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Filtering
- Correlation (18E9)

9(i,j) =)  fl+kj+Dh(k1) or g=f®h

« Convolution (8A#)

(i, §) Zf(z—ky—lh(kl Zf(klh(z—kj—l)

or g=f*h




Filtering: Gaussian filter

1

hblur — 6 exXp <_

22 + 12
202

import numpy gauss2D.py

def filter(shape=(3,3),sigma=0.5):
m,n = shape[0]/2.0, shape[l]/2.0
y,X = numpy.ogrid[-m:m+1,-n:n+1]
h = numpy.exp( -(x*x + y*y) / (2.*sigma*sigma) )
#h[ h < numpy.finfo(h.dtype).eps*h.max() ] = ©
sumh = h.sum()
if sumh = 0:
h /= sumh
return h




Filtering: Gaussian filter

g = f 020 hblur

import numpy, cv2, gauss2D blur.py

image = cv2.imread('lena.png')
sigma = 1.0 # in pixels

# The two lines below can be rewritten as
# blurred = cv2.GaussianBlur(image, (0,0), sigma)
filter = gauss2D.filter((sigma*7, sigma*7), sigma)
blurred = cv2.filter2D(image, -1, filter)

cv2.imwrite('lena_blurred.png', blurred)




AR

- Gaussian filter®fZIX (x,yARDsigma) ZZZX T
#HB
- kevh:

import numpy, cv2, gauss2D blur.py

cv2.imread('lena.png')
1.0 # in pixels

image
sigma

# The two lines below can be rewritten as

blurred = cv2.GaussianBlur(image, (0,0), sigmaX = 1.0, sigmaY =
10.0)

#filter = gauss2D.filter((sigma*7, sigma*7), sigma)

#blurred = cv2.filter2D(image, -1, filter)

cv2.imwrite('lena_blurred.png', blurred)




Filtering: ‘Unsharp masking’
.- EffEYv—7ICT : SEERERS £
Jsharp — f + V(f — hplar ® f)

ANBERERHD LB DDE
=2 v —T185

unsharp.py

import numpy, cv2

f = cv2.imread('lena_blurred.png').astype(numpy.float)
sigma, gamma = 3.0, 0.4

f blurred = cv2.GaussianBlur(f, (0,0), sigma)
g sharp = £ + gamma*(f-f_blurred)

cv2.imshow('Original’, f.astype(numpy.uint8))
cv2.imshow( 'Result’, g sharp.astype(numpy.uint8))




« gammaZzZZTH>

— B2 bk numpy.maximum(humpy.minimum(*, 255.0),.0)

- sigmaZzZZXTHD



Fourier transform

Continuous FT(1D) Discrete FT
0O n—1
F(y) — / f(t)e—Zﬁjl/tdt Fk _ Z fme—Zijk/n
— 00 m=0
Inverse transform Inverse transform
n—1
o0 . 1 :
f(t) _ / F(V)GQWthdV fm — 5 Z er27rjmk/n
—00 k=0

Discrete Fourier Transform(2D)

M-—-1N-1
mk  nl Ek=0,....M—1
F — o _2 0 T o Y Y
=2 eXp{ 7T](M+N>} |=0,....N—1

m=0 n=0 A



Fourier transform

ffttest.py

lowpass _mask = numpy.zeros((480,640))
size = 30
lowpass mask[240-size:240+size, 320-size:320+size] = 1

while 1:
stat, image = cap.read()

image = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)

f = numpy.fft.fft2(image) # Fourier trans.

f = numpy.fft.fftshift(f) # Centering

£ amp = numpy.log(numpy.abs(f))/20 # amplitude

#f = numpy.multiply(f, lowpass _mask) # Low-pass fiter
#f[240-size:240+size,320-size:320+size] = 0O

f = numpy.fft.ifftshift(f) # De-centering

invf = numpy.fft.ifft2(f) # Invrese Fourier trans.
print invf

image2 = numpy.abs(invf) #(f_amp)




Fourier transform

« HIAAET—VIZH I SAAIERIEZERMTIIREIC

Pp——

____________

(7—VIZEBDD 7 NAREHRICHT)

ffttest2.py
lowpass _mask = numpy.zeros((480,640))

size = 30

#lowpass mask[240-size:240+size, 320-size:320+size] =1

gauss = gauss2D.filter((size*2-1,size*2-1), size/5)

lowpass mask[240-size:240+size, 320-size:320+size] =¥
gauss/numpy.max(gauss)

EVbh : AVAEBEOT7—) IEHEEA Y ABRRICKES



BHIED T35; OFLY

- BAHVHBZAETSEE, BERO AL 2ESE
A5 ICBEHELH S

______________

zero wrap clamp mirror
blurred zero normalized zero blurred clamp blurred mirror

Figure 3.13 Border padding (top row) and the results of blurring the padded image (bottom
row). The normalized zero image is the result of dividing (normalizing) the blurred zero-

padded RGBA image by its corresponding soft alpha value. [Szeliski10]



Nonlinear filtering: Bilateral

- Bilateral filtering (edge-preserving filter)

B Zk,l f(z +k, 7+ l)w(iaja k, l)
Zk,z w(i, J, k1)

g9(i, )

w(t, j, k, 1) =r(i, 5, k,0)d(i, 5, k, 1)

w(i, 7, k, 1) 9%, 5)

—

grem—

“—

d(i, 7, k1) r(i, j, k, 1)

Domain filter:

d(i,5,k,1) = exp <

=BG

2
20d

Range filter:

r(i,,k,1) = exp (

2
20z




Nonlinear filtering: Bilateral

bilateral.py

import numpy, cv2
image = cv2.resize(cv2.imread('1lst/lion.jpg', ©), (720, 405))

# Add Gaussian noises to the image

noise = numpy.random.randn(image.shape[@], image.shape[1])
image = image.astype(numpy.float32) + 10*noise

image = numpy.clip(image, 0.0, 255.0)

filtered = cv2.GaussianBlur(image, (0,0), 2)

#filtered = cv2.bilateralFilter(image.astype(numpy.float32),¥
-1, 20, 5)

#filtered = cv2.medianBlur(image.astype(numpy.uint8), 3)

cv2.imshow('Original’, image.astype(numpy.uint8))
cv2.imshow( 'Filtered', filtered.astype(numpy.uint8))




Nonlinear filtering: Median

« Median filtering

— UBEIEILFDODLDD 71 IILYEBRNORREZLENETS
— Shot noiselcE%h

356 3 ]
32 1 4] sort median
21312 %11223344%2
413 4 2
# Simulate "shot noise" median.py

noise x = (numpy.random.rand(10000,1)*360).astype(int)
noise_y = (numpy.random.rand(10000,1)*405).astype(int)
image[noise_y, noise x] = numpy.random.rand(10000,1)*255

#filtered = cv2.GaussianBlur(image, (0,0), 2)
#filtered = cv2.bilateralFilter(image.astype(numpy.float32), -1,
20, 5)

filtered = cv2.medianBlur(image.astype(numpy.uint8), 3)




Edge detection

« Canny edge detector [Canny1986]

Gaussian
blurring

Gradient

— L= (L1 — L j1)/2

Amplitude
Non- .
- Hysteresis P —
—> '\ I% + 1;3 —> maximum —>| thresholding |—> Bk = Q&
suppression [
Angle - e WIS
arctan<ly’ Ix> - Em > Tmax RS> =i
Emm < T
EEEEEEE A
while 1: edge.py

stat, image = cap.read()

cv2.imshow( 'Camera', image)

image = cv2.Canny(image, 100, 200)




Distance transform

» BROSHEFTORERMZECTSVY 7 (HER)

TOHOKU

UNIVERSITY

m PR c{Z RN THH
Ehed
m LA

- BEi#&(Skelton) DEtE

« path planning

- BEARASEHAU
ROv—Y

logo = 255-cv2.imread('tohoku_logo.png', 0)
distmap = cv2.distanceTransform(logo, cv2.DIST L2, O)

cv2.imshow( 'Original’', logo)
cv2.imshow( 'Result', distmap/numpy.max(distmap))

disttrans.py




B DERE

- 2TEFEOHAM
— KX (rod cells) : EEOHE
— $f#fX (conecells) :S,M,LD3%17 — BOHIE

- RGBxf&&%
— R(700nm), G(546.2nm), B(435.8nm)
— RGB->Grayscale: cvtgray.py

1.0

0.8

0.6

0.4f

0.2

400 450 500 550 600 650 700 o o
http://en.wikipedia.org/wiki/File:RGB_Cube_Show_lowgamma_cutout_b.png



RRGEBORE . RBEREBZER

XYZFERER

- RGBEREZRTERELLWEZRIR
- YIZEEZ, ZZEFDEHWEZ, XIFZFhUAERT
— xyBEHK : x=X/(X+Y+2), y=Y/(X+Y+2Z)
L*a*b, L*u*vEaZEfE

- XYZERZIEREZBRULEEHD Yl 5

HSV

— Hue (1=fRKF)
— Saturation (EE) i

— Value (BREE) »

CDICHSLY»YCrCb
— OpenCVTHiR—bk "

0.0 0.1 ()2 0.3 ()4 0.5 0.6 0.7 0.8

http://ja.wikipedia.org/wi / 7 JL:CIExy1931.png



B

- colspace.py
X0, yo, size = 320, 240, 10
mode, hoffset = 0, ©

while 1:
stat, image = cap.read()

if mode ==
cv2.rectangle(image, (x0-size,y0@-size),¥
(x0+size,y0+size), (0,0,255))

else:

hsv = cv2.cvtColor(image, cv2.COLOR_BGR2HSV)¥

+ numpy.array([hoffset,0,0])
mask = cv2.inRange(hsv, (hue+hoffset,30,30),¥
(hue+hoffset,255,255))
image[:,:,1] = numpy.bitwise or(image[:,:,1], mask)

cv2.imshow( 'Camera’', image.astype(numpy.uint8))
key = cv2.waitKey(10)

(%< )




B

(#ZF) colspace.py

if key == Ox1lb: # ESC
mode = mode + 1
if mode ==
break
mean_rgb = numpy.mean(numpy.mean(¥
image[y0-size:y0+size,x0-size:x0+size,:],0),0)¥
.astype(numpy.uint8)
cv2.cvtColor(mean_rgb.reshape(1,1,3),¥
cv2.COLOR_BGR2HSV)
hue, sat = int(mean_hsv[0,0,0]), int(mean_hsv[0,0,1])
hoffset = 90- hue
print hue, sat

mean_hsv

Saturation

i : cvtColorTld, huelx[0:179]ic¥vE
viaEnsd. £TE, S7ILULEEHI0ICE
5&5IChuefgzxA7ty hLTWS,

Value

‘/:SHue
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 Euclidean transformation

- EERES

DERED

z'|  |cos@ —sinf| |z N by
y'|  |sinf cosf | |y ty

_ EEFHIORE R- [9 —sin@]

sinf cosf

RR' =R'R=1 detR=1

« Similarity transformation
— +HkKHED, BLE

o=l

cos —sinf| |x n o
sinf cosf | |y by

_________
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« Affine transformation

- DR (>
Dk
Yy aio ai] Y a12

« Projective transformation

- (2%&jt) HEXH P
o hoox + ho1y + ho2
hoox + hory +hee 7T

) — hiox + h11y + hi2
hoox + ho1y + hao

or |¢y'| « [hio hi1 hiof| |y| X :EBEORY KNILOBEEHZELW
1 (equality up to scale)




2D Projective Trans.

. RUDBEIC & 3 2 PEROE &H A1)
— FIiMRE =AW AXATDEXHET IV (pinhole camera)

Affine trans.Z2&%
(projective D4F5%
r— X hiaffine)

x! hoo ho1r ho2| |z
> y'| < |hio hi1 hi2| |y

[0 0 1|1

l

[513’] _ [hoo ho1 h02] g
Yy’ hio hi1  hi2 |

x’ hoo hor ho2| |z
y'| o< [hio hit hiz2| |y
1 hg() h21 h22 1

p—




A FEHOREEE

Transformation Matrix # DoF Preserves Icon
translation [ I ‘ t ] 2 orientation
2x3
rigid (Buclidean) [ R|t ]2 .3 lengths O
2
similarity [sR[t] 4  angles O
X
affine [ A L . 6 parallelism D
"
projective [ H ]3 s 8 straight lines E‘
3

Table 2.1 Hierarchy of 2D coordinate transformations. Each transformation also preserves
the properties listed in the rows below it, i.e., similarity preserves not only angles but also
parallelism and straight lines. The 2 x 3 matrices are extended with a third [07 1] row to form

a full 3 x 3 matrix for homogeneous coordinate transformations. [Szeliskil0]




B DR F R

« Similarity trans.
—- EffOFDZEEEROE U, RESHED IC45E[E

KL, 1.51Z

geomtrans.py

h, w, ¢ = image.shape # height, width, # of channels
M = cv2.getRotationMatrix2D((w/2, h/2), 45, 1.5)
image = cv2.warpAffine(image, M, (w, h))

« Affine trans.
— EHRD IPBOHDEMGEIETE

numpy.array([(0, @), (w, @), (0, h)], numpy.float32)

numpy.array([(0, @), (w-80, 40), (20, h-50)],¥
numpy.float32)

M = cv2.getAffineTransform(src, dst)

image = cv2.warpAffine(image, M, (w, h)) geomtrans.py

x! a a € a a a a
| = 00 01 i 02 M — |@00 01 02
Y aip ai| |y ai2 aijp ai1 a2

Src
dst




B M F i Projective trans.

Bl & : homography, colineation etc.

rojective.
image = cv2.imread('floor.png') proj Py

src = numpy.array([(93, 58), (51, 196), (308, 190), (265,55)],
numpy.float32)

dst = numpy.array([((w-h)/2,0), ((w-h)/2,h), ((w+h)/2,h),
((w+h)/2,0)],¥ numpy.float32)

M = cv2.getPerspecriveTransform(src, dst)

image = cv2.warpPerspective(image, M, (w, h))

cv2.imwrite('floor_square.png', image)




