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Optimizing Convolutional Neural Network by Orthogonal Array--
A Case Study of Text Recognition

Student: Ting-Chang Chang Advisor: Hai-Wen Lu, Ph.D.

Master Program: Department of Information Management, College of Science
and Technology, Nanhua University

Abstract

Image recognition has been a mainstream topic in machine learning.
Conventionally, machine recognition and training has been conducted through
manual feature extraction, which requires completing the challenging task of
finding robust features for models to learn to read millions of data. Following the
introduction of deep learning and convolutional neural network, text recognition
technology has been integrated in daily living. However, the scientific demand
for the speed and accuracy of machine recognition continues to increase. With
technology evolving continually, mass data integration and application poses a
major challenge in machine learning, in which the selection of parameters in

algorithms is critical.



This study will focus on the convolutional neural network program. Through
Taguchi quality engineering, the control factors to and levels of changes in the
quality of a convolutional neural network will be explored. An L18 orthogonal
array will be established to formulate the experiment procedure. Data will be
collected using Google Colaboratory. Signal-to-noise ratio and quality
characteristics will be calculated according to the experiment results, and the
effects of various factors will be explained. The experiment will be repeated with

the parameters of the control factors adjusted to optimize the factor set.

Keywords: machine learning, convolutional neural network, Taguchi quality

engineering, Google Colaboratory
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(1)B k= * Google Colaboratory #ic %8 - ﬁ%l » g IARFS 0 A B] 3-1 TR

cO & UntitledO.ipynb Qe 2
EE FE RS WA PR T8 el St 4H17H R
o tERE 4 - HESE ~
e [
Q import numpy as np
from keras.utils import np_utils
{x} np. random. seed (10)
from keras.datasets import mnist
import matplotlib.pyplot as plt
O from keras.models import Sequential
from keras. layvers import ConvZD,MaxPooling2D, Dropout,Flatten, Dense
def show_images_labels_predictions (images, labels,
predictions, start_id, num=10) :
plt. gef (). set_size_inches(12, 14)
if num>25: num=25
for i in range(0, num):
ax=plt. subplot (5,5, 1+i)
tBREAEA
ax. imshow(images[start_id], cmap= binary’)
T B Al FESEER. AESEETHESER
if( len(predictions) > 0 )
title = 'ai = ' + str(predictions[start_idl)
i TREIEFESRT (), #HERETS
title += (* (o)’ if opredictions[start_idl==labels[start_id] else ' (x)7)
title "\nlabel = ' + str(labels[start_id])
o : WA Al AAGREN, REREBETEENE
else
= title = ’label = ' + str(labelsistart_id])
[>_] z X, Y EBTRERAE

av cet titlaltitle fantciza=17)

B 32 #Hirdxkdw (1)

() i4ePr PR LRk T Wieid B S GPU > 4B 3-2 #7
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B33 #HiFFHZLw (2

(3)F S (7 15 4519 3 % 4] 3-3 4577 -

O :=:mi. =aE. 522

B3

> B oW

show_images_labels_predictions(test_feature, test_label, prediction, 0)

Downloading data from https://storage.googleapis.com/tensorflow/tf-keras-datasets/mnist.npz

11493276/11490434 | 1 - @s eus/step
11501568/11490434 [ 1 - @s @us/step
Epoch 1/1@

240/240 - 12s - loss: ©.6086 - binary accuracy: 0.9648 - val loss: ©.1760 - val binary_accuracy: ©.9903 - 12s/epoch - 52ms/

Epoch 2/1@
240/240 - 1s - loss: ©.3124 - binary accuracy: 8.9889 - val loss: ©.1277 - val_binary accuracy: @
Epoch 3/1e

240/240 - 1s - loss: ©.2659 - binary_accuracy: ©.9834 - val_loss: ©.1062 - val_binary_accuracy: e.
Epoch 4/1@
240/240 - 1s - loss: ©.2315 - binary accuracy: 8.9858 - val loss: ©.0915 - val binary accuracy: @.
Epoch 5/1@
240/240 - 1s - loss: ©.2089 - binary_accuracy: ©.9870 - val_loss: ©.0853 - val_binary_accuracy: e.
Epoch 6/1@
240/240 - 1s - loss: ©.1882 - binary_accuracy: ©.9882 - val_loss: ©.0736 - val_binary_accuracy: e.
Epoch 7/1@
240/240 - 1s - loss: ©.1704 - binary_accuracy: ©.9893 - val_loss: ©.0685 - val_binary_accuracy: e.
Epoch 8/1@
240/240 - 1s - loss: ©.1611 - binary_accuracy: ©.9899 - val_loss: ©.0658 - val_binary_accuracy: e.
Epoch 9/1@

240/240 - 1s - loss: ©.1486 - binary_accuracy: ©.9908 - val_loss: ©.0589 - val_binary_accuracy: e.

Epoch 16/1@
240/240 - 1s - loss: ©.1433 - binary_accuracy: ©.9909 - val_loss: ©.054@ - val_binary_accuracy: e
313/313 [ ] - 1s 3ms/step - loss: ©.0482 - binary_accuracy: @.9969

ZEFEE= 9.9968898296356201
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6.47035
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2.11347
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0.770318

0.805747

0.591908

0.657585

0.652128

0.658002
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0.558517

0.549213

0.753003
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ERA o SER  Relus SR A S~ 5 2560 20 SNiRT RS
Adam > 2" N B e 0] 5 Accuracy o 4k iF F1F FRRNE E

BoA» S/Nit 22 T 3o o

S/Ninitar =T+(1,, —M+(1,, —+{1,, —M+@,,, M+, —+@,, — D+, -
+(Myy, —
=M, My ey My 10, 1, 16,1, 7
= -3.82402-2.28179-6.42002-5.74603-6.02146-3.59168-1.04293-6.47035
-7(-5.36505)
=2.157076(db)

Winicar =P+ (L, —I)+(Hp, —+(He R+ (Hy; —R)*+(Hpy —W+ (e, —D+(Hg, —H)
+(fyy —H)
SHy gy Ry Fipy HR Ty HHG L T
= 0.770318+ 0.805747+ 0.591908+ 0.657585+0.652128+ 0.739412+ 0.90885
+0.558517-7* 0.659766
=1.066106

B gk Softmax - # i & & Pool_size(2 > 2) ¥4 & % Tanh > #&
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S/Noptimizer =N+(M,, =M+, —M+M, -+, -+, — D+, —T+@,, -
+M,y, —M)
=M My s Mg 1, 1, 11, 1,7 T
= -3.82402 -2.28179 -3.86189 -4.27163 -4.59255 -3.59168 -1.04293
-2.59254-7%(-5.36505)
= 11.49633(clb)

Hoptimizer=H+ (L, —I)+ (R, —R)*+(Hgy —I+(Hpy R+ (Hy, —ID+(He, —D+(Hg, —H)
*(Hy —H)
= Py gy Hies Hilps Hhpy T, Gy iy, T 1
= 0.770318+ 0.805747+ 0.729452+ 0.671215+ 0.656288+ 0.739412+ 0.90885
+0.768005

= 1.430927
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