows() & =2| CHAFAF F2O
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import cv2

imageFile = “./data/lena.jpg'

img = cv2.imread(imagekFile)

cv2.imwrite('./data/Lena.bmp’, img)

cv2.imwrite('./data/Lena.png', img)

cv2.imwrite('./data/Lena2.png',img, [cv2.IMWRITE_PNG_COMPRESSION, 9])

cv2.imwrite('./data/Lena2.jpg', img, [cv2.IMWRITE_JPEG_QUALITY, 90])




Matplotlib1 ; Z2{ &

import cv2

from matplotlib import pyplot as plt

imageFile = “./data/lena.jpg'

img = cv2.imread(imageFile)

plt.axis('off')

#plt.show()

imgRGB = cv2.cvtColor(imgBGR,cv2.COLOR_BGR2RGB)
plt.imshow(imgRGB)
plt.show()
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Matplotlib2 : 12|0] G4k HEA|

import cv2

from matplotlib import pyplot as plt

imageFile = “./data/lena.jpg'

imgGray = cv2.imread(imageFile, cv2.IMREAD_GRAYSCALE)

plt.axis('off')

#

plt.imshow(imgGray, cmap = "gray", interpolation=*‘bicubic')
plt.show()



Matplotlib2 : 12|0] G4k HEA|

A €>P Q=R

Matplotlib 23 o] =AY F4F



Matplotlib3 : 0ftH

import cv2

from matplotlib import pyplot as plt

imageFile = ‘./data/lena.jpg’

imgGray = cv2.imread(imageFile, cv2.IMREAD_GRAYSCALE)

plt.figure(figsize=(6,6))

# left = 0, right = 1, bottom =0, top = 12 A4 (L& FS H YA 72 HE35 1A}
plt.subplots_adjust(left=0, right=1, bottom=0, top=1)
#plt.subplots_adjust(left=0.03, right=0.97, bottom=0.03, top=0.97)
plt.imshow(imgGray, cmmap = 'gray’)

#plt.axis('tight')

plt.axis(‘off’)

# plot Wi oll AHH o|n|A & A= A%
plt.savefig('./data/0205.png')
plt.show()
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import cv2

from matplotlib import pyplot as plt

path = ‘./data/'

imgBGR1 = cv2.imread
imgBGR2 = cv2.imread
imgBGR3 = cv2.imread
imgBGR4 = cv2.imread

path+'orange.jpg’)
path+'apple.jpg’)
path+'baboon.jpg’)
path+'lena.jpg’)

AN SN N N

i ik,
imgRGB1 = cv2.cvtColor(imgBGR1, cv2.COLOR_BGR2RGB
imgRGB2 = cv2.cvtColor(imgBGR2, cv2.COLOR_BGR2RGB
imgRGB3 = cv2.cvtColor(imgBGR3, cv2.COLOR_BGR2RGB
imgRGB4 = cv2.cvtColor(imgBGR4, cv2.COLOR_BGR2RGB

N N N

# subplots 2x2 = 47] & 2 A 3} 1 Window= (10,10) Alo] =2 7 9] 3} a1,
# window 2] ©] &2 ‘Sample Pictures’= % 2] st}

fig, ax = plt.subplots(2, 2, figsize=(10,10), sharey=True)
fig.canvas.set_window_title('Sample Pictures’)




Matplotlib4 : MES 20| A

ax[0][0].axis('off")
ax[0][0].imshow(imgRGB1, aspect = 'auto’)

ax[0][1].axis('off")
ax[0][1].imshow(imgRGB2, aspect = 'auto’)

ax[1][0].axis("off")
ax[1][0].imshow(imgRGB3, aspect = "auto")

ax[1][1].axis("off")
ax[1][1].imshow(imgRGB4, aspect = 'auto’)

plt.subplots_adjust(left=0, bottom=0, right=1, top=1, wspace=0.05, hspace=0.05)
plt.savefig("./data/0206.png", bbox_inches="tight’)
plt.show()




[ JOX ) Sample Pictures ® © @ Sample Pictures

x=508.876 y=424.588 [255, 255, 255]

aspect = auto aspect = default



VideoCapture2t $tH HEA|1-1

import cv2

cap = cv2.VideoCapture('./data/vtest.avi')

frame_size = (int(cap.get(cv2.CAP_PROP_FRAME_WIDTH)),
int(cap.get(cv2.CAP_PROP_FRAME_HEIGHT)))
print(‘frame_size =', frame_size)

while True:
retval, frame = cap.read() * 2] 71 4]
if not retval:
break

cv2.imshow('frame’',frame)

key = cv2.waitKey(25)
if key == 27:
break

if cap.isOpened():
cap.release()
cv2.destroyAllWindows( )




VideoCapture2t 2} HEA[1-2

import cv2

cap = cv2.VideoCapture(0)

cap.set(cv2.CAP_PROP_FRAME_WIDTH, 320)
cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 240)

frame_size = (int(cap.get(cv2.CAP_PROP_FRAME_WIDTH)),
int(cap.get(cv2.CAP_PROP_FRAME_HEIGHT)))
print(‘frame_size =', frame_size)

while True:
retval, frame = cap.read() + 2%l 7174
if not retval:
break

cv2.imshow('frame',frame)

key = cv2.waitKey(25)
if key == 27:
break

if cap.isOpened():
cap.release()
cv2.destroyAllWindows()




HIC|2 g AXetetH &

ot

oA H| 1

cv2.VideoCapture( ) -> <VideoCapture object>
cv2.VideoCapture(filename) -> <VideoCapture object> HC| 225 X d4d
cv2.VideoCapture(device) -> <VideoCapture object>

cv2.VideoCapture.read(image]) -> retval, image o e 2l 5
cv2.VideoCapture.grab() -> retval oo &Y
cv2.VideoCapture.retrieve([image], channel]]) -> retval, image =g =5
cv2.VideoCapture.release( ) HIC|2 2/ 2| siiA|
cv2.VideoCapture.get(property_id) -> retval HIC|2 §d &7

cv2.VideoCapture.set(property_id, value) -> retval HIC 2 54 273




HC|2 =2 AKXt ot H B2A| e

cv2.VideoCapture( ) : HIC| 225 ZHH| 4’4
H|C| 2 I} fllename = 702} 1= device2F H VideoCapture K|S A4St Hr=totlt & X|H 2 = 7
271 L FR 0 F N Y PR 0,12 XY SOt MUY TE FAWS FA| 80| VideoCapture()E BT B

= O O —
% Video Capture.open(filename)O|Lt VideoCapture.open(device)E A AR SHCL VideoCapture.isOpened( )=
AHESHH H|C| 2 AH 7t 7 E[J=XE 2ol & 5+ UCL

=

cv2.VideoCapture.read(image) : Z&{|Q] 25

K7t g2l A(AtE 7158 AH) VideoCapture M2 FE CHS H|C|Q =S &O0tA(grab), C|2 s},
=P QS dist OHZf VideoCapture.grab( ) + VideoCapture.retrieve( )2 O[5t ZICH T Q] WO d-33}
™M retval2 True, I} 5}H FalseES Etah SHC}

cv2.VideoCapture.grab( ) : =& E7|
X7 EEl B2, O3 =82 T 7l(grab) {I5H AE

ofLh =2}
trieve( )= AFEOHOF Oty O3] CHo| 7t Et0 N S7|=tE SH2 =2 A
3=

cv2.VideoCapture.retrieve(image, channel) : Z2| g 25

VideoCapture.grab( )=l &2 C|A TSI imageZ Bzt ot TS HAMo =2 K SHH retval= True, &
o o™

False O|LC}.

cv2.VideoCapture. release() - HIC| 2 = E ZHA| s H|
X7t L2l HEfO| E 2 VideoCapture 21X E ol K|St B =L

4 ¥oje7|
ol k= ¥o= M Ab8 oLt

I_

cv2.VideoCapture.get(property_id) : H|C|2
HIC|@ DhAoAM =g 20lE, & =& =

ojn .||m

cv2.VideoCapture.set(property_id, value) : HIC|2 £ A% s}7]|
H|C|2 It UO| Property §d2 278 M| AFE oL}




property id =82 2

property_id

=F:

cv2.CAP_PROP_POS_MSEC

2| =2 Sl (K|

cv2.CAP_PROP_POS_FRAMES

AN Zofg B

cv2.CAP_PROP_FRAME_WIDTH

HIC|@ Z2f|o| 7I= A7

cv2.CAP_PROP_FRAME_HEIGHT

HIC|@ Z2fe| M= A7

cv2.CAP_PROP_FPS

I=
I
0o
b
H

cv2.CAP_PROP_FOURCC A9l 4Z At
cv2.CAP_PROP_FRAME_COUNT HIC|2 DA0AM 5 =g =
cv2.CAP_PROP_CONVERT_RGB G40| RGBE H2H5|0fF St=X| O &
cv2.CAP_PROP_FORMAT BN Sef =0
CV_CAP_PROP_BRIGHTNESS 7t 2to[ A Hfel 87|
CV_CAP_PROP_CONTRAST 7t 2to[ A S 2l Thb|
CV_CAP_PROP_SATURATION 7tH 2o A Ffol e
CV_CAP_PROP_HUE ZHH 2o A Sl M=
CV_CAP_PROP_GAIN 7tH 2t A F&F 2l Gain
CV_CAP_PROP_EXPOSURE 7t 2tO M B ==




VideoCapture2t 2} HEA[1-2

import cv2
cap = cv2.VideoCapture('http://192.168.1.129:4747/mjpegfeed') # droid cam

frame_size = (int(cap.get(cv2.CAP_PROP_FRAME_WIDTH)),
int(cap.get(cv2.CAP_PROP_FRAME_HEIGHT)))
print(‘frame_size =', frame_size)

while True:
retval, frame = cap.read() # X & <] 78]
if not retval:
break

cv2.imshow('frame',frame)

key = cv2.waitKey(25)
if key == 27: # Esc
break

if cap.isOpened():
cap.release()
cv2.destroyAllWindows()




IroidCam Yideo

- L
(x=253, y=0) ~

frame

R:34 G:33 B:16

Python OpenCV

videoCapture

of 8t EAI1-4

DraoidCam

DroidCam Wireless Webcam

Dev47Apps E7 * %k k- 24407 &

=

@ ] 100 2 il W 23:48
DroidCam @

= "Portal47"

Wifi IP: 192.168.0.168
DroidCam Port: 4747

Android Phone



Pafy (Retrieve YouTube content and. metadata)

pafy 0.5.4 [ —

pip install pafy Ik Last released: Feb 12,2018

Retrieve YouTube content and metadata

Navigation Project description

= Project description ,
J P pypi |v0.5.4 | downloads '14k/month health 92% | build failing

D Release history

Features

&% Download files e Retreive metadata such as viewcount, duration, rating, author, thumbnail, keywords

e Download video or audio at requested resolution / bitrate / format / filesize
e Command line tool (ytdl) for downloading directly from the command line

Project links . o
) ! e Retrieve the URL to stream the video in a player such as vic or mplayer

) Homepage e Works with age-restricted videos and non-embeddable videos
e Small, standalone, single importable module file (pafy.py)
& Download
e Select highest quality stream for download or streaming
e Download video only (no audio) in m4v or webm format
Statistics e Download audio only (no video) in ogg or m4a format

. A . . . Retrei laylists and playlist metadat
View statistics for this project via ¢ netreiveplaylists and playfist metadata

Libraries.io, or by using Google  Works with Python 2.6+ and 3.3+

BigQuery e Optionally depends on youtube-dl (recommended; more stable)



Pafy (Retrieve YouTube content and. metadata)

create a video instance from a YouTube url:

>>> url = "https://www.youtube.com/watch?v=bMt47wvK6u0"
>>> video = pafy.new(url)

get certain attributes:

>>> video.title
'Richard Jones: Introduction to game programming - PyCon 2014’

>>> video.rating
5.0

>>> video.viewcount, video.author, video.length
(1916, 'PyCon 2014', 10394)

>>> video.duration, video.likes, video.dislikes
('02:53:14', 25, 0)

>>> print(video.description)
Speaker: Richard Jones

This tutorial will walk the attendees through development of a simple game using PyGame with time left
over for some experimentation and exploration of different types of games.

Slides can be found at: https://speakerdeck.com/pycon2014 and https://github.com/PyCon/2014-slides




VideoCapturell S5

import cv2, pafy

url = ‘https://www.youtube.com/watch?v=u_Q7DkI7AlK'
video = pafy.new(url)

print(‘title = ', video.title)

print(‘video.rating = ', video.rating)

print(‘video.duration = ', video.duration)

best = video.getbest(preftype='webm')
print(‘best.resolution’, best.resolution)

cap=cv2.VideoCapture(best.url)
while(True):
retval, frame = cap.read()
if not retval:
break

cv2.imshow('frame',frame)

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
edges = cv2.Canny(gray,100,200)
cv2.imshow('edges’,edges)

key = cv2.waitKey(25)
if key ==27: # Esc
break
cv2.destroyAllWindows()




H|C| Q@ TpY =3} B4

Hl 1

cv2.VideoWriter([filename, fourcc, fps, frameSize[, isColor]])

ect>

-> <VideoWriter obj

HIC|2 =5 4K 49

cv2.VideoWriter.write(image)

HIC|< mpaof ofojX| &

cv2.VideoWriter.release( )

HIC|2 =5 A oA

T8 fourcc H|C|2 AH ZX}

g F H| 11
cv2.VideoWriter_fourcc(*'PIM1) MPEG-1
cv2.VideoWriter_fourcc(* MJPG') Motion-JPEG
cv2.VideoWriter_fourcc(*'DIVX') DIVX 4.0 O|2 HH
cv2.VideoWriter_fourcc(*'XVID") XVID, MPEG-4
cv2.VideoWriter_fourcc(*MPEG’) MPEG
cv2.VideoWriter_fourcc(*'X264") H.264/AVC




HIC| 2 ut® XF

CcVv2

cap = cv2.VideoCapture(0)
frame_size = ( (cap.get(cv2.CAP_PROP_FRAME_WIDTH))
(cap.get(cv2.CAP_PROP_FRAME_HEIGHT)))
( frame_size)

fourcc = cv2.VideoWriter_fourcc(x

outl = cv2.VideoWriter( fourcc frame_size)
out?2 cv2.VideoWriter( fourcc frame_size

retval, frame = cap.read()
retval:

outl.write(frame)

gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
out2.write(gray)

cv2.imshow( frame)

cv2.imshow( gray)

key = cv2.waitKey(25)
key == :

cap.release()
outl.release()
out2.release()
cv2.destroyAllWindows ()




Matplotlib H|C|2 C|AZg| 0]

Ccv2
matplotlib.pyplot plt
# 7] 2E€E flot g
handle_key_press(event):
event.key ==
cap.release()
plt.close()

S= OHIEE Xz2[5t7| ¢
handle_close( ) :

(

cap.release()




Matplotlib H|C|2 C|AZg| 0]

cap = cv2.VideoCapture(0)

plt.ion()
fig = plt.figure(
plt.axis( )

fig.canvas.set_window_title( )
fig.canvas.mpl_connect( handle_key_press)
fig.canvas.mpl_connect( handle_close)

retval, frame = cap.read()
im = plt.imshow(cv2.cvtColor(frame, cv2.COLOR_BGR2RGB))

retval, frame = cap.read()
retval:

im.set_array(cv2.cvtColor(frame, cv2.COLOR_BGR2RGB))
fig.canvas.draw() # canvas update

fig.canvas. flush_events()
cap.isOpened():
cap.release()




fig.canvas.mpl_connect(event, func)

https://matplotlib.org/users/event_handling.html

Event connections

fig, ax = plt.subplots()
ax.plot(np.random.rand(10))

def onclick(event):
print('%s click: button=%d, x=%d, y=%d, xdata=%f, ydata=%f"' %
(‘double' if event.dblclick else 'single’, event.button,
event.x, event.y, event.xdata, event.ydata))

cid = fig.canvas.mpl_connect('button_press_event', onclick)

fig.canvas.mpl_disconnect(cid)




fig.canvas.mpl_connect(event, func)

Event name Class and description
'‘button_press_event' MouseEvent - mouse button is pressed

'button_release event' |MouseEvent - mouse button is released

‘draw_event’ DrawEvent - canvas draw (but before screen update)
‘key_press_event' KeyEvent - key is pressed
‘key_release_event' KeyEvent - key is released

'motion_notify_event' |MouseEvent - mouse motion

‘pick_event' PickEvent - an object in the canvas is selected
'resize_event' ResizeEvent - figure canvas is resized
'scroll_event’ MouseEvent - mouse scroll wheel is rolled
‘figure_enter_event' LocationEvent - mouse enters a new figure
‘figure_leave_event’ LocationEvent - mouse leaves a figure
'axes_enter_event' LocationEvent - mouse enters a new axes

‘axes_leave_event’ LocationEvent - mouse leaves an axes



https://matplotlib.org/api/backend_bases_api.html
https://matplotlib.org/api/backend_bases_api.html
https://matplotlib.org/api/backend_bases_api.html
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close event

Example

matplotlib.pyplot

handle_close( ) :

(

fig = plt.figure()
fig.canvas.mpl_connect(

plt.text(
plt.show()

plt

handle close)

0.8 A

0.6 -

0.4

0.2

0.0

Figure 1

Close Me!
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Animation.FuncAnimation [Basic Form]

cv2

matplot!lib.pyplot plt
matplotlib.animation animation

cv2.VideoCapture(0)
plt.figure( =( ))
ig.canvas.set_window_title(
axis( )

init():
im
retval, frame = cap.read()
im = plt.imshow(cv2.cvtColor(frame, cv2.COLOR_BGR2RGB))

updateFrame( frameCount):
retval, frame = cap.read()
(frameCount)

retval:
im.set_array(cv2.cvtColor (frame, cv2.COLOR_BGR2RGB))

ani = animation.FuncAnimation(fig, updateFrame
plt.show()

cap. isOpened():

cap.release()




Animation.FuncAnimation [S2]|A 2]

cv2

matplotlib.pyplot plt
matplotlib.animation animation

Video:
( device=0):
.cap = cv2.VideoCapture(device)
.retval frame = .cap.read()
.im = plt.imshow(cv2.cvtColor ( .frame, cv2.COLOR_BGR2RGB))

( )

updateFrame( Ik
.retval .frame = .cap.read()
.im.set_array(cv2.cvtColor (camera.frame, cv2.COLOR_BGR2RGB))

close( Ik
.cap. isOpened():
.cap.release()

( )

fig =plt.figure()
fig.canvas.set_window_title(
plt.axis( )

camera = Video()

ani = animation.FuncAnimation(fig, camera.updateFrame
plt.show()
camera.close()




Animation.FuncAnimation [22]A

cv2
matplotlib.pyplot plt
matplotlib.animation animation

Video(animation.FuncAnimation):
# __init_2 2HO0 AIEE X=I|gE2 TII5 StCt.
( device=0, fig= frames=
interval= repeat_delay=5, blit= *xkwargs) :

fig .
fig = plt.figure()
.fig.canvas.set_window_title(
plt.axis( )

# M9 2eAS MHAXE S&0tH XD|&8HC.
(Video ( fig .updateFrame = init
SEES =interval =blit
=repeat_delay, **kwargs)
.cap = cv2.VideoCapture(device)

( )

init( ):
retval .frame = .cap.read()
retval:
.im = plt.imshow(cv2.cvtColor ( .frame, cv2.COLOR_BGR2RGB))




Animation.FuncAnimation [22]A

updateFrame( ):
retval frame = .cap.read()
retval:
.im.set_array(cv2.cvtColor (camera.frame, cv2.COLOR_BGR2RGB))

close( ):
.cap. isOpened():
.cap.release()

( )
camera = Video()

plt.show()
camera.close()




airtravel.py

number (

>>> airtravel Flight
>>> f = Flight()
>>> f.number ()




cv2.split & cv2.merge

cv2

src = cv2. imread( cv2. IMREAD_COLOR)
b, g, r = cv2.split(src)
inversebgr = cv2.merge((r, g, b))

cv2. imshow( )
cv2. imshow( o))
cv2. imshow( r)

cv2. imshow( inversebgr)
cv2.waitKey(0)

cv2.destroyAl IWindows()




cv2.split & cv2.merge

cv2
numpy np

src = cv2. imread( cv2. IMREAD_COLOR)
b, g, r = cv2.split(src)

imgorg = cv2.merge((b,g,r))

cv2. imshow( imgorg)

height, width, channel = src.shape
(height, width)
zero = np.zeros((height, width, 1) = np.uint8)

imgB = cv2.merge((b, zero, zero))
imgG = cv2.merge((zero, b, zero))
imgR = cv2.merge((zero, zero, r))

cv2. imshow( imgB)
cv2. imshow( imgG)
cv2. imshow( imgR)
cv2.waitKey(0)
cv2.destroyAl IWindows()




uto|Mo| rhE o|OjX| Tf7|X] Pillow

$ pip install Pillow

im = Image.open(

(im.size)
im.show()

im.save(




Thumbnail 0|0 X| AHAd

PIL | mage

im = Image.open(

size = ( )
im.thumbnail (size)
im.show()

im.save(




0| 0| X| crop / resize / rotate

PlL |mage
im = Image.open(
croplmage = im.crop((
croplmage.show()
croplmage.save(

PIL | mage

im = Image.open(

img2 = im.resize((
img2.save(

img3 = im.rotate(90)
img3.save(




O| O] X| EE{Z (blur)

PIL Image, |mageFilter

im = Image.open( )
blurimage = im.filter(ImageFilter.BLUR)
blur Image.show()

blur Image.save( )




Pillow Alpha blend

PIL | mage

image1 = Image.open(
image2 = Image.open(

image5 = imagel.convert(
image6 = image2.convert (

alphaBlended1 = Image.blend(image5, image6
alphaBlended2 = Image.blend(image5, image6

alphaBlendedi.show()
alphaBlended?2.show( )
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saturate Cﬂ ﬁ




cv2.add(srcl, src2, dst=None, mask=None, dtype=None) -> dst

ol ¢ i |
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[d =
wy |
<0 o7
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= Ol
Bl =z
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v O

* mask:

—
o

w2 Y 88U, enZ2 e 32F

=5 FH&(dst)e| EFY. (e.g.)

e dtype:

E



. 0] AH|Y FArO| 7| 1009+ S} Al7|7|

src = cv2.imread('lenna.bmp', cv2.IMREAD_GRAYSCALE)

dstl = cv2.add(src, 100)

dst2 = src + 100
#dst2 = np.clip(src + 100., 0, 255).astype(np.uint8)

brightness.py



- 2 &9 8701002t F S7I Al 717

src = cv2.imread('lenna.bmp’)

dstl = cv2.add(src, (100, 100, 100, 0))

dst2

np.clip(src + 100., @, 255).astype(np.uint8)

brightness.py
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cv2.add(srcl, src2, dst=None, mask=None, dtype=None) -> dst
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(weighted sum)
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dst(x, y) = saturate(« - srcl(x, y) + [ -src2(x, p))
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» 715 K| 2 (weighted sum)

cv2.addWeighted(srcl, alpha, src2, beta, gamma, dst=None, dtype=None) -> dst

e srcl: AR

I
* alpha: AN HR] o 75K
* src2: TR Hahsrc1df £2 37| & €2 EfY
* beta: T R G 715X
* gamma: 21 S0 F7HECE OE &
e dst: tsX g 2t E4
* dtype: =5 G2idst) 2| EI &



»))
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dst(x, y) = saturate(srcl(x, y) —src2(x




cv2.subtract(srcl, src2, dst=None, mask=None, dtype=None) -> dst

S~ o o &

N o7
o dst:

* mask:

o| Bt

(dst)

« dtype:
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s HSV A =27}

o Al M AL AHO| =B
. TGy T A=l TRENTE
e Saturation: AL, MO| EISIT MBot HET
¢ Value: HL, 510] 8 7]
= HSV 2f B ¢
Red(0°)
s 0<H<179 Yellow Magenta
PR (60°) (300°)
® < §=< 3755
¥ <V < 255
Green Blue
(120°) (240°)

Cyan(180°)

https://ko.wikipedia.org/wiki/HSV_%EC%83%89_%EA%B3%B5%EA%B0%84



Histogram)
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» O|AETE 415}

cv2.calcHist(images, channels, mask, histSize, ranges, hist=None,
accumulate=None) -> hist

* Images:
* channels:
* mask:

* histSize:
* ranges:

* hist:

e accumulate:

\l_}'._Ol-Ol-|':|O|'|I9

=80t galbal=

AEIWE T LS LEE 22

23 S 8 g UMM S| £2EQ- S 7ot T None Xl’“.
A& 018 7 X4210] 37| (¥ (bin)2] H4)E LIEHA S 2] A

A 1RE 2 KPRl Ol | == g SR CRE O 5 ol E|——

AME S|AE D EH (numpy.ndarray)

Z9| hist S|AE O =X 5t 2{H True, MZ THE2{H False.



= 2|0 2FAE B2 S| 2EO F5}Y]

src = cv2.imread('lenna.bmp’', cv2.IMREAD GRAYSCALE)
hist = cv2.calcHist([src], [@], None, [256], [0, 256])

plt.plot(hist)
plt.show()
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2H(Translation transformation)

aff = np.array([[1, 0, 200],
[0, 1, 100]], dtype=np.float32)

dst = cv2.warpAffine(src, aff, (0, 0))
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2t(Shear transformation)

aff = np.array([[1, 0.5, 0],
[0, 1, 0]], dtype=np.float32)

h, w = src.shapel:2]
dst = cv2.warpAffine(src, aff, (w + int(h * 0.5), h))
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FAro| B QF = A (Scale transformation)

dst1 = cv2.resize(src, (0, 0), fx=4, fy=4, interpolation=cv2.INTER_NEAREST)
dst2 = cv2.resize(src, (1920, 1280)) #cvZ.INTER LINEAR

dst3 = cv2.resize(src, (1920, 1280), interpolation=cv2.INTER_CUBIC)

dst4 = cv2.resize(src, (1920, 1280), interpolation=cv2.INTER_LANCZOS4)




FAro| B QF = A (Scale transformation)

» OpenCVe| cv2.resize() & 0| Al = cv2.INTER AREA Z2l|115 AE

Il cv2.INTER _LINEAR cv2.INTER_AREA

>

A N b 4 128x128
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128x128




HAO| 3| M (rotation transformation)

cost-x+sinf-y

=—sinf@-x+cosl-y

- cos® sinf O

—sinf cost O]




Affine Transform Perspective Transform

- Affine Transform N\ ~— Perspective Transform —

Translation

Original

Scaling Rotation Trapazoids
5 i . Y,
gty [ T ™ / AN ™
X d, G Gz || X wXx Pun P Pl ¥
! !
= | d A w =
2 5 & X 2X3 matrix 3x3 matrix Y Pn Pn P
1) L0 0 1T 1) spoF) @DOF) \ W ) |[Pun Pn 1 {1,



Affine Transform

Perspective Transform

Affine o e,
transform
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Affine Transform Perspective Transform

 getAffineTransform VS getPerspectiveTransform

« warpAffine VS warpPerspective
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« J2CIAHE F7|: |Vf|=\/fx2+fy2 “
7
- J2C|HE Bt f=tan™ (%J 4 7 -



AciC|HEL} ofX] EE

dx = cv2.Sobel(src, cv2.CV_32F, 1, 0)
dy = cv2.Sobel(src, cv2.CV_32F, 0, 1)

mag = cv2.magnitude(dx, dy)
mag = np.clip(mag, 0, 255).astype(np.uint8)

dst = np.zeros(src.shape[:2], np.uint8)
dstfmag > 120] = 255
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WLl olX] 2=

dst = cv2.Canny(src, 50, 150




b=-xa+y

ax + b

y:

>

ax+b'

y:




=P

xC0s6 + y sinf

cosd

sin @

sin &



edges = cv2.Canny(src, 50, 150)

lines = cv2.HoughLinesP(edges, 1, np.pi/ 180., 160,
minLineLength=50, maxLineGap=95)







« ol Het HH HE O

blr = cv2.GaussianBlur(gray, (0, 0), 1.0)
circles = cv2.HoughCircles(blr, cv2.HOUGH_GRADIENT, 1, 50,
param1=120, param2=th, minRadius=rmin, maxRadius=rmax)




