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Motivation 
1. Resistor networks are widely used to model complex physical 
and engineering systems, providing an effective framework for 
analyzing current flow and network behavior. 
2. Many practical resistor networks are inherently time-varying, 
making traditional static analysis methods insufficient for real-
world applications.  
3. The computational burden increases rapidly with network size, 
which limits the efficiency of conventional numerical solvers. 

4. Fast and accurate solutions are desirable for intelligent 
applications, such as robotic navigation and path planning. 
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Main idea 
1. Model the dynamic hammock resistor network as a time-
varying Laplacian system and formulate the corresponding 
potential computation problem.  
2. Develop a fast zeroing neural network for hammock resistor 
networks (FZNNHRN) to track the theoretical solution in real 
time.  
3. Exploit the special matrix structure using FFT-, DST-, and 
DCT-based techniques to accelerate computation. 

4. Apply the computed potential field to robot path planning, 
demonstrating the effectiveness of the proposed framework. 
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Method 
1. A dynamic hammock resistor network is first constructed to 
model time-varying electrical systems. By applying Kirchhoff’s 
laws, the network is transformed into a time-varying Laplacian 
equation, where the node potentials can be obtained by solving 
 
 

Structure of the hammock resistor network with m = n = 10, where vertical and 
horizontal resistances are denoted by r and s, respectively. The hammock resistor 
network is rotated by 90° clockwise for clarity and layout. 
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Method (Cont’d) 
2. To compute the node potentials of the dynamic resistor 
network in real time, an FZNNHRN is developed. The solver 
converts the potential computation problem into a dynamic error-
tracking process and guarantees convergence to the theoretical 
solution.  
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Method (Cont’d) 
3. To further improve computational efficiency, the structural 
properties of the Laplacian matrix are exploited. FFT-, DST-I-, 
and DCT-III-based techniques are incorporated to accelerate 
matrix operations, significantly reducing the computational 
complexity for large-scale resistor networks. 
 
 
 

Computational complexity: 
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Major results 
Comparison of computational efficiency among different 
models 
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Major results (Cont’d) 
The equivalent resistances computed by FZNNHRN closely 
match the analytical solutions, demonstrating the accuracy of 
the proposed method. 

ENGINEERING Inform Technol Electro
n Eng



Application 
The computed node potentials can be naturally transformed 
into a potential field, providing an effective foundation for robot 
path planning. 
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Application(Cont’d) 
Compared with existing path-planning methods, the proposed 
framework significantly reduces the computational time 
required to generate feasible paths. 
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Conclusions 

1. A dynamic hammock resistor network model is established.  

2. An efficient FZNNHRN solver is developed for real-time 
potential computation.  

3. Fast transform techniques significantly improve computational 
efficiency. 

4. The proposed framework is successfully applied to robot path 
planning. 
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