ACK 2023 st28HEL 3| =27 (302 25)

o =
AA g 7IHF on| &% SLAM % ujH] Aol A
ol7]&!, ¢tx@! Al FaAM!l T4
1ol st 7] 75 5k
leekh951 @naver.com, asho227@naver.com, ssh@inha.edu, fbgPtjs@inha.edu,
hongyunab4@naver.com

’

Semantic SLAM & Navigation Based on Sensor
Fusion

Gihyeon Lee!, Seung-hyun Ahn!, Suhyeon Sin!, Hyesun Ryu', Yuna Hong!,
"Dept. of Mechanical Engineering, Inha University

2 o}
B oo 2R Ay #4dMe 4&A4e woly] 913 SLAMI ululAcld Wwe A4 @t 2D
LIDARS} 7bWlets olgale] 1A AAax gy golge onedow PEaw, ICP9

RTAB-map, YOLOvV3E %&33l9] Semantic Mapg AAsta AW A0 A &4
ATE Sl Zio] B FAHAME =2 39 AELES FATE 7 A=A £4

A

2§49 o
st s,

- Odometry Loop Closure

B omgol e Ay 9A £ SshE uAY =
e 9837 918 LiDAR, 7hilet A4 52 o] §
o] Alea oo omEAow weley, wi

Estimated pose

+ loop closure correction

0 Real pose
/
j

371 Asds FAE 7 Us

SLAM & Navigation 7]1<& F3d3$ . (¥ 2) Loop Closure Algorithm
RTAB-mapelAl=  Visual Odometry®  Loop
2. O|2x Hl & Closuregt= F 7FA 7]&o] S83% A%s st
- Iterative Closest Point (ICP) t}. Visual Odometry:= <53 o]m|x] Z g QoA
EAAE FEot 2R AAE AAem 4
], D{k‘ spa, of Awe W doleluolze] gk olst
) [ :f;ﬁ;?;:g?est L Beetel Loop Closuret (28 DAY =3%el o
{’ [ 5o o] o b >y O HEH G2l B =AY W o)F FA st

b el 4 e Map®] d¥4E FA8tal A& B3

(=19 1) ICP Algorithm - Image Object Detection & Tracking

LiDAR ICP Odometry= (¥ 1)3} #Zo] ICP &1
Y5S &8st 2R AE FAS= Vsl
o] WL [iDAR MAZEEH 4

A9 FAE Fefs dolg

Class probability map

(¥ 3) YOLO Algorithm

- 848 -



ACK 2023 sh=drErl

YOLOv3(You Only Look Once v3) 7]4te] v 7

A HE 2 F4LE AAZE o|n A A oA =& A

T2 ®Helrh (29 3)3 #o] YOLOv3E @Y A4

WS AbESte] oAl E dF WRE FOowA T

A 23 AZsA dEskH, At mE A
_]

3. H ot gy

- ICP Odometry

AU oA S FAg A NS &
= 2D LiDAR 7]%te] ICP Odometry &
g EE& AAg ofgel o] ICPE
ol e A AgS &&ste] 25 9
3 AAZFO 2 updated F JEE 3}

Vp € P, Aelosest —

o
fr %o

—O.EXLNSI-H

o]

o}mog
ot ox
AL

74

arg min I p—qll
€ Q

N
(R*7t*) = arg r%lnz ” (R * pi+t)_qclosest,i ” : (1)

vti=1
ICP(Iterative Closest Point) &ig]&S olael 7
o] ICP Cost Functiong Ae|gtth F XEQJE Al P
ot Q Atolol Al Pel Zb Holl 7H 77k QO HE&
gtol, H A 3 Ry} o]s TE ZAAtstel P& W
#9 & 0g gark 54 Azl =28 grix

o B}4L Wt
N
E(R7t): E ” (R * pi+t)_qclosest,i ” ?
i=1
|E(R,t), 00— E(R,t)y4| < Threshold 2

- Visual Loop Closure & Mapping

A=A F ZhdEe] RGB imageE ©]-83}1¢]
Feature Point Extractions F33s}al o] Ho|H &
88 3}od Visual Loop ClosingS AAFEHA 2R 9
AX e} AZE FHA g3t

Epy(X)= D | X,—X;|* (3)
(i, j)ecC
Esran = Eogom t )‘Eloop (4)
RTAB-map ¢1d &S &3t Aoz HH

o
sl5 = 289 PoseE 7|wo=Z sl FW g
&34 3D point cloud (Depth camera) 2
Occupancy grid(2D LiDAR)Z mapping(M)& &
T A=F g (1]
(K : Intrinsic matrix, D : Depth information)
P=K'D
Mupdated = MyqU Togom * Prew ®)

- 3D Voxel based Object Detection & Tracking
YOLOV3 (Object Detection) &g &S Al-&3lo
i 2t E F3 EX e A FHel Bounding Box
(@op» Yop» Waps hyp) W HA AH} Zo] AR
(RGB-D)& &&sto] ald A 7hrlat=FH e
YxE AAakslal Voxeldl & 3D Bounding Box

= (%30, Ysp+ 23p> Wyp, hypodyp) & B3
. La2p
(xcam’ Yeam> Zcam ) =K S Yap XD (6)
1
Zcam Tsp = X
Wyp = Wyp X ——— ’ cm
f
Zew Y3 = Yea
hSD — h?D % cam 3D cam
f
dSD =D 23D = Zeam

(7

S &3, AAe YA 3DuAE T=
2 07 Semantic mapS T3 B
AA T2 A 2~= (29 49 2o

(¥ 4) Semantic mapping Pipeline

4. ZE

¥ =2 2D LiIDAR ¥ Depth Camera®ts Al
st AU SAoA 2R V] AEAHS FAGE
SLAM 7]zl Hzstidth. &5 Adezs YT
Semantic MapS 7|Rte 2 B/ 22 E3sh
Bl Mo ZEe AedES IS dAol. F&
A7 AEA o JPHAvH, EF H AHs F
ofell A Z 7IHEHE 7HA S Aoz e

ZnE3
[1] Labbé, Mathieu, and Francois Michaud.

“RTAB Map as an Open source Lidar and
Visual Simultaneous Localization and Mapping
Library for Large scale and Long term Online
Operation.” Journal of field robotics 36.2 (2019):

416 - 446.





