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Abstract : Localization is crucial in autonomous driving to estimate the vehicle’s position, which is essential in ensuring safe
interaction with obstacles, vehicles, and pedestrians, along with effective decision-making and path planning. Generally,
localization relies on cameras and LiDAR, but our method focuses on LiDAR due to its robustness to lighting changes
compared to cameras. Traditional LiDAR-based localization involves matching scans with prior maps that were created by
using GNSS, IMU, and LiDAR to ensure accurate positioning in diverse environments. However, these methods can
experience delays in updating vehicle status due to the low output rate of LIDAR in high-speed driving scenarios. To resolve
this, we proposed dynamically updating maps around the vehicle, optimizing CPU thread adjustment, and using IMU with an
Error-State Kalman filter to estimate position at high output rates while reducing computation. The effectiveness of the
proposed method was verified through experiments at Chungbuk National University’s Ochang C-track, demonsfrating its
robust and high-precision performance.
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Nomenclature Subscripts
P : position, (X, y, z) Cov  : Covariance
v : velocity, m/s ) : error state
[ : orientation, (roll, pitch, yaw) F, : Jacobians of error
a, : measured acceleration, m/s® F, : Jacobians of perturbation vector
w,, : measured gyroscope, rad/s Q : covariances matrix of perturbation impulses
a : bias of acceleration, m/s” ® : Kronecker product
w, : bias of gyroscope, rad/s
g : gravity vector LME
R rotation matrix &8 /1% A Aol 2 st 2ol
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Q1 Al E AR HstE Q1% Ay WS, FALE Q1% A
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AEE TYF F7IE A= AlF 100 km FHE
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Fig. 1 Architecture of proposed system
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2. B3 Hp

glo|th= A di7] #5, &5 P} 3F A= AlF
T o8 WA AREE L) 20000t Z5E71A] 2o
the] 7] B2dz 25FEHE 22 do)A Ul
Laser range finder & ©]-8-8to] 2322] $1X& FA4 s
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dloju} A4 wisle) Fefsiths ©ho] glo] 4 5
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& = gl Aol itk
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T-7} Bits] 2185 31 ik Koide 5'92] 79 glo]t}e)
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84 AFog Ll XQE Fel=9} A% 7he] 2
28 AL Folx, ICP AFE o] &3l WL AgH
3}tk Chen 52V 9E]Z e W2]2] Z2]2] Monte

carlo localization 3D mesh #|%=2} A2] o]n]=]e] o] &3+
T = ML Alokelgith Xue 522 &4 Zuk IHE
o]-g38ld IMUE glolt} FPAEA Aksh= BA
A HH 02 §3sH P AT Ahmed 52
NDT A ol 4] AFE5 = P2D(Point-to-Distribution) 32
2 Monte carlo localization®ll Z-&3}o] 219] 276 A] 7}
AsH F&ehs 591 B3-S AlEE3 th Romero 52
2 GPs¢} E A=y, 2D golthE o] &3 9|12 TEE
53l 2219del A AR 2 5919 G4 E JfAsHE
S Aokalgith Miguel 5298 glolt} Ao 4
°] gl 11l A GNSSE o] &3l E] 2 IE 9 &
A E8} 3L, GNSS F°410] $5.81A] o2 7ol A= gfo)
te} A =g o] &3l vEE Iy 59 & 3=
HE Akttt 2 dFE 3219 glelt} 71¥ke] NDT
S5l sl 271A]19] S8 7] E At} A A, IMU
o} glo|t} A 2F &} A A e § A 3tele] A
o] AME HAZQ Y TR 5w uEk Y
Fo M= A3 X F4E 7Hs3HA ok B4, NDT
9] HAgolM x=F FH AFETN FHoR AEE
712 = A B W3l NDT-OMP® ¢die|&s @88}
AibFe e oz 29 AR I E 9 A
0t} o8 gt YL 7|E2 NDT A W Eo] 1
S8 3t w2 o EXE A wAT &
JE A FA LF7FE Fola, gt 3 BN =
A¥HE A5 B AolA 2pdAd o] gl

3. Methodology
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Fig. 2 3D point cloud map
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2] (7-12)€ IMU §4 gkol F71 True 9] &%
WA Ao]a, $13] p, X v, AHYL ¢ 75 E Hlo]
2 o, & E Hlojo) 2 u, T8 7HEE g 56719 @
el giel. @2} e 2Rt Y E T3 Yz} o gk
22} WA Aol
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Fig. 4 Path for driving scenarios. (a) low-speed scenario
(b) high-speed scenario
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Fig. 5 Low-speed driving scenario results. (a) HDL localization
(b) NDT localization (c) Proposed
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Fig. 6 Zoomed-in view of the rotation section from Fig. 6.
(a) HDL localization (b) NDT localization (c) Proposed
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Fig. 9 Zoomed-in view of the rotation section from Fig. 8.
(a) First lap (b) Second lap (c) Third lap

Table | Average output rate of proposed algorithm driving

environment
On low speed On high speed
HDL localization 10.037 hz 10.051 hz
NDT localization 10.0006 hz 2.019hz
Proposed 2010.066 hz 2009.910 hz

Table 2 RMSE(m) of ATE comparision between three algorithms
in low-speed and high-speed driving scenarios

Low-speed High-speed(avg)
HDL Localization 0.211682 0.491832
NDT Localization 0.245859 NaN
Proposed 0.135694 0.158528

Table 12> Al ¢are]Fe] A& B 515 58 AlLE] 2
oA €] P F2 F71E el Foltt Aljbshs ¢
252 IMUS 712} 1,000 hz= T3] & 531 7S
o} Z}& 5 dlo|HE Qa1 H Zk DE] Q] oS dAle
A ARg-8laL, 10 he 2 F2Heh= 2holvh NDT A &2] 23
E A B2 AMS o= A 2,000 he7t B F& F

71& 818 5 Ak

Table 2 Al ¢EEY A% 2 15 F3) AL
o] HFE Slgk HI/PAEEM ATE(Absolute Trajectory
Error)©] RMSE(Root Mean Square Error)E ©]-&3dle =
%l 2310 ARE YR Eolt) 14 3 AU o=
3ul] o] HF 2 xFE e Slal, ATES] RMSE #t& +
sh= WHHS 4] (52)¢F

RMSE; s = Jﬁz et = o))’ (52)
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