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A point in the image space corresponds to an image
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JFVEISZIRT (EEHIERZR)
search for similar images
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search for the most similar image (the nearest neighbor)
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EROITVEISRZIR I (ZIf5IRR)

search for the most similar image (the nearest neighbor)
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256 X 256 256 X 256

.!i

65536/ R7c\IN x 65536/ R7c\INL y

(L EREER
[x — Il

numpy.linalg.norm(x-y)
38574.86
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s HOEXRFTRODIT :
e—1 <cosh <1
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7o I—byF Y

from skimage import io
lenna = io.imread( ' 'LENNA.bmp")
template = io.imread('lenna_template.tif")

io.imshow(lenna)

io.imshow(template)

http://scikit-image.org/docs/stable/auto_examples/ 16
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NJM = lenna.shape Lenna@@ﬁiﬂ’(xﬁﬂﬂé}

wX,wy = template.shape FT>JL—MNEHHRYAAZEUS

hwx = (wx-1)/2

hwy = (wy-1)/2 ‘

D = np.zeros(lenna.shape) D : IEEH#/TSI LennatFALYAAD

S = np.zeros(lenna.shape) S : 2B{UEITS Bk (2R7cles) ZHIHRE

a = template.reshape([template.size]) F>J| — NEj{§a—/R7ohHICEHA

a = a.astype(np.floate4)

‘minsim = 1

for i in range(hwx,N-hwx): BHEZRIEICIEFLIEMEZELY

for j in range(hwy,M-hwy): ABEREIOT> T — NESR

tmp = lennal[i-hwx:i+hwx+1,j-hwy:j+hwy+1l] rEIUAZEO/WFEGEETE
b = tmp.reshape([tmp.size]) )wFEIEERY MNINAEHR
b = b.astype(np.float64)

dis = n

sim = np.do .linalg.norm(a)*np.linalg.norm(b) )| XE{E
D[1i,]] = dis ’ i '
S[i,j] = sim
if minsim > sim:

minsim = sim

17
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D = D/np.max(D)
io.imshow(1-D)

S2 = (S-minsim)/(np.max(S)-minsim)

S2[S2<0] = ©
io.imshow(S2)
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7> I —IRyF Y

from skimage.color import gray2rgb

iy,ix = np.unravel index(S.argmax(), S.shape)
io.imshow(S2)
plt.scatter(ix,iy,c="red ' ,marker="+")

100
150

200
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7> I —IRyF Y

im = gray2rgb(lenna)

im[iy-hwy:iy+hwy,ix-hwx,:] = [255,0,0]
im[iy-hwy:iy+hwy,ix+hwx,:] = [255,0,0]
im[iy-hwy,ix-hwx:ix+hwx,:] = [255,0,0]
im[iy+hwy,ix-hwx:ix+hwx,:] = [255,0,0]

io.imshow(im)
0

100
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200

0 50 100 150 200 250 20



TR 2

«“lenna_template2.bmp” 7> L — My F> 4
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J3A9Y>7% (clustering) =

7 —HDEEEVONDEBEACHETB(II-LY)

~BEPDERE = [ J5AF 1EFENS
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K-means : JOY3=>4

— = 0.
'7) [/_ UZA Ecrjr= 10(1300;

27y 70 oo

@ ‘%DS@LJ Whielﬁdi_tIEI;g n;a%(riﬂt:
IR AEDIBIR SRR
. ﬁ%}ﬁ@%%ﬁ ;I Igsé;\;eﬁgg)l%s;ﬁer(vlist,CList)
’ﬁ"gT}I“J/] CList = updataCenter(vlist,CIList,K)

# BEFOBROREIERIOE L
for j in range(len(CList)):
cc = CList[j]
pre = preCList[j]
dd = np.linalg.norm(cc-pre)
if dd > Err:
end_frag = False
itt +=1
if end_flag == True:
break



K-meansZ35X5U>7%
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K-meansZ35X5U>7%




K-meansZ35X5U>7%
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K-meansZ35X5U>7%
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ERPDOEDISRAI>Y (1/4)

+K-meansz{E>TIE|{5F
«’hestain.png’E{5E
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from skimage import io

from skimage import color

he = io.imread( hestain.png’)
io.imshow(he)

plt.show()

https://jp.mathworks.com/help/images/examples/color-based-segmentation-using-k-means-clustering.html



BEHRPOEDISAHNT (2/4)

» LabBZEf](CZ A
oL: BAE
°a, b : B8k

# L*a*h @ EEIAEE

helab = color.rgb2lab(he)
N, M, _ = helab.shape

a = helab[:,:,1]

b = helab[:,:,2]
a
b
a
.F

= a.reshape(a.size)
= b.reshape(b.size)

b =[]

or 1 in range(len{a)):

ab.append([a[i],b[i]])
ab = np.array(ab)

—_— g e o g

plt.scatterﬁab[:,ﬂ]Jab[:,1]}

https://ja.wikipedia.org/wiki/Lab%E8%89%B2%E7%A9%BA%E9%96%93



EB{SRPOBDITAAIY (3/4)

# FIERE: randomiBE D &R T

vlist = ab

inds = np.round(len(vlist[:,1])*np.random.rand(3)).tolist()
inds = [int(inds[@]), int(inds[1]), int(inds[2])]

CList = vlist[inds]

orgClList = CList

# k-means clustering
Err = 0.1
dd = 10000;
maxittr = 100
itt = 0
while itt < maxittr:
end flag = True
preCList = ClList
CIList = selectCluster(vlist,CList) # /570 10 F
CList = updataCenter(vlist,CIList,K) # /o227y
# BHDEDESEFEDEH
for j in range(len(CList)):
cc = CList[]]
pre = preCList[]]
dd = np.linalg.norm(cc-pre)
if dd > Err:
end frag = False
itt += 1
if end flag == True:
break



E{SRFOEDIFTAII (4/4)

+K-meansz{E>TIE|{5F

30)'—%%%07“?5'7&:9 '

CIList = np.array(CIList)
pixellabels = CIList.reshape(N,M)
io.imshow(pixellabels)

he = io.imread( hestain.png’') M
= he ‘
c[pixellabels!=8] =
io.imshow(c)
plt.show()
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https://www.kaggle.com/c/digit-recognizer/data




FHERIRE : K-means

66 import os

&7 infolder® = './numbers/e/"’
58 infolderl = './numbers/1/"’
59 infolder2 = './numbers/2/"

78

71 data=[ ]
721IDs = []
I3 F 8

74 data@=[ ]

75 infiles® = os.listdir(infoldera)
76 for 1 in range(len(infiles@)):

o
i
9
&8
&1
8.2
83
a4
85
&6

infile = infolder® + infiles@[i]

im = lo.imread(infile)

N,M = im.shape

im = im.reshape(im.size)

a=[]

for j in range(len(im)):
a.append(im[§])

datal.append(a)

data.append(a)

IDs.append(@)

88 # 1

39 datal=[ ]

98 infilesl = os.listdir{infolderl)
91 for i in range(len(infilesl)):

92 infile = infolderl + infilesl[i]
93 im = io.imread(infile)
94 N,M = im.shape

95 im = im.reshape(im.size)
965 a=[]

97 for j in range(len(im)):
98 a.append(im[j])

99 datal.append(a)

188 data.append(a)

191 IDs.append(l)

laz

laz # 2

184 data2=[]
185 infiles2 = os.listdir{infolder2)
186 for 1 in range(len(infiles2)):

187 infile = infolder2 + infiles2[i]
188 im = ig.imread(infile)

189 N,M = im.shape

118 im = im.reshape(im.size)

111 a=[]

112 for j in range(len({im)):

113 a.append(im[j])

114 data2.append(a)
115 data.append(a)
116 IDs.append(2)



FHERIRE : K-means

# clustering
# kRODRE
K= 3; * —
B ZRZIN*MRTTDKEDRT S
# AR 8% =S > INCHERK

# randomjED &R T

vlist = np.array(data)
CList = np.round(np.c_[255*np.random.rand(K,N*M)])
orgClList = CList

Err = 0.1 FREDEETIEDIRU

maxittr = 100

itt = 0

while itt < maxittr:
end flag = True XEF TS A DRE
preCList = CList

CIList = selectCluster(vlist,CList) # /570 A5 iF

CList = updataCenter(vlist,CIList,K) # o2 4iuiadfiy
# BEHOEEDOREEFDOFHL i D5 AFHLDEH
for j in range(len(CList)):

cc = CList[]]

pre = preCList[]] 05 AFHLDBE

dd = np.linalg.norm(cc-pre) —— IEEtOE

if dd > Err: L

d flag = Fal -+
a0 55 2SI BB
if end_flag ==—fFromm——— — PN—EUATDES. #&T

break



$SHTARNEE - K-meansti R

D55 DRREERO B

200

cim@ = CList[@]
ciml = CList[1]
cim2 = CList[2]
cim@ = cim@.reshape(N,M)
ciml = ciml.reshape(N,M)
cim2 = cim2.reshape(N,M)

io.imshow(cim@)
plt.show()
io.imshow(ciml)
plt.show()
io.imshow(cim2)
plt.show()

200
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search for the most similar image (the nearest neighbor)
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‘np.linalg.norm({cim@-1imd )
np.linalg.norm{ciml-1im@)
‘np.linalg.norm{cim2-im@)

5 8 B B & 9






* “numbers/7/number029.tif”,"numbers/1/numberl-08.tif”,
“numbers/3/number015.tif”, “numbers/4/number014.tif"®
B{RZFTRHAAT

« 7" DEHROGIHBIRRZITD
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B{RBPOOD1>OBA X3 mzEtEULLD !
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2 DDEHROIA > A A= LERLS

coins2

coinsl

http://scikit-image.org/docs/stable/auto_examples/



Segmentation

o EELIE + Fill

#Segmentation

segmented_img = np.zeros(coinsl.shape) . . o Q 9 0
mask = coins[:,:] > 0.43*255 ’
segmented_img[mask] = 255 ﬁ ’ 0 @ @ :

# fill ,_ .

from scipy import ndimage as ndi @ 0@' ’o 0

fill_coins = ndi.binary_fill_holes(segmented_img)

NSV (VM) DBRE

# labeling and remove small and large blobs
from scipy import ndimage as ndi %
label_objects, nb_labels = ndi.label(fill_coins)
sizes = np.bincount(label_objects.ravel())
print(sizes) 150
mask_sizes = np.zeros(sizes.shape) o
for i in range(len(sizes)):

mask_sizes[i] = 100<sizes[i] and sizes[i]<5000
labeled_coins1 = mask_sizes[label_objects] 300
labeled_coins1, N1 = ndi.label(labeled_coins1)

250

0 50 100 150 200 250 300 350



HA X% RIE

4 size FHE

N = np.max(labeled coinsl)
sizelistl = [] NIV & ([CPEIR
sizeTh = 588 = BUS

for 1 in range(1,N+1):
ix,iy = np.where( labeled cocinsl =

it len(ix)<sizeTh:
continue \‘ INEFTETDDES
sizelistl.append(len(ix)) A XEUTHRE

N = np.max(labeled coins2)
sizelist2 = []
for 1 in range(1l,N+1):
ix,iy = np.where( labeled coins2 ==

if len(ix)<sizeTh: ,
continue ——==;§§“-~1 U;%;ifiég%;;:
sizelist2.append(len(ix))

51



BA XD 10

# mean and variance
print ‘coinsl:%n mean:',np.mean(sizelistl),", wvar:',np.var(sizelistl)
print ‘coins2:%\n mean:',np.mean(sizelist2),", var: ' ,np.var(sizelist2)

fri s Fogram &
m.hisi:{sizEListl,rangE=[lﬁ-E-EJ3E-E-E]]| 5 -
plt. show()
plt.hist(sizelist2,range=[1008,3008]) H

plt. show() N

0
1000 1250 1500 1750 2000 2250 2500 2750 3000

coinsl:
mean: 1622.625, var: 286133.567708

coins2:
mean: 1863.0, var: 374745.5

1000 1250 1500 1750 2000 2250 2500 2750 3000

22
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Python T t 1R

» Python TE1TI3D(IETHRGE |
1. EhSIMEZRLEVWT—5% 2 DAE
2. BRKEZRE : 5%
3. 2207 —HBEETHDIAD
4. t, pfEHHS
5. plIENO0.05(5%)UATRS, BRICENHD
tD1m
ti@
95%
o [E]
IRVWXBICAZHER : pfE
7 ~
0

55



BAXDEDIRTE (HRTE)

# t &T

from scipy import stats

t, p = stats.ttest ind(sizelistl, sizelist2,equal var=False)
print t

print p

tfE : -1.5409266009999318
PfE : 0.13035168300344802

~_

5%ZE A5 T
BEERU
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search for the most similar image (the nearest neighbor)

JTVU—EFERE
VT UV RRIBZ RS

coin_template.tif

coinsl.tif



«data.immunohistochemistry() C&cdA
ATEBHROBZ3EB(ICTTAFITULES |

> 1; T g i
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« 2DDEUROYA ADEDIREZITHD

b : BEF170(particlesl). 200(particles2)z{EH>
%) UNRVSGETEEDEZT . ZOFFIRTEL THLD.

particles1.tif particles2.tif
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