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Motivational Example

Questlon Use posmon to satisfy demands?
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Our Objective

Heterogeneous syste
Robot routers
Client agents

Client agents move over Routers move to provide
unknown trajectories demanded communicatio
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Future Applications
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Problem: Communication Coverage

A k controlled robot routers

A n uncontrolled client agents

A g communicatiordemand forj" agent

A 1 communicatiomuality forchannel(i,j)

Problem: Optimize robotic router positions to satisfy agent
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Challenges

Position Robot
Routers

Signal Qualit




Related Work: Contextual Overview
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Focus of the Thesis

communication models

Solve the communication coverage problem by
controlling the position of robot routers using realistig

Realistic communication Scalablesolution

Signal

Quality
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Thesis Contributions in a Nutshell

Problem Formulation: Optimal Problem Formulation:
Optimize over dynamicl Comm Physical model
and connectivity Coverage interference
€ for Large
Router Placement Mobile Lyapuno\stability to
Teams local minima
Globally optimal . .
allocations for small Reallstgi)/renrr: u(;ncatlon Connectivity
problem sizes J maintenance
Human/robot with real ‘l' Robustness to failure
time repositioning Channel Feedback: Signal qualit;l
directional profile Commaswith infeasible
Error bound as numbet Wiroloss Oh oo regions
of clients increases reless Whannet Mapping .
— — Complex indooenv
RealisticCommgOptimization
Large networks

Satisfy reatime client demands

Legend :
3 Theoretical Comparison to other methods
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V.

Outline

Router PlacementProblem formulation
and algorithm for positioning robots

Large Systemglgorithm for efficient
computation

Real CommunicatioriNew method for
measuring directional information

Realistic Communication Optimization
Problem:New model that uses channel
feedback

I Satisfy client agent demands in actual
Implementations
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Outline

Router PlacementProblem formulation ((assumptions A

- PP 1. Euclidean Disk Mode
and algorithm for positioning robots 2. Equal demands

3. Client position known
\. J

.  Formulation
.  Handle mobility of clients
lii.  Algorithm for finding robot router positions
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Approach: Center Placement

A k-center problem:Minimize maximum
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Legend:
B C:set of robot router positions
@ P: set of client agent positions
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Approach: Router Placement

A k-center problem:Minimize maximum client
RAAGH YOS oaayibrd®il Hyps e
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Approach: Router Placement

A k-center problem:Minimize maximum client
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Legend:
B C:set of robot router positions
@ P: set of client agent positions

\%4

Intuition: Seek a fair solution, maximize the weakest link
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Approach: Router Placement

A k-center problem:Minimize maximum client
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Approach: Router Placement

A k-center problem:Minimize maximum client
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Approach: Router Placement

A k-center problem:Minimize maximum client
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Intuition: Reachability of connected configuration bounded but
unknown disturbanceBertsekasV T Rakovid¥ ;]
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Result: Exact Algorithm

Theorem: Our algorithrprovides exact solution to reachable
connected kcenters problem. Hieasible, a configuration ebuters,C
provides a connectecbnfigurationfor a minimum ot seconds

G/ 2 YYdzy Caveraig faryndependently Moving 2 0 2 GiliFeldmanRus IROS 2012
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V.

Contributions Outline

Router PlacementProblem formulation (assumptions

and algorithm for positioning routers | 1. Euclidean Disk Mode

2. Equal demands

Large Systemglgorithm for efficient

3. Client position known

\

J

computation

Real CommunicatioriNew method for
measuring directional information

Realistic Communicatio@ptimization
Problem:New model that uses channel
feedback

I Satisfy client demands in actual
Implementations
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Contributions Outline

(Assumptions A
1. Euclidean Disk Mode
2. Equal demands

Il.  Large Systemd#lgorithm for efficient \3 cllent position know)n

computation

I.  Find a bounded error solution for static
clients

.  Find a bounded error solution for
continuously moving clients

PhD Thesis Defense 22



Efficiency: Compression of Input Point

Compute solution of a carefully chosen subSet

5 O

L

N
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Efficiency: Compression of Input Point

Property:Forf >0 a setSis a (Kj )-coresetfor the input set P
If for every C, |C|=k

i("YB) 10m) (e 7))
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A CoresetConstruction

A Randomly sample a small number of clients

First Iteration

PhD Thesis Defense



A CoresetConstruction

A Remove half of the closest clients to the selected representative

First Iteration O
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A CoresetConstruction

A Remove half of the closest clients to the selected representative

O
O

O

First Iteration O



A CoresetConstruction

A Repeat procedure on remaining clients

O O

Second Iteration O



A CoresetConstruction

A Repeat procedure on remaining clients

Second Iteration O
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A CoresetConstruction

A Repeat procedure on remaining clients

®

Second Iteration O
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A CoresetConstruction

A Repeat procedure on remaining clients

®

Second Iteration O



A CoresetConstruction

A Repeat procedure until all clients are represented
A ReturncoresetS

Final Iteration
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Efficiency: Compression of Input Point

The kcenter of S is a (I4- approximation for

the k-center ofP
[ Agarwal andProcopiucP n H = | HarRededafdVaragarja np > ¢ / K}y Wn

Theorem: Theeachable connectedeéenterof S isai
(1+7 )- approximationfor the reachable connected
centerof P

G/ 2YYdzy X QIEN2 S F2NJ LYy RS LIS GiRFeMmaiRys a 2 OA y 3
IROS 2012
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Efficiency: Compress Moving Clients
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Efficiency. Compressing Moving Point

Theorem: We can maintain a dynami@ -coreset Yfor a
moving seb in R, d=2, using space and update time

. . ()
polynomial inQ 1€ @- wheren=|P|Q"Y (—)

K-RobotsClustering of Moving Sensors usifipresets Feldman, Gil, JuliaKknepper
RusICRA 2013
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Solving for Router Positions In
Real Time

Quadrotor

-l Vehicles
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Small Scale: Heterogeneous Tea
Setup (2x)
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Small Scale: Heterogeneous Tean

Overhead View (8x) Matlab GUI View




Small Scale: Heterogeneous Tean
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Small Scale: Heterogeneous Tean
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sample approximation cost

cost

Small Scale: Heterogeneous Tean
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sample approximation cost

cost

Small Scale: Heterogeneous Tean
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DynamicCoreset Large Scale Experiment
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® Coresepoint
® Input point

1r
09+ ®
08}
0.7}
06}

05} S o

(%
04} . - ... ..0 °®
0.3} @ °
)
02} o Wk

Reailtime taxi data over a period of 10 minutes in FaansiscopCA






