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(57) ABSTRACT 

A system is described for remote sensing surveillance by 
con?guring groups of automated mobile robotic vehicles 
(MRVs). The collection of MRVs have sensors that feed 
information to a central network node. As the MRVs interact 
With the environment, the mobile network adapts in real time 
by recon?guring its spatial positions. This system, and the 
methods and apparatus involved therein, are applied to 
reconnaissance missions in order to collect information in 
remote hostile environments. 

Swarm Operating System 

‘Check hardware in MFlV network 0310 

i 0320 

Upload basic software to MRVs in network 

y 0330 

‘Initialize program parameters, strategic goals and mission 

Sensor data provides initial map of terrain to 
set up path of action 

0340 

Swarm proceeds on coordinated mission 
following specified path 

0350 

l 
Targets identified by swarm I 0360 

0370 

[ Squads of MRVs selected to attack targets 1 

0375 

‘Squads created to perform attack sequencel 

0380 

0395 / 
Continue mission 

until complete 

Attacks performed by MRV squads I 

0385 

Sensors of squads report effects of attacks] 

\ 0390 
End mission 
& return home 

L 



Patent Application Publication Feb. 12, 2004 Sheet 1 0f 81 US 2004/0030571 A1 

Fig 1: Synthetic Hybrid Control Architecture 
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Fig 2: Distributed Network Processing 
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Fig 3: Swarm Operating System 
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Fig‘ 4: System Equilibria 
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Fig 5: Coordination & Targeting by Swarms 
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Fig 6: Calculus of Groups of MRVs 
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Fig 7: Dynamic Travelling Salesman Problem (TSP) 
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Fig 8: Map of Dynamic TSP 
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Fig 9: Hierarchy Model: Leader-Followers 
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Fig 10: Leadership Hierarchy Architecture 
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Fig 11: Asymmetric lnter-MRV Negotiation 
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Fig 12: MRV Leader Substitution 
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Fig 13: Central Blackboard 
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Fig 14: Representation of Swarms on Central Blackboard 

Geometric 
representation 

Altitude 
Time sequence Information 
show change 

in position 

Targets 

Movement 
velocity 

information 

20 representation of battle theatre 



Patent Application Publication Feb. 12, 2004 Sheet 15 0f 81 US 2004/0030571 A1 

Fig 15: External Computation Resources 
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Fig 16: MRV Database Inter-relations 
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Fig 17: Behavior Based Control System 
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Fig 18: Local Rules & Meta-rules 

1810 

Sensor data transmitted from 
MRVs to lead MRV 

1 820 

Lead MRV develops 
“metaru|es" that identity situa 
tion in the environment & con 
structs specific’rules based 
on initial program parameters 

1 830 

Lead MRV transmits simple 
rules to MFtV groups 

1 840 

MRVs use ‘V‘local” rules to 
interact with each other and 

with the environment 

1 1850 

MRVs use simple rules such as: 

Move AYQ'd Follow Use rules of 
towards Collisions . 

. the > motion con 

Center of with leader sistentl 
pack neighbors y 



Patent Application Publication Feb. 12, 2004 Sheet 19 0f 81 US 2004/0030571 A1 

Fig 19: Self Correcting Mechanism of MRV Squad 
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