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Path Planning for Mobile Robots Based on Improved Bidirectional A*
and Dynamic Window Method

HUANG Jiajia, LUO Sha, HUANG Jingui
(College of Information Science and Engineering , Hunan Normal University, Changsha 410081, China)

Abstract: Path planning is a core step in autonomous navigation for mobile robots, aiming to generate a collision—free and cost—minimized tra-
jectory from the starting point to the target point. To enhance the efficiency and global optimality of path planning for mobile robots, an IBA-
IDWA algorithm that integrates improved bidirectional A* search and dynamic window approach is proposed. This algorithm introduces a heu-
ristic function based on obstacle distribution in A* search to improve search efficiency, and designs a cost function based on the distance be-
tween trajectory endpoints and local goals in the dynamic window approach to enhance global consistency. Additionally, the algorithm adap-
tively adjusts the robot speed window size based on the density of environmental obstacles by predicting obstacle movement patterns and identi-
fying dangerous areas. Simulation experimental results show that compared to the traditional A* algorithm, the planning efficiency of the im-
proved bidirectional A* algorithm is improved by 14.07%. In dynamic obstacle avoidance tasks, compared to existing fusion algorithms, the
obstacle avoidance success rate of IBA-IDWA is increased by more than 5%. The IBA-IDWA algorithm significantly improves path planning
efficiency and path quality in both static and dynamic environments, providing an effective solution for autonomous navigation of mobile robots.

Key Words: mobile robot; path planning; bidirectional A* algorithm; dynamic window method
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Table 1 Performance of the IBA algorithm under different map sizes

and weight factor K values
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Fig. 1 Redundancy detection
1 TREEN

TUAR T s BR SR B ) REOR B B AR b A B 3T
S DT A e A% SN B AP o IBA k255 1
TP R X RR BRI TUA S AR T R SR, LA AR

A AR A start, B AR AT goal

i i« 4R B AR path

1. open_s , open_g < [ start] , [goal]

2. closed_s , closed_g < O, &

3. WHILE open_s # & and open_g # &

4. u_f< open_s.pop_min()

5. IFu_feclosed_g THEN

6. path < ReconstructPath ( u_f)

7. RETURN remove_redundant_nodes ( path )

8.  ENDIF

9. closed_s.add_( u_f)
10. FOR each v € neighbors (u_f ) DO
11. update f(v )
12. ENDFOR
13.  u_b < open_g.pop_min ()
14. IF u_b € closed_s THEN



5 XX

WAE, B U A T BT ) A% B A DI RS SR N AR R -5

15. path < ReconstructPath ( u_b )

16. RETURN remove_redundant_nodes ( path )

17. ENDIF

18.  closed_g.add_( u_b )

19.  FOR each v € neighbors (u_b ) DO

20. update f(v )

21. ENDFOR

22. ENDWHILE

23. ReconstructPath ( meet_node ) :

24.  path_start < path from start to meet_node

25.  path_goal < path from meet_node to goal

26. RETURN path_start + path_goal

27. RETURN None
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Fig. 2 Hazardous zone definition
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Fig.3 Candidate collision point definition
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v .(p)= max[ - (1 -k, p) m] (15)
wh, (p) = max[w,, (1 = k,p)w,,] (16)
(3)%§€§ﬂﬂl_ LA A . WY N

(v, w), T RLIMBLE Ry (", al™), TR A Ao AR
P DWA, 5 i B 29 SR A5 2 Tk X ], 15 5K (15) (5K
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v o= max(vmm, v —a

" At), vt = min(v), (p), v+ a’At) (17)
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w = max (w,,, w—a"At), w" = min(w], (p), w + al'At)
(18)
DTS, G AR B R
Vi = [vm, Ul s Wi w,/,m] (19)
FH IS B8 24 R 24 1 ) T 38 X[ ) A
Vnnore = [U_, v, w, w"] (20)
AW TR A
(4) Be & 0B A . A2 4R AT AT B 11 [0, o] %
1P HE R DR AR XS (v, w,), I R AR UE

DWA WA PR R G (v, w0) (R U3)HEATHT 73, SEFEAT- 73 e /N
— AR . R

(v wy) = arg, [ o] max G (v, w) (21)
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fai A BEAT Y BEAR . obstacle_density
Bl R i L 42 best_traj

1. vw < AdjustVW (obstacle_density )

2. min_score <— float("in f )

3. FOR v e range( vw[ 1] ) DO

4. FORwe range( vw[2] ) DO

5 craj < cal.traj(v, w)

6 craj_score <—d_s+v_s+1_s+h_s

7. intersect.time <— closest_obs collision time
8 t_end < robot collision time

9 IF lintersect.time — t_endl < 0.2 THEN
10. direction <— direction of closest_obs
11. IF direction is up THEN

12. dangerous_area <— upper part

13. ELSE

14. dangerous_area <— lower part
15. ENDELSE

16.  ENDIF

17.  ELSE

18. dangerous_area < &

19. ENDELSE

20. ENDIF

21. IF craj € dangerous_area THEN

22. craj_score < float( “inf”)

23. ENDIF

24. 1F min_score > craj_score THEN

25. best_traj < craj

26. ENDIF

27. ENDFOR

28. ENDFOR

29. RETURN best_traj
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Table 2 Ablation experiment results

F2 HELEER

T A HR ]/ A2 K /m %1%
A*+DWA 82.23 58.59 73.60
BA*+DWA 79.72 56.93 76.80
IBA+DWA 72.39 56.44 86.20
A*+IDWA 58.54 57.91 86.30
BA*+IDWA 57.44 56.02 86.30
IBA+IDWA 54.56 55.6 91.00
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Fig. 4 Planning path results of different algorithms in a static environment
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Table 3 Global planning algorithm performance comparison

R3 RMNEEMERELEIN

ik PRBER s g TR e
JE /m

A* 64.31 111 11.03 85.65
XLJi] A 61.13 51 7.50 88.55
k[ 20]A* 60.65 50 7.08 93.90
SCHk[21 ] A* 60.59 12 7.73 94.85
RRT* 60.98 44 7.01 90.65
IBA 57.30 7 3.66 97.70
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Fig. 5 Comparison of path planning results of various fusion algorithms in low dynamic environments
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Fig. 6 Comparison of path planning results of various fusion algorithms in high dynamic environments

E6 SHEHRETEMEEEIRENNERILR

Bk UL, Nk 4 R RG> BRI 24T,
IBA-IDWA 5395 119 °F- 1 % A2 K B AR 5 SCik[20] L [21 ] Al
[22 1 Fl A 38045 S 20 2.07 m . 1.28 m . 0.63 m; 5% i & 7%
i 22 43 870 3.91 . 4.87 F11 1.82 5 - 14 # %) 5k 6] 43+ 591 kg 21>
22.63 5. 11.34 s F19.91 s; B T K 53 51 $2 15 10.28% . 6.78%
F15.04% ; BRI BE T7 2243 5 1. 5.04 . 3.51 F12.16.

WS N, T 2R 4T, IBA-IDWA
SRR WS B AR I B AR k[ 20] L [21 TRn[ 22 A& 5
B BB 3.48 m 2.71 m F10.80 m 5 Fe 5 B AR 2543 1) ek
/1>3.38 . 4.47 Fl 1.31; 2780 K] B+ i) 43 1)k 72> 29.83 5. 16.15
s F19.20 5 IR 54 55 13.38% .12.53% F16.01%; 4%

Table 4 Performance comparison of fusion algorithms under low—
speed and sparse obstacle conditions
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SCHR[20 ] fl A 3k 57.43 6.98 72.22 85.92 7.29
SCHR[ 21 TRl G Bk 56.64 7.94 60.93 88.73 5.76
SCk[22 A Sk 55.99 4.89 59.50 90.20 4.41
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Table 5 Performance comparison of fusion algorithms under high—

speed and dense obstacle conditions
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IBA-IDWA 57.90 3.64 55.47 90.25 3.24
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