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Micro-infrared spectroscopy is a method of acquiring infrared images of a sample like visible images of
an optical microscope, and is applied in a wide range of fields for the purpose of evaluation of component

distribution in the sample. However, it is relatively difficult to classify infrared images. On the other
hand, deep learning using images has been dramatically developed in recent years.

Therefore, we considered infrared images as

transfer learning by selecting three of the channels.
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2 Overview of the Experiment
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4.2 Result of Transfer Learning
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= i . i 4 Option & Parameters Setting for SVM and Template Matchin, - = X
4/ Design Tool for Deep Convolutional Neural Networks and Support Vector Machines - o X o s e
Classification using SVM for 11. Test (Folder) --3‘035
of (3 On Categories and number of images for training set Number of calegories 6 e & ¢ g [Help
- N5| 5100 Threshold 1 0] < Thresnoia2 ]
Auto Classification (el @ [ Folders for training(OK, NG, ...) , for cllasified images(OK3, NG3, ...)
ne[ o [C:NagataMEIHOWRITA2018 | Decision
1. Load of training and test images N7 -
ljl @ [ Folders for training test images(OK2,NG2...) ] [ The same fmder] () All SVMs give OK = OK = OK NG or GR
Ng :
2. Set of training and test images Ijl \ C\NagataMEIHO\RITA2018 | All SVMs give NG = NG = OK NG or GR Image type
v o Atleast one SVM gives OK = OK = OK or NG
OIE EXTNESY VS | Checking SYMs
[ Over fitting check & its [ Autostop ~ N&| 5100 NAII' i S EEE L) | R | () At least one SVM gives NG = NG = OK or NG OBMP ng
: : ®Majority rule = OK NG or GR
MaxEpochs El InitialLearnRate 0.001 B Threshold - UEIENEn )
MiniBatchsize | 100 Accuracy | 0.989 13, SVM for Binary Class Training | Test (Foider) Ssvm i aan Ty Allchecking
Categories and number of iImages for training test set 1. [sssSVM | witn [Alexnet 2] Fuse \ EMEIHO g [luse
3. Check of CNN with raining images k2| 1000] wms2[ 1000 Threshold 1| 0]  Threshold 2 61550 1 Save of template-mached images
Threshold for OK |_0.5]
4. Test of CNN with test images OK2 ez ne2| o Otherwise 2. |ssssvMz with [AlexNet 2|Mluse [Fie | EwEro ipg [use
Ni N72 0
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[ Plot training-progress N2 0.000866 Stride : [22] Thresnod 1| o] Threshoid2[ 0.1] 6159 %1 i
6. Pre-Training o N | ] Remove outiers [ 0] NumChannels Fiters eature| | N3 0000305 [s1x9x1 | |Save of template-matched images
[ Piot scores mines s Fitersreatne] | Ne o oooirs 5. [ ssssvis | with |Alexnet 2| Muse [Fie|[EwEHo oo [Fluse
o 1
Finish Training O Pmpmmdnalmng ;ﬂr Layers siruciure | 5x 5 x 1 x32 \ean of CE Threshold 1 ljl Threshold 2 El 61x59x1 Save of template-matched images
scores under [ 05]
= (filterSize x filterSize x NumChannels x NumFilters)| 0.001288 . — _
RO TBraRTeNNl  MaxEpochs P———— 6. | ssSSVME with | AlexNet 2| Duse [EwEro ing [Cluse
Accuracy 12. Auto Training of Multi CNNs Siride - [22] Threshold 1| 0] Threshoid2|[ o] 61591 [Save of template-matched images
8. Save trained CNN & SVM (*.mat) sLayer 85 § = =
‘ | numFiters - 32 7. [ssssvu7 | witn [Alexet 2| Duse [Fie ]| |CJuse
[ 9. Load trained CNN & SVM (" mat) ] \ C:\NagataMEIHO\RITA2018\sssMat(2018-8-30) mat | — Pﬂg;_rs' 55 Threshold 1 Ijl Threshold 2 El [1Save of template-matched images
lesul addin
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PoolingSize * [3 3]
Classified Images are copied into the folders (OK3, NG3, N13, K23, ) |_] Check of "OK” or "Othenwise” using | 4 | CNNs Stride [2 2] hd Thresheld 1 Ij| Threshold 2 E []Save of template-matched images
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# Sub Dialogue for Parameter Setting of CNN - o

Training parameters of convolution Jayers and Pooling iayers

Number of convolution layers

x

Number of total layers | 15

numFilters numFilters numFiters
filterSize (Odd) = filterSize (Odd) fiterSize (Odd) =
PaddingSize | 2 PaddingSize | 2 PaddingSize

Stride: [11]

PoolingSize (0dd)
Stride

PaddingSize: (000 ]

Stride: [1 1]

PoolingSize (0dd)
Stride

PaddingSize: [00 0]

Stride: [1 1]

PoolingSize (Odd)
Strice

PaddingSize: [0 00 0]

Layer 11 Layer 14 Layer 17
numFiters nUMFilters numFilters
filterSize (Odd) = TilterSize (Odd) = filterSize (Odd) =
PaddingSize Paddingsize PaddingSize
Stride: [1 1] Stride: [1 1] Stride: [11]

PoolingSize (Odd) PoolingSize (Odd) PoolingSize (Odd)
Stride Stride Stride
PaddingSize: [00 0] PaddingSize: [0000) PaddingSize: [0 00 0]

Parameters Setting for [6. Pre-Training of DCNN]

‘This s not applied fo [ 7. Additional Training of DNN ]

Activity of convolution layer 0| chanels, Width
layer
View of feature map

Fully Connected Layers are located at 3rd and 5th layer posterior after the last Convolution Layer.

0 Height 0

M3 CNN/NS A=Y DFERY 700

. Convolutional Neural Network named sssNet
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Visualizing an FEM-Flow-Simulation for
Optimal Choice of Basis Functions

Jan Mueller and Hans-Georg Matuttis, Department of Mechanical Engineering and Intel- (
ligent systems, The University of Electro-Communications

TOKYO

Il DEM and FEM in MATLAB

I — Higher order functions (velocity is second or-

Two dimensional MATLAB simulation code [1]:

- Polygonal particles (granular medium) modelled
with Discrete Element Method (DEM)

der) require sub-mesh for every finite element
to display curvature with decent quality

For arbitrary sub mesh resloution res, elements
can be subdivided with MATLAB's linspace

- Newtonian fluid (isothermal, incompressible)
modelled with Finite Element Method (FEM)

= Combination allows realistic representation of
microscopic fluid solid interactions
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s = s+(res-(i-1))
end
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Currently Taylor-Hood Element for FEM [2]

0.02

trisurf also requires Delaunay triangulation
between points

Limited numerical accuracy — points not ar-
ranged on perfectly straight lines — degenerate
Delaunay triangles at element edges
Equilateral "dummy" triangle with slightly con-
vex outline: linspace limits are extended by
+ 0.2*sin(i*pi/res) respectively

- Delaunay triangulation of "dummy” triangle

X3 Y3 P,P,: Taylor-Hood Element
'e) velocity and pressure
calculation
velocity calculation _
® only
X1, Y1 X2, Y2

— Basis functions are second order plynomials for
velocities, first order polynomials for pressure)

Linear combination of basis functions = element
function (FEM-solution for single element)

FEM and DEM wuse second order Gear-
Predictor-Corrector (BDF2) for time integration

FEM uses Newton-Raphson iteration to solve
flow field within a timestep

- First order

then mapped to actual finite element

4 Visualizing Basis Functions

FEM-solution data of a specific mesh node is
the multiplicator for the basis function corre-
sponding to that node (basis function is non-
zero at that node)

basis functions correspond to
barycentric coordinate functions of the triangle
[1], — also form the Lagrange basis [3] for the
triangle’s corner points in two dimensional space

- Coefficients for those Lagrange polynomials can

be easily acquired with use of MATLAB's "\"
operator [4]

[2 Limitations of FEM |

High particle densities result in tiny pore space
— needs to be discretized for the FEM

Increasing flow rate in pore space — curvature

s =1[111]
polyCoeff = [s triangle]\ eye(3)
Ap Bog Cy 1 z1 w»n 1 0 0
Az Bz Ciz| = |1 = y2[\|0 1 0
Ay By Cy 1 z3 y3 0 0 1

in flow cannot be sufficiently approximated by
second order function anymore

-

Use anonymous functions to represent the three
first order (pressure) basis functions with the
above coefficients

o 5 T L T i O Y ) 38

—

True Flow Field

—— P, Finite Element
P, Finite Element

———FP, Finite Element

Lagh = @(x,y) Ao+Azxx+Ay*y;
LagB = @(x,y) Bo+Bz*x+Byxy;
LagC = @(x,y) Co+Cyr*x+Cy*y;

__l\_ — ‘

FEITETrFrr-rrFrrTri

—_—

1. Solution: Increased mesh resolution — much

All six second order (velocity) FEM-basis Func-
tions are products of the first order basis func-
tions (remaining four are permutations of the
ones shown)

5 Findings

- FEM-solution for pressure p, horizontal u and
vertical velocity v — when particles get closer,
first creases appear in the solution function

- Severe creases and spikes within the FEM-
solution of the flow field (here shown for hori-
zontal velocity u), when particles get very close
at higher velocities /

- Flow field should remain smooth, similar to so-
lutions for lower speeds

- Finer mesh resolution improves solution quality
for same state

— However: same issues arise again, when particle

density or velocity increase further

- Solution quality not affected by particle rotation
(locking/unlocking rotatoional degee of free-
dom)

I 6 Outlook |

- Enhancing Taylor-Hood Elements with cubic
"Bubble” (P$P1) will allow them to better fit
curvature of flow field

FEM-solution of the flow field should remain
smooth for higher particle densities and veloci-
ties

—

- Visualization already works for finite elements
of up to third order (can be implemented for
arbitrary orders)

| 7 References I

[1] Shi Han Ng.  Two-Phase Dynamics of
Granular Particles in a Newtonian Fluid.

higher computational cost

2. Solution: Allowing higher (third) order curva-

Lag2A
Lag2D =

Q(x,y) 2+ (Lagh(x,y)) . 2-LagA(x,y)
Q@(x,y) 4+¥LagB(x,y) .*LagC(x,y)

PhD thesis, The University of Electro-
Communications, Department of Mechan-

ture for FEM-polynomials

For verification, look at current FEM-solution
for elements and whole geometry is necessary

3 Creating the Sub-Mesh

Two dimensional element functions best dis-
played with MATLAB's trisurf command (be-
cause of triangular finite elements)

- trisurf requires set of coordinates and corre-
sponding function values

- Raw FEM solution data provides only 6 values
on the element circumference

- For a single element, each basis function is mul-

tiplied with the FEM-solution data of it's corre-
sponding mesh point and all are summed up to
give the complete element function

The element function is then handed the coor-
dinate vectors of the sub-mesh X, Y to provide
the function values via an implicit loop
Element function can then be plotted via
trisurf

Loop over sub-mesh generation and building of
the element function allows for display of mul-
tiple elements (even whole geometry)

ical Engineering and Intelligent Systems,
2015.

Philip M. Gresho and Robert L. Sani. In-
compressible Flow and the Finite Element
Method Volume 2: Isothermal Laminar
Flow. John Wiley and Sons, Ltd., 2000.
lonut Danaila, Pascal Joly, Sidi Mahmoud
Kaber, and Marie Postel. An Introduc-
tion to Scientific Computing Twelve Com-
putational Projects Solved with MATLAB.
Springer, 2007.

G. J. Borse. Numerical Methods with MAT-
LAB. PWS Publishing Company, 1997.
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