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£ Windows t%3& OpenCV-Python

Compatible with

.

Windowss7
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3 7 Fedora E%3 OpenCV-Python

£

fedora
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N o= o ©

B85 11
OpenCV Hf) Gui F5it

Bix

« ERXEMREZRIEFIEA—BEGR, EXER—BER, ULWNARET—
R &

o RIBEEZES)JMTEL: cv2.imread(), cv2.imshow(), cv2.imwrite()

o MRFEERIE, HIUIRIFER Matplotlib ER—1EEA

4.1 EABE®R

EME cv2.imread() iZAER, XIEERNZELLEFHTFERZ,
HELRBURH T RIRZ,
BN SBREBESIFRBN ZANFHEZEXEE R,

* cv2.IMREAD COLOR: iZA—BI¥EE K, BEKRINEHESKZAE,
XIS,
* cv2.IMREAD GRAYSCALE: MRERNIEZAEE
cv2.IMREAD UNCHANGED: iz A—MEE&R, 7B EEEBAY 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
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4.2 SRE®

fEREH cv2.imshow() ERE®R, BOSBHMARMEGK/, F—
NEHREOMRE, EXARRINNVER, FoTURIESAED, REME
%, BRUVNAHBIAENEE

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

BOFREHEERIBESBUTHHEF (in Fedora-Gnome machine):

image

cv2.waitKey() R—MREMTRLY, FEZHELNRENNERERE
W, RPREFHENLEY, EREERERA. BENNLEVZR, MR
RTEER, IMERHSREIZEN ASCIL BE, EFREadEsiT. NRE
BREEHA, ROEMER -1, NRBINIEXMRHHISE R 0, BEHRSTR
HMESFREMA. SHITUBARCIISEREEWRT, fliikE a 28
WIRT, INEEHIISEBEETIE,

cv2.destroyAllWindows () FJAEZSMBIFREMBATEZMEO. R
{RAEMIFR4S EME O BT BAER cv2.destroyWindow(), EIESAMEAREM
PREVE O 2.

14
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BT :

# -*- 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

—
o

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

cv2.waitKey(0)

cv2.destroyAllWindows ()

s e
w N e

4.3 REER
{EFER cv2.imwrite() REF— I ER. SEBE—IAXHSE, ZEF
RIFBREFNER.

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

4.4 B&—T

THHNEFRSNHE—TREE, ERER, #T's'BRERRY, =&
T ESC iR TRTE,

15
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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 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, BELEEMSIHENEERE. ZE
KFEETHERl, ME, {REINFES)E#A Matplotib ERE&R. {RETUABKRKE
%, REEESE,

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

Created on Wed Jan 1 20:49:33 2014

@author: duan

import numpy as np

import cv2

from matplotlib import pyplot as plt

© ® N o U R W N e

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
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Figure 1 - | x

B DOSTIR -

Matplotlib Plotting Styles and Features

%3]

1. S{RH OpenCV M#E—1¥&E&, FH Matplotib ERENRIB
B — LM, i5i%this discussionF BEIRIERE, %}
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admin
备注
使用opencv读取RGB图片时，使用matplotlib会出现如下图所示的情况，这是因为opencv使用的是BGR模式，而matplotlib使用的是RGB模式，如果想要使用matplotlib加载opencv读取的图片，需要将其转换成为RGB模式。



# 第一种方法：

b,g, r = cv2.split(img)

img2 = cv2.merge([r,g,b])



# 第二种方法：更加简洁的转换方法

img2 = img[:,:,::-1]



# 第三种方法：

img2 = cv2.cvtColor(img, cv2.COLOR_BGR2RGB)

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
BiR

o FRIFEAXMG, BRI, REFWMXAF
* ZEMFEIREFAE RN

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

5.1 RRSSHFEAM

BINZEFRERBELHBREMER, OpenCV AXHFNARMKT —1
FEEREL, IEBAMERRGRIRBIR BRI, FIEEHERMIKERR
BRUR, NXNEREESFIRIE,

FTIRENMSA, fREIIZEIE—1 VideoCapture W&, ftifISeIUE
RBMERSIS, HBR—MUAXMG. RERSISHUEREREEERNES
—MRIVEICHFEMEBEANERBL. AMASBHRE 0, RATETIRERR 1 3
HHEMPRERBINRGL. 2R/, MU —meHRAm T, 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 U 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
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cap.read() iR [E—M/R{E (True/False ), SR MmiiZEN 2 EMA,
iz True, FTUREMHRAINBETREMIREEREEMIINGEREEEE
THE,

BEY cap FIEERBERNINRIVIAMLIRIGSKIZE, XMIEA T LANKEER
&, {REJLAER cap.isOpened(), KIGCEZBMINFIRHL T, IREREER
True, BFEBEEB, BUAEFEREL cap.open(),

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

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

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

5.2 MIIHAREERALIR

SNBEEAFHFZ—#, FREZLRERSISHMMAXGNRF, &
BB, £/ cv2.waiKey() REEZAIFFEATE], INRIRERIAMRL
MM SBEMVERR, MRIRENASHASEBRORIE (R AERAXFTTE
ERIALRAERIRE ), BEBRT 25 EWAIUT,
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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)
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# -*- coding: utf-8 -*-

Created on Fri Jan 3 21:06:22 2014

@author: duan

import numpy as np
import cv2

© ® N o U 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 RTEOM

EFHNVERMN, HANE—mEHTIN T ZEHRINBEFREINMM, W
FEARNEGREIZEGEA cv2.imwrite(), BN FRSARIHMES ST
E,

XRFANERIE— VideoWriter B930SR, FAIRIZHBE — /N X4
HEF, ETRIEE FourCC w5 ( TEHEMNE ), EHONZEFN MK )\t &
TEMWTE, wE—1R isColor 1%, MR RE True, B—MMEZEE, &
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Wi xEE.,

FourCC #i2— 4 FH5, FARMENMNIRIGIEN. TRANRmIGIIR

aBAMfourcc.orgERl, XRFEMERIMA). TEHXLERGENIRITZEAD,

* 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 U R W N e

cv2.cv.FOURCC('M','T",'P",'G") T& cv2.cv.FOURCC(*'M]JPG'),
TEARBEMNBRELPHERMAM, BKEHEREES —MHERFE.

# -*- 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(1l) & OxFF == ord('q"'):
break
else:
break

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

out.release()
cv2.destroyAllWindows ()
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http://www.fourcc.org/codecs.php

LES 0
%3
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6 OpenCV HFHLERK

BiR
» %3){EMA OpenCV LI RELEAER

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

(X
LEMENXELERAEERE TEX LS
- img: MEELHEMORERER.

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

* thickness: &4 ZMEM, NRLE—NMNASERIRER -1, BLXMER
MEwiER, KAMER 1.

* linetype: £ FHVEH, 8 %1%, MIELEE. KIABENAR 815, cv2.LINE_AA
PIES, IHBERSIEETE,

6.1 %

ZE—F%, MAFTESFRRIFZELNERMELS, B TESE—F
NEEHREETRNERLER,

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 TAITREILIR, XX
RiNSEEGNE LAIE—MREIER,
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1 cv2.rectangle(img, (384,0),(510,128), (0,255,0),3)

6.3 EH
ZERRIE, IAFZREEREHROSLIRFFZRN, HAELEE
FhE—E.

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

6.4 EHE

EfELERESR, BRNZSHALNSH. —MSHRERFO[/BAELR.
T—MEBE2RMBNBHOKE, WEDERTHEEENAE. HERIVE
IRES S AERNABRENERARE, NRE 0 ] 360, MEE/MIE. &8
cv2.ellipse() FILAREIESER., FTEMNGIFREEEFBFOLHIFMEE,

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

6.5 E3BE

EZiaf, FBRERESNNREALR, AXEQRSITHE-—PNKNET
T8 X1X2 B84E, TEMERNEE. IMRENBRELRRMT N int32,
XEE— M EeNERN NSRS,

1 pts=np.array([[10,5],[20,30],[70,20],[50,10]1, np.int32)
2 pts=pts.reshape((-1,1,2))
3 # iXE reshape HIE—1ESH#N-1, KX —LKERIRIEEEAEERTTESH R,
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admin
备注
# 上面少了这段代码

cv2.polylines(img,[pts],True,(0,255,255))


6.6 EEH LERINF
BHEER La%INT, FERRETISK:
. (FELHINNT
RBLEIIE
« FHEE (BIEEE cv2.putText() FSHEREISIFNFRE )
.« PEREIRN

s XFH—RREMINEE, HE, LRMERE, ATEFE— RHEEFER
linetype=cv2.LINE_AA,

EEKR LB BHER OpenCV,

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

R
TERRRLERT, ETFEE/LTZHN0MREH BRHRIE,

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

[ O I N
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ESHAR
HESSFHAETRRINELAE, ESRTESET

3]
L ERIXLERIFEE OpenCV HIET
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http://answers.opencv.org/question/14541/angles-in-ellipse-function/

WO X B R ARSI Linux A4t R

LinuxA#E (www.Linuxidc.com) 200659 H 25 HyE M H: 8 Wk,  LinuxELLE E & o —Fh 3258
VEFSZ R — PP E R 40, IDCo BB HE 0y, LinuxIDCHL 2 5< T Linux 14 H ot

Linux At Linux R 8011 W, SEit A AR fecfrLinux 8, 4% Linux. Ubuntu. Fedora.
RedHat. ZLjiELinux. Linux##£. LinuxiliE. SUSE Linux. Android. Oracle. Hadoop. CentOS.
MySQL. Apache. Nginx. Tomcat. Python. Java. Cif&. OpenStack. SRR .

LinuxA 4t (LinuxIDC.com) & & 1A —E M JJHLinux & @4~ H

f1F5: Ubuntu &8 Fedora £/ Android & Oracle £ Hadoop £/ RedHat &5
SUSE £/ 41JE Linux £ & CentOS & 5
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http://www.linuxidc.com/
http://www.linuxidc.com/
http://www.linuxidc.com/
http://www.linuxidc.com/
http://www.linuxidc.com/topicnews.aspx?tid=2
http://www.linuxidc.com/topicnews.aspx?tid=5
http://www.linuxidc.com/topicnews.aspx?tid=11
http://www.linuxidc.com/topicnews.aspx?tid=12
http://www.linuxidc.com/topicnews.aspx?tid=13
http://www.linuxidc.com/topicnews.aspx?tid=10
http://www.linuxidc.com/topicnews.aspx?tid=3
http://www.linuxidc.com/topicnews.aspx?tid=10
http://www.linuxidc.com/topicnews.aspx?tid=14

7 EBEFRSHEE
%
. F3E

F3 OpenCV B ERSEH
. RIEEZSIMEBZ: cv2.setMouseCallback()

7.1 HEER

XERABREZ-—NEENEF, mEERR LERNEIHUESS—
@o

BERMNREB—NEHEHLIRERLY, ERMSEHLRERMAITRIT.
BARS I AR BAR EREMENMF, tEMAERERT, TR, ZRNESE,
BATRI OB BARSE A 3RS 5 AR AV E Fr ERYARAR, RIBXLEEBIHAR]
PAMUERIFAVEMBIE, (RRICAEIEMIT RO EBRB R SISHRIAE .

# -*- 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

FTBENRRSHEERBHE - M-I, ARG RINE
WiARENINEE, BATNBEFSEHEIEREIBM—HSE: ENGHIRHSGE
fl—1EE. FTERXE, NMERSERTUEEER.
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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)

# BIEEGSEOHEEOSEIRERHE
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—ANEFHERF, ZXBANWIZFZTMAESZRER
IMEFMRNEE RN ST R EREE (MEBREEREFR—1F), A
BATNEIBEERB B EMEBS, —BOEIER, —BoBEEE, X2 —EEE
Pl F eI AR BN EFIEMEMBANRERNEF, tLMERE, BE&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

# HEWZTHZER True

drawing=False

# R mode H true 2£FIFEN, HTF'm' THLGIFZ,
mode=True

ix,iy=-1,-1

# BIZ[EEER
def draw circle(event,x,y,flags,param):
global ix,iy,drawing,mode
# HIR T L REIREIEEIA BT
if event==cv2.EVENT_ LBUTTONDOWN:
drawing=True
ix,iy=x,y
# HEIREIRIE THBHZLEIER, event oJUEERE), flag EEEEEKT
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:
# LAHIEE, INESEE R T4, 3 KR TEERIEAN
cv2.circle(img, (x,y),3,(0,0,255),-1)
# TEEREFIRBEERESAELD, EREIZRRFZN
# r=int(np.sqrt((x-ix)**2+(y-1iy)**2))
cv2.circle(img, (x,y),r,(0,0,255),-1)
B FHE LR,
elif event==cv2.EVENT_LBUTTONUP:
drawing==False
if mode==True:
cv2.rectangle(img, (ix,1iy), (x,y),(0,255,0),-1)
else:
cv2.circle(img, (x,y),5,(0,0,255),-1)

H* H*

* o R B

TEHENZBEXANEEZRS OpenCV BEOHAEE—£. EEEHRPHK
MNEERFRE LN " 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, BAGHINR—MERIIER. REIBAXEE
e RS — Mg BIEFERIERL,
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8 RBIIFMIREHR
Bix

« ZRIERNFHIEE OpenCV HEM

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

8.1 RB=A

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

cv2.getTrackbarPos() R — NESHEBBNFNEF, FI/SH
BENFHEREEONETF, F=/SBERBNFZFNRIAMIE. FONMSHE
BMRNEXE, FATRBZOERE, SRBNFNBHNEIFRARLEIFE
#., HARMBEHESE—IMRIASH, MRBNFNUE, ERLHIFIAN
R ARMEFRSE, BRFZE pass #EIUT,

BNFRNBIN N EENANEAEERZE, BIABEALT OpenCV &
BAHERERY,. FIABIEABINFRRRE, ERNNERR, HKI1ZE
B \LiniRi, REHRRZRMAERD ON B, /BERMBNAEH, BNE
FO&ZEN,
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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

# plE—EIEEE&
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\nl: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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mag ey
255
& 0
172
G 2
A
31
B
R
0:OFF 1
1:0N )

%3]

1. 8 E—THIR, BIZ—ER, TMBESHAENEEZELESHE
Hgo

34

www.linuxidc.com



#

Created on Sun Jan 5 14:59:58 2014

- coding: utf-8 -*-

@author: duan

import cv2
import numpy as np

def nothing(x):
pass

# HEMIZTHIER True

drawing=False

# YIR mode K true LHIER, HTF'm' THLAFIRILE,
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 RBIREIEIA U ELIR
if event==cv2.EVENT_LBUTTONDOWN:
drawing=True
ix,iy=x,y
# HERCRIE THBHREGIEN, event FIUEEBE, flag BBEREHKT
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 ARTEEEIEH
cv2.circle(img, (x,y),3,color,-1)
# TEEREIIKBRERRAED, EREILRAFIZH
# 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.namedWindow('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
BIDIRYE

9 ERNERRF

B3
« REURREHIEN
s ROEZRNEYE (ER)
» El&# ROI O
- BREENRDREH

JLFFBXERES Numpy FIXAELES OpenCV WX RENMERE, At
&% Numpy =] AESBNFA 1S H 4 BE B iFRIKAT,
( RS ETE Python LiRHRER, ERMIIKESBLERE—1TKB)

9.1 FEFHEXRBREE
EHEBINESIEA—EES:

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

RA] URIE R F BT THIZI RV REV VR RE, Xt BGR BRME, &
X B, G, RIE, MEREEGMS, 2REMHIKEE (RE ? intensity )

import cv2
import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg"')
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px=img[100,100]
print px
blue=img[100,100,0]
print blue

## [57 63 68]
## 57

RE] BABAE AR A SHECR IR R ME,

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 FHE{RmE

EEMEMLEE: 17, 71, @8, BERIEXE, GEBEF
img.shape FJCLREXEIRIIZIR, EVROER—1EIF1TH, 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 R [ER) 2 EREVEIELT.

import cv2

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

## uint8

iEE: MR HE (debug) B img.dtype FEEE, EH7E OpenCV-
Python XIZHLEE HIMBIBELENAR—,

9.3 [Ef% ROI

BRRFEEN —IBERES E XIEEITRIE. FIIEMNZERN—BIE®RF
RESHIGIE, BAEENZERGPREE, BERMNXIEPHXERE, MAZ
EEE-BEGTER, SHSESEFIERENMEEE,

ROI th2{EMA Numpy R3I3R3x S8, MAFRMNDERKIIE D FICMIER
RGN EMXE,

import cv2
import numpy as np
img=cv2.imread('/home/duan/workspace/opencv/images/roi.jpg")
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ball=img[280:340,330:390]
img[273:333,100:160]=bal

EEERIE:

9.4 RHKESHEREE

B HAFEN BGR =/ MEEDA#HITHRF. XRMMFRI BGR i
DRENEE, BNFFERICHRIEENERSH—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, (RAUKFIBME, HFAJ
E#(EA Numpy R3l, XEEIR,

import cv2

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

9.5 XJE®Y A (ARE)
MRFEREEGEERIZ— M, FLRIEE—#, {REIUEMA cv2.copyMakeBorder()

B, XRETERCEY 0 BANHEHAE, XIMRKRBIFMTSH:

 src HAES

* top, bottom, left, right Y ARG ELE.,

* borderType ERMAFLERFDR, LEWT

- cv2.BORDER_CONSTANT ANEHEHNERELR, TEE
=13 (value ),

- cv2.BORDER_REFLECT ARt EMRE, tbil: fedcbalabcde-
fgh|hgfedcb

- cv2.BORDER_REFLECT 101 or cv2.BORDER_DEFAULT
IR EmE—#, {BFfEfERsN. #I90: gfedcblabedefgh|gfedcba

- cv2.BORDER_REPLICATE EE8&F—17t%, #l90: aaaaaa
abcdefgh|hhhhhhh
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- cv2.BORDER_WRAP REIEEAWRT, MEiXH: cdefgh|
abcdefgh|abcdefg

» value M RZE, MRBFWEEZ cv2. BORDER_CONSTANT
F 7 BHRIERX LM EREE T EERIER.

# -*- coding: utf-8 -*-
Created on Sun Jan 5 19:03:28 2014

@author: duan

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

BLUE=[255,0,0]
imgl=cv2.imread('opencv_logo.png')

replicate = cv2.copyMakeBorder(imgl,10,16,10,160,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.subplot(231),plt.imshow(imgl, ‘gray'),plt.title('ORIGINAL")
plt.subplot(232),plt.imshow(replicate, 'gray'),plt.title('REPLICATE")
plt.subplot(233),plt.imshow(reflect, 'gray'),plt.title('REFLECT")
plt.subplot(234),plt.imshow(reflect101, 'gray'),plt.title('REFLECT 101")
plt.subplot(235),plt.imshow(wrap, 'gray'),plt.title( 'WRAP')
plt.subplot(236),plt.imshow(constant, 'gray'),plt.title('CONSTANT")

plt.show()

£RUT (BT REA matplotlib 46, FriA#% R 1 B WA E,
OpenCV H12% BGR, matplotlib F 2% RGB #t%l ):

ORIGINAL REPLICATE REFLECT
OpenCVl OpenCVi0penC
REFLECT 101 WRAP COMNSTANT
[']
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10 B EHEREH

Bis
 ZIEBRENBERZE, &, BiE, LEEF,
s HIMEEZEIIMEREA: cv2.add(), cv2.addWeighted() &.

10.1 E@Ni%

{REJLAEF R cv2.add() BHRBEEGHITINEEE, HALPIUEEE
Fd numpy, res=imgl+img, WIEBEGRIRN, KBNI—, HEBE -
EUKETLAfE— N E R AR E (B,

Bl ER A

1 X np.uint8([250])

>y = np.uint8([10])

s print cv2.add(x,y) # 250+10
« [[255]1]

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

260 => 255

260 % 256 = 4

EFERNEMNYRIEERGRATINERNSENMAE, OpenCV WERSEL
—/R. FTUAFATREER OpenCV HHJEL,

10.2 BE$RS

XHESBRIE, ERTANEMERGRNNERNE, IMFLEA—THE
BREERNRE, BRESHITEARNNT:

g9(x) = (1—-a) fo(z) +afi(z)

BITEY o B9E (0 — 1), AIUSSRIEEEIES.
HEZRNERERRESE &, £ BENINER 0.7, FREENNE
= 0.3, & cv2.addWeighted() FTAZ FEN AR E R #TESEE.

43

www.linuxidc.com



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 %, HHINZEIEE
—EB4y, ERIEER ROI FXEIRMERBRER ( T—EMFHKBEE ), TEN
Bl F R R AL A TR T —IRE RIS E X,

HABIE OpenCV MIIREMREI S —1EEGR £, MRBEAME, BEEN
T, NRERRES, 2BAEENRE, EREAEEER. NRMIER KT
M& E—ZBHER ROIL, ERMMARER., ERFBNTET Fmiikiiz
- 1SKH
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# -*- 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 HAARAFRMENRAVGZIVE, BittER O

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

# B roi 5 mask_inv AR RFAMEN 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[0:rows, 0:cols ] = dst

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

H£RNT, ZEMNEGRIERCIZNED, GUNRERELER, HTHEHNK
FEMBICLEEFNPESEREERTHR, 5502 imgl bg M img2 fg.
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LES 0
%3

1. IE—ANEUTH ARER—1RENE B RERM S —1RE (ERERR
cv2.addWeighted )
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11 EFHRERM MR

Bix

EEGRERGREVHHZMRENEE, MAMRNEFANERSEIE
WMMER, RRTORER, FAAXTHRIMGERS):

o MMFERFIINE

s —EREBRSEFNENRI

s MMEZAMELEE: cv2.getTickCount,cv2.getTickFrequency

FR 7 OpenCV, Python thigfftT—- U time RIRIIRIR, (RETLARERME
EFRIEITRE, S — UM profile IRIRSEIRFE — 0 X TIRIVIZRF
MIFARE, EFEsTRERSIRBSITEZNNE, UREBIREBKE
FREIREL, SIR(RIEFEER IPython MiE, FAIEXEAFREBHA—MAFP R
WAEXBEE—ET. BMNKFIANANEEN, ERFIEMFHOEIRMIT
FE S FFRHEHHEIE,

11.1 {&B OpenCV #&MEFHE

cv2.getTickCount EERENSE QEIX DRI MITHIR FhER. Fr
MRHRE—NMRBRITREEHIERENIE, FMIFRXNRBIAITEE
(B ERER ).

cv2.getTickFrequency 2@ AR, sHE TP HEIBTHLY, AT
RE] AR FENA VSR — P REET TS0

# -*- 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, TEANAFRAEONNRE (5, 7, 9) B
%R ERAR 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 HHRRIARIL

OpenCV FRRZ REEBWMILIT (A SSE2, AVX ), hEa—L&
BRBHEMACHRE, IRBINNAAZIFMNECNEERENAR — =, &R
ML R EIAF B, Bt OpenCV ZITHFMEM LGRS, MRIRIEMRKE
KIAIRDIEF REEM TR T, ReIAERAE L cv2.useOptimized()
REEMLREBHART, FEHEL cv2.setUseOptimized() KA BN,
IEFARE — N E R AVFIFIE,
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WO X B R ARSI Linux A4t R

LinuxA#E (www.Linuxidc.com) 200659 H 25 HyE M H: 8 Wk,  LinuxELLE E & o —Fh 3258
VEFSZ R — PP E R 40, IDCo BB HE 0y, LinuxIDCHL 2 5< T Linux 14 H ot

Linux At Linux R 8011 W, SEit A AR fecfrLinux 8, 4% Linux. Ubuntu. Fedora.
RedHat. ZLjiELinux. Linux##£. LinuxiliE. SUSE Linux. Android. Oracle. Hadoop. CentOS.
MySQL. Apache. Nginx. Tomcat. Python. Java. Cif&. OpenStack. SRR .

LinuxA 4t (LinuxIDC.com) & & 1A —E M JJHLinux & @4~ H

f1F5: Ubuntu &8 Fedora £/ Android & Oracle £ Hadoop £/ RedHat &5
SUSE £/ 41JE Linux £ & CentOS & 5

LINUX2 it

www.Linuxidec.com



http://www.linuxidc.com/
http://www.linuxidc.com/
http://www.linuxidc.com/
http://www.linuxidc.com/
http://www.linuxidc.com/topicnews.aspx?tid=2
http://www.linuxidc.com/topicnews.aspx?tid=5
http://www.linuxidc.com/topicnews.aspx?tid=11
http://www.linuxidc.com/topicnews.aspx?tid=12
http://www.linuxidc.com/topicnews.aspx?tid=13
http://www.linuxidc.com/topicnews.aspx?tid=10
http://www.linuxidc.com/topicnews.aspx?tid=3
http://www.linuxidc.com/topicnews.aspx?tid=10
http://www.linuxidc.com/topicnews.aspx?tid=14

# -*- 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

BUTHE, ftEHERENERERFERNAE, WRMFEBRNBING,
MR PERKRW] SIMD LILRY. FrAMRRIATERBEI A ia & FEMRIL
(REICEMIERRAFEHT ).

11.3 £ IPython HigNIEFNE

BRMERZ LR MBURIERNE, XERE]UER IPython JofRi{Ht
MEEm L %time, R ILRBIBITHLRMAMSE —NERKN (B1T) B
18], Ete] CAHE A SRR B 1 TACABRY,

fIgn, fRENE T EXE—MFEERBAHTIABEMITHEIR ?

T =05, y=2ax%x2

T=0,Y=T*T

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

y = np.squre(x)

FATRTLATE IPython B9 Shell R{ERELEGFSIKBIZE,
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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—MEiL, ERAL Nump BT 20 &, MREEZIHEMLEN
&, BEIAE 100 fER9E,

BMNRBENLAGF. HANRKREEBE—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

ENTIE, OpenCV HIELE Numpy R 25 13,

11.4 ¥23 IPython KIBZG<

B EER LS P LAARGMIZFAIRNE, profiling, line profiling,
NEFERS., MIEETEMNE, B RREM TEBE, BlBrIEI
HE2Z3IJ—T.

11.5 HEMRAEAR

BLERAMRIET AR LR AR &L $ZE Python ] Numpy BIE /1,
BAIXEMNRE—TFTEXH, FTUNETIBREERESFRERS. BER
MWREEN—RE: BTARRENAASNMNES (SRERREER ), =%
RiEWwE, BER LEMNRIINGERIRERFURIRMILE,

1. REBRERREN, LENE=EER, EINXREMZIFEE,

2. EiFHREFERABERME, EX Numpy 1 OpenCV &3 @& RIEHIT
TR,

3. MAEEREF MK,

4. REWENEMAZEHHE, ERNERKBES., HASFIRIEER
BRIRE,
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MERITT LA, MRMFHEFTERRIE, HERKRWUENTEREE,
RRRIZEINEREMEE, tEalii Cython, RILE(REIFERT.

EZHIR
1. Python Optimization Techniques

2. Scipy Lecture Notes - Advanced Numpy

3. Timing and Profiling in IPython

%3]

52

www.linuxidc.com


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 HI¥ZTH
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29 IV
OpenCV HRERLE

13 Bit=ERER

BiR
o (RFFZSMEAEGRHITRE T EEHR, LA BGR BIREE, HEMN
BGR #| HSV &,
s HOREELIE—MEFARN—BEEGHREE M ER M,

s HITBEZIMERLE: cv2.cvtColor(), cv2.inRange() &,

13.1 HEkEE=a

7£ OpenCV A8 150 RHITEBEZEFERNGE, BRMRUEME
EMBNEZE RN EEFH: BGR-Gray 1 BGR-HSV,

HANZRAERLBZE: cv2.cviColor(input_image, flag), E7 flag
RLIRIER,

¥F BGR«Gray 3%, FA1EE R/ flag #i2 cv2.COLOR_BGR2GRAY,
B3 F BGR-HSV f%%#k, 1AM flag #i2 cv2.COLOR_BGR2HSV,
R LB FTEMNGSERFRERT AN 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
—RRENFTERMREACHYE. £ HSV Be=EHRELLE BGR =(E
RERSZRTI—TMHERE, EEMNOEFD, RMNEBEENE—1MEEHY
K, TEHMEZMEZHMNEZMHILE:

o MALSTFRIREN 5 — Ml 5
 FEIGIERE] HSV =8
« iRE HSV F@{ERIEZE&EHE.,

o SRENEEMIE, SATNEICAMEMEMAIAVEMNSE, thw: FEe
MR EEE— 1,

TEMEHAEN:
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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):

# FKRENEFE—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])

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

# XWREGFIEIRH#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)&0xFF
if k==27:
break
# KHIEO
cv2.destroyAllWindows ()

FEIER MEREEYIENER:

Original Frame | X sk age ] Sl Fiamidt
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13.3 EHRIIEREFEWRKLE HSV E?

XZEFfEstackoverflow.com EIBFIMRE BN O)#M, HXEMRESR,
EBi# cv2.cviColor() tRr]AAEIXE, BERMEMFERANSHRE (FEE
#9) BGR EMAZ—&IE. flal, FIZBHEIZEH HSV E, BIIRFEL
IR T &< :

# -*- 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),

#1i.e. self.img.depth(), is neither CV_8U nor CV_32F.
# FTLATBEA [0,255,0], mEA [[[0,255,0]]]

# XEN=EIESMZS 5T TF 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]AEREFAEMERRERMG (FlE GIMP )
E LI IRRF I EIENE HSV (8, (BR&EHITTET HSV K5EE,
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file:///home/duan/%E6%96%87%E6%A1%A3/%E7%BC%96%E7%A8%8B/OpenCV2-Python-Tutorials-master/build/html/py_tutorials/py_imgproc/py_colorspaces/www.stackoverflow.com

LES 0
%3

1. 2IHERRENSNTENEEER, tLNERRRI, %, F=1REH
(==1:0EZ/10 W
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14 )%

Bix
o FIMERIITEM/LAZR, FlENBD), here, HHERE,

o BEZIMEPE: cv2.getPerspectiveTransform,

Lk

OpenCV Bt TAANTREES, cv2.warpAffine 1 cv2.warpPerspective,
FEAXANREBRCI AL B EE T, cv2.warpAffine EIWSEHE
2 x 3 BILHRERE, T cv2.warpPerspective EIWHISHE 3 x 3 KL HRIE
P,

14.1 ¥ REM

VREMRRIRRTEEHR TR/, OpenCV REME cv2.resize()
STASEELIXNNEE, BEBRIIRTEIMBESFINRE, (FEaIUEERBEF.
R O R E AR ERIRET £, TR FHAEEFER cv2. INTER_AREA,
Y R FHA#EER v2.INTER_CUBIC (18) 1 v2.INTER_LINEAR,
EIABER TATEREEGR T K/ EERIEET 82 cv2. INTER_LINEAR,
RE]MERATEEE —MAENTEGIRT:

59

www.linuxidc.com



# -*- 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"')

# THEAY None ZA[iZZ2itiERIRY, EREAEADEHNITRE THKRETF

# BEUIXEF None

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

#0R

# XEIE, BIEFREHHEGIIRY, FIUAEIREFEKRET
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

IR RIR—IMIE, IRMGES (x, y) HEB, BIKES
= (tz, ty), RETACAFEG N ER R :

{RRTLAE R Numpy HEMBIXMNER (BIEXE R np.float32), &
BIEERZLE 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):

# FKRENEFE—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])

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

# XNWREGIIEEH#ITIEE
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)&0xFF
if k==27:
break
# KHIEO
cv2.destroyAllWindows ()

THMES
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14.3 fie¥:
R—EGIERRE 0, FEERD TERNBINERRER,

cosf) —sind
M =
sinf cosé@

{BRE OpenCV RHRAEES M HITIER, (BRIEFEAEMFIANNIZIE
i

-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— &% : cv2.getRotationMatrix2D,
TEMNEIFREAREMNE R 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
# XBHE—NSEAEFERLD, F_PRIEERE, B=1EEENIFEREF

# BILABEITIREREE LD, FHEF, UKEOK/NKEGLERERE /S84 57 0]
M=cv2.getRotationMatrix2D((cols/2,rows/2),45,0.6)

# B=ISHEWLEGIR 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

EREHTky, RERRENEITEAELEREGPREETIT. ATEERX
MEEFEFRNFENRERPHI = 2 URMEMNEREEGPNLE, AR
cv2.getAffineTransform &8I —/ 223 R, REXMEFRWELS
E$ cv2.warpAffine,

REETEMGF, URBEENR (RITICARENS)
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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],[200,50],[50,200]1])
pts2=np.float32([[10,100],[200,50]1,[100,250]1]1)

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

14.5 BRTHR

WFMAETR, BINFE— 323 TikER, EERIIBELEREL,
EMEXNTHRER, FEETRABRGRLEK 4 MR, URt(ERHEHE
BENMMIEE, IMONESFNEE=ANBAERLLE, XNTIREZFTUE
BB cv2.getPerspectiveTransform() M, ABIEIX /N ERELAE L
cv2.warpPerspective,

KRBT :
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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()

HRWTF:

Input Dutpug

ESHAR

“Computer Vision: Algorithms and Applications”, Richard Szeliski

%3]
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15 ESEE

Bin
s AP ZEEREBHE, BHENHEE, Otsu’'s Z{ELF
« BEZIMENE cv2.threshold, cv2.adaptiveThreshold %,

15.1 {SEEE

53F—#, IMKZEEHE, BEREFESTEHER, HNEXMRRE
WF—NE (FTEERER ), BUBNLERTFHIN—MEE (HIFRERE),
X EHFZE cv2.threshhold(), XMEEME - M SBMRREIG, RE
BNZRREE, F_NSBARARMERERTHENEHE =128
MRYEGREST (BRE/NT) BENMZER FHHIEEE. OpenCV
RMHTSMARNEERSZE, ZRBFNNSERREN, XLEHEBRE:

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

* cv2. THRESH_TOZERO

cv2.THRESH_TOZERO_INV

HHEE RN ETRE

Y cmE

Raz#R#EkFRR

| R

|\\\‘/ AR %0

I O O S -
l EF M E %50
B 5-23: 7 cvThreshold (((p FEREXENRIFLER, STERNKTEE
KERMANBELSBNEE, s DREXNNRIEERATRE [136]

LEEER (£3] OpenCV) HXHR, HINXEAEPHBFANAT,
Rt NEREFXHE,

XANRBEFMREE, F—1F retVal, RIEESHERE. E24A N2
BECZENERERT,
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# -*- 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:

Criginal Image BINARY

BINARY _INV

TOZERO_INV
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15.2 BiEMEE

ERENSRAIBNERREBEHE, BEEGRABE—BEANBENE, =
RXMAEHAENSABERL, LTERIR—BEG LNARBINEER
FAREN, IMEATHRNEERABENBE, HEELREER LN
B-NM\XEHESENNMEE, BHIEER—EEG ENARXERANZ
AEWEE, AMERINEERERRMNER T RHEIFNER,

EMAERERIHEE=13E, REEIE—,

» Adaptive Method- {5E it &EHEMNTE,

- cv2.ADPTIVE_THRESH_MEAN C: Bl{&EN B B4R X 51 F
91&

- cv2.ADPTIVE_THRESH_GAUSSIAN C: E{EEVEME4BX 15
RIINARFl, NEA—NSHEO,

* Block Size - $BiK/)\ ( BRITEEEXIZEHK ),

* C-ZXHRBR—NEY, HEMFTHFEIENENNIEREZZINE
.

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 3 C 1

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 Imag

Global Thresholding (v = 127)
y o ol » e

e
I.a '-J .‘I.

pron iy T T T F T 7o lew

15.3 Otsu’s —{&1t

EFE AP HEANEET retval, SFAEA Otsu _(EXRSAEIE.
BALERRRT AN ?

HEERA=FEERN, RITMEMEEST —MCREBE, BRINELRE
BANEEBNX M RBIFIRE ? ERMEFEFENZ L, NRZ2—EINEE G (&
BRENEEGRERGESETREFERNME) IE? RINEF2NIZERIE
ZEMIESE—/MEFEREE ? XFPE Otsu ZEMEMA, BEREREMIN
—EIMEEEREMRIEEEAETEL —BE, (WTIENERG, XMTFE
FEINWERTESINER),

XEAZZERHER cv2.threshold), EREFEESEA—ISH
(flag ): cv2.THRESH_OTSU, XRZILEEIRHN 0. AREESHIE
REME, ITRABEHRSREE retVal, MRAEA Otsu (&L, REIR
retVal [E51REHEHERFE,

TEHAFHR, GABRRR-—BIFERENER, F—M7GE R
127 h&BEE, F_MAi%E, BITERER Otsu AL, F=M7E,
MNELER— 5x5 WEHZMRERE, ABHBEA Otsu _Et,. BERE
ERITERIFME 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, BEFBHISENSHE LA

# 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([])
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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Histagram Global Thresholding (v=127}

Original Noisy Image

Gaussian filtered Image

15.4 Otsu’'s “{HERMFEITERN ?

fE% — 25 AR MR EHER Python R Otsu ~{ELE:H, M
ERARCRIAI TN, NRREEERT AR X — T,

EHEXUEE, Otsu EiAHEEHE — HE (1), EER— RS
280, BERRTIXE X

ou(t) = q(t)oi(t) + q(t)o3(t)

Hrp:
t I
at) =S Pl) & a)=3 P
i=1 i=t+1
_ L iP(i) ) _ d 1P(1)
) =2 ey & om0 =2 o
: P(i) ! P(i)
)= li-mOl oGy & o) = 3 li-mOP

HIMBAERMEZ B - EHE t, BXAN ESF, HEAEE—
IBERHFER/N. FIMXNEER Python XIB401F :
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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—CESE

#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[i],Q[255]1-Q[i] # 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

(XERLEHWRY, BMNSEEEHNETHHEIMWAT)

ESHAR

1. Digital Image Processing, Rafael C. Gonzalez
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16 E®RTE

Bix
 FIERARRERVRERK I B Gt TIEM
 EABEEXMIRKENESRETER (2D R

2D #R

SUAES—#, HALAIUN 2D BEEREMERERKR (LPF), Si@iK
(HPF) &. LPF &EMHANERES, RMEG, HPF FEEIFHA KR E &L
%

OpenCV REHERE cv.filter2D() FTAILFEA TN —IBERH#ITERIR
fF, FTEIBAMEN —IBEGERFIYIRKE, TER—1 5x5 HNYIRIRRE%:

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

BENT : BRBRERGN—MEE A £, XS5 NAIEIE L 25 (5x5)
MEREVF, EEFERR, AXPMFIIREREGR AE EEMULEFESR
BEGNE - MREESEF—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 _16S/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([]1), 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 R A EGEMNE R, INSERREREHN. H
EMBEREGRPHSMMAS (LEW: BRE, 457 ), FAUAR BRI —
Mo (HA, hBE-LERMRATRMEANR ), OpenCV BH T MMFRIAR
7Ko

16.1 iy

XEBE—MI—ERETHN, tRERAESRERSXEMERENT
HERREBROITERE, TUERR cv2.blur() # cv2.boxFilter() K5t
XMES, FIMEBEEEXETRESENENAT, BRINFBIRESTREN
BEME. TEE— 3x3 B3 —(LERIE:

1
1
1

NN
—_ =
— = =

TESE—H8—H#N— T

# -*- 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()

FR:
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Original

Blurred

OpenCV|DpenCV

16.2 ESHETIER

NMEESNZIEREHZ (EERE, AERE, BERSINHENER
HEW, HEEENERTESHAHN, AEFLNERK, HRHERE
EEROTEMERER, H— 1 SHNLUE., FRERKFEHBINEEZR K
MAFEE, 2MEFERME ), MR R cv2.GaussianBlur(),
NEERESHZMNENS (VAT ). URSHRHBCE X, Y Haiing
Z, MRBNREBET X AEOMNEE, Y FEtSEEEE, MRE MR
EEERE 0, MLARBSBREZERHNVKX/NECTHE, SHIRERTUBHRIM
B ERESHIRE.

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

MREBERASEEMIE, EhRENIZER/R:

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

FEEXMRASERENMERNPERERPMVEENE INERE
REFRARERMEIEE, sTEEERBERITESIN— N ERRKF
MEENE, MPERESBAHMRERARE (thrIMEMARS ) FIERE M,
fthBE BN ERIERS, HRZHRNMINZE—NFH,

EXMIF, BAVARBEGRINE 50% HIEEARBERDERN,

K15

median = cv2.medianBlur(img,5)

Origin[ _ _ Median

16.4 YUhigH

4 cv2.bilateralFilter() 857E1R15iA RBEMNIER T EMN LR IL
&, BEXMBESHRESEALALRE, BIERMESINEEEER
b S ARE K B RS AR EE, XS IERRR AN
BX%, MAREERBEEZEANER (BEWEME ), UM ERAE
E—MEREESMTAR, FltihRthaiEmeE, MXERERITEE,

321 183 (R B e PR 25 (6] S AN R R S BAR U M ES BAN ., 25 18) S HA e
BREIEMERENEENROSEEM, KEBRULSHEMHER
SR EREBEEN A S MARMIEREE, XM ERELER
SRS, BRinRANREESHLRAX,

TGRSR RBMT :
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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 SPIHETZ, B 75 DAIRTEISEENINEE, REEEUUESERRITEE

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

BNTIE, EERMLEERENET, ERILRTE.

ESHR

1. Details about the bilateral filtering

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

17 itk
Bix
o FEIAEIFLEFIRIE, BIANEM, Bk, FoE, AcESF

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

=
=

R

EEFRFRRIBEEGIINEITHERIRF, —MEALTH EXEGEH
1THVIRME, JFEBARINOSE, —PRREBEER, S WHHEMHLTERN
%, ERARRERMFNERN., BANERWESFRERBIEMEMK, thi]
TR TR, #izE, HES. BHMNIUTEAFER—NEE].

®

17.1 @

METIEEIE—F, IMRMFENFRYENARERE (BRARMNA
2AR), XRELMEINE? ERZOBERREY, IRSENENNIRE
BEMBGHRERRE 1, BLPOTRARFBERNGHRE, SUWRAERT,

XEF=EARME ? RESVRZHXNEERRUAEGREAIREM
B (TR 0) MUMENRIET/), BEREGHNEERESEL, XNTERF
ARERERA, thrTARRMARMEE —REYKE,

XBERNE—MIF, R/ 5x5 WERZ, HRMENETHZM’, ib
BANBEE MR 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 12 1, bt
ENGEHRENRZ 1. AU NMRMEENEGINEEXE (AR ), —REX
RERSEARMBARK, BABMEZEARFNERN, hRFEARKWRE
e FATATTBN i 1TRIAK, SHNRFEEZWERT, A2BEXRT, B2
RIREFEF B, Bkt T AR SRE R 52 FFRIIE,

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

SoiEH BB H TR UM EE., MEFRINLEENBOBE, SHE
XREBRIER, XEFNARINELRRE cv2.morphologyEx(),

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

17.4 HAizK

SZEKBEREM, EEEHAXRIERII=YERFING, HEBIISWER LD
INES,

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

17.5 ESERE
HIE — IBEIRE K S S5,
ZERE RS YIRIR .

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

$ER

83

www.linuxidc.com



17.6 3%LiE

FIEEGRSHITHEEZRF[INERNE., TENAFEA— 9x9 B
EITALIBIRIFRISE R,

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

17.7 RIE
HITHAEEZERINEGSREEGHNE,

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

17.8 WEFREZERXR
BANEN LR SZREZ ANXRTIHRUHEARSE:
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Opening:

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

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

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

“Black hat”:

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

5 AL A

ERIE G FHRIAMER Numpy METEMLTER, ERIEATMN, B

BRENFEME - MIER/BEFENZ, 77 RMXMERX, &H#tT OpenCV
% cv2.getStructuringElement(), {FRFZSIRMIFFZHIZAIRR
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, 0],

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

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

[, 06, 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 EgHE

Bis
- BgmE, BRiaARE
o FRAAMEEE: cv2.Sobel(), cv2.Schar(), cv2.Laplacian() &

R

BEERXRHEMEKS,

OpenCV R T=MAEMNEEIRES, TR EIRKEE: Sobel,
Scharr #1 Laplacian, F{1aEXNTAftil,

Sobel, Scharr EX#HERK—ME_F 5. Scharr % Sobel (M
INERIZKEKEEEAER ) A9, Laplacian KM S,

18.1 Sobel % Scharr ¥*%

Sobel EFRSHEBEMOBRENLESIK, FILLENMIEFEENRIE,
fREILAIRERSHI A @ (xorder 5% yorder ), E8]BAIREERARIBERIZAIK
I\ (ksize ), R ksize=-1, &fEF 3x3 #Y Scharr jEiKzE, EMNINERE
tt 3x3 B9 Sobel iRiKEEEHF (MBEREMEE, FTUEFER 3x3 IRESRMMNIZR
E{#A Scharr J&K28 ), 3x3 B9 Scharr JEEREHIZNT :

310 3 -3/-101-3
xFHME -10[0(10, yA@ 0| 0 |0
310 3 3110 |3

18.2 Laplacian #F

NENFEFAIAMER—MSBITAEX, AIRIZTEBSSHEMNUT
Bt Sobel £#, £ E, OpenCV At EHENHTE FITERIEMA Sobel &
Fo HEANMTF:

d?src  O2%sre

ASTC:W+TZUQ

L& RLER K B E R EIRZ:

kernel=1]11 —4 1
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R

TEARBES BER U E=MiEEENE — 1R #1TIRIE, FERANEIRZ
#32 5x5 H,

# -*- 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), sTUEA-1, S5EEGFRF— 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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— I EEHE!

AER LEAXMIFRERRTNEMREREIEE: SRMNTNELS
8 -1 RIREWHEGRRE (RIEXE) SREREGEFRF -, BRBANER
BHRERARZ cv2.CV_64F, XEATANR? BR—T—MNRIBMILR
HWEHRREY, M—TMNEIRNAIRRSBANRNE., IRREGHNRER
np.int8 Y, FIBMGEERSWERTEMN 0, RAOFRMRIEICARELRRE,

P ARN SR P fRin SRARER RS E], SIFRIBIDAR R4 AR IESE R
REMES, bl cv2.CV _16S, cv2.CV 64F &, B ERAEBIEERE
2 cv2.CV_8U, THERIRAIERTMHERERERREMRBNAEKER,
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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)
# tEJAFSHIRA-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()

ariginal Sabel CV_8U Sobel abs(Cy_B4F)
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19 Canny A%ien
BiR

OpenCV Hfy Canny B4&4&M
o THE Canny ii&ZEMEVEES

s Z3)E$ cv2.Canny()

19.1 R

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

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

KR EMEIGR{ER Sobel EFIHEKEAEFMEZEHT BN —MSH (
B#EE)(Gx ¥ Gy), RFEFIFIXMEHEE (Gx # Gy) HKEAFHIHE
EMAE, AVTF:

Edge_Gradient (G) = /G2 + G2

Angle(f) = tan™! (Gm)
Gy

BENHARA-RERSUNREEH, HEABOWITRME: FEH, KFE, #
AN R,

19.1.3 FERK{EIDH

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

yedge edge

REMRBINR— T E2 " TR "N _EEE.

19.1.4 #HEHEE

NEEZEWMERLORAREENLR, INBINFTEREFNHE:
minVal #1 maxVal, HEGMKXE#EST maxVal RHFIAAREMNAR,
BBLEARF minVal AR SHEMNTE, MRNTHEEZENE, MEEXITRE
BEEIMMIBENEENLRSEE, IRRMIANELRRDRS, NRAZE
iz, WTE:

A
N maxVal

C

——__—

minVal

A 5F#{E maxVal FINREIEMAR S, C FAMRTF maxVal BE5F
minVal #E5 A &, FINBHIARNREIEMNR R, B iaminsg,
AAUETF maxVal MEARSEIEMNARSEE, FINEESERN maxVal
# minVal W FERRBREHTFNERIERTEER.

EX—S—E/I\WRESUSERE, BARIRISLFAESE — LKL

%,

19.2 OpenCV i) Canny A5

£ OpenCV A EE—ME: cv2.Canny(), FATLATERMU EJLE,
IEBNBNFEERXNRES, INRBNE—NMSBRAAERR, F_ME=
N4 512 minVal fl maxVal, E=/1SHIZEARITEEEREER Sobel
ERZAOKD, HKiMER 3. RE—1MSHRE L2gradient, EFJURKRIZE
RBEXRNFHTE NMRiIEH True, MEFEAFI L@IRZEMNARE, BN
BFAA2: 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([1), plt.yticks([])
plt.subplot(122),plt.imshow(edges,cmap = 'gray')
plt.title('Edge Image'), plt.xticks([]), plt.yticks([])

plt.show()

Criginal Image Edge Ima

ESHR
1. Canny edge detector at Wikipedia

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

%3]

1. B—AVNER, STUAEE A% BE5RIZEHE minVal A maxVal i#
TISRi#(T Canny FEN, SEFRSERAENEEMT,
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http://en.wikipedia.org/wiki/Canny_edge_detector
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20 EBEREF1E
B

. ¥IERSTIE
. EREGAIR— KR TR

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

20.1 [RE

—MRIEAT, BINELER—RIEBEENHENEIR, ERELEELT,
BINFENE —EGNAE D HRNFEGRETIE, ki, HRINBE—IEE
BHREBREANBR, LWk, FNAMNEBTERGFHIRTRAN, XMHER
T, BNFZCELE-AEEGR, FLEEGRAEBAEIHENREER, K
IMEXEERGRIUMEREFIE (HEREMZR —BEHRNAR D HRNFESE
) MRBIESKMWEGRBERS, R/NBRENRS, BERG—EEF
15, MMEBEGREFIE,

BEREREGEFIE: SheFENNEARTEFIE

SHEFENNE BTG R EBE G P ELNITMIERERN, TN
BEBRPHNENMREEST T —EEGP 5 MRENSHNNESYE, XH#F
BF—IR— MxN BIEMRHMER T — M/2xN/2 HIER, FrBAXiEE&
MERMEANERREGEARNOS 22—, X#HF A Octave, ELHITIXHE
FIREBITM SRR — MO MELR TRNEGEFIE, BAIRTAERR
cv2.pyrDown() #1 cv2.pyrUp() MEEIGEFIE,

BK# cv2.pyrDown() A—NMESDMEARTHEGE LME—-—EFIE
(RSTZN, DHERER ),

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

TER— MIENEREFE.
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&
il
= ) \

unice?ﬁ ‘\\Q

TR oW

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~ EH, Ein—BfE
F cv2.pyrDown(), BRI HEMAER, EEMEWER. TEME
M cv2.pyrDown() FAEMEREFIEN (HTE L) F=EEKRERARK
cv2.pyrUp() BEINER, SEEGHELEDHEEZETRS,

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

HENEFENERGEERMGLFE, HPRSEHHERE 0. WNEE
HRAEEGESED. FTEME AN =ENAIE TS FIE:

20.2 FERAEFIEHTERMS

BEEFEN—TNAREGRMS, fIM, ERGESSH, (REEEMIE
EE&E—i, ERATEERREEGEENNELY, BREMNMREERS
RE, SNEGREFEMAIUAI ARG T, WelAEBESKMLEER, XEH
—MEURFIMBEFHOKRAEN -1, BEETERIFEMBAZRERM4
7.
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RRl B FIZEAMNES RIFERTRES XTEGMES, NENHEF
BRI,
KM IR REV S IR T

1 ZAFREER, ERMaF

2. MEERNBFNSHEFIE (6 F)

3. RiEETrEFETENENTEFIE

4. ARENFNE-BHTEGHS (ERNELASKFHNELHME )
5. RIEMESENEREFIEEZFRKBER.

TEIREEB (#3) OpenCV) RRTEFENME, ULRNANEFIEEERR
BEREIIE.
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Gaussian Laplacian
Pyramid Pyramid

il T
L

=5

Gaussian blur%&@

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

BAMIREMABRAT, (ATESE, §—SHMITME, ZEERES
MRTF, MREEZAE]CATBIEITMHIL )
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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[il])
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[il)
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]

100

www.linuxidc.com


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

21 OpenCV HRIHEE

21.1 ¥R
BR
o BB L RLE
o FIHIE, LECHS

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

21.1.1 H4EREE
RERIURIRIA MG EEN = (EFLR) EE—EMNfE, BEEHEE
MEEEIRE, BERIRSTFIYIREEIFIIRBIPEBE A,

s ATENEM, BEFEATECEIGR, EIHEEZA, EHITEELAIE
8(#& Canny iBR&M,

s EREENRASENRBER. MRGEXELE 2T ERFRIRE
BEVE, FNZEFREEGREFEIIEMEER,

* £ OpenCV 1, EXEERBEEREERPEEEYWE. RRiZICE,
BHYARNZZEREME RN IZEEE,

ERNBBRUNAE— N _EERGPEIKEE:

K% cv2.findContours() E=18#, F— T 2BWAERKR, F=Z412
EEBRRER, B=MREEAUAE BREEE=Y, F—12EK, £-1
B, B=1NE (BEBH) EthEi, £/ (E2MREME ) —4 Python
FR, EREFMHEXEGPHNABRE. E— 1 EEEHE—1 Numpy #%4E, 8
BNRIARS (%, yv) BIAER,

21.1.2 EHLHIEHE
B3 cv2.drawContours() =] A#FRLHIEE. ©o] LARIBIRIR M
iR SLEFERIR. ENE—ISRERKER, F_/SHEKLE, —
A Python FIR, F=1SHERLEBNRS| (ELFMILEEREM, Hik
BN -1 BREHIFERE ). ETROISHELEBNACHNEES.
E—1RER L4 TIFFER%CER:
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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)

LATIIRIIECRER, GNSEPUNECES:

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

ERASHEME, TENGEETA:

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

21.1.3 RBYEMAE

XEE M cv2.findCountours() HIE=1SH, BEARARTLER
e ?

FOBMNELRIEER— M REGHEREENALR, ESFIORIK
MR EFREN (x, y) 245, ERFERMBINXLN R SERFMHEL ? XFHMEX
ANESHEEIREL cv2.findContours #Y,

XANSHNMRRIZE N cv2.CHAIN_APPROX NONE, FigHiaR =
HawmEiE, ERBINENEZXAS G ? Fitl, SHINHMARAR—FRE
%, MARSEEL LFTEMNRRRRELDE ? A2/, ?r‘kﬂ]R'ﬁ'%ELmEf&
HENFERmME. X#2 cv2.CHAIN_ APPROX SIMPLE E##, &
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BB LN TRREERE, EHLE, ATTaERAERFSZ.
HMNATERNEERERZIMNRA, EEBIRFHE—MLIFEE
—AMNEEEEBE, F—MEERER cv2.CHAIN_ APPROX NONE H¥E,
—3# 734 A, BZANEIZRER cv2.CHAIN_APPROX_SIMPLE f)4%
R, 254 4=, BRMMELD TIE !

ESHR
%3
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21.2 R

L
- EHEROTERE, FINER, AR, b, HRES
- (FRFHRSREHEXEL

21.2.1 %
EGHERIABBBATERGNRL, BRE. FHRAERBEEEEER

FlImage Moments,
X# cv2.moments() 2FIHERBNVEN - FHRIFENRE, AT

# -*- 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

BB LERE, BATTUEHNROED: O, = Mo, ¢, = Mo,

int(M['ml10"']/M['m60O"'])
int(M['m01']/M['m00O"'])

CX
cy

21.2.2 ®EENA

Y EREVE R O] LAE BB K cv2.contourArea() it & B3|, the]LAMERLE
(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 (—5H
)

perimeter = cv2.arclLength(cnt,True)

21.2.4 BEEM

B EBRIRIE MR B —FEE D SEMNEERIR, i SE
HBINEEMEBESRRE, EHAMDouglas-Peucker&i%, {ReILABIMLER
B BESILEENAT,

ATENERE, RERENEBE-RERPEX—MER, ERHTEZH
MEE, BINRESE—NEEMNER, MB—NIFMER"(WMTERR ).
DLZE(RFA B] LA A X N R BRI X MK O T XM RBE NS
epsilon, ERNEREREBIGNELHNEAESE, ER—MNERESH, &
B—/1FH epsilon WTFEZFHRERIETEE,

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

Tin, FETRERNEERY epsilon = 10% RFEIFAREE, F=18
B2 epsilon = 1% KSEIFAMIEE, E=ISRIRENEZEEANS,

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

21.2.5 M8

OESREENUAEL, BARE, BABLEREATENAHNERE —H#H.
ERi%1 cv2.convexHull() FICAAREMN — MR SRR LR, FaEd
IEfRFE, —ARRE, OMEHLSROHREN, ELRFN, MREHMHMHEE
TR MO ERRE, I TESRNF, deflmESRTFHOE, OHRE
WINETAIRERT .

AT EEFTE —EFERN:

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

W

S8
* points FANEZAIIEE
* hull #ti, BERFE

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

e returnPoints ZAEH True, ESIRMEMNE LSRR, TIRIEE
J3 False, #iaiREIS MBS NAEE LS,

FEME, TERGRSHME T :

hull = cv2.convexHull(cnt)

ERMBREREBONEIRE, EEIE returnPoints i E 77 False, U
FEER A, EEBNIKZMBIVEE cnt, IWAEFKIE returnPoints 18 &
A True EFXOE, FHEBEITIME:
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[[[234 20211, [[ 51 20211, [[ 51 7911, [[234 79111, ELF#EEREIIY
M

IEE returnPoints iXE#H False, HEZIMNERRE

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

TR E =R, FU0: cnt[129] = [[234,202]], XSRIEFHKAITEEILE
RME—MER— R,

EOREPEHIIERIBEX L,

21.2.6 Mitign

K% cv2.isContourConvex() =] AR] AR R&MN — M &R A2
1, ©RE6RE True = False, ;ST 4 XA TH,

k = cv2.isContourConvex(cnt)

21.2.7 hRER
BREIDFRIER,

HihSHER —NEER (MRAERENER ). EXSEENRELDIRE.
FTEGASR BN ER AR &N, AJUEREL cv2.boundingRect() &
HSE,

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

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

BEFERLFER XMRERMRERKRNN, BREBETNRNER. B
ZRRE R cv2.minAreaRect(), REIME—1 Box2D £#), HAEE
MR LARASRAIR (x, v), BENENS (w, h), UREERAE. B2
BLFXNERFEETN 4 MR, ATETEE cv2.boxPoints() 3%

B8
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)

IEXERARERERE TER, BRZERNANEER, drRAEEER.

-

21.2.8 B/MMEE
E# cv2.minEnclosingCircle() ] LAEEF {132 — MR IGIMTE,
EEfEEBEENKMEPEmRKENH—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 ZEsE0RETHNRTIE,

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

21.2.10 EZ%WS

BATATURE—HSMEH—FEL, BFER(IEIMABRGTHNEER
MEh—FEL%.
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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
#1s 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)

ESHR
%3]
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21.3 KRR

RNTHIMNBEZIRN—ELEFEANNRIFE, {REIAEMatlab
regionprops documentation &2 FIERIFIE,

21.3.1 K#ELL
NWRETHNESLE

Width
Aspect Ration = Helig W
X,y,w,h = cv2.boundingRect(cnt)
aspect_ratio = float(w)/h
21.3.2 Extent
XBERSARIERERMLE,
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 =
onary 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 EmmRESNELNER

4 x Contour Area

FEquivalent Diameter = \/
T

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

21.3.5 ABE

W&RAE, FTENGEESREKMFIEHRRKE

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

21.3.6 HERMBES
ENBINEEMRNRNABEGRES, FHATRTLUXFERM:
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mask = np.zeros(imgray.shape,np.uint8)

# XE-—TFE@EESH-1, LHIERIIIZE
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]])

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

EXEHNRARMMAE, F—MAEERT Numpy R, EMER
T OpenCV R#, £RMEE, EX2ESAE, Numpy 4 HALIRE (row,
colum)

F2X89, ™ OpenCV LA HBVERR (x, v) BB, FILAXFANERE
AZRI UG H#RE, row=x, colunm=y,

21.3.7 BRAENRMIRENNGCE
AT AMERBRERFIXLESE,

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

21.3.8 IHEBEEIRE
A1t o] AE AR BIER — M ROEE RS R E
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mean val = cv2.mean(im,mask = mask)

21.3.9 H=
—\WRELH, R TH, R4, RGIHH=R,
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 Xt E —LEKRIFMERINEXEZEIHE,
Re] AKX & A Python 1 OpenCV R3EIfh4],
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21.4 ®W: ESEM
BiR
BEZS)
- CYEREA, AR R
- RE— S-S HRNRIEERS

- REMRHILE

RESRE
21.4.1 MiEREE

AIEBEEZEI] TRENME, WR R MPEER#H A f ERFE,
OpenCV B —/1E% cv.convexityDefect() =] LAZSBFRA 13K 2 T ER
f. ERBUERWT :

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

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

&, ARZRE—MEE, BicENRROASRMA="MEREESNESI.
FTAFAE BRI =P EIKEA].
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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][0O])
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 ()

SERUF:

21.4.2 Point Polygon Test

REEGRFHN— N RE M REFREER, MR<RELEIINES,
REMERT., MRELEL, REMER 0, WMRELEAS, REMENIE,
TEFHAILAS (50, 50) HHI:

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

LR AIE =S E measureDist, YIRIZER True, HRITER
FEIEE, MRRT False, ASFIMXMRS5REZENMUEXRR CREER
+1, -1, 0),
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21.4.3 FHRITE

% cv2.matchShape() FJBAFRFATELAR P MZARENEE ERAIMBIAE. 4N
RREEM/), TREMF. ERIRE Hu ERiTEN, PN AR AER
B,

BATAEE TEHNEREITIER:

# -*- 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

.\
HIFEIRERRE:
+ A 58CIE 0.0
« A5 B[ 0.001946

* A5 C [ILE 0.326911
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admin
高亮


BT, REERETHRENLENERZMEARZIEEK,

ESHER
%3

1. sIB—NIER, TTUEER EMNSSHIRARNEE, BeRREI
PR ERIEERRAEN. EFEAMNEL: cv2.pointPolygonTest(),

2. {EFE# cv2.matchShapes() L HFEFIHERFNEF.,
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21.5 EBMHEXZER
HiF
MERNBLILENRREHT, LNEEZENRFER,

ESAR
[

ERIEMABTDHANEAEL cv2.findContours REHKCE, FHi1E
ERAN—ISH: LERIER (Contour_Retrieval Mode ), {152
IBEIRERN cv2.RETR_LIST 5#R2 cv2.RETR_TREE, &EiX=], B
REMNRARMTAE ?

B, HINBIMNLEREE 3 MIH, F—1ER, FNRBRE, F=
MERBEREN, BRBITAKEERERREN, BRENRHRFTWHEIIE ?
BREMSHEBREBENEHAXRIE?

EFLRFHANA T E WA,

21.5.1 F4AREBREW

BERINEARH cv2.findContours ZEFHEKX— MR, BRI
KA TARMNME, ERLERER, — MIRERII—IMRIAER, X
BRTHRANNFIIMBIR AR, RBMHOIFRAF, ZRIMHASE, —EE
BRNABEEEZEMBILIRFRR, XA ARE —MEES Hitie
BREHEEN, (LNERTRENMEENTER, NERRER. XMXAK
FLRN J LB R L5
FEFE — N ERAPF:

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

EXEiN%E 0, 1, 2 FEIMERENERINA, FATTRTCARG A1 (LRERLEM )
0 %, BEREMEMNIETE R,
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T RICED 2a, FANCEHMICE 2 TR, TR (LBERLEH ) B
1%, EHEE 3 2% 2 TR, A (HEREM) £ 3 K. RELE
4,5 BE 3a WFHE, A (HEEM) 4 R (BE—HK). RBXMHAR
LA IRGR S, FRATRILAIRSCER 4 RICEF 3a BIFHER (HARE 5 thE ),

BIAXLASHR AN THRBRRREN, IR, TR, REE, TRES,
WMEILFATHEAN OpenCV IE,

21.5.2 OpenCV HEX&EH

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

Next RRE—RAREHPHIT—EEB,

M EEFRIEE 0 R, B 1 FiEMthA Next, EH, #E 1 i Next
£ 2, Next=2,

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

Previous RRE—HEHPRIFI—MNEHE.

5riE—#, %E 1 89 Previous KI%E 0, & 2 9 Previous }%
BB 1, %5 0 ;8% Previous, FTlA Previous=-1,

First_Child RRENE—NFLE.

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

Parent RIENRELHE,

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

MAEHKLTHRT OpenCV RMEEARLH, HNERRELBMER
B%¥3—T OpenCV FHYIERIEZRE,
cv2.RETR_LIST,cv2.RETR_TREE,cv2.RETR_CCOMP,cv2.RETR_EXTERNAL
AERRMTLER?

21.5.3 EHBRFEN
RETR_LIST M@EEMNAERE, ZTNEREEN. ERZBRINFAENE

EE, MAXEBEARFXRR. RABFBRAR"AALF", ENETR—%KH
LA
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FRATEIXFIER T, ALREMBBENE=FFEN/ M EH2 -1. B2, REB
£, Next #l Previous EBWNIE, RFIUBECAEESE.

THEARKBEIMER, B—TENNEEBMAREMAT, Flw, F—
TN R AR%E 0, F—N8eER 1, Fil Next=1, FIEIREEHMIECE, Fr
BA Previous=0, TR INSHIZ -1, SNIA TR —H,

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

-11,
-11,
-11,
-11,
-11,
-11,
-11,
, -1111)

[ T T T T
L e

'

P NOoO uhs WwN
'

OO Uk, WNRFE O

WMRMFARDEFRZENRR, XR—NIEBIFHNEE,

RETR_EXTERNAL #WRREFEXMIENAVIE, RRREIRIMNAKIRIZES,
FRBRFi BE = 1 B,

FTATE L E P ERXMHIERMIERSIREIRIMNAIKE (58 0 & ): &
0, 1, 2, THRHERXMEXFEGS

>>> hierarchy

array([([[ 1, -1, -1, -1],
[2, o, -1, -11,
(-1, 1, -1, -1111)

LE
—_—
=
/D
]
Ain
Y

SR RIMAEEERRY, RATBLUERXFRI. XERERA TR

RETR_CCOMP 7HEXMIRN N XIREMBIEEFFIFLEED DMK ARLE
M, B, —AWREMEERE 1 RARLEN, MYTRASHEREVEESH
% 2 ARG, TRPHEMNRNEBXZEHE 1 JEREN, =RAYAR
HEHIRE 2 R

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

BATRICAL FE AAIEENE—T. RNELALERFHXLELERS,
ARSERFARENVEREM, 7S OpenCV N EHIIRF —E,
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MEFRNEBELE 0, EMALLEMAE 1 K, HEPEFHEANZTE 1 2,
ENBTE 2 RELRLEH, FTUNTFIE 0 RixEtE TR —REREHD
T—4 (Next) %5 3, #H&%F Previous, ER Fist Child }J%EF 1,
RALEMR 2, HTFERSE 1 K, FMUEEREE. ELEELREHEAR
[3, -1, 1, -11,

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

WE 2: EE% 2 K, ER—RIELLEMDEE Next, Previous Hig
1, 28T, REER O, AR [-1, 1, -1, 0]

B 3: ERE 1K ERE—LMERLEMP Next ;5 5, Previous B
R0, Fh 4, REXRKE, FrLA4ER [5, 0, 4, -1]

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

THERESIMNER:

>>> hierarchy
array([[[ 3,

' ' ' '
H 0O R N~ U= N
' ' T
NU R WRORREH
T ' T
PR RPROR AR RPH
T ' ' '
PP U R WROH

RETR_TREE Z£TIRE—17T, EREZEN—F, ZHENTRIRE
FiIE®E, FEEEZE-—IMTEMNAREMIIR, EEEZRERFERSS
g, LF, IFH

Za n
—wTH, B
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ERUAEE RS, FEAXMIEI, X OpenCV REMEREHHFH D
JeRFRNRNTS, ZERERLEM,

EF 0 WLAREM A 0, E—HKH Next J 7, ;88 Previous, FiER
21, BER®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 N
T
NouRrRrRRRP R
o
R R PR RPUDNWNR
o '
PP RADNWNROOHR

ESAR
%3
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22 HFEHE

22.1 EFSEMHNE, LEI591

BiR
* {£M OpenCV = Numpy E#HitEEHHE
M Opencv & Matplotlib RFLHIEHE

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

[RiE

t2—EHEE ? 8t B 5 ER AN BIEEGHIKE D HE — N EAEN
T, EAEM x HIEKREME (0 3 255), vy MERIAFEESR—MNREEN
mIEE,

BEFEELMENEGN S —MERE, —TERG, BIEHREREETMU
WERRINLEE, RE, RESHEE—MEMMIAR, JLEMEHEKRLIE
REERETEAESINEE, FERBCambridge in Color website, &
Z‘H’Eﬁﬁﬂiﬂﬁ’l‘lﬂﬁﬁ?ﬁ%%%ﬂiﬂo

No. of pixels '__:,_r_'

0 Pixel Values 255

IERAR—EEEXBEARMNENELEIE, (Zick, EHERRERE
B&EHRY, MARFEERS ). EAERNEAREGRE TR—RNERRE,
BEMERTRE—RNERRNEE, AXIEE LRFTUERREEH X FmEIX
HEKX, METFHEBIVEZERRD,

22.1.1 SKIHEFRFHA

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

BINS: FEMEAEERTENMNREENNMEEN. IREHRERO
Z| 255, RIMEZE 256 MKERLEMERE, BRE, NRGEAEEZME
B—1MRRENGRESHEN, MRAFENEANMEEZANEGESHEE
LI ? ZIRE, FRAVEFRBEKREER 0 8] 15 ZENBRESWEEE, &S
= 16 F| 31,...., 240 B 255, FHNIRFE 16 MERLHIEHE, OpenCV
Tutorials on histograms/H il FFriERMNAR,

BB ERELME ? MR EEIRERM 256 MES 9 16 /\H, BVEEN
20, MXENE—NNEFER R BIN, E—MiFHHE 256 4 BIN, F
ZAMAIFHE 16 4 BIN, 7£ OpenCV HISZ#4HA histSize &= BINS,

DIMS: RIABNREMBNSHHE. EARGIFR, FATTURERIRETE
REE—ME: WEE. MUXEHE 1.

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

€M OpenCV &itESE X% cv2.calcHist RJLAMENEA IS T —IEE &
MWEHE, HiI—ERAE-TIPMRENENSH:

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

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

2. channels: A#FZATESEER, e FERBBATZAITIEE
BHWELE, NREBABGRXKER, ENEMRE [0]; NREXEER
BiE, RARSHEILURZ [0], [1], [2] M2 5IMNEEE B, G, R

3. mask: #EER, BRI BEERGNESEMICERKN None, EZM
KPR TEGE—BINEHFENE, FRFEMFE— M ERESG,
ERE. (FasfF)

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

# BISTHEE [img], [0],None, [256],[0,256], 2E mask RBEFIEES
hist = cv2.calcHist([img],[0],None,[256],[0,256])

hist 2— 256x1 BEE, B—MEART SRKREENRHEZERE
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] LA E
BNATEAE, REFTUEIX— T TEARD:

#img. ravel() 1SEMRIEMH—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, FiLATE bins BEREM LT 256, BRFNIAREE 256, F 255
T,

H fti: Numpy 3 & — 4 & # np.bincount(), EMNEZTEE R
np.histgram B+ &, FAAUNF-—LELHE, HRINEFEAXHD
K ., f£F np.bincount B 3|75 T i € minlength=256, {10,
hist=np.bincount(img.ravel(), minlength=256)

MERRERFIEHERET,

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

{£F Matplotlib Matplotlib FEEF E4 X% : matplotlib.pyplot.hist()
ER]UEEAITFEGI BB, RAZEREL calcHist() 5 np.histogram()
SZHEHE, 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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£ 100 150 20 w0

& (RAI AR A matplotlib B4 EIINEE, XERLE Z8E (BGR)
WERLE, REA, ERFEXESFEAERRTNWELEREEBE, &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 w2 5| X Zi/f T &= AT
# (EFHANE enumerrate ENABENMERE, LEAIME
#enumerate RIF#LATIREML—IE5IFS,
# (EEANIBHFKINE S| FIR5 | ABHIRHE S E
for i,col in enumerate(color):
histr = cv2.calcHist([img],[i],None,[256],[0,256])
plt.plot(histr,color = col)
plt.xlim([0,256]1)
plt.show()

$ER

4500

4000
3500
3000
2500} |
2000
1500
1000 i

500

0 50 100 150 200 250
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N EBRESERE UL EeHAEEMNNES (

H3

)

M OpenCV f{£FA OpenCV BHERBLHIE T EILLR L,

PA

1

REH

XEAREN

A, BXEFUBCHA,. PJEE%E OpenCV-Python2 KIE 7=,

22.1.3 (EPHEM

RETEGRENEBXHNESE

BERIELLRBAMAICAT

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

# create a mask

==
A

EME-RIBERG, BERTH
MOREMBE, HRHBDNERE, MM T —BIREERER, ARIECX|EER

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.
plt.subplot(222), plt.
plt.subplot(223), plt.
plt.subplot(224), plt.
plt.xlim([0,256])

plt.show()

imshow(img,

‘gray')

imshow(mask, 'gray"')

imshow(masked img,

‘gray')

plot(hist full), plt.plot(hist mask)

H£RUT, ERELARERRGNELE, SARHITRERZBNETSE.,

Masked Image

31000

2000
1500
1000

500
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https://github.com/Itseez/opencv/raw/master/samples/python2/hist.py

ESHF

1. Cambridge in Color website

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

22.2 HAFEMEE
HiR

s DPTEMNEBEZSEHENECHERE, ULRWNAEREREERE BN
tE.

[RiE

BR-TUNR-BEIEBRFNASRGERNEREHEFE—MBRET
ElzASEHE? fId0, MR—BEEHFBERS, BAENERENZTRR
5. BER-EISRENEGRNBRENTNIXRIZ, AUENZICENET
B —MEEAFR (TE), ZMEREHENGEEEHNSEE. BEREA T
MIRFRINERBRIINT LR,

T

EFRZREEENPRTELENEENFEE, HPERIEEST,
ERZERETMESNBIMIEE—NMEANTHRT. B(TEEEHEER
Numpy R#ITEHLENENL, AEEZESER OpenCV #HITEHEIEL.

# -*- 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() 1F#ETH—4

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

BT UBHREFBEARBAEREBRSNEBS, MERHESEP, ™
BINHEEHEMNOBILR B, BEBRERED x #, FibL, BIMEE—1
TIRER BB NFHANEUMENE S ERGE — N ZHHEMNEAEY, IMEE
FEECEMINEE.

BNMEZERIERETNR/IME (BRT 0), FHEEART wiki FIVETR
B9t AR, ERBREXEFEAT Numpy FBIEEHE, WTFEEEARET
BRFE RN non-masked TTHEEN, RFIUE Numpy XHEFIREESHE
EHRLBNER,

# ME Numpy HEFR#H, cdf HIR#H, SEHEATER 0 A, HBE (1TENBRE ),
cdf_m = np.ma.masked equal(cdf,0)

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

# JgEE I TELE, XEMRER 0

cdf = np.ma.filled(cdf m,0).astype('uint8")

MEMKF T —AR, BTN BIERBHNSBAGREY MG HEGR
WE. BINRFEESIMERNAZIEBR EFMATCAT,

img2 = cdf[img]

BINBRENENGZEHESEMERDME, FRNTF:

. — L
s T T f [ |
! B | stogram
[ ™
00|
15%0] ]
000 -J 4
-
..I"
50| 1
U BE] i) B X9 B

A—NEENHSRRE, BERMNWEBARRZ—/MERENER (FRE
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BEAMNAZZNBARESERNEFR ), EE2IEHENEHXZEHEFRIERN
#£R, BEit, EXEEGECEERAREMENER EEHERNRERGNSS
TH, SERSIBEATEHRER. fIa, RIEFIRR, FilHD kL8R, LS
MR BE R AR AR ITER EECAMECI AR ERNRESR T,

22.2.1 OpenCV HESENEL

OpenCV M EFEIIE LR R cv2.equalizeHist(), X ER A
ABERXR—EIREE G, WHERREHENEHXZENE R,
TAMAEERN DAKIREE GHTESEISEL:

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-ERRRENRBFBECSRIA—T T,

HEAEPHERESEPERE T REBETERN, BEHEMEEERERA,
BRMREZNTMARA, MELSBENRETEIRRET B, FlM: RER=H
BERAXEBRENEGESN, FEEESHFRTH SOF i,

22.2.2 CLAHE BREMLIEREE S EHEE

BNELOMHEREIEERREBRIMEROMEILE, BRERSER
T, BHEMEOBRRFART., Fl, TESIREARGRNETESENELZ
RriE L ER.
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Original Image

Arter Globa
Histogram Equalization

WMERTEELENENZE, BRERILEERNET, ERMFE
TEE—THIREEGTRENEE, BTARBINERTRSER. EMXME
RNRFREETXREEGNEAEATREFER —MXiE (AEBEHERN
BEXE, fREBBAT ),

ATRRZIANEE, RINFEEAEENNEHEYE L, IHERT,
BREEERSIWOMRZS MR, XENRIEFHR N “tiles”( £ OpenCV H tiles #Y
KNENZ 8x8), RARBNEF— MR FEITEFELIEL (BRATEZEM ).
FIAES—IMXES, EAESRERFEE - NMNXED (RIEFESEF
). MRBEFHE, BEIWHK, ATERZMEAHNLNZERTEE
PR, WFEAN/NRRE, MREFEFE bin B33 tEER ERAVIE, FIE
HAMWBES[IYSEEIEM bins B, AREHITELENEX. &E, BT
ERE—ANNMRZEANER (B TEERER ) 457, BERANLMERE, W
INFRHEITEES,

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).

# THERTAFHRIFE createCLAHE X MEIR

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

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

ESHR
1. £EB/HPRIEHESE,
2. Masked Arrays in Numpy
KT IAEE R/ ELE SOF [a)3f:
1. 7£ C B E#EH OpenCV HEEGRIILLE ?
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 EAHE
845
FHRNSZIMNALE 2D HEHE, RISET—HHERIE.

22.3.1 N4

FEFENSABININATNMSLH —HEAE, ZFUMBI—%, BRER
BINRAZBETEGH—MSE: REE. BR7E 2D EAFERFHRINAEEE
AAEREE. MTFEeRGNEARBEBATHRINEEZEESIMTAE
(Hue ) FIf8F0E ( Saturation ), RIFXFHMFELS 2D BEHE.

OpenCV MEAXMEFES—MIBZEEHENG T, ATHMEENK
R—ERZINFALFACESE, IEWNHNT—HEIEHEREEME
1,

22.3.2 OpenCV Hiffy 2D HEFHE

{FEHKEE cv2.calcHist() RITEEHERBEXHE, MRELTHEE
BEAEMIE, BMEeETEREGRMWEESEM BGR ®%i%E| HSV, (igfF,
HE—HEAE, EM BGR %#43 HSV), i+E 2D HAE, RHENSHE
ECIRNERE

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

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

RRINF -

# -*- 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

XHM\ET, BRI !

22.3.3 Numpy F 2D E7HE

Numpy EIHREM T 4E 2D EAERKE: np.histogram2d(), (iF
18803, 4% 1D EAENFE(ERMNE 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,
RERNEERWNASHBREERE,

22.3.4 4% 2D EFE

Bi& 1: (£ cv2.imshow() FH{1BRERE—1 180x256 KL,
Fr AR AT 1=] LA {58 FB &1 5% cv2 imshow() RkERE, ERXZ2—MKEHE, K
EFHNERBER H BEME, BNHEINBARAIERREARMTLE
@:o

73k 2: £/ Matplotlib() FA AR AEFE 2 matplotlib.pyplot.imshow()
Kzl 2D ERE, BERELEFENEEE (color_map), XFHIIENE
MRARARNBERNE—AEEMMINR, ERBRAEMEB—#, FER
AHERNMNRIBRRRR T 4. BAMWIL, BERBENRZINGE, €

BT 82 XA A

KRBT :
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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()

THEMAEGHEACEE, X HMERSEH, Y#HER H E,

EEHER, FEIUERIE H=100, S=100 fhaBLLREHE,. XE5H
SXMNEEENR, FE#S—MEERE H=25 F S=100 hi, X—SRE
BN, RRIRETEREGRRERAE (GIMP) EEG, ABELFHIE
HEERR AR,

7% 3: OpenCV Qi EEAXEPE—MXFARESENHT, BT
—FEAMB, REHNACESEERRTHENGE, HERERE: ®
HAERR—BIRAGEDNESE, MREST (BABFNESRD ),

ERMAMRBR, FEEENRT 4 HSV BXNHEHE, RAEEER
#5i BGR #xt, BREBINESESHAEESBAR, FEIATLSRSE
BRNHLSIINS, ATTEEIT —MEMEAE,

RIEWRBOSFBAMRIT, BSEH—TIE, FARM LBHEET
RERID 2 EEEINER:
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https://github.com/Itseez/opencv/blob/master/samples/python2/color_histogram.py

MEFHERBITTURBEZENEHENARNE®, BE, R, 28#
BERNAE, Fx!!!
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ESHF

%3

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

import numpy as np
import cv2

from time import clock
import sys

import video
#video EBRHE opencv EHXIEHEHA
if _name__ == "' main_ ':

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

# np.indices FJLAREIHHEE S| HEERIFTE,

# BI%0: np.indices ((3,2)); HF (3,2) ARREAREE: 17/,

# REMEELEEMANSHE/L%: (3,2)F 2 %, FTUMBHIERNZE
# [[a],[b]], BEFEEH 3 17, 2 JI#A,

# FEBEHIIKN, F—HH 3, T a FEYER 0 B 2 (RAZF5I#H),
# a HRE—MEFMZENTES; EFFREERFE b (SIF5])

# SZERFZE

# array([[[0, O],

# [1, 1],

# [2, 2]1,

#

# [ro, 1j,

# [0, 1],

# [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,
# (EXFMEDHIE, ATLARIFHIGIRERS, MTIZERRANIZAET N AT B 5 E R =200,
small = cv2.pyrDown(frame)

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

# B v BE (RE) HIE,

# BREFATIXME%, TRIKHARE LI
#dark = hsv[...,2] < 32

# WLIRIEREIFIE — N RI/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—EZTH 3 %
vis = hsv_map*h[:,:,np.newaxis] / 255.0
cv2.imshow('hist', vis)

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

break
cv2.destroyAllWindows ()

140

www.linuxidc.com



22.4 HABRBEE
HiF
AERIEESLIEHEREEEY

R

BB REEREZH Michael J. Swain #1 Dana H. Ballard #E {189
X E"“Indexing via color histograms” 112 H,

MEIRRMTAE ? ERTUARMEGSE, HEEEGRPIRI AR
WEERSY. EEXRIE, ERBHSHARR (FIER) AEX/NMEL, HF
HNE—MERERARTEAABRLELNNSETFERNRIOEE, AEEENIE
KR, AHEGRPRHEEES (HEA) NAMErIEARBNEZLRNVER
(ERABBRENGCE ), IR—MENMNER, EHBRREELES camshift
HEE—E&EFERA,

BARZ BRI NEER ? BEBNZELN —KEBSHNEEKBE R
MEGEIZEAE (ERINRGS, BINEERNEEN, EMHEAE),
RIMNEERINREREHFHXKER (HRDIER, XKERLRIFLSEHEN
BHRNEEHNINR ), RIFEAGECELE, BEA— " MENEEELLENK
EEEEFNEARFTERERDESHRIRMN, BER(IBIEXTMHECEHER
FZEMABRBPIFBANER, BRERIBABGRPIHE—MEESINEK
HEEEHBRPNRAME, IHFRINREI—MIRER, REIREEHM
EENEREGHIT AL, RXARER,

22.4.1 Numpy ;%

LM EES LIANBNEEHEEARE.
B, BMNECIZMIBACEAE, BMERNWESRE ('M'), (HER)
MABGBNESE ('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
M = cv2.calcHist([hsv], [0, 1], None, [180, 256], [0, 180, 0, 256] )
I = cv2.calcHist([hsvt],[0, 1], None, [180, 256], [0, 180, 0, 256] )

TELE: R =Y, RAKE R, LARRE R XN AR BIE—
BIFNER, HPNE—NMMREARZINMIRAZEFIIME, 190 B (z,y) =
Rlh(z,y),s(z,y)], HEF h IR (x, y) &8 hue 1, s = (%, y) &8
saturation {8, REMAB—"5FH B (z,y) = min (B (z,y),1,

,V = cv2.split(hsvt)
R[h.ravel(),s.ravel()]
np.minimum(B, 1)

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

’

1w

h
B
B
B

WEER—TEEEFMER, 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)

REHLEGRPREESANMSMERNZERNBIFNUET, R
BANEHHR—NXE, B AER— M BEYEIG#HT AL, X
A ARE —MREFIER T,
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ret,thresh = cv2.threshold(B,50,255,0)

MRIXHE,

22.4.2 OpenCV PR EHE

OpenCV R{#tHEE cv2.calcBackProject() FJLABRMEHEIRIE
%%, EMESREEN cv2.calcHist WEHEANERE, EHHN—IMSRER
NEEXEFNERE, FEHFBEERBRNERBMR@RE 2R HANIMNIZE
WEMEA—CAIE, RENERZ2—MIRER, B(IBER—TEEEER
RNEMERIE, KREEAREHITEN,. TEARRBIER:
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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: RIAEG, SRER, BEIZIZREGRTFIRIME, RAE, IT—LEE
#cv2.NORM_MINMAX SHELARIETBE#ITIEN, RENILMERGZIRIMEFIRAEZE
# F—MEZEMNESEETFER, I—HZEHMAT 0 2 255 Z[ERH 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 fE— /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, HERAETEEERFIXIEHFENIRENE,
BREX AR RERAEMENXE (Fi),
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ESHR

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

%3]
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23 E@Tk

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

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

[RiE

BEMTREEWARDTARIRREZMIAREGE, BATIUER 2D B
HEEM TR (DFT) RGN, S DFT B — MRIZESIEIRIR
RIBEBEHTH]R (FFT), XTFEEMTHRIOATIRTUEEE—FERL
EsES BN BEHREE, BFEEFRNTHRESHRTS.

WF—MNEZES: z(t) = Asin (2rft), EFSAERR f, NRIEXMES
HRIEMERT, BANSERK { AR —MEE, MRBAVESEHR
HEENBRISSFAEMN, BINSBREMMER, RNTiEIELEN,
HAEREHR. RO]MEERERMGERNIRARENES. FUNEIGRR
HIT X AEFM Y HRNEEMER, BHMNASFXERGISUERR (SRiE
)

FEN—=R, HF—ITEZRES, MRCHWBETLIEER, FATTMUGR
fREMES, WRTMLIERE, BNHEZHENES, Fe] ACXMEEN
AEIEGH, BEMBEMBEREZCIEEKIE ? ARRWERS, FARTHZ
RIREEEEGPNSNNE CEIERXENSMEIEEHIEER, MIEHIRMN
REBZ ), MFLBIUULEREIBREZHCIAT 2 ARAD E.

MAERINEEEHHITERENER,

23.1.1 Numpy FHEEH Tk

BARMNBBNFAER Numpy #{TEEMN Tk, Numpy ) FFT &
A AR BN BAISIE REEREM T, R np. ft.ft2() FJAIHESHITINERS
#h, MEERE—NEANRAE. FRBHE—ISHERABRR, EXER
Eigl. BASRENEN, REHMBDEAIIKR/N, L BERR/NFIEGAE
BRM—1, MREBHERICBABRGRK, @ABGMFEZREEIT FFT Ak
0, PIRMELRILIMABRGR/NIIE, WABGMRSWDE,
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RAERNBETER, MEH 098D (ERNE) EhiEGNE LA,
MRBILE (ERHDE) AHLEGHIPL, BNEFBERERSMNHEREFE
% &, E# np.fft.fftshift() FTABBIRNIRX—L, (IHEFSD )
HITRMBRTIRZ G, AT AR 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()

FERINT:

Input Image Magnitude Spectrum

AT UBRHEERNFOINER (R), XUBEASEES,

MAERATT AR ITHIHER T, FAVIMET AT SN B R 1T — LR
57, AlilES@&EREMEZESR (DFT R L% ), tLWMEBE(TUER -
60x60 FERE ON EGETHERERFEMAMEREBIASE, ARBERERK
np.fft.ifftshift() #ITEFBIEE, AUAMEERPEX@EELZLAT, &
[RfEREL np.ifft2() #1T FFT #%#Hk, RFEXFEE—HERA8F, Fl]
AT AR fH{ 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([]1)
plt.subplot(133),plt.imshow(img_back)

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

SRIT:

Input Image Result in JET

LENERERSERIRELZ - MO RN EE, IMERNNENEE
BRER—ZBRN, RIS RERPEIRERS BIESE PENEE R
MXiE, FABREELMBEIFER Numpy #1T DFT #1 IDFT 7, #&3H
IRBEBWNFEER OpenCV #HITIXLLRE,

MRMFMRFAENE, LERRE—E JET AENER, R2ER—LR
BRANARR (NBALLFTIRHNKXE ), B LRMBBRLERTRNEGH, X
WAL ARSI, XEETFHAVERERE N MBRIEMN, X MERREEHR
FLIEZRORR & HILX AN e, FrCA—RRFATANERERE HIRK, RIFH
ERRSHEN,

23.1.2 OpenCV HfyMEH Bk

OpenCV FHEMNAEIHZ cv2.dft() 1 cv2.idft(), FFIEHE LS
—, ERERNEEN, F—MBERERNENED, F_NTBERLERDN
RHES. WMABRGETLEHA np.float32 &, FITREBUFEIRIE,
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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()

MARARME DFT, ERIEBIERSFAIKIMT —4 HPF (FEIRIK ),
MAERANRM LPF (RiEIRK ) HEMaBn ER, EFXMEXEIGHITEMER
. BRBNFEMEZ - HEE, SEMXEMNGIRER 1, SEMXE
SHRBHFTIRE 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.

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

HRWTF:

Inpait Image Magnitude Spectrum

23.1.3

DFT HIEEEMR L

SEEMK/NARELERN DFT MMEESERF. SHENKANZE 2 BIIELR
it DFT WX B, HHAEAMNKNZ 2, 3, 5 WEHRUERBEEEBS. A
MRFRRERSNBIGITHERN, ReEIMESEMABGRIKR/N (%0 0), WF
OpenCV fRABECF&h# 0, ER Numpy, fRREZEIEE FFT z&EMX
N, E=EmH 0,

BEAVEHRE REXR/NIE ?0penCV T —MEE:cv2.getOptimal DFTSize(),
ER AR # cv2.dft() A np.fit.ft2(0) £FA, 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, JARIK/NMA (342, 548) TRLT (360, 576 ), MAEFKA]
REH 0, RAEEBEUERLERHA. ReJUEIE—1KM 0 8, ABIEHR
MEEEE T X, 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 FIRI:

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

HRET 4 &, BRBZEItBE%I OpenCV MEER Numpy i 3 &,
{RBRTBUNE —TF3& FFT KR,

23.1.4 Rt AfIEANTE TR BRSNS ?

BERGHBE T M EUNEE, At o2NERETFRESEIRMKNES?
Aft4 Sobel B HPF ? &, XMWFHE— M RIENZRBAAEEH TR
REd, BMN—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 RIEFEZEE

gaussian = x*x.T

# different edge detecting filters

# scharr in x-direction

scharr = np.array([[-3, 0, 3],
[-10,0,10],
[-3, 0, 311

# sobel in x direction

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

# 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']

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 - EFARITELRERES, NXEEFEHHK

NEARTARNEARLER HPF AF=Z LPF,

ESHAR
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 RRCE

Bs
EATHAEZ:
1. ERRRLEE—BERPERER

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

[RIE

RiRLEERARAE —BIKE R IF EHRRE R ENTE, OpenCV Jy
BARM TEE: cv2.matchTemplate(), # 2D &R —#, SthEAR
WREGRERARSR (XE) LB, AES—MIENEREGNSEN N
WABGRIFXIEHITIER, OpenCV #H T /LMAERLLRGE (HTEE
X)), BREMGERE—ITREERR, B—MRRERT T IXESEREILE
BE,

MRWMABKRHKRNZE (WxH), RIRFAR/NZE (wxh), BHHER
BXRNFR (W-w+1, H-h+1), SHRBRXEEZE, #ATAERERL
cv2.minMaxLoc() RZKFEFHR/IMEFMRKENUET, F—MENIE
ME LA (fZE ), (w, h) J moban #RIRFEMNENS. XMERIME
HEBRIRX T,

24.1 OpenCV FHiERITER

BINXERE—MIF: BAEBANERPIERBAENEL. FAURNE

Hll{F T XA —MRIR :

BIN2ZRAERRNRILERTTE, ZHEHANMA]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 BAIFARMITHEFIEFRIARTX AR Python iEa],
# 6190, HAIFTUEIZITAER —NEE Python EBRIFFHFE, AEH#ER exec BAWMITIXLIER,
#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([]1), plt.yticks([])
plt.subplot(122),plt.imshow(img,cmap = 'gray')
plt.title('Detected Point'), plt.xticks([]), plt.yticks([])
plt.suptitle(meth)

plt.show()

ZERNTF:
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

=3

cv2. TM_SQDIFF_NORMED
Matching Result Detected Point

F11%EZ cv2.TM_CCORR HIIRAEFATBRIIB A,

24.2 SWREERTER

EREAES, BRINEERTPEZIEENE, MEBAREERFEH
BT —R BUGHENHEIAEEGTERATRSRELANIE? BY
cvimMaxLoc() R2BGHRAENRIMVE L, HMMEEREET,
£ TEMGIFHRNEZLMHF Mario B —KBIFE & P B HAPRE,
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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)

WORLD TIME M WORLD TIME
1-1 348 Al 0 1-1 348

LR
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25 Hough EHZ&T#Hk

Bix
s EREXRTHRIEE
o FIMAE—KE R PN EL

« ¥3)&#: cv2.HoughLines(), cv2.HoughLinesP()

R

EXTRENMNSMAANRARPIERRIT, WREEEMAIFZARET A
A#FERAATY, MAMAINREREXRTHRIENE, RNEMMMRREFE
—RIERSEHB BRI UER. BRI TEREENEREXRTHRIGNEL,

—RELTUBAHEREN vy = ma +c HE p = xcosd + ysinh T/,
p RMNEREELMERES, ( REANELSHEMITN A EMNRE (90
RIMERNLITRREH B ETERE, FHEX OpenCV ERRLIRA IR
B9, ie?l]"FFﬁa_'\:

AR —FEERSTHEE, p WERNZAT 0, BE/NTF 180,
ERINRNES EHZIME, AEFREKXT 180, thE/\F 180, B p BYE
INF 0, EEMLAER 0 E, KELMWAER 90 &,

IERITREEEXRTHRENALIFN, E—FELERIUA (p,0) 'R,
FTAE GBI — 2D A (RNR ), ¥Rt RMm=3, FMENERR 0, TR
R p, JIRE 6, ZNMENRNRE T RIGERVERYE. MREFERER
W2l 1 E, MMFEE 180 7, [T p, BRNEAERNHALNIES, FTUNR
BREZAY - MRENES, TN ZSEENALNESESE,

BR—TFTHINE MK/ A 100x100 HELA FEGHPR, BNEL L
HE—=R, BAFELR (x, y) B, Ex My FALABSGESR, AE
w0 B9EVE: 0, 1, 2, 3, ..., 180, HAIKRHSEINNA p BME, XHEHK
MEIBIE—FRT (p,0) HHEN, WRXANBEERMNEP B FEENIL
B, MEXMIELEM 1, FARAERMIFR (50, 90) =1, (—m=AT8E
FESSFRE4L&T, AIURTELENE— 1M RATERRMBPH S MERR
.

HENELENE R, EE LOMIdRE, EMRMEPNE, TR
N2 (50,90) KIER 2, REBRMIMEERRMBEFIE WEL LW
BNRERIT DOMIRE, BRIRMERMZE, RMBIFREMN 1, EEM
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AEENSM 1, BNAR, REBEXMAXTE, HRERERMSEF (50,90) /9
EEERRAN, NRMIEREZMBPNRKAE, HHBEME (50,90), X
MIZBEEGPE—REL, IFELIESRNIESER 50, EMELSHEMN
KR 90 E, TENMBERFIERTIXMNMIFE (Image Courtesy: Amos
Storkey ),

EHREBEXRELTHRTENAN, BER, HiTIRE SR ATAER Numpy
REE. TRAERT—1MEMSE. EPEENANMNRARTEERTARELN
247, (Image courtesy: Wikipedia ),

gt

W

25.1 OpenCV HFHEXTHk

FENBHENTIZE OpenCV REHFITRH T — MR : cv2.HoughLines(),
REMEFE (p,0) p WREMARKRE, 0 WEURINE, INMRHNE—I2
HWR—ANZENER, FTUAEHITERSHRZAIZEEHIT AL, HEHT
Canny h&&MN, EB-ME=MER AT p f 0 WBERE., ENISHE
HME, REENEFNESTRENARIAAR—FEL, hr]UIEEEMEE
MMEIMBELMNRERKE (LMRERRPEA ),
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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)

ZERINTF:
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25.2 Probabilistic Hough Transform
M EBREREBITIUEN: NMNR—RELAETZMISH, XFE

EMitE, Probabilistic Hough Transform 3 EXTiRM—FMEt. ©
ARENB—NREHITHE, MENA—IREGFRENEER (22 eTAER
BREFIER?) —MREHITHE, WTFELENRGEIBLES T, BR
FERAXMTHRBINVNERFREE (BNRBESL T, BMESTERENGT D,
TEIRNEFHA AL, (Image Courtesy : Franck Bettinger’'s home
page)

probabilistic
Hough Hough
T transform
Hough
space

threshold threshold
250 100

-

I'"

OpenCV H{ERAY Matas, J. , Galambos, C. #1 Kittler, ]J.V. {2 H#Y
Progressive Probabilistic Hough Transform, iX/&#2& cv2.HoughLinesP(),

EERINESH,
* minLineLength - ZHRIIEKE, LLXMENEESR B,

* MaxLineGap - AFE&BRZENRKNER, tIRNFLE, XBFRESL
M ERR—FEL.

NG 7]E’st, XAPREEREAEMRELANERIL S, MEMENAFHR,
BMNABGATELAWS Y, MAMUONERIMENEL, MAXE—NEHR

EE?E&%’QO
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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

B5
- FIEREXRTHREERPRER (F).

o Z3IJEE: cv2.HoughCircles(),

ERMBRERIARHT (2 — veenter) (Y — Yeenter)” = 1%, B (Zeenter,Yeenter )
PHEOHLIE, r HEWERZ, NXMEXRRNTUSL: —AEFEE 3
ANSERBTE, FAHTERERSHRIEMBUAR 3 4, XHEIERE
HARIE, FTA OpenCV AR—ANLIRISIHIMNE, EXBEE, TAE
AN RIBERES,

BANEZERNEE A cv2.HoughCircles(). XN EHNSEEIEM
MIRRRR, XEBRINMERERBIE,

165

www.linuxidc.com



# -*- 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.

# REIZEA 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:
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27 SKKEEE®RSE

Bix
RERIEEES]
s EANKIREZETEENERSE

o F#: cv2.watershed()

R

EF—BIREERE AT AR EMRAINTE, REESHXEFTURKEMNZE
g, REEROXETUEERZLE. BMEE—MLETETEHRERN
K, HEEKNUMNFAS, NRILGHKMSEIELS, B THHLEARLLERK
LE, BNFBAEKLCENMAEMRERD, NMEMEK, TMEHMEE M
B AENWLIEEREKESR, FINEEFMRINMENEGIDE, XIME5K
IREENEREE, RATAEITUIRIMECMM webpage on watershedR
IRB CSHIERE,

BERZIMAZEEHRBIIENENER, IRHBRFNERGHEM
AEMWERERN, A THRLZMEM, OpenCV RATETHENIKIE
8%, EXMEZPRNBREBLELERFILE, BERR, IR—MHRE
RHEGSE, BNEMIMBLRNEHNNTRIT ERRMRE, WHRED
KIS ERMRIENER, MEAEIHE (NREE) HERICE, WRED
KEFEEEARRRNEMEERMEA BRI — I EAEIREZIFIC. MR FHRERE
RERERERNXEHA 0 f7id, XMERNMIRE, RBESEESKIGEE.
B—KEK, BINNREMSWEH, SAENMNEHENRERBNMMER
m, EEIRAAELIESER, REHRNEIENARR (RMN) B9ER -1,

27.1 K©
TENGFRBEANFREETIRM I KIRE AT R RE—ENNRHET
538,

MTFERR, SLEEHERE—E. AEMERBERE, SlEARE
KRER,

168

www.linuxidc.com


http://cmm.ensmp.fr/~beucher/wtshed.html

BATMILEIRE R BBEMUE T8, 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)

RAERINEZBZRERPUAENEERS., IRFEEALSEPHITEE,
ATERRR LNNERBANFEEEARSZEAEE. FTURMNRENESET
RRALHXIFEERFR, MEBNRALNXIEEERER. MAERE
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X IGFZE T Z B0 57,

FIABMNBREEREMNIXE, BIREFIUERDEERR, RTHM
AUEEREM T, HEMZEREEMEA, IMRESENN, E2HTE
Mz EREEEME, BITMB TR —IEIFMWEE: EETHRBMNLSE
BElE, BETRBENBHISECZENNXE, IRMBEZHTERAIRIFT.
BAKRT A T REVAFREMEERT L, ZHEATARKERELE, BATHM
AIMFERLEXIHESERAR, BLEEERER., W TEFRMR.

White Region shows
Sure Foreground

Black Region shows
Sure Background

FTHXERZRANNANNEZNAX DN T, XHMEDKIEEEEZME,
REXIFEERMRESERNRAL (NEFRITARNRRA ). #IFZHA
. NBEERTRERNXEFRESERNSRIXEEE 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

# IEBTRIVBEXRS YR E— T EGPIEFEERIRENFTEEREERE, WS FREERIIREES
# PREDIEEEEREE R IET E LB IRRERSCIL, BIHRFIEILRH R BRIR G SRR TE

# [BY, XIERBIEAIEEIF, EIIFEEENIRERERIFIRFOESREBERL

# BB, IRIESMRERESE, RENNENKEE, XHEMTHE T _EEGIEE S
#cv2.distanceTransform(src, distanceType, maskSize)

# F_NS80,1,2 #5I1F < 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, BIETEEREMNNXE, M
BREmzEtES BT, (BEBATRITERIAFTENRIRAETHE, MAE
EREBRE-ENRROF, ERMLBELEERAEBERT, BUHMEBT.
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él,uF'ﬂHJ_ILXFHSEhE E’JI:iJZ )

MAEMETHRLEERERBLRED T, BHEAMETUCIERE (—1N5R
EgK/NER, HIEZEE R in32 MEAE ), FIRcEFPMXIE T, WHRITEL
WMEDLXNXIE (LERARERER) EAREMERKFE, WHRIAHE
EMXIEER 0 518, BA1TUAEREE cv2.connectedComponents()
RMXEE, ERIBBEESINEH 0, EMANRERM 1 FHREIIERKIRC,

BE, BIMNMENRE=FIERN 0, B KKBEEZHSIEECEHBERLA
Xig 7T, FINBIMEERAAREMNERIFCEN. MM AHENRXIE (R
cv2.connectedComponents #i 4R PER unknown & X REKX
i3 ) #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+l

# Now, mark the region of unknown with zero
markers[unknown==255] = 0

H£REA JET AetERER, RERKEHRMXE, SEREMAIXE
ERANENEAEINC, ERKEMERXERIMCHNER

NERSZEETT. 3&RE—%: XBAKKREET. 7fT BB =mE
iR, WRXKEHIRCEE R -1.

markers3 = cv2.watershed(img,markers)
img[markers3 == -1] = [255,0,0]

HERWT, FLEEMIAFEI BRI, LB LETHZEMDRSE
BIANEF,
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LES v

1. CMM webpage on watershed

%3]

1. OpenCV BHRIROIFE— N REX57KIE D EIFZRF : watershed.py,
B ininik,
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http://cmm.ensmp.fr/~beucher/wtshed.html

28 {#EMA GrabCut X TRER FIRIER

Bix
EARTHRBAEEES):
* GrabCut ¥;#[R32, £ GrabCut EiARENEGIFIR
s Sl RERREFTMATRIER

R

GrabCut Ei% 2B MR a7t Carsten_Rother, Vladimir Kolmogorov
#1 Andrew Blake TEXE (GrabCut”: interactive foreground extrac-
tion using iterated graph cuts) PHERHR, LLEEERINFIRAVIRE
HEPFEERLPANRE, ERIEEHF.

MNAFNAERBEIRIUMFLENE ? AlaNBFRFEER—MERE
IR XIFERE (FIRXIENIZT2 R BIEERTLIERNLS ), AREEZH#HITEAR
NEERRERTFER, ERENDEINERABIER, LLIERIRIMTE
=, WELEERIAM TR, EZXMBERLT, MBEAFPRKEITERT, AP
RAEZEABENEMUE—E (S—FEIR) MeIUT., BE—EmMFTESR
TTEN: 18, R, FEXEFRT, FTRIERNRMRICESIRG 1", AE,
ET R RMNRRGHREFH N EFNERT,

MTEFR. EaIRMERHERERBEE—&, EREHRMHLME
IF, HEBEXRAXERR R, BEEREERARERER. REHREINT 1
RIFRILER,

EENMIRPIREE T ARE?

* AFBWA—NER, BRMABEXESEEHEER (RIMNENEEZRE
3, AENNREABZEIEEMERN ), ERERANKBIRNN, B
APRERMRNERNEMEFBAIBEFLE.

o TENSTRNBABBRM—NIIRIEIFC, ERXFCARNER

==
Fo
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http://dl.acm.org/citation.cfm?id=1015720
http://dl.acm.org/citation.cfm?id=1015720

s FRA—ISINESEKRE (GMM) WRIRMERER,

o RIFFATIIMA, GMM SZEIHEEFNERDH, WAL LR
MER (FTERAREAEREER), JMMREENSEMNSE (WER
MBREXRAZREITDE (MBRIEIMEREIRIF )

s IHMSBREGENIHEE—FRIE., BPNTSAMEBERES. BRTHR
EEMTHRZMEERAN TS Source node # Sink node, FiEH
ARG FEERF Source node 8%, FIEMEREEEF Sink node 18
&,

 J%18%1%#3) Source node/end node B (1) WERENETE
—X (ARFIRHERER ) WEERRATE, mMREZEMNERDN
EEHEBEBFMEREMEUMERRE, NREMRENEAEERANAE,
BAENZERAFNEF R/,

* £ mincut EENW LEFANE#HITHE. ESRBEREMRASZIEE
979 Source node # Sink node, FiAFFIEFEHEEFTE LRI
E2M, EHEZE, FIEEET Source node MGEHINARAIR,
FrBiE#2l Sink node MBREKINNRE =R,

o PEXMIFREER5 RN,

TEERTX/NEE (Image Courtesy: http://www.cs.ru.ac.za/research/
g02m1682/):

E e

(a) Image with sceds. (d) Segmentation results.

Background Background

@ terininil @ terminil

cut

(b) Graph. (¢) Cut.

28.1 BR

M EF {13 A\ OpenCV A fy grabcut &%, OpenCV & it 7 & £
cv2.grabCut(), HIREBEBEHNSH:
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http://www.cs.ru.ac.za/research/g02m1682/
http://www.cs.ru.ac.za/research/g02m1682/

img - HAE&

mask-#BEER, AXRHENEXIFEER, 5iR, EEIR/ER%
FTAIZE 7 : cv2.GC_BGD,cv2.GC_FGD,cv2.GC_PR_BGD,cv2.GC_PR_FGD,
FEEERA 0,1,2,3 1T,

rect - BEFIRAVIER, BRH (xy,wh)

bdgModel, fgdModel - E;ZARERAEE. FREECIEH DK
INA (1,65), BIREEH np.float64 BIEILE,
iterCount - &R RE

mode FTIAEE 5 cv2.GC_INIT WITH_RECT 5§ cv2.GC_INIT WITH_MASK,
HEIUBRS A, ZIRARBERINHITENNARN, ERRANEEIE
=,

B, BIREEREREN. MHEEFR, eEZERESR, WEZ bdgModel
# fgdModel, EABEFRSH. BREXLEE, ILEFER 5 R, BHFHA]
EERERZENFUEIERIZRE R cv2.GC_INIT_WITH_RECT., E{T
grabcut, EEREBEREIR, EHNBRERT, MBENERERS BINE:
BER, AR, REER/MKRER 4 MAENIRERC (FIESRHPREIT ).
REBAREBIERG, FIBER 0 BEM 1 RHEHWITN 0 (HIAMER), i
BH 1 &HEM 3 BREWITN 1 (AR ), BRIIRLNBREGRMXFESIT
T. BEMEMABGERMREE 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 = np.zeros((1,65),np.float64)
fgdModel = np.zeros((1,65),np.float64)

rect = (50,50,450,290)
# PRERYIROELFEFHE 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()

LZERINF:

WCRF, HBAERISKERWAAMNFRT | iIEBAREMZXE KR, FAABRNER
BEE—2 (REBEFEN 1, BERAIR). ARNERE-—ERIATTENE
t, BANFEXREN], BINBEXITXEE—£ (REBEN 0, BERE
]). WERIARAIE R M REEIREIR T,

KPR EHREAMNTE ? BMERBGREERFITHBARSR, HmM—7
BE, ERERTEAFEMNMAERBRSE (Lilkk, #F, XEF); £
RREERIEAEZMMGLE (thil, logo, Bt ), ARIFEMMSGARK
BER, RFMAFEIBER, T OpenCV HFEAXMEEER, RIEHN
R R R RV HRE Gt 1T4meE. XRDUNTF:
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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

’

—_—

FRIXME, RUFIURERERYEN, B AEBEGEN, EA 2
BRH 3 1B= (FIEERER/AIR ) WERKIFMNEEHITIFE, RERBIE
FEINMFRABENBEERRIRIEREFICH 1 RE., AREREREERKIR
I, FfEA grabCut Y,

ESHER

%3]

1. OpenCV BFHIRFIFE—NMER grabecut EiEMNRZREX T A grab-
cut.py, B2In—FIE,

2. (FAIUSIB— A RERIUHER, FIULHER, BERHR (ITHER
1B ) %,

177

www.linuxidc.com



WH V
EMSISIE R S iR

29 IERREMRIFIE

BiR

ANBSASHMERMTLARERIBE, MTABBRBIERER, Hft4
ARREES.

29.1 R

BAEGMRMNKZS WAL HEFXIE, BRFINZER —KE B —HERE
F, EMMMEEXLEEA UERRNSNAPIERAMEZXEE R, ©B2,
REFMBIFIE ? NRIEMREFRNRESRITENRER, BrENHmthRin
HERER T, MRTENATCAIHE, BAMATUSTEN - KEBABR,
REFAI AL EVIEEHM —HKAXET. MRITENAINBNFHEERER,
BEANRARFAIRAHENR T —MEFRNWKRER S, ABIETHENATA]
BIE— 3D RIRIIEALIE ?

o] RFNEXA AT AT IA T RR, (B2 PR R L o) MER R I £ — M EAt o) &
Z L8, XA EIEME: FATRIFIHERY ? BATR2 AL —HERE A HE—
£ ? HNERWNFE— MM B A RFER — MR RERN ?

ERUME: BINBIH—EME—BIE, IERTEZETRRIEE, FH®K
LR, MRBANEBENZIHFE—FEE, BARANNBERT L EREAIESK
iR, MRILFEXH—NATUERRER 2 BB E LRI, REERE
BE, ZMERTLNZFESFHERNRE, F1E—BIEGHERIFN
FHIE, FAgERRIEA], MEBEEEMEGPRIXEBE, ARBEE(]
PHER R, (EHEREXTR, BNEIENRE R ZERESM ), AT
LRENERRERN.

FTABAN — DRI ET B T ILA, BREM@N T, XERERMT
LI 2 (BANNE R T BEW T EANIZRE ),

YFIE, RIERAR BRI, XLEENEZZERAMI KM
T, BRMRBATRANMR —LEGHIERATREN pattern, HSRM—
EREBNE, —TER:
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B&RER, EEKNLEHAETANNE, FEHORIHENXENE
EREEGRPIME, REHREISVIERERE?

A B 2¥@E, MEEWEGPRSMGEEFE, RIERIXL/NER
HERALE,

CH# D EEE, ellRERWAE. FrIMKRENMauE, ER2E
WUETRRERD, XRER: BELEK, FEMNMAGEH—F, ANLER
EEFEEFIIHE, BRETBT (EHERFXPEHRERNILL ),

&G EFIF BEFN—LAS, ElRREZNEIE. BATEA =t
73, RfrEmANHmEBHNE, FREBSBERANARE, FRALARTMEENS
B —MNMFRIFHE, 7T EFFIE@mX MESHASBNER R,

1 EEFR, BMefERMXEE - TERERKEIFRER, TiefRai
MNEEBNERE, KO- WTFReEPHIXE, ER—1Ma% WR
FAEER AR, ERNE, ERURAKELABNRARLE, MAE
EPHAR, TRFEEBIGER, JSRNEREBAE, XRAERE—H.
FREA, B2 B3R ERESEEEE. (~MXNEAR, BEEANRT
RIFHIEGRIFE )

RAERMNATEE TRIEMNEE T, “XEAFERMT 4 2, BT —E-d
NRKRT, BAVEEZKEEN ? B RBMNEFRIAR? RNHELA—ME
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admin
高亮


MPBRNMTEZE, LEMERGRR—LEXE, TREBBNHEBNXLX
HEBAHMBRA, BT —THRINSBUHENIBESRKIIMXAEE, A
BEHERV R AR ORI,

MAERNIKE TEGEHE (RRMFEEBE ). AREIXLEZE, RNIZE
HE G IR B EHERE, AN IZEAMIE ? BAERFEREN—
Xi%, AERARINECHESKELE, k" BAREX, TORER, HE
FREBRSRESE", MAIUNEREMERFERERNXET, BERXLEER,
REEHEARSIE, B, TENOEHIRRNXE#HTHER, IHETE
FHMEGRPXIERNHE. BAUEX MR ARHERR, SR8 TSI
REMNOERE, RIMAIUAERBNEGHRINI MRS T, KEZEMR
FAP] A IR ABISEY T,

XEHTMEREMEA OpenCV AP EFHE LA REHERIVIFE, AR
REA], Mell#ThES,

LES v
%3]
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高亮

admin
高亮


30 Harris fSiEN
Bix

* ¥2#% Harris B SEMAEES

* Z3)K#: cv2.cornerHarris(), cv2.cornerSubPix()

R

AELt—THBIMNELMETASN—MFM: GEMASEBNTHEBR
K. Chris Harris #1 Mike Stephens 27f 1988 F£MXZE (A Combined
Corner and Edge Detector) B &iRH TESKWMBVFIE, WHER
Harris S50, thIEXNMERIBEFEIRN THFERER. BEO@SAE

Bo) (u, v) RARUHERBEEFHNEM, RANWTF:
E(wv)=) wzy) [c+uy+v)-Izy)’
St N—— e N,

¥ window function  shifted intensity intensity

BORBFINZEENEEZEOBITURR - MELSTAENENS
HrE O

RRNPERE E(u,v) WERK, X IHMIEFIZEMAYE Y
HESA, W ELENSFANHAITROABRAAEBEIL/LCHFHRE (FJUS
EHMIERY ), BAEETENEN:

Bluv) = [u v] M [ﬂ

Hrh
I, 1.0
M= w(z,y) |: y:|
gy: LI, I,

XE L M I, REGREx My FRANSEH. (FILAEREL cv2.Sobel()
H3agE ),

REMREESN T, WNRE-—ITARAAEEORNREESARNEFR
#1735

R = det(M) — k(trace(M))?

Hr
o det (M) = M A
o trace (M) = A + Ao
o A\ F X, 2FEFE M RIFHEE
FRAMRIE X SR AT T FI — M IR R AR, MRNER T,
o X\ N BN, |R| BN, EANXIEFEE— N TBEXE,

A A HE M<K N, B RANF 0, ITXERAEK
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o M BMIRK, FHE M~ FRE, R BRX, (A F )\ FHER
IMEEBATFENE ) X MR AR,

B] AR T EISREBREANLE L :

Ay

1

FA Harris Rt MIMNERE —MHAS D BMBNKEERR, EEE
SHBENEREGHIT ZECRNMENE TERGTINER, BIMNBA—1
EERNERKER—T,

30.1 OpenCV HE Harris fmigil

Open FMEE cv2.cornerHarris() o] A\ER#THASEN, SHW
T

« img - HIEEE R float32 HIEAEK,

* blockSize - f =GN PES ERITIH K/,

* ksize - Sobel XKSHEARE DK/

* k - Harris i@ ARRRNEHSH, BESH 0 (0,04, 0.06].
BT
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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)

# WABEGYTE float32, RE—1TESHIE 0.04 F 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 ()

HERWTF:
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30.2 TBRERBRENAR

ERBINEESFEXBEENA SN, OpenCV JFKiTRH T E$ cv2.cornerSubPix(),
ERMRHRTEGELFNASEN, TER—MIF. EEH1EXE Harris
AR, AERARNEMEAXNRBHITIELE., Harris ARBLEKRER
H, SFBEREREEENEER, EEAXMRBERINEEX —MERELLS
. HERRBAIZERERGBEEERMKEL, BIEHEEENH
TR SIS RSB 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[EIEHFHERLIRARE— 1404 (TIEES )

corners = cv2.cornerSubPix(gray,np.float32(centroids), (5,5),(-1,-1),criteria)

# Now draw them

res = np.hstack((centroids,corners))

#np.int0 EJLAAREENERREEIIEF (FELEEN ),

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, ATHEERRIMASEDHT THA:
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ESHAR
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31 Shi-Tomasi ARKEN & EF&TFERENE®RSS
fif
Bix
ATEEIMNEEED):
o BIN—ANEEEMIHA: Shi-Tomasi &SN

* R#: cv2.goodFeatureToTrack()

[RIE

E—FHEANE3 T Harris AN, F% 1994 £, ].Shi 1 C.Tomasi
EM{IIZE (Good Features to Track) HXHiXAMNEEMT —NINNHIE
W, FBRATEFNER, FHAME Harris BT 2RI :

R=MM—k(A+X)°
{8 Shi-Tomasi ERFTHEL R :
R =min (A, \2)
MRTHBILEHE, HMNMIARER— MR, BITFTIEELHIR A, ~

o Z[EH, MEEFEITE:
A

Amin

Amin M

MXIEEIR, BATTUBERIABE M M\, BRXFR/IVER, FHikK
RAR (ZEXE),

31.1 K%

OpenCV R TEL: cv2.goodFeaturesToTrack(), iX/NEE =] A
FEHAER Shi-Tomasi 75/EREGRR N MRIFNASR (NRFBENIE,
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RIREEG, ARWEMBERNINASKE, Eu%ﬁmmkgmﬁ,
21 ziE, ERRTARNRRRE, BRTFIMNAEARBIKRZE, &
FREREFANARZENREMRIERS.
RIFEILER, BEMEERG LKIAS, AERTREKFENARE
wui AREBILERARKARRERTEFHY., REERAARRE
SNERITMER (HFENE—), ARFEE (RNMEBZR) HNASE
WEO&EEHWHﬁ%Eﬁ@N¢%E$MO
ETENGFH, BildEKRE 25 MREAR:

A BT RS HRER Harris BRENEE ). BEERT, WANNZ
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)
# BEINERE [[ 311., 250.]] AEESHIHA,
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()

FERINTF:
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BAIAE LR M RBRESHEBIRREREHER.

ESHAR
%3
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32 48 SIFT(Scale-Invariant Feature Trans-
form)

Bix
« 23] SIFT E#MNHS

« FIEEGPEH SIFT £RSAEAH

[RIE

EREATRNZI T -EHRKRNKA, Lt Harris &, EfIEHLE
ALY, BERRRETIRE, BTHERIEENASR, RZEEER
BAREREZEARERAR, BMRIADTEREITHEBRE ? ARETERR
BRAST. UWTERF, £—BI/NERER—NNE Q=] AR — N
=, ERNREGREERA, BEREHFNEOMENARAERT,

&

FTBATE 2004 &, D.Lowe RIE T —MHMEE: REFEHIEEHR
(SIFT), ENEEATUEBNANRENEGTHXERATTEENMHERT,
SIFT EEEZ2ANSMM, HARESHEHITES],

RE=EHERERN

M EBEFAIARBENBEREANFNREZ BN EERBRNE DK
MTER. WNHARKERNMIEN, MAMNARKREFERRKNEND, B TE
AN ENRNEERREZEIRIERE. (REZEIRKEITUER—LIES
AERHE o WEHERZMMN ), EREBTEAEE «c NEHERTNEF
(LoG) MEG#ITER, LoG HTEBANRMGEE o ATRTCARRENA
BRNMIFR (5 LoG NAZE 0 SHSEZESHEBERRT2TE ), &
BRFEAE 0 MR- IREZREF, flgl, EERER—MNGE o WSH
ERZE]UNREFMNENHNNAR, MERAKREE o NSIERZITEIMR
RV MIPR KRR A R, FrCARATR] AR RE = EF Z 4 E PN E FE &K
B, (%, y, 0), IRRE o REFR (%, y) [RATER—IMXER. (S
AEMKRNEBONKNFE—MIRXRFR: BOXNNST 6 EHEML, R
MAZERNRK/NMERETEOK)

BRXA LoG WIHEEIEEK, MM SIFT EEERASHENE T
(DoG) Xt LoG #iEfh, XEFEFMRE—TEREFE, HATETR
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DRIEF (NREEFHRITEHEFI ) REM—AEERT (1, 0.5, 0.25F) R
BNEFE, ARWX—HERFNE—KEGEREEAELE « WSHE
RMZEEE TR MENEGEFIE (FEANREZE ) DoG #MEiXA
BBEARES ‘¥J¥KE’JI1‘%$$P§EP$E PBHFEZBMEE. WM TFERFR:

o ﬁr;:p—rﬁf

A

Scale
(first
octave) e

Difference of
Gaussian Gaussian (DOG)

£ DoG fEZfR, MAIUEARRMNREZEHM 2D FEHHEEFHRK
BT, RFERGRPHN—MRERMNS, EFES5BCHAERN 8 HPBiF, URRE
ZFiaR ETHERHIELDE 18 (2x9) M =MEtk, MREFEIHEKIE, EFFE]
BER—IRER, EFLRUXESRRGERNREZBPHKIFNAR. W
TEFTR:

ZEENEFEENERLET SIFT SHMZK{E: octaves=4 (&iT
FERRMENTRNEGRR, MARTE/NIEBGREFE (4 F)?), REZIE
A5, URMERENIRTER 5 MEABENSHZHITER, YIRHER 1.6,
kEF V2%,

XS (RMER) EAL

—BHRIXEBR, BRIMNAENENHITEENAMEINE EMWIOLE
FEFERRETENRERBEARKSNENEBUE, WRIRELSD
REBENTFHE (0.03) ek 2iEE, £ OpenCV FiXFFEHI R
contrastThreshold,

DoG EEMAREBTEHRE, AMUARMNLRBIEDR AR, sIEIATHDY
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Harris E/AMR T o] VAT RSN ZIMERIUBFEMB R, (FEMRERT
BEIMNER, FEEFEA 2x2 19 Hessian EfFiHEF =R, M Harris g
MEEER, FHEE Y —MHEERIZKTF 59— MHEER IR0
8, FAIME1ERT —/NEBEMEL, MREFSTEE (OpenCV Hifiin
REME), INMNKBIASEBEE, XEPLHMBLREER 10,

FrMENT LEEM X BRilih R X B LB ERE, RTHMBHRAIRY
WIXBESRT,

HRBR (RER) EEHFEASH

HEBMNEAE—IXERETF—TREASH, IHFETERERAE
M, SREVKBR (FTEREZIE ) SR, ARTTEINXEEBERFTIE,
BRI TEBINEREE 1SS 36 4 bins (8 10 E—/ bin) NAEE
7B, (ERIREZE o B 1.5 FAHENER S HTE O E RN
E) EAETHNEENELRESH, MREMNEAEFHNSESTIEEN
80% Wik ABWHE. IMEERRNREZEHERNUEMEREBTNET
BRXRER, XN TFLENREESBRED,

KEBRHARR

MR ERIERFREET., ENEXBSERE—1 16x16 KSR, £
BN 16 4 4x4 B/NVGR, AENNAREIE-1EE 8 4 bin WHEEE
7B, BHMERE 128 4 bin, MLLAMKA 128 HEEMMN T KBS
IR, FRIEZIMNEZHITILAME AR LR T, IeteFHREM.

XERLE

FT—H P AR A X B R FHE R 2RIV IR B R A A IR ER A X B =Y
BUEHERE, BE—ITENENMRER, BidEHKEIE _EEIEPE
BRENBIrRER. BEELEFELT, FAMEERENXEREF—NIES
RIENRBRENKNILO XP]ERATRESS EN, ENEHERIOAEES
SETREEMLE. MRLEKXTF 0.8, M2E, XRER 90% HHEIRT
i, EIfRER 5% WIEWILE, WMXEFTL,

XHZ SIFT SEiEMBE, FEHFMFRDRREBXE, XINRMEITEE
WIERE, BICEXNEERRZENRFRIFN, AUXANEEESTE OpenCV A
BYUR R ARER AR,

OpenCV Hf] SIFT
WM7EILFHATRESE OpenCV HxTF SIFT WIRIE, iEFHATAXBSE
MANLEFIFIAE, BEERINZIENR. BNTUERARRNSHR, IHAZ
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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(g ;None)

img=cv2.drawKeypoints(gray, kp)

cv2.imwrite('sift keypoints.jpg',img)

REY sift.detect() EIUEEGFHEIX BN, NIRMGRABEERGHH—
X RE, thelUelE— MERERIELSHER. BRENXBRZ—1
THERSAERMMEHRENER, ILEEHPESENLIR (x, v), BEXH
BFKN, BEERFBEANAES,

OpenCV 2t T 4HI X B = AR £ : cv2.drawKeyPoints(), EF U
EXRBEIBALE —NNEE, NRIFIRESE A cv2.DRAW_MATCHES_FLAGS_DRAW_RICH_
MRLHIRRXBIAXNNEEEZTULFIBR KBRS E,

img=cv2.drawKeypoints(gray, kp, flags=cv2.DRAW_MATCHES FLAGS DRAW RICH_KEYPOINTS)
cv2.imwrite('sift keypoints.jpg',img)

HRIT:
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admin
备注
cv2.xfeatures2d.SIFT_create()


MERTEXERMEIATT, OpenCV Bt THEMGIE,

1. BFRITELKEI TXB=, HATTLAMERE sift.compute() Kit
BIXLE X BAREIRRT, BIA0: kp, des = sift.compute(gray, kp)o

2. NREEEXRE XS, JUAERERE sift.detectAndCompute()
— SR EERE XS T EHERRR,

XERNREBF N5

X8 kp B— 1M R#ERIIR, des 2— Numpy HH, HXNEXES
#HE®RMU 128,

FTUAFASR T XSRS, NERNEEBNAEREERZIE
HITRBL[LE, XHMERIEE FRNETREBZEINAE,
ESHAR

%3

194

www.linuxidc.com



33 918 SURF(Speeded-Up Robust Features)

Bs
FHBANEEZ:
- SUFR WERMEMA?

* OpenCV Afy SURF

[RIE

EE—FHRENEITER SIFT EEHITRBSQMWANER, B
EXMEZFNAITEELERE, AMEZEREBRNEE, T 2006 F
Bay,H., Tuytelaars,T. #1 Van Gool, L # R T SURF ( INiRF2RE4F1E )
i, REMNBF—H#, XRIMEEZIMERM SIFT,

£ SIFT #1, Lowe EMEBREZEMER DoG 3 LoG #1TiE{l, SURF
{FEASFIREEE (box filter) ¥ LoG #{TiKl, FEIBRTIXMEM, 7E
TERUHTENTIUAMBARSER (ROoBEGN—XKERE: TEERGREANE
ORFABHEMNN, HTEENXNSEBOXNMEX), BEFIRERN—KMK
=, MEXMITETUERRREZ BIEN#{T, FEH SURF EEiTEXRER
E’\JRE*D%E&%&%W%E Hessian %BF£175 009,

I
{2 |

|
I
1
|HE, (=

ATHRIEBTEREEFTERALE, EENTE - TMHIERSE—1MEE
e, FEURESKFAD, U 6s (s MFIERKRE) IFEFHNERXE
A, WE®KET Harr JEENEE, IHEMSEIRMENEGRETHERESSE,
ERVNARSER, TURSHEEGHENNE, hTKEREAEE, FY
BRI — A ERFLD, KHEHR 60 EMREEMNED, UWEKH 0.2 IE
EARIEEXNBHNELN, FNEORMNER Haar AVERERERITRM, £
A ARAR Haar MM RIMENNOGE, ERSNAPRIMTEEZIER
AT, ARBEVERECIINGE, NRANTEABNE, XEIUEREE
#®i#, SURF Rt TH A U-SURF Mk, EEEERINEE, ENFRET
5 +/-15 EIEFEMIREM. OpenCV WX FHMIERXE#ZH, RAFENSH
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upright #1718 &, % upright v 0 Hit&AE, A 1 BATESGE, B

dy

e R ASHE S R B EE HHBE/REY Haar JVEMEL 7E—MERIK
A, BSESD D, SAESEE 205%20s MEIREIS R 44 ATk, §
AFHRAFART 2s 8 Haar JEEIRHITRAIHE, AEWRELTHT,
ARAR v = (X do, X dyy X |da, X |dy)e EAERBFOOKER 64, FEEL
WEFUINETBALE, BXEEHEESX S IISE,

5T IS ESRMRASHE, SURF FIBHT — MR 128 MHISE
BT, % d, AT 0 FUNT 0 BRI d, A0 |d,| RORIEFTIHE, 4,
A |d,| BR#TES, JEFESERAMNE, BXRSEMit BN 2E,
OpenCV EIHZH TIXMINAE, MEH extended 9B 1 B 128 4, &
S8 0 B % 64 4, HiNERH 128 4,

RIS S A T2 8 T Hessian fERH1THIR, SHREA, iHEE
57 Hessian SEREHE, BRI ATEZA,

BREEENAE, STUSHESSHEM, BN E s AR NS
HNSE S RKINES, Hessian EHMTHE; Bo—MABESTEA
BB E L S S XIGERS, Hessian M ARME, BIBXMEE, &4k
STPEAMEAES R Hessian M#TEeR, MRES, HBEBMIISEEHEE
BONTLLRE ; MNRREMIE, WA M SN LLERE, MERESZE
BRI S,

()

(J

can do match

can do match

()

no matching

WFAMFESERFHRAMUEES, HITRARIESHITITE,

BRI SURF EERATRSAERNE—SHITMIEMAMETRE,
PITBREERNRBLMIERT SURF f9EER SIFT 89 3 {2, SURF &
FRIZEGEMAEERNER, ERFETRENRTHNXETIL.
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33.1 OpenCV Hfij SURF

5 SIFT #8[R OpenCV thi2ft T SURF M XE L, SEBRINEN
daft— SURF W&, EMIZEFFIESH: 64/128 #ERFF, Upright/
Normal ##X%, FIEMNANHELEXEPBENRBEB T, MEHINE
SIFT —#¢, FHATTLAERE S SURF.detect(), SURF.compute() &
K TR B RIREEIR,

BHENERERAHIXBSFIE, BT SIFT —#FUKRNBREIEE
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—REGHER 699 MRBEAS T, HIUEESH AR 50 MNBLHIZ
Bk LE, ERER, FITESEMEMNILIFE, FEMEETLAEE, FLA
AN ERS Hessian BYEH1E,

# 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, EENZHREGPIE,
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>>> img2 = cv2.drawKeypoints(img,kp,None, (255,0,0),4)

>>> plt.imshow(img2),plt.show()

HERWMTF, F2%&M SURF RE—MRSIEMIT, ©0] SIS B8535
LWEﬂo@ﬂuEE@EH¢MH—TO

HMEHNNIL—T U-SURF, EXRSRINIXESRNAE,

# 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()

HERWT, MENXBSNEAOHE N, ELErERES, WRMFE
MIENXBRIMNBEIZBEHINER (NEREHE) F, IMTERER,
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e ?‘JZﬂ]ﬁEE?&%EM}EE%’EE"Jk/J\, SNRRZ 64 HEMIFACAAL 128 £,

# 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)

BTIREHMMIMERLE T, BIaEEEITE.

ESHAR
%3]
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34 AREMNE FAST #%

Bix
o I2fi# FAST &iARIESRL
* {£F OpenCV HfY FAST &AM KRR EHITHA SN

R

BATHIEZES]) TILMEERNZE, ENASHRREBRLF, BZMAKEL
BHAREXRE, JLHEHMABR, —IREFFHFHE SLAM (BA¥EASH
B ), BN, EMNNTEZFRIEEER,

AT RERIANE)WM, Edward Rosten #1 Tom Drummond 7 2006 £
RHE FAST &i%, BT TEHBESNILEEEZHIT - NERNNB, REINUSE
[RIAXERX S EZ AT (A THIAMERGEZH FRIANE ),

34.1 f{EF FAST SGE#{TIHMERE

1. ZEGPEN—MRER p, RIMERTRRER. [, FTEHRESp
BIIXE 1B,

2. EEFESHMEE t
3. ITFEFMRAERER p MEAREERE 16 MEE[HITIL.

4. NRAEX 16 MEERPFHEE n MELBERNWKEERST [, +1t, =X
BIRTF I, —t, BABRES p MBIAAR— MR, NEEPHELFRR,
n EEEER 12,

5. ATREERMWMR, EXRATMINIIDLEDE, BEMRERKEES
90 EMm: 1, 9, 5, 13 #TMR (&M 1 70 19, MRENFE
BEZERBEMIL 5 13), R p BRAS, BAZANMSHELE 3 4
EFSHEEZR, IRFTENESEARAR, MHF, WELXZMIL
MBI (REE 12 WSFSEEERK), XMEMFAI
ERE, BEREBWFLFRS:
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3 n<12 HEARREFRSRER GRENRESILRS),
BENERNARRMEN, BAENKRRIVASERRIEIEMN AR
B3I,

EIENR LRI

MBI R S ERER R IEE — 28,

Al 3 AMEl @] BOEE AR E I AR, &E—MEle] AERIERKED
HIEIFTiERR,

34.2 PSEFESINASENEE

1.
2.

3.

ERE—HZER (RIEFRBRRENABEXIER)
£/ FAST &z BREIGRISIER

WE—MIHES, KFEHEAEBR 16 MREFEMR—IMEE, WAEER
X E—MIEDE P

. B MHERR 16 GEREBBET T =EHm—#,

. J’I,.

Spe=18 8, I,—t< I, <I,+t (similar)

<I,—1 (darker)

b, LAt< Loy (brighter)

. RIBZLEGRERNDE, FHEQE P WDk 3 MFE&E: Py, P, b

L EX—AHHREE K, R p RASMIREN Ture, WARAFEM

1% &5 False,

. {8 F ID3 &i& (RER 52 288) 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 AR R Z A T B EMSR A RIERIE N,
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34.3 e AKIENDIE
5 PR AR A S B 75 3 T DA BR R AG TR B4 T S4B A 8150

1. WAAERNZZFESME—NMTSTERER V., VHRREGERES p 5FE 16
MER[EENEEZD,

2. HEIGEAMHERIIITIELR V.

3. 288 V EREMEES

34.4 B4

FAST EiAtEHERRRMNEEEIR,
BREBRFRSHABIZE, X2HBERER,

34.5 OpenCV H FAST $HE4eNIgs

REMAFE =G M — KA TRT BATE OpenCV R EEEF FAST 4HEM M
2B, MRMEERMIE, MEFJNZRERSE, SAHITIERXENG, EERMN
WFEKN O %,
4B1iR B} T 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 THHE A28 & 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)

ZRUT, 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 SAHER

R

FA140i8 SIFT EAFEANRE 128 AR, AT ERERMZESL,
FrAE(ERH 512 MNFET, B SURF EAH/VER 256 NFT (64 s
R ), SIE—MEE LT MHINREFEEREAENAT, ERARERR
BRVIEE LIXHREEEN, LEMTESEFEESNAEAE,

BREXMMLEIZFNLLSNEERGEVER, Fi1=JLAER PCA,
LDA EREK#1T84, EZE0UEA LSH (FE8UREHE ) 4§ SIFT 25
VBRI —# I F AR, WXEFHFEBFERNBEEEHITIR, X
FREE BT E R EEHIT XOR LB UK, IMITERESEIRH
CPU Li#17., BEF{(IEREBLAZIEATAFERRE, XTEEBMRRVIIA
TZiHE o) R,

BRIEF piiai4%, EAETERAFMEEREHKE— M THHF/FHR, X
MEZFERANRELTEENERL, ERBE—MIIENANEN—HEES
W ng(z, y), REEXERESINZEHFHITREBENEL, G190, £—NEXEY
REESF I p Mg MR p/IMFq, ERFHE 1, BUHE 0, FIXHEN ng
M ENFHITI LR — A ng LRI ZHFIF TR,

ng FILAR 128, 256, 512, OpenCV X LEHRIEM T %35, BEZKIA
R TR 256 (OpenC REAFTRAENN, MUXLEESFINMES 16,
32, 64), HENRBSRXLEZHEFHFEZEMATUERXBESNEN#H#T
LEET,

EHEEEM— SRR BRIEF 2— ISR, ERNREERIFINGE,
FrAFAN A B A EREMIFEINEE, tbgl SIFT 1 SURF &, [RIANXEAHEE
A CenSurE #5EfaMEE, XMEARER, ME BRIEF &ii¥ CenSurE
KBSMEIRYRELL SURF X BSMWEAELT,

B3R BRIEF B —fWHFIE @R I EFL R IES L, XMHE
ERIULIBRSRIIRAIE, RIEHIMTFERIKNER.

35.1 OpenCV i) BRIEF

TEMRBERT CenSurE $HEAM2EF BRIEF #idff, (7 OpenCV
H CenSurE #2238 #% U STAR &i2F ),
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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

BRIER brief.getInt('bytes’) KLAFTIERLH ny BIKN, EKIAMER 32, F
HMRLEE 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 EAHER

R

¥F—4 OpenCV HIEREIFERIA ORB REEZEN—RFE: EXHE
“OpenCV Labs", XMEZRE 2011 FREM, EIHEFS, TEKER
REFEMNZER0IFAE ORB HiEZER SIFT #l SURF &EiEH—MRIFAY
B M., SIFT #l SURF EZ2EEFRIFH, NRIFEEAEN], MeIEEE
%, ER ORBAFE !!!

ORB EAR FAST X =t8MF] BRIEF XS ABNESHE, HiB@
HRZBEBUEE T HEE, B EFER FAST KEIXxE S, AGHEER Harris
ARSI L R B THER B HPRE N N8, EREREFEAMmS
SRERTGHSME, BRE—Mo#l, FAST EEL T8/ E. BhiekrLH
ERERRRDE ? fEE BT T B,

EERAREENELZTELHASNAR, URARIARRE (/MR) KiF
FROMNAEAEENSE, A TH-CREREATHE, BFEUARAFRD
F12h r MEFEXENE, BREAEITTERAE,

WFH#EAR, ORB #AKE BRIEF #iAF, BEHTEL401E BRIEF
WERERANIEN, FTUBRANEEMIFER, SIEXERMHANXA patch
YA FREH HESE I < =AU, 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 &8 —(I9{ERHE 0.5, FFEHZER K, steered BRIEF
HENE—(IRELE RS E ($91ER 0.5,0.45, 0.35... EEMXBREE
g), XERAHERE/N. BENAERN—NMFLRE: EERLEEETSOH. B~
T3 steered BRIEF HiE(EFIHERNTT Z R/ RITRANFIRE/ R BRI R4,
FA—/1%3]&% (learning method ) & Z#EIMZH— N FE&E,

ERRTFLEHER THES LSH RER SR LSH, XEFiX ORB
HiALt SURF # SIFT &M=, ORB Attt SURF i#83. ORB
ERINFRENREERE,

36.1 OpenCV Hf) ORB #%

MeE— RIS EE2FEAES cv3.ORB() 5% feature2d i@AEN
SIE—1 ORB W&, EB/LNFIESH, KRBEAMWMNIZE nfeature, FKiA
{85 500, ERTTERBIFMEMNRAE. scoreType & & FEFR Harris
I E2fER FAST 1R WHHEFHITHER (BAIARER Harris 3197 ) %, £
# WTA K RET =48 oriented BRIEF AT EFERMGE DMK
H. RiMER 2, BB —REEFMI SN, EXMBERATHTRRE, EFEH
NORM_HAMMING EE, R WTA K #igEmL 3 =k 4, FHLEEEHH
Zi3E % NORM_HAMMING2,

TER—/MFEH ORB MERKE,
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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:

ESHR
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.

%3]
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37 ML

Bin
o HAMEEEI)EEIREFITHHEA
 {#F OpenCV H#25 /] ( Brute-Force ) ILEZF] FLANN [L#E2

37.1 Brute-Force ILEEHER

FREEGNSNXEBRHET (ERF) BB, REROESRONXE
&5

3 F BF LEg2s, HATE %L EFER cv2.BFMatcher() t]E— 4 BF-

Matcher W&, EBFANFIESH, £—1 2 normType, ERFAXIEEE
{ERAMIEEMIRZER, 2iAERH cv2.Norm_L2, iXRiES SIFT #1 SURF &
(c2.NORM_L1 ek ), W FERAT#HGIHEARA ORB, BRIEF, BRISK
%%, EFA cv2.NORM_HAMMING, X#i&aiREIHMEITERZ
[B]FY;XBAEEES, 9NR ORB EEMESHIRE N VI A_K==3 5 4, normType
FRNZIZRER cv2.NORM_HAMMING2,

E_ANSHEH/REE crossCheck, EZiA{E ) False, NRIRE R
True, REFGMSEM™IE, REE A PHE i MFE|S5 B PFRE j 4
SIEmEERA, HH B P05 ] MHESE A PHE | M ISR RID
(AFEEEMSREZ jMEBEEIR) RAKRORELE (i, j). EMIBXEN
BIEREGHELER AT, IHEMERESZE—ER, XEILLARENX D.Lowe
£ SIFT XEFREMLEMILGE,

BFMatcher W& BB A%, BFMatcher.match() 1 BFMatcher.knnMatch().
B—NAESRERELKE, FB2ANAERENREBRIRE k MR{ELE ([#

FHESIZEEET k 1), EFR kK RHRAFIREN. NRBRTLREZINEEME
thEBAIERTRES R £ (Eban# TR &N ),

MR EFEA cv2.drawKeypoints() 4 6l X = — 1, FAI=JLAEA
cv2.drawMatches() R4&HILE S, ESFXFBEZREKEHT, AE
ERELEMSZEISHES (MAEERGEIBRER ). MRFIEFERNZ BF-
Matcher.knnMatch(), MERK(ITLAMERE L cv2.drawMatchsKnn
AENRRBSMNEN kK MRELERSFHILESZ, MR kK ETF 2, ishs)
KESLHREFRELEEL. NIRBINZEFEHLSHERABZLERBREA—
iR,

EFA1931E —4 ORB #1—4 SURF MfIFIE, (ERAEESITERS
i o
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37.2 3 ORB #iRfF#TENLE

MEFNE - AN EFRBEEGZEHITIHELENEROF, EARGIPE]
B 1MEHERKHN— NERER. BINESEAELENSEZEBREGRTRS
KEBEGNMUIE, (XHAIEEER S 51=2/sample/c/box.png, Fl/sample/c/
box in scene.png)

H1ER ORB AR RHITIHFAELE, EARINEZMHEKITERER
.

# -*- 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

imgl = cv2.imread('box.png',0) # queryImage
img2 = cv2.imread('box_in scene.png',0) # trainImage

TEHNZLE— BFMatcher W&, HEESITHEIREHN cv2.NORM_HAMMING(&#
FEAVMERR ORB), #7148 crossCheck iZ & 71 True, Af5{EA Matcher.match()
RiERERERGNRELER, AERFLEERRIFIERZEINERHITHEF
HEY, IMRELRASHERE 7. REHRIMZER 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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TEHMERSEINE

37.3 DRESRBHRERAAL?

matches = bf.match(desl, des2) IR[E{ER—4 DMatch WRIIEK, X4
DMatch WREBTFIIEH:

¢ DMatch.distance - AT ZBIRIEEES, #/NHLF,
¢ DMatch.trainldx - BirERP#ERTFHIZES],
* DMatch.queryldx - Z{HE&FHERTFHRS],

« DMatch.imgldx - BirEI&RIZESI,

37.4 3 SIFT #RfFd#iTEE HICRSFILL EMR

IMEFAER BFMatcherknnMatch() 3K3x1#§ k WHRELE, 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 BEERIAEN= B (&RiE) fl C (XRif), 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()

é*%?lﬂ"F_:

37.5 FLANN [Li2s%

FLANN RRiERT4RIEZE ( Fast Library for Approximate Nearest Neighbors)
HiEH, ER—IMNABIESEMSEFEHTREMDERNEEZNES, MA
XEEEHELERMMT T, EENARIBIEENENKRE LT BFMatcher,
BATRWE MG FER FLANN REEEENINE.
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£ FLANN i, BFEGABNFHRFASE, IR TARBEERE
ERANEEMEMBRSHE, -1 2 IndexParams, SMHAFEENE
S A BAE FLANN X3k J ZEHAMNELE—T, WTF SIFT # SURF &,
BATFIAEANSHE:

indexparams = dict(algorithm = FLANN{NDEX g DT REE, trees = 5)

{Bf£F ORB i, HMNEELANSKUT. ETRENERXMPEEER
8, BERENHNESHERR, HttENNRAIESELRT,

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_/NFHE SearchParams, AEXREEEITEFHIXE, BEHS
HREER ERERNNEGRESZ, NREBERIME, FASHK:
searchyarams = dict(checks = 100),

BT XEERRNATUAET
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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()

FERNT:
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38 FHIBIECETENMEERNR

Bix

o BXEEAYFIEREF calib3d #R1RH A findHomography 7 & #XElf&
PEHBENE,

38.1 Ef

TIEFLE—THEINETHAB? HRIMEA—IMERER, EEHPKE—LL
FER (XS, HINXES —BEGFHIXE T —EHER, RENXHEE
ER Z [BIRAHER# TR, FEXIAME: BEKAELNEGRPIXAT
— IR (MELES) HAUE, XEEBBUSBHEEE TR G P ER
HE (EiEEKR ) WK,

A TRENXABRVFATRTAEFA calib3d #ERFAY cv2.findHomography()
R, MRFXWEERPIVIFEREELINERLY, MMSKEX NN R
BUET%R, REHNFPTLAMERE S cv2.perspectiveTransform() #2iX
IMNRT, ZELE 4 NEBS AR T i,

RIMNELMEELREIRTRESE - LHIR, MXLHERSEMRELS
R, ATERIANEIM, HEiEER RANSAC # LEAST MEDIAN(R] @id
SHRIZTE), FrCAFRI AR MR EMAY T4 A inliers, T THVFR A
outliers, cv2.findHomography() JRE|—/MEE, XMBIRIBE T inlier
outlier s,

IERARBEER !

38.2 K1

FEE — A EEBERFRIKE SIFT 1=, 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 MCAELER A ZEH B R (MIN_MATCH_COUNT=10),
BNERESHER: "HELKERE "

MRHETRBHLE, BMNEBREABEERGPLESHYLIR. EENE
ABREPHEEN TR, —BEHAHLE 3x3 BIEHRIER, MU EREHE
HEGHONIR (MM ) EREIBFREGRPET, 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 SHEBEBEE 1 2 10, EL—PRIWEIEE, REGHREZETHRERS BER LR SARE
# BITREFIAAE outlier
# IR[EMEFR M HEHRIEE,
M, mask = cv2.findHomography(src pts, dst pts, cv2.RANSAC,5.0)
matchesMask = mask.ravel().tolist()
# FiFREGRISFIEE
h,w = imgl.shape
# (BRI TIRAEPEN IRERAIIU NI TZ R, TS BIREIR _EX R4 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)
# REGR I REE
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

REFBLEH inliers (ANIREERINAIIXEI BAFEIGEVE ) NELECHKE
= (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. EXARGTEILIINBIFEGRITICRAE,
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2853 VI
MG

39 Meanshift fl Camshift
BiR

o ATLHANEFS)EA Meanshift ] Camshift EiEEMAFHLEIFHIRIR
BRR
39.1 Meanshift

Meanshift FZMNEFRREIMNRERE, RIxFNEHES (LLWET
BRERFZEFINR), MI—NMEEED, BMNEXRNESHZ2EXE
OBMEBRAREZREL (RERRERSHIT ), W FERTR:

VIREOREEN"CL", EMEOAERFIECL o, MEORMERBR
DER"CL_r'(MEERE), RBEROHSKWEEES, FUBIHE
i C1 o ZIful C1 r, BFHANMERT —MHED. XA AT IR
BORFMEBESNERD, ABREATERAESH, MUEE LEMNERE: &
FEOMNROBNEFFOLRD, MEXENMEMAREFEIEONPOMERR
BERNRODESHLE (FEBEE—R/MNMRE ), BREIFNRERINNE &L
SBEBRME (M) &AM, WEEMR"C2"REOMNRKEMYE, Fi17]
MRELRINMEATNEER&RS, BMIRENTEMR:
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BERLTRNEERESELRKREF[INEGHBE MY RIERVE,
HEMRRNBHNERRIEHSERERFESR, #MiXHF, meanshift EiEH
ERMNWEDOBNIEGRPREZERANXET,

39.2 OpenCV Hf) Meanshift

ZE7E OpenCV H{FH Meanshift EiZEERNEN BT RHITIRE,
HEERNENESE, XHENIT meanshift EiERFA1H =T LIS B iR
SREKEIAE—MPET, FHIBNTETEREFEBONRKBUE, EXEHR
fiMET+E H (Hue ) BEMNEHE, BN TERBSESHRRME, FH1E
F%# cv2.inRange() B R=EREZIRE,
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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¥— NS =M MTHILE

39.3 Camshift

RANEELEMERTIE ? IEEmEE—Mal, FMNOEONKNZE
TR, MRFERIZRKA (EARL) B—MEHETRMTE, BENEORR
BiEN., FTUFRNEEREBGHX/NIRERNE QRN IREHITET,
OpenCVLabs JEA1HRIVFERSE (1988 F ): —MEME CAMshift A9
it

EXNEEE L EEA meanshift, meanshift 2 (HEBEZ) Binz/E,
BFAZHEONKND, s = 293\/@0 EXSITEBEMNRNREMNEHEDN
RE, AULIBTEOAE. AREAEHBENEDQXNRERERRNAL
B4E#HIT meanshift, EEXMIRMNERZNEZINEE,
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39.4 OpenCV Hf Camshift

5 Meanshift EA—##, BRREIMNLERE —NHIEERENER (X2
BAMER ), AEOINERISH (HBART—RERTEREF ), TE2KHB:
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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 WRXERXER, 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])
if event == cv2.EVENT LBUTTONDOWN:
self.drag start = (x, y)
self.tracking state = 0
# BEAROIF TE—{THE AR, EWFEKRFFTU 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([xo0, 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 =

Wwwsetllngggdc com
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40 ¥R
BiR

AUHRINBEES):
o RIRBIEEZ UK Lucas-Kanade Hifi%
« FAEH cv2.calcOpticalFlowPyrLK() ¥ E& 4T S 1TIR

BR

40.1 XiR

BT BN REEREVNB ISR EGRNY REELS A M EGR PR
W RAR. ER— 2D @MEF, FILARER—IMRNAE—MEREIEZ
i 1%z BB E0, S0 FE TR (Image Courtesy: Wikipedia article on
Optical Flow ):

FEERT —MREEENAMERENBE, SiIkRTARBEAE, KX
RERSTEPEREA:

s HIZHEREM

o WIRESR

* Video Stabilization &
HRBET—TRIZHY:

1. EEZmmmESzE (BN RN) RENKREERKRE,

2. HBNEEEBHERNZE
F—MERPNERE I (2, y, t) ERIE dt FRNEIEZMERLN (x+dx, v
+dy) &, REF—FERIR: KEERE, FUAFKITCASFE:

I(z,y,t) =1 (2 +de,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’fy_ay
dx _@

S T

EinmERUERRSTE B £ 7 f, REGHRE, B £, 26NESE
BIME, B (u, v) BAEN, BIFTEE—NSFAPRBANKRNE, B
JLANFIER B FA IR AN e, EFF— 2 Lucas-Kanade j&

40.2 Lucas-Kanade %

MEBRMNBERFE_FRIR, BEAMFAESEBERIEED, Lucas-
Kanade ;E#MERA— 3x3 BEFH 9 M ABHEEGEINX—R, XH#
BATFP] AXENX O P RBIERTGIE, RENEM—TEBER MR 9 M
NBHEE, IR—MIRFHISHNAHEE — M FHNBRGEMZRERR
INTSRANE., TEHMBRMBLER:

—1
v > i faiky, szyQZ =i faifui

(BRBEARN LM HFERES Harris B2 NESIEEEM, XiHBEASE
EEWARMERE )

MWERENAERE, BERER, BIEEER L=, ARRIAKKE
RESHNRAE, EREE Lo, BERMEFHNCENEZENRNEE,
MRBXRMNEHNELADE ? BREFIE, HBITUNERABRGEFIENNE, It
B/NENECHIETERR, RBVGEHIZRIRE T /\B0Es), BEBER Lucas-Kanade
BiE, BB RES 6 LMK,

40.3 OpenCV ) Lucas-Kanade *ifi

FAFRBEIIEER# OpenCV FTELRL T — 1K%Y : cv2.calcOpticalFlowPyrLK(),
MAFRINNERZNMRBEIE—NMNEFREBEFUMPHN— Lo, ZREPLES
e ? BAMEREL cv2.goodFeatureToTrack() Ri#EZ RIS, Fil]
B S EMAT 5 — BR8N — L Shi-Tomasi A, SAEHAER Lucas-
Kanade &R BRXLRES, BI1ELEL cv2.calcOpticlaFlowPyrLK()
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EARI—MEGINEPNSR, URT—MmME®R, RBIGRETERSENS,
MBRSHZ 1, BHBET —MEGRPKE TN S (L—mPAR), IR
KEHE 0, MIRAEBEET —MEGRPHIXII =R, BINBEXLRERS
ARLARE, WMILERTELRUBRER. KBNT:

(EEMREEENREIASMEREHITIEE, BRI EIFTSEE
EEXUE, XRESHE— BN S, A TRIMRENRER,
N iZEN—ERFEMAEHITRASKEN, OpenCV HWEAROIPFE X
—MIF, ERE 5 MFT—MHESEN, BEN R SR EENRE
B =i 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 MEMAKIEIGREFIEEH
1k params = dict( winSize = (15,15),
maxLevel 2
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 BEWEFFEN=AIHIE
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()

www.linuxidc.com



|45 R

INp=E3: 0k

40.4 OpenCV HBBAR

Lucas-Kanade &R 1T & — LA SMNR (FLEOGFERNR
Shi-Tomasi &;&#MEMAS ), OpenCV TR T —FitERZT X IHEN
FHit. ESBEBRHPIFAERNXRE. XETF Gunner Farneback &L
(2003 &),

TEMGFREER LENEETERZLR. ERE—NNTEAROE
(u, v) MXLEERAE, BT iERIESELLRNRNNAE, FHAERER
BNERFITHREOUETEIFHOME, AENNETF 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 #J#t 0 3% 1,0 itER, 1 1BEEH

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 ()

ZRWT:
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OpenCV B B REIRE—/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
- AHHNMEESS] OpenCV HPIIE RHIRTSE

41.1 E#f

ERSEMMATERNHBE —TEEERNT K, WU?DFE%%WH‘ E

— RSB BARICREANBAREENAL, HERRBEREX,

H)l JETENERS, ERENXLESFH, *é%szAjEiZE&EHXtH;Eo
RARLFRIR, BAIFENGILNERPRNBIMNAR.

MRME—KER (REERTIAIR) BR, LLAREMENEE,
BRETAMERSE, BMTFDT, ﬁ1l]ﬂ$§?‘¥ﬁﬁ’]l%ﬁlﬂﬂf"‘ﬂﬁ_ﬂl
BHRRNRT, BEREASHBERT, HIMREIHN (ER) BEK, AU
BNFENBMNENEGRPRERESR, NREERTFHNREIRETER FHIE,
XN TIEMERT, BAZFHERY, NNERRERICEFHYUMAR
ER— M RERANER,

ATERAZXTBEMHERINELRL T/LMEA. OpenCV HEZBZT
HE=MtREZERNGE. HN—N—1NFEI—TIE,

41.2 BackgroundSubtractorMOG

XE—IMUBESIRE AEMNFIR/ER 7 8EE, ER PKadewTraKuPong
#1 R.Bowden 7 2001 FEHM, EFEA K (K=3 3 5) I'ahinmEan
ERBRIFITEE, ERAXLHE (EENMP) T—?—?‘HTIETJE’JK%_A’F#J/w:.
E’J’fXE ERNEe —RSENNERK, MEEMRLE, —MEEL

NHEE?EX, vy FEAL—MRERB—INERLENT, fE%ﬁﬂ]IWfi#E"J
ERERRETHEFIN, BltE—MRESFENMETERAEE RIS
MEBERSE, NME—N9 1.

ERSRE, BINEEFEAEL: cv2.createBackgroundSubtractorMOG()
BIE—IERWR, IMRPELTESH, LNMEHITERFISONEKE,
BHREMIMBE, BESE. Bii1LBiREREKINME AREERNMMF
HIEFEZ#EA backgroundsubtractor.apply() e ASEIFTSHIHEE
7

TER—E 2T :

238

www.linuxidc.com



# -*- 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

EMEUNSHESERENEMPNER/AI=NIEE ERMU 2004 F
#0 2006 £ Z.Zivkovic WHBEXEANEMN, INEEN—MERERERNE
—MEREEE—INESERENSH AT, (L—NAEPFBRIERAR K S5
) XERESNHTFRESERETNH S| RINIZRENEEFRNEN,

MeE—#RNEBECE—ESINR, EEXEHNFBNTUNEERS
WMPBSZ, IR detectShadows = True (EKIAME ), EFMEIENFHIZE S FIric
HR, ERXMHMSEBRABRE, FFaBinicAke,
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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

IEZEES TRSEREKMGITNEMRENNHETSEL, X2 2012 &
Andrew B.Godbehere, Akihiro Matsukawa 1 Ken Goldberg EXE
FhiR LAY,

EfAREELIHERR (EKIARET 120 i) #ITEREER, ERTHERE
SETHEE (ERIHGTEERNSR ). XR—MWEENNGTT, FNEEIRY
WRLIBMVNREEESHNE, AMIWLEEMEEERN, —LERSFIRE
MAZEACESHARREALTENRS, EF/IMEGRFMEREI—1NE
se&EO,

WERHAITHESFEACEN S EZREFREEH.
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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 SR
Eam s

FER 77— BRI 200 HER
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BackgroundSubtractorMOG H45R

BackgroundSubtractorMOG2 F45R
IR X 1% REARS

BackgroundSubtractorGMG B4R

ERKESFETEEERE AR,
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2[435 VII
RESVIRE 3D Ef

42 BENIRE

BiR
o ZIREHEEASREVRIBSBIIEBSE
HEXLESH, HETEGHITEE

.3

AY

42.1 E®Y

SREBENBILIBGY (BEYV ) SABRGRTERESHBE, BESETEEHR
fh: REBTIEERT, NTEMR, BAEELRBEENTEMARENXR,
BRMFSLMEEBINORHRILLES. FMERITAANIZZRELIHERN
HET, MTULLWMDwmﬂwnmmeﬁ SESHEXAT,

"

-"

( .

=

XA Rl CAEI N EAY S FELRTA IE

Lcorrected — L (]. —+ ]€17"2 —+ k2r4 + kg?"G)

Ycorrected = Y (1 + k;lr2 + k27ﬂ4 + k?yrﬁ)
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http://en.wikipedia.org/wiki/Distortion_%28optics%29

TUEAEM, HI—TEERIEAEE, XRHATERSMETFE AL
WEITIEM, IMETREMERPHRELERE EEZNUESEERITIA NN
UEEE—LE, Er]EE THAEAHITRIE:

Teorrected = T + [2p1$y + P2 (7‘2 + 2:62)]

Yecorrected = Y + [2p1fvy + p2 (7"2 + 2{172)]

BRI, MRFAVEEEHEGEITRIEM D IIXE IS AL T
R

Distortion cof ficients = (k1, k2,1, D2, k3)

BRIEZ 9N, BANEREBKE —LER, LLMREVARFIIBS .
RFBSURBBIIERE, SRENEREBERE (f, f, ) XFFD (cey)
F. ZWBEHAHBEIER, EX2BURATERENINES, RFEHE—RX, U
[RRE]ABAER T, FTUAATFERL 3x3 BIREERR:

fx 0 ¢
cameramatrix = 0 fy ¢
0 0 1

SNERS B SHER MR IRAERNN, BRI 3D SRARIREIREI IR R
S,

£ 3D HXMAYF, DNBHXRIEXLBE, ATHIZXESH, FHMNL
NBRH-LEAZASERBANFERE R (EEERER ). FATCAE EE
B-EERR (AHEENONER ), BERIXESRSER R PRMEM R
ENWERMUE. BTXEREER, RMNATUERRFREZRBEHERE, X
MREMIENRET, ITHIBEFMNER, BINELFE 10 MXHFHE
EJ LW

42.2 Km©

MR, FNELEE 10 BREXRFITBEVIRE, OpenCV B
T—LEHEZE % (/sample/cpp/left001.jpg--left14.jpg ) , FrLAFRAT=T LAfE
BEl. ATETIER, HATNARREKEEER, EEMREHTE
BHIRERRINZHA—A 3D ESHEPIMSURSENN 2D BgH
=, 2D BgMSArUNEBGHRRESNIKE, (XESERGPHUERMEE
EAANBEAREEEMTS )
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BAEXR A 3D BRI ? IEEGRRESFHSREINEERE
B ENFAR. FRCARTFEEME (X, Y, Z) BWE BRATEHS,
e HAEEE XY TEEF LR, (FIZ BE2FT 0) BEINEREEM
BRD), IMBIZILEBRIMNIAFTENE X, Y HEMAINUT, BEI TR X,
Y B9E, BIMNRAFEEARXLER (0,0), (1,0), (2,0) ..., EMRKKRT <Y
MNE, EXMIFH, BMNUERNBURBEE (D) HROKN, B
FBMRBANAMERANFREOKN (A 30mm ), FHANBARERFTUZ
(0,0), (30,0), (60,0) ..., ERIVBMUIRE mm, (ERFIPHANIRNFIET
REOKDN, EARARZHAEE, FRURERmM—M7ET X

3D REMANRR, 2D ERSEFHEBRA,

42.2.1 8B

ATHIEBHIEE, BI1EEAZES cv2.findChessboardCorners(),
BT EEEABEMNZETR, LN 8x8 MITEFEL 5x5 MIRFE, 1EAGIG
HAVEAMRIE 7x8 Mg T, (BEBEATHEER 8x8 & 7x7), ERIR
EfAs, MRFIHEKRMNIEREEZEE (Retval ) FisR True, XERASR
BIRFHES) ( NERIE, WEEITF ),

Hith: XPMRBEIRASHEAERGRENENER, -G ER %R
ERE, BHRGNAEE—MPRERTENEMER. ARNKGERZ
REMNEZXRIARFEENREFR MR, HIZET-—MEGZAZRIRE—
EREIRE, XHERATME BB EIREEEN B, BRI MLRERFA]
R EBSHNER, MERBNEEXNMF, EAEN 14 BEEPHR
MERJLIBRIFH. ATMARAZIZRE —KEGRME R T8RN,

Hfth: RTERAEBZI, BANEATUNERTEEF, BRECRARY
cv2.findCirclesGrid() KX E %R, FEHERREEFRIFERLNE K
FARIBAT o

FEH R S Z R A TFTLAE R E S cv2.cornerSubPix() &0
E. B{1EBELE cv2.drawChessboardCorners() £4IE %X, G
SRR STE TEANKBERT
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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 ()

—BIEGMWEHIE LIAmER:
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42.2.2 RE

ERANTRXENKRSMEGRSZE, HIELESTRMBIBGIIRE T,
BINEFEANELIE cv2.calibrateCamera(), ESIROIEEIIIEE, B
TR, EENTHREESE,

ret, mtx, dist, rvecs, tvecs = cv2.calibrateCamera(objpoints, imgpoints, gray.shape[::-1],None,None)

42.2.3 BMBRIE

MAEFNKBIBNBEZNRA T, FATTAKE —BEEERN I TRIE
T. OpenCV BETHEMAZE, HINEES]—T., RNIEBZRIFATTLAER
MEEH cv2.getOptimalNewCameraMatrix() 521 E B R R EITE
BLIEMEHITHIL. MNREMERI alpha =0, REMIEBSEGREEERVE
HNARENGRE, EEEGREEEGASRER—LERR, R apha=1, FF
BHERESHIRE, 25— LEEKR., EXRIRE—/ ROI E&, FHATATMU
FRITERH#AITHE,

BANZE— N FEER (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() XERREHEAFGE. 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 XNiZEF"HMERE"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 = dstly:y+h, x:x+w]

cv2.imwrite('calibresult.png',dst)

XAPEALNERZERN, FRMTHAR:
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REENEREGPRBIIARTZET,
MEFATTAER Numpy RHES XL (np.savez, np.savetxt &)
HHRENIEPFAI T R BRTFUMELIEERA,

42.3 REABFIRE

BATATUR AR @R IRETBABLB WS R EREEITMHT. SR
HREELE 0 BF, BTAXNSH, BESKAEETIRER, HARATCAE
F cv2.projectPoints() 153 R REREIEGR SR, AREMAIUITTETRGE
BEREARENEENSNET., AR EMEIRERKRIIREFIIE,

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 ATLHANEZS)EA calib3D #HREEGREIE 3D MR

43.1 E#M

FELE—THERGIUIRER, BIEEZFE TEEVENR, BTREE. &
TREFBHMNMAT NG EERPERNZES, LLWBERYR2MFAIEK, W0
hEse S, W—MNFEXTERR, FARTCAMRIR Z2=0, XA RE
MEZEPR2MFEER (RRER) 8. U, ARBANFENREZ B
Z8, BFMTUEERBRPLHI—L 2D WL ER™4% 3D IR, HIKE
— T EAMIE,

BAMEER, EHENE - NAREGH 3D L45H (X, Y, Z4H), X
HMAER, YHARE, ZiHAHde, EUERRERE, ZHNZREES
HETHERY,

BAERNENHMEERPREIIESFE TR,

# -*- 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, EMNSHEHELNES (EH
cv2.findChessboardCorners() 52| ) F1E4 09 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[EIREIIRHR RN T R HIA IR, FA A BRI AR R E
3, FTBA X %M (0,0,0) 1% (3,0,0), Y #thE, Z #M (0,0,0) L&l
2 (0,0,-3), MERTERHE (EET) BEVAE,

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, £33 7x6 HIEF, NREWM, FHINFMIEE
RILBITIEER, ARERERB:cv2.s0lvePnPRansac() Kit&EhEiE T
e, BEMNBTTRIERZE, FAFEIUF B TS LA 575 = BRET 2 E
BEmPE, BERE, BINERGTERLZR TS 3D =EHFMS (3,0,0)
,(0,3,0),(0,0,3) BN MR, AREFHANFARIAERHEIMEL draw() MEK
FHE— MRS AREHERILRNEL 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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SRWT, BRI T, 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 Erinsi=,. ENR 3D ZEFAM—NIIAAE 8 MAR:

axis = np.float32([[0,0,0], [6,3,0], [3,3,0]1, [3,0,0],
le,0,-31,19,3,-31,13,3,-31,[3,0,-31 1)
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MR ENERZREE, HTHENEGROESYE, (RATUER
OpenGL KERBEEZ#MER., (T—1TEHR)

ESHAR
%3]

253

www.linuxidc.com



44 NHJL{ (Epipolar Geometry)

Bi5

o ABHRNBLIS0MEAERM

o EIHLRWE, WL, WRYES
44.1 EFXE=

EFNERHFLEVE, BIaFEXKREEEZNED, LNMEERIVRE,
FERER LR SFIREYAES, EXE—M 3D 3 2D miEik, Elb—
NEENOFEREET, EFAXHEMNBENBIESTERIEESE? X
ME2ERAZSMMEN., FIRREMEXHTIER, ERENMREV (FAEIREE),
XM AR TE, FATHREE OpenCV 1EiX HHEAFATERIR ML T 4 ME,

({=3] OpenCV) —HHREMEXHMIT, )

EFENREERGZE, BIEAEE-LSAAITHNERAMRS, EFLT
RENZLIENRILE, TEAERHSREVERN —N—MaRFITHIR
HREE,

e =
- g .
.
! I <
¥ - & Y - £
o

o

MRIAZA—SREBHNIATATEEMNIE 3D =B X R EGTEAIEE
B, AR OX B LB T rRFIEGTE LN <2 EEN, ERWMRHK
MNEE EEMNEGIIE, B4 OX EMNSBREIEMNEEG ENAEMUE,
FTARIE X AIEE &, FAIMATUER=AMNEHEY 3D ZRFHSEIE
PBES (RE ), XHM2ENET,

B OX EMARESBHFHBEMER LRI | #IFAS x SO
%, UMEE, HANTUEEMNEGREEIFNEILE x R, ErRJEEXE
B4 EEMIE (XERENYRIEERE LN _ S RMETHM 7aE
WM —HB R, IMATETARENTE, TRTFEITHIRITS SRUERLT
R ), WM ANRLIR, SIEEE, MENSEEMEGTEES 2N
FIR4. FE XOO0' #H i Tm.

O # O' REBNHF L. N EEKREEINEL, AMEEIARL
O' REFNEMBEGTER e R, ITREBH TR, RSRHMZBEBIPOE
ZKERGRTENR S, BltR o' REMRENAIRR. BLEERT, FATT6E
AEEEBTHRERS, ENTEEETEGZI (XIRBXMNMREVIAEE
RIBERLE ),
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FTBEMIMAEREZ I RS, AR THEIRKEME, BATTUEHKE S
FR, XEMENR SRR R,

ERNHNNERRERERENN S, ATHIEN], BINTEFERIT
=, BMEERE (E) FERMERE (F) . KMEEREE TYEZREFEH MRS
BRI TBER. WTFEMR (FEXREB: %3] OpenCV)

Translation: T

Rotation: R

Eiti%EPs F iR TES E NERIEESTRNMBRBINASE, BT F
BETXERSY, ALETUEERGRLITRERSREIRBER, (WR
FERARREZENEGHETRUEEHRTTII—, F=E), HEXKI, &
Wi%EfE F 5 —BIEG PRI <BRETR S —BEGR P (1R ) £, IRETT
EAEEEG LKL, BHEEMBEREEVFTE 8 1= (EA 8 R&
%) RS YT, FTUAMER RANSAC EEBEIEMRENSER,

44.2 K

AT FEEMBERMNNZEMBERGPRIIRESHLES, FATIA
M SIFT &A%, FLANN [LECZ3FNELEEM,
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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)

RAESHT —IPLERIIR, BAMAIUERERITEEMIERT,

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—ERNEHTIREZ, BINEE—IMESRSLMBE. FRAURIE
E X — MBI R B X L LA 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[2]1/r[1]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

AR RIBER 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()

dim
M

THEHREIESR:
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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.

2. 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 MEFERPHRENE

Bix
s ATHEANBEZ I NN AREGREIFEREHE

45.1 Ew@l

ELE—TPHENEI THRARNEABISFEXAEB, IRE—252E8
HIEEGRIERITEER LA URASEGINRAEEFES. THENXEEMNE
P FE AR E R, (EBSRKIR image courtesy )

X

O Baseline O’
B

The above diagram contains equivalent triangles. Writing their
equivalent equations will yield us following result:

, B
disparity =x —x = 7f

x # x' FRIREGHIIRE 3D Z=EFHSHBBENPOMES, B2
XEMBEBHZEIMES, f REBEINERE, DONFASFAMNRNEES
x M x' FERMKREE, FTMREXNENEAM AT NSEE G TR REREE,

XEMAI A MIEEGHRLER T, siEBEIIELME T WIRLIRA]
PAEX MR RE E, —BEHEITRE, #eICATEL disparity 7, £
IIE%E7E OpenCV HUEHHIE,

45.2 K

TEHNRBERTHERERNESETE.
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# -*- 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()

TEEMAREEGR, EMAREER. NEFR, ERPEEANES,
181742 numDisparities # blockSize K&, HAMSRIEIFNER,

Qriginsl image Diman
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184 VIII
HESE3)
46 K iE4B (k-Nearest Neighbour )

46.1 IEfF K T4B
B
o ABHBIEM k T8 (KNN ) BB AT,

R

kNN FJBAiR & B BN EFS)NEET. MEhRER, MEKHNL
BUBEBTEZRPHRIONE. RIFERTENERNEE.

A A
| LTI A

LFEIFHRETUS A, ERHBRNLE=1H, B—HBRIURN—
N, BATAIMERMBHNXENREMR—MIERE T, MABKNEFD 5!
BTFEeMNLERK, MXMIEMEMMBISEEE, ({Re]BAE—MFE=
Bl ERRARNREAENZEE, FIINE—1 2D BBIRZEF, S8R
R AMEE x 2450 y 824%, {RRICATE 2D AR EFRTXLERIE, IRE
MUREEE 3 MIEE, HMNMFE— 3D ZjE, N MFEMFE N H=
i8], X4 N EZRMBIFEZE, ELER, BAIFTNARZEEHEMHIE
2D =g ),

EREPRT —MIA, NFEFRAZEEERR. BMNEREME
FRMUERMAANEERENLERE, FMNEXITEMASTE, HMNZE
2 M0 ? A ABANEEFESE KNN, BEAMER—TXNEEE,

— M HEMREBMRIONSERTBIRE, KNEGRHANMIERIN
RUB=AKIK, FMAEEDZIEREK, SMHTERTERIESN, BhD
EXNURESERELE,

ERXBELE Mo, A=A, ENRtEAETERS
EEHREADE ? IR ERGRYEIHFMEIZATLE=A, AR
NRIEN— N BERANRE, FAMABAEN k MRIEME, EEX k MB
BEREESE, BHORAMETER—%. MRk FT 3, LMEELEE
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BN 3 MRIEBE, BERANLHF— P ENSE, FIUMERETL
BxRik. BERNRKkFT 7Rk? thE 5 MEEM 2 MEKE, REMMS
BWHRBEEBKRKT, kK MEENERFMIEER, EEENE, MRkFT 4
e ? mAMIFmANE, X2—1MES, M k NEERFHFHR, XPRE Kk
BRI SREHITH R TEWM 79 KNN,

£ kNN RHEA1EZBRT k MRIOME, BREAAE T XLBEHEFHIN
E, IHEMAFR? Bk FF 4 1, BAHBIE—1EE. ERRIMIE=
AR ERRREBHMREIL L, FUENZES HLEKK. A
BERMZMARTE ? RNERES NS TFERBEFHEBN SN TR TR
ERE, EEAENEEESHINE, BEEZHNNEER, ARBAMRERD
KRR EFRFAMTIEFRVAE, ERINEATME T, XM EsHTR
kNN,

BXEmMEREZMIE ?

s BNFZRMIERENEFHER. BABMNENEHRREFMEINTF
BFFHEER, AEEPRIIRAN. MRBPEERSET, RBSARK
HRFHE S 8T EE,

o JLF IR FAEER 8],
M7EFKAIEE OpenCV FfJ KNN,

46.1.1 OpenCV HFfj KNN

BITXERFE—NEHENGF, MEE—HERIE T-HHNEE—
NEFRIGIF,

XERIVBLIEKERICH Class-0, EERiEIREH Class-1, T E
BeliE 25 MIGEE, EelFERIRIEA Class-0 3#F Class-1, Numpy
FRREN £ 7= 4 23 BT AR B B 1T mUX ME S

XI5 &) Matplotlib ¥ XLLRLHIHEK, ABEREKERANLB=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()

REJRE B — 15 LEEUNER, ERaxe—#, BARERTH
B2, BRRETRBEHSEIREE

THEMZ KNN EE9EB0HRME, BMNBELA-MIERESE, Uk
S8R MY KNG KNN 5733888 (HERBIEERR ),

R/AEER OpenCV F#) kNN 7388, BB E—NNHERE, iLEX
HIT5E, EER KNN Z51, FAIMIZSNIRBERR T/, BABIEN
ZRXNNAREHEFRUHER B ZRMRAE, ARHNMAIAET T EK
MR BIRRIERISEE T, BAIFINREREIMNSRIARENRE. REEEE:

1. B kNN SE T ERMNMLHRIERRARE (0 3% 1), MRFEEER
RANEE, AFRER KIREN 1, kK MERRESDBHIKE.

2. k MRIEBERIZERIIRS,
3. BAMRIEMERMABENES,
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()

TEHRKRFENE

result: [[ 1.]1]
neighbours: [[ 1. 1. 1.]1]
distance: [[ 53. 58. 61.]]

XUBRFATRMIA RS 3 MBE, MR EE, FUERS hEERK
IR, SRRAE, WTFEMRR:

100
—_—

= u "

80
L} ]
L
&0 A -
A = [] L]
40 A -
[ ]

20

A
- [ n 40 0

MRBAVERENKRIFEZHITUR, sJUEREA—MIAE, WNLE
Efth 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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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 kKNN WFEEHF OCR
Biz
. BIRERARIEN KNN £iReIE—MEAN OCR 2/
« {EF OpenCV BEHMESHFNFSEIBMLHIM0T2RF

46.2.1 FEHFH OCR

BNMWENREIZE - AN TUNFERFHTIRANGER, A TARXNE
HERMNEZINGEIBEFMNIREIE, OpenCV R EHE—EIES (/samples/
python2/data/digits.png ) , EFH 5000 MFEEHF (BIMFEE 500
&), BMIFR— 20x20 BY/NE, FTUE—-THEFXNER D EIRK 5000
MARENEF. BINEBRIENE - M HFHNERERR—1TEE 400 MK
ERMHFER, XMMEHNSES, MEGENKREE. X2HIECIE
RIEE B RVAHES, BAIVERSNRFE 250 MERMIIGHE, FRD
250 MR R, IERNEEE—T:

266

www.linuxidc.com



# -*- 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, EANROIPHRINBRIFVERE R
91%., tNEEBEN—NMDERREESMIIGEIE, LEHEFIMEIRAIR
LRF, ATHEEXGTEFBEEZSMINED LR, BIRFIEERE,
EHEETRETEN, REEAXGPIREUI 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']

AERNRED, SANZEARBHR 4.4M, BFRIMEERAKEE
(unint8 ) fERHHE, ERTFZRIRFEEILEHIRERIZM np.uint8 #8310, X
HHMAFESA 1.1M =6, ENHKRENBESE float32,

46.2.2 RXFHH OCR

BT RBAPRMEXFZH OCR, M LEMZ—#, BRFIBEFISTES
—LR[E, WME OpenCV LHEMNARERT, Ma—MUEX M4 (/samples/
cpp/letter-recognition.data ), MRITHEMNE, FELWESR 20000 17,
F—HBLEMEGRERLRK, XMFRLEES—THE-INZENH—NFERIC, &
TREY 16 MIFREMNARENHE, XEHFERIREFTUCI Machine Learning
Repository, {REJUELLTIHKBIESHEXER.

B 20000 NMEARTTLAER, FEAIEXET 10000 MERIIGHELR, RTH
10000 MERMIRER, FNNEXIEFBRERAN asc 15, AAFKNIANIE
ERELGEFH,
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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%, EFFRRAICAETIBMIISHETNBERRESER
$O

ESHR
%3]
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47 ZFRFERN

47.1 IEf SVM
Bix
o ¥ SVM B—ANENIEMR

R
47.1.1 SHERIESE

MTFEFfR, EREEMERE, dFER, MR2EA KNN, HF—
MR BERANZNECR E—MEEANES, NMREREMSED L, MNE
FBENESFEERBIE, FAFERENAEFFMREIIGHES, BRENET
BRI BIEENTE SRR AS TG ?

BINEZBESIIN—NEE BIKRBT—REL, f(2) = ary +bas +c,
B EFEMNEIENEIZIRmNX S, HBHEN2E—MUEEHE X 84, HR
FEINERA f(2). AR |f(X)| >0, EMETEEA, TMNHETIEA,
BANEXFREMAREADR (Decision_Boundary ), RiEEMERNEFER
MEHLRS, IMEA—FEL (KEBRSMUZEIFBTE ) LREIED K
FLERI TS AR RS &l

M EERHFINBHERESRELTTUBRIES D ELTAE, B—FELRE
RIFE? ER EWXRELNZRESWMARIBNESITMIT, AR ?
ERAMAMIETGEB RSN ( ESLHIE + 185 ), XEHIBARN X MWDE
FUERME, FTAXRESENELNIREENTEREE. FIll SVM Z2HH2
KA —RE4%, HEXFELE (SR ) SERIBNREESREKR, TE
FINERE 2RO,

ERINRTELR, MFEERIISHIE, RNESMBIIZGEIEL? &,
AFEREFTAFTNOYE, WEEPF - EEMNEEMAMIBNGIR, K
Mt ZiFaR, SN ELUMKRITEE, B 7T XERIEMRE KT
RENRT., BAHBOBHIERE. XX FRIEECEREE,

We need not worry about all the data. It helps in data reduction.

BRRET H AW ? BRI E T oK RBATIENEEE, i,
BEIETAA vz +b > 1 RIR, MABBIETUA w2 +b) < -1 R/R, w il
HANEER (w=[wi,ws,...,w3]) X AFHEER (2 = [21,22,...,2,] )o bo &
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Fih bias (Ei3E ?), MEMBRE TRELRNER, T bias MRAETE (R
EDR ) 1B, REARBE LR N BTEOFAL (FH), Firkd
WTatby = 0, NEISEBEREDRIBIGIEEN distancesupportvector = Tyo
DEKERXMEBNFE, RNBBEIMSLERESA. BNBR—A
SO L (w0, bo) FHETHER

1 .
m}]n L{w,by) = §||w||2 subject to t;(wlz + by) > 1 Vi
w,bp

B, R—EMRE, tie [-1,1]

47.1.2 EEMBESE

MR—T, NR—ARIBREH—RELD AWAELD? fl0, E—4%
FEP X KBENRIESE (-3, 3), O XBEMWHESRE (-1, 1), REAE
R BEfERL MR ENE X 1 O A, BRE—NHIEFILAB R TMRIX /0]

B, FERERH f(x) = 2 WXARIBHITIES, BEMWX B9, O R 1, XA
AT AERLERET,

FEFNL ] I — L BURE IR A RUE, BT TUERRY [ (v) =
(z,2?) SWHURHITIREY, XX TAT (-3, 9)F (3, 9) M O MEMT
(-1, 1)# (1, 1) EHFTLALMEDE, BRRAMSEREZERESL
PEINIBEESEZ RIRB TR A& M7 2,

BERNTLE d £HREMRSE D £RIFBREMNSETUNLMEDE
(D>d), X#REFTUARBNFEA BT IHMRLERA (451 ) ZERITEXRIRES
H= R R, FATT AR T EAFFi%eR,

szlxﬁﬂ]ﬁ:éE SEIE N R p = (p1,p2) M g = (¢1,92). F O RRER
BeRE, ERIRNT AV 4R SRS B = 4=Saj

6(p) = (p1, 3, V2p1p2)8(q) = (41, 42, V2q142)
BNEEX —MZER K (p,q), ERJUARRTEARNSRINR, TR
K(p,q) = ¢(p).olqg) = o(p)"6(q)
= (p%sp%s ‘/Eplpz)-(fﬁs qgs ‘/Ethﬂi‘z)
= p1g1 + P2g2 + 2p1q1page
= (pq1 + p2g2)’
¢(p).6(q) = (p-q)°

XA = == B PR R B it E A= B PR ES KIXE, X
AL REIE SR, FﬁWfEIEﬁfEE’J;&}E%ﬁ%l:ﬂ]E’Jmeft—nE £
TRMEE, BIMEET ST B .

[‘?TJ:EE’JE*WE%"\Z% EE—NOBEEMRR, PARHEHIR, X
MR EERXLENREDRRABH, ﬁﬂ]:l%%%ﬁf‘a*ﬁ'eﬁ?éﬁ%ﬂ’ﬁ%
=, BREHENZENATLRNDEIEARRANEBERBIRNERRIMN,
FrAFRAZEE X FABVE BB TIE IERIKE 'J PMEFHATELR: R,
RNMBIRDE, FHIFREMRRIE D :
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min ||“u.'||2 + C'(distance of misclassi fied samples to their correct regions)

TEERIMEE, WFIISRENE—MHFERSUENT —1M88 6. E
RNINGHERZIMITEE (EFRFTEE ) MEBTEAES, XTI EIE
WIERINSEN 0, ARENSEECINIHFE L,

MAEFMBIRMAL BT T
m}]n L{w,by) = ||“u.'||2 + CZg,; subject to yi(wlz; + by) > 1 —§& and & > 0 Vi

S8 C MBVEMNIZINAIERRE ? RBE N IZBURTIRAVIISEEE, BRE
E—1MNE—MER, BREEZEE C WEERBKITTRNZEE—T FTEMN
m:

« MR C MEVELERK, BIRHERFEL, ERLEHIE/N. EXME
HRDEHNRNEERS, EIERK. (EBIRRF R/ FATAT LR
KK C 1B, )

« MR C MEVELER/)D, BERERKA, BHRILNYESRFAS. H
MREFHIRDEZMAM R, ETRN. BMUUEIRMAR D THE—
BEEEXKAENBYERNBEEITAE. (NMRBUBRFLLERKN, M
ER)

S
i~
%

ESHRR

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, EXXFHIMERNE SVM MR
= kNN,

FEHFH OCR

£ KNN FEERERGENRERFENSTIAE, RB1EERA
B EH A B Histogram of Oriented Gradients ( HOG ) {E4SEEE,

EitE HOG siF(ERB RN ZMENE#THHM (deskew ) I,
FTAFITE AEE X —MNE N deskew(), B U —MEG#HITHREANLA
12, TEMZ deskew() E#:

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

TEERTHMEERF 0 MEKF#TRHAMGEEHNNR. ZNRFEEE
%, GMNZEEHER,

ETRAMNEBUHERGRN HOG iR, tIZ—MEH hog(, HLLHA]
THEE® X BEFM Y 7EkE Sobel S8, ARUHESIHEMRENMENT
BFRD, X MEEIERM 16 KB, FEGS R 4 MNHHER, WE
—NNVARTEENNEAEESE (16 4 bin), FEABENXNMINE, X
HE—NMNARBEFE—1E%F 16 MTHANEE, 4 NMNGRE 4 MEE
AR T XANERIFEEE (B8 64 MR ). EIMERNZNALENE
A&,

273

www.linuxidc.com


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:], 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

e, MeIE—#, BAEXEDIER/NE, ERSMFHIET 250 MF
RINEEIE, & 250 MERMALERIE, 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], 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]

#HtHH# 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#itH#HH Now testing

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 = resu1t==response%

WARRHIEUXIdC.com




ERRIART 94%, RA]UBIX—TARNSHE, BEETERIES
FERER, HEHRAINE—FTXNMUENXEHFBEEHIE.

ESHER

1. Histograms of Oriented Gradients Video

%3

1. OpenCV HRBIPBE— digit.py, EXN LEMFHFEHT —=REXNFHF
BRI —IMEFNER, HPEESEXE, In—TIE!
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48 K {HE3%

48.1 IEff K EHE%
HiR
o RBHEES) K ERENBAURE 20 TN,

R
BRA-—IMRERNAFRAEXRRNA K BERX,

48.1.1 T tmX/M=IRR

BRE—NMABEES—IAN T M, REBEMIIZE~AREARNG T il
KABZNEMENER, FMIAXNRNERET RS ANSSHEAERER, FiE
XLEHIRAKIZERE L, WTAR:

T-shirt sizing

A -
. L]
.
. ° - * °
B
E *s o * e ¢
oo % s ¢
[+] . -
g i L] . L] .
e
. e o
L L]
Height

BEAREERSEMNKN T MEBBE=HR, FAUBIHEREMNAD A=4A:
N, R, K, IZHREBEFEOA. FBA1IUER K BRENSREFREA
S 3 EH, INEETUKE—NRIFIDE, HEBEFREA. NRAEE
EEWANIE, NEMRAEEILADHESHAE, fJfER 4 23 5 MEEE
Z, TAE:

T-shirt sizing L T-shirt sizing

Height I Height
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48.1.2 ERUMFATIFN?

ENEER—MERERE, RIEMERZSNEE,
ZRTEHXAZE (FEATMEEEM T M@ ), HMNFZEMAID M
M,

a0

70
60 -
50 .

-
40 .,

-
.

30 . 3 .

2020 30 40 50 60 70 B0

F—F: BINERBANELR, C M C; (ANFBLERBIEFHNEN R
EREIRED )

¥ HEBNRIZHANEOSMES, MRES O LBERIRC
790, MNRES C; LEBIAEFMARICH 1. (MRBESHMELR, FJUIRIEH
“2","3"E)

AERANBFHEANEET 0 BIRCHLE, BT 1 BtRchER. (]
MEFE TEXEE,

80

70 c2\ : -

60 .,

[
50 -

40 ®e 2 8 |

.
.
L1

a0 « P ci

2%0 30 40 50 EIG 7‘0 80

B=F: ENTEMBEERNED, MFABLERNED, HFUXHA
REFELRNMUE, (BRRENTERAAME, HANRSEFRHRE)

EEPR 2, BEHMBHNIRIFC.

BAMRBE TEIE:

278

www.linuxidc.com



a0

L ..
70 .
-
- -
-q L] L . 4
&0 .
.
. s e
-
. - b :
50 . i .
40 " e
e i 8 .6".
@ ® 1
i L]
30 L 3
L]
2%0 30 40 50 60 70 BO

GEnEER 2 3, BERPMAEORMMUERTE TR, (HABLATLIE
HigEIANRE, NEREEVBNESHEEREILEN, ). HAHXERE
EfENEOMER RN, HEXE, O MIesNESS ¢, EeS
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
60 ¥ »
- .l -
- . :
L] & -
50 - - .
N
H
40
om e
30
2%0 30 40 50 60 70 80

AN K EREN—MEWM#ER, %*%DLE%*IHW%D;&}E%&, R R
ZE—AXTHRFINAN BRESEES R RPIME, XIRR KERE
PR, MAENINIEEZERSOGE, Ll WERFNERELS, B
ILEERTIESE,
ESHER

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

%3
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48.2 OpenCV iy K HRHE
Bix
o ZI){ER OpenCV HFHEE cv2.kmeans() WEIBHITHE

48.2.1 BEREBHSH

MAEH
1. samples: [iZ2 np.float32 ERFEKIE, B MFERIZKRE—T.
2. nclusters(K): RENZLHE,

3. criteria: £ NERIIENG, SFRGEHEN, BEMERLLE, ENZRE
— 188 3 MIltd, EfR (typw, max iter, epsilon ):
o type ££1FRYSERL: BT =FiLR:

- cv2.TERM_CRITERIA_EPS R G E epsilon #E =2
E 1%,

- cv2.TERM_CRITERIA_MAX_ITER &R BB HE
BHE L%,

- ¢cv2.TERM_CRITERIA_EPS + cv2.TERM_CRITERIA_MAX_ITER
EERER — AN R B R R LA,

* max_iter RIRFRAIERIRE,
* epsilon EHREHE,

4. attempts: ERRENERIFCRIITEZNAR, FEEROEZE
RIFIINC, EBEHRSFREDHRRD,

5. flags: AR BUIIERRAE D, BEEBI1ERHM%EF: cv2. KMEANS PP CENTERS
#0 cv2. KMEANS RANDOM CENTERS,
HHem
1. compactness: ZZE, RESNRE|ENEOREBERESH,

2. labels: #7&E8A (5 E—HRIINABAER ), SMMAEFCHO, 1
&

3. centers: HREIIARCERMAIERLE,
WMEHAIA 3 MIFRERMEER K ERZE,
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48.2.2 XBE—MFERIBUIE
BRIZFHANB—HARIE, EMNBUERE—MSE (1 4), Flusimey T

B

, BANKRERAMNBBSRAE T MEIK/N.

?r‘kﬂ]ﬁ'ﬁﬂ%f‘i LEREHL AR, FER Matplotlib FE(14HIH %,

# -*- 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

= np.random.randint(25,100,25)

= np.random.randint(175,255,25)
= np.hstack((x,y))

= z.reshape((50,1))

= np.float32(z)
1t.hist(z,256,[0,256]1),plt.show()

T N N N < X

MERMNBE—MKER 50, BUESEE M 0 2 255 NEE z, HREZKE
Bz T TEH, BEZMT —MIEE. HBMMESESIMHIRZZR
BR, ARBATEIELIIERMN np.float32,

BANEEITE:

0

o

50 100 150 200 250 300

MAERAER KMeans R, EXZAHNNZERIREFLIERMGE,
MLIEFHR: EiERIT 10 XIEANEEBERRE 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 NUEBLMFD
E07, 1%, REURSEMMFORE 4. TEBNTMRIEC MRS
BRI ST,

>
]

z[labels==0]
z[labels==1]

w
1]

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 T

—

150 200 25
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BRE S MHENRE

FERIEK T MBI FHIEANRBERTES, RERNNEEFREZRES, B
R M.

ER—THEMNNBER -1 BIEE, 5 MFERAIIK—T, 517
5t R — AN AR,

FEARGPIHRANBNILEIRER 50x2 WEE, HPEE 50 MAWSSH
HRE, FIEESES, FINNERE, F—1TESHITER, 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 IS
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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)

#
A
B

Now separate the data, Note the flatten()
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 = 'y', marker = 's"')
plt.xlabel('Height"),plt.ylabel('Weight")

plt.show()

THEHRHKSINER:

70 .

Weight

30
Height
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48.2.3 BRIt

BEEtMRRLERTFRERBEN—NMIE. ATAZERLER TR
'lE? BLRFER | BERENFTRER, REERRIMEAE. EXME
ATHFEHITHREN. BAMER K ERENGERETHREN,

BRETLAHNARAFENET. WES 3 MHE: R, G, B, FTUEAE
ZEEFBRIFETHR Mx3 (M RERFERERNEE ) WEE, RETME,
BINAREFVEERSEFANGRE, 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
o FIAERIFFBIIEERELEZREGRVES

>J&%Y cv2.fastNIMeansDenoising(), cv2.fastNIMeansDenoisingColored()

aB

R

ERENETHRRNELZZITREEGREBZA, (LUSHFEE, PE
FiEE, SRFRILB/NXERARMNMREBIMRIFL, EXLERARPHAEE
BEEE—NNBEARAS I EREPEFIERRPLERR, &R
Riit, BERABIERSEFRZRFIERDIRLBIEHL,

BEB—MER. BMIANBRERTIEN—HEIEE, TE—1FR
BHBES, p=po +n, EF py AMEEHNEFE, n BXMERENRS, T
MEIAMAR R E A FEENKERERE R (N) REiTEFIE BERLT
BAINRBE p = po. ARREITIIER O,

B ERANRERNR T UNERILERS, B RSE&LEEE—
VEEZBRLYH, IRPMNMEBERBSHEGM, NER—HRHK
EEKR. 5—ERAEREBXLEMPTIYE CXIIMERITNIZZ/NE K ). HF&
KRERSE-—MEGEWLE—T, FELKRBEFR/NT, FENZXIMELNT
EWRTREINZNIRATLERER, RBBBATRNIABKSHFE
REHER,

BERER, RNFE-ABRMUNEFR, BTEFIIENTER] AERE
B, BEREGF—NMNIED (5x5), BRAFIEEGHNEMXIEBFE—
MEMED, BRXMENEDOMESHEE. MRBAAIILERUNE
OFERAbIR FIEREHIE ? M TR ENE DIXHFMIEFN., MTEMRR.
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LEFMEREOSERZEMUN, FEEOSERLIEMROE., AT
AR B B BRI —NNED, ARERGRERBUNED, &R
KEVFFEEANEYE, ARXMERNRKBIMEERENE, XA EMZIEFR
FIIEERER. SRITURMZINFEERABLEIMEZEBRESME, B
RERRY, FAINEESRFRERHIESNATHELER,

WFEEEKR, Ehi%ikE CIELAB BE=(E, ABN L AB o559
A ER,

49.1 OpenCV HFHEHREE
OpenCV R#t TXMEAMWON T A,
1. cv2.fastNIMeansDenoising() RN R HRKEE.,

2. cv2.fastNIMeansDenoisingColored() ERNRAEEE,

3. cv2.fastNIMeansDenoisingMulti() i& AT &0t EBIEGF S ( R
EE®&)

4. cv2.fastNIMeansDenoisingColoredMulti() i&H FEqt 8]/
BFo (EERRKR)

HEZSHEAE:

* h: RETREBE. h ESUURIFHERRES, Bt EERGIAT
&, (B 10 BIRAE)

* hForColorComponents : 5 h 8@, EFERA5¥%EE%, (5 h 18
&)
+ templateWindowSize : &%, (HEFER 7)
« searchWindowSize : %, (EFEER 21)
BEERSRFRIXLESHET,
XEHISER 2 1 3, ERMEBLANRT,
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49.1.1 cv2.fastNIMeansDenoisingColored()

MEERIN—#, ERJUBAREZRELEGRNES. (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()

THRLARMBAE, HMNWBABRGRPFSEAER 25 WS, THE

49.1.2 cv2.fastNIMeansDenoisingMulti()

MERNEN —BUMERXNHiE. F—ISHE—NEEMMNIIR,
E_12% imgtoDenoiselndex & EPLMEEEXE, FHATTUEN—
NIEYZES], E=121 temporaWindowSize =] iRk & AT R84SR
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MR, ENMZR—1MFH, EXMMEFALT temporaWindowSize M5i#Y
BERSEATER, RENMMIZLRRMM, W, FMEAN S mER,
imgToDenoiseIndex = 2 Fl temporalWindowSize = 3, IBALE—Mi, M,
FE=mMEGBHATEZMEGRINER, 1LRIKE—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,0,255)) 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 RSN E, - HELRRER, B RERSNE
&, B=ARZBSZENER.
ESHIR

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

Bix
RERAEERES):
s EREIMIARERER KR RNESTLR
* £/ OpenCV HE ¥ S AEKEIERE

50.1 Ea

AEHMNB N ANXPrIEHS/LKRICHER S, BRE CEANOELE
BFLTRSANERE T/LE, FMELSEHRIZEE LRI ? FHATTI
FEREMTREZSE LHAKET, BX2A, MRARAREEZEENRTER
ZE, LRBNMERDTFEBEIZAT, IMZANERBEZRER: £
BAIfSEAEMNGRERARR, IHCEERNMARGREMALREGT. WTEMR
T~ (BRREEEEH )

I Jr o e

ATEMEANER, BEFRIMELRHTH/LMEL, OpenCV Rt TH
FRFEM, XAMEZEESF] BT AR cv2.inpaint() R,

F—NEERRIE Alexandru Telea 7£ 2004 £ RUXESLWH, ER
ETREITHEEN, UEGPF-—PMEEIIXEEAO, EiEMNXANXIHAL
RAAREKIFAEREERHE, SEEAXELRGR. EBEREFHEIWMRER
Elf)—ANNRISRE, EAXABIEHANIT— (LI EHRHESNRRE, N
ENERREEEEN, WTFEEFTREERNGERER, FEEELRBRER
EEBLELNGESRLETESHNE, H—MREREEZR, ERAREITHE
% (FMM) BajE| F— 1M &EfEE, FMM RIETEEEH (G2HERLH)
BESMNITREHREES, IEFTRANRFLLEREM. TUEBEIIREFRES
# cv2.INPAINT TELEA XR{ERILE%,

FE_/NEEXZEE Bertalmio,Marcelo,Andrea_L.Bertozzi, #1 Guillermo_ Sapiro
£ 2001 FARMNELNN, INMNEEZZETRANNZFHERTRHESH
2, ERREZRANHN, EELOELREXIENAREEREXEMFH (B
AR ZEEN, FFARUKIEIFA RS EEKISMORNIZEZELN ). E
B LEFEE X PAIEE O ERTEHEFNEL (isophotes, HKREEM
SMREMIL ), A TRMEXNBH, FERARRARNNEFHN—LERSGIE
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http://en.wikipedia.org/wiki/Inpainting

ERX—PZE, BEERMEREIMIFRNREES R/, TUET
REFESH cv2.INPAINT_NS RERILEX,

50.2 X8

BINZLE-NERABGRKNMESHNEERG, BHEEXENGERR
B 255 (HEfhit750 0), FBENRFEHRER, REZEENEGRE/LNR
eXE, REEREETIRRIMNN.

# -*- 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=I1E2(E
BAE-ANEZNER, BRE—EBIRERE_NEENER,
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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 585 TmEBIeN

BiR
ARNHRNEFS):
* A Haar $5E5 £ 23 A ERBIESALMIRA
o FEEPENT REIRIPIENE,

51.1 Eal

I Haar 45 LB AEMPIN RGN IRAZ —MIEEBRHIT R
AR (2001 £ Paul Viola 1 Michael Jones £ ), ERETHIEEIIM,
B EARENENFRERIIZLSE—1 cascade_function, ReBRHE
KA A,

WMERITRESI @B, FFae, EEXFERENEHAE G (EEPE
B) MAFARR (FSEEBRIER ) Kilgn KR, BNFENEPRER
fiE. "FIEF'E’J Haar ¥ES®EA. ENMEEINERZ, 8—MFTEE—
ME, IMEETERBEMFNGREZREREZEBERFIGRREZ,

; [. (a) Edge Features

I]: E (b) Lane Features
E (c) Four-rectangle features

ERAPMMA R REMZRITERB S M. (BR—TXFESLUHEER?X
N2— 24x24 FEOME 160000 MFE ), WFE—MHERTERA]
HEEUHEAENRLERANGEN. HTRRXMNEIE, FESIATRS
B, XAIBARKBIEEKRMNEE, W FEA-—ITXENGERNRIFERRS
E& LM REFR, EEER, ERUMECERE TR !

ERAERIMTESINMBEIXERESR, KSRENEXRE. WTEFRM
a_<° LEO—TRRTEMINBHE, $—MHIEE LEE2WIRERERE X HE

, EARBERILEFE-E, FMHIREAINRRBILBRER L,
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BRMFIEIMNEDRBEBHEE, R—SEBREXR, BATRNEFENET
160000+ MFEHIEH RIFHIIFENE ? £/ Adaboost,

ATIREZEANEN, BAMEE—MHEINATHRENIIZER, NTFE—
MFE, BNERFEEBX OB EFANAHANRESE, ERRMALE,
EEFERRNEBHED L, BNEERBRRRMEFHE, XiERAENRE
MEERFIFEESERERFIHE. (IMIREREIANMERIHINNRIAEER, &F
R E—KEGEHEGHEENNE, 8—XHEZE, #EINEGINES
A, EFNETESEBM—E, ARBNNGIHNERRMAONE, &
ERITRXNMERIERAE KA ER RSB B IRFNEZKBBRERLE ),

RN KBRZIXLESF R BHINNI, ZPTAMAE R EBRENNRR
RAXLD LB AEUNBEGHEITHE, EREHEMMNSEBRSERAZ—
REBMDEET. XEFH 200 MFEFEEBREME 95% WEBRE T, ik
[E{ER 6000 MHE, (MK 160000 RFE| 6000, MREZEWF 1),

WERE—RBE®R, WE—1 24x24 MEOFERIX 6000 MEERMIE
£, BEERFAEEM. ZERAZRMMIRFENIE ? ML, BFEBEIN
RIRTI %,

E-EIEGP RSB ERIFEBXIE, FURTFE—MERFERIE
XM EOAEESNXE, NMRAZHREENST, TANEBMAE, MAZ
EFEARZNMKIFZAZHEEL, RIS IETATRI CATE P] 6B R H BB AY X 15
Z T SRTE,

ATEFINEFEERH TR LRSS, FRE—HBHINED
F1TIX 6000 MFEME, FXLESHED MARE, EREBIDEMERME
. CEERIERLHYLAMERERRDIRESN ), MR—IEOFE—MER
IS MERE AR T A U EERFREAMNIE T, MREET TIMEAS ZME
AN, MR—AEOLE TRHRBRM, BAXNEOMKINDZEEBXI,
XA RIZAZ RN !

fEEHE 6000 ZMFMEN A 38 NMER, RIANMERAIFIER S BIHR 1,
10, 25, 25 #1 50, ( EEIRBIAMFIEHEELIZN Adaboost FRIGRIRIF
$HIE ),

According to authors, on an average, 10 features out of 6000+
are evaluated per sub-window.

EERFHAT Viola-Jones EaRHEMZ A TIFRVE AR, 1&— TR
XEEEE SR FRRIFSEXIE IR EEATEL,
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51.2 OpenCV Hf Haar &KB4E0

OpenCV B TIZR2BEFIE M 28, NREEE S — 57 KRN
A&, ¥WEME, PTLAMER OpenCV i, EPMMATEXE: Cascade
Classifier Training

MERATRZES)—FNEERKMEE, OpenCV ELBETRSELZIS
RIS, HPEE: EER, RS, MK%E, XL XML XH{RFE/opencv/
data/haarcascades/X#*H, TEHIMGER OpenCV EIE— /N EEBFIER
BRAG M 28,
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# -*- 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)

MEBANEERGRENESR. MRENEEE, EROEBFAERNER
X1 Rect (x,ywh), —BHBREXMIE, FAITUEIEZ—/ ROI H#&
HA#TARERAEM, (EILERESKER 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 ()

FERINTF:

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
http://www.makematics.com/research/viola-jones/
http://www.makematics.com/research/viola-jones/
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