


AUTONOMOUS NETWORK – INTRODUCTION

• SELF – ORGANIZED 

• DECENTRALIZE – DISTRIBUTED 

• COOPERATIVE MISSION

• LEADERS 



AUTONOMOUS NETWORK – FORMATION

• SELF – ORGANIZED 

• DECENTRALIZE – DISTRIBUTED 

• COOPERATIVE MISSION

• LEADERS 

• V SHAPE FORMATION



GRAPH BASED – DEFINITION  



NETWORK CONSENSUS IN SAN  

• CONSENSUS DYNAMIC -

• CONSENSUS CONDITION



FROM SAN TO FSN – PRINCIPLE 

• FIND THE FIRST EIGEN VECTOR

• BUILD FSN NETWORK – FOLLOWING SLOWER NEIGHBOR



KNOWN RESULTS ON FSN FROM DNS

• RELATIVE TEMPO 

• RELATIVE RATIO OF FIRST EIGEN VECTOR 



LEADER IDENTIFICATION – ALGORITHM 

• GIVEN THE NORMAL VELOCITIES

• COMPUTE THE RELATIVE SPEED

• FIND THE GRAPH DIRECTIONS (FSN)

• SEARCH IN THE GRAPH 

UNTIL THE LEADER IS FOUND (MINIMAL NODE)

𝑔𝑖𝑗= Τሶ𝑥𝑖 ሶ𝑥𝑗

ሶ𝑥𝑖 , ሶ𝑥𝑗

𝑔𝑖𝑗 1<

𝑚𝑖𝑛 𝑣1 𝐿𝐵



STATIC EXAMPLES



EXAMPLE 1 – ALL LEADERS ARE IDENTIFIED



EXAMPLE 2 – PART OF THE LEADERS ARE IDENTIFIED



DYNAMIC EXAMPLES



SWARM BASED ON CONSENSUS NETWORK  

• ONE LEADER (OR MORE)

• SELF – ORGANIZED 

• DISTRIBUTED 

• COOPERATIVE MISSION – CONTROL COMMAND

• GATHER TOGETHER – MIN/MAX DISTANCE

• AVOID COLLISION



agent 
detection

Tracking and 
Association

Velocity 
Estimation

Build graph 
agencies 

leaders 
identification

LEADER IDENTIFICATION 

• ELECTRO-MAGNETIC/OPTIC OBSERVER



ASSOCIATION – PRINCIPLE  

• TRACKING AND ASSOCIATION

• GOODNESS OF FIT

𝐽 = ǁ𝑧 − Ƹ𝑧 𝑇 𝐻𝑃𝐻𝑇 + 𝑅 −1 ǁ𝑧 − Ƹ𝑧

Choose target 1 Choose target 2



VELOCITY ESTIMATION – PRINCIPLE  

• TRACKING AND ASSOCIATION

• VELOCITY ESTIMATION

target positions Target norm velocity



GRAPH BUILDING – PRINCIPLE  

• TRACKING AND ASSOCIATION

• VELOCITY ESTIMATION

• BUILD GRAPH ADJACENCY



FINDING LEADER – PRINCIPLE  

• ADJACENCY MATRIX 

• WEIGHT MATRIX 

COMPUTE THE RELATIVE 

TEMPO

• SEARCH THE MINIMAL 

NODE IN THE GRAPH

𝐸

𝑊

𝑔𝑖𝑗= Τሶ𝑥𝑖 ሶ𝑥𝑗

𝑚𝑖𝑛 𝑣1 𝐿𝐵



LEADER IDENTIFICATION – OVERVIEW  
• AGENTS DETECTION

• TRACKING AND ASSOCIATION

• VELOCITY ESTIMATION

• BUILD GRAPH ADJACENCY

• LEADER IDENTIFICATION

• GRAPH SEARCH FOR A MINIMAL 

NODE 𝑚𝑖𝑛 𝑣1 𝐿𝐵



SUMMARY 

• SAN – SEMI AUTONOMOUS NETWORK – LEADERS AND FOLLOWERS

• FSN NETWORK – FOLLOWING THE SLOWER NEIGHBOR – DIRECTED NETWORK

• LEADER IDENTIFICATION 

• STATIC NETWORK EXAMPLES

• LEADER IDENTIFICATION IN A DYNAMIC NETWORK



THANKS
QUESTIONS?


