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Abstract

In recent years, artificial intelligence (AI) has undergone rapid evolution and is being
actively researched.

The use of Al enables high-speed, highly efficient task execution and offers the potential
to reduce labor costs, particularly in real-time processing.

On the other hand, achieving both processing speed and classification accuracy remains
a challenge in image classification. Omne approach to address this is fine-tuning after
transfer learning.

Fine-tuning is the process of adjusting the weights of specific layers in a pre-trained
model to suit a task. By adapting the model itself, this technique enables higher-accuracy
results while retaining the benefits of transfer learning.

When performing machine learning using neural networks, it is typically necessary to
build a model from scratch. However, this requires training on vast amounts of data and
incurs significant costs. Fine-tuning, on the other hand, offers the practical advantage
of enabling new tasks simply by adjusting an existing model.

In fact, fine-tuning is used to identify specific terminology or highly specialized data
and is employed in chatbots and AI systems that generate text.

This study compares the training time and efficiency required for each layer by varying
the number of layers used for fine-tuning after transfer learning for two-class dog-cat
classification and multi-class flower classification.

This approach aims to identify the optimal number of layers for training in terms of
both time and accuracy, thereby contributing to the efficiency of various systems.

As a result, the impact on the number of learning layers became stronger as the
data became more complex due to handling multiple classes or as the amount of data

increased.
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Table 5.1: Layer settings, validation accuracy, time, and efficiency.

Layer settings Validation Accuracy Time (s) Efficiency (Acc/Time)

0 0.938 235.8 0.003979
3 0.968 237.3 0.004079
4 0.970 225.9 0.004293
5 0.994 222.7 0.004463
6 0.991 249.0 0.003979
7 0.996 245.9 0.004051
10 0.991 234.2 0.004231
15 0.995 234.2 0.004248
20 0.996 253.9 0.003923
25 0.991 251.9 0.003935
30 0.992 335.4 0.002958
60 0.993 308.7 0.003216
100 0.996 396.5 0.002512
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Figure 5.7: (18,19,20,21,22) Layer Learning Results.
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Figure 5.8: Combined Layer Learning Results.
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Table 5.2: Layer settings, validation accuracy, time, and efficiency.

Layer settings Validation Accuracy Time (s) Efficiency (Acc/Time)

0 0.704 317.9 0.002215
) 0.884 377.6 0.002341
10 0.856 332.0 0.002578
15 0.875 383.7 0.002281
18 0.864 352.9 0.002448
19 0.872 392.9 0.002219
20 0.861 396.9 0.002169
21 0.879 347.3 0.002531
22 0.892 311.1 0.002867
25 0.869 401.9 0.002163
30 0.876 405.0 0.002163
60 0.865 507.2 0.001705
100 0.841 634.8 0.001325
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Figure 5.9: Big data Learning Results.
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Figure 5.11: Combined Small and Big data Results.
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Table 5.3: Small and Big data.

Small Big
Layers Acc  Time(s) Eff Acc  Time(s) Eff
0 0.938  235.8 0.003979 0.956  374.0  0.002556
3 0.968  237.3  0.004079 0.966  369.1  0.002617
4 0.970  225.9 0.004293 0.968  430.7  0.002248
5 0.994 2227 0.004463 0.962 3974  0.002420
6 0.991  249.0 0.003979 0.966  385.4  0.002506
7 0.996 2459 0.004051 0.964 419.5  0.002298
10 0.991 2342 0.004231 0.967  370.5  0.002610
15 0.995 2342 0.004248 0.977 383.1  0.002551
20 0.996 2539 0.003923 0.976  395.1  0.002470
25 0.991  251.9 0.003935 0973 411.3  0.002366
30 0.992 3354  0.002958 0.977 4469  0.002187
60 0.993  308.7 0.003216 0.976  593.3  0.001645
100 0.996  396.5 0.002512 0.976  680.7  0.001434
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Table 5.4: Epoch=3 and Epoch=6 Results.

Epoch = 3 Epoch = 6
Layers Acc  Time(s) Eff Acc  Time(s) Eff

0 0.704 3179 0.002215 0.830 645.7  0.001286
5 0.884 377.6 0.002341 0.905 756.1  0.001197
10 0.856  332.0 0.002578 0.894 703.9  0.001270
15 0.875  383.7 0.002281 0.886 653.1  0.001357
18 0.864  352.9  0.002448 0.905 713.2  0.001269
19 0.872 3929  0.002219 0.901  759.9  0.001186
20 0.861  396.9 0.002169 0.902 794.0 0.001136
21 0.879  347.3  0.002531 0.894 556.3  0.001607
22 0.892 311.1  0.002867 0.891  665.9 0.001338
25 0.869 4019 0.002163 0.898  685.5  0.001310
30 0.876  405.0 0.002163 0.906 657.1  0.001379
60  0.865 507.2 0.001705 0.884 818.8  0.001080
100 0.841  634.8 0.001325 0.913 1113.4 0.000820
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Figure 5.12: epoch=6 earning Results.
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Table 5.5: Number of layers, accuracy rate, and results for each experiment

Experiment Layer ACC EFF

5.3 5 0.994 0.004463
5.4 10 0.967 0.002610
5.5.1 22 0.892 0.002867
5.5.2 21 0.894 0.001607

— 32 —



B6E fam

AR TIE, 774 v F 2a—=V 7 O¥EBERIC X 2B ITO0TOWNEZITW., B
BO—D2r LTRHBMBORWEE B ZHREL TV ok, ZOBRETH»-o7Z LI,
Doz enZEifonsg,
1L |5 T —=2EMTDH 23RO BOFEREG 2 7 DI E R EEERIE X
DL 725,

2. MNEBIR T —RBICLD 7 74V F 2a—=V7IE 1B L O ERENP T LER
#oTLE D,

3. TRy ZHENI XD IEMER T — X W2 7-DITIFERRED., FEHERITIEZDHED
LI,

> F—RPEHTH I ICEE BRI I D IEL 25 id. AT THY o722
7 I ARMAIEL 57 7 AEFFRCB OV THEDO Rh o 7 FEEBICKERHE D H -
72 THYH, 277 AGKED XS HADES T — 2 FRVERB. 27 7 A58
XD ZEAIDHfFIR D DT H 2 L RVERE THEDPRBETD 5,

SRIDOEBRTIE, /MR T — X BD D DE W0 E BT ¢ O ERES AR
LEWCEZD, ROT—XTHokidEFAT. ZoOMREMOTe 75 2HEHT 5 Z
CIFHERET Z 0,

Lo L. KEEZRT—XBObDZHET 5 e THEBER I £ OFHHEFEH D7 % /)N
S L. EVHRORVEEREZGEONLEEZDNE Z DD o7,

— 33 —



SZ 3k

)

BEZR IO TDT 4 —FF7—=22"2 Python THEETIHFE=2-FL
v bV —2¥ VAE, GAN,SB 27V =4 7 1 7B EHE,2020

FEAHEN - A 5847, Python T SNEIGERGR  HHAE FEER S U — X, Rt 4 >~
7L Z,2023

AlSmily, @538 2132 BARFI & 58425 2 1K - B < 7o D DX 7% ZHAAT https:
//aismiley.co.jp/ai_news/overtraining/, (2026/02/10 FI%)

AIEERED IO Y 774 VF 2 —= 0 7 L B2EE OE NI DOWT https://

kentei.ai/blog/archives/1999, (2026/02/11 Bi%)

— 34 —



EES
AWEE T BI2BT> Ty BSOS BEORER C 4 mIFHE LT RS 5
T ORI LA L B 5

— 35 —



