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The main reason for this erratum is that some spe-
cific proof techniques used can have unintended causal-
ity implications, related to the interpretation of differ-
ential equations of the form #(t) = g(z, ttof fx())dt).
Both intermediate (Lemma [3) and end results (Propo-
sition are correct as originally stated; yet, we want to
present an alternative proof pathway that circumvents
the causality issue. For completeness and self-sufficiency
of this document, we chose to include the whole revised
proofs as opposed to introducing isolated, point mod-
ifications. Some derivations are listed in slightly more
detail.

Typos:

a symbol missing in the proof of Lemma [T} which is
also stated here in its revised entity;

In the proof of the Lemma 4: symbol e should be &;

In the proof of the Theorem 2:
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Lemma 1 Fix u. Fra is strictly increasing with p.

Proof Write 8{;7? = Zf;l fOTpuf (log p;)%b; dt, and
note it is strictly positive since p; > 1,p € (0,1). a

Lemma 3 Let p be perturbed by eé(t — t1) on p; for
some t1 € (0,T], yielding fr. Consider p(t, 1) = d(p)+

ks - .
Sity g s — ). For all tr € (0,7), if gTP’t -
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_ bid(p) pf™ " log s ~ N
S n P Tog ) <0 , then Fra(ft,p = p(t, 1)) =

1
—log a.

Proof Consider first a needle perturbation of the form
€d(t — t1) on coordinate i of w, yielding a perturbed
£ with component pu;(t) + €5(t — t1); here, §(t — 1) is
the Dirac function offset at t; and ¢ > 0 is a small
parameter. Using Taylor expansion on the integrand of

Fra(p,p = ¢(p)) we find
Fra(jt,p) = Fra(p,p) + biep*mi(t1)? " log pi(t)

from which the first order variation in Fp4(p,p) due
to €d(t — t1) in u; is obtained
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which is zero because Fry4 is constrained to —log a.
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and the proof is completed. a
Proposition 1 The solution for sensori € {1,...,ks}

to the optimal control problem (5)—(7) within the feasible
setU = {u € R3 : |lu;|| < tmax} is
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Proof Given (8), the cost functional is written

ks T
Jem = Z/ (1}
i=170

Plog i — i + 1)b; dt .

Since Jpy is always finite, by Fubini’s theorem,
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Along the optimal trajectory (p*,u*, A*), we define:

k
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where p* can be any constant value in (0, 1), which may
include ¢(p*). Thus the Hamiltonian can be written as:

(12 log pri — pi + 1)b; dt .
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and dynamics of costate \; is written as
OH
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Since pf > 1 and p* € (0,1), we have 0 < pf? o,
and therefore
Af <0 (10)
for all t € (0,T7.

Now since p7(T') can take any value in (1,1 + -],
there are two mutually exclusive and exhaustive cases:
either u7 (T) € (1,14 55-), or pi (T) = iy, = 1+ 55
If i3 (T') € (1,1+ 5;-), the transversality condition re-
quires A}(T) = 0. Thus, given (10)), it is A7 () > 0
vt € (0,T]. In light of this, and given (7) the Hamilto-
nian maximization condition H(p*,u*, A\*) =
maxqy ey H(p*, uw*, A*) applied on @ requires that

* Ty — X4

u; =

Umax

T (11)
[l — 4]

that is, it suggests the maximal control effort to close
the distance between sensor and source as close as possi-
ble. Using such a controller, eventually (given big enough
T) it will be pf(T) = pi,,,,. At this point, the second
case is in effect. Denote Ts the switching time. Now

t € [Ts,T] with boundary condition u}(7Ts) = pf(T) =
py and BézM ’ = AX(t) < 0. To minimize Jpys when
t € [Ts,T], i should once again be kept at its maxi-
mum value.

Lastly, set p* = ¢(p*(u™*)) to enforce the constraint
(6) following Lemma [3| In case p* >= 1, the con-
straint (6) is infeasible for any p(u) with w € U and
p € (0,1). Because all feasible perturbations, which
only reduce p*, can not reduce the value of p even lo-
cally (by Lemma . In case p* <= 0, this leads to
contradiction: Fra(pu*,p*) <= Fra(p*,0) = 0, which
contradicts Fpa(p*,p*) = —loga > 0. O

Revision in Appendix Proposition 6 last 4 equations
starting from Eqn (24):
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Revision in Appendix Proposition 8 last line:
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