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Abstract

Obstacle detection and avoidance can be considered as the central issue in designing mobile robots.
This technology provides the robots with senses which can use to traverse in unfamiliar environ-
ments without damaging itself. In this paper, an Obstacle Avoiding Robot is designed which can
detect obstacles in its path and maneuver around them without making any collision. It is a robot
vehicle that works on Arduino Microcontroller and employs three ultrasonic distance sensors to
detect obstacles. The point set registration algorithm is a very important algorithm in mobile robot
pose estimation and map construction. It is widely used in the fields of model reconstruction, mul-
ti-view registration, simultaneous localization and mapping (SLAM), etc. The ICP algorithm has been
studied at home and abroad. Scholars attach great importance to it. This paper compares the itera-
tive closest point (ICP) and cluster-based iterative bidirectional closest point (IDCPBoC) algorithms.
The two algorithms are used to estimate the pose of the robot; the obstacle avoidance experiment
process of the mobile robot is analyzed; the environment map is constructed using the DSM (dense
sensor method) method; the IDCPBoC algorithm can better avoid obstacles. The accuracy and con-
vergence of the IDCPBoC algorithm are better than the ICP algorithm. Because the IDCPBoC algo-
rithm runs less time, the real-time performance is also greatly improved.
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TSt AN EUR TR Z (R0 B A AR JE AR IR 28 fxf (128 8L, 40 2D-2D, 2D-3D, 3D-3D %, SRHUH
LA AL T T7 5 o AERS BNHLAS N AL Al 0 PEAG) A R0k, =2 A 2= 0000 110 T Y ) A e A R B
SLAM. KEGHHE. FENLE A7 55 n] 8 LB 3 R4 (3] (4], X T =4k s 4R BCHE )@, [ N 4h 73 i 1
KEMHREFT, W1 pikriciZ(Point Signature)s 3 [ % 7772 (Principal Curvature). JE¥: 1% (Spin Image). &%
5139 (Generic Algorithm)%s, IXSLHERENS IR I A v = 4EBCHE M) 81, Besl 1 Mckay £ 1992 £E#2 tH —Ffik
R &% I A (Iterative Closest Point, ICP), ‘& /&% T H B4 il i i Be #E Bk (5] . RIET & 7 5 &
(simultaneous localization and mapping, SLAM) [6]X #28hHL#5 AF1 VR/AR FHI SN R R E E, X H
AR RAEE AT, T GPS BUBHEI B B A TR, EANEREH. RO T BT IR
EEAEZIABE R AL B AL S, TR RO RSB, A 2 M5k SLAM kK, Hh 4w
W B2 O B IAE N FE AL RSN . BEFE ICP BERI V2 N, B0 TCP 3278 it [ Bic i o) 4] 46
RS R ), Rk B S (7188 1 — ol %) el KEL ORGP o ) P 5008 TCP By, Sl i Al e o
TAACAEALAL A AL, R SRR E AR R Y R AR Y s BRHHER AR [S15HX% 48 ICP BRI A EE X W) AE i =
frEERE . FIESCRCE RRYE, WEEHATO o, Suks S KR AEm &bt Xk
SRRV 1 HE T RV dg /) AL E fl THI S s = 4ERCHE T, IR T 2 Jn e ik R BB B AT
HudE 1A R RUE(ICP), A AL m BCHE ) R AV . A SO IR AU sU(ICP) S T 2R 2R ik
AT 53k 13 (IDCPBOC) A BEAT LUALHIE 7E, 6T UL L PIA SRRl s N AT AL G THBE 7S, A 20 2
FE BN N AL LAk TH B IR S 1 SRS BE 225K

2. HlEg BB

WG Z AR AL ATEAT B AR, T8I A SRR A B e JL AR B8 28 1 A7 1E R S BB A B A T
PR — 0 MRS R R AT, SRS, BJEIAE H bR R[9]. SLIIRERE 5 5 A 0 B AR AR R
BN, AERENERE AR o AR N (PR BE T IR T B I A% R AR SR EUE B A R, ARSI 0 RSE L TR
AL ESER, B RIS EARTER S N S+ MR R . W3S Nk 75 4 ) 4% i
BHOCTEIE. RN B, YR, BRI, B AT _Ew W AHL 88 A RS 3 AT
KA BHEOCTE L, QR O S IA M A ME— I — Pk f AR R3S, & TCVETE— 2855 437 P kAT s e
TAEHR, DAUENNLAS NBC & R RS E AR TS, ol A AR RS, B RARIE R AL, SO
B, ATRBE YR, ERSORAS I EE BT, —4ESR BRI BEANAE, BT DA SR A AT A R R R P A R i)
AU, ARG E AT DL . BRI, kR 15 B AN 45 LI A L ] 1Y) o Rl A 2% 72 (Ryther and Madsen,
2009) W1l 1 FT7R

Figure 1. Obstacle avoidance setup and the resultant grid map with the collision free path

1. BEFE % B A0 4E SR 4% Hh B A4 Jo Alf 4 B& 42 (Ryther and Madsen, 2009)
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W FHETE RN T R AR Z R, LW H M5, 3T TOF FIERFEANL, HeT S5 M6 oR AL
. UREEAINLAT LA 3K 73 RGB KRR, AEREET TOF 24510k, TEE /MRS N AR
HAKIAE, FOAEAIHRA T E LSRN . BET MR AN, RO RG24 A X BEALE
I8 (O BE i EIRE, X ESGBEATEYMA L5, A S EGCK BB AR, B BB Sk i HE 2 i Ar B A A A [,
ZJa St EAR B B BE S S AR E bR B REA R B mE, RGNS RS K NESH
AT AT S A R S AR PR

BERLHE[10] [T BE AR b b2 =AMy, mF AR BAR, sAZBRAIAM P AR
f—F, BRIEA—FE. WAMRGRERINE—A A, EREIMESEAFE GRS, E
Tk = AR T DA XA SRR . SRS EANFEIR A, ST E I SR FAR 1. SR
SE, T H BT i — RO R SRR U B i BB R AE, G0 SIFT 8% SURF #F#iE%%, SIFT F1 SURF
REESRBUR A0 ] 2 s o AR RRAE TF 5 SR KR Mgt P o 0l 1R 47 P e, i i SR AN R e 11
BANFERERRMAEN S B, BN RIREEE . PR ITE N EE KRBT LI N, & E:
A JREE R A G & RS R B R B, T 42 )= B2k G M B A {5 AT T
— ROk UL, JREREIVEREE R, HeREERRE R .

(a) SIFT #1 SURF (b) SIFT %1 SURF

Figure 2. SIFT and SURF features extracted
2. SIFT #1 SURF 45{E#2BX

KR AAIRZFMAFETT XA BARFIESLIL,  Red e AR %t TR BLAS SO BEAN 7 b BIR A
B ISR BEAS BRT DA B BRATT T 4R b 137 557 p K RT AT A XIS DL R aehS [ 12] [13]. B HH SR LT3
JeHBHHEK 3D Ml ERMIRIERAEESEEE, Wit RB0CH I 2R RIRE, B
WA R, RS 2 — 2, XA I E R mIR .

3.ICP B3

Sz B DU/ AR SRAS A T fff R0 A1 5 R RN T LT 254, I SR A B Ry i O
TESEFRIRAEL R R, BB A RS R, YR R e = R & aRsmESRE xR,
BRI ERFEE S AR DR R UG R ik, A TIRE AR B LAE R, SRR AR
WA RIARFEI S H AR NI ASE ZHE GBS AR T, TR, ERERES, B
iR 2 2 ICP Hik,

ICP BLEMEARFHE: HRERIILAR N Hbr A s P AP S = Q 1, B — ML, AR
SRIE R (p,q, ) RGBT 25 R A1 ¢, R ZEREURDN. RERECH f(Rt) N:

f(RD)=3" q,~(RE+T) (1)

Horb n NEABE R ANEL p, AARRRE PR, g NIREE O Y p X NKIEIE A, R J9lE
FAERE, PRI
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ICP HiED I

1) fEHbRR S PHHESE p eP s

2) HHERZ Q IR At g, €0, 1H13 g, — p,| = min;

3) tFEEREAERE R AR AR ¢, A3 IR BREUR /)N
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1) p, fEREEM FFHRXFRIL p! s

2) p ERSE D hIFHN A p! o

3) WL L AN ppl| -~ ||pipl| BRI AN, Ll <A(A>1), WK p/ & p, (%R
WR, pl RS p IRERLS. TEASCR, A=12.

ICP % DCP HiE W SLIR 45 B 3 Fiom o

2 4
15 fsind
Heng
1t o
1
0.5 .
& R g g A 6 g 710
o 2
-0.5 Robot
mosing 15
| directon - a
& 1
1.5} s i
0.5 S
2 0 5 A&
0 1 2 3 4 0 2 4 6 8 10
X (m) Time (s)
(a) ICP ik (b) DCP ¥

Figure 3. The simulation results

B 3. AR

5. IDCPBoC E %

IDCP ByEAHNT T ICP Bk LIRS AR L, TRt , AR SOR 35 - JR S )3 A A) B30T /i (iterative dual closest
point based on clustering, IDCPBoC) 5L 3E 71 7T
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(p,eD', KANANY). FXF D #EATHEER. BT B0 SN AR, KIHAER TR R A 3ha
BIfE. HEZN: © 281 MBS p,eCBTHE 1A @ HE p 3l p, WEE L @ #HI<T,,,

DOI: 10.12677/csa.2020.1012246 2335 THEAURF 5 R


https://doi.org/10.12677/csa.2020.1012246

A 5%

Wp.,eC RZy Bj=j+1s p,eC,r dy N p, BESHEE, @ Ki<Ny-lLi=i+l, BRI,
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6. SKH

NV AT RE, % N E I R HET, HLEE K R 22 3 S T m e e okl 77 2, AR %
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ik R Ff DSM (dense sensor method) /7A@ M 5EH ], 7T LA I IDCPBoC Sy g B 47 It B ik [ 3 47)

Figure 4. Mobile robot
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Figure 5. Root mean square (RMS) of registration error
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Figure 6. Running time of two algorithms
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Figure 8. IDCPBoC obstacle avoidance result
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