¥ o44 % E 3 W ho¥ 5 oz K 2022 % 6 A

%FE%@HJEZJJMH@Qﬁfii’lﬁﬂﬁﬂ%ﬁk
v IL.\t]J *&* %‘J ﬁ}l:

BXRY BFLWD kaEHY
(5ol BFHE R AR, b5 100192)

= ﬁ%ﬁﬁﬁjﬁﬁ@%*ﬁﬁ@MWEﬁ%ﬁﬂ Q2 AW TN N NATIE At . A SCHE
BERE R R EREAT TR, S ISR T R R SR AT AR B AR, 7R B T AR KB B R B
JIEERBUEE NATE LSRN . B, FIHRRRL-Biks B HEHES T3 05 . ok, it 1R gdi sz
AR ERER B ARPLE, LR RENRAIR T IO . 5=, $RM VDA DI sRmE, i o ] J A A A i
RATIIFERIIL SV, TS BT R . B, B RN RIE V20T kA . iR
R SR RS A OB BRI R G BRI B SEELPRY B AR S L IO, IR TR R 2 IR R,
LIS NI EAT E

KR XUEHLEAN, T, $EBIEsh e, PEDI, ATARRRCRE, MR e

RESHES: TP242.6  SEAFRIRED: A doi: 10.6052/1000-0879-21-394

GAIT TRANSITION CONTROL OF FLEXIBLE BIPED ROBOT WITH
VARIABLE LEG LENGTH AND SWING LEG DYNAMICS"
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Abstract The spring-loaded inverted pendulum (SLIP) model is a typical biped walking model, which has
been the basis for the study of human-like walking robots. In this paper, we extend the SLIP model to include a
rigid torso, foot mass and to adopt telescopic legs of variable length. The influence of the dynamics of the torso
and swing leg on the gait of the robot is fully considered. Firstly, the dynamic equations are derived using the
Euler—Lagrange method. Secondly, the feedback linearization controller is designed to track the desired
trajectory and regulate the swing leg orientation and the attitude of the torso. Thirdly, the gait switching
strategy is presented to realize walking gait transition by controlling the legs length and the hip torques, thus
the average walking speed can be changed. Finally, computer simulations are carried out to verify the
effectiveness of the presented method. Simulation results show that the controller is effective for tracking the
desired trajectory of the system and realize the transition between two natural gaits. Furthermore, a stable limit

cycle is formed and the robot can walk stably.
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KT HIHIEARE 25 =0, EBRIAEHE TN
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Table1l System parameters and initial conditions

Parameters Value
hip mass M/kg 15
torso mass m/kg 3
foot mass my/kg 2.5
spring rest length Ly/m 1
torso length I/m 0.5
gravitational acceleration g/ (m-s2) 9.8
angle of attack 6/(°) 62.5
moment of inertia I/(kg-m?) 0.25
nominal leg stiffness ko/ (N-m~1) 1500
initial hip horizontal position z(0)/m 0
initial hip vertical position y(0)/m 1
initial torso angle a (0)/rad 0
initial swing leg angle B(0)/rad 0
initial forward velocity #(0)/ (m's™1) 1.074
used for gait 1 &1(0)/ (m-s™1) 1.032
used for gait 2 @2(0)/ (m-s~1) 1.239
initial vertical velocity $(0)/ (m-s~1) 0
initial angle velocity of the torso/(rad-s™) 0

initial angle velocity of the swing leg/(rad-s™) 0.1

step size a/m
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Fig. 6 Hip trajectories, the torso angle, and the swing

leg orientation
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Fig. 10 Hip trajectories of two natural gaits during a

single step
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