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¢ Solely RSSI based relative position sensing and movement control system
** Demonstrated <5m proximity with 99% empirical probability to a leader that is at least 1.8x slower

Problem Formulation The Proposed System

“* Leader (L): Uncontrolled unknown path Path; . . .
_ Wireless Rotating Relative
Location Pos L (t) — (.X' L (t) V1 (t)) Communication Platform Position

& Sensing Assembly Estimation

% TrackBot (F): Controlled path Path; Communication And Estimation (CANE)

Location Posg(t) = (xF(t), Vi (t)) ¢
LQG Controller ]4—»[ Strategic Speed Controller ]

Goal: P (||Pos;(t) — Posg(t)||l, < D) = 1V ¢t Control And State Update (CAST)

Angle Control Velocity Control

State Dynamics

& State: S(t) _ [de(t) - l(t) e l(t)]T Physical Robotic Controller (PRICE)
¢ Observation: o(t) = [d™(t), v @), 07 ®]"

Distance Observation
% System: S(t+1)=AS(t) + BU(t) + Z(t) ;

O(t) =CS(t) +W(t) Power (dB)

0 0 —o6t 0]
0 0 1 0
1 0 0 —1

. N
Cost Function: T— tm LR (Z S(t)TQS(t)+U(t)THU(t)>

LQG S(t+1) = AS(t) + BU(t) + K(O(t + 1) — C{AS(t) + BU(t)}) Prasm = Prapm + Gap — PLyes — 10nlog,, GZ"_<;> + a7 (t) 10(P:’3%”15Pr’d3m)
. A A — ~ n
Solution: U@#)=-LS(t) and  S(0) = E(5(0)) P = Piapm + Gap — PLyey +

Measure RSSI value, r-

Leader TrackBot’s Directional
Antenna

T'1782° | TSSi,

; .
ri782° | 94Mm

g1782° | gaAiN gps

Shift by

8-18+071 80+6° | 818+6° 81764+4 81782+4 9AiNgps(6)

1

_Empirical CDF _Empirical CDF _Empirical CDF

— 0 eo®={-180°,—-178.2°,---,0°,---,178.2°}

* Method I: 67 = argmin } ||}, — gto)ll2 - Iy

0.8r

0.4

Optimistic Policy T % Method Il: 9, = arg min E w7 — geroyll2 - L.,
~Pragmatic Policy 02 ] 2 |“Method I S B

~Baseline Algorithm %—Weighted Average Method

' { ' ' ' : blk 1 blk 2 :
1 2 3 4 ’ = 1 32 0 30 60 90 120 avg _ DtFavg y 3
Absolute Distance(X) in Meters Absolute Distance Error (X) in Meters  Apsolute Angle Estimation Error (X) in Degrees s Method IllI: gfn — J 9@Pavg Om + (1 gaPavg ) Om 1 b”"‘wg < gaPavg

6L if blkavg > gaPavg

~Leader
[T T T T [ Leader .
|:~Trackbot

“r e
3 .
w2y
ey 4 N ' |
( \ ‘,_ ]
¥

iL ] o < Optimistic:

\U‘L:-“:Jr'\_zk’ "+ 1m
im = m e
(T T T I1] : Vel (t) = Vper (¢

in I\}Igters
(a) Indoor (b) Hallway

Speed Observation

*+ Pragmatic:

HEN NN ||:~Trackbot ~Trackbo

H = ((d°(t) = d™ (t) - cos 0y (1))* + (d™(t) - sin 7

' i l ot

in Meters

r i | < l d™(t) - sinf;¢(1) m
- — - ?:T : t — 97—‘6 t
- Sl veldin = Xt Gy o0, ) — de(p) et

-
| ~3 I N vr(t+1) = vf (t) = vel - cos(velgir)
(c) Indoor (No Line of Sight) (d) VICON System Vyel(t) = vp(t) — v (1)

Im [ J
HEREREEN

Full Path Traces from Practical Experiments TrackBot  TrackBot
at (t-1) at (t)

pradiptg@usc.edu, jasontra@usc.edu, bkrishna@usc.edu Mlng Hsieh Institute

Ming Hsieh Department of Electrical Engineering




