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Loosely Coupled LiDAR-visual Mapping and Navigation
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Abstract: This paper presents an autonomous mobile robot (AMR) system and operation algorithms
for logistic and factory facilities without magnet-lines installation. Unlike widely used AMR systems,
we propose an EKF-based loosely coupled fusion of LiDAR measurements and visual markers. Our
method first constructs occupancy grid and visual marker map in the mapping process and utilizes
prebuilt maps for precise localization. Also, we developed a waypoint-based navigation pipeline for
robust autonomous operation in unconstrained environments. The proposed system estimates the robot
pose using by updating the state with the fusion of visual marker and LiDAR measurements. Finally,
we tested the proposed method in indoor environments and existing factory facilities for evaluation. In
experimental results, this paper represents the performance of our system compared to the well-known

LiDAR-based localization and navigation system.
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[Fig. 1] Illustration of Navigation System


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2022.17.4.397&domain=http://jkros.org/&uri_scheme=http:&cm_version=v1.5

398 =yshs) =2 A7 A4E (2022. 12)

Ju
ol
N
)
3
jur)
E

[>
o2
Lo
iih)
%
s
™
o=
Lo
do
rO

. oXx
il
N
X
™o
5
o
2
b xo

}1 in 2
o,

o o

2

rot
I
(o]

(

Xy
o
> T
N
NS
b

o

12
ol
ﬁ
_‘1
j}i
%
=S
¢
o
il
o off

o

>
4
.3
k]
N
o

?L?ﬂ 6}0312]— T3t
73 0}7] -.4 3}l Visual MarkerZ A}
7] whulE ehele] AhAdS o
A} A Z(Occupancy Grid Map) 2] &
A& 7](Path Planner)2] 2% 4

A3}

o
Y
i‘_l
ol
o

>~
b
_O|L
_& ru

¢
O
o oL

2 oo
L oh ok
o xR

U

o2y S

o o

R TS

2

UN o

oy, o
= HU b

L
o

o X
oL o

Iz
3R
QL

N oo

aypoint Navigation 7]9-&
s 7H’ﬂ3}oﬂ =3
o

& PR Rl ti8 7= [Fig. 113 7o,

& f e
o

o oX

o

b 54 AR =2} Visual Marker A =5 E31a}
31, EKF 7|92 2 Marker A2 A HE A7 o] E
- LiDAR % Visual Marker 7|8 25 91X]Q12)8 FAF o =
g3ste] 87121 A X Update™ -5 A<t
- Marker®] IDE AF8-314] 71 5474 7]RE91%] Q12 # o]
B3] =& A
- AA| 7] B0lA AR 7FsdE Al ke TSl
AFE B8l 914 14 s s s
B %E—Er?/] 270l A= SLAM % Navigation®] gt &l
ol A= stegofo] @ i‘ﬂé RS Holal
Zﬂo‘_}%}* A|2g] A Elo] 335 Aretal, 572 A7

ﬂ%%ﬂﬂ%ﬁﬁﬁ%&@%ﬁ vhrE]ataL it

ﬂl

o o 4

Mol F&2 AREH AL gl A= A
J(Mapping) 71 0 2= th ¥4 © 2 GMapping, Cartographer
7} 203z, 913] €124)(Localization) 7] 2.2 AMCL (Adaptive
Monte Carlo Localization)®] 21Th GMapping2 J}E]Z TE
(Particle Filter)E ©]-8-3]i= FastSLAM &a12]58 A-8-51o]
A&} A %(Grid Map) & A4 @}, Cartographer+= LiDAR =
= 7helee} 28 T2 Al oke] §ohE o] &3 A 2] F
A 14 7Y 5 SR, HAsHE S8 270 wi3(Scan
Matching) &2 A2} 2| ;=5 A4 S, AMCL-S 9}E] 2 2 E]
£ ©]83 MCL 7oA 7P HE 75 o] &3l 84S
=9 91A] 14 7ot} Bg A4 e DTk A7)
S &8 WA 91X214S & 5 Y E LaMaP B 288
AU

oF B3k A erF 0 E S ), =R AT e s

BEAG Y LY 7)5s Tk A= AY7IE ARSI
ol A AR S AR AGTI A AR A7 7—}7—1}
Euclidean A& W]-&-2 2 &}] Dijkstra &
Navfn@}, Elastic Band 74 2. A 2% o]l Al71o] EHE}BJ\_E :%_6]'/\]
71 1 TEB (Timed Elastic Band) Local Plannero]tH¢7,
7|5 2D LiDAR®I| 2]<53}4] Navigation 3= 74-9- 4WH4
Q1 Ajghgol A= vl 2 Adss UERiARE 25e]
A E S ARk 2713k AV 8 o] A A A &
2 QI WASh= drift Aol F oFalixIt) i w=itoll A=
LiDAR 7|8k 9 2 HZ]OV\‘ J}O] 2}z %W‘ﬂ Visual
Marker %3 7} 912 Q12] &aL

© 8 Agtsh= & Aljkgith 0] e s 1553]] IRt
H Aol A& 913 A & Al 2} FnhS Lo = A4 8-3hHA
ArUco Marker® = 2830 230] 925 HAs= At
o2}, A A Al Marker 1.5 -8-5l] A2 Docking3 =5 A

Assick
3. SH=RI0] AlAE 7Y

AMRE 712¢] ul2y)l gelol] ¢]&&}1%] 243l Visual Marker
5= LiDAR AIA & ARt A& F8ehe SHhES ofv|gh
t}. Line - Free AMR®] 7-&-&- 9]¢ 3l=9lo] EHE2 [Fig. 2]
of gro] F43loiTh steflo] EFEL] 5 Q1A A ek
i, Alo] F-E2 up] ozl

0]1%] H= AMR }\]/\Eﬂoﬂ/\i 2d4) 348 9l /513} Zol| =
9 o] Y, A|2Hle] FA) FEE QIAsHES §tt 2D LIiDAR
¢} 7142}, Encoder 2 Ultrasonic A4 7} o]oll d@slH, 2D
LIDARﬂ' Fh[eke] 749 i ol B o5 X E ot

%= gtk Encoder Al *1” Bl £ Ul QX E vjotsio]
odometry R E A3} Ultrasonic AA & $1
A =S st AA| B S oll A 8 FE5ES HAISHE

= g,

Perception
[LiDAR] [ Ultra J [Encoder] [Camera]
sonic
Control

| Serial
Planning
Main Process
Ethernet UsB

Serial

| Mobile Robot I

[Fig. 2] Configuration of the robot system




AU &7 S olA gtolch-7he oFAF 7]RE g 9l A 1A 2 yiH| Aol W 399

S A|o) 3} Main Processoll A AlAFe <=
Aoz wton HA) Zio] A thA]
= S

SIS A T,
4. MM A AH>H AZELQ O]

B ol A= Ad ) 37 9] A8 2302 913l A A Mapping
& Waypoint Generation %33}, Localization & Navigation 2}
o & ipyo] mnkd 255 Alojgit) o] & 913l LiDAR 4
1 9} Visual Marker J RE- oFAZ}H 7]k o 2 §-315]= Al 2~H]
S 753}%I ). Mapping & Waypoint Generation Z}74 2] 7-9-
TEOF o= AR 3 TS FEl TS A53)
o] #°¢-8}31, Localization & Navigation Z}g il 4= Mapping
& Waypoint Generation I35 $3l| 4°¢%¥ JHE o]-835}]
A3 & AR gtk

4.1 Mapping & Waypoint Generation

B =moll M= Al AR A= 2 718k i3 2} 94| EKF
SLAM ¢8| E0g Agste] AR et 273 5 e
marker mapS A3 $HC} Mapping 2! Waypoint Generation®]
WA= [Fig. 3] #k

Mapping: EKF SLAM®] state vector X, = tl| 4] 9] Z5-2] 9]
A R, = (x,,y,,0,) " S N71] marker map M, = (z,.,,, 0> Yy .00

gf,,mAO ] xt,m,ﬂﬁ yt,m,N’ gf,Jn,JV) Ti :’L}é %q— *%7] XlE Z—']_}g Oﬂ

Robot_status

Odometry

Camera Lidar Mapping

Scan(=LiDAR)

Grid Map

LiDAR
— Localization

map
odom Waypoint
Generator

Marker

Mapping

Marker Map

Waypoint

[Fig. 3] Mapping & waypoint Generation node graph

EKF SLAM ¢i18]5S ARSIl o™, prediction ¥1749]
motion model& #}-8-3h= th4l LIDAR 719 914] <14 A}
R, & AH&-EIY. state vector2] 43 U} )

X, = (Ryp M)* 0]
Rt,l: (zt,h Yo at,l)

M =(zt,m,0’ yt,m,O’ et,m,O oty xt,m,IV’ yt,m,N’ 0 ,m,N)

EE3E LIDAR 710 913] 14 Aate] 2 8-4/d o) vi¢- 2k
2 bAske] 2] TR 5,0 23 917 FRUL 002 %
7]} gt

0 0
EO - (O EOJII"I) (2)

UTI?T,O - 0
Z‘(],mm = (3)
0 - 0Opp,;

Prediction 2} ©]$-2] F&AF X, = marker] FE4F ghik
S 7}, Correction ¥}7g ol 4] A}8-3}+= observation model<>
marker®] 91%] gt z, = (it,zv Ui oo ém)%/\}%@‘ﬂﬁ 2, %y,
= 2 A = 5E marker point7HA 9] (z,y) HEE, 6,
= 259] head 9} #=% marker head 9] 7} 7+o] 215 2Jv]
S} Correction 28-S %1 83171 91 3l marker &5 %k 2,2 <l
% 3k 2,8 T30h Marker #55 7 2, & thad 2o, RS
25 ABAE 70 = oF Fxolth

=Y @)

BE 2,7 2L Fel
o e .

61 Lim — Ty
6 = (Sy = yt,m - yt (5)
59 et,m - 01‘,

2t [ §,cos0, +d,sinb, J

31517 €13 observation model

—6,sinb, +4,cost,
9

Zt = Zz‘uy =

24,0

S observation model< M7} R, E AME-3lo] 25 A%
A& HE B3 marker?] o3 gt 2, S T3t 2k AL

i



400 =3:5t3) =24 417U A4E (2022. 12)

73171 $13l observation model 2] X, ol| t g} Jacobian matrix
£ 7Anksick

Zt, @)

9 F2ell wah 4t 2, z,, HE ©]-831] EKF SLAM?]
correction S &5, A (8), (9), (10)2] A4S AA
marker®] 91X & BASH Hr} Qo K= 27 AA wo]=

s e
9] Akt ARt AL ol gieh

K =XH (BXH +Q)" ®)
X =X+ K (z—2) ©)
0o O

Et+1 - (17](;]%)215 - (0 Et mm) (10)

2 (10)9] T4t 5, ARE el A 9] 2 marker 7F] A
HAAE ofnlehH, AA| T4 B, 2 LiDAR =71 vl 3 7]
AE91A] 12 Az Ak 7Hgell o4l 5, 01919 F
Ab e gUER A E

Waypoint Generation: 73 = 7| €717} A sl= 247§+ 7
ol th3k 1A ok o 224 Waypoint Navigation2- A QFsh
ofo]] ARE-E]= 7 A 317] 930 iv“,%gl /\}%j
& Al O'Zé x% 3} | waypointZ #435H= 71%

olE] 42 918 A8 A7} 55

o & 5o A 98 o8

F8) A2 A A W & 2 AL T
marker7} ZA3HS 71 s} wheba] A
Z3 Aol Hetmarker YR Z B % A S
AR 7 deslc) A A2 A Q7 28 A4
waypoint A7 o] A5 €] waypoint®} #5-2] pose

Ee A4

]o

mlo o
Az:

N
o2

SO
o

rir

i,
3

3
=l
*é

o oﬁ

)
4y

g

> il oo o2
ot
k
o

ool = Mo >
»
X
N;

oy

v
o m?{_[

>
=
9

Localization Stack

transform

2O

7H g Ael L 7k Aol 7k Ak B

= s,

waypoint= A7

4.2 Localization & Navigation

Localization: =012 374 W
localization =49 ¢ 259 X7] YX7} 2 33
whEpA] B =l A= g 8k 9
[e]

=

o1
2} oA %} 7]9ko] EKF ¢ E]%—a‘ /\}9“3}93 .

712 LiDAR®] 9]&
=0l A& LiDAR AIAE /\}%ﬂ 230 H =]214]
sk &l Zhlet Al o] B Hjol B & A8
& Fol= WS ARSIt LIDAR AlA &2 BA
poseol] ZH|} A 2 2123k marker2] 5 A 1.
t Aghgk 230 YA & 53t

1A Q14 AA A 9] EKF &3] 52 Mapping THAI <}
FAFSHAl 1 Th [Fig. 4]2] Localization Stacko 4] LIDAR
Localization®} Marker LocalizationS A%} 913l X 8= =
I v 2tk

Localization®] %% F3JT+= Initialization THAJol A,
Mapping©] 73-9- marker®] $1%]5 4 3= ¥F, Localization
o 250 f1X1E FA s Wi, 271 X, ¢ =500 914
o] that FEAHS- diag(1,1,1) =, marker 9 X]ol thah &5k

S 00 3

_(20rr 0O

2= 0o an
100
Yorr=]010
001

Z7] state vector= 2] (1)2] FEIE wp2r, 259] 7] 9

A& FA4317] 218 marker mapS ARSI} A 2

Odometry

Waypoint Navigation Stack

map
Toaom

tf

Camera Marker
(Marker) Localizatiﬂ/
Corrected
pose
_pose
Odometry
. LiDAR
Scan(LiDAk) Localization
Map

Waypoint
Publisher

Sensor
transforms Goal
move_base cmd_vel
(teb_local_planner)
Goal Arrival

Marker Follower cmd.vel

[Fig. 4] Localization & Navigation node graph



A B #7004 eholc-7hulet kAt 7Iu 9

Z7] $IA Ry =
map M= (,,, 4 Yp0 Or0v" " Lo v Y 3> Or )
Ao AE& /\l&fﬂﬁ} oju] A/ EKF LocalizationS %1}
shejebe WshA] ko ARt ¢ 9} 54 ot} marker”} ¥
SHAE ], 5 4 2, & U2 correction 2158 2 35}
Z7) $IAE FA T FAE 27] A& v 2= LIDAR
Localizationg 53l AA] 29| QX & thA] A3}
Initialization®] $F5-% ©]$-Marker Localization2] prediction
WA= LiDAR Localization®] A¥}ol] o]=x]gtc}. sld wA] 2]
of| % state vector2] R, LiDAR Localization®] 23} R, & A}
83131, M& 2713k Tl 23] 914 R, & LiDAR
Localization ©. 2] Wo} ¢ = 3} oA 2HL0] =A% 9]3]
ol odometry7} 3|0} Q17| wiZoll, & vl A ARgsh=
EKF Localization2] prediction ¥}"3-2 LiDAR Localization —L
A AL & = glom, 4l o 2 YeRH o5 )

(20, Y 0,) & (0,0,0) = AA3}A1 marker

2 Mapping &

X, =(R,, )" (12)
2., 0
Et=2u=( o O) (13)

State vector X, ©| R, ,, M- observation model(?] (5), (6))°]
28310 allS3k 2,2 5k, observation model©ll THE Jacobian
Matrix HZ 2] (7)ol ulg} F3ic) 53k 72l Al 25
marker 75 Ho[E] 2z, & Hdito} HFA O & EKF ¢alE]s
< B3 RAE 259] 9IX & AliFe). Marker Localization
o 2HE =5 ZAH state vectore} FA4k U} 2

K =X H(HSH+ Q) (14)

X =X+ K(z,—2) (15)
X

oo =(UI-KH)X% = ’ORR 8 (16)

Marker Localization®] $1%] =4 ZA3}= LiDAR Localization
o] Adsle] =Eo] $IXE thA] AT [Fig 4]0 TdE
AAH, A28 F2E A7 FEH= ‘?%5}935}.

7 ]“}—E —fz’g 0}* H“ﬂ 3= ol 7 4 oﬂoﬂ

S AAd sk A o] oA HREo = =l A= Waypoint
Navigation®] A}-8-& A|FeH}. Waypoint Generation THA] o1 4]
= AR&ste] T waypoints=
3 A 25 A3} Waypoint NavigationS 73151t}

o

7<1 ¥ waypointE Assle

2 9A 1A el Ao A i 407

ZH9] 255232 ROS 7|WF2] Navigation Stack-S- 285
= 2842 82 9138 waypointE A -3l= T3S s}
Atk TS Aol T Al AdH| o A A A E -] el
marker] ATIX| & o] 8-5h= AH A <12 2 Ao} & 7+
STk

FY AEd -2 Waypoint Generationol| 4 #]7-3k

waypointE A3+ 24 waypoint pathE- A4 3131, ©| & 7
frab e ghek. 2 4] ©] waypoint paths /43171 918) &2
A5l EEAF 7] O] Z5o] o] &8 A 2] E H]-E(g(n) &
=2, WA 53AH Atolo] 2 ARlE FElad 4
#(h(n) 0.2 ARE-sl= A* YarE]F0ES Alg-ghch

3] BAA) o) =2 -9 1AV el 2 85 ], marker
&7 2] /A& 24 F AAE 913 B Aol
Z&3ic). o] & 98] 250 markerE 914 J-S 74-9- marker
THE 2RO 37 et A eke S g

A, 2E

0 = atan?2 (yf’z, xi) 17
r=yal, (18)

2] (A7) A (18)llA] -8k 0 9} ro] ZHEof A&
o7 2 ¥ marker2H-E] AAT X0 mets)i=
A FH7F kR 2l o= 7HkA] k. o] % A A7) <k
=] waypoint path’¢] 74 278 2| 0 & B g}

oM, oE,
fl o off

(9]

128 5 =25 2%

3 =l A] AQeE Al2Hlo] A5s

42} ) A 2 BEREel tie 1S Wesiele) 7t
Ao A o] 9131914 45-& B Xo]] 2D LIDARE A8}
37, LIDAR 7|4} Object Tracking &-312]5 DATMO!E- A}-&-
3] B4 pose} ZF dare]Fe] A3 poseS H| WSS A
o] ARRE A 1Bl [Table 170114 3—%{% ﬂ, 7} ALK

-%w:um U

o ot

H

[Table 1] Configuration of robot hardware

2D LiDAR SICK TIM571
Perception Ultrasonic STMA-503
/MCU /Arduino UNO
Camera Intel D435i
Control Platform OMORI1




402 =335

=R ANT7E A4S (2022, 12)

[Fig. 5] Robot platform and sensor configuration
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(d) Localization performance of our method
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(b) Path planning guidance via waypoints

[Fig. 10] Performance of waypoint-based path planning
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(b) Avoidance path generated for multiple dynamic objects

[Fig. 11] Obstacle avoidance of the proposed system
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[Fig. 13] Occupancy Grid Map and Marker map of Indoor logistics
environment

[Table 4] Localization of the repeated mission

Robot position X y
1™ Trial 8.496 m 32.87m
2" Trial 8.507 m 32.88m
3" Trial 8.499 m 32.88m
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[Fig. 15] Occupancy Grid Map and Marker map

[Table 5] Comparison of the localization performance in the
facility environment

Translation | Rotation

X y 0
error rate | error rate

Reference| 13.92m | -0.362 m | -94.09° - -

1% Trial | 13.85m | -0.336 m | -94.62° | 0.507% | 0.563%
2" Trial | 13.85m | -0.348 m | -95.16° | 0.505% | 1.137%
532 4dv &7
25 87 Wt o2} 4] O b AR E A
Wil 5ol N AAL [Fig, 149} 2-E melz) o]
], 2 Hf- AR} A =9} marker map-2 [Fig. 15]92F 2tk

o
P

L2 =o)L A posest Ak W o ® 23] 914
gt pose®] HluLE Foll Ao AT 2He] 23 HEA
Aol A 7|2t 2 250l F-2He marker2] poseE =3
th AEH poseE AHE38to] ALkt A A 7]+ iigl
poseE FHxsto] 230l 91912 B FeAds-& W
oluf] 7150 2 3= pose:= [Table 5]2] Reference$} T} 3l
A 53] A3}= Reference thH| Translation 22 0.507%,
Rotation 2.3} 0.563% =, S HA# 3] 2 2}= Translation 2.
A 0.505%, Rotation 48 1.137%=2 AHEF L] o= An)
oM o] 38 A3t A &7 I vz A &2 A g
TR Aes 7L s ASET

= hs

|

R

6.4 E

. =Fo]| X EKF SLAM &-112] 58 o] £-51o] LiDAR &

1.9} marker AHE §3H4) o] A 9% A4S

o}, Bk waypoint 7%+ NavigationZ} A A el <} =8 el -+

Tow &l At 7le s 17}0}"% A o] E3He = 3k
5

SRl A Ug 7t & /*“ﬂ] A darelE 9 Al2H]
S 715319 2 LiDAR ©Hd 7| iR o 6% Aag dsSu
ERllE Blom SISkt & AT v 23t ARl
TS HRE APEH AL 5 AFeM = v ito] EA)
e 59 B S8 oo ATE Wad A Flo|u},

References

[1] MR Robotics, [Online], https://www.mobile-industrial-robots.com,
Accessed: September 16, 2022.

[2] C. Debeunne and D. Vivet, “A review of visual-LiDAR fusion
based simultaneous localization and mapping,” Sensors, vol. 20,
no. 7, 2020, DOI: 10.3390/s20072068.

[3] G. Grisetti, C. Stachniss, and W. Burgard, “Improving gridbased
SLAM with Rao-Blackwellized particle filters by adaptive
proposals and selective resampling,” 2005 IEEE International
Conference on Robotics and Automation, Barcelona, Spain, pp.
2432-2437, 2005, DOIL: 10.1109/ROBOT.2005.1570477.

[4] W. Hess, D. Kohler, H. Rapp, and D. Andor, ‘“Real-time loop

closure in 2D LIDAR SLAM,” 2016 IEEE International Conference

on Robotics and Automation (ICRA), Stockholm, Sweden, pp.

1271-1278, 2016, DOL: 10.1109/ICRA.2016.7487258.

E. Pedrosa, A. Pereira, and N. Lau, “Efficient localization based

on scan matching with a continuous likelihood field,” 2017 IEEE

International Conference on Autonomous Robot Systems and

Competitions (ICARSC), Coimbra, Portugal, pp. 61-66, 2017,

DOI: 10.1109/ICARSC.2017.7964053.

[6] S. Quinlan and O. Khatib, “Elastic bands: connecting path planning
and control,” [1993] Proceedings IEEE International Conference
on Robotics and Automation, Atlanta, GA, USA, pp. 802-807,
1993, DOI: 10.1109/ROBOT.1993.291936.

[7] C.Rosmann, W. Feiten, T. Wosch, F. Hoffimann, and T. Bertram,
“Trajectory modification considering dynamic constraints of
autonomous,” ROBOTIK 2012 robots, 2012, [Online], http:/files.
davidqiu.com/research/papers/2012_rosmann_TEB%20Planner
%20Trajectory%s20modification%20considering?620dynamic%
20constraints%200f%20autonomous%20robots%20[ROBOTIK
%:202012].pdf, 2012.

[8] F.J. Romero-Ramirez, R. Munoz-Salinas, and R. Medina-Carnicer,
“Speeded up detection of squared fiducial markers,” Image and
Vision Computing, vol. 76, pp. 38-47, 2018, DOI: 10.1016/j.imavis.
2018.05.004.

—
wn
—_



406 =353 =54 4177 A4S (2022. 12)

[9] S. Yavuz, Z. Kurt, and M. S. Bicer, “Simulataneous localization [11] K. Konstantinidis, “Development of a Detection and Tracking of
and mapping with the extended Kalman filter,” 2009 IEEE 17th Moving Vehicles system for 2D LIDAR sensors,” M.S thesis,
Signal Processing and Conmmumications Applications ConferenceSola, Delft University of Technology, The Netherlands, 2020, [Online],
Antalya, Turkey, pp. 2009, DOI: 10.1109/SIU.2009.5136492. https://repository.tudelft.nl/islandora/object/unid%3 A103fe186-

[10] P. E. Hart, N. J. Nilsson, and B. Raphael, “A formal basis for 925e-4617-8275-d746e7c47600.

the heuristic determination of minimum cost paths,” /EEE
Transactions on Systems Science and Cybernetics, vol. 4, no.
2, pp-100-107, July, 1968, DOIL: 10.1109/TSSC.1968. 300136.

Z A 3 A oo Z
2017~&A Jerfst 2RFSINEAD U ; 2019-AA FEthstal 2REFSFISAD

y (4
" l\i‘\\ ™
) A W
g L B\ A E
FHA)Fok: Visual SLAM, Deep Learning Aok Computer Vision, Autonomous Driving

A
2324

2017~EA] Fdhgta 2EF3IH(EA

&'

x

=4 o
2006~2012 Japfistal H7]ESHEAh
2013~2015 KAIST 27]8382H 44D
2015~2020 KAIST AL s1A-3sl)/

FREX(AD
2020~2021 Fgthstal LRE ST} e

2
rd

Aok Visual SLAM, Deep Learning 2021~&A) olslthetn A7) Fee} s
AR} SLAM, Spatial Al, Autonomous Robots



	실내 물류 환경에서 라이다-카메라 약결합 기반 맵핑 및 위치인식과 네비게이션 방법
	Abstract
	1. 서론
	2. 관련 연구
	3. 하드웨어 시스템 구성
	4. 상세 시스템 소프트웨어
	5. 실험 결과
	6. 결론
	References


