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Firefly Algorithm for Target Tracking 
in Aerial Swarm Robotics

[https://farm5.static.flickr.com/4299/36105876845
_eeb2a9b096_b.jpg]
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[https://www.firefly.org/images/pictures/boy-catching-fireflies.jpg]



v

MIN Faculty
Department of Informatics

3

Motivation ...Not!

[https://pixabay.com/get/eb3db0092af0053ed1584d05fb0938c
9bd22ffd41cb515429df4c77aa6/drone-2816244_1280.jpg]

Drone Delivery

[http://1.bp.blogspot.com/-WSLRddK9-J4/VUh0S150uCI/AAAAAAAA-
CsI/VJuFt1Dfj4o/s1600/domestic-drone-cartoon.jpg]

Public Surveillance
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Motivation

[https://spectrum.ieee.org/image/MjY3MzQyMw.jpeg]

Collaborative construction– [1]

Wildfire detection and control

[http://www.cobizmag.com/Articles/The-futurist-Life-in-the-drone-

zone/western-wildfires-fire-retardant-drones-sm.png]
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Swarm Target Tracking

[https://www.ted.com/talks/raffaello_d_andrea_the_astounding_athletic_power_of_quadcopters]
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Swarm Target Tracking

A robot is observing a target when 

the target is within its sensing range.

Swarming enables distributed sensing,

parallel actuations & fault tolerance

à multi-objective, multi-modal optimization [2]

[http://2.bp.blogspot.com/-9nILTAIsVeY/VQula-
vzxjVI/KTd9aIiS5Sk/s1600/big-hero-6-villain.jpg]

[3]
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Nature-Inspired Metaheuristics

Terminology:

heuristic (εὑρίσκω - "I find“): 

technique for finding an approximate solution

à trade optimality, completeness, accuracy or precision for speed

metaheuristic (μετά - "beyond”): 
higher-level procedure guiding a heuristic under incomplete information

à vary in the weighting of exploitation vs. exploration

[4]

[http://www.kinderstube-
sachsen.de/uploads/pics/480x240_1-18_2_01.jpg]
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Nature-Inspired Metaheuristics

Bat Algorithm

Cuckoo Search

Particle Swarm Optimization

Firefly Algorithm

Shuffled Frog Leaping AlgorithmEagle Strategy

Flower Pollination Algorithm

Artificial Bee Colony Optimization
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Fireflies

[https://www.thisiscolossal.com/wp-content/uploads/2016/07/2016-summer-firefly-selects-spoon-and-tamago-1.jpg]



v

MIN Faculty
Department of Informatics

10

Fireflies

[https://www.firefly.org/images/pictures/glow-worm.jpg]

Glowworm larvae

Photuris lucicrescens
(„femme fatale“)

[https://upload.wikimedia.org/wikipedia/comm
ons/5/52/Photuris_lucicrescens.jpg]

[https://www.firefly.org/images/pictures/firefly-pics2.jpg]

Lampyridae
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The Firefly Algorithm
Simplifications:

All fireflies are unisex.

Attractiveness is proportional to light intensity.
If there are no fireflies brighter than a given firefly, it will move randomly.

Light intensity is affected by the landscape of the fitness function.

à broadcast-like communication

[5]

[http://static-35.sinclairstoryline.com/resources/media/ffc55c6a-991b-
478e-88d5-d8bb2b1de80b-large16x9_FireflyGarbettBoom.jpg]
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The Firefly Algorithm
The movement of a firefly ! attracted to another more attractive (brighter) firefly "
is determined by:

[5]
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The Firefly Algorithm
The movement of a firefly ! attracted to another more attractive (brighter) firefly "
is determined by:

attraction (exploitation) randomisation
(exploration)

future
trajectory

current
trajectory

[5]
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The Firefly Algorithm

!0 = attractiveness at r = 0 " = randomization coefficient
0 < " < 1

#t =vector of random numbers

The movement of a firefly $ attracted to another more attractive (brighter) firefly %
is determined by: & = light absorption coefficient

Special cases:

when !0 => 0   à Simulated Annealing 

when xt
j => g* à Particle Swarm Optimisation

[5]
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Firefly Algorithm - Pseudocode

[6] [7]
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Evaluation: Procedure

[https://www.youtube.com/watch?v=LPKg_luHxpc]

Non-convex stochastic test function 2D representation



v

MIN Faculty
Department of Informatics

17

Evaluation: Procedure

[https://www.youtube.com/watch?v=LPKg_luHxpc]

Local minimum (Randomly) initialized firefliesGlobal minimum
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Evaluation: Procedure

[https://www.youtube.com/watch?v=LPKg_luHxpc]

Light intensity in terms of fitness function Brighter firefly attracts less brighter one
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Evaluation: Procedure

[https://www.youtube.com/watch?v=LPKg_luHxpc]
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Evaluation: Quantative

[6]
success rate

standard deviation
mean # of iterations
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Evaluation: Qualitative
Pro:

Performant

Distributed by default,
automatic subdivision

Fault tolerant / adaptive

à Suitable for multi-objective, 
multi-modal problems

Con:

No optimality guaranteed 
(w/o Lévy Flights)

No theoretical analysis on 
convergence yet

à Further research needed

[http://www.fireflyexperience.org/photos/firefly_72678_2.jpg]
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Conclusion

“ There ain’t no such thing as a free lunch” - [8]

Aerial swarm tracking is a dynamic, multi-objective, 

multimodal optimization problem

Firefly algorithm in particular shows suitability 

due to robustness, scalability and flexibility

[https://i.ytimg.com/vi/vldWhL5JQxg/hqdefault.jpg]
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Thank you!

[http://www.fireflyexperience.org/photos/firefly_81933.jpg]
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Backup: Lévy Flights

μ = location parameter c = scale parameter
[6]
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Backup: Lévy-Flight Firefly Algorithm - Pseudocode

[6]
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Backup: Multi-objective optimization

[9]
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Backup: Multi-objective firefly algorithm - Pseudocode

[10]


