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Abstract—Developing indoor positioning remains challenging, further transmitted to one another so as to be displayed. For
especially when we consider an emergency and disaster scenaricthis purpose, a multi-players (multi-firefighters) gamedsiad
wherein positioning infrastructures fail. In this case the objective displaying platform (Game Maké) is utilized. Overall. such

consist in providing to first rescuers (firefighters) robust and igati t - biect t ietv of threat .
reliable positioning under harsh conditions. Toward this goal, we & Navigation system 1S subject {o a variety ot threals rangin

present a navigation system, then, we survey the class of faultsfrom signal distortion §2), trilateration §3), transmission and
that threaten this system along with possible ways of handling distribution §¢4), each of those requiring a specific handling.
it.

I. POSITION AND NAVIGATION Y

The proposed positioning system makes use of active
and contact-less Radio-Frequency IDentification (RFIDg-fi
fighters are equipped with RFID readers while RFID tags
are disseminated in the building so as to serve as anchors.
The pair-wise distance separating the reader to an anchor, i
estimated based-on the Received Signal Strength (RSH)[1][
The resulting distance is used to multilaterate the pasitio
of the reader. Given that the signal may be perturbated
(81), successive RSS measurements are sanitized, i.eedilter
infrequent values and outliers are removed so as to ensaire th
the largest quorum of consistent values is selected. Tlased
on the measurements providediytags, the positiofiz,, y,)
is approximated by multilateration. Multi-laterating cists 0 X
in determining the intersection ofi circles; each circlegi
being centered on an anchor and characterized by a radius
corresponding to the measured RSS:

(mp - xi)2 + (yp - yz‘)z = RSS? (1) Y

with (z;,y;) defining the anchor’'s coordinates. Multi-
lateration can be seen as resolving a least-squared prpblem
i.e., finding the
m

min Y (, — 2:)° + (yp — v:)* = RS} (2)

(zp,yp) =1

Fig. 1. Trilateration.

Nevertheless, as illustred in Figure 1, the uncertainty re- d X
sulting from RSS measurements implies that Equation 2 is
not solved on a single point given byzr,,y,). Solving
such a problem involves an increased complexity which is
simplified using a two-steps approximated geometric pmces Il. RADIO WAVE

First, rather than relying on the tags that are in ransmission - tpe sjgnal (and hence the RSS measurements) are impacted
range, the 3 nearest tags are selected. This choice is memtlvaby a variety of distortions. More particularly, an antenna

by the fact that the RSS measurement accuracy decrease§qay not radiate uniformly and the propagation of the signal
the distance increases (logarithmic precision). Then,nr&e itters depending on the angles of emission and arrival ef th
estimated poinfe is obtained by the intersection of two I'“essignal. In addition, this signal is subject to any interfere
each one passing through two points of intersection betweglaeq by any electrical equipment operating on, or around
two circles. Fu_thermore, 3 Intersections pouﬁr&l,ll]‘s)_ the spectrum (recall that the operational RFID spectrum is
nearest the poinPe are retained. Each point correspondingjicensed and hence not protected). Moreover, radio waves

to a triangular vertices (Figure 2). Second, the centraifipds g ffer from propagation, reflection and absorption togethe
P is determinated by the intersection of the medians of the

triangle given by the 3 vertices. The resulting coordinates  http://www.yoyogames.com/gamemaker

Fig. 2. Central position of a triangle.



mainly due to the presence of obstacles and reverberatigker versions to avoid an erroneous or different displdly. A
surfaces in the building frame e.g., reinforced concretdaim. these fault-tolerant mechanisms should hence be provided a
Note that human are constituted of 80% of water and henpart of the positioning system.

_constltutes a strong reflector tp radio signal. .These. phenam V. CONCLUSION

impact the strength and quality of the received signal which ) o

in turn affects the RSS measurement of one another position¥Ve presented an indoor RFID-based positioning system,
ing system. Additional disaster-specific parameters ifioly, €Sy 0 use, involving a low financial cost. This system
variable atmospheric conditions (e.g., thermal, brigssh@nd dlsplay§ the position of a firefighter based on trilateration
presence of hydrometeors (e.g., vapor, rain drop) affeet tﬁalculgtlons (RSS measurements of anchors in rgnge). We
signal characteristic. Overall, the aforementioned gagan Nave implemented a prototype and during our testing some
be classified as static or time-varying. The former main§PProximations on positioning were revealed. In spite of al
results from (i) the antenna irregularities and (i) the gibgt  €fforts realized, guarantee the survivability of such aipos
arrangement of the obstacles. To tackle this issue, exterdi@ning system still remains particularly challengingdéed
and omni-directional antenna should be preferred and fing@H" Systeém is subject to various faults: The hardware design
printing should be applied. This consists in recording tIESR the radio interference, the building frame and atmospheric
at each location. Then, RSS is measured so that the b&yelution during a disaster will cause a variety of threats,
matching RSS that were previously recorded, is identiﬁé@hich inflgen_ce trilateration and_di;turb the exact_dismayi—

and its related location deducted. During a disaster, tim@en of a firefighter. The transmission of information betwee
varying faults are mainly unpredictable and depend on tifé€ Participants should be reliable, resistant and toteein
operational environment. This advocates for providingssen faults to prevent disconnection and to guarantee the system

enabled, context-aware and self-healing positioning. availability. We must therefore create a policy test of oys-s
tem that verifies the coverage and placement of each anchor.
I1l. TRILATERATION These tests check also human error input and the duplicated

A multi-lateration-enabled 2D-positioning of a firefightef€cords. So, in.order to maiptain the. confidence. of firefi_g;hter
requires to place anchors in a way which ensures the appi®-the positioning system, it's of prime necessity to digpla
priate coverage of the geographical area and the significii measurement uncertainty, degree of accuracy/pracisio
redundancy. In practice, at least non-collinear anchors (preqsmn cwclg d(awn around the firefighter) and degree of
should be in transmission range with a firefighter. Such é@nfidence. It is vital to know the robustness of our system
staggered placement necessitates careful network p@nnp‘ecause here the lives qf f|ref|ghter.s are at r|sl_<.' Hence, are pl
i.e., covering, identifying, positioning anchors and metiog 0 Study the dependability of our indoor positioning system
the related information. Here, a manual acquisition magt tea Py developing an injection fault solution. Through this ltoo
a multi-lateration failure unless pre-checking (e.g.eesh of We will be able to realize the scenarios for modeling errars o
duplicate records) and control mechanism (consisting gn, e.Intérferences and to check their impact on the functionihg o
verifying that the recorded tags’ characteristics are altu the System. The advantage of this system is that it is repiica
consistent with the observed positions) are performedpiies @S Many times as you want each scenario to test the robustness

these mechanisms, full coverage cannot be assumed durirfyf Qur localization solution.
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