AEH|d =22

N
(@]
N
[e)]
i
|.|-|
2
rol
Y
N
Il
ol
ol
X
1o
>
fim)
o
rr
Ho
o
N
o
N
<
~
(0]
1

A Comparative Study on Computational Efficiency and System Suitability of Real-Time
3D SLAM Algorithms for Autonomous Flying Drone

Dong Hyun Lee", Hyeon Cheol Tae”, Hong In Won", Yeong Jun Yu", Changgi Lee", Jonghyeon Kim"
Korea Institute of Industrial Technology®

Abstract - 2 =72 2Aguje =29 AU gALE ¢33 97t
7] SLAM-Planner 232 2% #31 9 #HY AEHo4 34

(Gazebo, WSL2, ROS Humble)ol| Al Ak

A gPez va-EAsd. AAE H% (plans/run), BAF A
Wz, olF A &&, A TEES HUF AR F4349
th 24 43 F8Y 0] A Fas AAste d4 84
olo] #ol%Qltt, UAV-Frontier AY (C4,C5)< 187233 /run?
HAA AAY HN=E vepfo] FALCON 719k =3 (o 13967
3 /run) W] oF 760M) & A4 H31E Hgth LiDAR 7)uk
%% % FAST-LIO +UAV-Frontier(C5)7t &% $-74¢A
96.3%mo] BAHES 27.6mel ols ATE EA st "AF o
Mg Skt dld e AN Ao AdtE =g Alad
A7 Al SLAMY Z#HUE EHoZ nydof I AlAMS
=3

° ;
AN xE % Asd A
=]

AgH e =822 AulE 3 EF T
sk A S elA A& HAL J
A EFRFoE FHETL QY =
SLAM(Simultaneous Localization and Mapping) %L
2 A9 FHdY 2o g3 AAHH, o] F &a
A Ads ¥ o
. 71E 935S SLAM ¢ugEe 94 4 4
Wl 24& 3= 4597 B3y, Plannerd] A
of 22 At Hap EAo] HA A" AFAd mA
et AAA v A4E e £d 9o 3o
g9 A Aol AA ot SLAM-Planner 23S A%
2 Hwd AlgE =& B G4 = Camera RGB-D 7]¥
3%, LIDAR + Camera &% 1%, LIDAR @ 4%, Z18= 7|9
299 1% 5 F 974 SLAM-Planner 28& ¢ z719
Gazebo AlE# Ol 37 (34, Fx, Bd)dA vlustdc. F
2 H7 ARZ AAY N (A4 53 dg Ax), S AH
A &&, ols A&, S AHEEH, AEAR BEE A&
g9 AAE 9 23d AP 71EE A S

lo,
fu
>,
e
ol off
rir
)
o%

© o 4o
o
N

= ox rlo 12

o

[odo =t = .o

2
=

lorz

>

I8 AlAH 74 3 AE A

WSL2 %7 (Intel Core Ultra 7 265KF, NVIDIA
30, ROS Hunble, Gazebo)oll A &=tk BA} g7 o
=2 ,Aae W 3 (A% e, rE AES 3F 150
3, 3 1003)& AFgsgith BE Zgtd U3 o9 ok
vl T AY 7E (FX = 0. A > 5000m)S 483t
. ® 1o AAE 9FA 232 AA fF3e mel Camera

RGB-D(C1,C3,C4,C9), LiDAR(C2,C5,C6,C7), LiDAR, + Camera

2.1
2%

S rlo

RTX
&

o}i ol

Mo,

F3H(CR)e.2  EFHETE. Planner 32  Gradient 7]
FALCON:C1, C3; EPIC/MINCO: C2,C6,C7,C8), PD &% F*

(UAV-Frontier; C4,C5), L= 7]¥HGBPlanner/RRG: C9) Al
A ALZ FAE

<E 1> 97}X] SLAM+Planner =gt 7+M

%3 |SLAM Planner dagE £33 |AA

Cl RTAB-MAP |FALCON  |Grad(Ax*) Camera
C2 RKO-LIO EPIC Grad(MINCO) |LiDAR
C3 ORB-SLAM3 |FALCON Grad(Ax) Camera

C4 RTAB-MAP |UAV-Frontier [PD Goal Chase |Camera

(05) FAST-LIO  |UAV-Frontier [PD Goal Chase |LiDAR

Cc6 FAST-LIO  |EPIC Grad(MINCO) |LiDAR
Cc7 Point-LIO EPIC Grad(MINCO)  |LiDAR
C8 FAST-LIVOZ2 |EPIC Grad(MINCO)  |LiDAR+Cam
C9 RTAB-MAP |GBPlanner |Graph(RRG) Camera

2.2.1 Egf| M 5 BM
b3 P S 9 2o d4 Hde AEE HAF
o}, AAE W% (plans/run)= Planner f-3o] wa =4 2
°o]& HSth UAV-Frontier AlE (C4:233)/run, C5:18%]/run)&
FALCON A4 (C1: 83353]/run, C3 13,9673]/run) tH®] 3807760
o v AAE N=E yelh EPIC A4 (C2, C67C8)2 F
P 4E (2087657/run)S Hgow, 2= 7)uk CO(GBPlanner)
12828/runes  71E39. 53] 9% RTAB-MAP
RGB-D SLAME A3 C1(83353])3 C4(233))9] AAE Hl
T xolE 362v)o] &, SLAMo] EdsigE Sz A

of g PaE AHAE A4 2A9S F9F £ ek

rir

E D T BZ WY Y5 NE

wq AF[EAE T IEAE [$4d%  [$ART
PV (G DN (G NN (G N (.1
Cl [833% 74% 241.8m 355 153
C2 1208 20.8% 32.om 32.1 38.3
C3  |13967 9.8% 164.3m 25.8 158
4 123 40.6% 46.6m 34.8 66.2
c5 |18 96.3% 27.6m 96.5 58.6
C6 1369 29.7% 29.8m 376 40.9
C7 1465 35.9% 44.8m 432 436
C8 657 10.3% 24.3m 150 35.7

- 2291 -



|c9 ‘1282 ‘(Vox@) ‘275.6m ‘70.6 ‘71.6 |

2.2.2 EA M5 Y AIAH MEHY BN

4 A AFE Vo2 T HoteiAtd, gz e g
AbQl CO7F &7 7067, WY 716HoR F 37 EFoAM 19
2 71289}l C9E Frontier ARE WER Wi e
Volumetric BFA} WA 02 3% a70)4 2484m39 wj3
g gAs9g o o& frontier 7]¥ 2 diH] drdow 9
F3 7k A YA S n| gt} Frontier 714 2 (C17C8) &
e Co7t 3487 oA 96.3% A S gdsiy 34 dA5
565807 198 71289 ot B S0 AM = C47) 662
o2 Frontier 7| 2% 5 1918 7|E3to], 874 S ot
2 A3 x| dgAE AT 4 . ¥ALEH o]F Az
o #AE AHEW C5e 276me olF AR 96.3%2 ©AF
4S 243 ukd Camera RGB-D 7]¥ FALCON %3gel
C1(241.8m)¥} C3(164.3m)> &4 71 o)% A= 77+ 7.4%,
98%9] W& ©ALES HAth o= RGB-D 7tdzte] F& &
2 FOV(eF 47 7 )9F & w3k AJok2 Q3| frontier HAF 17}
HHEAOZ 720 F98 A33y] o R AT

2 AF dARE AAY HNEE A F39 fE AEz
43S W A CPU/MEY AEES AH SAA &2
A, 283 C9& A9 vmA zFo] BEF Gradient 7|9 E
= PD #2419 PlannerZ FAEo] MZ8 78k Planner®t

o vzt AFHQ He & F Atk
3.2 E

B =RdME 2A&Hd =29 2 ©EALE 93 971A
SLAM-Planner 232 24 9 3 Al &g ol 7oA At
& 2 AxE AHIA BHoR HWIPY. Fo AL OO
3} 7

AA, ZHU o] A RIE AAse A 22F
UAV-Frontier A€ (C4,C5)& FALCON thH] ) 7604 &
AAE s Ho ik 2 Al SAG0AM fE st

24, 34 "4 " 71E £ 19 2gE e 29 E
A3 CY(GBPlanner/RRG) =, & 3 Sk RO A
95 Bt Frontier 7|8F 2% FolME T3 A
C5(FAST-LIO+UAV-Frontier), B¢ 7404 C4RTAB-Map
+UAV-Frontier)’} 247} 2 45< 7153190

AA, Camera RGB-D 7]¥+ FALCON %¢& (CLC3)& ®He
ol% Agox & BAES B frontier BAF A& Yo
M LIDAR 7|9 %3] Awtx oz 3 EA 58S YEd
o}

oo Ane =2 A& HAF A" A7 Al SLAMT 9
Ug 5gHoz nydior &8 AAleH, dak xo] AgtE
st o A= LiIDAR+ UAV-Frontier Z§o] A4 BA} AEEZS
A W= o=z 7k Y 2] AgetS Aote)

2o

o
iR
)
10
=

el 2
BATE 06UE 43 4727 AZ A
FAE ] Agdo] lste] olFoixl AFEA, BAY
Aol A =Gy,

&1 g 8

[1] Xu, W. & Zhang, F., "FAST-LIO: A Fast, Robust
LiDAR-Inertial Odometry Package by Tightly-Coupled
Iterated Kalman Filter”, IEEE Robotics and Automation

Letters, vol.6, no.2, pp.3317 - 3324, 2021.

[2] Labbé¢, M. & Michaud, F., "RTAB-Map as an
Open-Source Lidar and Visual SLAM Library for Large-Scale
and Long-Term Online Operation”, Journal of Field Robotics,
vol.36, no.2, pp.416 - 446, 2019.

[3] Zhou, B. et al, "EGO-Planner: An ESDF-free
Gradient-Based Local Planner for Quadrotors”, IEEE Robotics
and Automation Letters, vol.6, no.2, pp.478 - 485, 2021.

[4] Dang, T. et al, "Graph-based Subterranean Exploration
Path Planning using Aerial and Legged Robots”, Journal of
Field Robotics, vol.37, no.8, pp.1363 - 1388, 2020.

[5] Vizzo, 1. et al, "KISS-ICP: In Defense of Point-to-Point
ICP - Simple, Accurate, and Robust Registration If Done the
Right Way”, IEEE Robotics and Automation Letters, vol.8,
no.2, pp.1029 - 1036, 2023.

(6]

- 2292 -



