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1 Introduction

Instance Segmentation is one of the most difficult image-based computer vision tasks. It combines elements
of semantic segmentation (pixel-level classification) and object detection (instance recognition). Essentially,
at every pixel, we wish to classify not only the type of object (or background) the pixel is part of, but also
determine which instance the pixel is part of.

Not unsurprisingly, instance segmentation networks rely heavily on existing object detection networks.
This lecture will cover one particular instance segmentation network, called Mask R-CNN. Mask R-CNN
modifies the Faster R-CNN architecture and adapts it for instance segmentation with minimal overhead.
Mask R-CNN is the current leader in instance segmentation performance.

This lecture is designed for students with understanding of object detection networks. If you are unfa-
miliar with R-CNN, Fast R-CNN, or Faster R-CNN, read our lecture “Object Detection” before proceeding.

2 Mask R-CNN

Mask R-CNN is a modification of the Faster R-CNN architecture. The authors noticed that a previous
“fully convolutional instance segmentation” (FCIS) solutions, which performed segmentation, classification,
and bounding-box regression simultaneously, although they ran fast, exhibited low segmentation accuracy,
especially on overlapping objects. Mask R-CNN therefore takes a different approach, decoupling segmentation
from classification and bounding-box regression. Mask R-CNN thus adds a separate mask “head” to the
Faster R-CNN network. This is shown in the diagram below.

The mask “head” is simply a small fully convolutional network that outputs an m × m mask for each
region proposal. We use a fully convolutional network rather than fully connected layers so we do not lose
spatial information. A fully convolutional solution requires fewer parameters than previous fully connected
solutions while simultaneously increasing accuracy.

The two diagrams at the bottom of Page 2 show a different visualization of Faster R-CNN and Mask
R-CNN. Besides the additional “mask” head of Mask R-CNN, you may have noticed RoIAlign replacing RoI
Pooling. We will cover this in the next section.
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