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Abstract Observer des The active st

Structure estimation from motion is a | | Let (s, x) € R™*? with e Eigenvalues o7 of Q0! determine
classical topic in computer/robot vi- . T convergence rate

sion. We propose an active strategy S = fm(s, u, 1) + 7 ()X e in StM Q = Q(s,u = (v,w)) and
that enforces an estimation dynamics X = fu(s: X, u, 1) (02) — J, i+ J, 8
equivalent to that of a linear 2nd-order with input w, s € R™ measurable and .Z | |

system with desired poles by suitably X € RP unmeasurable. The observer we can op tzmzze thg behavior by ac-
acting on the estimation gains and on i N T (e H tively choosing u with, e.g.

the inputs applied to the system. This S = fm(s, u 1) + (t)x + HE i = lf;‘“; (lesoll? = flae]]2) + ks (I— m;) (JT) = T} Jo18)
can also be combined with execution X = fu(s, X, u, t) + af2(t)€ Result:

of a visual servoing task exploiting a | f with ¢ — s — 5, H > 0,0 > 0 (gains) is | | e fastest convergence speed for a
novel projection operator to increase | | (jocally) exponentially stable iff [1] the given limited ||u|

rob.ot ref‘ﬁ‘danlcﬁ tTc}fll? theory is ex- | | persistence of Excitation (PE) holds e predictability of z = x — x transient
perimentally validated in various case : _

i, [T Q) QT (r)dr > I, > 0Vt > (approximates a 2-nd order system)

e online strate no pre-plannin
or (whenm > p)if Q (t) QT (t) > 21, gy (no pre-p 8)

Case studies Multitask cou

e Point feature [2]: let s = (32, 32) and x = 5~ withm =2 >p =1 In Visuc?l servoing we often have:
-1 5. , - - %(taSk) =7 = J(87 q, X)’LL
o — — 0 — S$zSy  — (1 + Sx) Sy T Z \ : : : :
s« | Zo Zo .y P, e estimating x while executing the
Sy | 0 _ 1 sy |4 g2 e . % task can improve performance
I Zo Zs K _ ey T e redundancy can be exploited for ac-
. [ sasy  —(14s2) sy SpVz — Vz| tive estimation
S =14 2 W -+ X L
1+ sy — Sz Sy —Sx | SyVz — Uy | e redundancy can be maximized con-
o2 = Q0T = (5,0, — v2)? + (5,05 — vy)° trolling task error norm v (one quan-
note: in all cases only linear velocity v enters in o7 Estimation error for “active” (red) and tity) instead of task error
constant (blue) v (same norm) 0.4l
o Spherical target [2]: s= 2 and x = £ withm=3>p=1 Sl
S = [8] « W — VX 20 % 20
ot = Q" = |v|f ofT———
note:  direction of motion E ’ . . 10 Refe rences

time|[s]

doesn’t matter in this case
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e Cylindrical target [2]: s =

20 F~
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{ s':[s]xw—l—(aaT—I)va ;

2 o T - 2 T 2 _ i i i i i i ;
o] = 0 — HUH _ (a ’U) 0 1 2 3tim€[s]4 5 6 7
Estimation error for “active” (blue and green)

and constant (blue) v (same norm)

e Planar scene [3]: s = (my;) with my; = S1_, ziy/ (discrete points) or m;; = conditionally accepter.
f f O x'y! dxdy (dense patch) and x = —n/dwithm > p =3 [3] ——, “Experiments of Plane Estimation
P 100 , | | | by Active Vision from Point Features and
Mg = fmz’j (Mg, w) T oo Image Moments,” in submitted to 2014
+ fa.. (mu, v)x = o 5 — 155 T T IEEE/RS] Int. Conf. on Intelligent Robots and
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01,2,3 = 071,2,3(Mk1, V) N I p L o
e = ’ T o N j j j 2 [4] , “Coupling Visual Servoing with
expression depends on chosen ~ _, S S S NG Active Structure from Motion,” in 2014 [EEE
moments but can always be : 5 Eme B & T Int. Conf. on Robotics and Automation, Hong
Computed in closed form Estimation error for “active” (red) and constant Kong, China, May 2014.

blue) v (same norm



