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Instance Segmentation

Detection vs. Segmentation

* Detection: for object classification,
invariant representations is required
* Segmentation: equivariant
representations is required
Q Translated object ->> Translated mask
0 Scaled object -> scaled mask

Hardik Jain

* Equivariant:
Q  Convolution

« Invariant:
0 Pooling
Q  Fully Connected
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Various Computer Vision Tasks

Semantic Objoct
Segmentation

Classiflication

Detection

CAT
No spatial extent

No objects, just pixels
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Recap: Faster R-CNN
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Instance Segmentation

* Detect all objects in the
image and identify the pixels
that belong to each objects

* Don’t consider background as
an object

« Approach would be to
perform object detection then
predict a segmentation mask
for each object
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Instance Segmentation: Mask R-CNN
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Mask Prediction

Add a small mask

nerwork that operates
on each Rol and
predicts  a  28x28
binary mask




Masic R-CNN .

Classification Head
Fully Connected Layers
Tnvariant Clasgification Scores: !

Box coordinates (per

Rol Conv Cony.

Aln " Predict a mask for

Alen Segmentation Head P cach of C classes
Fully Convolutional netwbrk
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One-stage vs Two-stage Object Detectors m

Traster R-CNN YOLO

Mask R-CNN: Results

One-stage vs Two-stage Instance Segmenters m

Mask R-CNN YOLACT
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Slower, higher performance

Computer Vision (BITS
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Mask Scoring R-CNN m
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 Measure the
: intersection over
union between the
predicted mask and
ground truth mask

You Only Look At CoefficienTs (YOLACT) m

Predict a coefficient for To remove duplicate or
every predicted mask overlapping masks

Final instance
mask for each
object is created
by linearly
combining the
prototype masks
using the
predicted
coefficients

Features computed at
different scales

Generate k prototype masks

Computor Vision (RIS




Panoptic Segmentation

+ Combines both semantic and instance « It gives labels to uncountable objects called
segmentation to provide a more detailed *stuff* (sky, road, etc), similar to FCN-like
understanding of a scene networks.

+ Labels every pixel in s
category and an instance 1D

image with a semantic = It differentiates between pixels coming from
different instances of the same class (countable
objects) called *things" (cars, pedestrians, otc)

+ Objects in an image are typically classified into
two main categories: “things” and “stuff.’

Semantic Segmentation Instance Segmentation Panoptic Segmentation
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Scene Graphs

* Objects +
Relationships
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Beyond Object Detection and
Segmentation

3D Object Detection

« 2D Object Detection:
+ 2D bounding box
¢ (x,y,w, h)
* 3D Object Detection:
+ 3D oriented bounding box
(%, ¥,z w, h L, p,y)

12-02-2025

Dense Captioning

* Object Detection + Captioning
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3D Shape Prediction: Mesh R-CNN

+ Augments Mask R-CNN Input Image 2D Recognition

with a mesh prediction
branch /|
« Outputs meshes with 5
varying topological
structure

* First predicting coarse 12
voxel representations which
are converted to meshes

I

« And refined with a graph
convolution network
operating over the mesh’s
vertices and edges

3D Meshes 3D Voxels
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Universal Segmentation

« Single model capable of performing various image
segmentation tasks: Instance, semantic, panoptic

* Recent Advances:
« Multi-task learning
* Unified architectures

+ Transformer-based models
‘ S e
+ Prompt-driven models Sy ~ 5% = (D M

age

[T——

M/W/F-2 PM, 6108 @ BITS Pilani [[50]

T T
mage pompt ancota
e

=V

ple

T

v masks

—.".
=<

BITS Pilani

Pilani Campus

12-02-2025



