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2. Lloyd’s Algorithm in non-convex environments

environment durmg and at the end (Gradient descent approach for moving towards generalized centroid)

of exploration. L. C. A. Pimenta, V. Kumar, R. C. Mesquita, and G. A. S. Pereira,
_ “Sensing and coverage for a network of heterogeneous robots,”
e Do all these in a distributed fashion. n Proc. of the IEEE Conf. on Decision and Control, Cancun, Mexico, Dec.
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The Algorithm

Achieving good Coverage (known environment) | |
| | Lloyd’s Algorithm in non-convex
Assignment for Exploration and

Coverage in known environment Continuous time Lloyd’s Algorithm environment:
J Follow the weighted centroid of tessellation: Wi = k(Cv; — pi) * Follow gradlent_ of 5_1: OR
Voronoi Tesellation: where, » Follow Geodesic path to
Generalized Centroid,
D Vi(P) = {a € Q[d(q,p:) < d(q,p;), Vi 7# i} Cy — fV@- qu(q)dqj
p3° = D O : & \ Z fV- é(q)dq C%/jn — argmin [ f(d(q7 p’&))qb(q)dq
/’p - ; v
2
. Converges to f
0 {Mmlmlzes ;/ fdla,p))ota)da | coniroidal Voronoi Direct computation is infeasible

Tessellation!

In non-convex environments:
d is the Geodesic Distance

Practical implementations of Lloyd’s Algorithm In non-convex environment

: - A h—I: ' Approach - II: Track projected centroid
Search-based algorithm for Computing pproach — 1 Follow gradient of e pTo]
Geodesic Voronol Tesellation Lo [ 2 (e pi))ola)dq. |Cradient searchin Jv, a¢(a)da C.. — argmin [q— Cu |
Op; vi(p) OPi discretized environment: CVz’ — f ¢( da — Vi ngV 1= +v CVi
] | 1. Discretize the environment, - -Expensive! v, Y1999
. [ In a discretized setup _
Bt - and form a graph, g * Fast convergence _
.L . _ not suited for exploration! | . _C £ it exist
— 2. For each agent, i, expand nodes of 4, " B argmin || — Cy; || if it exists
HEE B - pi*! = argin [ f(d(a.p)éla)da - G _ ) acvistaer
BB ¥ starting from p, peN (p}) JVi(P!) ’ i argmin ||q — Cy,|| otherwise.
< using Dijkstra’s Algorithm N Region of qeV;
_E3 = g;gvr?;g 2 t f(d(a, p))¢(a)Aa, high ¢ Follow the shortest (geodesic) pathto Cy,
x | SR ¥oasVilPr) . Easy to compute
‘ \ « More suited for exploration tasks
Result: We obtain g,(q) — L] |
the Geodesic distance of : '
each node g in g from p, [ ]
Geodesic Voronoi Tesellation:
Vi = {qae€V(Ga)l|gi(a) <g;(q),Vj# i} (a) t =0 (b) t = 10 (@ t=50 ()t = 150 (converged) @) t =0 () ¢ = 10 (£ t=50  (h){ = 150 (converged)

Conjecture based on Experimental analysis:
Projection of centroid control method always converges and in cluttered environments differs little from the results obtained by the gradient search method.

Sensing and Exploration in unknown and Uses of Shannon Entropy for Exploration and Coverage
partially known environments We exploit the flexibility in choosing 4 and ¢ In the Lloyd’s Algorithm
Shannon Entropy assigned to each node, g, In graph: Entropy-based metric for tessellation Entropy as weight/density function
We want equal splitting of entropy rather than area: _ _ _ _ _
e(q) = p(a) In(p(q)) + (1 — p(a)) In(1 — p(q)) ql PITNS by We identify the weight/density function,
o | Redefine d - o, with the Shannon Entropy, e.
Entropy updated with time based on sensor  Example of sensor model: ol e ': by weighting it by entropy:
model and sensor.readlng: oty  d(p,q) = min / e(r)dl, With the projection of centroid control algorithm,
Sensor model (confidence as a Sin _\ S > ver(p.a) J, this guarantees,
function of distance): a o | o
- ;_22(51',1” Csin) ifr < Ry | Region of Dok In our search-based algorithm 1.C0\_/erage — er_1tropy of every point in the
Sz‘(T) — i 0 otherwise. | Splits entropy equaly £\ /9ronoi tesselation, all we environment will .be reduce.d below . | |
Mm . | need to do is a weighted 2.Convergence (comccture? — Since the projection cf
Probability of occupancy ' R Dijkstra’s search. centroid algorithm is conjectured to converge, this
tq) = 2t ; t 1—2! 1—s; ! t ill :
ul(q) = z(q) si(lla—p! )+ (1= () (1—si([a—pi])) Cost of an edge, &, in the graph: 0o will converge
Sensor fusion modet: y ofe) = LENTED v, (3)/ v,(e) Theoretical guarantee of convergence in star-
pi(q) = g¢g* (Zi,g(;il(qﬂ) g is strictly increasing shaped environments (w.r.t. projected centroid).
Slmulatlon Result — Large Envwonment Experimental analysis
- Details: . : :
+ 2 robots exploring ROS integration under progress.
unknown environment o :
» 1000x783 discretized Being tested
environment on Scarab
« Each iteration (running mobile robot
on single processor)
takes ~1.7s platforms.
cCHt implementation Scarab mobile robot with
on-board processors and
t =200 t = 800 t = 1600 t = 2200 t = 2800 Laser senors
(convergence achieved)
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t = 747 (convergence) of LIoyd'’s Algorithm.



