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Robot path planning based on improved RRT algorithm

TAN Bo, LUO Jun, LUO Yusong, HU Chunhui, ZHUO Junkang, BAI Zexin, TIAN Jintao
(State Key Laboratory of Mechanical Transmissions, Chongqing University, Chongqing 400044, P. R. China)

Abstract: Robots have been widely used in daily life. Path planning is one of the main technologies of robots. An
outstanding path planning algorithm can improve the work efficiency of robots, reduce cost, and lay a good
foundation for the research of robot navigation. The RRT (rapidly-exploring random trees) algorithm, which is
well known for its strong scalability, has some shortcomings, such as suboptimal path length and poor smoothness.
An improved algorithm of reverse optimization and cubic spline interpolation is proposed, and then simulated in
different scenarios in MATLAB. Taking the restaurant environment as an example in ROS (robot operating
system), the experimental results show that the improved RRT algorithm can decrease the path length and the
number of nodes, and improve the smoothness, verifying the effectiveness of the algorithm.
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Fig. 1 Construction process of RRT algorithm extension tree
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Table 1 RRT algorithm pseudo code

L i
1 procedure RRT
2 Ve {Zuli E< ¢ T (VE)
3 for0: Ndo
4 Z s < Sample (i)
5 Zyw < NN(Z,.T,)
6 Z o < New_config(Znea,,Zmd)
7 if Z,.., # Z,... then
8 T..add_node ( chw)
9 Tk.add_arc(Z ,,,,, Z"ew)

—_
(=]

if Z,., = Z,, then

11 return Reached
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Fig. 2 Reverse optimization schematic
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Table 2 Improved RRT algorithm pseudo code
R IAMES

procedure Improved RRT
find RRT

for X,:X, (N = 6) do
link: 4 and B

1

2

3

4

5 if: obstacle then
6 Yes: return 4B

7 No:findX, (X))« B
8 link: i and 4

9 if: obstacle then

10 Yes: return AX,

11 No: find X, < X,

12 e

13 return Reached

22 ZREFHE&EE
RRT 573 MR 00 B AR AR TR AL  ILAS ATE T i Ab 75 2 e Il , SR U5 FE I T4 7, % m 1 PL&% A9 B
EFE A AR ] o Sy 7k R AR SO L g TR AL B, T = UORE A% il e 4 (8 00 Ak 5 ) 00 0 B
%o #{Mﬁé S 2 — T O A (- B 0k Sl — R A R A B — SRR S R i 2
221 BFAEKRA
SR O M 2 A (R W I LR A 7 90 0 U T B, B — BB g — > =R R B, TR 43 Bk 2o A W i oK R AR
S, — B RO B S HORR i 2
RBEA 1A A5 A8 et 1A R 20 B RLR A X
(o)1), Cenmes oo Cen o) () |
By BOX A =Rk 20 A
S,-(x):ai+bi(x—xi)+ci(x—xi)2+d,-(x—x,-)s, i=0,1,2,---n—1,
FF L, S(x) ik A Je — A Bk 2L
So(x)=ay+bo( x—x0)+col x—x0) +do( x—2x0) ", Xo<X<Xy;

Sl(x):al+b1(x—x1)+cl(x—x])z+d1(x—xl)3, X SX< X3

S(x)= (1)

S, (x)=a, ,+b, 1(x—xn_1)+c,1_1(x—xn_1)2+d (x—x, 1)3 Xno1 SXS X0

S A A XEERAT a,0 by e dADARIEL, P LUBEAS =B 2R 238 AT 4n A RIDEL, 5 2 4n
4‘7‘3‘&% EoR fift .

o3 B R B L LA T 44 S5

ZRAF 1 PR R A R A AT AR et LA TR

FAF 27 AL 0 B 2k, BV — BT FEAE T RUAL A9 R I AR — BT TR AR [R) 19 s Ak Y oR Ei (0 AH 55
A g n-1 1

FAF 3 AEFTA T A CBR T80 1A ORI R A1 s Ak 1B i 2, DR UE T s A A7 AR [R] A4 284 32, D ek 50 ith £
AR ZL R RS AT AR -1 A AR



% 9 i ok, 5 it RRT B R 69 AL B AR 2 AKX 17

SAF A AE T AR T 38 11 SR S5 S5 A1 50 Ak 2 B dZE 2, AR GIE 1 S50 A A AR TR A il %6, B R A B
R A E L -1 DT

DL AL 4n—-2 > J7 B2, b 0 s AR A RT DA N 2 A 295 38 2 A 5 AR L S 3k 4n AN O R B BRI RT LGR
R AE T FEA A3 S () AR
222 HEEH

IR ARHEF cm, = 2¢,, h,=x,., — X0

1) A i 5
R WA g T A AT AT L o 2 25 A 7, D R A e T R A
i 1 0 0 0 0 __ ~ I (yz—y1>/h|—<y1—yo)/ho 1
ho 2(ho+h)  h 0 0 0 Zo (ys=y2)/h2=(y2-3. )/,
0 h 2(hi+hy) hs 0 0 !
0 0 i 2(h2+h3) I Zz -6 (y4—y3>/h3—<y3—yz)/hz . (2)
3 .
0 0 0 [/ Z(h,,,z'i'hn,l) /- _7";"_ (y,,—y,,fl)/h,,fl—(ynfl—ynfz>/hnfz
L0 0 0 0 1] i 0 J
2) [ i1 5t
T Sty AT [ B RER WK A M T R A
_2/’!0 hO 0 O coe 0 T <y1_y(]>/h()_A
ho 2(h0+h1) hl 0 0 0 my (yz_y1)/h1—<y1_yo)/ho
0 h, 2(h +h,) h, 0 o ||™
s= 32 )/ —=(y2=y1 )/
0 0 b 2(hath) s ol s (oo
3 N
hn—Z 2(hn—ZJ’»hn—l) hn—l n"l (yn_ynil>/hnil_(ynil_y"iz>/h"72
L 0 h, - 2h,-1] B—(yn—y,,,l)/h,,,l
(3)
RDE|SP=SuE
B A AR AR Y = R A A T SR i 2 1k T R A
_—hl ho+h1 —h() 0 b 1 i 0 ]
ho  2(ho+h,) h, 0 0 0 || mo (yz—yl)/h]—(yl—yo) s
0 h, 2(h,+h,) h» 0 o ||™
Y3=y2)/h=(y2=)/h
0 0 h o 20kt hy) hy : 1™ =6 (sl Cramn )i .
. . . . . . ms :
L 0 0 0 ~h, hyoth,  —h, ] L 0 J
(4)

3 EFMATLABHEST

W I UG A9 RRT 595 R 1) 00 Bk i RRT Bk . = WRFE 25 il 4 18 ( [ i 25) fE Ak 5 9 RRT 38074 7
MATLAB(R2018a)H {ff H.A7 Mo SEde MK gy — 4837 5t 181, (5 B o0 R R4 A BRIGY) A e IR 8T Bk 7 il
T 4 AN TR 4 3 55, 3 RE AT LA (5 BC 45 00 B n] bk T RE U0 UE B E B0 A RbE o RS A AR AR (0,0), 2K 5 AR BR
(750,750), 8 R 2K 80, 8 18I A9 % A2 B0 K] J&l v, e X 7 Bk T 5 11 X B
3.1 EERYIER

FETCREA IGO0, 3 Fh 1 X W (0 25 S an 81 3 /R o AT BE AR W ), 6 2 4 X 30 B ALY e A 75 229



18 TR K F F IR %46 %

R 5 R R R T — A RTAT B AR AR K AN R R, SR MU SO A G T R E R
I 300 2k B9 RRT 35030 R I/ 1 BEALY™ R 35 5 i B, #0031 — SR iR R % A%, IR A 19 2 5 TR Y i 46
B, SCg g R R T, ORI RRT B304 A% 0 A 1035 0 o 5 7 S 1) SO A Sl b, = UCRE 2% i 247 (B D8 AR Y RRT
ERE Y el N o N NI (BB e i e

— I REK —TREK — TREK

vl g —HRERE y (% gl 2
%

PAKIRN N TANES
‘ ~Av'S
(a) FRIARRTH & (b) &ImFk (¢) =AM &R E
E3 TESYIEREENLE

Fig.3 Path planning for a scenario without obstacles
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Fig. 4 Path planning for a scenario with a single obstacle
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Fig.5 Path planning for a scenario of complex environment
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Fig. 6 Path planning for a scenario with narrow channels
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Table3 Average path lengths by different methods
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Table 4 Average number of nodes by different method
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Fig.7 The state of robot in rviz Fig.8 Mapping results of gmapping based on lidar
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Fig. 9 Robot navigation startup interface
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Fig. 10 Path planning in empty restaurant environment
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Fig. 11 Path planning with a few obstacles
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Fig. 12 Path planning with many obstacles
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Table 5 Path length and running schedule under three scenarios
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