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[1 30 Flocking Framework
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ALGORITHM-1 LOCAL INTERACTION [ code executed by a robot r; which occu-
pies a point p;[]

constant d, := uniform range distance

FUNCTION @interaction({Ps1; Ps2 }, Pi)
1 (by,by) = barycenter({psi, ps2, pi})
2 0 := angle between pg1ps2 and r;’s local horizontal axis
3 target, := b, + d, cos(0 + 7/2)//3
4 target, := b, + d, sin(0 £ 7/2)/V/3
5 py := (target,, target,)

SB (Sensing Boundary) SB (Sensing Boundary)

() 0000000 (b) p, 000

U3l L/jgboogboooood
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3.2 Local Interaction (] [ [ []
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0 o = (B+7)/20 = (v +a)/28/ = (a+$)/20 000

A P =a A x A D=a
m=) ® =)
B4 C’
C/
B B B
() 00 tO00¢t+1000 (b)OOt+100¢t+2000

032 7o0oOoOog
OO0D00Db0 ey 0bO0O0b0OoOooooboboo

o = (B+7)/2 = alt+1) = (B(t) +(1))/2 (3.1)

000000008+ 1)F(t+1)00000000000000003.2-(a)00 (b)O0
0000000000000000000000000000000000000000

afe +2) = HEFD ALY _0t) | 50 +300) 52)

B(t+2)04(t+2)00000000000(3.2)0000 (3.1)000000000

alt+2)=a(t+1)/24+ at)/2 (3.3)
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(1t +2) (1) (it +1)
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1400 Decomposed problems

O0022000000000 Adaptive Flocking O 0O 0O 0O 0O O sub-problem O O 0O O
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4.1 Team Maintenance
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Team Maintenance 00 0 0000000000000 0OO0O0OOO0O0OOOOOOOOO
OO0000O 7TcOo00o0nooonooooooooog Algerithm-2000000

4.1.1 0O0OO0OO0OOO

ODoooooobooooo spOobooooob o, Op 0000000000
0t:t000000000000000000 GOOO00 (Line 1)0 SBO GO0 +90° O

— —

00000000000 AG)DO0OOOOO (Line2)dr0 70 AG)DODODODODODO
D0AG)OODO00000000 40000000 (Line3)0A4,0000000000
000000000000000000000 7, 00000 (Line 405)0 0 04.1-(a)00
000A4,00000000000000r0000 kxd,00000p,06G0000
0000000000000 (Line607) 00000007, 00000 p, 0000
00rp,0p00p,000000000000000000000000O000000
0 (Line 9)0 0 04.1-(b)00 {ps1, 0} 00000070 TCOOOO0000 Ginteraction 0
00000000000000 (Linel0) 000000000000 GO00000000
000000000000000000000000000000000000 7C0O0
00000000000000000000000000000300 7C00000on

00 GO0O0000000000000000000000000000000
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ALGORITHM-2 TEAM MAINTENANCE 0O code executed by a robot r; which occu-
pies a point p; [

constant d, := uniform range distance
O; :={p1, - ,pn} //observation set
FUNCTION @paintenance(Oi, Di)

1G:= goal direction

2 A(G) := goal directional area

3 A, := { set of positions of robots located in AG) }

41F {3p € A,} THEN

5 psi= ;Iel}qr;[dist(pi,p)] //1st neighbor
6 ELSE {Vp ¢ A,}

7 ps1 = py, located on G apart from k x d,, //1st neighbor
8 END IF

9 Py 1= peor?j3)51}[dist(psl,p) + dist(p, p;)] //2nd neighbor

10 Pt = @interaction({pslap52}7pi)
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()0 10000000 (b)D 20000000

O 4.1: Team Maintenance
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3sec 00000000000 O0O0DOOO TCO0OO0000O0O000O0O0O0O0OOO0OO
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(a)0[sec]

(b)2[sec]

.
.
L

.
R

------

(e)20[sec]

........
........

(£)30[sec]

O 4.2: Team Maintenance O OO0 OO0 OO O oo™
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12 1 — robot numbers apart from d,,
—2 T3 4 — =5 ===

number of robots

3 4 5 6 7 8 9 10 11 12 13 14 15
time[sec]

U043 004200000000000000000000000000O0
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4.2 Team Partition
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ALGORITHM-3 TEAM PARTITION 0O code executed by a robot r; which occupies
a point p;[]

constant d, := uniform range distance
O; :=={p1, - ,pn} //observation set
S:={s1," ", Sm} //observed strait set
FUNCTION @partition(Oi, pi)

1 frs 1= max]| ;]

2 A(fmax) := favorite area

3 A, := { set of positions of robots located in A( Froa) }

41F {3p € A,} THEN

5 ps1i= g&%[disﬂpi’p)] //1st neighbor
6 ELSE {Vp ¢ A,)}

T ps1 := Py located on fmax apart from d,, //1st neighbor
8§ END IF

9pse:= min [dist(psi,p)+dist(p,pi)] //2nd neighbor

PGOi—{ps1}
10 Py = @interaction({pslap52}7pi)
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SB (Sensing Boundary) SB (Sensing Boundary)
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O 4.4: Team Partition
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4.3 Team Unification
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0000000000 r, 0000000000000 C0OO0O0O0O0OODODO AU)OOO
00 (Line6)D0OOOO p.,0p, 00000000 D,0000OOOOOOOODODOO
ooo SBDDDDA(@)DDDDDDDDDDDDDDDDDDD4.6—(a)DDDDDDDD
46-(b)000000000A(U)000DOO0OODOOOOOODO A, 000000 (Line 7)0
0000000000000000 p, 0000000 (Line8) 00000 {pr,pim} O 2
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O (Line9)000000000D0 Winteraction & 30 piyps1,p 00000000 r, 000
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O0000D000Team Unification0 00000000 0ODOOOODO Algorithm-4 0O
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IF { A, = ¢} Team Unification O break;
ELSE Team Unification O O O

Ooooooooooooooooobo0oOobooooboooOooD A,000O0bDoooo
gboogobbogobuogboboobuobooobbodbooobuoobbooboo
gooo
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ALGORITHM-4 TEAM UNIFICATION O code executed by a robot 7; which occupies
a point p;)

constant d, := uniform range distance
O; :={p1, - ,pn} //observation set
FUNCTION @upification(Oi, i)

1G:= goal direction

2 D, := { position set of robots located in the range d, }

3 oy = iy (lengle(C )|

4 Py, := farthest position in the right-hand direction of p;p,cs

5 pim = farthest position in the left-hand direction of p;pref

6 A(U) := unification area

7 A, := { set of positions of robots located in A(U) }

8 ps1 1= min [dist(p;, p)] //1st neighbor
PEAu—{Prn,pin}

9 pgo = {min }[dist(psl,p) + dist(p, p;)] //2nd neighbor
PEPrn,Pin

10 Pt = Sointeraction({pslaps2}7pi)

SB (Sensing Boundary) SB (Sensing Boundary)

(a) unification area (h)ooooooOo

O 4.6: Team Unification
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4.3.2 O0O0O0OOOOO
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0000 rcooob0oboboooboonoo

(a)0[sec] (b)10[sec] (¢)20]sec]

0 4.7: Team Unification OO0 000000000
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5.3 UOOOOOO
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[ 6 Tracking Multiple Moving
Goals
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