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Motivation

Foraging animals exhibit a behaviour that couples periods of
localized search with ballistic relocation, i.e., Lévy Walk.

Switching between these behaviours occurs due to changes in the
environment.

Can artificial endocrine systems be used as an adaptation
mechanism to manage exploitation and exploration?
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Levy Walks

Random walks where step lengths are drawn from a power law
Pl)~I7", 1<pu<3
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Biological Fluctuation
(Yuragi)
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Yuragi

Finite State Machine Mode|

X(t) = =VU(x(t))A(t) + e(t)

1-P(t)
P(t) Aty =R-A(t — 1)+ f(t)
U(x(t)) = (x(t) — )*
P(t) = e x®
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Endocrine Levy Walk
(ELW)
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Endocrine Lévy Walk

Hormone Variation Model

H(t)=co+c1H(t— 1)+ c25(1)

/ N\

Hormone level at time ¢ Outside stimulus at time ¢

v

Hormone level at time ¢-7

Settling point of H(t) «~—— Hs = ¢o/(1 — 1)
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Endocrine Lévy Walk

Recall that Lévy walks are random walks where step lengths are
drawn from a power law

Pl ~1TF, 1<u<3

100 m
u=15 p=2
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Endocrine Lévy Walk

Adaptation of the p parameter

pu(t) =ao+ arp(t — 1) + a2S,(t)

p(t) = ps = ao/(1—a1)

1, Af(t)>0
Su(t) {
0, Af(t)<0
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Endocrine Lévy Walk

Adaptation of the p parameter Include a desire (b) to interreput the
current walk [

p(t) =ag+arp(t —1) + a25,(t) B(t) =b18(t — 1)+ b255(1)

u(t) = ps = ag/(1—aq) (0, Af(t) >0
Sty = {
1, Af(t)>0 ’ i — p(t)
Sﬂ(t){ T Af(t) <0
0, Af(t)<0
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Endocrine Lévy Walk

u(t)
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Endocrine Lévy Walk

Optimising the ELW parameters via Genetic Algorithms

Settling pointof y «— g A1 AQ by by — Weight of the stimulus of B

7N

Weight of the decay of Weight of the decay of {3

v

Weight of the stimulus of p
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Endocrine Lévy Walk

Optimising the ELW parameters via Genetic Algorithms

Optimising function (Search Efficiency)

n=P/D

/]

Rewards Found Distance travelled

¢
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GA parameters

Tournament selection size: 10
Arithmetic Crossover
Uniform Random Mutation
Population Size: 250

Elitism rate: 5%

Generations: 250
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Test Environments
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Yuragi

SENSITIVITY ANALYSIS ON EFFICIENCY WITH VARYING R

Model R Env 1 Env II Env IIT Env IV Env V

0.2640.11
A 099 (0.23+0.11) 898+2.38 19.7443.51 0.354£0.13 3.93+0.99

0.2940.10
B 090 (0.2820.11) 7414198 24.074+4.48 0.29+0.11  3.19+0.89

0.2140.09
C 050 (0.17£0.06) 6.72+1.61  20.70+4.69 0.24+0.10  2.4940.79
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METRIC COMPARISON BETWEEN YURAGI AND ELW

Search behaviour

Efficiency ( 1072 )

Rewards Found (10%)

Patches Found

ELW-I 0.424-0.12 4.18+1.13 7.48+1.56
Yuragi-B 0.294-0.10 2.6141.01 5.2041.53
ELW-TI 15.02+2.14 126.50+11.32 9.58-£0.58
Yuragi-A 8.984-2.38 64.40+14.50 6.0341.30
ELW-ITI 39.93+4.78 372.39+42.00 9.95-£0.21
Yuragi-B 24.07+4.48 180.594-29.03 6.0741.48
ELW IV 0.39+0.01 3.83:£0.97 6.89-£0.97
Yuragi-A 0.3540.13 3.03%1.12 4.45+1.37
ELW V 6.22:0.85 56.7147.13 9.73:£0.48
Yuragi-A 3.934-0.99 29.9146.67 6.1941.41
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RESULTS

CROSS-TESTING OF ELW PARAMETERS ACROSS ENVIRONMENTS.

Search Behaviour

Metric

Environment I

Environment II

Environment II1

Environment IV

Environment V
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Efficiency (10’2) 0.42+0.12 10.09+1.74 20.644+2.63 0.37+0.15 4.4040.81
ELW-1I Rewards Found (102) 4.1841.13 72.704£9.97 124.684+£12.17 3.594:1.30 34.004+£5.42
Patches Found 7.48+1.56 6.014-1.04 391+1.73 5.18+1.62 6.83+1.17
Efficiency (10_2) 0.40-£0.10 15.02+£2.14 38.814+3.74 0.38+0.11 6.1740.92
ELW-II Rewards Found (102) 3.9240.99 126.50+£11.32 266.51418.25 3.73£1.05 55.9247.74
Patches Found 7.27+143 0.584+0.21 8.59+1.08 7.08+1.38 9.804+0.47
Efficiency (10*2) 0.2440.07 9.9841.73 39.93144.78 0.214£0.07 3.8240.64
ELW-III Rewards Found (102) 2.36+0.69 98.124+16.84 372.39442.00 2.18+0.78 37.8246.35
Patches Found 7.56+£1.32 0.85+1.03 9.9540.21 7.10£1.57 9.9340.32
Efficiency (10*2 0.4140.10 12.9242.02 38.2243.46 0.3940.01 5.204+0.79
ELW-IV Rewards Found (102) 4.16+0.95 113.35+15.87 276.95+18.67 3.83+0.97 48.1246.85
Patches Found 7.32+1.29 9.87+0.37 9.4940.67 6.89+1.29 9.8540.36
Efficiency (1()*2 0.360.11 15.01+1.87 39.0143.61 0.35+0.11 6.211+0.85
ELW-V Rewards Found (102) 3.6041.12 127.104+13.51 274.554+17.48 3.5641.11 56.714+7.13
Patches Found 6.9841.50 9.6640.55 8.8740.87 7.1241.45 9.734+0.46
Efficiency (10’2) 0.26+0.11 8.98+2.38 19.7443.51 0.35+0.13 3.9340.99
Yuragi-A Rewards Found (102) 2.01£1.01 64.40414.51 121.614+£16.64 3.03+£1.12 209146.67
Patches Found 4.81+1.16 6.03+1.31 3.86+1.4 4.45+41.37 6.19+1.41
Efficiency (10_2) 0.29-£0.10 7.414+1.98 24.071+4.48 0.29+0.11 3.1940.89
Yuragi-B Rewards Found (102) 2.614£1.01 61.80415.68 180.59429.03 2.5840.95 27.174£7.29
Patches Found 5.20+1.53 7.194+1.41 6.071+1.48 4.85+1.45 7.4341.65
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Conclusions

We presented an artificial endocrine approach to modulate Lévy
Walk behaviour in adaptive foraging tasks in patchy environments.

ELW outperforms the Yuragi approach in all scenarios tested, even
when not optimized specifically for that scenario.
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Future Work

Perform analysis on the
trajectory and how well it fits to
the predicted Lévy Walk model

Deploy that strategy on an
autonomous drone (Crazyflie)

Compare efficiency from an
energy perspective
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THANK YOU!
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