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ABSTRACT

Deep learning techniques have been proven to have high performance in image processing and are applied in various fields. The
most widely used methods for validating a deep learning model include a holdout verification method, a k-fold cross verification method,
and a bootstrap method. These legacy methods consider the balance of the ratio between classes in the process of dividing the data
set, but do not consider the ratio of various features that exist within the same class. If these features are not considered, verification
results may be biased toward some features. Therefore, we propose a deep learning model validation method based on data feature coverage
for image classification by improving the legacy methods. The proposed technique proposes a data feature coverage that can be measured
numerically how much the training data set for training and validation of the deep learning model and the evaluation data set reflects
the features of the entire data set. In this method, the data set can be divided by ensuring coverage to include all features of the entire
data set, and the evaluation result of the model can be analyzed in units of feature clusters. As a result, by providing feature cluster
information for the evaluation result of the trained model, feature information of data that affects the trained model can be provided.

Keywords : Deep Learning, Coverage Testing, Image Feature Extraction, Validation Method, Dataset Splitting Method
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Table 1. Number of Data per Feature Cluster of the Fashion-MNIST Dataset

Number of Data in Cluster
Dataset Class
E.C1 E.C2 E.C3 F.C4 F.C5 F.C6 E.C7
T-shirt 1339 814 1224 606 950 825 1242
Trouser 520 982 372 1011 1066 1434 1615
Pullover 952 1346 1206 1107 833 600 956
Dress 1027 1278 1094 541 1214 918 928
Total Dataset Coat 956 1167 830 783 828 1171 1265
Sandal 2213 1214 1056 537 545 985 447
Shirt 1118 1234 816 888 1026 1213 705
Sneaker 776 1170 1117 1029 1305 814 789
Bag 1293 1235 994 600 633 982 1263
Ankle Boot 1206 628 639 1494 657 1369 1007
T-shirt 1139 703 1042 518 815 718 1065
Trouser 429 852 318 861 903 1240 1397
Pullover 807 1169 1034 946 711 513 820
Dress 882 1096 952 465 1033 776 796
Train Dataset Coat 810 1005 728 667 725 997 1068
Sandal 1887 1045 916 452 466 840 394
Shirt 955 1033 705 762 891 1049 605
Sneaker 666 996 962 882 1122 700 672
Bag 1103 1076 858 503 541 843 1076
Ankle Boot 1037 541 544 1300 555 1172 851
T-shirt 200 111 182 88 135 107 177
Trouser 91 130 54 150 163 194 218
Pullover 145 177 172 161 122 87 136
Dress 145 182 142 76 181 142 132
Test Dataset Coat 146 162 102 116 103 174 197
Sandal 329 169 140 85 79 145 53
Shirt 163 201 111 126 135 164 100
Sneaker 110 174 155 147 183 114 117
Bag 190 159 136 97 92 139 187
Ankle Boot 169 87 95 194 102 197 156
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Table 2. Environment of Model Training Table 3. Evaluation Indicator for Each Number of Excluded
Clusters from Fashion—-MNIST
Processor XEON E5-2640V4 * 2 EA
Numb f Excluded
NVIDIA GeForce GTX Warslser o i
GPU 1080 Ti * 3EA Indi Excluded usters
! gaicaie] Clusters in in Test Dataset
RAM 64.0 GB Train Dataset 0 3 5
Batch Size 32 0 0.663 | 0.663 | 0.646
Input Image Shape 128 x 128 Accuracy 3 0.623 | 0.630 | 0.630
— 00 5 0.578 | 0.572 | 0.574
poc 3 0 0.779 | 0.769 | 0.759
Optimizer Stochastic Gradient Descent Precision 3 0736 | 0.725 | 0.731
1~150 epoch 0.1 5 0.695 | 0.688 | 0.678
Learning Rate 151~225 epoch 0.01 0 0.663 | 0.663 | 0.646
226~300 epoch 0.001 Recall 3 0.623 | 0.630 | 0.630
: 5 0.578 | 0.572 | 0.574
Architecture SmallNet 0 0716 | 0712 | 0.698
F1 score 3 0.675 | 0.675 | 0.677
5t SmallNeto]ghal st g 2dS 5719 5 0.631 | 0.625 | 0.621
& AT, 2719 E1F AT, 1Y Sdd ASew + Data Feature 0 1.000 | 0.989 | 0.982
A=™, 300 epocholl oF 2A17F A& 9] H5 AJ7to] AQ Coverage of Train 3 0.957 | 0.957 | 0.951
%ich. Fashion-MNIST 2 CIFAR-10 Hlo]&] £ e Dataset 5 0928 | 0.928 | 0.928
BAof gt A9 A T2A|NE IntelR) Core(TM) Data Feature 0 0.997 | 0955 | 0.927
i7-8700K CPU, GPU: NVIDIA GeForce GTX 1050 Ti Coverage of Test 3 0.872 | 0.882 | 0.854
o §olA] WER BASIYOH AR o 20~23% A% Detser 5 0765 | 0.774 | 0.777
A9 =9t B AR ole} 22 5148 7MIO & Fig. 4
o S Aeste 54 54 e &3] wiAlR dlol™ Table 4. Evaluation Indicator for Each Number of Excluded
A AT LAAoRE BRE =35 225 EX F Clusters from CIFAR-10
HPAE &H Holy At H7} gojg AojA olF AL HjA| Number of Number of Excluded
51A] LAY (Number of Excluded Clusters in Train and ) Bl Clusters
= Indicator Cl i in Test Dataset
Test Dataset = 031 3-%), 370, 574& w3t dlolE A T ot
ramn atase
RASHATE. Table 37} Table 4 A8 5% 230 wha} 2 43 45
= 7j] o 94t dlole] Al] s} hsiale v 7t e ’ 055 | 0450 1 04
o) g5, U, AR, B A4, £ dole Ae) do] fecuraes O e
0.442 | 0.439 | 0.442
EX] 2z =7} glo Al d|o EX] =S
B S L AT 2 A 5 A e oo Tosss
0 o]
A dfordt. ~ . Precision 3 0.558 | 0.540 | 0.549
Table 39] %4 g3} o] Eadole A shiz . o5 Tosn oot
HHZ‘” o]—X] o}—]— Eﬂ/\»]::‘— E’_].— O, 3, 5% HHZ‘”‘B_]-%% ]IH —B_eqﬂ 0 0455 0450 0450
olg] AR 7} ol & AL &RAT &= Art. o]t o]f- Recall 3 0.448 | 0.438 | 0.449
= B7F Hlold AloflA shte] #5 A|Qlste = 51% 4 5 0.442 | 0.439 | 0.442
oA AFEE =H HolE e}t H7} HlolE 9] F 4= F-AISH 0 0.498 | 0.495 | 0.493
oo} stz thE FE0| Bt HolElo] © Eol] A F1 score 3 0.497 | 0.484 | 0.494
E7] WZolth. F24 5% 72 & 4 WY dHold 5 0.488 | 0.485 | 0.484
Mtz AR A7) who] 7} HlolElo] B SolztozH Data Feature 0 0.999 | 0.986 | 0976
39 glo]gAlo] Eoj7l= dlo]g 7} HojX A HI, o]Z <l Coverage of Train 3 0.957 | 0.957 | 0.947
3 AL 23 oA ® AL vepdch Dataset 5 0928 | 0.928 | 0.928
Fashion-MNIST dlo|g Al9] B7} AiHAHSTE, JUE, Data Feature 0 0.997 | 0.955 | 0.927
AL, F1 AL)o)A Aotsl= Ex 2xo] sk melo] A Coverage of Test 3 0.871 | 0.882 | 0.854
Lol 7M1= FEFS Bl 2= 9tk Table 39] TFebd 9o Dataset 5 0.810 | 0.820 | 0.831
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Fig. 9. Accuracy for Each Number of Excluded Clusters from
CIFAR-10 and Fashion-MNIST
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