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http://images.google.co.jp/imgres?imgurl=http://www.alab.t.u-tokyo.ac.jp/~ando/finger3.jpg&imgrefurl=http://www.alab.t.u-tokyo.ac.jp/~ando/CGOj.htm&h=533&w=533&sz=50&hl=ja&start=3&sig2=OuXs1_up-2Kk-H0KOF31XQ&tbnid=rfpN4WZSoMkngM:&tbnh=132&tbnw=132&ei=kjb6R5rDFoOs6gPwmP3mAw&prev=/images?q=%E6%8C%87%E7%B4%8B%E7%94%BB%E5%83%8F&hl=ja&rls=GFRC,GFRC:2006-52,GFRC:ja&sa=G
http://www.tbs.co.jp/digi6/information_20050927.html
http://jp.youtube.com/

Does image data make sense?

e The image is only pixel-by-pixel luminance value
information

Meaningful information
A picture of the Edo period where a Japan woman
wearing a kimono is playing the shamisen?
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Extracting Information from Data

e People can extract various information from images that are only

numerical information of pixels
|Look into histograms |

o What colors are most?

e Where is the edge?

e Where are the people?

ﬁ 0 ng
e Where is the building located? ol 0@% ¢
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A set of finite points (pixels)
that are regularly aligned

The color of each pixel is

represented by three .+ . +

\components: red, green, and blue) RS GEA B4}

0~255 0~255 0~255 13
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IAIER (DDF)

e Vector representation of images Enumerating Pixel
Values in Raster Scanning Order

(FLgvees frys Toteee Fxyoeens Fx v )
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e Any image = 1 point in XY dimensional space
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@15%0)/\9 |\) Lieiﬁ,(vector representation of image)
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“IBHRZER” (image space)
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A point in the image space corresponds to an image
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o N5—EHRT —H(F. EVITEICRGBD3D
DFvRIVOEFOHAEDE

pixel = [red, green, blue] ———

on 1T m FIDER : n x m EVTIDOEUE
o NT—EIR : 1D2DOETTIUE3IDDF v RILDEEZIFD
e red, green, blue.
off] : 100x100MDH5—E{F
=3%x100%x100=30000D;R7cDT NI



o NumpyZz-A >ih—h93

o SRIEBZEOT “2"DEHFZNINUTTS
BEJEL =0, BEJIL =255

enumpy.array Z{E> T -4 3
e Reshape ZE>TRINIIS 7 x 7 DI1TH7Z3KEDD

o 7X7 DITANEINI>O NGB
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8.2 GB of 15 GB used

Buy storage

Q Search in Drive v
My Drive ~

G) My Drive trash is changing. Starting October 13, items will be automatically deleted forever after they've be
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Google DrivetDiE#E

Q from google.colab import drive
drive.mount(’ /content/drive’)

wes G0 to this URL in a browser: https://accounts.google.com/o/oauth?/auth?c

Enter wour authorization code:
[ J

4

[~
> )% Uv)

G Google ICO7-1 2~

B

Fho hDER

[Google Drive File Stream ] (ZE2#)

MOFHo HEER

Google Drive®
7h9> NeiER

G Google (L0

B

Google Drive File Stream h*
Google 7RI bADT 1A
ZUOTIZARLTWET

@ rvemab@gmail.com
Google Drive File Stream ICLU T &IFRI L& 9

& Google FSATIDIRTOITANDE Q)
. W, Rk, AR

& Google 72 FOTH, Wi, PL/LOR O
™

®  JO274—LilRREL £0 Google 1—1f G)
—AORT

® Google P Jm 1A FORR, W ()
. fERl. IR

Google Drive File Stream # (5§ T &

WEEARE ZOY A MO Y It 2R 1)
9. Google Drive File Sty

(4

Google
il

COI=FEIE=L. PTUr=232(CHDBRATHD,
HT<EEn,

4/1AfDhmr | 5BSRz jmYtv0eCPZGtk Txrkt Icvoal leCsrd0  [[]
S3IFEF400edsdgagd

g from google.colab import drive
drive.mount (* /content/drive’)

we GO to this URL in a browser: https://accoun”

Enter wour authorization code:
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Drive_t D J74 )& 5eshdhzhE::

° from skimage import io
from skimage import data
fdata dir = "./ImgData/’
data dir = "./drive/My Drive/lImgData/’
filename = data_dir + "moon.png’
moon = io.imread(filename)
io. imshow(moon)
io.show()

Google Drive E®
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OpenCV / scikit-image



If interested, try at home ©

O http ://O pencv_ Org http://docs.opencv.org/3.0-

beta/doc/py _tutorials/py _tutorials.html

o CV = “Computer Vision”

o KRAZ REHRERATS(J3Y (BB2KE) HEften
W%

o PythonRICS1TJ3UNEmEN TS

o3E) FFIATET IAINTIEASTULRLZ8,
A AN IVBIRNE,



http://docs.opencv.org/3.0-beta/doc/py_tutorials/py_tutorials.html

o Python HIE{&ULIES (TS
o Numpy arraysz#IFE

o JL - —)VE&(F 2R ched (array) T&IR
e http://scikit-image.org

2% http://www.scipy-lectures.org/packages/scikit-image/



http://scikit-image.org/

Data Retrieval

e Loading pre-prepared images in skimage.data

from skimage import data
coins = data.coins()

e Load image from file: skimage.io.imread()

from skimage import io
filename = 'moon.png’
moon = io.imread(filename)




[BEROBIFRAL

o BRDZFT R : skimage.io.imshow()

@& a4l
io.imshow(coins) 0009 ® ¢

@

0 50 100 150 200 250 300 350

o BIFHAX

print( "Dimensions of the coin image: ", coins.shape )
print("Dimensions of the moon image: ", moon.shape )

Dimensions of the coin image: (303, 384)
Dimensions of the moon image: (1955, 2000, 4)

o EREIEDOSRAK. &/)\ 13

print("Minimum value for image coins: ", coins.min() )
print ("Maximum value for image coins: ", coins.max() )

print ("Average value for image coins: ", coins.mean() ) Min:!-mum value for :!-mage CO:!.I'IS: 1
Maximum value for image coins: 252
Average value for image coins: 96.8555160204




e skimage 5 io ZA>iIk—h~93
o “coffee.tiff” Z5EMHIAAT, BIRILT S

o HROUA XEEI DT IEZRDD
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FIEIEANOYIAPS

o HEBEADTITX

200 ]

print("pixel value of image coins at location (200,100): ", coins[200,100] )
print("pixel value of image moon at location (100,300): ", moon[100,300] )

coins[200,100] = 0
print("New value of image coins at piel (200,100): ", coins[200,100] )

pixel value of image coins at location (200,100): 165
pixel value of image moon at location (100,300): [255 255 255 @]
New value of image coins at piel (200,100): @

“moon” & 4 DMEZEEFD! : red, green, blue, alpha (BEE)



FIEIEANOYIAPS

¢ (0,0) : EROEL L
%) pythonTl(d. 0 IBIGES

Image type coordinates

2D grayscale (row, col)

2D multichannel
(RGB)

3D grayscale (pIn, row, col)

(row, col, ch)

3D multichannel (pIn, row, col, ch)




o 1EXR(CDZE., (Red,Green,Blue) O3Fv>RILDOEYE

o7 —A%.shape Z{E>THESRLLD

0 ENENDFVURIVIC, 0 i 255 FTOIEN ADOTULD
offl : & (255, 0, 0)

o PythonT, ZNENOFY>RIVCT DRI B(CIE
[row, col, O or 1 or 2]




ERkST L — AT — )V EHRZE R

e (red, green, blue) = value
o BHRZIA : rgb2gray

from skimage.color import rgb2gray
from skimage import data

from skimage import io

img = data.astronaut()

img_gray = rgb2gray(img)
io.imshow(img)

io.imshow(img_gray)

o 100 200 300 400 500 0 100 200 300 400 500

Input color image Output gray image



Contrast enhancement

e Pixel value: (Generally) 0 ~ 255

e In fact, there are many images that have value only in a
narrow area of the image

e In the image below, there are only values of [50, 100]
o Low contrast Low contrast image

e skimage.exposure: A function is provided to enhance the
contrast of the image (widen the width of the pixel value
used).



Contrast enhancement technique

e Gamma correction
e Lift (brighten) dark pixels

e Contrast correction using luminance histogram.

e Use the luminance distribution to compensate for
luminance values and enhance contrast

e Linear concentration conversion

e Expand the distribution range of luminance values to
[0, 255]



Histogram equalization

e “Histogram_Equalization.py” ZFIFE >

Low contrast image Cnntmst stretchlng Hlst::ugrarn equalization  Adaptive equalization

%‘ﬂ!

i

Output images

CANISL  EANISA

"'TET .19. 2
oI I Tﬁ 59— B9 —1k

led

2446

- 1.00
o 1657 ;r'/ BREEDEZ NS 1
= H TEE R : [0:1]
= 1223 J
k] i
E .
= 0612 A
red curve : EEDEE
0.000 T T
00 05 10 00 05 10 oa 05 La 00 05 10
Pixal intensity Pixel intensity Pixel intensity Pixal intensity

Source: http://scikit-image.org/docs/stable/auto_examples/color_exposure/plot_equalize.html#sphx-glr-
auto-examples-color-exposure-plot-equalize-py



e skimage 5 data Zz1>h—hd93

eo“chealsea"z5cHAAT. red channel > 160 &ROTUL\AH
%7 green [0, 255, 0]IC EEEULT. ¥R

0 100 200 300 400

e Note on data type

cat = data.chelsea() # load the cat image
reddish = cat[;, :, 0] > 160

Data type |Range

uint8 0to 255

uint16 0 to 65535
uint32 0 to 232

float -l1tolorOto1l
int8 -128 to 127
int16 -32768 to 32767
int32 -231to 231 -1
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Segmentation
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Load the coin image

e skimage.data

import numpy as np

from skimage import data, io
coins = data.coins()
io.imshow(coins)

50 f‘,:,;‘:" 3 4 & “:':_’I.- klf:—?' }Erfy &’&é}:{ j
100 :
150

200

250




Segmentation by threshold

e Threshold method: If the pixels are higher than the threshold, they
are in the foreground, if they are lower, they are in the background

e Example:

EfE : 100

segmented_img = np.zeros(coins.shape)
mask = coins[:,:] > 100
segmented_img[mask] = 255
io.imshow(segmented_img)

250

200

100
150

150

100
200
9 oL 0009 )
0

300

o 100 150 200 250 300 350

EffE : 150

segmented_img = np.zeros(coins.shape)
mask = coins[:,:] > 150
segmented_img[mask] = 255
io.imshow(segmented_img)

0 50 100 150 200 250 300 350



Binary clues: histograms

CIE=2
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Binary of Otsu

e Determine the optimal threshold

-

STHEE
- pEC

(o) + < DHB
. y

AT

Determine the
threshold to
maximize this

N




Threshold Limits

e The distribution of brightness values is not always neatly
divided between foreground and background

e Even in the background, there are pixels with a higher
brightness value than the foreground (or vice versa)

e A threshold that is too high will miss the foreground, and a
threshold that is too low will extract too much foreground

import matplotlib.pyplot as plt
histo = np.histogram(coins, bins=np.arange(@, 256))
plt.plot(histo[1] [@:255], histo[@])

0 T .
00000 .
1200 - _ -. _
1000 1 100 .
800 - 50 . . . .
X1 X Ir
50 100 150 200 250 300 350

e00 4
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400 1

200 1 250

T T T T T T 3)0
0 50 100 150 200 250 0 0



Filling the holes

e By coloring the inside of the boundary, the area of the
coin is extracted
endi.binary_fill holes()%FFE

from scipy import ndimage as ndi
fill_coins = ndi.binary_fill_holes(edges)
io.imshow(fill _coins)
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300
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Analysis of linked components

e Connected component = a “cluster” of black pixels (or
white pixels)

e 4-connectivity and 8-connectivity
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Removing small objects

e Labeled objects that are too small or too large are likely
extracted incorrectly, so check the size and delete

e ndi.label function =¥/

label_objects, nb_labels = ndi.label(fill_coins)
sizes = np.bincount(label_objects.ravel())
mask_sizes = sizes > 20

mask_sizes[@] = 0

coins_cleaned = mask_sizes[label_objects]
io.imshow(coins_cleaned)

100 100

150 150

®e® 000
50 100 150 20 250 300 350

200 200

250 250

300
0
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Some calculation
results

Calculating all pixels
of an image

67



The most basic filter: smoothing

oSIm pl iGiee —%}ml-'f}—f—f—'f—'f—e——

1/3 WS 1Es WaE TiE 116 T0as s MG a8 ‘U8 1/3

Eag<dI0 10 10 (0 100 0 1 0 1 1 0 R

I
I
I
I
[
\%

69



ROEARNZ IS a1

1/9 1/9 1/9
1/9 1/9 1/9

# 90 o
B0 e 1
‘ &

dJAI)IINARD
(3x3)

etz

70



)
—
4
»
5
>
<

r
.

P g

D
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0| 0| O 0.11]0.11|0.11 0.05 | 0.05 | 0.05
0| 1|0 0.11]0.12|0.11 0.05 | 0.60 | 0.05

0| 0] 0 0.11]0.11|0.11 0.05 | 0.05 | 0.05
BIMNEDAAL—3 EHEFROHD b ESOFEEHE
(FOFEEHAH) + A~ L—4 RHEHA~AL—4
(F#/1E) (IZIT@ELNERE)

http://codezine.jp/article/detail/129 72



What is filtering

e Some calculation in the local area centered on each
pixel on the image

e Aimed at improving image quality and extracting
features

74
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Painting images with labels

o —FELFDDMEIECL(CID(label)ZDlF5
o ndi.label

labeled_coins, _ = ndi.label(coins_cleaned)
io.imshow(labeled_coins)
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Visualize results (1)

elabel2rgb() TINILZEIRIZILILBZ 5 X TR]HAL.

from skimage.color import label2rgb
image_label_overlay = label2rgb(labeled_coins, image=coins)
io.imshow(image_label_overlay)
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Visualize results (2)

o AT 1 hDIRFZ B RAL
e skimage.morphology.erosion

contours = segmentation ” ndi.binary_erosion(segmentation, np.ones((5,5)))

from skimage.color import grey2rgb
coins_rgb = grey2rgb(coins) o
coins_rgb[contours] = [0,255,0]
io.imshow(coins_rgb)
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Answer

e Indexing with sets of indices

camera = data.camera() # load the image camera
io.imshow(camera) # Display the image

100

200
import numpy as np

nrows, ncols = camera.shape # Gei the dimension of the image
# (number of rows and number of columns)
row, col = np.ogrid[:nrows, :ncols] # Create a vectors of row indices

300 8

# and column indices Al
print( "Row indices: ", row )
print( "Column indices: ", col ) 500 {8
Row indices: [[ @]
[ 1]
[ 2]
[509]
[510]
[5111]
Column indices: [[ © 1 2 ..., 509 510 511]]

cnt_row, cnt_col = nrows / 2, ncols / 2 # Center of the disk
outer_disk_mask = ((row - cnt_row)**2 + (col - cnt_col)*x2 > (nrows / 2)%x2)
# outer_disk_mask has True values for pixel outside the disk
# and False values for pixels inside the disk
cameralouter_disk_mask] = @ # Pul all pixel with True values

# in outer_disk_mask to @
io.imshow(camera) # Display the image




= 2 (thresholding)

2 8 & 8 8
= =] =] =] =]
=1 =] =1 =] =1

o "camera”"BIROMFOEL
o IEEAEDE AN T AB]R1E °
o 1EHDOREZANT, ’G’]X/T—/EI/(DF%%EJ:I:/\J:D'

ot>h:
e skimage.data.camera()
e numpy.histogram()



o/}atcjr:ona ut” BifZRFAH, BEE230 1 OBA XIS TS
o B DB Z= D

.
00 & 0 Y
X ) = . Y 0\ >
- > o AL a0 ; >
300 N 5 5 I
o, JAL hi = B3
¥ R = x0 O
400 A N ) .
4 o ) 5
S |
500 {3 ) b2 ) —
o 100 200 300 400 500
® t/ | N '

o floatBY(CEHAL T —H%ZEUS ——
esimage = data.astronaut().astype(float)

o 1TEFIDERDEUS

enrows, ncols, _ = image.shape (color image (& 3/X7T)

eunsigned int8 BI[CRT
*io.imshow(result.astype(np.uint8))



o 4 DOEUR(im1.tiff, im2.tiff, im3.tiff, im4.tiff)Z5EHAA T, DR
FB2ET— Dd)ﬁ@é’i’ﬂ?jt ﬁﬁbcb'

[ D

eok>h:
o HIRDFEHIAH ¢ io.imread
o BIfROAZES : shape attribute

o BHROFEAML © numpy.zero (specify np.uint8 for the type
to show nice results)

o BHBRDIETF io.imsave



e “atronaut” Bz FidAH . RGBEK D ENENDEF ER L
THED

ek>h:
eimage = data.astronaut()
eimage.simage.shape: (512L, 512L, 3L)



o"“atronaut” BIfRZFEHIAH. FIR (FRD @ BEUROFIL, 12
R : BEUROMHEOYA ADED) ONDEZREEZET0ETZT0Y
wJA)

ok>bh:
026R—TOH7—-/\—->3>
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o “coins”" Bz HAH. BARIY FMAMERZEHUTHED

ek h:
e from skimage import data, io
@ coins = data.coins()

0 36NR—>



o “Text.bmp"Z&FidAd THA MEEZEEZRWTEI XD T—
=D CEN
o BRI E(CSNYS ) ZATO T PRI E(CBEDIF L

okt>h:
o EE{bLTHS, EEETRIEVLIE
o flDMEEZ S A TLTHO.K.




o “Text.bmp"%5idiAdr, THA MR ZwWatershedZ FBVTEI A

T—>3>

ok>h:
o Sobel filter ZFAL\Televation_mapZz{Epk
oX—h—mEtE(E. BMETST (BASNMIIFEEHNSV\ R ZziHL) (CHh
e from skimage.morphology import watershed
o EDMELEEZ A TNTEO.K.



