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FiG. 1. Representation of an individual in the model
centred at the origin: zor = zone of repulsion, zoo = zone of
orientation, zoa = zone of attraction. The possible “blind
volume” behind an individual is also shown. o = field of
perception.







N

HHIL—IL (1)

orlZULINSE RS
#®Zor (zone of repulsiory/ﬂzm‘“b\%&%
d(1+1) = — % Fild) ,

‘rﬁ{!)

Jj#i
r;=(¢;—¢;)/l(c;—¢;)
BRI A RANDELRTRL
d;(t + 1) RIZEIKREAM]
S RKDIEET,

Kt




BEEFIIL—IL (2)

N

dﬂ(z+r)_%

j=1

m ZoalZH LT

n,

da“‘l".‘.’): Z

VEd!

®1-1-LZtlZblinc

@ Zor (zone of repulsion)[Z{&
o ZOO':?{I’ LT / Z0olZ LN B {E K2k

vi(1)

vi(0)|

r;(7)
fy(f)y

RNV EE

rij=(¢;j—¢;)/l(cj—¢;)

BRI RANDELELANTRIL

spot ZERLANTR S



‘Blind spot

%Zood)ﬁﬁi
EEA)

cE® R |

Blind Spot




EHIL—-IL (2):HE

@ 200D HIZBEAEIINDEE
wizmc~znm di(1 + 1) € d, (7 + 1)
®ZoaD HIZEAN NS ESE

di(1 + 1) d,(1 + 1)
A [CEAERNDES

di(1 + 1) < Hdo(1 + 1) + dalz + 7))
ST NITHEESUGENES

di(1+ 1)< vil1)

¢




N

HIfIL—I)L: mEBEDIAXE

® d(t +1) ZOUF LGAESEMNT
s DN ABERZE(To

S ZEEAZ VvV +1)=di(t +T)ICK>TAHM
TEZB

2 F2EL. RRDEEH T ZBZHEEE. CODE

EFTLETD
SEZEARDBEEEIEI—EDSET S




AL —Ia DINTGA—A

N

L

TABLE |
Summary of model parameters. The use of “‘units” relates to the non-
dimensionality of certain parameters in the model with the characteristic length
scale being associated with the particular organism in question, e.g. r, may be
very small for an insect, and the rest of the model parameters can be scaled
appropriately

Parameter Unit Symbol Values explored
Number of individuals None N 10-100

Zone of repulsion Units r; l

Zone of orientation Units Ary(r, — 1)) 0-15

Zone of attraction Units Ary(ry —r,) 0-15

Field of perception Degrees o 200-360
Tuming rate Degrees per second 0 10-100

Speed Units per second s 1-5

Error (S.D.) Degrees (rad) o 0-11.5(0-0.2 rad)
Time step increment Seconds T 0.1
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FiG. 3. The collkective behaviours exhibited by the model: (A) swarm, (B) torus, (C) dynamic parallel group, (D) highly
parallel group. Also shown are the group polarization p,,.., (E) and angular momentum my,,., (F) asa function of changes
in the size of the zone of orientation 4r, and zone of attraction Ar,. The areas denoted as (a—d), correspond to the area of
parameter space in which the collective behaviours (A-D), respectively, are found. Area (¢) corresponds to the region in
parameter space, where groups have a greater than 50% chance of fragmenting. N=100, r,=1, a=270, =40, s =3,
¢ =0.05. Data shown in (E) and (F) are the mean of 30 replicates per parameter combination.
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