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Abstract

The user describes desired swarm formations Through digital sketches

The method leverages computer vision techniques to extract critical points from the user 
drawing, thus defining the number of robots needed

Each “point” (a.k.a. desired formation node) is assigned to one robot

The robots are deployed to form the initial user drawing

Graphical Interface

• Human-Swarm Interaction (HSI) enables the user to control a swarm of robots’ behaviors, 

posing a handful of technical challenges like real-time responsiveness and balancing 

decentralized robot autonomy with centralized human input. [1]

• Recent works propose user-centered interfaces and mediums such as Augmented Reality 

(AR) to enhance human–swarm collaboration in tasks like environmental monitoring and 

area coverage. [2]

• Traditional formation control approaches rely on pre-set parameters without real-time 

human interaction. Existing gesture-based methods improve HSI but remain constrained by 

pre-defined gestures. [3]

• This project advances HSI by allowing users to sketch desired swarm formations, enabling 

flexible, real-time, and robust control of multi-agent systems.

Select References

Drawing Pre-
Processing

Edge
Detection

LoG

Point
Extraction

Shi-Tomasi

Scaling
Critical
Points

Filtering

Minimum
Distance

Computer Vision

Rigid Graph
Construction

Laplacian
matrix

Hungarian
Algorithm

Linear
Assignment

Formation
Control

Algorithm

Input

Final
Positions

Formation
Control

No-Flip
Guarantee

Formation
Control

Grayscale

Output

Original Drawing Horizontal Flip

Vertical Flip

(1) Image Pre-processing: Grayscale (2) Edge Detection: LoG (3) Point Extraction: Shi-Tomasi
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Definition:
A flip of a formation occurs when a formation is either mirrored 
horizontally or vertically due to robot assignments crossing 
paths, resulting in misalignment.

Algorithm Computer Vision Process Example

Simulation of robots representing user-drawn:
(a) pumpkin (unconstrained), (b) pumpkin (7 robots), (c) robot (unconstrained).

Theorem:
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Visualization of the theorem

Check out cool videos of this algorithm in action on real robots!
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Robotarium experiments of 7 robots representing user-drawn:
(a) cloud, (b) fish, (c) heart.


