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Abstract
Electrical circuit optimization is critical for improving performance, minimizing power
consumption, and enhancing reliability. Evolutionary algorithms (EAs) such as Genetic
Algorithms (GA), Particle Swarm Optimization (PSO), and Differential Evolution (DE)
have emerged as powerful tools for automated circuit design and optimization. This
paper reviews EA-based optimization methods for analog, digital, and mixed-signal
circuits. Key challenges, including multi-objective optimization, parameter constraints,
and computational complexity, are addressed. Indian research contributions, case
studies, and examples illustrate practical applications. Tables and 2D figures
demonstrate optimization workflows, algorithm performance, and circuit-level

implementations
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INTRODUCTION
Designing electrical circuits that meet multiple performance criteria often requires extensive
manual tuning. Evolutionary algorithms provide automated optimization by mimicking
natural processes such as selection, mutation, and recombination. These algorithms explore
the design space efficiently, making them suitable for:

e Analog circuit parameter optimization (gain, bandwidth, linearity)

« Digital logic optimization (delay, area, power)

e Mixed-signal circuits (ADC/DAC performance tuning)
EA-based methods enable designers to achieve multi-objective optimization, balancing

conflicting parameters such as power and performance.

2. EVOLUTIONARY ALGORITHMS IN CIRCUIT OPTIMIZATION
2.1 Genetic Algorithms (GA)
GA uses selection, crossover, and mutation to evolve circuit parameters toward optimal
performance. It is particularly effective for:
o Filter design
o Amplifier sizing
« Multi-stage analog circuits

2.2 Particle Swarm Optimization (PSO)
PSO models a swarm of particles exploring the solution space. Each particle adjusts its
position based on personal and global best positions.

« Fast convergence for continuous optimization problems

o Suitable for analog and mixed-signal circuits

2.3 Differential Evolution (DE)
DE uses differential mutation and recombination to generate new candidate solutions.
o Effective in handling complex, non-linear, and constrained optimization problems

o Widely used for multi-objective circuit design
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Table 1: Comparison of Evolutionary Algorithms for Circuit Optimization

Algorithm Advantages Limitations Applications
Handles discrete and ) )
_ ) ) Slower convergence, Filter design,
GA continuous variables, multi- ) - o
o parameter tuning needed ||amplifier optimization
objective
pSO Fast convergence, simple May get trapped in local || Power optimization,
implementation optima PID tuning
Robust, handles constraints _ ) _ Mixed-signal design,
DE Computationally intensive _ o
well multi-stage circuits
3. Optimization Workflow

The general workflow for EA-based circuit optimization includes:

Define Objective Functions: Examples include power, gain, bandwidth, delay, area

Define Constraints: Physical component limits, voltage ranges, current limits

Initialize Population: Random generation of candidate solutions

Evaluation: Simulate circuit performance for each candidate

Selection and Evolution: Apply GA/PSO/DE operators to generate new candidates

Termination: Stop when convergence criteria or maximum iterations are reached
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Figure 1: Evolutionary Algorithm Optimization Flow for Circuit Design

80|

Page 78-83 © MANTECH PUBLICATIONS 2021. All Rights Reserved




M ANI ECH Journal of Research in Electrical Circuits and Systems

Publications Volume 6, Issue 3, September- December 2021

4. Applications in Electrical Circuits

4.1 Analog Circuit Design
o Operational amplifier design for gain, slew rate, and power
o Analog filter design (Butterworth, Chebyshev, elliptic)

o Multi-stage amplifiers and oscillators

4.2 Digital Circuit Optimization
e Logic gate sizing and placement
o Power-delay-area (PDA) optimization
e FPGA and ASIC resource allocation

4.3 Mixed-Signal and Power Electronics
« ADC/DAC parameter optimization
e DC-DC converter efficiency tuning

o Motor drive parameter optimization

Table 2: Sample Optimization Parameters for Analog Circuits

Circuit Type Optimized Parameters Performance Metrics
Op-amp Transistor sizing, bias currents Gain, bandwidth, slew rate
Filter Capacitor/resistor values Frequency response, attenuation
Oscillator LC values, transistor parameters Frequency stability, phase noise

5. Challenges in EA-Based Circuit Optimization
e High Computational Cost: Simulating large circuits for multiple candidate solutions
IS time-consuming
e Multi-Objective Conflicts: Trade-offs between gain, power, and area require careful
objective function design
e Convergence to Local Optima: Requires parameter tuning or hybrid algorithms
e Model Accuracy: Optimization relies on accurate simulation models (SPICE or

behavioral)
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6. Indian Research Contributions

Sree Narayana Gurukulam College of Engineering, Kottiyam: GA-based
optimization for low-power analog filters

Nehru Institute of Technology, Coimbatore: PSO for tuning PID controllers in
motor drive circuits

Rajalakshmi  Engineering College, Chennai: DE-based multi-objective

optimization of mixed-signal circuits

These studies illustrate practical applications of evolutionary algorithms in real-world circuit

design challenges.

7. Future Trends

Hybrid Optimization: Combining EA with gradient-based or machine learning
methods for faster convergence

Integration with SPICE/Behavioral Simulators: Real-time optimization for large-
scale circuits

Al-Driven Objective Function Tuning: Intelligent adaptation of optimization goals
based on system requirements

Hardware-in-the-Loop Optimization: Closing the loop between simulation and
physical testing for real-time adjustments
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Figure 2: Hybrid EA and Al-Assisted Circuit Optimization
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CONCLUSION

Evolutionary algorithms provide a versatile and powerful framework for optimizing electrical
circuits across analog, digital, and mixed-signal domains. They automate the search for
optimal component values, achieving improved performance, power efficiency, and
reliability. Indian institutions have actively contributed to GA, PSO, and DE-based
optimization methodologies, demonstrating their practical applicability in both academic and
industrial contexts. Hybrid approaches and Al integration represent promising directions for

future optimization efforts.
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