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1. Introduction

This document delineates the comprehensive technical blueprint for ZGIP’s quantum
communication infrastructure. It defines system components, operational principles, hardware and
software architecture, and integration frameworks that underpin secure quantum key distribution
and quantum network scalability in line with South African regulatory requirements.

2. System Overview

ZGIP’s infrastructure consists of an integrated terrestrial and satellite quantum key distribution
network designed for robustness, scalability, and adaptability. The system architecture harmonizes
guantum hardware modules with advanced classical control and communication layers, achieving
seamless interoperation and quantum-safe communication.

3. Quantum Communication Protocols

3.1 Quantum Key Distribution (QKD) Protocols

o BB84 Protocol: Utilized as a foundational quantum key exchange protocol leveraging photon
polarization states. Its proven theoretical security underpins the initial phase of secure key
generation.

e Decoy State Protocol: Enhances security by mitigating photon number splitting attacks,
critical for practical fibre-optic deployment.

e Continuous Variable QKD (CV-QKD): Enables high key rates over metropolitan fibre
networks by encoding information on continuous quadrature variables of light.

e Satellite QKD Link: Employs entangled photon pairs transmitted via satellite-based
transceivers to overcome terrestrial distance limitations, capitalizing on space-to-ground
quantum channels.



4. Hardware Components

4.1 Quantum Transmitters and Receivers

e Single Photon Sources: Employing semiconductor quantum dots and attenuated laser pulses
capable of producing on-demand photons with defined polarization states.

¢ Single Photon Detectors: Utilizing superconducting nanowire single-photon detectors
(SNSPD) for high efficiency and low dark count rates, crucial for minimizing error rates.

e Optical Modulators and Filters: Integrated to precisely manipulate quantum states and
reduce noise from environmental interference.

4.2 Multiplexing and Network Infrastructure

e Multiplexers: Enable simultaneous transmission of multiple quantum keys alongside
classical signals within shared optical fibres, maximizing spectral efficiency.

e Quantum Repeaters (Future Integration): Development roadmap includes quantum
repeater stations based on entanglement swapping to extend the network beyond current
distance constraints.

5. Software Architecture

5.1 Quantum Control Software

e Key Management System (KMS): Manages quantum keys lifecycle including generation,
storage, and distribution, interfacing with classical cryptographic protocols.

e Quantum Error Correction (QEC): Implements real-time error detection and correction
algorithms mitigating decoherence and noise effects.

¢ Network Management: Orchestrates quantum and classical channel synchronization,
resource allocation, and system health monitoring.

6. Network Architecture

6.1 Terrestrial Network

e Fiber Optic Backbone: Utilizes existing and upgraded fibre infrastructure optimized for
quantum channel propagation with minimal loss.

¢ Node Distribution: Strategically positioned quantum nodes ensure comprehensive coverage
in metropolitan and strategic locations.

6.2 Satellite Integration

e Low Earth Orbit (LEO) Satellites: Facilitate quantum key exchange over intercontinental
distances, reducing latency and bypassing fibre limitations.

e Ground Stations: Equipped with adaptive optics and quantum receivers, integrated with
terrestrial nodes forming hybrid quantum networks.



7. Security Features

e Intrinsic Quantum Security: Protocols ensure any interception attempts cause detectable
disturbances, enabling immediate response.

e Classical Post-Processing: Includes privacy amplification and error reconciliation techniques
to strengthen final key integrity.

e Compliance: Adheres to South African cybersecurity frameworks and aligns with
international quantum security standards.

8. Implementation Phases

e Phase 1: Pilot deployment in selected metropolitan areas with terrestrial QKD over fibre.

e Phase 2: Integration of satellite links, expanding network reach nationally and regionally.

e Phase 3: Scaling through quantum repeaters and advanced multiplexing to enable
continental connectivity.

9. Scalability and Future Enhancements

The architecture is designed with modularity to allow:

e Integration of emerging quantum protocols.
e Upgrade paths for hardware components as technology matures.
e Expansion to hybrid quantum-classical networks supporting diverse applications.

10. Conclusion

ZGIP’s technical architecture exemplifies a balance between cutting-edge quantum physics and
practical network engineering. It establishes a foundation for secure, scalable quantum
communication that supports South Africa’s digital security aspirations while positioning the
company as a continental leader in quantum innovation.



