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Abstract—Radio frequency identification (R¥ID) is a technol-
ogy where a reader device can “sense” the presence of a close-
by object by reading a fgg device afiached io the object. To
improve coverage, muliiple RFID readers can be deployed in the
given region. In this paper, we consider the problem of slotied
scheduled aceess of RFID tags in a multiple reader environment.
In particular, we develop ceniralized algorithms in a slotfed time
model to read all the lags using near-optimal number of time
siots. We consider two scenarios — one wherein the tag distribu-
tions in the physical space & unknown, and the other where iag
distribuiion is kaown or can be estinated g priori. For each of
these scenarios, we cousider iwo cases depending on whether a
single chanpel or mulliple channpels are available, All the above
version of the problein are NP-hard. We design approximation
algorithius for the single channel and heuristic algorithins for the
muitipie channel cases. Through extensive simulations, we show
that for the single channel case, o hearistics perform close
{0 the approximation algorithms. In general, our simolations
show (hat our algerithims significantly ouiperform Colorwave,
an existing algorithim for similar problems,

1. Imtroduction

RF1Y is an identification sysiemn that consists of readers and
tags [1]. A tag has an ID (a bif string) stored in its memory.
The reader 18 able to read the [Ds of the tags in the vicmity by
runmning a simple link-layer protocol over the wireless channel,
In a typical REIEY application, tags are altached to objects of
interest, and the reader detects presence of an object by using
an available mapping of IDs to objects. RFID tags can be
acfive or passive depending on whether they are powered by
hattery. We focus on passive fags in this work. Passive lags are
prevalent in sapply chain management as they do not need a
battery to operate. This makes their ifetime unlimited and cost
negligible {only few US cents per tag). The power needed for
passive tags to transumt their 1Dy Lo the reader 1s “supplied”
by the reader itself.

An important performance metric of RFID systems is read
throughput (nummber of tags read per time slot). High read
throughput is eritical when tags are exposed to readers only
briefly. This happens when tags are mobile, as is often the
case in supply chain management or manulacturing environ-
ments. So far, the research community has addressed the
read throughput problem for a single reader only. However,
large-scale RFID deployments in future will hardly involve
a single reader. This is because each RFID reader has a
hmited inferrogafion region within which 1t can communicate
with a tag. The interrogation region of a reader depends on
many factors including anlenna, presence of obslacles, lag
characteristics, ele. It is not oncommon that a single reader
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is unable to cover the enlire region of interest. This motivates
the use of multiple REID readers - geographically dispersed
and networked in some fashion (inn an ad hoe network, e.g.) —
performing tag reading concurrently. Use of multiple readers
not only improves coverage, bul also iimproves read throughput
by virlue of concurrent operation.

However, several collision problems might occur when
multiple readers are used within close vicinity. This makes
deployment of multiple readers a very different problem than
a traditional sensor cover problem [8]. The cellisions are not
easy (0 handle either. Unlike traditional wireless networking,
in RFID we deal with two different entities — readers and
tags. The collision can happen in either of these two entities
giving tise to newer issues. Collisions al lags are particularly
problematic as tags have almost zero computing power. This
makes carrier sense-based collision resolulion either hard or
overly conservative [13]. In this paper, we take a very different
approach. We use a notion of slotted time and scheduled read
operations similar to STDMA (Spatial Time Division Multiple
Access) protocols [19] for collision resolution. However, due
o the different nature of collisions, the traditional STDMA
protocols are insufficient in our context.

To determine reading schedules, we Luke advanlage of the
fact that in multi-reader deplovments, RFID readers are static
and often carefully deployad in a planned fashion. They also
typically have a wired backhaul which can be used for time
synchronization. Planned deployment makes it possible to
perform RE site surveys 1o measure the readers’ locations and
their interference patterns that are inputs to the scheduling
algorithms developed here. The algorithms are centralized and
need to run only once after the survey. Thus, their run-time is
thus not a critical factor so long as they are reasonable. Like
many STIMA scheduling problems in wireless networks, we
will show that the scheduling in the RIVID context is also NP-
hard; thus, approximation algorithms are desired.

Inn this paper we will address both single channel and multi-
chanmel schedaling algorithms for moltiple RFID readers. For
single chamnel cases, we are able to develop approximation
algorithms. But for multiple channel cases, we develop only
heuristics. We evaluale all solutions via exlensive simulalions.
A key advantage of our approach is that the scheduling works
as an overlay on the link-laver. Bxisting link-layers used in
single reader context can still be used with our algorithms,
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