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RESEARCH ON PATH PLANNING OF TRACKED MOBILE

ROBOT BASED ON SLAM

ABSTRACT

This topic stems from the development of the tracked mobile robot navigation
system, and the research on the mobile robot navigation system mainly involves the
robot Simultaneous Localization and Mapping (SLAM) technology and path planning
algorithm. The specific research contents are as follows:

This paper first establishes the hardware and software platform of the tracked
mobile Robot, introduces the basic framework principle of the Robot Operating
System (ROS) platform, then establishes the communication mode with the tracked
mobile robot on the upper computer, and carries out kinematic analysis, pointing out
the mathematical relationship between the speed and each moving wheel. Finally, the
moving chassis control node of the tracked mobile robot is introduced.

Then, by analyzing the advantages and disadvantages of the four most common
SALM algorithms and considering the cost of the experimental environment and
hardware, Gmapping algorithm is selected as the SLAM algorithm in this paper.
However, due to the problem of resampling in the algorithm itself, which will
seriously reduce the particle diversity, an improved Gmapping algorithm is proposed
in this paper. The resampling process in the algorithm principle is taken as the
starting point to improve, and the zonal resampling strategy is proposed, which can
effectively alleviate the particle degradation phenomenon.

Thirdly, the path planning algorithm is studied. In this paper, the Probabilistic
Roadmap Method (PRM) algorithm is improved and the path planning of the tracked
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mobile robot is carried out. The improved global path planning of the PRM algorithm

is mainly ensured by optimizing the location of sampling points and increasing the
number of adaptive adjusting sampling points. The problem of sampling point
redundancy of traditional PRM algorithm is solved. In local path planning, dynamic
window method is used for speed sampling, and the optimal path is selected by
evaluation function and adjusted by global path planning. Finally, the path is
smoothed by 4-order B-spline curve method.

Finally, combined with the contents of the previous chapters, the simulation
experiment and physical experiment of the tracked mobile robot in the real
environment are carried out. The comparison experiment with other algorithms shows
that the improved PRM algorithm has good adaptability and effectiveness. SLAM
mapping and path planning obstacle avoidance experiments of mobile robots are
carried out respectively in real indoor scenes. The experimental results show that the
improved PRM algorithm can be effectively applied to the path planning problem of

tracked mobile robots and ensure the safety of the driving process.

KEYWORDS: mobile robot; SLAM; Lidar; path planning; improved PRM

algorithm
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https://scholar.cnki.net/home/search?sw=6&sw-input=Li%20Qiongqiong
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B AT EEX YR SLAM JNEHHT e B 5 o BB R, RO E £ Gmapping
YENASC SLAM §ik: &4 ¥ Gmapping HJJEEE,  JFMH AP B ECRERRE DI 2t
ITHOE, SR XHECRFE NS, AR TR RIS .

HVUE: SEH St 4 R, 32 Bl PR R E DA E N B & R R A
s M7 ANORIE SRR R, FEf B S0 PRM SR IR RUTAR AL

FhE: RSO R EENR, EER B S MARTE KA, JRE v ek
Bk BRI 2 & 42 R AR AU BEAREAT 48, B JEIEIE B REAG 2 E XS IR AR EAT P IH
AbFE

FNE: RSN AR 3 EBGEFIERN 0 OS2, @R LufE 48 PRM BEL
UERCE IR A Rk, IR LEACH A 22 R AR LRI VA IS S G AL, S8IE ot Sk i L 52
M.

BEE. HEMESRE. ARTENTINARGHIREVENNK, Ik SoE AN EAE
AR, @A, bEW RPN B ET SHLR .

FNE: B4, AERMESCHITT . BIRERE TSR, IRt s r st
FAERARE A BT, RJA RSN U7 A S A R R

I
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F2E BEABIMISATEEE

A JE A FEBALAR A SLAM AR AN A2 BRI L O 7T F 225 T ROS RGHAT
). AZRFELNG T ROS V& HEAMELRFEH, BNA T Byl r5 B A shiLas
ANBEHTT 0 IR E A U s Les N EEEET &, N G BIAE LSS T 1) A s ke
i =
2.1 ROS AN

JE T AL ENHLEE N SRt R 2, — IREAFRI RS TR EAE, AR
W IR 2 KA —HF . Morgan Quigley 1 ROS Tl H & 7 fif v J& w7 AL bl as NF AR T
R AN FRATER L, BN EATT RS 5 ba KA [R] R BT R G e A R R RRCAS, TR 25 8
W R B HLAR N BT Rk T A KBk . Morgan Quigley F1 ROS T H [{) i Bh s jifi, fdif5 @
A AL NI KA N S =, 1 HRe s S ar i & B P O RE KR, A ROR B
K VIR A, FFHIETH 7B E A LR ShHLas N R GBI AT SEMEAT ] H e, ROS RGikK
M T HLES N AT BT RIS, BRI T A B A g7 20 iEIE R E AT LIRS B
O TR L, T 2 P fEth SR B AMLEs NI R, IR RSE s 1IR3 Ik,
ROS RGUEHEHE T8 KT, 1EIF R E BRI AE AR IS R T — kI K. ROS $2fit
T—EEEMEELEN, U RIS N 2 M H, A FE LA T G el DAz
PaRB SR AL Z AR

ROS Mk 8 H adid, V2 et sefyk o e kK3 ROS I 77 Wk, 1 B\ 5%
Hi R A8 R S BT, AN TR K M3 i 1 A (K mT B 1471, ROS 5 Linux 2R F 8K 2848
81, SRR OO R B, RIEH RGNS, T HAF— 4 28 R A AT
)AL

/catkin_ workspace: ROS R4 1) TAEZ (A2 HAEH BT B8, O BIREE T —A 5851
B, DME T IrA R AE RERE IR b 72 B .

fste: EER T P 3 O R CHIERERT .

/seript: AT iR 2RI AE TR K, XA L IAE T python A, DAEEE LT
Hiuis 2 FH I 5K



ey WMWY TR VAT
MHEFN B2 A RGN, 0] DU G B X — SRS . =R e B
/msg: MRHE ROS YL, FH /AT LAY 75 2 B 47 B B T S 2R AL
Jsrve AT AR 75 2 8 USSR AL
i 2-1 iz, ROS RGHIEERG AT LLIE M b FE I H oK

Topics Services Messages
T k55 5 E

! 1 ]
ROSTH&E 0

l v l

Master Parameter Nodes
TAEH ZHRS % BiP=

Kl 2-1 ROS FRG4hH K]

ROS RSt 185 28 A R I BoAZ G, BRI RO B, T H e a8 T
—E IR R, BT BdEALE ., BT SR, IR ERER R ) H A )

R R DLSEBLE 28T AR S O SEAA, EATR BAE 9 ROS R &8 B — 4Rt
Jf H AT DASEIURE € D RE, bLanSea s Re A) (3845 o 20t 52 A% i M 48 25 44, A RAAIH ROS
RGP R, SRR [A] BAG RR fd,  AT BE G S R AR T BT 5G

ROS RGHT R B BA T 5T FUBAN KRG, B S EAE BT Y RAENHME S,
HHACEE— A1 RBBOE o A, FLAd Ty fi AT DL I e AR 7 ) 12715 ROR SR IAH T2 JA] Y
L H.

SRR A2 — T NP IRESHORE DRI, R —LEEN S, JF
H AV o0 FEAT R, DT 2 4 5E 1R 75 K

HERT R AR EE T, e T R A i Hidhs R e 4 o Rr E s 2, BAGE
F P B S AR 75 22 B Hde BEAN R B 282, DT SE30 22 AN 74 s 2 1) (A R0V

ROS Hy“tli @R T — MM IR, Er PSSR 2 AN R Z B i) o, JF H/mT LA
SEI/ PR TH B A e o TR IR A T — B RSL A EOAR, &R PASEBIL 2 AN s Y [R] I A2 46,
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SR TRICERL X
TS T S8 X 4

Ji%5 2 ROS R ST B ZALRR /7y, B FT LASKBUR RIS, B 24 % P 3 2 A SR
55 s 2o SERIMA R, TR K HB AR T 1 45 5502 180 (RSB R0, RE S ] T 7 B e R 5 (T 55
(BN

ROS RELIIBIE TR AH B I R, AT SIS M I B2 AT A8 T

(1) 3 AUR M4 R MR D ALRIR S, BT 2 GRS 3., T3 M4 i)
5 2 55 BRI A R A e A M 252 O i

(2) ROS 8 ZFHGIRE S, BOIT UL ZRANFR, AP ERE RS
PG S SR T L AR ROS H AR B2 11, AT LURRAR 15 2 1 75 3 4
LB MHER AL

ROS HARR A I T B AB AP N BIEIIRE, SRR w4 H S8 IEN
A AR B IS N SARESE, T LASCHI bk A HAGIA FBRALE . AR R CHifeis
B DU BRI 5 5 TR R SeBL B A SRS B AL B AR 1 2 AL, T HR s 1 B ot
IR N3
22 BHTEEE

AT T — R T ROS RGIRIZEHAE R S0 HLE AR BRI 5 [ 2-2 Jor T3
DR INGESET(SIR

B 22 AR ELEA

10
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Balas N R K BR i 2 A A5, fldh: M2&E)R (Jetson Nano) « WOGEEIA,
STM32 5iil2%, HHL. Zmidss. XERIKSN. W5, EIEas. PEig{. #1001, CAN M,

X SR A, SRS IEH S AR, W 2-3 s

RTOS 4551 & & w] LUIE L PP FE e 50 B IR SR R DI e PR DR A8 0L 55 1 IR 52 A, T
AR A 2-4 THHIHES . BT REIUE S5 RISV RN, EAT AT DAE — BB (I [a]
PSR, JFE R LLE B I A T R 00 T B Al e s it

gL ¢ WIFI P R4 USBH: 0 > .
> e < y B j(
ROSHZML WAEE WL ik
A
Y
) fe—eM
»| STM324s 81 52 12C | IMUPHED
éﬁﬁg%’% AL A A
UART2
] l A 4
B W B CAN$Z

K 2-3 BalfLas N fz il s iz 18

ROS A1 ROS WA F &Rz, MM SEE 2 EAE B PE AL BE

11

RLERE 2 M 3 AN, AT USSR
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»| Balance task Pl &5 AT 55
= RN
»| MPU9250 task » P
Vlhhitk p G| HRTOSIT- 4%
OLEDJif N 25 ¥
—»| Show task 52k 0%
B
» CPU
—»| Led task »  LEDINKEK
SERT#1 1R #iH2 i 113 NGRS ok
o CANHH . . | R 11}
il i i e 7 | PSTWO _task » A
A A A A A
RIS FRELCAN SRR SRILAPP FRILROS REENETSEN
Ex iRl I ECE TR tea Nl I Eat ol I E et TR —»| DATA_task Pl CANE 4

2-4 FEEHHLEE N STM32 Fibill g8 1 FP AT IR AL &

WRIEREAF AR 2-1, APLE A —MERA R ENL, IRl PWM 50K
RIS, 1 H, 8 7RIS T RS ARt s, AL R PID HAKEAT
AT fERDECBUL AR LR 980 BKrF{E S, AT AU IIFCat Tok. SrpLResem, (&K
ae e I B AR —2s(8], ERAERGHEAT —IRAG 5 I0AAL, MR — 4RI K5 5 . XL
55 A A — N A RS, SRR R BN BRI € X5 5 R, e
N LML e Y P

® 2-1 WS

7= i FR =S 72 AR B
ZEA R TN JEI 52 77 e WEEIR 4B
J&F Cem) 30*35 SD % 32G
HE (kg) 4 FHER STM32
WA (kg) 8 His LD14P ¥t TEIA
ORI RE (m/s) 0.25 HLAL 3W*4 12V Hift

B 11 28*168 JHH thdw it o
221 HAERER
b E OGS S PE S AT 72 M, LD14P Ot EIE CEMiE 2 —FfaldE. &

12



s, AW T AT
B ARDR R GE, B RS HER ISR A B ) s B, P IR BERE T  Sh B A bR . T

i Ik 2-2,

* 22 WEESH

LD14P
MEEHAE (m) 0.10-15
DE A RS (°) 0.18-0.72
FHAFE (HZ) 2-8

LD14 KA =MMEEEAR, WL Emeoc. BAERET. AENEST, Bl
IRB)HICEE AN IR & TAESSIERD 2300 IRADREHIIE . BOL TR IE LL—ANE 2 i B K
S WRLAMNEO, e R H AR, S R, TSR B AR AR B HER
R R EOE. BHEE. BBCRITTE R =M R, NNEEHER. LD14 REAEE
MEEBSHAE AR S S, IRROX EE BRI . O RS T T 2 AL i AR X L
5B IERI AN . BhAL, EIRAEREIEIL PID SR IEHI ML ESE, LA BT
2.

222 HARBRENE

éj?.l
)é"’a

a
B
d
—————————————————— ik
L |
%
5
° B |
a s |
N | R e
O |
Ot e
“u |
~

2-5 =R B
SRMEE AR 2-5 Fis, Eh d SRS E RIS, LAEE R AT

13



TR R A A8 S
BRI IR RS, BB OBOE R 28 R H RO S VMR I e, SO IO S 0t HIk
TIVTIAP, RPN £, FEE d SRR
N AOAB = AOCD H{ A 15

L
—= (2-D
x

d
f
f f

X= +
tana tan

(2-2)

HrP RO TR A SRS IR L O, FRRE £ ORL e ffa, BRIARTEMLI=AMIZIR
H, hBEOCHEASEI L, WArEkar (2-1) M (2-2) 15:

sina -sin
d=L*>"2">"F .
sin(a + f) (2-3)

2.3 5 EUBEIRGR

th T SSH f# I AER AR IR, AT LLB T A 1S B 22 4. A ELARAE BRI FTP,
Pop. Telnet 5[ %5 4%, man-in-the-middle {5 @iRL. B Al SEMREHE /T AT (5 %,
A (R A R FICHEAT B . AT LA, SR LA e R i, T BT
IV 02 7 P i T

SRTT, SSH IEARBEBONE NTE 22241, T IR T 2 Fh AR RS20 ) 22 4 I i N L]

R AIERY GET 04 e s 3RO - K 5 B IR E 04k
Py IR Ri B0 3T < B (=i VN 11 B Lo | 7 v TN T P s Sl DN s
BISCAEAE S T TSR T B R e P TR, TR B A AR 2 5 D P At

55 A R R TR, X R AL U F S AN N B R RAR S I R B )
1, AT LS SSH HMSCR B SRS R 50, SRS I AN N 53k 58 iont R Gek 22 e 18
MRS AR, B AN H R PR ENAY], SRR, LA
AR E M. &P, WPK<RA” (challenge) {ENINFEEE, i
W% PRI . R BRI P APP, A AN A S B TR R I % % R
AL, VS RERS A ST S Y . 5 RO SRS R 5 W B T XA (5 BT
s, BB AR DA REE B, IR T RG24 k.
2.4 BEIFESH

14
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IRABEAENLA NS 3, BR T SRR A, b UK F e MO FELSE B ) H A
B, DR LA S A5 S BEAT R, ATk SRR NRIRCR . B8l 220 A RUR LA
N E o B e 48 09 A L) i A 5 R — b e B e, el DA B SE i st R AL AR AN AT 09,
I HAg s A RO HIPLEE N izsh.
K 2-6 AR XM EHLE NS a2, B B 7 SR EERE ST e
JR ISR Z R &, el UEGF T A5 50 2 1] IR R AR

Kl 2-6 ia3)FERY
R PR ZE AL A N B TIE S, R S AR
W MRS RIS, BEEPON0 R, BAL: m.
Ve: HLas NAEO R HARRTHERESE, AT, A m/s.

15



4 BN ST e 2 VA 78S
V,: BLEALE O R A ARSI, W ENIE, B4 rad/s .

R WU AR A R 2 A R 25 4 R BB m
Vo Ve: WUBAJEARESE, MASHEFREE V. V., WAL, W6 m/s.

z

Arc, ~ Are, ~ Arcp: BLESANER. O 5. HRAE—EH I WELEEE, BA: m.
0: WL NIE—ER 8] WHERE ML, B07: rad
FHWIWENZEFRR, JER P ZE NS NS 3) 2 B iR A .
R FEE F I [ (R R 43 5 T AR AR
Are, =V, *t, Arc,, =V _*t, Arc, =V, *t (2-4)

KB L R TR A

Arc,  Arc,,  Arcy

9: — —
R—K R R+K (2-5)
2 2
0— VoYt VRt VRt
R_V;/ R R—f—l (2—6)

AN PL R BELL L, RIS A RR 2345«

V = VL ﬂ= VR
CROR LT (27
2 2
Xt (2-7) SrfEnr 5.
v
kR=7" (2-8)
e_ ¥
R » W (2-9)
2
Ve o _Va
R o W (2-10)
2

B (2-8) AT (2-9) © K (2-10) "[HEFFU AR, CHIEAREEV,. V. KIK

R HARESE VN Ve

Vo=V -V (2-11)

16
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n=n+%*n (2-12)
A 2-11) K (2-12) WU ANIBE = IER AN, SEIRINFE I LETEE YV, V3K

HATHLEE N SERFEE VSV

V.= : (2-13)
|
nszR (2-14)

2.5 BEIREEHIT R

H BT 15 s sl e R BT IRIE 2B A shplas A b, 38 7 ZEl i R4
R, 4 RESEIl Hi#E 2 BIHAT L RE

B T D8 BRI JE A AL A IZ 3D, TR s BN . IR DL S oA M 4 %
MIEA). XU B SEhR TARBUR IR A — 2280, DUE RG24 J oy sAH LA N 1
ol JERABGFHIEIN . 4k, BATEEA PID MIMIEHIE, DMEEARSCR % T
BEATURE . W 2-7 P, ATRAE B, R B R E 1 A S AT T LA AT A

y

A EZ

+
o(OH— BoEs BT o

A
@,%
3>
X
=t

P 2-7 PID 41 K

17



8 W YN T e VAT

Phase1 1 21 314 1112 13 14 1213 14

Bl 28 IR ST

AT, PN LA % T — NRIGR. LTI — DR,
AR AR AN E B, XA AT RE AL T HLES A S T IR /NAD ARG o S X A
Wk, AT LURE LA A AT BB A IR A, IR IR N B RRR . T A SOA 4D 28 1 v
$77 AT SO P DU R AL B T, SEBUR EE R T, AP 2-8 B . SRR i
MBS A EFEHR, T8 PCHLATLL A SN A EAS, WITTSEIIXHLER AL PID
IR EGIR
2.6 RE/NE

A GIEME—NET ROS RGIEH RBHHLI N FHALMIRT &, LUE 4 H 5
PR AEIR RG], e, HERA T ROS RENESHIHR, I PC 3 5 i\ 3)
DL ASEde, MmN, DUESEINA RO SR AR RG], R, B
sof JE A S BN A IS B R AT VEAR IR 00T, LSS i i SR SRR 7Rk . WF 9 TR
R B LS AT B B LT SR XU, BRI T e L A 58 42 i 3

18
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%835 SLAM EEfR

SLAM B, 4L AT I 00 5 R B AR 2 RO A1 LT, 2 B —
AR, DLEER L G, SR XA EIHLAE A ARG, WA
DR HLBATT LA SR M G RRIE S5 WA SRR (R . REFS S (A2 DL
BAMEEIRE, E 2L AT IIR
31 EREER

ST, B LRI T R SRR FIR AR AR 5 MR, L (TAE AT
IR TR

I o454 O A SRR 5 5 MR B B — S UL R 8 Tt 3
B 7R R IR T R BCSRIFTSAT M o 50FI T B RO 52 4 O R SR 25 B
AT HOBCIE,  MT A P S I 2

JURTRHEHD PR — R T AT BB EHL 2 N ST 5 o (OB . bt
AR 0 T BRSO K SR R, 9 L Bk P B O 1 LR

FEMIFE R — RS RS B HON T SO, & A LRI M2 R R R
A B A LR B . AR P LA RS E B2 A S MR S 5 0 58
BL% WIS RO UK R S

IR AR 5 R SRR 7R, LA SRR, % 341 B TR =
Ry SR R MR S22 A

R 3-1 AFBUH I R E R

b [E| 2R s R
TSR Xt SR IR 2 S R
AR 2t P
N RERSE iy ) R SR A I SE I VA
Gy FRHAT AR R 1 Ak B o A5 B AN S R
7pag VA Kiil E A X A4 Rl — AL IR P A AR HE X 31
b
ARMA . A B TOVE AT 40T iR
TR Rk BN ARV TCIE A
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LR AL ] S AFIFHFAC TR
JUfRTRFAIE i ]
5 Hbs#R Yy 5t BN e e

ASCHEH P MARGUE ]+ 2 ARG R 5%, IR SCR IS S . 53 A %
B AR AR A [ B BehS i, SRR AL AU O SO8 0 801, AURTMEZAL,
TRV 2 75 40 T B ATIRAS . 0 Fomi A IR AT, 1 3428 16 CL4 B ARG,
ToiEFHEN o
3.2 POFELE SLAM [RIBSHT
3.2.1 GMapping

GMapping &Rk POt d ALl 10 5Ly @ EAE 25035 . '8 i Brian Gerkey JF&, T
Z TR L ES A B AR LR BRI, SR TF A 3-1 s

/tf
Map_frame#lodom_framef#JtfA4bx
nf
Odom_frameZF|base_footprint It Az [ ~— /slam_gmapping/entropy
) BLAS AALZAG TR 73 BORE FE
gampping
/scan | _— ~ /map_metadata
HIEHHE B Hhy ] T 245 R
/map
i &

| 3-1 Gmapping TF K

GMapping 52 FOG B X8 A IO S, @ R8s AT IR R, s
AR A ST . [FI, B ARSI I U S AT RO EE 5 T A, SEUPLES A1 SER E
i

GMapping 52 %O AR AT R T U485  (Particle Filter) SRALTHFEBIMLES N7 2
CREEMTTED , JFE s B DL SRR Al T B AL 2 S B AT UL IS, T4 0K B 1 3 &
HIHLES NI E fr &5

GMapping HIETE LI 1 AURE FE 7 T2 I €, REAETE 5 A 10 = AR 3 A0 A 5 o SR v o
B A EN .

AT, VE2 NG A 7 SR GIE moRs BT o (R, Xy U ARl B
NEHFEAE Z T HE, RTINS ERER RN, 75, BT8Rz R R,

20
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EAMRE 5 LA
3.2.2 Hector

Hector SLAM /& 55 —Flvis F (1) SLAM B3k, e B T30 8 8 250ds 1) B AN s 10 B9
5 GMapping HEAIF], Hector SLAM K T 4= T4lbA% (@ K 7775, 456 R a BRI s o
(Inertial Measurement Unit, IMUD B{E 5, KAIsm T @K 52 M MEmt:, E2mga R
PRGN T, REFHR N NG BOX BT %6, {H Gmapping R I T Hector
SLAM TERLEI7 4, FRl Rt T AL = B R R shilas Aok Ui, TELHI IR,
PLZARFFRAR SR, BUHET 0.1rad/s, FIEM TF B0k 3-2 FioR.

nf
Map_frame#/|base frame[JtfA4 AR

nf /poseupdate
Odom_frame#|base_footprint[FJtfA 4z HA Y5 ZpLas N &4t
/syscommand Hect /slam_out_pose
AT DS “reset” I, HbE ector VAT B3 07 25 W LA AL
/scan /map_metadata
T e I 225
/map
Hu R

K| 3-2 Hector TF &

Hector SLAM S 1) 3= 22 AR MO F 1A R s 5 HLE A8 8dE Gad IMU
WM& MG, RS @ O R EEE AT AL, R 2 /N R
Jutk, FFARME O R S HE A2 A H Sk TR BIRAS o[RS, Hector SLAM FI Y& R
IRZJEP A (Extended Kalman Filter, EKF) , 1] DU 25 Al HREALEE N B 2245 B Rl & 3
-

Hector SLAM S Ab P 2 25 24 455 1 W 75 AR A0 P A% SRR S B0t 7 TR It €, "B e it
mASERT AL BRRE 7y, O HEA RIFHIFRMEE. 54, B TH T IMU %4, Hector SLAM
TE 522 BRI E LIRS BE B AR TR S B0 SLAM B0EH Frdt .

SRTM, Hector SLAM FLiE AT — L. E5E, BX IMU FFS BT HERPE Z R B m, B
LR B m R R IMU /5338 . FL/, Hector SLAM S35 48 AbBE K HUBEA B N 7] g 2> T e i 55
BEURRIB R o

21



G TR R Sl 26 1 S
FHIKE, Hector SLAM /2 —FhH T-HOEH ISR IMU Hebis gk F A i, LA el
MSKIHPERIE . AL AL, 2R SR A HLE A S5 el ) T T2 B
3.2.3 Cartographer

Cartographer »& — # F 5[] SLAM( Simultaneous Localization and Mapping )57, H Google
H R IFAE 2016 4 & Afi . 5 Gmapping 1 Hector SLAM Z54LL, Cartographer 1 /& F T St 22 &
HE A T EEB2, BER TF M 3-3 frs.

Nt
IR k/g?il mE o S— ~_—  Map_frameF|odom__frame[PJtfAA45
e Odom_frame#!|basfootprint_frame[(JtfA4Fx
Cartographer node
/ odom | — —_ / submgp_list
EZbians i A
/submap_list Cartographer occupancy grid no /map
BT de His

3-3 Cartographer TF &

Cartographer 5 H A A F 2 AT E A T 248 B 50, BARROEE L IMU
PEIRBAIT) 1 GNSS (SRS LE RS . iXH73 Cartographer f 575 A FIFREE fh k4T
KSR e LA

Cartographer A% 0L Y B R /R 2 €M (Extended Kalman Filter) F1Eft4k (Graph
Optimization) o ‘& I8 i X & AR B BAT Bl A IR AL, SCIL T WERE FE A7 284 1R b Pl AR i
BT odom, N 75 Z robot_pose _ekf. I tf KATAIZ 200HZ KT robot_pose _ekf [
20HZ, robot pose _ekf KAl tf S47E i o

Cartographer fENLEF N ST 302 BN = 4 58 A7 S5 U b bl 2 B B BB BT &
BEVEFISEIN PERE, JF HSCR 2 MG SR AT & o BT HITUEMER, Cartographer #4523 1
TRZ TN RN AR SRR A
3.2.4 Karto

Karto & — P THOG B A 84 ) SLAM 5%, HH Karto Robotics FF k. & —FiE 2L
Bk, @A T/NRE BN NS 2 IEIAE A, SV TF A&l 3-4 s

22
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f
IE Map_frame#F|odom_framefJtfA4 b
Odom_frame#|base_footprint({jtfhs [ ~—
/map_metadata
Karto 3 2 5 5
s / icaf . | —
B S /map
Hi <

3-4 Karto TF &

Karto H %A FHHAFAILEL (scan matching) FLALFE AR SLELE EIFE AL . @i o
Rk R8s, B ablas NRIRAL 245 5, FRE A 7 iR O b B AN AL 28 11 ()
WD,

Karto 5097 BABAR A v 5 2 2% FEMA PR PAT L, 16 AT SEmF R B Re g b PR
HE R AR, PR IE N AR R B YOG Ik

Karto SI5AE = AT LA NSRRI B 524085 QU 2 8 B g AT v R
PEAEASFVF Z BF 58 N AT & 3 16 % Karto 1E 9l 11 SLAM fig k77 %

3.2.5 MBS SLAM BRI ER S 34
# 3-2 SLAM Sk iR

SLMA H: e prym
LEHRZED, frH b 7 ZHEREE A AR LIESE e &, HIEERERK,
Cartographer 2 AR IR 1) T T A AN TR OE FH 1 )75 5 PR 2 7
3.%4 IMU #1 ODOM, RARGMATLEE, 247 5B,
] ATFRrg 3RS ERK.

L WO TR IR VE BE R B, 77 ER
S, MR N IARES .
2. RS RE AR PRIE RS S, 5 AN

T BT, EH TR EE AT H
Hector-SLAM ..

1.

LM NAEEFEER D . I . . N
Karto-SLAM 2 ST RTS8 6 1L TR BT, FEAR SR EAE

LA DASER My = e, LS, b

e X B RS IR IR AR =, R
Gmapping zw%wamMAMﬁﬁﬁ$¢%*ﬁ\% Wy T 5 .

Bt

3.AHE Cartographer 7E#4 /N b I, ANFE 2L

PNEZ AR EEZY SR

g BRI, ASCE SR EOE SLAM 5958 Gmapping &k .
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3.3 B Gmapping BE
3.3.1 Gmapping &% JRIE

WL E—45 T f# Gmapping /& —Fi&FPE 2 1) SLAM 8k, AHEIEED. WEE.
MR RAN ST & TN A RCERE AL, AT FE A28 Gmapping FUAMEARF I, FLALER
LA ANHKH Gmapping FZk#t T @B e, Sk EEMHYT R RRZIEHEA, %
SRLIF A N SE B 2 BN W06 TR IS TS B I Al = Bl 5 AR T s . BAN O Gmapping 5L
AR

(D HalaFN: FHIER RO E R A8 S AFEY, 5 BT B gt
[FIAEIBCT —Wisos AR T 8, N — D@ AR R R fk . [ W AR A BT AR 1 (1
WE, i 3-1) Fir.

1
a)él) = a)(()Z) =..= COéN) =N <3_1)

(2) RZFEHr: WA BRE T B 0 454 AN b sy e A= AR 0 SEMEL A 5K, AR
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