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ABSTRACT

The increasing deployment of portable computers and mobile devices leads to an
increasing demand for wireless connections. Infrared presents several advantages over
radio for indoor wireless connectivity but infrared link quality is affected by ambient
infrared noise and by low power transmission levels due to eye safety limitations. The
Infrared Data Association (IrDA) has developed the widely used IrDA 1.x protocol
standard for short range, narrow beam, point to point connections. IrDA addressed the
requirement for indoor multipoint connectivity with the development of the Advanced
Infrared (AIr) protocol stack.

This work analyses infrared link layer design based on IrDA proposals for
addressing link layer topics and suggests implementation issues and protocol
modifications that improve the operation of short range infrared connections. The
performance of optical wireless links is measured by the utilization, which can be drawn
at the data link layer. A new mathematical model is developed that reaches a simple
equation that calculates IrDA 1.x utilization. The model is validated by comparing its
outcome with simulation results obtained using the OPNET modeler. The mathematical
model is employed to study the effectiveness on utilization of physical and link layer
parameters. The simple equation gives insights for the optimum control of the infrared
link for maximum utilization. By differentiating the utilization equation, simple
formulas are derived for optimum values of the window and frame size parameters.
Analytical results indicate that significant utilization increase is observed if the
optimum values are implemented, especially for high error rate links. A protocol
improvement that utilizes special Supervisory frames (S-frames) to pass transmission
control is proposed to deal with delays introduced by F-timer expiration. Results
indicate that employing the special S-frame highly improves utilization when optimum
window and frame size values are implemented. The achieved practical utilization
increase for optimum parameter implementation is confirmed by means of simulation.

AIr protocol trades speed for range by employing Repetition Rate (RR) coding to
achieve the increased transmission range required for wireless LAN connectivity. AIr
employs the RTS/CTS medium reservation scheme to cope with hidden stations and
CSMA/CA techniques with linear contention window (CW) adjustment for medium
access. A mathematical model is developed for the AIr collision avoidance (CA)
procedures and validated by comparing analysis with simulation results. The model is
employed to examine the effectiveness of the CA parameters on utilization. By
differentiating the utilization equation, the optimum CW size that maximises utilization
as a function of the number of the transmitting stations is derived. The proposed linear
CW adjustment is very effective in implementing CW values close to optimum and thus
minimizing CA delays. AIr implements a Go-Back-N retransmission scheme at high or
low level to cope with transmission errors. AIr optionally implements a Stop-and-Wait
retransmission scheme to efficiently implement RR coding. Analytical models for the
AIr retransmission schemes are developed and employed to compare protocol utilization
for different link parameter values. Finally, the effectiveness of the proposed RR coding
on utilization for different retransmission schemes is explored.
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SEQ-NoFLACK Sequential No Frame Level Acknowledgment
SIR Serial Infrared
SNR Signal-to-Noise Ratio
SREJ Selective Reject
SYNC Synchronisation
SW Stop-and-Wait
TAT Turn Around Time
TDMA Time Division Multiple Access
U-frame Unnumbered frame
VFIR Very Fast Infrared
VTT Virtual Transmission Time
WFCTS Wait For CTS
WLAN Wireless LAN
WPAN Wireless Personal Area Network
WTT Window Transmission Time
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