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Proposal of multi-stage CNN for geometric invariance acquisition
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Convolutional neural networks (CNNs) have demonstrated remarkable results in image classification tasks. The
deeper CNNs have achieved higher performances thanks to their numerous parameters and resulting high expression

ability as well as robustness to parallel shift of objects in images.

However, the CNNs have a limitation to

their robustness to other geometric transformations such as scaling and rotation. Of course, this problem limits
performance improvement of the deep CNNs, but there is no established solution. This study focuses on scale
transformation and proposes a novel network architecture called weight-shared multi-stage network (WSMS-Net),

consisting of multiple stages of CNNs.

The WSMS-Net is easily combined with existing deep CNNs, such as

DenseNet, and enables them to acquire a robustness to scaling of objects. The experimental results demonstrate
that existing deep CNNs combined with the WSMS-Net achieve higher accuracy.
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O 1: Weight-shared multi-stage network (WSMS-Net).
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O 2: Conceptual explanation of scale invariance in the
WSMS-Net.
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3. WSMS-DenseNet
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O 3: A dense block of DenseNet.
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O 4: Weight-shared multi-stage DenseNet
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O 1: Test Error Rates of WSMS-DenseNet and Original DenseNets on CIFAR-10 and CIFAR-100 Datasets.

C10 C100
Integration Type growth rate & #params Error (%) #params Error (%)
DenseNet 24 27.2M 3.74 27.2M 19.25
DenseNet 26 31.9M 3.82 31.9M 18.94
MS-DenseNet (1 x 1 conv) 24 41.3M 4.18 41.3M 18.70
WSMS-DenseNet (no conv) 24 27.4M 4.54 27.8M 20.11
WSMS-DenseNet (3 x 3 conv) 24 32.7M 3.54 32.7TM 19.16
WSMS-DenseNet (1 x 1 conv) 24 28.0M 3.51 28.0M 18.45
gogdd

0O 6: Examples of CIFAR-10 test images misclassified by
the DDenseNet (k = 24) and the DenseNet (k = 26) but
classified by the WSMS-DenseNet (kK = 24, 1 x 1 conv)
correctly.
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