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1,024 Kilobot Robots
Studying Collective Behaviors & Swarm Intelligence
with Little Bitty Robots

From ant colonies to how cells cooperate to form complex 
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patterns, New Jersey Institute of Technology(NJIT) Biology 
Professor Simon Garnier and his team of researchers study 
collective behavior in reliable ways. Sophisticated interactions 
within members of a group are studied in the Swarm Lab, an 
interdisciplinary research lab that studies the mechanisms 
underlying Collective Behaviors and Swarm Intelligence in natural 
and artificial systems. 

Simon started the Swarm Lab back in July 2012 to study how information is exchanged and 

transformed during interactions between the members of a group, and how this can lead to 

the emergence of "intelligent" group behaviors.



Amongst the different research experiments conducted in the 
Swarm Lab, one in particular can act as a great precursor to such 
innovative technologies as the development of search-and-rescue 
robot teams, construction crews to fix complex problems such as 
pedestrian traffic, and other real world problems that can be 
solved by understanding the interaction of individual and group 
behaviors: Kilobot Robots.



These self-organizing robots are engineered to work together in large swarms or as 

programmable materials that can mimic the aggregation of nature’s large animal groups. By 

obeying a shared algorithm with an attached infrared light transmitter and receiver, Kilobots 

can communicate through programmed pulse messages.

Kilobots enable experimental research on collective behavior to be widely accessible with 

many opportunities to test out new ideas. Individually, their intelligence is highly limited but 



with an army of 1024 Kilobots, the huge swarm thrives on codependency generating what 

can be viewed as intelligent action. This codependency serves as a motivational drive for 

researchers to create a seamless convergence using nature as a source for their inspiration. 

These tiny robots were developed by Harvard Professor Radhika Nagpal (pictured above to 

the right) and her research team in their lab at the School of Engineering and Applied 

Sciences (SEAS) Wyss Institute for Biologically Inspired Engineering. The lab aims to 

continuously improve the physical design as well as the algorithms for these autonomous 

robot collectives. 

This past Spring, Radhika collaborated with Simon on a week-long-hands-on workshop to 

teach NJIT researchers how to program these Kilobots by creating shared algorithms for 

extensive testing. The group programmed kilobot robots to execute a variety of biologically 

inspired behavior as a way of getting familiar with the programming language and physical 

nature of the kilobots.



Radhika Nagal leads the research team at Harvard as well as their collaborating schools: NJIT, 

UCSF and Princeton. In just the past couple of years, the kilobot research teams have 

generated global attention by diving into biologically inspired robotics. Radhika was selected 

by Nature magazine for the top 10 people who made huge scientific contributions in 2014 

(Nature's 10).

The Kilobot research has also earned a spot as one of the top 10 scientific breakthrough 

achievements of the year by the editors of Science Magazine:

http://news.sciencemag.org/scientific-community/2014/12/breakthrough-year-top-10-

scientific-achievements-2014

http://news.sciencemag.org/scientific-community/2014/12/breakthrough-year-top-10-scientific-achievements-2014


Find out more: www.nature.com/news/365-days-nature-s-10-1.16562

Harvard University and Radhika aim to permanently establish K-team kilobot swarms in both 

the UCSF Center for Synthetic and Systems Biology, co-led by Wendell Lim and Wallace 

Marshall, as well as the Princeton-NJIT Collective Animal Behavior Labs, led by Iain Couzin and 

Simon Garnier respectively. 

http://www.nature.com/news/365-days-nature-s-10-1.16562


Kilobot research team member and NJIT Professor Gareth Russell' s research is driven in 

large part by an intense interest in how complex ecological systems work. Some of his 

research includes evaluating endangered birds and their habitats. This interest manifests 

itself in a variety of specific research activities such as the aggregation occurring in his 

backyard, shown below. 



By facilitating Kilobot research teams across these leading research universities, robot 

swarms like the Kilobot system can provide a tangible platform for studying the relationship 

between individual rules and emergent behavior. The biggest goal for researchers is to come 

up with new software and interactive robots capable of cooperating on rudimentary tasks 

without the constant need for human supervision. 

Visit here for more info on Swarm Intelligence: 
www.theswarmlab.com 
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