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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.



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.



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
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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.



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-llIlI-based techniques are incorporated to accelerate
matrix operations, significantly reducing the computational
complexity for large-scale resistor networks.

S! is the type-I discrete sine transform (DST-I), defined
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and C,,° is the type-III discrete cosine transform (DCT-III),
defined as
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Computational complexity: O( N> )mmmp O(Nlog, N)



Major results

Comparison of computational efficiency among different
models

10 £ =E=IMRNN N 10
- =@—FZNNHRN " 112 F =0~ SAND
E 1.0 [ == 7NN
T | =§=FZNNHRN
- ; 1.0 o .mzi_
@ = :
o E
= 08 S 2
s 2
prad o = 10
4 L S
= 062 =
= N
w 22
i +n0 | 1-8 reference
_n| 1-s reference 10
107 g 4104
0
IE' y Il 1 Il Il 1 Il 02 10_] '
3=3 4x4 5xb 6x6 =7 8=8 9x9 3=3 4x4 bx5 6x6 =7 §=8 9x9 10=10
Matrix size (mxn) Matrix size (mxn)

Fig. 3 CPU runtime comparison between IMRNN and Fig. 4 CPU runtime comparison between FZNNHRN and
FZNNHRN other methods



Major results (Cont’d)

The equivalent resistances computed by FZNNHRN closely
match the analytical solutions, demonstrating the accuracy of

the proposed method.

(1, 1) —=+(3.1) (2,1) = (3,2 (1. 2) = (1, 3)
— 10F T T - 1'0.' T T :r.-“].l T T
= | s | = I
g O05ff 1.0 12 ui' 1.0 g |
= | — c 7 c I
& -1 = == Hos y L0 -
@ 0.5 - " 0.5 2 |
g 05 ’ 4 2 -10 C 4 o [ - - =
= = = || 951 / I
@ -1.0 4 3z o ! 4
E L i S _g0f O ; { 8°
A _q8 0.005 0010 0015 J 2 0.005 0.010 0.015 = 0 :
o = g 0.005 0.010 0.015
-2.0 1 : -3.0 : L ! !
0.1 0.2 0.3 0 0.1 0.2 0.3 0 0.1 0.2 0.3
f(s) ——FZNNHRN t(s) t(s)

(1,2 >389 ~~Ea @ (2.2) +(3.3) (1.1) (3, 2)
=1.0F,; ' ' ] =10 ' ' 1 = 'R L L |
= = I = I

|
Bosf 10 T 41 Sosf 1 8 os RN T o
% g : g 0.6 5 10 [ I é '
% 06F 05 i 1 271 daa z ° 0.5 ]
I I | . I g .
£ 04 1 =% * 1 = -os -
- L. : T 02 E 4

I 5 - o 0. - '
202 s S5 5N 2 0 - £ -10 0.005 0.010 0.015 -
o | T gl 0.005 0.010 0.015 d =
w o 1 1 - L 1 1 W -15 1 1

0 0.1 0.2 0.3 0.1 0.2 0.3 0 0.1 0.2 0.3

f(s)

f(s)



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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