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@ Tsao DY, Livingstone MS. 2008.
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560,000 candidate fragments extracted from
7753 natural images
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Figure 2—15.  Another example of zero-crossings; here, the intensity of the lines has been made
to vary with the slope of the zero-crassing, so that it is easier to see which lines correspond to the
greater contrast, {Courtesy BBC Horizon.)




ImageNet Classification with Deep Convolutional
Neural Networks DCNN

Alex Krizhevsky Ilya Sutskever Geoffrey E. Hinton
University of Toronto University of Toronto University of Toronto
kriz@cs, utorontowca 1lyvalcs.uboronto:ca hinten@ees . utoronta.ca

Abstract

We trained a large, deep convolutional neural network to classify the 1.2 million
high-resolution images in the ImageNet LSVRC-2010 contest into the 1000 dif-
ferent classes. On the test data, we achieved top-1 and top-5 error rates of 37.5%
and 17.0% which is considerably better than the previous state-of-the-art. The
neural network, which has 60 million parameters and 650,000 neurons, consists
of five convolutional layers, some of which are followed by max-pooling layers,
and three fully-connected layers with a final 1000-way softmax. To make train-
ing faster, we used non-saturating neurons and a very efficient GPU implemen-
tation of the convolution operation. To reduce overfitting in the fully-connected
layers we employed a recently-developed regularization method called “dropout™
that proved to be very effective. We also entered a variant of this model in the
ILSVRC-2012 competition and achieved a winning top-5 test error rate of 15.3%,
compared to 26.2% achieved by the second-best entry.
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3.3 % / Object

Assuming total area as 20 mm x 20 mm
13 mm?/ object ~ 17 columns / object
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Tsunoda, et al. Nat. Neurosci. . 4, 832-838 (2001)
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