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Abstract

Recently, there has been growing interest in developing robotic systems capable of performing tasks
that assist astronauts with their work/duties aboard the ISS. One important capability is in Human-
Robotic Interactions, providing means for astronauts to communicate requested tasks to the robots.
Gesture-based control is one interaction method that uses visual processing and machine learning (ML)
algorithms to interpret hand/body gestures as control inputs. The space environment presents several
challenges for conducting vision-based gesture recognition, including limited processing capacity, a clut-
tered background, and a lack of preferential up/down direction leading to a wider range of body pose
orientations.

This paper presents methods and results from experiments in implementing vision-based hand gesture
recognition algorithms on the Astrobee freeflyer robot on the ISS. We developed an image processing
pipeline that uses the Astrobee science camera to take images of hand gestures presented by an astronaut,
and returns predictions for the most likely gesture. The first step of the pipeline utilizes the open source
MediaPipe package, which contains pre-trained ML models to identify hands in an image, and return
the x,y,z positions of 21 hand landmarks. Geometric calculations are then used to compute a series of
metrics that characterize the hand shape relative to the palm, and the palm orientation relative to the
body. These metrics are used as input features to ML classification models trained to identify 10 distinct
hand gestures denoting American Sign Language (ASL) digits 0-9. Numerous models were generated
using different combinations of input features and ML algorithms. The models were trained/tested prior
to flight using several publicly available ASL datasets containing hundreds of images.

The performance/accuracy of the pipeline was tested during several sessions on the ISS, where astro-
nauts presented numerous hand gestures at different distances and orientations, and with different back-
grounds. The tests demonstrated that the processing pipeline could effectively operate on the Astrobee
processors to provide real-time predictions and interactions with the astronaut. Post-flight analysis used
the test images to compare the predictive accuracy of the different models, using subsets of images with
different distance, background, astronaut orientations. Initial results demonstrate that models showed
high accuracies above 85These results demonstrate the effectiveness of visual-based gesture recognition as
a method to facilitate human-robotic interactions in space.
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