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G U E S T  E D I T O R S ’  I N T R O D U C T I O N

A pproximately 10 years ago, the 
Cooltown project proposed an 
architecture for linking everyday 
physical objects to Web pages by 
tagging them with infrared bea-

cons, RFID tags, and bar codes. Users carry-
ing PDAs or other mobile devices could read 
those tags to view Web pages about the world 
around them. Recently, Google announced 

that it’s dispatching approxi-
mately 200,000 stickers with 
bar codes for the windows of 
its “Favorite Places” in the US, 
so that people can use their 
smart phones to fi nd out about 
them. The Japanese have been 
reading bar codes similar to 
these, called Quick Response 
(QR) codes, for more than fi ve 
years. Besides such consumer-
oriented uses, companies are 

attaching RFID tags to goods to help manage 
industrial supply chains.

In other words, developers are increasingly 

creating pervasive computing applications for 
the masses that aren’t related to only GPS, 
navigation, and location. Smart phones with 
cameras and a variety of readers or sensors are 
in the hands of millions of people, and per-
haps soon billions. Will there be billions—or 
trillions—of tags embedded in our everyday 
worlds before long? Will the tags employ bar 
codes, Near Field Communication, RFID, 
or some other technology? Who will embed 
them? To which content and service types will 
they link? Who will decide? And will image 
recognition soon replace physical tags so that 
people simply have to point their camera at an 
object instead of reading its tag?

Questions such as these—and the prospect 
of a world labeled to create a dynamic, excit-
ing hybrid of the physical and the virtual—
prompted us to put together this special issue 
of IEEE Pervasive Computing.

What’s a Label?
A label is a bridge between the physical and vir-
tual worlds that connects an object to services 
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and applications. In most cases, labels 
are realized through tags—physical 
entities attached to or integrated with 
objects. For instance, an RFID tag 
lets you quickly and unambiguously 
distinguish a package of interest from 
hundreds that are virtually identical. 
An object’s label simplifies its integra-
tion with applications and services 
and changes the pace of their evolu-
tion. For example, if an agent (human 
or artificial) wants to learn more about 
an object, a label can offer a shortcut 
to information that would otherwise 
be difficult or expensive to obtain at 
that instant. And increasingly, labels 
are used for play as well as for work—
a label can just as easily facilitate a 
physical object’s integration with an 
alternate-reality game.

Not all labels are realized through 
physical tags; some labeled objects can 
be algorithmically recognized. For ex-
ample, if users’ devices can accurately 
determine the position of a static ob-
ject, such as a building, the object can 
be labeled by its position. Similarly, if 
image processing can unambiguously 
recognize the object, then no tag is 
required.

Labels aren’t only for applications 
with a human in the loop. Machine-
readable tags let computers better un-
derstand their physical environment 
while avoiding many challenges of 
noisy sensor-based perception. In par-
ticular, aspects of robot localization 
and object recognition become signifi-
cantly easier when augmented by a few 
tags.

Labeling as a Process
When a label is associated with a phys-
ical object, the object owner, the label 
creator, the owner of the virtual re-
sources to which that label links, and 
users who read the label are potential 
stakeholders. If the labeling process 
is open and anyone can link an ob-
ject to information or content of his 
or her choosing, what tools are neces-
sary? How can we create labels most 
conveniently, especially in situ? How 

best can different stakeholders’ labels 
coexist on physical objects? Should 
people be able to delete or modify la-
bels, including other people’s labels? 
The labeling process gives rise to tech-
nological, cultural, social, and legal 
questions.

In This Issue
This special issue features new re-
search in labeling the world, including 
enabling technology and innovative 
applications. These articles address 
topics ranging from improvements 
in tagging technology to robotics 
applications.

In “Memory Spot: A Labeling Tech-
nology,” J.T. Edward McDonnell and 
his colleagues propose a new battery-
less tagging technology that, unlike 
traditional RFID technologies, stores 
megabytes of information on the tag 
itself. Memory Spot can send or re-
trieve data at rates of up to 10 Mbits 
per second, enabling new usage mod-
els such as local video-content caching. 
Thus, Memory Spot complements ex-
isting labeling technology by augment-
ing links to Web content with a large 
amount of low-latency local storage.

In “Developing Mobile Workflow 
Support in the Internet of Things,” 
Pau Giner and his colleagues propose 
a system for tailoring tagged objects’ 
information to individuals’ differ-
ent interests. For example, when us-
ers read a library book’s bar code, 
they obtain different results depend-
ing on whether they’re librarians or  
borrowers—with those results based 
on the same underlying application.

Ann Light’s article, “Bridging Global 
Divides with Tracking and Trac-
ing Technology,” also stresses stake-
holders’ different interests in a label- 

augmented value chain. However, she 
focuses on the sometimes problematic 
prerequisites for participating in these 
global business processes, especially 
for small producers. It becomes evi-
dent that political, market, and social 
factors can be at least as decisive as ac-
cess to the labeling technology itself.

In “RFID-Guided Robots for Perva-
sive Automation,” Travis Deyle and his 
colleagues describe RFID-guided ro-
bots for pervasive automation and pro-
pose using long-range tags to improve 
robots’ interactions with people and 
objects. Although tagging every object 
of interest in the physical environment 

might be impractical in many settings, 
the proposed system could accelerate 
robot deployment in many real-world 
settings and complement other noisier 
forms of robot perception.

Finally, Scott Carter and his col-
leagues explore the design space of 
labeled paper documents in “Linking 
Digital Media to Physical Documents: 
Comparing Content- and Marker-
Based Tags.” In particular, they de-
scribe projects that use either explicit 
labels in tag form, such as bar codes, 
or implicit labels, such as text frag-
ments that cameras can automatically 
recognize. They also discuss the two 
approaches’ pros and cons.

M any more questions 
than answers exist 
about labeling the 
world, and the number 

of labels and communities using them 
is growing. To make matters more in-
teresting, augmented reality (AR) is 
receiving renewed attention. AR is a 
much more difficult proposition than 
tagging because you must not only 

An RFID tag lets you quickly  

and unambiguously distinguish a package of 

interest from hundreds that are virtually identical. 
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label physical objects but also ensure 
the content linked to them coincides 
with the objects in the visual plane in 
a manner that won’t disappoint us-
ers’ sensibilities. And yet, ideally AR 
should scale to as many objects as 
have labels. We look forward to the 
trillionth labeled object, with visuals 
layered precisely on top.
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