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ABSTRACT
The work focuses on object recognition to perform a set of closely related tasks in the field of computer
vision, involving object detection and identification. Image classification involves an array of tasks like
identifying the class of an object in an image. An object that is identified can also be precisely localized
and a bounding box is drawn around it. Object detection combines both localization and identification
and classifies one or more objects in image. For Object recognition, a technique called ‘Mask Regionbased Convolution Neural Networks’ or Mask R-CNN is used. It is an extremely efficient approach for
object localization and recognition tasks. It is an extension over Faster RCNN method by adding a
parallel process for the prediction of a highly accurate object segmentation mask that conforms to the
bounds of each detected object in the Region of Interest (RoI) by performing pixel by pixel analysis and
classification while still staying highly performant. By using the above methods, individual objects can
be identified more precisely than with precise localization. It is also easy to generalize the algorithm to
other tasks like estimating the pose of a human in the image or applying a color filter to the image
selectively on any object
Keyword: Image Segmentation, Object Recognition, Computer Vision

1. INTRODUCTION
Image processing is a technique used to perform a wide range of computations on an image, in order to
enhance the image or extract some useful information out of it [1-3].Digital image processing enables a
wide range of algorithms to be applied onto an input image and perform tasks like refining the image of
its noise, improve brightness, contrast, saturation and other characteristics of the image. It also enables
advanced operations like object detection and localization, human pose estimation, etc. [4-7].
Image processing analyses images the way they are built - in two dimensions of x and y axes, however
the algorithms used in processing these images are modelled as multidimensional systems. The image
data goes through a series of processes namely pre-processing, enhancement, display and information
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extraction. It attempts to automate tasks of the human visual system. The process of partitioning an
image with the aim to simplify, and change the representation of the image into something which is
easier for analysis into multiple segments is known as image segmentation [8]. Image segmentation also
involves the process of assigning a label to every pixel in an image. Pixels with the same label share a
certain set of characteristics and are said to belong to the same class. Processing an entire image is not a
great idea as there will be regions in an image with no useful information and this would cause an
additional burden on the processor. Thus, the image is divided into specific segments - called the
Regions of Interest - which may potentially contain important features for analysis. This reduces load on
the processor while also directing focus of the analysis where needed [9-11].
The technique of building bounding boxes in an image by considering each class in the image is called
as object detection and localization.
The shape of an object is not described in object detection. While bounding boxes only localize the
objects in an image, a need for marking the exact border of an image arises, for use cases like
computational photography or obstacle avoidance. Thus, in image segmentation, a pixel-wise mask is
created for each and every object present in an image. It also enables granular understanding of the
objects in an image [12-15].
Advancements in these realms have been hugely driven by powerful baseline algorithms utilizing
Convolutional Neural Network frameworks for object detection and segmentation. These methods are
conceptually intuitive and offer flexibility and robustness, together with fast training and inference time
[16].

2. RELATED WORK
A detailed explanation of the papers to explore the existing research, the approaches and the drawbacks
identified is given in the following section.
The work discussed in this paper majorly draws inspiration from the paper titled Mask RCNN by
Kaiming He, Georgia Gkioxari, Piotr Dollar, Ross Girshick presented in the Facebook AI Research,
2018 by implementing the Mask RCNN algorithm using simpler frameworks. The research paper titled
‘Fast R-CNN proposes’ a Fast Region-based Convolutional Network. It improves training and testing
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times and accuracy in very innovative ways. The paper ‘Towards real-time object detection’ introduces
utilization of a Region Proposal Network that works in full synchrony with the network used for object
detection. It predicts object extents and prediction scores with a single pass with high-quality region
proposals. The ImageNet framework is very effective in generating region proposals and is one of the
best contenders when choosing an FCN to identify ROIs and identifying the pixel set [17].
Selective search is a viable option for object recognition when the issue of generating all possible ROIs
becomes increasingly exhaustive. It uses image of an image for sampling while also attempting to
capture all possible ROIs exhaustively. It generates a set of ROIs, reinforced by the data in the image.
In other works of research, it is found that very deep CNNs increase detection accuracy in image
recognition [18-19].
Feed-forward networks with a top-down refinement approach provide great analysis of pixel level data
as well as ROI-level information with over 15% increase in accuracy in comparison to conventional
approaches when a bottom-up/top-down architecture is used.
Instance-aware semantic image segmentation tasks have been recently implemented using Fully
Convolutional Networks. An image is fed to the FCN, where it passes through a series of convolutional
layers, and generates likelihood score maps for all classes on a pixel-by-pixel level [20].
There are always Speed/accuracy trade-offs while performing object detection tasks using modern
convolutional networks. An architecture has to be decided for the CNN that achieves the right balance of
speed, memory and accuracy for the use case scenario in question and the hardware available. The
Faster R-CNN framework, RFCN and SSD systems are viewed as “meta-architectures”. At a high level,
they consist of one CNN containing feature extractors. These CNNs are trained with the objective of
instance classification. A sliding window approach is used to analyze each available ROI that has been
generated earlier and make the best prediction out of overlapping pixel regions in the collection of the
ROIs. Some samples of work in the paper Simultaneous detection and segmentation attempts to detect
all instances of a particular class once one instance is found. It has shown promising results with a 7
point boost over the baselines on SDS, a 5 point boost over semantic segmentation, and performance in
object detection [21-26].
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Multitask Network Cascades are explored for performing instance-aware semantic segmentation, in the
paper titled ‘Fully Convolutional instance-aware semantic segmentation’. The model consists of three
networks, one each for differentiating instances, estimating masks, and categorizing objects [27-31]. The
Multitask networks are designed to share their convolutional features for achieving the segmentation
tasks with significantly lesser load on the processing unit [32-37].

3. METHODOLOGY
The computational system is laid out in two steps by design. Figure 1 explains the flow of image-pixel
data through the structure of the Mask RCNN Algorithm.

Figure 1: Mask RCNN Data flow Diagram
First stage: A CNN called the region proposal network (RPN) is used to scan the whole Feature Pyramid
network. This process generates a set of Regions of Interest and creates anchors for each ROT. An
anchor is a bounding box around the extent of a proposed ROI [37-42]. This stage classifies a ROI only
as either an object or a part of the background.
Second stage: An algorithm called ROIAlign figures out the relevant ROIs from the ROIpool without
the help of anchors and feeds these ROIs to two parallel branches [35]. One of these branches runs the
image through multiple Convolution Neural Networks and generates a pixel-level or pixel-group level
segmentation mask around the object while the other branch runs it through multiple fully convolution
networks reinforced by pre-trained weights to identify the object within the ROI [43-48].

4. IMPLEMENTATION AND RESULTS
The system improves on the pre-existing approach of Faster Region Based Convolution Neural
Network, by adding a mask prediction branch towards the end of the bounding box prediction flow as
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seen in Figure 2. The major Convolution Neural Network (CNN) utilized is the ResNet-50, a CNN that’s
50 layers deep and is very commonly used for processing feature rich images.
A Feature Pyramid Network is constructed that utilizes lateral connections within the network from the
input to extract features of an object within anRoI. If the ground-truth of anRoI evaluates to a probability
of over 0.5, then it is picked for bbox generation, otherwise it is discarded.

Figure 2: Network Head Implementation of the algorithm
For the branch that generates masks, a smoothening factor has been implemented to vary the load on the
processor by tweaking the edge accuracy of the mask as they’re found to vary inversely.
Following are the individual modules that are in the prescribed architecture:
Backbone: A CNN is implemented to extract features from the input image starting from the lower level
detail like the edges and extents of an object progressing towards more precise detail towards the later
layers in the CNN. Three backbone structures are commonly implemented: ResNet101, ResNet50 and
MobilNetV1.
Feature Pyramid Network: This part of the architecture allows the detection of small details in the
image. It creates a pyramid-like representation of the feature network that has been generated earlier and
reinforces the detection of intricate details in a detected object.
Region Proposal Network: The RPN is a neural network that is not as deep as the conventional CNNs. It
conducts a progressive scan over the image with a sliding-window approach and enlists all potential
Regions of Interest and assigns anchors to each of them. These ROIs overlap and are of varying sizes
and aspect ratios to get the most out of the object recognition task that relies on these anchors.
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The results achieved with the implementation of this work were satisfactory with accuracy of class
prediction averaging slightly less than accuracy of bounding box generation and mask generation.

Figure 3: Compilation of results
As seen in the Compilation in Figure 3, the algorithm predicts bounding boxes around each instance of
recognized objectin each RoI. Further on, it is found to draw a segmentation mask around the rough
extents of each of the identified object instances within their RoI. It is also found that varying the
smoothening factor during of mask generation inversely affects the mask edge accuracy. A class label is
mentioned on the top left of the bounding box along with its confidence factor ranging between 0 and 1.
Some inferences are found to be erroneous as with the sole nature of prediction algorithms but these
have been found to be in less than 5% of the testing instances.
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