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Overview

• What	is	Swarm	Intelligence?

• Particle	Swarm	Optimization

• Ant	Systems	and	Ant	Colony	Optimization

• Bee	Colonies	and	Swarm	Robotics
– Bee-inspired	algorithms
– Swarm	Robotics

• Fireflies	(synchronization)
• StiCo (coverage)
• Bee-Inspired	Foraging
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Foraging	Task

• Foraging:	the	problem	of	efficiently	locating	and	
collecting	items	at	unknown	location	within	the	
environment

• Contains	elements	of	many	real	world	tasks	such	as	
network	routing,	task	and	role	division,	
transportation,	patrolling,	…

• Two	main	sub-problems:
1. path	construction/planning
2. path	eploitation/repair
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Foraging	Task

• Two	main	sub-problems:
– path	construction/planning
– path	eploitation/repair

• In	Ant-inspired	systems:
– random	exploration
– pheromone	deposit	and	evaporation

• In	Bee-inspired	systems:
– Lévy	flight	and	Path	Integration
– direct	communication	(dancing)
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Bee	System
• Exploration	using	Lévy	flight

– random	angles	and	heavy-tailed	distribution	over	distance
– combines	thorough	local	search	with	long	distance	hops
– use	path	integration	to	“compute”	straight	line	back	to	nest

• Path	integration	(PI)	vector	represents	bee’s	knowledge	of	
angle	and	distance	to	food

• Recruitment:	directly	in	nest	(dancing)
– sharing	PI	vector
– length	of	dance	indicates	quality	of	food	source
– autocatalytic
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Bee	Swarming

nest

foodPI	vector
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Recruitment	Dance
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Stigmergic Landmark	Foraging

• Path	integration	assumes	unobstructed	flight
– Not	directly	applicable	to	ground-based	robots!

• Idea:	combine	stigmergy and	direct	communication

• Stigmergic Landmark	Foraging:
– “Bees”	create	landmarks	along	their	path
– Landmarks	contain	PI	vector	information

• towards	goal	(or	next	landmark)
• towards	nest	(or	next	landmark)
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Stigmergic Landmark	Foraging

2nd Reading

June 23, 2012 15:28 WSPC/S0219-5259 169-ACS 1150025

Stigmergic Landmark Optimization

(a) Exploring (b) Landmark Found

(c) LHV created + Landmark found (d) LHV created + Landmark found

Fig. 5. Creation of the HOMING landmark network by an exploring agent starting from “H”.
“H” represents the hive, “G” represents the goal. Gray squares indicate landmarks, black squares
indicate obstacles. A star indicates the agent’s current location. A dashed arrow indicates the
exploring agents path, a solid arrow indicates the LHV. “Landmark found” essentially means that
a potential landmark location is detected according to the conditions mentioned in Fig. 4.

agent inside of the hive. Each vector in this array is associated with a Real-valued
DS variable indicating how worthwhile the vector is. Other agents can choose to
copy such a TV (and the associated route ID) to their own memory (i.e., the GV)
and by doing so are recruited for that specific route.

Recruits use the GV to get to the next landmark or possibly the goal. During
its travel, the agent keeps track of its own position using the TV. When a recruit
arrives at a landmark, it can perform one of two actions. (i) If the landmark already
contains a route entry with the appropriate route ID, it reinforces the LHV: the
agent copies its TV to the LHV and reinforces the DS of the LHV. Moreover, it
copies the LGV to its GV. (ii) If the landmark does not contain a route entry with
the appropriate route ID, it creates such an entry and copies its TV to the entry’s
LHV. In this case, its GV will still be able to guide it to a known landmark. In
any case, the agent resets its TV and uses its GV to get to the next landmark or
possibly the goal.

During the process described above, agents essentially create a network of bidi-
rectional routes between the hive and the goal(s).
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2nd Reading

June 23, 2012 15:28 WSPC/S0219-5259 169-ACS 1150025

N. Lemmens and K. Tuyls

(a) Agent at goal (b) Return over LHV

(c) Landmark found +LGV created (d) Landmark found +LGV created

Fig. 6. Creation of the GOAL landmark network by a carrier agent starting from “G”. “H”
represents the hive, “G” represents the goal. Gray squares indicate landmarks, black squares
indicate obstacles. A star indicates the agent’s current location. A dotted arrow indicates the
carrier agent’s path, a dashed arrow indicates the LGV. “Landmark found” essentially means
that a potential landmark location is detected.

4.2. Detailed description

In order to realize the SLF algorithm as depicted in the previous subsection we
extend the basic bee-inspired algorithm. In SLF, each agent’s memory is slightly
increased with three fields.

First, the TV represents the vector from the last known landmark (or hive) to
the current landmark (or goal). On arrival at a landmark (or goal), the TV is copied
to the appropriate landmark vector and afterward the TV is reset.

Second, an agent is able to remember which route it is actually following. For
this, it stores a GUID-value variable indicating the ID of the route. Each landmark
might represent multiple routes toward the goal (and/or back to the hive). A land-
mark is thus able to store multiple route entries, identified by an ID and linked to
each entry are two vectors, (i) the LHV and (ii) the LGV. Each of these vectors
additionally has a DS indicating how worthwhile the vector is.

Third, an agent is able to remember the quality of a goal it has found. Goal
quality is represented by a Real-valued variable and may be set by the user, for
example to indicate priority. Obviously, this is less complex than adding physical
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Stigmergic Landmark	Foraging
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Stigmergic Landmark	Foraging

• Landmarks	can	be:
– Radio-frequency	identification (RFID) tags
– Individual	robots

• Landmarks	provide	a	possible	way	to	implement	a	
pheromone-based	mechanism in	the	real	world

• Standard	Bee	System	forages	more	efficiently	than	
Ant	System	in	open	environments

• Adding	landmarks	helps	navigating	around	obstacles
11



Swarm	Intelligence

• We	have	seen	three	swarm	based	approaches:
– Particle	Swarm	Optimisation
– Ant	Colony	Optimisation
– Bee-inspired	foraging

• What	do	these	have	in	common?
– Decentralised,	no	central	control
– Parallel	search:	efficient,	scalable
– Adaptive,	flexible
– And,	especially	in	swarm	robotics:	robust!
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Swarm	Robotics

• Many	swarm	principles	have	been	successfully	
applied	to	robotics

• Three	examples:
– Synchronization
based	on	fireflies

– Coverage
based	on	pheromones

– Foraging
based	on	bees
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Firefly	Synchronization

Fireflies	are	able	to	synchronize	their	flashing	by	
minimizing	the	lag	between	them	and	their	neighbours

=>	local	interaction!

Alexandre	Campo
Université Libre de	Bruxelles14



StiCo:	Stigmergic Coverage

• Task:	cover	an	unknown	environment
– all	robots	start	in	one	location
– robots	have	limited	sensing	range
– they	need	to	disperse

• Stigmergy:	only	indirect	communication
– pheromones	are	chemical	or	electrical	markers
– on	real	robots:	simulated	by	light	/	fluorescence

Bijan Ranjbar-Sahraei,	Karl	Tuyls
Maastricht	University,	UoL15



StiCo:	Motion	Policy

Very	simple	behaviour: DO
Circle	around
IF pheromone	is	detected

Change	circling	direction
END	IF
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StiCo:	Territory	Size

• Adaptive	territory	size:
– Robots	increase their	circling	radius	when	they	don’t	sense	
any	pheromone	for	a	while

– Robots	decrease their	territory	size	when	they	sense	too	
much	pheromone	for	a	while
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StiCo:	Results	(I)

Efficient	coverage	in	simple	environment:

80	Robots	à
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StiCo:	Results	(II)

Efficient	coverage	in	non-convex	environments:
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StiCo:	Simulation	Demo
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StiCo:	E-puck	Robot	Demo
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Bee-Inspired	Foraging

• Multi-robot	foraging
– Using	TurtleBots
– Limited	visibility

• Implementation:
– Lévy	flight	+	path	integration
– Robots	cummunicate	PI	vectors	when	they see	each other
– Nest	and	food	identified	using	visual	markers

Sjriek Alers,	Daniel	Claes,	Karl	Tuyls
Maastricht	University	/	UoL22



Bee-Inspired	Foraging
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Swarm	Robotics
• Many	more	applications	exist

– Flying	robot	swarms
– Mobile	wireless	sensor	networks
– Morphogenesis
– …

• Most	deal	with	exploration	/	coverage	/	anomaly	detection	/	
patrolling	/	...

• The	swarm	paradigm	provides	great	benefits
– Limited	and/or	local	communication
– Scalability
– Robustness
– Adaptivity
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Wrap up

• Bee	Colonies	and	Swarm	Robotics
– Bee-inspired	algorithms
– Swarm	Robotics
• Fireflies	(synchronization)
• StiCo (coverage)
• Bee-Inspired	Foraging
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