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Abstract— Artificial Intelligence (AI) is a humongous field
which is potentially solving tones of real-world computational
problems. With increasing implementation, there has also been
an improvement in algorithms of AI. It includes high scale data
management and operations, which slows down the process due
to memory and performance limitations. All these issues are
resolved when an interdisciplinary field of AI with Quantum
Computing is brought into the picture. This paper focuses on
the potential applications of Quantum Computing in the field of
Artificial Intelligence and Machine Learning with the aim of
solving the performance issue and lack of computing power
faced by current intelligent systems.

solve the problems with intelligence which is similar to
human intelligence but in a much faster way in comparison
with traditional computing systems [5]. Depending upon the
increasing trend in the implementation of AI applications, it
is clear that Industries have known the importance of
Intelligent systems. Today, most of the researches involve AI
as one of the key concepts. AI has different algorithms that
work differently and is chosen depending upon the type of
data and problem. Example: Machine Learning, Computer
Vision, Natural Language Processing, etc. Moreover, AI
gives real-time analysis and decision-making power to the
machine reducing the processing time [6]. That’s the reason
it is also being used in a technical, operational and
computational field of study. The task of AI system includes
application, implementation and self-correction. AI is
already impacting the world economically, socially and
politically and also improving the living conditions. Efficient
energy usage paradigms, analysation of climate change,
agriculture and irrigation practices, all of these can be
monitored and recognised using AI systems. But there are
certain drawbacks of current AI systems [7].
The author has tried to discuss the current drawbacks
and their solution using Quantum concepts. This paper
demonstrates the different applications which are the result
of the fusion of Intelligent systems and concepts of Quantum
computing.
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I. INTRODUCTION
Quantum Mechanics is one of the biggest achievements
of 20th CE, giving an answer to various modern physical
theories. By time Quantum Mechanics could find a way to
enter into computer sciences. Quantum Computing is the
application of concepts of Quantum Mechanics to increase
computing power over classic computers [1]. In a classic
computer, the computational task is carried in form of bits
which can take the value 0 or 1. Whereas, a quantum
computer works on qubits. Qubits have some idiosyncratic
quantum properties that mean a connected group of them can
provide way more processing power than the same number
of binary bits. One of those properties is known as
superposition and another is called entanglement. Even
qubit can take value 0 or 1. However, due to the quantum
concept of superposition, a qubit can take multiple states
simultaneously. Thus, a quantum computer can carry out
power tasks with less computing power [2]. Quantum
machines are also great for optimisation problems because
they can crunch through a vast number of potential solutions
extremely fast. These days, quantum computing has come up
with many applications like optimisation of classifiers,
circuit and software fault simulation, cyber security,
computational chemistry, genetic programming etc. But one
greater branch of application arises when concepts of
quantum computing are applied to Artificial Intelligence and
other advanced intelligent systems [3], [4].
Artificial Intelligence (AI) is the exhibition of human
intelligence by a machine. It is made in use to solve large
computational problems dealing with a large amount of data
which cannot be solved by a human. Computer Intelligence
is the ultimate goal of AI systems. Although, AI tries to

II. QUANTUM INTELLIGENT SYSTEMS
With the aim to increase the computation power
researchers tried to implement quantum concepts in machine
learning, fuzzy systems, Neural Networks, Bayesian
networks, etc. All these applications are explained in depth
below:
A.
Quantum in Machine Learning
Machine Learning is all about finding a pattern between
the independent and dependent variables of the data. There
are different types of Machine Learning problems,
Supervised and Un-Supervised Machine Learning depending
upon the type of data. But again, sometimes there are
hardware and software challenges for the implementation of
Machine Learning algorithms. The certain problem requires
large training time, sometimes processing issue and other
computational errors. Thus, quantum systems can help get
over these issues and problems. It can increase the efficiency
of Machine Learning systems as it is capable of drawing
1
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patterns in data more proficiently and with lesser response
time [8]. Machine Learning involves the classification of ndimensional vectors. Classical system for solving such
problems characteristically take time polynomial in the
number of vectors and the dimension of the
space.

for retrieving and storing geometrical shapes in the quantum
mechanical system. The study aimed at enabling emergent
quantum technology to be used in high impact scientific
disciplines in which extensive use of image processing is
made. Quantum algorithm can be also applied for image
enhancement. Researchers in [19] aimed at the enhancement
of medical images for classification purpose using quantum
algorithms. Image processing is widely used for object
recognition and tracking in every field especially the security
industry. In [20], the author used the concept of Quantum
Mechanics- Schrödinger’s for mathematical segmentation of
the model to increase the performance of such an object
recognizing paradigms.

Fig. 1: Comparative block diagram of simple Machine Learning system
and Quantum Machine Learning system [9].

D.
Quantum Fuzzy Logic System
Fuzzy logic system is a computation logic system that
resembles human logic. It has application in numerous fields
including Artificial Intelligence. Fuzzy systems can be
implemented using Quantum concepts. In [21], the behaviors
of the humanoid robot were programmed using binary
circuits, fuzzy circuits and quantum circuits. Quantum
systems can be also applied to develop certain aspects of
information processing using fuzzy logic [22]. Quantum
system reduces the number of calculations so as to calculate
fuzzy numbers. Since the fuzzy numbers are encoded with
the help of superposition of qubits [23].

Quantum computers are upright at deploying highdimensional vectors in large tensor product spaces. Quantum
machine learning can take log(t); where t is the tin
processing both- the number of vectors and their dimension,
thus providing an exponential speed-up over classical
algorithms [10]. In [11], authors tried to implement an
optimized binary classifier i.e. Support Vector Machine
(SVM) on a Quantum Computer which ensured efficient
performance of the model. Whereas in [12], authors
implemented the machine learning to autonomously generate
algorithms that can be used for adaptive feedback scheme for
quantum measurement. In order to accelerate machine
learning algorithm, researchers tried to implement
Unsupervised ML algorithms over a small photonic quantum
computer which gave them astonishing results [13].

E.
Quantum in Intelligent Robotic System
Robotics and automation are the other advancing branches
of AI systems. Robotics is a vast branch which is somehow
linked to various other computational fields. Also, it has
stepped in the world of quantum computers. Quantuminspired computational intelligence is the solution for many
robotic elements. Systems like Adaptive quantum mutation,
Quantum logarithmic search, Quantum associative memory,
etc. can be of utmost importance in the field of robotics [24],
[25]. According to a study, this fusion of quantum concepts
with robotics systems can reduce the complexity of the
searching algorithm for robots. In [26], they implemented
quantum reinforcement learning algorithm to impart
intelligence in robots. With the implementation of Quantum
measurement and amplitude amplification in Quantum
Computation so researchers proved to be successful in
designing a navigation system for robots. The concept
proved to be more robust to the learning rates over
traditional system [27], [28]. According to research,
Grover’s algorithm can help the intelligent robot learn faster
and become more intelligent [29].

B.
Quantum Bayesian Network
Bayesian model is a probabilistic acyclic graphical model.
Bayesian networks and graphical models are better suited for
the classical system as they are much more natural than a list
of conditional dependencies. Bayesian network is also used
as a classifier and has high dominance in AI [14]. The
concept of Bayesian network can be also implemented using
quantum adiabatic algorithm [15]. A Quantum Bayesian
Network is similar to the classical Bayesian network except
that the real probability numbers are replaced by quantum
probability amplitudes [16]. In [17], Bayesian networks and
their accompanying graphical models are widely used for
prediction and analysis across many disciplines. We will
reformulate these in terms of linear maps. The mentioned
reformulation will bring forth a natural extension, which can
be shown to be equivalent to a standard textbook of quantum
mechanics. Therefore, this extension will be termed
quantum.

F.

Quantum Neural Network

When we speak of AI systems, there are various
algorithms to approach a problem. One such algorithm is
Artificial Neural Network (ANN). ANN is the intelligent
modelling of artificial neurons inspired from human brain
functioning. It is the imitation of human brain structure and
information processing to strengthen machine intelligence.
The human brain consists of billions of neurons. Each
neuron is connected with thousands of other neurons, and

C.
Quantum Concepts in Image Processing and
Computer Vision
Principles of quantum physics prove that the computing
power of a quantum machine is enormous compared to that
of a classical machine. Encouraged by this idea many
researchers tried to implement Quantum concepts in the field
of Image processing. In [18], the author discovered a method
2
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receive information from them through dendrites. This
information is then stored in the human brain in such a
manner it can be distributed and information can be
extracted from the memory by processing it parallelly
when required. Thus, the human brain is made up of many
parallel processors. Similar to the arrangement of human
brain neuron is the placement of artificial neuron in multilayer ANN. Each neuron is connected to other neurons
with certain coefficients. During training, information is
distributed to these connection points so that the network is
learned [30]. Depending upon different factors like output
channel, network architecture, hyper-parameters, etc. the
training of ANN may consume a lot of time since it
requires a lot of computing power. Example: A 4
convolutional layer neural network with 100K+ training
size may take up to 5 days for training. To eradicate this
issue with ANN, there comes Quantum Neural Networks
(QNN). QNN is considered to be the next step for the
evolution of neurocomputing system. In traditional Neural
Networks, many patterns are stored in a single network
whereas since QNN can take multiple values at once due to
superposition it may be able to store multiple patterns in
multiple networks at once [31].In QNN, the input vector in
the first layer is encoded into quantum states. In [32],
researchers tried implementing QNN for speech
recognition. In this case, QNN models the fusion of neural
modelling and fuzzy systems. According to their
experiment, this algorithm helped in reducing error by 15%
over the backpropagation network.

soon as the need for computational advancements is
increasing day by day and will be at peak soon.

Advantages of QNN over ANN and classicial AI
Systems:

[10]
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