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ABSTRACT

A service robot is defined as a rootot that performs useful tasks for humans or equipment
excluding industrial automation applications and requires a degree of autonomy. With the
aging of the global population intensified, the pace of social work and the pursuit of people to
get rid of the constraints of the manual increasingly, the rapid development of service robots,
with a vast application of the scene. Service robot has its own ability is the first step towards
its practical application. Mapping, localization and navigation technology is in the bottom of
the entire robot technology system, and is the key to build the the entire service robot. Lidar-
based service robots mapping method that is an important method at this stage of service robot
products in the process of achieving its own ability. This paper focuses on the basic
characteristics and requirements of low cost of service robots, focusing on the following three
pieces:

Firstly, this paper presents a method to obtain the ideal input in the case of low-cost
LIDAR as sensor. Due to the low cost of service robots, service robots usually use low-cost
LIDAR. Due to the low frequency and the low sampling points of low-cost LIDAR, it will
affect the capability of service robot mapping. This paper explores the impact of low-cost
LIDAR on the mapping process, put forward its data correction algorithm for the measurement
data under the moving state to achieve the ideal sensor input.

Then, by comparing the two main methods of laser-based SLAM, a real-time SLAM
algorithm is presented in the case of low computational resources. The limited computing
resources as well as the production of low cost demand of service robots are the inevitable
result. This paper studies how to implement real-time SLAM algorithm with limited
computing resources, and give the framework of the implementation of the program and
compare with other schemes.

Finally, this paper presents an algorithm for autonomous environment exploration of
service robots implemented in the case of low computational resources. Autonomous
environment exploration is the robot itself to obtain environmental map information, is a
necessary function of autonomous service robot. This paper studies a low-cost resource
requirements of the exploration method to meet the needs of service robot autonomous

environment exploration.
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In this paper, a combination of theoretical derivation and experimental proofis given, and
a basic framework of service robot architecture based on LIDAR is proposed, which provides
technical scheme support for service requirements of service robots under low cost

requirements.

Keyword: Service Robot, LIDAR, Correction Algorithm, SLAM, Autonomous

Exploration, Low-cost
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2. 4 B s DL R B

ML LA T ATLA S, SOt B 5t # A T e it ki
T AUH SO TSR A W HEFAE DTSR RIZZONT, JU4A th I 5 5
R BT RO, RO HOb T A SRR % . WO H ke FRRE
T, S SRR R UL SO B R A RO R, A R
HAX B R S i OML B8 AT 0T R 30 AT B0 IE K O
IR ARA TSNS R, R IEWOB T 2 — 00 P 0 5 2 M0 3
T 025 25 0 B M S WL S0 A TR RO 1 A 5 R A
222 B

O A AR R S — D AR B G BRI 60 B 28 AT ST —
AERTE, SRSt T AL MBS AL REHOE R KRB
WOBTE 5 M NG, JEAE RSP, JEie R Ot TR s S O
BRI ST ISR, F608 2 SR, PRIE TR S 4R R e — 4
BB, PSR 2 SRR OXY PRI 1 5.

R U AL R SO W AR R HLEEAKBR R SOBRIAIR R, OB
ESEENAA L, AR E OB R, Sidar (at<T) WRUR HLEE AR
ot SOBRVAHRFR, ZeILA (At < T) WIREHOCF AR Rt SUBLYAIR R P
P FARKR R IO, Hork P Ay VRSB OLEEI FLER A, P 28Rt At (At <
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T) WFTEE FTALE R H AR sl AR B AARR A T8] (AN A B Ok R W1 2. 5 F

Yw

xR

)/ . E— L g

Yoffse NV, PP =00 fder
Ley Jidar on robot

R xoffset Xm XR
(R} robot

W3 world coordinate frame w
Kl 2.5 AADR A AL E S R

niE 2.5 P, HTEOCERERERAENG AL, FL{LIAFR R E fE(RYALFR R
b, HARKALE R RN =0 REL =0 E(Xoprsets Yorssets Ooppser): {R'YUHR R H{R}
AR RZAL (At < T) WRIIZ SN, HAXAL B K R ARy = E(xm, Yim, Om) s (L AEFR
FIEH{LYEFRRZAL (At < T) WEEEEIIIE, HHTEOCEHREEE ZRENSEA L,
R (L YA AR R T-{R YARAR R MR AT B 5 RNR 0 = E(Xof fsets Vosssets Boffset)

HI AR bR G R R A

LPy = (4r @ R @ FEy) VP, (21

Ry, B7r5GE

AP—— i P TEARBR R {AY T I AR AR 7] &

E—— =TI RS R T I R R
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7N

e

Agy—— bR F (BYAR T4 b 3 (YA X 605 7E = 2 W ARG 2 F 1l 2%

O—— Nk & FUE LS
O——RIEIMMIESRT (—TBEH)
el AR, Lol £ p

i EIR K R AT
. -1
Coseoffset _Slneoffset Xoffset
LgR =0 RfLN Sineoffset Cosgoffset Yoffset = RTL_1 = LTR (2-2)
0 0 1

cosl,, —sinb, xn,
REpi~ <sin0m cosb,, ym> = RTp (2-3)

0 0 1

, Coseoffset _Sineoffset Xoffset ,

. 1~ Singoffset Cosgoffset Yoffset | = R T, (2-4)

0 0 1
EART, FAUEHES AT, Fom bz RIBYHX T ALKT R LANRIFF K e ik
EE ATy = (BT, 5 ~ FRWAREREN.
H41Py VP RIRNFUTERN 1Py = (i, by, DT, VB, = (Vx, Yy, 1) - B
LP, = 'Ty - RT - R'T - U'P, (2-5)
(Per 00) BT IAFREL B 9L p, I LA, 4

L, — .
{ ,x = p, " cos B, (2-6)
Yy =p,-siné,
DLk DA TR B FEAE O AL ], R EP, B BT IEE N (p, 6):
(,D — | /sz +Ly2|
L
(arctan% (tx >0, Ly eR)
L
y L L
arctan—+m (*x <0, *y = 0)
4 = 2-7)

— L
0= arctan%—n (tx <0, ly <0)

= (tx =0, Ly > 0)
L =3 ('x=0, 'y <0)
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A A — ARSI BN, Mlx = 0, Ly = OfIRME, JLRTOMIMRE LT
A, Tip = 0o BCRMESLIEYBE b BAT b 3, B A 8] 5 P B E IF A9 (138097 2=
TR ZIWORTE A BT 7ERLE , i BRI AR = 038 /N T-WOR T 14 B/l B 315 [ i 76
Vi 51 P et g

RSO T A — e T I O 42 R e S (T R R I 2 AR R R, B
AR T WS R IE
2.2.3 HIXLI

76 R R S AL T DB B, B IS RO T SR P A —
IR 220 IO B S5CE (pe, B) LA, 25 75 24— 00 B o 20 A 0T T IR 10BN 220 AR X 7455 2R
117 45— U1 I 20 A T 5 38 IR 20 F A L 5 B R HL SN 38 B ALK 6 A
€y Y, Om) FWOLTE LR LN LK RE(Xofrsers Yorfsets Oofpser) KiF . W 2.6 Fii 7R,
JRR T SRS BRI T, HOWOR T Ik 22 5 1 8 52 RE (Ko fsets Yor fsets Oof fset ) 1T B
PG, TR EORE IS 2 2L A b, BRI R R R A B T4,
TE 32 S A o 7 3R A O A A BRI 22K 0T T I LK 2 L S NS B 6 56 B
Qs Vs O)» X — 52 BN A B 281 IMU SRECEOR, RIS A S BB R 15

(Pe, 99) | — LTR . RTRr . R’TLI | — (p, 9)

i}

Gl Vs O) :qu (o sets Yo rsets Bor et

i)
Gm | MU Db | Esn
1 2.6 Bl R IE BV AR

IMU (Inertial Measurement Unit), RIASPEINIE ST, B = A 500 0 n g B2 v A =
S BE RBACAH R, R DA = A ) 0 R AR =k AR . AR P A R AR 4 SR A
FEEE R, JEId IMU RIS NS s A B s, BT AR AR XS 35 8 i s ] )R
FENSRECE A B, FrCASEAL ] CLSRAS KGR (8] NS BRI M BRI = . 7EMLAS NP gmtd2s
W 2R T L, WAL, BT S AR s s R AL S N ie shEir,
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REHLas NAE SIS T (K38 sh UL TH 7 ik CAE ST AT 3R H 2 19T, W30k
[16-18], H1-T-FERELIT 8] A e e 1 T 5 DR 2 0l B R R M /0, DAL b o 4 ) 24 3
B PIHLAS N AL 6] A AH XS I8 B AL B 0% A A HERA T 52 1Y .

2.3 KBRERTH
2.3.1 fiEER
17 BT 0O T TE AR, 2 BURKHE SCilk[7][8] 7 ITid Hokuyo UTM-30LX & Inmotion
ILD26TRI 1% RE S #1715 40 -
* 2.2 WOUEHRAEWSHIE

g Kt g MEFEE g ES MEFHEE
BE (point/scan) ¢ (Hz) (mm)
Hokuyo UTM-30LX 1440 360 40 30
Inmotion ILD26TRI 360 360 8 60

RS, WEBSPLS NI EENE T, 2l v = 1.5m/s, MAEEN
w = 2rad/s; FEAEE T AV = 6m/s, w = 5rad/s. {HEN, CENLE NRBEOLERIA L
Ferhulr G LS N O 2 18] ) i BLAE imd e e o 7 AR P AR T R 2B R L

iEA =24, 5AlN: %% UTM-30LX oL E A LA ATE IE W 8 E 5 T #3)
JFE . 23 ILD26TRI WOL HIEMALA ANAE EF EENE T B3I &, 23
ILD26TRI 0t 5 7K UM &3 NAE sy A B N R sl & R4 A = ME 0L, 2
NDCERS . AR PR Sheks . iR RIE 2.7 Fros, B FosAARR ROVTTHIG
R ZIBO G B IR AR 2R, AR R P 1) 2R AU SO B A7 — M F i R R RS
AP NS B,  FR s DI A oA B X3, 3 XA 85 o e B IX
o, A S SR TR BRI — W = B, S R s A AR SRR R AT
FREE M —mUS = 8dE, BRI X BT TT 4R, W7 (a4 52 B
.
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Hokuyo UTM-30LX Hokuyo UTM-30LX Hokuyo UTM-30LX
v =1.5m/s w = 2rad/s v=15m/s w = 2rad/s

Inmotion ILD26TRI Inmotion ILD26TRI Inmotion ILD26TRI
v =15m/s w = 2rad/s v=15m/s w = 2rad/s

Inmotion ILD26TRI Inmotion ILD26TRI Inmotion ILD26TRI

v =6m/s w = 5rad/s v=6m/s w = 5rad/s
K 2.7 WOLH IR BRI L0 745 R
2.3.2 HSEHISEL
K 2.8 Pron sk e B B UE #5800 TR IS B HUBRE AT ASE L ks 2 )i 30
AR HERIZ S, BRI HIL JE R BN N IR Bl R RS 5t
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Kl 2.8 WOLEXEIEF ELR R E
SEIGAY PR, 43 AL A#54 Hokuyo UTM-30LX Al Inmotion ILD26TRI i&3;

A NFFS T HAMBIE A s IEWEEFR N AMEE A B EEFES el

MR A =M. BOLEIASH R 2.3 iR,

* 23 WOtERESHIIR

e PRES £ B I ES W BAR ez
M (point/scan) (G (Hz) (mm)
Hokuyo UTM-30LX 1080 270 40 30
Inmotion ILD26TRI 360 360 8 60

BOEIEH PR EY = 1.5m/s, IEH IEFEEw = 2rad/s. SERERWE 2.9 s,
P B AR AR R ONTT AR I RN ZIBOG TR IA A bR 2r, 40 AR MO T I8 R AR I — s
mHE, SRR N E R B, AR X SR R, W
(WA EREE7ek S i
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Hokuyo UTM-30LX Hokuyo UTM-30LX Hokuyo UTM-30LX

static v =1.5m/s v=15m/s w = 2rad/s

Inmotion ILD26TRI Inmotion ILD26TRI Inmotion ILD26TRI
static v =15m/s v=15m/s w =2rad/s
Kl 2.9 WOLE X EIREG ELR AR

2.3.3 g

WA S 45 AT UG B, A3 R AL 88 N H I3 5 A2 5 0 U 2 1 2 HEAff 5
WEZERNER. AMMRERABOE RS — s e b T RSB SPIRE T A2
AR, HoR S HERI B 22 B8l FEBR RS s S HERA B SRR, 5 B A, i
IR R IZ BN s s WER LRSI TR K. MR IESE B K, HriERIL B —
FE EBUR T RS R AT, AR SR SO S . R T AR IR0 TR A A2 5
RS HIEHEH 1E S5 1 D B A 24Pk

ARSCHEAL R L A F AR AR AR AR BOAIBO S B 3 1) 2K BE I 25 28 0L s A\ BE Dy
BFAAR SR R IER L. SURFIRE, hpLas ATEds ) BiE 2 R e s dE, [
I 7E 22256 bR AT BER O T T4 ] e AE ML 28 N e i b B, A0 B R AT BRI, A
T FEEATR DA e e 77 A 1) e B R I

21



By MR K ¥ H L ¥ A B X

2.4 KBEG

AT R T ROCHEBARE TN E S =B s 24, JF Hasein
UEZHF IE AN R . 2SR5 e T WO i AR T A I P e A2 201 & AL B AR
e, RN 6 1T M iedkiash &N R he e iz sh b, i H G SO HER Hh Sk
HHIMA GG . ZFERIE T 24 R = 4RO TR S P AR S SRR,
HCAE D6 S BE AR 25 I LA AR B B IA L I8ROV INGE S S A IR -5 A5 TRl
TR ESR T VR . AP g BOFR IR SR T B BT S T O H IR R A B K
FIAESS, I ] DS 0 A T A Hs T A B RSO T A | 5 ) 8080 e i 22y SR (1 B0
2%, XSHRTHILE NI T O T IR B i B e fr bt e 5k BT BB
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3 BETROCEHEIER SLAM Bi%

HR S5 NTEARFNIRSE R, A e] 3@ O 3R A5 A% S 0 ) AT ] ] 100 PR35 Uk
FNE— N E AT T AU, HEARIZ DRSSy SLAM (Simultaneous Localization And
Mapping), B[R] 52 {57 5 Hh B A 8 . SLAM BVELE SCHR[20] 4 52 SN BhHL s A AT
SRS L g ] B T DA DX AN BT B O E R U7 . RS4RI, SLAM
i HANUE AU E S, BN R E R T RE TR, AN
ATy M ET Ay FET AL SLAM SR T B0 F AR SLAM 5. Bk
B, T RS HLEE NI RE 3 SR AL SLAM J7 S0 R B, BR300 3 3k 1
SLAM 75 SAEMRSS LS N 7= i A A b 5 48 32 A, o] SEal b B2 L IR Th BB U
ST BRI T HOEH A SLAM SRR R ARHE SR 1 H AR

AEHETHETHOCE AN SLAM Hik, it gs BT HOG T SLAM H% Ak
R R W R BT R A ERAL R VR A, T B & B AR R A
H AT B AT 01 cartographer SUAMESD, [l S 4L AR 4k D7 v 3L 2 7 ZE 1)
cartographer {5 AIE 712 R )5 1) gmapping FVEHISLI IR . AT 1) B AR 22 HE
WIR: BB 3 THOEE AR SLAM SE3HT BAAMER, F5%F SLAM HiE R iRl £
Tk ST E AR TTVE AT 4 B G FIREIA s B TR T B Ak vk A
J7 %1 cartographer SLiEAIE 7L M T 21 gmapping FEI IR LLEL,  IFA 4 SE
S P RO Be 5 s B8 =9 B SO0 AT L R AT HE ZEAR 3, JF 45t cartographer £
R R B R VRGN U AR R e R A B HEAT 4

3.1 ETFHNFIXN SLAM BEiE#A

A 8 A7 5t B G (SLAMD A% G 1) R PR U RS B L8 A A2 75 T RE R E 7E K
SER R R, O ELHLES AT LU B R B — B[R A E L
B AL E . SLAM R R O T BN N SIHLES N AL X “2E5M 7, BN ER
SEHLHLES A\ ELIE T 20,

SLAM il i 5 5L & LR 11 1 SLZE. 1986 4 1H 4 1112447 119 IEEE L3R A5 E @bk
2 (ICRA) L3, IERTEMR KRS b, MERI7EMIRR 5] NBIHL8 AF N TR 5
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(AL, Artificial Intelligence) 4, SLAM [ @A L J& — /N F IR A v B8 ok 2 B i
SENLIFI AR, 3 — SO e b 2 B 28 AR A 1) — AR AR 1] R 75 B2 A e 1y 4 2
MESFITF R . & 3.1 B BB BT H 1 SLAM SRR 41 FLA%E FH 1 B 77k
BEAT 73 R B ARG DL

EKF
UKF
_ Sigma-Point KF_*
Gaussian Filters "\, Square Root UKF
Information IF
Filter - p—
Histogram Filter * \
SEIF

_ Bayesian Filtering

Gaussian Sum
Filters
Rao- FastSLAM

Blackwellized
Particle Filters /"~ . fastSLAM2.0
\ DP-SLAM

g20
SLAMEZ = Levenberg-Marquardt /¥ .
Nonlinear Least sqrt-SAM
Squares General Methods /7

[v . > / iISAM

t iSAM2

Preconditioned Stochastic
Optimization Gradient

»

Experience Mappin
Relaxation D bpe

Gauss-Seidel
Gauss-Seidel

Multi Level Relaxation

k GraphSLAM

Linear Methods

N\, DSIF
Stochastic Gradient Pose Graphs
Descent

\ TORO

K] 3.1 SLAM #4024
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SLAM ] RI¥) “ AR5 587 RN N FAE I 25 8140 vh U I B Bt 2 — .
SLAM 1ER—ANFEiR i) L4 LLVF 2 AN [F] (T X R A . SLAM B CL R 7E N
N EIZAMIHLE N, KR BN & 2R R AV 2 A RIS BIST . 753 RIS
JET L, SLAM HU/E R LIHEA A& — D LGy ) 8. SR17,  SEbr AT SRA77E SE R
P il RRLR e e, SZB b B 22 b S SLAM MRy 28, 59 70 A4 el R A P S =
B BBy SLAM B3 — 3B 3120,

3.1.1 JEBETTVE

BT URPBOITEN SLAM Btz 5 DU it vt i e SAnM 0 2
t N ZI NG B HIE R, X ¢ 2 RGURS I EIME AT, REREN
FEHLEEN t ISP ZI BT AL A7 28 DA% ¢ B 220 (R b U RRAE 21 o R S5 B om0 U AN, A7
TEZ P b TURMAR 1 E, Hop HoA AR U T8 7 iR SLAM B
Leonard and Durrant-Whyte J- 1991 A1 Smith 28 AT 1990 442 H P & K /R S JEN
(extended Kalman filters, EKFs) J5%, Eustice % AT 2005 £E A Thrun 25 A\ - 2004 4
AT A5 B8 (sparse extended information filters, SEIFs) 751, Montemerlo
& NT 2003 4FF0 Grisetti %5 AT 2007 F4& H AR T8  (particle filters, PFs) J5i%,
Hahnel % AT~ 2003 442 1) FastSLAM J77%P2 )2 Montemerlo %5 AT 2003 442 1)
FastSLAM2.0 J5i%23, Eliazar fl Parr T 2005 ££42 H! (] DP-SLAM J5 751241,

JETETURBTTIE R SLAM BEIRAG T RERT MR, st TARZ
R ITIE, ABMEARERMR, HET IR AR SLAM B0E S AR A7 TE 55T 0% b
Pl TS 22 A A BERAER DG PR PRSI | 8 58 1) 8, 3 A4 2 ¥ DA RS A T KRS L 22 [l 3R
KA T AR S TR 1 3 R 6 25T, 5 b [ N T U 1 1) SLAML BRVEIE X LA N iZ 3
R TR AL R A M P T A B, dn SRR e, BRI AR T B KRR, T
WG T IR 7 VR ) SLAM B3 T 6 o — Le B SR 5
3.1.2 BIRTTE

5 R T IR T VE N SLAM BUEANE, SRR RAG TR ¢ B2 LA A AL H ]
G, BRI F A R DS Sl v sE BE LS Nig BBl S . T
EIE SR LA — R A S HLEE NS Sk b & A2 B 20 o, A4l v 5 B bl
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5 N8 B F I RT LA A X L3 N8 S AL P A A TR0 iV
Fe 51 5 A7 2 [8) (R 20 SR 5C 22 DML H B 7 sQPE IR, P4 i BRI Al PR 9 22 18 (pose
graph) o 7507 248 B HP A7 TR 5 s R IR A, =T A5ORE REARE SRAR (B 28 AN TEAS [RIBE Z00 o o7 48,
T IR (R 2 R T B ) A T A0 RO 2R, XM ST AR P 2 () 249 SR T DL i B A
TG AR R AR AR LIS B HES 2 7RSS A & A 5, e I 1 o s e
FEAL LR [ T AL AL, A HAH L2 B O 4 R B U R I T ORI ARG &R, R
PR 25 SR B RAL S A PR32 B ik 27281,

BT A7) SLAM BENESE F ZAFER I 4. Blsm AN G oo 1o EL AR AR AE
SRR S, HL B SRR 8 4 P 4303 30 DAy SIS T P PR I R B R I T)
(Y PR BRI, AP SR B¢ 3 T 2% e 25 A i ] P UG T S ARG 7 S8 o o s, 17 PAT3AA:
I = L2 E RS N H BTALZ S T U5 n) XL 28 2 8] R DT TC S AR XS A2 Al vt 1) .
I H BRI DG IS 2 B0 UL I 5 AT A B, ARSI 2 22 S P s A R Rl
2O, RIS BRI, RIS 2 — AR O Al o o i o 0 DA B A B e 0 i
FE) A PR LA T ARAL DT e e DRSO O e 75 L2, e T 4 5 22 A 17 77 A PR A7 223 R AN — B
20, FEAL R R TIT A, LA ATE &I 2 AL BB R LA &, A7
B B S7 14 72 1) 240 SR D AR G R IS 2., PRI A 1 A B 5 SR Dk 2 167 248 1 31
I RALSRA T 55 T 3 R I T 7 A PR RS A ], BRIARAR A 40— A B4 b HE R
IHE, AR w A ) B AT ARG, TR S, SRR AR DO . anE 3.2 f
IR HET R T SLAM BRHESR .

i i
(i) A
P

S —1 [ mmxm MEREHS [ it | > sLavisit

RIS IA): RRAERR B

KEfIE: PRI
RN =T LA
K 3.2 T ERATTEER SLAM SiEHESY
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£ SLAM AR U, 26 AL 575 K SLAM SA R 2O RSB
o R SR PR LR, BB i RORARE AR I, SERHPEEORAG R ORAE, 55 [RIFE
& 220B%, ceres solver ALK AR ZE I BN, {145 ISR E L REAL AU I =R Af 2502 R EAS DA
firuk, DRI T B T 1) SLAM B R 75 1 25 S A 35 O BT BIR 5 Bl s A
Wb KA AR T 5

3.2 IR AFESEMRKFELRR

ARG 4 (8 ] Willow Garage 24 ®HL#5 A 7= i PR2 il (4 45 Willow Garage
data set SR X It Ak J7 25 (1 L8 5 5% cartographer FIJE D 592 (1 4181 77 %8 emapping &
RO AT LLE T o
3.2.1 BEENA

Willow Garage H(# 4 & — ANt T HIF 7 A B 1] A8 L0 ARG W0 R0 15 S b 1 7 S o] 1) 250 0
£EBY, KA Willow Garage PR2 #l#& A #1753k, PR2 (Personal Robot 2, ™ A#L# A
2) /& Willow Garage AR/, A PIFNUE, REFNUBE 10 TE 854 U4 H
FEL FHES A=A B HE T — A B, SRR IRE), ST
Iny/s, 7EHSLFRERATAK Kinect RGBD #43k, %A Hokuyo UTM-30LX BOLTH
i, HABALIC RGN B G DT AL R AR B %, TE LR R %2
RHME Xeon RAFACFEE ) FEINA/E AR HIAIE R, JF34 Ubuntu Al ROS H4t.

P 3.3 PR2 MW S PN 544 i P
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b A K K F R+ F BB KX

Willow Garage #4542 ATFIRALN), @ 67 AN H ST MHLEE ATE/S AR
PRI, 7E K2 1600 V- J5 K 7 p AR B B RE B SE & o 12 H0E R BAT B
HARS BA RN, RELIE & AT ESE, AN HANLE A SHUREALH 1% LA
FB A S M B E AR 26 R BB R SRR R fEAR SR, BT ER
FR R AR KA RIE ., — B A Z YRS RR MRS, R AT L HARER
MRS LA ARG FAEE, X T WO T IR IR S5 L3S N 2 B b AT AR RS N (MRS
PEELR I
3.2.2 WE4ER

W 3.4 FFR R B AL i i B0 TR U5 % cartographer 1YE U 7 V5 () 7Ry %
gmapping 7> HIFEZEEE AN 2011-09-15-08-32-46.bag F#HT = X E IR, bag ST
5& ROS WA T-471i# ROS ¥ BRI SC AP, XFROAM Bl fF, W B RAE
fig i ROS A7 U8 FERA R E, B85 ERITE =B S M RE, 13
BELR R BB AR, AT 78 BB B SE PIRAS, AR B IR, [F TR Re R A
R A P AR AL, BRI AT AR WL R B S

cartographer cartographer cartographer

SERTE] . 741.33 Fb SER Al 741.63 7 SERN ] 742.63 #
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b A H K ¥

gmapping gmapping gmapping
SERTE]: 742.68 # SERUA]: 742.78 b SERA]: 742,80 b
& 3.4 cartographer 5 gmapping % %R LA

M 3.4 Frn] DUE B R HL IR EE K 20 60 K. 82 55 oK, Hu PR g T 24 3300
IR, WAL 1600 ~FJ72K, NENE RN IIA X, AAKELIE.
Irola)s 1) S A @ i) s [ S5k o i A R — i g, DR AR IR SR B — 3L
BOCHEIEMFE Y 20Hz, BN 25 K. AoPisdy 025° , B iR ftrg B2 T
G, BIRAMAHBHENE o0, NEEIMIRKE, cartographer Bl RAL T gmapping, H
P R TCASEL . A5ATENT, SRS —8G BB S HENRE, cartographer ]
AR T gmapping, 7E[F—yH Bl =X EE LIS T, WIRJGIEHHA cartographer
=R E R X, T gmapping = IRAE LB BONHN, HY 5 ESA 5
BMKZER: NAFIEE.. FIAEEWERE, WRAEEWNEZAZ, (HEEEWE
cartographer fiL T gmapping R, fEE&MILTEREAERET, gmapping A&
RS B — 2 N SEB67E SONY VPCEE37EC U210 A Fitktr, H CPU
TSR AMD U 1T SUZ AL %S, 00 2.2GHz, WIAF 4G, FIR%IE BISL 58 il

3.3 cartographer E;ZH#EZ

Cartographer /& Google 2~ 7] T 2016 FFIFJEIH —3K 5 & . ALK H AN 2D Al
3D i ] SEmF Rl E A S G R 48, It ROS B3 1. Google ] cartographer 2
7 AN SRR TR0 TR IA R SLAM #7756, H T DARIERER S & 10 i it
ITEWNNS, LR HERDY S K 2D Mk 3 K

W& 3.5 fis N cartographer 3% HIBHE 7L -
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B A H K2 W ® 4 B X
o
R S E UL WITCRE I
woemie Lo maae L mEsoase | L
MU (AT ) AR St | | SR
R () R SRR | |
v
O
UL L
TR O
Yy A
T
TS
v
e
VRSN AT i A SPAfLAL.
AR o MmiSHRETFHE » Huberloss o <N TR
R WUSHE T = e A
FES BT A Cere-solver

27 15 AR A IS T) B O T A KR UL I 2 s e, AL R i RT DL R
AT B TR T Rl ARG 7 B, prile BT i
TR, AR R R AR =, BN R EERE LA THRE VIR R
. EHERE R RIHRER, N 7GR AEFEOR N SEI R (I PERE, %07 %=1
SLAM JPiEAME RTRL 7€ a, 18 BT LS B AR k. B — T ESERUE,
IR EE A T ER Kt IO AT eSS I B2 o] Iy NS S eya A U R < B
HHWOR B S AN 18, R EAIRE T AR S THE R W, SAILAC 3
RAEVAE T B R BRI QR AR 2 B4 TS R R B 2 s T DL
e, TR FAE N IR 2SN B AL 7 e i R BB LA SE ple— IR ALAL , B2 2
BRI 205, BT CAPA ARSI 3= it UG S 00 250 b B i UL BC SE PR A A, 5 0 = B
Ve Ja IR BAZ 5 SR A o SO FHEAERAS 58 T B LA 0T S5 IR SR SE I

3.5 cartographer B2 %4 it K
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H .
Foop S5 258 AP PRSI FA) 431 o UG e 7 P DA A -
RS R 873 SO S UL AL 5.3k
best_score « score_threshold
EAE IR E I RIEEC T
G0 KNG CoHEFP IR AR C . TR AIAG 0 TR EAEAR T
while tCA TR do
SR HARTIUT F C
EHHTUCRME S &=
if score(c) > best_score then
if c/2MT 50 then

It fEmatch « &,

IX{E best_score « score(c)
else
33 o EcET RC,
TR DI G IELEC,
B39 KN CBNERC, oK HIAG 3 T B AEAR T
end if
end if
end while

return best_scoreflmatch (AR5 E)
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AT, AR 7S i AR St )t (5 B R TS B, 47 BB AR TG B &
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REAN I3 — P i T A& B ) U7 v I P AR B P RS T il 25 ML 3 N 7 A
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O, B RS IA AR S R . R RIS N, TR 135k
TOVELE H R AR I R A* IR A SR ERTALRY, IXREE G T R I 1A TO SR AR AT
KEG B .
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