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Motivation 

Challenge: The existing equivalent resistance formula for a 
cobweb resistance network (e.g., Tan and Fang, 2015) is 
computationally inefficient for large-scale networks due to scalability 
and performance limitations. 
Need: An optimized equivalent resistance formula is urgently 
needed to enhance computational efficiency under complex 
boundary conditions in a cobweb resistance network. 
Application: Harnessing the unique potential function of a cobweb 
resistance network enables efficient robot path planning in complex 
cobweb environments with obstacles. 
Goal: Utilize mathematical tools, such as Chebyshev polynomials, 
to simplify formula derivation and significantly boost computational 
performance. 
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Optimized Formula: Re-express the equivalent resistance 
formula for an m×n cobweb resistance network using Chebyshev 
polynomials of the second kind combined with hyperbolic 
functions. 
Key Innovation: Leverage the approximation properties of 
Chebyshev polynomials to simplify derivation and enhance 
computational efficiency for large-scale networks. 
Practical Application: Develop a heuristic path planning 
algorithm for robots in a cobweb resistance network, utilizing its 
potential function for efficient navigation in environments with 
obstacles. 
Core Outcome: Achieve over three-fold improvement in 
computational efficiency and realize the application of cobweb 
resistance network potential function in path planning. 

Main idea 
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Method – Formula Optimization 
1. Starting Point: Original equivalent resistance formula for an m×n
cobweb network derived via the Recursive Transformation (RT)
method (Eq. (1)).
2. Optimization Approach: Reformulate the expression using
Chebyshev polynomials of the second kind and hyperbolic functions
for computational efficiency.

• New formula (Eq. (7)):

where 

3. Benefit: Simplify computations and enhances scalability for large-
scale networks.
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Method – Derivation Process 
1. Horadam Sequence: Represent recursive relations in the
formula using the Horadam sequence, defined as

• Expressed via Chebyshev polynomials of the second kind:

2. Key Derivations:
• Link to Chebyshev polynomials:

• Simplify denominator:

3. Outcome: Streamlined derivation reduces computational
complexity.
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Method – Path Planning Algorithm 
1. Potential Function: Model the potential distribution in a cobweb
resistance network (based on Zhao et al. (2023)):

2. Algorithm Steps:
① Map the cobweb environment as a grid, identifying start,

target, and obstacle nodes.
② Compute node potentials using the potential function.
③ Assign higher potential weights to obstacle nodes (e.g., add

0.3        ).
④ Move the robot to the neighbor node with the minimum

potential.
⑤ Repeat until the target is reached.

3. Validation: Simulate in a 10×16 cobweb network with obstacles
to test obstacle avoidance.
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Major Results – Computational Efficiency 
Performance Comparison: Compare the original (Eq. (1)) and 
optimized (Eq. (7)) equivalent resistance formulas across 
various network scales (m×n) with h=r/r0=1, 10, 0.1. 
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Major Results – Path Planning 
Path Planning Simulation: Perform the test in a 10×16 cobweb 
network with obstacles. Robot successfully navigated from start 
to target, avoiding obstacles using potential-weighted nodes. 
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Conclusions 
Formula Optimization: Develop an efficient equivalent resistance 
formula for an m×n cobweb resistance network using Chebyshev 
polynomials, achieving over three-fold computational efficiency 
improvement. 
Practical Impact: Propose a heuristic path planning algorithm, 
leveraging the potential function of a cobweb resistance network, 
enabling effective robot navigation in environments with obstacles. 
Validation: Demonstrate scalability through large-scale network 
computations and successful path planning in a 10×16 cobweb 
simulation. 
Future Directions: Explore gradient descent or subgoal 
strategies for enhanced path planning and extend the application 
to other complex network topologies. 
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