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𝑚
𝑚, then we take the limit 

of 𝑚 → 0 to preserve non-trivial swing dynamics.

o Similar to [3] [4], we stated the gait creation as a boundary value problem (BVP): 

oThe bounding branch with gathered 

suspension ( BG ) [5] joins branch B2 

at point F when the main body inertia J

reaches to 1.047 [𝑀𝑙𝑜
2].

oThe bounding gait with two 

suspensions ( branch B2 ) ceases to 

exist passively when the main body 

inertia J drops below 0.501 [𝑀𝑙𝑜
2].

oAvoid the collision losses at touch down, keep 

system conservative

oTo find the unique passive gait, we modified the 

conventional SLIP model [2] by adding a torsional 

spring at the hip and fix the frequency of the 

torsional swing leg spring during the study:
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oThere exist a large number of 

quadrupedal asymmetrical 

gaits according to their footfall 

patterns and the flight phases

oDifferent quadrupedal 

asymmetrical gaits emerge as 

different types of bifurcations of 

the same mechanical system 

from in-place motions.

oThese motions are completely 

passive and may serve as a 

template to develop energetically 

economical motions for legged 

robotic systems.

o To find a gait with the specific footfall pattern, we introduce eight timing variables e for 

touchdown and liftoff events that breaks the stride into 9 intervals.

oThen we iteratively solving the 
continuation problem using arc-
length parameterization: 

R includes the boundary and interior-
point conditions, for example periodicity 
of states and foot positions at events.

oWhich gait should we use on 

different robots at a specific 

speed?

𝜔𝑠𝑤𝑖𝑛𝑔 =
𝑘𝑠𝑤𝑖𝑛𝑔
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