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Research on path planning of mobile robot based on the stream algorithm
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(1. Faculty of Mechanical and Elecirical Engineering, Kunming University of Science and Technology, Kunming 650500, China;
2. Key Laboratory of Advanced Equipment Intelligent Manufacturing Technology of Yunnan Province, Kunming 650500, China)

Abstract: A stream algorithm is proposed to address the low search efficiency of traditional algorithms in mobile robot path planning.
Firstly, the algorithm obtains all the main points through the main point search model. Flow step by step from the starting point, when a
single obstacle is encountered, the stream obstacle avoidance algorithm is invoked to avoid the obstacle. When multiple obstacles are
encountered, the pseudo-virus algorithm is called to mark these obstacles. Then, the stream obstacle avoidance algorithm is called to
avoid obstacles until the end. Finally, the resulting path is smooth. A variety of map environments are modeled by using the grid
method. The path length and running time of the stream algorithm are compared with those of the ant colony algorithm, Dijkstra
algorithm, and Floyd algorithm in simulation studies. The testing results show that, compared with the A algorithm which achieves the
shortest path and the least time, the average path length obtained by the stream algorithm is reduced by 2.40% ~ 6.30% , and the
average time is reduced by 35.71% ~53.51%. To test the application of the stream algorithm in the actual scene, it is applied to the
mobile robot Turtlebot2 and conducted a comparative experiment with the A”™ algorithm. The experimental results show that, compared
with the A™ algorithm, the measured path is increased by 3. 83% , the running time is reduced by 10. 77% , and the number of inflection
points is reduced by 42. 86% .
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Fig. 1 Mainstream points search model
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Fig.2 Diagram of the virus algorithm
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Fig.3 Simulation diagram of the effect of the virus algorithm
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Fig. 4 Obstacle avoidance strategy
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Fig. 9 Diagram of simulated water obstacle avoidance
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with the virus algorithm
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%1 HMEAFRUERE 9, break

Algorithm 1 Transition factor optimization algorithm 10, End if
Bk 1, Bk 12: [ NewPath,d]<«FindNewPath( Start, End, field, New_T);
1. Input: Path,field; 13 SmoothPath. append( NewPath) ;
2.  Output: OptimalPath; 14. End while
2 Flag < []; End < numel(Path) ; OptimalPath < Path 15: SmoothPath. append( NewPath ,New_T( End) ) ;
3 Fork =2 to End -1 16 Return SmoothPath
(X,,Y)),(X,,Y,),(X;5,Y;) < substitute Path(k - 1),
2 path(k) Path(h+ 1) into eq. 3.4 33 FindNewPath
6. IF (Y, -Y,)/(X, -X,) # (Y, -Y3)/(X, - X3) Algorithm 3 FindNewPath
7 Fori = min(X,,X;) to max(X,,X,) 84k 3: FindNewPath
8: Fori = min(Y,,Y,) to max(Y,,Y;) 1. Input: field,Start,End,New_T;
9. If field(i,j) =1 2. Output: NewPath ,d;
10. Flag. append(1) 3 Ford = Start + 1 to End — 1
11; break 3. TestPoint_Start «<— New_T( Start)
12 Else 4. TestPoini_End «<— New_T(d) ;
13 Flag. append(0) s (x,y),(X,Y) « substitute
14. End if ’ TestPoint_Start , TestPoint_End into eq.3,4;
15: If1 in Flag 7. Fori = min(x,X) to max(x,X)
16. OptimalPath. delete(k) 8. Forj = min(y,Y) to max(y,Y)
17. break 9. If filed(i,7) =1
18 End if 10. Flag <+ 1;
19. End for 11; break
20. End for 12, Else
21; End if 13; Flag <0
25. End for 14. End if
31: Return OptimalPath 15, If Flag = 1
16; break
XN JCERS, W P, A P, Jymgkesy e, 0L P, P, 17, End if

WA AT A | P, | H, KRR 2T, T 15, ad tor
TP AR, TR A SRS RSB 0 b o
PRt BRI 2.3 FR,

20: break
Hix2 TELBRAKER 22:  IfFlag = 1
Algorithm 2 Smoothing optimization algorithm 23; NewPath. append( TestPoint_Start ,New_T(d — 1))
B2, T AL RIS 24 return
1. Input: OptimalPath field; 25: End if
2: Output: SmoothPath; 26. Ifd = End
3 NewPath <[], Start < 1,End < numel(Path) ; 27 NewPath. append( TestPoint_Start ,New_T(d) )
4. SmoothPath <— [ |; New_T < OptimalPath; 2. return
5. [ NewPath,d] < FindNewPath(Start, End, field, New_T);
29. End if
6: SmoothPath. append( NewPath) ;
7: While (True) 30:  End for
8 If d=FEnd-1 31:  Return NewPath ,d
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Fig. 12 Two cases of the stream algorithm
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Table 4 Algorithm changes for special cases
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Fig. 13 Flowchart of the stream algorithm
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Table 5 Comparative analysis of algorithm performance

( maze map)

Ak BERAEE (cell)  FHERM  hifTE

R/

Floyd 101. 21 N N 0.73
Dijkstra 101.21 N N 0.20
ACA 101. 21 N N 7.38
A" 101. 21 N N 0.11
SSA 108. 41 N Y 0.12
SA 101. 03 N N 0.10

Hi R 7 B2 50 AT, #K T (SSA&SA) fER
AT R BT IO A, B A8 A A A I TR] PN A T A

BB I BR AR A, ELET X SSA FIT SA | HUEL SA 153
AIATf# , SSA tL—E e 2 AT T Hi#

2)20%x20 & 2 R ML . B 16 JoR T BEHLAE By
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% Dijkstra 57515 2] 09 B A2 K B i, #RJ& 31. 005 SA B
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IR KK, N 36. 53 (B2 SSA B kA5 8] 1 J&—
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Bt 4 0. 72 s, Dijkstra S35 FH BT R 0. 13 5, /2 SSA Bk
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(d) A*
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Table 6 Comparative analysis of algorithm performance

(20%20 complex map)

Bk Floyd Dijkstra ACA A" SSA  SA
BEARRE/ (cell) 31.00  31.00 \ \ 36.53 31.30

TR N N Y Y N N

TCHhlf 1 N N N N Y N
WRIE/s 072 0.13 \ \ 0.01 0.01
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Table 8 Comparison of path length (A" and SA)
Hi B R A (cell) SA(cell)
50%x50 76.91 75. 05
100x100 173.39 166. 18
150x150 242.93 233.43
200%200 319.72 299.58
L T SRR AR, IR H 2D_Nav_Estimate

=87 RS EE STD MAX MIN
50%50 12. 60 0.89 14.6 11.9
_ 100x100 37.30 1.10 39. 90 35. 60
A" /ms
150% 150 72.90 4.00 77. 80 70. 60
200%200 119. 50 2.40 128.30  115.30
50%50 8.10 0.42 14.0 7.30
100x 100 17.70 0.97 23. 80 16.70
SA/ms
150%150 69. 80 1. 50 90. 10 65.10
200%x200 55.70 1.70 61.30 53.30
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Fig. 18 Comparison of algorithm time in different environments (A" and SA)
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