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ABSTRACT

Object recognition is one of the important tasks in computer vision applications which include surveillance
systems, vehicle monitoring, and robot navigation. For detecting objects, the system requires certain
components such as model databases, feature detectors, and hypothetical verifiers. This paper reviews various
existing research work in the areas of object tracking, recognition, classification, and appearance information
from image and video scenes. Finally, the study extracted the research gaps after reviewing the different existing
studies.
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INTRODUCTION
Object recognition is a technique in computer vision to detect objects in images and videos. It is also an
important outcome of algorithms of deep learning and machine learning. Computers, unlike humans, cannot
detect people or objects readily by looking at photographs or watching videos. Therefore this technique is
employed in order to do so. Driverless cars work on the basis of a technique called object detection. This
technique enables them to detect a stop sign or to differentiate between pedestrian and lamppost. It finds its
applications in fields such as applying bio-imaging to detect a disease, inspecting in industries, and robotic
vision.
OBJECT RECOGNITION
Object detection and recognition are analogous procedures to recognize objects but execution procedure varies.
Instances of objects in images are found while detecting an object. The object is detected in deep learning where
the object is also located in an image. This results in the identification and location of multiple objects in the
image.
OBJECT RECOGNITION TECHNIQUES
Various techniques of recognition of an object were developed based on the motivation obtained by the
challenges and the relevance of object recognition. These include:
Appearance-based: In order to generalize the recognition systems, this technique is used. It is successful in
handling 3D arbitrary objects with a disorder or partial obstruction. It uses only appearance attributes as input
therefore different 2D views of the objects are captured to obtain global and local features. The local feature
includes information such as the color, gradient, or gray value of a certain pixel whereas global features include
an entire image where all pixels are taken into consideration.
Model based: This technique uses the object model to create a few changes to plot the model into a sensor
coordinate system. The geometric algorithms are used to detect the object using computational geometry.
Template-based: It is a simple technique that locates an object on the basis of a template. For matching the
template with the object in the input image, multiple geometrical parameter iterations such as scale and rotation
are executed to detect the required object.
Region based: Depending on different predefined regulations, a directed graph is constructed using the original
input image. Information regarding the global shape of the object is extracted when the graph is built.
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Deep Learning: Deep learning is an advanced technique of representational learning. It finds its application in
object recognition where the drawbacks of traditional techniques of machine learning are taken into account.
The conventional techniques have lesser capability of processing raw data. Areas of speech recognition and
object detection are improved which makes deep learning preferable. It’s basically a subdivision of machine
learning which consists of methods of various levels. The composing module from which the representation of
data is obtained converts the depiction at one level of abstraction to several levels. A set of features such as
texture, a mixture of color, and the shape of an input image are extracted by the above-gathered information.

CONVOLUTIONAL NEURAL NETWORKS (CNN)
CNN is also referred to as ConvNets, a standard neural network. The architecture of ConvNets is well reformed
to problems of classification. This allows to train at a faster pace leading to the establishment of a network with
many layers. Due to this reason, it is used in several algorithms for the recognition of an object. CNN also
permits to train core layers. Consequently, local receptive fields, pooling, and shared weights and biases were
adapted to avoid it.
Local Receptive Fields:
One of the characteristic features of ConvNets is the usage of local receptive fields when compared to a
common neural network. This local receptive field links the convolutional layer input pixels into a layer of
hidden neurons. No connection will be established between them. Instead, convolutional layers will be
connected to a confined small area of the image given as input.
Pooling:
Another distinguishing characteristic feature of CNN is the presence of layers of pooling. The primary function
of these layers is to reduce the information obtained from the convolutional layers.
Shared Weights and Biases:
CNN could be distinguished from a standard neural network based on the applications of shared weights and
Biases (which is also known as a filter) for every hidden neuron. The feature of the previous layer extracts a
similar response from all neurons in a convolutional layer. Translation invariance property of the CNN
translates the image, allowing the bias to detect its features.

CHALLENGES IN OBJECT RECOGNITION
Various researches are conducted presently in the field of object recognition and detection in the last two
decades. This research is multi-disciplinary since it involves image processing, machine learning, linear algebra,
topology, and various other fields. Providing a summary of almost all state-of-the-art approaches is challenging
and time-consuming due to its diversity. Such algorithms are classified into the learning phase and the testing
phase. In the learning phase, the machine is trained to recognize objects belonging to explicit pre-determined
classes. Whereas in the testing phase, the algorithm is used to recognize the specified class objects from the test
image(s) utilizing its knowledge. The algorithm for the learning phase is subdivided into learning through
training and learning through validation. The training dataset is employed to study templates of objects of
specified classes. The training images after pre-processing are transferred to the learning block based on patch-
based features. The learning block further studies the features that distinguish each class. The features learned
are stored as object templates (weak classifiers) and is stated as learning through training. The learned object
templates are verified against the validation dataset for assessing the current object templates. These object
templates can achieve a higher accuracy during testing by the application of boosting techniques. The above
phase is called learning through validation. On completion of this stage, strong classifiers are obtained. Some
definite features of this system include different characteristic types, feature generation process, learning
characteristic features of the object class, template representation, and many more.

RESEARCH PROBLEM
Identifying an object from multi-view is a different class of problem and quite challenging owing to various
reasons. The various research problems are addressed in the proposed studies are as follows:
» Fluctuating State of Illumination: Normally, the visual sensors are quite sensitive to light intensity, and its
outcome may sometimes result in varying degrees of detection and recognition. It is an inevitable external
problem that calls for a method with precise detection first and then recognized as the next step.
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» Varying Degree of Occlusion: Objects are identified easily in standalone condition with a static
background. However, they pose a significant challenge when a clutters of objects move in the scene,
turning the targeted object partially opaque. The dynamic mobility of an object is considered a problem.

» Object Classification: Existing approaches of object recognition offers lesser emphasis to the morphology
of an object. Without considering the discrete feature of an object, it is not feasible to recognize an object
in motion.

EXISTING RESEARCH WORK TOWARDS OBJECT TRACKING AND DETECTION
The works of [1] have addressed the issues of high noise and low resolution in object detection. To enhance
detection of the object, [1] had suggested fusing of information from the multi-view image sequences. Hence,
two different recognition algorithms were presented based on SIFT feature points. The first algorithm act on a
single image where chirality constraints are used to minimize the recognition errors (taken place during
matching of small feature points). The feature points are tracked using the second algorithm that fuses the
feature points from the multi-view images. The outcome of the [1] suggested that it yields robust recognition.
The same kind of work is observed in [2], where an edge orientation based mechanism was used. In [2], the
edge point orientation was combined with the multi-view image moments and are named as feature vectors. The
matching of likelihood objects was obtained by computing the Euclidian distance among the unrecognized
features and computed features vectors. Further, a coefficient was introduced to find the best match of the
objects. The outcomes suggest that [2] has achieved 91.5% accuracy (tested for 320 samples) in recognition in
the 5-view scheme.
A unique work of [3] had considered 3D object recognition and had introduced an automatic view selection
approach by using a shape-based method. The boundary of each view is considered as a 2D shape and
represented as a curvature scale space (CSS) image contours. The author [3] had considered 15 different views
of aircraft images and obtained its optimized form of Silhouette contours. The outcomes of CSS representation
indicates that [3] had offered robust and efficient 3D free form object recognition and it could be applicable for
large scale database retrieval applications.
A similar approach is found in [4], where the author emphasized image retrieval issues in object recognition.
Hence, a shape space-based object recognition approach was presented, where similar features were extracted
from the objects of other classes and recognized as a single point (shape space). For object recognition,
Euclidian distance is measured among observed object and shape space. The proposed [4] can be helpful in
image processing that is easily detectable by humans.
A shape similarity retrieval mechanism under the affine transform was presented to represent and recognize the
multi-view object[5]. Here, the affine transform was considered to examine the impact of 2D shapes over-
representation. A large set of a database, having different shapes of multi-view was taken into consideration.
Out of ten different aircraft shapes, silhouette counters are obtained at different views. The outcomes yield that
the use of the CSS approach can bring more robust recognition in the multi-view representation.
A similar approach is found in [6], where the author is focused on a multi-view recognition technique with a
compact global image descriptor combined with orientation sensor data. Hence, an efficient approach is
proposed [6] to represent the image with KD-Tree indexing.
The study of [7-8] addresses the problem in recognizing the objects from distinct heterogeneous views and come
up with a novel solution, namely a Multi-view Discriminant Analysis (MvDA) approach. The framework aims
at solving multiple linear transformations by incorporating a robust method of optimization (Rayleigh quotient).
The computationally derived technique attains multiple linear transformations by analytically formulating the
generalized eigenvalue decomposition. It also assesses a constraint factor to strengthen and implement the view-
consistency of multiple linear transforms. The validation of the presented schema is performed based on three
different tasks. The extensive simulation outcomes were obtained based on analysis and experiment considering
PIE, CUFSF, and HFB databases. It shows that MvDA attains significant performance improvement in contrast
with the well-known outcome obtained from the frequently cited techniques.
The et al. [9] worked on the limitations encountered in single view action recognition policy using the multi-
view information. The above limitation was dealt with by introducing a multi-view action recognition policy
that involves a set of optimized computational steps such as fuzzy vector quantization, membership vector
exploration, etc. It also proposed an efficient machine learning model based on a feed-forward neural network.
The outcome of the optimization policy shows that it successfully reduced the dimension of the new facture
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space and also improved the degree of accuracy. The experiment has been carried out on the KTH and UCF50
action recognition database.

The authors of [10] presented a method to reconstruct the three-dimensional shape of a moving instance from a
video data object. The performance assessment of the system shows that it is robust against occlusion and can
easily handle the stationary features from multiple videos. It also shows that the method can efficiently remove
the outliers from SfM reconstructions. The algorithm is applied over 25 sequences from the video dataset and
evaluated concerning ground truth. It shows that it accomplishes an average point distance of 3.3 cm, which is
superior in this case.

The development of recognition accuracy is increased whenever the information of multiple sources is
integrated, but in all collected data, some data is out of work. The study of Christoudidias et al. [11] has focused
on the problem of distributed object recognition. This study is optimized where the availability of computational
power is limited/restricted at each camera sensor, and the communication channel between cameras is
prohibitively costly to implement. To avoid this problem, the authors have introduced an unsupervised multi-
view feature selection method based on a distribution coding algorithm. In this technique, they adopted a
Gaussian process design as a receiver to achieve a joint encoding of the views without directly sharing between
encoders. The experiments demonstrate that the presented technique is better for indexing and recognition of
each information obtained from each camera.

The work of [12], have focused on the problem of multi-view embedding from different visual sources. To solve
this problem, authors have presented a unified, extensible subspace learning scheme for multiple views like
nonlinear embedding and supervised learning. In this framework, various techniques included partial least
square regression and canonical correlation analysis. The experimental result demonstrates that the presented
technique provides a better result when compared to nonlinear schemes.

The recognition of any object from random characteristics is always a challenging issue for computer vision and
the applied engineering field. In the present day, various techniques are proposed, and these are concentrated
mainly on specific viewpoint detection. The work of [13] provided a new recognize design that based on the
combination of Gabor transform with LBP variance to avoid the problem of various viewpoint and pose
changing challenge. The idea behind using this technique is to extract and reveal the unseen pose of the object
and then recognize the object accurately. The authors have compared this presented technique with some other
recognition methods and found that the presented technique is more efficient for recognition as compared to the
previous ones.

The work of Velas et al. [14] had presented a multi-view recognition scheme to develop the flexibility and
effectiveness of this recognition technique in a dynamic environment. The advantage of using this multi-view
technique is to overcome the problem of camera noise and the problems related to clutter. The presented method
is assumed only in static conditions. The authors have shown that incorporating the change detection and
correction of the inherent scene inconsistencies decreased false positive detections by 70% on average for
dynamic objects which were tested on the TUW dataset. The experimental result illustrates that the presented
technique decreased computation time to 16%.

The work of [15] provided a technique for a pose and multi-view recognition of an object. This technique is
concentrated on modeling the object using an image. The presented technique is focused on the pose and the
posture condition of the 3D image. The presented technique is to adopt the HOG and SVM algorithm as the
classifier of the basic object. The experimental result demonstrates that the presented technique improved the
performance of recognition with better accuracy as compared to other methods.

The author [16] had introduced an included answer to identify dynamic objects in surveillance videos by using
different contextual data. This explanation contains three mechanisms. The first one is a multi-view object
depiction. It restrains a set of deformable object patterns, every of which includes a collection of active
characteristics for an object group in a precise view. The template may be studied effectively via a small set of
positive samples without a negative sample. The second element is a united Spatio-temporal background
prototype that combines two kinds of background data in a Bayesian method. The third element is a robust
sampling-based deduction process. This method performs the profits gain from the Spatio-temporal contextual
data are calculated quantitatively on many challenging datasets, and comparison outcomes show that their
presented design outperforms other state-of-the-art designs.

The work of [17] has invented a new approach to multi-view object recognition from 3D images. The study
considered the local-shape descriptors and voting strategy to support the unsupervised objects generated from
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3D objects. The algorithm implementation begins with a single view object recognition process and combined
the specific objects based on voting priority.
The algorithm was implemented for the recognition of "Washington RGB image" datasets that contain multiple
verities of image objects. The results analysis shows good performance in multi-view object detection in RGB
image datasets.
Park et al [18] focused on the research topic of living activity-based multi-object tracking systems to recognize
the object statistics. In this experimental study, the authors utilized a distributed multi view image and RFID
system. In the experiments, authors considered a kitchen activity (Drinking water) where an observation is
divided into six sessions (i.e., 1 through 6) in sequential order. Here, an object wears the RFID reader on his
wrist, which recognizes the nearest objects and evaluates the object statistics. The proposed study can provide a
multi-object tracking system with effective results.
Multi-view object recognition is challenging research because different views contain complex view structure
information. The conventional techniques do not provide favorable results and may not distinguish common
data and view specific data, causing problems for downstream vision process. In this regard, Han et al [19]
introduced a multi-view recognition model to solve the multi-view generation problems. He also implemented a
multi-view back propagation algorithm that efficiently transforms the data from different views into a common
view. The experiments provide qualitative results in the state of the art of multi-view gait recognition.
In computer vision, object recognition is a significant research topic, where tremendous progress has been done
in object recognition and classification using different techniques. Hao et al [20] proposed a 3D object detection
framework that detects and classifies the 3D objects from the cluttered image, precisely estimate the viewpoints
in the given test image. The authors addressed the two key challenges to represent 3D object modeling. In this
regard, the authors developed a dense multi-view object representation model using a learning algorithm. This
algorithm builds the object classes from the unsorted images and aligns the arbitrary poses during the training
process. The experimental analysis shows superior performance in viewpoint classification.

The problem associated with the recognition and identification of ordinary house-hold objects in a real

environment is one of the major concerns for service robots. In a similar direction of research, a work of

Georgakis et al. [21] presents a method for the identification of commonly encountered house-hold objects. The

authors considered a different dataset consisting of an RGB-depth image of kitchen views, including dense

samples of multiple kitchen countertop views with 2D and 3D annotations. The author has constructed many
detection baselines, considering the kitchen dataset and further applied Convolutional Neural Networks (CNN)
and a non-CNN-based approach. The experimental result of the study shows the effectiveness of the presented
approach compared to similar existing approaches.

CONCLUSION

This paper reviewed different object detection, tracking, feature descriptions, and segmentation methods based
on image and video frames. Object detection or tracking is an integral part of computer vision and image
processing applications. It has been analyzed that considerable research work has already been done by
researchers in the last few years in the field of object detection from image and video scene. While the existing
object detection methods provide a considerable outcome but accurate detection is still challenging due to
various factors such as illumination problems, occlusions, and dynamic background or the objects in an
uncontrolled environment.

Based on the review, an important direction has been achieved to arrive at open research issues as discussed

below:

» Existing object detection studies have encountered many challenges such as blurred scenes, poor lighting
conditions, dynamic movement of objects, and background.

» Many applications need to detect multiple object classes. If multiples classes are detected, then processing
speed becomes a critical issue.

» Various prior art techniques, subject to identifying a single object in a single view are insufficient to handle
posture variations. Therefore, there must be an approach or model considering the deformation factor that
can deal with fuzzy parts and higher pose variation.

» Efficiency is also a critical issue in object recognition. It has been analyzed that various techniques suffer
from providing the efficient result in the classification process with numbers of image patches

» Achieving an effective segmentation process under high complexity is a challenging task in the existing
research work for object detection.
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»

»

It is easy to segment objects in multi-models that use depth images, however, an efficient method towards
detecting specific classes is missing, probably due to the requirement of higher resolution depth images.
Spatial and temporal information in different frameworks provides a crucial role in understanding object
behaviour and performing its classification. However, it has been found that the accuracy of most existing
works is affected by the appearance of degraded objects in the video and the network is usually not trained
end-to-end.
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