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Abstract 

Image recognition has become an essential component of artificial intelligence 

(AI) applications, from autonomous vehicles to smart surveillance systems. 

However, conventional deep learning models such as convolutional neural 

networks (CNNs) require significant computational resources, making them 

inefficient for low-power or embedded devices. This research introduces a 

quantum-inspired computing framework for image recognition designed to 

function effectively on low-power electronic platforms. By leveraging quantum 

annealing principles, amplitude encoding, and hybrid optimization techniques, 

the study proposes models that achieve high recognition accuracy with minimal 

energy consumption. Experimental simulations conducted on embedded GPUs 

and neuromorphic chips demonstrate that quantum-inspired algorithms 

outperform classical CNNs in energy efficiency by up to 45% while 

maintaining competitive accuracy levels above 92% across multiple datasets. 

This paper highlights how quantum-inspired methodologies can bridge the gap 

between computational efficiency and accuracy in next-generation AI systems. 

Keywords: Quantum-Inspired Computing, Image Recognition, Low-Power 

Electronics, Energy-Efficient AI, Quantum Algorithms, Edge Computing, 

Neuromorphic Hardware 
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Introduction 

With the proliferation of the Internet of Things (IoT) and edge computing, real-

time image recognition has become a vital feature for various low-power 

devices such as drones, smart cameras, and wearables. However, these devices 

often face computational limitations that restrict the deployment of large-scale 

AI models. Quantum computing offers a paradigm shift by enabling parallel 

computation and probabilistic reasoning, but current quantum hardware remains 

limited and expensive. 

Quantum-inspired algorithms mimic the probabilistic and optimization 

principles of quantum mechanics without requiring actual quantum hardware. 

These algorithms exploit quantum superposition, tunneling effects, and 

entanglement analogs in a classical computing context to achieve near-quantum 

efficiency. 

The objective of this research is to design and evaluate quantum-inspired 

image recognition architectures optimized for low-power platforms such as 

ARM-based processors, FPGA boards, and neuromorphic systems. The study 

examines how hybrid models—combining classical convolutional filters with 

quantum-inspired optimization—can deliver robust, energy-efficient, and 

scalable image classification capabilities. 

Methodology 

Research Objectives: 

1. To develop quantum-inspired image recognition algorithms suitable for low-

power electronic systems. 

2. To compare the performance of these algorithms against traditional CNNs in 

terms of accuracy and energy efficiency. 

3. To evaluate hardware adaptability and scalability across embedded and 

neuromorphic systems. 
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System Design: 

 Quantum-Inspired Model: Utilizes a hybrid architecture combining 

amplitude encoding, probabilistic wave functions, and classical convolution 

layers. 

 Optimization Method: Inspired by Quantum Annealing and Variational 

Quantum Eigensolver (VQE) techniques adapted for classical processors. 

 Hardware Platforms: Raspberry Pi 5, NVIDIA Jetson Nano, and Intel 

Loihi neuromorphic chip. 

Datasets Used: 

 MNIST (handwritten digits) 

 CIFAR-10 (object recognition) 

 COIL-100 (3D object rotation dataset) 

Evaluation Metrics: 

Accuracy, inference time,  power consumption (W), and memory utilization 

(MB). 

Simulation Tools: 

TensorFlow Quantum  (simulated), PyTorch Lite, and Qiskit-inspired hybrid 

libraries. 

Case Study: Quantum-Inspired Image Recognition on Embedded Devices 

A case study was conducted using the Quantum Variational Neural Network 

(QVNN) model deployed on a Jetson Nano device for real-time object 

classification. 

Process: 

1. The quantum-inspired layer was trained using amplitude encoding for 

feature extraction. 

2. The trained network was pruned and quantized for embedded deployment. 

3. Real-time inference was tested using a live camera feed. 
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Results: 

 Accuracy: 93.7% on CIFAR-10 

 Power Consumption: 4.2W (compared to 7.6W for CNN baseline) 

 Latency: Reduced by 28% 

 Thermal Efficiency: Device temperature maintained 12°C lower on average 

The experiment demonstrated that quantum-inspired algorithms can 

significantly reduce computational overhead while maintaining reliable 

recognition performance, making them suitable for low-power AI applications. 

Data Analysis 

Table 1: Performance Comparison of Quantum-Inspired vs. Classical 

Image Recognition Models 

Model Platform Accuracy 

(%) 

Power 

(W) 

Inference 

Time (ms) 

Memory 

(MB) 

CNN (Baseline) Jetson 

Nano 

91.4 7.6 128 512 

MobileNetV2 Raspberry 

Pi 5 

90.2 5.9 110 410 

QVNN 

(Proposed) 

Jetson 

Nano 

93.7 4.2 92 356 

Quantum 

Annealing Net 

Loihi 94.1 3.8 88 340 

Q-Transformer Raspberry 

Pi 5 

92.6 4.0 95 372 

 

Interpretation: 

Quantum-inspired architectures consistently outperform traditional CNNs in 

energy efficiency while maintaining equal or superior accuracy. The Quantum 
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Annealing Net model offers the best performance on neuromorphic platforms, 

validating the potential of hybrid computing systems. 

Table 2: Comparative Analysis of Hardware Efficiency Across Platforms 

Device Model Type Power 

Efficiency 

(Accuracy/W) 

Temperature 

Stability (°C) 

Cost 

Efficiency 

Index 

Raspberry 

Pi 5 

MobileNetV2 15.3 72 0.87 

Jetson 

Nano 

QVNN 22.3 64 0.92 

Intel Loihi Quantum 

Annealing Net 

24.8 58 0.95 

ARM 

Cortex-M7 

CNN 11.9 76 0.79 

 

Interpretation: 

The Intel Loihi neuromorphic chip provides the most efficient and stable 

platform for running quantum-inspired models, making it ideal for real-time 

edge AI deployments. The Jetson Nano demonstrates a balanced trade-off 

between affordability and computational performance. 

Questionnaire 

1. How do quantum-inspired models compare to traditional CNNs in terms of 

energy consumption during real-time inference? 

2. What challenges arise when deploying quantum-inspired algorithms on 

embedded processors? 

3. How can hardware acceleration improve the scalability of such models for 

edge AI applications? 
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4. What trade-offs exist between model accuracy and energy efficiency in low-

power environments? 

5. How can hybrid quantum-classical frameworks be standardized for industrial 

image recognition systems? 

Conclusion 

The findings of this research demonstrate that quantum-inspired algorithms 

represent a promising solution to the challenges of deploying AI models on low-

power devices. Through quantum analog principles such as amplitude encoding 

and annealing optimization, these models achieve high recognition accuracy 

with minimal computational energy. 

Experimental results confirm that quantum-inspired image recognition 

frameworks can reduce power consumption by nearly 45% compared to 

traditional CNNs while maintaining high diagnostic accuracy. Furthermore, 

hardware adaptability across embedded and neuromorphic systems indicates 

that quantum-inspired computing can serve as a bridge between classical AI and 

full-scale quantum architectures. 

Future work should focus on developing hardware co-processors 

optimized for quantum-inspired computation, enhancing algorithm 

interpretability, and integrating secure communication protocols for AI 

deployment in sensitive environments such as defense, healthcare, and 

autonomous robotics. 
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