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Hul, O 2 HATHLER 2T RS IR 94T 55« OpenCV A& — IR,
T R, Python, C++. Java ZLZFHFEIE S . OpenCV 1 LIEKZHCF S Fig4T, {0 Windows.
Linux F macOS.

1.1 i TAEERBE

B EE%— Python (TP AIAET. HTR] L] Python 3.9 it . Python 3.9 FJLLA Python
(1B 77 W3k https://www.python.org/ #4532 . i FHBRIA 7 & 2ER/I AT .

£ Windows %3¢ Python DUJm, #E4%H] G4 python &k N2 H 58 .

C:\Users\Administrator>python

Python 3.9.6 (tags/v3.9.6:db3ff76, Jun 28 2021, 15:26:21) [MSC v.1929 64 bit (AMD64) ]
on win32

Type "help", "copyright", "credits" or "license" for more information
>>>

1E Windows #:{E RSt N, & Python 3 &/ L IEMi% S, AN LZIEIMRAS:

>python3 -V
Python 3.9.6

¥ Python 3 FITTE 1%

>where python3
C:\Users\Administrator\AppData\Local\Microsoft\WindowsApps\python3.exe

A LAE & — A T 90 5 AR I O K858 . i, 7] LA PyCharm B3 Visual Studio,
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0] AT B ] Notepad+HX FE I U A S E 2590 5 Python {1,

12 &%

fi IR B AR AN pip T
>pip config set global.index-url https://pypi.tuna.tsinghua.edu.cn/simple
%% opencv-contrib-python #Rk ;

>pip install opencv-contrib-python

1.2.1 &M OpenCV Rz
cv2. version fRELTARATFSE . AR E AR ERA, W R,

import cv2
# Print version string

print ( "OpenCV version : {0}".format(cv2. version ))

# Extract major, minor, and subminor version numbers

(major ver, minor ver, subminor ver) = (cv2. version ).split('.')
print ( "Major version : {0}".format (major ver))

print ( "Minor version : {0}".format (minor ver))

print ( "Submior version : {0}".format (subminor ver))

1.2.2 . BRMBENEGC GRS

B RS NGO ER AL BT TH SR B R A
B AR -

# Importing the OpenCV library

import cv2

# Reading the image using imread() function

image = cv2.imread('image.png')

# Extracting the height and width of an image
h, w = image.shape[:2]

# Displaying the height and width

print ("Height = {}, Width = {}".format (h, w))

IAEFRATTRS L TP R AME = 1 RGB H.
VER: OpenCV % BGR P HEZ@EIE . FrLlss 0 MER AT N T G R A R BB R
WAL EUE &= 1 BGR 1H:

# Extracting RGB values.

# Here we have randomly chosen a pixel

# by passing in 100, 100 for height and width
(B, G, R) = image[100, 100]



#1%

# Displaying the pixel values
print ("R = {}, G = {}, B = {}".format(R, G, B))

# We can also pass the channel to extract
# the value for a specific channel

B = image[100, 100, O]

print ("B = {}".format (B))

FERUB M X 3, (ROD:

# We will calculate the region of interest
# by slicing the pixels of the image
roi = image[100 : 500, 200 : 700]

BB

#Displays image inside a window
cv2.imshow ('color image',img color)
cv2.imshow ('grayscale image',6img grayscale)

cv2.imshow ('unchanged image',img unchanged)

# Waits for a keystroke
cv2.waitKey (0)

# Destroys all the windows created

cv2.destroyAllwindows ()
BRI R AR
# Copying the original image

output = image.copy ()

# Adding the text using putText () function

1% J Python 7F X OpenCV #9528 | 3

text = cv2.putText (output, 'OpenCV Demo', (500, 550),
0, 0), 2)

cv2.FONT_HERSHEY_SIMPLEX, 4, (255,
cv2.putText() ek Ed% s 7 S5
(D K&,
(2) ERIRWICA,
(3) L NAAKR, SCANZ MG I 46 LA B
(4) K,
(5) FHRRAN
(6) Fifty (RGB &R,
(7) 47%.
5B

cv2.imwrite ('grayscale.jpg',img grayscale)

1.3 HMINT]

M, HRSERR AN OpenCV F2fft /' —AME

ALy ot

't 18]

B FORPAT IR AR, k3K
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AIMARHL SRR, H F R O IR B o
TSR, FREAE—A VideoCapture X 5. B S AT LUE B 45 2 5| B ST 11
YibRe BRG] REREM ML, FOVIER SEE — ML (FIangic AT Sl L
P E M), FTPUX B RALE 0 (B, il DUBRHZ# 1 SREHE ML, kit
FetlE. ZJm, WTLLIBMEH IR, (E iR )5 AN B ST R AR .
import numpy as np
import cv2 as cv
cap = cv.VideoCapture (0)
if not cap.isOpened() :
print ("Cannot open camera")
exit ()
while True:
# Capture frame-by-frame
ret, frame = cap.read()
# if frame is read correctly ret is True
if not ret:
print ("Can't receive frame (stream end?). Exiting ...")
break
# Our operations on the frame come here
gray = cv.cvtColor (frame, cv.COLOR BGR2GRAY)
# Display the resulting frame
cv.imshow ('frame', gray)
if cv.waitKey(l) == ord('qg'):
break
# When everything done, release the capture
cap.release ()
cv.destroyAllWindows ()

cap.read(i [l — MR (E CGLAMED . APRWIER G, R 2 True. Bk, wTELEAE
T I 3% 1 SR A A AN ) 45 R

AR, cap FTREBCH WIAEALIE TR . FEXAEOLT, AR BoRfiiR. LB cap.isOpened()
JIER B E R BTG .

T LAME R cap.get(propld) 7 ik 7 A BEALAI SFELE D g, o propld /M 0 £ 18 %7,
BRI — N ENE R EEH T . Hrh— 25 AT LS H] cap.set(propld, value)
AT M. X B value & A8 B BT (E

a1, 7] LLI@ T cap.get(cv.CAP_PROP_FRAME_WIDTH)# cap.get(cv.CAP_PROP_FRAME _
HEIGHT) K i) 08 REAI R Lo BRINIEDL IR B/ 640X 480, {HANRAEREHAZET)Y 320X 240,
W {# ] ret=cap.set(cv.CAP_PROP_FRAME_WIDTH, 320)#! ret= cap.set(cv.CAP_PROP_FRAME _
HEIGHT, 240).

MR B 5 AR LA SRR ), IR TR AR LR 51 S SO 4 BT

import numpy as np

import cv2 as cv

cap = cv.VideoCapture('vtest.avi')

while cap.isOpened() :

ret, frame = cap.read()

# if frame is read correctly ret is True
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if not ret:
print ("Can't receive frame (stream end?). Exiting ...")
break

gray = cv.cvtColor (frame, cv.COLOR BGR2GRAY)

cv.imshow ('frame', gray)

if cv.waitKey(l) == ord('qg'):
break

cap.release ()

cv.destroyAllWindows ()

T RAIR DB IZWAE B S, A TEZEORAEZAIT. T AR AP R — 4L
W, AETE BT R BT IE WO, IR ORAF AL

import numpy as np
import cv2 as cv
cap = cv.VideoCapture (0)
# Define the codec and create VideoWriter object
fourcc = cv.VideoWriter fourcc (*'XVID')
out = cv.VideoWriter ('output.avi', fourcc, 20.0, (640, 480))
while cap.isOpened() :
ret, frame = cap.read()

if not ret:

print ("Can't receive frame (stream end?). Exiting ...")
break
frame = cv.flip (frame, 0)

# write the flipped frame

out.write (frame)

cv.imshow ('frame', frame)

if cv.waitKey(l) == ord('qg'):

break

# Release everything if job is finished
cap.release ()
out.release ()

cv.destroyAllWindows ()

1.4 PR

B — R, T EAR IR AR AR AN LS R AR . BRATR BV — A RO B EBIFER B
FE S BIAT f - AR AR

import numpy as np

import cv2 as cv

# Create a black image

img = np.zeros((512,512,3), np.uint8)

# Draw a diagonal blue line with thickness of 5 px
cv.line(img, (0,0), (511,511), (255,0,0),5)

BRHIAET, RS IR EAAE SRR . X IRBA TR BRI 2] —
o SEERSEN
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cv.rectangle (img, (384,0), (510,128), (0,255,0),3)

BE AN, FEE R OAFRAR . FRATHETE LT ] AR T PN i — A ]

cv.circle(img, (447,63), 63, (0,0,255), -1)

BHINER, FELRIANSE. DR OME &k »). TASHERMKE (K
MR, K. angle MRS R &7 I BEFL 1M . startAngle £l endAngle F7x M
RS At 7 e 0 8 PR ARR 2 PR RS s RN 2% 5, RIS B O 1 360 1 H SE B ARl . T TR 2= 51
1E BRI O 2 i — > R [

cv.ellipse (img, (256,256), (100,50),0,0,180,255,-1)

B 2 10T, 56 TR LERNE T RUARAR o FX 28 LU — MR ROWS X1 X2 (%4,
Hrb ROWS 2T 2, BN %2 int32 K8, R H, FRATHEALH—NE 4 DT/
2.

pts = np.array([[10,5],[20,30],([70,201,150,10]]1, np.int32)

pts = pts.reshape((-1,1,2))
cv.polylines (img, [pts], True, (0,255,255))

1.5  EMRAE e

BN HEE EREEARERE, REN ARG EREREH.

1.5.1 EAKX¥ERE
NT ViR FMESUE =8, ek —iEka k.

>>> import numpy as np

>>> import cv2 as cv

>>> img = cv.imread('messi5.jpg')

A LGB AT B AL bR U5 R R . % T BGR Efg, BiREl—Ma&H A, S, 26H
A . T IRFEEMER, R IR SR 3

>>> px = img[100,100]

>>> print ( px )

[157 166 200]

# accessing only blue pixel

>>> blue = img[100,100,0]

>>> print ( blue )

157

LA B 7 B BUER R 18 -
>>> img[100,100] = [255,255,255]
>>> print( img[100,100] )

[255 255 255]

SEAF R R T IR MG 48 77 s -

# accessing RED value
>>> img.item(10,10,2)
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i

59

# modifying RED value

>>> img.itemset ((10,10,2),100)

>>> img.item(10,10,2)

100

BB assT . pIBAEE S, REGEIREN, BEH %%

3L img.shape V7 7] EHE IR . R Bl — MU EATH IEAETE R o (R K502
R

>>> print ( img.shape )

(342, 548, 3)

Bt img.size Ui 15 & A%
>>> print ( img.size )
562248

G2 iE s img.dtype 3R15:

>>> print( img.dtype )

uint8

A, AL R R T B IR R, & e B s R 2T Ak
YIPEEE/RC YN Al ?ﬂiﬂ‘] LR NG DO R RIS, AR RBIREIR . XA
THERATE CBEONIRES SRR BD FtERE (BOARAME— AN XIRA I ERD.

8] NumPy 2 51 3(7% ROL. FEIXHL, 368 7 — BRI/ H G2 G 53— Xk

>>> ball = img[280:340, 330:390]

>>> img[273:333, 100:160] = ball

A FR A PR By Gy REIE. EXMIEIT, 7204 BGR K& 8 48
o FEHABKEOL T, FTRERE EIN X L SR K SE R 61 BGR IR . T Dd e BAR 77 30 it
RN — R

>>> b,g,r = cv.split (img)

>>> img = cv.merge ((b,g,r))

RSP EOARRBE N 0, AT ESEHR /M EIE, A NumPy 2 5] SR

>>> img[:,:,2] = 0

1.5.2 BEBLEHNEREZEHE

AT LA H OpenCV iRk cv.add() 4 fi F il i NumPy #8475 res = img1 + img2 AH NP ME E1A .
P PG % EL A A F] R PR FE AN SR AL, B 28 iR MG T AR R — M .
Bltn, RN R

>>> x = np.uint8([250])
>>> y = np.uint8([10])

>>> print( cv.add(x,y) ) # 250+10 = 260 => 255
[[255]]
>>> print( x+y ) # 250+10 = 260 % 256 = 4

[4]

NEBI T AN F RIBCE, B A2 1R & B W1 AR B2 R AR . AR A DL S U AR -
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g(x)=(1l-a) fo(x)tafi(x)

IR a N 0—1 424k, W LAFE—ME ER 3 55— R TR PAT — MRS )

TEIXH, H iR ERR A 7E . B IEEBRBE 0.7, 25 _iREEIRE) 03, @
il cv.addWeighted()#5 LA T 45 308 HI T BI& -

dst=qa-imgl+B-img2+y

Xy BUE A 0,
imgl = cv.imread('ml.png'")
img2 = cv.imread('opencv-logo.png')

dst = cv.addWeighted(imgl,0.7,img2,0.3,0)
cv.imshow ('dst',dst)

cv.waitKey (0)

cv.destroyAllWindows ()

frisFafFEEA S, 8. ARMREUaf. ENERBIEGRAEMED . & SCNE AR
ROI AR Ao N IHEA TR 21— U] 5 e B B R R XIS 7 5

1R OpenCV BUFRUERIE LJ5 . BB MMIEEIER, ExirZgite. mARSEN, =
RREFEYRRCR . EREERAEWR. GRE2Z MR X, 7R E— AR ROL.
{B7& OpenCV FrEAR—MER. BEit, W LMERZAIZERTHR, WHFios:

# Load two images

imgl = cv.imread('messi5.jpg')

img2 = cv.imread ('opencv-logo-white.png"')

# I want to put logo on top-left corner, So I create a ROI
rows, cols,channels = img2.shape

roi = imgl[O:rows, 0O:cols]

# Now create a mask of logo and create its inverse mask also
img2gray = cv.cvtColor (img2,cv.COLOR BGR2GRAY)

ret, mask = cv.threshold(img2gray, 10, 255, cv.THRESH BINARY)
mask inv = cv.bitwise not (mask)

# Now black-out the area of logo in ROI

imgl_bg = cv.bitwise_and(roi,roi,mask = mask_inv)

# Take only region of logo from logo image.

img2 fg = cv.bitwise and(img2,img2,mask = mask)

# Put logo in ROI and modify the main image

dst = cv.add(imgl bg,img2 fqg)

imgl[O:rows, 0O:cols ] = dst

cv.imshow('res',imgl)

cv.waitKey (0)

cv.destroyAllWindows ()

1.6 HUEEIA 4]

OpenCV 1 F 5512 (1 P A €0, 2% [|) #5400 75 105 /& BGRGRAY (JKFE) Fl BGRHSV.
PR, 7 (1) 4 45 1T DA BR 28 ev.ovtColor(input_image, flag), A flag HE 4 i 2 8L,
XFT BGR— K FE e 73 (Al ) 4, mf LAd A ARE cv.COLOR_BGR2GRAY . FfiHh, *FT
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BGR—HSV Fifa 7 8] (1545, 7] LMEHFRE cv.COLOR_BGR2HSV ., R fbrE, RAHE
Python 3z {7 LA Mg 4

>>> import cv2 as cv

>>> flags = [i1 for i in dir(cv) if i.startswith('COLOR ')]

>>> print( flags )

BT 4248 7 anfrfs BGR 5 6a 7 (8] (¥ B Fe ey HSV Bite 2= A S, BAE W] LA A
BRIRHUE BT R . 1E HSV B A1 R m B LU BGR B[ A 5. 15 F IS HET
o, R RRUE B R TR

(1) BT .

(2) M BGR Bith 7 [A] % 45 31| HSV Zite =7 [a] .

(3) X HSV Bl =[] iy B 16 5 €0 Y TR 1 B 1

(4) FBREREUEE (X 5, AT LUK UGB (T AR A

T A VAR A -

import cv2 as cv

import numpy as np

cap = cv.VideoCapture (0)

while (1) :

# Take each frame
_, frame = cap.read()
# Convert BGR to HSV
hsv = cv.cvtColor (frame, cv.COLOR BGRZ2HSV)
# define range of blue color in HSV
lower blue = np.array([110,50,50])
upper blue = np.array([130,255,255])
# Threshold the HSV image to get only blue colors
mask = cv.inRange (hsv, lower blue, upper blue)
# Bitwise-AND mask and original image
res = cv.bitwise and(frame, frame, mask= mask)
cv.imshow ('frame', frame)
cv.imshow ('mask',mask)
cv.imshow ('res', res)
k = cv.waitKey(5) & OxFF
if k == 27:
break
cv.destroyAllWindows ()

1.7 B

AT YRR . ke AN B AR SR R R .
B, SAM TR EGREE,

# importing the numpy module to work with pixels in images

import numpy as np

# importing argument parsers
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import argparse

# importing the OpenCV module

import cv2
TR, WESHURNTA, LUMERT DU I8 BRI o< BE SCIHAL E RN

# initializing an argument parser object

ap = argparse.ArgumentParser ()

# adding the argument, providing the user an option
# to input the path of the image

ap.add_argument ("-i", "--image", required=True, help="Path to the image")

# parsing the argument

args = vars (ap.parse args())

£ OpenCV H{EHI A, B a2 SC— M A BIHR DL x SR p 3678 (1 e 2
warpAffine() s B BEFZ WA IR, BIRICT R, AT I RE b 2 i R .
e, R YA MR IR AR -

# defining a function for translation

def translate(image, x, y):

# defining the translation matrix
M = np.float32([[1, 0, x], [0, 1, y11)

# the cv2.warpAffine method does the actual translation
# containing the input image and the translation matrix

shifted = cv2.warpAffine (image, M, (image.shape[l], image.shape[0]))

# we then return the image

return shifted

BUE, OF T fsr il NS4 A4S . translate() BR B4R 1 X6H IR A4 7 2R ELBE R
# reads the image from image location
image = cv2.imread(args["image"])

cv2.imshow ("Original", image)

# call the translation function to translate the image
shifted = translate(image, 0, 100)

cv2.imshow ("Shifted Down", shifted)

cv2.waitKey (0)

BB B 1Z 2 IS B — R 5 R A G — ke ) N3 100 BRI EIE .

N JeE ARG R, DR S 0 — AT ARk e A

rotate() bR AFEIR MG, 20U E A MG IR A B, AL I3 obs 75 B rh o R 4 TEUT BRI
cv2.getRotationMatrix2D() ] LARIE —ANHERE, 2508 FEAE AR T I S it 4% 15
RGBT S

# defining a function for rotation
def rotate(image, angle, center=None, scale=1.0):

(h, w) = image.shape[:2]
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if center is None:
center = (w / 2, h / 2)

# the cv2.getRotationMatrix2D allows us to create a
# Rotation matrix

M = cv2.getRotationMatrix2D (center, angle, scale)

# the warpAffine function allows us to rotate the image
# using the rotation matrix

rotated = cv2.warpAffine(image, M, (w, h))

return rotated
PAE, AR O BRI BEAN R ) A R ki R 2
# rotating the image by 45 degrees

rotated = rotate (image, 45)

cv2.imshow ("Rotated by 45 Degrees", rotated)

# rotating the image by 90 degrees
rotated = rotate (image, 90)

cv2.imshow ("Rotated by -90 Degrees", rotated)

# rotating the image by 180 degrees
rotated = rotate(image, 180)
cv2.imshow ("Rotated by 180 degrees", rotated)

OpenCV H (EH AR i 41, UG 2 —/Nj 5L flip()p& 2 BITAT
V2 flipO R ERIW AN ZH: —DREBAL: 5 DR umiee Eg . S Hakn
R 1-1 Por.

x1-1 BERSHER

Z ¥ & i EREE E 1R
0 T EL R
1 KT R
-1 & AR R

B R ARG A T

# flipping the image horizontally

flipped = cv2.flip(image, 1)

cv2.imshow ("Flipped Horizontally", flipped)

# flipping the image vertically
flipped = cv2.flip(image, 0)
cv2.imshow ("Flipped Vertically", flipped)

# flipping the image vertically and horizontally
flipped = cv2.flip(image, -1)
cv2.imshow ("Flipped Vertically and Horizontally", flipped)
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# wait for the user's key to proceed

cv2.waitKey (0)

£ ov2 T BB AE Python Frj I ZIR —FERI L. BOA R T ERIREL BOVAT EX
AR

LU E BT

# displaying the width and height of the image

print ("Width", image.shapell])
print ("Height", image.shapel[0])

# cropping the image manually
face = image[:400, :600]
cv2.imshow ("Face", face)

cv2.waitKey (0)

# cropping the image manually
body = image[400:600, 120:600]
cv2.imshow ("Body", body)
cv2.waitKey (0)

1.8 FEHRBIEALBE

AU R BEAL . H SN RE A Otsu R1E L.

1.8.1 HHEFEKL

T L R B A A2 B T 2, RIS TR G R AR AR R B . W SRR RN T BME,
WERHO, HNEE N K. FE cv.threshold ) TS B . KB E—NSEOE R EE,
POZ KRG 5 oASHOEH TG RERATENRE; =S50 i@l =iE
G ZAE IR KM . OpenCV $24E T RFEZRA I REAL, HEREHIHENUANS A . LRk
{14 5 A 0 140 Ach P 2 3 3 A F 27 ov. THRESH. BINARY 52101 T (i B () BB AL KA
cv.THRESH BINARY.

e cv.THRESH BINARY INV.

e Ccv.THRESH TRUNC.

e cv.THRESH TOZERO.

e cv.THRESH TOZERO INV,

FOTEIR AN S AR BIE: 58 AN 2 B R
R AR A 1 AN ) (1) a7 R R A A R R

import cv2 as cv

import numpy as np

from matplotlib import pyplot as plt

img = cv.imread('gradient.png',0)

ret, threshl = cv.threshold(img,127,255, cv.THRESH BINARY)
ret, thresh2 = cv.threshold(img,127,255, cv.THRESH BINARY INV)
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ret,thresh3 = cv.threshold(img, 127,255, cv.THRESH TRUNC)

ret,thresh4 = cv.threshold(img, 127,255, cv.THRESH TOZERO)

ret,thresh5 = cv.threshold(img, 127,255, cv.THRESH TOZERO_INV)

titles = ['Original Image', 'BINARY', 'BINARY INV', 'TRUNC', 'TOZERO', 'TOZERO_ INV']

images = [img, threshl, thresh2, thresh3, thresh4, thresh5]

for i in range(6):
plt.subplot(2,3,i+l),plt.imshow(images[i], 'gray', vmin=0,vmax=255)
plt.title(titles[i])
plt.xticks ([]),plt.yticks([])

plt.show ()

1.8.2 HENBEWL

1.8.1 7%, EH T — "M mEENEE, (XA g AEH TIraE S, flan, mREBRLE
AN XA AR IR 254 . FERXAEACT, H@E N BEA AT DRI B . A E, HiEM
BRI SEE AR 15 2 R L /N X S e A8 R B BRMEL, RG] DAy [R]— U AEAS [B] X S8R 1A [ () 1
1B, T BA AN A IR B 2 AR BB SR A T S AF A 2R

7 FiRSH 2 4, ik cv.adaptiveThreshold B0 LA 3 My NS %,

(1) 2% AdaptiveMethod ¥ 5E #{a] 11 5 1A -

e cv.ADAPTIVE_THRESH _MEAN_C: B{E 248 M- FEm L EE C.

® cv.ADAPTIVE THRESH_GAUSSIAN_C: [ {E /221 38 1 1 i BORI i 2 8 44 Cs

(2) Z:% blockSize i A3k X I 1 Ko

(3) %4 C 72 RGP 3 (B BRI s 25 1 4

T ARG LA T R AN ) HE B R PR ) 2 T R A AR S R AL«

import cv2 as cv

import numpy as np

from matplotlib import pyplot as plt

img = cv.imread('sudoku.png',0)

img = cv.medianBlur (img,5)

ret,thl = cv.threshold(img,127,255,cv.THRESH BINARY)

th2 = cv.adaptiveThreshold(img, 255, cv.ADAPTIVE THRESH MEAN C,\

cv.THRESH BINARY,11,2)

th3 = CV.adaptiveThreshold(img,255,cv.ADAPTIVEiTHRESHiGAUSSIAN7C,\

cv.THRESH BINARY,11,2)

titles = ['Original Image', 'Global Thresholding (v = 127)"',

'Adaptive Mean Thresholding', 'Adaptive Gaussian Thresholding']
images = [img, thl, th2, th3]
for i in range (4):
plt.subplot(2,2,i+1l),plt.imshow(images[i], 'gray')
plt.title(titles[i])
plt.xticks ([]),plt.yticks([])

plt.show ()

1.8.3 Otsu —{&1t
EEFRES, o LEAEREFEAMERENRE. M2, Otsu (FKRKMEFZE) Fik
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WG | AU —ME T B A E .
AR EGEREG UEEIR, LB ENESHANEE . — AN sME
FAEX P MER F ] KBA, Otsu J5 ik MEHE BT B e 1 — st 4R BE -
Sy, (4 T cv.threshold()eki%k, o cv. THRESH OTSU 1E N%iAMzEAL . B{E ] LAME
R FE. SRR B S — A R (8] ) B A
W R, W RL T S e e e A R N RGO R A R, FEEE Rl
T, NMHAMEN 127 W4 mBIE: 7258 MG, BN Otsu BE: fER=MIENT, Bk
T 5X5 m i R #EAT T 8 LA L BRgE S, SR )5 R Otsu B1E .
import cv2 as cv
import numpy as np
from matplotlib import pyplot as plt
img = cv.imread('noisy2.png',0)
# global thresholding
retl,thl = cv.threshold(img,127,255,cv.THRESH BINARY)
# Otsu's thresholding
ret2,th2 = cv.threshold(img, 0,255, cv.THRESH BINARY+cv.THRESH OTSU)
# Otsu's thresholding after Gaussian filtering
blur = cv.GaussianBlur (img, (5,5),0)
ret3,th3 = cv.threshold(blur,0,255,cv.THRESH BINARY+cv.THRESH OTSU)
# plot all the images and their histograms
images = [img, 0, thl,
img, 0, th2,
blur, 0, th3]
titles = ['Original Noisy Image', 'Histogram',6 'Global Thresholding (v=127)"',
'Original Noisy Image', 'Histogram',"Otsu's Thresholding",
'Gaussian filtered Image', 'Histogram',"Otsu's Thresholding"]
for i in range(3):

plt.subplot(3,3,i*3+1),plt.imshow (images[i*3], 'gray")

plt.title(titles[i*3]), plt.xticks([]), plt.yticks([])

plt.subplot(3,3,1i*3+2),plt.hist (images[i*3].ravel(),256)

plt.title(titles[i*3+1]), plt.xticks([]), plt.yticks(I[])

plt.subplot(3,3,1i*3+3),plt.imshow (images[i*3+2], '"gray"')

plt.title(titles[1i*3+2]), plt.xticks([]), plt.yticks(I[])
plt.show ()

1.9 “FikEig

54558, EEEATPUE A RE s (LPF), =ilygas (HPF) SFdEATJE
o Hrp, LPFAAET-EERMGES . BHIEESE; HPF A8 HERGH Ikl %.

OpenCV 4t | — B EL ev filter2 DO A% 5 EBHATEMR . Billn, fERG 27y
JEM AR, AT T T ARG R A A R

import numpy as np

import cv2 as cv

from matplotlib import pyplot as plt
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img = cv.imread('opencv_logo.png')

kernel = np.ones((5,5),np.float32)/25

dst = cv.filter2D(img,-1,kernel)
plt.subplot(121),plt.imshow (img),plt.title('Original')
plt.xticks([]), plt.yticks(I[])
plt.subplot(122),plt.imshow(dst),plt.title('Averaging’')
plt.xticks([]), plt.yticks(I[])

plt.show ()

PR 2 I DR B R S B e I A8 WAZ AT B ARSI . EX T BRI A RA M. €
bR E NG B T EAN A GRS 1420, Frbl, TERXAMEIET LGS AR (WA
AR IREIEARD . OpenCV $24E 1 4 Fi 3= ZR A I BIEA .

1. F14

AR RS V1 — R B S T B S M . B R B AZ X AR R 1T
BEIFEHA LR . KRB KL cvblur(E ev.boxFilter()5E R . IR BIEREH 5X5
KAAKIN R

import cv2 as cv

import numpy as np

from matplotlib import pyplot as plt

img = cv.imread ('opencv-logo-white.png"')

blur = cv.blur (img, (5,5))
plt.subplot(121),plt.imshow(img),plt.title('Original’')

plt.xticks([]), plt.yticks([])
plt.subplot(122),plt.imshow (blur),plt.title ('Blurred"')
plt.xticks([]), plt.yticks([])

plt.show ()

2. SETEM

T, [FHEIZAAE SR 2% . X iE i L cv.GaussianBlur() 58 i) . 7EH it
R, MNAZIEE WIS RS, AN IR A B RO 48 € X MY J7 bR
R 7= sigmaX fl sigmaY. @1RANEEE sigmaX, N sigmaY 5 sigmaX #H[E; W pE A NE,
MPEATTZARYE AL RN o BB T AN G 25 ok v e 75 5 2

IR, W LME R EL ov.getGaussianKernel ()81 & = A% .

T AR AT DIAE A R -

blur = cv.GaussianBlur (img, (5,5),0)

3. {EEH]

XH, L cv.medianBlur)BNZIX T IR AR = E, IR Bz E. X
XEUG ML R A . ABIE, £ LRdyESsS, PR E&irErE, TR
RGH G R EBOME. (EREREREBF, FOmRaEHEEGEFHEGRES K. A
HUBRAR TS . BRI N KN R — AN IR

RN, NIFEGEEGIINT 50% 08 s N T A ERR

median = cv.medianBlur (img,5)

4. Wb
cv.bilateralFilter()f£ (REFIA BRI I RN 25 BRI AR A2, HS HAMILIE SR, BRIEE
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FEREAS . AR AT AN, e I AR A AR A (4RI DR B T R IO . XA
TEBAR R A AR R bR KL, RIFESERN B S IHE B R . EABEERZ G AAILTHA
HISREE, AZEBRETNALGEER, Pl il ©ibsg, HIZEABER.

MOLPEPAE 2] LR T gy, (B2 7 —DEignids, eRBRENRE. =
1A P e 357 B 50 O R 28 RS YT AR SRBEAT ORI A B, T 2 222 7 ) i 30 o 808 O X585 R XA
e 5t O R A AR IR R AT RO AL B . RURIL G AL IR R 2 AR KIS AL, it
e R 1A%

NN TN P Sk &k A E R

blur = cv.bilateralFilter(img,9,75,75)

1.10 JEETHn

TR AR FET FGTAR I — Se ] SR AE . e 78 ik B BT . EREWNAHIA
—ARIFMREG A N PRRNE M TTER BN, ERE TIRIEIE . AR IR SR T
REEAEZAK. K5, ERRRIER (Mot Mz, SRS TR AEIEM .

1. Bk

JEE Tt ) 2 A AR AR H IR Tk — 4, R T RT SR IIL S (R R R BREFIT SOV A E),
Wz, EEHAVERYE? WZAERGPIE) (e 2D HRF). RA 9N TRITEER RN
LI, JFUSEEPRSENMER (180 A2l 1, SWES#UEM (2 0),

PR AR, TR A GERECR RS WAL M B3 I, AT iR
JERE BRS8N . B T RBRAN AR L 2 B AN ERL
XHRFRAH

X, fEN—BT, A SXS A, ERIES - T TIER:

import cv2 as cv

import numpy as np

img = cv.imread('j.png',0)
kernel = np.ones((5,5),np.uint8)

erosion = cv.erode (img, kernel,iterations = 1)

2. BRK

K SIS IR G A S X, RN N RS —MEEN “17, MGRETRN “17. W
BEREZAK I N 1 A Y X SR R RN W, FELEREAE SRR, i e
K. OIS UEER 7 EAMES, HEhgih TR, Pl ske. mTmRaEeT, BiA
SR, X RMTHARIEIN T o K AT T IE R R AR )

dilation = cv.dilate (img, kernel,iterations = 1)

3. FEE

T H R R R KK 73— DK EAEH RS S T RA . X AT A B %
cv.morphologyEx():

opening = cv.morphologyEx (img, cv.MORPH OPEN, kernel)
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4. NiEE
HWisH S HEAM R, KGR . &) T 2% AR5 G N BB /N LB 5 /N

closing = cv.morphologyEx (img, cv.MORPH CLOSE, kernel)

5. BKEFHE
XA K A B B8 2 T s B RS B 2 E R, Al R ER BT RIS R
gradient = cv.morphologyEx (img, cv.MORPH GRADIENT, kernel)
6. FL1&
ALIR R B G AT T2 5 2 J A5 20 A R R Z B B . N AR GRS 9X9 W% 5E
R o
tophat = cv.morphologyEx (img, cv.MORPH TOPHAT, kernel)

-----

AR EHE AN AT ia 5 2 SR A5 2 R i 2= AR

blackhat = cv.morphologyEx (img, cv.MORPH BLACKHAT, kernel)

TERTTRI R, 16 NumPy (#) F EFah00E 7 — AL R . SR KRN, (BIER
LeAE AL, AT RE T AR BB RN . BTN TRXANH K, OpenCV 24t 17— e 3
cv.getStructuringElement() . F1J 13X A B8 B0 54238 N AZ BOTEARFIR AN, RIVATSRAG T 75 B9 A
ARSI -

# Rectangular Kernel
>>> cv.getStructuringElement (cv.MORPH RECT, (5,5))

array([[1, 1, 1, 1, 1],
(1, l, 1, 1, 11,
i, i, 1, i, ij,
i, i, 1, i, ij,
rr, 1, 1, 1, 111, dtype=uint8)

# Elliptical Kernel
>>> cv.getStructuringElement (cv.MORPH ELLIPSE, (5,5))

array([[0O, O, 1, 0, 0],
[1, l, 1, 1, 11,
i, i, i, 1, 17,
i, i, i, 1, 17,

[0, 0, 1, 0, 011, dtype=uint8)
# Cross-shaped Kernel
>>> cv.getStructuringElement (cv.MORPH CROSS, (5,5))

array([[0, 0, 1, 0, 0],
(o, o, 1, o, 01,
i, i, i, 1, 17,
(o, o, 1, o, 01,
[0, 0, 1, 0, 011, dtype=uint8)

1.11  BESAM

RGN —AERGR, et E R arE, WKEE. £/ 1-1 F, BEE
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(DX IR BE A, B AN 1 H A R MR 1K 2 X I

1-1 BEA

OpenCV &4t 1 —F 7 B R FRAS B AL, FEARYE A R RHAE S FgEATId 98 . Fiie—
AT B 1 2

# Standard imports

import cv2

import numpy as np;

# Read image
im = cv2.imread("blob.jpg", cv2.IMREAD GRAYSCALE)

# Set up the detector with default parameters
detector = cv2.SimpleBlobDetector ()

# Detect blobs.
keypoints = detector.detect (im)

# Draw detected blobs as red circles

# cv2.DRAW_MATCHES_FLAGS_DRAW_RICH_KEYPOINTS ensures the size of the circle corresponds
to the size of blob

im with keypoints = cv2.drawKeypoints (im, keypoints, np.array([]), (0,0,255),
cv2.DRAW MATCHES FLAGS DRAW RICH KEYPOINTS)

# Show keypoints
cv2.imshow ("Keypoints", im with keypoints)

cv2.waitKey (0)
Jii44 B, SimpleBlobDetector #2& 4T~ [l 3A Y — N AH 24 i B S5k
1. BEENSE
ZEVERA LT PR,
(1) A I . 38 {5 A A\ minThreshold F 46 (1 B (R R BUEGEEAT BI(E AL 2], R0 BG4
W2 AN EEG . XL R{E % thresholdStep i34, H | maxThreshold. FrlA, Z—/ME{E
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#& minThreshold, £ —/>#% minThreshold + thresholdStep, #f=-/& minThreshold+2 x thresholdStep,
MRS

() . AN EHEGT, EENAEE R HE R, ROTRE A (ER .

(3) & HE ARG AP ARG, ST minDistBetweenBlobs BT BE A .

(4) FULARER TR . TR IR BTG FE I BE S O AR AR

2. BEMXI

ZEERSHEER]. AT E SimpleBlobDetector [ 20k it SEFRATTAR EL 1 BE 55T

IDRECT RN S 7 =t

B JEDE S, 5, FREE filterByColor = 1, & & blobColor = 0 LUk £ BT A,
B H blobColor =255 M F T B0 1 BE

n] LB 1% B 23 filterByArea = 1 L minArea £l maxArea H3& 2418 , AR HE /DNt BT &5,
0, WE minArea =100, HiduEEFTA/NT 100 FE B

2) ¥R BB A

WAE, AREALUTF =AM

(D B, X Rl s 50 EEa . B, E/NU% L IETT A S m R .

BRI pE, i E filterByCircularity = 1, #&)5 A minCircularity A maxCircularity ¥ & &
4mArea

ENiolIER TE%)‘U\JWO XEWEREEZ 1, ETRREEN 0.785, KILAHE.
PR AR . s L
(2) M. &WEX?}WO BUE, TR A2 52 At BZ IR I 5 5 T T

TR N T M, R E filterByConvexity = 1, R/Fi%E 0<minConvexity<<1 F H.
maxConvexity<1.

(3) MBPEEL . BUPEEL AT DA SR SRR KRR B . Blan, X, i 72 1 XA,
BAEO M 1 28] T —2k4k, Bt 0. A7, & filterBylnertia = 1, Jfi&
% B 0<<minlnertiaRatio<\1 Fll maxInertiaRatio<{1.

A SimpleBlobDetector W B S HIRE S . N2 — T

# Setup SimpleBlobDetector parameters.
params = cv2.SimpleBlobDetector Params ()

# Change thresholds
params.minThreshold

10;
200;

params.maxThreshold

# Filter by Area.
params.filterByArea = True

params.minArea = 1500

# Filter by Circularity
params.filterByCircularity = True
params.minCircularity = 0.1

# Filter by Convexity
params.filterByConvexity = True
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params.minConvexity = 0.87

# Filter by Inertia

params.filterByInertia = True

params.minInertiaRatio = 0.01

# Create a detector with the parameters

ver = (cv2._ version ).split('.')

if int(ver[0]) < 3 :
detector = cv2.SimpleBlobDetector (params)
else :

detector = cv2.SimpleBlobDetector create (params)

1.12 Sobel g ji ik

LGN T EE IR TR R B R TR R R e AR

o B F IR BRI R RIBEE, LAREVSAE x Ay J7 A EARISRANIL 2 (11X 35
B SR Z AR . BARW IR R B s g LB (EX T 2R
AL BRESREE.

o FRERIFEMERY, 5FEMK, SHERFEME. 58, BRERRRAIEERY)
LRl TEAERHL UL, BA AR A BR ORI R R 7 1), HOR/ N2 1207 [ B ETE ROREAR .

FEFEIAL T, ARG A R EROAY— N IEREE, MAAGRE AR EZ 1

TR,

Sobel W ZAG M 77V Python ALAD 1«

# Python program to Edge detection

# using OpenCV in Python

# using Sobel edge detection

# and laplacian method

import cv2

import numpy as np

#Capture livestream video content from camera 0

cap = cv2.VideoCapture (0)
while (1) :

# Take each frame

_, frame = cap.read()

# Convert to HSV for simpler calculations
hsv = cv2.cvtColor (frame, cv2.COLOR BGR2HSV)

# Calculation of Sobelx
sobelx = cv2.Sobel (frame,cv2.CV_64F,1,0,ksize=5)
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# Calculation of Sobely
sobely = cv2.Sobel (frame,cv2.CV_64F,0,1, ksize=5)

# Calculation of Laplacian

laplacian = cv2.Laplacian(frame,cv2.CV_64F)

cv2.imshow ('sobelx', sobelx)
cv2.imshow ('sobely', sobely)
cv2.imshow ('laplacian', laplacian)
k = cv2.waitKey (5) & OxFF

if k == 27:

break
cv2.destroyAllWindows ()

#release the frame

cap.release ()

By BB — MRS . ZIEFEEAT A AP RR 2 1) RGB/BGR/HSY (& B & i)
gt aEa) 8.
TR SRR SR T R O DI R T, RT3, F)OY Sobel
TR, FA BB R TR RIS ANREE .
o KTRIURFH(Sobel x): i EE SHOMZHIFERE GG . 2RI A R A T4
KA KNN3 I RZ A B Bl 5 A R O
o FEHRIURFH(Sobely): il EE SHOMZHIFER GG . R4 R A T
KAN, KNS 3 A 2 e T R R AR O

1.13 Canny 14

Canny Al 2 —MiAT A SN & . Xt — N2 BEE.

(1) B TGN 5 =2 2 BUR e S B sz, Rk sE — B RAEH 5X5 Sl ss
ERREUR

(2) FHREBGREERE . tFE GRS 2 BUR AL, AR R K AR 2
L, TG K AR R R T . 4R, XD R RI T Re . BONKEAR L
P T AT RE RIS, AR R,

(3) HAEs R RIS ETR R T A 5, X EG 34T AT A4 DA 2L BR vl BEANAA il 2%
PUEFI AT EZNG =

(4) i faRME. XA BOR e 2 BRI, WREASE . Ak, FFEPNRI{E minVal
maxValo A58 K T maxVal (U4 € 2%, (KT minVal filZ4E & 2 dFil %,
MBS AL T XA BIE 2 8] B AR Le A 4 e AT T Rl P o3 S i S el ARl 4 .

FrbL, FRATE A5 22 BUR H 1) 2

OpenCV ¥4 iR BT 125 IE SN B3 ev.Canny () . EIE — NS HCERMANEL, 54
I =247 7 & minVal fl maxVal.
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import numpy as np

import cv2 as cv

from matplotlib import pyplot as plt

img = cv.imread('messi5.jpg',0)

edges = cv.Canny(img,100,200)
plt.subplot(121),plt.imshow (img,cmap = 'gray')

plt.title('Original Image'), plt.xticks([]), plt.yticks([])
plt.subplot(122),plt.imshow (edges,cmap = 'gray')
plt.title('Edge Image'), plt.xticks([]), plt.yticks([])
plt.show ()

1.14 BRI

BRI, v ARSI RIS, FEE B R A e FEAIE 22 H
BB S —2, Bl BT SR, AR . RIAT R )
— e 1) S FH AR P R R B AT S B A I B A . X B e T
o EEhkl. EMEMLT, SIREARGIREZ N, nE NI SRR, 2Z 8
BRI AR EES AT R T NEE BRI, B A A o
o TNEEMEKI . A AT NEE KPR — B T SEvik . —Ma R H %
AR SR RE A s R SR I e Y AT G AR ST SR
o WR/AIEAHE. EHEBRME RBN S, HEPATEE TSR BT EIG
GrED . AF R — Rl F T AT 2 B T
LIADERE DX RILA LR J, AR AR, 8%, Rt RAH
[F e AR FE PRI S8 3 . OpenCV HAE BUE rh B AN AL B AR 1S AR A o e 4R AL T4
fAT B K %k findContours() A1 drawContours().
AN, B RIS [E] (S BRI 49%:: CHAIN. APPROX_SIMPLE #1 CHAIN. APPROX_NONE,
7E OpenCV H RS I 22 1) 8 80 1) 5 SR AN F
(1) B EG I F A o AR A% 2
VB EHONKEEARE B2, FOAE RN T — DA R K BG4 P s iE K
EHGN T B AL AR E T, T 3K SR A0 RS I AR 8 A A b R 19
(2) N = AH B
TEFHRECHRET, 2 S0 A B8 —AE B B Canny Al 7EIXHL, FRATRE R
F —AE BIA
X G R A, R RN BRI 5, R A AR S . BIE AR
RGN RIE R B2 A, A BREREAA MR ERE . ZEEIAE] DX H BB R
RIS SR
HE: AN KB OBRERBEAAE AR I 2R,
(3) HHNHER.
{8 H findContours() k& £k Il L A )56 56
(4) 7EJ5%4 RGB E{% _E2H1%e )5
e feE S5, A drawContours() R HUK 0 58 S AL 5l RGB B4 L.
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HHE A OpenCV, SR 1EEHU A BIE -

import cv2

# read the image

ima

ge = cv2.imread('input/image 1.jpg"')

BRI evtColor()pd #os 5 ln RGB BBy K L IR

# c

onvert the image to grayscale format

img gray = cv2.cvtColor (image, cv2.COLOR BGR2GRAY)

BUfE, f#H] threshold() & Hieke — 2t il BIELN I T BB . AEMIERT 150 MR AR E
NE 255 (At SREGTRITARREREHREN O CGRED. BE 150 Z2—PiES
Ko, R AT PO H BT

Bl G, A imshow( BT HLL —EHEE, W HPR.

# a
ret

pply binary thresholding
, thresh = cv2.threshold(img gray, 150, 255, cv2.THRESH BINARY)

# visualize the binary image

cv2.

cv2
cv2

cv2

imshow ('Binary image', thresh)
.waitKey (0)
.imwrite ('image thresl.jpg', thresh)
.destroyAllWindows ()

HILE, {# ] CHAIN_APPROX NONE J5 k2 4k 322 465 .
findContours) B E AW 3 MLFHISHL.

image: b —15 3|1 “(EHH A B

mode: B ZRMR . W HAEN RETR TREE $24t, X EWkE1ZE MM\ EE G+
o 2 BT A A RERAC R

method: & X TR AT . X7, #fEH CHAIN_APPROX_NONE.
CHAIN_APPROX_NONE 4k CHAIN_ APPROX_SIMPLE 18, {HIRATKL/EIX H f#
FHIXAN TR ATAd B A 8 56 A5

XEEAFRMAE, mode AR EATRAVFER AR, T method J&45AFH#HEIEE A FIMRLE
mo AREGAER — EHE _ET AL EA FITHER R . BRI, 2R i AR =6, il R
MEEBRREIA, RIGERTTE.

Rk, A drawContours() P %i7E RGB B EE&INFEER. HREA 4 MLFHHISHAIL
AMAIESH. NHIHD 4 NS EOE LT

image: B F2ZHIH A RGB B4 .

contours: o niEid findContours() R 3K 15 46 .

contourldx: 15 214 BE 41 H AAC B0 s 8 R A8 . R 24, W LRSI SR 4R
ERIINLE, TR RESHI R . SR At TG 2 BT E 50 RE A.

color: FLZ:HI|[JFCER FIBIta . I Python fChS HH IELE 22 il 2%t A1

thickness: 5 s (R B .

Python A% U0 -

# detect the contours on the binary image using cv2.CHAIN APPROX NONE

contours, hierarchy = cv2.findContours (image=thresh, mode=cv2.RETR TREE, method=cv2.
CHAIN APPROX NONE)
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# draw contours on the original image

image copy = image.copy ()

cv2.drawContours (image=image copy, contours=contours, contourIdx=-1, color=(0, 255,
0), thickness=2, lineType=cv2.LINE AA)

# see the results

cv2.imshow ('None approximation', image copy)
cv2.waitKey (0)

cv2.imwrite ('contours_none imagel.jpg', image copy)

cv2.destroyAllWindows ()

IO, Fe R AR I AN T AR AR AR L E IR TR AR R T . SELeN
TEmA RN . EXMELT, EaE (HEEN ZAA RN BRE, BESHRREGEEA
k<8

A HoAh 7732 m] F T8 AR e B0 2 1 N —AB B W B AN Fe B4 ER o« 3B mT LA S5 3RA T
T8 BEAR T 18 HIFE B SV AH R I B i R Th g

BUAELEFRAT T4 HY CHAIN_APPROX_SIMPLE 51 TAE R, LK &5 CHAIN_APPROX
NONE HiE AR Z AL

%% CHAIN APPROX_SIMPLE %3 (48 hY :

Now let's try with ‘cv2.CHAIN APPROX SIMPLE"

# detect the contours on the binary image using cv2.ChAIN APPROX SIMPLE

contoursl, hierarchyl = cv2.findContours (thresh, cv2.RETR TREE, cv2.CHAIN APPROX
SIMPLE)

# draw contours on the original image for 'CHAIN_ APPROX_ SIMPLE’

image copyl = image.copy ()

cv2.drawContours (image copyl, contoursl, -1, (0, 255, 0), 2, cv2.LINE AA)

# see the results

cv2.imshow ('Simple approximation', image copyl)

cv2.waitKey (0)

cv2.imwrite ('contours simple imagel.jpg', image copyl)

cv2.destroyAllWindows ()

X B — [ X ) 2 # findContours() [¥] 77 % 8 &€ 4 CHAIN_APPROX_SIMPLE Tfij A 72
CHAIN_APPROX NONE,

CHAIN_APPROX_SIMPLE 5L W40 B R 48K T 3 ELA M 2k B, B R eI ade X
EMCE IS BB R S B e 2, K AR N2 . Bt B R & — M E IR A S
BT 4 NS ZANIFTE R S AR R . X R 7t CHAIN_APPROX_NONE R, [
NZFEAFE A L R NAE, BRI AT I A S D

JEIREE RN R IR ST R o S0 T A A 0 JE A R e 520 PR o B B
W, Fr=EnBZaR.

PG Fh e B ) Ay A I 28] (1) 0 B PT R A2«

o HUE BB R AR

o WMEFIARAH HAZ L
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FERZHEIGI T, B DBREEELZIRN, W2 AR E5E: SN N T
NI B
an 1-10 Fros e JUANRIR IR, A B TR Ee 5= I .

1-10 BEAE8LZMIRNEIE

PAEZ LA 1-11, A 5E 1-10 A TERAE R KR 2 O ). 1-11 R4y
HWRA EER

E1-11 BFERFRBRZEPRFRHR

RIEFEFRZ IR F KRR, A BMmEceT, B 1. 2. 3 A1 4 ZR2 R R, af L,
3a & 3 W T. ER, 3afURFCE 3 HINERES .

L2 M 4 HRETE, WAEMKERKTEIE, B EIRgm S Esn. #aif
Ui, FEE 2 AT 1, RZIMR.

T4 F F| findContours() bR £ [B A4t . AR ERAIRANZIREE M DAL VEH YR B )= Ik
SER R o

BERZIRGEFRINA— AL, S B E 4 ME, HOA[Next, Previous, First_Child, Parent].

W4, IR EREHA?
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Next: F/REG AT F—ZRT—NCER, FrUSTRE 1, F—Z%0 T~ — 55
J& 20 XM Next ¥ 2. Ftk, %F 3 WA SHA R TFE—ZHMFE, FrlEr Next E
H-1,

Previous: FIn[Fl—ZHH E—MRE. XEWEFE 1 (1) Previous [HUH 441,

First Child: 7R 457 IEEF BRI SE — D TR 85 1 M2 ARG T, Bite
111 First_Child 192 5B -1, (HRFE 3 H— A% T, B T48 3, First_ Child {7 &
E¥s 72 3a R GIAE . Parent: XN UATHFRII XYM RIIME: RUE, 512 %
BAEATALHCR: X THER 3a, ERIRRGCKZRER 3: X THE 4, XY 3a.

T P RRE R A TE R, AR T AR X e R R AR 7 B I TR A

o MR A GAAIRRIE R EIE, o E— 1B

o A [F ke BB ORI 8 R AN S IR 2 A o

o JTEME L EATRI AL

FHACNIE, T — MR E R R . R——RETR_TREE K&K AL B, {2 OpenCV
IRAE T H A 3 MEE IR R F R, B RETR_LIST. RETR_EXTERNAL I RETR_CCOMP,

FTeA, BRI 1-10 i ERGRE R IX 3 Fhorik, LK S EATHI SRS SRR B -

DU ACHS IR B I EIE A H oy IK I, F SFH —AB A BRI

Contour detection and drawing using different extraction modes to complement

the understanding of hierarchies

image2 = cv2.imread ('input/custom colors.jpg"')

img gray2 = cv2.cvtColor (image2, cv2.COLOR BGR2GRAY)

ret, thresh2 = cv2.threshold(img gray2, 150, 255, cv2.THRESH BINARY)

RETR_LIST #&B5AG BT VAN SAESR U RS B0 2 (M AT A 7R 5o BRI, S TG 21 1
P ¥ FRIX 3, First_Child Ml Parent R 5|7 EAEIGZ A1, W LFTR, B4 Ak B A7 HAH
M. [] Previous F1 Next #¢ 5 .

WG] 7EARRD Hp SEB RETR_LIST J592:.

contours3, hierarchy3 = cv2.findContours (thresh2, cv2.RETR LIST, cv2.CHAIN APPROX NONE)

image copy4 = image2.copy ()

cv2.drawContours (image copy4, contours3, -1, (0, 255, 0), 2, cv2.LINE AA)

# see the results

cv2.imshow ('LIST', image copy4)

print (f"LIST: {hierarchy3}")

cv2.waitKey (0)

cv2.imwrite ('contours_retr list.jpg', image copy4)

cv2.destroyAllWindows ()

PAT EHARS 27 £ DU i -

LIST: [[[ 1 -1 -1 -1]
[ 2 0 -1 -1]
[ 3 1 -1 -1]
[ 4 2 -1 -1]
[-1 3 -1 -1111

FT VAT 20 2, A R D0 2 (0 58 R DA 5 3 ANEE 4 RO EHGZ -1, IR B asee:.
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RETR_EXTERNAL #5452 7 ik e — MR A i 75 1% . & KA AR, 1) Z20E A4 5
. Bk, 18 3a M4 XEERIPTA N B A SAEH BT .

contours4, hierarchy4 = cv2.findContours(thresh2, cv2.RETR EXTERNAL, cv2.CHAIN
APPROX NONE)

image copy5 = image2.copy ()

cv2.drawContours (image copy5, contours4, -1, (0, 255, 0), 2, cv2.LINE AA)

# see the results

cv2.imshow ('EXTERNAL', image copy5)

print (f"EXTERNAL: {hierarchy4}")

cv2.waitKey (0)

cv2.imwrite ('contours retr external.jpg', image copy)5)

cv2.destroyAllWindows ()

T A A DA i

EXTERNAL: [[[ 1 -1 -1 -1]
[ 2 0 -1 -1]
[-1 1 -1 -17]]

5 RETR_EXTERNAL A, RETR_CCOMP K[ Gh i A5emE. Mt b, Tk
EE T A TAIREO RN 2 G2 IR

XA

o A AIMNA EHEK R ARG G 1,

o T WERRCERHCK B R IREE K 2.

fH2, WIRAE S — N2 IREM IR 2 KR ANA — MR E A BIERE 3a Z5H
R4 —FF

FERXFPE LR

o [AFE, #ER 4K EBEAZREHEN 1,

o WIRELER 4 WHEMEE, WEATEAZREMIN 2.

R 1-12 H, FRE COARYE H Z RGN AT 5, W FRTiAR .

1-12  F§ RETR_CCOMP #& % 75 AR B R ERP A RIR X KA B E
P 1-12 35S 1 400 1RO 2 ()R IREE R 25 9 HL-1 B HL-2.. B FRE ARG AN
it = RS R AL

contours5, hierarchy5 = cv2.findContours (thresh2, cv2.RETR CCOMP, cv2.CHAIN APPROX NONE)
image copy6 = image2.copy ()
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cv2.drawContours (image_copy6, contours5, -1, (0, 255, 0), 2, cv2.LINE AA)

# see the results

cv2.imshow ('CCOMP', image copy6)

print (£"CCOMP: {hierarchyb5}")

cv2.waitKey (0)

cv2.imwrite ('contours_retr ccomp.jpg', image copy6)
cv2.destroyAllWindows ()

PAT LT HACRS 27 AR LU i -

ccovp: [[[ 1 -1 -1 -1]
[ 3 0 2 -1]

[-1 -1 -1 1]

[ 4 1 -1 -1]

(-1 3 -1 -1]]]

4 RETR_CCOMP —#f, RETR_TREE WG ZRrAHE. Tl | — gl AR T 1
B2 HISE B 2 IR G . BN AT LA B R IR Es ), sl 1-13 s,

1-13 £ RETR_TREE # Bt RIR BT HI B R 2% 51

ME 1-13 AT LA H

o REER 1. 2F 34T F—HA, BIZH 0.

o BORR 3a fFAE TR IREMGn 1, AT R 3 KT .

o BRFR 4 AR EIXE, FrLEERGCN 2.

LS AE A RETR_TREE Bk 25055

contours6, hierarchy6 = cv2.findContours (thresh2, cv2.RETR TREE, cv2.CHAIN APPROX NONE)
image copy7 = image2.copy ()

cv2.drawContours (image copy7, contours6, -1, (0, 255, 0), 2, cv2.LINE AA)
# see the results

cv2.imshow ('TREE', image copy7)

print (£"TREE: {hierarchy6}")

cv2.waitKey (0)

cv2.imwrite ('contours retr tree.jpg', image copy7)
cv2.destroyAllWindows ()

PAT LT AR 27 A A i -
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TREE: [[[ 3 -1 1 -1]
[-1 -1 2 0]

-1 -1 -1 1]

[ 4 0 -1 -1]

[-1 3 -1 -1111

HEE A R SR, R EA T AR R B A A ISR

1.15 A

ARG I {5 1] OpenCV £ Python iyt —AMa F g NI A5 . T g 'S — MEF
SRS I PR« AT B9 NG e AAE AL A B

B, wHA, $17F Python £ A A 4.

pip install opencv-python

pip install imutils

ZHESEE, WA UL SRR T

import cv2

import imutils

I Haar Cascades AJKiAorillje —FhbLas=7 27570, oo fd HI — 21 AN B0 I 2R 008k b
H. OpenCV CEAEVFZEIXTHEES. WREE . WEREERIFUIZR > 8%« N PR I 5 28 4%
MG IPEAHAL A TS . J9itk, 7% T4 Haar Cascade () XML U, iZ3CHFRT LA
https://raw.githubusercontent.com/opencv/opencv/master/data/haarcascades/haarcascade _frontalface default.xml
HERE N8 B ORAAAE AT SRS, B IR

# Load the cascade

face cascade = cv2.CascadeClassifier('haarcascade frontalface default.xml')

X, R TG, HRREG 208 5Kk, DUEREFATEL
| — 5K
wREEEB )G, RIATAERE P g e, IR EHE SO T AR A A A ] — SO e v

# Read the input image

img = cv2.imread('test.jpg"')

img resize = imutils.resize(img, width = 800)

gray = cv2.cvtColor (img resize, cv2.COLOR BGR2GRAY)

LIy T SEE SN A AN TR

# Detect Faces

faces = face cascade.detectMultiScale(gray, 1.3, 5)

detectMultiScale)H TR A K. EFFZLLR 3 M4

o MAKIRK.

* scaleFactor 45 & G R /ML 4 2 /b, S EEHN 1.3,

* minNeighbours i 5 F4 ks Il B AR A BRI I BN B R 2 5.

ZHIEARTS L 5E LT face_cascade. FrlFIANRLE, FEFFRAENIH A B2 6L, LR
PUEATIE] 142 . FLESTTRESIREHR, (EREF M H b AL AT HER o

ST B NG Bl 2z il —NETE, 6204 S LR ARRS .
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# Draw rectangle around the face
for (x, y, w, h) in faces:

cv2.rectangle (img_resize, (x,y), (x+w, y+h), (255, 0, 0), 2)
XEFISH (255,0,0) KRBT,
S8 2 FOREIH A
AR 25 R R A — AN R T
# Export the result
cv2.imshow ('face detected', img resize)
cv2.waitKey (0)

cv2.destroyAllWindows ()
cv2.waitKey (1)

S\ OpenCV JE (cv2) PUE, MM FAZ LA A E A ARSI A
# Read the video file

# video = cv2.VideoCapture ('video-3.mp4")

# Open Webcam

video = cv2.VideoCapture (0)

AP, AU WU R e K, iR ER kIR . B BL, FRATR RS b AR isE AT A

eSO o

while True:
ret, frame = video.read()
video gray = cv2.cvtColor (frame, cv2.COLOR BGR2GRAY)
# Detect Faces
faces = face cascade.detectMultiScale(video gray, 1.3, 4)
# Draw triangle around the face
for (x, y, w, h) in faces:
cv2.rectangle (frame, (x,y), (x+w, y+h), (255, 0, 0), 2)

# Show frame
cv2.imshow ('Face Detected', frame)
k = cv2.waitKey (30)
if k == 27:
break

video.release ()
cv2.destroyAllWindows ()

1.16  FFHE:

AT R RFE S ———FR T N =R 208 (PCA) Rif .
RRAE A2 AT AR I 2135 N DL O — sk NG R BIHR . HAER S RIE
F:Fm+ial.F,.

i=1

X, FOA—5KHI: Fo N PEINIR FiO—5KRHIER ;s o, Jn] DAk S e (1 br 2 5fe
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H, WA IR St A

e i S P R et SR ) S R SR SRR ARG, AT P T N R 3 A T A b A A T 4

THERHERG 7 ZE LR P IR

1 ZRBUH AL RS . & E S AR KGR ES. X8, M1 7 RA
CelebA(http://mmlab.ie.cuhk.edu.hk/projects/CelebA .html) ¥ K £] 200 17K 1% .

(2) XFFARBEEGR N 7R FFAR BB GO, IR ) PO AE T A B R 5.
AT DA 1 S R B AR SR . X, (] T CelebA S2HERIXTFFEIR . B, Hdmeh
HIFTA UG ML Z o KN R o

(3) AUEEIRIERE. QI — NS G T MRS . R RS P
BRI/ 100X 100 B3 HAT 1000 &R, ABARA —AK/NA 30000 X 1000 4NTEE
HE R

(4) PR (Al . EXTEHEET PCA Zal, FEE-PmE. i, “F¥mn
g 30000 X 1 ANTCERKIAT [, P B ERFERE R BT A7 Kt 5. 8] OpenCV ) PCA
RAHEFX AN EA RN E R, WREARAtE, OpenCV Al LU (FH iR HH(E.
FE HAB LA L ] AR X FF L -

(5) TR o 2B R 3 70 8 1 A 4R P 7 22 M RAE ) R T S . 3208
ff152&, OpenCV ) PCA JALHLX AT, R ZHL AR, HiT IS 2 — M & RHE [
HAFERE.

(6) FEIPAFAL [ R ISARHER . 1 RBUE RS R KDY 100100 X3 (&, N
BEFRAG FRFAE [ H 1A BE D 30000 DT F . IL, AT LUK IX SERFIE ) 55 100X 100X 3 1)
KR DRI AL A -

OpenCV 1) PCA KAV HHFEARFEREH Ly, X, IEERHERIRMM PCA iR
T

mean, eigenvectors = cv2.PCACompute ( data, mean=mean, maxComponents=maxComponents )

XH,

o data: BEVENATES AR KRR Bt S B R . R B R E 1000 TR, JFH

IR (5 — A 30000 476 24T T, 52 S5 BRGNS 30000 X 1000 476

o mean: HEATEIME. AEREHERERE R HE S AR S 30000 S TTER AT IR,

WP B R — M F RN . S HOR TR, A ROREREE, WIAE A EETH5.
* maxComponents: F 7 i R ECRIE H 2 P METH BN — A RIGEHR4ERZ (0
30000); Huds siEUHCR (401000 Ao H, T DL i E XN SR i 2 2
S ERCORE . BN, wIRERXTRT 50 AT E B R .
1EFAT[E B — T Python ) main()BR %L

if name == '_main_ ':

# Number of EigenFaces
NUM EIGEN FACES = 10

# Maximum weight
MAX SLIDER VALUE = 255
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cv2.waitKey (0)
cv2.destroyAllWindows ()

TR ARRS AT DL R ER A

(D) KFFER % (NUM_EIGEN_FACES) &N 10, H#idfi KME (MAX_SLIDER_
VALUE) #8H 255, Xt iftdb—moARas, Ay DU X Sk DL A & B FH AR 40 4] 5 4

(2) BB o 48 BR 2 readlmages()E2HUER & H X A BIE . 1% H 85 055 RS,
1 H BT B R A IR L2 AHFE . AT DU X SR A2 7138 (slum ) o, i m) DLE
HEEEBIRR eI mE g R . FOAH RIS BRI SR, R RSB ERR R N n T —
125 R AR o

(3) HALHIRAERE . 8 PR createDataMatrix()H#f B1R 4 56 B HE B . BOR A6 R I 44T
@K% . FIRAEFE createDataMatrix() & %L :

def createDataMatrix (images) :
print ("Creating data matrix",end="... ")
v
Allocate space for all images in one data matrix.
The size of the data matrix is
(w * h * 3, numImages )
where,
w = width of an image in the dataset.
h

3 is for the 3 color channels.

height of an image in the dataset.

numImages = len(images)
sz = images[0].shape
data = np.zeros((numImages, sz[0] * sz[l] * sz[2]), dtype=np.float32)
for i in range (0, numImages) :
image = images([i].flatten ()
datal[i, :] = image

print ("DONE")

return data

(4) {15 PCA. f#iJ] Python H1) PCACompute()eR#UK T4 PCA. £ PCA Hfirth, 3k
57 P 10 NMFAE F .

(5) HIPWEPSRE-PINEFRHER: . 3 R EMEANE I E KB N wXhX3, H
ow BEEL h 2EfEs 3 RSP R BRI B EEE R S, 2R 30000
MEMAE. KENEBAEGREGE RN, PSR N AR o

(6) WRIFEHAECN . A LLUEE R %L createNewFace() ¥ iU AE B 78 in#1~F A
Ji KB A . /£ OpenCV H1, WHUEABE A, B LART DU A 4 5 S Ak 2 MAX
SLIDER_VALUE/2 KT EAE, X5 AT LASRAS I A0 67 fH

def createNewFace (*args) :
# Start with the mean image
output = averageFace
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# Add the eigen faces with the weights
for i in range (0, NUM EIGEN_ FACES) :

OpenCV does not allow slider values to be negative.

So we use weight = sliderValue - MAX SLIDER VALUE / 2

Vi

sliderValues[i] = cv2.getTrackbarPos ("Weight" + str(i), "Trackbars");
weight = sliderValues[i] - MAX SLIDER VALUE/2

output = np.add(output, eigenFaces[i] * weight)

# Display Result at 2x size

output = cv2.resize (output, (0,0), fx=2, fy=2)

cv2.imshow ("Result", output)

1.17

Kl -3

FEHAT B AL EES , 8% (BN R R, (EAR IR A B O R (R AIRED
AR R R RN, RSO, EBRE TRk EMY.

pyrUp() B ekt B GO/ E R BB UR /N 2 4, 0 pyrDown() B ECRE B 5O /N 211
JEUR RN —2 o I SR B G B DR B D SRRk GO F AR S LN pyrDown() bR 0K B & O/
FREEEMEAR T, ERERRG D, Wil pyrUpQ o0 R 46 FRHEAT IO 2 itk .

— BRGNS R ER R EE RN, e B R85, IFHEGN S
PR R B PR IRE 2 .

N ARG T RG] T

import cv2

import matplotlib.pyplot as plt

img =

layer

for i

cv2.imread ("images/input.jpg")

= img.copy ()

in range (4):

plt.subplot(2, 2, i + 1)

# using pyrDown () function

layer = cv2.pyrDown (layer)

plt.imshow (layer)

cv2.imshow ("str(i)", layer)

cv2.waitKey (0)

cv2.destroyAllWindows ()
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1.18 S ARSI

TS OpenCV HSEHL HOG 323k S A IUAR AT - I A4
i H] OpenCV M Z% B LU R A 5, R %5 LU N IAAIHE ] Python 21TE
import numpy as np

import cv2

cv2.startWindowThread ()
cap = cv2.VideoCapture (0)

while (True) :

# reading the frame

ret, frame = cap.read()

# displaying the frame

cv2.imshow ('frame', frame)

if cv2.waitKey(l) & OxFF == ord('qg'):
# breaking the loop if the user types g
# note that the video window must be highlighted!
break

cap.release ()

cv2.destroyAllWindows ()

# the following is necessary on the mac,
# maybe not on other platforms:

cv2.waitKey (1)
NiZosFE B A E H, KAk BRI B
PAE LEFRAT SR E AR« A B MU (), DRI W] DASE Sl 2 vt kAT S 7E

R BTA A R A .

are

fibtis

# turn to greyscale:

frame = cv2.cvtColor (frame, cv2.COLOR RGB2GRAY)

# apply threshold. all pixels with a level larger than 80 are shown in white. the others
shown in black:

ret, frame = cv2.threshold(frame, 80,255, cv2.THRESH BINARY)

OpenCV I T —H{FH PRod i NARAS I 7%, #5708 HOG GE [alAh B E 7 B
RATTEP R INGARIAT N, REAT N R ZREER, I HE2TT . AEREEER
OL N BEAR L 4 T AF

FEVFIRRANTE R, S iUiA .

# import the necessary packages

import numpy as np

import cv2

# initialize the HOG descriptor/person detector
hog = cv2.HOGDescriptor ()
hog.setSVMDetector (cv2.HOGDescriptor getDefaultPeopleDetector ())
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BUEBAT AR, R N BRI, WA I8 O RCR 30 R A B
HURIE, 28R I EEKHE.
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1.19 Wstmbe

TP T8 kbR o

cap = cv.VideoCapture ('./img/vtest.avi')

VideoCapture()+&—~ OpenCV E#, & TFHE—NSE, BRI, 0 RNl BHig -k,
1 FOREERES, W T BRI, SO0 s R A .

OpenCV HHPIAH T SRR 1%, B MOG2 1 KNN.

fgbg = cv.createBackgroundSubtractorMOG2 (detectShadows=False)

U ARG U BH 52 5K HLN M HBR . 15 23U detectShadows {414 False.

KNN 15 5 g bR A a0 F -

fgbg = cv.createBackgroundSubtractorKNN (detectShadows=False)

R — A SRR, PO KNN. BRI AR ZHAIN True 5L False, X~ OpenCV
BR R WA T SRR -

.

ret, frame = cap.read()

£ OpenCV A W 15 Ik BR

fgmask = fgbg.apply (frame)

£ MOG2 H1 KNN 8 StbR 7 ikA0 38, Cald 7 /NS SR, TRzl oh
fgbg.

BUE, FEAURREWIR AT applyQORRECK 2R 5. apply () pRHORE 2 20 BN 79 5% AR5
K& NS HL

SRIGAER cv.imshow() BR B 7R 25 BRE SRR “fgmask 7.

LRI while JEIREIR, SRR RENS B IZ6A N . Pr ARG 2 —Lei@ ok
SORTER, SIFERR B N TCIRIER .

SERTCRRAGHR 1) — Feh 7 V5 R e S A B G0 i 0K rh T 3 I R

FERXFELLE, IEEGEE SRS q R EGTRIEH, )5 P A QI 0 & R B SO RSO i
MBI AT -

£ OpenCV FH 81 i [ 77 S5t U5 R 201 e B AN T T

def bs():

cap = cv.VideoCapture('./img/vtest.avi')

# fgbg = cv.createBackgroundSubtractorMOG2 (detectShadows=False)
fgbg = cv.createBackgroundSubtractorKNN (detectShadows=False)

while cap.isOpened() :

ret, frame = cap.read()

if frame is None:

break

fgmask = fgbg.apply (frame)
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cv.imshow ('Frame', frame)

cv.imshow ('FG Mask', fgmask)

if cv.waitKey(30) & OxFF == ord('qg'):
break

cap.release ()

cv.destroyAllWindows ()

1.20 FLER DL

AR UL AC A2 — MR BRGNS B AL B ) 7. ik, OpenCV [#F 17—
MER#L cv.matchTemplate(). ‘& A 2 FHARAR BRI 24 A EE b, FRERR BUE T E B A BIE
(RBAR AT T o OpenCV s T LR LB V. ik E— N KRG, HPFRERR B
EN:URISE ATy IR =R

AN BRI RN (WX HD, BIREBRIRNN wXh), T BRI N (-wt,
H-h+1). 13204585, WA cv.minMaxLoc() bR A 4k 5 KB/ B/ MEAETR BL . $EEA1E HETE
e b, 8 G, ) VERFETRISERG . IZH SR AR X 35

K, VERN—MET, s M T R R 8 R A T Rk Sl I LU, DUE T
PAE ZIEA RIS R A0 -

import cv2 as cv

import numpy as np

from matplotlib import pyplot as plt

img = cv.imread('messi5.jpg',0)

img2 = img.copy ()

template = cv.imread('template.jpg',0)

w, h = template.shape[::-1]

# All the 6 methods for comparison in a list

methods = ['cv.TM CCOEFF', 'cv.TM CCOEFF NORMED', 'cv.TM CCORR',

'cv.TM CCORR NORMED', 'cv.TM SQDIFF', 'cv.TM SQDIFF NORMED']
for meth in methods:

img = img2.copy ()
method = eval (meth)
# Apply template Matching
res = cv.matchTemplate (img, template,method)
min _val, max val, min loc, max loc = cv.minMaxLoc (res)
# If the method is TM SQDIFF or TM SQDIFF NORMED, take minimum
if method in [cv.TM SQDIFF, cv.TM SQDIFF NORMED] :

top_left = min loc
else:

top left = max loc
bottom right = (top left[0] + w, top left[l] + h)
cv.rectangle (img, top left, bottom right, 255, 2)
plt.subplot(121),plt.imshow(res,cmap = 'gray')
plt.title('Matching Result'), plt.xticks([]), plt.yticks([])
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plt.subplot(122),plt.imshow (img,cmap = 'gray')
plt.title('Detected Point'), plt.xticks([]), plt.yticks(I[])
plt.suptitle (meth)

plt.show ()

TE BT, TEEGHRE R TR, XERGH R T —K. BRIEEHR—
ZUWHIHIXN R, cv.minMaxLocOA IR AT A M E . EXMIELT, WL BRE. B
AT, R AL (S R T RgEE, IR R T

import cv2 as cv

import numpy as np

from matplotlib import pyplot as plt

img rgb = cv.imread('mario.png')

img gray = cv.cvtColor (img rgb, cv.COLOR BGR2GRAY)

template = cv.imread('mario coin.png',0)

w, h = template.shape[::-1]

res = cv.matchTemplate (img gray, template,cv.TM CCOEFF NORMED)

threshold = 0.8

loc = np.where( res >= threshold)

for pt in zip(*loc[::-17]):

cv.rectangle (img_rgb, pt, (pt[0] + w, pt[1l] + h), (0,0,255), 2)

cv.imwrite('res.png',img rgb)

1.21 B

B R A e —ME BRI AL BE b F TR AT IR O 70, iRz R m] LA B T AR,
RIS TARA RO B AT, e ) AR I 2]

N T R AR e b e {8 ] HoughLine A8 #6778k 47 B2kl . #EM A HoughLine J77%,
B A R R AT AR .

R AR A r = xcosbtysing. Horb, rfe WE B EAMEEES: 0 22BEELS
KT 3R £ FEE

AT AAERTF 25 B ANATT AR 1 77 72

y=mx-+tc

SRR &R m v DL -co ~+oo R, XS T KA, SHHmEA .

AIREIEAH —ANEEE: £ (r,0) BXH, 02A 58, Hr ARERHL 0~+oo fHI? JX7E
HR FTReAE IR, EAESCE, r R A RN, FNEGAS AR

7E OpenCV H, A FHFE R AR i i EL A I 2 7E R 2 HoughLines 11 HoughLinesP (HE#27E K
) SR R ECR H BL T 24

o cdges: UZAGIZ 5 H o

o lines: FH T fEfif B s AN S ARBR 1) ) B

o rtho: HERSH r UBENHLL.

o theta: LASNEENRAZINZSEL 0 10 Hi%.

e threshold: il B2k 1 e /N8 SR Bl

Kl B 2& (1 Python 4GRS 4R »
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# Read image
img = cv2.imread('lanes.jpg', cv2.IMREAD COLOR) # road.png is the filename
# Convert the image to gray-scale
gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)
# Find the edges in the image using canny detector
edges = cv2.Canny(gray, 50, 200)
# Detect points that form a line
lines = cv2.HoughLinesP (edges, 1, np.pi/180, max slider, minLineLength=10, maxLineGap=250)
# Draw lines on the image
for line in lines:
x1, yl, x2, y2 = line[O0]
cv2.line(img, (x1, v1), (x2, y2), (255, 0, 0), 3)
# Show result

cv2.imshow ("Result Image", img)

1.22  fERBEHR

—ANATEH RO X o) O Veeme) =7 HoH Koenters Veeme) R, 7 R 42
M e, TLLERIEA 3 A28, BT ZE— 3D RIS TE KA, HIXH 2R
TR . [Rltk, OpenCV i TR RMI5i%, BVE KBRS, B HILZMEEE R

X B B B B 8 cv.HoughClircles(). ZBRIE RIS E0 T -

(1) image: 8 fi. HIMIE. KEMAERL.

(2) method: i 77, W77 7%:5¢ HOUGH GRADIENT #1 HOUGH GRADIENT ALT.

(3) dp: BN 5EE SRR, i, mE dp=1, W ZngsEa 5N E1E
FFER S HEZE . A dp=2, RINAH 58 & R —¥ . XT HOUGH_GRADIENT_ALT
Jiik, HEFEDN dp=1.5, BRIAETR RN —LekH ) E b .

(4) minDist: A E] 1[5 0 2 B B/ NE S . SRS HORN, BT — N B SE ) (3 P8 A1
Al R 2 R HIAS I B 2 A AHAR [ B s iSRS EORK, T Re i — L[5 [

(5) paraml: %5 — M E T 5%k MZ % /£ HOUGH GRADIENT A1 HOUGH _GRADIENT _
ALT (150U T, B AR sy Canny G025 00 R CHEURBIER 2 £,

(6) param2: 5 - AMEE TS % . £ HOUGH _GRADIENT J53E T, ‘& m il B
[0 1) BRI B BRI o EBRo)S, AT e ar 3 ) R 5 LR B 2 o 5 ORI B0 2R A X 8 P 5 e
PSRl /£ HOUGH_GRADIENT ALT J7¥ F, XEBRE “7ERE” B, el 1,
TR SRR ARG . B RZHUBVLR, 0.9 NAZIE I R, a0 SRARE G oA /NS P, ] LK
HPEKH] 0.85, 0.8, HAEF(K. (HAHE TR ERE R 144 %5 F[minRadius, max Radius], &
T tH IR 2 M B

(7) minRadius: H/DE KR

(8) maxRadius: HKFF1%. WHR<0, WAEHRKEERS .

AR ARSI

import numpy as np
import cv2 as cv

img = cv.imread('opencv-logo-white.png',0)
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img = cv.medianBlur (img,5)
cimg = cv.cvtColor (img, cv.COLOR GRAY2BGR)
circles = cv.HoughCircles (img, cv.HOUGH GRADIENT, 1,20,
paraml=50, param2=30,minRadius=0,maxRadius=0)
circles = np.uintlé (np.around(circles))
for i in circles[0,:]:
# draw the outer circle
cv.circle(cimg, (i[0],4i[1]1),4i[2], (0,255,0),2)
# draw the center of the circle
cv.circle(cimg, (i[07,41011),2, (0,0,255),3)
cv.imshow ('detected circles',cimg)
cv.waitKey (0)
cv.destroyAllWindows ()

1.23 Bk mpe

N T A RGE ORI R, A SLRIPLG I B BAR NIRRT BE /N WERBE I Rl R, R
B2 mH e N BB F] — 387, AT 2R RO 1 B 1

— 3T, WA EIE RS i, W RAT BT el B R AR A . 5IR, BIBOURE SO 2

Pk, EHFLBLEE R, B ERR A, (RIS tits, MR il .

Fi—O7 M, SRR, BB RESS R TS (FitE st L), XeBAHLLE
M A ST R

AARTSRAT T MT A MR, RIS 3R 50 22 B2 LU RIHR 2 2

UL REBARE £ AL, TG a2k T LLE I OBk R Bk e ir KEt &t 4L, JF
Hir T HOG e, B LU e IR B R L. RERIBRE .

Bk, MRS T 5 Bl RENEE.

R 2R T2 BOR AR, BA AR !

WSk, B DR R BN EIER, (ARFEAEGIAN R ABCR . KHEACR
EEHA LU,

(1) fR AL IX APPSR i AL A2 e 2k AN 218 dm A 2B ). SEELIES O
FGZARLL, SEEB R USRS MR E L . b TR mmas, BSe 5 i B2 7E EE b
TR A M DGR ARy G A R 2 A A EAR S BAR 5] 1e) N BRSNS Bl . A A A [ AR
BOR:

ORI, X T A [ A A%

OIEMIAL LR, X T IEAR [ A2 A%

(2) UIAmGAS: T8 R AR R R R B RS S8R — @ AR . BRI, &2
(ESIESALHN

WRIGI AL R, WA 3 RS, BIAR A WAL L fiCo W AR AN AR B MR A o i Co R1THE G 855
W 2 ) B L A A2 [ RT) i AR R

TR Bk SRR IR AZ 7 2 LR 3 A EZP IR,

(1) PAT LR E FFSRIBHPLE N AE S HL

(2) PEAAHPLAE RS DA AR R B T AT Z R R A 7 .
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(3) i A4 AR LA R MR AN R L
TH R AR RS A0
# Refining the camera matrix using parameters obtained by calibration

newcameramtx, roi = cv2.getOptimalNewCameraMatrix (mtx, dist, (w,h), 1, (w,h))

# Method 1 to undistort the image

dst = cv2.undistort (img, mtx, dist, None, newcameramtx)

# Method 2 to undistort the image
mapx,mapy=cv2.initUndistortRectifyMap (mtx,dist,None, newcameramtx, (w,h),5)

dst = cv2.remap (img, mapx,mapy,cv2.INTER LINEAR)

# Displaying the undistorted image
cv2.imshow ("undistorted image",dst)

cv2.waitKey (0)

1.24 fili ] Hu Jalk1 7B AR DL g

AT AT A8 Hu 565347 T ARIT AL .
EIGSE 2 ERAR 2R B R INALC T3 . afai gle WL, B8 fodiE (KR 1. B (x, it
IR ZSREH I(x, y)%a . R, NT AEEME I(x, y)rT DUE 0 B8 1,
AT LASE SCH T B AR
M=ZZ[(x,y)

e iR SE A h ri RR TH E TA RR R RS BeR)iE i, TR R AR AR ©
IR EEEAT IR, AN T e A I4E R AL E

X AEEER, AR A AR LR AN R R 3R -

(D gRANGRMEE (HERE =1,

(2) EREG A EX I mmA.

XTWAMHFERAR, EREGRELRRE, EXARTTFM. 1T UURE 5 g P
Kg, EHREZAFER, EHEEERIEE AR,

N e SRR

My.:Ziny-’l(x,y)
x

A, AR (W0,1,2, e I(x,y) FIRALE (v, p)ARRIERERGRE . X LI F PR A
9648, DURENT S AR TR 2R O dE X 2 JF K.
THER, ERERORTERERR R EANE R E . PrPIZERAE R 7 — 2R
(EISY
it (x,¥) AT AR5,
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- M
= o
MOO
3;: Alm
M

HUOE Z BT AT A I R EUR FE JEF ARALL, R TERE AU N x Ay Hhigi 2 T R0
1= (x=x) (=) I(x,y)

WEE, RO PREAER . HaiEu, TS EG AN R, R R
FAE, I AEHRZAFET .
WA AT DUEHE R FE R A, A RIBEES ? 40, bR EE— 0.
M

’71'] = (i+)
2+l
Hoo

HOOAER AR, ARG (XA TRARICE A K. BARR S TP . 40K
ATERE AR HE

SEISHAE,  SEPR R DTS IR, AN Hu S,

7E OpenCV H1, i H] HuMoments()>k i+ & 4 A\ E& A7 7R BRI Hu %6

B, R EEERBON KL B .

# Read image as grayscale image

im = cv2.imread(filename,cv2.IMREAD GRAYSCALE)

i B RN PR AT — (AL

# Threshold image
im = cv2.threshold(im, 128, 255, cv2.THRESH BINARY)

OpenCV H—NMHTHE Hu SN B R Z2AFPE, BN HuMoments., ‘B4 &1
AR NN, AT DR R 20 moments() T B HOAE

# Calculate Moments
moments = cv2.moments (im)
# Calculate Hu Moments

huMoments = cv2.HuMoments (moments)

BB Hu KETEFRIROR, (BT DABEFR TR tH B B el AV B4R R s
H, = sign(h)log| h |

A, HEA R SRR RS
# Log scale hu moments
for i in range(0,7):

huMoments[i] = -1* copysign (1.0, huMoments[i]) * loglO (abs (huMoments[i])))

OpenCV 4t 7 —AN 5 T4 FI A 92 F sk %, #7 Y matchShapes(), ‘& 320H N EIUE (EEEERD
FE Hu 5538 B e R BE 2 . Rk, A B Hu 45, R0 G B IFER %
% matchShapes(). I

dl = cv2.matchShapes (iml, im2, cv2.CONTOURS MATCH I1,0)
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dz2
d3

cv2.matchShapes (iml, im2, cv2.CONTOURS MATCH I2,0)
cv2.matchShapes (iml, im2, cv2.CONTOURS MATCH I3,0)

R EIREEESARN, WP EE Gml A1 im2) AL . AT DU AT R B R i, el 1iE
PR EER

1.25 43 blob Hrp L

B 175 =M. MR AR AR B DA 2 5 4R B (R 2 B BT SR
T S J59E AN BR o ASTEHE e iR A T 4R BE BT ARA blob bty S5 1 E 2> blob
IR

blob &G H —MERNEER, ENEA EILFERENE KA. AT H s 2E
Python "] OpenCV X% —tH] blob Fytre WIFBIGHRAIEARA S —HERIF, A A015%
Xf FREAT kAL .

TEARFI L AETEAR T I S RSPS9 B —ANTAR R n DASFEI AL X1, x5 -0, X, AR
D H1 T 35

1 n
L
nig

FERBAC BRSNS T 5T, BRI G AL, 5t H R BRI P
A BRI EE .

A LMEH] OpenCV HriHE#RE] blob fyhtee (HEME, MIZFIIERGHERERA 4. BB
2 EB AR F SRR E AU M, B e w] DR B B 1 —tehe g mitk, anfie. mf,
JFAE . T REIER G, 8RR A Oy TR SRR EIE R .

JC 1T B 2 4 H

M
¢, =10
M,
M
c, = o1
M

00

K, e de x AA0R; o BTG y AR M FoRHE.
PAT LT AP BRHEE] blob L
(1) R BB FAN KL -
(2) Xt EBREAT —E k.
(3) AR R B BRI L
FEMZ A blob [ O AR 4 R -
# convert image to grayscale image
gray image = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

# convert the grayscale image to binary image
ret, thresh = cv2.threshold(gray image,127,255,0)
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# calculate moments of binary image

M = cv2.moments (thresh)

# calculate x,y coordinate of center
cX = int (M["m10"] / M["m0O0"])
cY = int (M["m01"] / M["m0O0"])

# put text and highlight the center

cv2.circle(img, (cX, cY), 5, (255, 255, 255), -1)

cv2.putText (img, "centroid", (cX - 25, cY - 25),cv2.FONT_HERSHEY SIMPLEX, 0.5, (255,
255), 2)

# display the image
cv2.imshow ("Image", img)

cv2.waitKey (0)

HILE|—4> blob LR 5y, (HAWRE & H A LA blob EAIR? WA, AR

findContours() & AR A 4K B B 42 58 0 BB RS BIRE M B R Rl D DB IEACRS B E 2 W
i AR

255,

# read image through command line

img = cv2.imread(args["ipimage"])

# convert the image to grayscale

gray image = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

# convert the grayscale image to binary image

ret,thresh = cv2.threshold(gray image,127,255,0)

# find contours in the binary image
im2, contours, hierarchy = cv2.findContours (thresh,cv2.RETR TREE, cv2.CHAIN APPROX SIMPLE)
for ¢ in contours:

# calculate moments for each contour

M = cv2.moments (c)

# calculate x,y coordinate of center

cX = int (M["m10"] / M["m0O0"])

cY = int (M["mO01"] / M["m0O"])

cv2.circle(img, (cX, cY), 5, (255, 255, 255), -1)

cv2.putText (img, "centroid", (cX - 25, cY -25),cv2.FONT HERSHEY SIMPLEX, 0.5, (255,
255), 2)

# display the image
cv2.imshow ("Image", img)

cv2.waitKey (0)
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1.26 M

AATPHE IS — MR (CARD Kh .

M ? AT ADNARIE NP> —— DA Te . AR R A A KT 180°
ik, AR AR ARSI . (RN 2 AR, BCA MK . S RARTIRR
HNEREIAR -

B, —RARE— LA AR S B AR B B A il A

IR — e SUBIRII A, B4, Ik B e a7 TR0 B M R 3 AL i
ARSI,

AR 7E R LA P AL S 0 B 7 S R O IEAE A T R UG AT — B4, $RBVRRR, &%
JERENN A, AEAT k.

EpREdE PN
src = cv2.imread ("sample.jpg", 1) # read input image

SR G SN B EUG AT B

oy =BT ZAH A

(D K EG A oN IR .

(2) AR 55 PR AT AR A 8 DAY Bk gt s
(3) JH PG B i S B — B A

ALY I

gray = cv2.cvtColor(src, cv2.COLOR BGR2GRAY) # convert to grayscale
blur = cv2.blur(gray, (3, 3)) # blur the image
ret, thresh = cv2.threshold(blur, 50, 255, cv2.THRESH BINARY)

i R B e i o R R o 3R R BRI BE R O R IL 5

R, ] OpenCV Hi findContour() R R FIFE B FREBIRIFEERSR B 14 — 3k IR
XF B FI A 5 S AR

WA E AT RES AR Iyt A AN B A PRI A I ? TL A I o 1 st 25 L s B . (H
BRAR (R 4R LR AN AT AR ELE SRR o PR findContour() AT BASR B IX SEE B 12 S B 14 i A
NBIRIRA

# Finding contours for the thresholded image

im2, contours, hierarchy = cv2.findContours (thresh, cv2.RETR TREE, cv2.CHAIN APPROX SIMPLE)

BT EATC AR THES, PR AR B RN A M . IXAT LM#E A convexHull() pf ok
TR

# create hull array for convex hull points

hull = []

# calculate points for each contour
for i in range(len(contours)) :
# creating convex hull object for each contour

hull.append(cv2.convexHull (contours([i], False))

e a R NIRIER B A . AR, EAR S WA AR, I E U



% 1% 4£JA Python A& OpenCV #9 A | 47

OpenCV JZ& H1 1] drawContours() B& % »

# create an empty black image

drawing = np.zeros ((thresh.shape[0], thresh.shape[l], 3), np.uint8)

# draw contours and hull points
for i in range(len(contours)):
color contours = (0, 255, 0) # green - color for contours
color = (255, 0, 0) # blue - color for convex hull
# draw ith contour
cv2.drawContours (drawing, contours, i, color contours, 1, 8, hierarchy)
# draw ith convex hull object
cv2.drawContours (drawing, hull, i, color, 1, 8)

1.27 WA =mEHaLth 5 —A =Mk

AT YR TR B b B B = AR O 5 — AN S — A = AR .

FEEAETE b, AT —EAEAC P i) = A8, O9fE( 3D Rim#al LU =M TEk
AL EHE AL iR = AT . {B)E, £ OpenCV o1, A7 BRI TV AT oK — A = A
ARG R 5 — D = AT N &R

PEC RS, 2R =M — =M, HEMAIH 2. 1£ OpenCV 1,
warpAffine() 8 5 70 VFXof I SEF 017 5 A8 e, AEASBET B 1A S 1) = A 0 DX FH 07 S A8 46
TATHEX AR, AT AFEIR = 18 i B — AL FHE, I IR B BT AR T X k. S8 x
HBYJE B U A B LA B g . B E KR EE, FAT RV SN H T
KR —A NI, st SvERe. &a, A eEsh b =MmE A RERRREE —
MM A5 RGN, ERRSR =M GR RV ERE, FANGRE=
LW B R EE.

FERENAT R, SeB N AR R, IR SCR R Y =78 . A B R
FEE TR, B DU E UL — @ R BEAT B .

# Read input image and convert to float

imgl = cv2.imread("robot.jpg")

# Output image is set to white
img2 = 255 * np.ones(img in.shape, dtype = img in.dtype)

# Define input and output triangles
tril = np.float32([[[360,200], [60,250]1, [450,400111)
tri2 = np.float32([[[400,200], [160,270], [400,400111)

A IAE Q&€ AT T, DA UE & U 58 BOR SN = T8 A IR BT A5 3 e e i
SV b ip

1. HEALFIE

FEX— i = A A B A FAE . XN T 3R i ke L i MR B — /N o i A
RRIEEE .
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# Find bounding box.
rl = cv2.boundingRect (tril)
r2 = cv2.boundingRect (tri2)

2. A ERAE AR

N T A RO 56 A4 BT T R B — f o T AN 2 R B, T DR _E— B S
HEHITRA R . AR ARt & EZAE L DURMCENHER BT BRI AL E . XM
ZATEH x Ay AbRrp IR T SR 2L BRI x Ay MARROR 5E Y o

# Offset points by left top corner of the respective rectangles

trilCropped = []
tri2Cropped = []

for i in xrange (0, 3):
trilCropped.append (((tril[0][i]([0] - r1[01), (tril[0]([i][1] - rl[1l1)))
tri2Cropped.append (((tri2[0] [1i]([0] - r2[0]1), (tri2[0][i]1[1] - r2[1]1)))

# Crop input image
imglCropped = imgl[rl1[1]:r1[1] + rl1[3], r1[0]:r1[0] + rl[2]]

3. fHitH s ER
NIRRT 1 8 5 B A e L R R S A = B A o (X A = A1,
AT UAER B 7 5 AR o 2 AR A DA AU RE ey N = A T e o R8T L& o it =

# Given a pair of triangles, find the affine transform

warpMat = cv2.getAffineTransform( np.float32 (trilCropped), np.float32 (tri2Cropped) )

4. B FEAHBIEE
Ko b 2B 5 58 A ML T8 BY R A A B BAERAS R8T 5 i % H B 15 - 7E OpenCV
H, LA warp Affine() e 06 R NP 477 50 22 45t o

# Apply the Affine Transform just found to the src image
img2Cropped = cv2.warpAffine( 1imglCropped, warpMat, (r2[21, r2[31), None,
flags=cv2.INTER LINEAR, borderMode=cv2.BORDER REFLECT 101 )

Rk =ARIeGgE
HLE—SERE TMBEREG, BEE2EFEREXERA E@ =M. B, f#H
fillConvexPoly()BR Z G T —MEEE, H T =MILIMU T A G RIRE.

# Get mask by filling triangle
mask = np.zeros ((r2[3], r2[2], 3), dtype = np.float32)
cv2.fillConvexPoly (mask, np.int32 (tri2Cropped), (1.0, 1.0, 1.0), 16, 0);

img2Cropped = img2Cropped * mask
# Copy triangular region of the rectangular patch to the output image
img2[r2[1]1:r2[1]1+r2[3], r2[0]:r2[0]+xr2[2]] =img2[r2[1]:r2[1]1+xr2[3], r2[0]:xr2[0]1+r2[2]]

* ( (1.0, 1.0, 1.0) - mask )

img2[r2[1]1:r2[1]1+xr2[3], r2[0]:r2[0]+xr2[2]] =img2[r2[1]:r2[1]1+xr2[3], r2[0]:xr2[0]1+r2[2]]
+ img2Cropped
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1.28 Pf/RILRA

AATYHA AT LE OpenCV A i F i /R 1R A0K5 32 BH ) PNG #% 2R 8 e e 3 — iR % L.

Bl RVR AR A B EN I S ERGESEE REG LOE. BVEEEL2EG (4
WAEFE A PNG 8  EHG D BI28 4 ANliE, (Hetnl DU i EG . X Fiis B 52 hGE &
R R Ba] R 92 5% R B el R VA T

B SR VIR A MU RIS B T 4

FaF+(1-)B 0<a<1

X, o ARRIERERY; FONRISEGREIE; B Y GG,

FARKY, ERGNEEERL, FHEMHRREED (o AEarREERRIEG (F)
A S EBmE© (B).

R AR o ESEbR LR RGBS R ZERR L 255, FTUEART 0<a<1.

FRIE LR, mT AT L ER .

(1) Ha=01, fHBERIONE .

(2) Ha=1 i, FHGRGEOHETT.

(3) % 0<o<l i}, HHHBERIERLEFMATRARE. W TEEMRS, F/RIESRIIL
FUBEEANT 0/ 1 ZEmg =,
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import cv2

# Read the images

foreground = cv2.imread ("puppets.png")
background = cv2.imread ("ocean.png")
alpha = cv2.imread ("puppets alpha.png")

# Convert uint8 to float
foreground = foreground.astype (float)
background = background.astype (float)

# Normalize the alpha mask to keep intensity between 0 and 1
alpha = alpha.astype (float) /255

# Multiply the foreground with the alpha matte
foreground = cv2.multiply(alpha, foreground)

# Multiply the background with ( 1 - alpha )
background = cv2.multiply (1.0 - alpha, background)

# Add the masked foreground and background
outImage = cv2.add(foreground, background)

# Display image
cv2.imshow ("outImg", outImage/255)
cv2.waitKey (0)
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(5) g — B R R Rk, o] LR AR H N T — iR B & A &R,
LUK FCm S 21 55— IR K% . 1X & OpenCV i) warpPerspective() 5F 5 5¢ B »

EU& B HE R Python ARSI

from  future  import print function

import cv2
import numpy as np

MAX FEATURES = 500
GOOD_MATCH_ PERCENT = 0.15

def alignImages (iml, im2):
# Convert images to grayscale

imlGray = cv2.cvtColor (iml, cv2.COLOR BGR2GRAY)
im2Gray = cv2.cvtColor (im2, cv2.COLOR BGR2GRAY)
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# Detect ORB features and compute descriptors

orb = cv2.0RB_create (MAX FEATURES)

keypointsl, descriptorsl = orb.detectAndCompute (imlGray, None)
keypoints2, descriptors2 = orb.detectAndCompute (im2Gray, None)

# Match features
matcher = cv2.DescriptorMatcher create (cv2.DESCRIPTOR MATCHER BRUTEFORCE HAMMING)

matches = matcher.match(descriptorsl, descriptors2, None)

# Sort matches by score

matches.sort (key=lambda x: x.distance, reverse=False)

# Remove not so good matches
numGoodMatches = int (len(matches) * GOOD MATCH PERCENT)

matches = matches|[:numGoodMatches]

# Draw top matches
imMatches = cv2.drawMatches (iml, keypointsl, im2, keypoints2, matches, None)

cv2.imwrite ("matches.jpg", imMatches)

# Extract location of good matches
pointsl = np.zeros((len(matches), 2), dtype=np.float32)
points2 = np.zeros((len(matches), 2), dtype=np.float32)

for i, match in enumerate (matches) :
pointsl[i, :] = keypointsl[match.queryIdx].pt
points2[i, :] = keypoints2[match.trainIdx].pt

# Find homography
h, mask = cv2.findHomography (pointsl, points2, cv2.RANSAC)

# Use homography
height, width, channels = im2.shape
imlReg = cv2.warpPerspective (iml, h, (width, height))

return imlReg, h

if name == "' main_ ':

# Read reference image

refFilename = "form.jpg"

print ("Reading reference image : ", refFilename)
imReference = cv2.imread(refFilename, cv2.IMREAD COLOR)

# Read image to be aligned

imFilename = "scanned-form.jpg"

print ("Reading image to align : ", imFilename);
im = cv2.imread(imFilename, cv2.IMREAD COLOR)
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print ("Aligning images ...")
# Registered image will be resotred in imReg
# The estimated homography will be stored in h

imReg, h = alignlImages(im, imReference)

# Write aligned image to disk
outFilename = "aligned.jpg"
print ("Saving aligned image : ", outFilename);

cv2.imwrite (outFilename, imRegq)

# Print estimated homography
print ("Estimated homography : \n", h)

1.30 i}l ZBar Fil OpenCV 45 ZIE S F1 —4Em 14
{14 Python 1844

KA 48 ZBar (RN OpenCV 4 "5 25 TS FN — 4ERD 454X (1) Python /%55,

(R4 ZBar F11ERNAASCHF Python 3, Bt DAHESF S FH [R5 8¢ Python 2 1 Python 3 [#) pyzbar.
pyzbar ifiid Python 2 1 Python 3 #11, fdiF] Zbar FEiszEL 25T .

%% pyzbar:

pip install pyzbar

ZBar iR [B ] — KT/ eS0T A 3 B

(1) KA. R ZBar Kl B FI4RF5 2 Z4E0D, WISRACHN 485, W2 %mhs, WA
ZBar Be i I LA SRS () —Fl

(2) Bl XIRIRNSE LTS/ YD (s @ e = R, (RIS (3
T T/ RS MR

(3) fiE: XEeMARMERES. 5T QR (Quick Response) —4Efd, & &% M T
QR 4ERSVUILTEI 4 NI 4 DN ENFIER . XTI, AL B2 bR id 2 RS H Ba] 1 ST 06
LRI m RS

pyzbar A — A7 5[ b R E SR e AL A RIS B R T A 755 o RS pR R Bt A ke T
pyzbar (1] decode() i £ A A 1 £ B (1) & T AG AN QR —4ERD FF4T EN %

P IR AT S A 4R B B A I RIX L SO R — AN DY (A kRS D, T
RBELHVATE . R EA LAY, e E s (RN . X0
OpenCV #1444 cv2.convexHull() H] B 58 Y

from  future  import print function
import pyzbar.pyzbar as pyzbar
import numpy as np

import cv2

def decode (im) :
# Find barcodes and QR codes
decodedObjects = pyzbar.decode (im)
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1.31 i

AL 8 A7 B PR AR A0 AT (] OpenCV A1 Python #EAT AR5t -
DR SEE TS
ORI RIS P A R SR AR BB AR R TRCE IR & R SR
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img = cv2.imread("bradley cooper.jpg")

img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)
img2 = cv2.imread("jim carrey.jpg")

img2 gray = cv2.cvtColor (img2, cv2.COLOR BGR2GRAY)

2) R0 BRI bR £

S H] dlib P SRAS I T 5 ) bR A

FE N HFAIS S, R 1 AT 4R B bR

FEJEoR (R AR AR, AR 7 IR R b, (IR R EOR N T H AR R
# We load Face detector and Face landmarks predictor

detector = dlib.get frontal face detector()
predictor = dlib.shape predictor ("shape predictor 68 face landmarks.dat")

# Face 1
faces = detector (img gray)
for face in faces:
landmarks = predictor (img gray, face)
landmarks points = []
for n in range (0, 68):
x = landmarks.part (n) .x
y = landmarks.part(n) .y
landmarks points.append((x, y))

3) =MEE o IRE G
=M IR R BT 2 B =M X0 NI iIR% L, e TR fil R 43

=5 HAREE B =R

A4 B 5 e F
TR R IR BT TR IR SN EAREHR A, e A R R K NS

WARE SR E RN S, ORI 2R R EORIG LG . AR S, I SR 8 2 5 S = 7%,
INR] CLfR] A A = M, AR E SR FFELE], JF s ILRCH R n R, e, MLk
HIR 5 B KT

FE N RS, K F B A H] OpenCV 14T Delaunay 5035 =M T4 77 .
# Delaunay triangulation

rect = cv2.boundingRect (convexhull)

subdiv = cv2.Subdiv2D (rect)

subdiv.insert (landmarks points)

triangles = subdiv.getTriangleList ()

triangles = np.array(triangles, dtype=np.int32)

4 =i HirEE
H AR E& 10 =8 75 2 5 IR G =M R o R MR . X R MR E R

AR L, EXHREGIEAT =MIEEI D 25, WA= MIBHE 2> PRBObAR R iR 51, B
fELE H b B S AR R ) = A8 23

# we get the Landmark points indexes of each triangle
indexes triangles = []

for t in triangles:
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ptl = (t[0], t[1])

pt2 = (t[2], t[3])

pt3 = (t[4], t[5])

index ptl = np.where ((points == ptl) .all (axis=1))
index ptl = extract index nparray(index ptl)
index pt2 = np.where ((points == pt2) .all (axis=1))
index pt2 = extract index nparray(index pt2)
index pt3 = np.where ((points == pt3) .all (axis=1))
index pt3 = extract index nparray(index pt3)

if index ptl is not None and index pt2 is not None and index pt3 is not None:
triangle = [index ptl, index pt2, index pt3]

indexes triangles.append(triangle)

—BHAE T =MILRG, war o e AeRt B s REEAT =M e

# Triangulation destinazion face
for triangle index in indexes_triangles:
# Triangulation of the Second face
trl ptl = landmarks points2[triangle index[0]]
trl pt2 = landmarks points2[triangle index[1]]
trl pt3 = landmarks points2[triangle index[2]]
triangle2 = np.array([trl ptl, trl pt2, trl pt3], np.int32)

5) $REVNIHL i =%

— B P IR B R R B NREAT T =M, s SRR N = MBI R ECEAT, (Hik
%E%Wﬁﬁk%zﬁ%%%ﬁiﬁﬁﬁ%%ﬁA%%:ﬁ%E%ﬁ%E%A%@%%:ﬁ%o

A B T AR e R R R AR = A

# Warp triangles

points = np.float32 (points)

points2 = np.float32 (points2)
M = cv2.getAffineTransform(points, points?2)

warped triangle = cv2.warpAffine(cropped triangle, M, (w, h))
warped triangle = cv2.bitwise and(warped triangle, warped triangle, mask=cropped
tr2 mask)

6) REHLH ) = AT A —
DIRPIFHE T PrE =25, BRI ENERA ', X2 A RMH=MEH
RS, ME— DO RX PORE T =AY . FEMERIESS R, SRR R

# Reconstructing destination face
img2 new face = np.zeros((1155, 849, 3), np.uint8)

img2_new face rect area = img2 new face[y: y + h, x: x + w]
img2 new face rect area gray = cv2.cvtColor(img2 new face rect area, cv2.COLOR
BGR2GRAY)

# Let's create a mask to remove the lines between the triangles
_, mask triangles designed = cv2.threshold(img2 new face rect area gray, 1, 255,
cv2.THRESH BINARY INV)

warped triangle = cv2.bitwise and(warped triangle, warped triangle, mask=mask_
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triangles_designed)

img2 new face rect area = cv2.add(img2 new face rect area, warped triangle)

img2 new facel[y: y + h, x: x + w] = img2 new face rect area

7 B Hbr BB LR

AE AT DLEE S 1o Se BT H ARG i, s e, Brbl, /S0 LA
AL B bR BURIEREAE —iE.

# Face swapped (putting 1lst face into 2nd face)

img2_ face mask = np.zeros_ like(img2 gray)

img2_head mask = cv2.fillConvexPoly(img2 face mask, convexhull2, 255)

img2_ face mask = cv2.bitwise not (img2 head mask)

img2_head noface = cv2.bitwise and(img2, img2, mask=img2 face mask)

result = cv2.add(img2_head noface, img2 new_ face)

8) JistTilE

M, THEBPOERAC R, AR RSO AR ERIE & HAR R 7. £ OpenCV 1,
— 4N seamlessClone()T N BRI AL, B2 HANHATILERIE.

PATFERBCH S (CAEDIR 60 S, FRIURIRHI H AR R B E SRR, &
TR D

(x, y, w, h) = cv2.boundingRect (convexhull?2)

center face2 = (int((x + x + w) / 2), int((y + y + h) / 2))

seamlessclone = cv2.seamlessClone (result, img2, img2 head mask, center_ face2, cv2.
MIXED CLONE)

1.32 applyColorMap H T Th# o

B AEAE ML SR S AN R X IR RE s 7T DO di 2 Al 8 7 56 [0 3 1) 1A D A P 1
{5 —— 2 1) X ARV (KR BE BT A XA R ) DX o IR R el T P 2 2R
ER MRS . B, N RGO AL B E AL 3R B I MR A, TR 35 T
NP AL Hk, KRR S S ARSI GRRRER . HE RSB EE, H
ORI BIR IR, X EAAE L.

R LR A Al (EEE Fefh LR SR R B ORI MfE 0L, (R LR BN Bt
Kot AT AT A T o HoAth T DL Oy A ¢ S S st mT AL A e R v B S D R
MPEEE

OpenCV JE 3 1 12 FHEREL I, Af LA A o 5 applyColorMap () 3 R T < & P45 B A= jlefy
RAEG . T FAR AT LA B AR B & COLORMAP_JET AT T-E{& .

import cv2

im gray = cv2.imread("pluto.jpg", cv2.IMREAD GRAYSCALE)
im color = cv2.applyColorMap (im gray, cv2.COLORMAP JET)
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1.33  ah&EH kg

AT PR AT A8 R A RIS BRI 0 2 08 BUE k6 = 20 ASJaHE (HDRDY E&.

K2 HEHDAIHLAN B 25K . RGBT~ A 24 (1 ERE . A EtalIE A 8 A, it
FAEE MR RERN 0~255, Hh)ifi, WiEMANLER RS BEAH RIS .

SR, NATE B Rt G IR KshASVaE . B, FFE BT SBEEE—F, W
RANBEMKM, oG HEw . IS RIREHKmER, EHEELT, 8 fiHfhnEny bl
e, Fk, MLl e IR Bk B, DUEEHE A B rEs o B A R
AT, FF Hog KW RS2 3 3 BT 8 0 Fi 255,

1 B2 T AR ] TAE 2

g FARALIARE RS, AEHLA RS EIEE R 8 kR s SR CREEED. =
] DL SO TR T AR AN R N iR 2 kA R s . R 2 3R AL — M
MO HESAEE (AEB) [IhRe, RFH%— &, #inl EA R T hig 2 skt .

fEFAINL ) AEB 8iFAL BB BB AN, #aT bh— ik — sk podi a2 sk i
Fo XA A SR . M7E iPhone H1 /4 ] HDR G450, iPhone 244 3 5K s

(D BOEARMEG: EGEEFRB I EGER . Birgdmk B A - rE o

(2) IEHEEC EME: X R AHMUARYE FLAG v i HE R 4 i R

(3) Bud M EG: EEGHEFRRE ARG E . Hisgmie BE SRS .

{H2, RSB AR K, WeT BUnsE 3 5k PL BRI A k& B HDR BIE . AR50
1§ 4 SKBESCIHE 20 514 1730, 0.25, 2.5 F1 15 BRI IR .

B ARALER TATLAE FH 1A SR g ot B ) AR e Ath 15 B )5 B 08 A7 78 JPEG ST EXTF o4k
Harp . AT LMEH EXIF iy 447 S2 RS 7 EXIFTOOL £ E 174 4 Windows B, macos H1#] JPEG 3
R ) EXTF o3

6 BB 73 BC A [RI R SGIN [R] A B8 R4

def readImagesAndTimes () :

# List of exposure times
times = np.array([ 1/30.0, 0.25, 2.5, 15.0 ], dtype=np.float32)

# List of image filenames
filenames = ["img 0.033.jpg", "img 0.25.3jpg", "img 2.5.jpg", "img 15.jpg"]
images = []
for filename in filenames:
im = cv2.imread (filename)

images.append (im)

return images, times

FIF-415% HDR BRI R3S 55 & R EU™ E I .

1A%, R TAIE HDR BERKIM AT, LSRRI = . Al
EAE PR SO BEBE [ Th BE RS> BN RSN . BIAEIXRE, IR AT RELiR e R0, BN
TAEPRAETCIRBN IS . 0 REA LT LA R T, X 55 1) 2 AR5 TR

SEIBMSE, OpenCV #4E T —Fhfli i AlignMTB S0t 551X LE [ F (1 faf 207 7. iS00
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BT BE R 4o T R AL (MTBD . B8 i MTB Sl iR E 1 s e 2 S B =G R,
BIAHE S 0 KI5 . MTB XTBERSGI A2 AR . Kk, MTB "] LIS, M Jodids & ol
I} 18] o

5 LA R ARRS AT AT 25 T MTB X 5%

# Align input images

alignMTB = cv2.createAlignMTB ()

alignMTB.process (images, images)

SIS ARML A S X 3 e E AR R . IXEBRE AT s, MR AR,
R ANEBLSE S AR SR N — AN 2 5. SIS 2 MR IE R AR, Bk
PG R EA S REHEPARN 2 65 RS TR R 2 (CRE), NP A &I —
fi§ HDR B .

¥ 2 kg &I 8 HDR B BB 42

REEEGEMIE (x, ») B—18K. WHE CRF ZELMER, NGRS G 8 pl ik
tt, BRAEG R AR G ORI (RPEEE 0) BOR (BRI 255) . o] DU 8 f X Se3R {4 38 O
MEEORSE), FRIE IR S b ARG AR A THE R A R, AR SEEE B R AR A E G+
PSR . W] DO A R R AT IR H R AN EUR, Hoh A R R a1 “ i
BEFARM .

{HJ2 CRF LR, TEMEGmELMAL, 574 el & et CRF K& IFAP
¥Iedt.

UFH RS, Gn SR Aok R A IR SER ], inT Al T CRF. SR 1 F 2
il @ —FE, F-48 CRF [ @i e B — MR R, 3 E A5 2 /b i 250 TR T T 20 A )
H AR ERE . X 6 [ 0 5 T A R P e N e i), A B0 (SVD) Kfgik. SVD &
IREEE A 6 X v (I Rt 57 8

{£ OpenCV 1§  CalibrateDebevec 5¥ CalibrateRobertson R 75 2 47{CiGEI A $k 3] CRF. 7
i1 CalibrateDebevec.

# Obtain Camera Response Function (CRF)
CalibrateDebevec = cv2.createCalibrateDebevec ()

responseDebevec = calibrateDebevec.process (images, times)

f&iit CRF J&, W] LM MergeDebevec ¥ 1E F & 3F 8 —1F HDR &1 .

# Merge images into an HDR linear image

mergeDebevec = cv2.createMergeDebevec ()

hdrDebevec = mergeDebevec.process (images, times, responseDebevec)
# Save HDR image

cv2.imwrite ("hdrDebevec.hdr", hdrDebevec)

THRA7 ) HDR 4% 7] LLZE Photoshop H ik 1R 47 (2 WLt

PLAE ORI R & 9 8 —1E HDR BME AR BESE H X i AR fe /AR RAR R AE S 2 5% T
BRI, s/AMERARZ 0. HIbHRKELEZ/D? LRM ! fEsLlkd, ARER N rSKE
AR, mRsaEIEE =R, BE R — R RS E.

JRAEHTTH O 2 5K BB R T AEXS )52 (R B, (B3R G A6 K X L5 B ARAT N 24 7
EIE DAL BRI B -

4 HDR BG4 yRieEiE 8 A BUE R R B R AT B8 2 B4R T B FERR A i i dft
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1E OpenCV A 523) Drago. Durand. Reinhard 1 Mantiuk 4 /™0, 1J8 B

(1) ARG %N S5

Ogamma: JHITRH gamma FIER BTG Y gamma=1 B, ANARIE; 4 gamma<<l

IR 250 2 gamma> 1 I MR 255%.,

@saturation: I T4 sl DAL . WA S, BUESEFw . HoRsl, MM 4%

ETE, MBI R KE.
contrast: {2 il H EHR IR LEEE
(2) OpenCV AT HH ) 4 AN o B 5%
(ODrago i Wi B35,
Drago & if B VRIS 8000 R -

createTonemapDrago

(

float gamma = 1.0f,
float saturation = 1.0f,
float bias = 0.85f

)

X HL, bias 52 ffi & BRI HAE[O, 1]IX A HIME . 0.7~0.9 HIEIE 45 i i i 4s
Drago 8B5S Python ARG U1 R

# Tonemap using Drago's method to obtain 24-bit color image
tonemapDrago = cv2.createTonemapDrago (1.0, 0.7)
ldrDrago = tonemapDrago.process (hdrDebevec)
ldrDrago = 3 * ldrDrago

cv2.imwrite ("1ldr-Drago.jpg",

@Durand 2,1 Bl g B
Durand &1 B VR I S50 R -

createTonemapDurand

(

ldrDrago * 255)

float gamma = 1.0f,

float contrast = 4.0f,
float saturation = 1.0f,
float sigma space = 2.0f,
float sigma color = 2.0f

);

. BRIMEA 0.85,

SR PG A S R RO 2 HEHE o PRV Ry R 0 5% 130 2 RV 59
$RAH. sigma_space Al sigma_color JEXGATEW AR ZH, 45 bl 22 VAo B o 1 06

Durand 2,3 B 5F 520725 1¢) Python /SRS TN

# Tonemap using Durand's method obtain 24-bit color image
tonemapDurand = cv2.createTonemapDurand(1.5,4,1.0,1,1)

ldrDurand =
ldrDurand =

tonemapDurand.process (hdrDebevec)
3 * ldrDurand
cv2.imwrite ("ldr-Durand.jpg",

(®Reinhard &1 W5 5%
Reinhard ¢4 B 5L S 8000 F -

ldrDurand * 255)
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createTonemapReinhard
(
float gamma = 1.0f,
float intensity = 0.0f,
float 1light adapt = 1.0f,
float color adapt = 0.0f
)

Z intensity NAE[-8, 8]IX[H]. B K intensity {27 L T =45 . 28 light adapt 4%
HGHRE R, 7E[0, 11X (A N 1 KRR TR AN BER; (AN 0 Rona/mEER . HE
ERTH T B A . S48 color_adapt #5 I (A FEIG M, 7E[0, 1TIX[H] . R ZERE R 1,
VU TE B ST AR W FIRAE R E Y 0, MIMGANIEIE 1&g AR s R IEME T T # # 80m
BAE

Reinhard B 5 52:4) Python AR U1

# Tonemap using Reinhard's method to obtain 24-bit color image
tonemapReinhard = cv2.createTonemapReinhard (1.5, 0,0,0)
ldrReinhard = tonemapReinhard.process (hdrDebevec)

cv2.imwrite ("ldr-Reinhard.jpg", ldrReinhard * 255)

@Mantiuk 1 Bl S H 52
Mantiuk €21 B FVE RIS E 0

createTonemapMantiuk

(
float gamma = 1.0f,
float scale = 0.7f,
float saturation = 1.0f

)
ZHY scale XS LU LU 7, H 0.6~0.9 IME ™ A e 45 2R
Mantiuk ¢ B 595 Python ACAS 1T »

# Tonemap using Mantiuk's method to obtain 24-bit color image
tonemapMantiuk = cv2.createTonemapMantiuk(2.2,0.85, 1.2)
ldrMantiuk = tonemapMantiuk.process (hdrDebevec)

ldrMantiuk = 3 * ldrMantiuk

cv2.imwrite ("ldr-Mantiuk.jpg", ldrMantiuk * 255)

1.34 GRS

HER Rt 2 — R A A AN RO I AR B R R AL G il — N R R (L RS ) HDR
Bk,

MfE AN B, BANBIEEE R A 8 ARF R RIS A, B B, AN
JEI I SRS EE AT LA 0 G R B LP R CERURFD A5, ik, STARNLEGRE AL
RIS OCE OB E, DMEMMNISIASTERE (0~255 (8D REFREA b ey B
it EVFZAMNLE, ARSI TERAR, JF BB E AR A EAROLL L .

G T A A —— R AR IR BB R R8RS IR R IF i e R 37 5%
FE? B EN . LGTHER M HDR BRI .




% 1% 4£)A Python A& OpenCV #9 2 A | 61

HDR {475 ZLRLE G B (8] . HDR BGA BEERIRE, JfAEESE. HDR K& H
i/ NSRS 0, EELE ERA R UL, & 2R E MEMS 2] 0~255, RXFEABEERE.
XA HDR RIS 2 B33 8 A W HUR (R R RE MR Ot i

14 HDR EHR IR 5 BEAT (1R RS i RATT o AN BE R AP 22 5K 61 2 — 1 Ceu el ke i P
TEAUEH] HDR. SESAIEM, AT LA A Bt A X —

B GRb & AP BRI T

D) iR EA A FBOERE M 2 5K A

B, BB O TR FE 7m0 — RAVER . X8 SR AR P R
(TEEERSCBL . GH%, kSR L IR A — e BOLE R IR, DU IER R
I

fE IR BOCHIMOA , ERR T CHAINLER RS B ), DB A&t
18 8 A7 BT Bk 7R MR B A R K0 7 o RS PR X R B R 0, DRSS IX 3 A 21 255

FEBOCA R RIME b, BRITE R, BB . B, BitadiEn 8 ALH Tk =X
s, T SR IR DX 0,

FERE e FE IR, PRITEEEE RS, R AR OC R 2, BRI ERIR ST, A /K
AU IEIE ) 8 A T die SR IR DI SRR, 1T B e DS A A BE D 255,

REHBESARYLEA — DAy A S B EEOE (AEB) HITIRE, A& N, skl
FEA R AR N A5t kIR

—ELAR 7 IR, mte] AR T T A CRS R E AT

def readImagesAndTimes () :

filenames = [
"images/memorial0061.jpg",
"images/memorial0062.jpg",
"images/memorial0063.jpg",
"images/memorial0064.jpg",
"images/memorial0065.jpg",
"images/memorial0066.3pg",
"images/memorial0067.jpg",
"images/memorial0068.jpg",
"images/memorial0069.jpg",
"images/memorial0070.jpg",
"images/memorial0071.jpg",
"images/memorial0072.3pg",
"images/memorial0073.jpg",
"images/memorial0074.jpg",
"images/memorial0075.3pg",
"images/memorial0076.jpg"

images = []
for filename in filenames:

im = cv2.imread (filename)
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images.append (im)

return images

2) XIFEHA

BRI 1 ] = RIS R AR B 7 91 o (R R R 75 00 5%, RN RV R B S AR LB 30t 2 BRI
RAM TR . OpenCV $2{t T —FifE ] AlignMTB B30 551X £e [ (1 .05 9%  12580%
K R e oy P E B EAZ B (MTB). M (1) MTB 2l iR 1 70 Bis b E S
F& R, SAME DY 0 Kit5. MTB XBEIGIS AR AR . K, MTB LI 5%, M
SE BRI A

il FH LA S ARRS4AAT 2 T MTB FIXE 55

# Align input images

alignMTB = cv2.createAlignMTB ()

alignMTB.process (images, images)

AN R O R SR B A RN A3 S . OGRSl (PR B 2 EEBOEIR v 3251 o
(M “def” B RIFE I F . XERM 3 DR R

(D MR WRFHIE R RERR 0 sl 255, WA RZA I8 R4k 3 5
KB ERAE, TN ERGL TR (128) KIRE.

(2) XFECEE: xS b EE IR B m i e . B, X T REE R R AN H BB S R,
BRI R

(3) MIMZ: [FkE, WSSO ARG, RARRELEENER. Bt frEhER
PR v Y MR 2 B T 1245 3R T s OB

X3 AR RN T AR W, j, k), EFRREE kEEREALE G ) MR R AR &R
I TTER . AL WG, J, DA — AL, SEEX TR G, ), Fra B stk 1.

ffH OpenCV, R Z&ffH MergeMertens 1 AT ARG 5 7] LSRR L5 o

mergeMertens = cv2.createMergeMertens ()

exposureFusion = mergeMertens.process (images)

FER NG, AEBRG I B G Hh ) BGOSR B 6 AN S 1) PRI o B A 5 X A3 AT 1 4
e SR, FEEIFR A BB, BEER RS T BRI RN A

AT LALE B H T HDR R4 i B4 & B AR R .

IEINEEF AT TR 2R, BOGRIE RVFEABIMTHE HDR BURHINE AT SEI R T
HDR + Tonemapping 2R . bk, A FREHIE R K OB [a], 5t aT PLRAS IR & 31
ghIR,

W, 230752 HDR BURI 7M. BUNTEVF Z IGO0, BRGRl& 7 A2 i) th mT BEAS
Fra—Se NI ELF, (BSOS gl v] LAY 8 DU AN [ s 58 4 55— 71, HDR BERT5
AT DU PR s W R AR 2 FE o A SRS B e A B ) HDR R, 3 ] DS AN [R] ) €8 1 Bt
SHEE.

M, BEGRE AR T — P —— AU R M DA SRR B S AN Kb IR, AN TR
IR ST ]
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1.35 X5

AT YR OpenCV #EAT A R EREE . OpenCV 3.0 JFEA5I NEREE APL. A5 trifar fd
OpenCV 4.2 Ha] H 1] 8 FPAS [l I BRER 25 o

faT B E,  FEAAT I St e 7 5 SR ER R o

XA E TR SRAR R B, (BTN RILES 2= 2, R — AN EER T ZHARE, &
RS PAHRUERAR AR ME . B, DURFTE A FEMEAR SRS, #R 7R RERER AT
BEAT HIRE 5T

o BHE IR XFEVEA BT THILA R K IS B R &

o Migiotiit: XAEE, 1 KLT (Kanade-Lucas-Tomashi) #2501k H] T BRER EI& b TLANER

fIE s AL

o RIREIEP: —MAEFRATIGE SAEEE, HTHRE e 508 3015 B S sh i 1

(A=

* Meanshift fil Camshift: €17 %5 B pR B RAE B, BT T RERER .

o KT RERERAR: FEUMLISERERZR, 2B 1 MU AMEARC, AR EIRER R E,
SR 5 A P BREF SRATE JE S h BREE XS G o TE R Z R IR N F b, X S ER 28 5 0 AT
WA

o I RIREFEREL: WA —AOEX GARN g, AR 2 AR, RE
AT BRER ARSI AR A — ot rp (RN HE T S BT — i R T R
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OpenCV 4 7 —/NREE APL, FLH @ &1 2 AN RERER AL, OpenCV 4.2 1
BOOSTING. MIL. KCF. TLD. MEDIANFLOW. GOTURN., MOSSE # CSRT % 8 Ff A~ [A] {1
BRERZS AT o

FE N PRI 1 Sl i R BRI A SR A R i B R R 88 ——BOOSTING. MIL. KCF,
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TLD. MEDIAFLOW. GOTURN. MOSSE & CSRT. #RJ5F] H— AN —ii, & X 7T
=AM T WO R AT HE, JHER R 1 WO AR UG ER R 2 o e, WA R B,
SR G G IR T BT B A ARAS A BTl ) B S AE, B S Bongs R .

import cv2

import sys

(major ver, minor ver, subminor ver) = (cv2. version ).split('."')

if name == '_main__

Al
# Set up tracker
# Instead of MIL, you can also use

tracker types = ['BOOSTING', 'MIL', 'KCF', 'TLD', 'MEDIANFLOW', 'GOTURN', 'MOSSE',
'"CSRT"']
tracker type = tracker types([2]

if int (minor_ver) < 3:
tracker = cv2.Tracker create (tracker type)
else:
if tracker type == 'BOOSTING':
tracker = cv2.TrackerBoosting create()
if tracker type == 'MIL':
tracker = cv2.TrackerMIL create ()
if tracker type == 'KCF':
tracker = cv2.TrackerKCF create ()
if tracker type == 'TLD':
tracker = cv2.TrackerTLD create ()
if tracker type == 'MEDIANFLOW':
tracker = cv2.TrackerMedianFlow create ()
if tracker type == 'GOTURN':
tracker = cv2.TrackerGOTURN create ()
if tracker type == 'MOSSE':
tracker = cv2.TrackerMOSSE create ()
if tracker type == "CSRT":
tracker = cv2.TrackerCSRT create ()

# Read video
video = cv2.VideoCapture ("videos/chaplin.mp4")

# Exit if video not opened
if not video.isOpened() :
print "Could not open video"

sys.exit ()

# Read first frame
ok, frame = video.read()
if not ok:
print 'Cannot read video file'
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if k == 27 : break

1.36 A RINEE

AT A 45 FH ik MultiTracker 28523 OpenCV #1251 R R AP,
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OpenCV ] MultiTracker J&42 {1t 1 2 HAREREARISEIL. 1K — IR AL, PO E AL
Mo AEBERBREART B, AR ER X RBEAT AR

Nl P EE AN, TR EH] OpenCV ) 2 X SR ER AP,

D G AR R IR B SS

2R RERER G R BN GURERAS IR o B S8 M RREL, iR BCR R B AR R AU O
BN DN EREREN R - OpenCV $24L 1 8 AR BRER #5257 : BOOSTING. MIL, KCF,
TLD. MEDIAFLOW. GOTURN. MOSSE. CSRT.,

FE NI FARRS T, 4B ERER AR R A AR, IR FIERERER A R . R AERY J5 TR e 2 B
ER A%

from _ future_ import print_ function

import sys

import cv2

from random import randint
trackerTypes = ['BOOSTING', 'MIL', 'KCF', 'TLD', 'MEDIANFLOW', 'GOTURN', 'MOSSE', 'CSRT']

def createTrackerByName (trackerType) :
# Create a tracker based on tracker name
if trackerType == trackerTypes[0]:
tracker = cv2.TrackerBoosting create()
elif trackerType == trackerTypes[1l]:
tracker = cv2.TrackerMIL create ()
elif trackerType == trackerTypes[2]:
tracker = cv2.TrackerKCF create ()

elif trackerType == trackerTypes[3]:



tracker = cv2.TrackerTLD create ()

elif trackerType == trackerTypes[4]:
tracker =

elif trackerType == trackerTypes[5]:
tracker =

elif trackerType == trackerTypes[6]:

tracker = cv2.TrackerMOSSE create ()
elif trackerType == trackerTypes[7]:

tracker = cv2.TrackerCSRT create ()
else:

tracker = None

print ('Incorrect tracker name')

print ('Available trackers are:')
for t in trackerTypes:

print (t)

return tracker

2) EEARIRES 1 il

% H bR PR 2% 7 ZL NN -

(1) —ML

(2) BREFMFTARN RIOALE G,

cv2.TrackerGOTURN create ()

cv2.TrackerMedianFlow create ()
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GEIXEER, PREFSEITA 5 SR BREX S ds 0 RN AL E

FE N FCRSH, EEMEA T VideoCapture SEANAMARIFELIE 1 i,

&4k MultiTracker,

# Set video to load
videoPath = "videos/run.mp4"

AR A T4

# Create a video capture object to read videos

cap = cv2.VideoCapture (videoPath)
# Read first frame

success, frame = cap.read()
# quit if unable to read the video file
if not success:

print ('Failed to read video')

sys.exit (1)

3) B 1 P A %R

AR 1 Wb e AR ERER A B A B R R MU

OpenCV #24t T —/4~44 4 selectROI() ) R 4,
PR FHE .

SRS, b

(YU

## Select boxes
bboxes = []

colors = []

2 A

b=

S —/NEJEH P S (GUD it P ik

i e — P B R B i S .
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# OpenCV's selectROI function doesn't work for selecting multiple objects in Python
# So we will call this function in a loop till we are done selecting all objects
while True:

# draw bounding boxes over objects

# selectROI's default behaviour is to draw box starting from the center

# when fromCenter is set to false, you can draw box starting from top left corner

bbox = cv2.selectROI ('MultiTracker', frame)

bboxes.append (bbox)

colors.append((randint (0, 255), randint (0, 255), randint (0, 255)))

print ("Press g to quit selecting boxes and start tracking")

print ("Press any other key to select next object")

k = cv2.waitKey (0) & OxFF

if (k == 113): # g is pressed

break

print ('Selected bounding boxes {}'.format (bboxes))

4) Y464k MultiTracker

FIHAT AL, VideoCapture CVAIEEL T 28 1 MUIFIRTG T X S FILFAE. X — VI
Z Hir R R R TR R .

I S AN — A MultiTracker X 52, Ff () HoHp a0 510 FAE — 4 2 1 B0 SR ER AR . 7
s, M8 CSRT M) RERERSS, HB A LUB K R trackerType A8 & 5 A A SCIF Sk
FRFM 8 MNIREERS Y — R A PR EE 3257 . CSRT FREFAS AL e b, EE G2 IHM,
NPT B R

MultiTracker 2 FH X £8 AN RERER B 12548 . AN RERERZHE M HZE 1 miylanit
(), FF Hid A HESS R 7 AR SRR S A7 B . MultiTracker H4 {3 B AL 3645 & 78 I 35060255 1)
AN RERER AR o

# Specify the tracker type
trackerType = "CSRT"

# Create MultiTracker object
multiTracker = cv2.MultiTracker create()

# Initialize MultiTracker
for bbox in bboxes:
multiTracker.add (createTrackerByName (trackerType), frame, bbox)

5) FET MultiTracker 3 57~ &5

MultiTracker CLAE& %L, FEHATUAEHMIFEREEZ A% . Tl MultiTracker 25
update() 7723 EALFHMT BXT G o BN IR EE R R KBRS AR AR AR Rt 24 . 4SS
R

# Process video and track objects
while cap.isOpened() :
success, frame = cap.read()
if not success:
break
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# get updated location of objects in subsequent frames

success, boxes = multiTracker.update (frame)

# draw tracked objects

for i, newbox in enumerate (boxes) :

pl = (int (newbox[0]), int (newbox[1]))
p2 = (int (newbox[0] + newbox[2]), int(newbox[l] + newbox[3]))
cv2.rectangle (frame, pl, p2, colors[i]l, 2, 1)

# show frame

cv2.imshow ("MultiTracker', frame)

# quit on ESC button
if cv2.waitKey(l) & OxFF == 27: # Esc pressed
break

1.37 HEhel IR J: b4y

AT T 58 42 B SR A o B ERZIIR .

HNAEBRGALRT, IREBEFL S BRI 2562 N, IR R R . K2 A
PLER NG AR S B sk . B AITIFIRDEST AR, IRDekT K DG S8 R RO 1A i
FLEAIRER A8, SRR B B LR P R AL Sk . IRER R MO IRE . e R LG, KR
JEEA 78 A MR A

BUER Z BN G E 2 AR LR, IR e AL A, AT D T ZEAR B AT REAE

oy B 2 £ BRZR ?

KRR BAR AP BRI T

1) HR s

LRI EE — 0 /& A s MRS o w] LU A AR AE R OpenCV Haar £61 £ 5K - $R IR
A I 5 3 A7 T P AL 0 5% SR A I i 8 DX 3 A R R I 2 A R L o Dy TR BRI DA
fE B BIsAT RIS AR I 4% o N B 50 N AR O B BRI AR5 S5 I, oot o A 0 4 2
AR -

Python GRS 4IH :

# Read image

img = cv2.imread("red eyes.jpg", cv2.IMREAD COLOR)

# Output image
imgOut = img.copy ()

# Load HAAR cascade

eyesCascade = cv2.CascadeClassifier ("haarcascade eye.xml")

# Detect eyes
eyes = eyesCascade.detectMultiScale (img,scaleFactor=1.3, minNeighbors=4, minSize=
(100, 100))
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2) EHEAMR

X —2, FHER B Z LR 5 A 2 AN FE 7R IR B B R . 7
PR A, RATER SO, ERR Lt L a] DU (o AN B (5 5
ey HSV Bt 2 6] S B « 1 LA A 7 — /N SR fa i s R 7 v—— 4L (i i iz oK T — 4N R
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Python AR 41

for (x, y, w, h) in eyes:

# Extract eye from the image

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

# Split eye image into 3 channels
b = eyel[:, :, 0]
g = eyel[:, :, 1]
r = eyel:, :, 2]

# Add the green and blue channels
bg = cv2.add(b, g)

# Simple red eye detector
mask = (r > 150) & (r > bg)

# Convert the mask to uint8 format

mask = mask.astype (np.uint8)*255

3) 7 AL AR
LR 2) HEIEIRBARATREA fL. MM N AR ER SR P AL

def fillHoles (mask) :
maskFloodfill = mask.copy ()
h, w = maskFloodfill.shape[:2]
maskTemp = np.zeros((h+2, w+2), np.uint8)
cv2.floodFill (maskFloodfill, maskTemp, (0, 0), 255)
mask2 = cv2.bitwise not (maskFloodfill)

return mask2 | mask

UEAh, PR EGE AN R, T TR R X D EE R R X AR AL B 1R
B R, IF HIS GG SRR T Re i A AR B — 2o ar th ., AR i B AR AR B K SR A

# Clean up mask by filling holes and dilating

mask = fillHoles (mask)
mask = cv2.dilate (mask, None, anchor=(-1, -1), iterations=3, borderType=1, borderValue=1)
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4 fEHEAIR
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# Calculate the mean channel by averaging

# the green and blue channels. Recall, bg = cv2.add (b, g)

mean = bg / 2

mask mask.astype (np.bool) [:, :, np.newaxis]

mean mean[:, :, np.newaxis]

# Copy the eye from the original image
eyeOut = eye.copy ()

# Copy the mean image to the output image
np.copyto (eyeOut, mean, where=mask)

5) 5 Hi [ 1 P FR G [X 4

AR 4, CRBET 3 AWE. X PG 3 NliE L E RGB B, RERIX
AN 5 1) BRL A DX 3308 e i A AR

Python AR 40T -

# Copy the fixed eye to the output image
imgOut[y:y+h, x:x+w, :] = eyeOut

1.38 GBI E g B B

U SR AT CAAE 2 AR B — SCE DUR M 2 ) — S AR DU HLSkPr B el it B, AR
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import cv2
import numpy as np

import time

1) R3] H AR BTG IR A7

B HARE X SR B — DG E G, X ANVEERAE cv2.inrange() R £ A
A 8 H T 75 OB R o 30 75 O Y FE B R A7 D npy ST, UE LU AT DAV IR E .
T IEAE S AT AT, Rt 2 RGB % BG4y HSV Btk s, BIONTE I

R R EI R 5

W,

I T AR ST VR PO OR R R BRI G R BRI, B RGBT R AT
HAphEE,
# A required callback method that goes into the trackbar function

def nothing(x):

pass

# Initializing the webcam feed
cap = cv2.VideoCapture (0)
cap.set (3,1280)

cap.set (4,720)

# Create a window named trackbars

cv2.namedWindow ("Trackbars")

Now create 6 trackbars that will control the lower and upper range of
H,S and V channels. The Arguments are like this: Name of trackbar,
window name, range,callback function. For Hue the range is 0-179 and
for S,V its 0-255.

cv2.createTrackbar ("

#
#
#
#

L - H", "Trackbars", 0, 179, nothing)
L - 8", "Trackbars", 0, 255, nothing)
"L, - V", "Trackbars", 0, 255, nothing)
U
U

cv2.createTrackbar
cv2.createTrackbar
cv2.createTrackbar ("U - H", "Trackbars", 179, 179, nothing)

- 8", "Trackbars", 255, 255, nothing)

(
(
(
(

cv2.createTrackbar
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cv2.createTrackbar ("U - V", "Trackbars", 255, 255, nothing)

while True:

# Start reading the webcam feed frame by frame
ret, frame = cap.read()
if not ret:
break
# Flip the frame horizontally (Not required)

frame = cv2.flip( frame, 1 )

# Convert the BGR image to HSV image
hsv = cv2.cvtColor (frame, cv2.COLOR BGR2HSV)

# Get the new values of the trackbar in real time as the user changes
# them

1 h = cv2.getTrackbarPos ("L - H", "Trackbars")

1 s = cv2.getTrackbarPos ("L - S", "Trackbars")

1 v = cv2.getTrackbarPos ("L - V", "Trackbars")

u_h = cv2.getTrackbarPos ("U - H", "Trackbars")

u_s = cv2.getTrackbarPos ("U - S", "Trackbars")

u v = cv2.getTrackbarPos ("U - V", "Trackbars")

# Set the lower and upper HSV range according to the value selected
# by the trackbar
lower range = np.array ([l h, 1 s, 1 v])

upper_range = np.array([u_ h, u s, u v])

# Filter the image and get the binary mask, where white represents
# your target color

mask = cv2.inRange (hsv, lower range, upper_ range)

# You can also visualize the real part of the target color (Optional)

res = cv2.bitwise and(frame, frame, mask=mask)

# Converting the binary mask to 3 channel image, this is just so
# we can stack it with the others
mask 3 = cv2.cvtColor (mask, cv2.COLOR GRAY2BGR)

# stack the mask, orginal frame and the filtered result

stacked = np.hstack((mask_3, frame, res))

# Show this stacked frame at 40% of the size

cv2.imshow ('Trackbars',cv2.resize (stacked,None, £x=0.4,fy=0.4))

# If the user presses Esc then exit the program
key = cv2.waitKey (1)
if key == 27:

break

73
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# If the user presses 's’ then print this array

if key == ord('s'):

thearray = [[1_h,1 s,1 v],[u_h, u s, u v]]
print (thearray)

# Also save this array as penval.npy
np.save ('penval', thearray)
break

# Release the camera & destroy the windows
cap.release ()
cv2.destroyAllWindows ()

2) ERACKIN SRR I BRI

BUEATEMDE 1D B8RSR BIBAA 28R 5 X s S T BU,
I AKX — AT OB A R A R R BRIX L

WMAEFAEH— 4N load from disk FJ7AR &K e 5E A& B MG I 2880 €690 Bl i A2 B4
— e X E . SEBARES AR

# This variable determines if we want to load color range from memory

# or use the ones defined here

load from disk = True

# If true then load color range from memory
if load from disk:
penval = np.load('penval.npy')

cap = cv2.VideoCapture (0)
cap.set (3,1280)

cap.set (4,720)

# Creating A 5x5 kernel for morphological operations

kernel = np.ones((5,5),np.uint8)
while (1) :
ret, frame = cap.read()

if not ret:
break

frame = cv2.flip( frame, 1 )

# Convert BGR to HSV
hsv = cv2.cvtColor (frame, cv2.COLOR BGR2HSV)

# If you're reading from memory then load the upper and lower ranges
# from there
if load from disk:



% {£ 4 Python 77X OpenCV #9 2 | 75

R
—

lower range = penval[0]

upper range = penval[l]

# Otherwise define your own custom values for upper and lower range.
else:

lower range = np.array([26,80,147])

upper range = np.array([81,255,255])

mask = cv2.inRange (hsv, lower range, upper_ range)

# Perform the morphological operations to get rid of the noise

# Erosion Eats away the white part while dilation expands it

mask = cv2.erode (mask,kernel,iterations = 1)
mask = cv2.dilate (mask,kernel,iterations = 2)
res = cv2.bitwise and(frame, frame, mask= mask)

mask 3 = cv2.cvtColor (mask, cv2.COLOR GRAY2BGR)

# stack all frames and show it
stacked = np.hstack((mask_ 3, frame, res))

cv2.imshow ('Trackbars',cv2.resize (stacked,None, £x=0.4,fy=0.4))

k = cv2.waitKey (5) & OxFF
if k == 27:
break

cv2.destroyAllWindows ()

cap.release ()

£ EEFAAT, Ce$dT T 1| KRS 2 KIZIGAC, it 5X5 Wk, 3
FEEE R BT, R EIRACUREN AR RN R T B xR se i 7 7 W 26 R . X T
FAREOOR Y, XETTREA M, MARAE S, SIFRECPA SO IXSE, DUERS SR
SRR N

PUAE B BT IR i A BRI /N A R, SRS IEATIZ IR DAY K HARK R

RIME AT SRA — L (MR S R R, A R — D] DU G I s (e, (B OR B ARt B 52
FRAE ARG DL M AT 0L, JF H A BB AT fL.

3) e HERE

PAECEA T —DARRIZN, AT R ER ARG I ZE 1o 53R A0S 5 [ 22
—NAFHE, DA RAEREA R R B AR A I B e . ST IR

# This variable determines if we want to load color range from memory

# or use the ones defined in the notebook
load_from disk = True

# If true then load color range from memory
if load from disk:
penval = np.load('penval.npy')
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# Get bounding box coordinates around that contour

x,y,w,h = cv2.boundingRect (c)

# Draw that bounding box
cv2.rectangle (frame, (x,vy), (x+w,y+h), (0,25,255),2)

cv2.imshow ('image', frame)

k = cv2.waitKey (5) & OxFF
if k == 27:
break

cv2.destroyAllWindows ()

cap.release ()

4 HEZ

BUE—VIMES RIS, AT LR HERER F SR 5T o J I A FH 30 G A Bt 4t _E HEAT R4
2K

PUAE X T B ARG — (F-1) ) cv2.boundingRect() B ¥R [mIf) x. vy Ai 8, IS
W CFD xR xv y AAFRERGEK . I ERSX AN R, BIEPTARIE [ — 2k 2k, JFXS 4%
FAGK R WIER AR, X T LR 2R AT R SE 22 18
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B —ANEL T EABRATASRELE SE PR L2211

PR B2 B B SEELARAS 2 F

load from disk = True

if load from disk:
penval = np.load('penval.npy')

cap = cv2.VideoCapture (0)
cap.set (3,1280)
cap.set (4,720)

kernel = np.ones ((5,5),np.uint8)

# Initializing the canvas on which we will draw upon

canvas = None

# Initilize x1,yl points
x1,y1=0,0

# Threshold for noise
noiseth = 800

while (1) :
_, frame = cap.read()
frame = cv2.flip( frame, 1 )
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else:
# If there were no contours detected then make x1,yl = 0
x1l,yl =0,0

# Merge the canvas and the frame

frame = cv2.add (frame,canvas)

# Optionally stack both frames and show it
stacked = np.hstack((canvas, frame))

cv2.imshow ('Trackbars',cv2.resize (stacked,None, £x=0.6,fy=0.6))

k = cv2.waitKey(l) & OxFF
if k == 27:
break

# When c is pressed clear the canvas
if k == ord('c'):

canvas = None

cv2.destroyAllWindows ()

cap.release ()
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NI A, B AR LD PR BR R R, ARE R 7 AT BURE St

SEELAHS IR »

load from disk = True
if load from disk:
penval = np.load('penval.npy')

cap = cv2.VideoCapture (0)
cap.set (3,1280)
cap.set (4,720)

kernel = np.ones ((5,5),np.uint8)

# Making window size adjustable
cv2.namedWindow ('image', cv2.WINDOW NORMAL)

# This is the canvas on which we will draw upon

canvas=None

# Initilize x1,yl points
x1,y1=0,0

# Threshold for noise
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cv2.destroyAllWindows ()

cap.release ()

6) IRINIR BRI e

BUE OSSO T ERRBR AR DI6E, AR RS IR SR IIRE T X BB 2, BH )
BEVR AR MA R LB, e R T Ry . X RARE S — A f 2 AR A b
FAR B SR g aT L 1o JE 2 N E A IR N AR, Bt E A%
BEAE—FF o BB BRI BE R IR A 0 WA (e B RAR SR (BT V)%, AR d (o B A 7 ik
e fd P P, (R AT B TS A D55

TR, A AT B (0 2 b A AT DI RT DL R SRR
X, DMERIE TR T3 IR IE T — DRI

SRR«

load from disk = True

if load from disk:
penval = np.load('penval.npy')

cap = cv2.VideoCapture (0)

# Load these 2 images and resize them to the same size
pen_img = cv2.resize(cv2.imread('pen.png',1), (50, 50))
eraser img = cv2.resize(cv2.imread('eraser.jpg',1), (50, 50))

kernel = np.ones ((5,5),np.uint8)

# Making window size adjustable
cv2.namedWindow ('image', cv2.WINDOW NORMAL)

# This is the canvas on which we will draw upon

canvas = None

# Create a background subtractor Object
backgroundobject = cv2.createBackgroundSubtractorMOG2 (detectShadows = False)

# This threshold determines the amount of disruption in the background
background threshold = 600

# A variable which tells you if you're using a pen or an eraser
switch = 'Pen'

# With this variable we will monitor the time between previous switch
last_switch = time.time ()

# Initilize x1,yl points
x1,y1=0,0

# Threshold for noise
noiseth = 800
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# If there were no contours detected then make x1,yl = 0
x1l,yl =0,0

# Now this piece of code is just for smooth drawing. (Optional)

_, mask = cv2.threshold(cv2.cvtColor (canvas, cv2.COLOR BGR2GRAY), 20,
255, cv2.THRESH BINARY)

foreground = cv2.bitwise and(canvas, canvas, mask = mask)

background = cv2.bitwise and(frame, frame,

mask = cv2.bitwise not (mask))

frame = cv2.add (foreground,background)

# Switch the images depending upon what we're using, pen or eraser

if switch != 'Pen':
cv2.circle (frame, (x1, yl), 20, (255,255,255), -1)
frame[0: 50, 0: 50] = eraser img

else:
frame[0: 50, 0: 50] = pen_img

cv2.imshow ('image', frame)

k = cv2.waitKey (5) & OxFF
if k == 27:
break

# Clear the canvas after 1 second, if the clear variable is true
if clear == True:
time.sleep (1)

canvas = None

# And then set clear to false

clear = False

cv2.destroyAllWindows ()

cap.release ()

1.39 fii i ArUco Fric if s 8L 5

AT R 472 ArUco Arid, PAK AT {8 A OpenCV K AT T T+ fii oL iR 38 s IS A 55

ArUco Fric CAESE RIS . AHNLE G TH AT AE R E A T — Bt Al

ArUco Fric ¥l 2 S.Garrido-Jurado 5T 2014 SEAEABATI AR S CHEHY T i ml SRk AR I
1) E A A Y PR

ArUco Fric 2 B E#E g G 8l 5 LR dEbsid. B — " EARAYE Ml Rm =
HHERTE, HPA—AHEaEsrESE, orCiE—gilnl. Bed a8 T e
MEEZE Gy o EATAT AL PR AR e ARFERT SO/ NI sl B K0y, ml LRl . 2R 3%
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A LAFT B — LR i F B AT I St T b, AT DAL S e S ok i s I X e A«
—eR e oAl XA AM? B RSB

T ENLF IARIE TBEABRE R M 78 o A PE— R BIFRIC T, Ref8 FAT A R B H AR AE
LR BAHUN, B BA BRI RER

TENLAS N RLHFR T A, A DR X B bR ic i B 7R AL % BRI G ENLE A4 . ek
FERLES N RGBS bRt A i — AN, G ENLSE AR AT LRSI L bR e 7E B R i
RO E, FOARAPRCEAA —NME—0) ID, Frilshe] LLE 1D K0 bric Bt B 75
PEA AL

A LA ] OpenCV AE% A A X 28FRic . OpenCV H ) ArUco BERItAH 25 MiE L
(bR LTS . R BT AR B B A R R BN, (4X 4, 5X5, 6X6 B TXT), BAE
Juf A [ E BOE AOARIT (50, 1000 250 BY 1000). N JE Ui £E Python A= BRI I & Fh
ArUco Fric.

T e W BEAEARS HEFH aruco #iH.

TR REOAF getPredefinedDictionary()E 7~ T WA INE A4S 250 NMric )78, Hp
AMPRIEA R —A 6 X6 L il

import cv2 as cv

&

import numpy as np

# Load the predefined dictionary
dictionary = cv.aruco.Dictionary get (cv.aruco.DICT 6X6 250)

# Generate the marker
markerImage = np.zeros ( (200, 200), dtype=np.uint8)
markerImage = cv.aruco.drawMarker (dictionary, 33, 200, markerImage, 1);

cv.imwrite ("marker33.png", markerImage) ;

T drawMarker() g8 %5 7] LA 0~249 [ 250 4> ID brid £ & ik F ARG S E ID B4
ZH33) Hhrid. drawMarker()BR#UH) 58 =ANSHUE £ AL RN AE BT B,
ERA A 200 X200 KA BRI SEERIR AL B ARIC (LT markerlmage)
WNEo G, HHINSEREESH, CWRE 1 NAZR 2 D YAE il Fas B A st — 3
Ao £ EHFIRGIH, RAE 66 A AR EI S A AN 1 AZREA S, PAE 200X 200 153K ]
BAEREAR 7TXT AEE .

T RZHMHRE, FEERZ R, RJEITEEAIFRA S,

i/ ArUco dricxf 7 st AT g )a, & E e IHEM ey -G stT i — 28, ~
T JEE 7R A A B A o

#Load the dictionary that was used to generate the markers.

dictionary = cv.aruco.Dictionary get (cv.aruco.DICT 6X6 250)

# Initialize the detector parameters using default values

parameters = cv.aruco.DetectorParameters_create()

# Detect the markers in the image

markerCorners, markerIds, rejectedCandidates = cv.aruco.detectMarkers (frame, dictionary,
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parameters=parameters)

T SEINAR RA eR e B[R] — AN i

{4 ] DetectorParameters_create()failll —ZH #4524 . OpenCV RVFERNEFEH H L Z A2
. ERZHIGN T, BINSEIZITREF, OpenCV HUfHHIX LS.

XA AR eI, M B A B AT N AR RIS IE ) 4 A
1E Python ', ‘B4t NumPy %4 .

detectMarkers() B £ H TR AT E AL bRIC A e S — NS HR T Ehc g BG; H
MNSHGER T A AR IC - . BRI 2 AR 1R A7 f /£ markerCorners H, ‘B4 ID {71
£ markerlds H1. Z ¥4 1L DetectorParameters Xf KA ASH L. &5, BIELREE
FRICIFAELE rejectedCandidates 7.

EY AT VIBIRS E AR LR, H B AE bR e 1 8 (o 5 IR B — L 1 (A,
DA AT DA FA HUAS I 21 E AT

ArUco Fric = I i o a0 55 1Y Sm IS AE P9 1R 45 b R FH (R AR AL A28 38 A o 1) R T 1) o

AR eI T T3 mILSe S AR, DU AT DORATAT B 3% 55 8 I 20 A U B .
MAERRE— N E RAER 5, DR E R BiER by, BFEES LT, &
JE B RTE R i AU it FERME XIS A TESTED . BIPIATREIG K) ArUco FRid,
R EIR

N EUEACH 7 5 B R 4 KR SR TR S NE o 45 78 7R3 AN [RIRR B A 6 v
R BN SR — X B B B 5 — AN B R AR

TE N5, SRR R T8 137 s BT D el e 3R 0 RS A e SR DY
WG FHPARRE R T W i E X — .

# Calculate Homography
h, status = cv.findHomography (pts src, pts dst)

# Warp source image to destination based on homography
warped image = cv.warpPerspective(im src, h, (frame.shape[l],frame.shape[0]))

# Prepare a mask representing region to copy from the warped image into the original
# frame

mask = np.zeros([frame.shape[0], frame.shape[l]], dtype=np.uint8);
cv.fillConvexPoly (mask, np.int32([pts dst m]), (255, 255, 255), cv.LINE AA);

# Erode the mask to not copy the boundary effects from the warping
element = cv.getStructuringElement (cv.MORPH RECT, (3,3));

mask = cv.erode (mask, element, iterations=3);

# Copy the mask into 3 channels
warped image = warped image.astype (float)
mask3 = np.zeros like(warped image)
for i in range (0, 3):
mask3[:,:,1i] = mask/255

# Copy the masked warped image into the original frame in the mask region

warped image masked = cv.multiply(warped image, mask3)
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frame masked = cv.multiply(frame.astype(float), 1-mask3)

im out = cv.add(warped image masked, frame masked)

2 S T (3 B UG AR YR S (pts_sre), 15 e 35 A B FhkFIHE P O AF N T A
BEAENHFRA (dst_sre). OpenCV ff) findHomography()ef 3+ 50U s H A 22 18] Fr) -85 8 4 o4
TE ho SR J5 A% BRI B SR AT HEHT MR DU & H bRl e 1 it P A 8 B i 52 8 281 H B o
TEAAE DL, XA R FE .
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