238 B 4

2016 4 7 M A

Vol.38, No.4

ROBOT Jul., 2016

DOI: 10.13973/j.cnki.robot.2016.0458

—MR2E) LR BB E M e E1THLER
wAEmW!, R O#2

QLA RESER AU S BT P TR %ARe, bt 100044; 2. JERORE MR BURERA IR STEAE, Jbat 100098)

i OE: ZELICATI AR IR TS IR &, Wit T B e MoE A s I DG T 1 R E B DY R TeAT ML
A BabyBot, HEH AN BEEEATINGEH, BT NICH BERT a6, I Dy WA et e A st
RTINS SEOEAT R, RHTRE R RS (CPG) 125 HI B AR it i RAT S B,  FRIFHL 51
A NLS G TR T BabyBot Hlag A “DUBEHL. MESERE " M2 LRITBE. SR A BEN 2L AK
MLRIATAT M, DA AE ST AL A N sh M RE IR b AT 0 L G St 45 SRR, BA MM ST R B E N
JEHLER AT LSRR IC@AT I8 8, AR AR T 32 1 RE B 8/ L as A AT 7 I KT TR R VR B A % 7 Tm) R 5 25 00 sh 2
B, $RE T UL ANIZ P R R, RNt B LIRRAT B A ) S Bl %o R B PR TR VR

LA PURNLEEA; 4T RMEEM; REBEE; PRk ERS

hE LS TP242.6 HERFRINAS: A NXEHRS: 1002-0446(2016)-04-0458-09

A Baby-mimic Insufficient-DOF Quadruped Crawling Robot

ZHANG Xiuli', LIANG Yan?
(1. School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China;

2. Beijing Kangxin Partners, Beijing 100098, China)

Abstract: Inspired by the unique body configuration when a baby crawls, a quadruped crawling robot with flexible spine
and elastic knees is designed, named BabyBot. The spine is a variable cross-section structure of elastic material and the
knees are passively deformable joints without active DOFs (degrees of freedom). The flexible spine and elastic knees are
designed using pseudo rigid body modeling approach. The central pattern generator (CPG) is employed to generate trot gait
trajectories for BabyBot. Combining the compliant mechanical structure with the biologically-inspired control approach,
the “supporting on knees and waist-hip motion coupling” gait in baby crawling is developed. The dynamic simulations and
physical experiments are conducted to evaluate the feasibility of Babybot’s mechanical configuration and the influence of
the flexible spine on its performance of the baby-mimic insufficient-DOF robot . The results show that the insufficient-DOF
quadruped crawling robot with passive elastic knees is capable of crawling stably. Variable cross-section flexible spine can
reduce the trunk’s postural instability in roll and yaw directions when the robot crawls. That means the flexible spine enables
the robot to crawl naturally and to maintain its direction. And it implies the spine’s compliant swinging has active role on
stabilizing the vision of a baby.

Keywords: quadruped robot; crawling; flexible spine; insufficient-DOF (degree of freedom); central pattern generator
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Fig.1 The skeletons of a crawling baby and a quadruped
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Fig.2 The baby-mimic quadruped crawling robot BabyBot
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Fig.4 Forces on Babybot

K5 BabyBot ZMEEFE ORI 5 A
Fig.5 Pseudo rigid body model of Babybot’s flexible spine
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Fig.10 Crawling trajectories of Babybot with a rigid or flexible spine in simulations
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6 %51 (Conclusions)
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