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« ERXBEMREZRIEFIEA—BEGR, EXER—BER, ULRWNARET—
R &

s {RIBEZZJUNTEE: cv2.imread(), cv2.imshow(), cv2.imwrite()

s MRRBERE, FHIWUFRAFIER Matplotlib E/R—1EEA

4.1 EABER

EMEL cv2.imread() iZAER, XIEERNZELLEFHOTFRERZ,
HELRBURH T RIRZ,
BN SBREBESIRRBN ZANFHEZEXEE .

* cv2.IMREAD COLOR: iZA—RBI¥EE K, BEKRINERESKZAE,
XIS,
* cv2.IMREAD GRAYSCALE: MRERNiIEZAEE
cv2.IMREAD UNCHANGED: iz A—MEE&R, 7B EEEHAY alpha @&

# -*- coding: utf-8 -*-

Created on Tue Dec 31 19:16:05 2013
@author: duan

import numpy as np

import cv2

# Load an color image in grayscale
img = cv2.imread('messi5.jpg"',0)

13



4.2 SRE®

EREH cv2.imshow() ERE®R, BOSBHMIARMEGK/, F—
NEHREOMRE, EXARRINNVER, FoTURIESAAEOD, REME
%, BRUVNAHIAENEE

1 Ccv2.imshow('image',img)
> cv2.waitKey(0)
3 cv2.destroyAllWindows ()

BOREHEERIBESBUTHHEF (in Fedora-Gnome machine):

image

’7\" .'f; \

-~

unicef @ \
L)

cv2.waitKey() R—MREMTRLY, FEZHELNRENNERERE
Mg, RPREFHENLEY, EREERERA. BENNLEVZR, MR
RTEER, IMERHSREZEN ASCIL BE, EFREadEsiT. NRE
BREEHA, ROEMER -1, NRBINIEXMRHISE R 0, BEESTR
HMESFREMA. SHITUBARCISEREEWRT, fliikE a 28
WIRT, INEERIISEBEETE,

cv2.destroyAllWindows () FJAEZSHIFREMBATEZMNEO. WR
{RAE MIFR4S E M O BT BAE R cv2.destroyWindow(), EIESREAREM
PREVE O 2.

14



REITF:

# -*- coding: utf-8 -*-
Created on Wed Jan 1 20:49:33 2014
@author: duan

import numpy as np
import cv2

© ©® N o U R W N e

10 cv2.namedWindow( 'image', cv2.WINDOW NORMAL)
11 cv2.imshow('image',img)

12 cv2.waitKey(0)

13 cv2.destroyAllWindows ()

4.3 REES®

{EFER cv2.imwrite() REF—IER, SEBE—IAXHSE, ZEF
RIFBREFNER.

1 cv2.imwrite('messigray.png',img)

4.4 B&—T

THHNEFRSNHE—TREE, ERER, FT's'BRERFRY, =&
T ESC iR TRTE,
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# -*- coding: utf-8 -*-

Created on Wed Jan 1 20:49:33 2014

@author: duan
import numpy as np
import cv2

© ©® N o U R W N e

10 img = cv2.imread('messi5.jpg',0)
11 cv2.imshow('image',img)
12 k = cv2.waitKey(0)

13 if k == 27: # wait for ESC key to exit

14 cv2.destroyAllWindows ()

15 elif k == ord('s'): # wait for 's' key to save and exit
16 cv2.imwrite('messigray.png',img)

17 cv2.destroyAllWindows ()

{5 Matplotlib

Matplotib & python B—NMNaERE, BELEEMBIHENLERE. ZE
KFEETHERl, ME, {REINFES)E#A Matplotib E7RE&R. fRETUBKRKE
%, REEESE,

1 # -*- coding: utf-8 -*-

,  mun

3 Created on Wed Jan 1 20:49:33 2014
4

5 @author: duan

6 mum

7 import numpy as np

8 import cv2

9 from matplotlib import pyplot as plt
10

11 img = cv2.imread('messi5.jpg',0)

12 plt.imshow(img, cmap = 'gray', interpolation = 'bicubic')

13 plt.xticks([]), plt.yticks([]) # to hide tick values on X and Y axis
14 plt.show()

BOBEFNT:

16



Figure 1 - |0 x

B DOSTIR -

Matplotlib Plotting Styles and Features

%3]

1. S{RH OpenCV M#E— ¥ &E&, FH Matplotib ERENRIB
B LM, i5i%this discussionF BRI E,


http://matplotlib.org/api/pyplot_api.html
http://stackoverflow.com/questions/15072736/extracting-a-region-from-an-image-using-slicing-in-python-opencv/15074748#15074748

5 #m

AL, RRAR, REFAAXME
MIBBSLIRENF BRI

s FIEEZS)FXLEE I : cv2.VideoCapture(), cv2.VideoWrite()

kA
W W

5.1 PRRSSHFEAM

BINZEFRERBELMBREMER, OpenCV AXFNARMET —1
FEEREO, IEBAMERRGRIRIBIR BRI, FIETHERMIRKERR
BRUER, NXNEREESFIRIE,

FTIRENMSA, fREIIZEIE—1 VideoCapture W&, fthfISEeTUE
REMERSS, NER— MG, RERSISHREREEEANRGR.
—MRIVEICHFEMEEANERBGL. AMASBHRE 0, RATETIRERR 1 3
HHEMPRERBINRG.. 2R/, FHMETU—m—mMeHRAm sy, E:K
&, AT EIEHIRMM,

# -*- coding: utf-8 -*-
Created on Fri Jan 3 21:06:22 2014
@author: duan

import numpy as np
import cv2

© ©® N R W N e

11 cap = cv2.VideoCapture(0)

13 while(True):

14 # Capture frame-by-frame

15 ret, frame = cap.read()

16

17 # Our operations on the frame come here

18 gray = cv2.cvtColor(frame, cv2.COLOR BGR2GRAY)
19

20 # Display the resulting frame

21 cv2.imshow('frame',gray)

22 if cv2.waitKey(1l) & OxFF == ord('q"'):

23 break

25 # When everything done, release the capture
26 cap.release()
27 cv2.destroyAllWindows ()

18



cap.read() &R [E— M /R{E (True/False ), SR MmiiZENHI R ERH,
iz True, FTUREMRAINBETREMIVREEREEMIINGEREEEE
THE,

BEY cap FIEERBERNINRIVIALIRGSKIZE, XMIEA T LANKEER
&, {REJLAEF cap.isOpened(), KRIECEZEBMINFIRIL T, IREREER
True, BFEBEEB, BUAEFEREL cap.open(),

{RB] LAfsE FH BRI 8% cap.get(propld) RIXBUMN —ESHER, XB
propld sJAZ 0 Z| 18 Z[EIREfIEE, F—MEARMMH—NEE, I
T=

Hip)— (5] LAER cap.set(propld,value) K{&, value 2
REZIREMIFE,

N, FKeJLAER cap.get(3) # cap.get(4) REFE —MMEI S,
KINBRATHEEMER 640X480, ERFHJLAEA ret=cap.set(3,320)
#0 ret=cap.set(4,240) FILFEFSA 320X240,

5.2 MIIHAREERALIR

SNBEGEAFREFZ—#, FRFEZLRERSISHAMAXGNRF, &
BB, £/ cv2.waiKey() REEZAIFFEATE], INRIRERIAMRL
M ERERR, NRIREBNASAIERIRE ((RR] MERXMTIE
ERIARAERIRE ), BEBRT 25 EWAIUT,

19



CV_CAP_PROP_POS_MSEC Current position of the video file
in milliseconds.

CV_CAP_PROP_POS_FRAMES 0-based index of the frame to
be decoded/captured next.

CV_CAP_PROP_POS_AVI RATIO Relative position of the
video file: O - start of the film, 1 - end of the film.

CV_CAP_PROP_FRAME _WIDTH Width of the frames in the
video stream.

CV_CAP_PROP_FRAME_HEIGHT Height of the frames in the
video stream.

CV_CAP_PROP_FPS Frame rate.
CV_CAP_PROP_FOURCC 4-character code of codec.

CV_CAP_PROP_FRAME_COUNT Number of frames in the
video file.

CV_CAP_PROP_FORMAT Format of the Mat objects returned
by retrieve() .

CV_CAP_PROP_MODE Backend-specific value indicating the
current capture mode.

CV_CAP_PROP_BRIGHTNESS Brightness of the image (only
for cameras).

CV_CAP_PROP_CONTRAST Contrast of the image (only for
cameras).

CV_CAP_PROP_SATURATION Saturation of the image (only
for cameras).

CV_CAP_PROP_HUE Hue of the image (only for cameras).
CV_CAP_PROP_GAIN Gain of the image (only for cameras).
CV_CAP_PROP_EXPOSURE Exposure (only for cameras).

CV_CAP_PROP_CONVERT RGB Boolean flags indicating
whether images should be converted to RGB.

CV_CAP_PROP_WHITE_BALANCE Currently unsupported

CV_CAP_PROP_RECTIFICATION Rectification flag for stereo
cameras (note: only supported by DC1394 v 2.x backend cur-
rently)

20



# -*- coding: utf-8 -*-

Created on Fri Jan 3 21:06:22 2014

@author: duan

import numpy as np
import cv2

© ©® N o U R W N e

11 cap = cv2.VideoCapture(0)
13 # Define the codec and create VideoWriter object
14 fourcc = cv2.VideoWriter fourcc(*'XVID')

15 out = cv2.VideoWriter('output.avi',fourcc, 20.0, (640,480))

17 while(cap.isOpened()):

18 ret, frame = cap.read()

19 if ret==True:

20 frame = cv2.flip(frame,0)
21

22 # write the flipped frame
23 out.write(frame)

24

25 cv2.imshow( ' frame', frame)
26 if cv2.waitKey(1l) & OxFF == ord('q"'):
27 break

28 else:

29 break

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

33 out.release()

34 cv2.destroyAllWindows ()

5.3 {RTEM

EFNVERMN, HANE—mEHITIN T ZEHEINBEFREINMM, W
FEARNEGREIZEGA cv2.imwrite(), BN FRSARIHMES ST
E,

XRFANERIE— VideoWriter B930SR, FAIRIZHBE— /N X4
HEBF, ETRIEE FourCC w5 ( TEHEMNE ), EHONZEF MK )\t #
TEMWTE, wmE—12 isColor 1%, MR R True, B—MMEZEE, &

21



Wi xEE.,

FourCC #Z— 4 F113, ARBEMMNIRBEN, TRNREIIR

aBAMfourcc.orgERl, XRFEEREMA)., TEHXLERGENBRITEZEAD,

* In Fedora: DIVX, XVID, MJPG, X264, WMV1, WMV2. (XVID is

more preferable. MJPG results in high size video. X264 gives
very small size video)

¢ In Windows: DIVX (More to be tested and added)

e In OSX : (I don't have access to OSX. Can some one fill this?)

FourCC A FEMBIELRER, U MJPG Hfl:

© © N o R W N e

cv2.cv.FOURCC('M','T",'P",'G") T& cv2.cv.FOURCC(*'M]JPG'),
THEAKBEMNBELPHERMAM, BKEHERES —MHFRFE.

# -*- coding: utf-8 -*-
Created on Fri Jan 3 21:06:22 2014

@author: duan

import numpy as np
import cv2

cap = cv2.VideoCapture(0)

# Define the codec and create VideoWriter object
fourcc = cv2.cv.FOURCC(*'XVID")
out = cv2.VideoWriter('output.avi',fourcc, 20.0, (640,480))

while(cap.isOpened()):
ret, frame = cap.read()
if ret==True:
frame = cv2.flip(frame,0)

# write the flipped frame
out.write(frame)

cv2.imshow('frame', frame)
if cv2.waitKey(l) & OxFF == ord('q"'):
break
else:
break

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

out.release()

cv2.destroyAllWindows ()

22


http://www.fourcc.org/codecs.php
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6 OpenCV HHLEFK

BiR
» %35/ OpenCV LI RELEAER

s RIBEEZI)FXLEE L : cv2.line(), cv2.circle(), cv2.rectangle(),
cv2.ellipse(), cv2.putText() &,

(X
LEMENXELERAEERE TEX LS
- img: PEELHEMORERR.

* color: FZIRRIERE, LA RGB Jfl, FE2EA—1T4d, #140:(255,0,0)
RKRER, HTREEIAFBEAKEE,

* thickness: Z&FXHVEHA, MRLE—NASERIZER -1, BLXMER
MEwiER, KAMER 1.

* linetype: & s%RIEE!, 8 &, MIELE., MIABNRRE 8 %#, cv2.LINE_AA
PIES, IHBERSIEETE,

6.1 %

ZE—F%, MAFTESFRRIFLNERMELS, B TESE—F
MEEHEETRNERLER,

E

import numpy as np
import cv2

# Create a black image
img=np.zeros((512,512,3), np.uint8)

# Draw a diagonal blue line with thickness of 5 px
cv2.line(img, (0,0),(511,511),(255,0,0),5)

© ® N o U R W N e

6.2 EER

ZE—NMEF, FRESFRYNE LAMRNE TAIREILIR, XX
BiaEERGNE LRE-—NMEREER.

24



1 cv2.rectangle(img, (384,0),(510,128), (0,255,0),3)

6.3 EE

ZERRIE, IAFZREEEHROSLIRFFZRD, HAELEE
FEhE—E.

1 cv2.circle(img, (447,63), 63, (0,0,255), -1)

6.4 EifE

EfELERESR, BRNBZSHALNSH. —MSHRERFO[/BAERLR.
T—MEBE2RMBINBHOKE, HEDERTHEEENAE. HERIVE
IRES S AERNABRENSERARE, NRE 0 ] 360, MEE/MMEE. 8
cv2.ellipse() FILAREIESER, FTEMNGIFREEERFMFLOLHIFMEE,

1 cv2.ellipse(img, (256,256),(100,50),0,0,180,255,-1)

6.5 EBbLF

BEZihf, EERSENISNLE, BiXESHVITHE—IMRNET
178 X1X2 8U4R, THRMEANSE, XMUANSIELR NN int32,
XEE— AN EENEENATRSRNZ R,

1 pts=np.array([[10,5],[20,30],[70,20],[50,10]]1, np.int32)
2 pts=pts.reshape((-1,1,2))
3 # XE reshape WIE—1S#5-1, FEX—HIKERRIEREIVERERTELF,
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6.6 EER LRINNEF

BHEER LEHIXT, (REBIRETINSH:

RELHIIXF

RELHIRNIE

FREE (BYEE cv2.putText() FIEIREISIFHIFE )
FAREIK

XFH—RREMHMEE, HAE, SFRMNEESE, HTEHE—REEFEER
linetype=cv2.LINE_AA,

EEKR ELHBHER OpenCV,

=

-|

1
2

font=cv2.FONT HERSHEY SIMPLEX
cv2.putText(img, 'OpenCV', (10,500), font, 4,(255,255,255),2)

S

[ I O I N

.
-

THHMRRAERT, BEIRRIE/LTFRHAIREMERHRE,

winname = 'example'
cv2.namedWindow(winname)
cv2.imshow(winname, img)
cv2.waitKey(0)
cv2.destroyWindow(winname)



ESHAR
HESSFHAETRRINELAE, ESRTESET

3]
L ERIXLERIFEE OpenCV HIEHT,

27


http://answers.opencv.org/question/14541/angles-in-ellipse-function/

7 BEBRIFIEE
BiF
+ %3)#M OpenCV RIBEIREH

. RIEEZSIMEBZ: cv2.setMouseCallback()

7.1 HEER

XEHABREZE-—NEENERF, MEERR LERRNEIHNUESS —
@o

BERMNREB—NEHEHLIRERLY, BERMSEHRERMAITRNIT.
BARS PRI AR BAR LR EMENF, tEMAERRT, ZRMAF, ZRNESE,
BATRI OB BARSE A 3R 1S 5 BARK AV E F ERYARAR, RIBXLEE2IHAR]
PAMUERIFAVIEMBIE, (RRICAEIEMIT RO EBR B R SIHRIRE T,

# -*- coding: utf-8 -*-

Created on Sun Jan 5 11:29:15 2014
@author: duan

import cv2

events=[i for i in dir(cv2) if 'EVENT'in 1i]
print events

FTBEMRRSHEARRHE - M-I, IR ARSGRINZ
WiARENINEE, BATNEFSEHEIEREIBM—HSE: ENGHIRHSE
fl—1EE. FTERXE, NMERARTUEEER.
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# -*- coding: utf-8 -*-

Created on Sun Jan 5 11:31:53 2014

@author: duan

import cv2
import numpy as np
#mouse callback function

def draw circle(event,x,y, flags,param):
if event==cv2.EVENT LBUTTONDBLCLK:
cv2.circle(img, (x,y),100,(255,0,0),-1)

# PIEEGSEOHEEOSEIRERNHE
img=np.zeros((512,512,3),np.uint8)
cv2.namedWindow('image")
cv2.setMouseCallback('image',draw _circle)

while(1):
cv2.imshow('image',img)
if cv2.waitKey(20)&0xFF==27:
break
cv2.destroyAllWindows ()

7.2 BEHE—RERHE

MEBABREEBE—NEFHERF, ZXBAMNWIEFETMAESZRER
IMEFMRNEE RN ST R EREE (MBREEEFR—1F), AT
BATNEIEERB B EMEBS, —BOEIER, —BoEEE, X2 —EEE
Pl F eI AR BN EFIEMEMBANRERNEF, tLMERER, B&D
2%,
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# -*- coding: utf-8 -*-

Created on Sun Jan 5 11:41:39 2014

@author: duan

import cv2
import numpy as np

# HERRTHER True

drawing=False

# YR mode A true LHIFEH, FTF'm' THLLFIRZ,
mode=True

ix,iy=-1,-1

# BIZE[EREL
def draw circle(event,x,y,flags,param):
global ix,iy,drawing,mode
# Hig P iRIR Ol I B2 IR
if event==cv2.EVENT_ LBUTTONDOWN:
drawing=True
ix,iy=x,y
# HEMERETHBNRLGIER., event sJLUEE#BLN, flag BEEEKT
elif event==cv2.EVENT MOUSEMOVE and flags==cv2.EVENT FLAG LBUTTON:
if drawing==True:
if mode==True:
cv2.rectangle(img, (ix,1iy), (x,y), (0,255,0),-1)
else:
# LLHIEE, INESEE M T4, 3 KR TEEREAN
cv2.circle(img, (x,y),3,(0,0,255),-1)
# TEIEREHABERARAELD, EREIERAFZE

# r=int(np.sqrt((x-ix)**2+(y-1iy)**2))
# cv2.circle(img, (x,y),r,(0,0,255),-1)
# HERRFHELLRIE,

elif event==cv2.EVENT_LBUTTONUP:
drawing==False
if mode==True:
cv2.rectangle(img, (ix,1y), (x,y),(0,255,0),-1)
else:
cv2.circle(img, (x,y),5,(0,0,255),-1)

* o R B

TEHENEZBEXANEEZRRS OpenCV BEOHAEE—£. EEEHPHK
MNEERFRE LI " m"BERERIEET .
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img=np.zeros((512,512,3),np.uint8)
cv2.namedWindow( 'image")
cv2.setMouseCallback('image',draw _circle)
while(1):
cv2.imshow('image',img)
k=cv2.waitKey(1)&0OxFF
if k==ord('m'):
mode=not mode
elif k==27:
break

ESHAR
%3

1. ERA&REN—NEIH, BGFHINR—MERIIER. REIBAXEE
e RS 4 — Mg BIEFERIERL,
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8 RBIIFMIREHKR
Bix

. FAWBIHNEYIEER OpenCV HWED

s RIBESFSXLE L : cv2.getTrackbarPos(), cv2.creatTrackbar()

8.1 RBE=A

MAEFNKREBE—NEREMNER: BT IATENFRKREERAE, i
ZEEBE-IMEOXREREE®, 2E=1ENFEXKIZE B, G, RIEE, HFHA]
BRNFREONABHERLEENNE, KABATEONEREENE,

cv2.getTrackbarPos() R — NMESHEBBNFNEF, FZI SH
ERNFHENEREONETF, F=ISRERBNFNMIALE, BONSHE
BMRNEXE, FATRBZOEREK, SRBINFNBHNEIFARLEIFE
#., BARMBEHESE—ITRIASH, MRBNFNUE, EXHIFIAN
R ARMEFRSE, BNRFZE pass #EIUT,

BMFENBIN—ANEENAMEAFEERZHE, RKIABAT OpenCV &
BAHERERY,. FIABIEABINFRRRE, ERNNERFRR, HKIZE
B \LiniRi, REHRRKRMARERD ON B, /BERMBNAERH, BNE
FO&ZREN,
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# -*- coding: utf-8 -*-

Created on Sun Jan 5 13:51:34 2014

@author: duan

import cv2
import numpy as np

def nothing(x):
pass

# tIE—EIREEE
img=np.zeros((300,512,3),np.uint8)
cv2.namedWindow( 'image")

cv2.createTrackbar('R', "image',0,255,nothing)
cv2.createTrackbar('G', 'image',0,255,nothing)
cv2.createTrackbar('B', 'image',0,255,nothing)

switch='0:0FF\nl1:0N'
cv2.createTrackbar(switch, 'image',0,1,nothing)

while(1):
cv2.imshow('image',img)
k=cv2.waitKey(1)&0OxFF
if k==27:
break

r=cv2.getTrackbarPos('R', 'image")
g=cv2.getTrackbarPos('G', 'image")
b=cv2.getTrackbarPos('B', 'image"')
s=cv2.getTrackbarPos(switch, 'image")

if s==0:
img[:]1=0

else:
img[:1=[b,qg,r]

cv2.destroyAllWindows ()

BEFEITHRNT:
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image =

255

172

31

%3]
1. 85 E—TH9AIR, flE—ElR, FIUEESMHAeNEZELESMHE

70

=
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#

Created on Sun Jan 5 14:59:58 2014

- coding: utf-8 -*-

@author: duan

import cv2
import numpy as np

def nothing(x):
pass

# HEMIZTHRER True

drawing=False

# 1L mode K true AHIEN, HT'm' BHLAKIEL,
mode=True

ix,iy=-1,-1

# BIEENFEL

def draw_circle(event,x,y, flags,param):
r=cv2.getTrackbarPos('R", 'image')
g=cv2.getTrackbarPos('G', 'image")
b=cv2.getTrackbarPos('B"', 'image')
color=(b,g,r)

global ix,iy,drawing,mode
# HIE T ERBIREIEIA U BLIR
if event==cv2.EVENT_LBUTTONDOWN:
drawing=True
ix,iy=x,y
# HERCRIE THBHREGIEN, event FJUEEBE, flag BBEZEHKT
elif event==cv2.EVENT _MOUSEMOVE and flags==cv2.EVENT_FLAG_LBUTTON:
if drawing rue:
if mode==True:
cv2.rectangle(img, (ix,iy), (x,y),color,-1)
else:
# LHIEIE, DEREE—LHA TS, 3 ARTZEEEIEH
cv2.circle(img, (x,y),3,color,-1)
# TEEBREIABRERRAELD, EREZRAFEN
# r=int(np.sqrt((x-ix)**2+(y-iy)**2))
# cv2.circle(img, (x,y),r,(0,0,255),-1)
# LB E,
elif event==cv2.EVENT_LBUTTONUP:

drawing==False
# True:
# cv2.rectangle(img, (ix,1y), (x,y), (0,255,0),-1)
# else
# cv2.circle(img, (x,y),5,(0,0,255),-1)

img=np.zeros((512,512,3),np.uint8)
cv2.namedwWindow('image")
cv2.createTrackbar('R', 'image',0,255,nothing)
cv2.createTrackbar('G', 'image',0,255,nothing)
cv2.createTrackbar('B', 'image',0,255,nothing)
cv2.setMouseCallback('image',draw_circle)
while(1):

cv2.imshow('image',img)

k=cv2.waitKey(1)&0OxFF
if k==ord('m'):
mode=not mode
elif k==27:
break
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R4 111
BIDRE

9 ERNERRF

B3
« REURREHIEN
s ROEGRNEYE (ER)
* E&HY ROI O
- BREENRDREH

JLFFBXERES Numpy FIXAELES OpenCV WX RENMERE, At
A% Numpy =] AESBNFA 1S H e B iFRIKAT,
( REETE Python LiRHRER, ERMIIKESBAERE—1TKB)

9.1 FEFERBREE
EHEBINESIZA—EES:

import cv2
import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')

RA] URIE R R BT THIZI RV ARREV VR RE, Xt BGR B&ME, 18
X B, G, RIE, MEREEGMS, SREMMIKEE (RE ? intensity )

import cv2
import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')

36



px=img[100,100]
print px
blue=img[100,100,0]
print blue

## [57 63 68]
## 57

RE] BABASE AR A SHECR IR R B,

import cv2

import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')
img[100,100]=[255,255,255]

print img[100,100]

## [255 255 255]

REBREREREI A,
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import cv2

import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')
print img.item(10,10,2)

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

print img.item(10,10,2)

## 50
## 100

9.2 FHESREY

EEMEMLEE: 17, 71, @8, BERRIEXE, GEYEF
img.shape FJCLREXNEIRHIZIR, EVREER—1EI1TH, L,
BERATT.

import cv2

import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg")
print img.shape

## (280, 450, 3)

img.size FTLLREIEGIGRKE
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import cv2

import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg")
print img.size

## 378000

img.dtype REHMZERIVEIELEL.

import cv2

import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')
print img.dtype

## uint8

EE: ER AR (debug) B img.dtype FEEZE, FHE OpenCV-
Python AEBEHEE HIMAEL BN -,

9.3 [Ef% ROI

BRRFEN —IRERES E XEETRIE. FIAEMNZERN—BIE®RF
REBIMUE, BINEENZERRPHRER, BEENXIEPIXRE, MAZ
ERERBEGTER. IHRRSEFIERMERMEEE,

ROI 2 Numpy ZR3I3R3x S8, MAFMNERKIIE D FICMIER
IEBREMXE,

import cv2
import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg")

39



ball=img[280:340,330:390]
img[273:333,100:160]=bal

EEERIE:

»
wif
S\

unicef &y y

9.4 RHKESHEREE

B HAFEN BGR =/ MEEDAHITHRF. XRMMFRIL BGR i
DRBENEE, BNFFERCHRIEENERSHM—1 BGR B, {RATE
XFEM

import cv2

import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')
b,g,r=cv2.split(img)

img=cv2.merge(b,qg,r)

BE:

import cv2
import numpy as np
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img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')
b=img[:,:,0]

FRIFBERB BRI CEBEER N 0, (RAUKHFIBME, FAJ
E##(EM Numpy R3l, X2EIR,

import cv2

import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg")
img[:,:,2]=0

9.5 MERY A (AFR)

NRMFEEEGBEECIR—ML, MEHEE—##, {RR]LAER cv2.copyMakeBorder()
B3, XRXEAESREER 0 BRMNEAT, IMRHEBRUWTSH:

* src MAE®
* top, bottom, left, right XA RMEEHE.,
* borderType ZRINAFLEEFNAR, LBWT

7

- cv2.BORDER_CONSTANT RIMNEHEHERELR, TEE
T—1&# (value ),

- cv2.BORDER_REFLECT ARt EMRER, tbil: fedcbalabede-
fgh|hgfedcb

- cv2.BORDER _REFLECT 101 or cv2.BORDER DEFAULT
IR EmE—#, {BFfEfEaan. #I90: gfedcblabedefgh|gfedcba

- cv2.BORDER_REPLICATE EE&EF—1\ X, #li: aaaaaa
abcdefgh|hhhhhhh

41



- cv2.BORDER_WRAP AREIEEAWR T, MEiXH: cdefgh|
abcdefgh|abcdefg

» value M RZE, MRBFMWEEZE cv2.BORDER_CONSTANT

AT EFHEAXLMERFE THNETRER,

# -x

- coding: utf-8

Created on Sun Jan

@au

imp

thor: duan

ort cv2

import numpy as np
from matplotlib import pyplot as plt

BLU

E=[255,0,0]

ko

5 19:03:28 2014

imgl=cv2.imread('opencv_logo.png')

replicate = cv2.copyMakeBorder(imgl,10,160,10,160,cv2.BORDER_REPLICATE)

reflect = cv2.copyMakeBorder(imgl,10,10,10,10,cv2.BORDER _REFLECT)

reflectl01 = cv2.copyMakeBorder(imgl,10,10,10,10,cv2.BORDER_REFLECT 101)

wrap = cv2.copyMakeBorder(imgl,10,10,10,10,cv2.BORDER _WRAP)
constant= cv2.copyMakeBorder(imgl,10,10,10,10,cv2.BORDER CONSTANT,value=BLUE)

plt.
plt.
plt.
plt.
plt.
plt.

plt.

FRMT (BFREHA matplotlib &6, FIUR
OpenCV H12# BGR, matplotlib F 2% RGB #E%l ):

subplot(231)
subplot(232)
subplot(233)
subplot(234)
subplot(235)
subplot(236)

show()

ORIGINAL

REFLECT 101

,plt.
,plt.
,plt.
,plt.
,plt.
,plt.

imshow(imgl, 'gray'),plt.title('ORIGINAL")

imshow(replicate, 'gray'),plt.title('REPLICATE")

imshow(reflect, 'gray'),plt.title('REFLECT")

imshow(reflectl@1, 'gray'),plt.title('REFLECT 101")

imshow(wrap, 'gray'),plt.title('WRAP")

imshow(constant, ‘gray'),plt.title('CONSTANT")

REPLICATE

WRAP

42
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M

CONSTANT

% R B HME,



10 B EMEAREH
Bis
« FIEGR EMEAREE, L, BiE, 8%,
s BIBEEZIIMNERSE: cv2.add(), cv2.addWeighted() &,

10.1 BE®INE

{RE]LAEFR RS cv2.add() BHRREGHITINEGE, HARMEIUERE
F numpy, res=imgl+img, FIBEBEHRIKR], LRNT—, HEE-|
BRI A E— N E R E(E,

B0 T ERY R AMEF

1 X np.uint8([250])

>y = np.uint8([10])

s print cv2.add(x,y) # 250+10
« [[255]]

s print x+y # 250+10
s [4]

260 => 255

260 % 256 = 4

B E BIE (R TR RTINS EMEE, OpenCV MWERAT T
—i, ISR EER OpenCV HHEL,
10.2 E®ES

XHESBRIE, ERTANEMERGRNNERNE, IMFLEA—THE
BREERNRE, BRESHITEARNMT:

g9(x) = (1=a) fo(z) +afi(z)
BITEY o B9E (0 — 1), AIUSSIEEEINES.

HEZRNERERRESE &, £ BENINER 0.7, FREENNE
= 0.3, &Y cv2.addWeighted() FTAZ FEN AR E /R #TESEE.
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dst =a-imgl+ p-img2+y

X8 ~ BEUER O,

# -*- coding: utf-8 -*-

Created on Sun Jan 5 20:24:50 2014
@author: duan

import cv2

import numpy as np

imgl=cv2.imread('ml.png"')
img2=cv2.imread('opencv_logo.jpg"')

dst=cv2.addWeighted(imgl,0.7,img2,0.3,0)
cv2.imshow('dst', dst)

cv2.waitKey(0)
cv2.destroyAllWindow()

THHRRER:

10.3 HHALEH

XEBEEIEMIRAIRIES : AND, OR, NOT, XOR %, HHINZIEE
—EB4y, ERIEER ROI FXEIRERRER ( T—EMFHKBEE ), TEN
Bl F R R EBA AT T — IR E RIS E X,

HABIE OpenCV MIIREMREI S —1EEGR £, MRBEAME, BEEN
T, NRERRES, 2BAEENRE, EREAEEER., NRMIER KT
M& E—ZBHER ROIL, ERMMARER., ER2FBANTET FTmiikiiz
- 1SKH



# -*- coding: utf-8 -*-

Created on Sun Jan 5 20:34:30 2014

@author: duan

import cv2
import numpy as np

# POEEES
imgl = cv2.imread('roi.jpg"')
img2 = cv2.imread('opencv_logo.png')

# I want to put logo on top-left corner, So I create a ROI
rows,cols,channels = img2.shape
roi = imgl[0:rows, 0:cols ]

# Now create a mask of logo and create its inverse mask also
img2gray = cv2.cvtColor(img2,cv2.COLOR BGR2GRAY)

ret, mask = cv2.threshold(img2gray, 175, 255, cv2.THRESH BINARY)
mask_inv = cv2.bitwise not(mask)

# Now black-out the area of logo in ROI

# BY roi 5 mask HAARAFRMENTRAVGZIVE, BittER O

# EEIXBEYAE mask=mask BtE mask=mask inv, HHE mask= THERHE
imgl bg = cv2.bitwise and(roi,roi,mask = mask)

# B roi 5 mask_inv AR AFAMEN G ENE, EftER 0,

# Take only region of logo from logo image.

img2_fg = cv2.bitwise and(img2,img2,mask = mask_inv)

# Put logo in ROI and modify the main image
dst = cv2.add(imgl_bg,img2 fg)
imgl[O:rows, 0:cols ] = dst

cv2.imshow('res',imgl)
cv2.waitKey(0)
cv2.destroyAllWindows ()

H£RWT, ZEMNEGRIERCIZNED, GUNRERAELER, HTHEHK
FIEMRPELEEFNPEERBERTHEK, ¥512 imgl_bg # img2_fg.

OpenCV DpenC\,

a\
-
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LES 0
%3]

1. SIB—NEIUT AR RRER—IBEIGNFEIF B EIRE S —1RE (ERERL
cv2.addWeighted )
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11 EFHRERM MR

Bix

EEGRERGREVHHZMRENEE, MAMRNEFANERSEIE
WMMER, RTORER, FAAXTHRIMGERS):

o MR

o —EREBRSEFNENRI

s MMEZAMELEE: cv2.getTickCount,cv2.getTickFrequency

FR T OpenCV, Python thigfft7T—- Ml time RIRIIRIR, (RETLARERME
EFIIEITRIE, S —IUE profile FIRREEIREFEI— X FIRIVIZR
MIFARE, EFEsTRERSIRBSTEENNE, UREBIRBKE
FRERE, SIR(FIEFEER IPython MiE, FIEXEAFREBHA—MAFP R
WAEXBEE—ET. BMNKFIANANEEN, ERFIEMFHROEIRMIT
FE S FFRHEHHEIE,

11.1 {#H OpenCV KATEFRMER

cv2.getTickCount FFREINSE S EX MR ITHIR HEL, Fr
BERE—NRBRNTIEHARAENIE, AKX MNRIIMITE 6
( B $0E% ),

cv2.getTickFrequency ;R[BIETHIE, & IHEHIIR#HEL, FT
{Re] ARBTEMARF — MRS T TS 09!

# -*- coding: utf-8 -*-

Created on Thu Jan 9 21:10:40 2014
@author: duan

import cv2

import numpy as np

el = cv2.getTickCount()

# your code execution

e2 = cv2.getTickCount()
time = (e2 - el)/ cv2.getTickFrequency()

BiME=ATENGFER, TENAFRAEOXNNRE (5, 7, 9) B
R U RAR R EIROR -
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# -*- coding: utf-8 -*-
Created on Thu Jan 9 21:06:38 2014
@author: duan

import cv2
import numpy as np

imgl = cv2.imread('roi.jpg")

el = cv2.getTickCount()
for i in xrange(5,49,2):
imgl = cv2.medianBlur(imgl,i)
e2 = cv2.getTickCount()
t = (e2 - el)/cv2.getTickFrequency()
print t

# Result I got is 0.521107655 seconds

11.2 OpenCV FHERIARIL

OpenCV FREZ REEBWMILIT (A SSE2, AVX %), hEa—L&
RBHEMACHRE, IRBINHNAAZIFMECNEERENAR — =S, &R
ML R EIAF B, Bt OpenCV ZITHFMEM LGRS, MNREIRIEMRKE
KIARDIEF REEM TR T, (ReIAEAEE cv2.useOptimized()
REEMLREBHART, FEHEL cv2.setUseOptimized() KA BN,
IEFARE — N E R AVFFIE,
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# -*- coding: utf-8 -*-
Created on Thu Jan 9 21:08:41 2014
@author: duan

import cv2
import numpy as np

# check if optimization is enabled
In [5]: cv2.useOptimized()
Out[5]: True

In [6]: %timeit res = cv2.medianBlur(img,49)
10 loops, best of 3: 34.9 ms per loop

# Disable it
In [7]: cv2.setUseOptimized(False)

In [8]: cv2.useOptimized()
Out[8]: False

In [9]: %timeit res = cv2.medianBlur(img,49)
10 loops, best of 3: 64.1 ms per loop

BOTHE, AUEHERENERRFERNAE, WRMFEFRNMBING,
MR PERKRW SIMD LILRY. FrAMREIATERBEI A ia e FEMRIE
(REICEMIERRAFEHT ).

11.3 £ IPython HigNIEFNE

BRMERZLCR A MAURERNE, XERE]UERA IPython JofRi 1t
MEEmL%time, R IERBIBITHLRMAMSE —NMERN (B1T) B
18], el CAHE A SRR B 1 T1CABRY,

fIgn, fRENE T EXE—MFEERBHITNABEMITREIR ?

T =05, y=2ax%x*x2

T=5,Y=T*T

x =np.uwint([5]); y=x xx

y = np.squre(x)

FHATETLATE [Python Y Shell FEREEZGSHEIZR,
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# -*- coding: utf-8 -*-

Created on Thu Jan 9 21:10:40 2014

@author: duan

import cv2
import numpy as np

In [10]: x =5

In [11]: %timeit y=x**2
10000000 loops, best of 3: 73 ns per loop

In [12]: %timeit y=x*x
10000000 loops, best of 3: 58.3 ns per loop

In [15]: z = np.uint8([5])

In [17]: %timeit y=z*z
1000000 loops, best of 3: 1.25 us per loop

In [19]: %timeit y=np.square(z)
1000000 loops, best of 3: 1.16 us per loop

BERRE—MEL, ERAL Nump BT 20 &, MREEZIHELEN
&, BEIAE 100 fER9E,

BMNRBENLAGF. HANREEBE—TF cv2.countNonZero() I

np.count_nonzero(),
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# -*- coding: utf-8 -*-

Created on Thu Jan 9 21:10:40 2014
@author: duan

import cv2

import numpy as np

In [35]: %timeit z = cv2.countNonZero(img)
100000 loops, best of 3: 15.8 us per loop

In [36]: %timeit z = np.count nonzero(img)
1000 loops, best of 3: 370 us per loop

BN TIE, OpenCV HE#ZE Numpy R 25 13,

11.4 3% IPython KIRAS

EBLANEED LRI LARRGNIZFRINE, profiling, line profiling,
NFERE, MNBETENXE, MUXBEREME T8, BRI
B2ZE3—T,

11.5 MREMRMLER

BLERAMRET AR AERAHR AR %L $ZE Python ] Numpy BIE /1,
BATXERNE—THEXE, FoIRBIBRIZERES FRES. BNER
NREEN—RZ: BEERATENANIMMNEL (SRERREE ), 4%
RiEWwE, BERLEMNRIINGERIRERFURIRMILE,

1. RE#ZERENR, LENE=EERF, ENXEMZIEEEMN,

2. EiEhREFEHBERE, EJ Numpy 1 OpenCV £33 [@ EIR/E#H1T
T,

3. MAEREF .,
4. REWENENAZEHHE, ERNERRBES., HASFIRIEER
BEIRE,
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MERT T DAL, MRFHEFTRRIE, NEHKMUNERTERETE,
RRRIZEINEREMEE, bl Cython, RILE(REIFERT.

EZHIR
1. Python Optimization Techniques

2. Scipy Lecture Notes - Advanced Numpy

3. Timing and Profiling in IPython

%3]
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http://wiki.python.org/moin/PythonSpeed/PerformanceTips
http://scipy-lectures.github.io/advanced/advanced_numpy/index.html#advanced-numpy
http://pynash.org/2013/03/06/timing-and-profiling.html

12 OpenCV H¥ETH
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a3 IV
OpenCV HEERAE

13 EeaTEEik

BiR
o (RFFFSJMEAERHITRE T EE%, LA BGR BIREE, HEMN
BGR #| HSV &,
s HORIEELIE—MEFARN—EEGHREE M ER ML,

s BIMBEEIINEEE: cv2.cviColor(), cv2.inRange() &,

13.1 HEkEE=a

7£ OpenCV RE#EIT 150 FFHITHEZ B4R E, BRIEUEME
EMBNEZE RN EEFH: BGR-Gray 1 BGR-HSV,

HNEBARMELRR : cv2.cviColor(input_image, flag), E flag
BRI,

34 F BGR«Gray K&k, BAII1E@EAN flag 72 cv2.COLOR_BGR2GRAY,
B3N F BGR-HSV 14k, HI1BH flag #i2 cv2.COLOR_BGR2HSV,
fRIERIAIBEE FEMNGSERIFE A flag,

# -*- coding: utf-8 -*-

Created on Fri Jan 10 20:23:26 2014
@author: duan

import cv2

flags=[i for in dir(cv2) if i startswith('COLOR ')]
print flags
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13.2 VHAERER

MAEFRANFEEHFFT—EEB A BGR ¥%#E| HSV 7T, FHA1=JUFAX
—RRENGTERMREARHYE. £ HSV Bie=EHRELLE BGR =(E
RERSZRTI—TMHERE, EEMNOEFD, RMNEBEENE—1MESHY
K, TEHMEMEHNEMEILE:

o MALSRFRIREN 5 — Ml 5
 FEIGIERE] HSV =8
« iRE HSV @ERIEZ&EHE.,

o FRENEEMIEK, SABATERICAMSEMERIAEMIIE, th: EEE
MK EEE— 1,

FEMEHAEN:

55



# -*- coding: utf-8 -*-

Created on Fri Jan 10 20:25:00 2014

@author: duan

import cv2
import numpy as np

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

# FRENEFE—I]
ret, frame=cap.read()

# FRE HSV
hsv=cv2.cvtColor(frame,cv2.COLOR_BGR2HSV)

# IREEEAEE
lower blue=np.array([110,50,50])
upper_blue=np.array([130,255,255])

# IRIBEHMEEER
mask=cv2.1inRange(hsv, lower blue,upper blue)

# XWREGFIERH#ITIEE
res=cv2.bitwise and(frame, frame,mask=mask)

# BREG
cv2.imshow('frame', frame)
cv2.imshow( 'mask',mask)
cv2.imshow('res',res)
k=cv2.waitKey (5)&0OxFF
if k==27:
break
# KHIEO
cv2.destroyAllWindows ()

FEIER MEREEYIENER:

Original Frame | \ Mask Image 4 Final Result
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13.3 EHRIIEREWRKE HSV EH?

X@HEstackoverflow.com B2 MR T B E)E, HSUXENEESR,
BB cv2.cvtColor() he]UAEXE, BERUEMEZANSHRE (REE
#) BGR EMAR—&IE, g, HINBHRINEZER HSV E, HIRFEL
HEANT®S:

# -*- coding: utf-8 -*-

Created on Fri Jan 10 20:34:29 2014

@author: duan

import cv2
import numpy as np

green=np.uint8([0,255,0])
hsv_green=cv2.cvtColor(green,cv2.COLOR BGR2HSV)

error: /builddir/build/BUILD/opencv-2.4.6.1/
modules/imgproc/src/color.cpp:3541:

error: (-215) (scn == 3 || scn == 4) && (depth == CV_8U || depth == CV_32F)
in function cvtColor

#scn (the number of channels of the source),

#i.e. self.img.channels(), is neither 3 nor 4.

#

#depth (of the source),

#i.e. self.img.depth(), is neither CV_8U nor CV_32F.
# FTLATBEA [0,255,0], mEA [[[0,255,0]]]

# XBEH=EESNZAF5NF cvArray, cvMat, IplImage

green=np.uint8([[[0,255,0]1]1)
hsv_green=cv2.cvtColor(green,cv2.COLOR BGR2HSV)
print hsv_green

[[[60 255 255]1]]

MEMRI A5 31A [H-100, 100, 100] #1 [H+100, 255, 255] £
TEIE, BRTXANGEZS, (RA]AEREFAEMER RS (a0 GIMP )
E LRI RN HSV (8, BR&EHITTET HSV K5EE,
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LES 0
%3]

1. 2IHERRERSNTENEEER, tENERERI, %, F=1REH
(Z=1:0EZ/10W
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14 )%

Bix
o FIMERFITEMLAZR, FlENBD), here, HHERE,

o BEZIMERE: cv2.getPerspectiveTransform,

Lk

OpenCV Bt TAANTHRES, cv2.warpAffine 1 cv2.warpPerspective,
FEAXANREBREI AKI AT B LB T, cv2.warpAffine EISEHE
2 x 3 BILHRERE, T cv2.warpPerspective EIWHISHE 3 x 3 KL HIE
P,

14.1 ¥ REM

VREMRRIRNTEGHRT K/, OpenCV REME cv2.resize()
SIUASEELIX NS, BBRIIRTEIMBESFINRE, (FEeIUEERBEF.
e O R AR ERIRET £, TR FHAEEFER cv2. INTER_AREA,
£ R FA1#E%EFER v2.INTER_CUBIC ( 18) 1 v2.INTER_LINEAR,
FIABER TATEREEGR T K/ EERIEETEE 2 cv2. INTER_LINEAR,
RE]AMERATEEE —MAENTEGIRT:
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 09:32:51 2014

@author: duan

import cv2
import numpy as np

img=cv2.imread('messi5.jpg"')

# TEA None ZFiizEAEGIIRY, BEEAELEHNTIRE T HMEF

# FEULiXEH None

res=cv2.resize(img,None, fx=2,fy=2,interpolation=cv2.INTER CUBIC)

#0R

# XEBIE, BIEFREWHERIIRYT, FrURHEIREREEF
height,width=img.shape[:2]

res=cv2.resize(img, (2*width,2*height),interpolation=cv2.INTER CUBIC)

while(1):
cv2.imshow('res',res)
cv2.imshow('img',img)

if cv2.waitKey(1l) & OxFF == 27:

break
cv2.destroyAllWindows ()

Resize(src, dst, interpolation=CV_INTER_LINEAR)

14.2 ¥8

FBMRBENRIR—IMIE, IRMFES (x, y) HEB, BINES
= (tg, ty), RETACAFEBG N ER R :

{RRTLAE R Numpy HEMBIXMNER (BIEXE R np.float32), A
BIEEEZLE cv2.warpAffine(). EE THE XM FIE, EHBNT
(100,50 ) Mg,
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# -*- coding: utf-8 -*-

Created on Fri Jan 10 20:25:00 2014

@author: duan

import cv2
import numpy as np

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

# FRENEFE—I]
ret, frame=cap.read()

# FRE HSV
hsv=cv2.cvtColor(frame,cv2.COLOR_BGR2HSV)

# IREEELEE
lower blue=np.array([110,50,50])
upper_blue=np.array([130,255,255])

# IRIBEHMEEER
mask=cv2.1inRange(hsv, lower blue,upper blue)

# XWREGFIEEH#ITUIEE
res=cv2.bitwise and(frame, frame,mask=mask)

# ZEREG
cv2.imshow('frame', frame)
cv2.imshow( 'mask',mask)
cv2.imshow('res',res)
k=cv2.waitKey (5)&0OxFF
if k==27:
break
# KHIEO
cv2.destroyAllWindows ()

THMES
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14.3 fie¥e
R—EGIERAE 0, FEERD TERNINERRER,

cosf) —sind
M =
sinf cosé@

{BRE OpenCV RHRAEESM I HITIER, (BRIEFEEMIANNIZIE
iR

-8 «a p-center.x+ (1 —a)- center.x

[ a B (1—a)-center.x — - center.y ]

B

o = scale - cOS 6O

B = scale - sinf

AT XN hEsEFERF, OpenCV 27— E % : cv2.getRotationMatrix2D,
TEMNEIFREAREMNER TISE®RIERE 90 E,
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 10:06:28 2014

@author: duan

import cv2
import numpy as np

img=cv2.imread('messi5.jpg"',0)
rows,cols=img.shape
# XBE—NSEAEFERLD, F_PRIEERE, B=1AEEENIFEREF

# BILAEITIREREE LD, AT, UKEOXK/NKEGLERERE /S84 57 0] &
M=cv2.getRotationMatrix2D((cols/2,rows/2),45,0.6)

# B=ISHEHLEGNR AL
dst=cv2.warpAffine(img,M, (2*cols,2*rows))
while(1):
cv2.imshow('img',dst)
if cv2.waitKey(1)&OxFF==27:
break
cv2.destroyAllWindows ()

14.4 {5k

EREHTkS, RERAENEITEAELEREGTREETIT. ATEERX
MEEFEFRNFENRERPHI = U RMEMNEREEGPNLE, AR
cv2.getAffineTransform &8I —/ 223 R, REXMEFRWELS
E$ cv2.warpAffine,

REETEMNGF, URFEENR (BITICARENS)
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 10:41:52 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img=cv2.imread('drawing.png"')
rows, cols, ch=img.shape

ptsl=np.float32([[50,50]1,[200,50]1,[560,2001])
pts2=np.float32([[10,100],[200,50]1,[100,250]11)

M=cv2.getAffineTransform(ptsl,pts2)
dst=cv2.warpAffine(img,M, (cols, rows))
plt.subplot(121,plt.imshow(img),plt.title('Input'))

plt.subplot(121,plt.imshow(img),plt.title( 'Output'))
plt.show()

THELSR:

Input - Output

14.5 BRTHR

WFMATR, BINEE— 323 THRENR, ELHRIIEELZTEREL.
EMBEXNLIRERE, TEEEHABRKRLX 4 MR, U RM]ER D E
BENNMUE, IONMESFHREE=ZNEBAERL, XNTIRERFETUE
%8 cv2.getPerspectiveTransform() #7i&, AGFIEXMNEMFELE L
cv2.warpPerspective,

KEEBENF:
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 10:51:19 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img=cv2.imread('sudokusmall.png"')
rows, cols, ch=img.shape

ptsl
pts2

np.float32([[56,65],[368,52],[28,387],[389,3901])
np.float32([[0,0],[300,0],[0,300],[300,300]])

M=cv2.getPerspectiveTransform(ptsl,pts2)
dst=cv2.warpPerspective(img,M, (300,300))
plt.subplot(121,plt.imshow(img),plt.title('Input'))

plt.subplot(121,plt.imshow(img),plt.title( 'Output'))
plt.show()

ZRWNT:

Input

100|

ESHAR

“Computer Vision: Algorithms and Applications”, Richard Szeliski

%3]
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15 ESEE

BiR
s ANRBEEEEEHE, BENFE, Otsu’'s ZEILE
« BEZIMENE cv2.threshold, cv2.adaptiveThreshold %,

15.1 {SEREE

53F—#, IMKZEEHE, BREFESTEHER, HNEXMRRE
WF—NE (FTEERER ), BUBNNLERTFHIN—MEE (HIFRERE),
XPEHFZE cv2.threshhold(), XMEEMFE - SBMRREIG, RE
BNZERREE, F_NSBARARNERERTHENEHE F=12K
MRYUGREST (BRE/NT) BENMZER FRHIEEE. OpenCV
RMHTSHARNEERSZE, ZRBFNNSERREN, XLEHGEBRE:

* cv2. THRESH_BINARY
 ¢cv2.THRESH_BINARY_INV
* cv2. THRESH_TRUNC

* cv2. THRESH_TOZERO

cv2.THRESH_TOZERO_INV

: \/ HRAELHERRE

“HmaL

| Re AR RE

BT

B M EEE %0

EFREREN0

| I
5-23: 7 cvThreshold (PR EHEAXINRIFLR. BTBROKFEL
RRUABISLSBNEE, 5 HREXENRIEERIITRE (1361

FEEEE (F3] OpenCV) AR, ESNXERENEPHGIFHANET,
R A B ZEE .

EXAMERBEREMNREE, £—1 5 retval, BIGEHSER, F1HE
HMECZENERERT,
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(e H

# -*- coding: utf-8 -*-

Created on Sat Jan 11 14:12:37 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img=cv2.imread('gradient.png',0)
ret,threshl=cv2.threshold(img, 127,255, cv2.THRESH BINARY)
ret,thresh2=cv2.threshold(img, 127,255, cv2.THRESH_BINARY INV)
ret,thresh3=cv2.threshold(img, 127,255, cv2.THRESH TRUNC)
ret,thresh4=cv2.threshold(img, 127,255, cv2.THRESH_TOZERO)
ret,thresh5=cv2.threshold(img, 127,255, cv2.THRESH TOZERO INV)

titles ['Original Image', 'BINARY', 'BINARY_INV','TRUNC', 'TOZERO','TOZERO INV']
images = [img, threshl, thresh2, thresh3, thresh4, thresh5]

for i in xrange(6):
plt.subplot(2,3,i+1),plt.imshow(images[i], 'gray"')
plt.title(titles[i])
plt.xticks([]),plt.yticks([])

plt.show()

ZRWTF:

Original Image _BINARY_INV

TOZERO_INV




15.2 BiEMEE

ERENSABNEARLEHE, BREGXAR—MUERERE. 5
FXMAEZARNENSHRERER, LEHRIAE-RER LMNARBIHNEBR
BEREN, IMEATHRNEZRABENEE, LNIEERREEK LR
B-NMIXIFTTESENNMEE, ALER—BEG LNARKIERANZ
AREMEE, AIERINEERERBNEA TEIEFNER,

XMFEFEHIEE=18H, REEIE—1,

» Adaptive Method- EE i+ &EB{ERTE,

- cv2.ADPTIVE_THRESH_MEAN C: B{&ENEHE5RX 51T
91&

- cv2.ADPTIVE_THRESH_GAUSSIAN C: @E{EEVEELBX 15
RIINARFl, MEA—NSHEO,

* Block Size - $BiK/)\ ( BRITEEEXIZEK ),
* C-ZXHBR—NEN, HEMFTHFEENENNHIEREZZINE

.

BAMERTENRERERERBEES BENEENZER:
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 14:19:29 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('dave.jpg',0)
# FERE
img = cv2.medianBlur(img,5)

ret,thl = cv2.threshold(img,127,255,cv2.THRESH BINARY)

#11 * Block size, 2 » C &

th2 = cv2.adaptiveThreshold(img,255,cv2.ADAPTIVE THRESH MEAN C,\
cv2.THRESH_BINARY,11,2)

th3 = cv2.adaptiveThreshold(img,255,cv2.ADAPTIVE THRESH GAUSSIAN C,\
cv2.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 xrange(4):
plt.subplot(2,2,i+1),plt.imshow(images[i], 'gray"')
plt.title(titles[i])
plt.xticks([]),plt.yticks([])

plt.show()
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Original Image Global Thresholding (v = 127)
] = « ! ol -

SR T >
g 1 "

Adaptive Mean Thresholding

CRTEe e
oo S EDR—ee
S ] __1“\
i v - S B 194
o Y 3 [ e
(=712l el 3l
3 5 S Y R 1
23T N A A A 1
o I P S 1
8L S 2] s
L glsli kAR

15.3 Otsu’s —{&1t

EFE AP HANEET retval, SFAEA Otsu _(EXRSARIE.
BALERRRT AN ?

HEERA=FEEN, FRITMEMEEST —MCREBE, BRINELRE
BANEEBNX M RBVIFIRIE ? ERMEFEFENE L, NRZ2—EINEE G (&
BRENEEGRERGESETREFERMNME ) IE? RINEF2NIZERIE
ZEMIESE—/MEFEREE ? XFPE Otsu ZELEMA, BEREMIN
—EIMEEEREMRIEEEAETEL —BEE, (WTIENERG, XWX
FEINWERTESINER),

XEAZZEHER cv2.threshold), EREESEA—ISH
(flag ): cv2.THRESH_OTSU, XRZILEEIRHN 0. AREFEFSHIE
REME, ITRABEHRZREE retVal, MRAER Otsu (&L, REIR
retVal [E51REMHERFE,

TEHAFHR, GABRRR-—BIFERENER, F—M7GE AR
127 h&BEEE, F_MAiE, BITERER Otsu AL, F=M7%,
MNELER— 5x5 WEHZRERE, ABHBER Otsu —Et. BERE
ERITERIIFME 2 KIE,
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 14:25:38 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('noisy2.png"',0)

# global thresholding
retl,thl = cv2.threshold(img, 127,255, cv2.THRESH BINARY)

# Otsu's thresholding
ret2,th2 = cv2.threshold(img, 0,255, cv2.THRESH BINARY+cv2.THRESH 0TSU)

# Otsu's thresholding after Gaussian filtering

#(5,5) hEEZEIKN, 0 RipEE

blur = cv2.GaussianBlur(img, (5,5),0)

# HE—TEZE®H 0!

ret3,th3 = cv2.threshold(blur,0,255,cv2.THRESH BINARY+cv2.THRESH OTSU)

# plot all the images and their histograms

images = [img, 0, thl,
img, 0, th2,
blur, 0, th3]

titles = ['Original Noisy Image', 'Histogram', 'Global Thresholding (v=127)',
'Original Noisy Image', 'Histogram',"Otsu's Thresholding",
'Gaussian filtered Image', 'Histogram',"Otsu's Thresholding"]

# XE@EFT pyplot FEESERFGZE, plt.hist, BEFBEHISENSHE —EHA

# FTLUXEEAT (numpy ) ravel 73)%, 1§ZEMAFZHMN—2%, tBEJLUEA flatten ik

#ndarray.flat 1-D iterator over an array.

#ndarray. flatten 1-D array copy of the elements of an array in row-major order.

for i in xrange(3):
plt.subplot(3,3,i*3+1),plt.imshow(images[i*3], 'gray"')
plt.title(titles[i*3]), plt.xticks([]1), plt.yticks([1])
plt.subplot(3,3,i*3+2),plt.hist(images[i*3].ravel(),256)
plt.title(titles[i*3+1]), plt.xticks([]), plt.yticks([])
plt.subplot(3,3,i*3+3),plt.imshow(images[i*3+2], 'gray"')
plt.title(titles[i*3+2]), plt.xticks([]), plt.yticks([])

plt.show()
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Original Noisy Image Histogra Global Thresholding (v=127)
Original Noisy Image Histogra Otsu's Thresholding

kﬂ

Histog Otsu's Thresholding

A.08

15.4 Otsu’'s “{HERMFEITERN ?

EX—HAHANSEREMER Python RXI Otsu Z{ELEIE, MM
HIRAKERMAITIFH, MRIRARMEBRYTERT CABKITX —T7,

ER2MNIEE, Otsu BZMBELE—MBIE (t) , ERE—EMNA
ER), BERETIXRARN:

ou(t) = qu(t)oi(t) + q2(t)o3(t)

Gaussian filtered Image

He:
¢ I
=Y P6) & a)= PG
prt i=t+1
NSO S 0
m®) =3 & m0= 2
a P(i) ~ P(i)
012(1‘) = ;[1 ) Zm & Ug(t) = ,';1[1 - l‘l(t)]zqz(t)

HIMBAERMEZ B - EHEt, BXAN ESF, HEAEES—
IBERHFER/N. FIMXNEER Python X340 :
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 14:46:12 2014

@author: duan

import cv2
import numpy as np

img = cv2.imread('noisy2.png',0)
blur = cv2.GaussianBlur(img, (5,5),0)

# find normalized histogram, and its cumulative distribution function
# tEIF—1CESE

#CalcHist(image, accumulate=0, mask=NULL)

hist = cv2.calcHist([blur],[0],None,[256],[0,256])

hist norm = hist.ravel()/hist.max()

Q = hist_norm.cumsum()

bins = np.arange(256)

fn_min
thresh

np.inf
-1

for i in xrange(1,256):
pl,p2 = np.hsplit(hist norm,[i]) # probabilities
ql,q2 Q[i1,Q[2551-Q[1i] # cum sum of classes
bl,b2 np.hsplit(bins, [i]) # weights

# finding means and variances
ml,m2 = np.sum(pl*bl)/ql, np.sum(p2*b2)/q2
vl,v2 = np.sum(((bl-ml)**2)*pl)/ql,np.sum(((b2-m2)**2)*p2)/q2

# calculates the minimization function
fn = vl*ql + v2*q2
if fn < fn_min:
fn_min = fn
thresh = i
# find otsu's threshold value with OpenCV function

ret, otsu = cv2.threshold(blur,0,255,cv2.THRESH BINARY+cv2.THRESH OTSU)
print thresh,ret

(ZEREHMRY, BSEERENETLRHEIMWIT)

ESHAR

1. Digital Image Processing, Rafael C. Gonzalez
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16 BEREBE

Bix
 FIERARRRRERK I B Gt TIEM
 ERABEXRIRKBEWEREITER (2D R

2D #R

S5RES—#F, BRI 2D BEGSEHERERE (LPF), S@EIRK
(HPF) &. LPF &MHANERES, RMEG, HPF FEEIFHA KR E &L
%

OpenCV RHEMEL cv.filter2D() AIBALEFHAN —IBE Gt TERIR
fF, FTEIBAMES —IBEGERFIYIRKE, TER—1 5x5 HNFYIRIRRE%:

1 11 11
11 1 11
1
K=—
25 11 1 11
1 11 11
1 11 11

BT : BRBRERGN—MEE A £, XS5 NAIEIE L 25 (5x5)
MR, EEFRR, AXPMTIIREREGR AE EEMULEFER
BEGNE - MREEESEF—L. KBUT, BT—FE,
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 19:43:04 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('opencv_logo.png"')
kernel = np.ones((5,5),np.float32)/25

#cv.Filter2D(src, dst, kernel, anchor=(-1, -1))

#ddepth —desired depth of the destination image;

#if it is negative, it will be the same as src.depth();

#the following combinations of src.depth() and ddepth are supported:
#src.depth() = CV_8U, ddepth = -1/CV_16S5/CV_32F/CV_64F

#src.depth() = CV _16U/CV_16S, ddepth = -1/CV _32F/CV _64F

#src.depth() = CV_32F, ddepth = -1/CV_32F/CV_64F

#src.depth() = CV_64F, ddepth = -1/CV_64F

#when ddepth=-1, the output image will have the same depth as the source.
dst = cv2.filter2D(img, -1,kernel)

plt.subplot(121),plt.imshow(img),plt.title('Original’)
plt.xticks([]), plt.yticks([])
plt.subplot(122),plt.imshow(dst),plt.title('Averaging')
plt.xticks([]1), plt.yticks([])

plt.show()

Original Averaging
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ESRN (BHTR)

ERAREIRK T AR EGEMNE R, INSERREREHN. H
EMBEREERPHSMMAS (LEW: BT, 457 ), FAUAR S ERE—
o (HA, hBE—ERMEATRIRMIEAR ), OpenCV ZH T AR
7Ko

16.1 1y

XEBE—MI—ERETHN, tRERAESRERSXEMERENT
HERREBROITE, TUERRER cv2.blur() # cv2.boxFilter() K5t
XMES, FIMEBEEXETRESENENAT, BRINFBIRESTREN
BEME. TEE— 3x3 B3 —(LERIE:

Il

|
—_ = =
— = =
_ = =

TESE -5 —HFH—MIF:

# -*- coding: utf-8 -*-

Created on Sat Jan 11 19:54:08 2014

@author: duan

import cv2

import numpy as np

from matplotlib import pyplot as plt

img = cv2.imread('opencv_logo.png')

blur = cv2.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()

¢EER .
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Blurred

Original

OpenCV|OpenCV

16.2 ESHETIEH

MEESNZIEREHZ (BERE, AERE, BERSNHENER
HEW, HEEENERTERHAHN, AEFLNERK, ERHERE
EEROTEMERER, H— 1 SHNLUE., FRERKFEHBINEEZR K
MAFEE, 2MEFERME ), SRR cv2.GaussianBlur(),
NEERESHZMNENS (VAT ). URSHRHBCE X, Y Haiing
Z, MRBNRIEBET X AAOMMRNEE, Y FEtSEEEE, MRE MR
EEERE 0, FLARBSBRBEZERHNKX/NECTHE, SHIRERIUBHRIIM
B ERESHIRE.

MRREEMIE, (RBILAFEHREL cv2.getGaussianKernel() B2
HWE— 1 SHZ,

MREBERASEEMIE, EhRENIZER/R:

#0 RIFRIEE LR (5,5 ) Kit ESHERHIEE
blur = cv2.GaussianBlur(img, (5,5),0)
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16.3 F{ERH

FEEXMEASERENMEENPERERPMEENE XINRE
REFRARERMEIEE, sTEEERBERITESIN— N ERRKF
MEENE, MPERERBAHMRERARE (thrIMEMARS ) FERER M,
fthBE BN ERIERS, HRZHRNMINZE—NFH,

EXMIFH, FBAVARBERINLE 50% HIEEARGBERDERN,

K15

median = cv2.medianBlur(img,5)

Original Median

16.4 YUhigH

4 cv2.bilateralFilter() S57E1R15iA RBEMNIER T EMN LR IE
&, BEXMBESHRESEALALRE, BITERMESINEEEER
b S ARE K B RS AR EE, XS R IERRR AN
BX%, MAREERBEEZEANER (BEWEME ), UM ERASE
E—MEREEEMTAR, FltinRthagiEmeE, MXERERITEE,

W32 183 (R B e PR 25 (6] S AN R R S BB U M TS B AN, 25 (6] S HA e
BREIEGERENEENROSEEM, KEBRULSHEMHER
SR EREBEEN A M ARMEREE, XM ERELER
SRR, BB NREESHLRA,

TGRSR T :
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#cv2.bilateralFilter(src, d, sigmaColor, sigmaSpace)

#d — Diameter of each pixel neighborhood that is used during filtering.
# If it is non-positive, it is computed from sigmaSpace

#9 SBIHETZ, B 75 DAIRTEISEENINEE, REEEUUESERRITEE

blur = cv2.bilateralFilter(img,9,75,75)

BNTIE, EERMLEERENET, BRILRTE.

ESHER

1. Details about the bilateral filtering

%3]
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http://people.csail.mit.edu/sparis/bf_course/

17 itk
Bix
o FEIAEIFEFIRIE, BIANEM, Bk, HF &, AcESF

o BANEZESINEEE: cv2.erode(), cv2.dilate(), cv2.morphologyEx()

=
=

R

EEFRIFRRIBEEGINEITHERIRF, —MELTH EXEGEH
1THVRME, JFEWARINSEH, —PRREBER, S WHHEMHLTERN
%, ERARRERMFNERN., BANERWESERERBIEMEMK, thi]
TR TR, #izE, HES. BRMNIUTEAFER—NEE].

®

17.1 @

METEEIE—F, IMMFENFRYENARERE (BREARMNA
2AR), XRELMEINE? ERRZOBERREY, IRSENZNYNIRE
BHMBGHRERRE 1, WLPOLOTRARFBERNGHRE, SURERT,

XEF=EAARME ? RESVRZHDXNEERRUAEGREAIREM
7 (TR 0), MUMRYEZE/N, BREEGWASKEZAL. XWTERF
ARERERA, thrTARRMARMEE —REYARE,

XBERNE—MIF, R4 5x5 WERZ, HRMENETHZM’, i
BANEE RN TIFaY:
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# -*- coding: utf-8 -*-

Created on Sat Jan 11 21:46:11 2014
@author: duan

import cv2

import numpy as np

img = cv2.imread('j.png',0)

kernel = np.ones((5,5),np.uint8)
erosion = cv2.erode(img,kernel,iterations = 1)

17.2 [gBk

5@k, SERZNNNREGNGREFREE -T2 1, it
ENBREMRE 1. AAXMMFFBMEGTRIBEEXE (FIFR ). —REE
RERSEARMBARK, BARMEZEARFNERRN, hRFEARKWRE
e FrAFATBN i 1TRIAK, SHNRFEEZWERT, A2BEXT, B2
RIREFEF B, BRK T AR SREZ A 52 FFRIIE,

dilation = cv2.dilate(img,kernel,iterations = 1)
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17.3 =k

SoEH BB H TR UM EE., MERINLEENBOBE, SHE
XREBRIER, XEFNARINELRRE cv2.morphologyEx(),

opening = cv2.morphologyEx(img, cv2.MORPH OPEN, kernel)

17.4 HAizK

SR KBEM, SREWAKERIISYERPINE, HEISYEKR LN
INES,

closing = cv2.morphologyEx(img, cv2.MORPH CLOSE, kernel)

17.5 ESERE
HIHE — IBEIRE K S S5,
ZERE ARG YIRS,

gradient = cv2.morphologyEx(img, cv2.MORPH GRADIENT, kernel)

$ER
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17.6 %L

FIEEGRSHITHEEZRFINEGRNE., TENAF2A— 9x9 B
EITALIBIRIFRISE R,

tophat = cv2.morphologyEx(img, cv2.MORPH_TOPHAT, kernel)

17.7 RiIE
HITHAEEZERINEGSREEGHNE,

blackhat = cv2.morphologyEx(img, cv2.MORPH BLACKHAT, kernel)

17.8 WEFREZERIXR
BANEN LR SZREZ ANXRTIHRUBARSE:
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Opening:

dst = open(sre, element) = dilate(erode(src, element), element)
Closing:

dst = close(sre, element) = erode(dilate(src, element), element)
Morphological gradient:

dst = morph_grad(src, element) = dilate(src, element) — erode(sre, element)
“Top hat™:
dst = tophat(src, element) = src — open(sre, element)

“Black hat™:

dst = blackhat(sre, element) = close(sre, element) — sre

i AL A

FERIERIFFRIHAER Numpy BT EMLTER, ERIERFHN., B
BRENFEME - MIER/BEFENZ, 77T RIMXMENRK, &H#tT OpenCV
B cv2.getStructuringElement(). R FZSIFtFHEZHIZAIALIR
RN,

# Rectangular Kernel
>>> cv2.getStructuringElement(cv2.MORPH_RECT, (5,5))
array([[1, 1, 1, 1, 1],

[1, 1, 1, 1, 11,
[1, 1, 1, 1, 11,
[1, 1, 1, 1, 11,
[1, 1, 1, 1, 111, dtype=uint8)

# Elliptical Kernel
>>> cv2.getStructuringElement(cv2.MORPH ELLIPSE, (5,5))
array([[0, 0, 1, 0, O],

[1, 1, 1, 1, 11,
[, 1, 1, 1, 11,
[1, 1, 1, 1, 11,
[0, 6, 1, 0, 0]], dtype=uint8)

# Cross-shaped Kernel
>>> cv2.getStructuringElement(cv2.MORPH CROSS, (5,5))
array([[0, 0, 1, 0, O],

[e, 0, 1, 0, 0],
[1, 1, 1, 1, 1],
[, 0, 1, 0, 0],
[6, 6, 1, 0, 0]], dtype=uint8)
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LES 0

1. Morphological Operations at HIPR2

%3]
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http://homepages.inf.ed.ac.uk/rbf/HIPR2/morops.htm

18 EHE

B#x
- BG##E, BBARE
o FRAAMEEE: cv2.Sobel(), cv2.Schar(), cv2.Laplacian() &

dR

R

HBEEHRERGENEKE.,

OpenCV R T=MARNHEEIRKEEE, XEHFIXSBEIRKEZE: Sobel,
Scharr #1 Laplacian, FH1&EXNT A1,

Sobel, Scharr EX#HER—MHX M S, Scharr % Sobel ({EH
INBTRZKERESEERERN ) LK, Laplacian K ZMS#.

18.1 Sobel % Scharr ¥*%

Sobel EFREH T BESMOIRENLE SR, FTUNEHNMIEFENIRIT
fREILAIRERSHI A E (xorder 5% yorder ), &8 BAIREERRIERIZAIK
I\ (ksize ), IR ksize=-1, &{FEH 3x3 #9 Scharr jE/K2E, ENHNRE
tt 3x3 B9 Sobel iRiKEEEHF (MBEREME, FTUEFER 3x3 IRESRMNIZR
E{#EA Scharr J&E28 ), 3x3 B9 Scharr JEERETIZNT :

-3 10| 3 -31-10 -3
xF3E -10 {0 |10, yAE 0| 0 | O
-3 10| 3 3 10| 3

18.2 Laplacian #F

NENFEFAIAMER—MSBITAEX, HRIZREBSSIEMNUT
Bt Sobel £#, 3£, OpenCV At EHENHTE FITEREA Sobel &
Fo HEANMTF:

d?src  O2%sre

ASTC:W‘FTZ/Q

R TR R B E R ERZ:

kernel=1 1 —-4 1
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R

TEARBES BER U E=MiEEENE —1gE#H1TIRIE, FERANEIRZ
B2 5x5 M,

# -*- coding: utf-8 -*-

Created on Sun Jan 12 11:01:40 2014

@author: duan

import cv2

import numpy as np

from matplotlib import pyplot as plt

img=cv2.imread('dave.jpg"',0)

#cv2.CV_64F HHERALRE (HIEEL), sTUEMH-1, S5EEGRF— np.uint8
laplacian=cv2.Laplacian(img, cv2.CV_64F)

# S8 1,0 AERE x BEAK—MEHK, RAFTUKR 2 HEH.
sobelx=cv2.Sobel(img,cv2.CV_64F,1,0,ksize=5)

# 58 0,1 ARE y BEAK—MEHK, RAFTUK 2 HEH.
sobely=cv2.Sobel(img,cv2.CV _64F,0,1,ksize=5)

plt.subplot(2,2,1),plt.imshow(img,cmap = 'gray')
plt.title('Original'), plt.xticks([1), plt.yticks([])
plt.subplot(2,2,2),plt.imshow(laplacian,cmap = 'gray')
plt.title('Laplacian'), plt.xticks([]), plt.yticks([])
plt.subplot(2,2,3),plt.imshow(sobelx,cmap = 'gray')
plt.title('Sobel X'), plt.xticks([]), plt.yticks([])
plt.subplot(2,2,4),plt.imshow(sobely,cmap = 'gray')
plt.title('Sobel Y'), plt.xticks([]), plt.yticks([])

plt.show()
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Original Laplacian

e

— I EEHE!

AEE LEAXMIFRERRTNEMREREIEE: SRMNTNELS
8 -1 RIREWHEGIRE (BEXE) SREGEFRIF -, BRBNER
BHRERARZ cv2.CV_64F, XEATAR? BR—T—MNRIBMILR
HWEHRREY, M—TMNEIRNARRSBANRNE., IRREGHNRER
np.int8 Y, FIBMGERSWERTEN 0, RAOFRMRIEICARELRRE,

P ARN SR P fRin RARER RS E], SRIFRIBIDAR G4 AR iESE R
REMES, bl cv2.CV _16S, cv2.CV 64F &, B ERAEBIEEE
2 cv2.CV_8U, TERIRAIERTMHERERERREMRBNAERER,
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# -*- coding: utf-8 -*-

Created on Sun Jan 12 11:11:02 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('boxs.png',0)

# Output dtype = cv2.CV _8U

sobelx8u = cv2.Sobel(img,cv2.CV 8U,1,0,ksize=5)
# WETLFSHIZA-1

#sobelx8u = cv2.Sobel(img,-1,1,0,ksize=5)

# Output dtype = cv2.CV 64F. Then take its absolute and convert to cv2.CV 8U
sobelx64f = cv2.Sobel(img,cv2.CV_64F,1,0,ksize=5)

abs sobel64f = np.absolute(sobelx64f)

sobel 8u = np.uint8(abs sobel64f)

plt.subplot(1,3,1),plt.imshow(img,cmap = 'gray')
plt.title('Original'), plt.xticks([]), plt.yticks([])
plt.subplot(1,3,2),plt.imshow(sobelx8u,cmap = 'gray')
plt.title('Sobel CV 8U'), plt.xticks([]), plt.yticks([])
plt.subplot(1,3,3),plt.imshow(sobel 8u,cmap = 'gray')
plt.title('Sobel abs(CV 64F)'), plt.xticks([]), plt.yticks([])

plt.show()
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19 Canny A%ien
BiR

OpenCV Hfy Canny B4&4&M
o THE Canny iI&ZENEIEES

o F3IJFE cv2.Canny()

19.1 R

Canny B NE —FMIEERITHALEENE %, £ John F.Canny 7E
1986 FRHM, ER—IMNERSTMMMEE, BINETREEENA,
19.1.1 MEXKR

HThEENRESZRNEERM, FFE—S2ER 5x5 MEHEKES
EIRIZE, XNMBIERIIELKFLT,
19.1.2 HHE®REE

KR EMEIG{ER Sobel EFIHEKEHEFMZEHT BN —MSH (
B#EE)(Gx ¥ Gy), RBEFIFIXMEHEE (Gx F Gy) HKEAFEIHE
EM7E, AVITF:

Edge_Gradient (G) = /G2 + G2

Angle(f) = tan™! (%)
Gy

BENAE—REARS5HREE, MEARKIFAMNSE: EEH, KE, #
AT Lk,
19.1.3 JERA{ENS

ERBHENARMA/NZE, Mz BBEEGE— NI, KRIFLIE
BRENR[R, HE-—MRERTRE, BEXIRIBERTEABRAEBHEER
EHBRNRARAE, STFEMFRR:
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Gradient Gradient
Direction Direction

yedge edge

REMRBINR— T E2" TR "N _EEE,

19.1.4 #HEHEE

NEEZEWMEBLLRAREENLR, INBINFTEREFNHE:
minVal #1 maxVal, HEGRMKXEW#EST maxVal RHFIAAREMNAR,
BBLEARF minVal AR SHEMNTE, MERNTHEEZENIE, MEEXITRE
BEEIMMHMENEENDRSEE, IREMIANEHRRDRS, NRFRE
Mz, WTE:

~~ maxVal

minVal

A §F#{E maxVal FINREIEMAR S, C FAMRTF maxVal BE5F
minVal #E5 A &, FINtBHIARNREIEMDNR R, B Miaming,
AAUETF maxVal MEARSEIEMNARSEE, FAINEEREEERN maxVal
# minVal W FERRBREFNERIERTEER.

EX—S—L/I\WREStSERE, BARIRISLFAESE — LKL

%,

19.2 OpenCV HfJ Canny A5

£ OpenCV A EE—MEK: cv2.Canny(), FATLATERLMU EJLE,
IEBNBNFEERXNRES, INRBNE—NSBRAAERR, F_ME=
N5 512 minVal fl maxVal, E=/1SHIgEARITEEREEN Sobel
ERAOKD, HKiMER 3, RE—1MSHRE L2gradient, EFJURKRIZE
RBERNHETE. MRIEA True, FESERFHN LERITHNSATE, BN
BRAA2: Edge_Gradient (G) = |G?| + |G2| X&, BKIAMEXR False,
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# -*- coding: utf-8 -*-

Created on Sun Jan 12 14:37:56 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('messi5.jpg',0)
edges = cv2.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()

Original Image Edge Image

ESHR
1. Canny edge detector at Wikipedia

2. Canny Edge Detection Tutorial by Bill Green, 2002.

%3]

1. B—AVNER, TTUAEE A% BEERIZEHE minVal A maxVal i#
TIRi#(T Canny HFEN, SEFRSERAENEEMT,
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http://en.wikipedia.org/wiki/Canny_edge_detector
http://dasl.mem.drexel.edu/alumni/bGreen/www.pages.drexel.edu/_weg22/can_tut.html

20 EBEREF1E
B

- ¥IERSTIE
. EREGAIR— KR TR

o BEZIMERE: cv2.pyrUp(), cv2.pyrDown(),

20.1 [RE

—MREAT, BINELER—RIEGEESHENER, BRBERERT,
BINEENE -BESNAES RN FEGH#HITHIE, thil, RINEE—1EE
BHREXREANBF, tbike, BINARHNEEFREERGPHIRT KN, X#ER
T, BNFEECIECIE-HER, ILEGREABAEIHRNFREE K. &
MEXEERIUHEGEFE (HRRGEMEE—BEENAE SR FES
B MRBIMNMEFKHEGRERS, H/OAUBEND, SERG—EEF
1%, MMEBAEKREFIE,

EREEGREFIE: ShEFEMALHRETEFIE,

SHREFENNBR BT RBEGRPIELSNITNIEREEN, N
BEGTNENMEESFT T —EEGT 5 MEEMNSHIMNNESE, X
BAE—IR— MxN MERFEM T — M/2xN/2 HIER, FTCAXIEE&
MERAZHARREGEARNOAS Z—. XWHM A Octave, ELFITIXH
HRERNASEBE — N UELRR TENEGREFIE. BT TUERRLY
cv2.pyrDown() # cv2.pyrUp() MEE G EFIE,

B cv2.pyrDown() A—1MERPHEREARTHERO LME—IEFIE
(RTZN, 9 ),

img = cv2.imread('messi5.jpg"')
lower reso = cv2.pyrDown(higher reso)

TER—MIENE®REFE.
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&

~

unicef & y

™~ - » "
. A -
e Q - ‘ »
Q -~

e

. A
«sh»4?M~gggiw

Ei# ov2.pyrUp() A—MESHENRTHEGR FTHE— A2 TE (R
TEX, BSHWERLIENM ),

higher reso2 = cv2.pyrUp(lower reso)

REIZEMZE R higher reso2 #1 higher reso A~ B, Ein—BfE
F cv2.pyrDown(), BRI HEMAER, EEMERER. TEME
M cv2.pyrDown() FAEMNEREFIEN (HTE L) F=EEKRERARK
cv2.pyrUp() BEINER, SEREGHELEDHEETRS,

MENTEFEIINESHEFETESGR, 2V0T:
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Li = Gl — Py'rUp (Gi+1)

HENEFENEGREERMGLRE, HPRSEHHERE 0. WNE2E
HRAEEGESED. FTEME AN =ENAIE e FIE:

20.2 FERAEFIEHTEERMS

BREFEN—TNAREGRMS, fIM, ERGESS, (REEERIE
EE&E—i, ERATEERREEGEENNELY, BREMNMREERS
RE, SNEGREFEMAIUAIERRT, WelEBESKULEER, XEH
—MEURFIMBEFNOKRAEN -, BEETERIFEMBAZRERM4
7.
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REl B FIZEANES RIFERTRES X TEGME, NENHEF
R,
KM IR RS IRINT

RAREEG, ERMGF

. MEERNBFSHEFE (6 B)

3. RiEETrEFETENETEFIE

. RRENNE-BHITEGHS (ERNEASKFHNELHME)
5. RIEMEENEREFIEEZFRKBER.

TEIREEB (#3) OpenCV) RBRTEFENME, ULRWNANEFIEEERR
BEREIIE.

—_

N

N
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Gaussian Laplacian
Pyramid Pyramid

Figure 5-21. The Gaussian pyramid and its inverse, the Laplacian pyramid

BAMIREMRBRAT, (ATESE, §—SHIMITML, IEHERES
MRTF, MREEZAE]CATBIEITRIL )
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import cv2
import numpy as np,sys

A = cv2.imread('apple.jpg"')
B = cv2.imread('orange.jpg")

# generate Gaussian pyramid for A
G = A.copy()
gpA = [G]
for i in xrange(6):
G = cv2.pyrDown(G)
gpA.append(G)

# generate Gaussian pyramid for B
G = B.copy()
gpB = [G]
for i in xrange(6):
G = cv2.pyrDown(G)
gpB.append(G)

# generate Laplacian Pyramid for A
1pA = [gpA[5]]
for i in xrange(5,0,-1)
GE = cv2.pyrUp(gpA[i])
L = cv2.subtract(gpA[i-1],GE)
1pA.append(L)

# generate Laplacian Pyramid for B
1pB = [gpB[5]]
for i in xrange(5,0,-1)
GE = cv2.pyrUp(gpB[i])
L = cv2.subtract(gpB[i-1],GE)
1pB.append(L)

# Now add left and right halves of images in each level
#numpy . hstack(tup)
#Take a sequence of arrays and stack them horizontally
#to make a single array.
LS = [1
for la,lb in zip(1lpA,1pB):
rows,cols,dpt = la.shape
1s = np.hstack((la[:,0:cols/2], lb[:,cols/2:]))
LS.append(1s)

# now reconstruct
1s_ = LS[0]
for i in xrange(1,6):
1s_ = cv2.pyrUp(ls )
ls = cv2.add(ls , LS[i])

# image with direct connecting each half
real = np.hstack((A[:,:cols/2],B[:,cols/2:1))

cv2.imwrite('Pyramid blending2.jpg',1ls_)
cv2.imwrite('Direct blending.jpg',real)
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ESHR

1. Image Blending

%3]
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http://pages.cs.wisc.edu/~csverma/CS766_09/ImageMosaic/imagemosaic.html

21 OpenCV HRIHEE

21.1 ¥R
Bix
. BRR( 4RI
- EIHICE, BHLHS

* K%: cv2.findContours(), cv2.drawContours()

21.1.1 H4EREE

KRR E RN EENS (EERR) EE LML, BEHEE
MERRENERE. EEERRSFAMERRRNFIRGIHREA,

s ATENEM, BEFEATECEIGR, EIHEEZA, EHITEELAIE
8(#& Canny iBAR&EM,

s EREENREASENRBER. MRGEXELE 2T ERFRIRE
BEE, RNZEFREEEREFEIIEMEER,

* £ OpenCV H, EHEEMREETREERTPEEEMA, RN ZICE,
BERNYMENZRARME RN IZZRE,

ERBBRWAE— N _EERGPEIKREE:

K% cv2.findContours() E=18#, F— 1T 2BWAERKR, FZ412
EEBRRER, E=MREEAUAE BREEE=Y, F— 1 2EK, £-1
B, B=NE (EEBH) EtEi, £/ (E2MREME ) — Python
PR, EREFMHEXEGPNABERE. E— 1 EEEHE—1 Numpy #4E, 8
BNRIARS (%, yv) BIAER,

21.1.2 EHLHIHHER

K% cv2.drawContours() FJUARAREGHIAER, Er] UIRIE(REE #
AR RGEEAEZR, ENFE-—ISRRELRER, F_ISHRREE, —
4~ Python &R, F=ASBRLENERS| (ELHIMIILERREA, Hig
ER -1 HEGIREEE ). BETRNSURLENAENERES.

E—IREG L FIFTERIEER:
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# -*- coding: utf-8 -*-
Created on Sun Jan 12 18:05:52 2014

@author: duan

import numpy as np
import cv2

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

imgray = cv2.cvtColor(im,cv2.COLOR BGR2GRAY)

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

image, contours, hierarchy = cv2.findContours(thresh,cv2.RETR _TREE, cv2.CHAIN_APPROX_SIMPLE)

LATIIRIIACRER, GNSRPUNECES:

img = cv2.drawContour(img, contours, -1, (0,255,0), 3)

ERASHEME, TENSGEZETA:

img = cv2.drawContours(img, contours, 3, (0,255,0), 3)

21.1.3 EEBESEAE

XZRE cv2.findCountours() HE=/1S#, EEHRRARTLER
e ?

FOBMNELRIEER— M REGHEREENALR, ESFIORIR
MR EFREN (x, y) 245, ERFERMBINXLN R SERFMHEIL ? XFHMEX
NESREBLIRE cv2.findContours f,

EANSHINRHIZE R cv2.CHAIN APPROX_NONE, FiEHARS
HaWmEE, ERBINENEEXASSE? Fw, HHNHMNLRR—RE
%, MARSEEL LFEMNRRRRELZE ? A2, BIRFEXRZEL
MENFERmME. X#2E cv2.CHAIN APPROX SIMPLE Zf#{f), &
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BB LN TRREERE, EHLE, ATTERAERSZ.
HMNATERNEERERZIMNRA, EEBIRFHE—MLIFEE
—AMNEREREEBE, F—MEERER cv2.CHAIN_ APPROX NONE H¥E,
—3# 734 A, BEZANEIZRER cv2.CHAIN_APPROX_SIMPLE f)4%
R, 254 4=, BRMMELD TIE !

ESHR
%3
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21.2 R

8%
- EHEROTERE, FINER, BK, b, HRES
- (FRFHRSREHEXEL

21.2.1 %
EGRERIABBBA T ERGNRL, BRE. FHREREEEHEER

#Image Moments,
B cv2.moments() 2FITEFEEU—MFHEMNAZNRE, WTF:

# -*- coding: utf-8 -*-

Created on Sun Jan 12 18:30:17 2014

@author: duan

import cv2

import numpy as np

img = cv2.imread('star.jpg',0)

ret,thresh = cv2.threshold(img,127,255,0)
contours,hierarchy = cv2.findContours(thresh, 1, 2)
cnt = contours[0]

M = cv2.moments(cnt)
print M

IRIBX LR AOME, BT S RNEL: €, = Mo, ¢, = Mo,

int(M['ml10"']/M['mo0O"]
int(M['m@1"]/M['me0O"]

CX

)
cy )

21.2.2 ®EHEMA

HERRIE R T LAE R R cv2.contourArea() it & 182, thelLA{ERE%E
(0 Bi%E ), M['mO00'],
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http://en.wikipedia.org/wiki/Image_moment

area = cv2.contourArea(cnt)

21.2.3 WA

BRI, FTUEAERH cv2.arcLength() it&EE5, XMNEK
MWE_SHAIUAREBENRNEREZAEN (True ), EZFTHI (—5FH
£

perimeter = cv2.arclLength(cnt,True)

21.2.4 BEEM

B EBRIRIE MR B —FEE L SEMNEERIR, i SE
HBINEEMEBESRRTE, EHAMDouglas-Peucker&i%, {ReILABILER
B BESILEENAT,

ATENERE, RIEENEBE-RERPEX—NER, ERHATEZH
MMEE, BINRESE—NEEMNER, MB—NIFER"(NTERR ).
DLFE(RFA B] LA A X MR BRI X MK O T XN RBE NS
epsilon, ERNREREBIGNELHNREAESE, ER—MNERESH, &
E—/MFH epsilon W TFREAELERETEE,

epsilon = 0.1*cv2.arcLength(cnt,True)
approx = cv2.approxPolyDP(cnt,epsilon,True)

Tin, BFBIEERMNEERY epsilon = 10% REBZIFHELIEE, E=18
ElRE epsilon = 1% BWNERFNERE, F=1"SRIRTINELEEHE

105


http://en.wikipedia.org/wiki/Ramer-Douglas-Peucker_algorithm

21.2.5 M8

OE SRR, BRE, BRABLEERATENALNERZE —1#1,
ERi% cv2.convexHull() FICAAREN — MR SRR LR, FaEd
IEfRFE, —ARRE, OMHLSROHREN, ELRFN, MREHMHMHEE
TR MO ERRE, P TESRNF, deflmESRTFHOE, OHERE
WINETAIRERT .

AT EEFLEE —EFERN:

hull = cv2.convexHull(points[, hull[, clockwise[, returnPoints]]

W

S8
* points FANEZRAIIEE
* hull #ti, BERFE

* clockwise 7[Af5rE, IRIREN True, HHHIOEZINE @,
BN Jo R 5[,

e returnPoints ZAEH True, ESIRMEMNE LSRR, IRIEE
7 False, Mi&iREISME RN MNAYEE EAYS,

LEMNE, TEHRGSMEET

hull = cv2.convexHull(cnt)

ERMBREKEBMNEIRE, EEIE returnPoints i E 77 False, U
FEER A, EEBNIKZMBIVEE cnt, IWAEFKIE returnPoints 18 &
A True EXME, FHEBRTIE:
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[[[234 20211, [[ 51 20211, [[ 51 7911, [[234 79]11], EEFEsEHHIM
MES,

HI7E4E returnPoints i &} False, HIFEMNERRE

[[129],[ 671,[ 01,[142]]

TR E=IRS], FU0: cnt[129] = [[234,202]], XSRIEFHAITEEILE
RME—MER— Y,

EOREPERIIERIBEX L,

21.2.6 Mitkign

E%Y cv2.isContourConvex() FJUARILAFAR#E N — M EZERE N
8, EREEREO True 3% False, &t AKXRNTH,

k = cv2.isContourConvex(cnt)

21.2.7 ihRER
EREIDRER,

HihSHER —NEER (MRAERENER ). EXSEENRELIRE.
FTEGA BN ER AR &AW, FJUEREL cv2.boundingRect() &
HS5E,

(x, y) REME LAMAER, (w, h) 2EFHENS,

X,y,w,h = cv2.boundingRect(cnt)
img = cv2.rectangle(img, (x,y), (x+w,y+h), (0,255,0),2)

BEFERLFRER XMRERMRERENN, BRAEEBETNRNIER.. B
ZRRE R cv2.minAreaRect(), REIME—1 Box2D £#), HAEE
R LARASRALIR (x, v), BENENS (w, h), UREERAE. B2
BLFXNMNERFEETMN 4 MR, ATETEE cv2.boxPoints() 3%

/8
o
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X,Y,w,h = cv2.boundingRect(cnt)
img = cv2.rectangle(img, (x,y), (x+w,y+h), (0,255,0),2)

IEXFERARERERE TER, BREZERNANEER, drRAEEER.

-

21.2.8 B/MMEE
E# cv2.minEnclosingCircle() ] LAEEF {132 — M KREGIMTE,
EEfEEBEENKMEPEmRKENHI—N,

(x,y),radius = cv2.minEnclosingCircle(cnt)
center = (int(x),int(y))

radius = int(radius)

img = cv2.circle(img, center, radius, (0,255,0),2)
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21.2.9 HENS
EAMELR R cv2.ellipse(), REEESH ZhEsEARETHRTIE,

ellipse = cv2.fitEllipse(cnt)
im = cv2.ellipse(im,ellipse, (0,255,0),2)

21.2.10 EZ%WS

BATATURE—HSMEH—FEL, BFER(IEIMABRGTHNEER
MEh—FE%.
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rows,cols = img.shape[:2]
#cv2.fitLine(points, distType, param, reps, aeps[, line ]) - line
#points — Input vector of 2D or 3D points, stored in std::vector<> or Mat.

#line — Output line parameters. In case of 2D fitting, it should be a vector of
#4 elements (likeVec4f) - (vx, vy, x0, y0), where (vx, vy) is a normalized
#vector collinear to the line and (x0, y0@) is a point on the line. In case of
#3D fitting, it should be a vector of 6 elements (like Vec6f) - (vx, vy, vz,
#x0, y0, z0), where (vx, vy, vz) is a normalized vector collinear to the line
#and (x0, y0, z0) is a point on the line.

#distType — Distance used by the M-estimator
#distType=CV DIST L2
#p(r) = r2 /2 (the simplest and the fastest least-squares method)

#param — Numerical parameter ( C ) for some types of distances. If it is 0, an optimal value
#1is chosen.

#reps — Sufficient accuracy for the radius (distance between the coordinate origin and the
#line).

#aeps — Sufficient accuracy for the angle. 0.01 would be a good default value for reps and
#aeps.

[vx,vy,x,y] = cv2.fitlLine(cnt, cv2.DIST L2,0,0.01,0.01)

lefty = int((-x*vy/vx) + y)

righty = int(((cols-x)*vy/vx)+y)

img = cv2.line(img, (cols-1,righty), (0, lefty), (0,255,0),2)

110



21.3 BRI

RNTHRIMNBEZIRN - ELEFEANNRIFE, (ReE]AEMatlab
regionprops documentation ¥ 3 HERIFE,

21.3.1 K#ELL
NWRETNESLE

Width
Aspect Ration = Helig i
X,y,w,h = cv2.boundingRect(cnt)
aspect_ratio = float(w)/h
21.3.2 Extent
XBERSARIERERLE,
Object Area

FExtent =

Bounding Rectangle Area

area = cv2.contourArea(cnt)
X,y,w,h = cv2.boundingRect(cnt)
rect area = w*h

extent = float(area)/rect area

21.3.3 Solidity
®EERS L ERAIL.,

Contour Area

Solidity =
onarty Convex Hull Area
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http://www.mathworks.in/help/images/ref/regionprops.html
http://www.mathworks.in/help/images/ref/regionprops.html

area = cv2.contourArea(cnt)
hull = cv2.convexHull(cnt)
hull area = cv2.contourArea(hull)
solidity = float(area)/hull_area

21.3.4 Equivalent Diameter
S EmmRESNRELNER

4 x Contour Area

FEquivalent Diameter = \/
T

area = cv2.contourArea(cnt)
equi_diameter = np.sqrt(4*area/np.pi)

21.3.5 HHE
WRIAE, FTENGETISIREKMFNEHMKE

(x,y),(MA,ma),angle = cv2.fitEllipse(cnt)

21.3.6 HERFBES
ENBINNEEMRNRNABEGRES, FHATRTLUXFERM:
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mask = np.zeros(imgray.shape,np.uint8)

# XE—TFEFERSH-1, LEEFTRIFE
cv2.drawContours(mask, [cnt],0,255,-1)

#Returns a tuple of arrays, one for each dimension of a,
#containing the indices of the non-zero elements in that dimension.
#The result of this is always a 2-D array, with a row for

#each non-zero element.

#To group the indices by element, rather than dimension, use:
#transpose(nonzero(a))

#>>> x = np.eye(3)

#>>> x

#array([[ 1., 0., 0.],
# [06., 1., 0.],
# [0., 0., 1.]])

#>>> np.nonzero(x)

#(array([0, 1, 2]), array([0, 1, 2]))
#>>> x[np.nonzero(x)]

#array([ 1., 1., 1.])

#>>> np.transpose(np.nonzero(x))
#array([[0, O],

# [1, 1],

# [2, 2]1)

pixelpoints = np.transpose(np.nonzero(mask))
#pixelpoints = cv2.findNonZero(mask)

XEHNRARMMAE, F—MAEERT Numpy R, EMER
T OpenCV F#, &ERHMEE, {E' FRESRARE, Numpy A2 FZ (row,
colum)
FX8, M OpenCV AHHIERR (x, y) B, FIULXFANERE
ARFIUF#RM, row=x, colunm=y,

21.3.7 BRXEMR/IMERENUE
AT AMERBRERFEXLESE,

min val, max val, min_loc, max loc = cv2.minMaxLoc(imgray,mask = mask)

21.3.8 IHEBEEIIRE
A1t T AE AR REIER — M ROEE RS R E
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mean val = cv2.mean(im,mask = mask)

21.3.9 H=
—\WRELH, R TH, |R&i8, KRG,
leftmost = tuple(cnt[cnt[:,:,0].argmin()]1[0])
rightmost = tuple(cnt[cnt[:,:,0].argmax()]1[0])

topmost = tuple(cnt[cnt[:,:,1]1.argmin()]1[0])
bottommost = tuple(cnt[cnt[:,:,1].argmax()]1[0])

T ERR:

ESHER
%3]

1. Matlab regionprops X E —LEKRIFMERINNEXEZEIHE,
Re] AKX & A Python 1 OpenCV R3EIfh4],
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21.4 ®W: ESEM
B8R
BEZS)
- CYEREA, AR R
- RE— SR SRR

- REMIRHIMLE

RESRB
21.4.1 MiERE4

AIEBEEZES] TRENME, WR R MPEERH A A ERFE,
OpenCV B — /1% cv.convexityDefect() =] LAZSBFRA 13K 2y ER
f. ERBUERWT :

hull = cv2.convexHull(cnt, returnPoints = False)
defects = cv2.convexityDefects(cnt,hull)

ESRO—-1ME, HRE—1TESNER [ExR, 4R, RZNR, &
ESANEMEE]L HANFIUE—KELERE., RINBESNLSA—F84%

&, ARZRE—MEE, BicENRROASRMA="MEREESNESI
FTAFA BRI =P EKEA].
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import cv2
import numpy as np

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

img gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)
ret, thresh = cv2.threshold(img gray, 127, 255,0)
contours,hierarchy = cv2.findContours(thresh,2,1)
cnt = contours[0]

hull = cv2.convexHull(cnt, returnPoints = False)
defects = cv2.convexityDefects(cnt,hull)

for i in range(defects.shape[0]):
s,e,f,d = defects[i,0]
start = tuple(cnt[s][0])
end = tuple(cnt[e][0])
far = tuple(cnt[f][0])
cv2.line(img,start,end, [0,255,0],2)
cv2.circle(img, far,5,[0,0,255],-1)

cv2.imshow('img',img)
cv2.waitKey(0)
cv2.destroyAllWindows ()

ZERUF:

21.4.2 Point Polygon Test

KREBEGFH— IR —ANREBWREES, NRKELERIIMNSE,
REMERT., MRELEL, REMER 0, MNRELEAS, REMENIE,
TEHAILAS (50, 50) HH:

dist = cv2.pointPolygonTest(cnt, (50,50),True)

LR EN B E = NS 8E measureDist, 1RiEE R True, FiSiTER
JEIEE, R RE False, RS¥IMMXNMNE5EZEMNMUERXRR GREER
+1, -1, 0),
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21.4.3 RRITE

EB# cv2.matchShape() FJBAFRFATELAR A MR BRAIMBIAE. 4N
FREMEM/), LEMIT, ERIRE Hu EXRITEN, MXHEPNRENEE
B,

BATAEE THEREITILR:

# -*- coding: utf-8 -*-

Created on Mon Jan 13 20:57:38 2014

@author: duan

import cv2
import numpy as np

imgl
img2

= cv2.imread('star.jpg',0)

= cv2.imread('star2.jpg',0)

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

ret, thresh2 = cv2.threshold(img2, 127, 255,0)
contours,hierarchy = cv2.findContours(thresh,2,1)
cntl = contours[0]

contours,hierarchy = cv2.findContours(thresh2,2,1)
cnt2 = contours[0]

ret = cv2.matchShapes(cntl,cnt2,1,0.0)
print ret

A
BEINERR:
« A 582E 0.0

+ A5 B [ILE2 0.001946
* A5 C [ILE 0.326911
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BT, REERETRENLENERZMERARZIEEK,

ESHER
%3)

1. SIB—/NIER, TTUEER EMNSSHIRARNEE, BeRREI
R ERIEERRAEN. EFEAMNEL: cv2.pointPolygonTest(),

2. {EFE# cv2.matchShapes() L HFEFIHERFNEF.
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21.5 EBMHEXEZER
HiF
MERNBELILENRRENT, LNEEZENRFER,

ESAR
[

ERIEMABTDHANEAEL cv2.findContours REHKCE, FHi1E
ERAN—ISH: LEFRIERN (Contour_Retrieval Mode ), #1152
IBEIRERN cv2.RETR_LIST 5#R2 cv2.RETR_TREE, XEiX=], B
REMNRARMTAE ?

B, HINBIMNLEREE 3 MIH, F—1ER, FNRBRE, F=
MRBEREN, BRBIMAKEERETRREN, BXRENRHRFWHEIIE ?
BREMSHEBREBENEHAXRIE ?

EFRFHANATE A,

21.5.1 F4AREBREW

BERINEARH cv2.findContours ZEFHEKX— MR, BRI
KA TARMNME, ERLERR, — MIRERI—MRIAER, X
BRTHRANNFIMBIIR AR, RBMOIFRAF, RRIMHASTE, —EE
BRNABEEEZEMBILIRFRR, XA ARE —MEES Hitie
BREHERN, (LNERTRENMEENTER, NERRER. XMXAK
FLRK J LB RLEH
FEFE — M ERAPIF:

EXEEGH, BAEXLIMRES A 0-5. 2 M 2a FRINRIRIMNAIKER
F9oME EEFNAE R,

EXEiN%E 0, 1, 2 FEIMERENEINA, FATTRTCARG A1 (LBEREM )
0 %, BEREMEMNIETE R,
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T RICED 2a, FANCEHMICHE 2 TR, TR (LBLRLEH ) B
1%, EHEE 3 2% 2 TR, A (HEREM) B 3 K. RELE
4,5 BE 3a WFE, A (HREM) 4 R (BE—FRK). RBXMHAR
LAXLERSIRGR S, FRATRILAIRSCER 4 RICEF 3a BIFER (HARE 5 thE ),

BAXLASHR AN THRBRREREN, IR, TR, REE, TRES,
WMEILFATHEAN OpenCV IE,

21.5.2 OpenCV HEXR&EH

AEBRREMRMTLHEN, B— 1 LEHEIECHER: KR, #
EF%. OpenCV FER—1MSEMNNTENHARTR. [Next, Previous,
First_Child, Parent],

Next RRE—RAREHPHIT—NEE,

M EEFRIEE 0 R, B 1 FiEMthA Next, EH, & 1 9 Next
£ 2, Next=2,

ARECER 2 B ? FER— %8 FE Next, XB Next=-1, Mi#E 4 9 Next
75, FiLAER Next=5,

Previous RRE—HEHPRIFI—MNEHE.

5riE—#, % 1 9 Previous K% E 0, (& 2 9 Previous H%
BB 1, %5 0 ;8% Previous, FTlA Previous=-1,

First_Child RREMNE—NFLE.

REVEBBRET, BE 2 NFREA 2a, FTAEM First_Child X
2a, #HE 3a e ? EERNFEE, BERBIREE—1FRE, FILER
BR 4 (REBAEET, NEEEMIRFREF ).

Parent RINENRELHE,

5 First_Child RIftER. B 4 1 5 MR EER.E 3a, Mk 3a
HREEZ 3.

MAEHLTHRT OpenCV RMEEARLH, HINERRELBMER
B%¥3—T OpenCV FHYIERIEZE,
cv2.RETR_LIST,cv2.RETR_TREE,cv2.RETR_CCOMP,cv2.RETR_EXTERNAL
AERRRMTLER?

21.5.3 EEEHREN

RETR_LIST MEEMNAEXRE, IPNEREEN, ER2RENEN®E
BB, MAZCIBEMRFRR, BRENERAR“ AAESE", ElIBTFE—%KA
%R,
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FRATEIXMIER T, ALREMBBENE=FFEN/ M EH2 -1, B2, REB
£, Next #l Previous EBWNIE, RFRIUECAEESE.

THARKBEIMER, B—TENNEEBNAREMAT, Flw, F—
TN R R%E 0, F— N8R 1, Fil Next=1, FIEREEHMIECE, Fr
BA Previous=0, #E TR IMSHIZ -1, SNIA TR —H,

>>> hierarchy
array([[[ 1,
[

[ T T T T T
L e e

'

P NOoO U s WwWwN
'

OO Uk, WNRFE O

MRMFARDERZENRR, XR—NIEBIFINEE,

RETR_EXTERNAL WR(REFXMENAIIE, RIREIFIMAIBICER,
FTERNFRBE W BRI,

FTUAZE EERERXMERNMNIERSRERIMIFIEE (5 0 K ): &
0, 1, 2, THEHREFERIMENSIMNER:

>>> hierarchy
array([[[ 1, -1, -1, -1],

SRRABRARIMAEERY, (RAIBLERXMRN, XEFERATR
BH.

RETR_CCOMP #HEXMEXN TIRBIFMBMEEHRFILES DR BRLE
M, B, —AWREMEERE 1 RARLEN, MYTRASHEREVEESH
% 2 ARG, TRPHEMNRNEEBXZEHE 1 REREN, =RAIAR
HEHINE 2 R

BR-TEIREBFNESG, BRFREF 0, 0 MIRETE %
HALEN, 0 RBETS 2 RARLEM,

BATRICAL FE AAIEENE—T. RINELALERFHXLELERS,
ARSZERFARENVEREM, 7S OpenCV N EHIIAF —E,
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MEFRNEBERLE 0, EMALLEMAE 1 K, HEPEFHEANZTE 1 2,
B TE 2 RALKRLEN, FTUANFIRE 0 KiiEthETE —RABLKRLEHHY
T—4 (Next) 2% 5 3, #H&%F Previous, ER Fist Child 3% & 1,
RALEMR 2, HTFERSE 1 K, FMUEEREE. ELEELREHERER
[3, -1, 1, -11,

NERKE 1, ERE 2 F, "TFRE—RKWT—IMEEH 2, &E Previ-
ous, t;&8 Child, (AARE 2 KFATUBREE ) REER 0, FAEAER
[2, -1, -1, 0],

WE 2: EE2% 2 K, ER—RIELLEMDEE Next, Previous i
1, 28T, RKEER O, AR [-1, 1, -1, 0]

B 3: ERE 1K ER—LMERLEMP Next 75 5, Previous B
R0, Fh 4, REXRKE, FLAER [5, 0, 4, -1]

R 4: ERE 2 K, EEI—RMBLLEHTEE Next, ;88 Previous,
BEF, RiEEAH 3, FAUBER [-1, -1, -1, 3]

THERESRIMNER:

>>> hierarchy
array([[[ 3,

' ' ' '
H 0O R N~ U= N
' ' T
NU P WRORRE -
o ' T
P PR OR AR BRBBH
T ' ' '
PP U R WROH

RETR_TREE ZTIRE—17T, HERRTEMN—1, XMEX TRIRE
FIE®E, FHAB—NMNTEBWAREMNTIR, CEESSRFERSS
8, JLF, IFE

Za n
—wTH, B
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ERUAEE RS, EAXMIEN, X OpenCV REMEREHHFH 2
e, AefFRNRNFS, FERAENEH,

EF 0 WLAREMH 0, E—HKH Next J 7, ;88 Previous, FiER
21, BBR®E, MUBER (7, -1, 1, -11.

B 1 MAREMR 1, B—RKPEEHM, /&8 Previous, FiER
2, R¥%EH 0, FrUAFER [-1, -1, 2, 0],

FTHESRATE—TIE, THRER:

>>> hierarchy
array([[[ 7,

' ' o
o I I
T
NouRrrRrRPRRRPR
Vo
R PR RPUDWNR
o '
PFRPRADNWNROOHR

ESAR
%3
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22 HFEHE

22.1 EFSEMHNE, LEI591

BiR
* {5 OpenCV 5 Numpy E it EEHE
M Opencv & Matplotlib L HIEHE

 BEZSMFREE: cv2.calcHist(), np.histogram()

[RiE

t2o—EHEE ? 8t B 5 ER AN BIEEGINIKE D HE — N EE
T, EAEM x HIEKREE (0 3 255), vy MIERIATEESR—MNREEN
mIEE,

BEFEELMENEGN S —MERE, —TERA, BIEHREREETMU
WERRNLEE, RE, RESHEE—MEMMIAR, JLEMEHEKRLIE
REERETEHRESINEE, FERBCambridge in Color website, &
ZUEFFIREX NG T RS 2 #0118,

No. of pixels

0 Pixel Values 255

IERAR—EEEXBEARMNENELEIE, (Zick, BEHERRERE
B&EHRY, MARFEERS ). EAERNEAREGRE TR—RNERRRE,
BEMERTRE—RNEBRHEE, AXIEE LRFTUERREEH X FmEIX
HEKX, METFHEBIVEZERRD,

22.1.1 H@itEHHE

HERMNNEFTLREHRET, BEHFRS—BEGNESER?
OpenCV # Numpy #ERERBMXHE. EEAILRZZAFRNE
WERTH—TEAEBEXNKIE
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http://www.cambridgeincolour.com/tutorials/histograms1.htm

BINS: FEMEAREERTENMNREENNMEEN. IREHRERO
Z| 255, {FMEZE 256 MIKERLEMERE, BR, NRMGBAEEZME
B—1MRRENRESHEN, MRAFENERANMEEZANEGESRHEE
LI ? ZIRE, FRAVEFBEKREER 0 8] 15 ZENBESWEEE, &S
= 16 %l 31,...., 240 Bl 255, FHNIRFE 16 MERLHIEHE, OpenCV
Tutorials on histograms/H il FFriERMNAR,

BB ERELME ? MR EEIRERM 256 MES 9 16 /\H, BVEEN
B, MXEBNE—NNEAFHER S BIN, E—MiFHHE 256 4 BIN, F
ZAMAIFHE 16 4 BIN, 7£ OpenCV HISZ#4HA histSize &= BINS,

DIMS: RIABNREHMBNSHNE. EARGIFR, FATTUERIRETE
REE—ME: WEE. MUXEHE 1.

RANGE: M2ERITHREETE, —#KiHEHR [0, 256], WEZHFT
BHREE

£ OpenCV SitEAE X cv2.calcHist sJLAREIRANG T —IBE &
MWEHE, FI—ERAE-TIPMRENENSH:

cv2.calcHist(images, channels, mask, histSize, ranges|, hist[, accumulatel]))

1. images: RE& (ERERN A uint8 X float32 ), =H1ENER N iZ
FRIES [] FEEk, F1g0: [img]l.

2. channels: A#FRATESEER, EGIFERBBATZEITIEE
BHWEALE, IRBABGRREERE, EMNEMRRE [0]; NREXEER
BiE, RARNSHEIUZ [0], [1], [2] Efln5INmESEE B, G, R

3. mask: #EER, BRI RBEEGNESEMIEER)N None, EZMW
KPR TEGE—BINEHLENE, FRFEFFE— N ERESG, 7
ERE, (RAEHF)

4. histSize:BIN W H, Wi izAPESELR, Flg0: [256],
5. ranges: RHEEE, BE 7 [0, 256]
BN —BIEREEGARIE, URERINF—IBEGHRITTEGRNESLE.
img = cv2.imread('home.jpg',0)

# FIETHIES [img], [0],None, [256], [0,256], RA mask REHIEES
hist = cv2.calcHist([img],[0],None,[256],[0,256])

hist — 256x1 BEE, B—MEART SRREENRHEZERE
EO
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http://docs.opencv.org/doc/tutorials/imgproc/histograms/histogram_calculation/histogram_calculation.html#histogram-calculation
http://docs.opencv.org/doc/tutorials/imgproc/histograms/histogram_calculation/histogram_calculation.html#histogram-calculation

£ Numpy ZitEAE Numpy FHEE np.histogram() tha] L&
BNATEAE, REEIUEI— T TEauRD:

#img. ravel() 1SEMRFEMH—HHHE, XEREFES,
hist,bins = np.histogram(img.ravel(),256,[0,256])

hist 5 FEITEN—#, ERXEMN bins £ 257, EH Numpy it &
bins 895 9: 0-0.99,1-1.99,2-2.99 &, FilA&E—1EER 255-255.99,
ATRRE, FiATE bins BEREMN LT 256, BRFHNIAREE 256, F 255
T,

H ft1: Numpy & & — 1 & # np.bincount(), EMNEZTEE R
np.histgram B+ &, FAAUNF-—LELHE, HRINEFEAXHD
K ., f£F np.bincount B 3|75 T i € minlength=256, {40,
hist=np.bincount(img.ravel(), minlength=256)

MERRRFIEHERET.

22.1.2 ZFIESE
BRMAEREHESE:
1. Short Way ( &8 7% ): {£F Matplotlib YL EIEREL,
2. Long Way ( £Z+7i%): A OpenCV LE[ER

{£F Matplotlib Matplotlib FEEF E4HIXES : matplotlib.pyplot.hist()
ER]UEEATFHEGI BB, R EREL calcHist() 2 np.histogram()
SFItEHE, KBIT:

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('home.jpg',0)

plt.hist(img.ravel(),256,[0,256]);
plt.show()
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E3 100 150 20 B

& (RAI AR A matplotlib BV EIINEE, XERLAE Z8E (BGR)
WERLE, REA, ERGFEXESFEAERRTNELEREEBE, &7
— T FENRE:

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('home.jpg")
color = ('b','g",'r")

# W— IR AE B 25| X Zi/f T &= AT
# (EFHANE enumerrate ENABENMERE, LEAIME
#enumerate RIF#LAETIREML—INE5IFI,
# EEANIBHFKINE S| IR | ABHIRHE ENSE
for i,col in enumerate(color):
histr = cv2.calcHist([img],[i],None,[256],[0,256])
plt.plot(histr,color = col)
plt.xlim([0,256])
plt.show()

$ER
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25001 |
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1500
1000

500
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N EBREHB BRI EeHAREEMNNES (RAEXLMREXR
)

H}

M OpenCV £/ OpenCV BFRKLH EHELLRMFG, XEREN
A, BXEFUBCHA. PJEE%E OpenCV-Python2 KIE 75,

22.1.3 (ERHEM

ERTEBRENEHXENELERRIFEME—RIBER G, HERTH
MOREMBE, HRHBDINEE, MaR T —BIBEERER, ARIECX|EER
ERIELLRBAMAICAT

img = cv2.imread('home.jpg',0)

# create a mask

mask = np.zeros(img.shape[:2], np.uint8)
mask[100:300, 100:400] = 255

masked img = cv2.bitwise and(img,img,mask = mask)

# Calculate histogram with mask and without mask

# Check third argument for mask

hist full = cv2.calcHist([img],[0],None,[256],[0,256])
hist mask = cv2.calcHist([img]l, [0],mask, [256]1,[0,256])

plt.subplot(221), plt.imshow(img, 'gray')
plt.subplot(222), plt.imshow(mask, 'gray"')
plt.subplot(223), plt.imshow(masked img, 'gray')
plt.subplot(224), plt.plot(hist full), plt.plot(hist mask)
plt.xlim([0,256])

plt.show()

H£RWT, ERELARERRGNELE, SARHITRERZBNETSE.,

Masked Image
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https://github.com/Itseez/opencv/raw/master/samples/python2/hist.py

ESHR

1. Cambridge in Color website

%3
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http://www.cambridgeincolour.com/tutorials/histograms1.htm

22.2 HAEEMEE
HiR

s DPTEMNEBEZSEHENECHERS, ULRWNAEREREEE BN
tE,

[RiE

BR-TUNR-BIERFNASRGERNEREHEFE-—NMERET
ElzASEHE? fId0, MR—BEEHFBERS, BAENERENZTRR
=. BER—EISRENEGRNBREDHNIZRIZ. FURNMIZICENETR
B —MEEAE (TE), ZIMEEHENSELEHRNSE. BEREATX
MIRFRINERBRIINT LR,

T

EFRFZREEENPRTELHENEENFE, HPNERIEEST,
ERZERETMESNBIIEE—MEANTHT. R(TEEEHER
Numpy R#ITEHLESENL, AEEZE3ER OpenCV #HITEHEIIEL,

# -*- coding: utf-8 -*-
Created on Thu Jan 16 10:15:23 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('wiki.jpg',0)

#flatten() 15#LETRE—2

hist,bins = np.histogram(img.flatten(),256,[0,256])
# TEERSHE

cdf = hist.cumsum()

cdf normalized = cdf * hist.max()/ cdf.max()

plt.plot(cdf normalized, color = 'b"')
plt.hist(img.flatten(),256,[0,256], color = 'r'")
plt.xlim([0,2561]1)

plt.legend(('cdf', 'histogram'), loc = 'upper left')
plt.show()
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http://en.wikipedia.org/wiki/Histogram_equalization

BATATUBHREHZEKXS D EREERSHIERT,
BINAEEHBENS LR,
THREBHBNFBANCMENE S ERSE — T 20 HNEHSER,

HEREEERMIER.

1500,

1000

50!

%

50

100 15 i) 50

NHRER. M
x %, FﬁU\ BATMFE—
XMERE

R

BNMEZERIERETNR/IME (BRT 0), HEEART wiki FIVETR
B9t AR, ERBREXEFEAT Numpy FBIEEHNE, WFEREAERET
BR{FE RN non-masked TTHEEN, RFIUE Numpy XHEFIREESHE

BREENER.

# FIZE Numpy 1EIR#(ZH, cdf AIREE, HFHETER 0 B, #E (TTERERE),
cdf_m = np.ma.masked equal(cdf,0)

cdf m = (cdf m -

cdf m.min())*255/(cdf m.max()-cdf m.min())

# N EE I TELE, XERER 0
cdf = np.ma.filled(cdf m,0).astype('uint8")

MEMRKSIT IR, A
Ml BIIRFELX

img2 = cdf[img]

TR NBEERSMEHAGREN NBHH GRS

TRNAZIE®/R EFATEAT,

?Jdl]ﬁ*E}EﬁuﬁE’JTiE 2R EHAEMBRSHE, SRWNTF:

I S

5. a<a

—
W hstogram

—MEENRRE, BERMNNAARRR—

50 b =

0 i)

MERERER (RRE
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BEAMNAZZNBARESERRNEFR ), EE2IEHENEHXZEHEFRIERN
#£R, BEit, EXEEHECEERAREMENER EEHERNRERGNSS
TH, SERSBATEHRER. fIa0, RRIEFIRB, FilHD L8R, IS
MR BE R EE AR ITER ENECAMECI AR ERNRER T,

22.2.1 OpenCV HRESENEL

OpenCV M EFEIELERE R cv2.equalizeHist(), XN ER R
ABERXR—EIREE G, WHERREHENEHEZENE R,
TAMAEERN DARIREE TR EISEL:

img = cv2.imread('wiki.jpg',0)
equ = cv2.equalizeHist(img)
res = np.hstack((img,equ))
#stacking images side-by-side
cv2.imwrite('res.png',res)

REFRIUNE-ERRRENRBFBCSRIA—T T,

HEABEPHEBESEPER - TREBETERN, BEHFEMEEERERA,
BRMREZNTMARA, MELSBENRETEIRRET B, FlM: RER=H
BERXEBRENEZESN, FEEESHFRTH SOF .,

22.2.2 CLAHE BRENLILER RS EEE

BNELOMHEREIECRREBRIMERMMEILE, BRERSER
T, BHEMEORRFART., Fl, TESIREARGRNETESENELZ
fRrviE L ER.
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Original Image

Arter Globa
Histogram Equalization

WMERTEELENENZE, BRERIMLEERNET, ERMRHE
TEE—THIBEGTRENEE, BTARBINERTRSER. EMXME
KRNREFREETXREEGNEHAEATREFER — X (AEBEHERN
BEXE, fREBBAT ),

ATRRZIANEE, RINFEEAEENMNEHEIE L, IMERT,
BREEERSIWOMRZS MR, XENRIEFR N “tiles”"( £ OpenCV H tiles #Y
KNENZ 8x8), RAEBNEF— MR FIEITEFELIEL (BRATEZEM ).
FAES—IMHXES, EAESREPEE - NMIHXEP (RIEFESEF
). MRBEFHE, BEIWHK, ATERZMEAHNLMZERTEE
PR, WFEAN/NRRE, MREFEFE bin B33 tEER ERAVIE, FIE
HAMWGES[IYSEEIEM bins B, AREHITEHLENEX. &E, AT
ERE—ANNMRZE ANER (B TEERER ) 457, BERANLMERE, W
INFHEITEES,

THEHNRBERTIHFAFER OpenCV HR CLAHE,
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import numpy as np
import cv2

img = cv2.imread('tsukuba 1.png',0)

# create a CLAHE object (Arguments are optional).

# THIERTAFHRIFE createCLAHE X MEIR

clahe = cv2.createCLAHE(clipLimit=2.0, tileGridSize=(8,8))
cll = clahe.apply(img)

cv2.imwrite('clahe 2.jpg',cll)

FHEMELER 7, SHIEIERNIL—F, LHEREXE:

ESHR
1. £EB/HPREHESE,
2. Masked Arrays in Numpy
KT IAEE R/ ELE SOF [a)3f:
1. 7£ C BEEFEHEH OpenCV HEEKRILLE ?
2. E#{ER OpenCV BEEGHINIEEFMRE ?

%3
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http://en.wikipedia.org/wiki/Histogram_equalization
http://docs.scipy.org/doc/numpy/reference/maskedarray.html
http://stackoverflow.com/questions/10549245/how-can-i-adjust-contrast-in-opencv-in-c
http://stackoverflow.com/questions/10561222/how-do-i-equalize-contrast-brightness-of-images-using-opencv

22.3 2D EFRHE
B#x
ERHNEFIWNAEH 2D EFHLE, BIMNSET—THERAZE.

22.3.1 N4A

EREMEABINNB TS —EERE, 2N —%&, BEN
BMNRBETEGH—MIHE: REE. BRE 2D EHFEHRBIIAEEZRE
BNEGYFE. WTEERGMEREBRERATEININEEEES MR
(Hue ) Ff{8%0E ( Saturation ), REXFHMFIELSI 2D HHE.

OpenCV HEAXHEFEE—MEIBREEHENGF, ATHAREMK
R—EXRZIWMALHEAEESRE, IENHENT—PHEIEHFEIREEFRE
Bl

22.3.2 OpenCV Hiffj 2D HEFHE

{FEHKEE cv2.calcHist() RITEEHERBEXHE, MRELTHEHE
BEAEMIE, BEeEEE2REGRMEESEM BGR %i%E| HSV, (igfF,
HE—HESE, EM BGR &3 HSV), it& 2D HAE, RENSHE
ECIRNERE

* channels=[0, 1] EAFNFERMNIE H 1 S mMEE,
» bins=[180, 256]H i&&) 180, S &EiEJN 256,

» range=[0, 180, 0, 256]1H MEVESEE 0 2 180, S MWEESEE
7£ 0 3 256,

RRaNF:

# -*- coding: utf-8 -*-

Created on Thu Jan 16 19:37:21 2014
@author: duan

import cv2

import numpy as np

img = cv2.imread('home.jpg')
hsv = cv2.cvtColor(img,cv2.COLOR BGR2HSV)

hist = cv2.calcHist([hsv], [0, 1], None, [180, 256], [0, 180, 0, 256])
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https://github.com/Itseez/opencv/blob/master/samples/python2/color_histogram.py

XEMBET, BRIE !

22.3.3 Numpy F 2D E7HE

Numpy B E 746 2D EHERKE: np.histogram2d(). (iF
181808, 4% 1D EAERH(ERANLE np.histogram() ),

# -*- coding: utf-8 -*-
Created on Thu Jan 16 19:37:21 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('home.jpg"')
hsv = cv2.cvtColor(img, cv2.COLOR_BGR2HSV)

hist, xbins, ybins = np.histogram2d(h.ravel(),s.ravel(),[180,256],[[0,180],[0,2561])

F—1TERE HEE, FMESHE S B8, F=1SHE bins B9
B, SOMSRRBETE,
HaERNZEBWNASFREEE,

22.3.4 4% 2D EFE

Bi% 1: EH cv2.imshow() FIEBELERE— 180x256 KIFHLEENE,
FrLAFATRI LAfEFERIEM cv2.imshow() RERE, BERXZ2— 1M REHE, R
EFHNERBER H BEME, BNHEINBARAIERRERARMTLE
@lo

Fi% 2: 5 Matplotlib() F{15X =] UAE A2 matplotlib.pyplot.imshow()
k4% 2D EAE, BIERE EAEMEIRE (color map ), XHEHINENEF
MNEFRROBERNE—PEEMMIAIR, E2BEEMRIE—#, TR
REEBMARMEABERR T 2. BAUNLL, BEREFEERINAE, E

B% B8 X 4FF,

(AL (NS
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# -*- coding: utf-8 -*-

Created on Thu Jan 16 19:37:21 2014
@author: duan

import cv2

import numpy as np

from matplotlib import pyplot as plt

img = cv2.imread('home.jpg')

hsv = cv2.cvtColor(img,cv2.COLOR BGR2HSV)

hist = cv2.calcHist( [hsv], [0, 1], None, [180, 256], [0, 180, O, 256] )

plt.imshow(hist,interpolation = 'nearest')
plt.show()

THEMAEGHECESE, X HMERSE, Y#HER H E,

EEHER, F]UERIE H=100, S=100 fhaBLLREHE,. XEBH
SXMEEENR, FE#S—MEEE H=25 F S=100 hi, X—SRE
BN, RRIRBETERERRERAE (GIMP) EEIEG, ABELEHIE
HEEBER NN AN,

7% 3: OpenCV Rif EEHXMEPE—MXFAREHSENHT, BT
—FEAMB, REHNACESECRRTHENGE, HERERE: ®
HAERR—BIRAGEDNESE, MREST (BABFMESRD ),

EMAMBR, FEEENRT 4 HSV BXNHEHE, RAEEEE
#5i BGR i, BRBINESESHAEESBAR, FETIATLSRS
BRNIHLSINSR, ATTEEIT —MEEAE,

RIEHRBOSFBAMRIT, BSEH—TIE, FARY LBHEET
REARIB 2 EBEIRER:
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https://github.com/Itseez/opencv/blob/master/samples/python2/color_histogram.py

MEHBEHRBATFIURBFRHBEHENKRNER, BE, R, f8#
BERNAE, Fx!!!
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ESHIR
%3)

# -*- coding: utf-8 -*-
#!/usr/bin/env python

import numpy as np
import cv2

from time import clock
import sys

import video
#video HEBREE opencv EHXIEHEHA
if _name__ == ' main_ ':

# HE HSV EieitE
hsv_map = np.zeros((180, 256, 3), np.uint8)

# np.indices BJLAR[E]IH#4E %5 HBERIHT#42E,

# @1%0: np.indices ((3,2)); HAF (3,2) HEFHAIEE: 175051,

# REMEESSBRALISHE/L%: (3,2) B 2 %, FTLUMBHEVZERNZ2
# [[a],[b]], EFESHS 3 17, 2 3%,

# EBEHIIKN, F—H#H 3, T a HEYER 0 B 2 (RAZE5IH),
# a FHE—MEMRERITES; EFRAEERFE b (JIF5])

# ZRZ

# array([[[0, O],

# [1, 1j,

# [2, 2]],

#

# [re, 1j,

# (o, 17,

# [0, 1]11)

h, s = np.indices(hsv_map.shape[:2])
hsv_map[:,:,0] = h

hsv_map[:,:,1] = s

hsv_map[:,:,2] = 255

hsv_map = cv2.cvtColor(hsv_map, cv2.COLOR HSV2BGR)
cv2.imshow('hsv map', hsv_map)

cv2.namedWindow('hist', 0)
hist scale = 10
def set scale(val):
global hist scale
hist scale = val
cv2.createTrackbar('scale', 'hist', hist scale, 32, set scale)

try: fn = sys.argv[1]

except: fn = 0
cam = video.create capture(fn, fallback='synth:bg=../cpp/baboon.jpg:class=chess:noise=0.05")
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while True:
flag, frame = cam.read()
cv2.imshow('camera', frame)
# EgEzFE
# BEEGEFERERSIHE, BRENEHETAAZM,
# (EXFMEDHIEE, ATLARIFHIGIRERS, MTIZEBRANIZAET NI B 75 E R =200,
small = cv2.pyrDown(frame)

hsv = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)

# v BE (RE) #E

# REATIMEE, TEEMHARELNEZE,
#dark = hsv[...,2] < 32

# WTIRIEREIFIE — N HI/RAEFE, INF 32 BIAE, AT 32 BIHE,
dark = hsv[:,:,2] < 32

hsv[dark] = 0
h = cv2.calcHist( [hsv], [0, 1], None, [180, 256], [0, 180, 0, 256] )

#numpy.clip(a, a min, a max, out=None)[source]
#Given an interval, values outside the interval are clipped to the interval edges.
#For example, if an interval of [0, 1] is specified, values smaller
#than 0 become 0, and values larger than 1 become 1.
#>>> a = np.arange(10)
#>>> np.clip(a, 1, 8)
#array([1, 1, 2, 3, 4, 5, 6, 7, 8, 8])
h = np.clip(h*0.005*hist scale, 0, 1)

#In numpy one can use the 'newaxis' object in the slicing syntax to create an
#axis of length one. one can also use None instead of newaxis,
#the effect is exactly the same
#h M—EZTHE 3 %
vis = hsv_map*h[:,:,np.newaxis] / 255.0
cv2.imshow('hist', vis)

ch = OxFF & cv2.waitKey(1)
if ch == 27:
break
cv2.destroyAllWindows ()
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22.4 HABRBEE
HiF
AERIEESLIEHEREEEY

R

BB REEREZHE Michael J. Swain #1 Dana H. Ballard #E {4189
X E"“Indexing via color histograms” 12 H,

MEIRRMTLE ? ERIUARMEGSE, HEEEGRPERI AR
WEERSY. EIEXRIE, ERBHSHARR (FIER) AEX/NNEL, HF
HNE—MRERRTEAABRLELNNSETFERNRIOEE, AEEEMNIE
KR, AHEGRPRHEEES (HEA) NAMERIERARBNEZLRNVER
(ERABBRENGLE ), IR—MENNER, EHBRREELES camshift
HEE—E&EERA,

BARZ BRI ANEER ? BEBNZELN —KEBSHNEBEKEB IR
MEGEIZEAE (ERINRGS, BINEERNEEM, EMHEAE),
RIMNEERINREREHFHXKER (HRDIER, XKERLRIFESEHEN
BHRNEEHNINR ), RIFEAGECELE, BEA— " MFNEEELLENK
EEEFNEARFTERERDESHRIRMN, BER(IBIEXTHEEHER
FZEMABRBPIFBANER, BRERIBABGRPHNE—MEESINEK
HEEEHBRPNRAME, IHFRINREI—MIRER, REIREEHMN
EENEREGHIT A, RXARER,

22.4.1 Numpy ;%

LM EES LN BNEEHEEARE.
B, BMNECIZMIBACESE, BMERNWESE ('M'), (HIER)
WMABGBNESE ('T),
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# -*- coding: utf-8 -*-

Created on Sat Jan 18 10:52:34 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

#roi 1s the object or region of object we need to find
roi = cv2.imread('rose red.png')
hsv = cv2.cvtColor(roi,cv2.COLOR BGR2HSV)

#target is the image we search in
target = cv2.imread('rose.png"')
hsvt = cv2.cvtColor(target,cv2.COLOR BGR2HSV)

Find the histograms using calcHist. Can be done with np.histogram2d also
= cv2.calcHist([hsv], [0, 1], None, [180, 256], [0, 180, 0, 256] )

#
M
I = cv2.calcHist([hsvt],[0, 1], None, [180, 256], [0, 180, 0, 256] )

TELE: R =Y, RAKE R, LARRE R XN AR BIE—
RIFER, HPNE—NMMEARZINMISAZERIIME, G190 B (z,y) =
Rlh(z,y),s(z,y)], HEF h IR (x, y) &8 hue 1, s = (%, y) &8
saturation €, REMAB—"FY B (z,y) = min (B (z,y),1,

,s,v = cv2.split(hsvt)

= R[h.ravel(),s.ravel()]

= np.minimum(B, 1)

= B.reshape(hsvt.shape[:2])

W W wWw >

WEFER—ITEEEFHER, B=D x B, EF D AERZ,

disc = cv2.getStructuringElement(cv2.MORPH ELLIPSE, (5,5))
B=cv2.filter2D(B, -1,disc)

B = np.uint8(B)

cv2.normalize(B,B,0,255,cv2.NORM _MINMAX)

REHLEGRPREESANSMERNZERNBIFNUET, R
BANEHHR—NX, FHAMA]AER— M BMEYEGEHT AL, XM
A ARE —MREFIER T,
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ret,thresh = cv2.threshold(B,50,255,0)

22.4.2 OpenCV R G

OpenCV R{#tHEE cv2.calcBackProject() FJLABRMEHEIRIE
%%, EHNSREERL cv2.calcHist WEHEXER, HPH—IMSHER
MNEEHEFNERE. AEFEFERBRMNESBMREKRE 2 FHAI1MNZ 5T
WEMIT—CAE, BREMNERE—MIRER, RINBEA—ITEEEER
RN EMERE, REERABEH#HITZENX, TAMAZREBNER:
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# -*- coding: utf-8 -*-

Created on Sat Jan 18 10:08:25 2014

@author: duan

import cv2
import numpy as np

roi
hsv

cv2.imread('tar.jpg')
cv2.cvtColor(roi,cv2.COLOR BGR2HSV)

target = cv2.imread('roi.jpg"')
hsvt = cv2.cvtColor(target,cv2.COLOR BGR2HSV)

# calculating object histogram
roihist = cv2.calcHist([hsv], [0, 1], None, [180, 256], [0, 180, O, 256] )

# normalize histogram and apply backprojection

# 13—1t: FIREG, SRER, MEIZIEREGRTPIRIME, RAME, 1T—LEE
#cv2.NORM_MINMAX SHEHARIETBE#ITIENE, RENILERGZIRIMEFIRAEZE
# F—MEZEMNESEETFER, I—HZEHMAT 0 2 255 Z[ERHE T,
cv2.normalize(roihist, roihist, 0,255, cv2.NORM_MINMAX)

dst = cv2.calcBackProject([hsvt],[0,1],roihist,[0,180,0,256],1)

# Now convolute with circular disc

# UREFRETLAIE S BUR s E— /2

disc = cv2.getStructuringElement(cv2.MORPH ELLIPSE, (5,5))
dst=cv2.filter2D(dst,-1,disc)

# threshold and binary AND

ret,thresh = cv2.threshold(dst,50,255,0)

# A TR=BEER, FUiXEER merge T 3 BEE
thresh = cv2.merge((thresh,thresh,thresh))

# FRIIIRIE

res = cv2.bitwise and(target,thresh)

res = np.hstack((target,thresh,res))
cv2.imwrite('res.jpg',res)

# ZEREG

cv2.imshow('1l', res)

cv2.waitKey(0)

THEREAN—BEEG, RERABETEEERTIXIESFENIRENE,
BREXIMEAERETAEMEUXSE (Fit),
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ESHR

1. “Indexing via color histograms”, Swain, Michael J. , Third inter-
national conference on computer vision,1990.

%3]

145



23 E@Tk

23.1 HEHBTHR
Bix
BNFHANEESE S
« {&F3 OpenCV WEBGH{TEEN Tk
- B Numpy F FFT (HEEEHGH ) Eil
. [EEMIHRI—LAL

s BITBEZIMERNE: cv2.dft(, cv2.idft) &

[RE

BEMTREEWARD MARIRREZMIAREGE, BATIUER 2D B
HEEM TR (DFT) SHEGESUEE, S DFT B — MRIZESEIEIRIR
RIBEBEHTH]R (FFT), XTFEEMTHRIOATIRTUEEE—FERL
EsES BN BHREE, BFEESNTHRESHRTS.

WF—MNEZIES: z(t) = Asin (2rft), EFSAER f, NRIEXMES
HLIEMERET, BANSEMK { AR —MEE, MRBAVESEHR
HEENBRISSFAEMN, BINSBREMMMER, RRNTiEIELEN,
HEREHR. RA]MEERERMGERNIRRENES. FUNEIGRR
HIT X HEFM Y HRMNEEMER, BMNASFXERGISUERR (SRiE
)

FEN—R, HF—ITEZRES, MRCHWBETLIEER, FATTMUGR
fREMES, WRTMLIEERE, BNHEZRENES, Fe] CXMEEN
AEIEGH, BEMBEMBEREZLIEEKIE ? ARRWERS, AARTRHZ
RIREEREGPNSNNE CEIERXENSMEBIEEHIEER, MIEHIH
REZ ), MFLBIUULEREIBREZHLIAT 2 ARAD E.

MAERINEEEHHTERENER,

23.1.1 Numpy FEEH Tk

BAHBRMNEBEBNFAER Numpy #{TEEMN Tk, Numpy ) FFT &
A AR BN BAISE RE B EM T, R np. ft.ft2() FJAIHESHITINERS
#, HHERRE—ITERANNAE. FREANE—ISBERABRR, EXRIERX
Efgl. BASRENEN, REHMDHAIIKR/N, L BERR/NFIEGAE
BRM—1, MREBHERCBABRGRK, @ABGMFEZEHEIT FFT Ak
0, IRMELRILMABRGR/NIIE, WABGMRSWDE,
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MAERINBRTER, MEH 0 NE5S (ERDE) EREERGNE LA,
MRBILE (ERHE) AHLEGRIPL, BNEFBERERSMNHEREFE
% &, E# np.fft.fitshift() FTABBIRNIRX—L, (IHEES D)
HITRMBTIRZ G, AT A ERIRIEE T,

# -*- coding: utf-8 -*-
Created on Sat Jan 18 15:30:10 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('messi5.jpg',0)

f = np.fft.fft2(img)

fshift = np.fft.fftshift(f)

# XEBHRIRIEEIR 2N T8 F 1T

magnitude spectrum = 20*np.log(np.abs(fshift))

plt.subplot(121),plt.imshow(img, cmap = 'gray')
plt.title('Input Image'), plt.xticks([]), plt.yticks([])
plt.subplot(122),plt.imshow(magnitude spectrum, cmap = 'gray')
plt.title('Magnitude Spectrum'), plt.xticks([1), plt.yticks([])
plt.show()

FERNT:

Input Image Magnitude Spectrum

AT UBRIHEERNFOINER (R), XUBEASEES,

IMAEFA AT LA TR IR T, FATTR BT ATE ST 5 B (R it 1T — L2 48
57, AlilES&EREMEZESR (DFT R L%k ), LB TUER -
60x60 FIERE ON EGETEERFEMAMEREBIASE, ARBERERK
np.fft.ifftshift() #ITEFBEE, AURREERPEXOEELAT, &£
[E{EAEE np.ifft2() #1T FFT #%#k, RENSE—HEERXNEF, A
AT CARS i TEX LB 34 4E -
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rows, cols = img.shape

crow,ccol = rows/2 , cols/2
fshift[crow-30:crow+30, ccol-30:ccol+30] = 0
f ishift = np.fft.ifftshift(fshift)

img back = np.fft.ifft2(f ishift)

# ERZEX1HE

img back = np.abs(img back)

plt.subplot(131),plt.imshow(img, cmap = 'gray')
plt.title('Input Image'), plt.xticks([]), plt.yticks([])
plt.subplot(132),plt.imshow(img back, cmap = 'gray')
plt.title('Image after HPF'), plt.xticks([]), plt.yticks([])
plt.subplot(133),plt.imshow(img_back)

plt.title('Result in JET'), plt.xticks([]), plt.yticks([])
plt.show()

SRIT:

Input Image Result in JET

LENERERSERIEESIZ — ML RN ERE, XMER(EREE
BRER—ZBRN, RIS RERPEIRERS BIESE PENEE R
SMXiE, FABREELMBEIFER Numpy #1T DFT #1 IDFT 7, #&3
IRBEBWNFEER OpenCV #HITIX LR,

MRMFMRFAENE, LERRE—E JET AENER, R2ER—LR
BRANARR (NBALLFTIRHNXE ), B LRBEBRLERTRNEH, X
WAL ARSI, XEETFHAVERERE N MBRIEMD, X MERREEHR
PLIEZRRR & HILX AN e, FrCA—RRFATANERERE HIRK, RIFH
ERESHEN,

23.1.2 OpenCV HfMEH Bk

OpenCV FHERNAEIHZ cv2.dft() 1 cv2.idft(), FFIEHE LR
—, ERERNEEN, F—MBERERNENED, F_NTBERLERDN
EHES. WMABRGETLERA np.float32 &, FHITREBUMFEIRIE,
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# -*- coding: utf-8 -*-

Created on Sat Jan 18 15:33:18 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

img = cv2.imread('messi5.jpg"',0)

dft = cv2.dft(np.float32(img),flags = cv2.DFT_COMPLEX OUTPUT)
dft_shift = np.fft.fftshift(dft)

magnitude spectrum = 20*np.log(cv2.magnitude(dft_shift[:,:,0],dft _shift[:,:,1]))

plt.subplot(121),plt.imshow(img, cmap = 'gray')
plt.title('Input Image'), plt.xticks([]), plt.yticks([])
plt.subplot(122),plt.imshow(magnitude spectrum, cmap = 'gray')
plt.title('Magnitude Spectrum'), plt.xticks([]1), plt.yticks([])
plt.show()

MAERANRME DFT, FERTEAIEBD HAEM T —4 HPF (BEIRE),
IAERARME LPF (REIRIK ) HEME D Ehk, HSLMENWEGEITIRME
. BABINFEME—MEE, SEAKEMNNEIRER 1, 5EMKE
SRRt iRE R O,
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rows, cols = img.shape
crow,ccol = rows/2 , cols/2

# create a mask first, center square is 1, remaining all zeros
mask = np.zeros((rows,cols,2),np.uint8)
mask[crow-30:crow+30, ccol-30:ccol+30] =1

# apply mask and inverse DFT
fshift = dft_shift*mask

f ishift = np.fft.ifftshift(fshift)

img back = cv2.idft(f_ishift)

img back = cv2.magnitude(img back[:,:,0]1,img back[:,:,1])
plt.subplot(121),plt.imshow(img, cmap = 'gray')

plt.
plt.
plt.
plt.

HRWTF:

title('Input Image'), plt.xticks([]), plt.yticks([])
subplot(122),plt.imshow(img back, cmap = 'gray')
title('Magnitude Spectrum'), plt.xticks([]), plt.yticks([])
show()

put Image Magritude Spectrum

23.1.3

DFT HItEEEMR L

SEEMK/NARELERN DFT MM EESERF. SHENKANE 2 BIIELR
it DFT WX HE5, HPAMNKNZ 2, 3, 5 WEHRRERBEBS. A
MRFERRERSNBIGITHERN, ReEIMESMABGRIIKR/N (%0 0), WF
OpenCV fRABECF&h# 0, ER Numpy, fRREZEIEE FFT z&MX
N, E=EmH 0,

BEAVEHRE RER/NIE ?0penCV T —MNEE:cv2.getOptimal DFTSize(),
ER AR cv2.dft() A np.fit.ft2(0) A, EFA]—EER IPython
£ S %timeit FNi{—TIE,
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In [16]: img = cv2.imread('messi5.jpg',0)
In [17]: rows,cols = img.shape

In [18]: print rows,cols

342 548

In [19]: nrows = cv2.getOptimalDFTSize(rows)
In [20]: ncols = cv2.getOptimalDFTSize(cols)
In [21]: print nrows, ncols

360 57

BEITE, HARIKNIA (342, 548) TRLT (360, 576 ), MAEFKA]
REH 0, RAEEBEUHERLERH. ReJUEIE—KM 0 8, ABIEHR
IMEEEE TR, HEFEREL cv2.copyMakeBoder(),

nimg = np.zeros((nrows,ncols))
nimg[:rows,:cols] = img

B

right = ncols - cols

bottom = nrows - rows

#just to avoid line breakup in PDF file

bordertype = cv2.BORDER CONSTANT

nimg = cv2.copyMakeBorder(img,0,bottom,0,right,bordertype, value = 0)

WMEFHK(VEE Numpy FIRIN :

In [22]: %timeit fftl = np.fft.fft2(img)

10 loops, best of 3: 40.9 ms per loop

In [23]: %timeit fft2 = np.fft.fft2(img, [nrows,ncols])
100 loops, best of 3: 10.4 ms per loop

BERST 4 {8, #A1BEE OpenCV BRI :
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In [24]: %timeit dftl= cv2.dft(np.float32(img), flags=cv2.DFT _COMPLEX OUTPUT)
100 loops, best of 3: 13.5 ms per loop
In [27]: %timeit dft2= cv2.dft(np.float32(nimg),flags=cv2.DFT COMPLEX OUTPUT)
100 loops, best of 3: 3.11 ms per loop

tHiEET 4 12, BRNEI1tEE LI OpenCV MiEE R Numpy 1 3 1,
RBAETUME — T FFT B9RM,
23.1.4 RftahiEhiirs 7R EIEHEE?

BERGHBE T M EUNEE, At o2NEMETFRESEIRMNES?
7ft4 Sobel B HPF ? &, XMWFHE— M RIERNZRIBAAEEH TR
RN, FMN—ERWAENEFHITEEMERASHEN:
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# -*- coding: utf-8 -*-

Created on Sat Jan 18 15:37:28 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

# simple averaging filter without scaling parameter
mean filter = np.ones((3,3))

# creating a guassian filter
X = cv2.getGaussianKernel(5,10)
#X.T FIEFEZEE

gaussian = x*x.T

# different edge detecting filters

# scharr in x-direction

scharr = np.array([[-3, 0, 3],
[-10,0,10],
[-3, 0, 31D

# sobel in x direction

sobel x= np.array([[-1, 0, 1]
[-2, 0, 2],
[-1, 0, 11])

# sobel in y direction

sobel y= np.array([[-1,-2,-1]
[0, 0, 0],
[1, 2, 111)

# laplacian

laplacian=np.array([[0, 1, O],
[1,-4, 11,
[0, 1, 0]1])

filters = [mean filter, gaussian, laplacian, sobel x, sobel y, scharr]

filter name = ['mean filter', 'gaussian','laplacian', 'sobel x', \
'sobel y', 'scharr x'l]

fft filters = [np.fft.fft2(x) for x in filters]

fft_shift = [np.fft.fftshift(y) for y in fft_filters]

mag_spectrum = [np.log(np.abs(z)+1) for z in fft shift]

for i in xrange(6):
plt.subplot(2,3,i+1),plt.imshow(mag spectrum[i],cmap = 'gray')
plt.title(filter name[i]), plt.xticks([]), plt.yticks([])

plt.show()
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laplacian

gaussian

mean filter

scharr_x

MEGHRBNAFTUBLE - EFRITELIRERSS, NXEEFEHHK

NEARTARNE AL R HPF AF=Z LPF,

EZHIR
1. An Intuitive Explanation of Fourier Theoryby Steven Lehar
2. Fourier Transformat HIPR

3. What does frequency domain denote in case of images?

%3]
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http://cns-alumni.bu.edu/~slehar/fourier/fourier.html
http://homepages.inf.ed.ac.uk/rbf/HIPR2/fourier.htm
http://dsp.stackexchange.com/q/1637/818

24 RiRCE

B5
EATHAEZ:
1. ERERLEE—BERPERER

2. E#: cv2.matchTemplate(), cv2.minMaxLoc()

[RIE

RiRLEE R ARAE —BIKE I EHRRE R ENTE, OpenCV Jy
BARM TEE: cv2.matchTemplate(), # 2D &R —#, SthEAR
WREGRERARSR (XE) LB, AES—MIENEREGNSEN N
WABGRIFXIE#HITIER, OpenCV #H T /LMAERLLRGE (HTEE
X)), BREMERE—ITREERR, B—MRRERTTIXESEREILE
BE,

MRWMABRHKRNZE (WxH), RIRFAR/NZE (wxh), BHHER
BXRMFR (W-w+1, H-h+1), SHRBEXBEZE, #ATAERERL
cv2.minMaxLoc() RZKFEFHRIMEFMRKENNUET, F—MENIE
ME A= (LB ), (w, h) J moban #RIRFEMNENS. XMNMERIME
HEBRIRX T,

24.1 OpenCV FHiERITE

BINXERE—NMIF: BAEBANRAPERBAENEEL. FAURNE
Hl{F XA —MRIR :
>
NS

BIN2ZRAERRNRLERTTE, ZHEBANMA]UER—TENRNMERT,
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# -*- coding: utf-8 -*-

Created on Sat Jan 18 16:10:33 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img = cv2.imread('messi5.jpg"',0)

img2 = img.copy()

template = cv2.imread('messi face.jpg',0)
w, h = template.shape[::-1]

# ALl the 6 methods for comparison in a list
methods = ['cv2.TM CCOEFF', 'cv2.TM CCOEFF NORMED', 'cv2.TM CCORR',
'cv2.TM_CCORR _NORMED', 'cv2.TM SQDIFF', 'cv2.TM SQDIFF_NORMED']

for meth in methods:
img = img2.copy()

#exec BAIFARMITHEFIEFRIAREXMAEFR Python iE4],
# 6190, HAIFTUEIZITAIER —NEE Python EBRIFFFE, AEH#ER exec BAMITIXLIER,
#eval BEIARITEFEEFHEFRIBLL Python FRiAL

method = eval(meth)

# Apply template Matching
res = cv2.matchTemplate(img, template,method)
min_val, max_val, min_loc, max_loc = cv2.minMaxLoc(res)
# (EATNERILER %, WEERIIBEREAE
# If the method is TM SQDIFF or TM SQDIFF NORMED, take minimum
if method in [cv2.TM SQDIFF, cv2.TM SQDIFF NORMED] :
top_left = min_loc
else:
top_left = max_loc
bottom right = (top left[0] + w, top left[1] + h)

cv2.rectangle(img, top_left, bottom_right, 255, 2)
plt.subplot(121),plt.imshow(res,cmap = 'gray')
plt.title('Matching Result'), plt.xticks([]), plt.yticks([])
plt.subplot(122),plt.imshow(img,cmap = 'gray')
plt.title('Detected Point'), plt.xticks([]), plt.yticks([])
plt.suptitle(meth)

plt.show()

ZRNTF:
cv2.TM_CCOEFF
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Detected Point

Matching Result

cv2. TM_CCOEFF_NORMED
Matching Result Detected Point

cv2. TM_CCORR

Matching Result Detected Point

cv2. TM_CCORR_NORMED
Matching Result Detected Point

cv2.TM_SQDIFF
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Matching Result Detected Point

cv2. TM_SQDIFF_NORMED
Matching Result Detected Point

F11%EZ cv2.TM_CCORR HIIRAEFATBIIB A,

24.2 SWRAVEIRTERE

ER@ENES, BINERR PEREEMNK, MESERERS P H
MT— % BUGHERNKRREERGPENTRESREANR? B
cv.imMaxLoc() R4 HEABNE/VE I, HIIMEERHMET.
7 TENF TS 28 Mario B —KERE R DixZ 2 i,
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# -*- coding: utf-8 -*-

Created on Sat Jan 18 16:33:15 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

img rgb = cv2.imread('mario.png')

img gray = cv2.cvtColor(img rgb, cv2.COLOR BGR2GRAY)
template = cv2.imread('mario coin.png',0)

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

res = cv2.matchTemplate(img gray,template,cv2.TM CCOEFF NORMED)
threshold = 0.8

#umpy.where(condition[, x, yl)
#Return elements, either from x or y, depending on condition.
#If only condition is given, return condition.nonzero()
loc = np.where( res >= threshold)
for pt in zip(*loc[::-11):
cv2.rectangle(img_rgb, pt, (pt[0] + w, pt[1] + h), (0,0,255), 2)

cv2.imwrite('res.png',img rgb)

MARIO WORLD TIME MARIO WORLD
001200__#x00_ __"1-1 348 001200__#x00__ "1-1
00000 00000
teoocao tooo000

0000000 , 8060000

FCFCF
’EI'

ESHAR
%3]
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25 Hough EZ&Tk

Bix
- EREXRTHRIEE
o FIMAE—KE R PN EL

« ¥3)&#: cv2.HoughLines(), cv2.HoughLinesP()

R

EXTRENMNSMAANRARPIERRIT, WREEEMAIFZARET A
A#FERAATY, MAMAINREREXRTHRIENE, RNEMMMRREFE
—RIERSEHB BRI UER. BRI TEREENFEREXRTHRINEL,

—RELTUBAHEREN vy = ma +c W& p = xcosd + ysinh T/,
p RMNEREELMERES, ( REANELSHEMITN A EMNRE (90
RIMERNLIIRREH B ETERE, FHEX OpenCV ERRLIRA IR
B9 ie?l]"FFﬁa_'\:

AR —FREERSTHAEE, p WERNZAT 0, BE/NTF 180,
BRMENERR EHEIRE, AEREATF 180, tBE2/NF 180, B p BE
INF 0, EEMLAER 0 E, KELMWAER 90 &,

IERTREEEXRTHRENALIFN, E—FELHFIUA (p,0) 'R,
FTAE GBI — 2D A (RN: ), ¥Rt Rm=3, MENERR 0, 17X
R p, JIRE 6, ZMENKNRE T RIGERVERYE. MREFERER
W2l 1 E, MMFEE 180 7, [T p, BRNEAERNHALNIES, PIUNR
BREZAY - MRENES, TN ZSEENALNESESE,

BR—TFTHINE MK/ A 100x100 HELA FEGHPR, BNEL L
HE—N=R, BAFELRR (x, y) B, Ex My FALBSGTESR, AE
w0 B9EVE: 0, 1, 2, 3, ..., 180, HAIKRHSEINNA p KE, XHEHK
MBI —FRT (p,0) HHEN, WRXANBEERMNEP B FERENIL
B, MEXMIELEM 1, FARAERMIFRY (50, 90) =1, (—m=AT8E
FESZFESH, MUNTEL LN LA R RMBFN S MERR
.

RENELENE 1R, EE DNMIERE, EMRMBEPNE, HER
fnE& (50,90) KIEXR 2, REBRMIMEERRMEFIE WELEH
BNRERIT DOMIRME, BRIRMERMZE, RMBIFREMN 1, EEM
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AEENSM 1, BNAR, REBEXMANXTE, HREREMSEF (50,90) 9
EEERRAN, NRMIERZMBFPHRKE, HHBEME (50,90), X
MIZBEEGPE—REL, IFELIESRNIESRER 50, EMELSEMMN
KR 90 E, TENMBERFIERTIXMNMIFE (Image Courtesy: Amos
Storkey ),

EHREBEXRELTHRITENAN, BER, LiTIRE SR eTAER Numpy
REE. TRAERT—1MEME. EPEEMNANRARTEERTARELN
247, (Image courtesy: Wikipedia ),

gt

W

25.1 OpenCV FHEXTHk

FENBHEANTIZE OpenCV HEHFITRH T — MR : cv2.HoughLines(),
IREMEFME (p,0) p WREMARKRE, 0 WEURINE, IMRHNE—I2
HWR—ANZENER, FTUAEHITERSHRZAIZEEHIT AL, HEHT
Canny h&&MN, E-FME=MERAKXE p f 0 WBERE. ENISHE
HME, REENEFNESTRENARIAAR—FEL, hrJUIEEEMEE
MMEIMBELMNRERKE (LMERERRPEN ),
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http://homepages.inf.ed.ac.uk/amos/hough.html
http://homepages.inf.ed.ac.uk/amos/hough.html
http://en.wikipedia.org/wiki/Hough_transform

# -*- coding: utf-8 -*-

Created on Sat Jan 18 19:38:31 2014

@author: duan

import cv2
import numpy as np

img = cv2.imread('dave.jpg')
gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)
edges = cv2.Canny(gray,50,150,apertureSize = 3)

lines = cv2.HoughLines(edges,1,np.pi/180,200)
for rho,theta in lines[0]:

a = np.cos(theta)

b = np.sin(theta)

X0 = a*rho

y0 = b*rho

x1 = int(x0 + 1000*(-b))

yl = int(y0 + 1000*(a))

X2 = int(x0 - 1000*(-b))

y2 = int(y® - 1000%*(a))

cv2.line(img, (x1,y1),(x2,y2),(0,0,255),2)

cv2.imwrite('houghlines3.jpg',img)

H£ERWNTE:
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25.2 Probabilistic Hough Transform

M EBRIREFANFIUEN: VXR—RELBTERISH, XFEX
EMitE, Probabilistic Hough Transform 3 EXTiRM—MEL. ©
AEWNE—NEHHITIHE, MEN—REERPREVIZE (RA2HEIER
BEBREFEE?) —MREHTIHE, WTFELZENREXIELEE T, B2
FERAXMTIRBIIMVNERREE (RNSEEBLT, BESEHRENGT!),
TEIRNHE#HA AL, (Image Courtesy : Franck Bettinger’'s home
page )

probabilistic
Hough Hough
e transform

[
45
\ space .

F\ -

threshold threshold
250 100
T thresholded

Hough
space

i. o
OpenCV H{ERHY Matas, J. , Galambos, C. #1 Kittler, ]J.V. {2 H#Y
Progressive Probabilistic Hough Transform, iX/&#2& cv2.HoughLinesP(),

EERINTEHR.
* minLineLength - ZMREKE, X MINEE WAL,
* MaxLineGap - AFE&BRZEMNRKNER, tIRNFLE, XBRESL
MWEMR—FE%,
BEMENNZR, IMRBMREERRELZNERFL S, MEMENGFH,
HIMNRABATELNSH, MEMGUNERIIFAENES, MEXE 4R
EERER,
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http://phdfb1.free.fr/robot/mscthesis/node14.html
http://phdfb1.free.fr/robot/mscthesis/node14.html

# -*- coding: utf-8 -*-

Created on Sat Jan 18 19:39:33 2014

@author: duan

import cv2
import numpy as np

img = cv2.imread('dave.jpg')
gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)
edges = cv2.Canny(gray,50,150,apertureSize = 3)
minLineLength = 100
maxLineGap = 10
lines = cv2.HoughLinesP(edges,1,np.pi/180,100,minLineLength,maxLineGap)
for x1,yl,x2,y2 in lines[0]:
cv2.line(img, (x1,y1), (x2,y2),(0,255,0),2)

cv2.imwrite('houghlines5.jpg',img)

SERWT:

ESHR

1. http://en.wikipedia.org/wiki/Hough transform

%3]
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http://en.wikipedia.org/wiki/Hough_transform

26 Hough EfEiHk

Bn
- ZIEREXRTREEGPRER (F).

o Z3IJEH: cv2.HoughCircles(),

R

BRI FERAXD (2 - xcenter)2+(y - ycenter)2 =1r%, BR(Zcenter,Yeenter )
HEOMLH, r HENERZ. AEXMERPRITUESL: — A EHRES 3
NESRKRATE, FTUHITEMERTIRENMSEBLIZE 3 £, IHEMIERR
MERIE. FTLA OpenCV FAR—/NLERIGWHIDE, EXBEE, ERIUE
RLRNBEEER.

BANEZERNEEA cv2.HoughCircles(). XN EHNSEEIEM
RIRERE, XERTMERBNRIE,
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# -*- coding: utf-8 -*-

Created on Sat Jan 18 19:53:50 2014

@author: duan

import cv2
import numpy as np

img = cv2.imread('opencv_logo.png',0)
img = cv2.medianBlur(img,5)
cimg = cv2.cvtColor(img, cv2.COLOR GRAY2BGR)

circles = cv2.HoughCircles(img, cv2.HOUGH GRADIENT, 1,20,
paraml=50,param2=30,minRadius=0,maxRadius=0)

circles = np.uintl6(np.around(circles))

for i in circles[0,:]:
# draw the outer circle
cv2.circle(cimg, (i[0]1,i[1]),1i[2],(0,255,0),2)
# draw the center of the circle
cv2.circle(cimg, (i[0],i[1]),2,(0,0,255),3)

cv2.imshow('detected circles',cimg)

cv2.waitKey(0)

cv2.destroyAllWindows ()

#Python: cv2.HoughCircles(image, method, dp, minDist, circles, paraml, param2, minRadius, maxRadius)
#Parameters:

#image — 8-bit, single-channel, grayscale input image.

# REIZEH Output vector of found circles. Each vector is encoded as a

#3-element floating-point vector (x, y, radius)

#circle storage — In C function this is a memory storage that will contain

#the output sequence of found circles.

#method — Detection method to use. Currently, the only implemented method is
#CV_HOUGH_GRADIENT , which is basically 21HT , described in [Yuen90].

#dp — Inverse ratio of the accumulator resolution to the image resolution.

#For example, if dp=1 , the accumulator has the same resolution as the input image.
#If dp=2 , the accumulator has half as big width and height

#minDist — Minimum distance between the centers of the detected circles.

#If the parameter is too small, multiple neighbor circles may be falsely

#detected in addition to a true one. If it is too large, some circles may be missed.
#paraml — First method-specific parameter. In case of CV_HOUGH GRADIENT ,

#it is the higher threshold of the two passed to the Canny() edge detector

# (the lower one is twice smaller).

#param2 — Second method-specific parameter. In case of CV_HOUGH GRADIENT ,

# it is the accumulator threshold for the circle centers at the detection stage.
#The smaller it is, the more false circles may be detected. Circles,

# corresponding to the larger accumulator values, will be returned first.
#minRadius — Minimum circle radius.

#maxRadius — Maximum circle radius.

HERWTF:

166



ESHAR
%3

167



27 SKKEEE®RSE

Bix
RHERIEEES]
s EANKIREZETEENERSE

o F#: cv2.watershed()

R

EF—BIREERE AT AR EMAINTE, REESHXEFTURKEMNZE
Wig, REEROXETUEERZLE. BMEE—MUETETERERN
K, HEEKNUNAS, NRLGHKHMSEIELS, I THHLEARRLLERK
LE, BNFBAEKLCENMAEMERERD, NMEMEK, TMEHMERE M
BB LLIEERHKER. BAMBFNEINMEREGRNDE, ZMEDK
IREENEREE, RATAEIEURIMECMM webpage on watershedR
IRB CSHIERE,

BERZXMAZEEHRFBIIENENER, IRHRFHERGHEM
AENEZREML., BT EL XM, OpenCV RATET IR KIL
8%, AXMEZPRNBREBLELERFILE, BERR, IR—MHRE
RNHEGSE, BNEMOIMBLARNEHNNTRIT ERRMRE, WHRED
KIS ERMRINER, MEARIHE (HNREE) HERICE, WRED
KIFEEEARRRNEMEERMEA BRI — I EEIREIFIC. MR FHREERE
REIRERERNXEHHA 0 frid, XMERNMIRE, RESEESKIGEE.
B—KEK, BINOREMSWEH, SAENINEHENRERBNMMER
m, EEIRAAELIEER, REHRNEIENARR (RMN) B9ER -1,

27.1 K
TENGFPRHEANFRAEE RN KR E AT ZRE—ENNRHET
&,

MTFERR, SEEHERE—E. AEMERBERE, SlEARE
KRER,
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http://cmm.ensmp.fr/~beucher/wtshed.html

BATMILEIE R BBEMUE T I8, FATAIAER Otsu's —{Eft.

# -*- coding: utf-8 -*-

Created on Sun Jan 19 12:10:49 2014

@author: duan

import numpy as np

import cv2

from matplotlib import pyplot as plt
img = cv2.imread('water coins.jpg"')

gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)
ret, thresh = cv2.threshold(gray,0,255,cv2.THRESH BINARY INV+cv2.THRESH OTSU)

RAERNEZBZRERPUAENEERS., IRFEEALSEPHITEE,
AT ERRR LNNERBANFEEEARSZEAEE. FTURMNRENESET
RRALHXIFEERFR, MEBNRALHNXIEEERER. MAERE

169



X IGFZE T Z B0 57,

FIABMNBREEREMIXE, BIREFIUERDEERR, RTHM
AUEEREM T, HEHZEREEMEA, IMRESENN, E2HTE
Mz EREEEME, BITMB TR I BIFMWEE: EETHRBMNELSE
MElE, BETRBENBHISECZENNXE, XRMFBEHITRARIFT.
BAKRT A T REVAFREMEERT L, ZHEATARKERELE, BATHM
AFIERLEX IS ERAR, BLEEERER, WTEFRMR.

White R

FTHXERZRNNANEZNAX DN T, XHE S KIEEEEZME,
XEXFEERIMREERIRAL (FEBFHIBARIRR ). BAMZRA
. NEERTRERNXBHFRESERMKMIXIFEMSE TIARXIE,

# noise removal
kernel = np.ones((3,3),np.uint8)
opening = cv2.morphologyEx(thresh,cv2.MORPH OPEN, kernel, iterations = 2)

# sure background area
sure bg = cv2.dilate(opening,kernel,iterations=3)

# Finding sure foreground area

# FEETHRIERENEITE—MEGPIIFEZERIRENFTEERAES, A TERERIRAES
# MNRENEE S RE A BT E LB IHRIERSC, BIRIEFE LR R BRIR G R HETE
# B, XIEREBIEAIEEIF, EIIFEEENIRERERIFIRFOESEEBERL

# BB, RIESMRERIESE, REANTENKEE, XHEFHTHE T —EEGIEST %
#cv2.distanceTransform(src, distanceType, maskSize)

# F_NS80,1,2 #25I1F < CV DIST L1, CV DIST L2 , CV DIST C

dist transform = cv2.distanceTransform(opening,1,5)

ret, sure fg = cv2.threshold(dist transform,0.7*dist transform.max(),255,0)

# Finding unknown region
sure fg = np.uint8(sure fg)
unknown = cv2.subtract(sure_bg,sure_fg)

MERMR, HEELZENESRS, BIETEERENNXE, M
BREmzEtENSEAAT. (BEBRATRITERIAFTENRIRAETHE, MAE
EREBRE-ENRROF, ERMLBELEERAEBERT, BHMEBT.
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AR A ARENEE R RIS, )

MAEMETHRLEERERBLRED T, BEAMETUBIERE (—15R
B K/NER, FUEREN in32 B4R ), FiricEPHMXIET, WHITEL
WEDLXNXIE (LERARERER) EAFEMNERKFC, WHRIAHE
EMXIFHER 0 frid. FA1TCAERKE cv2.connectedComponents()
RMXEE, ERIBBEESINCH 0, EMANRERM 1 FHREIIERKIRC,

BE, BIMNMENRERFIERN 0, BOKKBEEZHRSIECEHMERL
Xig 7T, FIARMNBEATRENEHITCEN]. MY ABEMNXIE (R
cv2.connectedComponents #i 4R PERA unknown & X REKX
i) #xich 0,

# Marker labelling
ret, markersl = cv2.connectedComponents(sure fg)

# Add one to all labels so that sure background is not 0, but 1
markers = markersl+1l

# Now, mark the region of unknown with zero
markers[unknown==255] = 0

H£REA JET AetERE, RESRKERAMXE, SEREMAIXE
ERANENEAEINC, ERKEMERAXERIMCHNERT,

MERSEEFT. 3RE—F: ERAIKKREET. HREEREIRE
iR, WRXKEHIRCEE R -1.

markers3 = cv2.watershed(img,markers)
img[markers3 == -1] = [255,0,0]

HERWT, FLEEMIAFEIENRE, LB LETHZEMDRSE
BN,
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Marker Image
after

EZAR
1. CMM webpage on watershed
%3]
1. OpenCV B#HRIROIFE— N REX57KIE D EIFZRF : watershed.py,
B niniE,
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http://cmm.ensmp.fr/~beucher/wtshed.html

28 {#EMA GrabCut X TRRER FIRIER

Bix
EARTHRBAEEES):
* GrabCut H;%[R32, £/ GrabCut EiARENEGIFIR
s QI RERREFTMATRIER

R

GrabCut Ei% 2B MiR 8 7bxhY Carsten_Rother, Vladimir Kolmogorov
#1 Andrew Blake ZEXE (GrabCut”: interactive foreground extrac-
tion using iterated graph cuts) PHER M, LEEERINFIRAVIRE
HEPFEERLPANRE, ERIEELHF.

MAFNAERBEIRIUMFILENE ? AlaNBFREER—MERE
IR XIFERE (FIRXIENIZT2 R BIEERTLIERNDS ), AREEZHITEAR
NEERRERTFER, ERENDEINERABIER, LIEAIRIMTE
=, WELERIAM TR, EZXMBERLT, MBEAFPRKEITERT., AP
RAEZEAEBEENEMUE—E (S—FEIR) MeIUT., B—EmFTESR
TTEN: 18, R, FEXEFRT, FTRIERNRMRICESTIRG 1", AE,
ET R RMNRRGHREFI - EFNERT,

MTEFR. EaIRMERBERERBETE—E, EREHMHILME
IF, HEBEXRAXERR R, BEEREERARERER. REREINT 1
RIFRILER,

EENMIRPIREET AR

* AFBWA—NER, BRMAMBEXESEHEER (RIMNENEEZRE
3, MENNREBZEIEEMIERN ), ERERANKBIRNN, B
APREMRNERNEMEFBAIRETFLE.

o TENSTRNBABBRM— N IRIEFE, EXFCARNER

==
o
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http://dl.acm.org/citation.cfm?id=1015720
http://dl.acm.org/citation.cfm?id=1015720

EA—IMSHNESIRE (GMM ) WRIRME RER,

RIFBFAEA, GMM ZFEI)FHEIBIIVERSM. LS ZERA
MER (FTERAREAEREER), JMMREENSEMNSE (WER
MBREXRAZREITDE (MBRIEIMEREIRIF )

EHERSBERENSHEE—BIE, BPNTSAMEERES. BRTHR
EEMTHRZMEERAN TS Source node # Sink node, FiEH
ARG FEEBF Source node 8%, FIEMEREEEF Sink node 18
&,

14182555352 Source node/end node # (i) WNEREIIETE
—X (ARFIRHERER ) MEBERRATE, W MREZENESRDH
EEHEBFMEREMEUMERRE, NREMRENEAEERANAE,
BAENZERARNEF SR/,

M mincut &N EEBINEHITHE, ESBRBEREMASEREE
97 Source node # Sink node, FiAFSIEFE#HEEFTE LRI
EM, EHEZE, FIEEET Source node BGEHINARAIR,
FrBiE#%2l Sink node MBREKINNEE =R,

X MTFEE R 7 2R UL,

TEERTX/NEFE (Image Courtesy: http://www.cs.ru.ac.za/research/
g02m1682/):

28.

cv2

-

(a) Image with sceds. (d) Segmentation results.

Background Background

@ teriminal @ terminal
<

(b) Graph. (¢) Cut.

1 &R
I EF {13 A\ OpenCV Hfy grabcut &%, OpenCV & it 7 & £

.grabCut(). HIIRLEBBECHWSH:
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http://www.cs.ru.ac.za/research/g02m1682/
http://www.cs.ru.ac.za/research/g02m1682/

+ img - WAES

+ mask-#BREG, ARMEMLXEEER, AR, TEERNR/ERS

AL E R cv2.GC_BGD,cv2.GC_FGD,cv2.GC_PR_BGD,cv2.GC_PR_FGD,

HEEEMA 0,1,2,3 17,
* rect - EEFIRMER, BXH xywh)

* bdgModel, fgdModel - E;EZRAERERIEE. MREFELNEFIK
INA (1,65), BIEEEH np.float64 BIEILE,

¢ iterCount - EEEMRIRE

« mode TN EH cv2.GC_INIT WITH_RECT & cv2.GC_INIT WITH_MASK,

el UBXEER, XRARMEDRTHITERNAN, EREANEER
Rz,

B, BIREEREREN. MHEEFR, eEZERESR, WEZ bdgModel
# fgdModel, EABEFRSH. BREXLEE, ILEFER 5 R, BHFHA]
EEREMERRUMESERIZE R cv2.GC_INIT_WITH_RECT, &{T
grabcut, FEREBRER, EHNBRERT, MBENERERD HINE:
BER, AR, FJREREER/MKRER 4 MAEIRERC (FIESRPREIT ).
REBAREBIERG, FIBER 0 BRM 1 RHEHWITH 0 (HIANER), i
BH 1 &HEM 3 BREWITN 1 (AR ), BRIIRLNBREGRMXFESIT
T, BEMEMABGERMEE T HEFNE S,
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# -*- coding: utf-8 -*-

Created on Sun Jan 19 16:24:24 2014
@author: duan

import numpy as np

import cv2

from matplotlib import pyplot as plt

img = cv2.imread('messi5.jpg")
mask = np.zeros(img.shape[:2],np.uint8)

bgdModel
fgdModel

np.zeros((1,65),np.float64)
np.zeros((1,65),np.float64)

rect = (50,50,450,290)
# PRERYIROELFE#HE mask, bgdModel, fgdModel
cv2.grabCut(img,mask, rect,bgdModel, fgdModel,5,cv2.GC_INIT WITH RECT)

mask2 = np.where((mask==2) | (mask==0),0,1).astype('uint8")
img = img*mask2[:,:,np.newaxis]

plt.imshow(img),plt.colorbar(),plt.show()

SZERINF:

WCRF, HBRRISKRWAAFRT | iIEBAMREMZXE KR, FRABRNER
PBEE—2 (REBEFEN 1, BERAIR). ARNEE-ER(IATTENE
t, BMNFEXREN], BINBEXIITXEE—£ (REBEN 0, BERE
]). WERIARAIE R MIBHEREEIREIR T,

KPR EHREAMNTE ? BMERBGEERFITHBARSR, HM—7
BE, ERERTEAFEMNMAERBRSE (Lilkk, #F, XEF); £
RARBEREATEZMMTI S (L, logo, BEiMEF ), ARIEEMMTIARK
BER, REFMAFNEIBER, T OpenCV FEAXMEEER, RIEHN
R ERM R RV HRE Gt 1THmeE. XRDUNT:
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# newmask is the mask image I manually labelled
newmask = cv2.imread('newmask.png',0)

# whereever it is marked white (sure foreground), change mask=1
# whereever it is marked black (sure background), change mask=0
mask[newmask == 0] = 0

mask[newmask == 255] =1

mask, bgdModel, fgdModel = cv2.grabCut(img,mask,None,bgdModel, fgdModel,5,cv2.GC INIT WITH MASK)
mask = np.where((mask==2) | (mask==0),0,1).astype('uint8")

img = img*mask[:,:,np.newaxis]
plt.imshow(img),plt.colorbar(),plt.show()

LZERINF:

Manually Marked Mask Image Final Result

4 i

N

& L

» R

MEIXH, RUrIURNERERIRE, BEEEABEEGERN, F/H 2

BEH 3 B= (FIEERER/AIR ) WERKIFMNEEHITIFE, RERFBNE

FEZNMIFHRBHENEERFRMNEEFICH 1 BE, AREREEERGE
I, FfEA grabCut Y,

N

ESHER
%3]

1. OpenCV BFHRFIFE—NMER grabecut EiEHNRZREX T A grab-
cut.py, B2In—FIE,

2. (FIUSIB— A RERIWHER, FIULHER, BERHR (ITHER
1) %,
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WH V
EMSISIE R S iR

29 IBRREMRIFIE

BiR

ANBSASHMERMTLARERIBE, MABBRBIERER, Ht4
ARREES.

29.1 R

BARGRMNKZS WAL HEFXIE, BRFINZER —KE B —HERE
F, EMMEEXLEERS UERRNSAPERAMERZXEE R, @2,
REFMEIFIE ? NRIEMREFRNRESRITENRER, BrENMmthIin
HEE T, MRITENTUIHE, BANMATUSHEN - KEBAB R,
REFAI UL EVIBEHM—HKAXET. MRITENAINBNFHEERER,
BEATRARFAIRAHENR T —MEFRNWKRER R, ABILTHENATA]
BIE— 3D RIRIIEALIE ?

o] RFNEXA AT AT IA T RR, (B2 PR AR L o) ER R Y £ — M EAt o) &
Z L8, XA EIEME: FATRIFIHERY ? BAT2 0L —HERE A HE—
£ ? HNERWNFE— MM B A RFER — R RERN ?

ERUME: BINBIH—EME—BIE, IERIEZETRIRIEE, FH®K
tEdR. MRBANEBENZIHFE—FEE, BABRNMBERT L EREAIESK
iR, MRILFEIH— DT UERRER 2 BB E ERIFIIE, REERE
BE, ZMERTLNZFESHERNRE, F1E—BIEGHERIFN
FHIE, FAgERRIEA], MEBEEEMEGPRIXEFE, ARBEE(]
PHER R, (EHEREXTR, BNEIENRER ZERESM ), AT
LRENERRERN.

FTAEAN — DRI ET B T ILA, BREM@] T, XERERT
LI 2 (FANNE R T EW T EANIZRE ),

B, RMERAREHREXERERN, XLEENEZAERM K F
T, BRMRBATRANMR —LEGHERTREN pattern, HSRM—
EREBNE, —TER:
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B&RER, EEKNLEHAETANNE, FEHORIHENXENE
ERIEEGRPIME, REHREISVIERERE?

A B 2¥@E, MEEWEGPRSMGEEFE, RIERIXL/NER
HERALE,

CH D EEg, ellRERMWAE. FrIMKRENMauE, ER2E
WUETRRERD, XRER: BELE, FENMAGEH—F, ANLER
EEFEEFIIHE, BRETBT (EHERFXPEHRERNILL ),

&G EFIF BREFN—LAS, ElRREZNEIE. BATEA =t
73, RRfrEmANHmEBHNE, FREBSBERANARE, FALARTMEENS
B —MNMFRIRHE, 77 EFHIEEX MESHA BN ER R,

1 EEFR, BMefERXEE - TERERKEIFRER, TiefRail
MNERBNERE, KO- WTFReEPHIXE, ER—1Ma% WR
FAEER AR, ERNE, ERURABKELABNUARLE, MAE
EPHAR, TRFEEBIGER, JSRNERBAE, XRAERE—H.
FTBA, BEX ERFEAK[E—MFNEGIHE. (MUNERS, BEFEAST
RIFHIEGRIFE )

RAERMNATEE TRIEMNEE T, “XEAFERM 4 2, BT~
NXEKRT, BAVEEZREEN ? HEBRBMNEFRIAR? RN ELA—ME
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MPH M TEE, tLERGRHR—LXE, TIRFEERIHRBIMXLEX
HEAERBRR, ETF—TFHRBNZATENESRKEWIMEE, FACAKEIE
RFHE AR AR D RFER M,

MAERNIKE TEGHE (RRMFEEBE ). AREIXLEZE, (RNIZE
HE G B EHERE, AN IZEAMIE ? BAERFEREN—
Xi%, AERARINECHESKELE, k" BAREX, TORER, HE
FREBRSREE", MAIUNEEMERFERERNXET, BEXLER,
RREMRYE. BiF, TENOEFIERRNXE#®THER, XFETEE
FEEMEGTHEBEMGE. HANNCXMERMAFHERR. SR8 THIE
REMNOERE, RAMAIUAERBNEGHRINI MRS T, KEZEMR
FAA] AR (R AR BT T

KXEHTMEREMEA OpenCV AP EFHE L REHERIIFE, AR
REA], Mell#ThES,

LES v
%3]
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30 Harris FREN
Bin

* ¥2#% Harris B SEMAEES

* Z3)K#: cv2.cornerHarris(), cv2.cornerSubPix()

R

AELt—THRIMNELMETASN—MFM: GEMASEBNTHEBR
K. Chris Harris #1 Mike Stephens 27£ 1988 FMXZE (A Combined
Corner and Edge Detector) B &R H TESKWMBVFIE, WER
Harris S50, tRIEXNMERBEFEIRN THFERER. BEO@SAE

®Bo) (u, v) RETEMBERNEM, RARWT:
E(u,v) = Z w(z,y) [(z+uy+v)—I(z, y)]2
N’ | R S

Y window function  shifted intensity intensity

BORBFINZEENEEZEOBITURRN - MELSTAENENS
HrE O

RRNPERE E (u,v) WERK, X IHMIEFIZEMAE Y
HERK, W EANSFAATROLBRAARGHELLSHFRE (FJUS
EHIRERM ), BASFHTEMNSFH:

E(u,v) = [u u] M [ﬂ

Hrp
I.I, I.]
M= w(z,y) [I i y]
;y LI, I,

XEB I, REGE x My FAENSH. (FIAERRL cv2.Sobel()
TTEEE ),

RERREESH T, IRE-—ARAIEEORNZEESHRNER
#1759

R = det(M) — k(trace(M))?

s

o det (M) = A Ao
e trace (M) = Ay + Ao
o A\ M\, Z%E0E M RUHEE
FRAMRIE X SR AT T F I — M IR R R AR, MRNER T,
o 3\ F N BN, |R| N, EANXIEFEE— N TBEXE,

o A A BE < N, B RNF 0, IMXIFERIAL
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o H M WIRK, FHE M~ FRE, R BRX, (M F X\ FHER
IMEEBATFENE ) A MR AR,

B] AR T EISREBRIEANLE L :

A

FA Harris Rt MIMNERE —MHASD BMANKEERR, EEE
SHBENEREGHIT ZECRMNMENE TERGTNER, BIMNBA—1
ERMNERKER—T,

30.1 OpenCV HE Harris famigil

Open FEE cv2.cornerHarris() o] A\ER#THSEN, SHW
T

« img - HIEEE R float32 HIEAEK.

* blockSize - f =@M PES ERITIH K/,

* ksize - Sobel XKSHEAE DK/

* k - Harris i@l ARRRNEHSE, BESH 0 (0,04, 0.06].
BIFaF:
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# -*- coding: utf-8 -*-

Created on Mon Jan 20 18:53:24 2014

@author: duan

import cv2
import numpy as np

filename = 'chessboard.jpg'
img = cv2.imread(filename)
gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)

gray = np.float32(gray)

# WABEGYIE float32, RE—1TESHIE 0.04 | 0.05 Zi§
dst = cv2.cornerHarris(gray,2,3,0.04)

#result is dilated for marking the corners, not important
dst = cv2.dilate(dst,None)

# Threshold for an optimal value, it may vary depending on the image.
img[dst>0.01*dst.max()1=[0,0,255]

cv2.imshow('dst',img)
if cv2.waitKey(0) & Oxff == 27:
cv2.destroyAllWindows ()

ZRWNT:
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30.2 TRERBRENAR

ERBINEESFEXBEENA SN, OpenCV JFKiTRH T E$ cv2.cornerSubPix(),
EAUNREHRTEELFNASEN, TER—MIF. EEH1EXE Harris
AR, AERBASMNENMEAXNRHITIEIE, Harris AmALBKER
H, SFBEREREEENEER, EFEAXMRBERINEEX —MERELES
. HERRBAIZERERGBEEERMKEL, BIEHEEENH
1TARRIBRERBIH K/,
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# -*- coding: utf-8 -*-

Created on Mon Jan 20 18:55:47 2014

@author: duan

import cv2
import numpy as np

filename = 'chessboard2.jpg’
img = cv2.imread(filename)
gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)

# find Harris corners

gray = np.float32(gray)

dst = cv2.cornerHarris(gray,2,3,0.04)

dst = cv2.dilate(dst,None)

ret, dst = cv2.threshold(dst,0.01*dst.max(),255,0)
dst = np.uint8(dst)

# find centroids

#connectedComponentsWithStats (InputArray image, OutputArray labels, OutputArray stats,
#0utputArray centroids, int connectivity=8, int ltype=CV 32S)

ret, labels, stats, centroids = cv2.connectedComponentsWithStats(dst)

# define the criteria to stop and refine the corners
criteria = (cv2.TERM CRITERIA EPS + cv2.TERM CRITERIA MAX ITER, 100, 0.001)

#Python: cv2.cornerSubPix(image, corners, winSize, zeroZone, criteria)

#zeroZone — Half of the size of the dead region in the middle of the search zone
#over which the summation in the formula below is not done. It is used sometimes

# to avoid possible singularities of the autocorrelation matrix. The value of (-1,-1)
# indicates that there is no such a size.

# IR[EE A RLIFERE — N (TFEER )

corners = cv2.cornerSubPix(gray,np.float32(centroids), (5,5),(-1,-1),criteria)

# Now draw them

res = np.hstack((centroids,corners))
#np.int0 FILAAEREE/NH=IGEIETF (FFLEAN ),
res = np.int0O(res)
img[res[:,1],res[:,011=[0,0,255]
img[res[:,3]1,res[:,2]] = [0,255,0]

cv2.imwrite('subpixel5.png',img)

HEROT, ATHEERRITNAESHENHT TR
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31 Shi-Tomasi ARKEN & E&TFERENE®RSS
fif
Bix
ATEEIMNEEED):
o BIN—ANEEMIHA: Shi-Tomasi &SN

* R#: cv2.goodFeatureToTrack()

R

E—FFEANF3 T Harris AN, /F% 1994 £, ].Shi 1 C.Tomasi
EM{IIZE (Good Features to Track) XX MNEEMT —NINNHIE
W, FBRAETEFNER, FAME Harris BT 2RI :

R=XX — k(A +X)°
{8 Shi-Tomasi {EFRRIFT 7 RE S0 :

R =min ()\1, )\2)

MRTHBEEE, HMNRIANER— AR, BATTMEESLHIR A, ~
Ao ZEiEH, MEEEITE:

Ao

Amin M

MXIEEH, BATFTUBHRREE M M\, BAXFR/IVERN, F#HikT
RAR (ZEXE),

31.1 K%

OpenCV R TEL: cv2.goodFeaturesToTrack(), iX/NE =] A
FEHAER Shi-Tomasi 75/EREGRR N MRIFNASR (NRIFBENIE,
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RREEG, ARWMEMBERNINARKE, BIREARNREKE,
21 ziE, ERRTARNRRRE, BRTFIMNAEARBIKRZE, &
FREREFANMARZENREMRIERS.

RIFEILER, BEMEERG LKIAS, AERTREKFENARE
WP, AEBLEESRASRKARREHTTRFHI., ARERAARRE
RS (HFENE—), ABBENE (RNEBZA) NARER
i, BEXFNHAARERED N MRERS,

FETEFFH, BATAEKSL 25 MRERR:

R BUEIL TSR ER Harris ARiGlEL ), EEEAT, BARNIX
0

# -*- coding: utf-8 -*-

Created on Mon Jan 20 20:40:25 2014
@author: duan

import numpy as np

import cv2

from matplotlib import pyplot as plt

img = cv2.imread('simple.jpg"')
gray = cv2.cvtColor(img,cv2.COLOR_BGR2GRAY)

corners = cv2.goodFeaturesToTrack(gray,25,0.01,10)
# REIEELE [[ 311., 250.]] BEEERIHAE,
corners = np.int@(corners)
for i in corners:

X,y = i.ravel()

cv2.circle(img, (x,y),3,255,-1)

plt.imshow(img),plt.show()

SRIT:
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BAIMAE SR MR RRESHEBIFRERPER,

ESHAR
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32 48 SIFT(Scale-Invariant Feature Trans-
form)

Bix
« 23] SIFT E#MNHS

o FIEEGPEH SIFT £REAEAH

[RIE

EREATRNZI T -EHRRNKA, tbil Harris &, EfIREHLE
AT, BERRRETIRE, RTLERIEHENASR, RIFZAEE
BAREREZEARERAR, BMRIADTEREITHERE ? ARETERR
BRAST. UWTERF, £—BI/NERER—NMNEQ =] AR — N
=, ERNREGREHRA, BEREHFNEOMENARBRT,

E

FTBATE 2004 &, D.Lowe RIET —MHMEE: REFEHIEER
(SIFT), ENEEATUEBNANRENEGTHXERATEENHERT,
SIFT SZEZ2ANT MM, BRESHITES],

RE=EHERSR

M EBEFHAIARBENBERERNFNREZEI A EERBRNE DK
MTER WNHARKERNMMIEN, MANARKREFERRKNEND, BTE
AN BEMNRNEERREZEIRIKERE. (REZEIRKEITUER—LIES
AERE o WEHERZMMN ), EFREBREAEE - NEHERIEF
(LoG) MEG#ITER, LoG BTEBANRMGEE o ATRTCARRENA
BARNMIFR (5 LoG HAZE o SHSEZESHEBERRT2TE ), &
BRFEAE 0 MR- IREZREF, flgl, EERER—MNGE o WSH
ERZE]UNREFMNENHNNAR, MERAKREE o NSEERZITEIMR
SRV MIPR KRR A R, FrCAFATR] AR RE = BF — 4 E PN E B &K
B, (%, y, 0), IRRE o REFR (%, y) [RATER—IMXER, (S
AEMKRNEBONKNFE—MIERXRFR: BOXNNST 6 EHEML, B
MAERNR/NMERETEOK)

BRXAD LoG WHEEIEEK, MM SIFT EEERASHENE T
(DoG) Xt LoG #iEfl, XEFEFMRE—TEREFE, HATETR
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DRIEF (NREEFHITEEFHI ) REM—AHBEERT (1, 0.5, 0.25F) R
BEFE, ARWX—HERPNE—KEGEREERELE « WSHE
RzMZEEE TR HENEGEFIE (FENREZE ), DoG #MEiXA
BBEARES ‘¥J¥KE’JI1‘%$$P§EP$E BB ZEHIEE, WTFEMFRR:

Scale
(first
octave)

Difference of
Gaussian Gaussian (DOG)

£ DoG fBEZE, MAIUEARMNREZEM 2D FEHHEEFHRK
BT, RFERGRPHN—MRERMNS, EFES5BCHAERN 8 HPBiF, URRE
ZFiaR ETHERHIELDE 18 (2x9) M =Etk, MREFEIHEKIE, EFFE]
BER—IRER, EFLRUXESREGEMNREZBPHKIFNAR. W
TEFTR:

A L TF T T F P
L o o

ZEENEFEEXERLE T SIFT SHMAZK{E: octaves=4 (&L
FERRMENTRNEGRR T, M RTR/NNEREFE (4 F)?), REZIE
A5, UMERENIRTER 5 MEAENSHZHITER, YIRHER 1.6,
kEF V2%,

XS (RMER) EAL

—BHRIXER, BRIMNAENENHITEENAMEINE EMWILE
FEFERRETENRERBERARKSNENEBUE, WRRELSD
REE/NFHE (0.03) i ZHgiE, £ OpenCV HiXFFEEMHI A
contrastThreshold,

DoG EEMAREBEHRE, AMUARMNLRNBIEALR AR, sIEIATHDY
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Harris E/AMR T o] VAT RSN ZIMERIUBFEMBR, (FEMRERT
BEIMNER, F&EFEA 2x2 19 Hessian EfFiHEF =R, M Harris Amig
MEEER, FHAEE Y —MHEERIZKTF B9 —MHEER IR R0
8, FAIAME1ERT —/MNEBEMEL, MREFSTEE (OpenCV Hifiin
REME), INKBIASERBEE, XEPLHMBLREBER 10,

FrIMEN LEEM X BRiliA R X B LB ERE, FTHMBHRANTRY
WIXBESRT,

ARBR (RER) EELEASH

HEBMNEAE I XERETF—TREASH, IHFETERERAE
M, SREVKBR (FTEREZIE ) MR, ARTTEXINXEEBERFTE,
BIFTEBINEREE 1SS 36 4 bins (8 10 E—4 bin) NAEE
7B, (ERSREZE o B/ 1.5 FhHENREFESEE O E RN
) EAETHNEENELRESH, MIREMNEAEFHNSESTIEEN
80% Wik ABHWHE. IMEERRNREZEHERNUEMEREBTNET
BRRER, XN TFLENREESBRED,

KRR

MR ERERFREET., ENSXBSERE—1 16x16 KSR, £
BN 16 4 4x4 BNGR, ABNMNAREIE-1EE 8 4 bin WHEEE
7B, BHMERE 128 4 bin, HMLLAEMKA 128 HEEMRMAN T KBS
IR, FRIEZIMNEZHITILAME LAZII LR, IeteFHREM.

XERLE

FT—H eI ARA X R FHE R 2RI IR RAE A A IEEMR A X B <Y
BUEHERE, BE—ITENENMRER, BidEHKEIE _EEIEPE
BRENBIrRER. BEEEFBLT, FAMEERENXEREF—NIES
RIENRBRENKNILO XA]ERATRESSEN, ENEHERIOEES
SETREEMLLE. MRLEKXTF 0.8, M2E, XRER 90% HHEIRT
i, EIfRER 5% WIEWILE, WMXEFTL,

XHZ SIFT SEiEMBE, FEHFMRDRREBXE, XINRMEITEIE
FIEME, BICEXNEERRENRIPN. AN EEESE OpenCV H
BYUR R AR R AR,

OpenCV Hf] SIFT

IMAEILFAKEE OpenCV FXTF SIFT RIREIE, iEFRNARESIE
MANLHFRE, ERBANNZLIENR. BTUERATRNSE, IHAZE
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W), XTSRRI UEEE,

# -*- coding: utf-8 -*-

Created on Wed Jan 22 19:22:10 2014
@author: duan

import cv2

import numpy as np

img = cv2.imread('home.jpg"')
gray= cv2.cvtColor(img,cv2.COLOR BGR2GRAY)

sift = cv2.SIFT()
kp = sift.detect(gray,None)

img=cv2.drawKeypoints(gray,kp)

cv2.imwrite('sift keypoints.jpg',img)

R3] sift.detect() EIUEEGFHBIX BN, IRMGRBEERGHH—
X RIE, thelUelE— MERERIELSHER. BRENXBRZ—1
THERSAERMMEHRENER, ILEBHPESEHLIR (x, v), BEXH
IR, BEERFBEANAES,

OpenCV 2t T 4% X B = AR £ : cv2.drawKeyPoints(), EFT U
EXRBEHIBALE —NNEE, NRIFIRESE A cv2.DRAW_MATCHES_FLAGS_DRAW_RICH_
MRLHIRRXBIAN/NNEEEZTULKIBRXBRAT5E,

img=cv2.drawKeypoints(gray, kp, flags=cv2.DRAW_MATCHES FLAGS DRAW RICH_KEYPOINTS)
cv2.imwrite('sift keypoints.jpg',img)

SRIT:
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I

MERTEXERMEIATT, OpenCV Bt THEMGIE,

1. BFRITELKEI TXB=, HATTLAMERE L sift.compute() Kit
BIXLE X BAREIRRT, BIA0: kp, des = sift.compute(gray, kp).

2. NREEEXRE XS, JAERERLE sift.detectAndCompute()
— SR EERE XS T EHERRR,
XERIIRBEE AN HE:
XE kp 82— MXERIIR, des — Numpy #H, HEXK/NEXES
HEFEMU 128,
FRAFANEE T X BaMERTSE, NERNEEENAEAREGR ZIE
HITRESLE, ZIMERNEETRNETREZINASE,

ESHAR
%3
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33 918 SURF(Speeded-Up Robust Features)

B5
FHBAEEZ:
- SUFR WERMEMA?

* OpenCV AHfy SURF

[RIE

EE—FHRENEITER SIFT EEHITRBSQMWANER, B
EXMEENRTEELERE, AMIESEREERNEZE, £ 2006 F
Bay,H., Tuytelaars,T. #1 Van Gool, L # R T SURF ( INiRF2E4F1E )
i, RENBF—H#, XBRIMEEZIMERM SIFT,

£ SIFT #1, Lowe EMEBREZ @M ER DoG 3 LoG #1TiE{l, SURF
{ERAEFIEE2E (box filter) ¥t LoG #{TiEMl, TERISRTXMAM, 7Ei#
TERUHTENTIUAMBARSER (ROoBEGN—XKERE: TERGREANE
ORFBGEMNN, TEENX/NSEBOXNMEX), BEFIRERN—KMK
=, MEXMITETUERBREZ BIEN#{T, FEH SURF EEITEXRER

MREMMER RIS Hessian 1EE1THIZAY,
(] 1 S I B £ | [

-
!

1

ATHRIEBEREEFTERALTE, EENTE - TMHIERSE—TMEE
HE, FEMFERAHRD, M 6s (s AFERNRE) AFRHNEREXE
A, WE®ET Harr JEENEE, IHEMSEIRMENEGRETHERESSE,
ERMNARSTER, TURSHEERGHENNE, hTKEREHEE, FY
BRI —ANAFGERFRD, KHER 60 EMNREEMNED, UEKH 0.2 IE
LRI XNBRHMED, FXEOANES Haar JRHIMMNEZRTRIN, £
A ARAR Haar MM RIMMENNOGE, ERSNAPRIMTEERIER
AT, AREVERECIINGE, NRANTEABE, XeIUEREE
1®i&, SURF ##t TR U-SURF MIhEE, EERERNEE, BENEFRET
5 +/-15 EFEFEMIREM. OpenCV WX FHMIERXE#ZH, RAFENSH
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upright #1718 &, 3 upright 8 0 WNit&FE, K 1 HATES@, B

ERFIERFIEREFTE T EEIGR Haar JURMN, E£—MERK
A, UHERAFD, BEFERE 20s*20s HEGXISDMK 4¥4 MFIR, B
NMFRMART 2s B9 Haar JRRMREITMA TS, ARWMNERITHRT,
EMRIE v = (X do, Y dy, 20 |dal, Yo |dy])e XNMERFFHIRE IS 64, FEIEAY
HRRIAILE T EMLE, BEXEREETZX DHVHHE.

A TEMFHES AR, SURF ERM T — M I05RhMR 128 LRV
Ry, 3 d, KF 0 FNF 0 BRI d, # |d.| BWA#HTHE, T8 4,
M |d,| BERTXS, IHRSHEMFIMNE, EXTEMTENERE.
OpenCV E#RMH TXMINEE, HBH extended iREH 1 Aty 128 4, =
S800 0 B 64 4, FNARER 128 4,

TEAMAFE R AIZ 2RI E T Hessian #ERMITIIR, SR, (H8ES
207 Hessian fEFERE, BRI X AITERZ,

RERENAE, sJEHERS A, M EREEERE N
BHWRELLERXINESR, Hessian BENERIE; HIb—MARKERTEER
BRI RELLE RXIHZERE, Hessian #EfEATE, BRIBXMSHE, BE
S MFIERE) Hessian FE#1TEERR, MRES, HARMFIRERHEE
MIYEERE; MRFSHIE, RAAMHESHNEERE, BFHERZER
REMNRUEESR.

O O can do match
‘ . can do match
() @ nomatching

WFAMFESERFHRMUEESE, HITRARIESHITITE,

BRI SURF EERATRSAERNE—SHITMIEMAMETRE,
PITBRELERNRBLMIERT SURF fEER SIFT 89 3 {2, SURF &
FRIZEBGEMAEERNER, ERFETRENARATHNXETIL.
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33.1 OpenCV Hfij SURF

5 SIFT #8[R OpenCV thi2f#t T SURF M XE L., SEBRINEN
Jaft—1 SURF W&, EMIZEFFIESH: 64/128 #ERFF, Upright/
Normal X%, FIEMNANHELEXEPBRENRBEB T, MEHINE
SIFT —#¢, FHATTLAERE S SURF.detect(), SURF.compute() &
K TREBRIREEIR,

BHENEHRERAHIXBSFIE, BT SIFT —#UKRINBIREIEE
Python £i%HETR,

>>> img = cv2.imread('fly.png',0)

# Create SURF object. You can specify params here or later.
# Here I set Hessian Threshold to 400
>>> surf = cv2.SURF(400)

# Find keypoints and descriptors directly
>>> kp, des = surf.detectAndCompute(img,None)

>>> len(kp)
699

E—IREMGHER 699 MRBEAS T, HIUEEH AR 50 MNEBLHIZ
Bk LE, ERER, FITESEMEMNILIFE, FEMEETLAEE, FLA
AN ERS Hessian BIE1E,

# Check present Hessian threshold
>>> print surf.hessianThreshold
400.0

# We set it to some 50000. Remember, it is just for representing in picture.
# In actual cases, it is better to have a value 300-500

>>> surf.hessianThreshold = 50000

# Again compute keypoints and check its number.
>>> kp, des = surf.detectAndCompute(img,None)

>>> print len(kp)
47

WMERT 50 7, IEEMNZFHREGFHIE,
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>>> img2 = cv2.drawKeypoints(img,kp,None, (255,0,0),4)

>>> plt.imshow(img2),plt.show()

HERWNTF, F2%&M SURF RE— RSN, ©0] ST S 885355
LI, {RE]CAFEEME it —F,

N

WMEHITA—T U-SURF, ERSKENXERH97E,

# Check upright flag, if it False, set it to True
>>> print surf.upright

False

>>> surf.upright = True

# Recompute the feature points and draw it

>>> kp = surf.detect(img,None)

>>> img2 = cv2.drawKeypoints(img,kp,None, (255,0,0),4)

>>> plt.imshow(img2),plt.show()

HERUT, MENXBSNEAOHE N, ELERERES, WRMFE
MIENXBRIMNBEIZBEHAINER (WNEREHE) F, IMTERER,
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RERINBEEXRER/IANIAN, MRE 64 HHIFIMK 128 4,

# Find size of descriptor
>>> print surf.descriptorSize()
64

# That means flag, "extended" is False.
>>> surf.extended
False

# So we make it to True to get 128-dim descriptors.
>>> surf.extended = True

>>> kp, des = surf.detectAndCompute(img,None)

>>> print surf.descriptorSize()

128
>>> print des.shape
(47, 128)

ETREMNMERLET, RMSEREITIE,

ESHAR
%3]
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34 AREMNE FAST #%

Bix
o I2fi# FAST &iARIERL
* {£F OpenCV HfY FAST &AM KRR EHITHA SN

R

BATHIEZE S TILMEERNZE, ENASHRREBRLT, BZMNKEL
BHAREXRE, ILHEHBABR, — I REFFFHE SLAM (¥ EASH
Bl ), oA, EMNNTEZFRIEEER,

AT RERXANE)W, Edward Rosten #1 Tom Drummond 7 2006 £
RHE FAST &%, BITTEHIBESNLEEEZHIT-NERNNB, REINUSE
[RIAXERX S EZ AT (A TR ERGEZH FRIANE ),

34.1 f{#EF FAST SGE#{TIHMERE

1. ZEGPEN—MRER p, RIMERTRRER. [, FTEHRESp
BIIXE 1B,

2. EEFESHMEE t,
3. MITEMRERRER p HAEERE 16 MEERSEITM.

4. MRAEX 16 MEERPHEE n MELBER/NWKEERST [, +1t, =X
BIRTF I, —t, BABRES p MBIAAR— MR, NEEPHNELFRR,
n EEEYER 12,

5. ATREERMWMR, EXRATMINIIDLEDE, BEMRERKEES
90 EMm: 1, 9, 5, 13 #TMR (SR 1 70 19, MRENFE
BEZERBEMIL 5 13), R p BRAS, BAZANMSHELE 3 4
EFSHEEZR, IRFTENESEARAR, MHF, WELXZMIL
MRBASHTIE (REE 12 WSFSEEERK ), XMEMFAI
ERE, BEREBWFLFRS:
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* Hn<12 HEARREFRSRER GRENRESLRS),

s BEMENARRMLY, ERENMRIRSERRIEAFAE R
B tEIL.

s SEMXMERIMNFT

o MR SIFIEREBZEE I,

Al 3 AMEl ] BOEE AR E I AR, &iE—MEle] AERIERKED
HIEIFT AR,

34.2 PSEFESINASENEE

1.
2.

ERE—HIGER (RIFRBERENABEXIER)
£/ FAST iz BREIGRISITER

- WE—MHER, BEEEM 16 MEEFEER—IMEOE, WAEEEK

X E—MIEDE P
B—MHERRE 16 GEREBET T =EHH—,

d, L., <I,—t (darker)
Sp-e=% 8, L—t< L, <L+t (similar)
b. L+t< Lo, (brighter)

. RIBZLEGRERNDE, FHHEQE P WD KR 3 MFE&E: Py, P, b

L EX—ANHHREE K, R p RASMIREN Ture, WRAFEM

i E& 7y False,

. {EF ID3 &i& (RER 52 228) Use the ID3 algorithm (decision

tree classifier) to query each subset using the variable K, for the
knowledge about the true class. It selects the x which yields the
most information about whether the candidate pixel is a corner,
measured by the entropy of K.

. This is recursively applied to all the subsets until its entropy is

zero.

. LT RYR RN Z A T A EMGR A RIERIAE N,
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34.3 e AKIEHDIE
15 PR AR A SR 75 3 T DABR R AS TR BO43 T S4B Y 8180

1. WARERNZZFESME—NMISRE V., VHRREGERES p 5EE 16
MER[EENEIEZD,

2. HEIREAMHERITIELR V.

3. g V EREMHIESR

34.4 B4

FAST EiAtEHERRRMNEEEIR,
BREBRFRSHABIZE, X2HBERER,

34.5 OpenCV H FAST $HE42NI2S

REMAFE =46 M — KA TRT BATE OpenCV R EEEFH FAST 4HEM M
2B, MRMERMIE, MEFJNZERSE, SAHITIERXENG, EFERMN
WFEKN O F,
4B1iR B} F 5 3 Rz —: cv2.FAST FEATURE DETECTOR TYPE 5 8,cv2.FAST FEATURE_
1 cv2.FAST FEATURE DETECTOR TYPE 9 16, FEZ(#R FAST &
B TYHE A2 & R AR,
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# -*- coding: utf-8 -*-

Created on Thu Jan 23 12:06:18 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

img = cv2.imread('simple.jpg"',0)

# Initiate FAST object with default values
fast = cv2.FastFeatureDetector()

# find and draw the keypoints
kp = fast.detect(img,None)
img2 = cv2.drawKeypoints(img, kp, color=(255,0,0))

# Print all default params

print "Threshold: ", fast.getInt('threshold')

print "nonmaxSuppression: ", fast.getBool('nonmaxSuppression')
print "neighborhood: ", fast.getInt('type')

print "Total Keypoints with nonmaxSuppression: ", len(kp)

cv2.imwrite('fast true.png',img2)

# Disable nonmaxSuppression
fast.setBool('nonmaxSuppression',0)

kp = fast.detect(img,None)

print "Total Keypoints without nonmaxSuppression: ", len(kp)

img3 = cv2.drawKeypoints(img, kp, color=(255,0,0))

cv2.imwrite('fast false.png',img3)

HERUT, FRERERTERKENGNER, F_ELIEERAER
KAEHIH,
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LES 0

1.

Edward Rosten and Tom Drummond, “Machine learning for high
speed corner detection”in 9th European Conference on Com-
puter Vision, vol. 1, 2006, pp. 430-443.

Edward Rosten, Reid Porter, and Tom Drummond, “Faster and
better: a machine learning approach to corner detection”in IEEE
Trans. Pattern Analysis and Machine Intelligence, 2010, vol 32,
pp. 105-119.
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35 BRIEF(Binary Robust Independent El-
ementary Features)

A5
=%
* #{11%3) BRIEF SA0ER!

R

FA140i8 SIFT EAFEANRE 128 AR, AT ERERMZESL,
FrAE(ERH 512 MNFET, B SURF EAHR/VER 256 NFT (64 s
R ), SIE—MEE LT MHINREFEEREAENAT, ERAREERR
BRVIEE LXHREEEN, LEMTESEFEESNAEFEAE,

BREXMMWLEIZFNLLSNEERGEVER, Fi1=JLAER PCA,
LDA EREK#1T84, EZE0UEA LSH (FEBUREHE ) 4§ SIFT 25
VBRI —# I F R, WXEFHFEBFERNBEEEHITIR, X
FREE BT E R EEHIT XOR LB UK, IMITERESEINRH
CPU Li#17., BF(IEREBLAZIEATAFERRE, XM RRVIIA
TZiHE o) R,

BRIEF Rz, EAETEREAFMEE R — M THHF/FHR, X
MEZFERANRELTEENERL, ESRBE—MIIENARNEN—HEES
W ng(z, y), REEXERESINZEHFHITREBENEL, G190, F—NE3E
REESF I p Mg MR p/IMFq, ERFHE 1, BUHE 0, FIXHEN ng
M EN T LR — A ng LRI G F TR,

nqg FIBAR 128, 256, 512, OpenCV ¥HiXLeHRIg M T 3%, BEZKIA
R TR 256 (OpenC REAFTRAENN, FMUXEESFINMES 16,
32, 64), HENRBSRXLEZHEFHEZEMATUERXBEESNEN#H#T
LT,

EHEEEM— SRR BRIEF 2 — ISR, ERNREERIFINGE,
FrAFAN A B R EREMIFEINEE, bl SIFT #1 SURF &, [RIANEAHEE
A CenSurE 5N, XMEARER, ME BRIEF &ii¥ CenSurE
KBSMEIRYRELL SURF X SMEAELT,

B3R BRIEF B —fWHFIE R @R I EFL R ES L, XMHE
ERIUALIBSRIIRAIE, BRIEHIMTFERI KRR,

35.1 OpenCV i) BRIEF

TEMRBERT CenSurE $HEAM2EF BRIEF #idff, (7 OpenCV
F CenSurE @il 28#% U STAR &iM2F ),
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# -*- coding: utf-8 -*-

Created on Thu Jan 23 20:28:03 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

img = cv2.imread('simple.jpg',0)

# Initiate STAR detector
star = cv2.FeatureDetector create("STAR")

# Initiate BRIEF extractor
brief = cv2.DescriptorExtractor create("BRIEF")

# find the keypoints with STAR
kp = star.detect(img,None)

# compute the descriptors with BRIEF
kp, des = brief.compute(img, kp)

print brief.getInt('bytes"')
print des.shape

BRI brief.getInt('bytes’) KLAF TG H ng IR, EKiINMER 32, T
HMRLERE T, HIISEREBETFNA,
ESHR

1. Michael Calonder, Vincent Lepetit, Christoph Strecha, and Pas-
cal Fua, “BRIEF: Binary Robust Independent Elementary Fea-
tures”, 11th European Conference on Computer Vision (ECCV),
Heraklion, Crete. LNCS Springer, September 2010.

2. LSH (Locality Sensitive Hasing) at wikipedia.

%3]
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36 ORB (Oriented FAST and Rotated BRIEF)

s
- BA1ZE%3] ORB BAHER

R

F—4 OpenCV HIEREHEXRIL ORB REEN—RME: EXE
“OpenCV Labs", XMNEERE 2011 FIRHM, EITEASEL, LEKZEMU
REEEMNIRER0)@ESE ORB HiZRRE SIFT # SURF &R —MREFRY
B M., SIFT #l SURF EZ2EEHRIFH, NRIFEZEAEN], MrIEEE
%, ER ORBAFE !!!

ORB EZAR FAST X =18 MF] BRIEF XESEASBNESHE, HiB@
HRBIENUGE T HEE. BXEER FAST HAIX# S, ARBBER Harris
ARSI L X B THER I Z HPRE N N8, EREREFEAMmS
SRERGHSME, BRE—Mo#l, FAST EEL T8/ E. BiekALH
ERERRRDE ? fEE BT T B

EEAREENEEZTELHASNAR. URARIARRAE (/IMR) KiF
FROMAEREENARE,. ATH-—TREREATHE, ETFEMARAFD
F12h r MEFEXEME, BREAEITTERAE,

WFHEAR, ORB f#MAKE BRIEF A, BEHTEL401E BRIEF
WEIRERANIEN, FTUBANEEMIFER, SIXBERMHAIXA patch
YA FREH HESE R < =AU 5[, For any feature set of n binary tests at
location (z;, y;), define a 2xn matrix, S which contains the coordinates
of these pixels. Then using the orientation of patch,6, its rotation
matrix is found and rotates the S to get steered(rotated) version Sy.

ORB discretize the angle to increments of27/30(12 degrees), and
construct a lookup table of precomputed BRIEF patterns. As long as
the keypoint orientation \theta is consistent across views, the correct
set of points Sy will be used to compute its descriptor.

BRIEF has an important property that each bit feature has a
large variance and a mean near 0.5. But once it is oriented along key-
point direction, it loses this property and become more distributed.
High variance makes a feature more discriminative, since it responds
differentially to inputs. Another desirable property is to have the
tests uncorrelated, since then each test will contribute to the re-
sult. To resolve all these, ORB runs a greedy search among all pos-
sible binary tests to find the ones that have both high variance and
means close to 0.5, as well as being uncorrelated. The result is called
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rBRIEF.

For descriptor matching, multi-probe LSH which improves on the
traditional LSH, is used. The paper says ORB is much faster than
SURF and SIFT and ORB descriptor works better than SURF. ORB is
a good choice in low-power devices for panorama stitching etc.

SCESIERA, BRIEF &88 —(IRV9{ERHE 0.5, FFEHZER K, steered BRIEF
HENE—(IRELERSE ($918R 0.5,0.45, 0.35... EEMXBRIE
g), XERAHERE/ND. BENAERN—NMFLE: EERLEEETSOH. B~
T3 steered BRIEF HiE{EFHERNTT Z R/ RITRHN LR/ R BRI K14,
A—AN#3)&% (learning method ) & Z#HIMEH— N FE,

R LEHER TWES LSH RER SR LSH, XEHiX ORB
HiAtk SURF # SIFT &M=, ORB #iAfFthtt SURF i¥83. ORB
B RINFRENREERE,

36.1 OpenCV Hf) ORB #%

FEE— RIS EEFERERH cv3.0RB() (& feature2d i#H#EO
SlE—1 ORB W&, EB/LNFIESH, KRBEAMWMNIZE nfeature, FKiA
{85 500, ERTTERBIFMEMNRAE. scoreType & & FER Harris
I E2fER FAST 31 WHHE#ITHER (BAIARER Harris 319 ) %, £
# WTA K RET =48 oriented BRIEF iR FEFERMGE MK
H. RIAMER 2, BB —REEFI SR, EXMHBEATHTLRE, EFEH
NORM_HAMMING EE, R WTA K #ig&ERL 3 =k 4, FLEEEHH
Zi3E % NORM_HAMMING2,

TER—/MER ORB HIEE,
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# -*- coding: utf-8 -*-

Created on Thu Jan 23 22:41:39 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

img = cv2.imread('simple.jpg"',0)

# Initiate STAR detector
orb = cv2.0RB()

# find the keypoints with ORB
kp = orb.detect(img,None)

# compute the descriptors with ORB
kp, des = orb.compute(img, kp)

# draw only keypoints location,not size and orientation
img2 = cv2.drawKeypoints(img,kp,color=(0,255,0), flags=0)
plt.imshow(img2),plt.show()

ZRWTF:

ESHAR

1. Ethan Rublee, Vincent Rabaud, Kurt Konolige, Gary R. Brad-
ski: ORB: An efficient alternative to SIFT or SURF. ICCV 2011:
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2564-2571.
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37 ML

Bin
o HAMEEEI)EEIKREFITHHELA
 {#F OpenCV H#2&5 /] ( Brute-Force ) ILEZF1 FLANN [L#E2

37.1 Brute-Force ILEEHER

FREEGNS N XEBRHET (ERF) BB, REROESRIONXE
&

3 F BF LEg2s, HATE %L EFER cv2.BFMatcher() t]E— 4 BF-

Matcher W&, EBFANIESH, £—1 2 normType, ERAXIEEE
{ERAMMIEEMIRZERY, ZiAER cv2.Norm_L2, iXRiES SIFT #1 SURF &
(c2.NORM_L1 ek ), W FERAT#HFIHEARA ORB, BRIEF, BRISK
%%, EFA cv2.NORM_HAMMING, X#Fi&aiREHMEITERZ
[B]FY;XBAEEES, 9NR ORB EEMESHIRE N VI A_K==3 5 4, normType
FANZIZRER cv2.NORM_HAMMING2,

E_NSHEH/REE crossCheck, EZiA{E ) False, NRIRE R
True, DEFZEFMSEM™IE, RLBEE A FHE i MHERS B AIIE j 4
SIEmEERA, HH B P85 ] MHESE A PHE | M IRt ERID
(AFEEEMSE jMEEEIR) RAKRORELE (i, j). EMIBXEN
BEREGHELE AT, IHEMERESZE—ER, XETLAXRENX D.Lowe
£ SIFT XEFREMHEMILGE,

BFMatcher W& BB A%, BFMatcher.match() 1 BFMatcher.knnMatch().
B—NAESRERELKE, F2NAERENREBRIRE k MR{ELE (#

FHIZIZEEET k 1), EF k RHAFIZEN, NRRTLEZIMNEEME
thEBERERIRES A £ (EEaN#EITELEMIR ),

MR EA cv2.drawKeypoints() 4 &l X = — 1, FAI=]LAEA
cv2.drawMatches() R4&HILEI S, ESFXFBEZREKEHT, AF
ERELEMSZEISHES (MAEERGEIBRER ). MRFIEFERNZ BF-
Matcher.knnMatch(), MERK(ITLAMERE L cv2.drawMatchsKnn
AENRRBINEN kK MRELERSFHILESZ, MR kK ETF 2, ishs)
KESLHREFRELEEL. NRBINZBEFEHLSHERABZLERBREA—
iR,

EFHA1951E —4 ORB #1—4 SURF MIFIE, (ERAEESITERS
i o
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37.2 3 ORB #iRfF#TENLE

MEFNE - N EFRBEEGZEHITIHELRENE RO F, EARGIPE]
B 1MEHERKHN—ERER. BINESEAELENSEZEBREGRTS
KEBEGNMUIE, (XFEIEEER D 51=2/sample/c/box.png, Fl/sample/c/
box in scene.png)

H1ER ORB AR RHITIHFELE, EARINEZMHEKITERER

N

1o
# -*- coding: utf-8 -*-
Created on Fri Jan 24 15:10:41 2014
@author: duan
import numpy as np
import cv2
from matplotlib import pyplot as plt

cv2.imread('box.png',0) # queryImage
cv2.imread('box_in scene.png',0) # trainImage

imgl
img2

TEHNZEE— BFMatcher &R, HEESITHEIREHN cv2.NORM_HAMMING(#
FEAVMERKR ORB), #7148 crossCheck iZ & 71 True, Af5{EA Matcher.match()
RiERERERGNRELER, AERFRLEERRIFIERZEINERHITHEF
HEY, IMRELRMASHERE 7. REHRIMRER 10 MLELHIHE (X
Z2TENE, IRBEMEFREIUSEILE ).

# Initiate SIFT detector
orb = cv2.0RB()

# find the keypoints and descriptors with SIFT
kpl, desl = orb.detectAndCompute(imgl,None)
kp2, des2 = orb.detectAndCompute(img2,None)

# create BFMatcher object
bf = cv2.BFMatcher(cv2.NORM HAMMING, crossCheck=True)

# Match descriptors.
matches = bf.match(desl,des2)

# Sort them in the order of their distance.
matches = sorted(matches, key = lambda x:x.distance)
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THMERSINER,

37.3 DRESRBHRERHAL?

matches = bf.match(desl, des2) IR[E{ER—4 DMatch WRIIK, X4
DMatch WREBTFIIEN:

¢ DMatch.distance - AT ZBIRIEEES, /) HLF,
¢ DMatch.trainldx - BirE{RP#ERTFHIZES],
* DMatch.queryldx - Z{HEEFHERTFIRS],

« DMatch.imgldx - BirEI&AVZESI,

37.4 3 SIFT {7 HICERFILL EMIR

IMEFAER BFMatcherknnMatch() 3K3x1#§ k WRELE, EAFH
BANRE k=2, IHERATHAETLAER D.Lowe XERMELEMIA T,
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import numpy as np
import cv2
from matplotlib import pyplot as plt

imgl = cv2.imread('box.png',0) # queryImage
img2 = cv2.imread('box in scene.png',0) # trainImage

# Initiate SIFT detector
sift = cv2.SIFT()

# find the keypoints and descriptors with SIFT
kpl, desl = sift.detectAndCompute(imgl,None)
kp2, des2 = sift.detectAndCompute(img2,None)

# BFMatcher with default params
bf = cv2.BFMatcher()
matches = bf.knnMatch(desl,des2, k=2)

# Apply ratio test
# LLENNE, EEFNE A BEERIEN= B (&RiE) fl C (Xif), RES B/C
# /IWNFEFMERT (0.75 ) AEIAARIEEE, FEREFIRILEERE—— AR, EIERITEREREERR 0
good = []
for m,n in matches:
if m.distance < 0.75*n.distance:
good.append([m])

# cv2.drawMatchesKnn expects list of lists as matches.
img3 = cv2.drawMatchesKnn(imgl, kpl,img2,kp2,good[:10],flags=2)

plt.imshow(img3),plt.show()

FRWTE:

37.5 FLANN [TK2%

FLANN RRiERT4RIEZE ( Fast Library for Approximate Nearest Neighbors)
HEH, ER—IMNABESEMNSEFEHTREDERNEEZNES, MA
XEFEHELEWMMT T, EENARIBIEENENKRE LT BFMatcher,
BATRWE MG FER FLANN REEEENINE.
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£ FLANN i, BNFEGABNFHRFEASE, IR TARBEER
ERANEEMEMBRSHE, -1 2 IndexParams, SMHAFEENE
SE7E FLANN 43K E J ZEHAMNELE—T, WF SIFT # SURF &,
BATRIAEANSHE:

indexparams = dict(algorithm = FLANN{NDEX g DT REE, trees = 5)

{Bf£F ORB i, HMNELANSKRUT. ITRENERXMPEEER
8, BERENHNESHERR, HEttENNRAIESELRT,

import numpy as np
import cv2
from matplotlib import pyplot as plt

imgl = cv2.imread('box.png',0) # queryImage
img2 = cv2.imread('box_in scene.png',0) # trainImage

# Initiate SIFT detector
sift = cv2.SIFT()

# find the keypoints and descriptors with SIFT
kpl, desl = sift.detectAndCompute(imgl,None)
kp2, des2 = sift.detectAndCompute(img2,None)
# BFMatcher with default params

bf = cv2.BFMatcher()

matches = bf.knnMatch(desl,des2, k=2)

# Apply ratio test
good = []
for m,n in matches:
if m.distance < 0.75*n.distance:
good.append([m])

# cv2.drawMatchesKnn expects list of lists as matches.
img3 = cv2.drawMatchesKnn(imgl, kpl,img2,kp2,good, flags=2)

plt.imshow(img3),plt.show()

F_ANFHRE SearchParams, AEXREEEIEHIRE, E#S
HLREEW, BEREENNEGHES, MREBERIME, EASE:
searchparams = dict(checks = 100),

BT XEERBAAINFAET
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# -*- coding: utf-8 -*-

Created on Fri Jan 24 15:36:42 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

imgl = cv2.imread('box.png',0) # queryImage
img2 = cv2.imread('box in scene.png',0) # trainImage

# Initiate SIFT detector
sift = cv2.SIFT()

# find the keypoints and descriptors with SIFT
kpl, desl = sift.detectAndCompute(imgl,None)
kp2, des2 = sift.detectAndCompute(img2,None)

# FLANN parameters

FLANN_INDEX KDTREE = 0

index params = dict(algorithm = FLANN INDEX KDTREE, trees = 5)
search_params = dict(checks=50) # or pass empty dictionary
flann = cv2.FlannBasedMatcher(index params,search _params)

matches = flann.knnMatch(desl,des2,k=2)

# Need to draw only good matches, so create a mask
matchesMask = [[0,0] for i in xrange(len(matches))]

# ratio test as per Lowe's paper
for i,(m,n) in enumerate(matches):
if m.distance < 0.7*n.distance:
matchesMask[i]=[1,0]

draw_params = dict(matchColor = (0,255,0),
singlePointColor = (255,0,0),
matchesMask = matchesMask,
flags = 0)

img3 = cv2.drawMatchesKnn(imgl, kpl,img2, kp2,matches,None,**draw params)

plt.imshow(img3,),plt.show()

ZERINT:
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38 FHRIBIECETENMEERNR

Bix

o BXEFEASFIEREF calib3d #R1RH Y findHomography 7 & #XEl&
PREHBEHNE,

38.1 Ef

TIEFLE—TENETHAAE? HRIMEA—IMERER, EEHPKE—LL
FER (XES), HINXES —BEGPHIXE T —EHER, RENIXHEE
EfR Z [BIRAHER# TR, FEXIAME: BEKAELNEGPIRAT
—AINR (WELEED ) HUE, XLEERBUUFBEAEE FEGFER
HE (EiEEKR) WK,

A TARENXABEVFEATRTAEF calib3d #RFAY cv2.findHomography()
R, MRFXWEERPIVISFERSEELINERLY, MIMSHKEI NN R
BUET%R, REFHNFPTLAMEREES cv2.perspectiveTransform() #2iX
IMNRT, ZELE 4 NEBS A BEHREIX T,

RIMNELMEELREIRTRESE - LHIR, MXLHERSEMRES
R, ATERZIANCEIM, HEiEER RANSAC # LEAST MEDIAN(R] @id
SHRIZTE). FrCAFRI LA IR R IEBRYfE T 4R 0 inliers, T TAVRFR A
outliers, cv2.findHomography() JRE|—/MEE, XAMBIRIBE T inlier
outlier s,

LR IRIBEEE !

38.2 K1

FEE — A EEBERFRIKE SIFT HE=, ARBEREMNLEK
ZIRELE,
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# -*- coding: utf-8 -*-

Created on Fri Jan 24 20:11:52 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

MIN MATCH COUNT = 10

imgl = cv2.imread('box.png',0) # queryImage
img2 = cv2.imread('box in scene.png',0) # trainImage

# Initiate SIFT detector
sift = cv2.SIFT()

# find the keypoints and descriptors with SIFT
kpl, desl = sift.detectAndCompute(imgl,None)
kp2, des2 = sift.detectAndCompute(img2,None)

FLANN_INDEX KDTREE = 0
index_params = dict(algorithm = FLANN_INDEX KDTREE, trees = 5)
search params = dict(checks = 50)

flann = cv2.FlannBasedMatcher(index params, search params)
matches = flann.knnMatch(desl,des2,k=2)

# store all the good matches as per Lowe's ratio test
good = []
for m,n in matches:
if m.distance < 0.7*n.distance:
good.append(m)

MEFNMNRERBFE 10 MEA LA A ZEH B R (MIN_MATCH_COUNT=10),
BNERESHER: "HELKERE "

MRHETRBHLE, BMNEBRIABEERGPLESHLIR. EENE
ABREPIHEEN TR, —BEHAHLE 3x3 BIEHRIER, MU EREHE
HEGNOMNIR (MM ) EREIBTREGRTET, ARBLEHILHR,
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if len(good)>MIN_MATCH COUNT:
# FKEVKE AR
src_pts = np.float32([ kpl[m.queryIdx].pt for m in good ]).reshape(-1,1,2)
dst _pts = np.float32([ kp2[m.trainIdx].pt for m in good ]).reshape(-1,1,2)
# FE=12# Method used to computed a homography matrix. The following methods are possible:
#0 - a regular method using all the points
#CV_RANSAC - RANSAC-based robust method
#CV_LMEDS - Least-Median robust method
# BN SHBEBEE 1 2 10, EL— P RIWEIEE, REGHREZETHRERS BnER LR SARE
# BITREFIAAE outlier
# IR[EMEFR M HEHRIEE,
M, mask = cv2.findHomography(src pts, dst pts, cv2.RANSAC,5.0)
matchesMask = mask.ravel().tolist()
# FFREGRSFIEE
h,w = imgl.shape
# (BRI TIRIEPEN IRERAITU N1 TR, TS BIREIR _EX R AT,
pts = np.float32([ [0,0],[0,h-1],[w-1,h-1],[w-1,0] ]).reshape(-1,1,2)
dst = cv2.perspectiveTransform(pts,M)
# [REGRIHREE
cv2.polylines(img2, [np.int32(dst)],True,255,10, cv2.LINE AA)

else:
print "Not enough matches are found - %d/%d" % (len(good),MIN MATCH_ COUNT)
matchesMask = None

RaFHBLEH inliers (MR EERLINAVILEIBIFEIRIVIE ) B LA KR
= (MREM ),

draw _params = dict(matchColor = (0,255,0), # draw matches in green color
singlePointColor = None,
matchesMask = matchesMask, # draw only inliers
flags = 2)

img3 = cv2.drawMatches(imgl, kpl,img2,kp2,good,None,**draw_params)
plt.imshow(img3, 'gray'),plt.show()

HERUT. EXARGTEILIINBIFEGRITICR AR,
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2853 VI
MNGI AT

39 Meanshift fl Camshift

BiR
o ATLHANEFS)EA Meanshift ] Camshift EiEEMAFHLEIFHIRER
BRR
39.1 Meanshift

Meanshift FZMNEFRREZMNRERH, RIFNE S (LLWET
BRERFZEFINR), MI—NMWEEED, BMNEXRNESHZ2EXE
OBMRERNREZREL (NERKRRSHIMTT ). W TERR:

VIrEOREEN"CL", EMEOAERFIEC1 o, MEORMERBR
DER"CL_r'(MEERE), RBEROHSKRWEEES, FUBIE
i C1 o ZIful C1 r, BHFHANMERT —MHED, XA XAT KR
BORFMESNRD, ABREATERFAESH, MUEES LEMNERE: &
FEOMNROBHNEFHOERD, MEXENMEMAREFEIEDNPOMERR
BERNRODESHLE (FEBEE—R/MNMRE ), BREIFNRERINNE &L
FBEBRRME (M) BRI, WEEMR"C2"REOMNRKEMYE, Fi17]
MRELRIMEATNEERRS, BMIRENTEMR:
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Shiffed window

BERLTRNEERESELRKREF[INEGH B MY RIERVE,
HEMRRNBHNERRIEHSERERTER, #MiXHF, meanshift EiEH
ERMNWEDOBNIEGRFREZERANXET,

39.2 OpenCV Hf) Meanshift

E7F OpenCV AR Meanshift EFEAFHNIEN BN RHITIRE,
HEERNEMNESE, XHFERIT meanshift SR FHATFAET AE B iRx
SRAKFEAE-—MPET, ZHIBNEFTEREEONEERUE, ETXEHK
fiMETTE H (Hue ) BEMNEFE, BHFAHTHRRTESHIEW, HilE
FlE&% cv2.inRange() FRRENEZIRIE,
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# -*- coding: utf-8 -*-

Created on Mon Jan 27 08:02:04 2014

@author: duan

import numpy as np
import cv2

cap = cv2.VideoCapture('slow.flv")

# take first frame of the video
ret,frame = cap.read()

# setup initial location of window
r,h,c,w = 250,90,400,125 # simply hardcoded the values
track _window = (c,r,w,h)

# set up the ROI for tracking

roi = frame[r:r+h, c:c+w]

hsv_roi = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)

mask = cv2.inRange(hsv_roi, np.array((0., 60.,32.)), np.array((180.,255.,255.)))
roi_hist = cv2.calcHist([hsv_roi],[0],mask,[180],[0,180])
cv2.normalize(roi_hist,roi_hist,0,255,cv2.NORM_MINMAX)

# Setup the termination criteria, either 10 iteration or move by atleast 1 pt
term crit = ( cv2.TERM CRITERIA EPS | cv2.TERM CRITERIA COUNT, 10, 1)

while(1):
ret ,frame = cap.read()

if ret == True:
hsv = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)
dst = cv2.calcBackProject([hsv],[0],roi hist,[0,180],1)

# apply meanshift to get the new location
ret, track_window = cv2.meanShift(dst, track window, term crit)

# Draw it on image

X,Y,w,h = track_window

img2 = cv2.rectangle(frame, (x,y), (x+w,y+h), 255,2)
cv2.imshow('img2',img2)

k = cv2.waitKey(60) & Oxff

if k == 27:
break

else:
cv2.imwrite(chr(k)+".jpg",img2)

else:
break

cv2.destroyAllWindows ()
cap.release()
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THEEHKFER meanshift &;E¥—MNUSET =M MHILE

39.3 Camshift

RANEELEMERTIE ? IEEEE—Mal, FMNOEONKNZE
TR, MRFERIZRKA (EARL) B—MEHETRMIE, BENEORR
BiEN, FTUFRNEEREBGHAX/NIRERNE QMR NIREHITET,
OpenCVLabs JEA1HRIVFERAE (1988 F ): —MEMHE CAMshift A9
ik,

EXNEEE £ EE A meanshift, meanshift 2 (HEBEZ) Binz/E,
BFAZHEONKND, s = 293\/@0 EXSTTEBEMNRNREMNEHEDN
RE, AULIBTEOARE. AREAEHBENEDOXNRERERRNAL
B4E#HIT meanshift, EEXMIRMMEAZNEZINEE,
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N
\\ g
IS

Shiffed window

39.4 OpenCV Hf Camshift

5 Meanshift BA—##, BRRENERZ—MEIEEAENER (X2
BINWER ), UREIMEENSE (WART—REXTEF ), TERRE:
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# -*- coding: utf-8 -*-

Created on Mon Jan 27 08:03:49 2014

@author: duan

import numpy as np
import cv2

cap = cv2.VideoCapture('slow.flv")

# take first frame of the video
ret,frame = cap.read()

# setup initial location of window
r,h,c,w = 250,90,400,125 # simply hardcoded the values
track _window = (c,r,w,h)

# set up the ROI for tracking

roi = frame[r:r+h, c:c+w]

hsv_roi = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)

mask = cv2.inRange(hsv_roi, np.array((0., 60.,32.)), np.array((180.,255.,255.)))
roi_hist = cv2.calcHist([hsv_roi],[0],mask,[180],[0,180])
cv2.normalize(roi_hist,roi_hist,0,255,cv2.NORM_MINMAX)

# Setup the termination criteria, either 10 iteration or move by atleast 1 pt
term crit = ( cv2.TERM CRITERIA EPS | cv2.TERM CRITERIA COUNT, 10, 1)

while(1):
ret ,frame = cap.read()

if ret == True:
hsv = cv2.cvtColor(frame, cv2.COLOR BGR2HSV)
dst = cv2.calcBackProject([hsv],[0],roi hist,[0,180],1)

# apply meanshift to get the new location
ret, track window = cv2.CamShift(dst, track window, term crit)

# Draw it on image

pts = cv2.boxPoints(ret)

pts = np.int0(pts)

img2 = cv2.polylines(frame, [pts],True, 255,2)
cv2.imshow('img2',img2)

k = cv2.waitKey(60) & Oxff

if k == 27:
break

else:
cv2.imwrite(chr(k)+".jpg",img2)

else:
break

cv2.destroyAllWindows ()
cap.release()
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5t = M E R AT EYLE R T

ESHAR

1. French Wikipedia page on Camshift. (The two animations are
taken from here)

2. Bradski, G.R., “Real time face and object tracking as a compo-
nent of a perceptual user interface,”Applications of Computer
Vision, 1998. WACV '98. Proceedings., Fourth IEEE Workshop
on , vol., no., pp.214,219, 19-21 Oct 1998

%3]

1. OpenCV MEARFIFE—4 camshift WRERXER, BESE !
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#!/usr/bin/env python

Camshift tracker

This is a demo that shows mean-shift based tracking
You select a color objects such as your face and it tracks it.
This reads from video camera (0 by default, or the camera number the user enters)

http://www.robinhewitt.com/research/track/camshift.html

camshift.py [<video source>]

To initialize tracking, select the object with mouse

ESC - exit
b - toggle back-projected probability visualization

import numpy as np
import cv2

# local module
import video

class App(object):
def init (self, video src):
self.cam = video.create capture(video src)
ret, self.frame = self.cam.read()
cv2.namedWindow( 'camshift")
cv2.setMouseCallback('camshift', self.onmouse)

self.selection = None
self.drag start = None
self.tracking state = 0
self.show backproj = False

def onmouse(self, event, x, y, flags, param):
X, y = np.intl6([x, y]l)
if event == cv2.EVENT LBUTTONDOWN:
self.drag start = (x, y)
self.tracking state = 0
# BRI TEH—{THE AR, (EWFERFFTU T
if self.drag start and event == cv2.EVENT MOUSEMOVE:

# print x,y
if flags==cv2.EVENT_FLAG_LBUTTON:
# print 'ok'

h, w = self.frame.shape[:2]
X0, yo = self.drag start

x0, y0 = np.maximum(0, np.minimum([xo, yol, [x, yl))
x1, yl = np.minimum([w, h], np.maximum([xo, yol, [x, yl))
self.selection = None
if x1-x0 > 0 a"dZX} 0> 0:
self.selection = (x0, y0, x1, yl)
print self.selection
else:
self.drag_start = None
if self.selection is not None:
self.tracking state = 1

def show hist(self):
bin count = self.hist.shape[0]
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40 ¥R
BiR

ATHRNBEES):
o RIRBIEEZ UK Lucas-Kanade Hifi%
« {FAE cv2.calcOpticalFlowPyrLK() ¥t &% 5 R4S 1E S 31T

BR

40.1 XiR

BT BN REEREVNB ISR EGRNY REELS A M EGR PR
W RAR. ER— 2D @MEF, FILARER—MRNAE—MEREIEZ
i 1%z BB E0, S0 FE TR (Image Courtesy: Wikipedia article on
Optical Flow ):

FEERT —NMREEENAMERENBE, FiIkRTARBEAE, KX
RERSTEHPHREA:

s HIZHERSEM

o WIRESR

* Video Stabilization &
HRBET—TRIZHY:

1. EEZmmmESzE (BN RN) RENKREERKRE,

2. HBNEEEBERNZE
F—MERPNERE I (2, vy, t) ERIE dt FRHEIEZMERLN (x+dx, v
+dy) &, REF—FRIR: KEBEARE, FARATTAEE:

I(z,y,t) =1 (x+dzx,y+dy,t+dt)

WESHEMHTRYPEBREF, BEEEM, FmLEFREA dt, FEWMTHE
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http://en.wikipedia.org/wiki/Optical_flow
http://en.wikipedia.org/wiki/Optical_flow

fau+ fyv+ fr =0

Hh:
_of, , _of
f“"‘ax’f?’_ay
dx _@

S U T

ERENUEATHTE. EF £ M f, SEGHE, B f, 2HE7SE
R, B (u, v) BAHERN, BATAEE—NFARKERNIRNE. B
NATEFIUERATRRRZ N, EPH— 2 Lucas-Kanade &

40.2 Lucas-Kanade %

MEBMNBERFE _FRIR, BEAMFAESEBBEREIEED), Lucas-
Kanade jE#MERA— 3x3 B 9 M EBHEEGEINX—R, XH#
BATIP] AXENX 9 P RBIERTGE, BENEM—TEBER MR 9 M
NBAHEE, IR—MIRFHISHNAHEE —MFNBRGEMRERR
INTBRANE., TEHMBRMBLER:

—1
v Yifeifys 2 nyz =i faifui

(BREARN LM HFERES Harris B2 NESIEEMEM, XiHBEASE
BE MW FRRER )

MWERENAERE, BERER, BINBEER L=, ARRIAKKE
RESHNRAE, BEREE Lo, BERMEFHNCENERENRNEE,
MRBXRMENELADE ? BREFIE, B TUERABRGEFIENNE, It
B/NIIECHIERERR, RBVGHNZRIRE T /\B0EE), BEBER Lucas-Kanade
BiE, BB RES 6 LMK,

40.3 OpenCV ) Lucas-Kanade *ifi

FiAFRBEIIEERH OpenCV FTELRL T — 1K%Y : cv2.calcOpticalFlowPyrLK(),
MAFRINNERZNMRBEIE—NNEFREBFRUMPHN— Lo, ZREPLES
e ? BAMEREL cv2.goodFeatureToTrack() Ri#EZREFAIR, Fil]
B S E M 5 — BR8N — L Shi-Tomasi s, SAEHAER Lucas-
Kanade & &R BRXLRES, BI1EL4LEE cv2.calcOpticlaFlowPyrLK()
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EARI—MEGAERNR, UERT—MmME®R, RBIGRETERSHNS,
MBRSHZ 1, BBIHBET —MEGRPKE TN S (L—mPAR), IR
KEHZE 0, MIRFEBEET —MEGRPHIAXII =, BINBEXLIERS
BARLARE, MILERTELUBRER. KBNT:

(EEMREEEWREIA S EREHITEE, BBPHN—EISTSEE
EEXURE, XRESHE— BN S, A TRIRENRER,
M iZEN—EERREHITRASEN, OpenCV WEARGIPHFREIXF
—MIF, ERE 5 MFT—MHESEN, BENKF SR EENRE
B S 1TIRER. RfIA/samples/python2/lk track.py)
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# -*- coding: utf-8 -*-

Created on Mon Jan 27 12:28:25 2014

@author: duan

import numpy as np
import cv2

cap = cv2.VideoCapture('slow.flv")

# params for ShiTomasi corner detection

feature params = dict( maxCorners = 100,
qualityLevel = 0.3,
minDistance = 7,
blockSize = 7 )

# Parameters for lucas kanade optical flow
#maxLevel FEAKIEGREFIEEH
1k params = dict( winSize = (15,15),
maxLevel 2y
criteria (cv2.TERM_CRITERIA EPS | cv2.TERM CRITERIA COUNT, 10, 0.03))

# Create some random colors
color = np.random.randint(0,255,(100,3))

# Take first frame and find corners in it

ret, old frame = cap.read()

old_gray = cv2.cvtColor(old _frame, cv2.COLOR BGR2GRAY)

pO = cv2.goodFeaturesToTrack(old gray, mask = None, **feature params)

# Create a mask image for drawing purposes
mask = np.zeros like(old frame)

while(1):
ret,frame = cap.read()
frame gray = cv2.cvtColor(frame, cv2.COLOR BGR2GRAY)

# calculate optical flow BEWBSXENSSHYFTIIE
pl, st, err = cv2.calcOpticalFlowPyrLK(old gray, frame gray, pO, None, **lk params)

# Select good points
good new = pl[st==1]
good old = pO[st==1]

# draw the tracks
for i, (new,old) in enumerate(zip(good new,good old)):
a,b = new.ravel()
c,d = old.ravel()
mask = cv2.line(mask, (a,b),(c,d), color[i].tolist(), 2)
frame = cv2.circle(frame, (a,b),5,color[i].tolist(),-1)
img = cv2.add(frame,mask)

cv2.imshow('frame',img)
k = cv2.waitKey(30) & Oxff
if k == 27:

break

# Now update the previous fr§ﬂ§4§nd previous points
old gray = frame gray.copy()
pO = good new.reshape(-1,1,2)

cv2.destroyAllWindows ()
cap.release()



|45 R

TEEHRE

40.4 OpenCV HBBAR

Lucas-Kanade &R 1T & — LI SMNR (FRLEOFFERNR
Shi-Tomasi &;&#MEMAS ), OpenCV TR T —FitERZTXIHEW
FHit. ESBEBRPIFAERIXRE. XETF Gunner Farneback &L
(2003 &),

TEMEGFREER LENEETERZ LR, ERE2E—NNTEAROE
(u, v) MXLEBERAE, BT iERIESEDLRPVRNNAE, FHAERER
BNERFITHRGUETEIFHOME, SENNETF H (Hue) @&, K/
F V (Value ) @&, XBMTF:
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# -*- coding: utf-8 -*-

Created on Mon Jan 27 12:28:46 2014

@author: duan

import cv2
import numpy as np
cap = cv2.VideoCapture("vtest.avi")

ret, framel = cap.read()

prvs = cv2.cvtColor(framel,cv2.COLOR BGR2GRAY)
hsv = np.zeros like(framel)

hsv[...,1] = 255

while(1):

ret, frame2 = cap.read()

next = cv2.cvtColor(frame2,cv2.COLOR BGR2GRAY)
#cv2.calcOpticalFlowFarneback(prev, next, pyr scale, levels, winsize, iterations, poly n,
#poly sigma, flags[)
#pyr scale — parameter, specifying the image scale (<1) to build pyramids for each image;
#pyr scale=0.5 means a classical pyramid, where each next layer is twice smaller than the
#previous one.
#poly n — size of the pixel neighborhood used to find polynomial expansion in each pixel;
#typically poly n =5 or 7.
#poly sigma — standard deviation of the Gaussian that is used to smooth derivatives used
#as a basis for the polynomial expansion; for poly n=5, you can set poly sigma=1.1, for
#poly n=7, a good value would be poly sigma=1.5.
#flag HJ#t 0 2 1,0 itER, 1 1EEEH

flow = cv2.calcOpticalFlowFarneback(prvs,next, None, 0.5, 3, 15, 3, 5, 1.2, 0)

#cv2.cartToPolar Calculates the magnitude and angle of 2D vectors.
mag, ang = cv2.cartToPolar(flow[...,0], flow[...,1])
hsv[...,0] = ang*180/np.pi/2
hsv[...,2] = cv2.normalize(mag,None,0,255,cv2.NORM MINMAX)
rgb = cv2.cvtColor(hsv,cv2.COLOR HSV2BGR)

cv2.imshow( ' frame2', rgb)

k = cv2.waitKey(30) & Oxff

if k == 27:
break

elif k == ord('s'):
cv2.imwrite('opticalfb.png', frame2)
cv2.imwrite('opticalhsv.png', rgb)

prvs = next

cap.release()
cv2.destroyAllWindows ()

ZRWNTF:
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OpenCV B HREIRE—/NESHKIITEZ AR/ samples/python2/
opt flow.py, ZHREEIE !
ESHR
%3]

1. Check the code in samples/python2/lk track.py. Try to under-
stand the code.

2. Check the code in samples/python2/opt flow.py. Try to under-
stand the code.
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41 BB

Bn
- AHHNMEEES] OpenCV HPIIE RHIRTSE

41.1 E#f

ERSEMMATEREHBE—TEEERNT K, fﬁﬂﬂﬂfﬁg%ﬁ ﬁ
— RSB BARICREANBAREENAL, HERRBEREX,
DREBETEMERSE, EMBNXLESFH, ‘é%zzhkikiiﬁﬂi&zﬂitlﬂéo
RARLFRIE, BAIFENGLNERPRNBINAR,

MRME—KER (REERAIAIR) B, LLAREMENEE,
BRETAMERSE, BMTFDT, ﬁTI]RE‘S%?‘%E’Jlﬁqﬂﬂzf"‘iﬁ_ﬂl
BHRRMRT, EREASHEBERT, BIMREIHN (ER) BEK, AU
BNFENBMNENEGRPRERER, NREERTFHNREIRETER FHIE,
BN TIEMERT, BAZFHERY, NNERMEZRICEFHYUMAR
ER—HRERNSRE.

ATERAZXTBEIHERMNELZEL T/LMEE, OpenCV HEZBET
HE=MtRERZERNGE HN—N—1NFEI—TIE,

41.2 BackgroundSubtractorMOG

XE—IMUBESIRE AEMNFIR/ER 7 8EE, ER PKadewTraKuPong
1 R.Bowden 7 2001 F{EHM, EFEA K (K=3 3 5) I'aHhinfmEan
ERGBRFITEE, ERXLHE (?‘*“A?J”,‘y*ﬁqﬂ)TS_L?'_HTIETJE’J{:%A’FjJ/m:.
E’J*XE ERNEe —RSENNERK, MEEMRLE —MEREL

NHEE?EX, vy FALE—MRERB—INMERLENT, {E%ﬁﬂ'liﬂb?ﬁ#ﬂ’ﬂ
ERERRETHEFIN, BtE—MRESFENMEERAE BRI
MEBERSE, NIMEE—N9 1.

ERSRE, BINEEFEAEL: cv2.createBackgroundSubtractorMOG()
BlE— A’"‘%ﬁ?ﬁ XNMRPBELESH, LMEHITERZISHINEKE,
BHREMIMNBE, BESE. Bii1LBiRERKINME AREERNMMF
HITEREEEA backgroundsubtractor.apply() F 5] A5 EIgiSHIIEHE
T

TER—E 2T :
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# -*- coding: utf-8 -*-

Created on Mon Jan 27 18:13:09 2014
@author: duan

import numpy as np

import cv2

cap = cv2.VideoCapture(0)

fgbg = cv2.createBackgroundSubtractorMOG ()

while(1):
ret, frame = cap.read()

fgmask = fgbg.apply(frame)

cv2.imshow('frame', fgmask)
k = cv2.waitKey(30) & Oxff
if k == 27:

break

cap.release()
cv2.destroyAllWindows ()

41.3 BackgroundSubtractorMOG2

XMIRUSHESHEEAERMMNER/MRDEEE SR 2004 F
#2006 F Z.Zivkovic MARXEREME, ITEEZN—MISRERE
—MERER—NSERENSHDM. (E—NHERBIEAR K SHo
1) EERESWNHTRESREZNSIEMIIRBH T EEFIERN.,

MAE—HRNFELR - ERWR, EEXERNBATTUNERRS
KIMPBARS, WNR detectShadows = True ( BKIAME), EFMKENFHIES FIRiC
4R, EREIHEMESMEREEEE, ZFRBIFCARE,
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# -*- coding: utf-8 -*-
Created on Mon Jan 27 18:16:29 2014

@author: duan

import numpy as np
import cv2

cap = cv2.VideoCapture('vtest.avi')
fgbg = cv2.createBackgroundSubtractorM0OG2()

while(1):
ret, frame = cap.read()

fgmask = fgbg.apply(frame)

cv2.imshow('frame', fgmask)
k = cv2.waitKey(30) & Oxff
if k == 27:

break

cap.release()
cv2.destroyAllWindows ()

41.4 BackgroundSubtractorGMG

WEEES THSERBEGRMLITANSMRAENINHESE, X2 2012 F
Andrew B.Godbehere, Akihiro Matsukawa # Ken Goldberg EXE
FRiR LAY,

EfARTEELIERR (EKIARET 120 i) #ITEREER, ERTHERE
SETHEE (ERIHGTEERNSR ). XR—MWEENGTT, FNEEIRY
WRLIBMWNREEESHNE, AMWLEEMEEERN, —LERSFIRE
MAZEACESHARRELTENRS, EF/IMEGRFEREI—1NE
se&EO,

WERHAITHESFEACEN S EREFREEH.
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# -*- coding: utf-8 -*-

Created on Mon Jan 27 18:18:52 2014

@author: duan

import numpy as np
import cv2

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

kernel = cv2.getStructuringElement(cv2.MORPH ELLIPSE, (3,3))
fgbg = cv2.createBackgroundSubtractorGMG()

while(1):
ret, frame = cap.read()

fgmask = fgbg.apply(frame)
fgmask = cv2.morphologyEx(fgmask, cv2.MORPH OPEN, kernel)

cv2.imshow( ' frame', fgmask)
k = cv2.waitKey(30) & Oxff
if k == 27:

break

cap.release()
cv2.destroyAllWindows ()

41.5 %R
BEaE®
TERERT —EBATHE i P4
R L .
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BackgroundSubtractorMOG H455R

BackgroundSubtractorMOG2 F45R
IR B X IR REAZS

BackgroundSubtractorGMG B4R
ERISFHCER RS SR,

ESHAR
%3]
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2[435 VII
RESYIRE 3D Ef

42 BENIRE

Bin
« FIBEVIBTNRIBENNRBESHANBSH

o FIHIXLESE, WHEEGRAETEES

AY

42.1 Ehl

SRIEMBILIBBY (BN ) SABRGRTERESHBT, BTTFEEH
fh: ZEBTIERET, TEFRR, BLSELEHENAENMORELR,
BERFREAMEEBNIBRHRIILES. MBERITAANZEELNBEND
HET, 1{1:(EIDJ\iEiiiﬁI‘EJDistqr’gion (optics)IRBESHXMAT,

XIS T AT LSS N ER S IREHITALE:

Lcorrected — L (]. —+ ]Cl’]"z —+ k2r4 + ]{;37-6)

Ycorrected = Y (1 + k;lr2 + kg?"4 + k?yrﬁ)
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http://en.wikipedia.org/wiki/Distortion_%28optics%29

TUEAEM, HI—MEERIEAEE, XRHATERSMETFE AL
WEITIEM, IMETREMERPHRELERE EEZNUESEERITIA NN
UEEI—LE, ErEE THAREAHITRIE:

Zcorrected = T + [2p117y + po (7‘2 + 2I2)}

Yecorrected = Y + [2p1$y + p2 (7"2 + 2{172)]

BRI, MRIFAVEEEHEGREITRIEM L IIXE 7S AL T
R

Distortion cof ficients = (k1, k2,1, D2, k3)

BRIEZ 9N, BANEREBKE —LER, LLMREVARFIIBS L.
RFBSURBBIIERE, SRENEREBERE (f, f, ) XFFD (cey)
F. ZWBEHAHBEIER, EX2BURTERENINES, RFEHE—RX, U
[RRAR]ACAER T, FTUAATFEREY 3x3 BIREMERR:

fa: 0 ¢
camera matrix = 0 fy ¢
0 0 1

SNERS B SRR IRAERNN, BRI 3D SRVARIREIREI IR R
S,

£ 3D HXMAYF, DNBHXRIEXLRE, ATHRIZXESH, FHMNL
NBRH-LEAZASERBANFERE R (EEERER ). FATCAE EE
B-EERR (AHEENONER ), BERIXESRSER R PRMEM R
ENWERMUE. BTXEREER, RMNAITUERRFREZRBEHERE, X
MRENMIENRET, ITHIBHFNER, BINELFE 10 MXHFHE
e Ea

42.2 K

MR, FNELEE 10 BIREXRFTIBEVIRE. OpenCV B
T—LEiHZE % (/sample/cpp/left001.jpg--left14.jpg ) , FrLAFRAT=T LAfE
BEl. ATETIER, HATNARREKEEEKR, EEMIREHTE
BHIRERRINEHA—A 3D ESHEPIMSURSENN 2D BgEH
=, 2D BB SrUNEBGHRRESNIKE, (XESERGPHUERMEE
EAANBEAREEEMETS )
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MAEXR A 3D BRI ? IEEGRESFHSREINEERE
B ENFAR. FRCARTFEZEME (X, Y, Z) BWE BRATEHS,
e EE XY TEEF LR, (FIZ BE2FT 0) BEVNEEEHM
BRD), IMBIZILEBRINMNIAFTENE X, Y HEMAINUT, BEI TR X,
Y B9, BANRFEBLAAZLER (0,0), (1,0), (2,0) ..., EIKRTRH
MNE, EXMIFH, BMNUERNBURBEE (BD) HROKN, B
FBMRBANAMERANFREOKN (AW 30mm ), FHANBARERFTUZ
(0,0), (30,0), (60,0) ..., AERIVBMIRE mm, (ERFIPHANNAFIET
REOKDN, ARARZHANAE, FURERmM—MH7TET X

3D REMANRR, 2D BERSEFHEBRA,

42.2.1 &E

ATHEEEBERE, HITEEA XL cv2.findChessboardCorners().
BT EEEABEMNZETR, LN 8x8 MIFEFEL 5x5 MIRFE, EAGIG
HAVEAMRIE 7x8 Mg T, (BEBEATIHEER 8x8 & 7x7), ERIR
EfEs, NMREINERVIEREERKE (Retval ) FiaR True, XLEHSR
BIRFHES) ( NERIE, WEEITF ),

Hitt: XPMRBEIRASHEAERGRENENER, - MFNGER %R
ERE, BHEGIAETE—MPHEREENENER., ERIHGERZ
REMNEXRIARFLENREFR MR, HIZET-—MEGZAZRIRE—
EREIRE, XHERATME BB EIREEEN B, BRI MLRERFA]
R EBSINER, MERBNEEXANF, EAEN 14 BEEPHR
MERJLIBRIFH. ATMARAZIZRE —KEGRMNERE T8RN,

Hfth: RTEREBZI, BAEATUNERSTEEF, BRECRARY
cv2.findCirclesGrid() KX E %R, FEHERREEFRIFERLNE K
FARIBAT o

EH XL RS 2 FFHATTAEAE L cv2.cornerSubPix() &0
. B{1{EREL cv2.drawChessboardCorners() £45IE %, FIEHIX
TREEESETEMNKEHT:

lIE gt
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# -*- coding: utf-8 -*-

Created on Tue Jan 28 08:53:34 2014

@author: duan

import numpy as np
import cv2
import glob

# termination criteria
criteria = (cv2.TERM CRITERIA EPS + cv2.TERM CRITERIA MAX ITER, 30, 0.001)

# prepare object points, like (0,0,0), (1,0,0), (2,0,0) ....,(6,5,0)
objp = np.zeros((6*7,3), np.float32)
objpl[:,:2] = np.mgrid[0:7,0:6].T.reshape(-1,2)

# Arrays to store object points and image points from all the images.
objpoints = [] # 3d point in real world space
imgpoints [1 # 2d points in image plane.

images = glob.glob('*.jpg")

for fname in images:
img = cv2.imread(fname)
gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)

# Find the chess board corners
ret, corners = cv2.findChessboardCorners(gray, (7,6),None)

# If found, add object points, image points (after refining them)
if ret == True:

objpoints.append(objp)

corners2 = cv2.cornerSubPix(gray,corners,(11,11),(-1,-1),criteria)
imgpoints.append(corners2)

# Draw and display the corners

img = cv2.drawChessboardCorners(img, (7,6), corners2,ret)
cv2.imshow('img',img)

cv2.waitKey(500)

cv2.destroyAllWindows ()

—BIEEMWEHIE LIAER:
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42.2.2 FE

EBRETXENKRAFTERGRZE, BIERESTRBIBEVIRE 7.
BINEBFEANERLIE cv2.calibrateCamera(), ESIROIEEIIIEE, B
TR, EENTHREESE,

ret, mtx, dist, rvecs, tvecs = cv2.calibrateCamera(objpoints, imgpoints, gray.shape[::-1],None,None)

42.2.3 BMTRIE

MAEFNKBIBNBEZNRA T, HATTAKE —BEERR I TRIE
T. OpenCV BETHEMAZE, HINEES]—T., RIEBZRIFANTTAER
MEEE cv2.getOptimalNewCameraMatrix() 521 E B R R EOTE
B HITHIL. MREMERI alpha =0, REMIEBSEGREEERLVE
HNARENGRE, EEEGREEGASRER—LERER, R apha=1, FF
BHEREESHIRE, 25— LEEKR., EXRIRE—/ ROI B, FHATATMU
PR ERH#AITHE,

BANZE— A FEE1R (left2.ipg)
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img = cv2.imread('leftl2.jpg")
h, w = img.shape[:2]
newcameramtx, roi=cv2.getOptimalNewCameraMatrix(mtx,dist, (w,h),1,(w,h))

£ cv2.undistort() XERREHEAGE. IAFEAI MR LLFE
#9 ROI 4R HEITHEL,

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

# crop the image

X,y,w,h = roi

dst = dst[y:y+h, Xx:x+w]
cv2.imwrite('calibresult.png',dst)

5 remapping XNiZETF"HME&HRE"T. SLB11ERINBTEGRE]
BT EGRIRET HTE, BEREMRS AL,

# undistort
mapx,mapy = cv2.initUndistortRectifyMap(mtx,dist,None,newcameramtx, (w,h),5)
dst = cv2.remap(img,mapx,mapy,cv2.INTER_LINEAR)

# crop the image
X,y,w,h = roi

dst = dst[y:y+h, x:x+w]
cv2.imwrite('calibresult.png',dst)

XERGELAENERZERN, ERWTAR:

248



7 BN
MR EREBPABIOREBTET,
MEFHATTAER Numpy RHES XL (np.savez, np.savetxt &)
HRENIEPFAI T R BRTFUMELEERA,

42.3 REABFIRE

BATAT AR AR @R IRERFBABLB WS R ERERITMHT. SR8
HREELE 0 WF, BTAXNSH, BESKAEETIRER, HARATCAE
F cv2.projectPoints() 53 R REREIEGR SR, ARMAIUITTETRGE
BEREARENEENENET., AR EMEIREERKRIREFIIE,

mean_error = 0

for i in xrange(len(objpoints)):
imgpoints2, _ = cv2.projectPoints(objpoints[i], rvecs[i], tvecs[i], mtx, dist)
error = cv2.norm(imgpoints[i],imgpoints2, cv2.NORM L2)/len(imgpoints2)
tot_error += error

print "total error: ", mean_error/len(objpoints)

ESHAR
%3]

1. Try camera calibration with circular grid.
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43 ZEHMHT

Bix
o ATNHANEZS)EA calib3D EREEGHREIE 3D MR

43.1 E#M

FELE—THEREBIURER, BIEEFE THREVENR, BTREEF. &
TREFBHMNMAT NG EGRPERNZES, LLWBERTR2MFIRK, W0
hEse S, W—MNFEXTHRRK, FATRTCAMRIR Z=0, ZHFiEBMEILMRE
MEZEPR2MFEER (RRHER) 8. U, IRBAFENREZ B
Z8, BFMTUEERBRPLHI—L 2D WL ER™4% 3D IR, HIKE
— T EAMIE,

BAMEER, EEHENE - NAREGH 3D L45H (X, Y, Z4H ), X
HMAER, YHARE, ZiHAOe, EUERRERE, ZHNZREES
HET Y,

BARNZMHMEER P REVIEENBZ R,

# -*- coding: utf-8 -*-
Created on Tue Jan 28 11:06:10 2014
@author: duan

import cv2
import numpy as np
import glob

# Load previously saved data
with np.load('B.npz') as X:
mtx, dist, , = [X[i] for i in ('mtx', 'dist','rvecs', 'tvecs')]

MEFKINKNEZ—NE: draw, EMNSHEHELMNES (EH
cv2.findChessboardCorners() 52| ) F1E4 509 3D Aixrih EHIS,

def draw(img, corners, imgpts):
corner = tuple(corners[0].ravel())
img = cv2.line(img, corner, tuple(imgpts[0].ravel()), (255,0,0), 5)
img = cv2.line(img, corner, tuple(imgpts[1].ravel()), (0,255,0), 5)
img = cv2.line(img, corner, tuple(imgpts[2].ravel()), (0,0,255), 5)
return img
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MEIE—#, BMNEFRELLERG, W= (HELH 3D A=) FL4R
=, 3D F[EIHEIAIRAHR RN T A Bl R, FA A BRI AL IRMAYRKE
3, FTBA X %M (0,0,0) &% (3,0,0), Y #thZE, Z #M (0,0,0) L&l
2 (0,0,-3), MERTERHE (EET) REVAE,

criteria = (cv2.TERM CRITERIA EPS + cv2.TERM CRITERIA MAX ITER, 30, 0.001)
objp = np.zeros((6*7,3), np.float32)
objpl[:,:2] = np.mgrid[0:7,0:6].T.reshape(-1,2)

axis = np.float32([[3,0,0], [0,3,0], [0,0,-3]1).reshape(-1,3)

REBE—HRNEENHEGR, 13 7x6 9T, IREWM, FHINFHMIEE
RILBIT B ER, ARERERB:cv2.s0lvePnPRansac() Kit&EhEiEiE
e, BENBTTRIEREZE, FAFEIUF B TS LA 575 = BRET ZIE
BEmPE, BERE, BINERGTERLZR TS 3D =EHFMS (3,0,0)
,(0,3,0),(0,0,3) MW MR, AREFHNFAIAERHEIIMERL draw() MEK
FHE— MRS AREHERILSNEL T, BE !!!

# -*- coding: utf-8 -*-
Created on Tue Jan 28 11:07:34 2014

@author: duan

for fname in glob.glob('left*.jpg'):
img = cv2.imread(fname)
gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)
ret, corners = cv2.findChessboardCorners(gray, (7,6),None)

if ret == True:
corners2 = cv2.cornerSubPix(gray,corners, (11,11),(-1,-1),criteria)

# Find the rotation and translation vectors.
rvecs, tvecs, inliers = cv2.solvePnPRansac(objp, corners2, mtx, dist)

# project 3D points to image plane
imgpts, jac = cv2.projectPoints(axis, rvecs, tvecs, mtx, dist)

img = draw(img,corners2,imgpts)

cv2.imshow('img',img)

k = cv2.waitKey(0) & Oxff

if k == 's':
cv2.imwrite(fname[:6]+"'.png', img)

cv2.destroyAllWindows ()
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SERWT, BRI THE, SRARMKEERE 3 MEFHIKE,

43.1.1 BR—MIFHE

WRRIELLH] — NI FRENEEYN draw() REHITINTENR:
{EREHY draw() EiEY:

def draw(img, corners, imgpts):
imgpts = np.int32(imgpts).reshape(-1,2)

# draw ground floor in green
img = cv2.drawContours(img, [imgpts[:4]1,-1,(0,255,0),-3)

# draw pillars in blue color
for i,j in zip(range(4),range(4,8)):

img = cv2.line(img, tuple(imgpts([i]), tuple(imgpts[jl),(255),3)

# draw top layer in red color
img = cv2.drawContours(img, [imgpts[4:]1,-1,(0,0,255),3)

return img

(e Erirsi=,. ENR 3D ZEFAM—NIIAAE 8 MAR:

axis = np.float32([[0,0,0], [6,3,0], [3,3,0]1, [3,0,0],
(e,o,-31,[9,3,-31,13,3,-31,[3,0,-3] 1)
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MR ENERZREEIE, S THENEGROESYE, (RATUER
OpenGL KERBEEZ#MER., (T—1TBHR)

ESHAR
%3]
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44 NHJL{ (Epipolar Geometry)

Bi5

o ABHNELIS0MEAERM

o BIHLRWE, WS, WRYES
44.1 EFXES

EFNERHFLEVE, BIaFEXAKREEENED, LMEERIVRE,
FERER LR SFIREYAES, EXE— M 3D 3 2D miEik, Elb—
NEENOFEREET, EFAXHEMNBENBIESTERIEERSE? &R
MZERAZSMEN., FIRREMEXETIER, ERENMREV (FWAEIREE),
XM AR TE, FAIHREE OpenCV 1EiX HHEAIATERIR ML T 408,

({=3] OpenCV) —HHAREMEXHMIT, )

EFENREERGZE, BIEBAEE-LSARITHNERMRS, LT
RENZLIENRILE, FTEAERHSRGVERN —N—MaRFITHIR

rREE.,
= o
i
\‘ ‘/ &
e e e ~
o o

MRIAZA—SREBHNIATATEEMNIE 3D =E Y X R EGTEAIEE
B, AR OX B LB T rRFIEGTE LN <2 EEN, ERWMEHK
MNEE EEMNEGIIE, B4 OX EMNSBREIENEG ENAEMUE,
FTARIE X AIEE &, FAIMATUER=AMNEHEY 3D ZRFHSEIE
PMEIEER (RE ). ZMEENEE.

B OX EMARESBHFHBEMER ERMRNL | #IFhS x SRR
%, MEN, HANTUEEMNEGREEIFNEILE x R, ErIEEXE
B4 EEMIE (XEREYMIEERE LN _ SR RMETHM 7aE
WMER—HB R, IMATETARENTE, TRTFEITHIRITS SRUERLT
R ), WM ANRLIR, SIEE, MENSEEMEGTEES 2N
FIR4. FE XOO0' #H i Tm.

O # O' REBNHIF L. N EEKREEINEL, AMEENAPL
O' REINEMBEGTER e R, ITRIBH TR, RLRHMZBBIPOE
ZKERGRTENRS, BltR o' REMRENAIRR. BLEERT, FATT6E
AEEEBTHRERS, ENTEEETEGZI (XIRBIMNMREVIAEE
RIBENRLE )

X
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FTBEMIMAEREZ T NS, AR THEIRREME, BATTUEHKE S
FRk, XEMENR SRR,

ERNHNNERMERERENN S, ATHIEN], BINTEFERIT
=, HEER (E) FERERE (F) . AMEEREE TYEZREFEH MRS
MXRBGERITBER. WTFEMR (FEXREB: %3] OpenCV)

d < s 0
Ei ¥k FIRTER ENERINEEBETEMEGININMWNEH, BT F
BaTREASH, BECINCERELFREH BEIEHER, (N2
FHARKRIEZ GHEBHFBEIRAERFHITTIA—L, F=E), BEFRH, &
hii%EPE F 15 —EIEMR PRSI E S —REGFIE (k) £, XREIMN
EE /e E& LRI =RSCIEY, BEHEREMERELVEE 8 M= (FAH 8 S8
%) RS, sJUUFER RANSAC x5 FMRENER,

44.2 K

AT FEEMBERMNNZERBERGPRIIRESHLES, FATIA
M SIFT #&iA%F, FLANN [LEC23FNELEEM,
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# -*- coding: utf-8 -*-

Created on Tue Jan 28 14:20:43 2014

@author: duan

import cv2
import numpy as np
from matplotlib import pyplot as plt

imgl = cv2.imread('myleft.jpg',0) #queryimage # left image
img2 = cv2.imread('myright.jpg',0) #trainimage # right image

sift = cv2.SIFT()

# find the keypoints and descriptors with SIFT
kpl, desl = sift.detectAndCompute(imgl,None)
kp2, des2 = sift.detectAndCompute(img2,None)

# FLANN parameters

FLANN_INDEX KDTREE = 0

index params = dict(algorithm = FLANN INDEX KDTREE, trees = 5)
search params = dict(checks=50)

flann = cv2.FlannBasedMatcher(index params,search params)
matches = flann.knnMatch(desl,des2,k=2)

good
ptsl
pts2

# ratio test as per Lowe's paper
for i,(m,n) in enumerate(matches):
if m.distance < 0.8*n.distance:
good.append(m)
pts2.append(kp2[m.trainIdx].pt)
ptsl.append(kpl[m.queryIdx].pt)

RERIT —TRERIIR, BAAIMERERTEERMBERT.

ptsl = np.int32(ptsl)
pts2 = np.int32(pts2)
F, mask = cv2.findFundamentalMat(ptsl,pts2,cv2.FM _LMEDS)

# We select only inlier points

ptsl = ptsl[mask.ravel()==1]
pts2 = pts2[mask.ravel()==1]
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T—ERNEHTNREZ, BINEE—1ESRSLMBE. FRURIE
E X —NFEIR B X L A I 2 B R .

def drawlines(imgl,img2,lines,ptsl,pts2):

''' imgl - image on which we draw the epilines for the points in img2
lines - corresponding epilines '''

r,c = imgl.shape

imgl = cv2.cvtColor(imgl, cv2.COLOR GRAY2BGR)

img2 = cv2.cvtColor(img2,cv2.COLOR GRAY2BGR)

for r,ptl,pt2 in zip(lines,ptsl,pts2):
color = tuple(np.random.randint(0,255,3).tolist())
x0,y0 map(int, [0, -r[21/r[1] 1)
x1,yl = map(int, [c, -(r[2]+r[0]*c)/r[1] 1)
imgl = cv2.line(imgl, (x0,y0), (x1,yl), color,1)
imgl = cv2.circle(imgl, tuple(ptl),5,color,-1)
img2 = cv2.circle(img2,tuple(pt2),5,color,-1)

return imgl, img2

MERNRIBER P I EFH LR,

# Find epilines corresponding to points in right image (second image) and
# drawing its lines on left image

linesl = cv2.computeCorrespondEpilines(pts2.reshape(-1,1,2), 2,F)

linesl = linesl.reshape(-1,3)

img5,img6 = drawlines(imgl,img2,linesl,ptsl,pts2)

# Find epilines corresponding to points in left image (first image) and
# drawing its lines on right image

lines2 = cv2.computeCorrespondEpilines(ptsl.reshape(-1,1,2), 1,F)
lines2 = lines2.reshape(-1,3)

img3,img4 = drawlines(img2,imgl,lines2,pts2,ptsl)

plt.subplot(121),plt.imshow(img5)
plt.subplot(122),plt.imshow(img3)
plt.show()

A
HY

THEHEIESR:
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\\

MR VA

£ 2 .

N EE T ABHFBENREE LR UBBRIMI—=, IMEHERS,
ATEINBHMER, BN ZERSHELRSHIE B non-planar

ESHAR
%3]

1. One important topic is the forward movement of camera. Then

epipoles will be seen at the same locations in both with epilines
emerging from a fixed point. See this discussion.

. Fundamental Matrix estimation is sensitive to quality of matches,

outliers etc. It becomes worse when all selected matches lie on
the same plane. Checkthis discussion.
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http://answers.opencv.org/question/17912/location-of-epipole/
http://answers.opencv.org/question/18125/epilines-not-correct/

45 MFERPHRENE

Bix
o ATHEANEZ I NN AREGREIFREHE

45.1 E#f

T L —THRENFES THRAROEABFSHERAE, NMRE—-1557E
AEEGINIER(EER LM TURBEGINAERES. TEZMXEEIE
FRHFEANERRINNERENE, (EEXKIRE image courtesy )

X

O Baseline )
B

The above diagram contains equivalent triangles. Writing their
equivalent equations will yield us following result:

B
disparity =o —x = 7f

x M x' FRIREGHIRE 3D Z=E PRSI BENPOMES, B2
XEMBEBHZEIMES, f REBEINEE, DONFASFANRNEES
x M x' FERMKREE, FTMREXNERNEANM AT ASE BB FAE REREE,

XEMAI A MIEEGHRLER T, siEBEIIELME T HIRLIRA]
PAEX MR RE E, —BEHEITRE, #eICATEL disparity T, £
IIE%E&7E OpenCV HUEHHIE,

45.2 K
TEHNRBERTHEREENESETE.
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TEEMARKER, EMNAREERR, NEFR, SEFBEEXHN
BITiEE num]_)_isparities #0 blockSize BB, BB EIFHFRIER,

# -*- coding: utf-8 -*-

Created on Tue Jan 28 16:03:03 2014

@author: duan

import numpy as np

import cv2

from matplotlib import pyplot as plt

imgL = cv2.imread('tsukuba 1.png',0)
imgR = cv2.imread('tsukuba r.png',0)

stereo = cv2.createStereoBM(numDisparities=16, blockSize=15)
disparity = stereo.compute(imgL, imgR)

plt.imshow(disparity, 'gray"')
plt.show()
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184 VIII
WESE3)
46 K iE4B (k-Nearest Neighbour )

46.1 IEfF K T4B
B
o ABHNBIEMR k 48 (KNN ) HE A,

R

kNN TR EERENEEFI)NERT. WELBEESR, MEKEid
ﬁﬁ&ﬁ&?@¢%%ﬁ%ﬁoﬁm%ﬁmTEWEHﬂQEO
A
K G A

LFEIFERETUS A, EEHBRNLE=1H, B—AHBRIURN—
N, BANTMERBMXENREMRE — MUEFET, MABKET S5
BTFEeMNLERK, MXMIEMRMMBISEREE, ({Re]BAE—MFE=
Bl ERRERNREAENZEE, FIINE—1 2D HBIRZEF, S8R
R AMEE x 450 y 824%, {RRICATE 2D AR EFRTXLERIE, IRE
NMIIRER 3 MEEE, BAMFE— 3D =iE, N MFEMFE N 4=
i8], X4 N EZRMBIFEZE, ELER, BAIFTHARZEEHEMHIE
2D =) ),

EREPRT —MIA, NFEFRAZEEERR. BMNEREME
FRUERMAANEERERIERE, FMNEXITEMASTE, HMNNZE
2 M0 ? A ABANEEFESE KNN, BEAVMER —TXNEEE,

— P HEMREBMRIONSERTBIRE, KNEGPHNMIERIN
RUB=AKIK, FMAEEDZIEREK, SMHTERTERESN, BAhn
ERXNRESEREILE,

ERXBELE Mo, de=fArERREN, BENRtEAETERS
EERREADE ? RN ERGRYEINFMEIZATLE=A, AR
RNRIEN— N BERANRE, FrMABAEN k MRIEME, EEX k M
BERESESE, BHORAMETER—%. MRk FT 3, LMEELEE
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BN 3 MRIEIBE, BERANLHF— P ENSE, FIUMERETL
BxRik BERNRKkFT 7Rk? tE 5 MEEM 2 MEKE, RERMS
BWHRBEERKT, kK MEENEREMIEEN, ERENE, MRkFT 4
e ? MAMIMANE, XB—1MES, M k WEERIFHFHR, XPRE K
BRI SBEHITH R TEWM 79 KNN,

£ kNN FHEA1EBRT k MRIEME, BRFRAE T XLBEHEFHIN
E, IHEMAFR? Bk FF 4 1, BAHBIE—1EE BERRIMIE=
AR ERRREBHMREL L, FUhENZES HLEKK. A
BEMZMARTE ? RNERES NS TFERBEFHEBN SN TR TR
ERE, EEAENEEESHINE, BEEZHNNEER, ARBAMRERD
IR EFRFAIMTIE AR, ERINEAME T, XM ELHTR
kNN,

ABXEmMEREZMIE ?

s BNFZRMIERENEFHER. BABMNENEHRREZMEINTF
FFHEER, AEEPRIIRAN. MRPERRSET, RBSARK
HRFHE S 8T EE,

o JLF IR FAEER ],
M7EFKAIEE OpenCV FfJ KNN,

46.1.1 OpenCV HFfj KNN

BITXERFE—NEHENGF, MEE—HERIE T-HENEE—
NEFRIGF,

XERIVBLIEKERICH Class-0, EERiEIREH Class-1, T E
BeliE 25 MIGEE, EeflFERIRIEA Class-0 3#F Class-1, Numpy
FRBEN £ 7= 4 23 BT AR BN B 1T AUX ME S

XI5 &) Matplotlib ¥ XLLLHIHEK, ABEREKERALB=REE
KB RAEBHR,
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# -*- coding: utf-8 -*-
Created on Tue Jan 28 18:00:18 2014

@author: duan

import cv2
import numpy as np
import matplotlib.pyplot as plt

# Feature set containing (x,y) values of 25 known/training data
trainData = np.random.randint (0,100, (25,2)).astype(np.float32)

# Labels each one either Red or Blue with numbers 0 and 1
responses = np.random.randint(0,2,(25,1)).astype(np.float32)

# Take Red families and plot them
red = trainData[responses.ravel()==0]
plt.scatter(red[:,0],red[:,1],80,'r",'™")

# Take Blue families and plot them
blue = trainData[responses.ravel()==1]
plt.scatter(blue[:,0],blue[:,1],80,'b","'s")

plt.show()

e e B — 15 LEEUNER, ERaxe—#, BARERTH
MEF=ERE, BRFETRBEHRFITRNGE

THEMZ KNN FE9EB0HRME, BNBEAA-MIERESE, Uk
S8R MY 2K KNN 533888 (FERBIEERM ),

&AEER OpenCV H#) kNN 7388, BB E—MNAEKE, iLEX
HITHE, EER KNN Zal, BAINZINREEER T, FAIRBRIEN
ZRXNNABEHEFRUHER B ZRMRAE, ARHNMAIAET T EK
MBI ERIENBET . BATFIREREIMWRIESENRE. ROERRE:

1. B kNN EZF T EEFMABIEA LIRS (0 2 1), WMRMFEER

RANEE, AFRER KIREN 1, kK MERRESBHIKE.
2. k MRIEBERIZERIIRS,
3. BMRIOPEEIMIABURMEE,
IERANEE RN TN, MRBBRIFCHEE,
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newcomer = np.random.randint(0,100,(1,2)).astype(np.float32)
plt.scatter(newcomer([:,0],newcomer([:,1],80,'g"','0")

knn = cv2.KNearest()
knn.train(trainData, responses)
ret, results, neighbours ,dist = knn.find nearest(newcomer, 3)

print "result: ", results,"\n"
print "neighbours: ", neighbours,"\n"
print "distance: ", dist
plt.show()
THEHERNGS

result: [[ 1.]]
neighbours: [[ 1. 1. 1.]1]
distance: [[ 53. 58. 61.]]

XUEBRFATRMIA RS 3 MBE, MR EE, FUERD hEERK
IR, SRRAE, WTFEMRR:

100

)

= u
8

L [ ]
[ ]
60 A -
© A = u .
A ]
[

20

A
B 0 20 40 ()

MRBAVERENKRFEZHITUR, sJUEREA—ME, WNLE
Eth 24,

# 10 new comers

newcomers = np.random.randint(0,100,(10,2)).astype(np.float32)
ret, results,neighbours,dist = knn.find nearest(newcomer, 3)

# The results also will contain 10 labels.
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ESHR

1. NPTEL notes on Pattern Recognition, Chapter 11

%3
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http://www.nptel.iitm.ac.in/courses/106108057/12

46.2 {EMA KNN WFEEHF OCR
Biz
. BIRERARIEN KNN £iReIE—MEAN OCR 2/
« {EF OpenCV BEHMESHFNFSEIBMLHIM0T2RF

46.2.1 FEHFH OCR

BNMWEMREIZE - AN TUNFERFHITIRANNGER, A TARXNE
HERMNEZINGEIBEFMIXEIE, OpenCV ZEEHE—EIES (/samples/
python2/data/digits.png ) , EFH 5000 MFEEHF (BIMEFEE 500
&), BMIFR— 20x20 FY/NE, FTUE—-THEFXNER D EIRK 5000
MARENEF. BINEBFRIENE - M HFHNERERR—1TEE 400 MK
ZRMHFER, XMMBHINSTESE, MEGENKREE. X2HI6ECIE
RIEE R RVAHES, BIVERSNMFME 250 MERMIIGHE, FRD
250 MR R, IERNEEE—T:
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# -*- coding: utf-8 -*-

Created on Tue Jan 28 20:20:47 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

img = cv2.imread('digits.png"')
gray = cv2.cvtColor(img,cv2.COLOR BGR2GRAY)

# Now we split the image to 5000 cells, each 20x20 size
cells = [np.hsplit(row,100) for row in np.vsplit(gray,50)]

# Make it into a Numpy array. It size will be (50,100,20,20)
X = np.array(cells)

# Now we prepare train data and test data.
train = x[:,:50].reshape(-1,400).astype(np.float32) # Size = (2500,400)
test = x[:,50:100].reshape(-1,400).astype(np.float32) # Size = (2500,400)

# Create labels for train and test data

k = np.arange(10)

train_labels = np.repeat(k,250)[:,np.newaxis]
test labels = train labels.copy()

# Initiate kNN, train the data, then test it with test data for k=1
knn = cv2.KNearest()

knn.train(train,train labels)

ret, result,neighbours,dist = knn.find nearest(test,k=5)

# Now we check the accuracy of classification

# For that, compare the result with test labels and check which are wrong
matches = result==test labels

correct = np.count nonzero(matches)

accuracy = correct*100.0/result.size

print accuracy

NESEAN OCREFEZAERHT, ENROIPHRINBRIFERE R
91%, tNEEBEN—NMERREESMIIGEIE, LEEFIMEIRAIR
LRF, ATHEEXGTEFBEESMINED LR, BIKRFIEERE,
EHEETRETEN, REZEAXGPIEREUI LRI FIBHITHEMTUT,
Numpy Zi# np.savetxt, np.load o] AR EXLE,
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np.savez('knn data.npz',train=train, train labels=train labels)

# Now load the data

with np.load('knn data.npz') as data:
print data.files
train = data['train']
train labels = data['train labels']

EHNRED, SANZEEARMD 44M, BFRIEERAKEE
(unint8 ) fEAHHIE, ERTFZRAIRFEEILEHIRRIZM np.uint8 #8310, X
HHMAFESA 1.1M =6, ENHKRIENBESE float32,

46.2.2 RXFHH OCR

BT RBATPRMEXFZH OCR, M LEMZ—#, BRFIBEFISTES
—LARE, ME OpenCV LHENARERT, ME—MUEXH (/samples/
cpp/letter-recognition.data ), MRITHAEMNE, FEKLWESR 20000 17,
F—HEBLEMEGRLR, XMFREES—THE-INZENH—NFERIC, &
TRE 16 MIFREMANENFIE, XEFIERIETFUCI Machine Learning
Repository, {REJUELLTIHKBIESHEXER.

B 20000 NMEARTTLAER, FEAIEXET 10000 MERIIGHELR, RTH
10000 MERMIRER, FNINEXIEFERERAN asc 15, AAFKNIANIE
B EFH,
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http://archive.ics.uci.edu/ml/
http://archive.ics.uci.edu/ml/
http://archive.ics.uci.edu/ml/datasets/Letter+Recognition

# -*- coding: utf-8 -*-

Created on Tue Jan 28 20:21:32 2014

@author: duan

import cv2
import numpy as np
import matplotlib.pyplot as plt

# Load the data, converters convert the letter to a number
data= np.loadtxt('letter-recognition.data', dtype= 'float32', delimiter = ','
converters= {0: lambda ch: ord(ch)-ord('A')})

’

# split the data to two, 10000 each for train and test
train, test = np.vsplit(data,2)

# split trainData and testData to features and responses
responses, trainData = np.hsplit(train,[1])
labels, testData = np.hsplit(test,[1])

# Initiate the kNN, classify, measure accuracy.

knn = cv2.KNearest()

knn.train(trainData, responses)

ret, result, neighbours, dist = knn.find nearest(testData, k=5)
correct = np.count nonzero(result == labels)

accuracy = correct*100.0/10000
print accuracy

HERERIART 93.22%, EMFRRICAETIBMIISHETNBERRESER
%O

ESRR
%3
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47 ZFRFERN

47.1 IEf SVM
Bix
o ¥ SVM B—ANEMILMRE

R
47.1.1 SHERIESE

MTERR, EREEMERIE, dFER, MRI2EA KNN, HF—
MR BERANZVNECR S —MEEANES, NMREREMSED L, MNE
FBENESTERBIE, FAFERENAFFMREIIGHES, BREDET
BRI BIERENTE SRR AS TG ?

BINEBESIIN—NEE BIKET—REL, f(2) = ary +bas +c,
B EFEMNEIENEIZIRm MK, HEN2E—MUEEHE X 6F, HR
FEINERA f(2). AR |f(X)| >0, EMETEEA, TMNHETIEA,
BANEXREM AREDSR (Decision_Boundary ), RiE &£ EAFER
MEHRES, IMEA—FEL (KEBRSMUZEIFHBEE ) LREIED K
FLERI TS AR RS &l

M EEPRHINBHERESRELTTUBRIES D ELTAE, B—FELRE
RIFIE? ER EWXRELNZRSWMARIBNESITMIT, Al ?
ERMRMIETREB RSN ( ESLHIE + 185 ), XEHIBARN X MWDE
FUERMY, FTAXRESENELMIREENTFREE. FIll SVM Z2HH2
KB —RE%, HEXFELD (SR ) SERIBENREESERA, TE
FANERE 2RO,

;h‘.

ERINRTELR, MBEEERISGHIE. RNESMBIIZGEIEL? &,
AFEREFTAFTNORE, NWEEF - EEMNEEMAMIBHNGR, K
Mt ZiFaR, SN ELUMKRITEE, B 7T XEREMRE KT
RENRT., BAHBOABIERE. XX TFRIEECEER,

We need not worry about all the data. It helps in data reduction.

BRRETH AN ? BRI E T oK RBATIENEEE, i, &
BEIERTUA w4y > 1 RIR, MABKIETUA wlz+b) < -1 TR, w Y
HANEER (w=[wi,ws,...,w3]) X AFHEER (2 = [21,22,...,2,] )o bo &
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P9 bias (#EE ?), MEBEERE 7T RELFRHIER, M bias RIRETE (R
EBR) WAIE, REDFREEX HZXANMBFEEPELZ (FE), i%ﬁ“tjj
wlz+by = 0, NZIFEEEREDRMIRIEIERE R distancesupport vector = HWII"
NERKEAZNMESHRE, BMNEEEIMIEKERA, B1Z2CIE—
BRI L (w,bo) FEERER/N:

m%nL(u'. bo) = §||w||2 subject to t; (w’z + by) > 1 Vi
w,bg

B, R—AEMRE, te 1,1

47.1.2 EEMHBESE

MER—T, NR—EPIBERER —RELD DWEAELD ? W0, E—4%
it X ZESWRIESE (-3, 3), O XASHRIESSE (-1, 1), REE
RO BEFERLEMDENE X 1 O o H. BRE—NAET USRI 0]

B, FHERK f(v) = 2? WX BEHEHITIET, SR X R 9, O 1, XA
FEIAMERLMERE T,

HEFA BT AE— E IR R F AR, BT UERERS f(x) =
(z,2?) WHURHITIRET, XX TAT (-3, 9)F (3, 9) M O MEMT
(-1, 1)H)F (1, 1) EHFTULMERDE, BRRIAMBEMETEIAEL T
PEINBIRESEZBIEB I aEr] UL D E,

BEEHRNETLE d HHRIEMEE D HHRIBERENEEAIUALE D Z
(D>d), XFAEERTLABBIFRA @ IR A ($HE ) TRIMITERIKES
B | =R, FA1eI AR T ERIEFi5BE,

BRIRFATE _E=EIFEIR: p= (p1,p2) M g = (q1,¢2)0 B O RRIR
5TERI 54, bTM&&D‘EﬁT&—:ZZ&E’JfHRQT B =4z E) 5 o

¢(p) = (pi,p3, V2p1p2)o(q) = (41, 53, V2q12)

BNEEX —MZER K (p,q), ERJUARRTERNSRINR, TR

K(p,q) = ¢(p).9(q) = ¢(p)Td(q)

= (0}, 3, V2pip2). (. B, V2a140)
= P11 + P2q2 + 2p1qip2ge
- (p1q1 +p2q2)2

¢(p)-6(q) = (p-9)°

XEBI = = B PRI AR P BLE T T+ 8 — 4T e R AR E A RKE, X
ALY R E SR =(8), FﬁM’fE?EﬁQEE’J;ﬂ}E;Eﬁ'%- ENNSHEYHE, T
TRMEE, BIMEET ST B .

F‘-FTJ:EE’JE*WE%"\Z% EE—NOBEEMRR, PBARHEHIR, X
NZFEERXDENREDRRABH, ﬁﬂ]:l%%%lﬁf‘éﬁéﬁ?é%% HIiR
=, BRBENZENATARNOEIEARRANEBERBIRNERRIMN,
FrAFRAZEE X FABVE BB TIE IERIKE 'J PMEFHATLR: R,
RNMBIRDE, FHIFRERRIE D
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min ||u'||2 + C(distance of misclassi fied samples to their correct regions)

TEERIMEZ, WFINSRENS—ITHEEAXEBMT -1 28 4 E
RRIGHFERZBAIFES (KIRMER ) WBTHNERS. MTIRLEDEIE
WEERZNSHN 0, BAENSEEENNSSTE L,

MEFRPRMAILRIERTNT

m%n L(w,by) = ||w||2 - C'Z{,— subject to yi(wlz; + by) > 1 — & and & > 0 Vi
w,bo -

S8 C MBEVEMNIZINAIERRE ? RBE N IZBURTIRIVIISEEE, BRE
E—1MNE—MER, BREMEZEE C WEERBKITTRNIZEE—T FTEMM
m:

« MR C MEVELERK, BIRHERFEL, ERLGHIE/N. EXME
HRDEPNRNEERS, EILRK, (EBIRRF R/ FATAT LR
KK C 1B, )

« MR C MEVELER/)D, BERERKA, BHRDLNYERFAS. H
MREFHIRDEZMAM LR, ETRN. BMUUEIRMRR D THEI—
BEREEXKAENBFENBEEITAE. (NMRBUBRFLLERKN, M
ER)

S
i~
%

ESHR

1. NPTEL notes on Statistical Pattern Recognition, Chapters 25-
29.

%3]
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http://www.nptel.iitm.ac.in/courses/106108057/26
http://www.nptel.iitm.ac.in/courses/106108057/26

47.2 {#H SVM #H{TFEEHIE OCR
HiR

ATHNTEREHITFSHIEN OCR, EiXXFHIMERNE SVM MR
= kNN,

FEHFH OCR

£ KNN FEERERGENREEFENSTIAE, RB1EERA
B EH A B Histogram of Oriented Gradients ( HOG ) {E R4S EEE,

EitE HOG siF(ERB RN ZMENE#THHM (deskew ) LI,
FIAFITE AEE X —MNE N deskew(), B U —MEG#HITHREANLA
12, TEMEZ deskew() E#:

def deskew(img):
m = cv2.moments(img)
if abs(m['mu02']) < le-2:
return img.copy()
skew = m['mull']/m['mu62"']
M = np.float32([[1, skew, -0.5*SZ*skew], [0, 1, 01])
img = cv2.warpAffine(img,M, (SZ, SZ),flags=affine flags)
return img

TEERTHMEERF 0 MER#TRHAMGEEHNNR. =NRFEEE

&, GMNZEEHER,

ETRAMNEBUHTERGRN HOG AT, BIZ—MEH hog(, HLLFA]
THEE® X BEFM Y 7EkE) Sobel S8, ARUHESIEMRENMENT
BFRD, X MEEIERM 16 KB, FEGS R 4 YNGR, WE
—MNNVARTEENNEAEESE (16 4 bin), FEABENX/NMINE, X
HE—NMNARBEFE—1E%F 16 MTHANEE, 4 NMNGRE 4 MEE
AR T IXANERIFEEE (B8 64 MR ). EMERNZNFLENS
&,
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http://en.wikipedia.org/wiki/Histogram_of_oriented_gradients

def hog(img):
gx = cv2.Sobel(img, cv2.CV_32F, 1, 0)
gy = cv2.Sobel(img, cv2.CV_32F, 0, 1)
mag, ang = cv2.cartToPolar(gx, gy)
bins = np.int32(bin n*ang/(2*np.pi)) # quantizing binvalues in (0...16)
bin cells = bins[:10,:10], bins[10:,:10], bins[:10,10:]1, bins[10:,10:]
mag_cells = mag[:10,:10], mag[10:,:10], mag[:10,10:], mag[10:,10:]
hists = [np.bincount(b.ravel(), m.ravel(), bin n) for b, m in zip(bin cells, mag cells)]
hist = np.hstack(hists) # hist is a 64 bit vector
return hist

&g, MeiE—#, BAEXEDIER/NE, ERSMEFHIET 250 MF
RINEEIE, & 250 MERMAERIE, BB TFAR:
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# -*- coding: utf-8 -*-

Created on Wed Jan 29 11:51:59 2014

@author: duan
import cv2
import numpy as np

SZ=20
bin n = 16 # Number of bins

svm_params = dict( kernel type = cv2.SVM LINEAR,
svm_type = cv2.SVM C SVC,
C=2.67, gamma=5.383 )

affine_flags = cv2.WARP_INVERSE MAP|cv2.INTER_LINEAR

def deskew(img):
m = cv2.moments(img)
if abs(m['mu02']) < le-2:
return img.copy()
skew = m['mull']/m[ 'mu@2']
M = np.float32([[1, skew, -0.5*SZ*skew], [0, 1, 01])
img = cv2.warpAffine(img,M, (SZ, SZ),flags=affine flags)
return img

def hog(img):
gx = cv2.Sobel(img, cv2.CV_32F, 1, 0)
gy = cv2.Sobel(img, cv2.CV_32F, 0, 1)
mag, ang = cv2.cartToPolar(gx, gy)
bins = np.int32(bin n*ang/(2*np.pi)) # quantizing binvalues in (0...16)
bin _cells = bins[:10,:10], bins[10:,:10], bins[:10,10:], bins[10:,10:]
mag cells = mag[:10,:10], mag[10:,:10]1, mag[:10,10:], mag[10:,10:]
hists = [np.bincount(b.ravel(), m.ravel(), bin n) for b, m in zip(bin cells, mag cells)]
hist = np.hstack(hists) # hist is a 64 bit vector
return hist

img = cv2.imread('digits.png',0)
cells = [np.hsplit(row,100) for row in np.vsplit(img,50)]
# First half is trainData, remaining is testData

train cells = [ i[:50] for i in cells ]
test cells = [ i[50:] for i in cells]

#HtHHH# Now training

deskewed = [map(deskew,row) for row in train cells]

hogdata = [map(hog, row) for row in deskewed]

trainData = np.float32(hogdata).reshape(-1,64)

responses = np.float32(np.repeat(np.arange(10),250)[:,np.newaxis])

svm = cv2.SVM()
svm.train(trainData, responses, params=svm_params)
svm.save('svm data.dat')

###H##H# Now testing HH BRI

deskewed = [map(deskew, row) for in test cells]
hogdata = [map(hog,row) for row in deskewed]
testData = np.float32(hogdata).reshape(-1,bin n*4)
result = svm.predict all(testData)

#######  Check Accuracy
mask = result==responses
correct = np.count_nonzero(mask)
print correct*100.0/result.size




HEREAET 94%, RRIEIX—TAENSHIE, ERETEAEE
YRR, SEHRFIE— TN XEHAREERE,

l}

ESHR

1. Histograms of Oriented Gradients Video

%3

1. OpenCV MRBIFBEE—A digit.py, EXN EENAERT —SEKFHF
BEBE—NEFMLER, HPEESEXE, Ii—TE !
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48 K {HE3%

48.1 IEff K HE%
HiR
o RBHEES) K ERENBAURE 2 TEN,

[RE
BREA-—IRERNAFRAEXRRNA K BERX,

48.1.1 T tK/MElga

BRE—NMRBEBEST {0 T i, RBEMIIBEREXRNG T il
RBEARABMZHER, FININMAEIWETRSEANESSHAEREE, HIE
XEEHIRATIER L, WTFAR:

T-shirt sizing

A L ] é
E e o °* & ©
.20 ° o °
()] . .
; o L o o L]

J .

Height

BEAREERSEMNKN T MEBBE=HR, FAUBIHEREMNAS A=4A:
N, R, K, IZREBEFMEOA. BA1IUER K BRENSREFREA
S 3 EH, INEETUKE—NRIFIDE, HEBEFREA. NRAEE
EEWANIE, NEMAEEILADHESHHE, FJEER 4 23 5 MEEE
Z, TE:

T-shirt sizing L T-shirt sizing

Height Height

Weight
Weight
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48.1.2 ERUMMAIFN?

ENEER—MERERE, RIEMERZSNEE,
ZRTEHXARE (FEATMEEEM T M@ ), HMNFZEMAID M
M,

80

70 .

60

.
50 . .

40 .
°

30 e 3 .

2020 30 40 50 60 70 80

B—F: BHNERFEIELS, C M O, (BN AEREEFNFE NS
EREIRED )

BFT¥: HEBINRIZIHINEOSMES, NMRES O LBERIRC
750, MMRES C; LEBIAEFMARICH 1. (MRBESMELR, FJUIRIEH
“2","3"E)

EFANGFHBNNEET 0 IFcHLE, BT 1 irichEeR, i
MEFE TEXEE,

80

70 Cz\ >

60 -

50

e L
40 . A fud
-

™

H
E o
30 . 8 o cl
°

2%0 30 40 50 60 70 80
B=9: ENTEMBEERNED, MABLERNED, HFUXHAN
REFEOLRNNUE, (BRRENTERAAME, HANRSEFFRHRE)
EEPR 2, BEHMBMNRIRC,
B[R TEIE:
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80

70 .
60 .
50 o . .

40 T L g—m

30 [ g

2020 30 40 50 60 70 80

YA TR 2 M 3, EFFMANELRMMUERE TR, (SABRINE
HIRERARE, B REEVBHNEEMEERLIDER, ), WHXERQH
EIiMEREORMERZMB, B8R, O MIERNESRS ¢, BEeS
HIEEE Z &R/,

minimize |J = Z distance(C'l, Red_Point) + Z distance(C'2, Blue_Point)
All Red points All Blue_Points

REGRINTERMR:

80
. ..
70 .
L
L ] -
o .
60 i e
- .
.. . .
o3
. .
50 . . ' .
40 2 %
°m
30 3
205 30 40 50 60 70 80

MR K EREHN—NEMEE, EM%DLﬁngwfﬂaﬂEﬁﬁh, R R

ZE—AXTHRFINAN PAESETES R RPIEE, XIRR KERE

FEM, MAENIIEEZERSOGE, Ll WERFNERELR, B
INEETIEE,

ESHR

1. Machine Learning Course, Video lectures by Prof. Andrew Ng
(Some of the images are taken from this)
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https://www.coursera.org/course/ml
https://www.coursera.org/course/ml
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48.2 OpenCV Hfg K {HER%
Bix
o Z3EMA OpenCV HHEE cv2.kmeans() W EIB#HITHE

48.2.1 BEREBMSH

MASH
1. samples: WiZ2 np.float32 LRPEHIE, SMSFEMIZBRE—T,
2. nclusters(K): RENZLHE,

3. criteria: £ NERIIENG, SFREHEN, BEMERLLE, ENZRE
— 188 3 Miltd, EfR (typw, max iter, epsilon ):

 type &IFRYER: BT =FukF:
- cv2.TERM_CRITERIA_EPS R E15HHE epsilon HE R

= 1E%AK,
- cv2.TERM_CRITERIA_MAX_ITER 3% % #2481 H1&
BHE LEIEAK,

- cv2.TERM_CRITERIA_EPS + cv2.TERM_CRITERIA_MAX_ITER
FERVEfRI— AN FE R BRHE IEER,

* max_iter RIRERKER R,
* epsilon EHREHE,

4. attempts: ERRENERIFCRAITEZNAY, FEEFROEZE
RIFIINC, EBEHRSFREDKRD,

5. flags: FARIG BUIEREAE L, BEEBI1ERHEM%EF: cv2. KMEANS PP CENTERS
# cv2. KMEANS RANDOM CENTERS,
HHem
1. compactness: ZZE, RESNRE|ENEOREBERIE S,

2. labels: #F&E8A (5 E—NRINABER ), SMMRAEFCHO, 1
=

3. centers: HREAIAROERMAIERLE,
WMEHAIA 3 MIFRERMEGER K ERE,
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48.2.2 XBE—MFERIBUIE

FBRigFHMNE—HBE, B8MERE—NEE (1 4), FIWEE T i
B, HMNIUEAAMNNESRKARE T MEIKN,
BANGR=E— LRV EIE, FERA Matplotlib 1 EA 146 R,

# -*- coding: utf-8 -*-

Created on Wed Jan 29 18:28:26 2014
@author: duan

import numpy as np

import cv2
from matplotlib import pyplot as plt

X = np.random.randint(25,100,25)

y = np.random.randint(175,255,25)
z = np.hstack((x,y))

z = z.reshape((50,1))

z = np.float32(z)
plt.hist(z,256,[0,256]),plt.show()

WMERMNBE—MKER 50, BUESEE M 0 2 255 NEE z, HREZKE
Bz T TEH, BEEMT —NMIEE I8N MESESMTHIERRA]
BRA, ARBATEIELIIERMN np.float32,

BASEITE:

0 50 100

0

MAERAER KMeans Ef, EXZAHNNZERIREFLIERMYE, T
MLIEFHR: EiERIT 10 X {’C"E%* T epsilon = 1.0,
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# Define criteria = ( type, max iter = 10 , epsilon = 1.0 )
criteria = (cv2.TERM CRITERIA EPS + cv2.TERM CRITERIA MAX ITER, 10, 1.0)

# Set flags (Just to avoid line break in the code)
flags = cv2.KMEANS RANDOM CENTERS

# Apply KMeans
compactness, labels,centers = cv2.kmeans(z,2,None,criteria,10,flags)

B EEE KB (compactness ) , IREFIFL, FERFIRBEHBIRL
£ 60 7 207, FEMHKESVRKENSLRERN, S MUEBLMFRID
E07, "17%, REURSEMMHORE 4. TEBITTMRIEC MRS
B SFLA,

=
[}

z[labels==0]
z[labels==1]

™
L}

WMER A BRALERR, ¥ B AREREERT, EVARERT.

# Now plot 'A' in red, 'B' in blue, 'centers' in yellow
plt.hist(A,256,[0,256],color = 'r")
plt.hist(B,256,[0,256],color = 'b")
plt.hist(centers,32,[0,256],color = 'y')

plt.show()

THHRRER:
5

0
50 100 150 200 250
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RS MHENRE

ErEH T A FHBEMNRBERTES, RERNEEFREZRES, B
MR MFHE.

ERI—TNRMNNBER—TBIIERE, S MFEREIIN-I, 81T
5t R — N AR,

EAGIREAFMNABIEEN 50x2 MEE, HFESE 50 MAKNSSH
HRE, FIEESES, FINNERE, F—1TESHEITER, 1
BE—NMANEST, FNMRF-NTANKRE, R TFTHTHESEMANSS
MIFE, NTERMR:

Features
Height Weight
Person 1 H1 w1
Person 2 H2 W2
Person 50 H50 W50
MERATRFE G
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# -*- coding: utf-8 -*-

Created on Wed Jan 29 18:29:23 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

X = np.random.randint (25,50, (25,2))
Y = np.random.randint (60,85, (25,2))
Z = np.vstack((X,Y))

# convert to np.float32
Z = np.float32(2)

# define criteria and apply kmeans()
criteria = (cv2.TERM CRITERIA EPS + cv2.TERM CRITERIA MAX ITER, 10, 1.0)
ret,label, center=cv2.kmeans(Z,2,None,criteria, 10, cv2.KMEANS RANDOM_CENTERS)

# Now separate the data, Note the flatten()

A =

B

Z[label.ravel()==0]
Z[label.ravel()==1]

# Plot the data

plt.scatter(A[:,0],A[:,1])
plt.scatter(B[:,0],B[:,1],c = 'r")
plt.scatter(center[:,0],center[:,1],s = 80,c
plt.xlabel('Height"),plt.ylabel('Weight")
plt.show()

TEHRRFIE

.
N
LR
80 PN =
.
* me.
70 ® e
L] od *
.
60 o sor gn
£
SN
g 50
o< e Y
.
40 H . é » ol
. .
.
30 « -
N .
2020 30 40 50 60 70 80 90
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48.2.3 BRIt

BEEtMRRLERTFRERBEN—NMIE. ATAZRLER TR
'lE? BLRFER | BERENFTRER, REERRIOMEAE. EXME
ATHRFEHITHREN. BAMER K ERENGERETHREN,

RETLAHMNARAFENET. WES 3 MHE: R, G, B, FTIUARAE
ZEEAFHRFETHR Mx3 (M RERFERERNBE ) WEE, RETME,
BIAREFVEERSEFANGRE, IHSREFMISBREEREN
BeT, TERNRE:

# -*- coding: utf-8 -*-

Created on Wed Jan 29 18:29:46 2014

@author: duan

import numpy as np
import cv2

img = cv2.imread('home.jpg"')
Z = img.reshape((-1,3))

# convert to np.float32
Z = np.float32(2)

# define criteria, number of clusters(K) and apply kmeans()

criteria = (cv2.TERM CRITERIA EPS + cv2.TERM CRITERIA MAX ITER, 10, 1.0)

K =28

ret,label, center=cv2.kmeans(Z,K,None,criteria, 10, cv2.KMEANS RANDOM CENTERS)

# Now convert back into uint8, and make original image
center = np.uint8(center)

res = center[label.flatten()]

res2 = res.reshape((img.shape))

cv2.imshow('res2',res2)
cv2.waitKey(0)
cv2.destroyAllWindows ()

THEHR K=8 H4ER:
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Original Image

ESHF
%3)
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245 IX
HHEREF
19 EgZE

BiR
« FIEREEHFIIEZRE ZEZREBRHIES

SR E cv2.fastNIMeansDenoising(), cv2.fastNIMeansDenoisingColored()

a

R

ERENETHRRNELZZI TREEBREBRZA, (LUSHTEE, PE
FiEE, SRFRIEB/NXERARMNMREBIRIFL, EXLERARPHAEE
BEEE—NNBEARASH I EREPEFIERRFLRR, &
Riit, BERABIERSEFRZRFIERDIRLBEHL,

BEB—MER. BMAABRERTIEN—HEIEE, TE—1FR
BHBES, p=po +n, EF py AMEEHNEFE, n BXMERENRS, T
MEIAMNAR R E A FEENKERERE R (N) REiTEFIE BERLT
BINRRBE p = po. EARREIIFIIER O,

B ERANRERNA T UNERXLERS, B RSEGLEEE—
UEELZRBLYH, IXRFPMNMEBERBSHEGM, NER—HRHAK
EERKR. 5—ERAEREBXLEMPTIYE CXIIMERITMIZZ/NE K ). HF&
KRERSE-—MEGRWLE—T, FESLKMBEFR/NT, FENZIMELNT
ERTREINZNIRATLERER, RBBBATRNIABKSHFE
IREHER,

BERER, RNFE-ABRMUNEFR, BTEFIIENTER] AERE
B, BEREGFT—NMNIED (5x5), BRAFIEEGHNEMXIEBFE—
MEMBED, BRXMEMEDOMESHEE. MRBAAVLIILERUNE
OF BB FIEREHIE ? M T ENE DIXHFMIEFN, MTEMRR.
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LEFMEREOSERZEMUN, FEEOSERLIEMROE, AT
AR B B ERN—NNED, ARERGRERBUNED, &R
KEVFrEEANEYE, ARXMERKBIMEERNE, XA EMZIEFR
FIIEERER. SRATURMZINFEERABLEIMEZEBRESNE, B
RERRY, FAINEESRFRERHIESHATHELER,

WFEEEKR, Ehi%iRE CIELAB BEX(E, ABN L AB o559
A ER,

49.1 OpenCV HREHREER
OpenCV ##t 7 XMEAWONER,
1. cv2.fastNIMeansDenoising() FRAN R HREE,
2. cv2.fastNIMeansDenoisingColored() FRNRAZEE,

3. cv2.fastNIMeansDenoisingMulti() ;& A F &0t EBIEGF S ( R
EE®&)

4. cv2.fastNIMeansDenoisingColoredMulti() i&H FEqt 8]/
BFo (EERKR)

HEZSHEAE:

* h: RETREBE. h ESUURKFHERES, Bt EEIGIAT
&, (B 10 BIRAE)

e hForColorComponents : 5 h #E, EBfRA5¥&E&, (5 h
@)
+ templateWindowSize : &%, (HEFER 7)
+ searchWindowSize : %, (EFEER 21)
BFERRZSAFRNILSHAT,

XERSER 2 3, ERMEBLIRT,
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49.1.1 cv2.fastNIMeansDenoisingColored()

MEERIN—#, ERJUBAREZRFELERNES, (RIRESHE
) FTERRS.

# -*- coding: utf-8 -*-

Created on Wed Jan 29 21:57:59 2014

@author: duan

import numpy as np

import cv2

from matplotlib import pyplot as plt

img = cv2.imread('die.png')

dst = cv2.fastNlMeansDenoisingColored(img,None,10,10,7,21)
plt.subplot(121),plt.imshow(img)

plt.subplot(122),plt.imshow(dst)
plt.show()

HRZRNMKE, BRINBABGRSEREN 25 WER, TEHR

49.1.2 cv2.fastNIMeansDenoisingMulti()

MEFNEN —EBIMERXNEE, F—INSBE—NMEEMATIR,
FE /NS imgtoDenoiselndex iR EMPLMEZEME, FHAITLAEAN—
AN ZERS|, =12 temporaWindowSize 7]UA1% B AT H=1RA9HE4E
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W E, ENMZRE—EFR, EXMERLT temporaWindowSize ik
BGSWATER, RENMMIBEZXZRMW, Flm, HMEA S MES,

o

imgToDenoiseIndex = 2 Fl temporalWindowSize = 3, IBLE—Mi, M,
FE=mMEGBHATEZMEGRINER, ERIKE—MF,

# -*- coding: utf-8 -*-

Created on Wed Jan 29 21:58:32 2014

@author: duan

import numpy as np
import cv2
from matplotlib import pyplot as plt

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

# create a list of first 5 frames
img = [cap.read()[1] for i in xrange(5)]

# convert all to grayscale
gray = [cv2.cvtColor(i, cv2.COLOR BGR2GRAY) for i in img]

# convert all to float64
gray = [np.float64(i) for i in gray]

# create a noise of variance 25
noise = np.random.randn(*gray[1].shape)*10

# Add this noise to images
noisy = [i+noise for i in gray]

# Convert back to uint8
noisy = [np.uint8(np.clip(i,®,255)) for i in noisy]

# Denoise 3rd frame considering all the 5 frames
dst = cv2.fastNlMeansDenoisingMulti(noisy, 2, 5, None, 4, 7, 35)

plt.subplot(131),plt.imshow(gray[2], 'gray')
plt.subplot(132),plt.imshow(noisy[2], 'gray")

plt.subplot(133),plt.imshow(dst, 'gray')
plt.show()

TERRERERIIBMARAE,
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HEHE T RN E, - HELFRRER, B REESE
&, B=ARZBSZENER.
EZHIR

1. http://www.ipol.im/pub/art/2011/bcm nlm/ (It has the details,
online demo etc. Highly recommended to visit. Our test image
is generated from this link)

2. Online course at coursera (First image taken from here)
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50 BE&E%h
B#R

EERAEERES):
s EREIMIARERER K RNESTLR
* £/ OpenCV HE M AERXEIERE

50.1 Ea

ERNBPANRPTEES/LKBENERS, BRE EERAIOEL
HF LTRSHANERE T/LE, RERBETEEEXLERATE ? FATTU
EAERTREZZE LEAHFRR T, BiXgA, fR2REREERNTRE
ZE, WRBINMEBRDTEGEWMIAT., IMEANERBEREGR: &
AR BARNGRRATR, IHEBERMEABRGRMILRE T, WTERMR
R~ (BARBEESH )

?P'".

ATEMEANER, BEFRIMELRHTH/LMEL, OpenCV Rt TH
FRFEM, XAMEEESR] BT EARKE cv2.inpaint() R,

F—NEERRIE Alexandru Telea 7£ 2004 £ RUXESLWH, ER
ETREITHEEN, UEGPF-—NMEEIIXEEAO, &EiEMNXANXIHAL
RAAREKIFHASREERHE, SEEAXELRGR. EBEREFHEMRER
Elf)—ANNRISRE, EAXABIEHANIT— (LI EHRHESNRRE, N
EMNEEREEEEN., WTFEEFTRERERNGERER, SEEELRBRER
EEBLELNGESRLETESHNE, H—MEREEZR, ERAREITHE
% (FMM) BajEI F— 1M &EMNEEHE, FMM RIETEEEH (G2HERLH)
BESNITREHREES, IEFTRANRFLLEREM, TUEBEIIREFRES
# cv2.INPAINT _TELEA XR{ERILE%,

FE_/NEEXZEE Bertalmio,Marcelo,Andrea_L.Bertozzi, #1 Guillermo Sapiro
£ 2001 FARMNELNN, ZINMEERETRANNEHER TRMDF
2., ERREZRANHN, EELOELEREX AR EEREXEMF#H (B
AR ZEEN, FFARUKIEIFA RS EEKISMORNIZEZELN ) E
B LEEFHEE X PAIEE &R HE N EL (isophotes, HREEM
SMREMILE ), A TRMEXNBH, FERARRARNNEFHN—EGIE
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http://en.wikipedia.org/wiki/Inpainting

ERX—PzE, BEERMEREIMIFRNREES LR/, TUET
REFESH cv2.INPAINT NS RERILEX,

50.2 {18

BINZLE-NEWABGRKNMESHNEERG, BHEEXENGERR
B9 255 (HEfhit75 0), FMBENERFEHRER, REZEENEGHE/LNR
eXE, RAEEREEIRRIMNN.

# -*- coding: utf-8 -*-

Created on Thu Jan 30 09:25:35 2014
@author: duan

import numpy as np

import cv2

img = cv2.imread('messi 2.jpg"')
mask = cv2.imread('mask2.png',0)

dst = cv2.inpaint(img,mask,3,cv2.INPAINT TELEA)
cv2.imshow('dst',dst)

cv2.waitKey(0)
cv2.destroyAllWindows ()

ZRUT, FREERELNBARSR, FE2BERG, F=I1BERE
BAE-ANEZNER, BRE—BIRERE_NEANER,
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LES 0

1. Bertalmio, Marcelo, Andrea L. Bertozzi, and Guillermo Sapiro.
“Navier-stokes, fluid dynamics, and image and video inpaint-
ing.”In Computer Vision and Pattern Recognition, 2001. CVPR
2001. Proceedings of the 2001 IEEE Computer Society Confer-
ence on, vol. 1, pp. I-355. IEEE, 2001.

2. Telea, Alexandru. “An image inpainting technique based on the
fast marching method.”Journal of graphics tools 9.1 (2004): 23-
34.

%3

1. OpenCV comes with an interactive sample on inpainting, sam-
ples/python2/inpaint.py, try it.

2. A few months ago, I watched a video on Content-Aware Fill, an
advanced inpainting technique used in Adobe Photoshop. On
further search, I was able to find that same technique is already
there in GIMP with different name, “Resynthesizer”(You need to
install separate plugin). I am sure you will enjoy the technique.
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http://www.youtube.com/watch?v=ZtoUiplKa2A

25 X
R

51 {#A Haar 788 TmEBeN

BiR
ARNHENEFS):
* A Haar $5E5 £ 23 A ERBIEERALMIRA
o FEEPEMT REARIPIENE,

51.1 Eal

B Haar $5{E5 KB AEMBIN RN AR —MIEE BRI RIEM
AR (2001 £ Paul Viola 1 Michael Jones £ ), ERETHIEEIIM,
B EARENENFREIRIIZLSE—1 cascade_function, ReBRHE
SRS,

MERNVRZESImEFLN, Fiae, EEFEXENEHEAER (EIPE
B) MAEARR (RSEIBRIER ) Killgn KR, BNFENEPRER
fE, FTEPRH Haar FIESWER,. EINMERITNERZ, 8—MFTERE—
ME, IMEETERBEMFNGREZREREZEBERFIGRREZ,

; I:. (a) Edge Features

[[ E (b) Line Features
;! (¢) Four-rectangle features

ERAPMMA R REMZRITERB S M. (BR—TXFESLUHEE?X
NE2— 24x24 WEOME 160000 MFE ), WFE—MHEMTTERA]
HEEHEARNRLERANGEN. A TRRZXMNEIE, FESIATRS
B, XAIBARKBIEEREE, W FEA-—ITXENGEENRIFERRS
E& LM REFR, EEER, ERUMECERE TR !

ERERIMTESINMBEIXERESR, XSHEFEXRE. WTEFRMm
T EB—TERTRANMFNEE, F—MHEE LEZENRSERXEHE
®, AARBERIEEFE L, FNRIREINRRBILBREER L,
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BRMFIEZMANEDRBEBHEE, R—SEBAEXR, BAFRNEFENBT
160000+ MFEHIEH RIFHIHSFENE ? £/ Adaboost,

L !

ATIREZEANEN, BAMEE—MHEINATHRENIIZER, NTFE—
MFE, BNERFEEBXOEEFANAHANRESE, ERRMALE,
EEFERRNEBHED L. BNEERBRRRMEOFHE, XiERAENRE
MEERFIFEESERERFIHE, (IMTREEIANMERIHNNRNIAEER, &F
R E—KEGEHEGHEENNE, 8—XHEZE, #EINEGKINES
A, EFNETESEEM—E, ARBNNGIHNERRMHAONE, &
ERITXNMIIRIERAE KA ERRSBE B IRFNEZKBBRRHELE ),

RN D LBRZIXLESF R BHINNI, ZPTAMATE R LEBRENNRR
AXESEBABUNEGHETNE, EREHEMMDEBRKSERME—D
REBMSDEET. XEFH 200 MIFEFEEBREME 95% WERE T, ik
[E{ER 6000 MHE, (MK 160000 FE| 6000, MREZEWF 1),

WERE—BE®R, WE—1 24x24 MEOFERIX 6000 MEERMIE
£, BEERFAEEM. ZEREAZRMMIRFENIE ? 9L, BFEBEIFN
RIRTI %,

E-EIEBPARSBXERIFEBXIE, FTURTFE—MERFEERIE
XN EORNEESNXE, NMRAZHREENST, TANEBMAE, MAR
EFERARZNMKIFZAZHEEL, RIS IETATRI ATER] BB R H BB AY X 15
Z I SRtE,

ATEFINEFEERE TR LRSS, FRE—HBHINED
FITIX 6000 MFEME, FXLESHED MARE, EREBIDEMEGREME
. CEERIERLHLAMERERRDIRESN ), MR—IPEOFE—MER
S MERE AR T MR U EERFREANIEL T, MREET TIMEAS ZME
FIAEM, MR—AEOLE TRHRBRM, BAXNMEOMKIADZEEBXI,
XN RIZAZRIN !

fEE1F 6000 ZMFMEND A 38 NMER, RIANMERAIFIER S BIHR 1,
10, 25, 25 #1 50, ( EEIRBIAMFIEHEELIZN Adaboost FRIGRIRITF
$HIE ),

According to authors, on an average, 10 features out of 6000+
are evaluated per sub-window.

EERFHAT Viola-Jones EaRHEMZ A TFRIE AR, 1&— TR
XEEEE SR FRPIFSEXIE R EEATEL,
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51.2 OpenCV Hf Haar &KBE0

OpenCV B Till42EFEN R, MRFEEE NG — 59 EKEEKEM
AZE, WWIEME, PJCAER OpenCV ME, EFRMMATEXE: Cascade
Classifier Training

MAEFNIRZES — T UF{ERNEE. OpenCV BELBETRZERINL
TR, HPEE: EEB, IR, MKE, XL XML X4RFE/opencv/
data/haarcascades/X#*H, TEIHIMGER OpenCV EIE— /N EEBFIER
BRAGMIBE

BEAERIMNEMAFEZN XML 72£2R, RAEURERIME@MARGRIE

IR,

# -*- coding: utf-8 -*-

Created on Thu Jan 30 11:06:23 2014
@author: duan

import numpy as np

import cv2

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

img = cv2.imread('sachin.jpg')
gray = cv2.cvtColor(img, cv2.COLOR BGR2GRAY)

MERANEERGRENES. MRENEEE, EROIEBFAENER
X1 Rect (x,ywh), —BHBREXMIE, FHAITUEIE—/ ROI H#&
HA#TARERAE M, (EILRESKER L 11D
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http://docs.opencv.org/doc/user_guide/ug_traincascade.html
http://docs.opencv.org/doc/user_guide/ug_traincascade.html

#Detects objects of different sizes in the input image.
# The detected objects are returned as a list of rectangles.
#cv2.CascadeClassifier.detectMultiScale(image, scaleFactor, minNeighbors, flags, minSize, maxSize)
#scaleFactor — Parameter specifying how much the image size is reduced at each image
#scale.
#minNeighbors — Parameter specifying how many neighbors each candidate rectangle should
#have to retain it.
#minSize — Minimum possible object size. Objects smaller than that are ignored.
#maxSize — Maximum possible object size. Objects larger than that are ignored.
faces = face cascade.detectMultiScale(gray, 1.3, 5)
for (x,y,w,h) in faces:

img = cv2.rectangle(img, (x,y), (x+w,y+h), (255,0,0),2)

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

roi color = img[y:y+h, x:x+w]

eyes = eye cascade.detectMultiScale(roi_gray)

for (ex,ey,ew,eh) in eyes:

cv2.rectangle(roi _color, (ex,ey), (ex+ew,ey+eh), (0,255,0),2)

cv2.imshow('img',img)
cv2.waitKey(0)
cv2.destroyAllWindows ()

ZERINT:

ESHAR
1. Video Lecture on Face Detection and Tracking

2. Aninteresting interview regarding Face Detection by Adam Har-
vey
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http://www.youtube.com/watch?v=WfdYYNamHZ8
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