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How satisfied were you with the session content:

4. SECTION

48

Responses

12 respondents (25%) answered C for this question.

Excellent session C
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5. CONTENT

Level 5 N 34
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* kW level2 @ 1
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40 20 4B 2B X level 2 @ 1
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7. CONTENT DELIVERY

Level 5 I 29

4'50 Level 4 N 16
Average Rating Level2 @1
* % W W level 2 g 2
Level 1

Overall rating: Very Good




Quantum Computing for Image Processing

1. Introduction to Digital Image Processing

Digital image processing is a field that enhances, analyzes, and interprets images using computational
techniques. It is a cornerstone of modern computer vision systems. Human vision is the most advanced
sensory mechanism, and digital image processing aims to mimic and extend this capability through
computers.

The process includes converting an image into a digital form and performing operations using algorithms.
Digital images are classified into:

o Binary images (black and white),
o Grayscale images (monochrome intensity),
e Color images (RGB representation).

Applications of image processing span across fields like medical imaging, remote sensing, autonomous
vehicles, industrial inspection, entertainment, and scientific research.

2. Overview of Quantum Computing

Quantum computing is a transformative computational paradigm based on the principles of quantum
mechanics. Unlike classical computers that use bits (0 or 1), quantum computers use qubits, which can
exist in a superposition of states (both 0 and 1 simultaneously).

Key quantum phenomena include:
e Superposition: Enables parallel processing by allowing qubits to exist in multiple states.
o Entanglement: Links qubits in such a way that the state of one affects the state of another,
regardless of distance.
o Interference: Helps in amplifying the correct solutions and cancelling incorrect ones.

Quantum computing is poised to outperform classical systems for specific problems like cryptography,
optimization, and molecular modeling.

3. Evolution of Quantum Computing

The development of quantum computing is categorized into five major phases:

1. Theoretical Foundations (1900-1980) — Established by pioneers like Max Planck and Einstein.
2. Emergence (1980-1994) — Initiated by Richard Feynman's and Yuri Manin's proposals on quantum
simulations.




3. Quantum Algorithms (1994-2000) — Marked by the development of groundbreaking algorithms
like Shor’s (for factoring) and Grover’s (for searching).

4. Race to Build (2000-2021) — A competitive phase involving global tech giants aiming to build
functional quantum hardware.

5. Ongoing Advancements (2021—present) — With continued innovation, research, and the rise of
quantum supremacy.

4. Bits vs. Qubits

While classical computation revolves around bits (binary digits), quantum computing revolves around
qubits. A qubit, represented mathematically as a combination of |0) and |1) using complex probability
amplitudes, is a unit vector in a 2D complex vector space.

The Bloch Sphere provides a geometrical representation of qubit states, emphasizing the probabilistic
nature of measurement. Unlike bits, measuring a qubit collapses it to one of its basis states with
probabilities |af> and |B|* respectively.

5. Quantum Logic Gates

Quantum gates are the operational units of quantum circuits, similar to logic gates in classical computing.
They manipulate qubits through unitary transformations and can exist as:

e Single Qubit Gates: Identity (I), Pauli-X, Y, Z; Hadamard (H); Phase gates (S, T); Rotation gates
(RX, RY, R2).

e Two Qubit Gates: CNOT, CY, CZ, SWAP, iSWAP, VSWAP.

e Three Qubit Gates: Toffoli (CCX), Fredkin (CSWAP), Multi-Controlled gates.

o Special Gates: Clifford + T, Non-Clifford gates, Surface Code Gates, Transversal gates.

These gates are key in performing quantum operations essential to image transformation.

6. Image Processing Using Quantum Gates

Quantum Image Processing (QIP) leverages the power of quantum computation to enhance traditional
image processing methods. By encoding image data into quantum states, quantum gates are used to
process them, offering:

o Faster processing through parallelism,

o Better encryption due to inherent quantum security,

o Efficient compression and denoising,

e Reduced memory requirement for storing large images.

A classical image is encoded into a quantum state, manipulated using quantum gates, and decoded back
into a classical format post-processing.




7. Quantum Image Representations

Several quantum image models have been developed to store and process digital images:

1. FRQI (Flexible Representation of Quantum Images) — Encodes grayscale images using position
and intensity in qubits.

2. NEQR (Novel Enhanced Quantum Representation) — Provides an efficient model for image
retrieval and classification.

3. NCQI (Novel Quantum Representation of Colored Images) — Aims at representing color data

effectively.

4. OCQR (Optimized Color Quantum Representation) — Enhances efficiency in color image
encoding.

5. FRQCI (Flexible Representation of Quantum Color Image) — Focuses on color representation
flexibility.

These models differ based on how pixel intensity and position are encoded. Quantum image encoding
supports compact representation and parallel processing.

8. Classical vs. Quantum Processing

In classical systems:

o Bits are manipulated using logic circuits.
e Processing power increases linearly with transistors.
e Systems are error-resilient and operate at room temperature.

In quantum systems:

e Qubits allow simultaneous processing.

o Computational power increases exponentially with the number of qubits.

e Systems are error-prone and need ultracold environments.

o Best suited for tasks requiring parallelism, such as optimization, Al, and image processing.

A side-by-side comparison demonstrates how quantum computers offer a significant edge in handling
complex image tasks more efficiently.

9. Applications of Quantum Image Processing

Quantum image processing is a rapidly evolving field with potential applications in:

e Medical Imaging — Faster analysis and diagnosis.

e Remote Sensing — Quantum-enhanced satellite imaging.

e Autonomous Vehicles — Real-time object recognition.

e Industrial Inspection — Detecting anomalies in production lines.
« Artificial Intelligence — Improved computer vision systems.

e Document Processing — Efficient scanning and recognition.

e Entertainment & Media — Enhanced rendering and compression.




10. Future Prospects

Quantum computing is still in its nascent stage. However, as hardware matures and error-correction
improves, its role in image processing will grow. Hybrid models integrating classical and quantum
systems will be pivotal during the transition phase.

Researchers must focus on:

Developing robust quantum algorithms,

Designing practical quantum circuits for image processing tasks,
Ensuring reliable quantum-classical interfacing,

Exploring real-world applications beyond academic settings.

Conclusion

This presentation thoroughly explores the intersection of quantum computing and image processing.
While classical methods have served well, quantum computing opens new horizons for speed, efficiency,
and capability. Through concepts like superposition, entanglement, and quantum gates, image processing
tasks can be executed with unprecedented efficiency. Quantum image representation models like FRQI
and NEQR demonstrate real potential in storing and manipulating digital images. As research and
technology progress, quantum-enhanced image processing is set to revolutionize fields like medical
imaging, Al, and remote sensing.
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PRAGATI ENGINEERING COLLEGE

(AUTONOMOUS)

DEPARTMENT OF CSE (Artificial Intelligence & Machine Learning)

Learning is Supreme Deity

PEC / Admin / Circular / 2025 / Turing CLUB

Date: 24-06-2025.

All the staff, Pragati Turing club coordinators, Third year Students are informed that a seminar on

“Quantum computing for image processing” is being organized by Turing club & IAENG in
association with career Guidance cell. The details are given below.

Date: 28- 6-2025

Time: 1:30 PM to 3:30 PM

Venue: Online

Faculty Co-Ordinator: Mrs.L.Yamuna

Student Co-Ordinator: B.Harika Deepika (111 -year CSE (Al&ML)-23A31A42D4)
K.Navya Jyothi (I11-year CSE (AI&ML)-23A31A42E3)

Speaker: DR U.S.N RAJU
Associate Professor,
NIT Warangal.

Faculty coordinator HoD-CSE(AI&ML)
Copy to:

1) Chairman /All Directors / Vice President for kind information.
2) Vice Principal/Dean T&P for information.

3) All HoDs are requested to circulate among your staff members.
4) Convener-Career Guidance cell

5) Office File.
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