
Photonic Processor

An OptoPC project



Parallel Optical Computing System

OptoPC project



The project
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Photonic processor key Features
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• Use light as Information carrier

• Use  LCD as information modifier (Spatal Light Modulator)

• Very High parallelism

• Very low power consumption

• No thermal dissipation

• No fans, no cooling,no acoustic and thermal noise. 

• Ideal for Carbon foot print



Photonic phisics

Photonic phisics
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the device

Photonic phisics
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LCD

How  LCD work s as phase shifter
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the device

How  LCD work s as phase shifter
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feasibility study

Testing and prototyping
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Binary coding

LCD can manipulate millions rays
In parallel and each ray
Can have 2,3.4……32 symbols



Adding a second LCD means manipulate data out

P
f

LCD1 Pf LCD2 out

V 0 V 0 V

V 0 V 1 H

V 1 V 0 Black

V 1 V 1 Black



With two  LCD we can make logic gates
Pf LC

D1
Pf LCD

2
out

V 0 V 0 0

V 0 V 1 0

V 1 V 0 0

V 1 V 1 1
LCD=0 active     V->H    H>V
LCD=1 inactive  V->V   H->H

AND gate 
Incoming V pol light
Is detectd (1) only if the 2  Lcd
Are in 1 state (inactive)

X-OR gate
Incoming V pol light 
Is detected) (1) only if
Both LCD are in the same state

Pf LC
D1

Pf LCD
2

out

V 0 V 0 1

V 0 V 1 0

V 1 V 0 0

V 1 V 1 1



the device

Processor device scheme
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Single Optical-electronic element Optical parallel computing device



data processing logic

How data is encoded for each pixel
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Binary
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1

0
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N-ary



the device

How  LCD work s as phase shifter
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data processing logic

Logic operation
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LCD control logic unit

LCD Control Logic Unit
• Logic operation
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data processing logic

OptoPC Data Flow
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•Binary computer use 2 symbol per digit  0  1   
•Arithmetic operation speed is limited by the 
«carry problem» and are intrisecally sequential
•Optical encoding increase the symbol per digit 
and ere free of «carry» using RNS (redundant 
Number system) algorithm
•Parallelism of millioms of optical symbol
•Multivalue logic



data processing logic

Some Number system applied in optical computing
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• Negabinary Number system

• RNS Redundant number system

• MSD modified Signed Digit

• Modular Aritmetic

• Residuenumber System

• Ternary number System



data processing logic

OptoPC Data Flow
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Negabinary Number system



LCD control logic unit

LCD Control Logic Unit
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Testing and prototyping
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feasibility study



Testing and prototyping
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feasibility study



Testing and prototyping
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feasibility study



the concept

The first step

Privileged and Confidential Information REBEL DYNAMICS (I’ll teach you differences) 33



the concept

The first step
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Simulation

Simulation
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UNIVERSITA’ di Pavia - Rebel Dynamics
Internal Presentation - 04/02/2022

Ray Optics Simulations (using COMSOL)

A.E. Kaplan, C. Lacava, P. Minzioni, I. Cristiani



Simulated Structure (not to scale)

Linear Polarizer

Linear Polarizer

Pol. Control

Right Angle Prism

material: BK7, n=1.5

200 um

50 um

150 um

Studied parameters
• Emission angle of the source
• Refractive index of material (prisms)
• Position of the prisms

320 um

Main characteristics of the simulations
• Commercial software: COMSOL
• Ray-tracing method



Results – Offset 

According to the simulation results, 
offset = 0 seems to be a design rule if 
the angle is not sufficiently small.



system explained

Photonic Processor cell operation
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Patented optical cell



System structure

Photonic Processor single element and matrix
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HW

Hardware solutions
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HW

Hardware solutions
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data processing

OptoPC Data Flow
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the device

*
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Vector by Matrix multiply
Matrix A

Cvector Y for each column



Ex. one step100x100 matrix multiply on a 1000x1000 LCD

………….

………….

1° LCD 1000 x 1000  write  100 matrix

………….

………….………….

2LCD   matrix 1° colum………..matrix nth column 

Algorith it’s only the way to write data into the LCD cell, just like to write an image om LCD



Sone   numbers

• LCD can have up to 2000 x 2000 pixels

• Can switch at 500 Hz

• Computing mulyiply of 2 Matrix 100x100 needs 10.000mulyipplcation 
and 10.000 sum

• LCD matrix multiplication can be done im 1 step and tajes 2ms

• Thousands of optical chip (LCD) can be parallelized

• An optical chip use less than 100 mW



*

*
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the device

OptoPC Data Flow
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the device

*
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the device

*
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publications

*
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the device

*
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the device

*
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the patent

*
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The PartnersCompanies involved

OPTOPC SA - Switzerland  

main company:  

exclusive contractor company 
to OPTOPC technology development:  

REBEL DYNAMICS S.r.l. - Italy
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REBEL DYNAMICS

(mechanical 
simulation system)

Modelling and simulation of mechanical systems

Design and manufacturing of simulation system

Custom-made Control System

(A.I. Artificial 
Intelligence)

Artificial Intelligence Projects

In cooperation with Omron, development of applications with machine 

controllers equipped with A.I. algorithms dedicated to industrial production

(robotics)

Applications in:

-Pick & Place

-Process Control

-Robot control

(control 
algorithms)

Development of control algorithms based on Delta-Tau Omron 

motion computer

The PMAC was used to grind the corrective lenses for the original Hubble 

Telescope and is currently at work on the new James Webb Space Telescope



The project team

❑ Engineers

❑ PHDs

❑ PMs

❑ Electronics, AI & ML expertise

❑ Prototype developing

❑ Concept of proof developing

❑ Dep of Electrical, Computer Engineering

❑ Optical Network Units in Silicon Photonics

❑ PHDs

❑ Laboratory research and prototype developing

❑ Department of Materials Science

❑ Data processing

❑ PHDs

❑ Laboratory research and prototype developing

❑ Innovation management

❑ Fundraising

❑ EU Lobbying
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achieved milestones
what has been done

1 Basic principles observed

Technology Readiness Level (TRL)

2 Technology concept formulated

3 Experimental proof-of-concept

4 Technology validated in the lab

5 Technology validated in relevant environment

6 Technology demonstrated in relevant environment

7 System prototype demonstration in operational environment

Exploration

2015-2019: math and physical definition

8 System complete and qualifies

9 Actual system proven in operational environment

2020, Apr: patent submission
2021, Jan: positive feedback from EPO

in progress
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achieved milestones
what has been done

1 Basic principles observed

Technology Readiness Level (TRL)

2 Technology concept formulated

3 Experimental proof-of-concept

4 Technology validated in the lab

5 Technology validated in relevant environment

6 Technology demonstrated in relevant environment

7 System prototype demonstration in operational environment

Exploration

2015-2019: math and physical definition

8 System complete and qualifies

9 Actual system proven in operational environment

2020, Apr: patent submission
2021, Jan: positive feedback from EPO

in progress

4-year plan

Exploitation

2021

4 Technology validated in the lab

5 Technology validated in relevant environment

6 Technology demonstrated in relevant environment

7 System prototype demonstration in operational environment

2022

2023

2024

2025
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Work packages

WP1:
Simulations

WP2:
System prototype for optical computing

WP3:
Algorithm development for optical 

computing

WP4:
Algorithm simulation for parallel optical 

coputing and firmware

WP5:
Development and implementation

design rules

SYSTEM PROTOTYPE
DEMONSTRATION

in operational environment
(TRL7)

HW/SW
integration
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WP1 + WP2

WP1: Simulations

1.1 Optical group simulation

1.2 Assessment of minimum light emission

1.3 Assessment of polariser filter absorption

1.4 Assessment of liquid crystal cell absorption

1.5 Assessment of prism reflectivity

1.6 Assessment of silicon sensor sensitivity minimum

1.7 Definition of device physical and mathematical model

1.8 Material identification

1.9 Technology identification

1.10 Final model

1.11 Identification of device possible manufacturer

WP2: System prototype for optical computation

2.1 Requirement definition

2.2 Literature research on equivalent systems

2.3 Lab tests with commercial LCD systems

2.4 Prototype based on an in-line system (in view of final device)

2.5 Interface fabrication to the external environment (fiber)

2.6 Definition of electronic control devices (FPGA)

2.7 Hardware design for device control

WP1: Simulations

1.1 Optical group simulation

1.2 Assessment of minimum light emission

1.3 Assessment of polariser filter absorption

1.4 Assessment of liquid crystal cell absorption

1.5 Assessment of prism reflectivity

1.6 Assessment of silicon sensor sensitivity minimum

1.7 Definition of device physical and mathematical model

1.8 Material identification

1.9 Technology identification

1.10 Final model

1.11 Identification of device possible manufacturer
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WP3 + WP4 + WP5

WP3: Algorithm development for optical computation

3.1 Literature research on existing algorithms

3.2 Algorithm fitting for new device

3.3 Definition of the optimal optical encoding

3.4 Theoretical algorithm sequences for parallel computing

3.5 Complex and sequential algorithms (vectors, matrices, database, images)

WP4: Algorithm simulation for parallel optical computing and firmware

4.1 Software writing for algorithm simulation

4.2 Creation of a graphical interface (JavaScript)

4.3 Simulation of data flow from and to the external environment

4.4 Algorithm application

4.5 Executing language for data and algorithms

4.6 Interface to external programs for computational activity distribution

4.7 Development of computational chains and database research

4.8 Image Analysis

WP3: Algorithm development for optical computation

3.1 Literature research on existing algorithms

3.2 Algorithm fitting for new device

3.3 Definition of the optimal optical encoding

3.4 Theoretical algorithm sequences for parallel computing

3.5 Complex and sequential algorithms (vectors, matrices, database, images)
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WP5: Development and implementation

5.1 Firmware application to the new device

5.2 First application with the new chip and beta testing

WP5: Development and implementation

5.1 Firmware application to the new device

5.2 First application with the new chip and beta testing



REBEL DYNAMICS S.r.l.
Via Carlo Porta 38, Cesana Brianza, Lecco, Italy

Web: http://www.rebeldynamics.it/

Email: rebel@rebeldynamics.it   

CONTACTS

http://www.rebeldynamics.it/
mailto:rebel@rebeldynamics.it
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