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ABSTRACT

IEEE 802.15.4/ZigBee and TinyOS have been playing an inaport
role in leveraging a new generation of large-scale netwbea-
bedded systems. However, based on previous experience on-th
plementation and use of the IEEE 802.15.4/ZigBee protoneds
TinyOS, several problems (producing loss of synchrororatind
even network failures) emerge due to some limitations &f @5,
namely related to the lack of task pre-emption and priatian.
When real-time guarantees are required, different soévesatu-
tions must be used to support real-time services in suchankéd
applications. This being our objective, we implemented|EiEeE
802.15.4 protocol over ERIKA, a real-time operating system
resource-constrained embedded systems. The resultsealttsd
far, and summarized in this short paper, demonstrate th&#{A&R
enables reliable network behaviour and improved networfope
mance. This paper outlines the most important aspects afufte
ware implementation and reports comparative experimeesailts
based on real platforrhs

Categories and Subject Descriptors

C.2.1 [Computer Communication Networks]: Wireless Commu-
nication; C.3 Bpecial-Purposeand Application-Based Systems]:
Embedded Systems

1. INTRODUCTION

The IEEE 802.15.4/ZigBee [1, 2] protocols are being explore

to support real-time and energy efficient Wireless Sensowdig
(WSN) applications, since they enable timeliness guaeanfer
data transmission and reception when operating in beacabled
mode. To enable this kind of applications, Open-ZB [3], arrop
source implementation of the IEEE 802.15.4 / ZigBee prd&co
was developed over the TinyOS [4] Operating System (OSyQ#h

is one of the most used OSs for embedded resource-constraine

wireless sensor platforms. However, TinyOS does not stmpo¥
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cial mechanisms for multitasking such as tasks pre-empaiuh
prioritization, thus it is not capable of guaranteeing admible
timing behavior of the local computations at node level (aridr-
tiori at network level).

Therefore, non-preemption and the lack of task prioriitraare
the major drawbacks of the Open-ZB implementation.
to overcome this limitation, in this short paper we outlime a-
ternative implementation of the Open-ZB protocol stackrdbe
ERIKA real-time OS [5], that is further extended in [6].

2. SOFTWARE IMPLEMENTATION

The implementation of the IEEE 802.15.4 protocols over ERIK
is organized in a layered architecture. Fig. 1 illustratesdver-
all software architecture. This stack has been implemefatetthe
dsPic platform over the FLEX [7] boards equipped with CC2420
radio transceiver.
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Figure 1: Layered Architecture

All hardware interrupts are handled by the ERIKA Interrupt-S
vice Routines (ISRs). The ieee80%.4 layer contains the code
to initialize the hardware timers, as well as the commurocat

between CC2420 transceiver and MCU, and to handle timer and

transceiver interrupts. The ERIKA layer is responsible rfan-
aging the system hardware resources providing the typiSas&-
vices such as Task management, resource access congoiy it
and timer management. Software timer abstractions aradadv

by means of software counters and alarms.The common lib is a

generic library providing some software utilities suchlaasic data
structures; memory buffer management; debugging help&ie T
ieee80215. 4 Lib implements the PHY and MAC layers of IEEE
802.15.4 standard.

3. PERFORMANCE RESULTS

In this section, we compare the performance (throughput and

packet delivery ratio) of our platform (ERIKA + Open-ZB on EK)

In order



with respect to other popular ones, namely: TinyOS 2.0 + BMAC
on Telos-B ; TinyOS 2.0 + Open-ZB on Telos-B.

Our testbed consists of a multi-task firmware with the Cantsta
Bandwidth Rate (CBR) traffic generator scheduled togeth#r w
the other tasks implementing the network stack services. pEy-
load (104 bytes), and the number of transmitted packet0j18@
pre-programmed as well as the inter-frame period (i.e. riierse
of the traffic rate). We carried out the same experiments en th
FLEX both at full speed and at the pre-scaled frequency of & MH
to enable a fair comparison between both platforms (FLEX and
TelosB). As shown in Figs. 2 and 3, the effect introduced ey th
CPU speed is not negligible at low rate, up to about 200 Hz.
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Figure 2: Throughput measurementsusing ERIKA.
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i Our hardware/software platform can achieve a higher thrpug
0.2 and packet delivery ratio with respect to existing solusidnased
i on TinyOS. Given these concrete and promising results, \wayfir
T believe that it is indeed possible to provide support fol-tieae
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It is also envisaged to implement the core ZigBee Networkeray
functionalities to support multi-hop communications.
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Figure 3: Packet delivery ratio measurementsusing ERIKA.



