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Abstract: Aiming at the existent problems of complex structure, slow optimization rate and inadequate adaptability
of multi-colony ant colony algorithm, a single colony adaptive heterogeneous ant colony algorithm is proposed to
solve mobile robot path planning. The proposed algorithm employs a single colony to avoid the problem of complex
structure of multi-ant colony algorithm. Each ant in the colony has its own control parameters to realize the hete-
rogeneous behavior and increase the diversity of the population. In the first iteration, only the heuristic factor is used
to construct the candidate solution, which improves the quality of the initial population. The information exchange
period is adaptively determined based on the change of population information entropy to enhance the adaptability
of the algorithm. The information exchange strategy transfers the control parameters of the optimal ant to the worst
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ant to enhance the guiding role of the optimal ant. Parameter mutation operation is helpful for exploring better algo-

rithm parameters in a larger parameter space and improving the ability to escape from local optimization. The

results of simulation experiments and statistical tests verify the effectiveness, stability and superiority of the pro-

posed algorithm.

Key words: colony algorithm; population information entropy; mobile robot; path planning; adaptive information

exchange period; state transition rule; parameter mutation
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Fig.1 Example of grid-based environment
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Table 2 Statistical results of different periods for
information exchange in mapl

fEEscH 5 best mean std fbest  rate/%
2 456985 458918 0.3564 25.13 76.67

4 456985 458918 0.3564 2497 76.67

6 456985 458918 0.3564 27.03 76.60

8 456985 458918 0.3564 25.50 76.67

10 456985 458918 0.3564 2590 76.67

12 456985 458918 0.3564 25.17 76.67
Adaptive 456985 457928 0.2486 37.03 86.67
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Table 3  Statistical results of different periods for J T W E AHACO [ 4 #E 2 5& I BE 7, e 48 DY
Information exchange in map2 P ) BLASE 9 1 A4 55 B EAT X1 He S50, T 6 T

f

o
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2 73.9828 746717 05922 53.63 33.33 A 4 T
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Table 4  Statistical results of path planning under different grid maps

Environment Algorithm  best mean std fbest rate/% |Environment Algorithm  best mean std fbest rate/%
MMAS  29.7990 29.9094 0.2864 1497 86.67 MMAS 925269 95.1534 2.2674 35.93 10.00

ACS 29.799 0 29.7990 0 32.57 100.00 ACS 91.6985 93.8482 1.0944 117.10 3.33

map3 CACS 29.7990 29.9518 0.2969 38.10 76.67 map5 CACS 955980 99.1544 17319 70.17 3.33
PS-ACO 30.6274 32.6949 16891 16.53 10.00 PS-ACO 95.8406 100.9120 3.2600 40.00 3.33

AHACO 29.7990 29.7990 0 19.20 100.00 AHACO 90.0416 92.2689 0.9103 79.93 6.67

MMAS  58.0833 58.1028 0.106 9 44.30 96.67 MMAS 90.4680 925620 0.8137 37.10 3.33

ACS 58.083 3 58.083 3 0 16.40 100.00 ACS 90.1249 91.8200 0.8487 74.63 3.33

map4 CACS 58.0833 59.8414 0.8559 61.33  6.67 map6 CACS 949533 97.4085 1.2612 22.00 6.67
PS-ACO 59.4974 63.8375 2.0380 19.00 3.33 PS-ACO 93.7817 994174 3.1622 90.66 3.33

AHACO 58.0833 58.2590 0.2730 44.13 70.00 AHACO 89.2965 91.2139 0.8242 66.00 3.33
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Fig.7 Convergence curves of algorithms in grid maps with different scales
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Fig.8 Population information entropy curves in grid maps with different scales
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Table 5 Results of Wilcoxon sign rank test

H AHACO vs. AHACOvs. AHACOvs. AHACO vs.
MMAS ACS CACS PS-ACO
map3 4.55E-02 + 1.00E+00= 1.39E-02+ 1.57E-06 +
map4 1.14E-02 + 2.70E-03+ 1.17E-05+  1.17E-05+
map5 6.60E-06 + 3.55E-05+ 1.73E-06+  1.73E-06 +
map6 3.43E-05+ 3.05E-02+ 1.73E-06+ 1.73E-06+
+=/- 4/0/0 3/1/0 4/0/0 4/0/0
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Table 6 Results of Friedman test

AHACO MMAS  ACS CACS PS-ACO
0.006 1.625 2.750 1.625 4.000 5.000
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