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A three-dimensional compass biped is modelled as a spherical kinematic pair in which the rigid legs are combined at the hip by a spherical joint giving rise to constraints. The 
contact between a foot and the ground is modelled as a perfectly plastic impact, constraining the foot to stay �xed on the ground during the other leg's swing phase. This con-
tact condition is represented by another spherical joint connection between the foot and the point of contact on the ground. During each swing phase, a variational integrator  
in combination with the discrete null space method for the treatment of the constraints yields the reduced forced discrete equations of motion. The contact is transferred in-
stantaneously when the second foot hits the ground and the �rst one is released. Then, DMOCC (discrete mechanics and optimal control for constrained systems) is applied to 
determine actuating torques in the hip joint during half a gait cycle.  
In the DMOCC approach, the discrete equations of motion are formulated in terms of the discrete states and controls. Together with periodic boundary conditions on the con-
�guration and conjugate momentum, the reduced equations serve as nonlinear equality constraints for the minimisation of a speci�c cost functional. The algorithm yields a se-
quence of discrete con�gurations together with a sequence of actuating torques in the hip, guiding this underactuated system.
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