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Abstract

With the research of robotics advancing, it is important to design a home service robot that can
move autonomously. The Turtlebot robot based on ROS platform is used to achieve the autonom-
ous navigation and obstacle avoidance functions. In order to realize the autonomous navigation
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function, the Dijkstra algorithm is used for global path planning, and the dynamic window algo-
rithm is used for local path planning. A comparison between the results of SLAM and autonomous
navigation is carried out by using two sensors, the depth camera Astra and the lidar EAI F4. During
the experiment, the Gmapping algorithm was used to implement SLAM mapping. In addition, by
writing scripts, the SLAM mapping process, which originally required manual control, has also
been improved to autonomous SLAM without manual control, making it more convenient in prac-
tical applications. The results of simulation and experiments show that autonomous navigation
and obstacle avoidance functions have been implemented.

Keywords

Autonomous Navigation, Turtlebot Robot, SLAM, Path Planning

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

AR, BEARHLEEE, e, AR EBCANIEE N K BT A HFRZ —. HLEs AR T
[T g, AATEEUEN T B . SURFEIR, B BRI AT TAEPR S AR 1 R
BARMZEE, Blnsrgpas. RAERIE ASKERSE . KB hHEAAEE 2GRS, X
R A F BB AT AT R B R S A — B 1] ASRIX — HAR, AFNSATERE
LR RANBE SI[2]: %54 SLAM (simultaneous localization and mapping), 5 /& 76 A 0 FR 35 o () s it
LRI IR, 5 A3 R AR AR () B

SLAM fi& H EALEE ATEAR IS E E 58 st R, FRARSE Z BT B & e aeo[1]. 3
F BRSO E A — N RAIAEE N, WG ST e 3, i i A B S8 %
AR R, BRI AR Y R PR, SEELEE N E A3

A2l )\ H4EARK, Cheeseman #1 Crowle 58 N iz FREZE 22 R FEAR TR T SLAM B 5 A 0 B #5 k BE AN
SRR R A . bR I T SLAM B — N2 3K, BT -RRZIEELET KF-SLAM, Ll
JJE SEATTAE ) EKF-SLAM (17 J& /R 2 38 H) Rl UKF-SLAM (G5 -R /R 28 i) 5 & Fh (1] EA 21
5, SLAM BRI FE ML 137 i) 70 Sc——FE THL & AR SLAM, B VSLAM. VSLAM it % LA
FIPLE o Es, EEAHH SLAM. W H SLAM. LUK RGB-D SLAM =Fh2EA[4],

H AT UL SLAM S 245 LR JLRr: Gmapping, Hector SLAM, Cartographer, RGBD SLAM FlI
ORB SLAM. Gmapping H1-T-iH5 a8 JIBR T, FEARHEATE N/ NG RRIEE. Hector SLAM 1] DL7E g X
FFREE R, a] DU T TR AL, Cartographer 2k & A, -5 H T3k TI0G R k1) — 4kl
=4 K, RGBD SLAM %[5k 3D 2K, ORB SLAM & ] T 3RE —4LELL K%, WH FHAERE L.

H AR S ERA AR R THREN T, Pl NS dt— 2% M mi 30 B A B 1) i A TE Al
PRI . BRATINRI 32 B4 D94 R B AT AR RIAN R 0 BR AR AR [ 1] o 4 )= BR AT AR 2 ad i 5 i e L A% A A 4 RO
A BRI — 2% M i B2 s ) B A TRl B8 A, 1) 2 V5 Dijkstra AR A*EE[3]. RS
FEFRIM AL Nl AR BRES RIS AT 2 A EE E, SRIA B GEERNAS  S B i), HEEIE
HIEELIEDWA). KEE T EER(VEH) AT L#IZE[3]. WS A Koeing 55 A HE H 386 & =01
D*Lite %, DLAALTE K21 Ferrari Jb-R A2 K22 (¥ Deshpande %5 A\ JE T T0 4 A% I 25 1R AT R R 5
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HOIUS T BB BEE[S].

B2, BB A5 A TR LR —, TR RHLEs N SR AT T 3T Bk, Beih—3k
KEENRSSHL G NBA -+ B E SIE . T ZARSLIUX A BAR, ORI i Rl 2 SLAM Flig
A e ARSCHIEEET CA BT, $RH—FrET ROS “F & 1 Turtlebot H125 A B £ FHUFIEERR L, I
FESS S T AL

2. SLAM 5880t
2.1 R

BT REENRS 1B ERSHLE AN B, ASCE Rl B8R AL Astra A0 TR IE EAL F4
PR IERAS, AT SLAM R H £ SRR, A Ao 2% B RGeS . 78 SLAM g &7
], A S EE P SRV P A IR 1) e PR L MR AT B R, T SLAM 22 &SR A Gmapping 53 .
EAFFHA, EAOCENL ARSI RE ) UL RERERE 77, 435 Dijkstra BIERIBNZ & LVEH
#:(Dynamic Window Approaches, DWA)SZHIL 4 J& Al R B B A2 R o e rh B RE ) X 7 A A REE AE g AN
AL /), s SR HATI, FR IS B A et B R RSN, T
BEENFEASEME LM Z R, DLRAT SR 2 NFURS JTHE RS /N o BB BLRS, AL
AR FIRIEE), W YATIMEER, DRiEmRi®E. Rk sb, ddgms s, 8= T
B A, AR TR N I SLAM b F2 o4 4t ek i e 7 N LRI H 32 SLAM.

2.2. BT SLAM EE#Y Gmapping Bk

AR HL Gmapping 2ok SCE SLAM 2 &, Gmapping $1i:3E T Rao-Blackwellized i1 & i 511,
AR M ERL A, ST, AU FHIEAT 22 . Gmapping SN0 A MBI R HAR
ROS #f1{f) Gmapping ZHAEELIT I T BLE AMIRIERS By IMU {2 B REVH (5 B, 752 T 0 ZE 10 S M0
G, BT QIR IR R A, R LT OSSR 6.

1) KA AR R T4 O R i - DR T s (] R E .

(i)
z)ﬁﬁﬁ%mﬁ:ﬁ4ﬁ%mﬂiﬁW@LVW=BQﬂ@fiQ
T ( XZEII) Zl:t ’ ul:lfl )

3) ELRAF: HERFZRAERLTIERIN, TR IR IR AR AR R IME . A RO MRS T
BOE R BIER, fEREAT FORFERAE . L FORFHRIE 2 G, I MR 47— B AR .
4) FETHLIEL: ARYEHLES NP AN AL RS AL it TS R B b

2.3. BESMIIAE

B AU RBE LA AR BR AR E AL BT ST NS shZe s 1 ¥eit, Ja & FORTE B a8
NiE B SN E, —HMEE, ST eIl e B B ESHIIRE. BRI Xy 4R i A LR A )=
MRERAE R AT A SLAM 22 R 4 R (S 2, J5 3 AR Tl as N _EaE 3 1L a2 4L
SRR, DS PR 858 p S ) A2 B A8 AR I D 1

1) AT A Ry BR AR AR R ] — Fh e R ) BE A S48 R ik ——Dijkstra SA[7]. CRI— AL )
ARE G, V&G PramES, SN —. ERTAZEWBOLMES, (uVv)E ML u F
T v AR, WZSEEN B 2D BT .

© WHaIRE, A SMEETIEA v, £ UATERT v AMNIHEMPrE T, Wk v 584G U B

(i=12,,N).
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Tl u A, v 2] u PR RS (v u) BUE s SR 052 (u,v) I BUE oo

@ MEE U HIER—ANEES v B/MO TRk, K IIAZIEES S .

@ LAk CONHIE A, BR U AT EE S . WM v B k 2] u M S /NF A v B u RS,
BB u B . A, IBEUG RIBE B AAE A K B EE BN _E 32 (k,u) O RUE .

@ EELBEQMG, HFIS FEEHAITL.

2) JEEBEE AR R T BhAS H 135592 DWA (Dynamic Window Approaches). A% 0 JEAE 1 4
— AN B ZEE v AR o ZH BRI X (v, c0) O TH P O B (), 5 R A BRI 1) REUFE A ook P R B
] BRI R . 5T HE LA N, R B V, HEERELES Ve AT RTVTFEERE V, AE
JEENAE 1 Vo FIZEHMBR[8]: V, =V, NV, [V, o HH AT VR LR V, RS AE S AT AL E T AL AR
JEA 2 3 BR8] -

V, = {(Va))|v < \/Zdistant(v, w)-a, @< \/Zdistant(v, w)- aw}

b distant (v, ) Fosblas NSV BN ER ], a, A &, 70 70 AL N -T2 AN e e sk Ji2
MGHE R B2 0]V, BN ALE K+ LI 2 S a sl B &, AR EE H b ki 44 [8]:
G(v,@)=o(a-heading (v,)+ f-dist(v,®)+y -velocity (v, »))

Horheading (v, o) &J7 AL PFUT R, RS TR T, HLEE N5 E AT H BRSO

dist (v, w) FIRIFANHLAS A T IS S BE RS I Bl B . velocity (v, ) R EPPT B AL, R
RN ZIHL SN R Z KN o By y =PRI ELLL, ATAR SR 7 & B0 AN IR TR B A AT T KD
DS/ k2R Y NE [

3) L. Hlas NHERINELES B AL BER SRBCS T B & A SE R, WS A S H il
FTAEHIALE - ROS FH) amel Dhag L op A & SR 4L 17— Bhdk TR et 00 FE M 10 5 R e 7 ids, 1l
HLEE N AT CARE I B 5 B ORI P AR RO AL B o 1 3 SRR 8 A AR AE XL TR T HRFE I
RERE ARSI EE R, R E ERFERE T RO I BRAE, JFHIWT R 0N T BME R, AT FRFEERAE,
N, phid FORFEL AR, EREA U EAAR, AT IR S T AR

3. SKWHRER S
3.1 ZEHAIER

1) Turtlebot #1285 A : Turtlebot EJE#EL + kinect + 4% + TZRAEAR(GNA 1 FizR). I8 Turtlebot
AHE [ U FR A B A, e FE 3 b AR AR Oy TAE RS 8 TAENL . S 75 b AT B 1 28 o i A\
roscore, U5 ROS 2234 | IE#f &7 started core service [/rosout]. JT/& Turtlebot JF 3%, &% ERIA. #iA
Kyl i74> 1s/dev/kobuki, 25 &~ %) N7 115 4% /dev/kobuki, T35 B4 % O i HE, 75 Ak 75 S N5 14
B SHR . fE TAENIIT B %0, Ja3h Turtlebot S84 42 . Wi ALl id 8458 Turtlebot 1E% i25), N
UERH Turtlebot ZhAE5E 3 .

2) REEAHML Orbbec Astra [91fIAER: T, Ze28Mt, MGG T E MARA B IR s I 47 2 3% .
SR J5 42 %¢ astra_camera 1l astra_launch, fx /5 BRI AR B L E . K Astra &S Hfix F, 1247 astra_launch
A, A R ARSI B R BEARALIE R TAE, R rgt_image_view 24T T ImageView B ] 25 F &
B 1 ImageView T B0 RIERE, BT EoRxt MR EIE . Gkl 2 B, ik S il 2 A a4
ML—FERROEE .. Wil 3 Fis, SIS SR IRt & TR EE AL AT TR A

3) WolkTE ik EAIFA IR BOLTEIA EAIF4 RIS RS IR FERINLRML, 75 220 N EAH B R 5)
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FFHEAT 2. ZARSERUR, RBOETRISEEE K, TR TR rviz BIAT & i BOL R IA S 2
moz B A 4 FrR).

Wimage View

/camera/rgb/image_raw

(1 bmerajrgb/image_raw_mouse_left| (] Smoothscaling | 9

Figure 2. RGB image of depth camera Astra
2. REHEH Astra BIF & EI&

rqt_image_view__ImageView - rgt

Wimage View D@ -o
| Jcamera/depthfimage 1@ @]|[e |;] O[1000m || B
[] fcamera/depth/image_mouse_left | (] smoothscaling | & (4

Figure 3. Depth image of depth camera Astra
3. REABHL Astra HIIRE E&

DOI: 10.12677/airr.2021.103026 261 PNER ST IR YN


https://doi.org/10.12677/airr.2021.103026

%
»
®
®
3

EEDERE

g

Figure 4. Point cloud image of lidar

4 BABENREE

3.2. EHREH Astra FYSCIE

7 gazebo T AT E LI, HEEAESZPRAY Turtlebot HL2s A\ E3SHIR ML Astra HeiFE47 5256
B SR AT, K5 hsIE s, eI E B 1) E R VR . I A LA
7T BT Gmapping 8 KI5 2 (S = WA 6 Fio. ATLE R, BOmii foRAE T — kg .
X ATSCHTYAN Gmapping 13 B 2 M ILEE B AL RIS L. [RIFERY, B0 R T T 2 K E S, IF
O3 TSI K B R T R AT B A

BTSSR 1 iR, WRBTTLLE S, MO7ESZIGAHH, St s K A d ER 22 7E 0.8%%
2.3%MNEEIN, 507 BB A R BRR ZE A 22 A K . (HTE S0 & 5 B (R R 22 TR K . B
—IRIRZE S 3.895%, At LIRIIRZEZRHL T 5%, XAt 2 IR AL A RIS . Bl G HEAT 3 S0
fsEst. il 7 foR, M AKIBIE A2k d8 e HAR A, SERE =50, EEshid g, s AR
S SEAARAE O Mo B 0ME B AT ER AR IR . MLES NS ARAE SE PRI O, i Sy R, P 5 3
SEALAR N BRI 1 SEE R

Figure 5. Real picture of the laboratory
5. LWESLRE
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Figure 6. Map of the laboratory
6. LI EHIE

Table 1. Experiment data analysis of depth camera Astra
1. BEFEEAN Astra FSEISHER S

W& SEa E K (m) 172 (%) B e ) % (%)

1 12.130 2.256 6.376 7.326
2 12.167 1.958 6.532 5.058
3 12.249 1.297 6.612 3.895
4 12.229 1.459 6.474 5.901
5 12.306 0.838 6.395 7.049

HIME 12.410 - 6.880 -

FHE 12.216 1.563 6.478 5.843

" el
it oz &
' | | A .‘1

1

Figure 7. Autonomous navigation experiment
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Figure 8. Obstacle avoidance experiment
[ 8. BEFESLLE

PN R RBESLIG . AENLAS NS E B AR IBRIS . aLas NARE — B s sl (EHEAERT1E
HAr iR D —E @l FRist, REiEHLE ATTIa B EFA. W& 8 Frox, Hlas N 17— 208
AR, BT TR, UL T eI EE .

A REAT I e FRAs P e R Ik, B e, AR ENL RN AR E — B R, LS AT A =
T SRIEAENLAS NTTAE H AR s RE P s B LS NI AT ERR 2E b, WML NI4T . gt %
ORI, AT E—FE, HLas AATELBETT 1.5 m BLAMRRERS Y o

3.3. #EEMIEEIL EAI F4 BySCIE

PEJIXTLE, BATTIEREAT T AE SRR Turtlebot Hlas A L 8MOGTE L EAIFA IO, FAARE S #43
Astra [FSRIRAL, 1 eI RN SR E AT R, REAR W 9 PR, FTLUKBL 0 IR @ KT
755 1A 1 S LS e R AR AL [ P A ) M R T I — e, Bk B B AR R . RIS
FHBL Astra I (152560 —HF, ASCRZHAT 1 2 UCREISLE, FFiLs 1 S50 S (K B 58 B AT Bl 70 A »
HAa M R 2 fos . R Al L, RS BRI AHHL Astra (FRISCI0AH EL, 556 5K JSEM 58 2 14 1 &
REHDNTIRZ . LR EREMEEIRZERA UG T 2%, HRJLREEA - 1.3%. LR 9T
R Z TG DLREL, WA — o 17 2%, HAbJLREBA BT 1.6%. Xk B & &5 Hisos R ik
PR B AR RS E B = o

B 5t 3 SR SEaG . P 10 B0, Turtlebot HLAE A AT L IERRHCIA TR @ b 5. i & 11 w)
W, FEFRULRET, W TR E B LB AN ERSY), Turtlebot #Hlas ANBAES KR . (HA2H KN
5, WOLTE XS ERE EERSY), JREA AN BT X 5E06EHE BRI S EE BB A R, BN
BoHIE e iie B S A1 .

i ST AT UKL, SLAM 2 B R Ot FiA EAL FA IRCRE LT, @M ILEIR, X2E AN
FOCTERIAAE BN 2 AEREAT 3607134 . X MRF Rt AL AAERS BIBO L H L AT B E S M 123 N
Wiy, ARDT T RBAT HUCE A . T H, Ot TR IA AR B A R A K AR R . TR EEAE
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PR R LA LS 1o B T IR EEAIAL R RESRASIEHT 7 AR5 B, BT, ML ANAI 215
TR 360° 4% [l LAMEARAS DU A A5 2o 34k, 2 HDGHRFEAN B 5 A B S A0451) n 2 1 i B D I
EATREA SIRAHET AR, 2 AR AT 2 R

Figure 9. Map drawn by lidar
9. BEEILER

Figure 10. Autonomous navigation experiment

10. BEX Sl

Table 2. Experiment data analysis of EAI F4 lidar
2. BEHAEIEL EAI F4 SR BEIRS T

MERFS KHE KL (m) RE(%) S = FE I (m) WRZ(%)

1 12.320 0.725 6.914 0.494
2 12.340 0.564 6.890 0.145
3 12.360 0.403 6.733 2.137
4 12.126 2.288 6.773 1.555
5 12.261 1.201 6.973 1.352

HIAE 12.410 - 6.880

T H){E 12.281 1.039 6.857 0.334
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Figure 11. Obstacle avoidance experiment
11. BEFESEI

A, fEBEFHNBRE DT, REAPURIE Lo E G LR T b, SREARPLAT 3R
FEZEE . T B 2 SRR, TREEAHLREWIN RS 2 1RGO B At 4
R, BOLHEIERGEE AP EEAT M, XEREREIEEAR, FES2 i m el (k
foRsh ), RN U R R OR .

4. LERVE

ASCEIRWID L T AL AN B AU R DI RE, (HER S BN R IS AR KB ZE . T
Hog z EAUER LT, A B RKIE ST S8 Ao, X SEr RS B e
AR Tt P g AN AR BEAR o TR B AR AL X S BRGNS B 75 2 — € I AL B A% A] . Bk z A, 8IS
BT UKL, ANERREMPUE R WOCTEL, BRI AT E WIS SLAM RTE £ S #4545
FEI R M, TREARNL Astra £ & BN SRR RS, (HE W] DRI N Aim i 2. Bt
BEAT A ESHRINS, HACREHE 28, R, IREEHNLA —NEm,  RIFE 0 RFIE A B 2 RS 1 1
W0 ASREE N R, EA T REASIREAEMTEIE, & B  EHAT 2 0. Bk, BRI e AR
BRI B BRSPS N, LR FEIN PR ds, S5 STt 28 IUA ThRE,
[l AL & N F) 22 Attt — 2D 3R TH[10], X4 2 At

EEWA
ASAF RN Y N FHLT A &I H (2020Y FGO119) 36 43 9% Bl o
SE K

[1]1 ¥FE. &T ROS HIFEahPLas N K ST AR A [D]: L2448 30 WA RTE: W RIE TR, 2017,
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38(2): 109-113.
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