40k Ho HL T 5 AR 2 4R Vol.40 No. 6
2026 4F 6 A JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION <179 -

DOLI: 10. 13382/j. jemi. B2508741

ETHETIERC#EN = AR 5 E A"

RS P &
(dbrtamfb T 248 dbat 102617)

=)

B AR FHEREHL R A AERE T P PR T XA (1 DR A 5 K 0 e LR T 4R ) T — R R T e A% 2 2D BWOG T I R R A
MSERLI T, 53 T AN 2D BOLHE Ik | BRI AEIR (Raspberry Pi 5) AN A HLCHR A BUIF A A REARF- & 7RI
FEAE A RTHLES AN SRR AL TR [RIFH X B OC R A R R U 5t 4R 0 T BT S KA KRG F s i s £ 2
B SRR I EZ 2 60 EAT I M B, B8 2550 T R EAT 5 m SHLEE A X i 7E X-Y SFm B s L
MEEA B RS S PG SN R N S T 2 T 2 2 G LA BRI G s g H K E L R 2 a8 0w
D AT AR BRSNS, S BB RSB R 0 . TR T 4 BRI 5t T HLAR A AR RSB AL TR TR 07 ¥ 26 22 1) 240 458
B A5 MR AT 1) A R AG I i 25 4 X B A AR AL T2 0. 03°, 2. 35° ] A X E] P, -3 0 25 22 I 7E 1. 5° LAY 5 38 3 7R [ B 3 5
TR S B AL AR AL AR R TN R A B I O S X T ) R R R 22 R 0. 024 m, Y 5 [l B R E v A
24 0.062 m, FIAEREW LI IETE SRR 5 T S BB R I o 238 SO AOAE BE, 7T N TR ML A8 A TE B2 b N
IR ) S R B v S R 5 SR

B P L2 R INY /3 vt oalll By 6 S e Y i 1A g 1] JAE DA

FE %3S TP24;TP212;TN958. 98 XERARIRAE . A ERtrEFER RN 510.80

LiDAR-based stair detection and localization for stair-climbing robots

Huang Junfen Wang Guilong Xue Long Cao Yingyu Liu Xuecheng

(Beijing Institute of Petrochemical Technology, Beijing 102617, China)

Abstract:In order to enhance the stair-climbing robot’ s capability for rapid detection and precise localization of stairs in indoor
environments, a stair detection and localization method based on a rotating 2D LiDAR was proposed. A hardware platform consisting of a
servo motor, a 2D LiDAR, a Raspberry Pi upper computer, and a DJI Type A developer board was constructed. On this basis, for
various relative positional relationships between the robot and the stairs, a stair detection algorithm based on point cloud region-growing
clustering and principal component analysis ( PCA) was proposed to extract multi-level step facade features and compute the ascent
direction angle of the stairs. This enabled the determination of the angle between the stair ascent direction and the robot’ s X-axis in the
X-Y plane across multiple scenarios. Using the center point of the first-step facade as a key localization parameter, a PCA-based plane
fitting algorithm was employed to obtain critical parameters such as step height (H) , length (L), and the coordinates of the first-step
facade center point, thereby achieving precise stair localization. A total of 240 experiments were conducted across four types of stair
scenarios with varying robot-stair relative positions. The results showed that the absolute deviation in stair ascent direction detection
ranged from 0. 03° to 2. 35°, with an average deviation within 1. 5°. Localization experiments in different stair scenarios revealed that the
maximum positioning deviation of the first-step facade center point in the robot coordinate system was 0.024 m in the X-direction and
0.062 m in the Y-direction. The experimental results demonstrate that the proposed method achieves high detection accuracy and
positioning precision across various stair scenarios, providing reliable perception and localization support for autonomous cross-floor
navigation of stair-climbing robots in complex indoor environments.
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Table 2 Statistical results of absolute deviation in stair ascending direction angle
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Table 5 Localization results
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