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Out of the Box:                                        
Embodied Navigation in the Real World



Embodied agent for pointgoal navigation in the
real world.

Differences between simulation and real-world
lead to lower performance using the real robot.

Mitigate this problem aligning the training in
simulation with the real-world setting.
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POINTGOAL NAVIGATION IN THE REAL WORLD
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NAVIGATION IN SIMULATED ENVIRONMENTS

Embodied AI agents are trained using simulators
with millions of frames.

Simulation is more convenient in terms of costs,
safety and time.

Trained model is finally deployed on the real robot

An episode of pointgoal navigation with Habitat Simulator.
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NAVIGATION IN SIMULATED ENVIRONMENTS

Simulated 
Environment

Action

{ahead, left, right, …}

The agent is deployed in a simulated environment.

The simulator extracts observations for the agent.

The agent samples the atomic actions.

New observations are extracted.

Observations
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NAVIGATION IN REAL WORLD ENVIRONMENTS

The model deployed on the real robot suffers the
discrepancies between training (simulated) and
evaluation (real world).

Main differences:

- Hyperparameters not matching;

- Agent could exploit tricks when using the simulator;

- Sensor and actuation noise.

An episode of pointgoal navigation in the real world.



: during training               : during evaluation on the real robot

Hyperparameters not matching:

Real robot parameters

Tricks in simulation:

Avoid sliding

Sensor and actuation noise:

Proper noise models

Depth restoration

Pose computation exploits odometry sensor
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ADAPTING FOR REAL WORLD



During the training, we should consider the characteristics of the real robot that differ from
the default parameters of the simulator.

The main differences to be addressed are the height of the robot, the field of view of the
cameras, and the range of the depth camera.
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HYPERPARAMETER DIFFERENCES



Depth is restored using a hole filling algorithm followed by the application of a median filter.
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DEPTH OBSERVATION RESTORATION



Depth is restored using a hole filling algorithm followed by the application of a median filter.
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DEPTH OBSERVATION RESTORATION



COMPUTATION OF THE POSE 

We adapt the odometry sensor of the robot to compute position and orientation:
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Position: 

Orientation:



Mapper

Pose Sensor

Mapper

Pose Sensor

Global Policy

Planner

Local Policy
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LOCONAV ARCHITECTURE

Global Policy

Planner

Local Policy
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REAL WORLD POINTGOAL NAVIGATION



If the goal is in the same room of the agent, results are
optimal.
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NAVIGATION RESULTS



When the agent needs to
change room, it is still able to
successfully terminate the
majority of the experiments.
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NAVIGATION RESULTS



The episode that involves getting out of a room and enter
a door immediately after represented the most
challenging scenario due to the difficulty in identifying the
second door while approaching it with a high angle.
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NAVIGATION RESULTS
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NAVIGATION EXAMPLES
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NAVIGATION EXAMPLES
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