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Optimal Control Command Generation for Planar Running of
ATRIAS Biped Robot vs. SLIP Based Running

Behnam Dadashzadeh, Heidar Shaban, Mohammad-Reza S. Noorani, Behrooz
Koohestani

Abstract: In this paper we investigate generating an optimal running gait for the planar model
of ATRIAS bipedal robot. ATRIAS is a robotic prototype implemented in Oregon State University
with the aim of high speed running. Gait generation for ATRIAS has been done based on SLIP
model. Although this passive model is a good base for gait generation, it does not necessarily yield
to the best energy efficient solution. So, in this paper via the gradient based method starting from an
initial point given by SLIP based control, we search for an optimal pattern for the running gait that
minimizes cost of transport (COT) during one complete step. Equations of motion for each
continuous time phases, called stance and flight, and models for take-off and touch-down events are
derived. Then by parameterization of motors torque profiles using polynomials and solving the
direct dynamic model, optimization problem is solved to minimize COT. The optimization is

b Vi arl to oK iy axis J ST ale LSOl 0 383 15l 5 J ST Oledtige ezl (J S dlons o313 sl ol iDL Jls skge ok



% 00005 &5 Joa slie 033 b Ay Ui 3 by 151 (Sl 35 Doy (Slamir Ok 33 12 it () 7S5 5503 A 5 7

S 5 550 ¢S5 e Loy dazes o (Ol 5 Gl ol pligs

repeated three times by performing the parameterization in terms of polynomials of degrees 3, 4,
and 5, to obtain the most efficient torque profiles. The results indicate that for all three shapes of
polynomials COT is reduced compared with SLIP based running gait. Moreover, the minimal COT

is achieved by torque profiles of degree 4.

Keywords: ATRIAS Biped Robot, Gait Generation, Parameterization, Gradient based

Optimization.
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1. Spring Loaded Inverted Pendulum (SLIP)
2. Fully actuated
3. Underactuated system
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5. Zero Dynamics Manifold

6. Joint Trajectory Parametrization

7. Evolution Algorithms

8. Poincare Return Map

9. ATRIAS (Assume The Robot Is A Sphere)
10. Cost of Transport

11. Gradient Based Method
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1. Waseda University

2. HONDA ASIMO 2007

3. Zero Moment Point (ZMP)
4. Gait Generation
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1. Oregon State University
2. Rotating Boom
3. Compliant Robots
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1. Frontal Plane
2. Sagittal Plane
3. Locked Torso
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