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Comparative Analysis of Self-supervised Deephashing Models
for Efficient Image Retrieval System

Kim Soo In" + Jeon Young Jin™ - Lee Sang Bum™ - Kim Won Gyum®'"

ABSTRACT

In hashing-based image retrieval, the hash code of a manipulated image is different from the original image, making it difficult to
search for the same image. This paper proposes and evaluates a self-supervised deephashing model that generates perceptual hash codes
from feature information such as texture, shape, and color of images. The comparison models are autoencoder-based variational inference
models, but the encoder is designed with a fully connected layer, convolutional neural network, and transformer modules. The proposed
model is a variational inference model that includes a SimAM module of extracting geometric patterns and positional relationships within
images. The SimAM module can learn latent vectors highlighting objects or local regions through an energy function using the activation
values of neurons and surrounding neurons. The proposed method is a representation learning model that can generate low-dimensional
latent vectors from high-dimensional input images, and the latent vectors are binarized into distinguishable hash code. From the
experimental results on public datasets such as CIFAR-10, ImageNet, and NUS-WIDE, the proposed model is superior to the comparative
model and analyzed to have equivalent performance to the supervised learning-based deephashing model. The proposed model can be
used in application systems that require low-dimensional representation of images, such as image search or copyright image determination.

Keywords : Deephashing, Image Retrieval, Variational Inference, Self-supervised Learning, Attention Mechanism
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Fig. 2. CVAE Based Deephashing Model
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Table 1. Performance Evaluation of the Proposed Deephashing Model

Method CIFAR10@10000 ImageNet@10000 NUS-WIDE@10000
16b 32b 64b 128b 16b 32b 64b 128b 16b 32b 64b 128b
F1 0.624 | 0.647 | 0.662 | 0.647 | 0.543 | 0.532 | 0.662 | 0.647 | 0.537 | 0.555 | 0.564 | 0.583
VAR Precision | 0.607 | 0.647 | 0.663 | 0.647 | 0.512 | 0.534 | 0.663 | 0.647 | 0.538 | 0.555 | 0.565 | 0.584
Recall 0.608 | 0.648 | 0.664 | 0.648 | 0.527 | 0.515 | 0.664 | 0.648 | 0.536 | 0.554 | 0.563 | 0.587
mAP 0.410 | 0.455 | 0.475 | 0.456 | 0.319 | 0.394 | 0.475 | 0.456 | 0.348 | 0.356 | 0.407 | 0.425
F1 0.895 | 0.980 | 0.979 | 0.978 | 0.850 | 0.835 | 0.836 | 0.837 | 0.869 | 0.873 | 0.873 | 0.873
CVAE Precision | 0.896 | 0.976 | 0.979 | 0.978 | 0.832 | 0.819 | 0.820 | 0.822 | 0.844 | 0.867 | 0.864 | 0.879
Recall 0.894 | 0.981 | 0.978 | 0.978 | 0.894 | 0.870 | 0.870 | 0.872 | 0.884 | 0.890 | 0.884 | 0.869
mAP 0.812 | 0.962 | 0.960 | 0.959 | 0.807 | 0.819 | 0.820 | 0.822 | 0.810 | 0.821 | 0.822 | 0.815
F1 0.888 | 0.970 | 0.979 | 0.977 | 0.854 | 0.832 | 0.824 | 0.833 | 0.869 | 0.873 | 0.880 | 0.882
VTE Precision | 0.890 | 0.954 | 0.979 | 0.976 | 0.846 | 0.814 | 0.814 | 0.819 | 0.844 | 0.867 | 0.881 | 0.881
Recall 0.874 | 0.979 | 0.980 | 0.979 | 0.897 | 0.872 | 0.830 | 0.861 | 0.884 | 0.890 | 0.878 | 0.883
mAP 0.826 | 0.953 | 0.959 | 0.959 | 0.810 | 0.816 | 0.820 | 0.818 | 0.809 | 0.813 | 0.823 | 0.823
F1 0.925 | 0.979 | 0.981 | 0.982 | 0.851 | 0.840 | 0.842 | 0.843 | 0.870 | 0.872 | 0.871 | 0.873
Proposed Precision | 0.924 | 0.974 | 0.980 | 0.981 | 0.833 | 0.821 | 0.820 | 0.821 | 0.845 | 0.866 | 0.865 | 0.880
Recall 0.874 | 0.926 | 0.983 | 0.982 | 0.870 | 0.859 | 0.868 | 0.868 | 0.885 | 0.889 | 0.886 | 0.862
mAP 0.842 | 0.966 | 0.969 | 0.970 | 0.784 | 0.820 | 0.821 | 0.822 | 0.809 | 0.821 | 0.824 | 0.824
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Tabel 2. Hash Collision Ratio Comparison
Collision Ratio(%)
Method CIFAR@10000 ImageNet@10000 NUS-WIDE@100000
16 32 64 128 16 32 64 128 16 32 64 128
VAE 0.34 0.32 0.29 0.27 0.39 0.37 0.33 0.33 0.36 0.29 0.26 0.30
CVAE 0.28 0.23 0.21 0.21 0.24 0.16 0.14 0.13 0.26 0.18 0.18 0.15
VTE 0.24 0.23 0.21 0.21 0.22 0.15 0.13 0.11 0.23 0.20 0.18 0.15
Proposed 0.23 0.23 0.21 0.21 0.22 0.23 0.15 0.13 0.13 0.22 0.19 0.16
Table 3. Comparative Results of Deephashing Models in Related Studies
e CIFAR@10000 ImageNet@10000 NUS-WIDE@100000
ce 16b 32b 64b 16b 32b 64b 16b 32b 64b
DHN 0.693 0.645 0.588 0.311 0.482 0.573 - 0.748 -
HashNet 0.748 0.778 0.626 0.506 0.631 0.684 0.622 0.699 0.716
DPN 0.744 0.803 0.812 0.608 0.691 0.727 0.810 0.822 0.839
TransH 0.908 0.911 0.917 0.920 0.932 0.933 0.726 0.739 0.749
Proposed 0.842 0.966 0.969 0.784 0.820 0.821 0.809 0.821 0.824
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