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• Human behavior in collaborative tasks involves trade-offs
between several quantities like distance from goal, energy
consumption and application of forces based on the
partner’s action/intent.

• In order to design robots that effectively work with humans
in such collaborative tasks, analyzing behavioral patterns in
human-human collaborative object manipulation is
necessary .
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Figure. 1. Three test case scenarios for experiment conduction. Each scenario had 10 trials. Each trial had a time limit of 10 seconds. Forces applied by both 
the agents and the states (position and velocities for displacement along x and y and rotation about z) were collected for each trial at every time-step. 
Fourth figure shows the setup for the human-human experiment conduction.

• Behavior of Robot-Robot interaction when both the agents
are aware of the goal, modeled as LQR problem using MPC
with finite horizon.

• Extension to a physical human-robot interaction
environment, the robot is unable to model human behavior,
therefore does not apply significant forces during the task.

• Human-human experiments required to analyze human
behavior models for such tasks.

• Design of a hardware platform to conduct human-human
experiments and collect data. NOVINT Falcon Haptic device
for data collection, UNITY for visual feedback and
implementation of physics parameters (physics engine),
python for data collection.

• 10 trials conducted for each case scenario.
• Experiment conducted for complete information. i.e. both

participants are completely aware of the goal. Participant
details: 8 pairs (5 female and 11 male participants).

• For timed trials, participants initially try to reach 
towards the goal by applying less conservative 
forces and concentrating more on reducing error 
from goal (Fig. 2a).

• This time-step is referred to as intermediate 
convergence time.

• After intermediate convergence, more 
conservative forces applied. (Fig. (2b).

• Over the trials (when one task is repeated 10 
times), energy consumption throughout the task 
reduces over trials 1 to 10 (Figs. 2f, 2g, 2h).

• Final error-from goal also reduces from trials 1 to 
10 (Fig. 2c, 2d, 2e).
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