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Yaw Stability Improvement of a Quadruped Robot
Using IMU-Based Robust Real-Time Trajectory Correction

Jideok Seo - Daeyi Jung”

Department of Mechanical Engineering, Kunsan University, Jeonbuk 54150, Korea
(Received 5 August 2025 / Revised 20 October 2025 / Accepted 20 October 2025)

Abstract : This study presented a design and experimental validation of a quadruped walking robot equipped with a real-
time trajectory-correction controller. The designed platform is lightweight and uses eight motors driven via ODrive S1 units,
commanded over CAN by a Teensy 4.1. Using only an on-board IMU, roll, pitch, and yaw were estimated to generate correction
inputs. A saturated correction law with a boundary layer was formulated, and Lyapunov stability of the closed-loop system
was analyzed. Experimental results under a trot gait demonstrate that the proposed method significantly improves straight-
path tracking performance and effectively suppresses yaw deviation under external disturbances. Time-series analyses of
velocity, yaw, and yaw-rate responses validate the system’s performance. The findings verify that the proposed approach
offers a practical and cost-effective solution for enhancing straight-line walking stability in quadruped robots.

Key words : Quadruped robot(A}<1. 8 2 %), Yaw stabilization(Yaw <F7d 3}), IMU-based state estimation(IMU 7| W} 7
B} 5=7), Real-time trajectory correction(2 A| IF #]1 4 2 A), Lyapunov stability(Lyapunov $F843), Trot gait(th 2+ 2. 3))

Nomenclature AF : corrective propulsive force, N
A : upper-link length, m F : propulsive ground-reaction force, N
B : lower-link length, m Y : yaw angle, rad
R : distance from hip origin to foot, m P : yaw rate, rad /s
X, Y, : foot (end-effect) coordinates, m P : yaw acceleration, rad /s?
Onip : hip joint angle, rad w : lateral stance width, m
a, : knee initial offset angle, rad I : moment of inertia about vertical axis, kg - m?
ay, : auxiliary angles for hip computation, rad ky : yaw angle gain, N /rad
04 : desired joint angle, rad k, : yaw rate gain, N - s/rad
6 : measured joint angle, rad ks : saturation gain, N
t :time, S ) : boundary layer width for saturation, rad
e(t) : tracking error, rad SAT : saturation function with boundary layer, —
u(t) : control input, rad |4 : lyapunov function candidate, —
k,, ki, kq : proportional-integral-derivative, —, s 7%, s 14 : time derivative of V, —
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1) : bound on force difference, N

k : discrete time step index, —

P : exponentially filtered yaw at step k, rad

1/3 : exponentially filtered yaw rate at step k,
rad/s

N : window length for moving average, —

P : N-sample moving average of {, rad

1/3 : N-sample moving average of 1/3, rad/s

B : exponential smoothing factor, —
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(b) Initial condition

(a) Parameter Definition

E(Xe, Ye)

Fig. 1 Parameter definition and initial condition of leg module
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Fig. 2 Geometric models for inverse kinematics

TR G T Al DA 2 ARG WA ok
i ERFE Ax-dE A RE A () 2ol T
oo s 374 (4,B, R)°ﬂ SIARRL i‘a A8-sfe] ¥
SO WZhE 2 ()= Ltk mHA 2O 2 Fig. 19] (b)ell A]

£ ASRY 20| vaw OHHA BY AT

R=X>2+v? 6))

_1,42+52_R2 A A2aR2_x.2_y 2
anee = COS 1(&) = COoS 1(%) (2)

Oinee = COS™H(AHEEXYY) g 3)

AZH5H 1&4 a,E 2 (S)E bzt v o 2
90 o A F H7hg Aphshd L 6y, 2 (6) 2
th 2 7] gtgte A o] 7] 22 0°0] g2 Ee
o] oA WAL FastA gt

— —1(A%2+R2-B2\ _ -1 A24Xe%+Y.%-B2
a; = cos R ) = cos £3%e rle 7 “)

24 |Xe2+Y 2

a, = sin”1(Fe) = sin™! ( rx_zX:y 2) )
e e

m _ 2, x.2,y,2_p2 . _
9hip =T _ cos~1[ A%+xl+vP-B2 ) _ i1 Xe
2 24 X2 +Y 2 Xe2+Ye?
(6)

22PID A[0{7| A L 2F 45

UM FE=F F7]5-8 HA o] %:lxﬂ BRA TR Y]
Z5=, @ Ao} ©@Alo] PID Alo]7]E A&tk
PIDT M) &l|(Kp), A& (Ki), P (Kd) | 5& &3

SAE Haskehs 3 Alo] 7o, ARSH Y 2R
o] PG QL AA FF EE AH-H Tt FF e.Akeh A
o o] ARt BE2 2 (7), ()3 £tk ©17]14 6,
T EE #4970 54 947w BE 75 9ol
o el A o] AHE Farste] 27] ol 5&
AtaL, 2]k S ol A o] ApAll g 8 A& wked el A
A oz wA 243l

e(t) = 64(t) = (1) )

de(t)

u(t) = kye(t) + k; f e(t)dt + ky— (8)

Fig. 3-& 27| & 7 Aol il 2h 37 {X, Yol A €]
FZANE AN P AN Ex AA, A A E

Transactions of the Korean Society of Automotive Engineers, Vol. 34, No. 3 2026 319



Jideok Seo - Daeyi Jung

50
= —Tatan] [0
40+ ——— e il 180
188068° 8821
’;’, ° 4 160
. |
301 -3 4 140
] Y
T ol Sl 120
E 201 i | 100
1 1
> .I .I
Y, 4 80
10 It ¥y
Yoo 60
} '
0 40
ot topgeors 00 g - 8%
- " . L d LA X J
20
10 | | | | 0
-20 -10 0 10 20
X [mm]

Fig. 3 Task space foot trajectory tracking with PID
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Fig. 5 Assembly sequence of the leg module
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Fig. 9 Yaw moment generation mechanism in quadruped robot
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