Template Matching

MNIST Dataset

e LeCun W=7} BH=0{ &7l|3t dataset

« 60,000 training data and 10,000 test data

« Handwritten digit images (size 28 x 28) with 0~1 values

« Each image can be flattened to 784 dimensional vector (1-D numpy array)
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MNIST dataset
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plt.subplot(2,5,i+1),plt. imshow(trainlil[0], "aray ')

Train 5923 6742 5958 6131 5842 5421 5918 6265 5851 5949
test 980 1135 1032 1010 982 892 958 1028 974 1009
numpy ne . |
matplotlib.pyelot Bt i range(10):
pickle Pl :
pdb plt . oaxis( ' off')
print(lentCtrainlil))
init_datal):
open{ 'train.bin', 'rb') f1: plt.show()
train=pickle. load(f1)
open(ftest.bin','rb') e %323
test=pickle. load(f2) 56" om)
i 10
train,test 380
(28, 28)
train,test=init_data() ft-Tead data file train.bhf, test din ggig
printllenttrainl) 0358
printllenttrain[0])) B131
print(trainl0][0] . shape) 3842
print{ienitest)) 5421
print{len{test[0])) 0914
print(test[01[0].shape) G263
REAT
5943

OMNIST.py
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Template matching

argminZ‘Ti — X}ﬂ

l X,y
To T, T, T T, Ts Te T, Tg T,
[ k3

ErrorQ Errorl  Error2 Error3  Errord Errors Error6  Error7 Error8  Error9

Minimum Error = class
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Feature Engineering0| =& &
H= g2 40 X 25 S8 EA712 &)

Parameter-Free 914!7|
Euclidean Distance 7| =2 Q9l4|
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Template matching — hold out method

* trainingOf| A 101 =2l 2+ A8 30071 2| G| O| & & training
setO 2, testO| A HH=Q 28 A E 10074 2] I:-||O|E1§ test
set© 2 [ E5t2}.

Total number of examples

« | 4
Training Set Test Set
_ 213
* Training set2| H|O|E{ 2 z+ SolA Y 8IZ2| 1,2 JTMstaf. L1 1 - Jj/
> YPxo 7
300
_1 E L teTmp | (trainSet):
Ty = 300 X iw

print{tmel . shape)
k=1 | range( 107

¥ pdb.set_trace()

imsi=np.arrayv(trainset[i]ly # list -> ndarray B &t
tmpl [, %28 Cit1)*28]=np . mean( imsi,.axis=0)
printine.mean(imsi,axis=0).cshape)

e



1MatchingMNISTstep1.py

import
import
import
import

def

def

def

numpy 25 np
matelotlib. evplot as plt
pickle

pdb

init_datal):
with open('train.bin','rb') as f1:
train=pickle. load(f1)

/0

with open('test . bin','rb') as f2:
test=pickle. load(f2)

return train, test

data_readyl{train,test, k=300):

trainsSet=[]

testSet=[]

pdb. set_trace() #=CHE

for i in range{10):
trainset . append(trainli][0:k])
testSet . append(test[i]1[0:100])

return trainset, testset

H A

createTmpl (trainset):

tmpl=np.zeros((28,28%10))

printitmel . shape)

for i in range{10):
pdb . set_trace()
imsi=np.arravitrainSet[i]l) # list —> ndarray HE
tmpl[:,ixEB:(i+1}wEB]=np.meanLhniLiiitile
printine.mean(imsi.axis=0) . shape) =

return tmpl
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train,test=init_datal) # read data file'train.bin, test.bin

print{len{train))
print(lenCtrainl0]))
print(trainl0][0] . shape)

i rangel 107):

plt . subplot(2.5,i+1),plt. imshowitrain[il[0], 'aray')
plt. axis( 'off')

printllenttrainli]))

plt. show()

trainSet,testSet=data_readvl{train.test,300) # € F 22| data 1™ T
print(len(trainset[0]))

print(len{testSet[0]))

tmpl=createTmpl (trainSet) # template 2FA 27|

plt imshow(tmel )
plt. show()

1MatchingMNISTstep1.py



Template matching — hold out method

« Template matching& &5l test setE QIAISIEX. 2|0 1 &
ﬂf% result, lOOxl HHO| MEHEXE ( tm%ﬁmﬁc\ﬂ

argminZ‘Ti — X;ﬂ
l X,y

A=+ accuracy, precision, recall, f1 score2 H3{SI2}. 2}

AE NS O2|10 MH A5 AMSEEE (el lepcnre )

tnplMatchitmel, testSet):
result = np.zeros((100,10))

>0
>0|r

rangel len{testset)):

] rangeilen(testSet[D]))

imsiTest = np.tile(testSet[i]0j], (1,103
error = np.abs(tmpl-imsiTest)

errorsum = [error[:,0:28] .suml), errorl:,28:56] . sum(), error(:,586:84] . sum(), error[:.84:112] .suml), error(:,112:140] .sumi ),

error[:, 140:168] .sum(), error[:,168:186] .sum(), error[:,196:224] .suml), error[:,.224:252] suml), error[:,252:280] . sum()]

resultli,i] = ne.aramin{errorSum)
result



79~ >,
s /E/WVP/Q %W
def tmplMatch(tmel, testSet): /(0 707Y]

result = np.zeros((100,107))

(28470

for i in rangeilggg@})i }_>/0’D .\@j lej
for j in rangeileq%iggjggilg]))i —”_,,,———”"————_—1>
imsiTest = np. tileltestSet[i][i], (1,10)) o]

eerror = np.abs{tmpl-imsiTest) \,___,——/f———’-—’”’—'%7

error[:,56:84] .sum{), error(:.84:112] .sum(), error[:.112:140] . sum(),

errorsum = [error[:,0:28] . sum(), error(:,28:56].sum(),

0 Y A A

<i;;;;;ETl14D11EB].sum(), error[:,168:196] .sum(), errorl:,196:224] . sum(), error[:.,224:252] sum(), error[:,252:280] sum()]

resultli.i] = np.argminferrorSum)
e N ]
return result
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Confusion Matrix

« “Accuracy” or “Recognition Ratio”

- No.(Correctly Classified Samples’)

Accuracy =

 “Precision and Recall”
TP : True Positive
FP : False Positive
TN : True Negative
FN : False Negative Positive

STy = TP L TN+ FP+ FN
Precision— — TP
.re?e.sz.on.— TP+ FP
- TP
Recall = W
F = 2 . precision - recall

recall ' + precision! precision + recall

Hypothesized Class

No.(Presented Samples)

P

N

(8.41)
True Class
P n

True False Precision
Positive Positive

False True

_Negati\7 Negative
Recall False Alarm

the harmonic mean of precision and recall:



Confusion Matrix for Handwritten Digit Recognition

10 TP : labelO| i O| 1L result®= i Q1 A2| 744
D /13 __ %] (RE0| =Xt 2t HE A)
. ol C FN : labelO| i®IO| result= 7} OfLl Z49| 714
A Kot [A] xol2s (10| %X} i 2t WEX| R %)
oLz
L & : :
e 942 | TN labelo] i0]9l2] ZHQIT| result i 0]2|2] %

100 100

True Class

P(=XA} i) N(others)
A
c = True False
O & Positive Positive
g o]
Q
N
‘®
Q n
: -
5 2 False True
o ° Negative Negative
Ir Z

[Confusion Matrix for digit 1]




1MatchingMNISTrevOH.py  Ot2il2] LIEZ 1MatchingMNISTstep.py O =7t gt )

numpey np
. , " b:np.aran(£[1,E,JJ[S,d]])
calcMeasurelresult): - L : ne.tilelb,? VY%
R D G g v )
# acc = (tp+tn)/ (tp+fn+fp+tn) np.tilelh, (2,1
¥ pre = tp/ (tp+fe) — (4',% UL‘ )
# rec = tp/ (tp+fn)
# f1 = 2»pre*rec/(pretrec) ]
s1, s2 = result.shape U1'$Vl A%%
label = np.tilelnp.arange(0,s2), (s1,1)) N V-~ r “‘
pdb.set_trace() W O t\‘f’ ‘ ,{)l\% 6 O ‘)\ / M
TP = [1: TN = []; FN = [1; FP = [] sv0 /dmbfﬁ
i rangel10):
TP .append{{{result == label) & (label == i} . sum{})
TN.append(({result '= i) & (label !'= i)).sum())
i FP.appendi{{result != label) & (label == i)} . sumi))
i FM.append({({result == i) & (label '= i)} .sum())
# Below two lines are corrected by 5.-H. Oh
FM . append({{result '= label) & (label == i)} . sum())
FP.append(({result == i) & (label != i)).sum())
TP ne.arravi(TP); = np.array(TN); FN = np.arrav(FN); FP = np.array(FP)
coo= (TP+TN)f(TP+TN+FP+FN)
re = TP/{TP+FF)
ec = TP/(TF+FN)

f1 = Zxpre*rec/(pretrec)

acc, pre, rec, f1

result=tmpIMatch{tmp!, testSet) # matching 2 F J1A 22
print{result.shape)
acc,pre,rec,fl=calcMeasure{result) # H=A 8 A
orint{ace,pre,rec,f1) #f class & L
#Drint(acc.mean(),Dre.mean(),rec.mean(),f1.mean())



TMatchingMNISTrevOH.py

numpy 1=
matplotlib. pvplot plt
pickle
pdb
init_dataf):
opent 'train.bin', 'rb') f1:

train=pickle. load({f1)

openi 'test.bin', 'rb') f2:
test=pickle. load(f2)

train, test

data_readyl{train,test,k=300):

trainSet=[]

testSet=[]

it pdb.set_trace() #ECE HA
i range(10):
trainset . append(trainli] [0 k])
testSet . append(test[i][0:100])
trainSet,testSet

createTmpl(trainSet):
tmel=np.zeros((28,28%10))
prlnt(tmpl shape)
i range(10):
it pdb set_trace()

imsi=np.arrayv(trainset(i]l) # list -> ndarray B &t
tmpl [, %28 Cit1)*28]=np . mean imsi,axis=0)
printine. mean(imsi,axis=0).shape)

e

tmplMatch(tmel, testSet):
result = np.zeros( (100,100

i rangel len{testset))!

] rangel lenftestSet[0])):

imsiTest = np.tile(testSet[i]0j], (1,103

error = np.abs(tmpl-imsiTest)

errorsum = [error[:,0:28] . sum(), errorl[:,28:56] . suml
error[:,140:168] .sum(), errorl:,168:196] .sum{), errorl:,196:22:

result(i,i] = np.argminterrorsSum)

result

calcMeasure(result):

# acc = (tp+tnl)/ (tp+tfnt+fpt+tn)
#f pre = tp/ (tp+fp)

#f rec = tp/ (tp+fn)

i fi 2eprexrec/(pretrec)

=1, =52 = result.shape
label = np.tilelnp.arange(0,s2), (s1,1))
pdb.set_tracel)

TP =[1; TN =[]: FN = []: FP = []

i range10):
TP .append({{(result == label) & (label == i)).sum()})
TH. append({{result '= i) & (label = i)) sum())
i FP.append({{result '= label) & (label == i)} . sum()})
i FM.append(({result == i) & (label != i)).sum())
# Below two lines are corrected by 5.-H. Oh
FM.appendi{{{result '= label) & (label == 1) . sum(})
FP.appendi{{result == i) & ({label '= i)).sum())



TP = np.array(TPF); TN = np.arrayv(TN); FN = np.arrav(FNJ), FP = np.arrav(FP)
acc = [TP+TH)/(TP+THN+FP+FN)

pre = TP/(TP+FP)

rec = TR/CTP+FN]

f1 = Zxprexrec/(pre+rec)

acc, pre, rec, 1
train,test=init_datal) # read data file:train.bin, test.bin

print(len{train))
printllenttrainl0]))
printitrainl[0][0].shape)

i rangel10):

plt.subplot(2,5,i+1),plt. imshow(trainlil[0], "aray')
plt.axis{ ' off')

print(lenCtrainlil))

plt.showi)

trainset,testSet=data_readvl{train,test,300) § Y@ F 22| data 2t 22
print{len{trainset[0]))
print{lenitestSet[0]))

tmpl=createTmpl{trainSet) # template 2FAH 227 ]\ §+&P4.-

plt. imshow(tmel)
plt. show!)

result=tmpIMatch{tmel, testSet) & matching 2 0f JtH 22
print{result.shape)

acc,pre,rec, fl=calcMeasure(result) # @S5 8B A&
orintlace,pre.rec,f1) # class 8 M=
fterint{ace . meant),pre.meanl ), rec. mean( ), f1 . mean())



Template matching — hold out method

« Template 0| AFE35I= TrainSete| 7H=& 10, 50, 100, 200,
300, 500, 100022 =247}, Ofcf EE kM A| 7|2}

F1 Total c0 cl c2 c3 c4 c5 c6 c7 c8 c9
#10

#50

#100

#200

#300

#500

#1000

Template matching — random subsampling




