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Research on Path Optimization Algorithm in Dynamic Routing Environment

Abstract

Abstract: In a real dynamic routing environment, static path optimization (SPO) and traditional dynamic
path optimization (DPO) tend to encounter issues such as detours, reversals and high computational
complexity due to frequent real-time optimization calculation. To address these problems, a novel restart
co-evolutionary path optimization (RCEPO) method based on the ripple-spreading algorithm (RSA) is
proposed. This method integrates the path optimization process with the dynamic changes of the routing
network environment to enhance the effectiveness of path optimization. Moreover, the path
reoptimization calculation is performed only when the dynamic changes in the routing environment
exceed the predicted range, thereby reducing computational complexity. Experimental results
demonstrate that the actual travel path length and the actual travel time of this method are shortened by
17% and 12%, respectively, compared with the traditional DPO method under the dynamic routing network
environment. It can effectively solve the path optimization problem under the real dynamic routing
network environment. The feasibility and effectiveness of this approach are validated through
experiments conducted with a robot dog.
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Abstract: In a real dynamic routing environment, static path optimization (SPO) and traditional dynamic
path optimization (DPO) tend to encounter issues such as detours, reversals and high computational
complexity due to frequent real-time optimization calculation. To address these problems, a novel restart
co-evolutionary path optimization (RCEPO) method based on the ripple-spreading algorithm (RSA) is
proposed. This method integrates the path optimization process with the dynamic changes of the routing
network environment to enhance the effectiveness of path optimization. Moreover, the path re-
optimization calculation is performed only when the dynamic changes in the routing environment exceed
the predicted range, thereby reducing computational complexity. Experimental results demonstrate that
the actual travel path length and the actual travel time of this method are shortened by 17% and 12%,
respectively, compared with the traditional DPO method under the dynamic routing network
environment. It can effectively solve the path optimization problem under the real dynamic routing

network environment. The feasibility and effectiveness of this approach are validated through
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Table 1 Scenario 1 compare the average results of the Table 2 Scenario 2 compare the average results of the
experiment experiment
N, fa#%  DPO  CEPO NRCEPO RCEPO N, fék%  DPO  CEPO NRCEPO RCEPO
CT/s 1.955  0.018 0.017 0.031 CT/s 2.010  0.015 0.015 0.032
100 PL/m 15632 13520 137.24 137.55 100 PL/m  149.65 13525 139.32 136.28
TT/s 3021 25.66 28.29 26.20 TT/s 29.65  25.01 27.32 26.05
oTT 1.90 1.55 1.81 1.57 oTT 1.90 1.52 1.79 1.55
CT/s 2.78 0.06 0.06 0.15 CT/s 2.52 0.05 0.06 0.13
225 PL/m  261.19 220.43 221.43 223.57 25 PL/m  266.53 219.43 225.43 222.57
TT/s 4286  35.40 40.58 37.55 TT/s 4195 3431 39.28 36.98
oTT 1.99 1.58 1.82 1.59 oTT 2.01 1.58 1.80 1.62
CT/s 12.19 0.15 0.14 0.43 CT/s 13.52 0.16 0.16 0.39
400 PL/m 35046 278.66  282.99 279.60 400 PL/m 36226 278.62  285.68 280.60
TT/s 56.25  46.95 50.13 48.13 TT/s 57.62  46.02 51.23 48.44
oTT 2.19 1.66 1.98 1.71 oTT 2.15 1.65 2.00 1.70
CT/s 12230 048 0.51 1.59 CT/s  119.10  0.52 0.55 1.72
PL/m  485.13 400.15 412.14 411.23 PL/m  490.10 411.12 420.15 415.12
200 TT/s 7825  72.64 76.45 73.22 200 TT/s 80.01 73.15 78.88 75.22
oTT 2.50 1.82 2.21 1.88 oTT 2.42 1.82 2.30 1.86
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Table 4 Scenario 4 compare the average results of the

33X ST

Table 3 Scenario 3 compare the average results of the

experiment experiment
N, {8k DPO CEPO NRCEPO RCEPO N, {8k DPO  CEPO NRCEPO RCEPO
CT/s 1.898  0.014 0.016 0.029 CT/s 2515  0.021 0.029 0.044
o PUm 14226 12526 12626 12868 o PUm 17216 14615 150.87 14695
TT/s 2833 2321 26.22 25.19 TT/s 3926  28.99 35.15 30.11
oTT 1.81 1.49 1.77 1.52 oTT 1.97 1.58 1.88 1.62
CT/s 201 0.05 0.05 0.11 CT/s  4.01 0.10 0.15 0.23
sps  PLm 23291 21643 22043 219.59 sps  PLm 30191 25043 25743 255.59
TT/s  39.61  33.15 36.58 34.42 TT/s 4561  39.15 42.58 40.42
oTT 1.91 1.60 1.82 1.65 oTT 211 1.65 1.99 1.72
CT/s 1095  0.12 0.15 0.35 CT/s 1911 039 0.36 0.68
a0 PU/m 33215 25620 27433 25836 s00 PL/m 42027 30125 32578 304.52
TT/s 5426 4231 46.08 4322 TT/s 6977  50.12 58.14 52.91
oTT 205 1.60 1.88 1.64 oTT 245 1.79 2.15 1.88
CT/s 11032 047 0.45 1.53 CT/s  180.15  0.55 0.61 2.61
oo PUm 47715 38022 400.15 39015 gop PL/m  S6LIS 44815 480.68  450.14
TT/s 7635  70.36 75.74 71.36 TT/s  90.19 7715 81.66 79.77
oTT 236 1.77 2.20 1.79 oTT 281 1.77 2.30 1.89

DPO: SZPREALH1%: 258.07m;  CEPO: SEPRIEALER1%: 220.61 m; NRCEPO: SZFRIEALER4E: 211.94 m; RCEPO: Brififbik1%: 218.58 m;
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Fig. 5 Comparison of path optimization in scenario I

DPO: SZFRiiALIE1%: 293.55m; CEPO: SEBRLALEE1E: 241.90 m; NRCEPO: SEFRIEALEE12: 24540 m; RCEPO: FRiliAbi61%: 244.58 m;

AT HER A 38.10 ATHENTTE]: 4340

ATHERFA]: 3941s
s B

7 I “7“:1“:‘:\’;7‘\‘ .yeo%q
NV eans
[ e EA eni @ WNKE wh BMRHMEANN — RREHE  —— ShRKEE |

Ko immIvsafiibxt &

Fig. 6 Comparison of path optimization in scenario IV
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