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An optimized pose estimation method based on multi-frame
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Abstract: Traditional single-frame pose estimation methods in simultaneous localization and mapping (SLAM)
often suffer from cumulative errors, map misalignment, and trajectory drift due to unreliable inertial measurement
unit (IMU) data and sparse point cloud features. To address these issues, this study proposes an enhanced pose
estimation method based on multi-frame data fusion and optimized front-end scan matching. The proposed
approach performs multi-frame fusion of LiDAR data by exploiting pose transformation relationships between
consecutive frames. A weighted LiDAR-IMU fusion strategy is employed for pose prediction. During scan
matching, statistical filtering is introduced to remove point cloud noise, and pose estimation is further refined
through a secondary matching process. Experimental results demonstrate that, compared to mainstream
conventional algorithms, the proposed method improves localization accuracy in real-world scenarios by 28.4%,

30.1%, and 65.3%, respectively, effectively reducing cumulative errors and enhancing trajectory estimation

Yok B #A :2025-09-11
EESWE P e m A SE AR 55 2% 6 By % 51 (2024CDJGF-053) ¢
Supported by Central Fund for Basic Scientific Research at Central Universities Defense Project (2024CDJGF-053).
YEZ R AR (2001—) , 55 50 AR, 2SR 2 B B 5 ML A 45 i 7 1) 5
BEMESE BRHA, B, 882, (B-mail)yangqi@cqu.edu.cn,



% 6 M FAA,F — AT 5 WU B ek A T ALY 12 4B T O ik 83

accuracy and mapping quality. This study provides a novel solution for enhancing pose estimation accuracy and
mitigating cumulative errors in mobile robots mapping and self-localization tasks.

Keywords: simultaneous localization and mapping; multi-frame fusion; scan matching; pose estimation estimation
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Fig. 1 Simulation trajectory example
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HfA /() 360
Hit % /Hz 6~12
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I 35 ] /m 0.1~2.0
042 BRS 2 /om £3

FE 3 HEA/(°) 0.4~0.8
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Table 2 Trajectory error in the experimental scenario

\ i 3 B % 2% HX B 2 2%
Y Bk
max/m rmes/m std/m rte/% rre/(°)
Cartographer 2.22 1.09 0.41 0.80 0.006
K iR Ours 1.01 0.78 0.21 0.60 0.005
R 2 PR AR /% 54.50 28.40 48.80 25.00 16.700
Cartographer 1.22 1.13 0.05 0.60 0.012
S Ours 1.01 0.79 0.02 0.20 0.009
B2 AR/ % 17.20 30.10 60.00 66.70 25.000
Cartographer 1.64 1.27 0.20 0.08 0.003
KT Ours 0.79 0.44 0.14 0.04 0.002
15 22 BAK /% 51.80 65.30 30.00 50.00 33.300
51 10 -
=== Ground_True
-=-- Ground_True | 4 —
—— Singal_Frame g Sr— Smgg.l_Frame
0r I Multi_Frame = 0 _— Multl_Frame
_5 — —5 1 1 1 L 1 ]
& -10 -
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20 £ o000 |
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0 1.0 15 2.0 2.5 i
tls 1e11+1.736 933e18
(b) BEHE AL IR

_2 t=--Ground_True
—Singal_Frame
-4 _—Mullti_Fm.meI

=== Ground_True
— Singal_Frame

—— Multi_Frame
0.05 -
\E 0.00
-0.05 ! L 1 ! ! )
292 294 296 29.8 300 302 304
x/m t/s 1e11+1.736 93e18
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Fig.2 Comparison of trajectories and error curves in ablation experiments

3.2.2 % SLAM S A% K A% o0 B At e S 3

EAFMENG R T AR LS ZF 20 SLAM B ki A s8R l. £330 L5%Y
SR IR AR TR 2 S B F I SLAM B3 1900 B4k 1125 B M L, A SCRVAAE 30 3 5 ROOKG B B
P H L A 5 Gmapping 53 BT ATE $5 b5 rmes I8 2> T 7.10% .29.5% , max Al std 3§ bR 82> T 17.2% . 71.4%,
RPE V- F 4545 rte il D 1T 40.0% .20.0% .33.3% , BE ¥4 16 4 rre il /b T 33.3% 5 15 Karto 512 L AN} ATE 4545 rmes
WD T 42.6% .41.0% . 48.2% , max Al std 48 Ak /D T 64.8% .92.0% ; RPE - % 4§ bx rte I 2> T 47.4% .75.0% .
33.3%, JiE % 16 b rre I /D> T 64.8.3%, BRI F A% SCH 76 N ) 55 0 vh AR A A A0 4 e 7 A TR B
AP

®3 TEESEMEEMHITRS

Table 3 Pose estimation error of different algorithms

Y X o YE1R 22 AT o7 4815 22
Y& Bk
max/m rmes/m std/m rte/% rre/(°)
Gammping 1.21 0.84 0.34 1.00 0.007
Karto 2.87 1.36 0.62 1.14 0.017
IS Ours 1.01 0.78 0.21 0.60 0.005
5% 2% FEAG (Gmapping)/% 16.50 7.10 38.20 40.00 28.600
15 22 B AIK (Karto)/% 64.80 42.60 66.10 47.40 64.800
Gammping 1.22 1.12 0.07 0.25 0.009
Karto 1.74 1.34 0.25 0.80 0.009
g Ours 1.01 0.79 0.02 0.20 0.009
15 2 F#AK (Gmapping)/% 17.20 29.50 71.40 20.00 0.000
15 22 [ Ik (Karto)/% 42.00 41.00 92.00 75.00 0.000
Gammping 0.68 0.40 0.16 0.60 0.003
Karto 1.26 0.85 0.37 0.60 0.003
KT Ours 0.79 0.44 0.14 0.40 0.002
R 22 K (Gmapping)/% -16.20 -10.00 12.50 33.30 33.300

1% 22 [ AIK (Karto)/% 37.30 48.20 62.20 33.30 33.300
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Fig. 3 Comparison chart of trajectories and error curves of different algorithms
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Fig. 4 Scan matching method time comparison chart
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