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Motivation:

Hybrid Trajectory Optimization:

• Divide a trajectory into segments in which the set 

of contacts remains constant.

• Predefine the sequence of contact.

Contact-implicit Trajectory Optimization:

• Allow the optimizer to choose 

the sequence of contact.

• The set of allowable contacts 

must be predefined and 

relatively small to reduce 

computational complexity.

STOCS:

• Embed the detection of salient contact points and 

contact times inside trajectory optimization.

• No need to predefine the sequence of contact.

• No need to predefine the set of allowable contacts.

A robot executes the optimized trajectory 
solved using STOCS for pivoting a non-
convex object

Technical Contribution:

• An extension of our previous work [3] of using 

infinite programming and MPCC to solve pose 

optimization problem to trajectory optimization 

for manipulating objects. 

• A method which embeds the detection of salient 

contact points and contact times inside 

trajectory optimization

[1]

[2]

Workflow of STOCS:

Given an initial trajectory, STOCS iterates between using the Maximum Violation Oracle to 
instantiate contact points, and solving a finite dimensional MPCC to decide a step direction 
until the convergence criteria is met. STOCS does not need a predefined contact set and 
can select the contact points simultaneously while solving trajectory optimization.

Quantitative results:

Qualitative results:

Numerical optimization results of STOCS 
and MPCC on two pivoting manipulation 
tasks. OoM means out of memory.

Tasks:

Objects used in the experiments.

The executed trajectories on the robots.
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• Incorporate warm starting techniques for the inner 

MPCC solves by switching to sequential

quadratic programming (e.g., [4]).

• Investigate other strategies to initialize the 

trajectory optimizer, such as extracting an object’s 

trajectory and active contact set from a 

demonstration video. 

• Implement time-active contact sets and active 

contact deletion, which would reduce the number 

of variables and complementarity constraints 

even further. 
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Task 1 is to pivot an object against two 
surfaces. Task 2 is to move a block on a stair 
by pivoting it against the corner of the stair.

Idea: Iterate between identifying active contact

points and trajectory optimization.

Maximum Violation Oracle:
Chooses the union of the closest points between 

the object and the environment at each time step 

on a trajectory as the index set.

Trajectory Optimization:

Y denotes the surface of the object and y is a point 

on the surface. T is the time steps in the trajectory. 

q is the pose of the object, and g(·,·) is the distance 

from a point to the environment.

The finite dimensional MPCC problem that needs to 

be solved given an index set     .


