AT XaEE
(BAA=—1—FTIL1RY NDJ—2D)
DEBEADGE

MVanfERF BT FEP EFIRHRTIFH
ALl R



YN[

feompEHMkan 5 A EDELIL NIV FRIELDRKDLESE,
HERE (§5) (=% E5 D) FNU, BED
hMziE HESR, BEELER —1—0O>N\niE

S, %




ABDESZHFN(CRIA

« A7 (HH) B8 D] [712U] D2FEHTRIRA

{lﬁE%@b 1x=0 | HHAESRL:y=0
ANESHD :x=1  HABESHD 1y=1




ANESICHNT DEHZHNFH(CRIR

- Z1—02DOEXOBEISIAHDESOHTHE
- D LD B FBEFTRWNIT | RIEHZEX TUE

lﬁEF?xl, X1, X1 (:iqg-é
Eaﬂ'&wl, Wo, Wg_cﬁfa r

ARESOH

W1X1 + Wo X9 —+ W3 X3



FNFHFZHF(CRIA

- Za1—0O2FANESOMHOEEZBXDEREN
- BNEMH (6 : —21—0OVEBDEE)

Hjij%th(y = O) : WiXq1 + WoXy + W3Xx3 < 7]
II:EIjJE%ED(y = 1) : WiX1 +WoXo + W3Xx3 2 7

ANESDH]

W1X1 —+ Wo X9 —+ W3 X3




EMPFN_"_1—0O0>BROIZH
B A7v IEBulcKD
y =u(wixqy + wrx; + wzxz — 0)
= iAhEhoFE (I
= ANEBOF/ (1

EREDER T SEEhT—HRL
y=h(wWix1 +wyXxs + W3xz — 0)
= i fEhv0,1 & BRS7R0N
= ANEH0,1 & (FIBES RN
unit (Z21—02>/) t
BAZhZ2 5 1 {CRIZ & /S




aTE{ERIEX

ReLU (Rectified Linear Unit) : h(x) = {J(: g Z g%
h(x)
3 1
9 |
1 1
-3 -2 -1 0 1 2 3 4 ¥




WAz EE T REIREIRRIC UDRTT E /R0

Xy X2
i \ \
N . > xl

—@ @ > X1 —@

= B DunitZ BN IICHENRT D C & T
= _1—3IbRY bDJ—D
(ANN: Artificial Neural Network)



\\

Y
ANE alih )= B



AN BDESE

JLLIMEC  EEE
ANER §zmspmem (s

=8 | ool HEES
- H@il“\‘—)b
'”Z‘%‘»»>mw\§‘° "E"Em 8.5 1
Wittty PR | 1.0 — : - Q N
B8 | o] °
R# | so— R—IL
kel | o5 — “Q 0
AEE | 0.2 — : HQIV\‘J ~
B | 6l .




—1—3JILRY NO—DODFE

ANE
RiEE
HNE %%f%
i L BENESDREZRIE(C

AR IPRIEE BRIEL, EHZEDIRUEM

JEER
“ v BKBESEMAL, BEHOEH
75 RE
= tI5MB0T, weightDEFIRT
> BhHw

wopt



MRDO_1 -3y NT—D

REEE : 1~3

R# | 8.5

By 558 | 85 : O O

7 .
m AE | 1.0

am | o () ©
A TRt 435 ]-»[ i |

ABDBZAGR =1 -3 )LRYy NDO—D

TF—HCBULRHHDENWER DT,
HHZERICESIET DFETERI SILEHEE



SHAH_1—TILARY NDO—D

-

W6 —IhS5FE

Pisrymd

|,

| An b wumn o EEe P om P |
BFECEMN "I -FILRY KD—D

Big data & computer D'1%EEM L TEIR




BEHAHF_1—TILARY NDJO—D

« CNNIFANNICEFHAF (convolution) BET—U>D
(pooling) ED\IMHO>TZED
* CNNI[Z2RFTT—H & 2R T —FELTHN
= BFIREDHIREBUIET—YEEUKSBRTED

(FIHENED 35 3) corvolut
onvolution layer
YT RelU
ANBHTY D HhisHMIYvY Pooling layer

- > > - > > XX > > > >

£HmSRE hhE




BHAHE

BHAHEE (T I)IVFER)
1121310
2101
0[1]2]3 15 | 16
® [0]1]2 —>
3/0(1/2 6 |15
1|02
21301
ABF—%4 T4 I3
4 (H—FIV)

- ADT=HICHU, T4V IDD1 > ROZE—FEDRET
AS51 RESBIRH5E

- J1IVIDEFREANDONRT DIERZREFL, €DiHl%Z
kDD = EMNES

— CNNTIE T 1 ILFDEZFE D weight (T fitx




J—=U>DE

HEYY Iz (R7TDIER)
= BAFHNEEICHT DIAEEZES
= IFHOMEREZE TS =E

RAMEI—U>D FIET—V>D

2 X 20D4AI 2 X 20D 7HELE
TOaxX{H TO¥EII{E




EREE

Eaf_ﬁaﬂ% xEFT-VU>ORBOHINTHS
2RI W I & 1R 5TICER

B5d1AHE JT—-U>VE ERaE

EaEne——) | |

N TN
N\ X\ X
7

| NN
.. \ :' 57
\ X

\ S

\ Q ,l
\ \\\\e i
\ X

W

X
A
Wi
;'

0284
RN
SRR
SR

5 A
RN
(KKK

XX ’
:‘«“\\/

RSN

) N\
l@ “%{/‘
KRR

//é{/é[//"fé SN
INENR
7 AN
] {777\
107 22X

AN




PEERIE(C K D REkiniL

55 _ _
27
", 13 13 13
1 L 1
N ~ T
J 5| \-| — <~ o 1~ | - 4> —_— i >
1IN [N _ T -t |13 = 1 13 3 — % |13 dense dense
F 27 P 3 -
224 5 3 N~
- 384 384 256 100
Max L I
256 ! 4096
Max Max £ pooling
Stride\| o | Po°ling pooling £
224\ || of 4 4
3
Numerical Data-driven

cock
91qe) Suruurp

ship
21018 A120013

Conv 1: Edge+Blob Conv 3: Texture Conv 5: Object Parts Fc8: Object Classes

http://vision03.csail.mit.edu/cnn_art/



RIEHR RO REBEBEI DX

BET¥ROI : 32,484
24ROl : 33,789

CNNODFEHK 1

iEERE P> —~
512 softmax
32
e 6 class: B
o class: M
6

12
50 25 RelU 2 HHE
s RelU max pooling
RelU max pooling

" max pooling



CNNODF5EH% 1
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76 % Create & Convolutional MNeural Metwork(CHN)
77 A ANBOESE
78 — inputlayer = imagelnputlaver([ROl size, ROl size, nChannel]);
79
Sl v pElEOTEE
81 — middlelayers = [
02 convolutionZdlayer ([5 5], 32)
83 relulayer() [
64 maxPoolingZdlaver (2, "Stride’, 2)
85 convolutionZdlayer ([5 5], 32)
ola) relulaver()
87 maxPool ing2dlayer (2, "Stride’,2)
s convolutionZdlayer ([B B], 32)
e relulLaver( ]
90 maxPool ing2dlaver (2, "Stride’,2) 1;
|P1 _ _E
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|#] C:¥Users¥Nakayama¥Documents¥MATLAB¥CNN_pathology1014.m l = | (=] |ﬁr
- @ﬁﬂ%;%@EQE
97 B LhEDESE -
93 — finallayvers = [
94 fullyConnectedlayer (512
95 relulLayer()
96 fullyConnectedlayer (numlmageCategories)
g7 softmaxlaver
98 classificationlayer 1;
499
100 % CHND S 3
101 — layers = [
102 inputlaver
103 middlelavers
104 finallavers
105 1:
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7 C:¥Users¥Nakayama¥Documents¥MATLAB¥CNN_pathology1014.m* NG
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107 % Train CNN Using Training Image Data
108 % Set the network training options
109 — opts = traininglptions( sgdm’,

110 "Shuffle’, 'everyv-epoch’,

111 "MaxEpochs ™, b0,

"Plots’, "training-progress J;

% Train Networl
learnediet = trainNetwork(train stack, train_label, lavers, opts);

m

% Test Network
[class, likelihood] = classify(learnedNet, test ROI);
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Training Progress (2017/10/16 15:00:49)

4] Training Progress (2017/10/16 15:00:49)

Results
Validation accuracy: N/&
100 |— Training finished: Reached final iteration

I Training Time
{ i oy f | Start time: 20172/10/16 15:00:49
Elapsed time: 17 min 20 sec

| L i || 4} Training Cycle
' i A B0 ERJRCRT T 1) I ! 11 |, H Epoch: 50 of 50

g ! [ Tteration: 25850 of 25850
Tterations per epoch: 517
Maximum iterations: 25850
Validation
Frequency: N/A "
Patience: N/&
Other Information
Hardware resource: Single GPU
Learning rate schedule: Constant
o Learning rate: 001
B Learn more
20—
10—
10 20 30 40 50
0 | | 1 1 1
0 05 1 15 2 25
Iteration 10"
09—
08—
07 i
06 {
005 L 1 I |
3 ll | | | |
04— | L | i i ! LRt A
i | ‘ { | ! 1
¥ f Accuracy
03— 1
| 2 \ - { ———————— Training (smoothed)
! . | | i I
oo | i ' | L4 | r l WD e b "1} Training
= — @ — — Vaidation
01—
I 0 30 40 50 e
0 0I 2I | | 1 ~————————— Training (smocthed)
0 05 1 15 2 25 Fidi
lteration o ing.
— — @ — — Validation
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75 % fRIEA T — o DERY 2
76— idx = randpermisize(train_stack,4),2000);

i l= vallmages = train_stack(:,:,:,idx); 3
78 — train_stack(:,:,:, idx) = [] i
79 — vallabels = train_label (idx);
80 — train_label (idx) = [1;
a1 i
I o L ¥
ALGUTH T 101 Hl 40
rlﬁ C:¥Users¥Nakayama¥Documents¥MATLABYCNN_pathology1014.m E=EIT)

118 % Train CHNN Using Training Image Data
119 #n Set the network training options
120 — opts = trainingOptions( sgdm’,
121 "Shuffle’, "every-epoch’,
122 "MaxEpochs ', 50,
123 "Plots’, 'training-progress
124 “WalidationData', {vallmages,vallabels},...
125 "WalidationFreguency ,500);
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"4 Training Progress (2017/10/16 15:24:56)
Training Progress (2017/10/16 15:24:56)
Results
Validation accuracy: 3265%
i~ Training finished: Met validation criterion
Training Time
Start time: 2017/10/18 15:2458
Elapsed time 7 min §7 sec
- & Idgd ul h o a4 Training Gycle
1 Epoch: 22 of 50
)
Treration 11000 of 25100
Trerations per epach: 502
Maximum iterations: 26100
Validation
Frequency: 500 iterations
g Patience: 5
ol
E Other Information
3
£ Hardnare resource: Single GPU
Learning rate schedule: Constant
20 Learning rate 01
30 Learn more
20
10
10 20
0 1 1 | 1 1 | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000
Iteration
1=
08 —
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[ L 1y 1 ¥ T [
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| Training
02— — — @ — — Vaiidation
10 20 ke
0 1 1 | 1 1 | | | | | | Training (smoathed)
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 Traini
Iteration n
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[class, likelihood] = classify(learnedNet, test_ROI);
J HBR—MRIGHG—=IZ N

class = fitcsvm(learnedNet, test_ROI);
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FMT C:¥Users¥Nakayama¥Documents¥MATLAB¥cNNSRECNNSR_MR2.m [ = | (5] m]
BEH4 & L9 gl
h7 %% Create A Convolutional Neural Network{(CNN) -
b8 — inputlayer = imagelnputlayer([9 9 1]1);
b9 I
60 — middlelLayers = [
61 convolutionZdlLayer ([1 1], 64)
62 relulayer() ‘
63 convolutionZdlLayer ([5 b], 32) I
64 reluLayer()
65 1
66 3
67 — finallayers = [
o ful lyConnectedlLayer (kernelsize3xkernelsize3)
64 regressionlayer
70 1;
71
2= layers = [
73 inputlayer
74 middlelavers
7 finallayers 1; i
K i b
ATk T 50 F| 12
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rﬁ C:¥Users¥Nakayama¥Documents¥MATLABYCNNSRECNNSR_MR2.m = | B e
IHs 8L 96 @H
/3 % Train a network -
79 — options = trainingOptions( sgdm’,
80 "MaxEpochs’, b0,
81 “Werbose, true, ...
82 ‘InitiallearnRate’, 0.00007,
83 ‘Plots™, "training-progress’,
84 “WalidationData', {[vallmages,vallabels],... g
85 "WalidationFrequency ' ,500);
86
G |— learnedMet = trainNetwork(low patch, high_patch, lavers, options); _
K i b
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Training Progress (2017/10/17 11:06:43)

[o] B )
Results
Validation RMSE: 8.052
Training finished: Met validation criterion
Training Time
50 Start time: 20172/10/17 11:06:43
Elapsed time: 2 min 41 sec
oll Training Cycle
7
| Epoch: 13 of 15000
'\ Iteration: 12500 of 15390000
\ Tterations per epoch: 1026
201 Maximum iterations: 16390000
1
| Validation
| Frequency: 500 iterations '
0 \‘ Patience: 5
8 1
= \ Other Information
oy Y Hardware resource: Single GPU
1 Learning rate schedule: Constant
‘l Leaing rate le=05
soff !
!
{
\ Learn more
1
1
1
|
10
0 | | | | | |
0 2000 4000 6000 8000 10000 12000
Iteration
3500 |—
3000
\!
2500 -4
\
\
2 2000
3 \
\
1500 f—
\ RMSE
“ Training (smoothed)
1000 ] Training
‘\ — — @ — — Vaidation
500
\
\ 10 Loss
o 'y S Y . - & & AR = Training (smoothed)
0 2000 4000 6000 8000 10000 12000 e
Iteration aning
= = @ = = Validation
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