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superframe are adjustable by 802.15.4/Zigbee.

Fig. 3. We consider a superframe structure that consists of a beacon frame and a Contention Access Period (CAP). Also a

inactive period is at the end of the superframe.

III. RANGE-BASED POSITIONING IN WSNS

In this section we focus on the positioning problem in a WSN. Particularly, we address the

range-based approach in which a node that aims at determining its position first estimates its

distance to a reference node using a ranging technique (e.g., RSSI or TOA). Afterwards, these

ranges are used to solve a geometrical problem referred to as trilateration.

There is a plethora of techniques for ranging in WSNs, see for instance the works in [8] and

[21]. In this paper, we consider RSSI and TOA based techniques. Whereas RSSI techniques

use measurements from the signal power at the receiver, TOA is based on the estimation of the

travel time that a signal takes from the transmitter to the receiving node. The advantage of the

RSSI approach versus TOA techniques is that it requires no additional hardware. However while

RSSI is greatly affected by multipath fading, TOA with UWB is a much more robust ranging

technique since the large bandwidth of an UWB signal provides high time resolution [4].

Concerning TOA based ranging, the IEEE 802.15.4a [2] standard defines a mandatory ranging

protocol called two-way time-of-arrival (TW-TOA) and an optional Symmetric Double Sided

(SDS) TW-TOA protocol that reduces the effect of the finite crystal tolerances at the local

oscillator [2]. In order to start the ranging protocol, an upper layer of 802.15.4a standard (the

protocol stack is showed in Figure 1) calls a primitive of the MAC layer. This primitive is named

MCPS-DATA.request and it is used for requesting data. Also this primitive has to be called with

a corresponding attribute to start ranging [2].

The problem under study involves the positioning of Nn target coordinators in a WSN that

contains Nr reference coordinators emitting ranging signals to allow positioning of the latter. In

this paper, we consider the topologies defined in the two standards, namely the Zigbee standard
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