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Experimental Study and Performance Analysis of
RDDF-based Autonomous Navigation for Quadruped Robots
in Unstructured Snow-covered Outdoor Environments

NSl 5 Al 73 Zf
Seungtae Paik!, Dongkun Kim!, Heechang Moon"

Abstract: This paper presents a field-based evaluation of an RDDF-driven autonomous navigation
system for quadruped robots operating in unstructured snow-covered outdoor environments. The
proposed system integrates RTK-GPS-based global path tracking, RDDF-based target velocity and
gait-transition commands, and 2D LiDAR-based obstacle avoidance. To handle the platform con-
straint that gait transitions are allowed only near a quasi-static state, target velocity and gait mode
information are assigned to predefined RDDF waypoints, enabling the robot to decelerate before
rough-terrain sections and switch to H-STEP mode. Field experiments were conducted on a 1.5 km
snow-covered outdoor track where independently moving objects acted as dynamic obstacles. Lateral
tracking errors and recovery behavior after avoidance maneuvers were quantitatively analyzed over
repeated runs. Experimental results show that the integrated system maintained stable path-following
performance and recovered to the global path under unstructured snow-covered outdoor conditions

with moving obstacles.

Keywords: Quadruped Robot, Autonomous Navigation, Path Tracking, Unstructured Environments,

Snow-covered Terrain, Trajectory Recovery
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[Fig. 1] Quadruped Robot used in the experiment

[Table 1] Specifications of Quadruped robot

Size (standing) HxLxW: 610 mm x 370 mm x 406 mm
Weight (incl.battery) 12kg
Drive Speed Max. 2 km/h
Driving mode Remote control & Autonomous Driving
Electric battery
Driving Source Li-ion 24.9 V/5000 mAh,
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[Fig. 2] Comparison of lookahead distance

£229] dynamic heading AR E &-851% 0, A=H WH9Z¢
< RTK-GPS 9]X|2} $HA @A) 2198 et 317 Ato]9] 2
T QAE Atk H AREETH

LHHA] 1 ¥h g A2 Pure Pursuit> A A 7]51et BE
(Bicycle kinematic model)2 7|50 2 38 4] 23k At
STh W, 2 A9] 4% B ER2 AGE LTS Y
ol Ui B3 giels st R, Ol 3]AHE S0
715+8} R dl(Unicycle kinematic model) 2 3:A}5}5}0]!'1#1 A| o
TFEE ST mbA] 712 A A mEe] 237 Aof4]
S ZH& 5 7|4k Alof 4] o 2 HElsto] 28519t Lookahead 7]
2 1,00 9N\ BEAT} B 10 P Aolo] 2 934F
a @} 5P, Pure Pursuit®] & 2} 4= B9 280 741
=4 (1), (2)2+ o] .

=

_ 2sina
k_—Ld (1)
w=vk @)
KPR IE

o A R R R 9 Aole] 2 07
- L, : Lookahead 72

W 4R R R aE

‘v 4% B 2RO LT

3.2 RDDF 342 53t 88 Bt g} A2k

B QTN ALBE 4% B 2 EAELS WE BT 9]
FokA] QA g 918, ASwstoo] 2% £4H 24
ol Mgk e 5 E Agto] /5 SHES Alo]7]7k 4 slo] ek
olfat S glold Alokg AHEFY Az 25 WoIA A4

2HA A Est7] Yl8l, 7] RDDF glo]E] +2& 45}t
TFAH R, 7 o] 2RI E0] H3 &5 H]|&(Target Velocity

[Table 2] Example of the extended RDDF format with velocity
and gait mode parameters

UTM X UMY Target Vel. .
Index (m) (m) (Ratio) Gait Mode
299 | 4713852668 | 4167735.632 1.0 NRM
300 | 471385.3824 | 4167735.473 0.1 NRM
301 | 471385.5051 | 4167735317 0.1 H-STEP
302 | 471385.6283 | 4167735.160 1.0 H-STEP
Quadruped Robot's RDDF-based
co- coordlnate & pose Lookahead Point
L]
[ Pure pursuit (Curvature Computation) ]
v
[ Robot's Nominal Velocity (w, v) ]
¥
[ Pure pursuit (Curvature Computation) ]
¥
[ Robot's Velocity Input ]

[Fig. 3] Velocity command output flow chart
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[Fig. 4] Geometric concept of local target generation for
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[Table 3] Quantitative performance of path tracking and
obstacle avoidance (Data extracted from specific target zones
during 10 repeated laps on a 1.5 km snow-covered track)

Maximum tracking error 0.579m
Rouh Toma (Avg)
ough Terrain
(under H-STEP mode) RMSE 0159 m
Standard Deviation
(STD) 0.089 m
Error at avoidance start 0170 m
(Avg)
Maximum tracking error 1098 m
(Avg)
Obstacle Avoidance Error after recovery 0,029 m
(Avg)
RMSE 0.575m
Recovery time
454
(Avg.)
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