BINARY MORPHOLOGICAL NEURAL NETWORKS
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Introduction

Conventional filters have been very successful at diverse tasks in computer
vision, such as image filtering or feature extraction. Finding the right filters for a
specific task is a still a challenge; convolutional neural networks (CNNs) can learn
task-specific filters, given only couples of input and desired output. They have
achieved outstanding results. Today, they are the go-to technology for almost any
computer vision task, as long as enough data is available.

However, there still remain some tasks for which other methods are preferabile.
Mathematical morphology is one of them. For many applications, it is more suit-
able than convolution-based methods. However, finding the right sequence of op-
erations, and the right structuring elements, can be difficult and time-consuming
depending on the problem at hand. Our approach is to mimic the way CNNs are
built on convolutional filters, and create a morphological network that can learn
the best parameters.

Recent works have build a neural net that can learn to be either a dilation or
an erosion, as well as its structuring element (SE). They either do so by using a
max-plus algebra ([3]) or by replacing the non-differentiable max / min functions
by smooth approximations ([2, 1, 4]). These methods deal with grey-scale inputs.

In this work, we seek to learn exact binary morphological operations with binary
Images as inputs. This could be very useful for shape analysis, such as shape
reconstruction or classification.

Preliminary

We seek to create a single neuron that implement either an erosion or a dilation,
with a learnable structuring element. We build on the optimized and distributed
implementations of the CNN to create our neuron.

We rewrite the classical Minkowski addition and its dual operation with convolu-
tion. Let S C Z? be a binary structuring element and X C Z? be a binary image.
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We say that a function ¢ : R —]0, 1] is a smooth threshold function if ¢ is
increasing, £(0) = 0.5, and limg—— oo &(x) = 0, limp—s 400 &(2) = 1.
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Fig. 1: Possible choices for & smooth-threshold function.

We want a "neuron" element that can learn the Minkowski addition (dilation)
and its dual (erosion). Given a smooth threshold function £ : R |0, 1|, some
weights W & RK x K), abias b € R and a scaling parameter p € R U {+o0},
we define the Binary Structuring Element (BiSE) neuron as follow:

ewpp: T €0, 1" E(ple ®@EW) — b)) € [0,1]V*F (3)

We approximate a binary SE with thresholded weights &(11). Then, the bias b
determines whether the operation is an erosion or a dilation. We can stack two
BiSE neurons to learn closings and openings: €y, b, p, (€115 5y.p,(T)). As with
classical deep learning, we learn the parameters W, b, p by minimizing a loss
function £ : ([0, 1] *#)2 — R by back propagation.

Let W,b € [0,1]V*Y x R be a set of thresholded weights and a bias. Let
S C [1,N]?. We say an image X : Z — [0, 1] is "almost binary" if Jv; < vy €
0,1], X(Z) ¢|vy,va].

Proposition 1. Given an almost binary input, ey, 1+~ IS a dilation by S if and
only if

Zwi +v12wi < b < v9 min w;
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Proposition 2. Given an almost binary input, ey, 1~ IS an erosion by S if and

only if
Eneagc (Z (w;) + vle> < b < w9 Z Wi
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To train the BISE, we generate binary images consisting of unions of random

disks and rotated rectangles with binomial noise, and we apply complementation
with probability 0.5.

Fig. 2: Input generated data
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We report the results on erosion, dilation, opening and closing.
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We succeed in learning the erosion and dilation on all presented SE perfecily.

The opening is more challenging for the disk, straight cross and square. If it fails to learn
the right SE, its weights do not make sense.

The closing behaves differently. The disk does not fail anymore. It almost succeeds for
the stick and the diagonal cross: the operation is the right one while the SE is not.

We believe the difference in learning performance between openings and closings is due
to the training regimen, which is not currently self-dual.

Future Research

« Make the opening and closing work in practice on all SE
« Try stacking more opening / closing to filter
* Try new operations with union / intersection (top-hat, ...)

« Extend the network for shape analysis.



