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This chapter on indoor positioning systems (or 
IPS) is a case study on a location-based service 
developed at the University of Illinois Urbana-

Champaign. The case involves location-based recom-
mendation through mobile technology paired with 
commercially available Bluetooth low energy (BLE) 
beacons. Mobile technologies are a well-suited entry 
point into Internet of Things (IoT) hardware since 
mobile phones and tablets by way of their Bluetooth 
radios offer a way to both communicate with IoT tools 
and leverage existing mobile services for providing 
new services. The purpose of this chapter is to provide 
an example implementation of IoT technologies that 
responds to a real service need within an academic 
library setting. Portions of this example will apply to 
public libraries as well, since larger and more complex 
book stacks may require additional directional sup-
port to items regardless of library type. The example 
presented here goes beyond simple directional sup-
port, however, since it shows a way to recommend rel-
evant digital resources and popular print items from 
within the print book stacks. As a final preface to this 
case, note that some portions of this chapter are tech-
nical, but no more technical than required in order 
to explain foundational interactions among Bluetooth 
beacons, mobile devices, web services, and the cus-
tom databases that provide recommendations.

With beacon technology, real-time turn-by-turn 
directions and real-time recommendations in the book 
stacks can be provided to a user’s mobile device. With 
the infrastructure and research trajectory developed 
for an augmented reality experiment, researchers 
from the undergraduate library at the University of 
Illinois undertook an experimental project to incorpo-
rate Estimote beacons into the undergraduate library 
book stacks so that students new to the environment 

could see the location of their mobile device within 
the library building through an interactive map on 
their phone,  providing directional support to items 
and discovery of like items with location-based recom-
mendations.1 This chapter demonstrates the distrib-
uted computing processes and workflows necessary 
to integrate beacons into collections-based wayfind-
ing and explores the key components for the recom-
mendation algorithm used for “topic spaces” in col-
lections. Distributed systems are common in mobile 
app development since usually there is a need to serve 
data from a remote API (Application Program Inter-
face) to a mobile device, like an Android phone. If a 
remote API is used, this usually comprises at least one 
remote virtual server communicating with the mobile 
phone. Sometimes these remote APIs also interact 
with database data.

These components are listed here as a way of illus-
trating that components of the distributed system can 
become multipart. Before moving on to more detail, 
a comment about the environment within which this 
API operates: the technology stack used for this case 
study is heavily Java-based. The Android app is writ-
ten in Java, the APIs were developed using Java, and 
specifically the Spring framework was used to gener-
ate JSON that the phone would utilize in displaying 
recommendations.

The experimental location-based recommendation 
service utilized in this case is grounded in the advan-
tages of collocation that support information discov-
ery and are supplemented with existing ILS data—for 
example, total circulation of a particular item.  The 
research and development leading up to a popular 
algorithm was the result of several innovative idea-
generating projects that included focus groups with 
students, user studies of mobile applications in the 

Indoor Positioning Services 
and Location-Based 
Recommendations

Chapter 2
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library, and interdisciplinary app design competition 
on the University of Illinois campus.2

Wayfinder App Functionality

This case study uses the Wayfinder module from the 
Minrva app to illustrate IoT functionality. The Way-
finder module is a part of a larger mobile app plat-
form that utilizes modules to separate different func-
tions of the app for library services. As an example, 
the Minrva platform includes a catalog search, journal 
search, account modules for easy renewal, and several 
branch location custom modules. As an example of a 
custom module, several library units circulate tech-
nology (i.e., loanable technology), such as USB mics 
and graphic calculators, and since the pool of avail-
able devices changes often throughout the day, the 
technology module was developed so that users of the 
Minrva app can simply tap the technology module to 
see a list of currently available technology. From our 
user studies and follow-on focus groups, the library 
was able to learn that students are interested in know-
ing what the popularly circulating technology devices 
are.3 The request for popularity filters led us to sort 
the technology items with the most popular items at 
the top of the list. We use the technology module as an 
example to illustrate how recommendations are now 
commonplace as a feature request to add to library 
services. There are several other custom modules, 
which can be viewed on the Minrva project catalog 
list, but the key point to remember is that the custom 
modules are usually location-specific in order to offer 
value-added services.

Minrva Project
http://minrvaproject.org

Minrva Technology Module
http://minrvaproject.org/modules_tech.php

Minrva Catalog
http://minrvaproject.org/catalog.php

Wayfinder is a custom module. Each module is 
dependent on a unique bibliographic identifier (like 
the unique key for objects in a database) and is not 
directly coupled with the larger system of modules. 
Modules communicate only indirectly.4 After a user 
searches for an item in the catalog search module, 
they can tap the Wayfinder module to be directed to 
the location of an item. During user testing of recent 
Minrva modules, researchers uncovered a user pref-
erence of being able to locate their mobile device on 
the map, not just the location of the selected item.5 

The focus of our previous study inquired as to how 
users wished to receive recommendations from 
stacks-based browsing. Thus, the goals and objec-
tives for using Bluetooth beacons in the book stacks 
included the following: (a) locating a user’s device in 
the library book stacks, (b) giving a user a recommen-
dation for popularly circulating items, and (c) show-
ing them relevant e-content based on their current 
location.

The mockup in figure 2.1 demonstrates features 
of a mobile app that relies on the Estimote beacons to 
infer its location.

The mockup on the right of the figure demon-
strates the recommendations component. There are 
highly circulating books in this location, but without 
the assistance of this app the user isn’t readily able 
to discern this, since the information exists only in 
the integrated library system’s reporting database. 
Researchers designed the business logic in the server 
so that the service can run queries related to the user 
location in the book stacks. The popularity query 
returns print books that are highly circulating in the 
subject area of this user.

As an additional IoT service, the query by the 
user’s location is returning a variety of e-content that 
is relevant to the subject area. The e-content that may 
be suggested includes e-books, online journals, and 
journal databases that are relevant to the location. It 
is possible to generate this recommendation by using 
the subject metadata associated with the book stack 
range that the user is nearest. These e-resources are 
not typically brought into a user’s navigation of the 
physical space in the library.

The undergraduate library at the University of Illi-
nois measures 50.8 meters by 56.7 meters and was 
built underground. The planners for the campus did 
not want to disturb the oldest operating soil research 
plot in the country, and they feared a building with 
a shadow could interfere with the experiment. New 
undergraduate students must navigate to the lower 
level of the building in order to locate print items they 
are interested in. The new and unique building can be 
intimidating to navigate, and users might suffer from 
library anxiety. An indoor positioning service that 
utilizes beacons in order to support navigation of a 
new, unfamiliar environment is a welcome addition to 
undergraduate spaces.

The IoT technology that makes locating a user 
device in the building possible is Bluetooth proxim-
ity beacons. The case study at the Illinois site utilized 
the beacons from a company called Estimote. Fifty-
two Estimote proximity beacons were placed above 
the tiles in the undergrad library.6 While IoT technol-
ogies are going to vary, the specifics of the Estimote 
beacons are helpful in illustrating the connectedness 
of many smaller Bluetooth beacon devices within a 
native mobile app.

http://minrvaproject.org/
http://minrvaproject.org/modules_tech.php
http://minrvaproject.org/catalog.php
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Estimote proximity beacons are comprised of a 2.4 
GHz radio using Bluetooth 4.0 Smart, also known as 
BLE. The Bluetooth beacon does not produce a con-
tinuous signal, but rather blinks on and off to alert 
other devices of its presence. The developer documen-
tation also utilizes an easily understandable analogy 
for how Estimote Bluetooth beacons function—“You 
can think about the beacon as a small lighthouse. But 
instead of light, it uses radio waves, and instead of 
ships, it alerts smartphones of its presence.”7 While 
the Bluetooth beacons from Estimote do feature small, 
lightweight computers to broadcast a signal, there is 
not a direct data collection component from the bea-
cons into the Estimote Cloud server. In order to adjust 
beacon settings—like frequency strength—the user 
needs to make the changes in the web interface (log-
ging in to the Estimote Cloud) and then sign in to the 
Estimote app to configure the beacons once the phone 
with the new configuration is in range of the Bluetooth 

beacons. Then the new settings are applied. Both of 
these steps require authentication as the owner of 
these beacons. The ownership of beacons is set by Esti-
mote when the order is placed, and it utilizes the cus-
tomer’s e-mail address for ownership at the time the 
beacons are ordered. We have verified that ownership 
can be transferred from one e-mail account to another 
if needed after the beacons have been ordered. This is 
especially helpful in case one e-mail address is used 
for a shipping and receiving department and another 
e-mail address is used by developers for authentica-
tion and provisioning purposes. According to the Esti-
mote developer documentation, the Estimote proxim-
ity beacons actually have a real-world range of forty 
to fifty meters.8

Once the beacons have been installed in a library 
building, there is still the step of integrating beacons 
into mobile apps.

Figure 2.1
The dot with a circle around it is the location of the user’s device. The dot within the book stacks indicates the location of 
the item that the user searched for from the catalog module.
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Integrating Beacons 
into Mobile Apps

In our case study, we installed beacons in the ceil-
ing of the library, above ceiling tiles, and adhered to 
a grid layout of our own design, which divided the 
library into a 16 by 18 grid. Each beacon was recorded 
as an x and y coordinate on that grid; device locations 
were then stored in a small database. The database 
is a Microsoft SQL: Structured Query Language table 
that corresponds to the grid system developed over 
the building’s library map. Microsoft SQL is a com-
mon relational database tool used in digital library 
applications. The Wayfinder module loads after a user 
taps the Wayfinder icon in the larger Minrva app. 
Upon startup, it checks a web service (in this case, the 
Minrva Location API) to ensure it has the most recent 
table of beacon locations (figure 2.2).

Once beacon locations are downloaded to the 
user’s device, there are at least two possible ways for 
the phone to infer where it is in the building. These 
are outlined as a way of illustrating design choices 
and the relative advantages and drawbacks for both. 
One way developers can make the phone aware of 
its location is by using the Estimote Indoor SDK. The 
Indoor SDK has the advantage of including several 

novel noise-cancellation algorithms and may be opti-
mized for the device. As an alternative to the SDK, 
the research team at Illinois has found that a math 
library for trilateration has provided more reliable 
indoor location results than the Indoor SDK for Esti-
mote proximity beacons.9 This may be due to the 
underground location or unique environment of many 
shelves of books, obstacles that likely cause some 
unexpected interference for the Estimote Indoor SDK. 
According to the Estimote developer documentation, 
Estimote engineering believes that the trilateration 
method may be good enough in cases when the accu-
racy can fluctuate up to five meters.10 The reason Esti-
mote developed its own SDK for indoor locating is that 
it believes that it is possible with several additional 
methods to get granularity much more precise. Since 
we have saturated our undergraduate library stack 
location with the Estimote beacons, we are achieving 
a better result than five meters.

For the library directional Wayfinder case, the 
precision needs are not to the exact location of the 
book on the bookshelf, but are simply to guide a stu-
dent to a row of books (the shelf of books). The system 
recommendations will depend on which shelf the user 
is nearest when they tap the recommendation but-
ton on the app. Therefore, precision beyond several 

Figure 2.2
An illustration of the data flow from the database of the beacon locations in the grid to the user’s smartphone.



13

Lib
rary Tech

n
o

lo
g

y R
ep

o
rts 

alatechsource.org 
Jan

u
ary 2017

The Internet of Things: Mobile Technology and Location Services in Libraries Jim Hahn

meters is not necessary. Though 
not utilized in this case, it should 
be noted that radio-frequency iden-
tification (RFID) type systems will 
provide a unique area of service 
capabilities by actually guiding 
users to exact items. This technol-
ogy will be explored in more depth 
in chapter 3, which details alterna-
tive approaches to location services 
in libraries.

Modular APIs

As previously mentioned in the 
introduction to this chapter, the 
Minrva app is designed as a mod-
ular app. Each component part or 
module of the application uses a 
specific RESTful (Representational 
State Transfer) API. RESTful APIs 
are designed as concise, specifically 
formatted data produced by pro-
grams to be consumed by other pro-
grams accessing data over the web. 
A list of publicly viewable APIs can 
be viewed on the Services page of 
the Minrva Project website.

Minrva Services
http://minrvaproject.org/services.php

The API that was developed for 
the Wayfinder module upgrade pro-
vides data based on three sources 
(see figure 2.3): basic call number 
layout (custom table we curate), 
searching and filtering (VuFind), 
and ranking popularity (CARLI 
reports server).

Examining figure 2.3, we can 
see first the database labelled as the 
CARLI Reports Server refers to the 
Oracle database that is the backend of the integrated 
library system (ILS). Researchers currently pull all 
of the data at once through one dynamic query. For 
production, a service such as this would necessarily 
require some amount of caching—for example, not 
directly connecting to a reporting server to get popu-
larity rankings dynamically. In a production system, 
the technologies may require an immediate response, 
and this being the case, researchers recommend pull-
ing the data from a prerun report. Reports that store 
data that would otherwise need to be dynamically 

pulled could run overnight or twice a day as recom-
mendation requirements merit. There may also be 
value in visualizing these recommendations since 
their change over time may be of interest to collection 
developers and system managers alike.

Recommendations Processing

The recommendations processing is the most techni-
cal component of the case. In this section, we walk 

Figure 2.3
Illustration of the databases and data sources that a location-based recommen-
dation service requires.

Figure 2.4
A demonstration of computing processes that researchers developed in order 
for the phone to receive the recommendations of print, e-books, and databases.

http://minrvaproject.org/services.php
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through the recommendation algo-
rithm. An algorithm, at its most 
basic and essential parts, is simply 
a number of functions that rep-
resent the steps that the server is 
taking. These steps are gathering 
recommendation results defined by 
a predetermined criterion that will 
be shown to the user based on the 
location of their device when they 
tap the recommendation button 
(figure 2.4).

In order to process recom-
mendations, the server will filter 
through functions beginning with 
the current location. Based off of 
patron location, we get the shelf 
ranges from our custom database 
of all call numbers. Once we know 
the ranges of a nearby stack, we 
get relevant books and e-books. We filter for popu-
larity based on that range and add any e-books that 
would be relevant. Finally, we add any online journal 
databases that may be relevant to the patron’s start-
ing location and serialize this as a JSON response. In 
order to gather database journal recommendations, 
the service relies upon an EBSCO article search API. 
While recommending is not the main purpose of the 
EBSCO API, the conceptualization of a “recommenda-
tion” is considered broadly to encompass those items 
that are more relevant by arrangement. The API is 
returning a set of results to a subject query (gathered 
from the call number). In the case that a single jour-
nal title holds most of the results, the service then rec-
ommends that journal as being relevant to the subject 
area. The students still must search within the journal 
to get articles. This part of the algorithm, at its most 
basic, promotes the availability of topically relevant 
journal titles from the EBSCO API. Certainty there 
are limitations to this type of search since promoting 
some resources over others may leave out resources 
that are relevant but not found in the recommenda-
tion model.

Testing

Outside of the app, we use Estimote’s configuration 
app to test where beacon sparseness may occur by 
locating beacons in range.11 With Estimote’s configu-
ration app, we can locate areas in the library where 
beacon reception is sparse and where we might want 
to add one or more beacons so that there are at least 
three points to compute—the requirement of trilat-
eration. The more points available to the phone for 
inferring location, the better the results of computing 
trilateration.

Security

Beacon security for the location-based recommenda-
tion system described in this chapter will be primarily 
handled with the Estimote Cloud. The previously men-
tioned Estimote Cloud is one way for system designers 
to ensure that only the owner of the Estimote beacons 
can change settings. In a real-world environment, if 
beacon settings are changed by a third party acting 
to harm the library infrastructure, the beacon battery 
life could be run down by setting the power level of 
the beacons too high. As a corollary to this problem, 
the library’s IoT service would also be in danger if a 
third party somehow managed to set all the power 
levels of the beacons very low or off. In that case, the 
system would not function. Therefore, the middle-
ware components that make up some of the valuable 
connectors of the IoT represent a potential security 
weak point.

From the example we describe in this chapter, a 
consumer entity is partially responsible for servers 
that control how the library administers the beacon 
settings. This consumer-facing service is not directly 
secured by the library. These types of IT services are 
often referred to as “shadow IT”—the tradeoff for 
management is that the control a department might 
normally have over infrastructure is lost. This is the 
tradeoff the library makes in order to utilize an off-
the-shelf IoT consumer product like Estimote beacons. 
Without the infrastructure of the Estimote Cloud, 
Bluetooth devices that make this possible would have 
to be developed from scratch. And while there are cer-
tainly many hobbyists who experiment with Arduino 
boards with Bluetooth capabilities or small microcon-
trollers with Bluetooth broadcast affordances, these 
would not be a great basis for an enterprise or produc-
tion service provided by the library. This illustrates 

Figure 2.5
The Android app consumes this JSON to create the location-based recommenda-
tions view.
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a compromise of several pillars of IT, including stan-
dardization and control in order to advance the state 
of the art in services. If these compromises are to be 
made by IT leaders in the organization, the author 
proposes a process of value analysis and understand-
ing how employing strategic technology such as IoT 
would be meeting strategic service objectives.

After taking precautions to securely protect the 
Estimote beacons to the extent we are able, there are 
two additional databases that need to be secured in 
this case. These are custom databases that the library 
maintains. The Microsoft SQL database of beacon 
locations in the library requires security authentica-
tion to be put in front of the server. This beacon loca-
tion database provides the grid coordinates of where 
the beacons are placed in the library. If the server 
were breached and the database compromised by a 
malicious third party that gained unauthorized access 
to the database, then that party could delete the tables 
of beacon coordinate data on which the system relies 
to function. The second SQL table, a call number 
range database, would also be at risk. Though data-
bases may not technically be an IoT component of the 
stack, these data are fundamental to the proper func-
tioning of the application. Without securing both the 
call number database and the beacon location data-
base with authentication, the range lookup could 
potentially fail, and the system could not properly 
give the user suggestions based on their location in 
the building. As we noted in our walkthrough of the 
algorithm, location-based suggestions are themselves 
derived from subject metadata that is a component of 
constructing a call number.

Outside of this specific case, there are general 
themes to IoT security that are worth mentioning and 
unpacking with more detail than can be afforded in 
this case. We hinted at middleware, which is a signifi-
cant part of the IoT. Connecting many small comput-
ers together and deriving service innovation requires 
a middle component that interfaces with devices like 
beacons and other tools (like a database) to store or 
retrieve very large amounts of data to provide value. 
IoT middleware security will be examined in more 
detail in chapter 4. As we have shown with the mobile 
app–based example, the IoT is by necessity a sys-
tem that interacts with personal computing devices, 
and so a deeper treatment on security and privacy is 
necessary.

Statistical Analysis, Data Storage, 
and the Internet of Things

Assessment is an important component of new service 
development. Without an assessment plan, it can be 
difficult to know if a service is actually meeting its 
intended need. Previous studies of collection-based 

wayfinding with mobile technologies utilized forma-
tive evaluation methods.12 These formative methods 
are well suited for new services such as these, and for 
IoT technologies, which are new and offer many pos-
sibilities, it makes sense to gather feedback early in 
the design phase, with functional prototypes, so that 
as the functionality develops it can be vetted with real 
users in a real-world environment. Formative evalua-
tion in previous mobile app studies was qualitative. 
However, with Estimote beacons and library server 
infrastructure, new possibilities for quantitative data 
analysis emerge.

For this case study, there are some potentially 
interesting and valuable ways to go beyond tradi-
tional assessment, into data analytics and also data 
visualization. Consider the data analytic possibilities 
derived from subject-specific and title-specific recom-
mendations that are periodically extracted, stored, 
and then visualized in a dashboard. Each shelf will 
have recommendations that will change over time 
based on what is popularly circulating. Also, e-books 
are added to the collection over time; as the collection 
grows and is used, recommendations will also fluctu-
ate. The data analytics component would be suited to 
collecting and describing this change over time and 
could provide insights into what types of items users 
are being recommended as popular, and additionally, 
if there are gaps in the suggestions over areas that 
perhaps require more e-content to recommend over 
time. Finally, if these data are appropriately de-anon-
ymized, the analysis of these data could be made into 
a shareable dashboard.

Another possible data set that could form the basis 
for analytics includes storing and visualizing the grid 
locations where users are seeking recommendations 
as a heat map. This would help collection manag-
ers to understand which areas users are most inter-
ested in or which areas of the book stacks are being 
browsed—and as a visualization experiment, it could 
also showcase other users’ parts of the collection that 
their peers are finding interesting. These heat maps of 
where users have browsed in the collection could be 
visualized on library displays. Display walls in partic-
ular would be a possible target of this data analytics 
and visualization.

Case Conclusion

This chapter has outlined an ongoing research proj-
ect that details how to integrate IoT technologies into 
a real-world academic library environment. Utilizing 
Bluetooth beacons paired with a modularly designed 
mobile app, library researchers were able to locate the 
user’s mobile device in the building and guide that 
user to items of interest. As an added benefit, system 
designers have chosen to implement a location-based 
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recommender that relies on subject classifications 
in call numbers to provide recommendations based 
on location.13 These recommendations are novel for 
library systems since they integrate digital content 
like e-books, e-journals, and journal databases within 
the book stacks browsing experience.

Look for future updates from the Minrva’s Android 
or iOS app store presence that will include upgrade 
details of completed functionality for the indoor posi-
tioning service. The development group responsible 
for this service has posted updates to its project port-
folio page, so those who are interested in more details 
can check back to the Prototyping Group website reg-
ularly for additional findings that come out after this 
work is published.14
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