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Abstract — Arabian babblers are highly preyed uponavians
living in the Israeli desert. The survival of thisspecies is con-
tingent upon successful predator deterrence knownsamob-
bing. Their ability to successfully defend againslarger preda-
tors is the inspiration for this research with thegoal of employ-
ing new models of robotic deception. Using Grafen'Bishones-
ty Model [3], simulation results are presented, whih portend
the value of this behavior in military situations.

I. INTRODUCTION

Mobbing is an anti-predator behavior mainly disglay
in cooperative birds but can also be found in afénsach
as meerkats [13] and squirrels [11] shown in figlrd his
behavior is a prime example of thendicap principle
which claims that signals with a high cost musthomest
[1]. While this principle is predominantly used fdeter-
mining when honesty is the most advantageous girate
can also be a powerful tool for deciding when deisethe
best option. Some biologists argue that not ahaig of this
nature are required to be honest.

One such model that incorporates deceit into thelira
cap principle is Grafen’s Dishonesty Model [3], aihnitakes
into account several factors to determine whetleeegtion
or honesty is the appropriate action to take. Gsearch
has created a model (Sec. 3) based on Grafen'agipr
In our research, as part of an ONR MURI heterogeneous
teams of robots, we replicate situations encoudterging
the mobbing process and determine when it is adgaotus
to deceive.

A relatedness coefficient, which serves as a pritibab
of necessity of deception, and a cost associat¢d thie
manifestation of this behavior are the primary ablés
used within the computational model. These parammei@n
be adjusted with ease to simulate the interactietwéen
the robotic agent and the perceived threat. This re-
search extends and expands our previous reseaddtap-
tive behavior that focused on human models of dagni
[7]. In that earlier work, deception was definethgly as a
false communication that tends to benefit the comioaior
(from [8]), and we continue to use that definition this
paper.

One species, often associated with the handicagipte
that exhibits this mobbing behavior is the Arabizatbbler.
A number of ethological studies have been conduoted

! This research was supported by the Office of NRedearch
under MURI Grant # N00014-08-1-0696.

this bird in Israel [1,2]. The observed behaviorttué bird
will serve as the inspiration for the robotic siatidn that
follows. While not all avian species mob in the saman-
ner, general patterns occur and can be appliecoutitthe
loss of generality.
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Figure 1: Crows Mobbing a Hawk [15]

In this research we model the mobbing process, most
portantly group formation during mobbing, integr&eaf-
en's dishonesty model, and examine its utilityhia tontext
of multiagent robotics. Our preliminary results arevided
via simulation studies, with the intent on demaatitg the
results in multi-robot experiments in the near fatu

The motivation behind this research is for detemgn
when to invoke robotic deception based on prinsipteat
transcend individual biological species (namely aedi-
cap principle), specifically in situations when tlesvard for
deceit outweighs the cost of being caught whileusiame-
ously incorporating the cost of sending deceptigmals.
This can pertain to military operation. For examleobot
that is threatened might feign the ability to combdver-
saries without actually arming the robot: Being éstrabout
the robot’'s abilities risks capture or destructiwhile de-
ception could possibly drive away the threat, iédist the
right time in the right way. Feigning strength isaatic used
regularly in military combat [9].

[I. MOBBING BEHAVIOR

In this section, we develop the underlying behavar
the deception scenario within which our model isted.
Mobbing behavior is considered by many biologistbé an
altruistic anti-predator behavior. Mobbing is defihas the



gathering of members of a group around a potentadin-
gerous individual. The purpose of this behaviotoigleter
and drive away potential predators. It makes sémesethis
behavior is only found in animals which are heayigyed
upon. While it is exhibited by many different spesiiit is
most commonly associated in avians. The mobbindsbi
react to a perceived threat by surrounding it andpera-
tively harassing it, usually by making noises afaping
their wings. Other species of birds that mob dinsa simi-
lar manner with differences in duration and voalans
(e.g., ([10]).

A popular example of mobbing is displayedhe Ara-
bian Babbler Turdoides squamiceps). In babblers, the be-
havior is determined by group makeup and individiital
ness. A group of babblers can consist of anywher two
to fourteen birds [1]. When a group begins to deran a
feeding area, a single babbler assumes the rokeafinel”
[1]. The sentinel perches in the tree that givethét best
view of its group and approaching predators [2].

The mobbing processes for the sentinel andiohghl
babbler are shown in Figure 2 and 3 respectivélgedins
when the sentinel spies a potential danger. Itaedp by
emitting an alarm. Upon hearing this alarm caltlividual
babblers congregate in the sentinel’s tree andtassissu-
ing these alarm calls. It is suggested that thesbkeep
making these sounds to let the predator know thaté
been seen [1]. If the predator still approacheggtieeip and
perches nearby, the babblers approach and mobréaa-p
tor. During mobbing, the babblers rarely physicallyack
the intruder, but instead emit vocalizations antleithe
predator while flapping their wings. The predatesponds
by either leaving or attacking one of the mobbiird$ [1].
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Figure 3: Mobbing Process for Individual Babbléraged on [1])

Not all of the babblers approach the predator. Adi-i
vidual bird’s decision to participate in mobbing iiflu-
enced by several factors including its rank anghésceived
ability to escape. Participation in mobbing can deter-
mined by these factors associated with the group:

* Number of males. In a group containing several tadul
males, the alpha male generally does not partieipat
order to stay safe and able to breed in the futdosv-
ever, if a group has few adult males, the alphaensl
more likely to participate.

* Rank. Generally the higher ranking babblers ofaupgr
are more active in mobbing. They participate longer
and get closer to the predator. According to Zalfhlyi
this is to retain their prestige within the group.

» Fitness. Babblers will not approach a predatohéyt
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Figure 2: Mobbing Process for Sentinel (based on [1])

do not feel they are fit enough or possess othernse
to escape.

While each of these factors is important itedmining
the flock’s decision to mob, the work describedehfarcus-
es on an individual babbler’s perceived abilityeszape and
is the focus of our implementation. This is thetprthe
mobbing process where “deception” will be injeciatb
the system. Here, a babbler may deceive regardnjt
ness in order to deter the predator. While themoislirect
evidence to suggest this occurs in nature, it prtesan in-
teresting variation for robotic decisions regardfegning
behavior.

It is important to view mobbing as a signaivieen
the prey and the predator. Thus, a simple signal lse-
tween the two agents is sufficient to model thikidheor.
While the simulation presented shows the babblarads-



ing the predator, the display itself does not deire the
predator’s behavior at this step. This model ipooates
the ability for the prey to “deceive” the predatbising the
model, one could determine an appropriate timeeignf
strength to the adversary or to conserve resotincescap-
ing in a military scenario.

B. Sentinel

The catalyst to the mobbing process is the senisisel
ing an alarm call. The role of sentinel is assurbgda
member of the group [1] and is usually filled by talpha
male or another high-ranking male. For each grdulpab-
blers, there is only one sentinel at any given tifmea natu-
ral setting, the sentinels change, but for the psep of this
simulation, the sentinel will be predetermined astditic.
The sentinel, like other birds in the group, p@vates in
mobbing with respect to Grafen’s Dishonesty Mo@g! [

C. Handicap Principle

E. The Philip Sydney Game

The Philip Sydney game is a signaling game between

two players, developed by John Maynard Smith [3jiclv
we will consider in the context of predator-preyations.
The two players in the game are a donor and a loéamyt

The donor has a resource that the beneficiary mayay
not need, e.g., water. The beneficiary has thetybd sig-
nal to the donor that it does or does not needrdssurce.
Upon receiving this signal, the donor can decidetivbr or
not to give the resource to the beneficiary. Sdvaetors
go into the decision as to whether or not the heiaey

should signal that it needs the resource includinglated-
ness coefficient and a necessity coefficient. Simplarame-
ters go into the decision for the donor to givethp re-
source [3]. There are a few different outcomeslbthese
decisions. In the example of the resource beingnyvédtthe
donor gives up the water, there is a possibilityt tith will

not survive due to thirst. On the other hand if tdanor
keeps the water, there is chance that the bensfipirish-

The Handicap Principle, developed by Zahavi [1}; dees. If the beneficiary signals, it pays a costsditness and

tails the criteria in which signals between animale re-
quired to be honest. It states that if an animastes its
personal resources to produce a signal, then i@dlamust
be honest. Otherwise, it cannot afford to wastehsie

sources. This is a fairly accepted principle nowt Was
highly contested when it was first introduced.dpgplication
to mobbing is that babblers will not approach adpter if

they do not believe they can escape it. If the mabiloes
approach, it is wasting the resources of cover ftoetrees
and a head start to escape from the predator. Bsjinga
these resources, it is demonstrating that it canisiwith-

out them and thus signaling to the predator thelhase is
pointless. If it could not tolerate losing thessaerces and
attempts to mob the predator anyway, that babldeoimes
vulnerable to an attack. In that case, the babltard not

be able to survive should the predator decide tachtit,

and thus deceiving with respect to its low fithegss not
the appropriate choice according to the handicaipte.

D. Deception

upon not receiving the water, maintains a lowerisaf
rate. Thus it is very important to for the benefigito sig-
nal appropriately. For the scenario we considerdbnor is
the predator, the beneficiary is the babbler, &iedrésource
offered is the predator sparing the babbler’s Ifemore
detailed description of the model appears in sa@io

F. Group Control

Mob formation does not have an exact spatial layout

and positioning as was the case in our earlier veorkor-
mations [Balch and Arkin 98], but some spatial d¢raists
define the mob structure. For example, the babllersare
mobbing must space themselves out around the predat
earlier work [5], bird lekking behavior was used fgroup
formation in a different context, that of trying fmd and
attract a scarce resource. Utilizing this pre-éxistgroup
formation behavior is an easy solution for impletagion.
In lek behavior, all group members are attractea hotspot
(location where resources are likely to be founaf) imod-
estly repelled by other members to assure a unikpatial

The purpose of this research is to model the mapbirdistribution. For mobbing these roles are altethd:preda-

behavior and determine what value it affords robatsl
what, if any, value is added by injecting decepfimio the
process. Deception in this case is what biologistscribe
as cheating [3]. While Zahavi maintains that signato-

duced through wasted resources must be honesterGraf

claims there can exist an acceptable level of amgahat
will keep the system stable [3]. Grafen detailsgumegities
in which cheating would be the best strategy fer slgnal-
er. The derived model is based upon the “Philip rigyd
game” [3]. In this situation, cheating constitutedabbler
signaling to the predator that it can escape afwesyuent
chase when it actually could not. If a predatoacks a
babbler that is bluffing about its fitness, the lbab will

most likely be captured and eaten, a rather segautble.

tor settles itself at the hotspot, where the hdtapthis case
is the perching location of the predator aroundcivhthe
other babblers group during the mob.

I1l. COMPUTATIONAL MODEL
A. Sentinel Behavior

The computational model for the sentinel behavior i
shown in figure 4, and is derived from the behaaliqgro-
cesses shown in figure 2. Each component behavasal
semblage (an aggregation of primitive behaviorg)[&&d
their associated transitions (behavioral triggeasg de-
scribed below.
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Figure 4: Computational Model for Sentinel Behavior

1. Move to Perch

The sentinel begins by moving to the perch areas Th '

will be a static location where it can best obsend detect

predators threatening it and other group membelss T
is composed of the primitive

behavioral assemblage
Move_To behavior combined with obstacle avoidaide
sentinel transitions when it reaches the perchirgn @o
observing. Based upon sentinel behavior describe@]i
the specific perching area chosen gives the séritinebest
view. Thus no visual occlusions due to obstructiame
assumed since the bird naturally chooses a spolikiety
does not contain such impairments.
2. Observe in Tree

In this behavioral state the sentinel remains tatiy
while attempting to detect a predator. Upon déiachf a
predator, a transition occurs to the Alarm statecokding
to [6], European StarlingsSurnus Vulgaris) can detect a
predator 40 m away and detect them by sight. Thass
have similar physical characteristics to Arabiarbtiars
and thus this provides the detection distance usethe
simulation.

3. Alarm

leaves, the sentinel remains in its perch. If thedator
lands, the sentinel will mob the predator. Thisuagstion is
made since the sentinel always has the requiredsft to
mob the predator.

4. Join Mob
When in this state the sentinel moves towards thdgior,
while employing obstacle avoidance to avoid callis with
trees and other birds. When mobbing, the simulbatdabler
agents are attracted to the predator while maiinmtgira
certain distance from it. This area is known asatteaction
zone [5]. There is also a radius around the predatere
the mobbing agents will be repelled. This is thputsion
zone [5]. Attraction and repulsion to the predasodetailed
in equation 1.
H-d

H
hereVgirewion = Direction from the center of the robot to the
center of the predator, d = Distance of robot &dptor, and
H = Maximum predator detection distance.

When mobbing the predator, the mobbing agents space
themselves evenly around the attacker dictatedgionatéeon

1)

Vmag =

R—-d
R R<d
v 0 Apin <d <R (2)
mag A ’ 4 min
max ~
— A <d< A,
Amax — Amin max min

whereVyieion = Direction from the center of the robot to the
center of the other robot, d = Distance of roboatmther
robot, R = Radius of the repulsion spherg;,A Inner ra-
dius of the attraction sphere, angi,A= Outer radius of the
attraction sphere. This model was introduced in eantier
work on bird lekking behavior, which also includ@sstacle
avoidance. [5].

Noise is also introduced into the system tsisasn
avoiding local minima. Transition out of the JoinoMstate
to the Harass state occurs probabilistically. Thabability
should ideally be determined empirically throughldistud-
ies to reproduce what occurs in nature. That dataever,
is not currently available so an arbitrary valuechosen.
During the Join_Mob state, the prey agents surrotived
predator. If the predator leaves, the sentinelsitaoms to
the Move_to_Perch state, returning to its previobserva-

The alarm assemblage the sentinel notifies bothsall tion point. If the sentinel is attacked by the f@ied it will
and enemies that an enemy has been detected. &wewlt flee. An agent that is attacked is destroyed fffittsess is
ously the sentinel broadcasts its location to Hondly too low for survival. If the sentinel survives maidp the
and enemy agents. The enemy is notified becaussetite  predator, it returns to looking for predators (Qbeen tree

nel is giving up its position in order to let theegator know
it has been seen. This is in agreement with thalibap
principle [1] as the babbler is wasting its advgetaf being
hidden in order to send the signal. The behavimake-up
of this assemblage requires the sentinel to nditdth the
babblers and the predator of its current positiothait the
non-sentinel babblers can move toward it for mopkand
so the predator knows it has been seen. If theapoed

state) via the Move_to_Perch state.

5. Harass
When in the Harass state, the sentinel moves tothard
predator causing the predator to become frustrdtgan
repeated harassing if the frustration level of gnedator
becomes sufficiently high the predator will lea@therwise
the harasser returns to the mob after a given timiess the



predator leaves or attacks while harassing. Infitisé in-
stance, the sentinel returns to the perch, buttéicked it
flees as before.

B. Non-Sentinel (Individual) Behavior

Grafen’s dishonest model [3]. A difference In thase the
signal cost is added instead of being subtracteduse a
higher signaling cost should lessen the probabitigt an
individual would mob. If the cost was subtractesl saown
in [3] then the opposite effect would occur. If ihequality
shown in equation 3 is met then the babbler jdiesdthers

The model for the individual babbler agent behav#or in mobbing.

shown in figure 5. This overlaps considerably with Sen-
tinel model with the biggest differences being #irsence
of a Feed state in the sentinel, and the indivichadibler
does not contain an Alarm state. The triggers betwaost
assemblages are also slightly different. Theseerdiffces
are explained below.
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Figure 5: Computational Model for the Individual Babbler

1. Move to Feed

When the simulation starts, the non-sentinel irchliais
move to their feeding location. This area is nbargentinel
perching location. Upon arrival they enter the fette.

2. Feed

When feeding, the individuals stay at the feediogal
tion until the sentinel emits the alarm call. Thara serves
as a signal indicating the presence of a predator.

3. Move to Perch (non-sentinel)

This behavioral assemblage is identical to theisels
Move_To_Perch state with the exception that thévidd-
als move to the broadcasted position near the toeda-
termined from the alarm. Upon arrival in the treghvthe
sentinel, they observe the predator.

4. Observe in Tree (non-sentinel)

This assemblage is identical to the sentinel’s, taansi-
tions in the same manner. The transition from #tée is
contingent upon the predator perching and the leakds-
ciding to join the mob. Equation 3 is derived frokan

X=1+t+2r(S4—1)
Yes S5, >X (3)
Mob { No S, < X}
where § is the individual babbler’'s fitness,y $ the
predator’s fitness as perceived by the individwdilder, r is
relatedness coefficient, and t is cost of signaliXgepre-
sents the risk associated with mobbing this predadtbe
bounds of all parameters presented, with the eiaepf X,
are 0 and 1. It is important to note that the patem$
represents perceived fitness rather than the afitnaks,
which will be represented differently in the datealysis. If
the inequality is not satisfied, the individual &ns in the
tree until the predator leaves. An explanationhef validity
of this is model can be found at the end of thidise.

5. Join Mob (non-sentinel)

If the babbler mobs, it will surround the predaitorthe
exact same manner as the sentinel does. Identicalifie
sentinel model, there is a random chance thatnithigidual
will harass the predator. If the predator leavesaasition
will be made back to the Move to Feed state rathan
moving to the perch location as described in thetisel
behavior.

6. Harass (non-sentinel)
The harass state for the individual babbler is tidah

to the harass state of the sentinel except upoprédator a
leaving the agent returns to feeding.

C. Predator

The current predator model is simplistic and hasled-
sion-making abilities. It always moves towards tireup,
perches near the group, and attacks the groupafpecif-
ic amount of time or leaves because frustratioit lipi due
to mobbing agents. In our near-term plans, the giogdvill
have a range of choices regarding when to attadko#émer
aspects of the prey-predator relationship [1], thig paper
centers on the mobbing behavior itself.

D. Deception in Mabhbing
Dishonesty is incorporated into the computationaldei
(after [3]) and is used when the individual makes ¢hoice
whether to participate in mobbing or not. If thesteyn was
entirely honest then the only factors involved iohiing
would be the fitness of the predator and prey amdcbst of
the signaling. In the honest situation, if the widibal has
fitness greater than the predator after factormgignaling
cost, then it would always mob. Similarly, if thedividual
was fitness deficient after subtracting the sigmt, then it



would never participate in the completely honesiadion.
Essentially this states that bluffing or feigningeagth is
never allowed.

However, when incorporating deception a relaéss
coefficient is included, which allows and influescagecep-
tive behavior. This dishonesty model at first gkans not
intuitive, requiring a closer look to make appariésintent.
The purpose is to determine when it is the most@pjate
strategy for an agent to engage in mobbing indegrenof
whether it is an honest or dishonest signal. Equnas as-
sesses the risk of being attacked and devoureldebgreda-
tor. The higher the risk, the less likely the babhtill mob.
All parameters affect the risk according to thaituence as
explained below.

In equation 3, as signal cost, t, increashks, dverall
fitness of the prey decreases [1]. Thus, t is addé¢ke right
side of the equation, increasing risk parameteaid de-
creasing the likelihood that mobbing occurs. Thedehads
contingent upon the prey noticing the predator aagiing
[1]. If the predator is not detected by the préys tmodel
does not apply. However, once observed by the phey,
risk of the predator attacking increases as tmedg of the
predator increases, as reflected in equation i3.dssumed
that a fitter predator has a greater chance ohuoaicprey
than a less fit one. For this reason, the predafdriess, §
is added, indicating it is riskier for a prey indival to ap-
proach this predator. The predator’'s fitness vatusub-
tracted by one, and this quantity is then multghlley the
relatedness coefficient,

.
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Figure 6: Relationship between input parameters to the model.
Generated by holding 2 parameters constant and assigning values
between 0 and 1 for the third parameter and seeing the effect.
Constant values used were t=.1, r=.75 and S§=.5. The textured
regions represent areas where the individual participates. Each
texture corresponds to a different parameter denoted by the leg-
end. The figure shows that parameterst and S; have a proportion-
al relationship with X while r maintains an inversely proportional
relationship with X.

IV. IMPLEMENTATION
The computational model has been implementeédi$-

sionLab? software developed by the Mobile Robotics Lab

at Georgia Tech. This software allows both for datian
and robotic implementation and supports multiplbot
platforms. This specific research has only utilizled simu-
lation aspect thus far but we expect to port thizdeh to
Pioneer robots in the near future.

The implementation of mob behavior is conggddrom
multiple previously developed behaviors (AppendideG).

The relatedness coefficient,drives the decision to mob Mob formation around the predator is emulated usisgb-

and expresses the cooperation between predatoprayd
The prey does not want to be chased, and the predants

FSA containing the lek behavior [5]. For the hanasst
aspect of mobbing, the change-color behavior iszet

an easy meal and to not waste energy during a dise rather than implementing any extravagant motor ldisp

The prey cooperates by telling the predator isbeen de-

The color change (to green) indicates to the poedéiat

tecte_d and should move on. T_he predator coopelates the prey agent is in the harass state. The trangitetween
moving on and not attacking. Asincreases, the agents arethe mob and harass state is probabilistic. Thigevid em-

more likely to cooperate, the risk of being attatkiecreas-
es, and the chance of mobbing should increase. i$his
agreement with equation 3, because predator fitrfgss
between 0 and 1. Subtracting 1 frd&) as performed in
equation 3, means thatwill be multiplied by a negative
qguantity, implying an inversely proportional retatship.
Figure 6 shows the relationship of each parametguraing
a linear model.

Figure 6 shows thatand §; are proportional while is
inversely proportional to X. The dotted line thrbuthe

center represent§; = 0.6. Clearly from the figure, a low
value oft is necessary for mob participation to occur, which

is in agreement with Zahavi [1].

pirically assigned, as we have not found suppoiodpgi-
cal data regarding the frequency of harassmenhguriob-
bing. After harassing is complete, its color retuton the
original state, and the agent is considered badkeénmob
state.

When being harassed, the predator detects green
assers. During each time cycle, the predator’sectirfrus-
tration value is incremented by 1 for each harasagent:
fcurrent = fprem’ous +n (4)
where fyrent IS the current frustration valugyefious is the
previous frustration value, and n is the numbeharfissing

agents in a fixed time cycle. If the frustratiolueaexceeds
a specified frustration threshold, ¢100, 125, or 150 for

2 MissionLab is freely available for research and educationapgpses at:
http://www.cc.gatech.edu/ai/robot-lab/resealtilséi onLab/

har



different simulation runs), the predator leaves #adsimu-
lation terminates. If, however, t time cycles elgm this
case arbitrarily 10) and the frustration threshbls not
been exceeded, the predator selects a random ngppiey
individual to attack. If the predator has a higperceived
fithess value than the prey individual it seledten that
agent is considered to be bluffing, and the prdigpbof

that agent being killed, Dis 95%. Conversely if the preda-

tor selects an honest mobbing agent, the probalofithis

agents localize far away from the predator perctaneg
(Fig. 7C). Results of formation around the predadoe
identical to the earlier lekking results [5]. Theeg@ator is
then harassed randomly as previously described )
until it leaves (Fig. 7E) or attacks.

The simulation data was analyzed for the aforeroaest
values of parameters,S;, and 0y. Figures 8a, 8b, and 8c
show the mortality rate for each combination of nsies
and deception rates present in the group, whewd3 held

agent being killed, R is set to either 5%, 10%, or 15%. Theconstant at .05; whilg=f100 in 8a, 125 in 8b, and 150 in 8c.

chance of the predator killing an honest mobbardseeased
across different analyses to represent the effeet fitter
predator. Aside from the mob behavior, all commatian
between robots is through message passing anceds tas
coordinate state transitions.

The most significant addition regarding deceptioasw
the creation of the trigger that decides when td rand is
based on equation 3. Each non-sentinel prey eesuhis
inequality whenever in the presence of a preddteery
agent that satisfies this inequality participatesriobbing
upon receiving the alarm call from the sentinel.o@r
members that do not mob do not factor into the Kitian's
effect on the predator’s frustration level or réisigy mor-
tality rates. In the results that follow, paramster, andS;
are held constarft=0.1,r=0.75,5;=.5) while the parameters
S (fitness), f (frustration threshold), and,@Death proba-
bility for honest agents) vary. The assigned véitues, was
either 0, 0.4, or 0.6. A fitness value of O indézhthe bab-
bler did not participate in mobbing, 0.4 indicaeatticipa-
tion in mobbing as a deceptive participant, and refre-
sented an honest mobbing babbler. All combinatiohs
honest and dishonest mob groups were analyzedréopg
sizes of 2 through 7 babblersrdnged from 100, 125, or
150 with increasing values representing a moreep#ti
predator. Finally, the probability of an honest fnebbeing
killed was varied from 5%, 10%, and 15%. As presigu
mentioned, there is a difference between the pezdeiit-
ness, &, and the actual fitness. Varyingy, Depresents
changing actual fitness. Using the assumption fhgr
predators are more likely to catch prey, incre@sé&s, indi-
cate increases in actual predator fitness. Thisdee desir-

Figures 9a, 9b, and 9c demonstrate the same cotianiga
but where [y = .10, and figures 10a, 10b, and 10c show this
data when = .15.

For each frustration threshold, there exists a mmimn
number of mobbing agents (§ for which the predator’'s
frustration always exceeded itsand fled. The minimum
number of mobbers for which zero attacks occur sro
each fis shown in table 1. Attacks being reduced to-0 re
sults in a 0% mortality rate. Intuitively this mesathat lying
to create a mob group of this size results in nattdeas
reflected in each figure. However, deceiving in up®
smaller than these minimum mob sizes is lethal. déealli-
est conditions for lying, when=125 and 150, was a mob
formation consisting of 2 deceiving agents and rtisel.
Mobbing a predator with these frustration threshodohd
only deceiving agents, resulted in a mortality rateap-
proximately 70%. It is not surprising that thistiee worst
condition because 66% of the group is deceivingevan
attack occurs 100% of the time. Similarly we coelpect
mortality rate to increase for larger groups with0% de-
ception in non-sentinels given a predator with rmeréased
frustration threshold. When=fL00, the highest mortality
rate occurs when 1 deceiving agent and a sentemicp
pate.

It is desirable to discover if adding deceiving @igeto a
purely honest situation would result in fewer feitas. Ob-
viously when adding enough deceivers to exceedqaale
M., for each frustration threshold value, the mowatite
drops to zero. However it is more interesting teestigate
critical mob sizes (M) that can result in both the predator
attacking or fleeing. Mfor each frustration value is pre-

able than changingsSas changing perceived fitness altersented in table 1. The surface plots (Figs 8-10sthat a

the number of mobbing agents.

V. SIMULATION RESULTS
Figure 7 illustrates an exemplar simulation ruseteral
stages for a group of 4 babbler agents. Initialy, agents
are in the feeding state while the sentinel is iogkfor a
predator (Fig. 7A). When the sentinel sees a faygwada-

purely honest mob group has a higher survival tteia any
group containing a deceiver, with two exceptions. évi-
denced in figure 9b €125 D=.10), a group of 3 honest
mobbers yields a mortality rate of .16. Adding aezeiv-
ing babbler to this group reduces the mortality tay 25%.
Similarly, as seen in figure 10cX150 D=.15), 3 honest
mobbing babblers have a mortality rate of 0.20.iAgdne
deceiving babbler drops the mortality rate by 30%.

tor, the other group members congregate as showen (F

7B). All prey agents that have decided to partipa
mobbing based on the model described earlier chdrae
color to black at this step. The agents that domeét the
requirements to mob, remain blue. In order to avotdr-
ference in formation around the predator, all narbhing
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Dh=0.15 Table 1: Minimum Mob Sizes for O attacks and Matesiwhere the preda-
e tor attacks and flees for each frustration thrashol

05 f, M. M.

- 100 4 3
125 5 4
150 6 45

Since these are the only two incidents in the erdata
set in which the addition of a single deceiver dases the

Mortality Rate

0.2 mortality rate, it can be concluded that lying widh= .95,
is not a strategic decision in mob groups less ManFig-
& ure 11 shows the result of reducingt®50% and increas-

ing Dy to 30% while f was 150. Under these new condi-
tions, deception improves survivability in groupes of M.
Adding one deceiving member to mob size of 3 witly a
deception rate decreased the mortality rate byvarage of
16%. While this may not be realistic, it provestttigere is a
Dh=015 set of conditions in which deceiving can improvevsal
S rate consistently. In order for this to occur, genalty for
06 deception must be low. This is in accordance wahif
which Grafen stated that lying is only toleratedsystems
where its cost is small.

In summary, when Dis high and Ris low, the role of de-
ception is to increase the mob size to exceed oaley,,
which in turn drops the mortality rate to 0. When de-
creases and [dncreases, deception can be used to drop the
mortality rate when the mob size is.M

i

Mon Sentinel Deception Rate o2 Murber of Mobbing Babhlers

Figure 10a: fi=100 D, = .15
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Figure 10b: f=125 D, = .15
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Figure 11: In thisfigure, Dy has been increased to .30
and D, has been reduced to .50. While this may not reflect
nature, it shows a set of data in which deception can help to
reduce the mortality rate.
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VI. CONCLUSION
Figure 10c: =150 Dn = .15 Mobbing behavior, in nature, has clearly provemdoan
effective method of predator deterrence. Our redear
shows the ability to transfer this biologicallyqoised be-
havior to robotic behavior in simulation, where todotic
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Mobbing, based on our earlier implementation ofdbir
lekking [Duncan et al 09], permits the agents wogkin N
teams to create multiple formations and allows th@m (223
group in specific areas. Future work will investegahe
impact of varying p on mortality rate and impIementinI

this simulation on physical robotic systems, speaiffy
Pioneer robots as we have done in previous reseamc
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E. Predator Leaves: If the
patience of the Predator is
exceeded it leaves without

5

attacking and the simulation ends.




Appendix A: Robot behaviors

Appendix B: Behavioral Assemblages Parameters
Mob Assemblage

a) Mob: Variable attraction to Predator. Used for ap- Behavior Parameter Valug
proaching predator for mobbing. Mob Gain P
g Noise Gain .01
H-d @ :
1% — oA Noise p 10
mag H & o
Viregion = Direction from the center of the robot to tfe £ £ Credator Repel Sphere —
direction o O Predator Attract Sphere 50 n
center of the predator 8 s :
Where: < g Predator Detection Sphere 150 n
. Qo
. o & Avoid Obstacle Gain 1
d = Distance of robot to predatqg = > _
H = Maximum predator detection distance z Avoid Obstacle Sphere on
~ Avoid Obstacle Safety margin 2m
b) Avoid-Obstacle Repel from object with variable gaig Predator Perch Spot Gain 7
and sphere of influence. Used for collision avoitka Predator gain 7
0, d<r Mob Gain 5
M r < d < max _ Noise Gain .05
ma, ] =
9 ) max —r o 9&) Noise p 10
0, d > max ‘;E v Predator Repel Sphere 40 p
£ 2
. . o © Predator Attract Sphere 50 nf
Viirecion =Direction from the center of the robot to the 23 X L
. < = Predator Detection Sphere 150 )n
center of the obstacle, moving away from obstacle o 2 - .
Where: § s Avoid Obstacle Gain .85
: . ; < Avoid Obstacle Sphere 30 nf
max = Maximum obstacle detection sphere _ b .
d = Distance of robot to obstacle Avoid Obstacle Safety margin S
r = Radius of obstacle Predator Perch Spot Gain 5
Predator gain 1
¢) Noise:Random wander with variable gain and persis-
tence. Used to overcome local maxima, minima, escl Predator
and for exploration. Perch Assemblage
Vimagnituge = Adjustable gain value | Behavior/Trigger Parameter Valug
Virecion = Random direction that persists for specifigd Perch Gain P
number of steps 2 Noise Gain o1
% w Noise p 10
g § Predator Repel Sphere 40 m
§ g Predator Attract Sphere 50m
z g Predator Detection Sphere 150 n
% Pl Avoid Obstacle Gain .65
[a
E Avoid Obstacle Sphere 50 m
Avoid Obstacle Safety margin 2m
Predator Perch Spot Gain .8
Predator gain 0
Perch Gain 0
Noise Gain .01
% T Noise p 10
g 9 Predator Repel Sphere 35m
§ g Predator Attract Sphere 40 m
z o Predator Detection Sphere 300 nf
[
% Q Avoid Obstacle Gain .5
n_ ~
Avoid Obstacle Sphere 1.4 1
Avoid Obstacle Safety margin .5m
Predator Perch Spot Gain 0
Predator gain 0




Appendix C: Behavioral Assemblages in MissionLab

Noti FuRohots_sel Flocation||
Friendly Robots

Notified
ready

Figure C.1: Cfgedit FSA for the sentinel as implemented in
MisisonLab. All communication is done by notification and
listening for notifications. It is worth noting that no mob-
bing occurs until the sentinel notifies all other agents of its
location after it detects a red predator. Sub-FSAs include
Mob_Assemblage and Harass as explained above. Once the
predator attacks or leaves the simulation ends.
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Figure C.2: Cfgedit FSA for the individual babbler as im-
plemented in MisisonLab. Almost identical to sentinel but
with a branch for if the ShouldMob trigger is not satisfied.
In this case, the babbler moves far away from the group as
to not interfere with the simulation. Sub-FSAs are the same
as before and the ending conditions are the same.
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Figure C.3: Cfgedit FSA implemented for the predator. The
predator has very little decisions it can make. The only
decision is to leave after being frustrated or to attack a
member of the mob. The time allotted for this decision is 10
seconds. If frustration threshold is exceeded in this time
then the predator attacks a mob member. Smilar to the
prey, all communication is done by way of message sending.



