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Visual Analysis Method with Cluster Tendency Analysis
for Image Deep Learning

MAKOTO SATOH!

Abstract: This paper presents a visual analysis method with cluster tendency analysis for image deep learn-
ing. In the method, the cluster tendency analysis is developed for figuring out the change of the each layer
weights and the outputs of deep networks. Effects of preprocessing of analyzing data are discussed. The
method can be used for visualizing learning process of unsupervised learning as well as supervised learning,
using only the each layer weights and the outputs of deep networks, while not using training labels. The
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method is suitable for comprehensive analysis of machine learning process.
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Fig. 1 Examples of cluster tendency analysis of MNIST clas-

sification results with iVAT. Left: Visualization of a

dissimilarity matrix. Right: The result of iVAT using

the dissimilarity matrix in the left panel.
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Algorithm 1 Visual analysis method with cluster ten-

dency analysis for image deep learning
Step 1
Prepare training dataset 7.

Prepare analyzing deep learning model.
Set maximum epoch for training models to N.
Set trained model saving epochs in set €.

n <+ 0
while n < N do
Train the model for one epoch with the training dataset 7.
if n exists in £ then
Save currently trained model parameters into trained
model set M.
n<<n+1
end if
end while

Step 2

Prepare analyzing dataset V.

for all the trained models in the trained model set M do
Test the current trained model with the analyzing dataset
V.
Save the each layer outputs of the model, in layer output
set L.

end for

Step 3

Select dataset A from V, which will be investigated in terms
of the layer mapping of the trained model.

Analyze the cluster tendency of the layer output set £ with
iVAT.

Mark the corresponding rows or cloumns of the iVAT images,
that are corresponding to the data in A.

Plot and save the resultant images.
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Table 1 Overview of network architecture

notation modules description
C1 convolution input channel number: 1, output channel number: 6, convolution kernel size: 5
R1 ReLU
P1 max-pooling kernel size: 2, step size: 2
C2 convolution input channel number: 6, output channel number: 16, convolution kernel size: 5
R2 ReLU
P2 max-pooling kernel size: 2, step size: 2
F3 fully-connected  input dimension: 16 X 4 X 4, output dimension: 120
R3 ReLU
F4 fully-connected  input dimension: 120, output dimension: 84
R4 ReLU
F5 fully-connected  input dimension: 84, output dimension: 10
S5 log softmax
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Fig. 2 Cluster tendency of the module outputs of deep network during the course of
training with MNIST images: Left to right: training epoch 1, 2, 10 and 100.
Top to bottom: module P1, R3, R4 and S5.

BEOOMERTH B, &LVITIE, IVAT ZFHWEZ S
ZRERAHIZ L D FESND G, BXO, HHIT 250
T — &2 VAT IZ X W BRI N 2178 K OF DAL E % R
T INZMOVELPNT VDS, OO EITEED 2
AR LT WS,

T—REERUZAEE, ROLBHTHS. HOIT,
FRFEADEEBAY VT = DARELTT =21 X
1000 DAtFAT—X2 %252, ZTOHEDET 2—)L S5 D
1% VAT IZE D 7 S AXEASH U7z, iVAT T LD

© 2017 Information Processing Society of Japan

BoNnsHEETIIOITOIEFE D HIZHdbET, 2HH
T—REWMREZ . TUT, WiRERaWHAT—2»
S SFHIIET T — & ZEIR U 7=

4.4 et

X 2 D FTI%, HEXY N7 —27 OLMEEEORED
BCTHEEY2—)V S5 DHIDAHFERTHS. I
Ry ZBOBNNIAEN, 10 {15 O 0 KT SEIR HS AR (2
BRBEFRDNE. ZOZ e, TRy 28R



BRULEZ2SMRERE

Vol.2017-CVIM-208 No.12

. 2017/9/15
IPSJ SIG Technical Report
1 ris L35 r25
= = S | P
0.8 = [2
= - \ L1 = 25 =
— B r0.6 _ N — r2 L5
— Loa - 15 ',
= . 0.5 - —_
= - - rl -
- 02 — s — 05
1]} e new (1 B O mon 11 ' 1 IWNT] [ARIN
-0 -0 -0 -0
10 t
L1 14
= = = r12 = 3
| g = W . = 15
X, — : 10
6 le = 'g 10
o 4 L4 r6 =
= = - 4= 5
_ 2 L2 5 _
[ [T mnnon Il I[N e [ ] [
0 -0 -0 -0
l g 10 12 L 20
- = L\
— X tg = 10
L6 L15
= = e =
= . 6 = H .
= ta — : _ 6 = . L10
= n x 4T L
= La —
= - 2 _ , ., |5
W mrnn | [ [t I L1 1] men 0
0 0 -0 -0
8 14
= = r12
x 6 | » 6 | 15
- L10 =
) . "
L ., 4 R LN - 10
- n ~
= — r6 B
= . = N -
- 2 2 4 v |5
X — — 5
- = Lo =
i ni I M m [ 1
0 -0 -0 -0

B3 7JAXEASHTD 18X 2 OEFEIRDERAE

class 1 (true) class 2 (true) | class 1 (false) | class 2 (false)

Fig. 3 Mapping positions of number symbol image 1 and 2 with cluster tendency anal-

ysis. Left to right: training epoch 1, 2, 10 and 100. Top to bottom: module P1,

R3, R4 and S5.
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