AgFde] AU A= AL A

HHA, oleE,
A

{namminseok.sejong, donghoon.sejong, pyongjoo.sejong}@gmail.com, kimjh@sejong.ac.kr

A Survey of NeRF-based LiDAR SLAM for Precise Mapping in
Autonomous Driving

Minseok Nam, Donghoon Lee, Pyongjoo Kim, Jaeho Kim"
Sejong University

A el 7)go] WA WAl wel 2xtd @
el Fasith AU Am A AT old AFEL A, B, =g pxe 2

WAEo] AEH S
SLAM &
=gl o HAl Ve s%E A9Ea
e A A g

Itk NeRF d7-7F 2

I.A 8
SLAM(Simultaneous Localization And Mapping)< 7142t
2 LDAR ¢} 28 917 AN S Ea 2] XS 2433}
A FH A AEE At 7selth AHE T3
Aol Al SLAM 9] F8/d0] A4 AxE WA, e Fals
HAs7] 98 w2 AL A|E-s= LIDAR SLAM A7}
23] s vk 28y, LIDAR SLAM o4& Ald =
Aol A webd EJE SHF-=71 3|4 ol

Bl A B4 TR wdAA e EAL
EAFE o)H APEe BAE A AR HdoR
Az, 54 Eg —TLZQ]— o maAHel TE Wl Eo)
AREEATH L] Z#d ug;\]xq T = EEL

d=s A7) el AL
HEEE dew |
AL Hlgol FA® FoRue EAE A Utk
gbdoel] A el = Axt WSS AR 5 AT A
AAL 538 84dE 2 wdeA X AET
71=ol AEH A&l Aol wen. oHF
xd WA e =SHE] S AT dAES

Hd8ds 3 3D #}AES AY FgHde dAAdd
FEE digt AFEe] HPH glon, T:HEE]QE
NeRF(Neural Radiance Fields)[2]9} SLAM & &3t
7] =5 O] _zl“l—;?%—ﬂ 9\}]\ [3] NeRF ’E é} e }1\_].75] Uo]—’%-

B3 HE73 3D #A49 AT HEE Ad54 g

==Y .

o SLAM A Hggomu, Awel AAS A5
A~
e

& AUEE 7R ARS AT S gloh B9 42
ol HolE|= it 3D H4S AEHNOR EAL -
slem, S FF3 A Aol gyl o
garg 9 5 g0, we JUE] Amst &%l
SLAM = @3 & vk mE 2 =delAe

=
AER 7lsEe] A7 7F Ha vk AEE 2
s
7]

Aol A A=E YA A2 kAR FPS

AR}, —8— Ué/«]@ﬂ zd

WA g EE 2d 371908 NeRF €F LIDAR

1= S 9138 NeRF < L1DARSLAM% A3
715 AAE Aat &5 SLAM 9] vlg] A5 vkl

AEFAE 916 AL AR S 1% NeRE 9 LIDAR
SLAM E 71(;,]-?‘— s} 7]@73—_-0]] EHZ‘T]— J,]/‘\_ ]% Oz:.‘]:.__ }\]'-L:]_‘i_]__
7} 7|%5e] S At 385 SLAM o wlg AT @)
HslA AN,

o2&

2.1 NeRF 7]+ LiDAR SLAM
NeRF + 3D 4%
= R R A L T PN s = B L S R = NeRF SLA
NeRF ¢ SLAM 7l&S &% A FId3don,
olH|AE F3l 3D IAS LAAQ xHoR TE3lo
ANz 2 AFAGsHA 3 SLAM &
FEdh 2Hy Fhdee] AAQl 54 wiEd 2R
Ze w2 JFEFS wol AU FEE AT
At AQoME =2 JEo] SLAM S 337 94
NeRF ¢} LiDAR & A3 HHEo] Atz 9l
NeRF 7]¥F LiDAR SLAM & LiDAR AAMZ{EH &

rio

3D A TE dlolEHE sl 3D @749 Ay
MES PrE wagstn A5E 4Ysa 91 F4e

SHINE-Mapping[4]& 270l ojg
dMNHoR  AFFoRN mwH s
AHgete HEe  Agednh o A
FePEE SEY xS mdel AdHE  ¥E
ZehgE ol wa dERY  EAg
AAsdr. dg WHE olgslel AHsz AP
dolel7h BseA BEE S gt datR ok
AN Ao dulslE FE 34 HolE oA
=4 19e addoz A4%e dxth 0 Aol
Ao} B4 57} = A o ©

0 ANELS g E o7 A

Fq% & ok
@ AuE A4Y
3T



<X 1> NeRF 7|9Fg+ LiDAR SLAM 7l &

w0y venue A 9=y 7188t e 54
e - ] R NF= gztol T3hA g, A5 A3}
SHINE-Mapping ICRA 2023 Feature Octree + MLP SDF WEE A Mme &eHel 3D ATAS A
i L oon - ] R 0% 2§ 71%S o83 Ogd fdesE
NF-Atlas RA-L 2023 Feature Octree + MLP SDF andon Pa. asdel umg e
32 dlole] &&7 A, 2174 M9y A
) ﬁ?%ﬁ%ﬁﬂﬁ4HHWi@%%%ﬂi
NeRF-LOAM ICCV 2023 Voxel Octree + MLP SDF AWe] A3s SDF & Aasle] 73 RHE
/1/\
Eikonal && ZA%3 Mz &2 Fd4+5 AEsld 2708tk NeRF & 283+ LiDAR SLAM 7|%S e =e]
ZIstetd o2 d¥dd ulg ZAAE AHE & JE=E ALE At aFe] IXE Qs FA4E F Ie
Eia= FAEE ATt T3l olgst WHELS 7]E9 SLAM
NF-Atlas[5]+= 84 BF RdY SA4 A4 xde Ve 9 de3s B FE AY Aol gl
AAS Adtsle] fFR WS = By A7A s AIZHA ) AAA 84S 2R 9t NeRF 2 SLAM 9
J’Ei Tdse= g AL 71E NeRF 9 7)wret Agets g e, odE E°] SHINE-Mapping, NF-
LiDAR SLAM & &Ea = A HolER Fe Atlas, NeRF-LOAM & 71z 7HA 3 9lom,

gutstal olxtslE EF RIS AlEsie dude=
@S vz wgow wE wPFs GAgd AT
71E9 WHoR AFAdE W ol ‘5%5-’ tﬂﬁﬂ‘-”]
xEgd 4 dok w3 99s 0431
Distance Fields)& <3ZYsl= I
715 Q1 AEHe=r i, 7
=FoRE xdsH, olF T= I¥x= i AA s
AP 54 =S = agze =r2 A
AAHo2E AL FABIHA 7‘4Oﬂx SEE ®
uj=3& 7hsstA gt
NeRF-LOAMI[6]2 Atk bl vt A74ge] 7he3hd
FAE UtrE AR AFAEe]l ThsEES
Fgatlon, 7 LeHED, 7 uisg 2 s A3
A 7R RER TAE A2 NeRF 7]4F LIDAR 58 7€
=4 9 g FJ S ARSI 7l LEHEDE
LiDAR Hlo|HE & A &s}al SDF(Signed Distance Fields)
FE Al A LEdEZe Hd duds
HAsket), w7l wEe AR @9 §lo] T4 A dud
A s ARgste] g AERE FSAITICh w4
AL 7] 27 (Key Scans)olg} &l LiIDAR 2719
8% AHES A4S H AETS Fa 24 ZRAES A
s Altste] A3 SDF & O]%ﬁﬁ A B AEE
ghdsitt, 3D ¥3HS AxtR Wrar, ZF AR} ﬂ"‘x*oﬂf\i/]
SDF gholl whe} 2W-& 743k AAEEs A= v
FrE.(Marching Cubes)' &ag]F[7]1& AH83sle] SDF e
25 3D A=E s,
<E D>E NeRF 7]9kek SLAM WEe] -z} 7|4
ERER 74 E]OJ‘“D} SHINE-Mapping ¥ NF-Atlas + &%
2 E7E 7X 1 AT NeRF-LOAM & E4] £ E2|E 7}x]1
At 71sker4 ia° 5% SDF & ARgsih SHINE-
Mappmg < A% A BE 7)E ARgaE] wizel] A 31 riga =y
e ESR] 13”’2]0]»4 A& & 4 Jar NF-Atlas &= v
MRS = Tggjzr Aoz Zbzke] X9 EAS
EHdF o7 HAZsH= FHES 72 9t NeRF-LOAM &
olg7t BwdatAl Exd M E afdos 2HET
217 A @S ARt wile- Aldekar &gkt UH*’JO ﬁhﬁr
SHAIRE A7 BE WRES Ads Ax S g8 Bt
TERE o|FA itk o] AXRE Al digh Algte] 7T}
Hohs o]d Ax), A Egel HlwEjA HEZel ARRES
Z7¥e} 2= 9Jolont /\1/\]7]- A QAo = Agko] Qlrh

m 28

H Ao M= NeRF 9 LIDAR SLAM & Zgsk Al
7l AZHAE "Feka, ol digk ohet WHES

Lo
olr n
o
tlo

A BN g BT A e A A7
A9 Folt. Hife @Al del AT A5 as aels
Py e AFsl Ax, =a
WS ADE A AT Al HHes Ao
AN A WAL Aldel EAEth % el
AN S Bk A7k Bes,

ACKNOWLEDGMENT
w g7 2024 dE SRR 2 ARVl ed e

(KEIT) 1] Aol g <-4 (RS-2022-00154678)

F a1 E A

[1] Yang, X., Li, H., Zhai, H., Ming, Y., Liu, Y., & Zhang, G.
(2022, October). Vox-fusion: Dense tracking and
mapping with voxel-based neural implicit representation.
In 2022 IEEE International Symposium on Mixed and
Augmented Reality ISMAR) (pp. 499-507). IEEE.

[2] Mildenhall, Ben, et al. "Nerf: Representing scenes as
neural radiance fields for view synthesis."
Communications of the ACM 65.1 (2021): 99-106.

[3] Rosinol, Antoni, John J. Leonard, and Luca Carlone.
"Nerf-slam: Real-time dense monocular slam with neural
radiance fields." 2023 IEEE/RSJ International Conference
on Intelligent Robots and Systems (IROS). IEEE, 2023.

[4] X. Zhong, Y. Pan, J. Behley, and C. Stachniss. SHINE-
Mapping: Large—Scale 3D Mapping Using Sparse
Hierarchical Implicit Neural Representations. In Proc. of
the IEEE Intl. Conf. on Robotics & Automation (ICRA),
2023.

[5] Yu, Xuan, et al. "Nf-atlas: Multi-volume neural feature
fields for large scale LiDAR mapping." IEEE Robotics and
Automation Letters (2023).

[6] Junyuan Deng, Qi Wu, Xieyuanli Chen, Songpengcheng
Xia, Zhen Sun, Guoging Liu, Wenxian Yu, and Ling Pei.
Nerf-loam: Neural implicit representation for large-scale
incremental LiDAR odometry and mapping. In Proc. IEEE
Int. Conf. Comput. Vis., 2023.

[7] Lorensen, William E., and Harvey E. Cline. "Marching
cubes: A high resolution 3D surface construction
algorithm." Seminal graphics: pioneering efforts that
shaped the field. 1998. 347-353




