
Quantum Image Processing

GIACOMO ANTONIOLI

Title

Author



Focus of the seminar

• Fast encoding of images and filters 

• Efficient quantum convolutions 

• Fully quantum image manipulation algorithms



Image Processing

• Techniques 
• Problems

• Applications



Medical Imaging
Some Applications

Astronomy Microscopy



Image Processing

• Techniques

• Applications

• Problems



Techniques
Image Enhancement



Techniques
Image Restoration: Deblurring



Techniques
Edge Detection



Image Processing

• Techniques

• Applications

• Problems



Problems
Space

Time

55 million rendering hours



Let's think outside  
the box!



• Quantum Foundations

Quantum 
Computing

• Quantum Speedup



Quantum Foundations Quantum Speedup



Quantum SpeedupQuantum Foundations

Constant Balanced Problem



Quantum SpeedupQuantum Foundations

Classical Solution

O(2  )n



Quantum Foundations

Deutsch-Josza Algorithm

O(1)

Quantum Speedup



Quantum Foundations Quantum 
Speedup



Open Problems



, BRQI, MCRQIFRQI

Data Encoding
Quantum Image Representation

Amplitude
Phase FTQR

ContinuousMixed Discrete

QSMC, NAQSS NEQR



Data Encoding
FRQI NEQR



Data Encoding
FRQI NEQR



Data Encoding

How can we do it efficiently? Block Encoding
Is there another way?



Block Encoding



Block Encoding

FABLE method

Hamiltonian Simulation method

Linear combination of Unitary matrices



AlgebraBlock Encoding 



QImP



QImP Milestones

• Implement different data loading techniques 

• Implement image restoration algorithms 

• Implement object detection techniques 

• Implement image classification algorithms 

• Keep the quantum advantage



Research Group Milestones

• Study how to encode structured matrices 

• Study how to efficiently perform matrix 
algebra with these matrices 

• Exploit matrices properties for image 
manipulation (e.g. QSVD, QDCT, ...)


